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3-~~-1 -~ ffl~id (THEORY OF PROBABILITY) 

1.1 >ffifTcRT 

1.2 -tj~~cfilmIB 

1.3 -tj~~cfil~ 

1.4 -tj~ ~ cfiT ~ q -qft'llffi 

1.5 tt~~ 
v 

1.6 ~ 

1.7 tt~~R<l11'1Tffl 
1.8 -tj~~~~~m 

1.9 SI fa iii f .tt ii SI I P-Micll 

1.10 ~ffl 
1.11 -mmr 
1.12 ~l¾lcki"I '1T ~1..-:.<&z.il 

1.13 ,nq~ 

1.14 'fcl: '9'"{fcj' ~ 

1.15 fs:t><-M-Jch ~ 

1.0 ~ 

~ ~ cfiT 3f~ cfif.t ~ ~ 3fT1f ~ <TITil m m fcf;_ 

1. tl~~~ 3f~~lffi'Wrrcir~ffl I 
2. ~ cf ~111-llf-:ilcfi -JTT'i:R if tf'1fc'R1 ~ ~ ~ ~ d9t.i1fllctl cir~~ I 

3. tl~~f.l,rq~ fflcfiT~mTTT I 

~ it ~ ~ t ~ cfiT ~ fif,'l:ffTTlld m 6-1 m,r;n 'B ~ ~ ~rrcrd ~ ~ 
~ 'B "IITTt ~. ~ t ~ 3ITT' ~ -q 3ciilct"H I~~ it~~ cfill.'-9frict> (artificial) 

~ t ~ qi"T ~ ~ m ~ ~ Uftr<n 'i1 >W<I ~ i ~ 3lf~: ~ f.f<tlur it m<TT 
! I~~ t fq~f)qo1 'B ~ ~ ~ ~ m ~ ~ flif&-1cf>lll 3lUT<R' t ~ ri ~ ~ 
i I ~ ~ cfiT 3fu:rR tl'qfcf-TT ~ t ~ ~ ~ t I 3fct: ~ ~'1fcRT ~ t fcfcfirn ~ 
~if~~~l 

1.2 'timcRT ftl;;s:ict cf;l fctctilfi (Development of the Theory of Probability) 

~ ~ ~ fcrc1;m cfiT Wl nc:fr 3ITT' 18cTT ~ t ~ (gamblers) cir t I WJ:'11'. if~ 
~ 'llTTci 'cf>1 ~ (Goddess of Fortune) 11{ 'ITT~ cfiB ~ ~ ~ 61.-llfq~cflft 'ITT~ I~ it 
~ i1 ~ 'ffi'T ~ ~ ~ m:m cir~ cfif.t t ~ ~ 'ft1Tll t ~ 11fo1c14'ifr3TT 'cf>l ~ 

NOTES 

1 



~ tlif@lqf/4 ~ 
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~ wt I ~ m a{J ~ t ~ 11fo1<1ch11 m ~cl!F~~. ~. ~. 3flR ~ 3";J wwnarr t 
~ ,tt 3TT\ ~ ~ ~ cfiT ~ fcti<TT I ~ t ~ it ~ ftwmr cfiT ~'WT 
§3TT I ~ ~ ~ amK (chance) ~ ~ wwnarr ~ ~ Tffl1clT it ~ fcii<IT I ~-tift-~ 
~ t fcfcmJ cit Tffif f4ffi I ~ ~ ~. 1ITTf, ~ ~. 3TTR ~ ~ fum q;) 3ITT" 
~ fcti<TT arr{~~~~ m ft4icl<11'icfcfi fcfi<TT 1 ~ t m ~ ~ m ~ ~ ~. 
~ \:ft ~ ftr.mr ~ fcrcf;m ~ 3N-TT <WITT-f ~ iifl,,111fo1cflq WWTT ~ ~ ~ ~ ~ ~ fct;<rr I ¥J 
~ ~ ~ffimcfi'f ffl~.~.Sl~llftf.tcfi ~ {1"1.ftfdq; ih~ \:ft ft4icl<il'i_~cfi MI~ 
~ ~ wqTfc@r ~ ~ 3TTllTftl ~ ~ cfiT ~ m ~- f1f;m", '9l<mH 3ITT ~:;ft-i:r;r 

3flR IDU Ffi<lPT<IT ~ I 

1.3 ~ fft4id cfi1 ~ (Importance of the Theory of Probability) 

"Probability theory is of interest, not only to card and dice players, who were its . 

godfathers, but also to all men of action, heads of industries or heads of armies, whose 

success depends on decisions, which in turn depend on two sorts of factors the one known 

or calculable, the other uncertain and problematical." 

~ ft:wjij cfiT ffl ~ : mtlPl ~ ~ moT ~ I ~ cfiT qftffl!lfo~ CR~ ~ it 3lff.fqif{ ~ 
moT ~ I ~ cfiTroT ~f.:if~,·@11 ~ ~ 3ITT ~ ~ cfiT ~ ~ ~ ~ I m ii4Tfu•lcrl ~ ~ 
ci,ITT ~ fc!; "ftif@Ft>l ~ 3ITT ~arr cfiT mfR ~" (Statistics is a science of estimates and 

probabilities) I~~ lJfurcf ~~~it~~~~ "IT~~ arr{ dl-il<Wlch 

mJRt it oftfT "IT ~ ~ I 

1.4 ~ ffi4io cfi1 31'~ (Meaning of the Probability Theory) 

~ ~ cfiT 3l~ "ffilffiUT o>:f9W it moT ~ I ~. ~ ~ <ft wi:JTcR1 q;-q ~, ~ m <ft 
W'TTcRT ~<IT~. 3{Tq ~ : ~ t ~ qqf m <ft W'lTCf.iT l 3TIR, -r-, ~ 9TcFTT it ~r-1r~i@11 

t ~ qi) l{P1(TT cTT 7Tl ~ 1 ftiF@cf>lq ~ it W'lfcRT ~ cfiT 3{~ f,:,.;, mcrr ~, ~ olfcfITT{ 

if fcf>m ~ <ft ft"lrlcHI ~-fcrirl t ffl t No ~ ~ H'R <h«TT ~ ~ Wflf 3ITT qftf fl!lfo 
t ~ ~ qftcra;T mcIT ~ I fli f@cf>l q olfc'JW it M <ft ~ cfiT 3{~ ~ mcIT ~ fc!; ~ fcf,m 

~ 'Efc-TT it ftk!F..tl<'t m .w---m-~ ~ m :a1l ~ 'Efc-TT t tlRcf m <ft~ (f<lT ~? 

dc,li;{OII{ ~ ~ ftlcfq;r ~ W ~ <TT ~ ~ (head) <IT qz (tail) PT8 <ft ~ 
~-~ (112) <-TR~ fficfcfiT mwt fcf>m \:ft q;R it B ~m fcl;<rr ~ m ~ 112 

m ~ I ~ >fcfiR om <ft ~ it ~ 52 ~ ~ t 3ITT ~ 'lR ~ 13 ~ ~ l 3RT<fffi ffi 
~ m '1R ~ ~ t m '3fR <ft W'9lcR1 13;52 <IT 114 ~ , 

~ flif@chl it ~ cfiT 3l~ ~ ~ fc!; ~ ~ m ~ '-h~f<i{<\4 fih"m ~ e!Rr ~ 
m <ft W'9lcR1 <f<lT ~ ? fcn'IFl ft i P: .. ollct>¾ 'i'1 I 3TT ;t ~ ~ ~ >[cf,f{ RITT ~-

( 1) ~ (Laplace)- "~, ~ ~3TT cfiT m cffffi ~ e!Rr3TT ~ m~ :aqq@ 

" Probability is the ratio of favourable events to the total number number of equaJly 

likely events." 

(2) ~ (Connor)- "W'TT<RT, ~ ~arr t fcftf<J it ~ <ft ~ ~ ~ i" 

"Probability is an attitude of mind towards uncertain events." 



~ ~. ~ ~ if, ~1-\Jlq..JI ft:r.&tif qi) ~ ~ ~ ~ ~ ~ ~ ""ll'R cfi)i m 
~it'Elfl<rm-tf@t~mm~tm~-«f<f>m~cg;rr~~mcf>'t~AJw11,~ 
~ it mm- 9@t 'f.fc,ll3TT cf>1 ml" cfiT ~ ~ cg;JT3fl it 3fi9lo mcIT ~ I" 

"If there are several equally likely events that may happen, the probability that any 

one of these events will happen, is the ratio of the number of cases favourable to its 

happening to the total number of possible cases. 

qfhlltll~ 
(Definition) 

(1) lTIU'liITT1 tITT11m (Mathematical Definition)- "q;"W fclm 'f.fc,lT m >fclilt it m ~ ~ 
3TTr <lR ~ cg;rr n ~ ~ ~ m ~ m ol 3tJ ~ 'f.fc,lT ~ ~ cf>1 fll-'lllcl..JI "lTT 'p' = 

___!E_ ~ 3'R 3tJ cg;rr ~ -;er m' cf>1 WlWRT <TT 'q' = _n - ~ ( 
m+n m+n 

d<l(;(Ulll!f ~ ~, if 12 ~ t 4 cfiT "{I"[ ~ aw 8 cfiT "{I"[ {1@ ~ I ~,ft it<) cf;f 3TfcW m 
~ I <lR ~ if it f.8T ~ ~."JR~ ~ ol ~ tTr cf>l "JR ~ .~ cf>1 <Fil W'TicRT ~ ? ~ ~ 
{Tlcf>l"JR'i:IR! 3Rf:~{Tlcf>l"JR~~cf>l~·~~itm~ I {1@"JR 3TTot3f<f:~ 

M cf>l "JR-;r ~ cf>1 ~ 3TTo ~~ m ~~I . 

~~~'qz;TT 4~il'm~~ aw 8~~'..J'"ITT"ITT~ I 3Rf: m=4 aw n=8 

~,~~~~-
m 4 1 

= --= - -=-
m+n 4+8 3 

~cf>l n 8 2 
q ~ -;er ~11 W'Wr-TT) = m + n = 4 + 8 = 3' 
~ \ft 'qz;TT <TT m m ~ ~ -qr ~ m ~ ~ , 3IB= dB cg;rr ~ m <TT -;i- m cfiT <WT , 1 · 

~ I ~ ~ if (p + q) = 1 I 3@: q = 1 - p $ p = 1 - q ~ ~ fcfi"m ,:f\ ~ ~ ~ 
-qr -;i- m cf>l W'TTcRT o ~ 1 ~ ~ M , fcf;m ~ cf>1 ~ <lR ~ <o) ~ m dt{cfiT m11 
~ ~ 3'R<lR ~ '1' ~ cTT 3tJ qz;n cfiT m1l ~~I~•~~ cfiT '9Ru m-;n' 
~ cfiT %9 ~-'llffif ~ ~ ~ I itit ~~if 20 it 25 cl"!l cf>1 3lT<J ~ m1TI if~ 3l"Jil 
~ 3TTr ~ ffl l 1 ~ ~ ~ 3lT<J 20 cfTf ~ cfiT ~ 'q;' ~ I ~ "ffi <TT ~ -?Fl cf>1 W'TTcRT 

<Fll~? W'lfflMicf ~ ~~ 1/2 ~ I ~<TT;qf«fqll W'19'..J'"ITT~ I~ <TTcTT~<TT"ffi 
"ITT~~ I~~ R1ifill FlqiTffi;,ii~~ fcl; ~~ ~~if f.{ITTq~~f.lun:r~;,ii 

~1 i -a-., m1TT if ~ ~ cfiT m ~ ~ , 
~ ctt ~ tJftmm ctt m'l1'm- <1) ~ ~ it ~ m cf@T ~ ~ W'19 

~-mm, 
(2) ~ ~ q,l d9~1rlill "3"tf ~mm ;;mIT ~ ~ W'l9 ~ cf>1 ~ ~ 

~m, 
(3) ~ 'TI W'19 ~ fcl; ~ ~ ~ ~ -?Fl 9@l ~ q,1 TfURT W'19 -;er m I 
(2) ~ <it t1if&-1chlll ~ (Statistical Definition of Probability)- '<lR WafUTI cfiT 

ml"~~ WJR ~ if ~ 3TT'Efcfi ~ ~ ~ cTT ~ qUafUTI q,l 31'Kf ~ ~ ~ ~ tf&TT 
cf>1 ¥RT if M ~ qz,JT ~ ~ q,1 ~ m-i:rr 3tJ qz,JT ~ ~ -?Fl cf>1 ~ ~ ~ I ~ 
~ qi"{ ~ ~ ~ fcl; <TT; ~ ~ RITT<, 3TTr ~ m1TT cfiT ~ ~ ~ 1' 

m ~- ~l'f-l ;\ W'TTcRT cf>1 flifco!Ffil-4 qft,n1n ~ ~ ~ ~ : "If a large number of 

trails be made under constant conditions, then the ratio of the number of trails, in which a 

certain eve_nt happens to the total number of trails (N) would approach a limit as N is 

indefinitely increased 3.Qd this limit is the probabi lity of the event happening." 

NOTES 

3N-ft wrra ciT ~ cit 
Test your Progress 
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t1if®c-ih~ qftqm cn1' mtml 
~~cfitlliffi~ffe~i~-
(i) ~~~~~fl (troa:Jllll) <fit qftffl!lfolli ~ ~ ~ ll,cfi ~ ffi ~<TT~ I 

~ ~ ~ ~ if ~ ~~ ira ~ ~ ~ qft011Ji~lc-q W~ cfi'I qftffl!lfdlli ~ 
wm ~ I fcml«I; f~Fcfiffil ~ mFIT it qftffl!lfdlli ~ ~ ~ wm ~ I 

(ii) ri tro~ <fit 3f.Rf ~~,.~it, ll,cfi ~;i;,ifdcfi ~ 3!64q€;1Rcfi 'lROlT i I 

(iii) Bif&Jcf>lll Wl1fcRT cfiT l'.Wl ~:~~-?ten I~ 3f:!'ll9 ~ m -q"{ 3lTtTTfur ihrr t 
~ ~ ~'ITT~ ihfT i I B'1TcRT <fit ~ qft,:rrqJ ~ ~ ~ cfiT tt fflfl«r ~ 
i, 

1.5 ~-J.Hq~o:g (Probability Scale) 

~ ~ ~ TFTT t M ~ ~ ~ iR cfi'I B'·\Jlq.JI Cf>T l'.Wl (p) 0 ~ Bcf;{ 1 ~ "ITT 

~ i I ~ B'·\Jlq.JI cfiT l'.Wl ~ (p,;;, 0) ihfT i ·-m ~ 'EfcrTT 3fW1Jcf mm i I M ~ ~ 
tit/I WI{ dr cfiPlR cfi8 <fit W'WRT '0' i I W--\Jlq.JI-~ ~ ~ 3lR Ti-f-ifNl'll'll ch1 W1ITTf mm 
t ~ ~ ~ ~ lf8 ch1 {ll:1Jlq.JI '1' i 3lmct p = 1 I ll,cfi 3Rf'1H<r fucfcf)r ~ -;;rR "9""{ m 
RR (head) 3l"R <fit ~ 1/2 <TT 0.5 <TT 50% i I crm ~ "9'm it ~ fcf;m '~' ~ f.rcfi@ ~ 
cfi'I t!AJlq.JI 4/52 <TT 1/13 <TT 0.077 <TT 7.7% i I ~ ~ ~ fcf;m ~ ~ ~ f.rcfi@ -;;rR cfi'I ~ 
13/52 <TT 1/4 <TT 25% <TT 0.25 WIT I ~ ~ tll-'lJlq.JI cfiT l'.Wl f,::r,:;r ~ ~ it <TT,~ it <TT 

>ITTfffif~~it~fcfi<TT';jJT~i I 

IIJustration 1. What is the chance of drawing king in a draw from a pack of 52 cards. 

crm ~ ~ -qm cfi'I ~ it ~ ~ ~ ~ ~ -;;rR cfi'I ~ cFIT ~ ? 

Solution-

Total No. of cases that can happen= 52 (n) 

No. of favourable cases i.e., total No. of king in the pack of cards = 4 (p) 

h b b·1· P 4 1 T e pro a 1 Ity = - = - = -
n 52 13 

lilustration 2. A bag contains 5 black and 10 white balls. What is the probability of 

drawing? 

(i) a black ball, and (ii) a white ball. 

~ ~ it 5 cfi@t cf~ 10 ~ ~ t I (i) ~ cfi@t cf~ (ii) ~ W Tfc: ~ ;,rR <lil 
B'ITT9-1T (5llfllcf>l'll) cFIT i ? 

Solution-

(i) (black) = No of black balls = l._ = _l 
p Total No. of balls 15 3 

(ii) (white) = No of white balls = 10 = ~ 
p Total No. of balls 15 3 

Illustration 3. The Registrar of vital statistics in a country reported 6,858 sons and 

6,543 daughters for a specific region. Treating this as a fair sample from the general 

population, estimate the probability that the child to be born wilJ be a boy. 

Solution- The event can happen in 6,858 ways and can fail in 6,543 ways. Hence, 

p 6858 6858 
6858 + 6543 13401 



IJJustration 4. What is the probability that a vowel selected at random in any English 

book is an 'e'? ~ 'ifTTJ c!,l ~,w:r,rr ~ ~ fcfi ~ c!,l ~ ~ ~ <41<tfajq, UftT ~ ~ TJ7.TT m 
'e' wrr? 

Solution- Since there are five vowels, total no. of equally likely events = 5 No. of 

favourable events = 1 

No. of favourable events 1 P=-----------
Total No. of equally likely events - 5 

Illustration 5. What is the probability of an ace in a throw of one dice? ~ '9'rn ~ 
m~~~mq,ltf'TT9'ff~~? 

Solution- First of all, all the possible cases with one dice will be six- the number of 

its sides. 

Secondly, the number of favourable cases is one because only one side can come 

upward which i~ the same as the extent, in question. Hence, the probability we are looking 

for is the fraction whose numerator is one and whose denominator is six i.e., it ·is ¾-

Illustration 5 (A) : Out of a pack of cards what is the probability of drawing (a)a 

king; (b) a king of hearts, ( c) any card of hearts. 

om <fl~ TTF ~ rr1i..:ir~F@1 ~ ffl 'lfR <fl cFlT tf'TTq.TT ~ ? 

(3f) ~ ~ (of) C1IB cfiT ~ Gf) C1IB cfiT m ~ I 
Solution : (a) Since there are 4 kings in 52 cards, Hence 

4 1 
p = - =-

52 13 ,. 

1 
p= 52 (b) Since there is only 1 king of hearts, 

(c) Since there are 13 cards of hearts, 
13 1 

p=-= -
52 4 

Illustration S(B) - (i) What is the probability of throwing a number greater than 3 

with an ordinary dice whose faces are numbered from 1 to 6? 

~mlffiUT-cnmm11T1~6c!cfi~~t m11T3 ~3lf''lcfi~~~m<fl 
tf\TfcRT cfll"T t ? 

(ii) If two dice are thrown together, what is the probability of throwing a total of 7? 

1:fR ~ 1!'rn ~ m?l tcfi ~ t <TT ~ ~ <fl tl"WRT cfll"T i fcfi ~ 7 cfiT -m-rr ~ m-rTT ? 

(ui) What is the probability that a digit selected at random from the logarithmic table 

is (a) 4, (b) 5 or 8? 

~ ~ cfil cFlT tl'TT9-TT ~ fc!; ~ frm ~ f-Rm frm) ~ oo "BRUIT ~ ~ TflfT m 3lc!i 
(3l) 4, (of) 5 <lT 8 m-TTT ? 

Solution -

(i) Total No. of cases = 6 

No. of fa vourabl e cases (4, 5 & 6) = 3 

3 1 p - - - -
6 2 

(ii) Total No. of cases = 6 x 6 36 

NOTES 

5 
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No. of favourable cases 

[(1 + 6), (2 + 5), (3 + 4), (4 + 3), (5 + 2), (6 + 1) = 6 

(iii) Total no. of digits from 0 to 9 = 10 

(a) No. of favourable cases = 1, 

(b) No. of favourable cases = 2, 

1 
p =-

10 

2 
p =-or 

10 
1 -
5 

6 1 
p =36=6 

Illustration 5 (C) : The following table gives distribution of marks : 

f.r9 m"{Uft it ~ cfil fc«Rur ~ ~ R<TT prr ~ : 

Marks(~) : 5 10 15 20 25 

No. of Students (msl ~) 45 98 28 16 13 

t.j 

A student is taken at random from the above group. Find the probability that (i) his 

marks are under 15, (ii) his marks are 15 or more. 

~ m"5f ~ ~ ~ ~ ~ ~ ufcr ~ @<TT "1T<ff ~ I ~'WRT ffl ~ Ffi (i) ~ 
~ 15 ~ cfilf l (ii) ~ ~ 15 <TT 3lf-qq; l I 

Solution -

In this group the total No. of cases ie. students are 

45 + 98 + 28 + 16 + 13 = 200 

(i) No. of Students getting marks below 15 are 45 + 98 = 143. 

. .d h h·1· - 143 Reqrnre Pro a 1 1ty = 
200 

(ii) No. of Students getting marks 15 or above are 

28 + 16 + 13 = 57 

Required Probability 
57 

- 200 

1.6 ~6-111 ~ (Events) 

(1) WtR ~ i:l' -~ i'r.f cflffi ~ (Equally likely events)-~ ~ cfil cfTIR 
cf>@ ~ ~ cffcFITTl cfil ~ fcfiql TfllT ~ I "lf % ~ mm ~ ~ ~ ~ 1TT <l(:,ff ~ ~ ~ 
~ I fuq:;:j:;r~ ~%7:fl"cn m~7:fl'1c I ~~~~~tlR:cfm cfrffi~~ ! I 

~H9~~~~~-

'3f' 3ih'9' ~ ~ ~ Hll1TI t ~~ ~~ ~ !f<fi ~ ~ cfK~~ I 

~ fcf;m ,n ~ it fu<FfiT m ~ ~ m '3f' mm -?rTTT 3ITT<Tfi:: ~ -;,m' ~~ m '9' ITT<ft 
mfl«rfcfi"<TT~ I 

~ ~ it ~ ~ it ~ m cfrffi qftf~Fa<Ji f.r9 wn-
~ ~ ftwt ~ 

~ 

~ 

'1c 

'1c 

'1c 

~ 

'1c 

'3l' cj,1 fcf;r:r 

' 3l' cfi1 fcf;r:r 

' 3l ' cfi1 fcf;r:r 

'9' c!i1 ~ 



arcr:'af'tfcf;r1;ft~cfi1"~¾t1 

(2) ~ ~ ~ (Mutually Exclusive Events)- 'lffl v;m ~ m<TT ! ~ 'ElRcf 
m ~ ~cfi1" ~ ~ m ~ i, ~~, fucfqi'f * ~~ m ~ m ~ ~ tfl 
-;m"~m amtfl~~cfflm~~~, 

(3) ~ ~ (Independent Events)-~ ~ (fi{ ~ ~ ! ~ ~ ~ t 
mm~~ ~ant~ m 'C{"{m >l"TTq ~ ~r I~~ <f<i ~ ~ ~ ! ~ 
~~~'C{"{m~~mor,~fciifufli~~t"CffiUT1lfcfil~~'C{"{m~ 
-;m"moT ~ I 

(4) 311fa@ ~ (Dependent Events)- <l'R ~ ~ ~ cfiT >J'TTfcIB cf;«ft ~<fl~ anf~ 
~ffl!I ~ 52 i:imit~'~t 3TRcfi1"-tj'qJcRT 1/Bm<TTl l<l'R~~u;,rr~~ 

am~ ~= i:im it -;; ~ ~ m ~ ·u;,rr· ~ q;t ~ 3151 m,n , ~ Wf,T{ ~ ~ 
~ crefi ~ ~ cfiT ~ ~ ~ a«f: ~ anf.mr ~ ! I 

(5) tITTI' ~ ~ ~ (Simple and Compound Events)-~ ~an t ~ M 
~ t m "ITT "ll'T ~~"ITT 9'1 li"WRT 'C{"{ ~ ~ '3fTiTT ~ I 3;tR ~ 1 ~ 2 ~ 

""11aif it ;ft <Rm'! ~ I 52 'liif aSI ~ -qi i\ i\ """"' it ffi sf.I aSI ,i~J;~ WI '01T 

qiJ ~ ~ ~ ~ >fcf,f{~ ~ it 5 ~ 3W 3 cfiTffi ~mm~ qi@1 iR 9>1 li"WRT 

~cfi81\TI~~m~, 

• ~ it ~ "ll'T ~ ~ 3ff~ ~3TT t ~ ~ ~ ~ q,'t li"WRT cfiT ~ ~ \JfTill 

~ I~ 9TTTT 9il ~ W?l ~ "ll'T clR rnffl 9il ~ Wll ~ 3W Pf){~ °tj~ f-1<iil~HI-• 

~3Tft~i, 
amnr~ 
1. °tj"WRT ~ ~ 3TT1f cFlT ~ l I 

2. °tj"WRT ~ 9'1 ~ ~ 9'1 " ~ I 

···· ··············· ········· ······· ········ ·· ··· ····· ··························· ·· ····························· ·············· 

····························································································································· 

1.7 tf'mfc@i ~ ~ ~ ~ (Probability Rules or Theorems) 

(1) ~a;~ q,7 ~ (Rule of Addition of Probability)- cfi\TI-cfi\TI ~ ~ ~ 
~ i fcl; ~~<TT~ i'l 3ff~ ~an il *~~<TT~)* 3ff'tfcii 'ER113TT t m q,l °tj'llfq.ff cFTT 

~? ~ ~ ~ R<J1l qiJ ~ cfi8T ~ ~ I~~ <TT~~ 3ff'llqi ~ ~ (Mutually Exclusive) 

m<l1 ~I~~ n\TI cfii5~1~ 1n ~ -a-::rcfiT ~ m?l m ml ~ "ITT 3fl'ffi{ ~ "B ~ ~ 

~ Rim41fi74 ~ 
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1 

m 1ZCfi ~ 'Ef21T ~ ~ ~1 ~I~ qft~RI it "31 ~ "tl'T ~ "it ~ 'E1Tr!'T3TT ~ 3@11-arwr 
~m@tfit~<TTT!qi8T~~l~~~~if~>!cfiK~~~~~-

p (At+ A2 ... +An)= p (At)+ p (A2) + ... + p (An) 

where, 

P (A1 + A2 ... + An) = ~ "tl'1 ~ ~ 3lfqqi t.g;IT3TT q,l tif"if~<l tlAJlcHI I 

P (At)+ P (A2) ..... + P (An) =~3TT <h1 3TWT-3TWT ~ I 

Illustration 6. If clice having six sides and marked 1 to 6 is thrown, what is the 

probability of getting 1 or 2? 

Solution - We shall have to calculate the probability of getting 1 and probability of 

getting 2 seperately and then add them-

Probability of getting 1 is ¼ ; Probability of getting 2 is ¼ 
Substituting the above values in the formula;· 

P(At+A2) =P(A1)+P(A2) 
1 1 1 

P (Ai+ A2) = 6 + 6 = 3 

:. The probabifoy of getting 1 or 2 = ½ 

Illustration 7. A bag contains 8 white, 4 black, 6 yellow and 6 red balls. What is the 

probability of getting a white or red ball at random in a single draw of one? 

~~it 8~. 4qi°fffi, 6~3ITT 6(1@~i1~olR~"Cf"{~~<ll~ 

~ "rfc: t ~ <h1 cP-11 tl'1Ji:r-TT ~ 1 

Solution-

The probability of getting one white ball 

red 

Hence white or red ball 

== - =-
24 4 

= .!+l=.l 
3 4 12 

Illustration 8 (A). There are three events. X, Y and Z of which only one can happen. 

The odds against X are 4 to 1 against Y are 5 to 3. Find the odds against Z. 

Solution-

Probability of X's happening is = ½ Probability of Y's happening is - ~ 

.1. f h . . ( 1 3) 23 Probab1 1ty o Z's appenmg 1s = 1 - 5 + 8 = 
40 

Therefore the odds against Z are 17 to 23. 

Illustration ·g (B) : From a pack of 52 cards one card is drawn at random . What 

is the probability that it will be a queen of clubs or a king of diamonds? 

Solution : Drawing a queen of Clubs or a king of diamonds are mutually exclusive 

events. 

Probability of drawing a queen of Clubs = ;
2 



and Probability of drawing a king of diamonds = 
5
~ 

.·. The Probability of drawing a queen of clubs or a king of diamonds 1s 
1 1 2 1 

= 52 + 52 = 52 = 26 

Illustration 8 (C) : (i) What is the Probability of getting at least total of 8 by throwing 

two dice once? 

~'C!TmqiJT%offi"m~cfi11~cfi11 8cfiT?TTTT3lR<tt~\flcRT<Fl'T!? 

~ 'C!Tm qiJ ~ <lR m ~ cfi11 ~ cfi11 s cfiT ;;rrrr 3lR <tt ~\flcRT <Fl'T i ? 

(ii) Find out the probability of getting the total of 10 or 12 by throwing two dice. 

~ 'C!Tm ~ m ~ 10 <TT 12 ~ ?TTTT 3lA <fit ~\flcRT ~ I 

Solution- ~qfm~l%~WR~~6 x 6 = 36 ~~tlT~~~f<t> f-1Yf~f{<ji1 

cl1@cf;T ~ ~ ! : 

~qm ~ qm qiJ murJtl m1T 
cfil"QRUTTlf 1 2 3 4 5 6 

1 1, 1 1 2 1 3 1 4 1 5 1 6 6 
2 2 1 2, 2 2 3 2, 4 2 5 2 6 6 
3 3 1 3 2 3 3 3 4 3 5 3 6 6 
4 4 1 4 2 4 3 4 4 4 5 4 6 6 
5 5 1 5, 2 5 3 5 4 5 5 5 6 6 
6 6 1 6, 2 6 3 6 4 6 5 6, 6 6 

m1T 6 6 6 6 6 6 36 

( i) cfill' "B cfi"J:f 8 q,T <WT >fTC<'f cfi8 q,T 3f4 §. 3TT - 8 <TT 9 <TT 10 <TT 11 <TT 12 cfiT <WT ~ 

8 cfiT <TTTT ~ cf>G cfi\ B\flcRT (2, 6) (3, 5) (4, 4) (5, 3) (6, 2)= ~ 

9 qiT <TTTT >fTC<'f cf>G cfi\ B'TTcR"f (3, 6) (4, 5) (5,4) (6, 3)= ~ 

10 cfiT <WT >fTC<'f cfif.r q;"t ~\flcRT (4, 6) (5, 5) (6, 4)= ! 
11 q,T <WT >fTC<'f cfi8 cf;\ zj'G"]"q.f[ (5, 6) (6, 5)= 3

2
6 

12 qiT <WT cfi8 cfi\ B'TTcR"f (6, 6) = ! 
.-. cfill' "B cfill' s cfiT <WT ~ cfi8 cfi\ B 'llJcRT M 

5 4 3 2 1 15 5 =-+-+-+-+ - =-=-
36 36 36 36 36 36 12 

(ii) zj i:rrm ~ ~ tR-

·10 cfiT <WT~ cfi8 cf;\ 'B'G"]"q.f[ (4, 6) (5, 5) (6, 4) = :6 
12 cfiT <WT~ cf>G cfi\ B'llfcRT (6, 6) = ! 

10 <n 12 cfiT <WT >l1Gl if.I' cfi\ B'TTcR"f M = 1- + 1- = ~ <TT 
1 

36 36 36 9 

'3i!iifTrrr RiRJiWi1ll ~ 

NOTES 
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Illustration 8 (D) - (i) In an examination the chance of l\s Success is ½, B's Success 

;
0 

and C's Success is ¾- Find the chance that one of them will succeed. ~ 'Cffi~ it 'ar' cf>1 

~ cf>1 "tj·,wr,rr ½ '"'' cf>1 ; ~ ·~· cf>1 ¼ m m ~ ofRf cf>1 "tj'lJcRT ~ fqi o-lit ~ ~ ~ 
m~, 

(ii) A bag contains 20 balls numbered from 1 to 20. Find the probability that a ball 

drawn is a multiple of 3 or 5. ~ ~ it 20 ~ ~ f.;R '9'"{ 1 ~ 20 <lcfi W ~ ~ I <TT; °tj'lJcRT 

Gl<k11~4 fqi ~ ~ ~ ~ ll{~ w 3 -qr 5 cfil Tfcfi WIT I 

(iii) A bag contains 50 balJs numbered from 1 to 50. One ball is drawn at random. 

Find the probability that the number is a multiple of (a) 10 or 12, (b) 10 or 14. ~ ~ it 
50 "¾ l f.;R ll{ 1 ~ 50 cfqi ~ ~ l I ~ ~ ufu ~ ~ ~ ~ ~ t I ~ offif cf>l. 

°tj'll'fcR"1 •@.11~4 fcii ~ cfil W (3f) 10 "lfT 12 (ii{) 10 "lfT 14 cfil Tfcfi t I 
(iv) A bag contains 50 balls numbered from 1 to 50. One ball is drawn at random ... 

Find the probability that the number of the drawn ball is a multiple of 2 or 3 or 10. 'Q",cf> ~ 
it so~imll{ 1 ~ 5ocfqiw~t,~~ufu~~~~~l1~ 

°tj'lfcRI •@:1 I~ 4 ~ f.fcf;rffi .Tf ~ cf>1 ~ 2 "lfT 3 "lfT 10 cfil Tfcfi 3lcfi t I 
(v) What is the probability of drawing a card of diamond or an ace from a pack of 

cards? nm cf>1 ~ ~ ~ ~ tz cfil ~ "lfT ~ ~ ~ cf>1 °tj'lJcRT <FlT l? 
(vi) A person is said to hit the target in 3 out of 4 shots, whereas another person is 

said to hit at all when they both try. ~ ~ ~ fcwT it ~ ~ t ~ ~ 4 it * 3 ~~ ~ 
~t~~~olffcni 3.it* 2 ~~~~t I "l!"R~~>Plrn~<TT~~ ~~cf>l 
~'llcRT ~ I 

Solution-

(i) These events are mutually exclusive, the probability that one of them will succeed 

IS 

(ii) The probability that the number is a multiple of 

259 
600 

6 3 
3 = (3, 6, 9, 12, 15, 18) = 

20 
or = 

10 

The Probability that the number is a multiple of 

4 1 
5 = (5 10 15 & 20) = - or -

' ' 20 5 

The Probability is a multiple of 3 or 5 = 
1
~ + ½ = to or½ 

But this is not correct because number 15 is not mutually exclusive. It is a multiple 

of 3 as well as of 5. It is included in both. 

Hence, the correct probability that the number is a multiple of 10 

5 
= (10, 20, 30, 40 & 50) = 50 

The Probability that the number is a multiple of 12 

http:f.rcf>r<.1l


4 
= (12, 24, 36, & 48) = 50 

As the events are mutually exclusive, the probability that the number will be a 

multiple of 10 or 12 

(b) The probability that the number is a multiple of 10 

5 
= (10, 20, 30, 40 & 50) = 50 

The probability that the number is a multiple of 14 = (14, 28, 42) = f
0 

The events are mutually exclusive, hence, the probability that number will be a 

multiple of 10 or 14 

5 3 8 
= 50 + 50 = 50 

(iv) The probability of multiple of 2 

= (2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 

25 
36, 38, 40, 42, 44, 46, 48, and 50) = 

50 

The probability of multiple of 3 

= (3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42, 45, 48) 

16 
50 

The probability of multiples of 10 (10, 20, 30, 40 & 50) 

The common multiple of 2 and 3 are : 

(6, 12, 18, 24, 30, 36, 42, 48) 

The common multiple of 2 and 10 are : (10, 20, 30, 40, 50) 

The common multiples of 3 & 10 are = J 0 

The common multiples of 3 and 10 are 30 = 5
1
0 

Hence, the probability of the number being a multiple of 2, 3 or 10 

25 16 5 8 5 1 1 33 
- 50 + 50 + 50 - 50 - 50 - 50 + 50 - 50 

5 
50 

8 
50 

5 
50 

Note : ~ c:T ~3-TI A ~ B if 'H A ~ B <fl A 3IT"{ B c.:,it tfG ~ it it ~ 
A ~ B ~ : G'TT1TT" ~ m cf>~c1l~•n I 3@: <TTTT ~ R'1'i ci7- -mnf'tTTT ~ i\ f.:i1-.1fc:1f@c1 5fcf,R 

'H~ ~~ I tm~ (ii) if fcf;"<TTTf<l'T ~-

p (A or B) = p (A) + p (B) - p (A = B) 

~ >[q;R -ar;, ~3-TI q;t ~ if ~ ~ "Sfcf,T{ irrn ¼m fcl; ~ (iv) it fcfi<l1 Tf<l'T l 
p (A or B or C) = p(A) + p(B) + p (C) - p(A + B) - p (A+ C) 

- p (B+C) + p (A+B+C) 

NOTES 
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(v) Probability of drawing a card of Diamond = ~~ or ¼ 

Probability of Drawing a card of ace = 
5
~ or ~ 

But in 4 aces, one ace of diamond is included which was also included in 13 cards 

of diamond. Hence, the probability of drawing an ace of diamond which is included in both 

1 
- 52 

The probability of drawing a card of diamond or an ace 

1 1 1 13 + 4 - 1 16 4 
= 4 + 13 - 52 = 52 = 52 or 13 

(vi) The probability of first person hitting the target = ¾ 

The probability of second person hitting the target = ~ 

As both them may hit the target, the events are not mutualJy exclusive. Hence, the 

probability of hitting the target. 

= ¾ + i - ( ¾ X i) = !~ 
(2) ~ al 101ic:bH q;T ~ (Rule of Multiplication of Probability~ 

~ R<fl1 cfiT "ll<WT W·'llfcFJI ~<WT~ R<flf chl fcr:rfut qftffl'-lf<i it moT ~ I ~·~ ~ ~ 
ffl i fcf; zj <l'T zj ir 3TT% ~3lf cf>1 ~ ~ <l'T ~ ~ ofR ~ ~ ~ ~ #l' cf>1 W'lfcf.TT cf<lT 

~. m ~ R<fl1 cfiT m ~ i 1 ~ ~ ~'q]q" ir m 3JNB it ~ mm i 1 ~ ~ ~ ~ fcf;-m 

~Ro/~ ~ I ~- ~ ~ it ~ trr cf>1 ~ TT<:: i I 3Wl ir M ~ trT ~ zj <l'T zj it 3lfqq; 
11<:: ~ cf>1 <FrT ~ ~ ? ~ q fl:f fl'.l fa it ~ ~ cf>1 ~ m ~ d-f ffol ~ 3lf cfiT 

~ fcfi<l'T ~ ~ I ~ R<fl1 ~ ~ moT ~-
I' (A1A2A3 ... An)= P (Ai) X P (A2) X P (A3) X ... P (An) 

Where, p (A 1 A2A3 ... A,.) = fcnq;;r ~3lf cf>l ~ m~ W'llfq,ff 

P (A1) X (A2) X (P (A3) X .... P (A,.) = fcn,:r,;:r ~3lf cf>1 3fWT-3fWT w,:rJcRl I 

<l'R ~3lf cf>1 ~ cf,J:l it cTT ~ nftr ir wi:rrcr-TI ~ ~ ~ moT ~ I <l'R ~ ~ 
3TT% it (lt W'llfq,ff ffl cf>8T of[d" ~ moT t I 

Illustration 9. What is the probability of getting all the tails upward in four throws 

of a coin? 

Solution-

The probability of getting tail in the 1st throw 

The probability of getting tail in the Ilnd throw 

The probability of getting tail in the Illrd throw 

The probability of getting raj] in the IYth throw 

1 
2 

1 
2 

1 
2 

1 
2 
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dice? 

The probability of getting tails upward in all the four throws. 

1 1 1 1 1 =-x-x-x-=-
2 2 2 2 16 

Illustration 10. What is the probability of throwing three fours in three throws of a 

Solution-

The probability of a 'four' in 1st throw 

The probability of a 'four' in Ilnd throw 
1 

= 6 

The probability of a 'four' in 1-Ilrd throw 
1 

= 
6 

1 1 1 1 
The probability of three 'four' = 6 X 6 X 6 -

216 

Illustration 11. In a bag there are 10 green and 15 red balls. If they are drawn at a 

time, and the ball is replaced after each draw, what is the probability of getting the fust ball 

green, second red and the third green. 

~ ~~ 10 ~ ~ 15 <1K'f~l I ~~~il'K~1Rcfr91f ~~R<TT~t 
"if! >fl!fl, ire: ~ ~' ~ ~ <1@ 3TT{ ffi ~ ~ 'ITT q,l tf\WRT ~ ! ? 

Solution- As the balls are replaced after each draw, so each event is independent. 

The probability that the first ball will be green is 10 2 = 10 + 15 5 

The probability •hat the second ball will be red is 
15 3 = 10 + 15 5 

The probability that the third ball will be green is 
10 2 

= -
10 + 15 5 

Hence, desired probability is 
2 3 2 12 -x-x-=-
5 5 5 125 

Illustration 12. In a bag, there are 10 black and 10 green balls. Calculate the 

probability of drawing the black balls in succession if the ball drawn first is not replaced. 

~ ~ ~ 10 cfiTffi 3W 10 ~ ~ ~ ~ ~ ~ ire: ~ <l,l tf'l:flcRT ~ i, <lR: >fl!fl, ~ 
~ ire: cfr91f ~ ~ 1ITT' Thl1 ~ ! ? ) 

Solution- Here, the second event is dependent and the first is independent. The 

probability of getting black ball in the first attempt. 

10 1 
10 + 10 - 2 

The probability of black ball in the second attempt. 
9 9 

10 + 9 19 

. . f . bl k ball . . 1 9 9 
The probability o gettmg two ac m succession = 2 X 

19 
= 

38 

~ Rifiw£jq ~ 
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Illustration 13. From a pack of cards, three cards are drawn without being replaced. 

What is the probability that they will have the same value? (om ch1 ~ ~ f.fTT ~ ~ cft-;r 

lffl m@ ~ l I cFl"T lf,ncr;ff ! fifi ~ ~ m atcfi q'ffi ~ ?) 

Solution- As the first card may be of any value, the probability of getting any card 

. h fi dr . . . 52 
m t e rrst aw 1s certain, 1.e., 

52 

In the second draw the probability of getting a card of the same value 
5
~ In the 

third draw, the probability of getting a card of the same value 1/50. So, the probability that 

all the three cards will be of the same value. 

52 2 1 2 1 
= 52 X 51 X 50 = 2550 = 1275 

Illustration 14. A problem in statistics is given to three students A, B and C whose 

chances of solving it are 1/2, 1/3, 1/4 respe<;tively. What is the probability that the problem 

will be solved? 

t1iF@Ff>l cfil ~ >ITT m-;i ~-3l, if, lf cfil ~ ~ t ~ R<TT TPTT ~ ~ ~ m ch1 lt,ncr;n 

.!_ .!_ .!. i I >ITT t ~ -rn ch1 ~,ncr;n cFTT ~ ? 
2'3'4 

Solution- Probability that student W will fail to solve the problem 

=1-.!.=.!. 
2 2 

Probability that student B will fail to solve the problem = 1 - .!. = l 
. · 3 3 

Probability that student C will fail to solve the problem = 1 - ¾ = ¾ 

Since the events are independent, the probability that all the three students will fail 

to solve the problem. 

1 2 3 1 =-x-x-=-
2 3 4 4 

The probability that the problem will be solved 
1 3 =l--=-
4 4 

Illustration 15. (i) W can solve 75% of the problems is STATISTICS and 'B' can 

solve 70% what is the probability that either W or 'B' can solve a problem chosen at random . 

· 31' t1ifccx.J<hl it 75% >ITT~ cR" m ~ 3ih- 'if' 70% 1 <f<1T "B'qlqrff ~ fcfi ~ ~ &:m 

~ Tf<TT ~ >ITT ~ it it fcfim t lITU ~ "ITT ~ I 

(ii) The chance to get a contract for Road Construction for a contractor is 4/9 and 

that for a water tank is 5/7. What is the probability that at least he will get one contract of 

the two? 

~ ~ q;t "ITTcfi f.rTTUT cfi"T ~ ~ ch1 ~'qlqrff 4/9 ~ 3ITT :m 11111 ch1 tcfi1 cfil ~ ~ 
ch1 °tj 'qTqrff 5/7 i <TI "0 ~ it it 3""TT cfil'.l it cfil'.l ~ ~ ~ ch1 "B ffiT <f<1T i ? 

Solution-

(i) Probability that W will not solve the problem = 1 -
1

7
~ = 

1
~ 

Probability that 'B' will not solve the problem = 1 - ;: = :~ 



IS 

Since the events are independent, the probability that both will not solve the problem 

25 30 3 
-X-=-
100 100 40 

The probability that the problem will be solved is 

3 37 
1 - 40 = 40 = 925 X 100 = 92.5% 

(ii) Probability of not getting Road Contract 

Probability of not getting water tank contract 

Probability of not getting both the contracts 

Probability of getting at least one contract 

=1-~=¾ 

=1-~=~ 

5 2 10 
=-X-=-

9 7 63 

= l _ 10 = 53 
63 63 

Illustration 16 : (i) Find the probabilty of drawing an ace, a King, a queen and a 

knave in that order from a pack of cards in four consecutive draws, the cards drawn are not 

being re placed. 

(fro q;t ~~if~ 'qR GfK BlT@R 'qR ~ ~ 1:!T ~ ol'IB q;t ~\fl'cR'T ~ ~ fcf; ~ 

sfi>m: ~.~,ffi~ ~~I Rcfiffi ~~~if~~~ l I 

(ii) Four cards are drawn without replacement. What is the probability that (a) they 

arc all aces, (b) they arc all of different suits. 

R11 cfT1TTl ~ 'qR~ mIB ~ t cFrT ~\fl'cR'T i fcf; (3'1) ~ ~ ~ t ~) ~ ~ 3fWT ~ 
"{Tl~~I 

(iii) The odds against a certain event are 5 to 3 amJ the uJJs in favour of another 

(independent) event are 8 to 5. Find the chance that at least one of the events will happen. 

~ 'cfc-TT ~ t[mf ~ ~ fqqey it WWT 3f:I9To 5:3 i 3ITT ~ ~ ~) ~ ~ ~ t <Ta.I 

if ~ 3f:!9TTl' 8:5 t I ~ ol'IB q;t ~\fl'cR'T ~ fcfi cfiB * cfiB ~ 'cfc-TT tTTZct wft I 

(iv) The captain of the West Indies Cricket team is reported 10 have observed the 

rule of calling 'heads' Every time the toss was made during the five matches of the last test 

series with the Indian team. What is the probability of his winning the toss in aJI the five 

matches? How will the probability be affected if he had made a rule of tossing a coil privately 

to decide whether to caJI 'heads' or 'tails' on such occasion? 

~ ~ i fcfi ~ it-i::r ~ ml!f rm m ~if~ rm s ~ it~~~ it-i::r ~ 
~ ~ ~"IK~ tjt ifu fcfi<TT Tf<TT •ts• 1'.TT1'R ~ Will cf>T ~ fcfi<TT I~~ it~~ q;t 
tt~ cFfT t ? ~ ~\fl'cR'T fcfitl ~ ,r,nfc@ mlTT ~ 96 3fWT * ~ <i'f 3t91 ("jch{ "ITT" "1K •ts' <TT 

'z-0' 1'.TT1'R q;r oo cfiCTTT ? 

(v) W. can hit a target 3 itmes in 5 shots; 'B' 2 times in 5 shots; 'C' 3 itmes in 4 shots. 

They lire a volley.What is the probability that 2 shots hit the target? 

'3f' 5 it * 3 -fK l% ~ cfiT ~ tf<fi<TT t ',( 5 if * 2 clR 3ITT •~• 4 if * #A -fK I ~ ~ 
~ RWRT ~ l I ~ cFrT tt\fl'cR'T t fcfi 2 mT8 ~ cfiT ~ ~ J 

~ t/if@/<1,74 ~ 
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(vi) Three groups of children contain respectively 3 girls and 1 boy; 2 girls and 2 

boys; 1 girl and 3 boys one child is selected at random from each group. Show that the 

chance, that the three selected consist of 1 girl and 2 boys, is 13/32 

~ ~ cfR WiITT if ~ 3 t'l~fq-;~j dTT"{" 1 ~; 2 ~ 3TT"{" 2 ~; 3TT"{" 1 ~ 
3TT"{" 3 ~!I ~ ~ ttftT * ffl ~if*~-~~ cfiT ~ fcf;.:rr -;;rror ! I ~ ~ ~ 
fcl; ~ ~ ~ 3 ~ if 1 ~ 3TT"{" 2 ~ ITT cfit "{j-'ITTcRT 13/32 ! I 

(vi) From a pack of 52 cards, two are drawn at random. Find the chance that one ' 

is a king and the other a queen. 

52 qm cf,1 "om cf>1 ~ ~ if * 2 l:ffl ~ ~ uftT * ffi sifIB ! I ~ ~ cf>1 "{j-'lll'cR"[ -

~ fcl; orl'if * ~ ~ 3TT"{"~ ~ I 

1s: 

Solution : 

(i) (a) The probability of drawing an ace 
4 

- 52 

(b) The probability of drawing a king 
4 

- 51 

(c) The prnbability of drawing a queen = 
5
~ 

( d) The probability of drawing a knave = 
4
~ 

The events are dependent, hence the required probability of the compound event 

4 4 4 4 256 
52 X 51 X 50 X 49 = 64,94,400 

32 
or 

8,12,175 

(ii) (a) The events are dependent. Hence the required probability 

(iii) The probability that the first event will not happen 5 
8 

The probability that the second event wi]J not happen = ;
3 

The probability that at least one event will not happen = i x ;
3 

= 
1
~ 

The probability that at least one event will happen 

(iv) As the chance of winning the toss in one test is ½ 

Since the events are independent, the probability of his winning the 

toss in aU the five matches is 

1 1 1 1 1 1 -x-x-x-x-= -
2 2 2 2 2 32 



Since the events are independent, the calculated probability would. not be affected 

by his decision. 

IS-

(v) Firing a volley means that all of them try once to hit the target. 1\vo shots can 

hit the target in one of the following ways :-

( a) A and B and C fails to hit. 

(b) A and C hit and B fails to hit. 

(c) B and C hit and A fails to hit. 

The Probability of hitting by A = } and of not hitting 

" " "B = _?. " II 

5 

,, c = 1 
4 

Hence-

The probability of A and B hitting and C not hitting = ¾ x ¾ x ¼ = l~ 

3 3 3 27 =-x-x-=-
5 4 5 100 

A and C " B 

Band C A 
2 3 2 12 =- x -x-=-
5 4 5 100 

Since the events are mutually exclusive, the probability that two shots hit the target 

45 
=-or45% 

100 

(vi) 1 girl and 2 boys may be selected in the following ways : 

(a) Girl from the first group, boy from the second and boy from the third group: 

Th b b·1· f . . 3 2 3 18 e pro a I 1ty or Jt IS = - X - X - = -
4 4 4 64 

(b) Boy from the first group, girl from the second group and boy from the third group : 

Th b b·1· . 1 2 3 2 e pro a I Jtv IS = - X - X - = -
, 4 4 4 64 

( c) Boy from the first group, boy from the second group and the girl from 

the third group : 

The probability is 
1 2 1 2 

= -x- x -=-
4 4 4 64 

All these events are mutually exclusive. Hence the probability that any of these events 

happen 

10 6 2 26 13 = - + - + - = - or -
4 64 64 64 32 

(vii) Two cards-a king and queen may be drawn in one of the following ways : 

(a) First card a king and second a queen 

(b) First card a queen and second a king. 

3'iiiilnr f/iro;Qqf}q ~ 
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Probability of drawn as in (a) == 5~ x 5: == ~~2 
Probability of drawn as in (b) == 5~ x 5: == ~~2 

(a) and (b) are mutually exclusive, Hence, required probability, 

16 16 32 8 
== 2652 + 2652 == 2652 or 663 

1.s ~ ft14ia it a:;1H:tll (Im~ 
(Pl!nnutation and Combinations in the Theory of Probability) 

~ ~ "«fFTT \;fl~~ f<fi {l!l-l1-<1a- ~arr~~ q,l ~ aw~ 9ftff1!1Fa~i ~ _ 
~ ~ m ~ t 1 ~ q;,:ft-q;,:ft ~ ~ ;im' m %TT ~ 1 ~ 9ftff1!1Fa it ~ aw -wwr ~ 
f.r<flTT q,l~~ 3TTWfcfim \;fl<TT~ 1 ~ ·~cfiT ~ mcrr~ M ~chl~fcfi1i>fcfiK 

q,l \;fl~~ I~ 6'f ·Wffif ~ (arrangements) CfiT ~ Cfi{ill ~ ~ ~ ~ ~ ~3IT it~~ 
<TT~Cfil~miiWR~~t I ~."ll"R a,b,c it~c:'r~-«rq~mm~~ f1J...Jf<:.1f€lil 
m-rl-

ab, 

ba, 

ac, 

ca, 

be 

cb 

~ >fcfiK"ll"R c:'r ~~mil~ ;;wt "ffi ~ ~ 6 >fcfiK~ ch1 \;fl~~ I~~~~ 
it R9 >fcfiK ~ fcf,ln \;fl ~ ~-

n! 
~Pr ==--­

(n - r) ! 

where n P, = Permutations 

n = number of all the items 

n = number of all the items 

r = number of items taken together 

= factorial which means n (n-1) (n-2) (n-3) .... ..... . 

~~ll~~~~fcli<TT~~i,3l·mq_ a, b, c ~ofi~ chl~ 

c:'r ~ ci\ m~ ~ fcf;tl '5!CfiR <h1 ~ ~ i-
n= 3 aw r=2 

nP, = n! = 3! = 3 X 2 X 1 = 6 
(n-r)! (3-2)! 1 

~ 
(Combinations) 

"WWT cfil 3l~ l ~~~it~ <lf qll fcfi1i >fcfiK~ ~ ~ t I~~~~~ 
qrf fl~ l ~ 3"='.f ~an it il ~ <lT ~·,ft ~an CfiT ~ -«rq ~ W ~ Wt t I~. a,b 3ITT 

C ~ qi] WTTTT c:'r ~ ~ B"M it ~ fcF<Rl >fcfiK il fcf,ln ~ "Wf,cTf i I ~ "WWT R9 >fern" M 
\;fl~ l 

ab, ac, be <lT ba, ac, cb 

3laj-q_ ~ ~ clR >fcfiK il M ~ tfcf>i11 ~I~~~~ it f.l'9 >fcfiK il ~ fcfi<TT ~ 
"Wfiilll 



n n 1 n np, 
C - · or C,=-

, - (n - r) ! X r ! r ! 

where nc, = Combinations 

n = number of all the items. 

r = items taken together 

= factorial 

n=3, r=2 

3f(f: n C = 3 X 2 X 1 = 3 X 2 X 1 = 3 
' (3 - 2) ! X 2 ! 1 X 2 X 1 

~ ~ W1R m <'fl~ (Permutations) cfiT ~-~ cfiT ~ ~ fcl;<n ~ i, 
~ ~ "«l'rTT ~ ~ i I cfi,:ft-q;,:ft ,tm mm i fcf; ~· ~ c!,l W1l (arrangement) ~ m ~ 
f'FJ-f\'Ff ;r WR m ~ ~ ~ ~ WfR m , ~. ~ etffi if 12 ~ t ~ f\'Ff-f'R trr c!,l ;r ~ 
~~ 4~trrcf>13TTt s~trrc!,ll1~IBlfuif~m>lcfiK~ 4~3TTt~>lcfiK~ s 

WTR ~ l 1 ~ qf<ffl!lFa if f.r9 ~ cfiT ~ fcl;<n ~-

D . d b bili n1 ! n2 ! .... nk ! esire pro a ty = 
1 n. 

where n1, n2 .. . ~k = fcif'l:Fl' >fq;]"{ ~ ~ ~ 

n = ~cfiT~<WTI 

Illustration 17. If man has the choice of travelling between Bhopal and Delhi by 10 -

trains, in how many possible ways he can complete the return journey using a different train 

in each direction? 'lfR ~ ~ clil ~ ~ ~ ~ ffi ~ {(1•11f-i?.fl it <ITT! cfi8 cfiT ~ 
m m ffl Rm if ~ ~ cfiT ~ <fiB ~ ~ 3l'RT 9T9m ~ <ITTT fcF<R >lcfiK ~ ~ ~ ~ 
i? 

Solulion - For the outward journey he has the choice of using all the 10 trains. Having 

completed the outward journey, he will be left with only 9 trains to complete the return 

journey. Thus the total number of ways in which he can complete the journey are 

10 X (10 - 1) = 90 

Perm. = n (n-1) = 10 (10-1) = 90. 

Illustration 18. In how many different ways 4 books at a time can be arranged out 

of 6 different books on a shelf? ~ 3@lffil ll 6 f~-f'lf.4 ~ ll ~ ~ olR it '<ITT'~ fcfic=R 
>lcfiK ~ fc-i-<l1fm1 q,1 ~ ~ i I : 

Solution-

6! =6x5x4x3x2xl=360 
(6 - 4) ! 2 X 1 

Illustration 19. In how many ways 5 seats can be occupied by 4 students? RK ~ 
ml 5 ~ ~ >fq,R~ 1W1 ~ ~ ~ i? 

Solution- Here n = 5, r = 4 

Applying the formula, 

n ! Sp 
or 4 

(n - r) 1 

=5x4x3x2xl=5x4x3x2xl=lW 
(5 - 4) ! 1 

~ Nif@Jqf/q ~ 
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Illustration 20. There are 6 doors in a room. 5 persons have to enter it. In how 

many ways they can enter from different doors? 

~ q;J:ft ~ 6 ~ ~ Wq ollf<klq1 q;) ~ ~ m-;n ~ I f'IFT-f1:R ~ ~ ~ fcticR ~ 
~ ~ m ~ ~ ? 

Solution- Perm. = n (n-1) (n-2) (n-3) (n-4) 

= 6 (6-1) (6-2) (6-3) (6-4) = 720 

The formula can be written as under :-

n 6 6 ! 
P, = Ps = (6 _ S) ! 

=6x5x4x3x2x1=7lO 
1 

Illustration 21. In how many ways can 12 seats be occupied by 8 students? 3lTo ffl 
"[RT ~ ~ fcf;cR >fif,T{"~ ~ q,l \lfT ~ ~ ? 

Solution-

12 ! 
=---

(12 - 8) 

12 X 11 X 10 X 9 X 8 X 7 X 6 X 5 X 4 X 3 X 2 X 1 
= 4x3x2xl 

1,99,58,400 

Jllustration 22. In how many ways can 12 students be allotted to three tutorial groups 

of 2, 4 and 6 respectively? (12 ~ cf.t ~: 2, 4 ~ 6 ~ <TT;, <llilRllM ~ B fcf;-it >fcfiR it 
oTTcT \lfT ~ ~ ? 

Solution- If m = 2, n = r, and p = 6 

Then, 
nP, = (m + n + p) ! (2 + 4 + 6) ! 

m!xn!Xp! 2!X4!X6! 

12 X 11 X 10 X 9 X 8 X 7 X 6 X 5 X 4 X 3 X 2 X 1 
=------------------

= 

(2 X 1) X (4 X 3 X 2 X 1) X (6 X 5 X 4 X 3 X 2 X 1) 

12 X 11 X 10 X 9 X 8 X 7 
(2 X 1) X ( 4 X 3 X 2 X 1) 

665280 = 13860 
480 

Jllustration 23. In how many ways can the letters of the word "BEITER" be 

arranged? Better~~ -3la:Tn cit fcf;-it >fCW"il' oll<:1f·f\'-lct fcf;1TT \lfT ~ ~? 

Solution - In this letter 'E' comes twice, 'T' comes twice and 'B' and 'R' come only 

once. 

Hence, np, = (m + n + p + q) ! 
m!xn'Xp!xq! 

(2 + 2 + 1 + 1) ! 
(2) I X (2) ! X (1) ! X (1) I 

6x5x4x3x2xl 
(2 X 1) X (2 X 1) X (1) X (1) 

6 X 5 X 4 X 3 = 360 = l8Q 
(2 X 1) X (1) X (1) 2 



lu this illustration, it has been assumed Lhal 

'm' stands for letter 'E' 

'n' stands for letter 'T' 

'p' stands for letter 'B' 

'q' stands for letter 'R' 

Illustration 24. In how many ways 3 books can be chosen out of ten different books? 

<f'IR-f'IR ~ ~ it "ij ~ m:f ~ q;) ~ ~ W:fiill i ?) 

Solution the formula, we have. 

n ! . 10 ! ==---- ==-----
(n - r) ! , ! (10 - 3) ! 3 ! 

10 X 9 X 8 X 7 X 6 X 5 X 4 X 3 X 2 X 1 == 10 X 9 X 9 = l20 
(7 X 6 X 5 .°!- 4 X 3 X 2 X 1) X (3 X 2 X 1) (3 X 2 X 1} . 

Illustration 25. A bag contains 4 black and 3 white balls. 1\vo draws of 2 balls are 

made. The balls are replaced after each draw. What is the probability that in the fust draw 

all of them will be black and in the second white? What will be the probability if the balls 

are not replace? 

Solution. The number of ways in which two balls can be drawn out of 7 balls is = 
7 C2 

The number of ways in which two black balls can be drawn out of 4 blac~ balJs is 

The number of ways in which two white ball can be drawn out of 3 white balls is 

The probability of getting two black balls in first draw 

Similarly, the probability of gettiug two white Lalh. u1 Lin: secuml uraw 

The desired probabiliry 

n! 
(n - 4) ! 

/I ! 
(n - r) ! , ! 

n! 
(n - r) ! , ! 

X 
n! 

(n - r) ! , ! 

4x3x2xl 3X2Xl 
(4-2!)2! (3-2!)2! 

---~- ~---- X 
7 X 6 X 5 X 4 X 3 X 2 X 1 7! 

(7 - 2) ! 2 ! (7 - 2) ! 2 ! 

~ 6 
(2 X 1) X (2 X 1) (1 X 2 X 1) 

__ __:__ --'--_ _o__ _ _;__ __ x - - - ~ ---~---
7x6x5x4x3x2xl 7x6x5x4x3x2xl 

(5 X 4 X 3 X 2 X 1) X (2 X 1) (5 X 4 X 3 X 2 X 1) X (2 X 1) 

24 6 
4 2 6 3 2 

==-X-= - X-=-
42 42 21 21 49 - -
2 2 
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If the balls are not replaced : 

The probability of the first event 
4
C2 

- 7C2 

Huwt:VL:l, ILL: µ1 ul.,ability of the second event will be different if after first draw there 

will remain only 2 black and 3 white balls in the bag. 

The number of ways in which 2 balls can be drawn out of 5 

The number of ways in which two white balls can be drawn 

out of 3 white balls 

The probability of drawing 2 white balls is 

n! 3X2Xl 
~(n_-_r~)_!r_! X (1 ! 2 !) 

n! 5x4x3x2xl 
(n - r) !,! (3 X 2 X 15 X (2 X 1) 

3X2Xl 

(lx2xl) _3 
5X4X3X2Xl 10 

(3 X 2 X 1) X (2 X 1) 

Hence, the probability of the compound event is 

4
C2 

3
C2 6 3 3 

= 1 C
2 

X 5C2 = 21 X 10 = 35 

Illustration 26. In how many ways can the word MANAGEMENT be arranged. 

Solution- There are in all 10 letters consisting of 

2 Ms, 2 As, 2 Es, 2 Ns, 1 G and 1 T. 

The total permutations are 

10 X 9 X 8 X 7 X 6 X 5 X 4 X 3 X 2 X 1 
2 ! 2 ! 2 ! 2 !l ! 1 1 2x2x2x2 

36,23,300 2 26 800 
16 = ' ' 

Illustration 27. Out of 4 officers and 10 clerks in a business firm, a committee 

consisting of 2 officers and 3 clerks is to be formed. In how many ways can this be done if 

(a) any officer and any clerk can be included, (b) one pa rticular clerk must be on the 

committee, ( c) two particular officers cannot be on the committee. 

Solution. 

(a) 
4 

2 officers out of 4 can be selected in C2 ways. 

3 clerks out of 10 can be select ed in 
10

C3 ways. 
4 10 

Total No. of possible selections = C2 x C3 = 720 

(b) 
4 

2 Officers out of 4 can be selected in C2 ways. 

2 additiona l cle rks out of 9 can be selected in 
9 
C2 ways. 

Total No. of p0ssible selection = 4
C2 X 

9
C2 = 216 



(c) 2 officers out of 2 can be selected in 
2
C2 ways. 

3 clerks out of 10 can be selected in 
1
°C3 ways. 

Total No. of possible selections = 2C2 x 
1
°C3 = 120 

Illustration 28. A bag contains 5 green and 7 red balls. 1\vo balls are drawn. What 

is the probability that one is green and the other red. 

Solution- Total No. of balls = 5 + 7 = 12. 

Now, out of 12 balls, 2 can be drawn in 
2
C2 ways. 

Exhaustive No. of cases 
12

C2 = 12 
x 

11 = 66 
2 

Out of 5 green balls, 1 green ball can be drawn in 
5 
C1 ways and out of 7 red balls, 

one red ball can be drawn in 
7 
C 1 ways. Since each of the former cases can be associated 

with each of the latter cases, the total number of favourable cases is 
5 . 7 
C1 X C1 = 5 X 7 = 35 

Required probability = : 

Illustration 29. A bag contains 7 red, 12 white and 4 green balls. What is the 

probability that : 

(i) 3 balls drawn are all white, and 

(ii) 3 balls drawn are one of each colour 

Solution- Here, 

n = Total No. of possible ways of drawing 3 balls from the bag 

containing 23 balls, irrespective of the colour of balls drawn. 

= 23C3 

(i) m = No. of possible ways of drawing 3 white balls out of 12 white balls. 

Probability that all three balls are white 

12
C3 220 

23c3 = 1771 = o.1242_ 

(ii) It may be noted that 1 red ball can be drawn out of 7 in 
7 
C1 ways. Similarly, the 

No. of ways of drawing 1 white baJI out of 12 white ball is 
12

C1 and one green ball can be 

chosen out of 4 green in ways. Since any of 7 grol!ps of 1 red ball may be associated with 

any of the 12 groups of 1 white ball and 4 groups of 1 green ball, the number of ways of 

forming a group of 3 with 1 red ball, 1 white ball and 1 green ball is. 

m = 7C1 X 
12

C1 X 
4

C1 

Probability that three balls are of different colours 

7 12 4 
C1 X C1 X C1 = 7 X 12 X 4 = 336 = O 1897 

23c
3 

1771 1771 . 

Miscellaneous Problems on Probability 

Illustration 30. lf a card is drawn from a welJ shuffled pack, ftnd 

(a) the chance that the card drawn is the ace of spade, 

(b) the chance that the card is a spade, 

( c) the chance that the card is an ace. 
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Solution. (a) Since there are 52 cards in a pack, and there is only ace of spade, the 

chance of drawing the ace of spade in 1/52. 

(b) Since there are 13 cards of spade, required chance is 
13 1 ::;: -=-
52 4 

( c) Similarly, there are four aces in a pack of cards. Therefore, the required chance 

or probability is 

4 1 ---
52 13 

Illustration 31. If, from a pack, four cards are drawn, find the chance that 

(a) they will be the four honours of the same suit, 

(b) they will be one from each suit. 

Solution - The are 52 cards in a pack, and the totaJ number of drawing 4 cards is 

or 52 , x 51 x 50 x 49 == 2 70 725 
4x3x2xl '' 

(a) There are 4 suits (each containing four honours) in a card and therefore the 

number of favourable cases is 4. 

Therefore, the required chance 
4 

2,70,725 

(b) One card from a suit (containing 13 cards) can be drawn in 13 ways. There are 

four suits and each suit has 13 cards. Therefore one card from each suit be drawn 

13 X 13 X 13 X 13 _ 2197 . 
270725 - 20825 

. Illustration 32. In a hand of a game of bridge, what is the probability that the 4 

kings are held by a specified player? 

Solution - The number of ways in which the hand can be made up is 52
C12 .The number 

of favourable ways is the same as the number of ways in which the 9 other cards forming the 

hand can be chosen &om the remaining 41 cards which is 
48

C9 
48 

~h f . . d b b... C9 11 
J ere ore, the require pro a wly = ~ == 

4 65 C13 1 

Illustration 33. Suppose ii is 9 to 7 against a person A who is now 35 years of age 

living till he is 65, and 3 to 2 ag;iinsl a person B now 45 living till he is 75, fmd the chance 

that one al least of these persons will be alive 30 years hence. 

Solution- The chance that A will die within 30 years is ;
6 

and chance that B will 

die within 30 years is ¾- The events are independent, therefore, the chance that both will . 

9 3 27 
die is - x -o, -

16 5 80 

Therefore, the chance that both wiJJ not be dead, i.e., least one will be alive is 

l _ 27 == 53 
80 80 

Illustration 34. What is the chance that a leap year, selected at random, wiJI contain 

53 Sundays? 

Solution - A leap year consists of 52 complete weeks with a balance of two days. 

These two days can be any of the following seven possibilities-



Monday and Tuesday, 

Tuesday and Wednesday, 

Wednesday and Thursday, 

Thursday and Friday 

Friday and Saturday, 

Saturday and Sunday, 

Sunday and Monday. 

Out of these seven combinations, onJy two viz. the the last two are favourable 

combinations. Hence the required chance is ~-

Illustration 35. A professor claims that he could often tell while his students were 

still is their fust year whether they will obtain first, second, third or fourth (failure) class in 

their final examination. To substantiate .his claim he forecasts the fates of 8 students. Find 

the probability of his being correct in 5 cases. 

Solution - Assuming that the professor has no special gift, the chance of naming a 

student's class is ¾ and therefore the chance of not being correct in naming student's class is 

¾- Hence the probability of the professor being correct in 5 cases is 

8Cs = 56 x 27 = 189 
48 8192 

~ ~ (Bernouli Theorem)- ~ ~ ~ ~ m ~ ~ ~ I ~ ~ 1ll1 ~ ~ 
Hlm '~ ~• ~ t I fcfim ~ ~ tfR<f "ITT q;'t cj ~ "ITT ~ i- (i) 3ffF,, (ii) 

~ I ~ ~: ~ "Efcrl13TT ~ 'p' 3ITT" ~ -qz;n-3TT q;'r 'q' ~~~if >lcfiZ ~ i I 

~ ~ ~ f,iyf('Jf@ct fcdttictl~ ·?rat i-
<lfc!: (1) w:ft 3P{ qftffl1lf<l~l ~ ~ I 

(2) -qz;n- q;'r 3Rcl> GfK ~ ~ I 

ill ~ qi1 ~ ~ ~ ~ cf,8 ~ W'ITTcRT ~ qi1 ~ ~ t­
~ f~ RY~ cfil ~ ~ ~ t-

p nCrpr qn - r 

p probability of happening of the event, i.e., success, 

q probability of not happening, 

n = total no. of trails, 

r = no. of Successes in n trails, 

nCr = no. of combinations of 'n' things taken 'r' at a time. 

Illustration 36. (i) What is the probability of exactly four heads while tossing five 

corns. 

(ii) A coin is tossed three times. Find out the probability of (a) exactly two heads; 

and (b) at least two heads. 

~ t/ifu4q;1q ~ 
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Solution-

(i) No. of coins (trails) - n = 5; Success (H) frequency or r = 4; Failure (T) 

or o - r = 5 - 4 = 1. 

1 
2 

n Cr q1 - r = 5 C4 ( ½ r ( ½ r = 1 ~ ! ! X 3~ = i2 

(ii) (a) Probability of exactly two heads and one tail in tossing a coin 

three times will be-

n = 3;r = 2;n-r=3-2=1. 

p (Probability of head in one toss) = 1/2 

q ( ,, ,, tail ,, ) = 1/2 

l l - ' (Combined probability of 2 heads and 1 tail) 

1 
-8 

But this situation (2H, IT) can be in the following three combinations-

3
C2 

3! = (3 - 2) ! 2 ! = 3 

Trails I II III Probability 

Desired results (A) H · H T 
1 1 1 1 - x -x -= -
2 2 2 8 

(B) H T H 
1 1 1 1 -x-x -=-
2 2 2 8 

(C) T H H 
1 1 1 1 - x -x -= -
2 2 2 8 

Desired probability 

~ 1 3 [n r n - r 3 
= J X 8 = 8 Cp q = C2 - (½f (½f = ¾] 

(b) There can be two situations of getting at least two heads in three tosses-

(i) Exactly 2 H eads and Tail ; (ii) 

Bernouli Theorem will be fl pplied twice­

Probability of 2 Heads and 1 Tail 

" 3 Heads and O " 

Desired probability-

3 Heads. 

Illustration 37. (i) Eight coins are tossed together. Find out the probabilities of the 

following-

(i) (a) At least six heads (b) No head, (c) AU heads. 

(ii) If one candidate out of ten fails on an average in an examination, what is the 

probability that 4 out of 5 will pass? 



Solution- (i) (a) J\t least 6 heads means-6 heads, 7 heads or 8 heads. Therefore, 

probabilities of all the three situations will be found first and then their total will be arrived 

at-

(ii) 

1 1 
ll = 8• r = 6 7 8· p = - = q = -

' ' ' ' 2 2 

p (r = 6, 7, 8) = 
8
c 6 (½r (½r + 

8
C7 (½r (½f + 

8
Cs (½f (½)° 

= 28 X _l_ + 8 X _l_ + 1 X _l_ = 37 
256 256 256 256 

(b) Probability of no head (0 head) in tossing 8 coins is 

= 8Co (.!_) o (.!_) 8 = 1 X _1 = _1 
2 2 256 256 

(c) Probability of all heads (8 heads) is 

= scs (.!.) s (.!.) o = 1 x _1_ "" _1_ 
2 2 256 256 

1 
Probability of failing 

10' 

Probability of Success = 1 -
1
~ = :o 

Probability of success of at least 4 out of 5 candidates is 

= Probability of success of 5 + Probability of success of 4. 

5
Cs (:o( (1~)° + 

5
C4 (:or (1~r 

59049 + 5 x 6561 = 91854 or 45927 
1,00,000 1,00,000 1,00,000 50,000 

1.9 51foiitf••ifrf 511f4cfidl (Conditional Probability) 

fcfim ~ tfc-!T, A, i:ti ~ i:ti ofR ~ tfc-!T, B i:ti ~ ~ ~ ~ ~ ~ 
~t~1TT)fflm~~~. A, m~~,~~~. 

B cf>! Slfa~f ..tj il ~ ~ A m ~ m 
=P (BIA)= p (A nB) P (A)~0 

p (A) ' 

P (A nB) = P (A) P (BIA) 

Jllustration 38. cITTT ~ ~ 11ft cf\ ~ i:ti ofR ~ trill Rcfl@T ";;rt ~ "9T<TT TP-TT I oHch1 
cfrCff{ ~ f.RT ~ '1'fT Rcfl@T TP-TTI ~~ i:ti ~ ffi ~ ~ ffl ~I zj:n q€f i:ti 
~ffiq;T~,n~, 

Out of a well shuffled pack of cards a card is drawn, which is found a king. Another 

card is drawn with out replacing it. Find the probability of second card being a king. Also 

find the probability of both cards being kings. 
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~ (Solution) 

~-..Kif~~w;TT A)chl~, B (A)= _.i_ 
52 

~ 1111 lf 51 om~ ~ ~ 3 ~ t aftf: ~ -m- lf ~ ~ (l'.lz;TT B) q;'t 

>llf~cfidl 

= P(B/A) = !i 
-ey;TT ffl t ~ "ITT cf;1 ~ = p(A nB) = P(A) P(B/A) 

4 3 1 
= 52 X 51 = 221 

<1R~ Bt-rnq;'t~~ At-rn~~mrrim~ B"cfil~ Ao/. 

3lTT"fd' ~ -;;m:rT i I <1R ~ B t "ITT cf;1 'lflmcTT ~ A t "ITT~~ 11ft' "ITT<TT, ~ B "cfiT 

~ A ~~~~i I ffi~if, 

<1R P(B/A) = P(B) ITT B,A ~ ~ i I 

<1R A(NB) = P(A) ITT A,B ~ ~ i I 

~Wfi"R~ A~ B~~~i<l'R3ITT"~<l'R 

P(A n B) = P(A) P(B) 

&;li5<UJ1J- (i) 'Q,qi fficFfiT ~ offi" ~ -;;m:rT i I A = ~ "1K H 3fRT, B = ~ -..K T 

3fRT,~i I 

(ii)~~ 28 ir, <1R 0TI1 cir qfCffi cfj{ ~ ~ m P(B/A) = P(B) = _i_ M , 
52 

~ A3ffrB~~t1 

«mlll.JQkl (Odds)- cfi'TT-cfi'TT ~ ~ ~ fc!; A t "ITT cfil ~_a_~ ~ ,:ft~ -;;m:rT 
~ a+b 

.::\ ~ ::,... - , ( . ( c .,~ a b 
~ l9'> ~ A qi ~ fl41'11j91ct odds m favour of A) PA) : P (A) 01<111l a+ b: a+ b 

3l~ a+ b ~ '1T At "ITT t ~ '84'1'11j91ct (odd against A), P (Ac): P(A) 3l?ffi( b: a~ I 

~~.<1R 'Q,qi ~ rt 7 ~ anr 9 m ~ im ~ ~ 'Q,qiTR ~1:1\m~ m <fi1 

~-1- =_!_~I~~ B<ff'llj91ct 7:9 ~ ]_ ~ n~ ~ ~ ~4'1'11::J.%1 9:7 
7 + 9 16 9 

3flq'cff .2_ ~ I <TR fcRft tfZ-;,f t "ITT cfil ~ 0.4 ~ ITT B41 111j91ct ~ t ~ P(A) cir f'IFT 
7 

t ~ ll fu"& ~ i :P(A) = 04 = _i_ = ~ =-
2

- 3ln: ~ '847'11::J.%1 = 2·3 "Wl I . 10 5 2 + 3 . 

Fu " . lJ loi(l ~ 
(Mathematical Expectation) 

<1R fcf;m tfZ-;,f t tfi-=r 1:1\ 'Q,qi ~ cir 'Q,qi ~ 'ff-TTITTl ~ ~' "iTT 3U tfZ-;,f cfil WllfcRT 

3W~ 1:l\3"it ~ 9@l tRUm cfiT ~ 3U ~ cfil ~~-~~I 

E = Mathematical Expectation. 

p = Probabiljty of success of an event. 

M = Money to be received on the happening of th e event. 



~t~~f<fim~t~cf>lW'ITT<RT (p) = 1/4"ITTaw~~q{~cfrffi 

~ (M) 200 mm m 1"Jfurmq ~ ¾ x 200 = so m mi-rr 1 

s.RtJiq ~ 
(Inverse Probability) 

~~if~ fcr9ito~cf>l Wffl!T3TT cfiT ~~ i I~~ mi fcfi ~ 
efc-TT ffl cmurr if it M v:q; ~ q;f{UJ' cfiT ~ i 1 ~ ~ cfiGT fcfi ~ t ~ ~ cfiRUT 

cfiT '5N19 ~ cf>1 cfll'T f!All<HI i-~ ~ ~ i I ~ fcfim ~ it 3 cfiTffi aw 2 ~ 
~ m. ~ ~ if 4 qi@l aw 3 ~ ~ m aw f<fim v:q; ~ it it v:q; w 1R mTffi tj m m 
~ ~ cfiGT fcfi 6ti lR t ~ ~ it it f.rcii@ ~ ctt <Fll W'WRT mTft, ~ W'1Jq,fT cfiT ~ 
WIT I 

f.prq-~~ 'N' mq{~~ifitf<fim~t~~m~i I mcmurr 
cf>1 3lWT-3l"WT ~l'-"llq-ll~p1,p2,p3 ... Pn i aw~ sPffi. ~ fcn~ ~ it it ffl cf>1 3lWT-3l"WT 

~ ff~ i ftfi ~ 'N' ~- it it -~~ cfiT(Uf men i m ~~mm i , ~ ft:aj'ij it 6t1 

efc-TT t m~ cfiT(Uf it ~ "if.t cf>1 BN!lq-JI RYfctf©<I ~ ~ ffl cf>1 ~ ~ ~-
Pm Pm 

1.10 ~ ~ (Bayes Theorem) 

~ (Statement) 

9ili ~ A, n ~ ~ ill!TT f.rir:ft ~ ~3TT) Bi, B2 .... , Bn ~ it fcfim '!TI~ cfiT(Uf 

~ >!",nm 'ITT~ ~ I <lR 3°1 cfiT'{UIT cf>1 ffi ~ s11f~cfi<IIQ, P(B1) ......... , P(Bn) ffl "ITT ill!TT fcn~ 
~ it~ t ~ 'ITT cfi'T ~ S!tf~<li<IIQ, P(AIB1) ... . P(A I Bn) '!TI ffl if iloi 3l:l"19 ~ 
~P(BmlA) cfiTR-.:;:i>fcliK~fcfi<TT~~~. 

P(Bm l A)= "P(Bm)P(A I Bm) 

L P(Bm) P(A I Bm) 
m = I 

~ P(Bml A) cf! ~ t "~ A t Bm it >!"'llfc.@ 'ITT cf>1 fflcf,(TT ~ <TT? ffl 'ITT fcfi ~ 
A 'ITT~~ In 

3QQ'ra (ProoO 

BRT Bi, B2, ..... . Bn fcfim lll~fajq; >T<Wl cf>l ~ ~ "ctt n ~ ~ \Tl'll f.rir:ft ~ 
! ol'Jl A ~ 3Pl ~ ~ I 

A= (A n B1) U (A n B2) U .... U (A n Bn) 

P(A) = P(A n B1) + P(A n B2) + .... + P(A n Bn) 

" = I P(A n Bm) - (1) 
m = I 

. 1ff= 1JUR ffl it, 
P(A n Bm) == P(A) P(Bml A) - (2) 

(fl'{T P(A n Bm) = P (Bm) P(A / Bm) - (3) 

~ (2) (fl'{T (3) it, 

P(A)P(Bml A) = P(Bm)P(AIBm) 
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P(B IA) = P(Bm) P(AIBm) 
"' P(A) 

= 
P(Bm) P(AIBm) 

n 

~ P(A n Bm) 
m = I 

= P(Bm) P(AI Bm) 
n 

~ P(Bm) P(AIBm) 
m = 1 

~~ 
1. ti'1Tfcrcrr t <rrTT H<llr cfif m ~ M ~ l 1 

2. tt'1Tfcrcrr t 'T'fc'iK qi[ f.mil cFl"T l ? 
" ' 

3. 

Illustration : 39 1J:cfi ~ B 4 cfif'ffi (f~ 1 ~ TR t I ~ ~ B 5 cfif'ffi cf 4 ~ 7R 
t I fcRft 1% ~ "B ~ cfif'ffi TR ~ ~ i <TT <FIT ~ ~ fcfi ~ ~ "B m ~ i ? 

A bag contains 4 black and 1 white ball. Another bag contains 5 black and 4 white 

balls. One ball has been taken out from one of the bags and found black. What is the 

probability that it came from the first bag? 

~ (Solution) 

TfR1 B1 = ~ ~ cfiT ~ 

B2 = ¢ ~ cfiT ~ 

A = cfif'ffi TR f.:Fhl i:-H I 

1 
P(B2) = P2 = 2 

~ ~ "B 1J:cfi cfif'ffi TR ~ cFt ~ 
4 = P(A I B1) = p1 = -
5 

~~.;.=...,......---;..;+::,-F--.-..-m 5 '<--"'' "!C"'l ti ,,_..,. 'lllC"'ll "IC., 1"1~11:1"11 = P(A I B2) = P2 = 9 

~ ~ _ I _ P(B1) P(A I B1) 
-3f - p(Bi A) - P(B1)P(AIB1)+P(B2)P(AI B2) 

,3f~ cfif'ffi TR ~ ~ "B RcfiTffi TT<TT cFt ~ 



P1p1 = -----'-'°--=--

P1 p1 + P2p2 

1 4 4 4 
2 X 5 5 5 4 45 36 

= 1 4 + 1 5 = 45 = 36 + 25 = 5 X 61 = 61 
2 X 5 2 X 9 5 + 9 45 

Illustration 40 ~ ~ it ~ ffl t ~ ~ ~ 50 % t ,:fK ~ ! I ~ ~ it~ 

mt"lK~~ 50%t~~!1fcf;m~~it~~fflcfiffucf<lilm@TTJ<1TI 

~ ffi<fqiT ~ ~ ~ 3WIT, ~ >llfllchctl f-ichlf~Q, I 

A purse contains three one rupees coins and four 50 paise coins. Another purse 

contains four one rupee coins and five 50 paise coins. A one rupee coin has been taken out 

from one of the purses. Find the probability that it came from the first purse. 

~ (Solution) 

lfRT B1 = ~ '9'tl ~ ffi<fqiT f-icfi/("HI 

Bi = ~ '9°tl "ii rncFf;1 f-icfil("Hl 

1 
P(B1) = P(B2) = -

2 

lfRT R = ~ ffl cfiT ffi<fqiT f-ichl("J..JI = (B1 n R) LJ (B2 n R) 

~ '9°tl "ii~~ cfiT ~ ~ cf>1 stlfllctiill, 

P(B1 n R) 
~ !-llfllcf,i:11 = P(B 1IR) = (P(R) 

P(B1)P(RIB1) =---~ - -~---
P(B1)P(RI B1) + P(B2)P(RI B2) 

1 3 3 

3 
P(RI B1) = -

7 

4 
P(RI B2) = -

9 

2 X 7 14 3 14 X 9 27 

= ( ) ( ) = - 14 . 27 + 28 55 = 0.4
9 

½x~ + ½+i :4 +¾ 
Jllustration 41 ~ ~ it 3 cfiT"ffi ~ 4 ~ ~ ~ I lll<;_fajqi fclfq "ii 2 "¾ f.Rl cfTCRl 

~ ~-~ ~ ~ Tflll t I <l"R ~ ffl it fci; ~ TR"~ i (11 ~ TR" i:f; ~ "ITT "ct,l ~ 
~~I 

There are 3 black and 4 white ba!Js in a bag. Two balls are drawn one by one by 

one without replacement. If it known that the second ball is red, then find the probability 

of the first ball being black. 

~ (Solution) 

lfRT B1 = %11 TR" ~ mt 
B2 = %11 TR" B@ mt 

a~ A = ~~B@mt 
a~ A = (B1 nA) LJ (B2 nA) 

P(A) = P(B1 nA) + P(B2 nA) 

= P(B1) P(A I B2) P(A I B2) 
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~ Rifii'Aq;Jq ~ 
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3 4 4 3 12 12 24 4 
<fl P(A) - 7 X 6 + 7 X 6 - 42 + 42 - 42 - r ···-(l) 

~ ~ = P(B IA)= P(A n B1) 1 
P(A) 

P(A n B1) 
P(A n B1) + P(A n B2) 

P(B1) P (AIB1) 

P(B1) P(AIB1) + P(B2) P(AIB2) 

3 4 -x-
7 6 

4 2 7 1 
= -7-=7X4=2 

Illustration 42 ~ ir-l" cf>T f.rtlfur cfiG 9@ l:;cfi ~ it <ft A, B cfvn C ~ ir-l" 
t ¥1 ~ cf>T ~ 30%, 30% cfvn 40% ~ ~ l I ffl ~ it sfitm: 4%, 5% cfvn 

10% ~ ir.l" ~ ~ ~ l I <lR ~ ufu * ~ ~ ~ ~ ~ ~ 3ITr ~ ~ -cn<-rr ~ 
tm~cf<l'T~~fq;~~ C '?~~TJ<TT ~? 

In a factory manufacturing fountain pens, machine A, B and C manufacture 30%, 

30% and 40% of the total production of fountain pens, respectively. Of their output, 4%, 

5% and 10% of the fountain pens are defective. If one fountain pen is selected at random, 

and if it is found to be defective, what is the probability that it is manufactured by machine 

C? 

~ (Solution) 

~-rrt~~t 

<ft A cf>T ~ m CfiT ~. 
30 p --

I - 100 

<ft B cf>T ~ m CfiT ~, 
30 

P2=-
100 

<ft C cf>T~m CfiT ~. 
40 

P3=-
100 

p 1 = ~ ~ A <l> I -1 N I c; -1 cJil Cl ffi CfiT ~ 

p2 = ?ft B cf,J ~ ~ m CfiT ~ 

P3 = <ft C'qil~~mq;r~ 

~~~. 

~ ~ = P3P3 
P1p1 + P7P2 + P3P3 

40 10 - x -
100 100 

30 4 30 5 40 10 - x -+- x -+-x -
100 100 100 100 100 100 

40 X 10 
=----- -----

(30 X 4) + (30 X 5) + (40 X 10) 

400 400 40 
== ==-=-

120 + 150 + 400 670 67 

4 

100 

5 
100 

10 
100 



1.11 ttHi~I 

Bif~cf>Jll if ~,wr;rr ~ l1;cfi ~~~';;it fqi ~ ~ ~ ~ ~'WRT cfil exru; q;{<IT 

~ ~ ~ ol.1141Kch '5lfc.~d'l ~an~ {i&M-lch f<'l~;i'lol if ~'WRT ~ ~ mcIT ~ 
ffl ~, ~ lff'Uf!T "B ~ f.fo'rl q;r -=q.:r;J fcf;<TT ~ ! I ~'WRT ~ q;r ~ o-T ~ if ~ 
fcfi1TT ~ i ~ ~f-if~'<lddl ~ qldlq(ul if 1lfCfi 3f:!tfR ~ ~ "ITT Bif&-lcf,J~ if ~,wf,IT cf;l exru; 

cflG ~ ~ ¥J ~ ~ q ~1-<.l<kfl ~- ~. ~. ffl 3TIR q;r ffl fcfi1TT ~ ~ I 

1.13 3t'allfl' ~ 

~fJ-3'TI-Otl ~ (Long Answer 'fype Questions) 

1. ~cl>1~~1 
Define probability. 

2. ~qif~~wfflcfiol~<TTT!mcfil~1 
Explain the addition theorem of probability giving suitable examples. 

3. ~ it ~ ~ 9"GlK ~ ~an cl>1 3f<:flffiUIT3TT cl>1 ollT&TT ~ I 
Explain the concepts of independent and mutually exclusive events in probability. 

4. c:1~3TT~ (i)m:r_cf (ii)3lTI~~-cl>1~it~~'T1URfflcfil~~ 
W~I 
Explain the multiplication theorem of probability for two events which are (i) indepen­

dent and (ii) dependent giving suitable example. 

5. •~• ~ •~• ~ cl>1 ~ ~ ollT&TT ~ I 

Explain the terms 'permutation' and 'combination' with example. 

6. ~ ~ ~ cflq"f <TTTr ~ "T'R q;r f.rlr:l W'I-IT9'TT ~ if cf<TT ~>RR~ ~ ? ~ I 
What role is played by permutation and combination and rule of addition and 

multiplica tion in probability theory? Explain. 

7. fl i R.&i cf> J it ~ cl>1 3fcf1TT{UTT cl>1 ~ cl>1 '&ITT§lTT ~ I 
Discuss the importance of the concept of probability in statistics. 

8. Bifc&ictl it~~~ %9 cl>T ~ ~, 

Explain the importance of probability theory in statistics. 

9. ~ cf>l BiR.&icf>l ll 9TT'ITT'TT ~ I 

Give statistical definition of probability. 

10. W'iTTfcTTn cl>1 ~ 3ITT Bifc&icfilll ~ ~ 3ITT m f.rm, ~.~~"ITT ITT, q;r 

ffl~I 
Give the classical and statistical definition of probability and state the relationship, if 

any, between the two definitions. 

11. f.:i9fc1f@ct 'fITTUTT3TT ~ ~IZfl'i:Hlii-Ffi 3RlT ~ ~: 

Distinguish between the following concepts critically : 

(i) B"IB ~ ~ ~ (Simple and compound events) 
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(ii) {cich ~ 3,ITWT 'Ef2-=mt (Independent nnd dependent events) 

(iii) ~ ~ ~ ~ ~ (Mutually exclusive and Independent events) 

(iv) ~ ~ ~ (Permutation and Combination) I 

12. S!lf<.Jcfidl ~ ~ ll;2f 1JOTT il; ~ ~) 'qil' 9R1i1Md ~ 0~ ~ ~ cfil ~ ~ 
Wl$1~4 I 

Define the theorems (formulae) of addition and multiplication of probabilities and 

illustrate with suitable examples. 

13. ~ ~ fl:if~ct sof~cfidl q,l ffl q}f quf;r ~ I 
Stale the theorems of total and compound probability. 

14. ~ ~ ~ afoIB sQ. >Hf~cfidl q,l ~ ~ -ey;n 3TTtmT-Wl-~ ~ ~!¼T 3IT<lfu 
'qil' fl1i~l~4 I 

Stating the assumptions and limitations exaplain the two bases-Equally likely and 

relative frequency of concept of probability. 

15. >llf~chdl ~ fclf,f.;r ffl ·'qil' ~~I 

Define the various theorems of probability. 

16. ~~,~~TH~ q,1 ~~I 
Discuss the multiplication theorem of probability with example. 

17. ~ ~ olQ'T m-i:rRl" ll 3RR" 'qil' ~ ~ fFl$11$4 I 

Explain with example the difference between simple probability and marginal 

probability. 

18. ~ ·~· ~ "B 3TT1l cf<iT ~ t? ~ cfi1 cn-rT ~ TR ffl cfil ~ olQ'T 
~~I 

Explain what you understand by the term probability? State and prove addition and 

multiplication theorems of probability. 

19. ~ ~3TT (i) ~ ~ if.l' 3ITT (ii) 1TTm ~ 1 if.T cfi1 wrfum it~ ~ <WT 
~clil~I 
State the addition theorem of probability in case of (i) mutually exclusive events and 

(ii) not mutually exclusive events. 

20. f.:iYf<."lforn GT m~ RUlUTT ~ : 

(i) ~ fuzjo q;t 3q~1firol (Utility of probability theory) 

(ii) ~ ol!TT "fPTTTr (Permutation and combination) 

(iii) ~ ~ (Inverse probability) 

(iv) f!>lfo~~ ~ (Conditional probability) 

(v) ~ ffl (Bernoulli's theorem) 

(vi) ~ ~ (Mathematical expectation) 

(vii) ~ ffl (Bayes Theorem) 

22. ~ GT~ ~ c8 ~ ol!TT ~ ~ I 
State and prove Bayes theorem on probability. 

~ ~ ~ (Short Answer Type Questions) 

1. ~ q,l ~ ~ I 

Define probability. 



2. 
Give the mathematical definition of probability. 

3. tW'll<HI ~ R1:f1l ~ I 
Write the Rules of probability. 

4. flif@Ffil if W'TTq.IT cfil ~ cfil ~ ~ I 
Discuss the importance of probability in statistics. 

5. ~ ~ <WT ~ cfil Wi$1~~ I 

Explain the addition theorem of probability. 

6. ~ ~ TfUR ~ cfiT Wi$1~~ I 

Explain the multiplication theorem of probability. 

clftlRl:d ffl (Objective Type Questions) 

1. ~'9'ffim1l\s cfiT* 3TA'cfil~-
<ar) 1112 t-f) 3/36 ({r) 6/36 . ~) 5/36 

2. ffl cfil ~if~ TT<TT ~~A WTT ~ S!IPN,dl M-
(3J) 1/3 t-f)l/5 ({r)l/6 ~tf'TT 

~~it~~~~~~ t I ~ifGf.rcf;rffi-rr:ft~~~ITT"if,1~-
(3J) 1/2 (of) 2/7 ({r) 3/7 ~ 4/7 

4. tl'WRT ~ tlc-TT3TT t ii'frr ll ~ cf,1 ~ ~ ~ I ~ cfi~ ~-

(3J) cfiRt (of)~ ({r) ~ ~ ~ 

~- 1. ~), 2. (of), 3. ({l), 4. (3l) 

1. ~ ~ it 8 ~, 6 ~' 4 "ITT1 3ITT 2 ~ ~ t I <l'R llliifajqi ~~~TT<:~~ 
it~~ <n n<n ~ tTf q,1 ITT q,1 <FlT W"lJcRT ~? 

A bag contains 8 white, 6 black, 4 green and 2 yellow balls. If a balls is drawn at 

random, what is the probability of its being of black or green or yellow colour? 

6 4 . 2 3 , 
I ~ 20 + 20 -t- 20 = s 1 

2. RcR1 cK 1 ~ 30 qqi ~ @@ t I ~ ITTcR llliifajqi ~ ~ ~ ~ ~ I ~ 5 <TT 

7 cfiT ~ ITT cf,1 ~ Wcf ~ I 

From 30 tickets marked with the first 30 numerals , one is drawn at random . Find the 

chance that it is a multiple of 5 or 7. 

6 4 10 1 
~ :-+-=-=- l 

30 30 30 3 

3. ~ cITTTT cfiT ~ ofK m 1l\ 10 <TT 12 cfiT <WT 3TR cf,1 l-llfi-lcfidl m<1' ~ I 

Find the probability of getting a sum of 10 or 12 when two dice are thrown once. 

3 1 4 1 
~ : -+-=-=- l 

36 36 36 9 
4. 52 1:Jm cf,1 cITTl cf,1 TTit it ~ ~ truT 3RTllTTi ~ -n ~ Tfl!1 I ~ <Fil ~ "iTT1TT Ffi 

~ ~ cfiT i:mT <TT ~ ~ ~ ? 

From a pack of 52 cards one card is drawn at random . What is the probability that 

it will be a spade or a king? 

13 4 1 4 
~ : 52 + 52 - 52 = 13 ] 

~ Riro'Ai:hl4 ~ 
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~ Riruw;?q ~ 
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5. ca i:rrm cfiT ~ <ITT"WA q{q;li-~-cfil'.l' 8 <lil ~ 3lR cfil <RT~ i? 

What is the probability of getting at least eight with two dice? 

5 4 3 2 1 5 
~:-+-+-+-+-=-] 

36 36 36 36 36 12 

6. ~ mfl.t 1 ~ 30 ~ ~ 30 R<Rl if ~ ~ Rcfic tll~fajqi ~ ~ f.fcfi@T ~ I 
~<RT~ifct;~'3tlRcficqif~ 3~ 5cfil~!1 

From 30 tickets marked with the first 30 natural numbers, one is drawn at random. 

What is the chance that number on it is a multiple of 3 or 5. 

10 6 2 14 7 
~:-+---=-= - l 

30 30 30 30 15 

1. ~~if 25~-rnr~l~ 1~ 253j"q;~~sIBTRl1~~~~~ 
"TR Rcfil'ffi ~ t , (i) 5 ~ 6 ~ :!firrcr 3fcfi if "TR ~ cf>1 <RT ~ i ? (ii) 3 ~ 5 . 

~ Tffu@ 3fcfi if "TR ~ cf,l <RT ~ i ? 

8. 

A bag contains 25 balls, numbered from 1 to 25. One ball is drawn at random, (i) -

what is the probability that a number is a multiple of 5 or 6? (ii) What is the 

probability that the number is a multiple of 3 or 5? 

~ (') 5 4 9 (. ') 8 5 1 12] 
L - "' : I 25 + 25 = 25 II 25 + 25 - 25 = 25 

~,~fajtj, ~ ~ ~ ~ ~ BN qlf if 53 ~~ ~ 52 1F9R m cf>1 <RT~ i? 

What is the probability that a leap year selected at random will contain 53 Wednesday 

or 53 Thursdays? 

[3W: 11 
7 

9. 00 ~ qm ~ mtJTTUT % if it ~ cfiTffi ~ <TI 1zqi ~ ~ cf>1 ~ ~ ~ ? 

What is the probability of drawing a black card or a king from a pack of ordinary 

playing cards? 

26 4 2 7 
[3W : 52 + 52 - 52 = n l 

10. ~ A ~ 3f:fF! filfl 111j91il 3 : 4 l (f~ ~ B ~ ~ fi~l'llj91il 5:7 l I <l'R 

P(A n B) = ~ m "ill cfil'.l'-'H-q;i:( ~ ~ m cf>1 ~ ~ ~ I 
84 

The odds in favour of an event A are 3:4 and the odds against B are 5:7. Find the 

probability of the occurrence of at least one of them if P(A n B) = 5/84. 

3 7 5 80 20 
[3W : P(A u B) = - + - - - = - = - l 

7 12 84 84 2] 

11. M 1'R il ~ qftcm- ~ qrn 21.11rc1\Jf.i m m cf>1 ~ o.s3 t ~ 'tITT cf>1 lTTfR m 
cf>1 ~ o.54, t-&-iP:ctiFc:i\Jf.i m {flIT ~ 'tITT cf>1 qm-;, m cf>1 ~ o.45 ~ , qftcm 

~ 11ru 201rc1\Jf.i m <TT ~ 'tITT cf>1 ~ m cf>1 <FlT ~ ~ ? 

In a city, the probability that a family has a television set is 0.83, a washing machine 

is 0.54 and both a television set and a washing machine is 0.45. What is the probability 

that a family has either a television set or a washing machine? 

[3W : P(A U B) = 0.83 + 0.54 - 0.45 = 0.92] 



12. elm <fit ~ ~ it ~ ~ °Cffll 'll<i'i:0'll ~ ~ ~ I ~ tffi ~ ~ q;r l:!m <IT~ 1:fil'T <IT 

~ m <fit >llf~cfidl ffl ~ I 
From a pack of cards one card is drawn at random. Find the probability that the card 

is a spade or an honour (a court) or a deuce? 

25 
~:-] 

52 

n 11 ~<fit~~~~ m '9'"{ 1,2,3 ..... , 16,11 ~arr it~ 1:;cii msll1 ~ ~ ~. 
'll<i'i:0'll ~ Cf>Ji ~ 7;f@T ~ I~ ffl cfiU fcfi ~ Cf>Ji <fit~ 3 <TT 5 <IT 7 ~ ~ 
"ITTI 

From a set of 17 cards numbered 1,2,3 .... ... , 16, 17 one is drawn at random. What is 

the probability that the card drawn bears a number which is divisible by 3 or 5 or 7? 

9 ~:-] 
17 

14. 1 ~ 30 ~~~~ 30 WRf it~fccR 'l,<ifi:u<ii~~~~~ I ~:ff.qfq1f 
q;{ R<lT ~ ~ cf'lll ~ ~ Wfic RcfiTffi ~ ~ I (i) ~ ~ it 5 <TT 7 q;r ~ m 
<f~ (ii)~ ~it 3 <IT 11 q;r ~ m <fit~ ffl ~ I 
From 30 tickets marked with the first 30 numerals one is drawn at random. It is then 

replaced and a second drawn is made. Find the chance that in the first drawn (i) it 

is a muJtiple of 5 or 7, and (ii) in the second it is a muJtiple of 3 or 11. 

1~ : (i) _§_ + ..i_ = l (ii) 
10 + 2 = 11 

30 30 3 30 30 5 

15. 50 WRT 1H RiGl:J.BH 1 "B 50 ~ 3fCfi ~ ~ l ~ ~ 3Hf!ITTl m@T "IT<l1 ~ I ~ 
~fcf;f.rcl;Tffi~flcfic 3<IT 4q;r1Jfu@wn1 

Digits from 1 to 50 are wrillen on 50 lickets serially. One of them is drawn at random. 

Find the probability that the ticket drawn is a multiple of 3 or 4. 

(dW : ~i + ~~ - 5~ = ~~ ] 
16. ~ ~ mtffiUT 11m qif ~ "IT<l1 ~ , m 8 m cfiT mmcn ~ ~ ~ <TT; ~ m f<fi m 

wnn§!fd 1 

l\vo dice are thrown. What is the probability that the sum is 8 if it is known that this 

sum is an even number? 

[~ . 5/ 36 _ l.._ ] 
. 18/ 36 - 18 

17. ~ ~ ll 5 ®1 ~ 3 ffl ~!I~~~ 11 4 (1K1 Tfcl 6 ffl TR~-I <fR ~ ~ 
~ ~~· ~ B ~ ;;JTT!ll~ ~~ trl ~'ITT cfiT cf<fl~ ~? 

A bag contains 5 red and 2 white balls. Another bag contains 4 red and 6 white balls. 

If one ball is drawn at random from each bag, what is the probability of their being 

red? 

5 4 1 
[dW:-x-=-] 

8 10 4 

18. ~ ~ cfiT ~ ~ "B ~ tTTfl <ll~faj<li ~ "B RcfiT'ffi "1T<TT ~ I ~ cf<lT ~ fcfi ~ ~ 
(i) :FTTll m-rn. (ii) ~ tr1 qif wn. (iii) k q,l ~ wn? 
A card is drawn at random from a pack of playing cards. Whal is the probability that 

the card is (i) a knave , (ii) of red colour, (iii) the king of diamond. 

( .) 4 1 ( '·) 26 1 (•'') 1 ] (dW : I - = - JI - = - 111 -::--
52 13 52 2 )2 

NOTES 

37 



~ flifi?A,t)q ~ 
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19. ciY,•1°1cf> "ffi{UIT if ~ ~ 3fcf> ~l~fajq, ~ ~ ~ -;JJTTIT ~ I •~ 3jcfi 4 <TI 8 m' ci,1 ~ 
wft? 

20. 

21. 

What is the probability that a digit selected at random from the logarithmic table is 

4 or 8? 

1 [ffl": - ] 
5 

~ 'lmT ~ ";;f'@T ~ I 4 <lT 6 cf>T 3jcfi 3TR ci>1 suf<i<l><ll Wcf ~ I 
A dice is thrown. Find the probability of getting a 4 or 6. 

1 [ffl": - ] 
3 

~mtmUTi:rmcfilmq{ 2~3lf-qq;~3TR<i,1~~1 

Find the probability of getting more than 2 with a ordinary dice. 

2 
[ffl":-] 

3 
22. ·~ Ri.?lfcf>ci ~ ~ ~ ~ ci>1 cFil >ITmqT ~? (f911fcf>ci ~ if 2 ~. 2 ~. 2 

ffi, 2 ~ (f?.11 2 ~ m ¥ t mi~ 3@Tcfl m '9'rfT ~ml~ 1) 

What is the probability of selecting a king from a pinochle deck? (A pinochle deck 

consists of 1 ace, 2 kings, 2 queens, 2 jacks, 2 tens and 2 nines of each suit. There 

are no other cards.) 

8 1 [3W : - =-] 
48 6 

23_ ~~~fTM~~l1 ~~~= 
Two dice are thrown simultaneously. Find the probability : 

< i) ~ ~ q{ ~ 3jcfi >ITC<f m q,1 

of getting odd digit on first die 

(ii) <WT 9-?Rcfil 
of getting a sum of 9 

(iii) <WT 11 m cf,1 

of getting a sum of 11 

(iv) <WT 9 ~ m cfi1 
of not throwing a total of 9. 

[ ( .) 1 ( .. ) 1 ( ... ) 1 (. ) 1 1 8 l 
3W : I 2' II 9' Ill 18' IV - 9 = 9 

24. 120 m<TT ~ ~ if R9 ~ >ITC<f ~ : 

In a sample of 120 radios the following information is available : 

~ q;t ~ (No. of defects) : 0 1 2 3 

tfu<n q;t ~ (No. of Radios) : 15 80 20 5 

<11~fajcf> ~ it ~ ~ m<n ~ m wn. ~ cFTT ~ ~ ? 

What is the probability that a radio selected at random will have no defect? 

(3W : J.2- = _! l 
120 8 

25. ~ ~if 5 ~. 8 ~ 3ITT 10 cfiTffi ~ l I~~~ "1lill ~I~ offif cfi1 cFlT ~ 
~ Rf; ~ TT$ ~ ~ <TI <Fl"ffi -?ril? 
A bag contains 5 red ball's, 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? 

[~: 181 
23 



26. ~ ~ if 5 ~. 4 cfifffi, 7 ifu;fi ~ 6 ~ ~ t I ~ TR ~l<ifid<fi ~ -U ~ tft 

mcfil'ffi"lfl~mcfit~W'WRT~? 

27. '3f' 75 >ITTfffif ~arr it~ ~ ~ 3ITT" •~• 80 "Sffifffir 3fcW!IT3TT it Wf ~ ~ I ~ 
f<fi ~ m ~ qif qur,, ffl ~ ~ fq;a-;:ft "5lfum ~arr it~-~~~~? 
A speaks truth in 75% cases and B in 80% cases. In what percentage of cases will 

they contradict each other in stating a same fact? 

~: 75 X 2 + 25 X .8 = 0.35 ~ 35%] 

28. ~ ~ 9i) rn f.rmur 'llT ffi ~ 'l>1 !-IIPF't>dl 4/9 ~ 3ITT" ~ ~ <f>1 tcf>1 ffi ~ ~ 
~cfiT~ 5/7 i <TT ~~q;") qitf-°ij-qitf ~ ~~ <h1 ~~ I 
The probability that a contractor will get a contract for mad construction is 4/9 and 

the probability that he will get contract for the construction of a water tank is 5/7. 

What is the probability of getting at least one of the contract? 

5 2 - 10 53 
~:1--x-=i---=-J 

9 7 63 63 

29. fcf>m i:rnarr ~ tiif@Fhl ~ ~ ~ I ~ 1ltft II ~ I m fcrortif 1ltft I it 1:JRf "ITT ;]ff(TT t ~ 
Wl1T<Rl 40% i 3ITT" ~ 1ltft II it i:in:f mill i, ~ W'WRT 60% ~ I ~ ~ ~ m-rft 
~ fcfi m fcrul~ (i) zy;n 1lW it 1:JTT1 WIT ? < ii) qitf-°ij-qitf ~ 1ltrt it 1:JTT1 WIT ? 

These are two papers (paper I and paper (ii) of statistics in a examination. The chance 

that a student will pass in paper I is 40% and he will pass in paper II is 60%. What 

is the probability that a student will pass in (i) both papers? (ii) will pass in at least 

one of the papers? 

[~: (i) l~O X 1
6
~ = 0.24, (ii) 1 - l~O X l: = 0.76) 

30. ~ W'Wf1l fcfi A~ m ~ <HWTT, 2/3 i ol!ff ~ ~ fcfi B ~ ~ <HWTT,5112 

i I <lR ~ ~ >f<wl cfiT <TT (i) ~ ~ ~ ~ ~ <h1 ~ ~ ~ 
(ii) m~~cfil~cfit"~cp:ff~i? 
The probability of A question is 2/3 and that B solving the same question is 5/12. (i) Find 

the probability of solving the question if A and B together attempt the same question; (ii) 

what is the probability that only one of them solves the problems. 

~: (i) 1 - _!_ x _J_ = 29 (ii) l x _J_ + l. x J_ = 191 
3 12 36' 3 12 3 12 36 

31. ~~qm~~<ITT11~ 10it~ 5 ~~3ltc~~~~ 10i'i~ 8 fcq;z 

i, ~~ 3ITTq;t~~i? 
Sailesh bas 5 tickets out of 10 tickets of a lottery scheme and 8 tickets out of 10 tickets 

of a second lottery scheme. What is the probability of his gerting a prize? 

5 2 9 
[~ : 1 - - X - = -) 

10 10 10 

32. +iifl.ollcf>J q;r ~ ~ ~ ~ 31", o{, t1' ol!ff <!: cfil ~ ;]ff(TT i I ffl ~ cfil ~ m q;t 

~ : _!_ } _!_ ol!ff _! ~ t I ~ ~ ~ "ITT ~ cfiT <FTT ~ i ? 
2'4'2 3 

A problem in statistics is given to four students A, B, C and D. Their chances of 

solving it are l., 1, .! and .! respectively. What is the probability that it will be solved? 
4 4 2 3 

3 1 1 2 1 15 
f6W : l--x-x-x-=l- - =-] 

4 4 2 3 16 16 

~ Rirawflq ~ 
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33. oR ~ A, B n?TT C cfiT ~ >ITT~~ cfiT ~ -iITTTT ! I ~ ~ q,'t ~ ~ 

~ ½, ½ 3TT"f ¾ ~ I 'SlT-1' cfiT ~ ~ \ifH qif 5tlf4cfidl ffl ~ I 
Three students A, B and C are given a problem to solve. Their chances of solving it 

are ½, ½ and ¾ respectively. Find out the probability that the problem will be solved. 

~ : 1 - (1 - !) (1 -!) (1 - !) = 1- ! X ~ X ]_ = ]_ ] 
2 3 4 2 34 4 

34. A 5 it ~ 4 -l'Tf mTRT WTPfcfi"if[ l B 4 it ~ 3 -l'Tf, C 3 it ~ 2 -l'Tf mTRT Wll ~ ! I 

~ M ~-~ l@ ff i I cfiq-~-cfiq c:) qiJ mTRl ofcfi ~ q,l ~ ffl ~ I 

35. f.r-n 5lfclfl!ll9.J ~ 3fcfiT 2, 3, 4, 5, 6, 7 ~ 4 3fcfiT q;T fcti<RT fclf~ ~ oR ~ ~ ? 

How many different numbers of four digits can be formed with the digits 2, 3, 4, 5, 

6, 7; none of the digits being repeated in any of the numbers so formed. 
6 

[~: P4 = 360] 

36. PRODUCT ~ ~ 3laro ~ ofi-ofi -3IBU ~ ~ fclf'FJ ~ -R ~ i? 
How many different words of 3 letters can be formed out of the letters of the word 

PRODUCT? 
7 

~: P3 = 210] 

37. PROBLEM ~ ~ 4 3laro ~ ~ ~ -R m i ? 

How many different words of letters can be formed out of the letters of the word 

PROBLEM? 

~: 
7
P4 = 840] . 

38. BANKER ~ cfiT fcti<RT >fcfiK ~ sfi:r if mT ~ ~ i ? 

In how many ways can the wore.I BANKER be rearrangec.l? 
6 

~: p6 = 6! = 720] 

39. COSTING ~ ~ 3laro cfiT ~ >fcfiK ~ o!!clffS!la fcfl<TI ~ t{qj(1l ~ ? 

In how many ways can the alphabets of the word COSTING be rearranged? 
7 

[~ : P1 = 7! = 5,040 ] 

40. ~ qilft if 6 ~ i I "ifK ~ ~ ffl cfi"@ i I <TR ~ o1lfcRf fcn'FJ ~ ~ ffl 
~ i -m ~ ~ >lcfiR ~ 3R{ 3f1 m i ? 

41. 

42. 

43. 

There are six doors in a room. Four persons ha\_'.e to enter it. In how many ways can 

they enter from different rooms? 

~ : 
6
P4 = 360 I 

~ qilft if s ~ i I i:ittf fcml~ 3::r "qT ~ ~ ~ ~ m ~-? 

There are eight chairs in a room. In how many ways 5 students can sit on them ? 

f~: 8
Ps = 6,820] 

fim~.~,Tcl<TT3fficTT1l~~~i1~~~ifcf;~~ 5 
ffl mi I~ >fcfi"K~ ~ fclf'Ff TT0 ~ ffl ~~ l? 
~ YITT A 3ffi B <TTtf ~ ~ ¥. ~ t I <TR ~ o!lfcRf YITT A ~ M ~ ~ ~ B 
WITT" cfiT ~ 3ffi 91-cm ~ ' "ill ~ dfn ~ ~ 91-cm 1 3fR cfiT ~ ~ ~ ? 

Two cities A and B are connected by five roads. Jf a pe rson goes from ciry A to B 

by a road and returns, what is the probability that he does not return with the same 

road ? 

'i X 4 4 [~ :--- =-] 
5 X 5 5 



44. fc!;m ";fTK if 5 ~ ~ I ~ 'qK ~ ~ ";fTK if 3lIB ~ -al ~ SUfllcfiill ffl ~ ~ ~ 
3@ll-3@ll ~ if ~ I 

There are 7 hotels in a city. If 4 persons come to the city, fmd the probability that 

they will stay in different hotels. 

5x4x3x2 24 
~ : 5 X 5 X 5 X 5 = 125 ] 

45. 11:cfi~if 5cfi@t3lk3~~t1 2TR~~f.IcfiJffi-;,rrm~,~~t~mtrr 

q;t 'ITT q;t suf~cfiill :Mo cfiU 1 

A bag contains 5 black and 3 red balls. 2 balls are drawn at a time. Find the probability 

that both are of the same colour. 

5 3 
~ : --f!:. + 

8 
C2 = 13 

C2 C2 28 

~<hfl.'9ch fcn-q : p ~ 3@T[-3@TT trr q;t "ITT) 

5 X 3 15 
= ~ = 28 

~ fflcficTT = l _ 15 = 13] 
28 28 

46. 11:cfi ~ if 13 ~ 3lk 16 ~ ~ ~ , 2 TR ~ -;,rrm t , zy::n 1Rt if 11:cfi m trr q;t -m 
q;t ~ ffl ~ I 

A bag contains 13 red and 16 white balls. 2 baUs are drawn at random. Find the 

probability that both are of the same colour. 

13
C2 

16
C2 99 

[3W · --,,,,;-+ --,,,..------ -J 
. L"C2 L"C2 - 203 

47. 11:cfi ~ if 8 (1@ cl?TT 7 ~ ~ ~ I 11:cfi ~ if zj ~ ~ ~ ~ I <Fll ~ ~ fili (i) 

zy::rt ~ ~ m-rn, (ii) zy::rt ~ ~ M, cr?TT (iii)~ TR:~ cr?TT ~~wit? 
A bag contains 8 red and 7 white balls. Two balls are drawn at random. What is the 

probability that (i) they are both red, (ii) they are both white, and (iii) one as red 

and the other white? 

n.rr- (") 28 ( .. ) 21 ( ... ) 56 l 
I~'" : I 205' ll 105' lll 105 

48. ~ ~ if ~ ~ if oR ~ tTf q;t t I <TR ~ if 'B zj ~ cJ:if. m'<T f.rcf.@t ~ -al cf<1T 

~ t fili ~ ii (i) cf>G-B-cf>G ~ TR: (1@ trr q;t M? (ii) zjit (1@ trr q;t mTft? 
In a bag 3 balls are red out of 10 balls. If two balls are drawn at a time from the bag, 

what is the probability that (i) at least one balJ is of red colour and (ii) both are of 

red colour? 
3 7 3 3 

13W : (') C1 x C1 x C2 _ JL ( .. ) C2 _ _.!_] 
1 10c2 - 15' 

11 ~ - 15 

49. ~ ~ fclwa1 ~ ~ m TR 200 (> _ "5ffif k-l cf,GT ~ t qq ~ ~ m IT{ 3'B 75 

(i_"q;t -gTf.:I 3oRT ~ t I~~ cf>1 >ffif Kl~~~ I lTTW! TTm ~ q;t 

~ 0.6tl 

An ice-seUer earns Rs. 200 per day in hot season but he looses Rs. 75 in the cold 

season . Find his expectation per day. The probability of hot season in 0.6. 

(3W: 90 <>.] 

3wl(ff ttiroA4i14 ~ 
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The probability of the profits of a company are as follows : 

ffi1l ~ (Profit Rs.) : 10.000 20.000 25.000 40.000 

>llPFf,cll (Probability) : 0.3 0.2 0.4 0.1 

cfilIFTT CfiT Sl('(llf~lcl m,:f ffl ~ I 

Find expected profit of the company. 

[3W : 21,000 Q.] 

51. ~ ~ it 3 (1'@ 3ffi 4 ~ ~ ~ I ~ a:ffeRr clil ~ -q -U 1 TR ~ clil cfiITT TfllT ! I 

~ ~ t f<li ~ ~ (1'@ TR mTB m 3B 30 Q. mwr ~~TR~ -q{3"B 20 Q. 

cf>l m M , ~ 3lfcfite.-rr cf<l'T m ~ i ? 

A bag contains 3 red and 4 green balls. A man is asked to draw one balls from the . 

bag and is reminded that if the ball be drawn is red he will win Rs. 30 but if it is 

green he will lose Rs. 20. Find his expectation. 

[3W:~] 

52. ~ 1%m f(;r ~ m -;;rrm i m ~ ~ ffi q@'f 500 Q. cfillT ~ t ~ ~ ~ -rn -q{ 

~ 3JPl~ 50 Q.M, ~ fcf;m f0 ~-rn tt~ o.25 mm 3tfcf>l ~cf<l'T 

M? 
If it rains, a raincoat dealer can earn Rs. 500 per day, but on a fair day his earning 

will be Rs. 50 only. What is his expectation if the probability of rain is 0.25. 

[3W: 387.50 Q.] 

53. ~ o1lffiU WIT cf>l ~ ~ ~ 10,000 <'., 8.500 Q., 7,500 <'. (l2JT 7,000 <'. -q ~ ~ I 
~ ~ ~: 0.1, 0.2, 0.3 ~ 0.4 ! I ~ ~ @9" 8,000 <'. it ~ ~ I ~ ~ 
it ~ "ffi"q cfil" lMlfoa ~ f-ichlfci~ I 

A trader can sell a consignment of apples in Rs. 10,000, Rs. 8,500, Rs. 7,500 and Rs. 

7,000. Its probabilities are 0.1, 0.2, 0.3 and 0.4 respectively. He purchase a 

consignment in Rs. 8,000. Find the expected value of his profit in this transaction. 

[3W : Sl('(llf!i'lct "ffi"q = ~ ~ ~ -~ ~ = 7,750-- 8,000 = - 250 <'.) 

54. Bf.TT X fcf;m ~ ~ ~ it ffi\f ~ ~ ~ ~ i 3"it 2,800 Q. cfil" ffi\f "ITT q,1 ~ 
o.5 t 5,500 <'. <lit m m <lit ~ o.3 ~ -a-2JT ~ ffi"q 3ffi ~mm tt ~ 0.2 

~ I X tt 1"ffura'rl ~ ~ ~ I 
Let X denote the profit that a man makes in a business. He may earn R s. 2,800 with 

a probability 0.5, he may lose Rs . 5,500 with a probability 0.3 and he may neither 

earn not lose with probability 0.2. Calculate the mathematical expectation of X. 

[3W: E(X) = - 250 <'.] 

55. {>/,l;,r{2{1 cfil" ~ ~ ~ TR ~'19 it ~ f0 it X h,h{2{ ffi cf>l ~ ~ 
'li1<TT ! I ~ Sflfllchctl~ R9 >fcl,K ! : 
A dealer in refrigerators estimates from his past experience the probability of his 

seliing X refrigerators in a day. These are as follows : 

X = X 0 1 2 3 4 5 6 

P(X = x) 0.03 0.20 0.23 0.15 0.12 0.10 0.07 

Find the expected number of refrigerators sold in a day. 

[3W : E(X) = 2.81 ] 



56. ~ ~it 3 ~ 4 ~~~I~~~~~~ f..MMtdl ~ I <lR ~ ~TR 
~t 35~PIB3TTlffi~iR~t~ 14~PIBm~~~ 

wit? 
A bag contains 3 red and 4 green balls. A man draws 2 balls from this bag. If he is 

to receive Rs. 35 for every red ball which he draws and Rs. 14 for every green ball, 

what is his expectation? 

[~: 46 ~-] 

57. ~~<l>l~llmit~~~ 45%~~~ 60%~cfi«ft~l>Ml, 

~ qi[ 10% ql!f[ mtT<f ~ qi[ 8% ~ ~ ~ I <lR ~ ITT t ~it~~ lf4t 
~ ~ ~ '9l<TT ~ ~ "ITT ~ ~ ~ 00 ~ m 'l,l Sllf~cfidl ~ ~? 

Out of two machines in a factory first machine produces 40% and second machine 

60%. 10% of machine first and 8% of machine second is defective. An item is selected 

from a day's output and is found defective, what is the probability of its being · 

produced by machine first? 

5 
~:-] 

11 

58. ~ t ~ ~ it c!TR t ~ 'l,l <lfi ffl A, B 3TTl C sPm: 25%, 35% ~ 
40% ~qi«ft~ I ffl~it~: 5%, 4% cf 2% ~~qm~~ I ~ufu 
~~~~'3ffiff~ 3TTl~~~'3ffiff~ I ~~W'TTcf.TT~fcfi~~~ 
C 00 fcfi<TT Tf<TT !!TT ? 

In a bolt factory, three machines A, B and C manufacture 25, 35 and 40 percent of 

the total output. Of their output 5, 4 and 2 percent are defective respectively. A bolt 

is drawn al random and found to be defective. What is the probability that it was 

manufactured by machine C. 

40 2 
100 X JOO 16 

~ : 25 5 35 4 40 2 = 69 l 
100 X 100 + 100 X 100 + 100 X 100 

59. ~~it ~ M1, M2 ~ M3 ~:~~qi[ 30%, 30% ~ 40% oR'RTT ~ I 
ffl~it~: 1%,3%<'fl'TT 2%~~mmi1~ft-,t~it~~~ 

~ fl ~ ~ ~ '9l<it TTt I ~ cFTT >llW<fi<'fd fcf; : 

In a factory, machine Mi, M2 and M3 manufacture respectively 30. 30 and 40 percent 

of the total output. of their output 1, 3 and 2 percent are defective items. An item is 

drawn from a day's output and is found defective. What is the probability that : 

(i) cf\l~~M1 ~.~M2ml ~ M3 ~oRT<llTr:TT? 
it was manufactured by M1 , by M2, by M3? 

(ii) 9\l ~ ~ M1 ?:ff M3 ~ ~ Tft? 
it was manufactured by Mi or M3? 

~ (") 3 9 8 ("") 11] 
I~"' : I 20' 20' 20' II 20 

60. A 6 ~ ;m it ii 5 it ~ ~ ~ 31k <TTi ~ cr,~nd fcfi 9 cfiIB1 31k 1 ~ ~ 9l'B ~ 
~ it ii ~ ~ ~ f.fclirffi Tft I <FD W'IW'RT ~ fcfi <TT«f9 it ~ ~ m f.fclirffi Tr:TT 2TT ? 
A speaks truth 5 times out of 6 and he says that a white ball is drawn from a bag 

consisting of 9 black balls and 1 white ball. What is the probability that the ball drawn 

was really white? 

~ Rif&rcilq ~ 
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5 1 
6x10 5 5 

~ : 5 1 1 9 = 5 + 9 = 14 ] 
6 X 10 + 6 X 10 

61. ~ ajcm if 3 ~ aITT 7 ~ ~ i ~ # ajcm if 1 mR ~ 9 ~ ~ i I 

fcl;m ~ ajcm ~ ~l<;:f-.ijq, ~ ~ ~ ~ ~ ~ ftR" ~ ~ ~ ~ f.rcf;@t \;ffilT ~ ? 

A box contains 3 defective and 7 non-defective items and another box contains 1 

defective and 9 non-defective items. A box is selected at random and an item is drawn 

from it. 

(i) mR ~ ~ cf>1 cFlT :Stlf~cfi<ll ~? 

What is the probability of drawing a defective item? 

(ii) * ~ ~ ~ TflTT m ill ~ ~ ajcm if ~ 3fR cf,1 ~ cFlT ~ ? 

What is the probability that first box was chosen, given a defective item is drawn. 

1 3 

~ : (i) _! X .1_ + _! X J_ = _i_ (ii) 2 X lQ = 1] 
2 10 2 10 20' 1 3 1 1 4 -x-+-x-

2 10 2 10 
62. 3WR 3f:i'qcf fcfi<lT ~ f<fi awl f_,@;fi ~ 3ITT 3lf%Rt t qm ~ l ~ ~ 60% 3l9mt q-{ 

it ~ ~ ~ ? 3{o: ~ ffl 11ffi ;;rH 'TT"~~ ~ cf>1 "tj'll]cRl 0.6 <TT~ lfR . . 10 

"ffi I 3lm ~ 'TT 31:i'qq ~ t fcf; <l'R it ~ ~ ~ l ill ~ ~ cfiT ~ fcf; it 

3WlcfiT ~ q;) ~ <fiT wt 0.4 <:rr 
1
~ t, aiR <l'R ~ ;m' l ill 3WlcfiT ~ ~ ~ 

cfiT w,:ncr,n 0.1 <l'T /o t 11 ~ ~ R-1 ffl ~ ~ 3ITT ~ 3WlcfiT SIT?fil ~ cfiT "ffi I 

~ fcf; 3B ft, m ~ m cfiT "tj'll]cRl cFlT i ? 

You note that your officer is happy on 60 percent of your calls, so you assign a 

probability of his being happy on your visit as 0.6 or 
1
~ . You have noticed also that 

if he is happy, he accedes to your request with a probability of 0.4 or 
1
~, whereas if 

he is not happy, he accedes to your request with a probability of 0.1 or 
1
1
0 

. You call 

one day, and be accedes to your request. What is the probability of his being happy 

on that day? 

6 4 
10 X 10 24 6 

[3""u{ = 6 4 4 1 = 28 = 7 l 
10xl0+10 x 10 

63. ~ Ai it 8 q,]'"ffi "<l"2TT 2 ~ Tf\'@zj t ~ A 2 it 3 cfiK11 <l2TT 7 ~ iTI@7TI l 3ITT 
~ A 3 it 5 q,]'"ffi Tfi@<TT l I ~ BTllR1'T -crrm ~ ;,mn t I ~ 9TU l:J"{ 1,2 <TT 3 3TT<lT ~ 
ill~ Ai it~~~ 'fi1 ~~I ~ 9TU "Cf"{ 4 <TT 5 3fTcTT ~ill~ A 2 it "H ~ 
TITTTI 'fi1 ;,mTT ~ I 3lRfll ~ "H ~ iml 'TT" 6 3fTcTT t ill ~ TITTTI ~ A 3 it "H ~ ~ 
t I <l'R ~ TflTT TJ@l ~mill~ A 2 it "H 3TR cfiT cf<.lT ~ ~? 

Urn A I contains 8 black and 2 white marbles, Urn A2 contains 3 black and 7 white 

marbles and urn A3 contains 5 white and 5 black marbles. A fair die is to be cast. If 

the die turns up 1, 2 or 3, then a marble will be selected from A 1 • If the die turns 

up 4 or 5, a marble will be selected from A 2 . Finally a marble will be selected from 

A3, if the die turns up 6. Given that the marble selected is black, what is the probability 

that the marble was from urn A 2 ? 



2 3 
6XW 6 

~ : 3 8 2 3 1 5 = 35 ] 
6x 10 +6x 10 +6x 10 

64. "Q,cfi ~ if 5 ~ 3TT"{ 4 cfiTffi ~ ~ I ~ ~ if ~ "Q,cfi 1R ~ ~ ~ 3TT"{ ql% TI:9 ca 
~ ~ OGf ~lf ~ "Q,cfi 1R 3TT"{~ ~~I~~~~ fcf> f.fcfiIBt ll<TT ~ 
3@11-3lWT "M q,1 ~? 

A bag contains 5 white and 4 black balls. A ball is drawn from this bag and replaced 

and then a second draw of a ball is made. What is the probability that the balls drawn 

were of different colours? 

5 4 4 5 40 ~:-x-+-x-=-] 
9 9 9 9 81 

65. "Q,cfi ~ if 5 ~ 3TT"{ 7 ci@ ~ ~ I "Q,cfi 1R f.fcfiIBt ~ ~ 3TT"{ ql% TI:9 ca ~ ~ I ~ 
~ ~ Ff, "Q,cfi ~ 3TT"{ "Q,cfi c,@ 1R ~ ~ if f.fcf;@t ~ ~ ? 

There are 5 white and 7 red balls in a bag. A ball is drawn and then replaced. What 

is the probability that a white and a rep ball are drawn in that order? 

5 7 35 
~ : 12 X 12 = 144 ) 

66. ~ ~ if 6 ~ 3TT"{ 12 cfiTffi ~ ~ 1 tcl ffim il ~ ~ m ~ ~ ~ wn ~ 
3fR q,1 W'lTcRT ~ ~ ? 

A bag contains 6 white and 12 black balls. What is the probability of getting all white 

balls if three balls are drawn at random? 

6 
C3 .. 6 X 5 X 4 · 5 

[~ : 18c
3 

= 18 X 17 X 16 = 204 ] 

67. ~~if 3 ~. 3 ~ 3TT"{ 4 ~~~I (18 m: <-llitfajcfi ~ il mrffi ~~I~ 
~ ~,~ ~ 3TT"{~ ~ m cfi1 cf<l"T ~ i? 
A bag contains 3 black, 3 white and 3 red balls. Three balls are drawn at random. 

What is the probability of drawing a black, a white and a red ball? 

3 ~ :-J 10 

68. ~ ~ if 6 ~ 3TT"{ 4 cfi@l ~ ~ I ~ ~ ~ it 4 ~ 3ffi" 8 cfi@l ~ ~ I zj-;n it il 
~ ~ q 1c;f-iijcfi ffl i1 "yf1 ~ i 3TT"{ ~ il 2 ~ -~ ~ ~ I ~ ffl ~ fcl; 

~~~3ITT~<liTffim:i, 
A bag contains 6 white and 4 black balls and a second one 4 white and 8 black balls. 

One of the bags in chosen at random and draw of 2 balls is made from it. Find the 

probability that one is white and the other is black . 

6 4 4 8 

I . .! C1 x C1 + _! x C1 X C1 = _±_ _§_ = ~ = O 51 ] 
~. 2 x JOC

2 
2 12c

2 
15 + 33 165 . 

69. ~ ~ if il ~ 4 cliTffi 3TT"{ 5 ~ ~ l 3 m: ~ ~ ~ I ~ ~ <liTffi wft ~ 
cf<l"T mf<lq,(j"d ? 

From a bag containing 4 black and 5 red balls a draw of 3 balls is made. What is 

the probability that all of them would be black? 

4
C3 4 1 [3W:-= - =-] 9c3 84 21 
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70. cTTW ~ ~ m-f it~~~ cfiT ~ ~ ~ q,l ~ cFfT i? 

71. 

What is the chance that a particular player gets all the four kings? 

4
C4 X 

48
C9 11 

~ = 
52c = 4 165 1 

13 ' 

~ ~ if 3 ~. 5 ~ ~ 7 ~ ~ ~ I cJ TR lll~fajq, "{<iq ~ ~ ~~I ~ ~ 
~ itrft ~ cFfT s11P-1cf>dl ~? 

A bag contains 3 white, 5 black and 7 red balls. 1\vo balls are drawn at random. Find 

the probability that they will both be red? 

7
C2 21 1 

~ : 15 C
2 
= 105 = 5 ] 

72. ~ ~ ll 4 ~. 5 ~ ~ 6 ~ ~ ~ I "dB TR lll<tfajq, ~ it ~ ~ ~ I ~ . 
~, ~ (1@_ ~ ~~:TR ~ cf>1 Stlf~cf>dl cf<1T i ? 

A bag contains 4 white, 5 red and 6 green balls. Three balls are drawn at random. 

What is the probability that a white, a red and a green ball are drawn? 

4 5 6 
~ : C1 X C1 x C1 = 24 ] 

C3 91 

73. cTTW ~ 52 1lm cf,1 ~ it 2 ~ lll<tfajcf> ~ it f.rcfi@ ~ ~ I ~ ~ ~ ~ ~ ffi 
'ITT cf>1 ~ ffl ~ I 
From a pack of 52 cards, 2 are drawn at random. Find the chance that one is king 

and the other is que·en. 

4 
C1 x 4C1 __ 8 ] 

[~:-~-
52C2 - 663 

74. ~ 52 1lm q,l ~ ~ it 4 ~ f.rcfi@ ~ t m ffl W'Fl' ~ t m q,l ~ cf<.TT t ? 

i.t ~ ~ it ~ cf<.TT ~ i ? ~ 2 ~ ~ 2 qi@ m q,1 cf<.TT ~ffircf,<Td ? 

If 4 cards are drawn from a pack of 52 can.ls, what is the probability that they belong 

to different suits? What is the probability that all are aces. What is the probability 

that two are black and two are red ? 

13c nc 13c nc . 4c 
nrlT : J X I X I X I _ 2,197 4 _ 325 
i-"' C

4 
- 20,825' 52C

4 
- 833 ] 

75. 10 ~ t ~ if it 4 ~ ~ I lll<ifajcfi ~ it oh ~ cflT ~ ~ ~ t I ~ 
~ ~- (i) ~ ,n ~ mrol" 1 m (f?ff (ii) ~ ~ ~ m , 
Out of 10 electric bulbs 4 are defective . Three balls are selected at random. Find the 

probability that (i) no bulb is defective and (ii) one bulb is defective . 

6 4 6 

I (.) __fi _ _!_ c··) C1 x C2 _ l ] 
~ : I JO - ' II JO -

C3 6 C3 3 

76. ~ "9m cfi1 oh~~ '(f{ cfi"lf-it-cfi11 ~ ~ 6 3lR q,l ~ ~ t? 
What is the probability of throwing 6 with a die at least once in 3 att e mpts? 

[~: 1- (1 - _61) 3 = 1 - (1) 3 = 1 - 125 = -2.!_] 
6 216 216 

http:q;ffimq,1Cf<.11


77. cITTT ci>l ~ ~ q;) ~ ~ ~ ~ ~ frK ~~I ~ -lfcl ci>l eAJlcHI ffl ~ fcf; 

~m;n~ 3lW1·3lWlW~~? 

Three cards are dropped accidently while shuffling a pack of playing cards. What is 

the probability that they belong to different suits? 
4
C3 X 13

3
] 

~: s2C3 

1s. ~~q;)~~~ 3~~3ITT" smm!,~-m-~~!1"llTTT(i)9m 
ci>l (ii) 11 m ci>l (iii) 13 m ci>l (iv) 15 m ci>l (v) 11 ~ 3TTEfcli m ci>l (vi) 13 ~ 3TTEfcli 
, m ci>l ~ ffl ~ I 

A coin whose faces are marked 3 and 5 is tossed three times, Find the probability of 

getting a sum of (i) 9 (ii) 11 (iii) 13 (iv) 15 (v) more than 11 (vi) note more than 13. 

~-<Ia:rm<l>l~~ ---3 3+3+3=9 
3<:. <------~:_" ___ 3+3+5=11 

~ 3+5+3=11 

--+3+ 5+ 5= 13 

3<: __ .. 5+3+3=11 
< 5+3+5=13 

5 
---3--+5+5+3=13 

- -
5 
------5 --+s + s + s = 1s 

¥fffi = 2X2X2=8 

(.) 1 ("") 3 ("'") 3 (" ) 1 ( ) 3 1 1 ( ") 1 3 1] I - 11 - Ill - IV - V - + - = - V1 - + - = -
8 8 8 8 8 8 2 8 82 

79. 7 ~ 3ffi 5 ~ ~ i:ifcRf ll ~ m l I fcRT. ,:ft <TT ~ t tWT·tfM ~ 1 t;R 
<l>1 cf<f PITP:fcfii'!T ~ J 

7 boys and 5 girls stand in a row. What is the probability that no two girls are adjacent 

to each other? 

[1m : 7! X 
8 
P3 == J_ ] 

12 1 99 

80. cITTT t 52 1TTTT <l>1 ~ it ~ ~ (fTVf foRT T-l~ t ~ ~ ~ I >llmi=n ffl cfiU f<fi : 
Out of 52 cards four are drawn at random without replacement. What 1s the 

probability that : 

(i) ~ f'R-f'IR -;;rlTT t m. 
they belong to different denominations. 

(ii) ~ f'R-f'IR ~ ~) ~ f,:r,;r -;;rlTT t it. 
they belong to different suits and different denominations, 

(iii) ~ ~ ft it ~ it I 
they are court cards. 

13
C4 x l 52 x 48 x 44 x 40 2816 .. 52 x 36 x 22 x 10 

[1m: (i) 52c4 = 52 x 51 x 50 x 49 = 4,165 (u) 52 x 51 x 50 x 49 

13 12 11 10 12 
C1 x C1 X C2 X C1 _ 264 ( .. . )_0_ _ _____2lL ] 

52c - 4 165 w 52c - -;4 745 
.i , 4 - ' 
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81. ~ <µR if <TR~~~ I 10 ~if~ FlRtf 6 ~ ~ l ~ ~ t!l<;_ajlll 3 ~ 
~~~~~if~ tfT ~I~ "5fcfim ~ ~ ~ cftl'T ~ ~? 

A room has three bulb holders. From a collection of 10 light bulbs of which 6 are 

not good, a person selects 3 at random and puts them in the sockets. What is the 

probability that he will have light? 

1 5 
~:l-6:=:=6) 

82. 12 ollfcRl4i cf>1 ~ %ff if 5 ~ ~ I 2 ollfc«J tll<;_fajqi ~ il ~ ~ ~ I zyTT if ~ m 
cf>1 cftl'T ~ ~ ? 

In a part of 12 persons, 7 are men and 5 are ladies. Two persons are selected al 

random. What is the probability of both being men? 
7
C2 7 

~: 12C2 :=;; 22] 

83. ~ ~ if 3 ~ cfi1 3ITT" 6 fflffi fccg l 3Wf A t 3 fum ~ I ~ ~ if I ~ cfi1 
3ITT" 2 fflffi WR t 3Wl B cli1 ~ fum ~ I ~ fcfi A t ~ ~ cfi1 ~ B , 

t ~ cfi1 ~ il 3lf~ ~ ~ ~ 16:7 ~ I 

A has 3 share in a lollery in which these are three prizes and 6 blanks. B has one 

share in another, where these is but I prize and 2 blanks. Show that A has a belier 

chance of winning a prize than B in the ratio of 16 10 7. 
6
C2 5 16 

(m- P(A t ~ ~ "cf>1) = 9 C3 = 1 - 21 = 21 

2
C1 1 

P (B t ~ ~ cfi1) = 1 - -3- = -
C1 3 

4 cards are drawn al a time from a pack of playing cards. If this act is repealed thrice 

after replacing the cards every time, find the probability that they are all kings every 

lime. 

f"'K ( ,: ~.r = r 2, 1; 1,l I 
ss. 20 ~~ ~~if s ~ i, ~ 20 if il 3 ~ ~ 3TT-mr9\~ ~ tm Ci) 

~,:ft~ -?A cf>1 <f<1T ~ i ol!TT (ii) qi"q-il-qiq ~~-?A q;t <f<1T ~ i 1 

In a group of 20 persons 5 are females. If 3 persons are picked out of 20 at random 

(i) what is the probability that all are females and (i.i) what is the probability of al · 

least one being female? 

. 
5
C3 1 .. 

15
C3 137 

[~: (1) 20C3 = 114' (11) 1 - 20C3 = 228) 

86. ~ fcfWT t 3 3!ITTifr{, ~ fcfWT t 4 ~. f.u:ti1 fcfWT t 2 ~ o~ 1 ~ 
Q,ctil302us it 4 ~ cfi1 ~ Bfilfu ~ i I R9 ~ Bfilfu ffi cf>1 ~ ffl ~: 

A commillee of 4 people is 10 be appointed from 3 officers of the production 

department, 4 officers of the purchase department, 2 officers of the sales department 

and 1 chartered accountant. Find the probability of forming the committee in the 

following manner : 



(i) 

(ii) 

There must be one from each category. 

~ fq,wr ir cfilf-ir-cfilf ~ o!Jffif ~ "ITT I 

It should have at least one from the purchase 

(iii) mtl'ftf it ~ l{<li13U~~ 3ffl<J m;IT ~ I 
The chartered accountant must be in the committee. 

~ c·) 4 c··) 13 c···) 21 
I~"' : I 35' I/ 14' Ill 5 

87. fcfim iRl it 10 m tK"ifK~ fcfi<Rt ~ ir ~mi? 
In how many ways can ten seats in a Bus be occupied by four passengers? 

10 
~ : P 4 = 10 x 9 x 8 x 7 = 5,040 ] 

88. ~>Rft~it"'q"K~i I (1H ~f<M4' q;rfcfi<Rmirffl~~~,<lRfflo!WW 
~ q~ ~tKtTT ~? 

There are four chairs in a waiting room. In how many ways three persons can sit if 

each persons sit on a separate chair. 

4 
~ : P3 = 4 x 3 x 2 = 24 ] 

89. 10 >lfo<llfl14' Clil ~~.~cf~~ fcfi<R m ir fcroftT ~~mi? 
In how many ways fust, second and third prizes can be distributed to three of ten 

competitors? 

10 
~ : P3 = 10 x 9 x 8 = 720 ] 

90. "'qK <nit ~ offi it WW~ ! ~ 6 me ~ ! I ~ ~ fcficR fcn'Fl m ir ~ m 
i? 
Four passengers board a bus in which there are 6 empty seats. In how many different 

ways can they be seated? 

1~: 6P = 6! = 6 x 5 x 4 x 3 x 2 x 1 = 360] 
4 (6 - 4) ! 2 X 1 

91. ~ cfilJt it 8 ~ t I ~ 8 ~ cf,9r # ffl ~ ~- <TT ~ ~ ~ ir ~ tK ~ 
mt? 
There are eight chairs in a room. If 8 persons enter the r_oom, in how many ways they 

can sit on the chairs? 

[~ : 8 ! = 8 x 7 x 6 x 5 x 4 x 3 x 2 x 1 = 40,320 ] 

92. 6 q1R111ftlcti 3 ~ q;) ~ m ir ~ "TT m t '1R ~ ~ q;) fcficR ,:ft q1R11lftlcti 

~? 

In how many ways 6 prizes be given lo 3 persons, if a person may get any number of 

prizes? 

6 
[3tf{ : 3 = 729 J 

93. 3 ~, s ~ <11111 7 <,@ ~ # ir ~ m ir TR ~ cfft "TT ~ ~ <lTFfi m trr 
q;t o/l-ir-o/l ~ iR it 7 

In bow many ways can a selection be made from 3 bl ack, 5 white and 7 red balls so 

as to have at least one of each colour? 

~ = cz3 - 1) (2
5 

- 1) c21 
- 1):;;; 21,ss9J 

~ RiR944i14 ~ 
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94. DEED ~t 3fW~Ffi<HFPITTl'ffi~~!? 
How many different arrangements can be formed out of the word DEED? 

4! 
~:2!2! = 61 

95. BANANA ~ t 3WU cfiT ~ 'Sjqif{ ~ fq~f@ fcfi<TT ~ ~ ~? 

In how many ways can the letters of the word 'BANANA' be arranged? 

6! 
~: 3!2! = 60] 

96. 'ELEMENT' ~ t 3WU cfiT fcf><R ~ ~ ~:ifcJ~f@ fcli<TT ~ ~ ~ ? 

In how many ways the letters of the word 'ELEMENT' be arranged? 

~:;: =840) 

97. 'EXAMINATION' ~ t 3fW cfiT ~ ~ ~ 31:ifcJ~f@ ~ ~ ~ ~ ? 
In how many ways the letters of the word 'EXAMINATION' be arranged? 

11! 
1~=2,2,2,2, l 

98. f.rJ;f ~ t 3fW cfiT v_qi ~ ~~ ~ 3@Tf-3@Tf ~ ~? 
How many permutations separately can be formed from the letters of the following 

words? 

(i) MAC MILLAN and (ii) STATISTICALLY 

r::r.rr · (") ~ - 15 120 ( "") l3! 6 48 64 800) 
l~"' . I 2!2!2! - . ' ' II 3!2!2!2!2! ' ' ' 

99. COMMITTEE ~ 9i1 ~ <lR ~ ~ Bfil ~ ~ ~ ? 

In how many ways can the word 'COMMITTEE' be arranged? 

9! 
[~: 2!21211 

100. 'ASSESSMENT' ~ cfiT ~ ~ * 31:J.fcl~foa fcli<TT ~ ~ ~ ? 

In how many ways can the word 'ASSESSMENT' be arranged? 

[~ 10!] 
4!2! 

101. 'INDEPENDENCE' ~ t 3lm! 9iT ~ mil olfqff>!i<l M ~ ~ ~ ? 

In how many ways can the word INDEPENDENCE be arranged? 
12! 

[~: 3!2!4!] 

102. PROBABILITY ~ t 3fmf * ~ ~ ~ fl ~ ~ i? 
How many other permutations can be made from the letters of the wor~ 

'PROBABILITY'? 

11' 
[3"ff(: 2!2! - l] 

103. ~ ~ ~ * 'SIMPLETON' ~ t 3faro 9i7 ~ M ~ ~ i ? 

By how many other methods, the letters of the word 'SIMPLETON' can be arranged? 

[~ :9! -1] 



104. 'CALCULATION' ~ if cfiTll 3fR cfTB ~ it ~ fcRffi ffl ~ m t? 
In how many ways can the alphabets of the word 'CALCULATION' be arranged? 

11! 
[3W:2!2!2!] 

105. 'MINIMUM' ~ <h1 ~ fcn"R ~ if IBffl ~ WficJT l? 
In how many different ways can the letters of the word MINIMUM be arranged? 

7! 
[3W : 3!2! = 420] 

106. 'REGRESSION'~ q;) ~ >fcf>Kit ~ fcf;irr sifT WficJT l? 
In how many ways can the word 'REGRESSION' be arranged? 

10! 
f3W : 2!2!2! l 

101. MANGo ~ t ~ t ~ ~ wr m ~ 3laR M wkr m if~.? 
In how many ways the lellers of the word 'MANGO' can be arranged so that M is 

always in the beginning? 

4 
(3W : 1 X P4 = 4! = 24] 

108. 'STRANGE' ~ t 3f~ q;) ~ fq;ij-;ft fclf~ it 01.Flffl!ld ~ sifT ~ l <l1fcl; ~ (A cf 

E) fcrip, m 1R m 3lrt ? 

In how many ways can the letters of the word 'STRANGE' be arranged so that the 

the vowels (A and E) may appear in the odd places? 

[3rK : 
4
P2 X 5! = 1,440] 

109. LAHORE~ t 3{~ it~ 3f~q-f mt (i) ~ >ITTni it L c,l'TT ~ if E it Cll'TT 

(ii) ~ ffl 1R L e11'TT E it I 
How many words can be formed by the letters of the word 'LAHORE' so that (i) 

they begin with L and end with E, and (ii) L and E occupy end place? 

[3rK : (i) 4!, (ii) 4! X 2] 

110. PERSONAL ~ t T.ff{ fclf\:Fl 3f~ it ~ ~ ~ -;jfl m ! ~ >fWl1 it e11'TT ~ 
it ~it? 
How many different words, each containing four different let1ers can be formed from 

the letters of the word PERSONAL, if each word is to begin and end with a vowel? 

3 6 
[3rK : P2 X P2 = 180 ] 

111. 'INDIA' ~ t 3{~ u ~ ~ ~ q-f m t? m u ~ ~ i f;r;m 0 I ~ -;i 
it 3Tk ~ ~ I U ~ e11'TT A 1R ~ m ! ? 

How many different words can be formed with the letters of the word 'INDIA'? In 

how many of them 2 I's are never together and bow many of them begin with I and 

end with A. 

[3rK: 60:60.- 24 = 36;6] 

112. JAlPUR ~ it ~ tPTI ffl 9'1 tifA4f('Jc1 ~ ~ fcn"Ff ~ cfi1 ~ ~ '1°fc:: ~ 
~ (i) J U >ITTnJ -€\ e11'TT (ii) J U m"Af -;er it ? 

Find the number of words that can be formed out of the letters of the word JAlPUR 

if each word (i) begins with J, and (ii) does not begin with J . 

[3rK : 5! = 120, (ii) 6! - 5! = 600] 
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113. ~~-"Cf;l~ 10 ~i~it 5 ~~i 1 ~mtfcfi<R >l<fiKtmm~i? 

114. 

A test paper contains 10 questions out of which 5 are to be attempted. How many 

combinations of 5 questions are there? 

~: 
10

Cs = lO! = 252 ] 
5!5! 

15~fsR;z~ifit~~~~>fcfiR"it~~~~*· (i) ~fcrrm' 
~ cfiT 3f(ffl" -rnr.rr m, (ii) ~ ~ cfiT ~ if BF~F<1?1 m ;i cv-rr m 1 

In how many ways a cricket eleven can be selected from a 15 members cricket team 

if (i) one particular member must be, (ii) that member never be selected in the cricket 

eleven. 

~: (i) 1 X 
14

C10, (ii) 
14

C11] 

115. 3 ~ ~ 5 ~ ~ it ~ <l>1 ~ m'i:J"fcf cfll ~ CfivTT ~ I mqfu if 2 ~'?fcfilli ~ 3 

~ W ~ i I f<fi<R >fcfiK it m'i:J"fcf 'W'T9 ~ ? 

A committee of 5 is to be elected from 3 girls and 5 boys, 2 girls and 3 boys are kept 

in the committee. In how many ways the committee is possible? 

3 S 
~: C2 X C3 = 30 ] 

116. ~~c@of~ 18 ~i~it 2 ~<WK. 5 ~mcf@ovrrW'f •k~iql-:il ?1 
~ it 11 F~~1P~4J q,1 ~ fcfi<R ~ it ~ ~ ~ ~ <ITT: ~ ~ fctt2cfil9{ wrr 
q,l'.{-it-cf>l1 3 ~ Bf~Fl."ti:l 'ITT I 

There are 18 members of a cricket club, in which 2 are wicketkeepers, 5 are bowlers 
. -

and the remaining are batsmen. In how many ways a team of 11 players can be formed 

of there is one wicketkeeper and at least 3 bowlers. 

2 5 11 2 5 11 2 5 11 
["3m: C1 X C3 X C7 + C1 X C4 X c6 + C1 X Cs X C4 

= 6,600 + 4,620 + 924 = 12,144] 

117. 10 ~ cf 5 ~~it 7 ~~~it~~~ i ~~~it q,l'.{-it-q,I'.{ 
5 ~m? 

In how many different ways 7 bulbs can be chosen from 10 good and 5 fuse bulbs, 

if each selection must have at least 5 good bulbs? 

["3m : 2520 + 1,050 + 120 = 3,690] 

118. 7 ~ 3ITT 8 ~~it it~~~~ I mirfu ij ~ 6 ~ -?M,~ 2 ~ 
3lf.rcwl ~ it l1FWiF<:1a q,1 ~ 1 ~ ~ >lcfilT ~ ~ mil@ Cf1T Tfo-'f ~ ~ ~ ~ ? 

A committee is to be formed from 7 men and 8 women. There will 6 members in 

the committee, when two women are compulsorily included . In how manys this 

committee can be formed? 

8 7 8 7 8 7 8 7 8 7 
[3W: C2 X C4 + C3 X C3 + C4 X C2 + Cs X C1 + c6 X Co] 

119. 6 ~ ~ .'> -:ill91f•P41 it~~ q;t ~ ~ ~ ;,n ~ i ~ (i) cfll'.:T-~-cf>11 

2 ~ ~ ? <ll!IT (ii) q,I'.{ it cfil1 3 'lfficWr iP 
How many 7 men committee can be formed from 6 Indians and 5 Japanese, if it 

consists of (i) at least two Indians? (ii) at least three Indians? 

[3W : (i) 15 + 100 + 150 + 60 + 5 = 330 (ii) 100 + 150 + 60 + 5 315] 



120. 6 "0T:ll ~ 5 UJ;TT3TT it it 5 ~ qfffi fcf;wfi ~ aR"flIT ~ ~ t ~ (i) cfill"-it-<lill 
2 ffl";f ~; (ii) cfill"-it-cfill" 3 ~ ~ ? 

How many 5 members committee can be formed from 6 male students and 5 female 

student if committee consists if (i) at least two male students, (ii) at least three female 

student? 

raw: (i) 431, (ii) 1s11 
121. 7 ~ 3ITT" 4 lj~·kliJl-11 ~ ~ it it 6 ~ q,'t ~ ~ fcfi<R >fc!iK it ffi ~ ~ t 
~ oWl <lill-it-cfill" ~ ljfkliJH ~'ITT? 
In how many ways a committee of 6 persons be formed from 7 Hindus and 4 Muslims 

so that at least 2 Muslims are there in the committee? 

~: 210+ 140+21 = 371] 

122. 6 ~ ~ 4 ~3TT it.it~ 5 q,'t ~ q,'t ~ q;vft t I~ <lill-it-cfill" ~ ~ 
~ m ~ w ~ fcfi<R >[cfif{ it m "BcficlT t ? 

From 6 gentlement and 4 ladies, a committee of 5 is to be formed. In how many ways 

can this be done so as to include at least one lady. 

[3W: 246] 

123. 6 ~ ~ 4 -31qfl:fcfi<-D it it 5 ~ q,'t ~ m <RrTT ~ t I~ fcfi<R >[cfif{it ffi 
'3fT ~ t ~ (i) m it m ~ ~ m ? (ii) cfili-it-<lill ~ ~ m ? 

Out of 6 Indians and 4 Americans, in how many ways a committee of 5 can be 

consistituted provided it must have (i) exactly two Indians? (ii) at least two Indians? 

~: (i) 
6
C2 x 

4
C3 == 60 

(ii) 
6
C2 x 

4
C3 + 

6
C3 x 

4
C2 + 

6
C4 x 

4
C, = 240 J 

124. 7 'llffiTT<l ~ 4 91fcf>@f.-i41 ~ ~ ~ it it 5 ~ q,l ~ milfu fcf;<R >!cfi"R ~ ~ 

~ t 3fTK 31-l ~ it' 
In how many ways a committee can be formed out of 7 Indians and 4 Pakistanis when 

the committee contains : 

(3f) tl'ITT ~ 'ITT I 

all Indians. 

~) <lill-it-<lill ~ 91fcfif{!Hl. I 

at least two Pakistani? 

at least two Indians and two Pakistanis. 

~) ~ it 3lfqq, 91fcfif{ll,t1 -, 'ITT I 

not more than two Pakistanis. 
7 4 7 4 7 4 7 

[3rR: (a) Cs== 21, (b) C2 x C2 + C3 x C2 + C4 x C1 = 301 
7 4 7 4 

(c) C2X C3+ C3X C2==294, 
4 7 4 7 4 7 

(d) Co X Cs+ c, X C4 + C2 X C3 = 371] 

126. 8 ~ ~ 5 ~ it it 6 ~ q;l ~ ~ >!cfi"R it 9"1l<TI ~ ~ t ~ 31-lit 
(3f) 3 ~ 3TTT 3 ~'ITT,~) q,q-it-<lill 3 ~ "ITT, (fl) itcfi 2 ~ "ITT I 

In how many ways a committee of 6 members can be formed from 8 Americans and 

5 Indians when the committee consists of: (a) 3 Americans and 3 Indians, (b) at least 

3 Indians, (c) exactly two Americans. 
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8 5 8 5 8 5 8 5 
~ : (a) C3 X C3 = 560, (b) C3 X C3 + C2 X C4 + C1 X Cs= 708, 

8 5 
(c) C2 X C4 = 140] 

127. 6~v:ct 4~if 8~cf>l~m%r<ARt~1~mi=rftr~~~~~ 

Wfiill ~ ? * m%f if 4 ~ qiJf ~ -;r m ? 

From 6 teachers and four students, a committee of 8 is to be formed. In how many 

ways can this be done when these should not be less than four teachers in the 

committee? 

~: 15+24+6=45] 

128. 15 Hsktlf'?~ if 3 ~ ~ I ~ ~ ~ 11 ~ ~ "IT ~ ~ <W!: cfiJf-~-cfiJf ~ 
3MN<fi ~~? 

There are three teachers in 15 players. Ia how many ways selection of 11 players be 

made so that in each case at least one teacher should play? 
15 12 

~: C11 - C11_] 

129. EXAMINATION ~ t 3TmT if "B ~ iffi" if 4 3TmT if "B ~ iffi" -ij 4 3TmT q;) ~ qr -

~~oH~l? 

How many different permutations can be formed from the letters of the word 

EXAMINATION taken four at time? 

1~ : 1,680 + 756 + 18 = 2,454] 
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2.1 ~ 

2.2 ~.i::1f~cf, 3lfc{ftr fcrcRuT c!il ~ 

2.3 ~.i::1f~cf, ~ fcrcRuT ch1 3q~l11c11 

2.4 ~ fcrcRuT 

2.5 ~fcmur 

2.6 ~fcmur 

2.7 mmT 

2.8 ~l••c!,lql."11 <TT ~loi:!.,j,"11 

2.9 .fl'Q~ 

2.10 ~: 'tfCTg ~ 

2.11 fst>l!lct-l<h ~ 

~~ c!il ~mt~ 3frl~~it m fcl;_ 

1. ~.i;,1f~ct, 3W{fu fc«fDiT t 3l?l c8 ~ ffl I 

2. ~.i;,1f~cf, 3W{fu fc@{UT ch1 d4~1f11i11 c8 ~ ffl I 

3. ~ ~, f ~cf, 3W{fu fc@{UT t fcn'IFl ~ c!il m:l WIT I 

2.i SH·<l I cH I 

~ ~3TT t ~ fcmur ~ nfu * m ~ ~ ~ ! I ~ fc@{UT, >IT<f: "~ 

fcmur" ~~I 3lfi{fu-fc@{UT c!il ~ ~ >fcfiR * ~ ~ ll<MI l 
(1) ~ wrcif a; 3mm lR-~ ~ fcwTill ~ ~ ~ c!il fq~f!qo1 ~ fcmur 

tWP111fcffirq~~~~,~~~3luwn11~~~~1 

(2) ftPllicHI fir.l;:@ a; 3mm lR- ~ ~ t 3TTtnT 'TT~ 3ljBilR * ~ m 3lfi{fu fc:rcRu! 
t WP111 ~ WWTT ~ Wf>qT ~ , ~ ~ ~ ~ m ~ ~ ~ ~ m t ~ 3lfcffu fc:rcRuJ 
FR{~c!il WIT I 

3fol cfq) ~ ~ ~ -fcmun c!il 3fUP:R ~ ~ ;;n tiif@licf>l<i 3ljBm;TT * ~ cm~fqq; 

<TT ~ cl ("llf cf> a (observed) ~ t ~ 'TT ffl fcf.ll ;,mi ! I ~ Jlclc-ll f cfii'I 3ll'Cf@-fcrrmJJ 
(Observed Frequency Distribution) ~ i I M q,PJT ~ 100 ~ <h1 ~ c!il 1=fT9' ~ 
~ i:mPJT 11, ~ ~ 1ffiTl ~ f.p:-ifc.1f@a ~ dlc1i.11Fctia 3lfcffu fcmur ~ ~ ~ i-
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~<wft> f4a1FJmctt~ ~ 3IT<I@ 
(3JFJ@) 

150-155 4 1-20 10 
155-160 12 21--40 16 
160-165 56 41-60 54 
165-170 20 61-80 14 
170-175 6 81-100 6 
175-180 2 

100 100 

~ ~ it fcf>m ~f-1fNa ~ Tf f.rmfur ~ <lT lfP«l1 it >ITTPll ffl, ~ 3TTllT{ "CR . 

st~lf~ld ~ cfiT ~ WWTT ~ 'WficfT ~ I ~ ~ ~ <lR 3 ~ ~ 64 il"R ~ ~. 

~ arR q;J ~ -i:i-R. m ·~ ~· fuzj-a- ~ 3TTllT{ ~ f-1Yfcif<3a st~1f~1a ~ ch1 ~ -
cf,1 ~ l 

ffiiffiITctT~ ~ ~311q@ 
0 1 8 -

8 
1 3 24 

8 
2 3 24 

-

8 
3 1 8 -

8 

mlJ 1 64 

~~ ~ ~ cf>1 ~ ~ >l"9,R cf>1 ~ ~ i-
~ ·• frra1ur m rH,(-,:ffr~q, ,~g~'Jct,,f) <lT ~ GJIJ ,rrc,:f;, ~ ~ ;g;f-1FNa '{i:fcfii:<Hldll 

~ 3fT'qK "CR TffuraTlr ~ it1 ~ fcfi<rr -;;JIBT ~, ~ 3TTcrft; fc«RuT ~ t I ~ ~ 'il 
~ 3TTcrft; ~ 'ITT ~ t I 

"Distributions which are not obtained by actual observations or experiments, but are 

deduced mathematically under certain hypotheses or assumptions, are called Theoretical 

Frequency Distribution." 

~-G:ifacfi ~ ~ 3ll~ Bif&Ft,l ~ 3TTllT{ "CR -i:i-R TPt ~ 1 ~ 39l.l'lr1a1 f-1Yfcif@a 

-mn it~ l 
(1) ~it~ <TI; 'CfiTT ~ ~ fcti ~ lfP«!13lf t 3Rf1TTf ~ cf>1 >fcffu cFrT M? 

(2) ~ ~ >ffC<f ~ ~ fq~ct,'{11[ RUPl ~ <til 3TT'qK ~ cl1fct t I 
(3) si~1Pm1 fflt cf>1 ~ it ,wft 'i9Tj,9H w ~ ~ ~ 1 

(4) -it ~ dl<'h.1'1fcfii1 ~ t f21Hl9...J ~ tfc!iMo= &i qftfB'ifdi.il it.~ cm-afqct, ~~ 
it o!T<l ~ 3ff qq; ihrt °ITT I 



(5) "fffi ~ S!<'4tPmt ~ ci>1 qf«!Fclif> ~'ElH IDU >fTqf 3lq~'1Fcfid ~ ii ~ ci>1 -;JfT 

~ ~ 3TTt ~ ~ f.lq;rffi ~ tfqi<fT ~ fcl; ~ q;r 3Rft ~ ~ 3ciffq'9-1l ~ ~ ~ 
s3fr ! ~ Rim 3Ff qiRUf IDU I ~. ~ ~ "cf>T 200 ifK ~ "9'"{ M (Head) ~ ci,1 

~ (Expectation) 100 ~ I <lft!: cffidq it rncFfiT ~ "9'"{ 90 ifK~ M ~ 3TTt 110 

ifK qz m ~ ~ <fi1 ~ ii~ ~ q,l ~ ~ ~ f<li ~ 3Rft (90-100) ~ ~ 
cfiRUTi~~cf,l~~qitjtm~~, 

(6) m ci1«1Fclif> ~'ElH it~ iR q@ '8', WJ q ~ qif ~'lffil m ~ i , ~ ~ f.M<T 
~ -;JfT ~ ~ fcf; «"'!F..tld ~'ElH Wll <TT ~ I 

(7) M'"Fl 'Sfcf>Kci>1 >1<'41F~ld 3Wiffl fc«Run q;r ffl 00 ~ ci,1 ~~arr~ WTT'ElH it~ 
TicIT ~ I 3<:.l~(Uflq, ~ it ~ >fTqf cfiB ~ ~ ~ ~ ~ ~ f.f'mrr "cf>T ~ ~ 
m-;:ft ~ f<li fcfiB" 3TicfiK ~ ~ <fi1 fcfi<Ffi ~ <TT ~ lJTTf M ? ~ ~ 
S!«IGl+fcIB<ur ~ 3f[t:ff{ "9'"{ WlT<TT -;JfT ~ ~ I 1JUT-f.r:i1'ul ~. ~-fc«Rur ~ 3f[t:ff{ "9'"{ 

~ f.lIBIB ~ t fcf; ~~-~~~ii~ UTT~ <TT~ I fcltruR-~, ~-qll 

fc«Rur tf;T ~ CR~ ~ i fcf; cTTTI ~~it ~ ~ cfiB ii ~3TT <fi1 SI FaF~l! t arr 
it cFJT ~ 1:fITTcR ~ t ? 

~ 'Sfcf>K fcTT'Ff ~ it ~ ~ ~ qif ~ fcrntf ~ ii ~ "ITTo1 ~ I irfu;r 
~ ~ ~ ~. ~ «iF@Ft>lii fuzj(f it ~ ~ ~arr tf;T f.lcm ~ i , 

~;g:i@cfi ~ fcf<:RuT ~ ~ 
~-'iFdcf> ~ ii 3WIN fcIB<ur ~ 'Sfcf>K ~ °ITT ~ t fcFn d-lB ii ~ "dH ~ t ~ 

«if@Ft>l fq~z;\~01 it W ~ ~-

(1) WR fcIB<ur (Binomial Distribution) 

(2) ~ fc«Rur (Normal Distribution) 

(3) ~ fc«Rur (Poisson Distribution) 

2.4 ~ fchHUI (Binomial Distribution) 

~ fc«Rur ~ R-i:rtuT q,l mm ~ ~ ~ ~) IDU 1654-1105 it cfil ~ , ~ 
~ ~ ~ ~ ~ 3fro 9'f ~ s-3ll I ~ ffil"{UT cfiT 3JT!ITT"~ ffl (Bernoulli Theorem) 

m ~ , ~ fcfi ~ fcRRuT ~ ~ ii m ~ ~ t ~ zj qlTI it otzr s:m "ITToT ~ , ~ qTf it ~ ~ 
~ ~ q,l ~ !, fiRll ~ ~ fcrn-q 1JllT "ITToT i 3itr ~ qll it~ ~ ~ ~ t fiRll 
% ~ 1JUT ~ "ITToT , ~ m cfil ~ ii ~ <lT ~ cfil ~ an q;'J ffl cl,{ full1 ~ 

i, m ~ ~an ii TIT ffl ~ q,l ~~m~l 

~. <lR zj ~ 'N. 3itr 'B' ~ m1q ~~"ill wrflo111ffiUfT11 7-l -?t-rt-

A 

H 

H 

T 

T 

B 

H 

T 

H 

T 

Here, 'H' stands for Head and T for Tail. 

~ 'Sfcf>K ~ it ii ~ m1q zj fuu (heads) ~ 3iR cfil "W'Wrn 1 ~ ¼ i I ~ ~ 
~ IDU ~ 'Sfcf>K ~ ~ ~ ~ i-

NOTES 
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1 
- 2 

1 
- 2 

3l<f. ~ ~ (simultaneously) RR t 3lR ci>1 {JAJlci-11 mTft = .! x .! = .! wft I "lM ~ 
2 2 4 

~ (Tail) t~if "ffillmrft I 
~~~if~ctt~ (H)t~ 'p' 3ITT"~Cfi1W·'lllc1'11 (T)t 

~ 'q' ~ qi"f m ~ ~ m ~wurrm q;) f.lkf >fcfilr~ fcfi<lT ~-

HH 

PP 

HT 

pq 

TH 

qp 

IT 

qq 
2 2 m p 2pq q 

p2 + 2pq + q2 
cfi"T fcmfR" (p + q)

2 ~mm~ I 3f(f: ~~~arr Cfi1 ~ W·'lllci-11 q;T R9 
fui:rc:: fcr«m" ~ ~ ~ ~ ~ ~-

2 
(p + q) a 

The probability of coming Head or p = ½ 
1 

The probability of coming Tail or q -
2 

2 1 1 2 1 1 1 
Then (p = q) = (- + -) = - + - + -

2 2 4 2 4 

,m ~~ fcfi<n TJ<TI ~I~ fcffiw 3lM \:ft Rt:f ~ ctt ~ ~ fcfi<n ~ ~ ~­

(p + q)" 

~ ~ ~ qflfB1fl'1 11 ¥1" ~ m<l ~ ~ ~ m ~ ~ >fcfiIT ~ M­
N (p + q) 

where 'N' = Number of trails 

'n' = Number of independent events. 

Illustration 1. Find out the probable frequencies if there are 100 trials and 2 

independent events. 

Solution - The formula applicable in this case is 
n 2 

N (p + q) = 100 (p + q) 

2 2 . 1 1 
= 100 (p + 2pq + q ), 1fp = 2' q = 2 

or = 100 (¼) +100 (½) +100 (¼) 
or = 25 + 50 + 25 

= 25 for two successes. 

= 50 for one success. 

= 25 for no success. 

Ilustration 2. (Comparison of Actual and Theoretical frequencies.) 

Six dice were thrown 74 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 

Actual Frequencies 

0 

0 

1 

5 

2 

13 

3 

22 

4 

17 

5 

7 

6 

0 

Find out the Expected frequencies from the above, and compare them. 

Solution - Expected frequencies, 

N (p + q ) 6 = 64 (p6 + 6 p5 q + 15 p4 q2 + 20 p3 q3 + 15 p2 q4 + 6 p q5 + l) 

= 64 (!) + 64 (!) 64 + (~) 64 + (~) 64 (~) 

+ 64 (!) + 64 (!) 
= 1 + 6 + 15 + 20 + 15 + 6 + 1 = 64 

Hence the Expected frequencies for different successes are as under-

No. of Successes 

Expected frequencies 

0 

1 

1 

6 

2 

15 

3 

20 

4 

15 

5 

6 

6 

1 

For comparison of Actual and Expected frequencies we will calculate the Mean and 

Standard deviation of the two as under-

m Actual Frequencies Expected Frequencies 

F mf dx(3) fdx fd2x F mf dx(3) fdx fd2x 

0 0 0 - 3 0 0 1 0 - 3 -3 2 
1 5 5 - 2 - 10 20 6 6 -2 - 12 24 
2 13 26 -1 -13 13 15 30 -1 -15 15 
3 22 66 0 0 0 20 60 0 0 0 
4 17 68 + 1 +17 17 15 60 +1 +15 15 
5 7 35 +2 +14 28 6 30 +2 +12 24 
6 0 0 +3 0 0 1 6 +3 +3 9 

64 200 +8 78 64 192 0 96 

Im[ 200 
a = n = 64 = 3.125 a = z.mf = 196 = 3 

n 64 

S.D. =v ~-r~i' l 
[!-(! i' ] 

S.D. = V ~- (~)' l 
[~- (!i' ] 

1.1 1.22 
~ fcmuT qjJ ~ ~ -~ ~ ~ ~ ~ i ~ ~ 'n ' ~ m it~ fc«Rur 

~fcffilR<fiT~f.f8"llcfilTWTT-

(p + q)" = p" + np" - 1 qi+ n~ x-:) p" - 1 q 2 + n (; ~ ~(: ~ 2) 

n - 3 3 n (n - 1) (n - 2) (n - 3) n - 4 4 n 

p q + 4 X 3 X 2 X 1 p q + ... . q 

~ 'n ' = 5 '?J it (p + q)" = (p + q/ 

5 5 5 - J I 5 (5 - 1) 5 - 2 2 5 (5 - 1) (5 - 2) 5 - 3 3 
:. (p + q) = p + 5 y q + 2 p q + 3 X 2 p q + 

5 (5 - 1) (5 - 2) (5 - 3) 5 - 4 4 + 
4 x 3 x 2 P q 

NOTES 
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5 (5 - 1) (5 - 2) (5 - 3) (5 - 4) 5 - 5 5 

5x4x3x2 P q 
5 41 32 23 4 5 

=p +Sp q +lOp q +lOp q +Spq +q 

~~ (Pascal-Triangle)- ~fcmur~W'Ff~<il tj€qj(llcfi ~ ~~WF 
~ ~ ~ if ~ ~ ~ l I 

~ ~~ 
Power Binomial Coefficient 

1 1 1 
2 1 2 1 
3 1 3 3 1 
4 1 4 6 4 1 
5 1 5 10 10 5 1 .. 
6 1 6 15 20 15 6 1 
7 1 7 21 35 35 21 7 1 
8 1 8 28 56 70 56 28 8 1 
9 1 9 36 84 126 84 36 9 1 
10 1 10 45 120 210 252 210 45 10 1 

~ WF it~~~~ ffi ~ ~ 3ITT~ ~ TTTcfiT q;r <TTTT l 
6 = 3 + 3; 28 = 7 + 21; 126 = 70 + 56; 10 = 9 + 1 3TTR I 

~~~~nCT~'ITT~I 

mTJ 
2n 

2 
4 
8 

16 
32 
64 

128 
256 
512 

1024 

Illustration 3. Assuming that half of the population is vegetarian so that choice of 

an individual being a vegetarian is 1/2. Assuming that 100 investigators can take sample of 

10 individuals each to see whether they are vegetarians. how many investigators would you 

expect to report that three people or less were vegetarians. 

Solution - Probability of a person being vegetarian, 

1 
(P) = -

2 

1 1 
q=l-p=l--=-

2 2 

Out of 10, 3 or less vegetarians 

Veg. Non-veg. Probability 

7 
10! 3 7 

= .1171875 3 p = 3 ! (10 - 3) ! (-5) (.5) 

8 
10! 2 8 

2 p = 
2 ! (10 _ 8) ! (.5) (.5) = .0439453125 

1 9 p = 
10! I 9 

l ! (10 _ 1) ! (.5) (.5) = .009365625 

0 10 
10! o 10 .0009765625 

p = 0 ! (10 - 0) ! (-5) (-5) = .1718750000 

Regd. No. of investigators 

= 100 X 0.171875 = 17.1875 = 17 



Illustration 4. Four coins are tossed simuhaneously. What is the probability of getting 

(i) 2 heads and 2 tails, (ii) at least 2 heads, and (iii) al least one head. 

Solution - Here the random experiment consists in tossing 4 coins and observing the 

number of heads. Let us call the occurance of heads as 'success', then 

p = P (head with single coin) = ½; q = ½; n = 4 

Since the value of 'p' is constant fro each coin and the trails are independent, using 

formula for binomial distribution, the probability of x successes is-

p (x) = 4C_. (.!/- .. = 4C_. (.!/ 
2 2 

(i) Putting x = 2, we get 

P (2 heads and 2 tails) = p (2) = 4
C2 (.!/ = l 

2 8 

(ii) Since 'at least 2 heads' implies '2 or 3 or 4 heads', the probability of at least 2 

successes is given by the sum of probabilities p (2) + p (3) + p (4). 

P (al least 2 heads) = 4C.. <½)4 + 4C3 <½)4 + 4C.. <½/ 

3 1 1 11 
= 8 + 4 + 18 = 18 

(iii) P (at least 2 heads) 
4 1 4 15 = 1 - p (no head) = 1 Co(-) = -

2 18 

'fu:tre:-fcrcmrr a; 31t:R-~ (Constants of the Binomial Distribution)- ~-fc«Rur t ~ 
3ffi ,rqrq W@1' lTTl cf;B t ~ f.JYf~forn ~ cfiT ~ ~ ~ l 

(i) "BllRR~ ·x = np 

(ii) ,rqrq ~ - a= ../npq 

Illustration 5. (i) ~ ~ it ffl ~ ~ 40% ~ ~ ffl ~ ~ I 10 ~ it ~ 
~ ~zjf t ~ femur t ~ w:rRR l:fM ~ >flWl ~ ~ ~ I ~ ~ 3TTlTTftf 
~ ~ ~fl!pn qil(i:lcfi :f1ITcfi ~ ~ ~ I 

(ii)~~ ~ fcTTRuT ~ ~ "BllRR l:fM 3 ~ ~ >rITTur (Variance) 2 ~ I 

(iii) fcfim ~ ~ t ~ ~ ~ -2\" w:rRR l:fM cfil l=fl1l 5 3ffi >rITTur (Variance) "cfiT 

lfR 9 q fl:cfif ~ ii ~ ~ I <Fr! ~ ~ WI ~ ? 

Solution - ~ ~ cfil 3f:!GT<l 

~ fc«Rur it x = np 3ffi a= ../npq 

40 2 
(p) = - = -

100 5 

n = 10 

- 2 4
/ 2· 3 

x = 10 x - = 4 a = V 10 X - X - = ill = 1.55 
5 ' 5 5 

1ffitTTill-q"{3Wlfu~~ 

,//J"i = µ\. = CJ..---=g = .6 - .4 = 1.3 
Vµ2 'lnpq '12A 
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rm ~ qiT lfitr-

ll. 

th = ~ = 3 + 1 - 6 pq = 3 = 1 - 6 x .4 x .6 
µ 2 npq 2.4 

= 3 - .183 = 2.817 

~ ~ femur if ~ lTTtzJ i = 3, 

~ = 2, a = ,ff, = 1.414 

- 2 nnn 2 
x = np = 3· a = npq = 2· = = 1 = -

' 'np 3 

2 1 
p=l--=-

3 3 
1 2 

npq = n x - x - = 2 
3 3 

<ll ¾n = 2 n = 9 

n = 9;p = ½, q=i, ~femur =(q+p)" = (i+½) 
9 

(i + ½r = (if+ 9 (if (½f + 36 (if (½f + 84 (ir (½f 
+ 126 (if (½f + 126 (if (½f + 84 (if (½f 

+ 36 (if (½f + 9 (i) (½( + (½f 
= 

19
~

3 
[(512 X 1) + (9 X 256) + (36 X 128) 

+ (84 X 64) + (126 X 32) + (126 X 16) + (84 X 8) 

+ (36 X 4) + (9 X 2) + 1] 

m"ffifT<fil~ WlllcRl 

(x) p (x) 

0 
512 

19683 

1 
2304 
19683 

2 
4608 
19683 

3 
5376 
19683 

4 
4032 
19683 

5 
2016 
19683 

6 
672 - -

19683 

7 
144 --

19683 

8 
18 

19683 

9 
1 - -

19683 



(iii) ~ ~ x = 5, ~ a 2 = 9; 

_ nnn 9 
x = np = 5 ; npq = 9, q = ~ = 5 

~ q ~ p, 1 ~ ~ cRTfq ~i'f ~,cfv[ P+q=l ml l I 

~'9'"{ q=l ~ t ~ ~i 3T(l: 71UR~ if~ qftcfit-H mft 1'm'l I 

cUt<ifqc6 ~ S1~1n>1a 311q@41. cb1' ~ 
(Comparison of actual and expected frequencies) 

zj'e; 5 ffifl; 250 aj'f{ ~ ~ 3W 0, 1, 2, 3, 4, 5 ftro (heads) <h1 ~ ffl <h1 ~ 
m cfI«1Fc1cfi ~~it~ , WR fcrcRuT t 3lffm" qr t1ui1cf-1I F.Jcfilcltfi< ~ ~ 
tjt ffl <h1 ,jfT ~ l I zj'e; ~ ~ ~ W<f) "ITT 3W ~ (trials) <h1 ~~it "ITT 

cfl«lfcltfi ~ Slftllf~la ~ if 3RK ~ q>q it -;;r@T ~ 1. 

c1I «i Fc1 tfi ~, >1 ftl IF~ 1 a ~ 3R'K cf)l ,rrq f,i Y f cl forn zj nftrn G:rn M ,jfT ~ ~­

( i) fc!,s{@ll ufu I 

(ii) cm-cfll ~ (Jr - test) uftf I 

>I~ ura if, zyn m ~ ~ '9'"{ 3ITT,il' <h1 ~ t, zj'e; zy;rr qs:fi ~-~ ~ ~ f.:r<R 
"ITT "ITT 3RK f.wrcfi llRT -;;r@T ~ 3W ~ ~ ~ ~ Ffi qs:1,-~ ~ ~ (The fit is good) I <l'R 
zy;:rr <h1 ~ ~ m<TT ~ "ill cfl«lfcltfi cfYfr Slftllf~la ~ if 3{ftfcfi 3RK itoT ~ "ITT~ ~ ~ 
1'm' itoT ~ I (The fit is not good) I 

~ uftf if, cf l«lfcltfi (f,,) ill!ll 51('!11f~lcl (f,) ~ t 3RK t 3JTqR 1:1\ cm-cfll <h1 TTURT 
cf,{ "t-ft ~ l . . 

x2 LI (fa 7efe)2) <TT L { (0 ~ £)2} 
cm-cfll ~ t ~, f<:11851.li~I <TT~~ (Degree of Freedom) ffl <R" 'cll ~ 

~ 1 WR-fc«r{ur if -m ~:m <h1 ~ ~ 1 ~ q>q itm ~ 1 ~ ~ flk1f~a ~ ~ t 5% 

mm ~1:l\x
2 

- {fl@tfiT if~ cm-cfll cf)l ~ ~ fwfT -;;r@T ~ 'I zj'e; qf{tfifctil ~ ~ m'{Uft ~ 
~ 3{f'fl'cfi moT ~"ITT~~ '..Jm.mol 3ITT cfl«lfc!cfi ill!ll >!('!11foil 3lf<f@ it 3RRW% (Significant) 

~ I ~ fc.fcmi,, qftcfif ct o ~ ~-~ ~ cfill ~ 1:1\ ~ 3W! llRT -;;r@T ~ ~ 3RK ~ 
(Not Significant) itoT ~ I 

Jllustration 6. ~= '!PIT cl'@ 12 qrn 4096 ofR ~ TPt 3ITT 4, 5 <FTT 6 c!,l ~ 1TT1T 

TT<TT I ~ <h1 ~ f,iyjfq;a t 
~ 0 1 2 3 4 5 6 7 8 9 10 11 12 

~ - 7 60 198 430 731 948 847 536 257 72 11 -

cfl«lfclct, ITTUl 3ITT' ~ ~ ffl ~ 3ITT ~ fcTTITuT t ~'TT~ rn-TT <h1 TTURT 

~ I ~ TTURT cfi1 ~ m'{U]1 ~ it ~ I 

Solution -~ qrn it 6 '9ftuTr:l ira t I 4, 5 <TT 6 3ITT 3 cf.f lf,cf,l ~ ~ llRT ~ I 
. 1 

31(j' . p = q = -
2 

qfm cI;t ml, n = 12, 1TT1 !\!UTT cI;t ml, N = 4096 

~ - fuffiul-

n 1 1 12 
n (q + p) = 4096 (- + -) 

2 2 

NOTES 

63 



3iiiiSICff Rif&J4'14 ~ 

NOTES 

64 

~ fcrnm" cfi8 ~- 0, 1, 2, .... , 12 ~3TT q;t >tflllf~ld -3lfqfu ~ -?f ~-

= 4096 { 1 <½)
12

} + {12 <½>° <½)
1
} + {66 <½)

10 
<½>2} 

+ {220 <½>9 <½>3} + {495 <½/ <½>4} + {792 <½>7 <½>6} 

+ {924 <½>6 <½ /} + {792 <½>5 <½/}+ {495 <½>4 <½>8} + 

{ 220 <½>3 <½>9} + { 66 <½>2 <½>2 (½) JO} + { 12 <½>1 <½>11} + { 1 <½>1
2
} 

= 409
~ l (1 + 12 + 66 + 220 + 495 + 792 + 924 + 

792 + 495 + 220 + 66 + 12 + 1) 

mF@T0 

~ 1 

1 

12 

2 3 4 

66 . 220 495 

5 6 7 8 9 10 

792 924 792 495 220 66 .. 
11 

12 

~ ~ ~ '5JllTQ' fcti:H-14 cb1' llURT 

cll~~q; (Actual) 

~ ~ dx fdx 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

m11 

-
X 

S.D. 

fn (6) 

0 --6 
7 -5 

60 -4 

198 - 3 
430 - 2 
731 -1 
948 0 
847 +1 
536 +2 
257 +3 
71 +4 
11 +5 
0 +6 

4,096 0 

cllf<ifctq; (Actual) 

'J:_(,fr 
=A+~ 

n 

= 6 + 
569 

= 614 4096 . 

V 2.f d2x , 2.f dx 
2 

n n 

0 
-35 

-240 
, ·_c._594 

-860 
-731 

0 
+847 

+1072 
+771 
+284 
+55 

0 
569 

12083 _ ( 596 ) 

2 l 
4096 ,I 4096 

= 2.95 - ( .14)-

= 1.71 

fd2x 

0 
175 
960 

1782 
1720 
731 

0 
847 

2144 
2313 
1136 
275 

0 
12,083 

-
X 

~ (Exoected) 

fe dx fdx 
(6) 

1 --6 --6 
12 -5 --60 
66 -4 -264 

220 -3 --660 
495 -2 -990 
792 -1 -792 
924 0 0 
792 +1 +792 
495 +2 +990 
220 +3 +660 
66 +4 +264 
12 +5 + 60 

1 +6 +6 
4,096 0 0 

~ (Expected) 

'J:.(,fy 
= A + ~ 

n 

0 
=6+-=6 

4096 

n 

= 1.732 

2 

n 

12 

1 

fd2x 

36 
300 

1056 
1980 
1980 
792 

0 
792 

1980 
1980 
1056 
300 

36 
12,288 



~ fcmur ~ 3f"R ~ f.:ii..ifctf€ld ~ Il« ,:ft ffl ~ ~ ~ ~­

x = np = 12 x ½ = 6 ; a= vnpq = V 12 x ½ x ½ 
= ¥13 = 1.732 

,m~fclcti ~ SH·<Hf~Id 3WJTTf fcrcf{urr if fclm 3Rl'r ~ t I "llR "ff~ ~ ~ ~ ~ cTT ~ 
~~¢~~"ITTWll 3fci:~-~~~ I 

Illustration 7. 192 '9'ftc=im if ~ fuq (albinos) ~ ~ m;;:r "ITT q,1 W'lJcRT 0.25 

~ "ITdT t, ~~~it t({"11j@l ~ cfiT fc@"{ur ~ >fcfi"f{ l'TT-

~{"11j@l ~ q,1 ~; 0 1 2 3 

qftqm q,1 ~ : 77 90 20 5 

~ ~ ~ fcli wrc:: f.r<lll "ffi1l mct1 t, ~ ~ ~ ~ cf>'tm (fl'TT x2 - w~ 
cfiT ffl ~ ~~~ (Goodness of fit) q,1 ~ ~ I 

Solution - ~{"11j@l ~ ~ W "ITT q,l W'WRT-

p = 0.25 = ¾ ; q = l - p = ¾ ; n = 3 ; N = 192 

0, 1, 2, 3 ~{"11j@l ~ ~ q,l 5f~lf~Id ~ ~ cfi8 ~ fuq fr1Yf<:1f<ilc1 f~-fc«Rur ~ 
~,:ft ~ m@ ~-

N (q +Pt= 192 (¾ + ¾)3 

= 1n [{ (¾)3
} + { 3 c¾>2 (¼)} +_ {3 (¾)1 (¼l} + { (¼>3}] 

192 X 1 . 
= 

64 
(27 + 27 + 9 + 1) = 81 + 81 + 27 + 3 

~-m&3cf (Goodness of fit) cfil ~-

X la ls fa -Jo (fa - Je) 2 (fa - Je) 2 

le 

0 77 81 -4 16 16 
81 = 0.198 

1 90 81 +9 81 81 
81 = 1.000 

2 20 27 -7 49 49 
27 = 1.815 

3 5 3 +2 4 4 
3 = 1.333 

N = 192 192 x
2 = 4.34-0 

~ms,:n = 4-1 = 3 

3 d.f. ~ ~ 5% m~ «IT 9T ~ c.flT cfiT tITTUTT -~ 7.815 ~ I ~ fcfi<n 111-rT ~ 
4.346 mDJft ~ "TT <l,ll ~ I 3fci: 11«1f<1i-h ~ ~ ~ q;r 3RIT m~ ;m· l 3llffil ~ 
~3nll~I 

Illustration 8. ~ ~ cf,] JJ:i-h ~ (set) 3200 om-~ ;j{T<f[ ~ 3ITT' ~ oITT' 3fR 
~ fun (heads) q,l ms<lT @'& "ffi ;,rrw ~ I ~ >!q,f{ ~ cffiUn11 f1Yifcfic1 ~-

MT cfiT "B&TT: o 2 3 4 5 

3flqfu: 80 570 1100 900 50 
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~ 9flcf>~·HI cf>T ~ ~ fcf; ~~~I .x2 ~qifffl~ I 

Solution-~ ~ "ITT cf,T fµ:rfu it ftR (head) cf~ (tail) cf,T ~ p = q = .!. 
2 

~ tJr fuffl cf,T ~. n = 5; ~ (9'Ull:TUT) cf,T ~. N = 3,200 ~ I 

3fcf: ~-il;.ifocfi 3WIIB fcmur-

X 

0 
1 
2 
3 
4 
5 

N = 

N (q + p)" = 3200 (.!_ + .!/ ~~~WT~ M ~ I 
2 2 

3200(½ + ½/ = 3200 (½/ [1 + 5 + 10 + 10 + 5 + 1] 

= 3200 X 
8
~ (1 + 5 + 10 + 10 + 5 + 1) 

= 100 + 500 + 1000 + 1000 + 500 + 100 

la le la -le (fa - le) 2 

80 100 -20 400 
570 500 +70 4900 

1100 1000 + 100 10000 
900 1000 -100 10000 
500 500 0 0 
50 100 -50 2500 

3,200 3,200 0 27,800 

.. fcll~:x.lilll d.f. 5~~ 5% ·~~x2 qif tl'WlTT ( ) ~ 11.07 ~ I 9fl:cf>fl.1i1 

3TT'/Tcf. i, 3@. cTTf. ~ ~ -;;gt· i, 3flITTl ~ ~ -;;m' i I 

(fa - le) 
2 ~ 

le 
4.00 
9.80 

10.00 
10.00 
0.00 

25.00 

x2 = 58.80 

~ 

~ fuo{UJ <ii fq~tMI~ (Characteristics of Binomial distribution)-~ ~ ~ 
3fTtTR ~ fti:rc::-fmRu! cfi1 f-ir:.if&<9a fc,d,tia,~ ~ ~-

(1) 4.gifil4, fuo{UJ (Theoretical Distribution)- WR-~ 1:% ~.i;:1f.:a1, -~ P-icWTT i 
'5ll ~-~ 1R' 3WTTfuf ~ I~~ fifiRur cfiT °¥1 tf&l1 (N) il° lJU1l ffl Slflllf~ld ~ 
~ cfi1 ~ ~ I 

(2) muso-fc@Tcrr- ~ ~ ~ ~ fc«f{ur ~ ~ ~3ft cfi1 ~ 0,1,2,3 ... n ~ 
~ 3ITT ~ ~ fti:lc::-fcr«m' "[TU ~ ~ ~ I 

(3) 3W:Ifu-~~- ~ -fc«f{ur cfiT ~ ~ ~-~~ (Frequency Polygon) ~ ~ it 
>IT[<'IM~~i1 

(4) ~-~ ~ 'p' 3ITT 'q ' ~ llr1 3ITT 'EfTi1Tcf> 'n' ~ ~ ~ 3WTTfuf i I 

(5) 31i:R-~ (Constant) - -~ ~-~ fcn'Ff ~ "[TU ~ fcf;it ~ l itil-~ 
l'.fTUl (x) = np; ~~(a)= ✓npq1 >r'l11 ~ (µ1) = O; fi.<fr:r qfnl@ 

(N2) = npq; ~ qfnl@ (µ 3) = npq (q - p) I 

(6) 'p' 3m 'q' ail ~ - . n, p 3ITT q ~ ~ ~ ~ fu'<R fc«wrT fu"&T ~ ffiioT i I ~ 
~ cfi1 tf&TT 3lTm1 ~ i'\- 0, 1, 2, 3 ... . n ~ i <ft~~ fifiRur (q + p)n i:f>T fcr«m' 
m'llT I ~ ~. ~ chl tf&TT ~ ~- n ....... , 3, 2, 1, 0 - i'\ ~ i:n- (p + q) n i:f,f fcr«m' 
m'llT I fcn'Fl W ~ ~ ~ i°;f 'I_P! il° Wil fcf;it ~ ~ ~ I ~ <RT a-roTT cfi1 tf&TT 3/?ffil 'N ' TI 
~ ~ fc«wrT cir TTI ~ ~ ~ fcmur ~ M ~ "Wf,"iTT i-

N (q + p)" <TT N (p + q)" 



(7) ~-~ ~ cm ~ mm ~ ~ .g;rran <fit Wliffiff-~ t 3fTtTTf tf{ 

H~1 c:j•ffcti<0, ~\;ff~ t ~ fucf<fiT ~ tf{fi«r ~ 'Tc: m, "t-Hi~, cfil "&-~it~ 
3flR I RUT<J~oifl 'lJcTT ~t~~l]Jli 3WWfq,~~ I 

~~ 

1. ~3Wlfu~q;-r~~~, 

2. 

························.·············································································· 

3. WR~ q,1 fqrJqa,~ ~ 1 

25 fill-11..:tf fctct{UI (Normal Distribution) 

~ fc@{uJ t 00~ ~ cfil Wl' ~ ~-~ ~-'Q,it . l1'T<R (Dr. A.D. Moiver) 

cfi1 i I <iiR if ~if~ OO>fitmm ~ ~ (Laplace) IITUM~ I 

"'1fi-~ 1lfu (Gauss) :t ,:ft ri fqcf,ffi fcfi<n I ~ if ~ m ~ (~~f'5ll{4) 
cf~~~) :t ,:ft M ~ ~ ~ cfi1 mfucf ~ I ~ fc«Rur cfi1 ~ fcf<Rur, UPTR 

~ (Normal Curve), ~ 3Wlfu ~ (Normal frequency distribution), ~ ~ ~ 

(Normal Probability Curve), BT4PT fcHf4' ~ (Normal Curve of error) 3ltr 11TTI-~ 
(Gauss-Curve) ,:ft ffl l I 

~- flif@cfill{ ~if«<?~ 1i~(<'1L[0f W'Tiq,ff ~ i I 3lf'l<fihl ~(sample)~ 

i:li 3frmt°Cf{~~ i I ~~B«<? ar:p:lRWWTT~~ fcf; fcrn@~i'f ~ ~ ~ ~ 
~ cfil°5ffiff.lf'Elc9 itcfi ~B ~ l <TT~ I~~ B fcn'Fl ~ ~ fq~~qor 3ltr1ffM-l<ti 

~~ml i I lJ.ql ~ t1if@q,l >:lft ~ i:li ~if~ %9 ~ >T<liIT~ fcfi<n ~ m 
l 

"The normal curve of error stands out in the experience of mankind as one of the 

broadest generalisation of natural philosophy. It serves as the guiding instrument in 

researches in the physical and social sciences and in medicine, agriculture and engineering. 

It is an indispensable tool for the analysis and the interpretation of the basic data obtained 

by observation and experiment." 

~ mfj q;r ~ - ~ t.fUit i:li 3TTcfil{ cfil ml i I ~ ~ ~ (Symmetrical) ml 
i <rorl ~ <ll«lfclct> ~ WWl ~ IITU ~ -?f<TT i ~ 3l'TT9 if ~ ~ ft:r-mr cfil fcfq;m 

wqq~~I ~~cfil 3lfciiRRJ;Cf~cfil~l 

3ailnt ffiro,qci)q ~ 
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Point ofinflection ---­
At -1 cr 

-3cr -2cr -lcr 

95.47% 

99)3¾ 

0 

Concave near the mean value 

---Point oflnllection 
At-Icr 

lo 2cr 3a 

~ ~ qi) H9 fl'-llcfi{UI ~ ~ it \ft ~ M ~ "Wfi(TT ~-

- N - (x -x)2 

Y-av(m°) 202 

where, y = Ordinate of the curve at a point x. 

N = Number of items in the frequency distributions. 

a = Standard deviation of distribution. 

:re = The ratio of the circumference of a circle to its diameter 

approximately 3.1416; 

v (m) = 2.5066 

e = 2.718 (Base of the Napierian Logarithm) 

~ fuffiuT ~ 3QmrT (Uses of Normal Distribution)-.~ flif&lct>l i:f ~-fc«Rur 
.·cfil~~~l~~~~"5fcf>Kl 

(1) cfii ~ if ~ ~ ~ cfiT ~ ~ ~ ~ ~ ~ ~ itn ~ I ~ 
fcnrRT, !>l1fb1!(11~, 4-11fcn11-i, fl41;,i:e11{,l 3ITT 3TTrncfi ~ ~ 3lffefct; 3ITT 3ITTTiffl ~ it ~-fc«Rur ~ 
cfii ~ fiTT;ra t I ~ ~ ~ ~ cfi1 ~, ~ cfi1 ~, -;,r;q-lpl 3ITT Rem ~' ~ ~ ~ 
~ cfiT -qp:j'' lfITT 3ITT ~ cfi1 ffezj . ~ ~ cffCT cfi1 o-ffq ~' t?:cfi ~ ~ ~ cfiT ~-fc«Rur 
3flR -qz;ff3fl "CR"fllll'Pl" fcTTRrrr ~ f.:r<fl1 ~mt I 3@: ~ fc«RuT cfiT a.nqq; ~ ~ ~ itn ~ I 

(2) ~ mzjq ~ 3TTW "CR flif&l<Nl! ~ it ~ ~ cfiT %9 "WITT'ft ~ I <lR 
~ (Sample) ~ 3ITT ~-~ ~ 3WlR "CR ~ ~ m cTT ~-lll'TI cfiT fc«RuT ~ itfl ~ 
\@ m -w:m ~ ~ cfiT ~ mll"Pl' m "l!'T -;im" m, ~ ~ ~ <lR ~ fcRft ~~ fq!(qfq~f<:ilf 

«Kit 5,000 ~ it w:m it~ ~-f.Rm 3WlR"CR 50-50 ~ 50 ~'fl,~~ cfil -qp:j' <fit 
3ITT tr,:ft >!ftR:-m ~ fflfRK llTU'.l m@ m ~ ~-~ cfiT fcTTRo1 ~ fcTTRrrr €tTTT ~ ti!:~ 
~ 5,000 ~ cfi1 ,:½tjT$ cfll fcTTr{ur ~ m "l!'T "-l" m I ~ -fcRRun cfiT <TT; TT tp: -w:m ~ ~ cfiT 

~ WlA it' fcn'Fl ~ lTT91 cfi1 ~ cfi1 ~ "cfi"G if 3ITT ~ ~ di;tj le! 'q ,{1 cfi1 ~ f.Tmfuf 
"cfi"G if ~ ~ mcTT ~ I ~ ~ fc«RuT <fil fl i f&1cf>l ll f ~ cr1q1 ~-fuzjq cfiT ~-3WlR 

llRT ~~I 

(3) TIT-~ cfiT ~ ffl 3Rcfi 31'-~ fc«ITun cliT ~ fc«RuT if ~ ~ ~ ~ I 

( 4) ~ fc«RuT if cfii ~ TT m t ~ cfiT"{Ul ~ 39'4lr lctl 3ITT \TT ~ ~ ~ I 

~ fliko!-lcf>l ¥.1 ~ m ~ fc«RuT cfi1 met~ aqrnf11ct1 ~"Sf~~~~ 
qi) "Bfhm ~ ~ ~ if m >!cR fifi<TT l "fcrnm cfiT ~ R<TB lfRq ffl ~ 3f:l'lf9 it ~ 
00 ~ i'xTT9q, fll,41-4lqi{UI cfiT ~ fuzjq ~ I ,nm cf~ fll41f->tcfi finrRt, ~. 'fPl 3ITT 
$,,;,f .. p.in:i, if,~~ if <TT;~ d1lcfi{Ul cfiT m ~ ~ 1 ~ cr1q1 m ~ >frC<'r ~ ~ ~ 
fq!(z;lt-JUI ~ f.rchR if <TT; ~ ~ ~ ( 



~-~ cfi\ qj-<.H,i~ (Assumptions of Normal Distribution) 

(1) ~ ai'R'df- ffl ~ cl"TT ~ ~ l:R" ~ ~ cJfffi cfiRUT-~ ~ 
mxK ~ w,rr ~ I 

(2) ~ cli'RUT- ixlf<Rl I lcl fR113TT l:R"'Sl"Wf ~ cfTffi cfiRUT-~ ~ ffl w,rr ~ 
3ITT"itWNlltl"TI~'GT{GJT%qcfil~~I 

(3) ~ -~ ~- tl'1TI cfiRUT ~m ~ qiJ w 'Sl"1]q w-rr ~ fcfi ~~ 
t ~ ant t ~ 3TTcfiTt 3ITT" ~ it ~ it ~ I 

( 4) ~ ctt itPraT- ml w:r-r it ~ ~ q;y ~-'f-Wl M ~, ~ "BlTTl' t ~ it ~ 
~ ~~ w-rr ~ 'lB m 6'{qif ™ f,r,:::r-f,r;;r ~an 'C{tf,r;;r-f,r;;r ~' 

~ i fcfi ~ ~ ~ q;an i ~ cfiRUT ~ fcIB{Ul ~ ~ ~-fc@{Ul 1=rf;f ur 
~i I ixll<Hllf<i:fi ~it,~mRT, ~,\lflq~Jl«,'l~fcl;jtH,<{irf 3TTR ~ it ~lf,ft~an 
'Cit~ ~ BTll it<TT i ~ ~ l:f{" 3iltnfuf mm i , ~ ~ it ~ ~ qiJ m ~ it<TT 
l1 
Slfllql~ era, cfi\' fqlf!tfrli(( (Characteristics or Properties of the Normal Curve) 

-m ~ il f-i,yf~forn fclrl'lill~ '1l<TT "fTTl1 i : 
(1) ~ ~ (Bell Shaped)-~ ~ ~ ~ ~ ~ -?@Ti I ~ ~ ~ t 

3lfcm" qiJ -?@T i I <lR ffi ~ ~ 3TTW 00 'Cit ~ wTT ~ <fl ~ ~ ~ t ~ c8 c:T of{JoIT 

'1T1it it m~cfit7TT 1 <ffe:: ~~ -mTt 3M 'WT"cfil~~m~ ~ 'WT"cfil ~=~wn, 
f--lYifcfiil fift ~ ~ -?@Ti I 

X 

(2) l«ffi fuffiuT (Continuous Distribution)- ~~~Uc@ <TI ~ ~ i 
~ ~ ~ ~ fcRwiT ~ i I 

(3) ~ 1TTQ1 cit WtT:raT (Equality of Central Value)- ~~ fclcRu1 m ~ cfiRUT 

~ ~<PTT"Cf WlR mi ~x = z =MI 

(4) 1!_qi ~ (Uni-modal)- SH-!liJl;.:q ~ B 3TT~ ~~mm 'Cftm-ill ~ 3Rf: 

~ ~ m ~ q@1 fclcRu1 "ITT<TT i I 

(5) ~ ~ ~ cfi1 WtR ~ (Equ al distance of Quartiles from Median)-~ fcRwiT 
it 'SfYfq ~ ~ ~~ BUfc'fiT ~ tfl1R ~ 'Cit~ l 3f~ Q3 - M = M - Qi 

(6) ~ fcfm:R ~ 'Sl11llt ~ c61 ~ (Relationship between Q.D. and SD .)-

~~ fcriRR (Q.D.) ,r:rr-cr ~ (S.D.) cf>f 0.6745 3tl!ffil i moT i I 

(7) ~ ~ ~ WTIQ ~ -q ~ (Relationship between M.D. and S.D.)- ~ 

fcRwiT it ~ fcriRR (M.D.) >TtTr1 ~ (S .D.) cf>T . 7979 3f~ ~ -?@T ~ I 

~ tlif&kJfl<I ~ 

NOTES 

69 



3'iSifTrf'f t1if&clr1,J4 ~ 

NOTES 

70 

(8) ~ ~ ll1!l1 ~ ~ ~ rcrRll (Q.D., M.D. and P.E.)-~ fc«l'"{ur 

~~~~qYTTW'lfoli~'Wl'Ht?ral ~ Q.D. = P..E. ~mri:fl'.JTur~cfil 

. 845 1JTT WITT l ~ 
5 

P.E. = .845MD. ~ P.E. = 60 

(9) 31-t-?i"'4~'if (Asymptotic to the base line)- ~ ~ ~ ~ fut~ °ITT >[qiK ~ ~ 3fl"{ 
~ l I~ 3lltffitm ~ ~ 31@--;;rra l qt~ m ~ ~ l I ~.j;,ifcFfi ~ ~ ~ ~ 
(Infinity) 'll1 3fl"{ amw ~ ftffl3lt ~ WITT l 1 

(10) ~ ~ ~ qfumra ~ (S.D. and Changed Points)-~ ~ f-;R ~qt~ 

q,l ftffl ~ ~ -?r<TT i .:rfc: cm~ 3l"['qT{t{9T q{~ ~ ~ m WlRR"lTTUJ ~ 3;i-~ ocfi q,l 

~ mrq ~ q,l fcn'R ~ <fa "Sl"cfic q,{ffi t I ~ X + a; X + 2a; X + 3a; 

(11) ~ Tcffll1JJ ~ ~ ~ (Constant Values of Normal Distribution)- SHll41-<l · 

~ ~ 3f'f{ ~ f.1i.:Jfflf@d l : 
~lJTU'.f =X~µ,mr9"~ =a 

~ 
2 2 4 

µ1 = 0, µ2 = a , µ3 = 0, µ4 = 3 µ2 = 3a 

2 2 
µ3 µ4 '3µ2 

/31 = 3 = 0, /32 = 2 = -2 = 3 
µ2 µ3 µ2 

SHll41-<l fcf<RuT ~"ITT~~~~ (odd)~ <fiT ~ ~ ~ m<TT ~ 3W 
~ fcr:11:@T \TT~ -wft, ~ 1I~ (Kurtosis) ;;fl~ ffi cl@ fc«RuT <fiT 'SfilTqi l cfiT lffi 

3m<TT~I -

(12) fuITTur ~ ~ (Parameters of Distribution)- SHWll.-<.I fcf<RuT ~ ~ ~ ~ ~- : 
~ llM (X) ~ >fl=TTCf ~ (a) I ~ ~ q,l ~ ~ ~ fc«wrr @"&I ~ ~ ~ Iµ (9) 

~m ~ tl'lP-l ~ WlRR ~ ~ ~ ~ m<TT ~ I 

(13) ~-~ (Ordinate Relationship)-~ 9Ri ~ WlRR llM qt W 3f~ q,l 

3ff~ ~ ~ ~ I W 3la.l 1::r{ 1TIU'.f ~~-IT{ -srqrq ~ q,1 ~ ~ 1::r{ ~ 3W q,1 ~ 
q,l 60.653 ~ ~ ~ I ~ "Sfcf>R" 3Pl ~ 1::r{ \TT ~ ~ cfiT 3lj1ffif f.lit-i:«r m<lT i I -q ~ 
W 3l~ q,l ~ ~ 3lj1ffif t1i-iilF..t.1ct ~ (Table of Ordinates of the Normal CUIVe) ~ ~ 
~~i, 

(14) ~-~ (Area Relationship)-~ 9s'fi q,l ~ ~ ~ ~ ~ 
i I 3lT1TR TI9T 3W ,mr:rp:f 9s'fi ~ ~ <fiT ~ ~ 9s'fi ~ ~ ~ ( area under the normal 

curve) ~ ~ I ~ W 3l~ ~ ~ >fl=TTCf ~ ( a) °q,11'.TTUJ ~ ~ ~ 1::r{ W ~ <fiT 

m~ m~-?r<TT i 1 ~ ~~ ~ fcfilTTUJw 3W 3ffi"ITTtzf~M f.lftqa'-srqrq~ 

q,l ~ 1::r{ ~ 3W ~ 1'.JUl 9s'fi cfiT ~ 9s'fi ~ ~ <fiT ~ ~ ~ ~ men ~ I 

lTTlZl' ~ -srqrq ~ ~ 3lT1TR 1::r{ ,mr:rp:r qs'fi qil ~ R9 "Sfcf>f{ m<TT ~: 

(i) llM + 1 a ~ ~ 68.268% ~. 34.134% ~ lll'Dl ~ ~ 3ffi m<lT ~ I 

(ii) 1TIU'.f + 2 a ~ ~ 95.45% ~. 47.725% ~ TffDl ~ ~ 3ffi m<TT i I 

(iii)llM + 3 a ~ ~ 99.73% ~. 49.865% ~ lll~ ~ ~ 3ffi m<TT ~ I 

~ . 27% ~ 9s'fi "ij ~ TI: ~ i I 



Mm~~q;)~~cfi«flt: 

sm1q1-4 cJQ> if~~ 

68.268% 
~ . 

95.45% 

99.73% 

-30' -20' -10' O' I cr 20' 3cr 

Q'lJITU@ ~ fuffiuT (Standard Normal Distribution)-~ ~ t ~ 3fR 9TB 
f'9fcftl ~ q;r ~ "ij ~ \lfl ~ t ~ ~ x 3lk a qiT lfR 3lWl-3lWl mor ~ m cfifo;ITT 
~ m ~ i ~ ttm wmrit a@'TT"'3TWT ~ cfiT m cfiBT mor_~ 1 ~~it~~ 
t ~ 3TWT-3TWT ~ (X) 3ITT" >fqfq ~ (a) 9TB ~ fcf<fDiT it '>flTTrro ~ fc«Rur' it 
~ ~ ~ ~ I ~ ·~ ~ rc@'t(JJ' tjt ffi l I ~ ~ ~ 'qil ~ ~ (X = 0) 

ant >fJ:fN ~ ~ ~ (a= 1) mo! ~ I ~~cit Z ~ fqfq (Z = transformation 

technique) ~ l I 
-

z =X-X 3flf<TIZ=! 
a a 

Z = z-~fqfq 

X = 6J<':k1'lfq,ct lfR 
-
X = fc«Rurcfil~ 

a = fc«RuT cfiT >fJ:fN ~ 

llHT fcf; ~ fc«r{ur it 1lTl2l' (X) = 200 ~ >!lTT1:r ~(a) = 20 ~ 3J'ct : <TR X cfiT ~ 200 

~ ctl Z cfil ~ tTITTT = ?OO; 
200 = 0 I ~ >fcliT'{' <lR X t ~ ~ 180 ~ 220 ~ Z ~ ~ 

m1l ~: = 180 - 200 = - 20 = _ l. 220 - 200 = 20 = l 
20 20 ' 20 20 

~ '5fcf,R ap:f z ~ ~ ~ ~ \lfl m i 1 ~ cffli it Y ant z ~ ~ it f.fl:l m 
it >Rft@ ~ Tf<lT ~ : 

140 160 180 200 220 240 260 X- Sca le 
-3 - 2 -I O + l + 2 Z-Sca le 

~ ~ c8 fufu (The Method of obtaining Area) 

Z-~ cfiT ffl(1 W t ~ ~ 'iffli t 3RfTTTf ~ (Area under the Normal 

Curve)~~ it~ "&RT Z 3f?:!Tq ~ cfiT -?rctl ~I~ 0.0 "ij 3.0 <fqi ~~@'@ml I a 

3"ili'f7 Rif&J<lf/4 ~ 
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~3frr'r~GHHH.00~.09ocfl~ 10~~~~ Z-~~~3G9Tif~~~I~ 

z cfiT ~ 1.45 ~ m ~ 1.4 ch1 m~ it . 05 cf@ ~ it m ~ . 4265 R<TT sarr ~ ~ 
42.65% I Z cfiT ~ ~ ~ q-r ~ ~ cfilR ~ Glft-n 3ffi'TfRT ~ aw~ Z cfiT ~ 

:liOllcJlcfi ~<TT~~ 'cfiTR ~ ~ 3ffi'llRT ~ ~ I "5fW'l ~ Z Cfif :liOllcJlcfi ~ f.rcfiR;R ~ ~ 
~ ~ ~ ~ -5000 it~~~ Cfil ~ R"lJT ~ ~ ~ (.5000 - .4265 = .0735), ~ 
z ch1 ~ mi:rr3lt 3TTfTTl z1 ~ z2 ~ lfUl cfiT ~ ffl qiv,T m m ~ z t tITTUrt ~ -cf,) ~ 

R<TT ~ ~ ~~ cfiT llR ;fiOllcJlcfi cf~ Z2 cfiT llR ~ ~ I 
Z1 = - 1.45 ~ Z2 = + 1.05 ~ lJ'Uf cfiT ~ = - 1.45 cfiT ~ = .4265 + (1.05 

cfiT ~) = .4265 + .3531 = .77% WIT I 

~ Z1 = - 1.45 ~ Z2 = - 1.05 ~ l1"Ui cfiT ~ ffl ~ ~ <TT . 4265 it ~ . 3531 ffl 
"9T c1ifuo ~ = .4265 - .3531 = .0734 itTTT I 

Illustration 9. 100 >l<lTm if 5 ~lh<:-l<'ll~ ~ cfi8 ch1 ~ Cfil J.l~IGI~ ~ ch1 ~ ~ . 
~ '5fCfiR ffl m ~ ~ -sr;irn it ~ ch1 J.11F~cfia, p = 0.1 m ? 

How would you use normal distribution to firid approximately the frequency of . 

exactly 5 successes in 100 trails, the probability of success in each trail being 

p = 0.1? 

~ (Solution) 

llRT >flITTTT ch1 ~ = n, clof n = 100, p = 0.1 ~ q = 1-q = 1-.1 = 0.9 

~ fcrcRoT ch1 ~ it llfUl = np = 100 X 0.1 = 10 

~ a = Vnpq = VlOO x OJ X 0.9 = v9 = 3 

"fof n ~ ti&TT ~~"ill~ fcrcRuT WlPT '5fCfiR cfiT i@"f ~ ";;rt 3!fc~faj..., fcmur i@"f ~ I 

~ WlPT fcmuT ll 5 ~ 3B 3TTcf@ ~ ~ wft ";;rt 4.5-5.5 cflt it WTTf mTTI aw WR: 
~J.tlcfi(OI cfiT lTTU-f aw ,r:rrq m mPl fcRTTul cfiT TfTUf aw >fllT9" ~ mTTI 1 

X = 4.5 ~ ~Z1 = 4-
5

; lO = - 1.83 

X = 5.5 ~ ~ Z2 = 55 
; 10 = - 1.5 

~ tffiUTT B 1.83 a ~ ~ ~ = 0.4664 

- 1.5 a ~ ~ ~ = 0.4332 

- 1.81 aw -1.5 ~ ~ ~ = o.4664 - 0.4332 = 0.0332 

"fof N ~ ~ 'ITT m 4.5 3ITT 5.5 cflt <h1 3Wifu = .0332 N 

<TR N = 100 i:rR fu-;.:rr ~ m 3W{@ = 3.32% 

Illustration 10. You are incharge of rationjng in a State affected by goods shortage. 

Following reports were received from the investigators-

Daily calorific value of food available per adult during current period-

Area 

A 

B 

Mean 

2000 

1750 

S.D. 

350 

100 

The estimated requirement of an adult is taken at 2500 calories daily and the absolute 

minimum of 1000. Comment on the reported figures and determine which area in your 

opinion need more urgent attention . 



Solution-

Area A 

Mean± 3a 

2000 ± (3 X 350) 

Between 3050 and 

950 calories 

Area B 

Mean± 3a 

1750 ± (3 X 100) 

Between 2050 and 1450 

calories 

Hence, area A needs urgent attention because there are some people to whom only 

950 calories are available when the absolute minimum is 100 calories. 

Illustration 11. (Normal curve by formula) Average sales of Bata Shoe Company's 

Multiple shop is Rs. 12,500 per month with a standard deviation of Rs. 4050. Find out what 

proportion of all shops sold between Rs. 12,500 and Rs. 16,550. 

Solution. 

x - x = 16550 - 12500 = 4050 = l OO 
a 4050 4050 · 

By referring to table, we find the area covered by the normal curve = .34135 = .34134 
or 34134% shops sold between Rs. 12500 and Rs. 16550. 

Illustration 12 (i) ~ cf;lIT;fi IDU ~ ~ cfi1 ~ qiT W!RR llTUl' 10 ~ 3ITT" 'lflTI1l 

~ 20 WTT ~I~~~ 5,000 ~ ~ t I~~ it~~~ 9.75 -ifITT it 
~ ~ cfi1 W'1fcRT~ I~~~~~ BR ~fcl; ~ cfi1 ~ clil ~ tfllfPl' ~ it 

~ ~ ~ 3ITT"tfllfPl'-~ it llTUJ anrirrul it~ (x ~ x) ~.ft-if~~ 9Tffi m{Uft ~ f.JJ..Jf~f@a 

~qif"3"9<TTTf~-

(X-X) 
a 1.10 1.15 1.20 1.25 1.30 

~ 3643 .3749 .3849 .3944 .4032 

(ii) ~ '9itm it ~ ~ 1,000 ~ ~ lfM-~ 14 .4 <ll!fr 'lflTill-fcri@;f 16.6 i I ~ 
fc@DJTllFffi~~~ fcl; 30 ~ 60~-.n-if 3icfimcf@~moT"ITT I~ 70% ~ 

~ ~ cfi1 ~ ,ft ~ ~ I 

Solution - (i) x = 10 -ifITT; a = 0.2 -ifITT 

~ Z = a ;x=9.75, 

z = (9.75 - 10) = -0.25 = _ 1.25 
0.2 0.2 

llTUJ ~ it - 1.25 l1<li qiT ~ = .3944 

>ITTni it Z = - 1.25 l1<li qiT ~ = .5000 - .3944 = .1056 

(0 5000) - (0 3944) 
= 0 1056 

-3 -2 
z=-1.25 

-1 x=IO 
0 

;- J +2 +3 
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~ "SfcfiK 9.755 ~~ cfill' ~ q,l ~ cfiT ~ 0.1056 i 3flt~ ~ 500 X .1056 

= 528 i I 

(ii) x = 34.4; a = 16.6; N = 1000 

30 3TTt 60 t ll't2i ~t{R cl@~ <'f>1 ~-

30 - 34.4 ~ ~ 
Z1 = 

16
_
6 

= - 0.265; ~ ~ Z = - .265 (fcfi cfiT (;;l~'t>~ = 0.1045 

60 - 34.4 ~ 
Z2 = 

16
_
6 

= + 1.54; ~ ~ Z = + 1.54 (fcfi cfiT ~ = 0.4382 

: . 30 3TTt 60 t l'.fE2l >ITl<ffcfi 'CTR <lffi ~ <'f>1 ~ -

= 0.5427 X 1000 = 543 

l'.fE2l ~) it wrcr 10% ~ t ~ q,l ~-~ ~-3{~ it om 3ITT" 35% <-.3500) 

3TTt ~ 3ITT" 35% ( + .3500) it ~ Z ~ ~ ~ I m{!lft it . 3500 ~it~ Z cfiT -

~ 1.037 i I 3l<f: "x + 1.037a MI 
~ ~ x - 1.037 a= 34.4 - 1.037 x 16.6 = 17.2 

3lf~ mllT .X - 1.037 a = 34.4 + 1.037 X 16.6 = 51.6 

31n: lflUr t 70% ~ t ~ 17.2 (17) 3TTt 51.6 (52) t ~it~ I 
Illustration 13. 1000 ffi:TT '9'{ ~ ~ ~ ~ 1:ffi~ it llfUJ 3TTt ,l1'.Wl ~ ~: 42 

~ 24 ~ I 3-;i ffi:TT <'f>1 ~ ~ ~ ~ 3fcii (i) 50 it 3lf"Qcfi ~ (ii) 30 3TTt 54 t ~ 
"ITT,{!'~ (iii)~ 100 ffi:TT TIU ,rri:q ~ 3fcii ~~I 

Solution- (i) x = ~2; a= 24 ;x = 50 

~....;:,. 50-42 . ~ ~ <l"R: x = 50 I) Cll Z = 
24 

= + 0.33; (;;l~'t>l:1 . 1304 ~ I 

Z = 50 it aj'"Qcfi cfTffi ~ = .5000-.1304 = .3696 

50 ~ 3lf"Qcfi 3fcfi W<f ~ ~ ~ 9'l ~ = .3696 X 1000 = 370 

(ii) Z 1 = 30; 
42 = - 0.5; ~ 0.1915 

54 - 42 ~ 
Z2 = 24 = + 0.5; (;;l"'l'N"l 0.1915 

Z1 3TTt Z2 t a$l" cfiT ~ = 0.1915 + 0.1915 = 0.3830 

3Rf: 30 3ffi 54 ~ ~ 3fcfi 1ffi 9Tffi 9'l ~ = 0.3830 X 1000 = 383 

(iii) ~ 3icf;T ~ 100 ~ 9'l ~ = 11: = 0.1 

~ it ~ 3TTr 3lRfl1 0.1 ~ = ~ it . 5-.1 = .4 it 3lfqq; cfTffi l$f I 

. 4000 ~ t futl Z cfiT ~ 1.281 i I 

X -X X - 42 
Z = - . 1 281 = -- . X - 42 = 30.744 

a ' · 24 ' 

X = 42 + 30.744 = 72.744 

3@: ~ 1oo~t~~ n.1i·1 

2.6 lqlllfH fcHHOI (Poisson Distribution): 

~ fcTTl{ur (Poisson Distribution) cfiT ~ ~ 1837 W. it %ti rffeRTTl ~ ~ 
~ ~ ~-fcr@R 9'l ~ it fcfi<n I ~ ~ "tt,nfc«n ~ 'TT ~ t I ~ ~ 3TTWfPl 



~ ~\f -?rcrt t q?ff ~ ~ m q,l ~\ff<RT ~ qiif -?rcrt i Qol' ~ Wlftr ~ cfiB t ~ 
~fc«r{Ur qif '5flll1T mm i cMT.~~it ~~~.~-cm~~~~ rn q,l 

~\ff<RT, M ;rK it ~ ~ 3fcn'fl it ~ ~ -i:rB q'@f q,1 m-r, 1:fRT q,1 ~~it ~an q,1 

~I 

(qj<.ffH rc«roJI' qiT ~ (Form of Poisson Distribution) : 

~ fm f«<Rur cf>l "ftftf ~ mm i I 3TTf: tllfictdl~ ~ ~ ~ -?rcfl l I 1,2,3 .... ..... . 

~an q,l ~~ f.I9 ~ t f<TT'Fl' ~ ~ ffl m ~ t :-

p (r) = 
-m r 

C m 
r 

where r = Number for which probable frequencies are to be calculated. 

C = Base for the natural Logarithms. (C = 2.7!83) 

m = Arithmetic average or mean. 

r = r! 

~ f«<Rur, WR ~ q,1 ~ ~ i mif 'n' ~ ~ 'p' ~ mer o?TT 'm' ~ 
~ ~ ~ -?rcfl i I 

~ TfUR ~ it C-m qif llR ~ it fcrn1l ~ cf>l dlli:l~~cf,dl i I ~ llR ~ 
>fcfiR"m@I~i-

C-m=__!_= .1 
m (2.7183f 

~ qcf, (2.7183) m cfiT ~"l ~I~ ctY,•IDicfi cf>l ~ ~ m@l ~~I 
llRT fcli (2.7183f =Z 

3@: 

Log Z = m log (2.7183) 

Z = Antilog m log (2.7183) 

= Antilog m = x 0.4343 

= Antilog 0.4343 

Z = (2.7183f = Antilog .4343"' 

then, C-m = l = l 
(2.7183f Antilog .4343m 

= Reciprocal (A. log . 4343'") 

~ 'm' cfiT m 'TT llR ~ C-m ~ ~ IB'1f ;jff<ft ~ I 

Sfrlll~l<1 dllqhFQI (Expected Frequencies) : 

0,1,2,3 ... .. .. .. mcnarr c8 ~ B~ s:P11j@ IB& ~ ~ oT ~ fcTTwrr ~ i) 
~ ~ I ~ i:m~ <liT ~ N i) oT ~ ~ ~ "cfiG ~ ~ ~ qc; c8 B"qfcHI clil 
i:m~ <liT ~ (N) ~ :r1fT ~ R<TT ~ ~ I 

NC-m r 

Expected frequencies N.p (r) = m 
r 

lcli~fM· fc«mTT al f~:i:icfi (Constants of Poisson Distribution) : 

~ lTIU!, ~ ~. ~ ~ . ~ o~ "CJ:~ t lWl ~ fcTTwrr t ~ 
~!1~fcmurt~~-i:rR~~t-
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Mean =m 

Standard Deviation = ,r,ii 

First Moment (µ 1) =0 
2 

Second Moment (µ ) =m 

Third Moment (µ 3
) =m 
4 

Fourth Moment (µ ) = m + 3m2 

Skewness (/Ji) 1 
m 

Kurtosis (/Ji) 1 = 3 + -
m 

m = 0.0 ~ m = 0.99 (tqj ~ ~ e - m ~ lfRl q,l° a1R,i4,1 

m 0 1 2 3 4 5 6 7 8 9 
0.0 1.0000 .9900 .9802 .9704 .9608 .9512 .9418 .9324 .9231 .9139 
0.1 .9048 .8869 .8869 .8681 .8694 .8607 .8521 .8437 .8353 .8207 
0.2 .8187 .8025 .8025 .7945 .7866 .7788 .7711 .7634 .7558 .7483 
0.3 .7408 .7261 .7261 .7189 .7118 .7047 .6977 .6907 .6839 .6771 
0.4 .6703 .6570 .6570 .6505 .6440 .6376 .6313 .6250 .6188 .6126 
0.5 .6065 .5945 .5945 .5886 .5827 .5770 .5712 .5655 .5599 .5543 
0.6 .5488 .5379 .5379 .5326 .5273 .5220 .5169 .4117 .5066 .5016 
0.7 .4966 .4868 .4868 .4819 .1771 .4724 .4677 .4630 .4548 .4538 
0.8 .4493 .4404 .4404 .4360 .4317 .4274 .4234 .4190 .4148 .4107 
0.9 .4066 .3985 .3946 .3946 .3906 .3867 .3829 .3791 .3753 .3716 

m ] 2 3 4 5 

e -m 0.36788 0.13534 0.04979 0.01832 0.006738 

m 6 7 8 9 10 

e -m 0.002479 0.000912 0.000335 0.000123 0.006738 

~cl1@cfif'f1 m=0.51 e-mq,Tl:JR~ t~~ «rnfll0.5 B~~ n~ «rnf 

1 t ~ IBlfil llR ~ I ~ ~ 

e - 0.5l = 0.6005 

~ 5fcfiK e -o.61 = 0.5434 ~ 
e-2.51 = e-2.0 - 0.51 

= e - 20 x e -0.5l = 0.13534 x 0.605 = .08127 

Illustration 14. M ~ q;r f.m!JOT q;f.) 1R >lfu ~ 2 -zyf ~ ~ t' I ~ fc«ITuT 
q;r ~ ~ ~ f.r-=11 fcli"m -zyf, 3 -zyf <ll 4 -zyf cf@1 ~ t ~ ;,rR q,'l ~ Wn ~ 1 

(R<TT t e -
2 = 0.135) 

Suppose that a manufactured product has 2 defects per unit if product is inspected . 

Using Poisson distribution calculate the probabilities of finding a product without any defect, 
-2 

3 defect s or 4 defects . (Given e = 0.135). 

~ (Solution) 

J:fRT 

cm 

X 
-mm 

p(x) = P(X = x) = e -
1

, x = 0, l, .... , oo 
X . 

m =2 



P(O) = e -
2 = 0.135 ~ ~) 

P(l) = P(O) X m = 1.35 X 2 = 0.27 

m 2 
P(2) = P(l) X 2 = .27 X 2 = .27 

m 2 
P(3) = P(2) X } = .27 X ) = 0.18 

m 2 
P(4) = P(3) X 4 = .27 X 4 = .9 

~ >fcfil"{, 

m ,:ft zyf ~ ~ ~ c!,l Sllfllc;ctl = P(O) = 0.135 

IITT zyf ~ ~ c!,l >llf~c;a1 = P(3) = 0.18 

'i:fR m ~ ~ cf,l suP-lctctl = P(4) = 0.9 

Illustration 15 : The mean of the Poisson Distribution is 3.24. Find other contants 

of the distribution. 

~ fc«TTur cfiT lffUl 3.24 ~ I 3R' WRf<fi ~ ~ I 

Solution : 

m = 3.24 (given) 

S.D. = vm = v'3.24 = 1.8 

µ2 = m = 3.24 

µ3 = m = 3.24 

= 3.24 + 3 (3.24)2= 34.732 

/31 = _!_ = - 1
- = 0.38 

m 3.24 

1 1 /32 = 3 + - = 3 + - = 3 + 0.38 = 3.38 
rn 3.24 

Illustration 16 : The average number of defective articles in a certain manufacturing 

process is 3% . These articles are supplied in packets of 50. Use Poisson distribution to 

calculate the approximate number of packets containing none-defective, one defective, two 

defective and three defective articles in a consignment of 10,000 packets. (given 

c- 15 = .2231) 

fcRn f.p:rruj ~ if ~ mtlR cfiT ~ (3ITTTTl) 3% ~ I ~ WITT 50 ~ ™ if &T ;;r@T 

~ 1 ~ fcfct1uI cfiT m ~ ~ 10,000 ™ if ~ %cl q,l m§!TT ~ ~ cm WITT 

~~m.~~mcf~~~m1 
Solution 

N = 10,000 

p 3 

100 

3 
m = 50 X lOQ = 1.5 

c-m = c-]j = 0.2231 

NC- mmr 
p (r) = --Le-,-
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Packets without any defective article (po) 

NC-mm, 

I!. 

Packets with one defective article (p1) 

10000 X .2231 = 2231 

NC-mml 

11 
= 10000 X .2231 X 1.5 = 3346.5 = 

Packets with two defective articles (P2) 

NC-m m 2 

= 11 
2 = 10000 X .2231 (1.5) = 2Sl0 

l1 
Packets with three defective articles (p) 

NC-m m 3 _ 10000 X .2231 (1.5)3 

ll - ll = 1255 

I. 

Illustration 17 : One fifth percent of the blades manufactured by a factory turn out 

to be defective. The blades are supplied in packets of 10. Use Poisson distribution to 

calculate the approximate number of packets containing no defective, one defective and two 

defective blades respectively in a consignment of 1,00,000 packets. (given C -
02 = .9802) 

Solution. 

Here 
1 

p = 500 ; n = 10 

1 
m = np = SOO X 10 = 0.02 

N = 1,00,000 

c-m = c- 02 = 0.9802 

() 
N c-m m' 

P r = r ! 

Packets with no defective blades : 

100,000 X 0.9802 X (.02)0 
O! 

Packets with one defective blade : 

100,000 X 0.9802 X ( .02) 1 

1 ! 

Packets with two defective blades : 

2 
98020 X lOO = 1960 

100,000 X 0.9802 X ( .02)2 
- - = 19.6 or 20 

2! 

Illustration 18 : The distribution of Typing mistakes committed by a typist is given 

below. Assuming a Poisson Model, find out the expected fr equ encies : 

Mistakes per page 

No. of pages 

0 

142 

1 2 

156 69 

3 

27 

4 

5 

5 

1 



Solution : 

Mistakes per page (x) No. of Pages (t) xf 

0 

1 

2 

3 

4 

5 

ID= ~=400=l 
Y.f 400 

142 

156 

69 

27 

5 

1 

400 

0 

156 

138 

81 

20 

5 

400 

Taking the mean of the given distribution as the mean of the Poisson distribution, 

we want to fit, we get m = 1 and 

c - mmr 
p (r) = 

1 
; r = 0, 1, 2, ..... , 

r 

Also P (0) = c-m = c - 1 = 0.3679 (By Log tables) 

Computation of Expected Frequencies 

X Expected frequencies Observed 
frequency 

0 400 X 0.3679 =147 142 

1 400 X 0.3679 X 1 =147 156 

2 400 X 0.3679 X {1 }2 69 

2! 
=74 

3 400 x 0.3679 x Pl 27 

3! 
=25 

4 400 X 0.3679 X {1}4 5 

4! 
=6 

5 400 X 0.3679 X {1}5 
= l 1 

5! 

"Total 400 400 

lqltjfH fc«Rur ~ fo~t.1a 1Q (Characteristics of Poisson Distribution)-

(1) ~ fuoT01 - fu'tR-fc«Rur cfil 'TTR1 ~ 'TT ~ ~ fc«TTur t ~ ~;m cfil 
~ 0, 1, 2, 3 ....... . x 3flR ~~~if mm~ I~ WWRl ~-ffl ~ ~Wo cfil 
~rr<fd 1 

<2) 'p' am 'q' iil m::n - ~ 0-, ~ it >fTfi iicn t ~ cfc:-fl3TT ~ ~ cfit ~ 
'p' ~ q,J:f mm i 3W 1 ~ cfit ~ 'q' 3fzj'trcfi CWT,vr 1 ~ ~ M t 3ITT' 'n' ,:ft 3ff'qq, 
iicn t I 

(3) ~~(Parameter)- WlRK~ (m = np) ~ fcf<RuT cfi"T ~ ~ ~ ~3"Bq,[ 

-qr;, Wo ~ ~ 'ID fcIBtul fum ~ ~fcli(f"d I 

(4) ~ ~ (Constants)-~ ,~~ f,iyfafolil 3f.:R ~ ~ -

~ ~ m = np; ,p:fflf ~ a= ...rm= vnp 
1ffi'EITTl µ1 = 0;µ2 = m; 3TTfe: I 
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(5) ~-~~~mm~ I ~-~w:rRKllM (m) tf>T~~~t~ 
fcrcRur ~ anr qi) ~mm~~ 3ik ~ cfi1 l{ffi il ~ qi.ft mm ~ ~ , 

(6) ~ - ~ fcro{ur q,1 ~ ~ lfP«TT l 1% ~ cfi1 ~ oo m;ft ~ I ~ 
qftffilFa if~~-~ it m ~mm~ t ~ fc«Rur qif ,mrr -;rm' f%<TT ~ ~ , ~ 
~ ~~ t1ifisqq,1 ~ ~ fcrcRur qif ~ ~ ~ ~ 1%<TT l 1 

(7) 3QmtT - 6'f ~ ~3TT if,~~ cfi1 f!Afl<HI (p) afso Cfi1f "ITT 3ITT" (n) 3ff% 
m, ~ fcro{ur ~ ~ mm l I s11oft~ll(af, ->11if<h<hl, <ffilrlf@-ITT:fUT, ~-tie:~191~1, offlTT ~ 
fl if isqcf>l <l TT-~ cfi1 fclf'R ww:rran qi[ fq ~~ ~ 01 ~ fcro{ur ~ 3TTtlTPrr mm ~ I 
am;r ffl 
1. flifisqq,l it~ fcro{ur cfi1 ~ ~ l? 

2. ~ cfRi cfil ~3TT q;) ~ I 

.......................................................... ~; .................. ~ ........... ................................ . 

2.8 ffHi~I 

~ 3wrfu fcTTwrl ~ «ifisqcf>l ~ 3flW llR TPl ~ I ~ lTTUm ir ~ l'.fP«TT3TT 
~ 3fllW "CR" -w:icfi cfi1 ~ CfiT ~ moT ~ ~ FcliM,<f0T f.raP1 ~ ~ 3fllW PTfIB ~ I ~ 3TTW "CR" 

'lTcIT ~ WWi ~ ~ I ~ st~,f~ll'l <ff~ 3lT'fTTl fcro{ur ,:ft~ "fT<lT ~ I ~~ifctq, ~ if 3WJfu 
fcTTwrl ~~~mm l ~ ~ ir :f&l w., qi] tiiF@cf>l<l ~ it rn'l<fi ~ t -;;?r f.:r9 
~ 1. ~ fcTTwrl , 2. "ffil1Fl fc«RuT , 3. ~ fc«RuT I 

2.9 ~ ~ 

(1) ~ fcTTwrl, (2) ~ fcTTwrl, (3) 3lT'fTTl ~~. (4) 3f<IT ~ . (5) ~ 3fTcifu. (6) 

61 -l ;-n-q ~ ff I 

- <ihJ::@{1~ ~ (Long Answer type Questions) 

1. ~ fcf<Rur cfiT ~ 3l~ i ? 

What is meant by Theoretical Distribution? 

2. ~ ~ cfiT ffl ~ I 
80 Describe Binomial distribution. 



3. ~ifc:;Jcf>lfcrnw3TTqifq'UR~I 

4. 

Give the characteristics of Binomial distribution. 

{I .C.ir<tcfi 3Wifu qi]' cp:{J 3ltt ~ ? 

What is meant by theoretical frequency? 

s. ~ fcmul" q-{6-f ~an~~~ m<rr ~ qifl ~~~arr cfi[ qUf.f ,m ~ 
~ fca{uft ~ I 

Write a note on the Binomial distribution describing the situation in which it arises 

and its chief characteristics. 

6. 6-f qflff\!!Fa~ q,l ~ G ~ ~ ~ 3Rflhr ~ ifc:;J >W<r mm~ 1 ~ ifc:;J 

qi]' WlRK l{TUl' aw~ ~ ~ I 
Explain the conditions under which binomial distribution is obtained, giving examples. 

Obtain the mean and variance of this distribution. 

7. ~ ifc:;J cf>1 qft'lftTT ~ I 

Define Poisson-distributiori. 

8. ~ ifc:;J il; ~ ~ q;T ~ ~ I 

Explain the main characteristics of Poisson distribution. 

9. WR 3Wifu fc«Rur ~ ~ 3lfc!fu fc«RuT cf>1 3fR Jlcff mm ~ ? arrq ~ 9Rffl!1fo~ q WR 
~ il; ~ 1:f{ ~ fc«Rur qi]' ffl ~ ? 

When does a Binomial distribution tend to a Poisson distribution? In which case 

would you apply a Poisson distribution in place of Binomial distribution? 

10. fcFl qflffl!1fd~ it ~ ~ ~ cfif m fcfi<TT ;JTT m ~ ? ~ fcfiRur qi]'~ 

~ ~ 3ITT' ~ l=fTUl aw~ f-ict>lf0Q, I 

In what circumstances may a Poisson distribution be used? Give the general terms 

of Poisson distribution and derive its mean and variance. 

How do Binomial distribution and Poisson distribution differ? 

12. WR cfiTT ~ ~ it ~ q?TT ~ ~ il; ~ c8 ~ fc!i1r >fcf,f{ cf>1 -iffift ~ ? 

How mean and standard deviation are computed in Binomial and Poisson 

distributions? 

n ~ ~ qi]' cf>.lT ~ ~ ? m'<1' fc:;l il; ~ i'f ~ ~ fcfiRur 'ffi1l W11 ~ ~ -il ~ il; 
~c$,fQ,I 

What is meant by Poisson distribution ? Give some examples of its occurence in every 

day life. 

14. ~ ~ cl>1 fcrn1fol3TT cfil ~ ~ I 
Discuss the characteristics of Poisson distribution . 

15. ~ -.<li foct> ~ fc«Rur qi]' <FTT ~ ~ ? fti:rc::, ~ "Q,cf ~ fcrir{un il; lJ&l° ~ cf>1 

~~I 
What is meant by theoretical frequency distribution. Discuss the salient features of 

the Binomial, Normal and Poisson distribution . 

16. ~-.<lifoct, ~ fc«Run B 3TT9" cFTT ~ ~ ? ~ ~ il; lffiq cl>1 ~ ~ I 
What do you understand by theoretical frequency distribution? Discuss the 

importance of these distributions. 

3iiii1n( Rif&Jctflq ~ 
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17. ~ 3W{ftf fcRRur ciiof ~ 3W{ftf fcRRur cf>1 3lfcIIB ~ qi"{ijf i ·? 3ntr fcf;;i qftf~Fa4l it 
~ fc«Rur t ~-qr~ fc«Rur cfiT m ~? 

18. 

When does a binomiaJ distribution tend to become a Poisson distribution? In which 

case would you apply a Poisson distribution in place of binomial distribution? 

5H-ll'il~ 3lT'I@ fcRRuT cf>1 Fc1~qc11ti, ~ I ~if@Ff,l it~ fc«RuT cit~~~~ i? 
List the chief properties of the normaJ distribution. AWhy is this distribution given 

a centraJ place in statistics? 

19. SHil&Jl-4 ~~~it~~ qYTT ~if&icf>l~ ~ ~ ~ SHll&Jl-4 ~ t 1ffi9 cf>1 

~~I 
Distinguish between normaJ and binomiaJ distribution and discuss the importance of 

normaJ distribution for statistical inference. 

20. -smm fc«Rur WR fcrcRur "B ~ >f<fiK f'l:F'I ~? srn1ii1~ ~ <f>1 ~ fc1~qc11ti, <FlT ~? ·· 

~ ~ 3l:J~~H if~~~~~? . 
. . . 

How does a normaJ distribution differ from a binomiaJ distribution? What are the 

important properties of a normal distribution? How are they useful in random 

sampling investigation? 

21. ~if&icf>l if Sl~l&Jl-4 ~ cf>1 cFiT ~ ~? ~ fc:m;jqoi, q ,:ft ~1 d9lflflldl ~ I 
What is the significance of normaJ distribution in statistics? Give also its utility in 

economic anaJysis. 

22. ~~WR~ cf>l ~ ~an cf>1 ~ ~ 3ITT d-fcfiT ~~it %9 
~~I 

Compare the important properties of the normal and binomiaJ distributions and point 

out their significance in sampling theory. 

~~~(Short Answer Type Questions) 

1. ~ .s;:1f.-aq; fc«Rur cFiT ~ ? 

What is Theoretical Distribution. 

What is Binomial distribution .. 

3. '9Tll1R' fc@D1T cf>1 ~ ~ I 

Define Poission distribution. 

4. ~ 3W{fu fcTTITur cf,'j f9~t!dl~ ~ I 
List the chief properties of the normal distribution . 

5. ~ fc@D1T ~ >I:(@ ~aJUTT cit ~ ~ I 
Explain the main characteristics of poission distribution . 

clftlRl'd ~ (Objective Type Questions) 

1. '9Tll1R' fc!ffl fuin:f mt! ml ciiof ~ Tf<TT-

~ 1~ ~lru 001~ 

2. ~ fc@D1T fcnfl it 3TTWf "B ~ q,1 ~ ~ l 
(31') + .5 ~) - .5 CB) 1 

3. ~ ~,F.-a<ti 3TTcrfu fcTTITur ~ ~ ~ l 
CB) 3 

~) 1837 



4. 

~) 100 

3'il't- 1. ~). 2. (3l), 3. ~). 4. (ai) 

2.11 &:ilch11fhn ~ 

1. fq;m m ~ &wrn1Piifi .fttntt ~ fcfim ~ q;) wm q;t ~ 20% ~ 1 6 ifi4i11n:~ 

it * 4 ~ 3TT"f.fcfi * ~ .fttntt * mtro m q;t ~ ~ ~ ? 

The incidence of occupational disease in an industry is such that the workman have 

a 20% chances of suffering from it. What is the probability that out of six workmen 

4 or more will contact disease? 

~ : 240 + 24 + 1 = 0.1696] 
15,625 · · 

2. ~3TT it M fcrn1i .ft.l'rn ~ ~ q;t ~ ~ 40% ~ I 6 ~3TT cfiT ~I $.,;)cf~H ~ 
1IT ~ * M 1IT ,:ft .ft.l'rn cf;f 3lW ;m ~ 3lT I dlck1lfcfia 1ffiUTTll q;t >l lPFM I $'r ~ I 

The normal rate of infection of a certain disease in animal is known to be 40%. In 

an experiment with new injection 6 animals, none caught infection. Find the 

probability of the observed result. 

6 

~ : 1(1) = __Jl:2__ = 0467 ] 5 15,625 · . 

3. ~ .p:r ifi ~ 1IT PTf.t q;t ~ ½ ~ I 1J,q, ~ cfl ;w cfi8 ifi ~ ~ oll1 ~ l 1 <TR 

T'fq{ 6-r:l~~m~;wm.:tl~ffi~' 

The probability of a bomb hitting a target is ½ . Two bombs are enough to destroy a 

bridge. If six bombs are aimed at the bridge, find the probability that the bridge is 

destroyed. 

'"" 1 _ l m · + 6 m, (¼l l = 1- (2621 + 3952) = 3447] 

4. ~: qm 729 <ITT'% -rrtZ I 3TT9' m-;ft ·oiTF=fii:f-*-q;tt <fr-r 1TTm TIU GTG ~: R1sIR .:ti~~ 

t? 
Six dice are thrown 729 times. How many times do you expect at least three dice to 

show a five or six? 

[~: 223) 

5. 3llo~~~! ~~ffl lOO<ITT'~~~ I~~~~~~ 
~ <l~ WTT1l ~ f--lcfilf<-il!_ I 

Eight coins are tossed and this experiment is repeated 100 times . Find binomial 

distribution and calculate its mean and standard deviation. 

[~ p(x) = 100. 10Cx (½r (½) IO-x ,x = 0, l, 2, ...... , 10. 

~ = 10 x ½ = 5, WTT1l ~ = -V 10 x ½ x ½ = 1.6 ] 
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6. ~~fcl;fq;m~~ 50% ~ ~~~ 3TT{~ 'TTllR<R"fcll 1,024 @>JJcfididTT 

mT 10 oqfcfdq\ ~ ~ it ~ q,1 ~ ~ fcll ~ 3f©oITT" ~ ~ fcll -=l"m I fcf;<R ~ 
Sl~lfod ~~~~~fcl; 3 <lf~qlll~ ~~~? 
Assuming that 50% of a population in a town reads newspapers and further assuming 

that 1,024 investigators each take 10 individuals to fmd out if they read newspapers, 

how many investigators would you expect to report that three or less people read 

newspapers. 

~: 176~] 

7. ~ ~ ~ fcll 3IT1:TT >JJ-1ti&ll ~llchli$1-0 ~ q,1 fflq,cfT ½ ~ 3TT{ ~ ,ft ~ ~ fcll 100 

~ it ~ m cfiT 10 cx1 f cRJ ~ cfiT ~ ~ ~ ~ ~ ~ fcll ~ ~llchl 1$1(1 qr -=l"m I 

3Wl M ~ ~ ~ ~ ~ ~ ft# ffl fcl; oR <lT ~ q,lf ~ ~llcf>li$1(1 ~ ? 

Assuming that half the population is vegetarian so that chance of an individual being 

a vegetarian is ½ and assuming that out of lQO investigators each takes a sample of 

10 individuals to see whether they are vegetarian. How many investigators would you 

expect to report that three or less people are vegetarian? 

~: 17] 

8. fcl;m fRT q,1 ~ it 3/5 ~ ~ ~ 3TT{ ffi 2/5 ~fqcflfod I l;ch tjfcRI it~ 5 ~ 
"ITT "iTT ~ 0, 1, 2, 3, 4, 5 mrfucf ~ m- q,1 fflq,cfT <F1T ~ ? 

In an army battalion 3/5 of the soldiers are married and the remainder 2/5 unmarried. 

What is the probability of being 0,1,2,3,4,5 married soldiers in a row of soldiers? 

5 

9. ~ ~ ~ 128 (½ + ½) 'lit "B,n Slflllf~lc1 ~ cfiT ~~I 
Find all the expected frequencies of a theoritical binomial distribution 128 

5 

(½ + ½) 
[3"n{ : 4, 20, 40, 40, 20, 4] 

10. 4 'ffit ~ ml'l 64 ~ ~ ~ I ~ 3 1ll 4 cfiT ~ "d'l'll ~ 1 1ll 2 cfiT ~ lfRT 

Tf<TT I ~ 5 1ll 6 3l"R "9T WTTH ~ llR1 TT<TT I -qftun1r f.lq >fctilT qrit ~ : 

Four dice were thrown 64 times, Spot 3 or 4 was considered a success and spot 1 or 

2 a failure. The outcome of a 5 to 6, was not considered a trail. The results were : 

~3TI 'lit tT&TT 

(Number of successes) 0 1 2 3 4 

3ffc:{fu (Frequency) 0 5 13 22 24 

31 cf ctl f cf>d 3JTcifu fcf<RuT "d'l'll ~ ~ fcf<RuT ~ ~ 3ffi '>flTI"CI ~ Wif ~ I 
Find the mean and standard deviation of the observed frequency distribution and the 

theoretical binomial distribution. 

[3"n{: dJcf(fffct,a 3ffc:{fu fcf<RuT ~ ~x = 3.02, a= .94 ~ fcf<RuT ~ ~' 

x = np = 4 X .!. = ? "d'l'll a= v'npq = V 4 X ..!. X .!. = 1 ] 2 ~ 2 2 



11. 8 ~ ~ ~ ~ cfiT 256 ~~ -rrq-r am-$~ 3lR cf~ m"'IT cf>T ~ ~ ftrurr 
lJ<TT I "SfrC<f qfturrlf f.ri:;r <IT@qiT it ~ ~ ~ I m"'IT cf>1 lTTUf ~ 3lj&llf.td ~ ~ ~ 
3ljJ:fR cfiT ffl ~ sll Sl~lf~ld ~i 9Kcfift'ld ~<JR~ R"lfll ~mill~ I 
A set of 8 coins is thrown 256 times and the number of heads appearing in each 

throw is recorded. The results obtained are given in the following table. Estimate the 

mean number of heads and then calculate the expected frequencies using this estimate 

if the binomial law holds : 

"ffllTT cf,T ~ 

(No. of heads) 

~ cf>1 ~ 
0 1 2 3 4 5 6 7 8 

(No. of throws) 2 6 38 52 59 56 32 10 6 

[3W :x = ~ = 1,024 = 4· p = ~ = _± = _! 
f:x 256 ' n 8 2 

~ ~,f,: l 8 28 56 70 56 28 8 1] 

12. ll_qiffiit 64 ~~~$<A"mit~f<fm'SfcfiT{"i~i 3 ~~~~ lll_qi 

-;fiB ~ cf>l fflcfiijl 1/4 ~ I 3,2,1 ~ 0 -;fiB ~ cITT-IT ~ cf>1 ~ ffl ~ I 
There are 64 beds in a garden and 3 seeds of particular type of flower are sown in 

each bed. The probability of a flower being blue is 1/4. Find the number of beds with 

3, 2, 1 and O blue flowers. 

f3W : 27, 27, 9 <ll'TT 1 l 
13. 4 ~ i 104 ~ it 0, 1, 2, 3, 4 lOO ~ cf>T ~ AA 'Sfcfi1r ~ : 

lOO~cf>l-~. x 0 . 1 2 3 

~ cf>T ~. f 8 28 =fi,.,-.,34 24 

fcf>m ~ ilOO~~cf>T ~ ~~~ Sl~lf~ld ~~~I 
In 104 litters of 4 mice, the number of letters which contain 0, 1, 2, 3, 4 female mice 

is as follows : 

No. of female mice, x : 

No. of litters, 

0 

f : 

1 

8 

2 

28 

3 

34 

Estimate the probability of a mouse being a female and find the expected frequencies. 

1 
[cfiR : p = 2 ,f, : 6.5, 26, 39, 26, 6.5] 

14. f..JJ...Jf<1folii i ~ ~ ~ CfiT lTTUf <ll'TT ~ ~ ~ I 
Obtain the mean and mode for the following binomial distribution if, 

(i) n = 99, p = 0.6 (ii) n = 60, p = 1/6 (iii) n = 8, p = 1/5 

[cfiR: (i) rrf'Ul = 59.4, ~ = 60 ~ 59, (ii) rrr'EZl = 10 = ~ 

(iii) rrr'Ul = l ~ = l] 

15. ~~~it ~rrr'Ul 3 ~ ,n:wrr 2 ~mm 3pR~ (µ1,µ 2,µ3,µ4,f31Jh) ffl 

~I 

In a binomial distribution mean is 3 and variance is 2, find the remaining constants 

(µ 1, µ 2, µ3, µ4, /3,, /32). 

[~ . ~ = !:_ p = 1 - q = l_ n = !!E_ = 9 Jl I = Q U = a2 

· np 3' 3' p ' ' ' 
2 34 1 17 = 2,µ3 = 3,µ4 = 3 , /31 = 

18
,/32 = 6 l 

4 

10 

4 

24 
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16. 4 ~ 160 "1K ~ ~ 3ffi f1i..iif<ha ~ql.'11fcf>a ~ fcrcRuT 'SfTC<f gaJT : 

"ffllfl q,1 lf&lT : 0 1 2 3 4 

4 fuffi q,1 ~ q,l lf@TT : 17 32 54 31 6 

~ -i:n-;ra ~ fcii fu"fl\ p ~ "ffllTT q,1 lf&TT3TT q,1 stt41F~,a ~ m ~ aw 
~-1-mlldi:l cfiT W!ijUf ,:ft~ I 

4 coins are tossed 160 times and following observed frequency distribution : 

No. of heads : 

No. of tosses : 

0 

17 

1 

32 

2 

54 

3 

31 

4 

6 

Assuming that the coins are unbaised calculate the expected frequencies for the 

number of heads and test the goodness of fit. 

[6W : stt41f~1a ~ : 10, 40, 60, 40, 10, i = 12.7;5% ~ B"r 1R" ~ ~ ~ J 

17. ~ ~ it 5 mffi ~ ~ ~ 9iT 96, 1R" ~ ~ I f.r:;r fficfiT it ~ q,l ~ cfiT 

3Jqcilf<ha 3W{fu fc«RuT R<TT PTT ~ I ~ 1'.fPTTIT 1R" fcii ~ 3ffi'Hll ~, ~ ~ 
qfl:cfifcta ~ I ~ ~ q,1 ~ cfiT w~ ~ ~ ~ i We.=JUT cfiT "3ffl ~ (5 ft:rffi 
q;) ~ ~ ~ '9T mffl q,l ~ f;r;i' '9T ~ 3ffiTT ~ = X, ~ ~ q,l ~ = f): 

A set of 5 coins was tossed 96 times. The following table gives the observed frequency 

distribution of the number of heads in a single trail . Calculate the expected 

frequencies on the assumption that the coins were W1baised. Use x2 test to examine 

the correctness of this assumption (x = number of coins that show head in a single 

trail, f = No. of throws). 

X 

f 

5 

7 

4 

19 
3 

35 

2 

24 

1 

8 

[6W : Sfflllfod ~Je = 3,15,30,30,15, 3 x
2 

9f{cfifl.1i1 ll.62,x2(.os.s) = 11.07; 

l'.fPTi1T ~ -;im ~ ] 

0 

3 

18. 7 fuclcit cf.I' 128 -ITT"~ '9T ~ ~ frr8 cfiT 3iq~lfcfii1 3Tfc{fif ~ f.r9 m ~ I ~ 
~ ~ fci; ~ ~ t ~ ofc-f cfiT ~ ~ I ~ ofc-f t >lTUl ~ ;p:rrq ~ 
cf<TT t ? 

19. 

The observed frequency distribution of 128 throws of 7 coins, according to the number 

of heads. Fit a binomial distribution under the assumption that the coins are unbiased. 

Whal are the mean and standard deviation of the filled distribution? 

finn cfi1 ~ 
(No. of heads) : 0 1 2 3 4 5 6 7 

~ cfi1~ 
(No. of throws) : 7 6 19 35 30 23 7 1 

[6W:~3JlcITT!: 1, 7, 21, 35, 35, 21, 7, 1 : llTUl 3.5, '5l1TT9" ~ = 32] 

r.,1-.1n1F@a '9T m~ RTilUft ~-
Write short note on the foIJowing : 

(i) ~ ofc-f (Binomial Distribution) 

(ii) ~ ~ cfi1 fq¥itli11~ (Characteristics of Binomial Dis tribution) 

(iii) ~ ~ t 3r,:R (Constants of Binomial distribution) 

(iv) ~ ofc-f t ~ cfi1 ~ cfiT w~ 
86 (Test of goodness of fit of a Binomial distribution) 



20. RJ...Jf~f@d <fi~ 'fit ~ ~-

fcf;m ~ fcrcr{Uf cfif lift2l 8~WWf 3~1 

Criticise the folJowing statement : 

The mean of a binomial distribution 8 and standard deviation is 3. 

21. *~~~~~~cfif ~ 4% mm 10 i~ ~~ 2 ~ 3lf-qq;~ 
1' ~ 'fit ~ cf<lT ~ ? ~ ~ e - 4 = .6703) 

If the proportion of defective items in a bulk is 4 percent, find the probability of not 

more that two defective in a sample of 10. (It is known that e - -
4 = 6703) 

(6W : P(o) + P(I) + P(2) = 0.6703 + 0.2681 + 0.536 = 0.992) 

22. ~ 3f:{\l9~of<ffd1~ fcfi 1 ~if~ 4 ~~mcfli lfcfim~~if 

4 ~ <filf ~ ~ 'fit s11f~cfidl i@ ~ ~ ~ : e - 4 = .018) 

The past experience shows that there occur on an average 4 industrial accidents per 

month. Find the pro.bability of the occurence of less than 4 industrial accidents in a 

certain month. (given : e - 4 = 0.18) 

x=3 

[6W: P(O) + P(I) + P(2) + P(4) = L e -
4 

4"] 
x=O 

23. ~ ~3TT cfiT f.m~ ~ ~ ~ ~ 2 ~ ~ ~ i I fcfim f.ffe@ ~ if (i) ~ 
~ 1' 61 o~ (ii)~ "ITT cfiT ~ ffl ~I~ i : e -i = .135) 

In an inspection of manufactured articles 2 defects per unit are found. Calculate the 

probability finding an article (i) without any defect and (ii) with 4 defects. 

[3W : (i) 0.135, (ii) .09) 

24. fcfim ~ o/ 3ITTfo~ ~ >ffu ~ 5 ~ 3fra i 1 ~ fc@"{Uf cfii ~BM~ 
~r:r.Rif 6~3lR~>IWfcM1ffl~I 

The average number of customers per minute arriving at a shop is 5. Using Poisson 

distribution find the probability that during one particular minute exactly 6 customers 

will arrive. 

['3W : 0.1454) 

25. M ~ $ 50 ~ $ ~'f.l' $ ~ ~ ffl s3TT fcfi {lli:Jl.:lld- 5 ~ if 3 T@@<TT i I 

~ ~ il; 3TT\Wo/~ 3fTl8 WWl fcfi 1,000 ~~~if 0,1, 2, 3, TR1fuaj cf@ 

~ ~ ~ ~ ~ ? (Rm i : e - 6 = .54&3) 

After correcting the errors of the first 50 pages of a book, it is found that on the 

average there are 3 errors per 5 pages. Use Poisson distribution to estimate the 

number of pages with 0, 1, 2, 3 errors in the whole book of 1,000 pages (Given 
-6 

e = .54&3) 

[6W : 549, 329, 99, 20) 

26. ~ ~ ~ <-1TTI ~ 'cWfOll cfi«l1 t fcfi ~ ~ cfiT 5% ~~I~ 100-100 ~ 
~ ~ if ~ cfi«l1 ~ 3lt( TffiUit ~ ~ fcf; i:ti\ if 3 B 3Tf'tlcfi ~ ~ ~ WIT I 

~ ~ W"TTi'RT t f'll 1:% i:tit $ ~ ~ ~ ~ ~ ~- q,{" m , 
A producer claims that 5% of his product is defective. He sells his product in boxes 

of 100 and gurantecs that not more than 34 items will be defective. What is the 

probability that a box will fail to meet the gurantee? 
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27. ~<fifffi<ft~~v:cfi~affCJm 8 ~~ 8 ~ 5 ~taflqif>ffC<fcfi«rr 
l m = 3 t ~ «ITT cfiT -cm,r;:f qi{ill ! I ~ oiRf <ft <FlT ~'WAT! fcf; 3lfTTTllT cfm-f 3lft 
3fqf'tr if ~ ~ ~ ~ ~ filM? 
The number of telephone calls an operator receives from 8 to 5 minutes past 8 follows 

a Poisson distribution with m = 3. What is the probability that the operator will not 

receive a telephone call in the same time interval tomorrow? 

[3uf: .04979] 

28. ~ ffi qiffi fcf;m ~if~~ -AB <ft~ l~ ~ I 'Sl'fcr ~ 10 ~ t@ 

~ ~ I ~ fcfo{ur cfiT ~ ~ ~ ~ ~ ~ fcf; 20,000 ~ if ~ fcficR ffl 
if (i) v:cfi ,:ft~~~ mrrr, (ii) v:cfi ~ ~ "ITTTTT, (iii) 2 <lllS<hl ~ m, 
(iii) 2 ~ ~ m, (iv) 3 ~ ~ ~ ~ (v) 4 ~ ~ mTl? ~ ~ 

-e·02 = .9802 l 

In a · certain factory turning out optical lenses there is a small chance 
1
~ for any 

lens to be defective. The lenses are supplied in packets of 10. Use Poisson distribution 

to calculate the approximate number of packets containing no defective, one 

defective, two defective, three defective and four defective lenses respectively in a 

consignment of 20,000 packets. (Given e -.02 = .9802). 

[3u{ : (i) 19,604, (ii) 392, (iii) 4, (iv) 0, (v) 0] 

29_ ~ iR m t cf>fraR if ~ o.5 >fflrm ~ ~ -.r-ra t m-m ~ ~ if -ra ~ 
i 1 ~ ~ cfiT <FlT ~ wrr -~ (i) ~ ,n ~ ~ ~ m, (ii) "q,q-~-cfill v:cfi ~ 
~ m 3itt 2 <n 2 ~ 3lfqq; ~ ~ iP (RcTT ~ e - 5 = .6065) 

In factory manufacturing fountain pen, the chance having a defective pen is 0.5 

percent, 100 pens are kept in a box. What is the percentage of boxes in which (i) 

there is no defective pen, (ii) there is at least one defective pen and (iii) there are 

2 or more than 2 defective pens? (Given e -
5 = .6065) 

(ITT'K : (i) 60.65%, (ii) 39.35%, (iii) 9.025 %] 

30. v:cfi cfillll<.1ll '5fifqcf; ~ ~ cfiT cfiT4 o"TI ~ ~ ~ ~ 3Wl m ~ ~ "ITT I 

~clil'Sl'fcrf03ITTTTR 201TT~"ifiB~!~ir~itWNTT 200~~ 

! I~ fcRTTuT cfiT fl ffl ~ ~-~ ~ ~ .cfil ~ ffl ~ ~ (i) 

~ mT ~~it ir 1% fl q,q ~ <H.ITT ~ t I (ii) 90% Rn it~ mT 

~'F"Tcfil4~cfi""{fwn~~I 
A manager accepts the work submitted by his typist only when there is no mistake 

in the work. The typist has to type on an average 20 letters per day of about 200 

words each. Use Poisson distribution to find the chance of his making a mistake if 

(ii) less than 1 % of the letters submitted by him are rejected and (ii) on 90% of days 

all the work submitted by him is accepted . 

[~ : (i) P(O) = 0.99 ⇒ m = .01014 ~ p = .00005 (ii)P(O) = 0.9 = m = .1054 

~ p = . 00026] 

31. ~~it >!fo ~ 89 JR<TT i:wTI Tflfl. I ~ ~ t 3TTt:ITT" "CR v:cfi ~ fc«RuT cfiT ~ 
q;t: 

>!fo~~: 
~cfil~: 

(Rll"d : e -
5 = 6065) 

0 

200 

1 

90 

2 

20 
3 

10 

4 

0 



. _[ 

The following mistakes per page were observed in a book. Fit a Poisson distribution 

to the data : 

No. of mistakes per page : 0 1 2 3 4 

No. of pages : 200 90 20 10 O 

( Given : e - 5 = .6065) 

32. ~ ~ t ~ 100 ~ cf>l ZcfiUT if 89 >fcfiKT@ftraj <l>l 1 ~ ffi"{Uf q;r ~ cfiU 
~~~ffl~: 

~~ffeaj: 0 1 2 3 4 5 

~ cf>l ml : 42 35 14 6 4 1 

<R<n ~ : e -.1 = .3679) 

A typist coII1IWts the following number of mistakes per page in typing 100 pages. Fit 

a Poisson distribution and calculate theoretical frequencies : 

. Mistakes per page : 0 1 2 3 4 5 

No. of pages : 42 35 14 6 4 1 

(Given : e -.1 = .3679) 

~: ~ ~ : 36.8, 36.8, 18.4, 6.1, 1.5, 0.4] 

33. 89 ~ fcfim m cfiR it ~ 100 cf'TT it ~ ~ t ft'TTf ~ q;'t oqc@ ~ t I ~ 
fcrcRurq;r~~: 

Below are given the number. of vacancies of Judges occuring in a high court over a 

period of 100 years. Fit a Poisson distribution : 

ftfcFraj (Vacancies) : 

3WfIB (Frequency) : 

0 

56 

1 

32 

2 

8 

[~ : m = .5488, Slc-lllf~l<i ~ : 54.88, 32.93, 9.88, 9.31] 

3 

4 

34. f.:r:;r ~q(1Jcfifi if~ c.R1 <lil dJ.-tjll{l;jj-i ~ 3ITT ~ ~ q,'t TTUl'-i"T ~: 

(e -s = .6065) 

Fut a Poisson distribution to the following data and also calculate theoretical 

frequencies : 

~ (Death) : 0 1 2 3 4 

3WfIB (Frequency) : 122 60 15 2 1 

[~ : m = 0.5, ~ ~ : 121.2, 60.65, 15.16, 2.53, 0.32] 

35. "CqT<TTR ~ t ~ ~ >fm1l1 $f ~ I 

Find the mean and variance of Poisson distribution . 

36. ~ fcf; f.:r:;r q;~ it m 3ffiTTRr t : "~ fiTTTTur qi! ~ "GTUl 16 t 3ITT 3"Bcfi1 WTTCf 

~ 9 t I" 
Show that there is a inconsistency in the following statement : "The mean of a Poisson 

distribution is 16 and the standard deviation is 9." 

3 7. f.:r:;r qi\'8 q,'t ~ ~ : 

Comment on the following statement : 

~ ~ t ~ ~ 8 3ITT ~ 7 t I 

"For a Poisson distribution mean is 8 and variance is 7." 

~Rif@li:iflq~ 

NOTES 

89 



~ ftifuqq{/4 ~ 

NOTES 

90 

38. ~~~it 1,000~~-;;rra~~amro~ 120f0~ ,~~>Hil91.-4 

ok;J~~~~,r:m~ 20ITT~I 

(i) ~ ~ ~ 90 ~ ~ 3fT1T ~ m ~? 

(ii) <l'R~~~"Cf{~~mcfil~mm ~~ ~ ~ 10% ~ 3TT'Ef<li~ 
~~m? 
1,000 light bulbs with a mean life of 120 days are installed in a new factory. Their 

length of life is normally distributed with standard deviation 20 days. (i) How many 

will expire in less than 90 days? (ii) It is decided to replace all the bulbs together 

what interval should be allowed between replacement if not more than 10% should 

expire before replacement. 

~: (i) 67, (ii) 94 f0] 

39. ~~~if 7% ~ 35 ~ qii, ~ I 89% ~ 63 ~ qil, ~ I ~ ok;J ~ X cf?TT 

acf<lT~? 

In a distribution exactly normal 7% of the items are under 35 and 89% are under · 

63. What are the mean and S.D. of the distribution? 

[61K :X = 50.3 and SD.= 10.33] 

40. ~~~if~ 1,000 ~ cfi1 3ITTIB ~ 67 ~ t I ~ "5fBT9" ~. a 5 

~ ~ I 6B ~ ll 72 ~ ~ 3TT'Ef<li ~ ~ cfi1 ~ cf<lT -?rrfi? 
R<TT ~ : 0 3W 1 a t ~ ~ = .34134 cf?TT O 3W 1.5 a t ~ = .43319 

The mean height of the 1,000 workers . in- a steel plant is 67 inches with a standard 

deviation of 5 inches. How many workers are expected to be above 72 inches in that 

plant? 

Given : The area under one side of the normal curve for l a is .34134 and for 1.5 

a is .43319. 

[3W: 159] 

41. <l'R ~ ~ fc«RuT ii 500 ~ cfi1 fi ~ 65 ~ n'lTT >P1T9' ~.a 5 ~ m,m 
~m:nqi)~ 

(i) 70 ~ il 3TT'Efcli mrfi I (ii) 60 3W 70 ~ t lfUl -?rrfi I 

If the heights of 500 students are normally distribution with mean 65 inches and 

standard deviation 5 inches. How many students have heights. 

(i) greater than 70 inches. (ii) between 60 and 70 inches. 

[3W : (i) 11, (ii) 68] 

42. ~ ~ qil{yT{~H ~ ~ "9't 2,000 ;,it ~ ~ I <fR ~ ~ qi) 3ITTTTf 3lT<J 
1,000 ~ m 3Wa = ~00 ~.m ~ 700 ~ q@~ ij fcf;<R ~%Rm~? 

f.f9 fficfiT ii ~ crn;-r&1 ~ ~ ~ TTW t: 
X-X - - 1 1.25 

0 

~: 0159 0.106 0.067 

The Mumbai Municipal Corporation installed 2,000 bulbs in the streets of Mumbai . 

If these bulbs have an average life of one thousand burning hours with a S.D. of 200 

hours, what n.umber of bulbs might be expected 10 fail in the first 700 burning hours? 

the table of the area of normal curve at selected values is as follows : 



X-X 
1 1.25 1.50 --· a 

Probability : 0.159 0.106 0.067 

~: 134] 

43. <lR ~ cf>1 amro ~ 68.22 ~ m ~ ~ a2 = 1.08 ~mm~~~ 1,000 

~ il 6 ~ ~ 3lftfcfi ~ ~ cf>l ~,wr,:rr <FlT ~ ? 

(stfli'il«l ~ if 1.15 lR cfilR ~ -zyn' ant cfiT ~ . 6221 ~ I) 
If the mean height of soldiers is 68.22 inches with a variance of 1.08 inches, how many 

soldiers in a regiment of 1,000 can be expected to be over 6 feet all? (In a normal 

distribution are to the right of an ordinate at 1.15 = 6221.] 

~: 125] 

44. 10,000 ~f<R141 ~ ~ cf>1 "Sffif ~ 3Wl cfiT fcm1l1 ~ ~ ~ ~ 750 ~-~ ~ 
>fl1r9" ~ 50 ~- ~ I ~ fcf> ~ ~ ~ 95% ~ cf>1 3Wl 668 ~- ~ 3lftfcfi ~ 
5% ~ cf>1 3Wl 832 ~- ~ 3TTtfcfi mrft I ~ ~ 100 ol!f<R141 ll'it ~ q;q 3Wl 

fcf;q;ft M ? 

The income per month of a group of 10,000 persons was found to be normally 

distributed with mean Rs. 75 with a standard deviation of Rs. 50. Show that of this 

group 95% had income mean Rs. 750 with a standard deviation of Rs. 50. Show that 

of this group 95% had income exceeding Rs. 668 and only 5% had income exceeding 

Rs. 832. What was the lowest income among the richest 100? 

~: 866.5~.] 

45. ~ ~ if 1,000 ~ ~lcH-JiPN, 'CfilTT ~ flif&lcf>l~ ~QR it ~ i:wn TT<TT fcf> ~ TfTfuq; 

3ffifif f.miT 8,000 ~-~ <f2TT >fl1r9" ~ 2,000 ~- lqT I ~ ~ cfiit ~ fcf> f.miT ~ 
~ il fc@fuf t ~ 'CfilTT cf>1 msllT ~ ~ : 

( i) ~ ffl lTTTT-fcfi ~ 6,000 ~. ~ q;q ~, <f2TT 

(ii) ~ ffl lTTTT-fcfi ~ 7,000 ~- ~ 9,000 ~- ~ ~ ~ I 
In a statistical survey of 1,000 small business firms in a city, it was found that their 

monthly average sales a.mounted to Rs. 8,000 with a standard deviation of Rs . 2,000. 

Assuming that the sales are normally distribu ted, estimate : 

(i) the number of firms whose monthly average sales were less than Rs. 6,000 and 

(ii) the number of firms whose monthly average sales were between Rs. 7,000 and 

Rs. 9,000. 

Z=-x-µ: 
a 0.1 

sm141~ mfl ~ ~ cf;T ~ 
(Area Under the Normal Curve) 

0.5 1.0 1.5 2.0 

A : 0.0398 0.1915 0.3413 0.4332 0.4772 

1~ : (i) 158.7, (ii) 383] 

46. ~ ~-qi"{ 3TT%m :t ~ fcf;1.JT % fcf> ~ cfQ if ~ f>R 500 ~<Hll~1 ~ ~ ~ % 
~ 3ffi@ f.miT 3,60,000 ~-~ % ~ ~ ~ ~ 1,00,000 ~-% I ~ lfRcfi"{ Ri 

~ ~ cf>1 ~ ~ fc«TTuT ~ ~ % '~ ~ : 

(i) d<l ~clfll4! 'lit "ITT§ql ~ ~ 4,00,000 ~ -~ 3TT'qq, ~ I 

(ii) d<l ~clfll41 'lit~~ f.miT 30,0000 ~- ~ 4,00,000 ~- ~ 3TTtrcli "ITT cf>1 ~ ~, 

~ Rif&w174 ~ 
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(iii) ~ ~ ~ ~ ~ M olfqlWJ ctt ~ 3,oo,ooo ~- ~ ~ m ctt ~,cl11 1 

A Sales-tax officer has reported that the average sales of the 500 business that he 

has to deal a Sales-tax officer has reported that the average sales of the 500 business 

that he has to deal with during a year amount to Rs. 3,60,000 with a standard deviation 

of Rs. 1,00,000. Assuming that the sales in these business are normally distributed, 

find : 

(i) the number of business the sales of which are over Rs. 4,00,000. 

(ii) The percentage of business the sales of which are over Rs. 4,00,000. 

(iii) The probability that the sales of business selected at random will be over Rs, 3,00,000. 

~ : 
a 

A: 

0.25 

0.0987 

~: (i) 158.7, (ii) 383] 

0.40 

0.1554 

0.50 

0.1915 

0.60 

0.2257 
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a-~-3 f.t.~:1i"1 ~ ft141;a ~ ~ 'Q"U~ 
(THEORY OF SAMPLING AND TEST OF SIGNIFICATION) 

~ qi\ ~CU-OJI 

3.0 ~ 

3.1 ~ 

3.2 wr.:f"qTWlURf~ 

3.3 ~~~3{UT]"ffi 

3.4 ~~clil~ 

3.5 ~~ 

3.6 tiif@M,lll f-1llf~@11 Rll1, 

3.7 ~~~ 

3.8 ~tfci1Jlf 
3.9 ~ fci1Jl{ 

3.10 mm w~ <it-ZR,~ ZR,~ ZR) 
3.11 "BTITTT 

3.12 ~IGif!.l<'kfl <Tl ~1Gi:!.1i"'1 

3.13 ~tl~ 

3.14 ~:1R"&~ 

3.15 f~lllil-icfi ~ 

3.0 ~ 

~~ cfil 3f'Uf<R~ t~ 3j"fq~<TTTil°"ITTffl~ 
1. ~ ~ wr.:f ~ t 3l~ "cfiT ~ ffl I 
2. ~ 'J:R cf>l fcif,:r,;i- ~@<TT cfiT ffl "ITT7TT I 

3. ml~ cf>lm~cf>l~cfi\ffl I 

3.1 Slf<ilcHI 

fcfim ~t ~it~ "51cfiRU ~'QR~ -;;rr ~ ~-

(1) wr.:r -qr W1URT >fUT@\ (Census Method) 

(2) ~ -qr~ >fUT@\ (Sample Method) 

zj-;n 51011ff141 cfiT ~ ~ CflG U ~ ~ orc@T ~ ~ mTfT fct. Bif&iq,l it m ~'!lR 

~ ~ "cfiT WTTl' (Population or Universe) ffi t I fcfim ,:ft wr.:r cfil ~'QR CflG t fRit -qr ill WTTl' 

~ ~ JR (item) ~ ~ it ¥1] ~ cf>l ~ ~ ~ WTURT >fUT@\ ffi l 1lT wr.:r ~ "tl''TI ~ 
it u fcf;m ffi ~ ~ ~ ~) u >lfarutl JR 'fl fRit ~ i f;;m ~ -qr ~ >fUITffi 
~ t I ~ ~ zj;n "Sf011ffil!1 cfil ~ Rffi ~-

3.2 tPrn m fillOHI sio11M) (Census Method) 

3iieli'f < Rirutli:IIQ ~ 

NOTES 
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3;(f{~ \ifT "'j<fiT ~ fcf; ~ ~'El'R il; ·W{<f if t1Rlf.ti11 WfJf (Universe) cf>l ffl ~ cf>l 
~ cf,l ~ m ~ ~ "lfT WTURT ~tlH ~ ~ 1 ~ '5fOlTffi if ~~ ~ mlfJit ~ 
~ ~ ll'.:ml ~ cf>l ~ cf>l ~ ~ 3TIHf1TT ~ cfiT tif,mlll ~ fcfi"lfT \ifT<TT ~ I ~mil; 
~tlH cf>l 3f l<Wlcfii11 ~ ~ ~ ~ ~ f<.f;m W{<f ~ ~ if ~ 3f'2J<H cfir-lT ~ d-cq«!Ull 

~ ~ f,wrn.fl llill SITt<f cfir-lT m I ~ ~ cfiT d1fllT1T ~: '"11' 10111, ~ ~ 3ll<ffif-f.rmr, 
3TIR cf>l 1fORT ~ ~ fcti"<TT \ifT<TT ~ I "lJ'R ~ f<.fim in;Jfq~ I (1 lJ ~ ~ ~ cf>l ~ ftl!Jftr cfiT 

~~ ~ ~ ~ ri ~ 3IT<1-o!l"ll" cf,l ~ qi{" m ~ ~ cf'lIT W1URT ~'El'R m ~ ~ 1 ~ 
"SlcliK cfiT ~'El'R ~ ~ ~ ~ °ITT qi{~ ~ ~ ~ wmi fil m I 3TT~: 

~ '5fOlTffi (Sam pie Met hod) cfiT "ITT ffl fq;-"lfT \ifT<TT ~ I 

~~ if ~ 3;i qflf~Falll q;r 9$r ~ ,tt ~ ~ ~ ~ ~ '5fUJ@t ~ ~ am- 3tl'cfiT 

ffl cfir-lT ~l!IT ~ ~ I ~ qf{fflqfal{j cir ~ m ~ fq;-"lfT ;;n ~ ~-

(1) 31~UR q;J mfira ~ (Limited field of Investigation)- ~ ~ ~'El'R cfiT ~ mfl:TTT · 
~~~if~ ;;n -~ ~ 1 <lR ~ fcf«fcf m m ~ '5fUJ@t cfiT ~ cfiB ~ ~'El'R if cfiTCf>'t 

'f-1', ~ 3ITT" ~ cf>l 31 I q ~ll cf>il I ~ I . 

(2) 3lj+tUR cit <Pl qfhtd4~TIH Wpra (Less Dynamic Nature and Investigation)- ~ '5fUJ@t 

cfiT ~qi@~~ if@ ~WfKqi"{~ ,tt ~ m f<ii ~ m ~ il; fcrrll' if ~'El'R 

Cf>81 ~ ~ ~ oolrcf ~ q,l ~ qftqJ1~nct m ~ ~ , "lJ'R ~ ~ m ~ if ~ il; 
~ ~ ~ cfiT ~ ~ m ~ ~ am-~ if fq;-"lfT 7flIT o!l"ll" ~ m ~ , 

(3) ~ ~ c€t 311~~cbi11 (Need of Intensive Study)-~ ~ cfiT MIT 3"-1 qf{f~fal{\ 

if ,n fcii"lfT ;;n ~ ~ ~ ~ ~'El'R il; fcrrll' il; ~tf if ~ 3l'2flR Cf>81 ~ it I 
(4) ~ '{(ci 'fct~cfA.fl<MI (Accuracy and Reliability)-~ qf{f~fa q \:ft~ '5fUJ@t ~ 

m ~ ~ I~~ 3rR 3f:rl'El'R il; RttfilTT it affqq; ~ affqq; ~ 3ITT" f9~qf1..flllc1I ~ qi8T ffl 
~ I <lR ~ ~~ ~ fcii ~ ,n ~ il; cfiTTUT ~'El'RcfiT~olliq m ~ ol~ ~ '5fUJ@t 

q;)-~~I 

WP-t 'Sl'UTTro a; 'ffi1' (Merits of Census Method)- >fUITT11 ~ fcii ~ ~ 7flIT l ~ 
qf{fflqfal{j q 3fli:l~llcficil ITTol ~ I ft!>{ ,ft ~ '5fUJ@t il; ~ :rrr-~ ~ I ~ ~ ~ TIT cfiT q$f 

ffl :-

(1) ~ il; m ~ ~ ~ >fTL{f ~ ~ cfiTTUT Rcfi@ ~ ~ it 3Tftfcfi ~ ~ ~~l'TTTT ~ ~, 
(2) ~ ~ <bl ~ ~ ~ ~ it fcf«[cT ~ >fTL{f m ~ ~ I 5B ~ cfiT ~ ~ it 

~ ~~311 cfiT 3fu:r<R ~it~ ;;nm% I 

(3) ~ >f01'@t il; cfiTTUT ~ cfiT ~ ~ m ~ ~ 3ITT" ~~ cir ~ ~ il; om- it 1i°T 
~ m ~ ~ I ~ ~ il; &:m ~ ~ -rrcTT cfiT ,n i:roT 7i'fc1 -;,mn ~ ~ ~~ ui-R it :i­

~ I 

(4) ~ >f01'@t ~ m3TT il; 3lu:r<R ~ ~ '91 31:f<WTT ~ ~ 3fUf<R ~l\-1 ~ it t1ifco11ct,l 
il; 3Rflfo~m ml~~.~ , $Y11i;l(l 3lTR I 

(5) ~ ~ 11:cfi ~ "H cfiTCf,1 f 'Fl it 3ITT" ~ '5fUJ@t &:m ff q,~ c1 1'[4cf> ~'El'R cflBT cfifu:i-
m 9ITT ~ '5fUJ@t cfiT TI<TI1l ~~~~I . 

tl1l!l' 'Sl'UTTro t zyt (Demerits of Census Method)- ~ >fUT@1 cfiT ~ ~ ~ it ~ 
~ "H fcii"lfT ~ ~ 3fif: 1"Wl ~ <tifd1l~lli ~ ~ ~ m ;;ncf\ ~-

ffl '5fUJ@t it 3TTtfcfi tR, affqq; ~, 3TTtfcfi TJ1l[qi 3ITT" 3TT% ffl (energy) ~ ~ ~ f.;rm't ~ 
~ <il~fcftjJ'5f1cf> m ~ ~ I 



(2) ~ JJ111Tffi ~ ffl if ~ ~ cf>fd-il$lli 'ifi ifs<l ~ ~ ~ I ~ ~ 3lWT ~ ~ ~ 
~fq'T[TriR"R'f~~ I ~W<liK3f?f<:TTll:ct>~~~~"ITT~~ I 

(3) Wf!f ~tl'R ml ~ ~ ~ am-~ JJ111Tffi WT f.fcliIB ~ ~ if >!Tlf: ~ 
3Rft;rm'~~f11;t~~Hl<WMi"{<\tf~~~CfiT~Ffilll~I 

3.3 f.:,a,~T..:f ~~ .:£rn~~l SIOIIMi (Sample Method) 

YR"~ Wl!l' ~m:l~ "Tf-zyTT <fil~Ffilll~ I~ ~~m~~ fcf; ~>{cf>K 

<fiT ~qr,:f oqfu; ~ ;tt ~ ~ ~mfr~ I ~ ~ "ITT ;rm',~ ~ 'ifi ~ '5fOJ@T cfil" ~ 
~ ~ ~ ~ ~ ~ mPTTf ~ ~ I ~ cfiRUT m ~: ~ ~ ~ JJ111Tffi ~ 
ml ~'EfR ~ -;jfffl ~ I ~ JJ111Tffi if Wfll' CfiT ~ ~ Ffi"llT ~ ~ I ~ Wfll' (Universe) if 
B ~~(Units)~~·~ "ffi ~ ~ -;;n Wfll'.<fil >ITT!f.Jf'«cf ~ it I~~ q;{mq-tjt 

<fiT ~ FfillT ~ ~ I ~ m ~ ~t!R ~ ~ I ~ . ~ ~ 1l,q, 9~1fclWt'fll if 500 ~ 
~I~~ 3Wfcfi ~ ~191f-ilcfi ~~ cfivfT ~ I "ll'R ~~~if~ B ~~qi{~~ 
~ m@ (TT~ WPf ~'-TH cf>~t'fl14•11 I~~ 500 ~ it B ~ 50 ~ ~ ~ ~ 
~~ m ~ ~qi{~ 3lftW-q"{ 3l1R ~ f.rcfi@ ~ ~ m ~ ~ ~t!R 

cfi~t'f,4•11 , ~~ml -;;n 'lffiUTTlf ~ f.{lq;if ~ ~ WfllTT ~ * m mit, ~ m 
Wf!{-'5fOJ@T cfil" ~ ~ it 3NfR B m fcriM ~ ~ ~ mfr ~ 3TTr -~HI <Hllcfi ~ B q;r, 

Wl<T er ~ qi[ ~ mor l ~ lfRq ffl qi'f \ft ~ 'fTTlTT 11ftf * fcfcml mfr l , ~ JJ111Tffi ~ ~ 
cfiT ~ mfuq-cfi mm~ ~ it ~ >{cf,K o2lftf; ~ ~ Wfiill ~- ,,~ ~ tjfu cfiT<@ ~ ~ 
3lTtTT{-q"{ ~~~~.<TT ~ qi{ .R<TT ~ l 1 ~ ~ ~ ~ .tt ~ ffl ~ wn 
~~~~it fiifcficticfi ~ Rcfilfl<ll l 1 ~~~(devices)~~ mT ~ ~ 
~ qi[ f.rn~ ~ Gfit lITT13TT ~ ~ it ;;JRT -;;;rcfT ~ i" 

<rITT ~ ~hr~ wn f<fi ~ ~ ~ ~tlH it >lfuf.n'f-T ~ <fil ~ ~ ~ 
~ l , ~ yn 7l"$ ~<fl~~ qi[ >l"ftlf.:!f~ ~ i m ~ ~ TTCJ: ~ ~ mit. 3R"~ 

l@o I ·3IB: yl1 7l"$ ~~)it f.fl:;f :JUT "ITT ~-

(1) ~ (Samples) ~ "ITT ~ ";;iT Wl!l' cfi"T ~ >ITTTRf~ ~ it I 

(2) ~ cfiT ml 3lfqq; m-;:ft ~ ~ ~ 3TT'f-T"cfi ffm ~ I ~ ~ 'ITT ~ l fcfi 
~ cfiT ~ ~ an'f-T"cfi M ~ m 'f-l1,~ er Wl an'f-T"cfi~ ~cfill"ITT9lrr mq,1 
~ it ~ cfi>( ~ m11 , 3f(l: llUl lWT m 3rj'l'.f wn ~ ~ cfiT ms<:n ~ ~ an'f-T"cfi m 
3TTr ~ ~ cfill I 

~ cfiT 3ITTITT (Basis of Sampling) 

WTURT>TUTrffi~~~~>TUTrffiqi[ffl"cfiG~~~ 3WWl? ~qi[~ 
Wf!{ (Universe) cfiT ~ if 1ITT ~ 9Tffi Q_q,~qa1 l I WTT ~ ~ ~ B ~,:ft ~ it 
~-~ m. ~ i ,w:f; ~ m -?rill l 1 ~~it~ f"FT<11 ~~,:ft~ :JUT~ m 
~- ;;ft ~ if WlR ~ B ~ -;jfffl t I ~ ~ B ~ ~ ~ ~ B f'!R -?rill l 1 "i:f[{<11, ~, 

ffl,cfi"T<T-~~~ 1ffifucl; ~it~~~~~ it~ 3RTT"-?@1 ~I~ r.m ~ 
.nm it m<11 ,:ft mm ~ ;;ft tl'ITT ~ ~ ~ ~ ~ qf{ffl'-lfa41 it ~ mm l 1 ~ dl€(9i;l<i41C: ~ 
cm--m it ~ ~ 10% ~ cfi"T ~~ ~ Tf<TT, f;;rnit ~ 1l<ll WIT ~ r.m if 20% ~ 
~ ~ i I "ll'R ~ ~ qi[ 3f:!tlt-TR 'TT ~ ~ <fl 'ITT ,mtfR cfiG 9ffil cfi"T >ITTmo Wlo/f 

w-nm ~, ~t ~ ;;ft "I@~~ ~it ~tqg Wl!l' ~ ~it ,:ft~ M, 

~ Riff111iifflq ~ 

NOTES 
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t,.. 

~ '511JTTm cb1 3liq¥<,IC'#idl 

~ m ~ q1lt,f ~~~it m ~ i fcti ~ >fUTTffi ili ~ cf,1 3!Ic1~qcfia1 cfloi am-<flil 
~ i I N{" ,:ft ~ ~ ~ cf>1 61Icl~qctidl il; cfiR1lTT cflT ~~ it ~ qet;f cfi"@ ~-

(1) q;,:ft-q;,:ft ~ ~ "5fUTTffi ~ itm i I WlURT >fUTTffi cflT 3ffl it m ~ ~ i I <TT 

qftff<1f<i~l ~~~~~it ~ i I ~. ~ ~it~ fct;m ~ trzyf cflT 

~ 1 ~ cf,1 m " ~ l 3N= ~ fct;"p:f cf,1 ~ "WTURT '5fClTTffi ~ ~ it ~ i 1 

ftrr<r, ~ w-'Tcf i fct; fct;"p:f ~ fccfil&q-1 cf>1 ~ cfi"@ ~ ~ m ~it~ I~ 

q[l:f~fd it WT1lRT >fOl1ffi sJU ~ cfi8 W tl'TI ~ ~ it ~ I 3«1': ~ "SJ'UlTffi m 
~ >fUT@t ~ i ~ ~ M ~ i I ~ >fcfiTPlR ~ fct;m ~ il; <IT cf,1 ~ 
cfi{;ft i m ~ "SjUffffi ~ ~ ili oR ~ ~ cfi{;ft M, ~ tf'll <ft~ m it 
~it~I 

(2) Wi lr<-1<1: ~ '5fClTTffi &i lcl ~IKcfi m<ft i I <lR ~ cflT ~ ~ ~ it <TT WT1lRT >fUTTffi il; 3ffl -
it 'Ff,~cfYTTffl~olflfwt I ~~~oHR9@Tq;.:q;fi 311H~ili~itmrIT 
cf>1 Wl 7jfffi il; ~ ~ :cfiT 3ffl cfi8 9ffi ~ oqfu; ~~~~<fir~~ -
~ ~ ,n 3lf'-iqi wrr aw~ ~ ~-~m wt , 1tm qr:Ff'!lfd it ~ WJT@t m ~ 
~!, 

(3) ~ >fOl1ffi ~ >!'TGf ~ q@ ~ -srrir: W1URT >fUT@t ili ~ ili ~ m itcfi m ~ , rf;"{ <m 
>fUT@t <FIT~~~ I m. ~ il; ~."~it~ il; ~ f.fcf;@t TJt ~~ 
~ m ~ 3lf'-iqi ~ ~ ~ cf,1 ~ ~ ~ ol':l'T ~ cf,1 T1l WT1lRT cf,1 ~e;n 3lf'-iqi 
3"ijll~~~~~," 

(4) 1tm qfl:f~fdqj ,:ft q;,:ft.q;tjt 3c1'.Fl it ;,mft ~ ~ ~ ml'.f!TT cflT ~~it~~ 
nof ~ >fUT@1 m 3l1Rf.IT ~~I fclim ~ if 3JTll ffl ~ Bof.<i cf>1 TTT3 ~TJt 3ITT 
~ ~ ~ ffi m m ~ >fUT@t ili 3TTW w m ITT1i ~ q;ur,ft qil ~ M , 

(5) ~ ~3TT cf>'t ,f<fifu mtJ ~ 9@T it nof WTURT >fUlTffi ili m ~ cf,T{Uf 3lf'-iqi "WTlf ffl 
~ ~ 3J ti Iii tf,Hcfi ~ 3ITT 1tm 4 RF~fct if ~ >fur@l cflT ffl "in 3"ij1'.f ~ ~ I 

3Ff if ~ "SJ'UlTffi cf>1 3Jl<Hqcfidl c!il 'Sit. ~ ~ ~ if ~ ,rq;J'"{ ~ fcf>m ~ m ~­
"f.rm >fur@l cflT 3ffl ~ cf &il41Kifi ~tTR it ~ ~ ~ m<TT ~ cf<TTfcf; ~ 

~ ~ 3ff1llR' if cfi'TT-<ii'TT ~ ~ ~ '5fCl'TIBl, -srrir: ffl 3!fqq:; <41<'161Kcfi 3ITT ~wm01aq1 ffl 
3"ij1'.f >fUT@l mm ~ ( 

3.4 f~c{~\.:i ~ cf>1 q;;gfalfi (Methods of Selecting Samples) 

~ ~ q;) f1·9Fcif{9d ~ ~ l 
(1) ~ <TT <4"fCfcfi f.R"m (Extensive Sampling) 

(2) ~ ~ (Deliberate, Intentional, Purposive, Conscious or Representative 

Sampling) 

(3) ~ ~ <TT ~ f.Rm (Random Sampling or Chance Selection)-

11 

Ill 

IV 

V 

~ ~ (Lottery System) 

~ ~ (Rotating the Drum) 

3JT& ~ ~ 'fR1 (Blind fold Selection) 

'tl' cfT ;:p:q( <TT f1q41j~il< ~ ~ (nth 
number or Systematic random sampling) 

~ qil ~ ufu ~~(Arrangement of items in some order) 

http:q;p:r.ft


vi ~ cfi1 ~an sJU (Tippet's tables) 

( 4) ftITTm ?:Jr ~ ~ (Mixed or Stratified Sampling) 

(5) il§«Hlll ~ (Multi-stage sampling) 

(6) 3R f.R*-1 >1°11F~tili (Other Sampling methods) 

~ ~ ~ (Multi-phase Sampling) 

u ~ 008 (Quota Sampling) 

w ~ ~ (Sequential Sampling) 

1v ~!fcttll:J.«1{ ~ (Convenience Sampling) 

v ~ 008 ~ (Balanced Sampling) 

vi ~ ~ ~ ~ (Cluster Sampling) 

3R ~ ~ ~ q;r 3TWT-3TWT fcJffl ~:-

(1) ~ m ~ ~ (Extensive Sampling) 

"WTURT ~ t WfR -m ~ ~ cfi1 W'TTffi mm ~ I ~ ~ it ~ 3TTtfcfi Ifl;l"T it 
IB<TT ~ ~ I cfi'TT-cfi'TT en tf'TI ~ ~ q;r ~ ~ 3RPlo M ~ ~ I ~ <lR cfi"ITT 

~en 61Fa~1ll1F"cti-=r@m fcfi~~~~q;r-m~~~, iw,n~it 3R'"{"t 
<rofq~ 3R'"{"fcmtf~~~ 1 WTURT>fUITffiit ·~q;r~~~ ~fcfi<n~ 
i,~~~~it~31~~q;r3fur:r-rfcfi<n~~~WllIBT~.~m 
~i, 

~ ~ ~ ~ (Merits)- (1) WTURT >fUITffi ctl ~8;ll ~ ~ WP1 mm ~ I ~ ~ WT1fill 
~ >11'<1' m ~ t ~ ~ it «FUif(.1<1 cl){"~ ~ i arr{~ >IW<f ~tf 3flfcTT cfifcR mm t 
3i~R<TT~~, 

(2) ~~WT fcfi<n 7T<l"T ~~ Fct~crn-llll ITToT i ~ ~ 'TT WTURT ~ ctl ,TTfif 
-m "5!l<l: ~'TT ~ q;') ~ q;') ~ i I 

(3) ~sm"f fcrfqq;JTN, 3TUf<R~ mmi ~lffiUTTll~ 3f"fflqcfi~~t I 
zyJ (Demerits)- (1) WJURT W'TTffi ctl 'TTftf-m ~ >fUITffi nu ~'QR it~ 3TTtfcfi 'ER', Wfll" 

cfl'ff 1ffiJ3lll q;') di I q ~ lj cfi<l I mm i I 3Rf: ~ >fUITffi q;r ~ 'TT mf1:ra ~ ~ -m m tfcfi(ff i I 

(2) itm qn:ffl'.lfa B ~ W'TTffi cfil ~ ~ m ~ ~ ~ ~~ ~ ;ft@ 

cfT ~~<"ITT m I ~ of@ cfil ~ 1lt ~ ~'ll9 ~ i arr{~~ t ~ ~ q;') mN 
ir~~m~i, · 

(3) Wf1TTTT ~ ~ 1R1 cfil -m ~ t cfiTT1JT <l\l 'll"<l Will ~ fcf; ~ : 3TTtfcfi ~ ~ ctl 
~ 1 m ~ f,Rcfil >11'<1' cfiG1 cfifcR i I ~ cfiTT1JT ~ ~ "iITT cfT 'll"<l ml i I 

(2) ~~ 
(Deliberate, Intentional, Purposive, Conscious or Representative Sampling) 

~ fq; ~ >JUT@1 ~ -;rrq ~ -m ~ mT t ~ ~~ ~ cfT ~ fcitjll't_4cfi cfi«!T 

i I ~ ~ cflra Wfll" ~ ofRf cfil ~ ~ i fcf; wirif ctl Wf fcii\tl<ll~ ~ it 3,T ~ I ~ ~ 
ctt 1ffi' ~ % 3l1R ~ il ~ 1Rt cfil «FUiF<.1<1 ~ i ~ w:m ctt tNt ~an cfil ~ ~ ~ 
m, ~ 1Rt * ~ B ~:m wrrr ~ q){"@<TT ~ i, ~ ~ ~.<lR ~ ffl~ 
~ ~ lf~ ~ 1lT9T cfi"T ~ ~ ~ m <TT~ ffl wifl * 7lT9 ~ ~ I 3fltfcfi d..Jfa~nci 

3flicTT ~ ~ 7JTcTT cfil ~ R'l11 ~ I 
~~cfl~31l 3f:Plqr;fll ~~t.~ ~~ ~ ~ mmifcfi 

~ «Mf(.1<1 cfiG1 ~ ml i I ¾i1: ~ B ~-~ 3mrT cfi"T ffleJUT ZRT 3IT<l"G ~ mff 

~ Rif@,41"4 ~ 
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~<lil tlfl-lif<?ta r~f.R'T 3ff{U"ITT~~ I ~~<lit~~~ ~'Elmi<rtCf>l ~4Hi!.ll1, 

~ ~ ffl -qr 3JTtflfta i I 

~ m~~ <lit m;, ~ >1011f<?t~i mITT ~ ~ ~ ~ mfcf;m -;;rr ~ i­

(1) 3ITTra 'T1f ct\'~ cfil ~ (Selection of the unit of average quality)- i\m fcf; ~ 
~~i~aih:@~~~cJil~t3fftJK-qr~f.rq;@-;;rr~~I~~ 

t~~f.rcf,@~f.r!qm~~~~Ff;<l'T~lfqiilli I~ 3lftfcfi~~ ~~~ 
KlTT~ift~-qr~~~I 

(2) at~lj«H ~ ~ cST ~ (Intentional selection according to the object)­

~~~~-~ cfi\~ cJiT ~ m~ fcfi<rr ~ i ffi m ~~~~~I 
(3) 3iljQlfd4i ~ (Proportional Selection)- ~ ~ ffl ~ <liT 3"ffi ~ it 

~ il t1fl-lif1:1<1 fcfi<rr '3f@T i RB ~ it ~ ~'El'R ~ ~ it m ~ I ~ >fUT@t it ~~ 
<fit \fTcRT cflT ~ W 3lf~ '>l',wf ~ i I ~ ~ m ~ f.rq;@ ~ ~ fq~qtJ•fl~ ;m' "'1R 
-;;rr ~~I di!_it;{OII~ ~ fflU.lql~l fqtjJ{'tll{I q@1 ~~ ~ ~ q,1 ~ <liT ~tf ~ 
~~~ ~m, ~~mm~~~ ~~cf)T~qitTIT~ 

3lf'qqilf-qq; ~ M 1 ·~ mzyn "[RT~ o'llf ~ wt 1 ~ ~ ~ ~ ~ ~ 
cfilf am-~~ ~ ~ 3lf'Efcfi ~ WIT I 

q;g,@ ai 'T1f (Merits)- (1) ~ ~ BIB i I 

<2) ~ -m ilcf; ~ ~ .r,n "ffi -;;no1 i am- >fllTCl' ~ qi{ @<ii ~ i m ~ cf)T ~ 
(Selection of Sample) ilcf; ~ cf>1 W'lfcR1 ~ i, 3ITT" ~ cflT ~ ilcf; ~ ~ m ~ ,:ft 
fq~qfH1~ m ~ I 

(3) ~ ~ cf)T ~ ~ ~'El'R ~ ~ m ~ m ~ ~ ~ ~ ~ 3lfQcf, 
~ "ITT fcli ~~it BfA-1fc1<1 ~ ~ m iJ- irm fcli ~~~it ~rm~ 
fili ~-~ m cf)T ~'El'R ZRT ~ ~ ~ ~ c€t ~ ~ ~ it fuit w.n a-q<TTTft m 
--rITT m-rTT I 

~ ~ -zyf (Demerits)- 3m ~ ~ ~ if. TTT ~ olfT@'.fr q,l t ~ ~ ~ it 
~ zyr ,n ~ ~ ~ ~ ~ m qi{~ l 

(1) ~ ~ cf>1 ~ ~ ~ 1.-Jlqcf,<lf q;'t ~41.-JC:R1, irm ~ o'4T ~ W f.,,tt <Rcft 
i I ~ "cf,B cf@ cf>l 1cf fcliilP-11{1 <lT m{UJT cflT >f'ITT9 ~ ~ ~ W ~ ~ ~ -;;n ~ q;t 

~-RT trd 1 

(2) irm fcli ~ 1T<TT ~ fcli ~ ~ 1'119cf>d1 it~~ cf)T n-TT ~ i CT!fcli ~ ~ 
~ ffl 3P1 <TI~ q;t itq; m~ % I 3@: ~ ~ cf)T m ~ iJ ~~ I 
(3) ~ '5lcRUT m 3'tlc6ffqc6 ~ (Random Sampling or Chance Selection) 

~~if~~~~ ~ m ~~'ff~~~ I i1,.-Jlqcf,df ~ @!l 

3llRT ~ cflT d1l<Wl --rITT ~ i fcli ~ ~ cflT ~ fcli<lT ~ I ~ cflT ffl Wl1"T! W ~ 
KlTT~~ Im ,:ft~ ~it 3ff ~ i I ~mm~~~~ cf)T~ 3l9W~ 

i, ~~. <lR ~ 4i4sih, ~ ~ ~ cf)T m~ cfiT-11 ~ ~ m ~ ~ &:m dllcf>f{i1cf> 

· ~ B ~ 17Tq "1-1" fuit ~ 1 ~ ~ ~ fcli ~ m ~ "cf,B it ri 3JTRcTTm ~ ~ si•1fct~n~ 

<lT ~ ~ 17T9cf>l ~ cf)T ~6G'Tt~ if iJ ~ ~ tffi mftzj'if >fPi: -Im~~ I~ 

~ TflTT i fcl; ~ ~ ~ 3TTtITT" W mw ~ o'4T 1·119ctaf 3llRl ~ cf)T d1l<Wl ~ '-R"<fT i m, ~, 
~ o'4T ~ ri m cf>1 ~ a-wt 3lT mat ~ o'4T ~ ~ cf)T ~ >fftff.rft«<:i cfi\ ~ 
i1 

http:Cflllf.ft


~ Wcf IDU ¥fcf cfi8 q,'t ~ ~ i mcfiT ~~it~~ mfct,qr \lfT Wli<IT i­
(1) ~q;g@(LotterySystem)- ~~if ~~t';ffll ~~-mgqJ 3ffi1T·3ffi1T 

~ lK @& ~ ~ i ~ ~ ~ ~ lK & ~ \lfT(fT i ~ v:cfi ifTcffi if s@ ~ \lfT(fT i ~ 
31'lt~~ 3ol~i~f.rcf;@~i I 

(2) ffl ~ (Rotating the Drum)- ~~if~ m 3WfiKq,'t ~ ~ 3R ~ t ~ 
W ~ l R1' lK 3fWT-3fWT ~ fi;ruft \lfT"iIT i I~ qi)~~~~ q,'t fl~~~ 
i ffl ~ ~ ~-~ (Randomise) "ITT ~ I ~ M ,:ft olffifi IDU ~ ~ q,'t ~ ~ 
v:cfi-~ ~ ~ ~ i ~ lK ~~qi)~ ~ ~ i I ~ >fcfiK ~ it~ tro 
q,'t :61 I <Hl1<M I mCIT i, -acR m ~ f1cf>l(:-1<f,{ ~ 3lfcf>ir mgqy @& <ft \lfT"iIT i I o-f ~ mT cJTB tro 
qif ~ ~ .r.r~l I 1lffif m<WIDU f.f!Tfqq~ ajuit t ~ ~ ~ cfi8 t ~ 
.1:'l1N 1PM Wcf cfiTlf it ~ \lfT"iIT ~ I 

(3) ~ ~ ffl ~ (Blind fold selection)- ~ ~ it 1·11<:fcf>'di fcn'Fl tro t ~ 
3lfcf>ir fflf3TT if 3ITT9 aR ffl ¥J qi) 3oT B"ill i ~~"ITT~~ if flfAifcta q,'t \lfT"iIT i I~ 

-cr.rn q;rm~ 3Pl>fq,f{~ 'i:ftm ~i I mi8 zy:ff{lK~~~~~m-oTi ~ 
lK ~ ~ ~ 100, 200, 500 <TT 1000, <fcfi WfR ~-~ t ~ (Square) <lT ~ (Circles) -A 
~ i I o-r lK f.Hr M ~ t ~ @lfil \lfT"iIT i I M RITTcr ~ ~ m ,:ft olITTfi ~ ~ lK 

8cffi "CR) 3ITT9 ~ ffl <TT 3ITT9 lK "W iirll cfi"{ ill{~ i I ill{~ fflT ~ ~ ~ i "3W 
~ qi) ;nc: CR @<TT \lfTdT i I ~ m ~ it ~ tro q,1 611cl~l1cf>dl "ITT~ "ITT ofR ill{ liK cfi"{ 

~ -=nc: CR "ffi ~ i I ~ ~ ~ail cf@ ~ qif ~ ~ ;;r,r \lfTdT i I "lJR m ill{~ mr:m 
t ~ <lT ~ m ~ lK ~ ~ ~ am- AA m ~ TT; qi"{ wn ~ ~ 3ITT ~ ~ ill{ m ~ 
~~~I 

(4) •~• m ~ m f44q13e1< ~~(nth Number or systematic Random Sampling)­

WP-l" t w:rn- J:Rlc!il M ,:ft ~it-~ (geographical), c:f 01-tl<Acfi (alphabertical) <lT ti&ll<Acfi 

(numerical)~ R<rT ~~Im 'tl' 9T (nth)~~ CR~ ;;r@ i I~~ ff= 10 ~ i 
ill~-~t ~~~~CR~ ~i 1 "l!R~ 3ffinfif mm~~ 3ffipq~ im~-c:m 
t 3r,i'RlKm,~.~. 3TTR ~-=nc: CR~~ i I~ >fqif{~ 1RT cfiT mr~ ffl 
~ oR1 @<TT~~ I ~ ~ ci) ollclf~a ~clf.ic;:~\-J ,:ft ffl i I ~ ~ if ~ ~ cfiT ~~ 
o1ffifill<l f.r¢fuT cfiT ll'J;fT 3TT'flcf; ~ ~ I m. ~ t ~ "o1.1clf~a ~~if ~ cfiT ~ 
t ~ lK H<tfur t m?l-m?l 3RflITTl ~ cfiT ~ ~ m-ill t ~ ~ cf>T ~ fcf'ITT1 ~ 
m ~t -;;nfcf; 3lf.rtjm~~it ~"-l'if mr 1" ~ ~cf>T3ll<WT~wr<l3ffi -➔-m·mr 

t ~ ~ t ~ it 1fcii ~ Tfftl t 3f:PITT" ~ mill t I 

(5) t¢'i -i'r fuim -ufu it~ (Arrangement of items in some order)-~~~ 

-cr.rn ~m firffift-¥@t~ I ~-crre lfc::1c!il MWT~~~i 3ffim ~~WT~~ 
lfc;:1 "cfiT ~ ~ i I 

(6) ~ ci1 ~ iITT1 (Tippet's Tables)-WR~~~ t I ~ 41,600 ~ 
t <W-<W ~ clil 10,400 ~3TT cfiT 1fcii m{Uft (table) ffl cfiT t I ~ "fITTUTl cfiT ~ ~ ~ 
cfiT ~ "BIB im ~ I ~ ~ wit lfc::1 t ~ ~ RITTcf i:fiT ~ i 3ITT m ofR if "fITTUTl cli1 
~ ~ ~ 10, 20 ,:rr 50 ,:rr 3Pl ~:m ci'I ~ ~ l 1 ~ ~ m lf<1 q;) >fiR cfiT<TT t ~ 
~ it Bfillfcia cfiT IB<TT ~ t I ~-~ trcf PJUTT if WR cfiT "fITTUTl cfiT mm fcf;,:rr \lfTdT ~ I 

~ ~ ~ i1; ~ (Merits)- (1) ~ ~ ~ ~ ~ ~ •j,-llc:fcfi'dl cfiT ~ cf>T m 
>f'll9-➔-t\-~ i I~~ cli1 ~~ ~ t I tl'i:ft "Cf"<l t 'J;l ~ q,1 w:l'R 3l9m-~t I 

(2) 1-11<:icfi-al q;) m ~ -➔'if WlRl ~ ~ , ~ ~ ~ cfi«!T ~ , 

~ RiRs4"'14 ~ 
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(3) ~-'@ 3ffiIT;ft * ~ chl ~ ~ ~ ~ ~ ~ ~ ~ (Theory of 

Probability) 'll'\ tIT ~ ~ I 

(4) ~ ~ m M ~ ~ ~ ffl ch1 3tlq1'llcf>dl ~~~I 

(5) ~~~-q;f,Wfq~ ,ft 3IM~WIBT! I 

(6) ~~if ~q,1~q,1~ 3R'~~,ftq,1~~! I 

~ (Demerits)- (1) ~ ~ ~ ~ * q;,ft-q;,ft ~ l!<TT "cf,f ~ "ITT "'1ill ! -;;rr wm q,J 

~ tIT ~ ~ ~ I 

(2) ~ ~ qiJ ~~~qr,,~ m ~fcf;,rr ~ ~ ~ ~ ~ ~ ~ 
m fct; ~ ~if flfa:tfct<i cfi"8T ~"ITT I 

~ zyn ~ ~ F ~ ~ ~ qiJ m o'Tt W"l9 ~ ~ 1-iwtn1~ q 1lm q,l 'llTcRT 

<fRcfi ,ft-;, "ITT <ftfT ~ -qc; <TT am.~~ if 3TT ~ q,J WlR 3fcfm ~ "ITT I 

(4) fim@ m ~~~Mixed or Stratified Sampling) · 

PTT~ ~ ~ «lfu{ f.rm WlT@t ,ft ~ i, "cf,"[ m-~ ~ ~ ~ ~ 
WlT@t ~ ~ ri 'cf,l ~ ~ ~ qi8 ~ m M ~ i, ~ >IUT@T it ~<ftfl ~ ~ 
~ tft sio11fct~ ~ zyf ~"ITT~ i I 

'Sffll': WP-f if fcff\Rcfr 3lftrcli 'ITT ~ cf>RUI ~ t1M ~ ~ q,G"f qifcR "ITTcfT ! I 1tm ~ it 
w:ITl 'cf>l ~ ~ 1i'PTT it -lR R<TT "'1ill ! I ~ oflcITTT 'll'T fcf~ ~ WliR fct;<TT "'1ill ~ ~ ~ 
w1it ~ m >fqif{ ~ ~eyur cj'ffi ~ ~ m ~ , ~ 31RRf ~ WT it * ~ ~ ·WlTTffi oo 
~ 'cf>l ~ ~ ft:rlIT ';,ffifT ~ I ~ >T<fi"rr "f1',:ft ~ 9@ ~ 1TT1TI t >ffilf.rr~ 3fqi ~ ~@it ~ 
t, ~ ~ml~ m~M~ ~l <l"R ~Meli~~~ ~~it m 
~~~~ l<TT wtsi~~ ~~ ~ '1PTI it F9wn ~ 3f:!BR~ ~ ~ ~. 
~ ~, m~, fcn~, ~ I ~ ~ ~ fcfWT * ~ RWIB l=ITT1 it ~ ~ ~ mT 

~ qiJ ~ ~ w't , <l"R f"F!-f'Fl fcfwn it ~ q,l ~ it ri 3RR wn <TT ~ ~ 
~ ~ q,l ~ ,ft 3m ~ ll q,tf 'lj'J ~ ~ ~ ~ I 

~ ~ ~ ~ n?TT ~ f.foo ~ q,1 ¥RT it 3lf% ~ ~ ~ ~ n zyn 
~ :run q,J tfllITTT ~ 1 S'til<ttlc-i cT?TT ~ ~ qil!Hljfll<, UPTTffil WlTTffi it fcNTTfT <TT cfTTT c1,1 ~ 
c!,1 llP«ll ~ (Sample) ~ ~ it ~ 3TT'fcli ~ ~ ~ ~ <f?TT ~ 'S!ft!f.TT'fR9 "cf,f ~ 
3TT'fcli Mcffil ~ ! ";;JT fcl'WTI cf,1 'BWTT ~ 3f:!BR 'ITT ~ ~ In ~ cf>RUT ~ ~ ~ ~ · ~ 
3TT'fcli m it ~ -;;ncft ~ , ~ ~ cf.Tm efs[ ~ ~ ~ ~ !!R MWT 7:l1 qTl ~ it m ffe n; 
~<TT~~ ml mIB ~ ~ tj<Jlt1->Hcf, -;,m'-?@ l I 

(5) dlg@-Ot4 ~ (Multi-stage Sampling) 

~~"cf,f~:ru"Blfl!M'5ffifl~ ~fctim ~mrit-n ~~ 3ITfl"R~~"cf,f 

1'1fl'T @<TT "1'@T ~ I ~ ~ ~ "cf,f ~ ~ «m it "ITT<fl ~ I~~~~ cf;! f'Fl-f"FI 
~ it ~ "1'@T ~ , ~ it ~ ~ ~ 'UlR fflT '5ffifl ~ ~ 'Q_qi m it ~ ~ m 5fcITT ~ ill1T 
mm 'i1Wfi m ~it~~ ;jjj m, ~ olR ~ m -n ~ ~ ~ ~ ~'Q_qi 

~-~ (Block-cluster) "cf,f ~ M ~ ~ I m ~ ~-~ -n .~ ~ cf;! @<TT "1'@T ~ I n 
~it*~~ cfil~~ ~ cf,1 -;,nm~ I 

~ ~ il ~ ~ ~ i fcl; ~ (~) "cf,f ~ 'Q_qi W~, W ~ «m (stages) it "ITTcfT 

~ I ~ «=IT~~ ~ ~ ~ ~ >fUl@t "cf,f ~ "ITTcfT ~ f"1~~ cfiT"{O! ~ ~ ~ '.F 
;JfR "cf,f wtR 3l9Wml ~ ,I~ >IUf@l cf,1 ~ ~ fcrn1RTT ~ ~ fcl; "1-Jtj@ll "cf,f ~ fcfi'm 3TTtITT' 

'CR -;, ~ ffi 3TTW 'CR "ITTcfT t I 



~ ~ '5fUTfffi ~ ~ ~ ~ ~ ~ ~ mm t ~ !$IT if~ q,l l{cf,~qa, ~ u,:rr 
cfira;f m<IT ~ I ~ ~ ~ cfiT ~. ~ ~ '5fUTfffi ~ ~ m;n ~. ~ ~ m %TT~ I ~ 
>JUTTffi if ~ zyf ,ft ~ i -i1l ~ ~ >JUTTffi if ~ ~ i I ~ ~ if ~ ~ '5fUTfffi cfiT ffl 
~~WIT~ I 

(6) ~ ~ SIUIIR-t~i (Other Sampling Methods) 

~ 'i~<"l'[af ~ ~ 3ffifful; ~ 9>l ¥J 3R >!Ollfe1lli ,ft i ~ li~ if q1lf.J ~ 
ffi-

(1) ~ ~ ~ (Mutli-phase Sampling)- ~ cfi\ll-cfi\ll ~'ITT~ if ~ ~ ~ 
wwrran ~ ~ if ~ ~ <fivTT ~ i I itm qflH--?.!Fd if 3l1R ~ wwrr ~ ~ 3fWT-3fWT 

<f?Zf ~ ~ ~ "dl ~ 3fltl<fi mrTT I~ cfiRUT ~~~(Sample)~ IBll1 ~ ~ 3TTt3m 
#~"SR% WWIT t ~ ~ 3tl-~ (Sub-sample) ~ fwlT ~ ~ I ~ ~ ~ 3tl-~ ~ 
1f{Ol ~ ~ ~ "31l-~ fuit'lf "ROT~ (Second Phase Sample) 3TTR ~ ~ I 

(2) ~~(Quot-a Sampling)- ~ >JUTTffi # ~ ~ (universe) cJi) ~ 'lflTI # oTTc 
~~~I~~~)~~~~~~~ ,rJTf if~ 9>l w-1~qa1 m ~ I 
~ alR ~ (Enumerators) cJi) ~ ~ ~ ~ ~ ~ ~ ,:ip"f if ~ fcf;q;ft ~ cfiT ~ 
cfiGT ~I~~~ cfiT ~ (Quota) ~ cfi"{ R<TT ~~I ~ f.n'Nir cfi\" ~ ~ alR 

TTUTcfi cJi) ~ :an'QcfiK mor ~ ~ ~ m ,:ip"f if ~ 3{~ ~ cfiT ~ m 3flRI $~1:1ti1< cl){" 

Bl 
~ >IUTTffi if ~ 71UFfiT 1R R,tt@ i 11 ~ ~ ~ cfiT 3TT%K moT ~ I ~ 3fl'qcf,ft-~ 

~ cfiRUT ~ ~ ~ ~ ~GH<Hl ~ cfiG cfiT ~ ffi I ~ cmur ~ ~ ~ ~ ~ fq~cHHl~ 

m7TT I ~ TTUTcfi <TR ~19lclli.\l il cfiT<l q;t <TT mn cfiT<l ~ ~ ~ m '1fWTl I 31cf: ~ >fUlTffi cfiT 

m 3fft ~ cfi"vfT ~ ~ TfUT<h ~ il >lfirfuo ~ ~ m , 
(3) 31:Jttifctcfi ~ (Sequential Sampling)- Bl'-IH01il~I tl\ll ~ 51011Fc:1<il q ~ 

~ cfiT ~ ~ t ~ PR m ~ 9Tffi ~ (errors) cfiT ~ WWTT -;;mfT ~ I >fU1TI1l if ~ 
fcrrua' moT ~I~~ OOr-l 'Ff (Sampling error)~ ffl ~ 3lTW 1R~ cfiT 3fT<hR 

(Size) f.i'ITTa' ~ ! I ~ >f<hR ~ WJ1Tffi if qflZ!-'ill 9>l ~P;FI llm (expected standard of 

accuracy) cfiT ~ ~ ~ il 1[cl 'ITT cfi\" ~ ~ ~ I ~ alR ~ ~ ~ >fUlTffi ~ 
~ mT -;;mfT ~ I ~ ">l'1lT@T ~ >lfa91<cfi "ITI . 11;. ~ t I 

(4) fJfo'1t-jfli< ~ (Convenience Sampling)- ~ >fUlTffi ll ~'llT-fcfim cJi) ~ \ll cfOO 
f!fq'-11-51-Fh ~ ~ ~ 3m ~ ~ ~ cf>T 'flT9 cfi"{ ~ ~ "cfi«TTJ_ I <lR ~ fq~qfqQIZ1~ 

~ ~ ~ >ll'Ull4chl It °il ~ ~ m "ill ~ ~ ~ ~ (Prospectus) cfiT ~ cfi"{ ~ 
t I ~ ~ ~h1f-1cfi ~ (T~ ~ 3RPR! ~ ~ ~ ~ 'S!fuf.TT!TT9 cfiG cfi1 ~ ~ 
~ ~ I ~ >fU1TI1l cfiT >!<WT ~ cfil'.l fcF<n ~ ~ I 

(5) ~ ~ "Sl'UTIRl (Balanced Sampling)- <lR fcfm ~ ~ ~ cfiT ~ W'filT >lfcTTur 
fcF<n ~ ~ ~ ~ il Rcfi@T Tf<TT ~ itcfi cn:1 m ;,n ~ wm ~ wn ~ cfiT "4ftuTR ~ -at 
itil ~ cJi) ~ ~1 ~ ~ ~, ~l'l. 1%m 1-wfqwz.i~ il 1,000 mm q,l ~ rn 
~ ~ 100 mm cfiT ~~'ff[ '5f@l ~ I~ ffl ~ 5'-2" 3fTcTT ~ I <lR 1,000 ~ 
ll~9>l~ffl~<IT< \lt ffl~ 5'-2" -eft ~"dT~ itil ~cfa"~~~ I 
qffifq' il itil ~ cti1 3l1m cfi"vfT t99 1'.fR ~ ~ ol-41iHllRifi ~ il W ~ 'ff! "1Rl qifcR 

~, ~ ~ >fUffi1T il "T1I ~ ~ ~ m WTURT >fUTTffi q,l m dllcl~~cfiill m ~ ~ 1 

(6) •~-tfG--~tJf ~~ (Cluster Sampling) - ~ >lUT@1 ~ (Stratified) WJ1Tffi 
~ ~ fcfqm ~ I ~ itil lRT cfa" ~ cf>T ~ mT sifTqf i '5ll ~ f'IH <fl ~ 
(Heterogeneous) m ffl. ~ ~ ~ WP-l cfiT ~ 'lT{lJT qi"{ B I 
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~¥fcf<fi1fclf1Fr~cfiT~cfiB~~~tl!:\llq.Jl~31R~~'lR 

(Theory of Probability and Sample Investigation) ~ ~ it ~ ~ I ~ it ~ ~ Cfi1 
Q_cfi{c-4dl ~ 31R "lim cfiR1lT ~ ~ ~ ~ iTU f.f"fqi'IJ ~ ~ itcfi ~ ~ I ~ Wfffi it~~ 
"cfil Q,cfi{<\4dl (uniformity) "=I' mcIT "dT 1iU \lfT9 ~ ™ if {iifl'l"1-lcf> am-~ lffi1Jlllf 1K~ qifu";J m 
~ I 3l"1' ~ tl'-iflq.JI ~ 1K ~ ~ ~ ~ ~ I 

~ a; ftiei#.1"(1 ~ ftlt!fq,ttl 'Q'U~ 

1. 

2. ~ ~ cFl"T ~? ~ 3ll9Mcfidl ~? 

.............................................................................................................................. --- . 

. . 

3.5 ~ ffl41.ft (Theory of Probability) 

~ TJfu@ cfiT ~ 1J&l ~ ~ I B\TT tiifCol.fcf,llf R<fl1 ~ ~ W 3fTlTTffif ~ I ~ ~ 
~ ~ ~ 3l:I¥f ~3TT cfi"T ~ ~ cr@\ eR;rr3TT ~ 3TIW ~ BM ~ 3f:rT@ ~ I 

(Probability is the ratio of favourable events of the total number of equally likely events) 

<1iFR ~ 3l¥fK, "fcf;m ~ ~ ~ olTt it~ it~ 9Tffi stfafstilfl cfi1 "ITT tlAllf<'li1 ~ ~ i" 
(Probability is an attitude of mind towards uncertain events.) 

~R<fl1~~fcfi <l'R~fucfcf>TW:flit~~m~ 3TTWcfil~~f<ticf!5 3{llTT 

9K m cfi't 3W frwrr 3ITT 3Wft -m- tjra cfi't 3W , <lft!: ~ ~ it s B@ q 7 ~ -i'R m m ~ B@ 

lR cfi1 3B ~ it -il ~ cfi1 ~ 5/ 12 ~ 3TT\ ~ 7R t mIB -ifR cfi1 W'ITTcRl 7 / 12 ~ I ~ 
~ cfi"T lTRcl--;;ftcR Tl cfiT1:!i1 lfITT'9 ~ I ~ 3TIW W cf>i ~ ~ ~ ~ I ~ ~ ~ ~ 
cfil ~ ~ I ~ 3ITT' -TTl-TT olfcfITT<l q,G ~ ill11 ~ ~ cfi1 3TTl:fR ~ ~ q;-ra ~ I ~ ~ 
cfi't ~ llFlf<fT ~ f<ti "lflitTJ t @'; ~ ~ il 1 ~ ~ w t1ifcol.fcf,l it f.:-ti.:if~f@a ~ 
R<fl1 3fTlTTfuf i-

(1) fiif&-lct,llf f-1lffa.Ji1i'll f.r<:rq (Law of Statistical Regularity) 

(2) ~ ~ ~ (Inertia of Large Numbers) 

3l'<f ~ ~ ~ t ~ 'if ~ ffl-

3.6 fiif-OAcblll f"1lff'4ool R"lfll (Law of Statistical Regularity) 

~ R<fl1 TJfu@ ~ W'ITTcRl ~ W 3WlTftr ~ I ~ ~ cf>T 3l~ ~ ~ fcfi <l'R fcfim ml@ 

~-il ~ m ~1ITT'T it~~ m ~ m~ >!cflR~ TT<TT ~it~ cfi't ~ fq~tia,~ 



~ ~ I ~ qi) ~ wrq (universe) ffl f 3TTr ~ ~ ~ qi) ~ (Sample) I ~ 
~ ~ ~ ~ f.rrq cfi1 ~ ~ >fqil{q,l ~-

"Tffurcf t f1All 2HI ~ t 3lTtITT" 1l\ -RT ttif&icf>l~ f-i~fAddl ~ o@ffidT ~ fcf; * M 
mr@ ~ if ~ ~ ~ WT ~ ~ ~ if ~ qi) ~ fwn ~ o) ~ WNTT ~ t fcf; 

"ff ~ if 3ITTld' ~ ~ mr@ ~ t 1]UT wt I" 
"Q'_q; ~WT~~~ qi)~ >fclilt~ cf;{~~ I*~ M &ltilf<lm~~ t ~ 

cfi1 ~ ~t~it~~~ tm~ ~t fcfiWTI~~~~ 
fcf;<IT ~ I <l'R ~-~ ~ 3@ll-3@ll q;~aif if ~ ~ ~ 3TTr ~ ~ ~ WJfu t 
~it~~ cfi1 ~ m ~ ~ m q@ mUflll ~ t ~ ~ 1l\ffi11 wr, ffi 
q;y oRtr4 ~ t fcfi 'F ~ fcrnffern qi"[ Witl ~ ~ qi"[ >ITTl'Rff«9 cf;{ ~ t I 

fct~tHU4- ~ f.rrir it f-1Yf~f~d f<l?J'ldl~ tTI"ffi t-
(1) ~ §3'1 am l{1tJf qi"[~ m ~ t ~ ~ ¥J ~ t ~ ~ ~ 

1l\ ffi11 ~ ~ ~ t I ~ ~ moT t ~ ~ -mTI ~ ~ ~ ~ cfi1 ffl ~ ~ ~ 
u f'A ~ ~ t W'TI ¥'~TT~ ~it~~~~ -;;rra t I 

(2) ~ ~ t ~ <l'R ~ ¥J ~ ~ ~ m 3{ajt. ~ . <f?TT 3ITT«f fNt >fqil{ 

cfi1 ~ t 'F ~ cfi1 WfR ~~~I*~~~ qi) 100 ~~ o) ~ ~ 
~ ~ fcf; WNTT 3TTtIT ~ m cfi1 otcfi <f?TT 31TllT i!"K ~ 3TTr Plt1TT I 

(3) ~ ~ fct;m ~ ~ t ~ it f<fim ~ <f?TT f<fim ~ it ffi1l m t hr-qi@ 
t ~ m 31'if ~-~ 1fficrcR ffl ~ WTI M <f?TT wn m 1l\ ffi1l f%<rr ~ ~ t , 
3<1t;<o1111f <l'R ~-mt it "1-lB@I it~ cfi1 ~ ~ ~ cflTT cfi1 3ITT«f t 3ITT'R lit 10% ~ "ITT 

o)~W'lcftfcfi 3Wt 3lA 9@~it \:IT 3ITT«f~~~ I ~>fcliK~tqqf t~,ft~ 
-mt q,l "1-lB@I qiJ . 3f:PlR WIT<TT ~ ~ t I qf{f tlqfct;q i m m 1f{ ~ 3ITT«f ~ qi) ~ mu 
1R \:IT ffi1l f%<rr ~ Wf>a1 t I 

rom "clit m-inii- (1) ~ ~ lITTT it "ITT:n ~ I 'f-'IT ~ ~ cfi1 m§lTT ~ t 3fTqiJ( 

t ~"ITT~~ I 100 ~ cfi1 3ffi% ~ cfi1 ~ ~ cfiB ~ ~ ~ 10 fcrofferm 
cfil~~~M1 

(2) ~ qiJ 'fTT9 3Rl<ITTl "ITT~~ ~ cftl llerncf-fu ~ ~ I 

(3) ~ it ~ f%<rr ~ "® t ~ cfi1i ~ f'FIBT ~ ~ ~ I 

(4) ~ 1ITTUJ1ll Witl cfi1 ~~lit~~~ U "ITT ffi1l itTt I~~~ 
~ ~ ~ n ~ fcfm?ff 1f{ ~ ffi1l ~ m ~ m i 1 ~ ~ tr{ 3ITWf ~ u m ffi1l 
~~~ii 

f.F:rq cf! 3q41fi1a1- ~ f.TWl q;y, ~ fcfi 3i1R ~ Tf1TT t fl i fLoqct,l;q ~qr;f it~~ 
u m mor t 1 ~ 1J&1 ~ u ~ R<l11 qi"[ m OOH ~ a~ 3ffifTtuR am: ~1~ 11°1-1 

(Interpolation and Extrapolation) it ~ sif@l t I ~ >1'UITT11 it ¥J ~ ~ t ~ it ~ 
~ ~ t \'I~~ 1ffiUWl ~ Witl 1R ffi1l m ~ i I 3ffiflTUR ~ ~1~11°H it~~ qiJ 

~ ~ ~ 3TTW1R~ t ~(~)~qi)~~ ~t <f?TT ~it~ 
ffi q;r 3f:PlR ~ ~ ~ I ~ o1fcTTlPTT ~ ~ t 3TTW 1R ~ cfi1 nfu Rmfuf ~ i I ~ 
~ 3R ttif&-icfilll ~qr-n it ~ m m<TT t I . 

3.7 ~ ~ ~ (Law of Inertia of Large Number) 

~ H<fti t1if&1ct,l;q f-illfAddl R<l11 tR 3TitTTftf t I >fcfTTf it ~~it f'Fl'(11 ~fie•TI'<H ?rcfl ~ 
~ 3fRITTcfi~ it~~~ t ~ ~it u ~ am ~m ~ ~ ~ fcrf<l it 

~ Rifigqciht ~ 
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~ ~ ~ l 1 ~ m ~ ~ m ~ ftfi ~ cf,1 "ff"&IT ~ ~ m, mulTl1 ~ m if~ 
cf,1 3fmT ,ft oq";ft m 3lf'fcli m , ~ ~ qiRUJ ~ ~ ftfi <l'R ~~ t ~ if W'R 3TlcfiKq'@ 

ajq; m m ~ t1'-'M•11 ~ ftfi ¥J ajq; <l'R 'Q,qi Rm if ~ cfi"B i m ¥J ap;r ajq; fcfcrfur ~ 
if I qflull'iB!(<>4 ~ q;r ~ 3ITTTTR ~ ~ ~ q;r ~I~-~~ cf,1 "ff"&IT ~ 
~ ~ 3ij";ftm<lillm"fil~ I 3lo:~ ~~~ fcfi ~ ~~-~ 3fcfilif 'Q,qi~ 

mm~ 3fYITTl ~ ~ ~ 'WIT ~ "WNlT 1ITT' t ~ "ITTcfT i , AA fcfcrfur ~ 3fcfiT if ~ 
~ "ITTcfT ~ I 

'ID.~~~ IB&T ~ 1% "~-~~an~ ~ ri if wrurr mt cfiRUT m lfl1f ~ 
m ~ ~ 1" ~ ~ ,ft ~ ~ 1% "'Q,qi ~ cf,1 olITTfiTTcf ~ WITTIK ~ l ~ ~ 
~ ~ tjlt- tjft-~ "ITTcfT ~ 1 " 

~ ~ ~ 1% ~ ~ 3N~ 3lf'qqi Wf{"<fiIT ~NFi<l•Hftct ?1-m ~ I~~ ¥J ~ 
mf ~ cfi"{ m ~ I 'Q,qi ollfui cf,1 3ll<i if ~ ~ ~ 3fcTT'-l if ~ ~ m ~ ~ I ~ -
~ ~ 'Q,qi "4ft<m' cf,1 3TT<i wt "ITT ~ o!T@i cf,1 3TT<i cf>1 ~en <lill ~ ctRe•fliH ITT7TT I ~ ~ filim 
~ ~ ~ cf,1 3WJ t ~ cf,1 ~ cf>1 am-w "ITT ~ 31 q f{q ffi a 4T W!R "ITT WIT I ~ "Sfq;fnt•Hi &l I , 

cf,1 ~ t ~ if ,ft <m >ifT moT ~ I ll;cfi lffi9K if~ cf,1 ~ "@ ~ ~ qftqJ-1:tftt1 mm 
~, ~~~17Tq~~cf,l~~cfi)oom~ ~~ art"%~M 3TT{~~if 
~ ~WNTT ~qfl:qJ-1:tft<:1 iITTTT ~ I~ o1lJ'lTTU q;r >lfirR;r q;r ~ ~ ~ ~ ~ cfll '1{ if "¥f 
cf 3ITT«f ~ if WRa1 ffiTT ~ I 

~ ~ t qil~Tf.cia "ITT cf>1 ffi ~ "ffil <Tm ~ fcfi ~ ~ it;n ~ I ~ ~ ~ 
m, ~ 3q.lT m 3lftfcii ~ m , ~ <TTl ~ tRcf m 'clT1l m, ~ affif ~ ~ , 3lf'qqi 
tl4~HH 'K~ ~~~~~I 31ffini ~ if <l'R ~ '"1•H-i@I if c{f.& cf,1 ~~ ~ 
if~ cf,1 ~cf,) 10-1s om~~ en 3Wf ~ ~ ~ il m ~ ~, 

'R<m <fi1 aq41fi1111, (Utility of the Law)-~~ q;i flif@Fhl~ ~ if ~ ~ ~ I 

tliP:.,o!lq,jl.l 3lj,flr~H if "l) ~ m@ ~ ~ ~ ~ cf,1 ~3TT W 'ITT 'clT1I_ fcfi<n >ifTiTT ~ I <ITT 
~ 3TT{ ~ if WRa1 ~men liiF@<hl~ ~ il m ~ m -.m ~ , * -at-1ti®1 if 
~ cf,1 ~~qll ~ ~ m ~ T(URf il ~ m cFfT m, 
~ ~ ~ ~ fcf; ~ t ~ ~ q;r 3TTW<TITT ~ ~ ait{~ ~ ~ ~ cf>1 aqlflfl1a1 

~~I 

~ cfiT ~ (Importance of Sampling) 

~ q;r ~ ~ ~ t ~ ~ if ~ q;t ~ ~ I ~ ~ cf>1 ~ ~ ~ >f1JfR11 
Wawnftf~ I ~~m~~~ 3TT'qq;l1TT"fif ~ffl ~en ~~3"B~qil ~-m 
'llP"l~ t ~if ~<TTl f.rar:lq;-ra ~ f%~ ~~ <llTII ~ ~-.m' I fcfim--rrrr~~t 
~ "1flit cf,1 ~3TT q;t ~3"B-.,-rR<l'T ~ t ~if~ 3J1R ~ ~af.ll m ~ I Wen 
if ~>lTrf~,w~,fcmT~t ~t ~if ~f.fuf<lt~~ 1 f%m aifuit'fll'q ~-m 
~ ~ "ITT ~ ~ ~ ~ 3TT{ "ilITT t ~ if ~ Wl ~ cf>1 '"1TcTT ~ I ~ >fqif{, 

~ >f1JfR11 ~~t fclf'ip[ ~ if ~ m ~ ft:r.&m ~, ~ qiRUT~ cxTT9cfim 
M>ifTiTT~ l~~m~ N'Jl,t~if~3fur<Rffl I 

3.8 Re;~f.:i ~ fu<qiJ (Errors of Sampling) 

~ (Sample)~ (Universe) q;r ~q m-<TT ~ I it ~ ~ TIU >ll1<f m<TT i 3"Wl 
"Wm cf>1 fc!rJtll'II~ ~ mm ~ I ~ ~ ~:l!TC:-~f lfUlqi q;) tflf!l lfUfcfi t ~ ~ -.m ~ 
~~ I ~~cf>1U@~ fcficf";ft"ITT~cf<TT~~,tl"l:r!lcf~if ~~ 3@~ 

~ i I ~ cfill W'fc:f i f% ~ tl"l:r!l q;r 1?l ~ ~ ~t«9 ffll I ~ "ITT ~ if~ ~ ~ 



~ 3Ri'T- 3Ri1T ~ ~ m ~ ,n 3Tl'm it ~mm~ 1 ;qrzyf 31h w:m a; ~ ~ ~ q;) 

m' ~ ~ ffl'A ~ f I 1TIUl<1 ct,l ~HHllm ~ rWfif ~ ~'ITlll "II ~cf><1I ~ I ~~ ~ fclf~ 
cfit ~a.T ~ cf>T ,:ft ~ WWlT ~ ~ i I ffl f.R*-; ~ t ffi t cfiRUT ~ cf.T ufu 
3lftlcii M~clfHl~ "ITT~~ aw~ aq41filcll cf>T ~ ~ olITTqi ~ 1TllT ~ I 

~ ~ fcf-q-q t Gt qiRUJ m ~<t>d i-
(1) ~ t ~ "<tt ~ ~ ~ ~ (Bias) cf>T JMTq I 

(2) ~ (Chance),~ Ffim ,:ft ~ it WTTl cf.T ~ fcFtl'lcll4 -=,m WIT I 

~-zyfq;r~fcl'Nt~>fl!TTTWU~fcfi<TT~~~ I 

3.9 ~ fcfVJJ (Standard Error) 

'll'R Ffim ~ wm it "B "Q_q; f.rrN<r llffi ~ ~ ~ ~-f.R*-; (Random sampling) cf.T 
uffr "B ~ ~ aw~ "B • cf>T ~ llTUl Flqifffi ~. m r-:r fl t ~ "9'"{ f;rn_ 3{l'{@ 
fcrcRuT (Frequency distribµtion) cf.Tm mcft ~, ~ ~ fc«RuT (Sampling Distribution) ~ 
~ I 3R, 'll'R ~ r,:r ~,:ft lJUrfil cf>T WlRK ~ R<fiIB ~ ~ ~ ~ lJUrfil q;) ~ ~ 
~ ~ ~ m@ <TT~ ~ ~ m lJUrfil cf>T ~ Ff'Jll (Statndard Error of the mean) 

cf,t;i.-114 111 I ~~-mlllcf>T RtITTUT<R<TT~~ 3Rrm~-~"Bm1<f~wm"B~~ 
~ I ~ fcf'Jll WTTl q;l fcltj{O((l( (Variability) ~ ~ t 3TTcf>K lf{ f.N{ mcrr ~ I ~ -m.:rr ffl 

cf;G it~~cf>Tlhl~l 1~~it>fllfCffcf'IJllm-;n"cf,l'.f~~~~6(Jrflm 
~ 3ffi fcl~clfl-tl~ ~ ~ I 

~ ~ -ij ~ fcnllr 
(Standard· Error in large Samples) 

~~~";;fl~~ fcf; ~ ~ ~ ~ ~ cf.T ~ "B ,:ft~ Ff"Ill cf,T 3fTlR 
Wll'<ll ";;fl~~ I ~~it~~ q;rffi cfiil ~~ ~-;;n~ ~ fcfi1IT'11 
~ ± 1 ~ ~ ~ ~ it ~ ~ cf>T 68.27% 3mTT ~ I ~ tjffu ± 2 ~ ~ ~ ± 3 

~ ~ it ~: 95.45% ~99.73% ~ flfulfcia imT ~ I ~ ~ ± 3 a it WJ,p-i w:ft ~ cf>T 

WlITTT ~ -;j[fcfl~ I 

"fltl'RR tmZJ qjf Jl'll1Q fu1111 (Standard Error of the Mean) - w:fRR llfUf <TT lfUfcf, cf>T ~ 

fcf'IJll f.rcf>RR ~ ~ wm cf>T ~ mm Rcf>li.-1.JI ~ ~ I "lfR ~ wi:rcl :r ~ <TT ~ ~ 
~~"B,n~it~ffl~~"cf,J1l~-;;n~~ I~~~ ~i-

(3l) ~ wm cf>T ~ ~ ffl ~-

a (universe) 
a. ( Standard Error of the Mean ) = ( Vo) 

~) ~~cf,T ~mm W<Y -;,m'"ITT-

where 

a~ = Standard Error of the mean 

Os = Standard Error of the sample 

N = Number of the items 

~ ~ ~ ~ fcf'IJll ~ ~ "B ~ ~ ~ ~ fcf; fllf!1 ~ llTUl" cf.T fcf;:m m91 ~ 
'lffiIT ~ c8 ~ ~ I ~ ~ ~ ~ fcf; "flTl1R ~ cfi"T 95% ~ M ± 2 a ~ ~ 3lIBT ~ 
I 3IB:~~"B~~~~~t-

~ NifcArlfJ4 ~ 
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,.... 

~ fcfim ~ Cfil ~ l'.fTt2l 10 "ITT 3Tit >f11TCf ~ .002 "ITT <TT ~ W·"llcl.JI ~ f<li ~ ~ 
l{f "SfcfiK t 100 ~ cfi1 lfllZJ 3TTr ~ JflTTCi fcrnlf R<iilB al 95 W«-rr ~ w,J1' q,1 lfllZJ ~ 
cf,1 lfr'UJ ± 2 a ~ t ,mJt m ~ I 

ltf ~ ~ efiT 3ffl ~ ~ ~ 34cfic:-<HI (Hypothesis) W ~~cm t ~ 
fcfi.rr ~ ~ I aqcf>z;q-11 ~ ~ ~ f<f; <FlT f.Rm ~ ~ ~ ~ f.lq;@r 1F!T ~ ? l{f aqct,z;q-11 q,1 

~Cfil~R9~-

where, 

M- M T= a 
a 

T = Deviation of the mean of the sample from the mean of the hypothesis. 

M = Mean of the sample. 

Mh = hypothetical Mean of the Universe. 

Om = Standard error of the mean. 

Illustration I. The average weight of 900 stY<lenls is 50 kg. Find the standard error 

of the mean if the Standard Deviation of the universe is 9 kilograms. 

Solution- Standard Error of the Mean, or 

= ~) = ~ = .3 kilograms. 

Illustration 2. The average income of 100 persons is Rs. 50. Calculate the Standard 

Error of the Mean if the Standard Deviation of the sample is Rs. 5. 

Solution- Standard Error of the Mean of 
03 

Os = --;:::==== 
Y(N-1) 

5 5 
= V ( 100 - 1 ) = ../99. = ·5 Rs. 

Illustration 3. To Know the Mean weight of all the 10 year old boys in the State of 

Madhya Pradesh, a sample of 625 is taken. The mean weight of this sample is found lo be 

67 pounds with a standard deviation of 15 pounds. Can you draw any inference from it 

about the Mean weight of the universe ? 

Solution- Standard Error of the sample Mean weight 

- ___!!i__ - 15 - 12 - l - 6 
- Y(n) - y' (625) - 25 - 5 - . 

Assuming that the conditions of simple sampling hold good, the Mean Weight of the 

universe in all probability would be lying within the limit set by 3 times this Standard Error 

to the Mean of the sample. 

So, the Mean weight of all 10 year old boys in the State of Madhya Pradesh lies 

between f (67 ± 3 x .6) or (67 ± 1.8) i.e. f 68.8 and f 65.2 

Illustration 4. Suppose that it has been determined that the average pulse rate of 

males in the 20-25 year age-group is 72 beats per minute and that the S.D. is 9.5 beats 

per minute. If a group of 55 distance-runners all in the given age- group, examined and 

found to have an average pulse rate of 65, should this be regarded as a significant deviation 

from the general average ? 

Solution- Oa = _~(Nu-) = _ ~ = 9·
5 = 1.28 beats per minute. 

V(N V(55) 7.4 



The difference between the two average pulse rate is 7 beats per minute, which is 

5.47 times this standard error. Hence, the deviation of the average pulse rate of distance 

runners from the general average is significant. 

Illustration 5. Suppose that for tyres of a certain factory, the mean mileage is 15190 

and the standard deviation is 1250 miles. 

Suppose further that a sample of 900 tyres shows a mean mileage of 15242 miles 

with a standard deviation of 1212 miles. Ascertain if the Sample Mean represents a 

significant divergence from the mean of the universe. 

Solution-

• 
-5_ a = 1250 = 1250 = 41 67 Mil 

Oa = v (n) or v (n) v(900) 30 . es. 

The observed difference between the two Means of mileage is 15242-15190 or 52 

miles. This is only 1.2 times this standard error and so could have arisen through the 

fluctuations of simple sampling. Hence it can be said that the divergence of the sample 

mean from the mean of the universe is not significant. 

Note- When Standard Deviation of the universe is given, then the S.D. of 
the sample should not be used. 

~ • ~ cfiT ~ fcnnr 
(Standard Error of the Median, QuartiJes etc.) 

~ 'fit lfUfcfiT3TT ~ 3'cillc!tj-! 3TT% ~ ~ ~ ~ ~ llTUl ifi ~ ~ 25% 

3TT% m~1~~~~~-
.-

(i) Standard Error of the Median = 1.25331 ~ 
Y(N) 

(ii) " the Quartiles 
a 

1.36263 Y(N) 

(iii) ,, 

(iv) 

Mean Deviation 
a 

= .6028 Y(N) 
,, 

Quartile Deviation 
a 

.78672 Y(N) 

(v) Variance 

(vi) Coefficient of Correlation 

(vii) ,, Regression coefficient 

(viii) Standard Error of the Regression estimate 

(yon x) 

(ix) Standard Error Regression estimate 

(x) Standard Error Coefficient of Association 

0
2Y(f; 

= Oy ../ (l - /) 

= (x on y) = a,-../ (1 - r2) 

c1- 0
2

2 v (_1_ +-1- +-1- + _1_) 
2 (AB) (Ab) (aB) (ab) 

lllustration 6. Compute standard errors of Median, Qua1tiles, Mean Deviation, 

Variance and Quartile Deviation, if Standard Deviation, is 5 and number of cases included 

in a sample is 100 presuming that the sample bas been drawn from a normal population. 

3ifiii1fff fliraqqf}4 ~ 
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Solution-

(a) Standard Error of Median = 1.25331 . ~ = 1.25331 -~ = .626655 
V (N) V 100 

(b) Standard Error of 01 and 02 
a 5 

= 1.36263 ../ (N) = 1.36263 ../ (N) = .681315 

(c) Standard Error of M.D. = .6028 -
5
- = .3014 

..; (10) 

(d) Standard Error of Variance =a2-V{[; 
= (5/ ~) = 25 v ( 5~) 

= 25 X .14 = 3.50 

(e) Standard Error of O.D. 
a 5 

= .78672 ../ (N) = .78672 ../ (lOO) = .39336 

Illustration 7. To study the correlation between the stature of the father and the 

stature of the son, a sample of 625 is taken from the universe of fathers and sons. The 

sample study gives the correlation between the two to be + .67. Within what limits does 

it hold true for the universe ? 

Solution- Standard Error of the Coefficient of Correlation 

Y(N) 
= 1 - (.67} = 1 - .4489 = .5511 = 022 

../ (625) 25 25 . 

Hence, the correlation m the universe most probably lies within 

.67 ± 3 x .022 = .67 ± .066 , i.e., .60 and .74 . 

Illustration 8. Find out the regression Coefficient of Hapur prices over Karachi 

prices from the following data and also calculate its standard error. 

Assuming 'n' to be 900 

Average price per md . of wheat 

Standard Deviation 

Hapur Rs. 

(x) 

18 

3 

' r' between price at Hapur and Karachi = .67 

Karachi Rs. 

(y) 

12 

2 

Solution- Regression Coefficient of Hapur price (x) Karachi prices (y) 

Ox 3 
bxy = r Oy = .67 2 = 1.005 

The standard error of this regression Coefficient is 

Ox y'(l- /) 3V1 - (.67/ = ----"---- ~ --~~ = .028 
Oy Y(N) 2 X ,/ (900) 

Illustration 9. Two groups of children, one belonging to the professional class 125 

in number and the other belonging to the labour classes 124 in number are compared and 

the following results are obtained-

Below normal weight 

Above normal weight 

Poor Children % 

55 

11 

Well-to-do Children % 

13 

48 

http:i.e.,.6O


Find the coefficient of Association between the weight and the social status. Also 

calculate the standard error of this Coefficient of Association. 

Solution-Denotion poor children by 'A' and well-to-do by 'a' normal weight by 'B' 

and above normal weight by 'b', we get 

(AB) = (55) aB = (13) Ab = (11) 

Substituting these values in the formula, we get 

Q = (AB) (ab) - (Ab) (aB) 
(AB) (ab)+ (Ab) (aB) 

and ab = (48) 

= (55) X (48) - (11) X (13) = 2640 - 143 = 2497 = 
89 (55) X (48) + (11) X (13) 2640 + 143 2783 + . 

The standard error of the coefficient of Association 

= 1-d ... / <-1-+_1_+__!_+.l) 
2 V AB Ab aB ab 

= 1 - ;.89)2 v < 5~ + 111 + 1~ + ~ ) = 0.1477 

Illustration 10. (A) The following table shows frequency distribution of yield of 

wheat (in quintals) per acre in 2,000 irrigated fields selected at random. Calculate Sample 

error of the mean :-

f.p:.:iifcf>(! ~ ll tcf ~ ~ ~ TJV; 2,000 fuf.:@ '&ITT <f>1 "Sl'fcf ~ ~ 'f>1 ~ ~) cfiT 

~ ~ ~ l'flTT ~ I ~lllt2f cfiT ~ ~ f.Jcfilf<.1~ :--

Limit (m1TT) Otis. 0--2 2-4 4-6 6--8 8-10 10--12 12- 14 14-16 16-18 

No. of Fields 90 368 562 456 310 158 44 10 2 

(@olcf>l"ff&TI) 

Solution : 

Limit IAj 9 j I M.V. No of (dx 9) fdx fd 2 

Oils. fields (f) 

0-2 1 90 --8 -720 5760 
7-4 1 168 -{1 - 2208 13248 
4-6 5 562 -4 - 2248 8992 
6-8 7 456 -2 912 1824 

8-10 9 310 0 0 0 
10-12 11 158 +2 316 632 
12-14 13 44 +4 176 704 
14-16 15 10 +6 60 360 
16-18 17 2 +8 16 128 

2,000 - 5520 31648 

= y Hix_ Lfdx 2 
Sample error of the mean S.D. s - -() 

n ( n ) 

= v 31648 _ ( - 5520 ) 2 S.D .(s) 
2000 2000 =p 

v 15.82 - (2.76/ 
2.86 

= = 
-J2000 - 1 

v 15.82 - 7.62 
2.86 

= 44.7 

= y82 = 0/062 

2.86 
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~ lITElt t ~ c6T 'Sllfltr fcnl1r 
(Standard Error of the Difference of Sample means) 

~ ~ m ~ "ij m llftZl'-~ ~ ~ m aih-~ ~ ffl cfi8T m ~ r;r m ~ if 
~ 3RKl<rr~ ~~~ zy;n~tt ~ ~~ m "ij ~~lmq;r ~ 
~~JRl'l~~ml I ~~zy;n~flt 3R!Tt"5fll'TCJfcf'FJ cf;TTfURT~ 

31k f?i;r ~ ~ ~ ~ 6-f zy;n t llfUTT cfiT 3RK ~ >fllfCf Ff'FJ t TTf1F "ij 3lf'Ffi ~ ~ cf>l'.f I 

"lfR clll-<!Mcfi ~~ ~ "ij 3TTtfcfi ~ oT ~ 'i66:1'{4 llRT ~ ~ 3RK~ t 3,;tjlcl'q,J 

tcf>RUT~llRT~ I 

m ~ l{ft2TT t ~ cfiT >fl'.{fq fcN.r ffl ~ t fuQ. r.i ciR-imia ~ cfiT m fcfi<n ~ 

(ii)~ WP-l ~ ~ ~ ffl m, y [ a~ ( :) + :J] 
Gii) ~~ ~ t llftZl'ctt ¥RT zy;rr ~ tf4fl3lo llTl2l "ij ~ m-

y ( 0~ n1(n~:n2)) 

r;r ~aitif ~~q,1@lRUTl'.l'Plal3flcfil~~i, 

"lfR zy;n ~ (Samples)~ WP-l "ij ~ ~ "ITT ~ llTl2l -m:- likl f:tlct ~ oT ~ fl 
t ~ cfiT ~ fcN.r f.r9 ~ rn ffl wrr-

.. / ( ai a~ · 01 Xa2) V -+--2r --
n1 n2 n1 Xn2 

~ cfiT m f.1-.:, ~ rn ~"ITT~-

[1] ~wrn-r.f>T~~~~llm"ITT 
Illustration 11. A random sample of 200 villages was taken from Indore district 

and the average population per village was fount.I Lu l,e 485 with a slamlanl <levialiun uf 

50. Another random sample of 200 village from the same district gave an average 

population of 510 per village with a S.D. of 40. Is the difference between the average of 

the two samples statistically significant? Give reasons. 

Solution-Standard Error of the difference of the two means, or 

_ Y (50)
2 

(40)
2 

- [ 200 + 200 ] 

4.53 

The observed difference of the two average populations per village is (510-485) or 

25 which is thus 5.5 times this standard error and so could not have arisen through the 

fluctuations of simple sampling. Hence, the difference between the average of the two 

samples is statistically significant. 

Illustration 12. A random sample of 1000 farms in a certain year gives an average 

yield of wheat of 2000 lbs . per acre with a standard deviation of 192 lbs. A random sample 

of 1000 farms in the following year gives an average yield of 2100 lbs. per acre with a 

standard deviation of 224 lbs. Show that these data are inconsistent with the hypothesis 

that the average yields in the country as a whole were the same in two years. 



Solution-

am1 -m2 = V ( aT + a1) 
n1 n2 

= ~ [ (192)
2 

+ (224)
2

] 

1000 1000 

= ../ ( 36.864 + 50.176) = ../ (87.04) = 9.3 

The actual difference between the two averages is of 100 lbs. which is nearly 10.5 

times of this standard error. Hence, it is inconsistent. 

Illustration 13. The mean produce of wheat of a sample of 100 fields comes 

to 200 lbs. per acre with a standard deviation of 10 lbs. Another sample of 150 fields 

gives the mean at 220 lbs. with a standard deviation of 12 lbs. Assuming the standard 

deviation of the yield at 11 lbs. for the universe; find out if there is significant 

difference between the mean yields of the two samples. 

Solution- Supposing the samples are independent and come from the same 

universe, the standard error of the difference of the mean yield would be-

The observed difference between the two means is 20 lbs. which is more than three 

times the standard error of the difference of the mean. Hence, the difference is significant 

and could not have arisen due to fluctuations of sampling. 

Illustration 14. A random sample of 100 villages in a district gives the mean 

population of 500 persons per village. Another sample of 150 villages from the same 

district gives the mean al 504 . If the standard deviation of the mean population of village 

in that district is 20. Find out, if the mean of the first sample is significantly different from 

the combined of the two samples taken together. 

Solution. The combined mean of the two samples. 

(100x500) + (150x504) = 5024 
100 + 150 . 

The difference between the first sample mean and the combined mean 1s thus 

(502.4-500) = 2.4. 

The standard error of the difference of the first sample mean and the combined 

mean 1s. 

= v (a2 n2 ) = v [ (20)2 ( 100 (1~~ 150) ) J = v (2.4) = 1.549 
u n1(n1 +n2) 

The observed difference is less than three times the standard error of the difference 

and as such it could have arisen due to fluctuations of sampling, the difference is not 

signi.fican l. 

Illustration 15. ln an inteJligence test administered to 60 fathers and their 100 

children; the following results were obtained-
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Father's Mean Score 

Son's ,, 
" 

114; S.D. = 13 

110; S.D.=11 

Assuming the 'r' between the two lo be = 75, calculate the standard error of the 

difference of the two means and state whether the difference is significant ? 

Solution- Since the two samples are related, the standard error of the difference 

of their Mean Scores, is 

V 2 2 
_ ( OJ 02 OJ 02) 0 m1 - m-2 - - + - - 2r X - + -

DJ 02 DJ 02 

= V ( (l3)
2 

. Q!I_ - 2 x 7 5 l3 J.!..) 60 + 100 · X 60 + lOO = ,/ (3.9793) = 1.99. 

Thus, the standard error of the difference of the two Mean Scores is 1.99. The -

observed difference is (114-110) or 4 which is only twice this standard error, and so could 

have arisen through the fluctuation of the simple sampling. Hence, the difference is not 

significant. 

:rur~cnr~~ 
(Simple Sampling of Attributes) 

~zjw:m-tm~t-G)~G.i)-m~-;,m 1 ~fcf;m~tmcf>l W'WRT 

~mm~~mol~ 3TT{~ ~tm cf>! Bl-'\ilcl'11 f.t,n (Dependent)~ <TT f.rm~ 
;,m°~-if@T I 

Hll!lcfictl &,l" lTUa:JT (Test of significance) . 

W-ll..l1<1: TT~ cf>l ~ -U ~ ~ ~ tiiftol.lcf,ll11-IT9' f-q;;,-f-q;;, ~ i I~ f~ t 
~ cf>ROT ~ ~ ~ ~ I ~ ~ cf>l ~ 3lWT- 3fWT ~ ~ I 3@: 3'Wf>1 ~ it 
~ ~ ~ lTTUf, "Sfl-lTll ~ 3TTR ,:ft 3lWT- 3lWl ~ i I ~ f'l31<!1 dcil lcliH ~ '€ I 

~~ dcillcl'i:H m~ (significant)~ ~;,ti",~ ~ f.R*-, t ~. -;;rr fcli W'llfcRT t ~ 
1l'"{~~.cf>l~itcf>Glmrft I 

'IO!flqi'.fi ai ~ ~ cnT ~ ~ 3fu '511ITCr-fcfcf<'l4 
"' 
~ ~ B'l1!l il it <JR cfii ~ ~ ~ ~ ~ -qc: m, 3TT{ ~ il ~ 'Qr.TT t "ITT cf>l 

W'llcRT(p)~ ~m3"B'Qr.llt-;:rmcf>lW'lfq.ff(q)= 1-p mm 1 ~~ ~ '?rTfT 

M (or a) = np 

~ ~ cf,T "Sfl-lTll ~ mTTT 

a (S.D.) = v'(npq) 

~ ~ TT ~ il 'Qr.TT -rn cf>l W'lfq.ff cf>l tf&l'T -;, ~ 3"B ~ t m cf,T "lfl-lTll ~ 
~ CProportion) IB'& 3TT{ ~ "lfl-lTll ~ f.rcfiT# <TT ~ ~ ~ ~ '?rTfT -

S.D.=vT!f) 

~ zj ~ 3fWT-3lWT ffl it fM ;,wl <TT ~ >fl11ll (Proportion) q;'f (p1 ) ~ (p2 

)~ m-rTT I~ 3RRcf>l ~ ~ ~ ~ Ri::f ~cf,l >rWT~~-

Standard Error in one sample = ~) 

Standard Error in the second sample = V ( P;;:o) 



Standard Error of the difference = Y { poqo ( :1 + :2) } 
Illustration 16. Balls are drawn from a bag containing equal number of black and 

white balls, each ball being returned before drawing another. In 2250 drawings, 1018 black 

and 1232 white balls have been drawn. Do you suspect some bias on the part of the drawer 

? 

Solution- The expectation of drawing a white ball in one draw is 1/2. Since the bag 

contains equal number of black and white balls-

In 2250 drawings, the expected number of white balls is 1125. 

But the number of white balls drawn is 1232. 

Thus the difference from the expected result is 107. 

the Standard Deviation of Simple Sampling is 

a=v(npq)=-V (½x½x22so) =32.7 

The divergence from the expectation is thus about 4.5 times of this and hence it is 

not probable that it arose due to fluctuations of sampling. Explanation of this deviation 

must be sought somewhere else and it seems reasonable to suspect that the drawer was 

biassed. 

Illustration 17. A coin is tossed 400 times and it turns up head 216 times. Discuss 

whether the coi:n may be an unbiased one. 

Solution-If the coin is unbiased, the chance that it will turn up head in one toss 

is 1/2 

Therefore, the expected number of heads in 400 tosses is 200. The observed number 

is 216 beads, and thus it is in excess of the expected number by 16. 

The S.D. of Simple Sampling is 

= -(npq) = v(½x½x400) = 10 

The deviation observed is thus only 1.6 times this S.D. and it is therefore probable 

that it arose as a Sampling fluctuation. Therefore, the coin can be said to be an unbiased 

one. 

Illustration 18. A random sample of 500 apples was taken from a large consignment 

and 65 were found to be bad . Estimate the proportion of the bad apples in the consignment 

as well as the Standard error of the estimate. Deduce that the percentage of bad apples 

in the consignment almost certainly lies between 8.5 and 17.5. 

Solution-Proportion of bad apples in the sample or (pl 

65 
-

500 

65 435 
and so (q) = 1-

500 
= 

500 

Standard Error of the proportion of bad apples 

"'fTiiI _ y ( 65 435 _l) 
V r~) -500 X 500 X 500 

= 0.015 or 1.5% 
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The percentage of bad apples in the sample is 

( 
65 ) · 

500 
X 100 = 13% 

So, the limits of bad apples m the consignment would be 

13 ± (3 x 1.5) = 8.5 and 17.5. 

Illustration 19. In a locality containing 18,000 families, a sample of 840 families was 

selected at random. Of these 840, 206 families were found to have a monthly income of 

Rs. 50 or less. It is desired to estimate how many out of 18,000 families have a monthly 

income of Rs. 50 or less. Within what limits would you place your estimate ? 

Solution-Proportion of families having a monthly income of Rs. 50 or less i.e., 

206 103 317 
(p) =-=-and so(q) =-

840 420 420 

Standard error of the proportion of the families having a monthly income of Rs. 50 

or less. 

= ~ = v' ( !~ X !~ X 4~0) 

= 0.015 or 1.5% 

Whatever be the percentage of families who have a monthly income of Rs. 50 or 

less, a simple sample should give a percentage within three times standard error. 

Hence, taking ( !~ x 100) or 24.5% to be the estimate of such families we have 

the limils as 24.5± (3 x 1.5) =20% and 29% approximately. 

~~it~fulllJ 
(Standard Error in Small Samples) 

~ 3TI<fiRif; ~if;~ it ;jfl fcl~~tjO( 3)q{~ M Tfll"T t~ ~ ~ 1f{~ 

~ -?@r ~ I ~ ~ cf>1 ~ 30 ~ fuRr ~ ~ 50 lfRT ~) "« \ft cfill miTI ~ <TT ~ mt~ 
lfRT ~ ~ I ~ cfiT 3fTcfiR ~ fficT -?@r ~ <TT tftf!i cfiT ~~ <TTcfi "SlcW "« ~ -?@r ~ I m 
llPfcTT3TT 1f{ ~ ~ ~ if; ~ lfrUf, lTTt:lf ~ ~ cflT fcl~~tjOI ~ ~ ~ ~ ~ 
~ it ~ m ~ ~ i ~ ~ it ~ l'.fR fuln ~ ~ fcf; ~ f.R*-, -« ~ fc@D1TT it ~ 
fcTTwrr (Normal distribution) cfil fcl~tliil~ (~ ~ ~~ if; ~'QR"« ;jfl Billoqct,l<-1 llR ~ 
lTTt:lf 3TTR) ~ mif t ~ ~ if; llR if; HiR mif t ~ ~- cflT >f7TITT ,r:rrq-fcf '111 cf>1 TJ1TRT it ~ 
~ ~~ 1 ~m2 ~ it ~ fcl~c,fFfl'-1 :,it'~~ -~~ I "B\llcRT if;~ R<P1 ,tt 

~~it m-;,m'~ t~ ~~ HlrG cfiT 3T'9"R~ ~-?@r~ I 3Tcf:mt ~ 
if; ~ ~ ~ ~ fclf{l<TT ~ ~ t I 

~ ~ ~ ~ ~ fcfi mt ~ cf>'t ~!!;TT~ ~ m cf<TT ~ it ~ ~ ffi ~ 
>ITTf,ITT ~ m ~ ~ , 3Tlf~. ,,'3l~Rt<t> ~ w-11N1cti ~ it en~ cfiT 3f[cflK ~ -?rar -m ~ 
~ ~ ~ $l ~) 'i~llz.tl ~ ~ cfiB ~ t ~ o<l<l o'lIT ~ 3,fqq; W@T t ~ ~ 3fTcfiR 

if; ~ "5fr<f cfiT-fl ~ -;,m· ~ ~ ~ I ~ ~ ~ it ~ ~ fcfi 9'li fcl ~cm-fl ll ttfu ~ ~ 
~ fcf; mt~ cflT fcl~citjOI tf,:rq it~ I 31"\'.ft-~ ~ ufirTT fcfcm:@ ~ ~ ~ <WfiT ~ 
-« f.r1qi1f ~ ~~ ~ t I~~ cflT ~ ~~~~~if; 3Fk11fq;a 

~ <f~ ~ if; ~ ~ it ¥RT cfi{ ~ ™ -?@r ~ fcfi ~ 3fiR wqq; (Significant) ~ <Tl 

-;,m· 3T~ ~ if 3R1T ~ 3<=tjfq tj.j'j ~ ~ ~ ~ s.3ll ~ <Tl Fflm ~ cfiT"{1Tf "« I 



~ ~ cb1 fci¥ittd1Q (Characteristics of Small Samples) : 

G)~ R"cRTmcrm<ITl ffllfll2TT it 3Rit3q,JT-@ ~fun~~~ ~it 
1f<U t ~ it ~ Jf1Wf ~ q;tjt @ l I 

Gi) ~ t 'Sfl{fCJ ~~¥RT it~~ t 'Sfl{fCJ ~ t cf,l, ~ ~ '5fR ~ 
"{{'WRf@~ I 

Gii) ~ ~ t 'SfllTCr ~ ~ t 'SfllfCJ ~ ~ 3Nm cf,l, mat,~ ffl ~ 
'IT ll1JRT m ~ 'SfllfCJ FNll ,ft cf,l, ~ ~ I ~ ffl'Ef,'f ~ ~ ~ cfiT mTTtR ~ ~ 
~i I 
ami m 
1. Blf~cf>l4 f-14f9ddl R<llf cf,l fc1~qa1~ ~ I 

2. -~R<lllcfil~I 

3.10 m~ Wa_:JUT (Test of Significance) : 

~ ~ it ~ We.fUT cfl8 il ~ ~ ~ ~ t fcf; ~ ~ ~ qf{q,~.JI 

'IT 3WTTfuf ~ fcf; ~ WP-l' ~ ~ ~ ~ 7T<iT ~) SH-fl111-4ill cfi1 fcrmi1l Will~ I ~m.Jl ~ 
~~¥{wmit ~-tz;,it~f'q?@l '91 mm ~we.fUTcf,T m M~ ~ t 
~ ~ 3lfqq; ~ "ITT it~ We.fUT fcnq,:rr cfi1 ~!tcrn-114ol m "ITT -;;rrcfi ~ I 

~ ~ it m~ We.fUT ~ ~ it -?rcrr ~ 1 ~ ~ q;t ~ lJ&lo: f.19fctf@o 

m w~ 11r ~mm~ :-
G) ~ cfiT "il-We.fUT (Student's T-Test) 

(ii) mK cf;T ¾s-W~ (Fisher's Z-Test) 

(iii) 'Q;fi-W~ CF-Test) 

(i) '21-W&fOT ~ 3TimfuJ flll!fctia1-11U&f01:-

~ TITmc (William Gosset) ~ ~ 1Jitzyir cf;T ~ ~ ~ I ~ ~ ~ ~ 
-i:rruf ~ ~"cfiT~q,8 ~ ~~~cfil ~"B 't' cf,T~~ t ~ 

-
x-m .c 

t =--vn a 

Where x = Mean of the Sample 

m = Mean of the universe 
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o = Standard deviation 

n = No. of items. 

~~~~w't'~iRlf~i ,~~it~~fclf~~~~ 10% 

, 5% ,1% 3TTR «JU W 't' ~ ~ ~ ~ Wd" l I~~ 3ITT"~ ~ cf>1 ¥Rf cf>1 ~ i I 

~ 1rf ~ <fit ffi -ifTTft i Ffi ~ 31K WP-i ~ llf'lIT if ctiW 3RK -;im i 3lYTTc{ dMK ~ l I 

~ "Sf<W", ~ Ffcfi@f TflfT •t' cfiT ~ ~ ~ ~ ~ arrqq; i m 3RK~ ?rTJT aw 
~~<tt~~m-rn 1'1R~~tffiUft~~q;qlm3RKf.RYfcfi?rTJT aw~-~ 
~ m-rfi 1 -cmeycrr 1 % ~ «R w \'.ft fcfi<n ~ ~ i ~ 3TT'fcficK ~ 5% ~ «R w fcfi<n 
~ i I 

Illustration 20. The ten items of a sample had the following values-

19., 22, 21, 25, 24, 27, 26, 31, 30 and 35. 

In the light of these data discuss the suggestion that the mean value in the universe 

is 24. 

Solution-

S.No. 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

Values (x) 

19 
22 
21 
25 
24 
27 
26 
31 
30 
35 

Im= 260 

- LX 260 
x=-=-=26 n 10 . 

Deviation from 
average 26 ( d) 

-7 
--4 
- 5 
-1 
-2 
+1 
0 

+5 
+4 
+9 
0 

Square or 
deviations (d2

) 

49 
16 
25 
1 
4 
1 

0 
25 
16 
81 

Id2 = 218 

S.D. of the sample = Y ( nI~
2

1) = V (1~~ 
1
) = V ( 2~

8
) = Y(14.22) = 4.9 

x- m - 26 - 24 2 
=I= -

0
- v'(n) = --v(lO) = - X 3.16 =1.3 

4.9 4.9 

The number of degrees of freedom is n-1 = 10-1 = 9. The value of 't' for 9 degrees 

of freedom at 5% level of significance is 2.262. The calculated value of 't' is 1.38 which is 

less than 2.262, hence difference is not significant. This error could have arisen due to 

fluctuations of sampling and can be said that the mean value in the universe is 24. 

Illustration 21 (A) 

Ten individuals are chosen at random from a population and their mcomes are 

found to be Rs. 63, 63, 64, 65, 66, 69, 69, 70, 70, and 71. Discuss the suggestion that the 

mean-Income in the universe is Rs . 65. Given that for a degree of freedom, the values of 

Students I-test at 5% level of Significance is 2.262. 

Solution : ~ l1"R IB<n TJ<TT ~ fcl; ~ 1TTl21" 3lT<l o?TT w:r-l J:fTUl 3Wl ~ m ~ ~ 
~! I 



Calculation of Mean and S,D. or the Sample 

Income (x) 
Rs. dx (67) d2 

63 --4 16 
63 --4 16 
64 -3 9 
65 -2 4 
66 -1 1 
69 +2 4 
69 +2 4 
70 +3 9 
70 +3 9 
71 +4 16 

670 88 

_ ~x 670 
x (Mean of the Sample) == - = -

0 
= 67 Rs. 

n 1 

m ( Mean of the Universe) = 65 Rs. (given) 

- T;;F - ,88- - '88 
a (S.D. of the Sample)= V -==--- = V ~-- == V ~ ==3.1 

n-1 n-1 9 

t == x-m VO== 67-65 v10 == 2 X 3.16 == 203 
a _ _ 3.1 3.1 · 

t (calculated) 2.03 < (is less than) t (tabulated) 2.262 . Hence, Null Hypothesis is 

true and the difference of two averages is not significant. 

<:1" ~-~ ~ lTT'£2TT ~ 3hK cf;]' 't' We.fUT (t-test of the difference of means of two 

smaJl samples) 

(i) c:,-~ -if >W<f WlRR lTTUTT ~ ~ 3f<K cf,1 ~ if; We.fUT if; ~ 't' cf;]' ~ <ff lffi 

f.J'-1f1.1forn ~ -if ~ ~ ~ -

wn : 

'1R i'r-n ~ ~ ~ ~ >fT-1 it ~ ~ en ~ tffflq;J if; 3fl'QT{ 1'.T"{ mmt«r · s · cf;]' 

~ m-
2 2 

nJ OJ + n 2 02 ------- -
DJ + n2 - 2 

~~it (nJ + n2 - 2) = ~ B""&ll <Degree of freedom) 

3'iii1fR' ttiroAAb1Q ~ 
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~ t (calculated) > t (Tabulated) Difference Significant 

" 
l ( 

" 
) < l ( 

" 
) 

" 
not Significant 

Illustration 22. The means of two random samples of sides 9 and 7 respectively are 

196.42 and 198.82 .The sums of the square of the deviation from the mean are 26.94 and 

18.93 respectively. Can the samples be considered to have been drawn from the same normal 

population ? 

d.f. 5% Value of 't' 1 % Value of 't' 
13 2.160 3.012 
14 2.145 2.977 
15 2.131 2.947 
16 2.120 2.921 

Solution : 

The Standard error (S) of the difference of the means of the two samples is­

S = V Ldi + Ld~ = y _26_._94_+_1_8_.9_3 
n, + n2 - 2 9 + 7 - 2 

=~ =V3.2B 
14 

1.8 

Applying to the given data, 

196.42 - 198.82 - 2.4 = - 2.4 = 2 67 
1.8 X 0.25 0.9 . = 

The number of degrees of freedom is n1 + n2 - 2 i.e. 9 + 7 - 2 = 14. The value 

of 't ' for 14 degrees of freedom at 5% level of significance is 2.145 . The calculated value 

of 't ' is more than its tabulated value. Hence, the difference between the two means is 

significant and the samples cannot be considered to have been drawn from the same normal 

population. 

Illustration 23 : Two types of batteries are tested for their length of file and following 

results are obtained :-

No. in Sample Mean Variance (al 

Battery A 10 500 hrs. 100 

Battery B 10 560 hrs. 121 

Is there a significant difference in the two means : 

Solution : On the hypothesis that the two samples are taken from populations with 

similar means and standard deviations, the value of combined standard error will be-

v 2 2 

s OJOJ + 0 2 0 2 
= 

n1 + n2 - 2 

=v {10 X 100} + {10 X 121} =v 1000 + 1210 

10+10-2 18 



.~ 
= V 18 = v 122.8 = 11.os 

Applying to the given data-

500-560 = ----;:::====== 
11.08"" 1 _..!_ +_!_ 

V 10 n10 

= -60 = 12.03 
11.08 X 0.45 

For 18 degrees of freedom at 5% level of significance the value of 't' according to 

the table is 2.1. The calculated value is. 12.03 being much higher than this, the difference 

between the two means is highly significant. 

Illustration 24 : The annual salary of professors in the colJeges averages Rs, 30,000 

and has standard deviation or Rs .. 1,000 . The salary of doctors averages Rs. 25,000 with 

standard deviation Rs. 1500 . These data relate to samples of size of 25 for each group 

chosen at random. Test at 5% level of significance, whether there is significant difference 

in the mean of the salaries of the two groups. 

Solution : Standard error (s) of the difference of the two means 

s 
2 2 

01 01 + n2 02 

OJ + n2 - 2 

(25 X 1000
2

) + (25 X 1500
2

) 

25+25-2 

8,12,50,000 = v' 16,92,708 
48 

= v . 2,50,00,000 + 5,62,50,000 
48 

1301 

Applying to the given data, 

30,000 - 25,000 
= 

1301 4 
/ _!_ + _!_ 

5000 5000 
= 1301 X 0.28 = 364.28 = 13.

7 

V 25 25 

For 48 degrees of freedom at 5% level of significance the value of 't ' according to 

the table is 2.01 which is less than the calculated values . Hence, there is significant 

difference between mean salaries of the two groups. 

Illustration 25 : Two kinds of manures are applied to 16 plots of one acre each, 

other conditions remaining the same, the yield (in quintals) is given below : 

Manure I 18, 20, 36, 50, 49, 36, 34, 49, 41, (9 plots) 

Manure TI 29, 28, 26, 35, 30, 44, 46, (7 plots) 

Examine the significance of the difference between the mean yields due to the 

application of different kinds of manures. 

~ flifuqqflq ~ 
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Solution : 

yield 

Xl 

18 
20 
36 
50 
49 
36 
34 
49 
41 

333 

Manure I Manure II t 
d 1 (37) d2

1 yield d2 (34) 
x2 

-19 361 29 -5 
-17 289 28 -6 
-1 1 26 -8 
+3 169 35 +1 

+12 144 30 --4 
-1 1 44 +10 
-3 9 46 +12 

+12 144 -
+4 16 -

1134 238 

_ · LX] 333 
XI =-=-=37 

Il] 9 

- fa2 238 
X2=-=-=34 

D2 7 

s = V L di + L d~ 
Il] + D2 - 2 

1123 + 386 
9+7 - 2 

= ~ = v 108.57 = 10.42 
14 

37 - 34v 9 X 7 
= 10.42 9 + 7 

3 1 
= l0.42 X 2 = 0.57 

. .,,.. 

d~ 

25 
36 
64 

1 
16 

100 
144 

386 

For 14 degrees of freedom al 5% level of significance, the value of 'l' according lo 

the table, is 2.14. The Calculated Value of 't' is 0.57 which is less than the tabled value. 

Hence, the mean yields do not differ significantly due to the applications of the kinds of 

manures. 

Illustration 26 : Two laboratories carry out in~iependent estimates of fat content for 

ice-cream made by a certain firm. A sample is taken from each batch halved, and the 

separate halves sent to the two laboralories . They obtain the following results :-

percentage fa1 content in Ice-cream. 

Batch No. 

Lab A 

Lab B 

1 

7 

9 

Is 1he testing reliable ? 

2 

8 

8 

3 

7 

8 

4 

3 

4 

5 

8 

7 

6 

6 

7 

7 

9 

9 

8 

4 

6 

9 

7 

6 

10 

8 

6 

Solution : lf the testing is reliable, 1he mean of 1he difference in results should not 

significantly differ from zero. 

We shall calculate the mean and the standard deviation of 1he difference of two 

results : 



Batch Lab Lab Difference 
No. A B of results 

(Lab B- Lab A) 
1 7 9 +2 
2 8 8 0 

3 7 8 +1 

4 3 4 
+1 
-1 

5 8 7 +1 
6 6 7 0 
7 9 9 +2 

8 4 6 -1 

9 7 6 
-2 

10 8 6 
+3 

Mean of the difference or x = :o = 0.3 

Standard deviation (a) of the differences 

_,;;:;r- _rrrr 
= V ~ = V T = 1.34 n-1 

Applying the given information, 

x-m 
t=-- Yn a 

= 0.3 - 0 ,/fil = 0.3 X 3.16 = 0_71 
1.34 1.34 1 

d (0.3) d2 

+ 1.7 2.89 
-0.3 0.09 

+0.7 0.49 
+0.7 0.49 
-1.3 1.69 
+0.7 0.49 
-0.3 0.09 

+1.7 2.89 
- 1.3 1.69 
-2.3 5.29 

16.10 

The value or 't' for 9 degrees of freedom at 5% level is 2.57. The calculated value 

is much less than this, hence, the difference is insignificant and the tests have been reliable. 

3R ~ -q fhH-iai~ ~ cn1 fH$!lciidl cfiT 't' qfl-~ 
(festing the significance of Coefficient or Correlation in small samples- 't '-test):-

~~ it~q Tfcfit '5fl1'TCl'fcf'Flcf>l TfURl ,n 3""W 3lNK11Tcf>l ~ i RB11T~ 
~t~,~~~3RR"?f~i l3~Pr_:rt3i11if 1-/t~11T~ 3ITT" 
n it vn t ~ 11T ro--=-2 cfiT m ?r-ill i I 'n ' it -il 2 <Pl cfi8 cfiT q,f{UT ~ ~ fcf; 'r' cf>1 TJURT it 
2 mTcTT cf>1 ~ <Pl ?r ~ ~ 1 ~ m~q 1JUTcfi t ,r:m fc.Nll cft ~ cfi8 t ~ f.lyf~f@a 
~ q,J m ~ ~d ~ 

v 1-r2 
SE(r)= -~ 

V n - 2 

t = V r 2 X ~2 
1 - r 

Jllustration 27 : Find the least value of 'r' in a sample of 27 pairs from a bivariate 

normal population significant at 5% level. 

Solution : n = 27 

Degree of freedom ( d.f.) = 27-2 = 25 
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r 

Sr 
t = -.==== (VaJue of 't' 25 degrees of freedom of 5% level is 2.06) v 1-r2 

For significance of 'r' the vaJue of 't' must be more than 2.06. Therefore, 

Sr 
... I 2 >2.06 
y 1-r 

Sr > 2.06 

r 25 r2 > 4.2436 (1 - r2) 
r 25 r2 > 4.2436 - 4.2436 r 

2 

r 25 r2 + 4.2436 r 
2 

> 4.2436, 

29 .2436 r 
2 

> 4.2436 

... I 4.2436 
r > V 29.2436 ' r > .381 

Therefore, at 5% level of significance, the vaJue of 'r' must be atleast 0.381 

Illustration 28 : A random sample of 18 pairs of observations from a normal 

population gives a coefficient Correlation of 0.52. Is it likely that the variables in the 

population are uncorrelated ? 

Solution : 

r 
t=-=== v 1-r2 

-~ 0.52 
x V n -

2 
=- y 1 - (0.52/ 

0.52 0.52 

x y 18- 2 

= V 1 - o.2704 

= 0·
52 

x4 = 2.44 

=-v 1 _ 0.72% 

0.85 

For 16 degrees of freedom, according to the table, the value of 't' at 5% level of 

significance is 2.12 and at 2% is 2.58. 

The observed value of 't' is significant at 5% level but not at 2% level. This gives 

reasons to suspect the hypothesis that the variables are W1correlated. They may be 

correlated . 

[II] ~ cfiT 'Z '-Q'Ua_nJT (Fisher 's 'Z'-test): 

~~~ ~-q 1JU1cti aj mm aj ~m ~ ~ ~ 'z' cfiT ~ M i 
I~ W~ ij 'r'clil •z ' iJ ~ cfiT R<TT ~ ~ I ~ 3lft1T{ 'CR~~ cfiT 'z' 'l'U~ '11 

'z '-~4hHOI ~~I 

'z•-qn~ <nT 3'QcWT (Uses of Z-test) : 

(i) ~ it 'r' ~ljRcf~ wm ~ 'r' ~ llR ij 3R!Tm~i 3l~3Wl wmf l 
(ii) ~ ~ ~ ~-q 1JUfcti cf>T ~ m$f; i ~ 31lfm I 

(i) ~ ~ 'r' ttmfl'lP-i ~ 'r' ~ 31;:n: <lil~: 



1 (1 + r) Z(s) = - lo~ --
2 1-r 

[lo~ = log10 2.3026] 

Z(p) = 1.1513 log10 ( ~ ~ ~~~n 
S.E(z) = V 

~: 

1 

n-3 

(
1 + r) = 1.1513 log10 
1 

_ r 

~ Z (s) - Z (p) > 2.58 Oz <ft 3RK 1% "ill~ «frll{m'lfcfi i ~~I 
" Z (s) - Z (p) > 1.96 Oz <ft 3RK 5% ~ «fr 11'{ m'lfcfi i ~ ~ I 
" Z (s) - Z (p) > 3 o, <ft 3RK f.rfN<r ~it~ i ~ ~ I 

(ii) ~ ~ ~ «iH~i!i~ T1fcn qi1 ~maa,a, ~ : 
~ ~ t~q TTcfi 6-1 ~r2) % 3RK<hl ~ chl ~t~~>fcliK-itm 

Z1 oerr Z2 ~YHH0 1 ~ ~ ~ ~ oerr ~ % )lqfq fcf,pJ ~ f.lc.ifMTua ~ cfiT >flliTT ~ "IToT 

i :--

s. E. (Z1 - Z2) = V __!__3 + __!__3 
n1 - n2 -

Z1 = 1.1513 log10 ( ~ ~ ;: ) 
fu1 oerr ni ~ q,1 ~ m1 i) 
~: 

(
1 + r2) Z2 = 1.1513 log10 
1 

_ r
2 

(i) (Z1 - Z 2) > 2.580 (Z1 - Z2) m 1% m~ ~ 11'{ ~'q ~ 3TTK m~ l 
3f-<1erT 3lm I 

(ii) (Z1 - Z2) > 1.96 0 (Z1 - Z 2) ell 5% mifcRn «H 4{ ~Qt-i<i'tl 'JUl<t, did( fll4<t> t dl~l!11 

~I 

(iu) (Z1 - Z2) > 3 O (Z1 - Z2) <ft 3fiIT RW@ ~ TI m% i 3f.'<lerr 3ll'lffi I 

Illustration 29 : Coefficient of Correlation of 28 pairs of observations of a sample 

is 0.7 and Corresponding population value is 0.4 . Is the difference significant? 

n =28; r (s) =O.7; r(p) =0.4 

Applying Z-Transformation. 

z (s) = 1.1515 log 10 (\~0~;) 

= 1.1513 log 10 ( ~:; ) = 1.1513 log 10 ( ~
7

) 

17 3 
= 1.1513 ( log 10 - log10 ) 

= 1.1513 (1.2304 - 0.4771) 

= 1.1513 X 0.7533 = 0.87 

Z (p) = 1.1513 log 10 (
1 + 0.4) 
1-0.4 

= 1.1513 log 10 (~) 
0.6 

1.1513 log 10 G) 

~ RiM"'74 ~ 

NOTES 

123 



NOTES 

124 

7 3 
1.1.'iB [log10 - log10] = 1.1.'iB (.8451-4771] 

= 1.1513 X 0.368 = 0.423 

Z(s)-Z(p) = 0.87-0.423 = 0.447 

1 
S.E (z) = ./ 

V n- 3 

At 1 % level of significance 

Z(s) - Z(p) < 2.58 a Z 

< 2.58 X 0.2 

0. 447 < 0. 516 

Hence, the difference between sample and universe Coefficient of correlation is not 

significant. 

1Jlustration 30 : Two groups of students are given an intelligence and an arithmetic 

test. 

n1 = 45 

n2 =39 

ri =0.45 

f2 =0.38 

Is the difference berween values of two 'r' significant 

Solution: 

First sample 

(Intelligence test) 

1 1 - r 
Z1 = 2 Iog10 ~ 

5 I 1.45 = 1.1 13 og10 0
_55 

1.513 log10 2.6364 

1.1513 X 0.4207 

0.4844 

Second Sample 

(Arithmetic test) 

1 1 - r 
Z2=-Iog10 --

2 1 + r 

= 1.1513 log10 ~:~ 
1.1513 log10 2.2258 

1.513 X 0.3476 

0.4002 

If the two samples are random samples from the same normal population , Z1 -Z2 

is distributed normally with mean -zero and standard error. 

S. e = Y ~ + n2 ~ 3 = Y 45 ~ 3 + 39 ~ 3 

= y 4
1
2 + ~ = "'2~2 = ~-;;; = 0.227 

Z 1 - Z2 = 0.4844 - 0.4002 = 0.084 = 0 37 
Se 0.227 0.227 . 

At 5% level of Significance, value or normal deviat e 1.96. The observed value is 

much less than this. Therefore, the difference between the values of two 'r' is not significant. 



.I 

[Ill] 
1
F

1-lfU&JUT err mRUT ~ lfU&IUT (F-Test or Variance Ratio Test) :-

~ w~ ~ '5fUtqf m. ~~ ~ ~ t-l~cfiT{ ~ ~ ~ , ~~";fill~ ¥.T ~ ~ 
cfflUT"ITT~ 1F-Test'ffi~ I~~~ 3RK-q,'tmmq,'t~q,1~t I ~~cfiT ~ 
~tfctiWP-l'>l'mUT~~~ ~~~~f~~~ey;nm ~WP{- >l'mUfq@ SHil'll~ 

fc«Rur~~~~~~ I ~>lmUTT~ ~cfiT'Sl<TTTT ~~cf,T"{Uf~l:ffi~cfil~ ~ 
W~ (Variance Ratio test) ,:ft- ffi ~ I ~ f.p:, >fcfiK ~ ~ ~ ~ Wfi"ifT ! :-

= Larger estimate of variance 
Smaller estimate of variance 

Si 
=2 

S2 
2 

Si=~ 
ll] - 1 

'n1' qtTT n2 ~: ~ ~ ~ ~ cfi1 ~ ~ t I <M ~ >l'mUT q@ ~ °q,1 

~ ~ (d.f.) = n-1 (v1) cfill >l'mUT 9@ ~ cfi1 ~ ~ =n-2 (v2). 

>l'mUT ~ cfi1 ~ 00 ~ ~ 'F' ~ @{I, qftct,f~il ~ qtTT F.05 m{UIT ~~¥Rf 
cfi1 ~ ~ I <iR F > F.05 t <fl >m{Uf ~ cfil Wlcf> "'1RT -;jf@l ~ 3f?ffit_ ~ "'1RT ~ ~ zyrr 
~ ~ m Wl1l' ~ ~ ~ ~ ~, <lR F < F.o5 t m ~ ~ ~ WlT , ~ llRT ~ 
~ zyrr ~ ~ "ITT WPl ~ ~ ~ i I 

Illustration 31 : 1\vo Samples of size 10 and 9 give the sum of squares of deviations 

from their respective means as 135 and 80 square centimeters. Can they be regarded as 

drawn from the same normal population ? 

Solution : 
2 

Si=~ 
Ill - 1 

135 
IO - 1 

135 
- 9 

= 15 

80 
9-1 

80 
- 8 

= IO 

At 5% level of Significance , the value of F.05 , according to the table is 3.39 

F -Calculated 1.5 < F.05 tabulated 3.39 . Hence, Variance ratio is not significant, i.e. th 

two samples belong to the same population (universe). 

Illustration 32 : For a random sample of IO pigs, fed on diet A, the increase in 

weight in a certain period was 10, 6, 16, 17, 13, 12, 8, 14, 15 and 9 lbs . 

For an other random sample of 12 pigs, fed on diet B, the increase was 7, 13, 22, 

15, 12, 14, 18, 8, 21, 23, 10, and 17 lbs. 

Show that the estimate or the population variance from the two samples are not 

significantly different. 

For V1 = 11, V2 = 9, the 5% Value of Fis 3.112) 
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Solution: 

Sample 1 

Xl d1 (12) 

10 -2 
6 --6 

16 +4 
17 +5 
13 +1 
12 0 
8 -4 

14 +2 
15 +3 
9 -3 

120 0 

_ LXt 120 
XJ =-= - = 12 

n 10 

2 1:di 
S1=-­

n1 - 1 
120 

10 ~ 1 

= 
1!0 = 13.33 

F = Larger eslimate 
Smaller estimale 

CalcuJation of Variances 

Sample-2 

dt x2 d 2 (15) 

4 7 --8 
36 13 -2 
16 22 +7 
25 15 0 
1 12 -3 
0 14 -1 

16 18 +3 
4 8 -7 
9 21 +6 
9 23 +8 

10 -5 
17 +2 

120 180 

- LX2 180 
x2=-=-= 15 

n 12 
2 

2 1:d 2 
S 2=-­

n 2 - 1 
314 

12 - 1 

= 311: = 2{55 
2 

S2 28.55 
= Si = 13.33 = 2.14 

d~ 

64 
4 

49 
0 
9 
1 
9 

49 
36 
64 
25 
4 

0 314 

. F < F.05; Hence, population variance from the two samples are not significantly 

different. 

~-qlf ~ (Chi-Square Test) 

~-queyrq;r~fflfcfiit "riit3l<li3W~3f<fi1~3RKcfi"T~m~@lZ M 
\lfTiTT ~ I~~~~ "Q,cfi if.t cf>1 ~ ~ ~ ~ I~ WITT if~~ it~ ~t3"B ~ 
rrm;-{ fcf; ~ f.Rm dciffii:11 ~ qifD'f l ~ ~ ~ ll :m' &T ~ I cITT- cflT ~ ~ cfi"T 1TT99'i 

~ 1 <lR "(RT q,f ~ ~ m <fl m-cflT ,n ~ 3ffiTT ~ 1 <lR zy;n if~~ en~~~ 3lf~ 
"WTT I~ 3RK~~ 3TT~ ~ ~ d'cqlcFH ~ cfiRUT ,:ft 3TT tfcF<TT ~ I 3IB: <l"R: m-cflf cfi"T ~ 
~ 3lfqq; "ITT en ~ ~ t-1"1 ~, ~ m$ll (Significant) m· ~ I ffi'l!?f qffffl!l@ if fcRl" 1WiT CTcfi 

q,f ~~ m"~, ~ ~ m ~ ~ m-cflT cf,1 mftrrft ~ ~ ~ ~ ~ ~ m 
~ ~ ~ ~ 1 <lR m-cflT q,f ~ fcf;,.rr s3TT ~ mftofl it~~~~ 3Tf~ m <fl~ 3lqi 

~ ~ 3lqi q,f 3RR -m$ll men ~ , m-cflT ~ m q,f cf1T ~ ~ ~-

2 (fo - f ) l 2l Chi-Square of X = I f 

where , 

X
2 = Chi-Square 

'f O = Observed frequency 

f = Corresponding theoretical of probable frequency. 

http:fcf;<.rr


3.11 Gil'~ ffi 

1. 

3.12 fll(i~I 

WP-1 if ~ ~ fcfim ~ i· ffi -smrf.rrtl ~ ~ ~ ~ i m ~ f.Rm ~ t I OOH 
ffl mi ~ ~ fcrftpn RJ;f i- oqfqcfi ~. ~ tmR, ~ ~ ci ~s«Hlll OOH 
3TTR I ~ cliT 3TTW WP-1 <fit ~ if m -;;JR q@j Q,cf,Mcll ~ 3lo: ~ if WP-1 <fit fcl¥Jtl<ll~ 

~~~I~~ ~<H W111 ~t~ WlRmww-n~ <FTTfcf; ~ 3TTK 
-?Rfl} I ~~WP-1 ~t ~q;) ~ ~~ t I mt~t ~1TU~1J&«f:m:i 
>fcf;R t 1TUeJUTT 1l( 31Ttnrn1 -?RfT ~ ~ cliT it tm~, firn{ cliT -h 1TU~, 1% 1TU~ 3TTR I 

~Ud,,1(1~ ~ (Long Answer Type Questions) 

l . W1URT ~ 3ffi f.Rm >fOlTffi cliT 3RR ~ I ~ tlt-l.Jl(licii T7T-zyTT q,1 ~ ~ I 
a-;, qf<fB11fa4l q;) ~ ~. ~ ~ Bif ~ ~ Wif cliT ffl ffi~ mm~ I 

Distinguish between a census and sample enquiry. Discuss their relative advantages 

and disadvantages. Explain the conditions under which each of these methods may 

be used with advantage. 

2. "~ ~ ~ ~-f.Rm 1l( 3lNlrnf m;n ~I"~~ I 
a good sample must be based on random selection. discuss. 

3. "~ ~ ~ ~ s1Z \TI~~ mm~~~~-~ 1l( 3lllllfio -.:im· 31"~ ~-f.Rm 
1:1\ 31Ttnrn1 ~ s1Z \TI -6ffq~,nHlll m mT ~. ~ ~ mcJ ~ 1" ~ q;~ <fit WTTW ~ 
3W~ ~ i'j ~ t %9 cH ~ I 
"A sample may be large yet worthless, because it is not random.or it may be random 

but underliable, because it is small." Comment upon this statemant and explain the 

importance of sampling inaur daily life. 

4. "~ ~ qfl:fB'lfl1ll1 q 008 ~ ~lii~llif;cil ~ i" ~ qil'f, cH t13i!.W0 1 ~ I ~ 
q,l aj'qq; ~ fc!f'llll cfTT-~ t? ~-~ <fit ¥Rii'i «fftf ~ t ~ c,M q,l 

~~ I 
"sampling is a necessary under certain conditions. " IIJustrate it by a suitable example. 

What are the well known methods of sampling? Indicate some of the advantages of 

stratified sampling over random sampling. 

~ Rif&Jc1,74 ~ 
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5. 

6. 

"fcf;m ~ ma:TUT if fcf1JlT ~ ffl mil~ l I ~ ~ * ~ ma:TUT ~ llT;f ~ In 

~qi~cfiff.$R~1 

"In any sample survey, there are many sources of error. A perfect survey is a myth." 

Discuss the statement. 

{ijf&i<hll.l f11.lf~ctdl ~ 3ITT" ~ ~ ITTli clil ~ ~ * fl&l$tl~Q, I 

State and explain the law of statistical regularity and the law of inertia of large 

numbers. 

7. ~ f,ni?J1:1°1 it~ q;r <FlT WKR t ITT"'iRl ~ r 
Discuss the role of sampling in economic analysis. 

8. ~'f'Rcttfclf~f<nq,nq;rqUt;f~1~~~•~TTantm~1 
Describe the various methods of selecting a sample. State the merits and demerits 

of each, giving examples. 

9. ~ ch1 f<n,:r,;r ~ ~ I 
Give an account of the different techniques of sampling. 

10. f1Yf~forn 'lt m~ fctqfoll!i ~-

(cfi) W'lJcRT ~ (Theory of Probability) 

<'&) mf.ntl ~ (Representative numbers) 

(TT) ~ ~ ~ ~ (Tippett's Random numbers) 

(q) "4§@-0ll ~-~ (Multi-stage Area Random Sampling) 

(s) ~ (51fdill.l-i) ~ ~ (Objects of Sampling) 

11. Distinguish clearly between any two of the following giving, suitable example wherever 

necessary-

(i) Primary and Secondary data, 

(ii) Census and sample enquiry, 

(iii) Classification and Tabulation. 

12. ~ ~ ~ cfil WTURT ~ f.R*-r nfum it 3RK ~ 3TT{ ff~ it ffl g(-HlciFf, ffi'TI 
cf,T ~ ~ I 

Distinguish between the census and sample methods of collecting statistics and discuss 

briefly their comparative advantages. 

13. ~ f.Rm ~ Bful r@R it ~~I 
Differentiate between Random Sampling and Statified Sampling. 

14. it-ZR <Frd ? 

What is t-Test ? 

15. ~ flif<sl.lctil l.l ~ it <FIT ~ ~ ? ~ cfil ~ ufcrlTT cf,T ~ ~ I 
~ ~ it "ill~ cfil ml1JfT cfi1 ~ ~ I 
Why is sampling necessary i.n statistical-investigations? Describe the general 

methods of sampling. Clarify the concept of significance in the theory of sampling. 

16. ~ cf,T ~ ~ I f.Rm-fcf'IJ11 ~ cffiUI i ? 

Depict the importance of sampling. What are the causes of errors of sampling. 



~~~(Short Answer 'Iype Questions) 

I. f.R:*-r ~ t ? 
What is Sample. 

2. f.R.-m <fit fqf,:r,;r fcrt'~ cfiT ~ fcrRur ~ I 
Discuss briefly the different methods of sampling. 

3. f.R.-m cfiT ~ ~ I 
Explain the importance of sampling. 

4. f.R.-m fcf'1ll t cfiTT1lT ~ l ? 

What are the causes of errors of sampling. 

5. ~ f.R:m <fit ~ ~ I 
Discuss random sampling. 

cl~Rto ~ (Objective 'Iype Questions) 

1. ~ 3$'lR cfiT TT l 
(3l) filaoqfl.rn1 

2. ~3Wllftfl 
(3l) cf><--fl(9cf> ~ t-l) 31i!f~11f;fl<1 ~CU) TJMITTll ~ ~) chrrm ~ 

3. ~¥tTT~ri~it tJ'tf.R"m-q;rm~l 
(3l) WT CU)~ 

Jffi- 1. t-l),2. ~).3. t-l). 

3 .14 (·.x:n ct~, fh.f> m 
1. A coin is tossed 10,000 times and head turns up 5125 times . Is it reasonable to think 

that the coin is unbiassed ? 

(S .E . 50, Actual difference is greater than 3 times the S.E.] 

2. A Coin is tossed 400 times and it turns head 216 times. Discuss whether the coin 

may be an unbiassed one and explain briefly the theoretical principles you would 

use for this purpose. 

[S .E . 10, coin is unbiassed.) 

3. A random sample of 500 pineapples was taken from a large consignment and 65 

were found to be bad . Estimate the proportion of the pineapples in the consignment 

as well as the standard erro r of the estimate. Deduce that the percentage of bad 

pineapples in the consignment almost certainly lies between 8.5 and 17.5. 

[S.E . of proportion = .015 -Proportion of bad pineapples lies between 

(13 ± 3 X .015) 

(t = -1.5)] 

4. Calculate the standard error of the mean from the following data collected in one 

of the many random sample inquiries conducted to find out average earnings of a 

particular class 
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E arning p.m. Number of persons 

(Rs) 

upto 10 50 

,, 20 150 

30 300 

,, 40 500 

" 
50 700 

60 800 

70 900 

80 1000 

[S.E .. 61] 

5. What is meant by the standard error and what are it s practical uses ? Intelligence 

tests on two groups of boys and girls, give the following results. Examine if the 

diffference is significant. 

Girls 

Boys 

Mean 

84 

81 

S.D. 

10 

12 

No. 

121 

81 

[S.E. 1.61-Actual difference is less than three times the standard error.] 

6. A random sample of 500 villages was taken from district Kanpur and the average 

of population per village was found to be 480 with standard deviation of 48 . Another 

random sample of 400 villages from th e same district gave an average population of 

500 per village with S.D. of 54. Is the difference between the averages statisticallly 

!:iig11ilica11t ? Give: It:d!:>UW, . 

[S .E. = .61] 

7. An astrologer assured 400 candidates of their success in the examination. 320 of 

them passed. Do you admit his claim to power of knowing future events? 

[S.E. = 10] 

8. A random sample of 1000 farms in a certain year gives an average of wheat 2000 

lbs. per acre with a standard deviation of 192 lbs. A random sample of 1000 farms 

in a following year gives an average yield of 2100 lbs. per acre with a standard 

deviation of 224 lbs. Show these data are inconsistent with the hypothesis that the 

average yields in the country as a whole were the same in the years. 

[S.E. 1-2 = 9.32, t = 10.7, hence difference is significan t.] 

9. In a locality containing 18,000 families a sample of 840 families was selected at 

random. Of these 840 families . 206 families were found to have a mont hly income 

of Rs. 50 or kss . It is desired to estimate how many out of 18,000 families have a 

monthly income of Rs. 50 or less. Within what limits would you place your estimates? 

[S.E. = 0.015] 



10. In a random sample of 500 men from a particular district of U.P. 300 are found to 

be smokers. In one of 1000 men from another district 550 are smokers. Do the data 

indicate that the two districts are significantly different with respect to the 

prevalence of smoking among men? 

(P.C.S.) 

[S.E. = 0.027] 

11. A random sample of 200 villages was taken from a district and average population 

per village was found to be 485 with a standard deviation of 50. Another random 

sample of 200 villages from the same district gave an average population of 510 per 

village with standard deviation of 40 . Is the difference between the two samples 

statistically significant ? Give reasons. 

[S.E. = 4.54] 

12. Explain what do you understand by Standard Error or the mean of random sample. 

The data concerning height measurement of a · random sample of individuals from a 

given population are as follows-

Mean = 172; S.D.=12; n =65 

If a larger number of samples of the same size were selected at random from the 

given population what would be the limits of 20% confidence interval for the true 

mean. 

[S.E. = 1.5] 

13. The means of simple samples of 1,000 and 2,000 are 67.5 and 68.0 inches respectively. 

Can the samples be regarded as drawn from the same population of S.D . 2.5. 

[S .E. = 0.097] 

14. Ten individuals are chosen at random from a proportion and their heights are found 

to be in inches 63, 63, 64, 65, 66, 69, 69, 70, 70, 71. Discuss the suggestions that the 

mean height in the universe is 65 inches, given that a degree of freedom the value 

of students at 5% level of significance is 2.262, 

[ t = 2.02] 

15. The median height of 100 M.Com. students is 66 inches with a standard deviation 

of 3 inches and the Median height of 121 M.A. students is 64 inches with a standard 

deviation of 4 inches. Are M.Com. students taller than M .A. students ? 

[S.E. Median 37599, .45575, S.E. of difference = 5.6] 

16. Suppose a sample of 197 families is randomly chosen out of 8000 families residing 

in an area, and their indebtedness position is analysed . The following table describes 

the position. 

Indebtedness No. or Families Indebtedness No. or families 

1-20 1 100-120 43 

20-40 3 120-140 31 

40-60 14 140-160 6 

60-80 29 160-180 2 

80-100 27 180-200 1 

197 

~ Rifiiqqf}4 ~ 
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17. 

Whal is Lb~ rang~ wilhin which the average indebtedness of the 2800 families is likely 

to be? 

(Rs. 96.96 to 98.73) 

A random sample of 1000 men from Northern Inclia given their mean wage to be 

Rs. 2.50, per day with a standard deviation of Rs. 1.50. A sample of 1500 men from 

Southern Inclia gives a mean wage of Rs. 2-69 per day with a standard deviation of 

Rs. 200. Discuss whether the mean rate of wages varies as between the two regions. 

18. What is the chance that a leap year, selected at random, will contain 53 Sundays. 

19. A and B stand in a ring with 10 other persons. If the arrangement of 12 persons is 

at random, find the chance that there are exactly three persons between A and B. 

20. A, B, and C in order toss a coin. The fust to throw a head wins. What are their 

respective chances of winning? 

21. An experiment succeeds twice as often as it fails. Find the chance that in the next 

six trials there will be at least four successes. 
6 2 1 (2 1) 496 

[Ans. = 3' q = 3 3 + 3 = 726] 

22. Find the chance of drawing a king, a queen and a knave in the order from a pack 

of 52 cards in three consecutive draws; the cards drawn not being replaced. 

[ 
4X4X4] 

Ans. 52 X 51 X 50 

23. Three groups of children contain respectively. 

3 girls and 1 boy. 

2 girls and 2 boys, 

1 girl and 3 boys 

One child is selected at random from each group. Show that the chance that the 

three selected 

13 
consists of 1 girl and two boys 1s 

12 
. 

p = girl from the first, boy from the second., boy from the third 

3 1 3 9 
=-x-x-=-

4 2 4 32 

p boy from the first, girl from the second, boy from the third 

1 1 3 3 
=-x-x-=-

4 2 4 32 

p = boy from the first, boy from the second, girl from the third 

1 1 1 1 
=-x-x-=-

4 2 4 32 

Joint 
9 3 1 13 

p = 32 + 32 + 32 = 32 



24. One purse contain 1 sovereign and 4 rupees, a second one contains 2 sovereigns and 

3 rupees and a third contains 3 sovereigns and 2 rupees. One purse is selected at 

random out of these and a coin is taken from it. What is the probability that it is 

a sovereign? 

(Ans. 6/15) 

25. Peter and Paul play a game with two dice. Peter plays by throwing the dice together. 

If the total number of points is a prime number other than two, he wins outright. If 

it is even he throws again under the same conditions, in other cases the throw is 

passed to Paul who thrown under the same conditions. What is the probability of 

Peter's winning? 

(Ans. 18/22). 

26. What is meant by theoretical frequency distributions? Discuss the salient features of 

the Binomial, Normal and Poisson distributions. 

27. What do you understand by Theoretical frequency distribution.'? Point out the 

properties of Normal and Poisson distributions. 

28. Explain the conditions under which we get a binomial distribution, giving examples 

of its occurrence. Obtain the mean and the variance of this distribution. 

NOTES 
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an.~-4 Slft~OI fu~HttOI (ANALYSIS OF VARIANCE) 

4.1 >ffiJTcRT 

4.2 ~ fc:1~8"101 qif ~ 

4.3 ~ fcH8tlOI ct,l ~ 

4.4 ~chlTTURTUTTf 

4.5 ~ f,H<-91:lOI fITTUTT 

4.6 ~ fc:1~c?tt101 ~-~-lll"1frl q•ffc:i,{01 

4.7 ~ fc:1~8t101 ~-~-lll"1frl cpffcfi{OI 

4.8 ~ cf7l it ~ PH8tlOI 

4.9 ~ fc:1~c?tt1°1 q,1 aq4lfl1a1 

4.10 -mmT 

4.11 ~l~lclctl <lT ~1~1,"'11 

4.12 <fltt ~ 
4.13 ~: "Cfra >!'v-:r 

4.14 fsfil!liilcf, >!'v-:r 

4.0 ~ 

~ ~ cfil 3ft2r<R~ ~~ 3ffq~ ,rrn:rm m ~ 
1. ~I fcl~8t!OJ ~ 3l~ ~ ~ ffl I 

2. ~I fcl¥~tfOI ch1 fcn~ ~ cfil ffl "WIT I 

3. ~ ~ 3TTllcfi ~ ~ 3f<fU ch1 m~ cfil ~ cfiT ffl I 

4.1 Slf<llcFII 

~-fuzjq (Sampling Theory) it~~~ ch1 m~. ~ ~ ~ lTTVTT ~ 3TTR 
ch1 ~ cfiT -qfl~ ~ cf@t ~,r;, ~~ ~ ~ cfil 3ft2r<R ~ 1Tlll i I ~ 'it--qu~• 
<l~ 'm-cl"-it -qu~• f<rffi ~ i I ~ ~ ~ 3lfqq; ~ ~ ~ ch1 m$Rn cfiT ~ ~ 
i'lcTT i \U ~ ~~ ~ ::rm' i'ra't i I <WT ~-frn~qo1 ~ cfil ffl i'lcTT i I ~ ~ cfil 

~ w~ ~-f%m~ ~ i <l~ m ~3lTR ~ ~ fcfq;m it ~~R<TTi 1 

~ ~ >RRUTi ~ ~ ~ 3RlT cfil -qf\~ m cf@t ~ ~ i ~ WT lTTVTT ch1 B->11a'l<-1a1 

~ ~ ""1TcTT i I ~ WT ~ ll ~ cfiT 3ft2r<R ~ ~ i I 

4.2 SlfHOI ~~Hf:401 cf)T ,3f~ (Meaning of Analysis of Variance) 

fcf;m 'TT tfltcfi-~ ~ 1l°T ~ ~ ~,r;f 3f~Ollii.lcf, WlT ~ <TT1T ~ ~ it ~ cfi8 ch1 
~-~~"ITT~~~i l~'lPl~~~cfiROl~~cfi"«rl~ I l3ll 
n-m ~ ~ ''cfiWJTT ~ ~ ~ WT 3lf~ ~ cfil ~ qrn ~ ~ ~ ~ 1il'fcFl,{Ul 



~ ~ i I" (The separation of the variance ascribable to one group of cases from 

the variance ascribable to other groups is called variance) 

~ aila:mfci~ ~ ~."~, Fc!~<?lt1u1 ~ ~*.~~ affelf.lqfRa mm~ ~ 
fcn,n, ~if~ q;f fc1~<9lqu1 ~ Ch1 ~«qi 1" 

~ ~ JfmUT fc1~<9lqo1 it~ JfmUT q>l fcn~ ~~if fcNTm ~ ~ lTTt2TT 
Cf;l fl;jjlffi<l\11 q;f Wer□T fcfi<n ~ ~ I ~ ~ q>l cj ~ if -rkf ~ t-

~ ~ = ~ t lf'Uf JfmUT + ~ t 3hrfu ~ Total variance= variance 

between samples + variance within samples. 

43 q1..llol~ (Assumptions) 

~ ~ f.ti:.ifcif©a llPIBT3TT 1l"{ 3lTtnfur i :--
(i) WP-1 <l>T ~ fcmut:--~ ~ wn:r * ~ ~ l, ~ fc@DJT >ffiP1Pl CNormaO 

~~~~ ~(tRl)q;f"'if<R"'TI~-f-Rmufff*~~ I· 

(ii)~~~~- WTTl * ~ ~ ~ m;J ffi ~ I~ m;J ffi 1l"{m 

>JmUT ~Cf;TTfURT~ wit I~ ~if F-~ ~fu;.s:mm-a-r i I 

Gii) «41::Rldl (Additive Property) :-- fcn,n, ~ ~ q;f <lTTT ~ JfmUT t ~ ~ 
~ I ~I fc1~<9lqu1 Cfil 3qtflfr1a1 ~ lfP«TT3TT t ~ ffi "!f{m ~I~ 3fWf it~ fcl~i?ltl □ I 
s.m ~~~~wt~ iJt;ii=rn1-i 'TI I~~ if ,rmur-~ t ~ Cfif ~ 

lD~ *~~~I 

4.4 51fHOI cn1 'lJURT-ftra (Method of CaJculating variance) 

~ t 'oiN · ('f~ ~ '3lolTTf' mnur cfi1 TTUT";fT ~ >fcm cfi1 ~ i :--
0) ~ ~ ~ "5RmTf =- fcff'lf?I ~Ii ~ ~TJ- <1@11 i:n~ f.lcf>1fciQ, 1 "fl'll .:rrun qi[ 

~ ~ Rct>lfciQ, I fcn,n, ~ t 3@"Tf 3@11 ITTUTT ~ ~ ~ Rct>lf<:1Q, <l~ ~ Cfif 

qrf ex-~/ f.tcf>,fcill. 1 ~ t qrif t <lTTT if ~ ~ ~ m;J ~ (k) it~~~ 
(k-1) ~ ~ ~ 'lflT ~ I ~ m ~ ~ -.iN >JmUT men~ I 

(ii) ~ ~ 3@lfi'f "5RmTf :-~ ~ 'oiN' >RTTUT ~ Cfi8 ~ ofR ~ t 3hrfu >fBDl1 

Rcf>IBT~~ I~~ 3@11-3@11~ ~~ ~~'E«f~ ~t~ (x-x1), 

(x - x2) 3TTR ~ ~ I Nir ~ ~ cf1t (x - x1) 
2, (x - x2) 

2 f.tcf>1f<:1Q, I cfTIT ~ -m-rT if 
~ ~ ~ ~'E«f ~ ~ d.f.2 "lfT V2 = N-K "lfT (n-1) ~ 'lflT ~ ~ ~ 3RflTTT 
,rmur~m~i, 

(iii) "5RmTf 3T:JQ@ ciT lfUFl1 (Variance Ratio or 'F'-Calculation) ~ ~ ~ ~ t 
3ffW "!f{ f.r9 fufuo ~ s.m ,rmur 3f:rTT<l (F) q;T TTUT";fT q;) ~ ~ :---

Variance between samples ~ ~ -.iN "lfITTUT) 

F=-----------------
Variance within samples RRW ~ 3RflTTT >JmUT) 

"lfT 

Greater Variance ~ >JmUT) 

Smaller Variance McT >JmUT) 

c-zyn if ~ ~ <fsf men t ~ 3m t ~ if arrcmzr TT t ~ if ml ~ i) 

~ ttif&l<lf/4 ~ 

NOTES 

3nRlWTIBcfiT~cti1 
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4.5 Slti{OI fu~M'401 e1<an (Analysis of Variance Table) 

6ffl TfUR m;.TT<l>l ~ <l>1 ~~ ~ ~~<l>lTTURT ~I~~~~ cfiT 

~~t)*~f.rq;@T~l~~cfll~~t am~$rRcf>@T ~i, ~ 
$r ~ ~ ~ 9TB ~ qrn ~ ~ ~ 3f<l"lfu 9TB ~ qrn ~ $r ~ oRW moT i I 

~fcfi: 

L (x1 - ~) 
2 + ..................... (xk - x) 2 = L [ nk {xk - ~) J + [ L(x - Xk) J 

~ ~ ~ tiaifuo ~ ~ (d.f. for total variance) 

wn ~ ~ <l>l ~~it* 1 'fRfcH~ ~ ~ ~ l <n-1) 

~ fu~qOI {ITT1JIT cfiT ~ 
(Proforma of Analysis of Variance Tobie) 

~m cl'1Ticlil ·~ · ~ -'m§!tl ~ mRUT~ 
(Variance Source) (Sum of &quares) (dx) (Mean Squares) (variance Ratio) 

(F-Ratio) 

~cf;~ L [nk (x°k - ;)2] Explained 

I (Between Sample) 
= 2 (K-1) Variance L[nk (xk-x) ] (k - 1) 

Unexplained 

~cf;~ - 2 variance 
-)2 (n - k) L (x - Xk) L (x -Xk F= 

(Within sample) (n - k) Greater Variance 
Smaller Van·ance 

~ ·, 
I (x - -~Y Total Variance ~ >fmUT 

= 2 (n - 1) (n - 1) (Total variance) I (x - x) 

~ (Interpretation) : 

F-~ it 5% ml'R>ill ffi 1R V 1 cfq-f V2 cffiiT tjfu; it~~ 'F' cf,! tffiUTI 11r-l ~ I 

f-rchR- ~ m ~ -;;iTTTT ~ -

Fe (qf<cfifcia 11f.l) > Fos ~ cTT ~ if 3RK m$f; ~ 13Rf: ~ 4Rcpf\-HI ~ ~ I 

Fe (qf<q;fcict 11r-l) < F.os ~ cTT~ it 3RK m$f> ~ ~ I 3Rf: ~ qf°<cfi0HI~ ~ I 

4.6 SHHOI ~~i-1~01 <1cfi-1lcfi Q_chqllffll qlffcfi~o1 
(Analysis of Variance Technique-One-way classification) 

~-Wiffi cfiT ~ zj 3fftlT{-~ .:rr1IT<T '1:fT ~ 1R fcfi'1:fT ~ Bcfi<TT ~ I W lzcfi qiTTqi 

(WR) 3Il':!91 fu-cfiTTcfi (mtfi) cpffcf,{ □ I 'TT~~ I >fmUT fcl~zqqo1 cfiT >f<TTTT m '5fcliR ~ ~ it 
m~t~c)-:n~~~ 3lWT-3lWT~~~~ I 

~ ~ cfiT qTITcRUT ~ -q:cfi qiTTqi ~ 3TTtITT' 1R fct,l:n ;,;rcn ~ m % ~- JTTITT<l qTTT<fi"{UT 

~ ~ I itTT, ~ <fi<1!<11R ~ ~ 5fcffi cflT >f'TT9, "&Tc: <l>1 'i'fIT ~ cflT ~-~ @al c8 
~ ~ ~ 3Nlc8 1R >r'-119, '1:fT 'i'fIT 4~1fcim<:1lfi ~ 1/:in.. (3l~) ~ 10-10 ffiit ~ l-114"1Ri:f> 

~~ij ~ cfll~W I 
~ qTTT<fi"{UT lzcfi 'ITT cflT{qi ~ 3TTtffi 'TT' M TJ<TT ~ <TI >fffiUI fci~zqqu1 ~ ~ RYfcifola \'18 

uf<rncfiTm~~t ~ 
(3l) ~&l ufu (Direct Method) , 



t-0 ~ um C5hort cut method) , 

CTl) ~ ~ ~ um (Coding Method) 

(3f) ~~'TI@':-

~ um~ 3lffl ~ ~ ·~· ~ ~ ~ , ~ · ~ ffl cfi-ra t >fffiUT Fci:~t'lt1°1 
m{UTT m q;-ra !, ~ ~ q;r ~ q;-ra ! ~~¥RT F-m{UTT if 5% ~ m -q"{ 

~tit ~ mszIT3TT <v1 ifYTT V2 ) ~ ~ m-{OTT ~ ~ ~ ~ ~ ctl' ~ ! ~ 3To if~ 
~~lflt2J 3f<K cf>lmmrf>THcRRM~! I 

Illustration 1 : The following table gives the yields of four plots each of four varieties 

of wheat . Find out, if the variety-differences are significant :-

Yield of Different varieties 

A B C D 
16 20 32 28 
20 22 24 20 

20 16 28 24 

16 22 12 32 

Solution :- We assume as hypothesis that the four varieties of wheat are not different 

from each other. 

Table 

-
Variety-A Variety-B Variety-C 

Xl X? X3 

16 20 32 
20 22 24 

20 16 28 
16 22 12 

LX1 = 72 LX2 = 80 LX3 = 96 

x1 = 72..,.. 4 = 18 x2 = 80-;- 4 = 20 x3 = 96 + 4 == 24 

= L X1 + LX2 + LX3 + LX4 
Combined Mean (x) = ----- --­

n 

= 72 + 80 + 96 + 104 = 352 = 22 
16 16 

~~~~~(Variance between samples) 

~ cf'TI cfiT ~ (SSC) : 

=2 - =2 - =2 =2 = n1 (x1 - x) + n2 ( x2 - x) + n3 ( x3 - x) + 114 (x.i - x) 

= 4 (18 - 22/ + 4 (20 - 22)
2 + 4 (24 - 22/ + 4 (26 - 22)

2 

= 64 + 16 + 16 + 64 = 160 

~ B"@TT = 4--1 = 3 (K-1) 

~ ~ ~ >fITTU1 (MSC) = ~ = l60 = 53.33. 
k - 1 3 

Variety-D 
X4 

28 
20 
24 
32 

LX4 = 104 

x4 = 104 + 4 = 26 

3i!iiWff tlif&lci/<1 ~ 
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~ a; ~ '5l'muT (Variance within samples) : 

Variety - A Variety- B Variety - C 
Xl (.r1 - i1) c.r1 -:rd x2 (.r2 - x2) 

16 -2 4 20 0 
20 +2 4 22 +2 
20 +2 4 16 --4 
16 -2 4 22 +2 

16 

~ ~ 3Rt "Sffi"{UT (MSE) 

cx2 -xd X3 (.r3 - x3) (.r3 - X3)2 X4 

0 32 +8 64 28 
4 24 0 0 20 
16 28 +4 16 24 
4 12 -12 144 32 

24 224 

= 16 + 24 +224 + 80 = 344 

=N-K =16-4 =12 

SSE 344 
= N - K = 12 = 28.67 

~ fu~qOI ~ 
(Analysis of Variance Table) 

Sources Sum of Squares Degrees of Mean Squares 
(S.S.) Freedom (D.f) (ms) 

Between samples 160 (SSC) (K- 1) = 3 53.33 (MSC) 

Within Samoles 344 (SSE) (n- k) = 12 28.67 (MSE) 
Total Variance 504 (SST) 15 (N - 1) 

I,. 

Variety- D 
(.r4 - .f4) (.r4 - .f4)2 

+2 4 
-6 36 
-2 4 
+6 36 

80 

F-ratio 

53.33 (MSC) 

28.67 (MSE) 
= 1.86 

V1 = 3 cfl'll V2 = 12 ~ ~ 5% mm «R 1R 'F' cflT ~ llR 5.95 ~ I 4f{ct,ft1c1 llR 

~ 1.86 ~ ~ ~ llR it cf>J:f ~ I 3@: ~ 4fohl:"l-il m1 ~ f% it{ qil "TTn ~ it ch1i 3f<R 
1ITT'~ I 

(Gf) ~ "U@ (Short cut Method) 

~~ nfu it "Sffi"{UT ~ ~ ~ ~ ~ ~ 3R{clTIT ~WT~ it 3lf~ ~ WTTTT ~ 
cf'lTT~ 'TT~ m"iTT t I ~>fffiUT~ ~ ~ ~ ~cfl'TT 3RtclTIT cflT<WT ~ cfi8 
~ ~~nfu~)cflT>PTTTIM~~ ~ I ffi~<ll'TTc@~ ~ I 

(i) ~~cnlmTT3ITTffiq'1TfqiTmlf~c1i"rat :-

~ ~ cflT WT = 2x1 , 2x2, 2x3, ........ 2Xk 

~~~9TTT <WT 2 2 2, 2 
--<il<;.ZI ':/'l>l':/<-fl cflT = 2XJ , 2X2, 2X3 ... .. ... . -2Xk 

(ii) ~ cliTTqi (Correction factor)~ M ;;:r@T ~ I ~ ~ TI'TT ~ ~ ~ 
~<WT~ 91l it ~ ~ qil ~ ti'"&TT cflT 'llf1T R°<TT ;;:r@T t I ~ ~ t-

T2 
C.F.=-

n 
CF= Correction factor 

T = Square of the Total units of the samples. 

n = Total no. of units of samples. 

(iii) q1Tf <l>l ~ mTt (SST) m1ffi ;jf'@'J ! I _,, 

2 2 2 2 T
2 

SST= [ 2 x1 + 2 x2 + 2 x3 + ..... .. ... .... .. 2 Xk ] - - or C F 
n 



Civ) ~ ~ ~ 91TI cfiT ~ RcfiT"ffi ~ i I 
2 2 2 2 ....:1. 

SSC== [ (}:xi) + (}:x2) + (}:X3) + ...... (l:xt) ] - ..!.... or CF 
D1 n2 D3 Dk D 

(v) ~ ~ 3f<flTTr 91TI cfiT ~ R<hlRiv_ I 

(vi) ffi ~ ~ uffr ~ m mm i (3rn{lJf ~ ~ ~ f.Tm ~ mco 1 

Illustration 2 : The following table gives the results of experiments of four vari~ties 

of wheat grown in 24 plots :-

Plot 

A B C D 

Yield 2 5 20 5 

4 9 9 12 

8 8 14 9 

5 12 18 15 

6 12 18 17 

14 11 10 

16 

Is there any significant difference in production of these varieties ? 

Solution : Hypothesis :-There is no difference in the yield of four varieties of wheat 

i.e. variance is insignificant 

G) Totals of sample-units and their squares :-

A B C D 

x1 2 X2 2 X3 2 X4 Xl xi X3 

2 4 5 25 20 400 5 
4 16 9 81 9 81 12 

8 64 8 64 14 196 9 
5 25 12 144 18 324 15 
6 36 12 144 18 324 17 

14 196 11 - 121 10 
16 

25 145 60 654 90 I 1446 84 

(ii) Correction factorr = 
n 

(iii) SST 

(iv) SSC 

2 2 
(CF) ( 25+ 60 + 90 + 84) = ~ = 2795.94 

24 24 
2 2 2 2 

= Lx1+Ix2+Ix3+ LX4-CF 

= 145 + 654 + 1446 + 1120 - 2795.04 

= 3365 - 2795_04 = 569_96 

= [ (Ix1)
2 

+ (Ix 2)
2 

+ (Ix3)
2 

+ (Ixk)
2 l _ CF 

n I n2 03 I14 

= [ (25/ (60)2 (90/ (84)2 l -2795 04 
5 + 6 + 6 + 7 -

t 
2 

X4 

25 
144 
81 
225 
289 
100 
256 
1120 
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= [ 125 + 600 + 1350 + 1008 ] - 2795.04 

= 3083 - 2795.04 = 287.96 

(v) SSE = SST- SSC 

= 569.% - 287.% = 282 

(vi) Analysis of variance Table for interpretation. 

Source S.S. d.f. M.S. 
Between 287.% 4 - 1 = 3 SSC 287.96 -----
Samples (SSC) K-1 3 

= 95.99 
Withn Samples 282 24 - 4 = 20 SSE 283 ----

(SSE) n-K 20 
= 14.10 

Total Variance 569.% 23 
(SST) 

(vii) Interpretation :-

The calculated value of F (Fe) > 3.10 (F .05). 

F-Ratio 
95.99 (MSC) 
14.10 (MSE) 

= 6.807 

Hence, our hypothesis is not true. Hence, the difference in the yield of varieties of 

wheat is significant. 

(lf) ~-~ QRc:frl-1 itra (Coding Method) ·-

~ 3f:rITTl (F) <t>1 ~ ~ ~ ~ i 1% rr,:ft ~ t rr,:ft ~ it fcf;m ~ 
cfiITT, (Common factor)~ wrnq; <lil ~;<RR, TIT~ <TT '\,Jl1 ~ 1lt ~ 3f:rITTl cfiT lfR <l~ 

~i I~ ufutmcfiT~~>fB"{U]' fct~z?)qo1 'll1 ~ >ITTfllrr qi1 W7'loR'Rri I~~ 
~~'f13fc!il it"Bm ~U"&nt!cf~~~ ;;mni ~3tTit::rrrr~ ~<RR<ll~i 
m ~ ~ ~ m ~ i , ~ ~ 3f:rITTl ~ q,1 TfUR ~ ~ m ;;mn i 3ITT f-rxm ,n 
~ 1ITT mo1 i 1 ~ ufu r.r ~ t ~ 31PJni mm i ~ '9c!: ~ ~ m=a i 1 

~ ufu q,1 7JUR-~ ~ q,1 'TT@ tt mm i ~ ~~~~qi)~ 
Illustration 3 :- Prepare a table of Analysis of Variance for the following data and 

test if the varieties are different :-

Plots Varieties 

A B C D 

1 200 230 250 300 

2 190 270 300 270 

3 240 150 145 180 

630 650 695 750 

Solution : - This illustration is of Two-way classification but only one factor i.e. 

difference of variety for the yield is significant or not, has been asked. Hence, we will not 

give any thought towards plots . 

Hypothesis = The difference in the varieties for the yield is insignificant. 

Codified Table after deducting 200 from the original data 



A B C 

X1 Xi X2 x} XJ x} 
0 0 +30 900 +50 2500 

-10 100 +70 4900 +100 10000 
+40 1600 -50 2500 -55 3025 

u1 = 30 Il'J = ll2 = 50 LX~ = LX3 = 95 LX~= 1552 

C.F. 

SST 

1700 8300 

= 30 + 50 + 95 + 150 = 325 

= T2 = (325/ = 105625 = 8 802 08 N 12 12 ' . 

= [ LX i + LX ~ + LX ~ + LX ~ -CF 

= [1,700+8,300+ 15,525+15,300)-8,802.08 

= 40,825 - 8,802.08 = 32022.92 

5 

2 2 2 2 
SSC = [ (Ix1) + (Lx 2) + (fa3) + (Lxk) ] _ C F 

n 1 n2 n3 nk 

2 2 2 2 

= [ QQ2: ~ illr: ~] -880292 3+3+3+ 3 '. 

= [300 + 833.3 + 3,008.3 + 7,500] - 8,802.08 

- 11,608.06 - 8,802.08 = 2,806.52 

SSE = SST - SSC 

= 32,022.92 -2,806.52 = 29,216.40 

d.f. (Between samples) : V1 = k- 1 = 4-1 = 3 

(Inside samples) 

Total d.f. 

V2 = N- K = 12-4 = 8 

= 11 

Table or Analysis or Variance 

Source S.S. d.f. MS 
Between 2,806.52 3 935,51 
Samoles 

Within Samples 29 216.40 8 3 652.05 

Total Variance 32 022.92 11 

Interpretation : The calculated Value of Fe 3.90 < 4.07 (F.05) 

D t 
X4 xl 

+ 100 10,000 
+70 4900 
-20 400 

Il'4 = L¥i=15,3 
150 00 

F-Ratio 

F = 3652.05 
935.51 

= 3.90 

Hence, Zero hypothesis is true , i.e. ther_e is no difference in the varieties from the 

point of view of the yield . 

Illustration 4 : The following data relate to the results obtained by four investigators 

investing a common problem. Each of the 4 investigators had taken a sample of 6 items. 

Do these results vary significantly from each other. 

~ RifiJPcaJq ~ 
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A 
126 
141 
120 
111 
120 
150 

B 
102 
126 
90 

120 
96 
108 

Samples 

C D 
114 138 
150 114 
120 120 
141 102 
120 141 
111 132 

Solution : Zero hypothesis that the results of the four investigators are not different 

from each other, using Coding method, deducting 120 from each investigation and then 

divide the balance by 3, we get :-

Sam1>le A 
(Xi) (X1)2 

+2 4 
+7 49 
0 0 
-3 9 
0 0 
10 100 

X -120 
3 

Sample B 
(X2) (X2)2 

--6 36 
+2 4 
-10 100 

0 0 
-8 64 
--4 16 

Sample C Sam1>le D 
(X3) (X3)2 (X4) ("4)2 
-2 4 +6 36 
+10 100 -2 4 

0 0 0 0 
+7 49 --6 36 
0 0 +7 49 

-3 9 +4 16 
LX} =16 LxT=162 II Ix2=-26 LJ=220 LX3=12 Ix3=162 LX4=9 LJ=141 

(i) T 

(ii) CF 

(iii) d.f 

(iv) SST 

(v) SSC 

(vi) SSE 

Source of 
Variation 
Between 
Samples 

Within 
Samples 

Total of 
Variance 

= LX1 + Ix2 + LX3 + LX4 = (16) + (-26) + ··(12) + (9) 11 

2 

= T2 = .Qlr = 5 04 
N 24 . 

= n-K = 24-4 = 20; K-1 = 4-1 = 3 
2 2 2 2 

= LX J + LX 2 + LX 3 + LX 4 - CF 

= 162 + 220 + 162 + 141 = 685 - 5.04 = 679.96 

= [ c~::x1)
2 

+ (Ix2l + (Ixl + (LX4l] -CF 
n1 n2 n3 · n4 

_ [~ (-26/ _(_g[ .<2r.] 
- 6 + 6 + 6 + 6 - 5-04 

192.83 - 5.04 = 187.79 

= SST - SSC 

= 679.96 - 187.79 = 492.17 

Table of Analysis of Variance 

d.f. S.S. M.S. F F.05 
(Table value) 

Y1=3 187 79 (SSC) 187.79 = 62.6 MSC 
3 

(MSC) 
MSE 

3.10 
Vp20 492.17 (SSE) 49Irt = 24.6 I 62.6 2 54 

I (MSE) 
24.61 = . 

23 679.96 (SST) 
II 



·: Fe < F.os (t) 

Hence, there is no difference between the results obtained by the four investigators. 

Illustration 5 : (Analysis of grouped data) :-

Two samples of 40 and 50 Students Score the following marks in a 

maximum marks 15 : -

Marks 10 11 12 13 14 15 

Ci 6 14 12 6 2 0 = 40 

fz 2 6 10 16 14 2 =50 

Does the average level of knowledge of the students differ ? 

Solution : 

Table 

Sample - 1 Sample - 2 
Marks xz /t fix Jtxz fz fzx 

X 
10 100 6 60 600 2 20 
11 121 14 154 1,694 6 66 
12 144 12 144 1,728 10 120 
13 169 6 78 1,014 16 208 
14 196 2 28 392 14 1% 
15 225 0 0 0 2 30 

Lf1 = 40 :H1x=464 H1x2=5,428 Lf2==50 Lfvc=640 

(i) T 

(ii) CF 

(iii) SST 

(iv) SSC (Between Samples) 

(v) SSE (Within Samples) 

(vi) d.f. (Degrees of freedom) 

= n,x + 2f:lx = 464 + 640 = 1104 

= r = (1104)
2 

= 12,18,816 = 13 542 4 
N 40+50 90 '. 

= H1x2 = 2f2x2 - CF 

= 5,428 + 8,264 - 13,542.4 

= 13,962 - 13,542.4 = 149.6 

= [ (2f1 x)2 
+ (Lf2 x/] -CF 

DJ 02 

= [ (464/ (MO/] -13 542 4 
40 + 50 ' . 

= [ (215296) ( 409600)] _ l3 542.4 
40 + 50 ' 

5,382.4 + 8,192 - 13,542.4 

= 13,574.4 - 13,542.4 = 32 

= SST - SSC 

= 149.6 - 32 = 117.6 

(a) Between samples (v1) = k-1 = 2-1 = 1 

(b) Within Samples (v2) = N -k = 90-2 = 88 

test carrying 

Jzx2 

200 
726 

1,440 
2,704 
2,744 
450 

nzx2=8264 
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AnuJysJs of vurlance-Toble 

Source of S.S. elf MS F-Ratio F.os 
Variation 
Between 32 (SSC) 1 32 (MSC) 32 (MSC) 9,28 
Samples 117.6 (SSE) 88 1.33 (MSE) 1.33 (MSE) 
Within = 24.06 

Samoles 
Total 149.6 (SST) 89 

Fe > F.os (t) 

Hence, the average level of knowledge of the students differs significantly. 

~fqi,iqul 

1. ~ f9~~qo1 fq;B cfii<t ~? 

4.7 Sl~HUl-fcU•~qOI <1cfi4\ch-fi-iwfft.1 q,ffu,.(UI 
(Analysis of Variance Technique-Two way chassification) 

"'Q.cfi lffTffii cpITcfi{OI "G "'Q.cfi qiTTqi ~ 3f:!BTr "ITT ~ ~ ~~ (Investigations) cfl crrif it ~ 
~ ~ fu-wffil cj I ITcf,l 01 it ~ <!) ~ ~ 3f:!BTr 3l"WT-3@TT cflTT ~ ~ ~ I ~ ~ ~. ~ 
~ cbl ~ cf,] P4~8'1°1 <!) cf>TT9il-~ cfiT ~ 3ffi ~ cb1 ~ ~ 3TT'tlIT 'Cf"{ fcf;7.n ~ ~ 1 ~ 
~ 3ITTTTPlcfi ~ 'Cf"{ 1TITR ~ ~ ~ ffl q;J f ,r,i. f~ >!'lTcf ~ ~ ~ I 

~ cPITcfi{OI fu-~ m-a-T ~ I «mi (Column) "'Q.cfi "5!cf,R ~ 9'lTcfi cfl am; cfi1cTT ~ ~ 
~(Rows)¢~~ qiTTqi cfi1 I~~ "G 5RTT'OI fc4~c?l4°1 cflB ~ 91TI ~ ~ <WT (Total 

sum of squares) cfl cf!-;, 'WTI "G ~ ! : · 
G) 3Rl~ cfll (Sum of Squares between Columns-SSC) 

Gi) 3Rl: tjfu; cfll (Sum of Squares between rows-SSR) 

Gii) ~ cfll ~ ~ (Sum of Squares due to error-SSE) 

°fu-llTllm fcti,i q u I ciiT lJURT fcrfu : 
G) 11URT3TT cb1 ~ ~ ffi ~ ~ ~ ~ ~ M ~ ~ I (Coding Method) 

Gi) ffl"Er,f ~ (Common factor) mTffi ~ ~ I f[f: 



r 
C.F. =N 

(iii)~ qrf <WT(SST)Rcfi@T7;f@l~ I~: 

SST = SSC + SSR + SSE - CF 

Gv) 3fr<f: W'l qrf ~ (SSC) ffl M 7;f@l ~ I~: 

SSC = L [ ( l:~c ) ] -CF 

LXc = ffl W'l ~ ~ ~ <WT qiT qrf 

Ile= fflW'lif~~ 
(v) 3fr<f: -tjfu; qrf ~ (SSR) cl,l 1'J1l'RT cl,l ~ ~ I ~ 

SSR = L [ ( l:: )2 ] - CF 

LXr = ffl -tjfu; ~ ~ ~ <WT qiT cf1T 

n, = ffl -tjfu; if ~ ~ 
(vi) ~ <WT (SSE) cl,l 1TURT cl,l ~ ~ I ~ : 

SSE = SST - (SSC + SSR) 

(vii) ~ ~ (d.f) Rcf>l<:-HI: 

(3l) d.f. for columns 

(of) d.f. for rows 

~) d.f. for residual 

= c-1 

= r-1 

= (c-1) (r-1) 

(viii) ~ ~ ~3TT cfiT ~ ftj~~qo1 fITTUTI if;~ if~~ I 

(ix) ~ :-~ W'l ~ ~ %fi zy:rr if; ~ qf{qfo1a Sffi{CJf ~ {F-Ratio) cfiT 
ra 'ill{Ofl- llRT it ¥RT qi) "ITTTT ~ I ~ q R<fiR·rn llR' ~mofl G H it 3TTtrcfi ~ m ~ m?:f<fi t 3@: 

~ qf{cf>fti -l l ~ ~ I ~ ~ llR, ~mofliiH it cf>ll' ~ <TT ~ qf<cf><:"'l-il ~ ~ I 

mustration 6 : Three varieties- A, B and C of a crop are tested in a randomized 

block design with four replications (~-i<lcJ.Rilli) , the layout being given in the diagram below. 

The plot yields (in pounds) are aJso indicated therein. Analyse the experimented yield 

and state your conclusions. 

A-6 

C-8 

B-7 

C-5 

A - 4 

B-6 

A-8 

8-6 

C- 10 

8-9 

C-9 

A-6 

Solution- Zero Hypothesis :- There is no difference in the Block-mean and the 

kind mean . 

Deducting 6 from aJI experiments, we get 

Varieties Blocks Total 
1 2 3 4 

A 0 - 2 +2 0 0 

B +l 0 0 +3 4 
C +2 - 1 + 4 +3 8 

Total 3 -3 6 +6 12 

(i) Grand Total (D = 12 
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(ii) 
T

2 
(12)

2 

CF = N = 12 = 12 

(iii) SST = [ (O/ + (1/ + {2)
2 

+ (-2/ + (O/ + (-1)
2 

+ (2/ 

+ (O/ + (4/ + (O/ +(3/ (3/J -12 

= 0 + 1 + 4 + 4 + 0 + 1 + 4 + 0 + 16 + 0 + 9 + 9 - 12 = 36 

d.f. = Cr - 1 = 4 X 3 - 1 = 11 
2 2 2 2 

(iv) SSC = m:_ + ~ + ill:_ + ill:_ - 12 
3 3 3 3 

= 3 + 3 + 12 + 12 - 12 = 18 

df. = ( C - 1 ) = ( 4 - 1 ) = 3 

(v) _(Q[ N m= SSR = 
4 

+ 
4 

+ 
4 

- 12 

= 0 + 4 + 16 - 12 = 8 

df. = ( r - 1 ) = ( 3 - 1 ) = 2 

(vi) SSE = SST - (SSC + SSR) 

= 36 - ( 18 + 8 ) = 10 

df. = { c - 1 ) { r - 1 ) = ( 4 - 1 ) ( 3 - 1 ) = 3 x 2 = 6 

Analysis of Variance - Table 

Sources of S.S. d.f. M.S. (Fe) F.os(t) 
Variation 

Between 18 3 6 6 4.76 
Blocks 

F2 = -
1.67 

(Columns) = 3.58 
Between 8 2 4 4 5.14 
Varieties 

Fl= -
1.67 

(Rows) 

Residual 10 6 1.67 

Total 36 11 

Both the Calculated Values of F are less than the tabulated Values. 

Hence, the difference between the experiments of Blocks and kinds is insignificant. 

4.8 ~ cf7T if SlfH.UT fu~HttUI (Analysis of Variance in Latin Square) 

~ ~ ~ 9>T m olITTq; ~ ~ , ~ m 3ff ~ aj'q ~~ t ~ il ~ ~ , 
~ ~ 9>T 3TTlffi" t fcfi ~ llR'9'i t fef~ ~ "Q,cfi ~ ~ m i I 3f<l: fef~ cfiTT9iT cit tf9'R 

m il ~ ~ ~ ~ 1 ~ fcfi, "&R q;'t fef~ ~ 9>I >f'119 aj'q ~ 1lr ~ t <fl ITT 
~ "Q,cfi Wo -cit 3cR ~ it ~ iTrn ~ fcfi me::: q;'t ~ i 3ik f11,nr~·q; ~ cit 3cR m 
~ it ~ irrn ~ ~ qi1 ~ cfi1 m cfiGT i , ~ cfiGT ~ ~ i fcfi "Q,qi W<, 
qi1 "B'lt ~ tf9'R ~ ~ ~ ~ ~ t I 

~ cfll il mwrr-Fci ~~ 401 ~ 3ff ~ 1lt 311qrftl ~ 1 3ff'~ 9>T ~ ~ 
~M -;;rrcn i fcfi m ~q;'t "&R 9>T m ~ 1ltm 1 ~ t ~~~A, 
B. C <i~ D 9>T ~ ~ t I 



~-911 ~ >l'Rcf) ~ ~ "5jcf)K ~ "ITT ~ ~ :- ~( Rif&Jqf/4 ~ 

(4 X4) (5 X 5) 

A B C D A B C D E 

B C D A B C D E A 

C D A B C D E A B 

D A B C D E A B C 

E A B C D 

31lffifi 911-~ ~ 1fITT ~ t f<fi ~ qllij~ cfiT m W'll ~ iffifi it ~ olT{ m sarr ~ 
~ ~ ~ ,ft @ "ITT I 

~-fq~qui ~: 

<l"ITT ~ 911 <WT ~ ~ it ~ -;;i@d =-
G) 3Rf: W'lf 911 <WT 

Gi) 3Rf: iffifi 911 <WT 

Gii) 3Rf: 3lf~ 911 <WT (Between Treatment S.S.) 

Gv) ~ 911 <WT 

~ w ~ cfiT 3ftZf<f,{ ~ ll ~ -;;JT ~ t, ~ 3lf~ 911 m ~ 1 ~ TfURT 

f.l8f<:'lforn ~ ~ cf,1 ~ t :-
2 

L ( LXJ) 
Between Treatment S.S . == - CF 

n 

~ 911 ~ ~'l«f ~ cfiT <WT. ( LXJ ) ~ ~ --U'lft 911 ~ ~ 9'TT cfiT ~ <WT (): 1) 
2 ~ "cf,dwn -;;JRff t I 

~ ~ ~ (18 cf1TI ~ ~ Cn-1) ~ ml f.rq;rc:fi ~ t ~ <l"ITT n=c = r t I 

~ 911 ~ ~ d.f. = (n-l)(n-2) 3ITT~ 911 ~ ~d.f. = n
2 

- 1 iIT<lT i I 

Illustration 7 : A latin square design experiments were conducted on three plots of 

Sugarcane. The design and yield per plot are given below. Analyse the data and interpret 

the results. 

A B C 
20 18 16 

B C A 
15 20 25 
C A B 
25 15 20 

Solution : 

~3 x 3~911t 1~3fq;Jl~2Qq,i:(cf,811"{~nl"5lcf)KMI 

Basic point x = 20 Square 

1 2 3 LXr 1 2 3 Squares 
Total 

1 0 - 2 -4 --6 0 4 16 20 
2 - 5 0 +S 0 25 0 25 50 
3 +S - 5 0 0 25 25 0 so 

LXc 0 -7 + 1 --6 50 29 41 120 
(T) 
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(i) 

(ii) 

T = -6 

C F = T2 = ( -6)2 = 36 = 4 
. . N 3X3 9 

(iii) TSS 
2 2 2 = L( x1 + x2 + .... Xk ) - C . F . 

(iv) 

= 120 - 4 = 116 

d.f. (t) = n
2 -1 = (3/ - 1 = 9 - 1 = 8 

L (LXc )2 
SSC (Between Columns S.S.) = --~ - C. F 

n 

= LI (0)2 + (-7/ + (1)2 j - 4 
3 

= 16.67 - 4 = 12.67 

d.f.(c) = (a - 1) = (3) - (1) = 2 

(v) SSR (Between Rows S-.S.) 
L ( LX,) 

=~--"--C.F. 
n 

d. f. (r) = (n - 1) 

:::: 36 -4=8 
3 

=3-1=2 

,. 

(vi) Between Treatment SS :-~ ~ ~ cfll S;,: o,qqff1!1ct cflGT mm I~ ffl cfl1 
~ ~t«f ~ ~ if "l1s-l'T mm I -

~ 5fcfiTPffiUfl 9 1lljt11{ fc1-<11f@ ITTrft -

A B C 

1 0 - 2 -4 

2 +5 -5 0 

3 - 5 0 +5 
LX(l) 0 -7 +l 

Now, Between Treatment S.S. 
L [ (xt/] 

-CF 
n 

I [ (O/ + (-7)
2 + (1/ ] 

-4 = 
3 

50 = 3 - 4 = 16.67 - 4 = 12.67 

d.f. (1) = n - 1 = 3 - 1 = 2 

(vii) Residual S.S. = TSS - (SSC + SSR + ssn 
= 116 - (12.677 + 8 + 12.67) 

= 116 - 33.34 = 82.66 

d. f. = (n- 1) (n-2) 

= (3--1) (3--2) = 2 

Total 

-6 
0 

0 

-6 



Analysis or Variance - Tobie 

Source of S.S. d.f. M.S. Fe F.os(l) 
Variation 

Between Column 12.67 2 6.34 
Ft= :/3~ = 0.15 

19 

Between Rows 8.00 2 4.00 
4 19 

Between Treatment 12.67 2 6.34 
F2 = 41.33 = 0.09 

Residual 82.66 2 41.33 F3 = 4
6
/ 3~ = 0.15 19 

Total 116.00 8 

(viii) Interpretation : As the Calculated Value (Fe) < eF.os (t) in all cases hence, the 

difference is insignificant. 

4.9 SlfHOI f¾~~qOj qft 3Qll1Piiii (Utility of Analysis of Variance) 

ffi it~~ cfiT ~ ~ ~'QR cfcfi ~ "®, ~ ~ ~ ~ t ~ 
&\if it ffl mcrr ~ ~ ~. W·ll-5l~llf:l, ftwr, y,nfcn111 m I 

Slltl 'ilii-l<h ~'QR t ~ (TT ~ 3rceflfcf> ~ ~ I ~ ~ it ~ "q;1 9R1{!4'cll ~ 
-W~q;J>W<f~"'5lT<fl~ I ~~~it~~~fciifcff'ffl"Sl<TTTTitRli:fi"lf it~ 
(Significant) 3jq{ ~ <IT -;nn' I ~ ~ cfiT ffl >PJ°& ~ it f.tyf~forn ~ it ~ ~ ~-

(1) ~ (~ ~ 31fuq;) ~ ~ -3RH cit ~ :-

~ it 3fflftf> ~ t M t ~ 3t<K <h1 ~ ~ f%m wl!.fUT mr ~ om- it cfiBT ~-qq 

-;nft'~ l~~mT ffllfTUTTt 3RR<h1 m~cfiT~"ITTofilit ~"'5ll~~ I 

(2) ~ ~ 3lffi' .tJ ~ cit ~ :-

'5ffi"{U! ~ (F-Ratio) mT fcff~ ~ t >ffil"UTT t 3RR <h1 ~ q;) ~ ~ ~ I 

(3) ~ ctlifcfi<Oi °ri ff.illifl<kfl qjl 3WllR :-

~ ~ mr tfl-iq;-~ -q"{ ~ >fcfiK t ~ t f~ -f~ >r'IT9 q;) ~ ~ "'5ll ~ 
~ I ~ UTTf WT ~-1-fl'TITll' ~ if ~ cf'TI t 3TTf!To fl~lol lf<TT cfiT ~ ~ ~ ~ ~ I 

(4) ~ ~ ~ SldlQ•Wt cfi1 tm"2.fOT :-

~ ~ cfiT mm ~fl ~~~~~fl Tfcti <h1 ~ <h1 ~ it tjt ~ 
~ ~ I ~ ~ ~ SI ol 9 'I Y -i nsr <h1 ~ <h1 ~ ,:ft <h1 ~ ~ ~ I 

~ >fcfiK '5ffi"{U!-~ ~ >f<TTTIT t ~ TT if ~ ~ ~ ~ ~ I 

··················· ··········· ······ ···· ··· ···· ········· ·· ····· ·· ······················ ··· ·································· 

········································ ····················································· ······················· ········ 
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2. 

4.11 ftl<i~I 

~ ~ ~ 3lf'lqi ~ if; 3RfU cfi1 ~ qiJ ~ CfiBT ircTT ~ <fl cf"ITT JHRUI fcl:tcl'l 01 fcrrtf 
qiJ m ml~~ 1 '5fWO'T Fcl:t<-1'l0, R8 llP«TT3TT "Blf!i qiJ fcf<R'ur, ~ ~ ~ q fi4l~a11l{ 

~ irnr ~ I ~, Fcl:t(-l'l01, ~ ~' ~ cp\fcf,{01 ~ qiT m ml~~ I ~ ~ 
9ITT ~ ~ ~ ~ ~ ~ 3lfllq;) lJTUll if; 3fcK cfi1 ~. ~ if; 3fcK cfi1 ~ cfi1 ~ ~ 
~ ~'i ~ · Slill4 11'1'1 q;J WeJUT CfiBT irnr ~ I 

4.12 ~ cn1l:J 

4.13 ~ ffi 

~~~(Long Answer 1ype Questions) 

1. 'SfWO'T- fc1:t8'lOI cfllT ~? >fffiUT fc1:t8tio1 fcnq 'cfi1 ~ ~ QeJUY ~~it I 
What is Analysis of Variance ? Explain clearly the tecnn.ique \:>f . Analysis of Variance 

for data with one-way classification. 

2. >RROT- fcl:t8tlOI cfi1 ~ ~ ~ ~ I 
Explain with illustrations the Analysis of Variance technique. 

3. ,jH1~f%a 41l4>0HI~ if; fclffi ~~ it >RROT-~ if; ~ ~ Cfil ~ ~ I 
Discuss the fundamental principles of Analysis of Variance with special reference to 

the assumptions made therein. 

4. >RROT- fcl :t8 l!!Dl cfllT ~ ~ ~ ~ CliT <FlT lf6(q ~ ? ~ ~ it q;p:i- 3lR ~ F 

~ qiJ 3l~ fl'1$11~4 I 

Wbat is Analysis of Variance ? What is the significance of its study ? Also explain 

the meaning of F Coefficient used in this study. 

5. fu-~ ~ it ~-fi.i:t8'lOI cf\ 'Sffclfq Cfi1 ~ o!lT&iT ~ I ~-fci~8qo1 cfi1 
d4~1f71dl ·q;) 'TI ~ I 
E.xplain dearly tbe technique of Analysis of variance for the data with two-way 

classification. Also give the use of Analysis of variance. 

~ ~ ~ (Short Answer Type Questions) 
"' 

1. ~ fc-H8'lUI cfllT ~ J 

What is Analysis of Variance? 

2. >fffiUT fc.m9ti 01 fclfq cfi1 ~ I 
Explain clearly the technique of Analysis of Variance. 

3. F ~ CliT 3{~ ~ I 
Explain the meaning of F Coefficient. 



4. 

Discuss the fundamental principles of Analysis of Variance. 

cH-uRte ~ (Objective 1ype Questions) 

1. ~ I fq)?i.9'lUI it ~ ~ Cf,l ~ ~-

(31") ~. (of)~. ~) Tfcfi, ~ ~ I 

2. ~, fcm;)qo, cfiT ~ ~ ~ ~-

(31") NW, t-f) w, ~)qi@~. 

3. ~ W"{Uf qi) ~ tR<fiT it ~ ~ ~-

4. ~I fq)?i.9'lUI ~ ~ R9 ufu<TT ~-
(31") ~' (of) ~. 

[~- I. (of), 2. (3T), 3. (of), 4. ~ .] 

~lq~IR.&i ~ 

1. R9 -w:icf;) "B ~ ~, RHcl'lOI ffiq)f Cf>l ~ ~: 

Set up a table of Analysis of Variance for the following data. 

Varieties 

Plots a b C d 

1 200 230 250 300 

2 190 270 300 270 

3 240 150 145 180 

[F = 3.85 < F.05, Not Significant] 

2. ~ -;,1T{ ~ fcn\f?I Grammar Schools it <TTTI«lT ~ 'C!ileJUT ~ 1ffiUTilTT ~ ~ ~ cl,! 

~ cfiB ~ ~ i1 lll<i~ ufu i1 ~ ~klf.tlii ~ ~ ~- cf;aJT ~ ~ ~ ~ ~ 
~ ~ ~ ~ 'C!ilan ~ Cf>l ~ I ~ 'Cffi1lTTlJ f.r1:f >fqi'K "B ~ I -w:i"cfil cl,! fcl :?.?! 'l 01 

~I 

To assess the significance of possible variation in performance in a certain test 

between the grammar schools of a city, a common test was given to a number of 

students ta.ken at random from the senior fifth cliass of each of the four schools 

concerned. The results are given below. Make an analysis of data. 

Schools 

A B C D 

8 12 18 13 

10 11 12 9 

12 9 16 12 

8 14 6 16 

7 4 8 15 

[F Cal. = 1.285 F Cal. < F Tab. (Not Significant)] 

3. m lll<ifajcfi ~ B ~ ~ m ffift il ~ TR c:1 ~ ~ ~ q,l >ffu ~ ~ ~ ~ ~ 
I~ Cf>l ~ "B ~ ~ ll'Uf ~ Cf>l ~!~cf.iii ~ 'CJileJUT ~ ~ ~ ~ cl,! fl 
~I 

~ f<::llii•?l!l!?TT ~ ~ F cfiT 5% 'GT llH 7.71 ~ 111
) 
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Given below is the per acre yield of two strains of wheat sown in three randomly 

selected farms. Use analysis of variance to test whether the strains are significantly 

different is regard to yield. 

(For relevent degrees of freedom the value of F at 5% 7.71) 

A 

B 

Ont. Ont. Ont. 

30 

20 

32 

18 

22 

16 

[F Cal. 9.4; diff. Significant] 

4. ~<tt<lt.i~-A, B 3WC ~t12 ~if~~~~t ~ (fcl;m) f.ri:;f 

~~ ?f :-
The following figures relate to production in Kg. of three varieties A,B,C of wheat 

sown in 12 plots. 

A 

B 

14 

14 

16 

13 

18 

15 

C 18 16 19 

<Fllm=TT ~t~cfil3Rfr~t? 

22 

19 20 

ls there any significant difference in the production of three varieties. 

[F Cal. = 1.157 F Cal. < F Tab. (Not Significant)] 

5. "©"if~~ 4-4 ~ llT ~ ~~ ~ cfil 00 ~ ~ I 3f!l" <ff@cfi1 if~~ 

t ~ ~3TI <tt ~ ~ 3TTtj ~ ~ ! . I ~ W~ ~ fcl; ~ f11?1-f11?1 ~ q,l ~ 
t cfiTTUT ~ cfil 3Rfr ~ i ? 

Five fertilizers were applied to fou r pots each. The yields of potatoes on each of 

these plots are given in the following table . Examine whether the efkcts of these 

fertilizers on the yields are significantly different. [ F 5% = 3.06 given] 

Fertilizers 

Plots (1) (2) (3) (4) (5) 

a 19 22 26 18 21 

b 25 19 23 26 22 

C 17 19 22 20 21 

d 21 18 25 23 24 

[F Cal. = 1.79 F Cal. < F Tab.(Not Significant)] 

6. ('fR >fcFK q,l gasoline cf{ Fcl,it ~ ~ iro l!JUTI it "Sfl"t<1 ~ f.ri:;f 5f9i1r it 21" CKm./100 lit res): 

Several tests with three types of gasoline revealed the following averages 

{Kilometers/100 litres} 

Gasolines 

A B C 

519 523 520 

521 520 517 

520 522 521 

518 520 519 

512 524 520 

521 523 517 



lJ;cfi '5fffiUT fcl~~'iOI clT@cfiT cf>l N-11 ~ I ~ TfURT ~ ~ 5% W ~ ~ >fcf;T{ q,'t 

gasoline t 3RR cfi1 ~ cfil ~ ~ I 

Set up an analysis of variance table. Calculate F & test the significance of differences 

between the three types of gaxoline al 5% level. 

(F Cal.= 5.83 F Cal. > F Tab. Difference Significant] 

7. ~, ~ ~ ~ t "M1' ~ it 4 fll."(i~11 oo ~ iw, )st,l-ilcu <l>1 m1 f.r9" ~ it ~ 
~ l: 
Following table gives the number of refrigerators sold by 4 salesmen in three 

months-May, June & July. 

Month A B C D 

M~ ~ 40 ~ ~ 

June 46 ~ 50 45 

July 39 44 40 39 

<FTT~~~~~f.m;T~llt2l3Rf{~t? 

Is there a significant difference in the sales made by the four salesmen ? 

[F Cal. = 1.55 F Tab. > F Cal. Not Significant] 

8. lJ;cfi ~ q,"[ ~. ~ ~ cf,1 M >ITTfi<TT it m cf,1 ~ cTTffi m ~ ~ l. 
w ~ q,"[ ~ m qfffi ~ ~ it it•~ ~-~ ~ ~ l 1 ~ "M1' 
~ cfiT ~ ~ '9m ~ ~~-~ R-1" cfiJll cfiB t lllctf¼ifi ~it~ q){ql ~ I 

RB <fT@cfil it ~ ~ ~ ~ t :--
fcn-q-::;, >fcfiK q,l ~ ~ ollf¾'14' ~ ~ ~ ~ ~ 3Rf{ cf,1 ~ q,l ~ ~ I 

0 >ffifm ~ W 1IT" F q,T l'.fR 2 ~ 6 ci.f. ~ ~ 10.92 <ll!TT 3 3ITT" 6 d .f. ~ fwt 9.78 ~ I) 

A Factory Manager, wishing to buy machines for a certain operation in a production 

process, obtains one machine from each of the four companies making such 

machines, and puts three men each of whom works one day on each of the four 

machine in a random order. The resulting units are given in a table given below. 

Discuss the significance of Variation of production among the different types of 

machines and also among the workers . 

(One percent value of F for 2, 6 and 3, 6 degrees of freedom is 10.92 and 9.78) 

Workers 

Machines W1 W 2 W3 

M1 62 63 64 

M 2 64 66 68 

M3 67 67 70 

M 4 68 69 69 

Among Workers- F Cal. (9.45) < F.01 Tab. 10.92 (Diff. Significant) 

Among machines-F Cal. (29) F .01 Tab. 9.78 (Diff. Significant) 

9 m >fcfiK ~ fclf'1?f ~ it ~ ~ mi cfi1 TTW 3ITTR! JTTM ~ @ITT M it) ~ ~ 
RB <fT@cfil it R,q;iz t :--
The following table gives the average monthly sale (in thousands of rupees) of four 

salesmen in three different types of territories. 

3iiiiTrR yifii;qi:674 ~ 

NOTES 

153 

http:ltm~Cf1T~~Cffffi~~ifit.it


3wli'f< RiAA<il<l ~ 

NOTES 

3N-TTWTfuai1~r£r 
Test your Progress 

154 

Salesmen 

Territory A B C D Teritory 
Totals 

X 5 4 4 7 20 
y 7 8 5 4 24 
z 9 6 6 7 28 

21 18 15 18 72 

Set up a table of analysis of variance for the table given above. 

[F Ca. = .75 Between Salesmen.] [F Cal.= 1.50 ,, ,, Territories] 

10. ~ ~ cf>1 fc{f,r.;r f.i9f01:?ll<."ll'3TT ID"U ~ ~ R9 >fcf)f{ ~ ~ I 3m ~ llT 

>ftf((Jf- fcl:? ;i tl 01 cf>1m :-
Units produced by different foundry-shops of a plant are as under. Perform analysis 

of variance of these data. 

A 

Foundry B 

C 

84 

67 

46 

Through-put obtai~ed 

60 40 47 34 

92 95 40 98 60 59 108 86 

93 100 

[F Cal. = 2.2 < F.os, Difference not significant] 



3-~-5 3-llcfiffl-lcbdl ~ ~ cf1T 'Q'U~ 
(CONTINGENCY AND CHI SQUARE TEST) 

5.1 ~ 

5.2 3!lcfif~<ficl I ~ 

5.3 ~ cflT 3W ~ cf,1 1'.j']:ff 

5.4 ~ qi""[ ffl'Ef-, 
5.5 ~ qi""[~ 

5.6 ~ cf,1 3WfcIT cf,1 ~ 

5.7 ~ cflT if; fcl"mur. TT cl' ~ 

5.8 ~ cflT cl?TT ~ qi""[ «K 

5.9 lll<lq<ffi <Tl ¥1<'.!iaj 

5.10 -TT'l ~ 
5.11 ~:!Tra'~ 

5.12 fst;l!lci-t<fi ~ 

5.0 ~ 

~~cfil ~cfif.lt~ 3ITC!~<TTT<lm~f.:f;_ 
1. 6llcf\~cficll ~ cfi1 6JlqNcficll q;)° ~ ffl I 
2. ~ cflT cfi1 ~ t 3ll'<TTTT cfiT ~ -?rm I 

3. ~ cflT ~ t «f{qi"f~ WIT I 

5.1 Sl«ili:HI 

TT-~ cfiT 3lupr,:f cf,@~ m ~ ~ cl'TTcfi{OI i'ti 3TTlTT{ 1l{ m <!] TTW -wt<f; mlT!TT 
cfiT ~ M ~ I ~ <TT; ll'PTcl1 m ~ fc!; ~ it fc!im fcrnlf :!trJ aj aqf~fa 3ll!f91 <llj9f~fa 

mm ~, ~ cfi'TI-cfi'TI rrrm1 3W ,ntj\ ~ ,ft ~ m ~ ~ 3ft{ 0w-rn1Rcfi ~ it ~ ~ 
~ I ~ cfTTTcfi1Uf t 3ljBR <lR fu~ cfiT ~ ~ i <TI ~ 91T rnf~ (A) cfiT <f~ ~ 
~ (a) CflT WIT I ~ cll«lfqcfi ~ ~ cf,1 ,ft m ~ ~ ~~~-;er <TI Fm~ t 91T it 
~ ~ :mt-;i m 3lrnf~ t I 11:m Wlfu it~ cf1ffcRuJ cfi13JlcW1cficll mm~ 3ffi~ mDITT (Table) 

~ m-n ~ ;,mTT l ~ 3Jlcfiffl--fcf>cll tlTToft (Contingency table) %ffi<TT ~ I 

~ R"9 ~ ~ ~ fcn<lT ~ Wfi<fT i-
Contingency Table showing the Temperament or Brothers and Sisters 

Sisters (B) 

Brother Quick Good Natured Sullen Total 
(A) (B1) (B2) (B3) 

Quick (A 1) (A 1 B1) (A 1 B2) (A1 B3) (A 1) 

GoodNatured (A z) (A 2 B1) (A 2 B2) (A2 B3) (A 2) 

Sullen (A3) (A3B1) _(A3B2) (A 3 B3) (A3) 

Total (Bi) (B2) ( 83) N 
. . 

~( ttif&wfJ'4 ~ 
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~ ~ qif "T1]'-~ ffl ~ ~ fuq ~ ~ 3Wl ~ i fcl; ~ q;) 

2 X 2 it ~ qi{ R<lT ~ I ~ ~ ~ ffiq 1JUIT ~ ~ cflTT qil ~ c:l cflTT it qi{ ~ 
-;;mu l 1 ~ ~ ~ -;im mcrri 1 

Illustration 1 : From the table given below, find out the Coefficient of Association 

between intelligence in fathers and in sons (RJ..JRifurn wurr ~ fun ~ ~ Cf,1 ~ it "T1]' 

~'q "T1fcfi RcfilRtQ) : -

Fathers Sons (B) Total 
(A) Very Intelligent Ordinary Dull 

lntelli2ent 

Very 20 16 10 2 48 
Intelligent 10 14 8 4 36 
Intelligent 14 12 18 6 50 
Ordinary 

4 6 6 24 40 Dull 

Total 48 48 42 36 174 

Solution- The above table will be converted into 2 x 2 table by merging very 

intelligent and intelligent, and ordinary and dull. The changed table will be as follows :-

Fathers Sons (B) Total 
(A) Intelligent (B) Dull (b) 

Intelligent (A) 60 (AB) 24 (Ab) A = 84 
Dull (a) 36 (aB) 54 (ab) a = 90 

Total (B) = 96 (b) = 78 N = 174 

Coefficient of Associati9n or 

Q = (AB) (ab) - (Ab) (aB) 
(AB) (ab) +(Ab) (aB) 

_ (60 X 54) - (24 X 36) 
(60 X 54) + (24 X 36) 

= 3240 - 864 = 2376 = O 58 
3240 + 864 4104 . 

5.2 ~lcfiR-'icfi<il ~ (Coefficient of Contingency) 

fcf;m "TT it~~ 3!:!4f~Rl ~ 3JJ--qrcq1" c;t ~ if ~ ~ ~ ili ~ ~ NlrITT 
1::RT siffiq1f<a tnt1f cM 3llcfiWF'MI ~ (Coefficient of Mean Square Contingency) R"cfi@T -;,mn 

~ I ~ "B~ if 3llcfiftl-lcfii11 qiT 1JUTcfi (Coefficient of Contingency) ffl ~ I ~ ~ q;f.'J ili ~ 
~ m- cM (Chi-Square) ~ ~ i I m-cfTt R9 ~ ~ mTffi -;,mn ~-

where, 

2 

i = L { (f -fx fx) } or 

= L [ ( Difference of actual and expected frequencies )
2

] 
Expected frequencies 

f = actual frequency 

fx = expected frequency 

x2 = Chi-Square or Square contingency 

cfiT$-qll mm ctt imf- (l)ffl~ 3llif>Wlcfii11 0011ft ffl~ I 
(2) ffl ~ (Cell or Column) q;t wi:nfcfi1' 3WfTTi ~ ~ q;t ~ it Rcfilfc1~-

(A1 ) X (81 ) (A2) X (B2) 
A1 B1 = N A2 B2 = N 

3ITT ~ "SfcfiR ~ ~ "ITT ~ ~ ~ Rcfilfc1~ I 

(3) q I~ f¾cfi 3WfTTf if it ~ 3TTcifu tR1ifi1" ~ cM R<t>I fc14 I 



(4)Wqrf if~3TTc{@cfiT'WT~ I 

(5) ~ 'l-51-!4,iffi qif mTT q;yf-qrf WIT I 

~ J!cfiK q;yf-qrf 6llcfi~cfidl (Mean Square Contingency) 'lJT ~-qrf (Phi Square) 

~i I ~~t~ifWJ!cfiK<ilffli q;{~i-
2 

Mean Square Contingency or <I> = ~ 

q;M ~ ;t lTTt1l qrf 6llcfif~cf>dl ~ '3llcfif~cfidl 1JUfcfi ffl "cfiB t ~ 89 ~ "cfiT ffl 
~i-

Mean Square Contingency or Coefficient of Contingency 

4 I 1 
4 I °ql x2 

or C = y ( x ) or y <1>
2 = -

N + X 2 
1 + <1>

2 
N 

~ :l°fcfi "cfiT ~ cTT"f i Fili ~ q;,:ft ,:ft 'l' cf>1 mlff "d'cfi ~-~ i I 

<<1> m ~-qrf ~ ~ m ~ ~ i o 
Illustration 2 : Discuss the resemblance of height of parent and offspring from the 

following (f.:iyf~forn B lffil1 fl@T ~ ~ tTTfR cf>1 ~ it ~ cf>1 ~ ~ -

Offspring Parent Tota) 
Verv Tall Ta11 Medium Short 

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 

Tota) 40 332 338 290 1000 

Solution :-

Actual Frequencies 

Offspring Parent 8 Total 

Very Tall Tall Medium Short 

(81) (82) (B3) (B4) 

\{A;ilB1JA1) (A 1 B2) (A1 B3)20 (A1 B4)30 20 (A1) = 1l2 

~2B1lA2) (A2B2) (A 2 B3)14 (A2B4)25 85 (A2) = 136 

M~~)(A3) (A3 B2) (A3 B3) 3 (A3B4)40 165 (A3) =1~3 

S1'>t, B1)(A4) (A4 B2) (A4 B3) 3 (A4 B4)37 I 68 (A4) =U'l9 . 
Total (B1) = 40 (B2) = 332 (B3) = 338 (B4) = 290 N = 1000 

Expected Frequencies (fx) 

Offspring Parent Total 

Verv Tall Tall Medium Short 
Vary Tall 2.9 23.9 24.3 20.9 72 

Tall 9.4 78.4 79.8 68.4 236 

Medium 17.3 143.8 146.4 125.5 433 

Short 10.4 85.9 87.5 75 .5 259 

Total 40 332 338 290 1000 

Expected Frequencies will be calculated as follows (assuming that the two attributes 

are not associated, i.e., they are independent) -

( B ) 
( A1 ) X ( B1) 72 X 40 = 2 _

9 Ai 1 = N == 1000 

( A1 ) X ( B2 ) 72 X 332 = 
23

_
9 (A1 B2) = N lOOO 
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~ t1if&lq;J:q ~ ( A1) X ( B3) 72 X 338 
(A1 B3) = = 24.3 

N 1000 

(A1 B4) 
( A1) X ( B4) 72 X 290 = 20.9 = 

NOTES N 1000 

(A2 B1) 
( A2) X ( B1) 236 X 40 = 29.4 

N 1000 

(A2 B2) 
( A2) X ( B2) 236 X 332 = 78.4 = N 1000 

(A2 B3) 
( A2) X ( B3) 236 X 338 = 79.8 = N 1000 

(A2 B4) 
( A2) X ( B4) 236 X 290 = 68.4 N 1000 

(A3 B1) 
( A3) X ( B1) 433 X 40 

= 17.3 = N 1000 

(A3 B2) 
( A3) X ( B2) 433 X 332 = 143.8 = N 1000 

(A3 B3) 
( A3) X ( B3) 433 X 338 = 146.4 

N 1000 

(A3 B4) 
( A3) X ( B4) 433 X 290 

= 125.5 
N 1000 

(A-4 B1) 
( A4) X ( B1) 259 X 40 

= 10.4 = N 1000 

(A-4 B2) 
( A4) X ( B2) 259 X 332 

= 85.9 
N 1000 

(A-4 83) 
( A4) X ( B3) 259 X 338 = 87.5 

N 1000 

(A4 84) 
( A4) X ( B4) -259 X 290 = 75.2 = N 1000 

2 

f fx (f - fx) (f - rx/ (j_ - fx} 
fx 

(A181) 20 2.9 17.1 292.41 100.83 

(A182) 30 23.9 6.1 37.21 1.55 

(A1B3) 20 24.3 -4.3 18.49 0.76 

(A1B4) 2 20.9 -18.9 375.21 17.09 

(A281) 14 9.4 4.6 21.16 2.25 

(A282) 125 78.4 46.6 "2171.56 27.70 

(A2B3) 85 79.8 5.2 27.04 0.34 

(A2B4) 12 68.4 -56.4 3180.96 46.50 

(A3B1) 3 17.3 - 14.3 204.49 11.82 

(A3B2) 140 143.8 -3.8 14.44 0.10 

(A383) 165 146.4 18.6 345.96 2.36 

(A384) 125 125.5 --0.5 00.25 0.00 

(A.\81) 3 10.4 - 7.4 54.76 5.26 

(A.iB2) 37 85.9 -48.9 2391.21 27.83 

(A.\83) 68 87.5 -19.5 380.25 4.34 

(A.\84) 151 75 .2 75.8 5745.64 76.40 

L or x2 = 325.132 
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c=V ( x2 ) 
N+X

2 
v ( 325.132 ) 

100 + 325.132 
= .495 

This indicates that the association between the height of parent and the offspring 

is significant. From the inspection of the table, the contingency is positive which means 

that there is resemblance between the height of the two. 

5.3 ~-cf1l afu ~d-?itil cnl lJr,JJ 
(Chi-Square and Degree of Freedom) 

m-cfll~~-qr~~GT:IUTTit~<tt~<tt~~~ ,~~fcfffi >l<fiK 

<tt muurn oHt ~ ~ ~ {1)4)-4\"1: 1% "B 99% qcfi ~ fclf'l?r m ~ ~ m-cfll cx2
) ~ ¥<l" 

~-m~ I ~~~~~~q,l~(fest of freedom) cfi@~ I ~~R8~cfiT 
m~~~-

Degree of Freedom ,;= (R-1) (C-1) · where, R = No. of Rows 

C = No. of Columns. 

~ ~ "B ~ cf>1 tiT5IT lJT~4--?t ~ ~ , ~ lIT;TT ~ ~ ~;inmrm ~ ~ -qr m{Uft cf>1 

~ "B 'cfiTW-cfll' m1<f "qi"{ @<TT~~ I ~ ~ ~ mrB ~ cfiTW-cfll ~ wuft ~ >l'fC<f 

cfiTW- cflT it ¥Hf q,l ~ ~ I ~ cm~fctq; ~ TflTT cfiTW- cf1l wuft ~ m1<f cfiTW- cf1l "B 3ff 'l<t> 

~ "irt zy;TT :IllTT it 3l~ ~ (Significant Association) "4RT ~ I ~ ~ cfi1, ~ "ffi ~ 
Onsignificant) ~ "4RT ~ I <lR zy;TT ~ WN1T mm "ffi zy;n q;r ~ ~ 3cillc:ftj"1 

~ cfiT"{Uf "4RT~. 1 

Illustration 3- Two samples of poUs of Votes for two candidates A and B for a 

public office are taken, one from among residents of urban areas, and the other from 

residents of rural areas . the results are given below. Examinl: whether the nature of the 

area is related lo voting preference in this election. 

Votes for/ Area A B Total 

Rural 620 380 1000 

Urban 550 450 1000 

Total 1170 830 2000 

Solution- Setting up the hypothesis that the nature of area is independent of voting 

preference, the expected frequencies would be -

Votes for/ Area A B Total 

Rural 
1000 X 1170 

585 
1000 X 830 

= 415 1000 = 
2000 2000 

Urban 
1000 X 1170 

585 
1000 X 830 = 415 1000 = 

2000 2000 

Total 1170 830 2000 

2= (620 - 585)
2

-+ (380 - 415)
2 + (550 - 585)

2 
+ (450 - 415)

2 

X 585 415 585 415 

(35)
2 

( - 35)
2 

( -35)
2 ill[_ _ 

= 585 + 415 + 585 + 415 - 2.1 + 2·9 + 2.1 + 2·9 
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The number of degrees of freedom 

= 10 Approx. 

=(2-1) (2-1) = 1 

The calculated value of X
2 

which is 10 is much greater than the table value of X2 

for 1 d.f. at 5% level of significance. Therefore our hypothesis is wrong and the nature of 

area is related to voting preference. 

Illustration 4. From the following table, showing the number of plants having certain 

characters, test the hypothesis that the flower colour is independent of flatness of leaf-

Flat Leaves Cur led Leaves Total 

White Flowers 99 36 135 

Red Flowers 20 5 25 

Total 119 41 160. .. 

You may use the following table giving the value of X
2 

for one degree of freedom 

for different values of P :-

p 

x2 
.99 .% 

.000157 .09393 

.90 

.0158 

.50 

.455 

.10 

2.706 

.05 

3.841 

.01 

6.635 

Solution . Let the flower colour and flatness of leaf are not associated. Expected 

frequency for white flowers and flat leaves 

= 
135 

X 119 = 100 4 160 . 

In this way, the following expected frequeucy table can be obtained -

Flat Leaves Curled Leaves Total 

While flowers 100.4 34.6 145 

Red flowers 18.6 6.4 25 

Total 119 41 160 
-· 

= (99 - 100.4)
2 

+ (36 - 34.6)
2 

+ (20 - 18.6)
2 

+ (5 - 6.4/ 
100.4 34.6 18.6 6.4 

= (-1.4)2 + (1.4)2 + ~ + (-1.4)2 
100.4 34.6 18.6 6.4 

= 1.% + 1.96 + 1.
96 + 1.96 = .0195 + .0566 + .1053 + .3062 

100.4 34.6 18.6 6.4 

= .4876 

The number of degrees of freedom 

= (2-1) (2-1) = 1 

The value for degree of freedom at 5% level of significance is 3.841 which is greater 

than calculated value X
2

. Thus, the hypothesis is correct and the flower of colour is 

independent of the leaf. 

~ Cf>T ~ (Tschuprow's Coefficient) - ~ ~ if; d!lcf>R.l-Fhdl T1fch cfiT zy{ ~ ~ 
fcf; ~ 3ff~ mllJ •1' ocli W ~ I ~ ~ R9 :!°fch cfiT ~RITT~-



T=V c2 
(1 - c2

) y (r - l)(c - 1) 

~ T = Tschuprow's Coefficient <wm qi"f ~) 

C = Coefficient of Contingency (amM ~) 
r No. of rows (cfi<llUcf,1 ~) 

c No. of columns ~ ci>1 ~) 

5.4 ~ ~ lfm~ (Yale's Correction) 

~-911 ~~™ct~~~ m cf,1 ~ ~ m ~ ~ f<fi m ,:ft ~-awffe 
(Cell frequency) ~ 3lRfll 3W{IB (ultimate class frequency) 5 "B cfitf -;,m' m-;fi ~ ~ 
m-Cfll ( X2 

) qi"f llR -:!I.Jlcf!?llcf> ~ "B ~~aw R1iffl ,:ft ~ ~ I 3IB: ~-911 ~ 
ci>1 ~ (6lfclfajstcll) m ~ ~ m1 mUTl1l ~ ~ @ti: 2 X 2 -"ffi"{UTT lq 6lfcl~stcll ~ 
~ ~ qi"f ffl'R (Yate's Correction for continuity) cfivTT ~ ~ I 

~ ffl'R oaf M ~ ~ ~ fcfim ~ cf>1 3lFf@ 5 "B q,q m I ~ ft:aj'a- 1q "ffi"{1JTT 1q 
~ ~ m mil 3lfclTTf 1q 1/2 <TT 0.5 ~ R<TT ~ ~ awm 3 ~-cf>)~ >fq;K fl4141Nlcl M 
~ ~ fcfi mlffif ~ (marginal total)~ "ITT ~ I ~ ffl'H qi"f ~~mm~ fcfi ffl cfl«!fclcf> 

aw ~ 3Wifu 'f>T 3Rf{ o.5 qitf m ~ ~ ~ m-Cfll 'f>T ~ ,:ft cf, w Fcicfia 1 ~ anETcf> f.rcfiZ 
m ~ ~ aw~ ,:ft oT<fi ~ i 1 

5.5 611q@4f ~ fil-U~:;:i (Pooling of individual frequencies) 

"fol ~ ~ cfitf mcft ! (fcrn"q ~ "B 5 "B cfitf), "ell cmiifclcf> '3ITT" 5f~l~lcl ~ 
-cf>) ~ ~ cfl8 "B ~ ~ <TT c?r "B 3TTETcf> ~ ~ -cf>) ~ @<TT ~ ~ I fcl lcl<?ll i !?TI cf,1 m§lTT 

CNo. of degrees of freedom) 'f>T Rt:ffiUI 5 "B cfitf 9Tffi ~ ~ cf>T ~ ~ ~ ~ cf1TI 
cf>1 ~ ~ 3frQR 'Cl\ M ~ ~ I ~ ~ ~. 8 qTIT 1q "B 3 cf>1 ~"!Rief> ~ cfitf ( < s) m 
m ~ 911 lq ~ 'cf>T R<TT ~ m ~ 'Tl= ollcff f04a qTfi cf,1 ~ 6 m ~ , iJ:m wmr 1t 
~~8-1=7~~6 -1=5 mTJ1 I 

Illustration S - l!;cfi ~ tr1T "B ~ ~ m'cITTiur (Immunisation) "B ~ -srwn "B 
f.li.iR-tfurn m1l'ffll ~ ~ -

~ (B) 

10 

6 

~(N) 

12 

12 

~(N) 8 16 24 

G) ~ ffl'R ~ f.f;n ~ <ii> ~ ffl'R • x2 
~-cfll) cfil TfURl ~ 3ffi f..!"6ffl cfil 

ollT&TT ~ I 

Solution -

(i) Calculation of X
2 

without Yale's correction-

Expected frequencies (fx) = 

(Ab) _ (A) x (b) __ 12 X 8 = 4 (AB) 
- N - 24 

_ (A) X (B) _ 12 X 16 = B 
- N - 24 

(ab) _ (a) X (b) = 12 X 8 = 4 (aB) 
- N 24 

_ (a) X (B) = 12 X 16 = B 
- N 24 

Now, 

3i!iaif°( ftif@jqf/q ~ 
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r fx (f-fx) (f-fx/ 
(r- rxl 

fx 

2 4 -2 4 1.0 

10 8 +2 4 0.5 

6 4 +2 4 1.0 

6 8 -2 4 0.5 

x2 =3.o 

The X
2 

arrived at is 3 which is less than the Table-Value 1 df (3.841} Therefore, it 

is true that innoculation and death are independent. 

ii. Calculation of X2 witb Yate's correction-

Expected Frequencies · Actual Frequencies 

4 8 12 2.5 9.5 12 

4 8 12 5.5 6.5 12 

8 10 24 8 16 24 

Now, 

I 2 

r fx (f-fx) - 0.5 [ (f-fx)--0.5] 2 [([ - fx} - 0.5] 
fx 

2 4 (2--4)---0.5 = -1.5 2.25 2.25 -;- 4 = 0.5625 

10 8 (10----8)---0.5 = + 1.5 2.25 2.25 -;- 8 = 0.2812 

6 4 (6--4)---0.5 = + 1.5 2.25 2.25 -;- 4 = 0.5625 

6 8 (6--8)---0.5 = -1.5 2.25 2.25 -;- 8 = 0.2813 

x2 
= 1.6875 

2 
Here also, the calculated value of X is 1.6875 which is less than the table-value; 

hence the result remains unchanged. 

5.6 ~..<:f 1~
2

1'11-i cf>1 d-o'-k11 cf>1 ~ (Test of Goodness of fit) 

m-qrt ~ cf;l aql\7, 11 31-<i1~1;,i.:i qi)~ qi)~~~~~~ 1 ~ ~ ~ 
(Theory or expectation) cfl!TT cf'lll CFact or Observation)~ ~ cfi1 ~ (significance) cfiT ~ 
mcfT ~ I~ it, 3l-<il~

0
l'-'1.-J, dWf<TT ~ ~..S:IRlcfi 3TT"{" ~ ~ cfi1 ~cfi~9i'11 4T WITT! cfi1 ~ ~ I 

<lR x2 ~ 1"flTT ~ x2 -tffiUft it Rit TD1: ~ it clill mw ~ en 3J,tj1~1;,i.:i d17J:f ~ "ITTfT ~ 
3l~ cil«ffclcf, 3TT"{" ~ ~ ~ ~ ~,pr ~ ~ ~ ~ t ; ~ ~ m ~ ~ 
cfiTTur t 3lcf: ~ ~ Gnsignificant) ~ I ~ ~, <1R x2 

cfiT Hcf,T~fPT<TT ~ m tffiUTT-~ 
it 3ffqq:; ~ en 3l-<il41'-'1.-J d17J:f ~ ~ ~ I cil«tfclcfi dITT" ~~~~it cnr:lil ~ 
~ ~ ~ ~ ~ (significant)~ I ~ ~ ~ cfiKClT ~- ~ I 

Illustration 6. ffi ~ ~ ~-~ CPea- Breeding) "9"t ~ TPJ: ~ it fl cfi1 
f.li:.,f~fold ~ ~ q,l' -

l'l'@ 9 ~ ( Round and yellow) 

wfzy q ~ (Wrinkled and yellow) 

l'l'@ 9 it (Round and green) 

315 

101 

108 



~ cf ~ (Wrinkled and green) = 32 

~ (Total) = 556 

~t~~9: 3: 3: 1 t~ifm1'J~ I 
~31RffltWi'1l~cf>l~~I 
Solution- CalcuJation of x2 

Seed mixture Actual freq. (f) fx f-fx (f-fx)
2 

Round and yellow 315 
556 X 9 = 313 +2 4 

16 

Wrinkled and yellow 101 
556 X 3 = 104 -3 9 

16 

Round and green 108 
556 X 3 = 104 +4 16 

16 

Wrinkled and green, 32 
556 X 1 = 35 -3 9 

16 

Total 556 556 0 38 

d.f. (derived frequencies) = (n-1) = (4-1) = 3 

(J__-Jx/ 
ft 

0128 

.0865 

.1538 

.2571 

x2 = .s102 

The value of X2 
in the Table at 5% significant level for 3 independent frequencies 

is 7.815 . The calculated value of X
2 

is 0.5102 which is very less than its Table- value. 

Hence, the fit is good or there is good is coordination between theory and experiment. 

5.7 ~-qff ~~-~(Special Properties of x2 ·) 
(1) tiQ'l•ll~cfi m fiilql~<'b ~ (Additive property) - ~ fc!;m ~ it ~ lll<!faj< 

~ q,f ~ <R~ ~ ~ ~ m ~ t 3@T[- 3TT,Tf m-9'lf t l'.fR ~t ~ 
~ fcw:r if 3lf'fcli fcwrn-il q ~ ~ ~ ~ ~ 1 

(2) X2 ~ 'cfi1 ~ l(ci ~lii~i~r CNature and degree of freedom of X2 -distribution)­

X2 ~cfiT~~~3TTWR'R~~ I~~ ~~~~m-cf11~ 
-r-TTIT~ 1 ~cf;tf~~an ~~m-cfll.jz.:J ~ ~~ <mit 3ITT'clit 3ffifiRr 
~t ~if m<TT~ I ~cf>l ~ofi0 t ~-~.~ cf>13ffifimr cfi11-?rm ~ ~ 3W~ 
mi!m cf,1 3IT{ ~ ~ ~ 1 ~ ~ tT&n 30 it 3lf~ m ~ ~ m v2x't cf.[~~ 

~ (Normal distribution)~ ~ "ITT ~ ~ I V2X ~ ~ cflf l1'fU1 V2df. - 1 3W 
>flTTll'-~ 1 m<TT ~ I ~TT~~~~ cp.fffcf; 30 ~ 3lfffqi d.f. ~ X 

2 
cf.[ f.rh:R 918 

~~ ~.jz.:rt~~cf.f,r:ITT[M~~~ I 

~-cPT ~ ai" m'lf (Uses of X
2 

-test) 

m-cf11 ~cf.[~~ BiR-<>4ct>l ~ ~ 3lfqq; ircTT ~ I~ m~ ~ ~ ~ 
~ ~ ~ I ~ ~ f.!yf8f@a ~ it M ~ ~ -

(1) ~ cfiT ~ (Test of Independence)- ~ ~ zj :IOTT it TT ~ <h1 ~ cf>1 
~ ~' ~ ~ ~ ~ ~ ~ cf>1 ~ ~ ~ fcfi cTcfi1 ~it~~~ "Sf'llcfl0ll<q; ~ ~ 
;m·; mmcn 3W ~ it m ~ ~ '1T ;,@; fwITT m Gl'TT ~ urr if m it m TT ~ ~ 
~ ~ ~ l ffin 3W l=TI cf>l ~ it m TT ~ ~ "q'l ,m, 3\lR , ~ ~ ~ ~ ~ ~ 
TT~ lfFl ~ ~ ~. ~ ~ ~ mTm ~ ~ ~ c11R1fclq; ~ it 3RR 

~ ~ m cf1l t llN "cf>11Jbi11 "cf>1 ~ ~ I 3Rr if,~ Rfu«l ~ "R1"r (5%) W f!~f.Gd 
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~~~ ~x
2 

q;y ~-~~IB<IT"ffcIT~ 1 ~ x 2 
q;1 qf<11fii1a ~~~~ 

3TT'fcfi~ <fl~~ ~;im'~qv[~~~inn~ I 
(2) 31-<fl41-Jl-t ~ cb1 ~ (Test of Goodness of Fit}- X

2 
q;y WTT7T ij-&IRlcfi 3Wifu-~ 

(fi:cR, ~ m ~) am- q1«1fclcfi ~ it 3RR" Cfi1 ~ ~ ~ ~ fcfim "fTof ~ 1 ~ ~ ~ 
~ 1«ll ~ ~ fct; ql«!Mcfi ~ ~ <f>ITT {j'cfi ij,&IR!cfi 3Wifu ~ ~ ~ ~ m GRf it 3RK 

~ ~ ~ ~ 1 ~ x2 
q;y qf< 11fu1<1 ~ ~ ~ ~ ~ alf'ftfi m<IT ~ m <jJ-<ll<il~.i ~ 

1'tt' inn , ~ ~ q;q inn ~ m ~ anr q1t<Jfclcti ~ qiJ 3RK ~ mm ~ 3liffil ~ 
~~cfiROTinnl 3f.<1Mcfil{Uf~;im'I 

(3) mmihkll <it~ (Test of Homegeneity}- ~ ~-~ q;y tft ~ ~ ~ I 

~9'1 ~ffl"[TU~ot2lcf>l 'TI~Cfil~~ fcn'TTl~ ~tTTWnl~ ~ ~ tm~ I 
~-cflT ai ffl qif ~ ~ (Main conditions of the application of X

2
-test) : 

(1) ~ cf>1 ~ cf>1 ml~~~ 3TT'Ff> m-;fi ~ ~ ql(-(1Mcfi cf~ , 

~ ~ 3AU q;y ~ ~~WIT I ~ Cfi1 W§lTT, olfifffl" it 50 ~ 3TT'fcfi tft ~ ~ I 
(2) cf>W ,ft ~ ~-3W{fu 5 ~ q;q ;im' "ITTT ~ I ~ ,"ifiW 3Wifu 5 ~ q;q ~ <fl ~ 

f.icti2.c1cff ~ ~ ~ fi@cf>{" x2 Rcti1c-H1 ~ 1 

(3)~~ 3fltm"lf{~~3TT"ITTT~ I 

(4) cWo ~ ~ 3l<Rl~ ~ (Linear) "ITT ~ I 

s.scFi1l'cftiom~cnTm 
(Chi-Square and Standard of Significance) 

~ cf>1 ~ ~ ffl ~ ~ -~-9'1 cf>1 ~ ~ ~ ~ ~ ~ ~-«K ~ ¥RT 
~ ~ 1 ~ >fcf;Km-9'1 ~ ~ ~ m-cq- m -TI it ¥RT cf>l-~ ~ 1 <l'R 9l«ifqct, cm TI m{UIT 

"[TU ~ ~-9'1 it 3fltfcf> ~ oT ~ Tri it ~ ~-~ TfRl ~ ~ 3ITT ~ ~-lfP«ll TTm 

m ~ ~ I ITT fcrrfunrra fcfi~l Tflncm-9'1 ~ ~ ffl ~'B q;q~ oT ~ '1tiii:l~-l (insignificant) 

~ f 3l~ ~ lfPl<l1 lM ~ ~ ~ 3ITT ~ cf>W ~-~ ~ m<fl I ~ -ey:n ~ "flll'R "ITT 

<fl ~ TfRl ~ fcfi -ey:n q;y 3RR" ~-1 d i'cl I cl iH ~ cfiROT ~ I fl I '11 ~a~ I :S % cfcfi ~ «K clll fcrim" 
if fwn~~ I 

Illustration 7. f.:r:;f ~ 'B ~ G.-1T2. q;y ~ ~ t 3lfEITT"lf{~ ~ 1TlTT l llP«fl 

~ 3{ffITT" 1f{ i:m~ ~. fcfi ~ qil tTT "9"ffi t ~ ~ ~ l 

Flat leaves Curled leaves Total 

White Flowers 99 36 185 

Red Flowers 20 5 25 

Total 119 41 160 

You may use the following table giving the value of x2 for one degree of freedom for 

different values of. 

p : .99 .96 .90 .50 .10 .05 

/: .000157 .00393 .0158 .455 2.706 3.841 6.635 

6R- TfRl Flower colour and flatness of leaf it 'T1!-~ 1'fl' f 
White flowers and flat leaves ll ~ ~ -

= 135 
X 119 = 100 4 160 . 



Flat leaves Curled leaves Total 

White flowers 100.4 34.6 135 

Red flowers 18.6 6.4 25 

Total 119 41 160 

2 = (99 - 100.4)
2 + (36 - 34.6)

2 
+ (20 - 18.6)

2 + (5 - 6.4)
2 

X 100.4 34.6 18.6 6.4 

or 

or 

(-1.4)2 + (1.4)2 + (1.4)2 + (-1.4)2 
100.4 36.4 18.6 6.4 

1.96 + 1.% + 1.% + 1.% 
100.4 36.4 18.6 6.4 

.019 + .0566 + .1053 + .3062 or 

The number of degree of freedom-

= (2 - 1) (2 - 1) = 1 

.4876 

3Rf: 5% ~ ffi1K 1 ~ ffi;lclT q;r ~ 3841 ~ ~ TfURT ~ ~i lffi it 3lfqq; ~ I 3Rf: 

~ ~ ~ ~ ant flower colour, leaf it ~ ~ I 
Illustration 8. ~ it cTT ~ cTT ~ 3T ~ of q;r IB<U Tfll1 l ~it~ ffi ~ 

~ ~ m.ftur ~ it t~ "9fturrq H9 >fq;RR<TT ~ I "Cffil!JUT ~ fcfi ~ cf>1 >f<f@ ~ ~ 
Sll~P.Fhl'll ~ W«if..~11 ~-

Mea\ I A B Total 

Votes for 

Rural 620 380 1000 

Urban 550 450 1000 

Total 1170 830 2000 

~- lfRl fch nature of area, ~ voting preference it ~ t I The expected frequ encies 

are -

Mea\ A B Total 

Vote for 

Rural 
1000 X 1170 

= 585 
1000 x 830 

= 415 1000 
2000 2000 

Urban 
lOOOx 1170 

= 585 
1000 x 830 

= 415 1000 
2000 2000 

Total 1170 830 2000 
-
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2 = (620 - 585)
2 + (380 - 415)

2 
(550 - 585)

2 
(450 - 415)

2 

X 585 415 + 585 + 415 

_ (35)
2 

(-35)
2 

( -35)
2 

(35)
2 

- 585 + 415 + 585 + 415 

= 2.1 + 2.9 + 2.1 + 2.9 = 10 

The number of degree of freedom 

= (2 - 1) (2 - 1) = 1 

m qrf 10 ~,ij)fifi m"{UITtm qrf 1 d.f. ~ 5% ~w~-wr 3lf'tfcfi~,3f<f:m~ 

T@cf ~ 3W nature of area qif Voting preference ~ ~ ~ I 

Illustration 9. Rkf ~ ~ ~ cf ~ t ~ mmill ~ ~{1-:iPllfl t lfE2l TT-~~ 
~-

Total 

Literate 

Unemployed 

Literate and Unemployed 

Males Females 

250 

100 

50 

30 

200 

40 

12 

4 

[The 5% value of Chi square for one degree of freedom = 3.841) 

m:t- llR'T A = Literacy 

a = Not literate 

B = Unemployed 

b = Not unemployed 

Given date - Males 

N = 250 

(A) = 100 

(B) = 50 

(AB) = 30 

Females 

N = 200 

(A) =40 

(B) = 12 

(AB) = 4 

A a A a 

A 

b 

(AB) 

(Ab) 

1l(A) 

30 

70 

100 

(aB) 
20 

(ab) 
130 

(a) 
150 

(B) 
50 

(b) 
200 

(N) 
250 

B 

b 

(AB) 

(Ab) 

(A) 

4 

36 

40 

(A) x (B) lOOx 50 
Males : Expected value of (AB)N = 

250 
= 20 

(aB) 

(ab) 

(a) 

(A) x (B) 40xl2 
Females : Expected value of (AB) = N = 200 = 2.4 

Other frequencies wilJ be -

20 30 50 2.4 9.6 12 

80 120 200 I 37.6 150.4 188 

100 150 250 40 160 200 

(B) 
8 12 

(b) 
152 188 

(N) 
160 200 



Calculation of x 
2 

Males Females 

2 

F1 
2 (F- F1) 2 (F - F1) 

F (F - F1) (F - F1) 
F1 

F F1 (F - F1) (F- F1) 
F1 

AB 30 20 10 100 5.00 AB 4 2.4 1.6 2.56 1.07 

Ab 70 80 -10 100 1.25 Ab 36 37.6 -1.6 2.56 .07 

aB 20 30 -10 100 3.33 aB 8 9.6 -1.6 2.56 .27 

ab 130 120 10 100 0.83 ab 152 150.4 1.6 2.56 .02 

2 2 
X = X = 
10.41 1.43 

Association of Literacy and unemployment is more significant in MaJes. 

qf?(tjQUT mi 
"' "' 

3JTWT 

(1) ~,,,Ix'~ L [ (fo ;/•>'] Oee L [ (O ~ £)'] 

(2) 311WT~ C=Vb 
"' _ N+x 

(1) ~ ~ fufu-

(i) Hn = ~ qftcfi~-il (ii) / cfiT J:lR 

(iii) «-11<'1 .. :P-I ~ d.f. = (C - 1) (r - 1) 

(iv) 5% ~ «R 1lt d.f. m{1lft ~ 

(v) ~ i (ii) > ~ / Ho ~ A 3ITT B ~ ~ 

(2) ~-~ fufu <bl~-

(i) Ho - Jo 3ITT"fe ~ ~ 3,.i'K.~ I 

(ii) 

(iii) 

(iv) 

(v) 

~~ 

Z 2 cfil qf{cfifi.1<'1 ~ 

~ ~: d.f. = (n - k) (n - 1) 

5% ~~"tltd.f. U~ 
qftcfif<:-1<'1 ~ : > ~ ~ 3J.qlljlxil-i ~~I 

1. ~ "qry W~ <li1 Wl$ll~~ I 

2 

·· ··········· ·· ············· ········ ·· ···· ···· ···· ·· ··· ····· ·· ·· ·· ······ ··· ····· ··· ········································· 

···· ··· ····· ··· ········ ······· ·················· ······· ······· ······· ····· ········· ··· ··············· ·· ···················· · 

··· ······ ·· ··· ····· ·············································· ····· ··· ···· ··············································· 
2. ~ qry W~ q;r ~ ~ ~ I 

········· ···· ·· ······················································· ········· ····· ·················· ·········· ··· ···· ··· ·· 
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3. 

5.10 ~ffi 

wtl ~~(Long Answer 1ype Questions) 

1. cm cf1l ~ t fcn,r;;i-~ qiJ ffl ~ I 

Describe the various uses of the chi square test. 

2. cm qJ1 ~ t fcm"!f irn cf>1 ~ ~ ollT&TT ~ 1 cm qJ1 ~ t m cf>1 ~ 
~q;Jffl~I 

Explain with illustrations the special properties of chi square distribution. Also state 

the necessary conditions for applying the chi square test. 

3. ·~ cf1l WeJUT <FlT ~? ~-&lf~ct, am- dlq<.11fcfia ~ t 3RKt ~-ct,)~ cf>8 if~ 
~ ~ -?rad ? 

What is chi square lest? How does it help in finding out the significance of difference 

between theory and observations? 

4. X WeJUT <FlT ~ ? ~ ~3TT qiJ ffl ~ I 
What is x2 test? State the limitations of chi square test. 

~ ~ ~ (Short Answer 1ype Questions) 

1. cm cf1l WeJUT <FlT ~ ? 

What is f:hi Square test. 

2. cm qJ1 -iroeJUT cf>1 m.nm qiJ cf${ ~ 1 

Explain the limitations of Chi Square test. 

3. cm cf11 WeJUT cf>l ~ <FlT ~ ? 

What is process of Chi Square test.? 

4. 3ilcfiffl-lcficll T1ITcfi <FlT ~ ? 

What is coefficient of contingency? 

5. 3i I cfif fl-l cficl I cfil 3l2l ~ ~ I 
Explain the meaning of contingency. 

q~Rto ~ (Objective lype Questions) 

1. ~ cfil trm'Ef-l fi 11-i1-<ia : ~ cflTR m ~ ~ ;Jf@T l 
(31) 2, ~41 



2. 3ffifTT cfT@qiJ "'1 ~ 5 x 4 it ~ ~ l 
(3f) 25, (of) 16, (tl) 12, ~) 15 I 

3. mcrf~qi'[~mfii;.fr~l 
(3f) X', (of) T, 

4. ~ crf t f<fffi :rur ~ l 

~- 1. (of), 2. (tl), 1. (3l), 4. ~) ] 

s.11 clfiq~1fhn m-
1. R9 tffiUIT 1000 ~it~ 'lK 3W lRfc{@ ~ lfUl ~ >Rfm cfi«IT ~ I ~ TIT it 

3ffifll-~ qftcfifctil ~-

'lK ~ it) 
~ 90-120 120-130 130-140 140-150 150 il 3TT'Efcf, <fl1T 
m-i:rA 50 102 198 210 240 800 

~ 30 ~ TI 30 30 ~ 
<fl1T oo ~ m ~ m 1000 

[C = .216, y2 = 49.05] 

2. R9 tffiUIT il 3TTWT ~ 9Rcfif("fi1 ~ 3ITT" ~ ~ f-icfilf("fl!_ 1 3ui m{1JIT cj ~ 
6ijfPlHcfiiil3TT irm ~"TN:~ 3l¥i'ElR il w4.:f.li1 g, ~ 'l!.cfi m ~ it m ~ ~ 
~ f<TT'R 3Wl-cflTI it ~ ~ 7T<l1 ~-

3Wl-qll 
6lj1:1~1-1cfia1- zjt:: ttUl-cfTI ~ 

3f 140 100 15 

of 140 50 20 
[C = .165] 

3. f.iyf("ff<ilil tITTUft ffl ~ >ITTTil m o/ ~ mll1it ~ ~-

3ffifiRI ~ ~~-~ 

itcfil~ ~ 31 469 

Zfcfi1 ~-~ ~ 185 1315 

~ ~ ~ if m ~ >f'ITT9 ctiT -crozyir ~ I 3ITT ~ "CffiUTT9" ctiT 5% m~ ffi o/ x
2 

~ irm l@aJU! ~ I 5% ~ ~o/~ ~ (d.f.) 1 ~ ~/ ctiT ~ 3.841 ~ I 

[x2 = 14.65 itcfi1 >!~ ~] 

4. ~3D clil e.J<Imil 1;!fuiil~~mit w:, -qfturrq~~-

1Io <l"T >[~ 3{>['1filc@ <fl1T 

itcfi1 ~ 12 24 36 

Zfcfi1 ::im· ~ 16 8 24 

<fl1T 28 32 60 

eJ<l m cl,l q~o1:?ncia1 1R r~~,r';fll cfi8 it~~ >!'ITT9 ctiT waJUT ~, 
lx2 = 6.43 itcfi1 ~ ~] 
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5. (i) W-l urr ~ ~an t ~ t ~ ~ ~ f.ii;; WUJTlf >ITGl ~-

m :rnr f.m7T 
12 28 

itq;r;r~~ 13 7 

.ft.lm c1>T ~ qiB ~ ~ t ~ cfi1 wen~ 1 

(ii) ~;pl{~~ mir-fl m~ ~ f.ii;; 1ffiurp:f ~ ~-

~ ~ 
1236 164 

~ ;i- m ~ 1lftm" 564 36 

~ cfi2l CfiT w~ ~ fcfi ~ ,:rrq m cfi1 3ITT.o t ~ ~ ~1 'tlt1fcli.1f~til ~ ~ m$f; 
3RK~? 

[(i) / = 7.8 ~ ~\ilclfillffi ~ I (ii)/ == 15.2 ~ 3RK~ I] 

6. ~~t3IT'-JK~~~~~~cl>T3fl1:rt~~fcf;cn11ITTUf11l". 
f.ii;; "5/ctiR~-

~ ~ Ljt4q•~ ~ <rfTT 

160 

140 

30 

120 

10 

40 

200 

300 

<rfTT 300 150 50 500 

~ ~ ~ q,q "B <fi111Cfcfi ~TIU~~ >!fcnq ~ ~ I (2df t ~x2 
0.5 

2 
= 5.991; X 03 = 9.21) 

[x2 = 55.54 ~ 

7. ~ t ~ ~ if "B 200 lll<ifajcf; ~ "B ~ TTq: I ~ ~i f.,i.,if<hct ~-

3fcli :01 2 3 4 5 6 7 8 9 <IT1T 

3W{fu : 18 19 23 21 16 25 22 20 21 15 200 

it m ~ ~ 4Rcf>("J1I Cfil <r1!Whn cf>l ~ ~ fcf; 3-::r tITTfu1<TT ~ 3fcf> m ~ "B 
fcrctftq ~ I 

[x2 
= 4.3 < 1692 <l'~ 

8. ~ ~ l-i <~I cfil it ll I <i Gijll 1 ~ 71W ~ 3TT if ~ cf>l fc«ITuT B9 "5/ctiR ~ -

3fcli 0 1 2 3 4 5 6 7 8 9 <IT1T 

3W{fu : 1026 1107 997 966 1075 933 1107 972 964 853 10000 

~ cfill cfi1 ~ ~ ~ ~ f-1,mlcfil if ~ 3fcf> ~ m 3W{fu "B '1Ti:t ~ ~ I 

ri = 58.5 > 16.92 ~ 
9. ~ ~ ~ t 3f:PlT{ ~ ~ t 1ffiff-Nd1 it "B ~ M "CTli cl'1l cf>l 3ITT ~ N TTf> 911 

cf)l mm.~ ~ oo cm- "{ni-cf'TI M. MN cf N B "B ~ 911 t wt ~ B cf'TI B ~ cfi1 3ITT@ 
~~=1:2:1 t~ ~~M 1 ~mcfilwmf.r9l 
162 ~ ~ B "B ~ 1ffiff-l1lcn if "B M 911 cfTffi "iFTT ~ N cl'1l 9@1 ~ I 28.4% M 911 
t ~.42% MN 911 <fl1TT WT N 911 t ~ I 
~ ft# B ~ "ifZZl ~ ~ 3f:!1ffi-T 1:2:1 t ~ l 1 

170 1i = 4.22 ~ ~~] 



10. ~ ~ m ~ ~ ~ it ~ f.ri:;J 3lJcfiK ~ 41iiF~ ~ ~ ~ arn- fcfcn'mr ~ &i fqci 1foa 
~ chl ~ 3Wii<f q;r"ffi ~ I ~ ~ ~ <FlT ~ chl fqcm cli8 chl W{IB it~ ;pro 
~ .fffl ~ ~ fef1Rcfl iiF~•ih1< mm~? 
";f1'K ~ .. -« c:: "4T1T 

~ 137 164 152 147 600 

&ifq<ilfoil 32 57 56 35 180 

"4l1T 169 221 208 182 780 
({<:lld.::i<l ~ 3 ~ ~x2 

cfiT 5% cfiT llR 7.815 ~) 

(x2 = 5.8 ~ fef,r-;@l 1"ITT] 

11. f.ri:;J m{OTT 3-::r ~it~~ q ~ ~ cfiT fqq(Uf ~ cfil<iT ~' ~ ~ ~ ~ 
~~~~~~l 

~ 

~~ 

862 

"4T1T 

872 

~ 582 18 600 

"4l1T 1444 28 14 72 

~~chl~~fcfi<FlTW9:f.r¢lulchllTcllit~cf;)mil~~~? 
3 ' 

[x = 6.6 neB meneUekea ow] 

12. ffi23flcf,f{chl50mtmUT~~~.ilf.rt=f~~~­

~ 
ffl it -rifcn it <WT 

~ mT ~ 17 18 35 

furn mT ~ 3 12 15 

"4T1T 20 30 50 
<FlT .:n: cf6l -;;jT tf<fioT ~ fcfi ffl <hl 3llten TWTT it tit~ 3llt~ 3rt'~ i? cm-cflf 
WeJUTcfilffl~I 

[i = 3.57 1R ~lH ~ 2.48 -;,ITT Ho ~ 3R'K 1"ITT] 

13. f--1.:;if("!folil ~ ffl ~ 3fW'1 ~ ~ >ffC<f tlTITTll ~ ~-

14. 

3ffi'fR' ~ ~~- ~ 

31 469 

it<f;T~-~~ 185 1315 

ffl cf;) m it m t >f'TTq cfiT weJUT ~ 1 3Wf 3fCR tffiUTTl1 cfiT 5% ~ ~ ~ 

~ ~ (d.f.) ~ ~ i cfiT ~ 3.841 ~ I 

(x2 = 14.65 cl<fiT ~~I) 

3TTW1-~ qf(r.f,f("!d ~-

A1 A2 A3 A4 

81 11 6 2 1 

B2 5 12 15 8 

83 2 3 15 

IC = .59) 
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15. In the following table, the number of student according to age and the regular players 

among them is given. Assuming that the majority is achieved at the of 18. fmd out 

coefficient of association between Majority and playing habit. 

Age (yrs.) 15 16 17 18 19 20 

No. of students 250 200 150 120 100 80 

Regular Players 200 150 90 48 30 12 

(M.Com. Indore. 1993] 
[Q = - 0.73; No. of minors 250 + 200 + 150 = 600. Minor players = 200 + 
150 + 90 = 440; No. of Majors = 120 + 100 + 80 = 300; Major players = 48 + 
30 + 12 = 90] 

16. In a study of the stature of husband and wife, the following information is given-

Tall wives% 

Short wives % 

Toll husband% 

56 

11 

Short-husband% 

13 

48 
Find out coefficient of association in the stature of husband & wife. 

[Q = +0.9] 

17. The table given below shows the data obtained during an epidemic of cholera-

Inoculated 

Not inoculated 

Attacked Not attacked Total 

31 

185 

216 

469 

1315 

1784 

500 

1500 

2000 
Test the effectiveness if inoculation in preventing the attack of cholera. 

[Five percent value of x
2 

0 for one degree of freedom is 3.84] 

(Ans . 0 = 14.64 Not justified] 

18. The fortune magazine of U.S.A. published the following results of a sample survey 

of public opinion regarding election of Roosevelt as the President of U.S.A.-

Attitude towards etection Rich Poor Total 

Favourable 508 1559 2067 

Unfavourable 905 

1413 

1114 

2673 

2019 

4086 
Is attitude towards election issue guided by the economic status of the voters? What 

test would you apply? The following table 1 % values of Chi-Square is reproduced 

for your use-

Degree of Freedom 

1 % value of Chi-Square 
2 

(Ans. x = 187.1, Yes] 

1 

6.635 

2 3 4 
9.210 11.341 13.277 

19. In the course of anti-mal'arial work in Birnagore in the third quarter of 1932, quinine 

was administered to 606 adults out of a total population of 3,540. The incidence of 

malarial fever is shown below. Discuss the prevent ive value of quinine. 

Fever No. Fever Total 

Quinine 19 587 606 

No. quinine 193 2741 2934 -- --
Total 212 3328 3540 

You may use the 5% value of Chi-Square for 'n' degrees of freedom, equal to 1, the 

value being 3.841. 

(Ans . / = 10.59- Not independent] 



20. The following table gives the results of series of controlled experiments. Discuss 

whether the treatment may be considered to have any positive effect-

Positive No effect Negative 

Treatment 9 2 1 
Control 3 6 3 

12 8 4 = 24 
2 

(Ans. X 9.367 associated] 

21. Find the value of Chi-Square for the following table-

a~ A B C D E 
Observed Frequency 8 29 44 15 4 

Theoretical Frequency 7 24 38 24 7 
22. In the contingency table, given below, use x2 test to test for independence of hair 

colour and eye colour of persons-

Hair Colour Light Dark Total 

Eye Colour 

Blue 26 9 35 
Brown 7 18 25 - - -
Total 33 27 60 - - -
(Ans. The calculated value of x2 = 15 which is much greater than table value which 

is 3.84, so that our hypothesis is wrong. We therefore conclude that hair colour and 

eye colour are a55ociated.] 

23. Calculate coefficient of contingency among the weight and mentality of 1,000 criminals 

from the following table-

Mentality Weight (Lhs) Total 

90-120 120-130 130-140 140-150 150 & above 

Normal 50 102 198 210 240 800 
Weak 30 38 72 30 30 200 

Total 80 140 270 240 270 1,000 

2 
(C = 0.216; x = 49.05] 

~ Rif@u1flq ~ 
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a:rt~-6 3-11.ff <JIOl.=t ~ af iij.JJIUl.=t 
(INTERPOLATION AND EXTRAPOLATION} 

~qi\'{cW~~I 

6.0 ~ 

6.1 ~ 

6.2 3JHH'l 0H ~ cill6l 11°H cfiT ~ 

6.3 3JHH'l □H ~ cillijl•l □H cf>l ~ 

6.4 3JHH11°H ~ cillij]•l □H cf>1 6llcl~llcfi<ll 

6.5 f<il'${©lll uftr 

6.6 .. 1.:.111fumlll ufd"llT 
6.7 qf{fi.MHR 1:fT ~ ~-uftr 

6.s ~ cf>1 WlT'fi 3RK urn 
6.9 ~ TTfu <~) urn 
6.10 ~ TTfu fqJ1111rn urn 
6.11 "Rfwlcfil~ 

6.12 ~ cf>1 uftr 

6.13 BTITTT 

6.14 ~l<lclf1l 1:fT ~1<1;,f1l 

6.15 -.?fq ~ 

6.16 tc{ :~~ 

6.17 f~lllci-lcfi .lf"T-'f 

6.0 ~ 

~~ cfiT 3lt'l!<R'qi8 ~ -rrc: 3ITT~<TTTITm m fcl.-

1. 3lhi{•l □H ~ cill~•IOH ~ 3{~ cfiT ~ m I 

2. 6thH'l 0 H ~ cill\P'luH cf;\ 3llcl¥llcficll cfiT ~ ffl I 
3. 3ll•-iw1°H ~ cilli;.l'iOH cf;\ w'll4 nfu<TT cfiT ~ mm 1 

6.1 SH·<l I cFfl 

~ ~ ~ fcif'i:p, ~ (Measures of central tendency) 91T 3fEZ1<.R ~ 3lUWTT it 
f%<TT TT1:fT t I~~ WJIT i'i ~(Median)~~ (Mode)~ qi8T m <fl~~~ 
~ il ~ (Class-interval) i'i ~ ~ ~ ql8 ~ ~ 3tHHll 0H (Interpolation) cfiT ~ 
"cfiBT ~ t, <rITT 3lhH'i □H ~ -MP,□H ~ tf<i'q i'i ~ ~ ~ n ~ ~, 

~if@JcNll ~'qR cfiB ~ 5Wl': ~ ~ ~ mm ~ fcfi ~ 1tocfil~l1 ~ 9lTT ~ 
~if(§qcf>l ~ >W<r €l m ~ ~ ~ fcfim-fcfim ~ ~ ~ 1ll m ~ ~ ~ ~ ~ 1ll ~ 
cffi1lTT °il ~ ::ltf m I ttm qfifp~f8 lt ~ ~ mT <lihwl 0H Mfq U ~ ~ ~ ~ ~ . . 

>W<f ~ ;,ry m i1 ~ ~ n f%m efcM ~ ~t ~ 'l"ft ~qi)'~ ~;,ry 



tfcflITT ~ I ~ ~ it "1'1 11°HI >ITTf Gt[ q'"IJ it m<ft ~ I ~ 1981 it ~ 1991 "ifcfl ~ »H~&-11 ~ ~ 
~ ~IFficf>lll Wfili it ~ "ITT ~ ~ ~ "ll'R ~ ~ 1955 "llT 1987 t ~ "1·Hi&ll ~ ~ ~ 
~ ~ m ell~ m: 3fHl{IIOH 3ITt olll$l 11UH !ITU~ -;,rr ~ ~ I {lif&lcf>ll4 ~it~ ri 
~~I 

6.2 ~l.:CHIIOl..j aft{ dllfi.]IIOH qi'J 3t~ 
(Meaning of Interpolation and Extrapolation) 

;,r.f ~ F ~ t 3lltTT{'l{fcf,m .ft"iJ ~ ~ t ~' M fcmtf U@'[m, ~ ~ 
~ ~ ~ ell ~ 611.;-J{IIOH ·~ ~ I "ll'R ~ ~ M 'lTcTT ~ ~ ~ ~ ~ ell ~ 
oll\il 11°H m<TT ~ I~ >fcflK ~ ~ ~ ~3TT "llT llP«TT3TT (assumptions)~ 3TTW'!R~ 

~~I 3Rf: ~ cfim "'1'T tfcflITT ~ fcf> 3fH1{11UH 3ffi ciil\il 11UH itm fcn~ ~ ~ ~ t:fP«IT3TT ~ 3lTtTT{ 

11{ 3lf'Qcfi(fll W'lf<x1 ~ ~ >ffC{f. m ~~I dlHH•IOH q;t ffi1ff ~ ~ q;t "'1'T ~ ~-

Interpolation and extrapolation are the techniques of obtaining the most likely estimates 

of certain quantity under certain assumptions. 

~~~(Independent Variable) ~ 'x' 3ITT" 3TTf°'-'3fo ~ (Dependent Variable) ~ 'y' 

it wnft«l fcf><TT ;,mJT ~ I 

6.3 qH,Htl~· (Assumptions) 

~ ~ i@l<TT "'1'T ~ ~ Ffi 61 HI<' IOH -3{) ( ol l\il I I UH ~ llP1\TT3TT lR 3TTt:TTfuf ~ I ~ ~ 
f.!;:;if1.1forn ~-

(I) ~ ~ CfIT QIHQR<fi ~ - dli.;-J{qcij.-J q;t ~ ~ ~ fcf; 1R muraj 3TTlffi it ~"t«f 

i , ~ ~ WITT ~ aw~ oB lR 3ilf '3f<f ~ , 

(2) ~ ~ $ '!Rfi "rt ~ 3<m-~ ~ - ~ 'TI lfRT ;,mJT ~ fcf; ~ Fcn',:r,r ~ it ~ 
it~ 3(fR-~ ;,tt° m<lT ~I~ <lR ~ 1931, 1941, 1951 aw 1961 c8 "1-l 11°HI ~ 3fT'ElR 11{ 

WT_ 1956 c8 "1•H-iMI ~ ~ ~ <TT ~ ~ ITr-«<n irrft fcf> -~mi&JI ~ ~ -~ it :,n~ 
ooR-~ ;,m· ~ t I 

(3) 'QRcfl'R cir~ (Rate of change) it Q,it,(<;Q<ll - ~ 6Jh'H'IOH ~ W8l' ~ 'TI lfPTTTT mcTT 
~ fcf; zj ~~~it~ it m c!ffi ~ ITTfi@ (regular),~ (uniform) 3ITT" ~ 
(general) t I 

(4) tfllR QR~@l{I - <lR ~ ~ Wfqi ~ t ~ fcn',:r,r CfTTT it zjeft«, t <TT~ lfRT ;,mJl 

~ I fcf; z;, CfTTT q;t q f<ff.\'1 Ri ti i ~ m <lT ~'111 m i I 

~ ~ 'TI ;,m' ~ ~ fcf; ~ l.;-J { 'l □H ~ >W<f Wfqi fcri'rq lfP@T 3TT 11{ ~ 31f ~ 

W'Wll ~ lITT t I 

6.4 3-ll•?FPI0H 3lh ~ldJllUH cb7 3W~~~cfiol 
(Necessity of Interpolation and Extrapolation) 

Bif@cfi1ll 3f:Plm.-J' it~ fcrrq,n ~ dllc:l!iticfial ~ 3lf1:lc:!i irat ~ I ~ f.!9f1.1foia cflRUf i-
(1) Titicit CfIT m <:11 31q4\caa1 (lnadequacy of data) - <lR: ~ fcf>m ~ ~ fci~cH-J.flti 

murrq -qr~~ mm~~~ fcf; m ~ ~m, ~~it~~~ 
~ fcf; ~ <lT (TT~ tJ ;,m· m 3ITT""<lR m 'TT~ <TT~~ mi d<1 dlHH'i 0H 4T oll6,]IIOH 

~m~~I 
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(2) WT<lil q;r ~ fr~ - q;,:ft-q;,:ft fcf;m fcri11f ~~ * ~~ ~ W ~ !, ~ 
,jj'ffi ! <lT fcf;m cfiRUT ~ ~ m ,jj'ffi ! oil' ,:ft ~ fclf~ ml ~ ~ WTrTT ~ WfiITT i I ~ fcf;m 
o!l'fCJlit t ~ <lT fcfim ~ t ~ w ~ <lT ~ m ~ m ,:ft ~ um qiJ m "ffifT i , 

(3) filim afM ai ~ ai ~ ~ '511'<1' <iwiT - 3iHw,01-1 arr{ G!,©1101-1 qif m 3ll WFf 

,:ft <fivTT ~ i ~ ~ ~ ~ ~ q@ WFf t ~ t M ~ t ~ m "5l'fC<f <fivTT 

~ m I ~hr it,~fcfi ~~Tf<TTt'51.J•l 0HI ~qilmft i I <l"R~,aar,1qffi 

<lT ~ q;) ~ ~ ~ Cf!TT q;l '51.J•,aH, t 3@lcTT fcfim 9't <hl ;,i,i,,01-1, ~ cfi"GT mm~ fclf~ 
cfiT m ~ m ~ , 

(4) ~ 3ih fcffirn Wiitr ~ '3Q<Tf1TT -hr t 3Tffflq; fcfcfirn t ~ <ITTRTarr qiJ f.ri:nur M 
~ ~ 3W fcffl-~ cfil fil M ~ ~ I zy,JT t tt ~ ~ 3ITT" 3lTlJ 3TTR: qiJ ~ WTRT 

~"ffifl~ I ~~fclf~mlM~~ I 

(5) cmqm 3ITT adl•IQ@ HiillRM - m 3ITT" ~ chl -i:rM qiJ 'Wfi. ~ WTRT ~ 
o!l'fCJl'U 3ITT" 3UP1qffi t ~ ~ ~ ~ I o1wrn1fqct, '{ctijllH m •fuQ: 61@9i;<9'£'.1l "ffifT ~ I 
oqrqm <Ff! d~l•Jqfa ~ ~ t 3TTlffi" 1T{ 3JHH11°H ml~~~~ I 

(6) ¥RT- 3iHl{IJOH 3ITT %P'IUH t ml~ fclf'll?i ffl t ~it~~~ it ¥RT 
"ITTc1 m ~ ~ I 
31H·Wlfuifl ~ lH ~ mlTT ~ fu~lfl fcnm -;jfJ ~ t ? c-. 

3ll"C1{1JOH cl~ Gll&) 1IOH zy,Jl tt ~ llT;f ~ ~ I ~ ~ ~ m chl 3ITTTT cfivTT 

3Ro ~ ~ I 31lf{~ ~ ~ 'jcfiT ~ fcfi ~ ~3TT 1Tr 3TTtnitf ~ ~ 3lf~ ~ ~ 
~ I 31lT{ m llP«ff3TT qiJ ~ M Tf"<lT t <lR it ~ ~ ~ t ~'fl it ~ ~ m -3ll"C1{'lfula 

~ 1T{ 3lft:Jcfi<lll ~ M ~ ~ ~ I ~ ~ ~ ~ fcf; cFlT ~ ~ ~ ~ ? ~ ~ it 
cfITT oqfu; @1 ii~<i'1a, ~cf,"{~. m ~ ~ Cf>11i°T ~ M, ~ ~ ~ ~ 3ffiofl'Qcl 
~ m dll"C1{ 11fula ~ 3JM~cHHlll tt WTl I ~ ~ ~ ~ ~ ~ ~ f% 611.:a{•IOH 3ITT" iill&) 110H 

Cf>1 ~ ~ ifi ti-qq 3-ctjlcii:Hl, tl"eft«l c!T-TT3TT 3ITT" TTURl Cf>1 3Rif UTTf t ~ ~ 1Tr R'IT ~ I 

~~ 
1. ,jjl"C1{ 1IOH U 3TT1l cFlT wref<t i I 



~l.ij,(◄ 101-1 ~ iitli;MOM ~ ~ 
(Method of Ioterpolatioo and Extrapolation) 

~uwrr~~~cnt-
<•) fai-s)d\q ura (Graphic Methods) (II) ai\-31•1Niifl<t ~ (Algebraic Method) 

(1) ~ "qRl 31"91~1"1'1 ufir (Method of Fitting a Parabolic Curve) 

(2) 4R~i1HH ~~~um 

(Finite Differences Method or Binomical Expansion Method) 

(3) ~-1lfu (3f!fTTTJTT) ufir (Newton-Gauss Forward Mdhu<l) 

(4) ~-1lfu (Mtl!J.J 11141) ufir (Newton-Gauss Backward Method) 

(5) ~ q;y ~ (Sterling's Formula) 

(6) ~ cfi1 ufir (Lagrange's Method) 

3'"' 3'9'mfi UTTrTT q;y ~ ~ Ffi<TT ~ I 

6.5 fat~)OOll U@ (~raphic Method) 

~ ~ ~ ufir ~ I ~ ~ (Time) <TT~ cfiT ~ (Horizontal) <TT ~ W cf1!.fT ~ 
<TT 3lTcffer cfiT ~ (Vertical) <TT cfil'Raro W ~ M ~ ~ I ~ ~ ffl ~ ffl 
f.q3TT cfiT >Jtfcf;o~~~ I ~Wli"R~<TT ~ q;J~qs,fi«Rol~ I~ m~ q;y~ 

<TT m ~ cfi131fcIIB ffl ~'ITT~~~~ "qRl cfi13ITT"~ ~~I~~~ qR>9il 
cfiTc<TTl3Tif.qu ~ aw~ ~t&T ~ ~J.JHHH ~';;fTiTT~, ~ ~-i:rr4"t&l9il M~ 
f.q w ~ 1 3B f.q q;y ~ <TT 3lTcffer ~ 3f~ ~ <TT 3lTcffer M 1 3f!J ~ mr ~ ~ 
M~I 

Illustration 1. : The following table gives the population of undivided Bengal during 

the years 2003 and 2009 in which the figures for 2005 are missing. (~ ofTT@ cfi1 2003 

U 2009 <fcfl 2005 911 ~ cfi1 "H {i@I 1R t!J TJt ~) 
Year 2003 2004 2006 2007 2008 2009 

Population (in lakhs) 363 391 455 467 501 603 

With the help of a graph, find the population for the year 2005. 

~ cfi1 m U 2005 cfi1 "1-t{i@I f.Jcf>lf(1l!) 

Solution -

680 

640 

600 

560 

520 

-140 
423 f------.,< 

.. 1()() 

Faist 8a<Je Line 
().___ ____________ _. 

2003 200-I 2005 2006 2007 2008 2009 
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... 

~ ~ ~ ~ 2005 ~ ~ ~tw ~ 7Tf \Jtt "11~~19Ri qi) 'P' ~ -qr~ cfi«TT 
t ~ ~ q;)1?; are -qr~ ~ fl -rr:rr \Jtt 423 (ffi{g) -qr cRm t a«f: 2005 ~ -si1{i~, q)f ~ 
423 ~ o!ITTfi "® I 

6.6 ai\-ii'INiffi(.f :flf<l(.fi (AJgebraic Method) 

(1) ~ '5 31.ql<fNH iTra (Method of Fitting a Parabolic Curve)~ ttftf ~ ~-qr 

3TT'ETTftf i fq; ~ 1R ~ ~ lRW tfoftT t anr ~ ~ ~ 1R wift ~ ~ ffl m m ~ ~f«f 

~ 1R W1fi ~ ~ ,:ft ffl ~ ~Pftfi~ ~ I 

61l·~HIIOH _,jrr ~l~'IUH ~ ~ ~ -uftf cfiT ffl 6-f ~3TT ~ Ffi<TT \lfT ~ t ~ ~ 
m fll-l~HH~~~ "ITT I 

~~~~H9"~cfilfflmcITt-
2 3 4 n 

y = a + bx + ex + dx + ex ....... rue: 

~ ~ ~ •x' q;l- ffl;f ~ Ondependent Variable) 3ITT" 'y' ~ 'x• -qr 3Tif~ ~ ~ ~ 
(Function) 1-l'RT TFTT t I 'a', 'b', 'c', 'd' 3ITT" 'e ' ~ 1R (Constants)~ m ffl cfi8l i I ~ ~ 
(Parabolic Curve)~ filtlcfi<01 cf>l ml<fITT ~ ~ \lfTol t I ~ ~ cfiT ffl ~ ~ ~ 'f2l"R m;rr 

t fcf; ~ ~ ~ ~ R<R 1R ffl m ~ ~ ~ <li1l {n-1)cfil ~ ~ q@l~ m cfi81~, 
~ ~ ~ ffl 1R 5 "ITT o) 4 tTra <Power) cf@~ cfiT ffl qiRT irru I 

Illustration 2: Tihe following table gives the cube of the items. Find out cube of 2.5 

(RJ;{ mDJTI ~ <RT cfiT ~ ~ i I 2.5 cfiT ~ ffl ~ 

Size of Item ~ 1 2 3 4 

Cube Value (F.f1 ~) · 1 8 27 64 

Solution - ~~ll ffl~4 l3@:3 ~~~~qi! mirrn ~ ~>fqi'R 
~ ? 3 
~ - y = a + bx + ex- + dx 

Size of ltem Deviation from Common factor Cube Value 

(x) 2.5 

1 

2 

2.5 

3 

4 

-1.5 - 3 

-0.5 -1 

0 0 

+ 0.5 +1 

+ 1.5 +3 

'x" 3ffi" 'y' ~~qi)~ l'f @ITT~ R8 ~tj)cfi(OI ~ ~ ~-

1 =a+ b (- 3) + c (-3)
2

+ d (-3)
3 

or 

or 

or 

1 = a - 3b + 9c - 27 d 

8 = a + b (- 1) + c (-1)
2 + d (-1)

3 

8=a -b + c-d 

y0 = a + b (0) + c (0/ + d (O/ 

yO = a 

27 = a + b (l) + c (1)2 + d (1)
3 

(y) 

1 

8 

Yo 

27 

64 

(i) 

(ii) 

(iii) 



or 

or 

27=a+b+c+d 

64 = a + b (3) + c (3)2 + d (3)3 

64 = a + 3b + 9c + 27 b 

Adding Equation (i) and (iv) we have, 

65 = 2a + 18 C 

Adding Equation (ii) and (iv) we have , 

35 = 2a + 2c 

Multiplying Equation (vii) by 9, we have 

315 = 18 a + 18 C 

Subtracting Equatios No. (vi) from (viii), we have 

250 = 16a 

250 
or a = 16 = 15.625 

Substituting the above value of 'a' in equation (iii) we have 

yO = a or yO = 15.625 

Hence cube value of 2.5 is 15.625. 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

(ix) 

Illustration 3. The followjng table gives the census of population of an Indian State 

in 2006, 2007, 2008, and 2009. 

(R9 ~ it 'lffi<f ~ 'q}J "1·JIIOHI ~ ~) 

Estimate 1he popula1ion of the stale in 2009, aking your me1hod clear- (2009 it ~ 
cf>1 -iHB&11 qlf ~ ~) 

Year 

Population 

(In thousands) 

2006 

2,797 

2007 

2,935 

2008 

3,047 

2010 

3,354 

Solution- Estimate of the census of population in 2009 by filling a parabolic curve -

Year 2006 2007 2008 2009 2010 

Devia1ion from 2009 (x) -23 -13 -3 0 +7 

Population (In thousands) 2,797 2,935 3,047 Yo 3354 

Since 1he known values are four, we will lake parabola of lhe 3rd order, i.e., 
2 3 

y = a + bx + ex + dx 

Subs1itu1ing the different values of x and y, we get the following equa1ions-

2797 a - 23b + 529 c - 12167d (i) 

2935 a - 13b + 169 c - 2197d (ii) 

3047 a - 3b + 9c - 27d (iii) 

yO a (iv) 

3354 = a + 7b + 49 c + 343 d (v) 
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To find out the values of 'yo' which will give the estimated population of the state in 

2009, we proceed as follows-

Multiplying (i), (ii) and (v) by 3 and the (iii) by 23, 13 and 7, we get 

8391 = 3a - 69b + 1587c - 36501d 

8805 = 3a - 39b + 507c - 6591d 

10062 = 3a + 21b + 147 c + 1029d 

70081 = 23a - 69b + 207c - 621d 

39611 = 13a - 39b + 117c - 351d 

21329 = 7a - 21b + 63 c -189d 

Substracting (vi) from (ix) and (vii) from (x), 

61690 = 20a - 1380c + 35880d 

30806 = 10a - 390c + 6240d 

Adding ( viii) and (xi) , 

31391 = 10a + 210c + 840d 

Multiplying (xii) and (xiii) by 7 and (xiv) by 46 and 13, 

431830 = 140a - 9660c + 251160d 

215642 = 70a - 2730c + 43680d 

1443986 = 460a + 9660c + 38640d 

408083 = 130a + 2730c + 10920d 

Adding (xv) and (xvii), and (xvi) and (xviii) 

1875816 = 600a + 289800d 

623725 = 200a + 53600d 

Multiplying (xix) by 13 and (xx) by 69, 

24385608 = 7800a + 3767400d 

43037025 = 13800a + 3767400d 

Substracting (xxi) from (xxii) 

or 

or 

18651417 = 6000a 

a= 18651417 = 3108.5595 
6000 

yo = 3108.5695 

(Population for 2009 in thousands .) 

(vi) 

(vii) 

(viii) 

(ix) 

(x) 
(xi) 

(xii) 

(xiii) 

(xiv) 

(xv) 

(xvi) 

(xvii) 

(xviii) 

(xix) 

(xx) 

(xxi) 

(xxii) 

Illustration 4. : Estimate annual sales of pencils for 2005 from the following records 

of wholesale merchants(~ ol.1141Rll'l ~ f.'r9 ~ ~ 2005 ~ fuQ: ~ ~ q;i 3f:!BR ~ 

Year 2002 2003 2004 2006 2007 

Sale of Pencils 25 30 40 55 60 

(in lakhs of dozens) 

Solution : Since the known values are five, an equation of the parabola of the 4th 

order will be taken, as 
2 3 4 

y = a + bx + ex + dx + ex 



Now -

Year 2002 2003 2004 2005 2006 
Deviations from -10 -6 -2 0 +2 

2005 or - 5 -3 -1 0 +1 
(x) 

y 25 30 40 yo 55 
(Sale of Pencils 

Substituting the given vaJues of x and y, we get the following equations-

25 = a - 5b + 25c - 125d + 625e 

30 = a - 3b + 9c - 27d + 81e 

40=a-b+c-d+e 

yO = a 

55 =a+ b + c + d + e 

60 = a + 3b + 9c + 27d + 81e 

Multiplying (v) by 5 and 3, 

275 = 5a + 5b + 5c + 5d + Se 

165 = 3a + 3b + 3c + 3d + 3e 

Adding (i) with (vii) with (ii) with (viii), we get 

300 = 6a + 30c - 120d + 630e 

195 = 4a + 12 C - 24d + 84e 

Multiplying (x) by 5, 

975 = 20a + 60c - 120d + 420e 

Subtracting (ix) from (xi), 

675 = 14 a + 30 c - 210 e 

Adding (ii) with (vi) and (iii) with (v), 

90 = 2a + 18c + 162e 

95 = 2a + 2c + 2e 

Multiplying (xiv) by 9 and 15, 

855 = 18a + 18c + 18e 

1425 = 30a + 30c - 30e 

Subtracting (xiii) from (xv) and (xii) by (xvi) 

765 = 16a + 144 e 

750 = 16a + 240 e 

Multiplying (xvii) by 5 and (xviii) by 3, 

3825 = 80 a - 720 e 

2250 = 48 a + 720 e 

Adding (xix) and (xx) 

6075 = 128 a 

2007 
+6 
+3 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

60 

(vii) 

(viii) 

(ix) 

(x) 

(xi) 

(xii) 

(xiii) 

(xiv) 

(xv) 

(xvi) 

(xvii) 

( xviii) 

(xix) 

(xx) 
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or 
6075 

a = 
128 

= 47.46 

or yO = 47.46 (Lakhs dozens of Pencils) 

~ ~ q;f ~ ~ ~ ~ ~ fq; ~ ~ cfi1 ~ 3fltlqi mcfl ~ (TI Wilcfi{UI ~of.{~ ~ 
~ ~ ~ ~ qiv{f ~ ~ 1 Bi:ih<un Cf;) ~ "5fcfiK ~ qiv{f ~ cfifo;{ ~ 1 3lcf= ~ um q;f m 
~ 3fcWlllait if qiv{f ~ ~ ~ cfi1 ~ qi,{ m 1 ~ ~ ~ or ~ um lfcffifll ~ ~ 
~ ~ ~ cfi1 ~ ~ if ~ cfi1 ~ ~ ~ I 

6.7 QRMdl..fH ~ ~ fctfdH -u@ 
(Finite Differences Method or Binomial Expansion Method) 

~ ~ q;f ~ ~ fflT °9fwrcr (finite) ~ t 3lTllK tJt fcfi<TT -rrTT ~ I ~ fu:i:rc:: ffl 
(Binomial Theorem) W 3WTTmf uffr ~ I 

~ uffr q;f ffl R9 3l<Wrr3TT if "ITT it ~ ~ -

1. -wift tl'llR cflf-~ (Equal class-interval) ~ it I 
u. cflf-~if m 3fR9@fcfim<R ~citfflcfi8Tit I 

~R9~"B~it~-
llR ~ ~ R9 -wift <TT ~ ~ -

X 10 20 30 40 50 

y 4 5 6 ? 8 

~ 'x' -wift -w:fR ~ (10 ~) "B ~ ~ ~ 'x' q;f ~ ( 40) ~ ~ ~ 'y' q;f 

~ ffl qiv{f t "cTT; ,n cpf- fcffirr{ cjil m ~ ,wd I ~ >fem" ~ m~fc.fITT ~ ~ ~ i ~ 
~ "9"c; ~ ~ cf>l ~ ~ i, ~~if "B ~ ~ "9"c; cf>l <>IHWIUH <1'l .,mµ.101-1 qivff it I 

~ -ufu cf,T 3TTlW ~ ~ tJt R'lll i fcfi 'N' 91 >PI© ~ (Leading djfference) ~ "ITTTTI I 

~ ~ rn f.r9 >fem"~ fcfi<TT ~ ~ i-
(y - 1/ = 0 

4 
If n = 4 ; (y - 1) = Y4 - 4 y3 + 6 y2 - 4 y1 + yo = 0 

5 
If n = 5 ; (y - 1) = ys - 5 Y4 + 10 y3 - 10 y2 + 5 y1 - yo = 0 

~ 'Sfcm"~ 3lPT ~ ~ i I TTll >l"l!fll ~ ~. ~ ::fiOllil-lcfi, ~ ~. "TT?:11 
::fiUI I <1-lcfi. ffl ~ ~ ~ ~ ~ ;,mff i I ~ me, cfi1 ~ ~ H9 'Sfcm" i-

i-~ 'TT-~ (x) ~~cit ltil-Jl:i~m X(), XJ, X2, X3 ..........•• 3TTR ~e_ro ffll ~ 
M ~ i I ~ ~. 3fTI~ ~ (y) ~~~yo, Y1, y2, y3 •.. 3TTR ~ cf>l ffl fc!;<n ;,mn 

i 1 ~ ~ero if "B ~ ~ irad 1 

ii. y t ~ ffl ~-€'@ i 3cR ~ t ~~(Leading difference) cit~ (0) J:fR1 

;,mn i , "lfR s "9"c; ~ -€T en ffl >PJ& 3RR ~ wn 1 ~ ~ ~ 'Sfcm" i -
t/o = O 

'n' cf>l 3!1'f ~ ~ cfi1 ~ ~ i I 

iii:~-~ cfi1 ~ ~ ~~-~q;'j ~ ~ ~ ~ fkcR:-f4«m RYfcifola 
w t ~ if @"&"[ "1Wn -

t/o = (y - 1/ = 0 

0 n-1 n(n-1) n-2 n(n-l)(n-2) n-3 
= y - ny + 1 X 2 y - 1 X 2 X 3 y 

+ .. . .. . ... . .... = 0 



,m: y t ffl ~ s m m -
Ano = (y - 1)5 = 0 

_ 5 5 - I _ 5 (5 - 1) 5 -2 5 (5 -1) (5 - 2) 5 -3 
- y - ny - 1 X 2 y - 1 X 2 X 3 y 

+ 5 (5 - 1)(5 -2)(5 -3) 5 -4 

1X2X3X4 y 

_ 5(5-1)(5-2)(5-3)(5-4) 5-5 _ O 
1X2X3X4X5 y -

5 4 3 2 I 0 = y - Sy + lOy - lOy + Sy - y = 0 

~ ~ cf,T ~ cfi"@ ~ 'Ef@l (Powers) cf,T ~~(subscript) t ~ if cfi"@ t I 
iv. WRfcl«rKcf,f3m"-cffo@~~~l ~~cfi't~fqfq~~~-

(3l) f;;rB ~ 3Rf\t ~ ~ fcl«rK~ m, ~~Rill t y qil fu"©T ~ Pfi{ ~ 
Rill if y cf,T -qrn ~-~ qilf cfi"@ ~ ffi ~ if y0 3fT ~ · I~. 

5 4 3 2 1 0 
y,y,y,y,y,y 

to:r) ~ Y ~ mTTT. 3fTfffi :;Ji.u11iilcf>, Pfi{ m 3fT@T ~ ~ ~ ~~(!'cf, m 
@"@~-

5 4 3 2 I 0 
+y, -y, +y, -y, +y, -y 

~) fcn'lf.if ys t 3lcf>Rl,cf, TTcf> (numerical coefficients)~ >fifiR" ~ ~ -

~~~~cf@ y cf,T TTcf> -1 WIT I ~ <JR t ys ~ TTcf> ~ <f>f-f t ~ 
~~cf,f31l1-Wlfif><TT~- . 

Cffi@ y cf,T Tfcf>) X (fqoo y cf,T ~ <lT efIB) 

~ y cfi1 Rill W'ffif 

~~if ~-:fT<f> ~ >fcfiR" ~-

5 1 X 5 4 5 X 4 3 10 X 3 2 10 X 2 I 5 X 1 0 
l y - -1- y - -2-y - -3-y - -4-y - -5-y 

= y5 - s/ + 10y
3 

- 10y
2 + sy1 - y° = o 

~ WR-fcTT:<fTl ~ >fifiR" ffl itrt -

2 

3 

4 

5 

6 

7 

(y - 1)2 = o l - 2y1 + l = o 
(y - 1 )3 = 0 y3 - 3/ + 3y1 

- y° = 0 

(y - 1)4 = 0 y4 - 4y3 + 6/ - 4y1 + y° = 0 

(y - 1)5 = 0 y5 - 5y4 + 1ay3 - 10/ + 5y1 
- y° = 0 

(y - 1)6 = 0 y6 - 6y + 15y4 
- 2ay3 + 15/ - 6y1 + y° = 0 

(y - 1)7 = 0 y7 - 7y6 + 21y - 35y4 + 35y3 - 21/ + 7y1 
- y° = 0 

Illustrntion 5. Using any interpolation method, find out the likely Index Number for 

2007 from the following table (2007 t ~ ~'9Wfo ~ ~ ~ 1)-

Year 2005 2006 2007 2008 2009 

Index No. 100 107 y2 157 212 

NOTES 

@ LE1Huti~3-



3wl1'R t1if&-l<lfl4 ~ 

NOTES 

184 

Year(x) 

Index No. (y) 

2005 

100 YO 

Hence, the equation will be 

(y-1)
4 

=0 

2006 

107 Yl 

~ {,IJ.t1cf,{01 qif ~ ~ >fqiT{ mTfT -

2007 2008 

157y3 

4(4-1) _4(4-1)(4-2) 
1 X 2 Y4 - 2 1 X 2 X 3 Y4 - 3 

4(4-1)(4-2)(4-3) _ 
+ 1 X 2 X 3 X 4 Y4 - 4 - O 

or 

By substituting values, we get 

212 - (4 X 157) + 6y2 - (4 X 107) + 100 = 0 

or 212 - 628 + 6y2 - 428 + 100 = 0 

or 6y2 = - 212 + 628 - 100 +· 428 

or 6y2 = 1056 - 312 or 6 y2 = 744 

or y2 = 124 

Index Number for 2007 will be 124. 

2009 

212 Y4 

Illustration 6. Obtain the missing figure in the following table -{Ri:;, ~ if cT<f 3icfi 
>ITqf ~-

Value of Chi-Square at 1 % Level of Significance. 

Degrees of freedom %Chi-Square 

1 6.64 YO 

2 9.21 Yl 

3 11 34 Y2 

4 13.28 YJ 

5 Y4 

6 16.81 ys 

7 18.48 Y6 

8 20.07 Y7 

9 21.67 YB 

Solution - Since the known quantities are eight, the eighth leading difference will 

be zero. 

(y - 1)
8 = 0 

or ys - 8y7 + 28y6 - 56y4 + 70y4 - 56y3 + 28y2 - 8y1 + Yo = 0 

Substituting the given values, we get 

or 

21.67 - (8 X 20.07) + (28 X 18.48) - (56 X 16.81) + 70y4 

- (56 X 13.28) + (28 X 11.34) - (8 X 9.21) + 6.64 = 0 

21.67 - 160.56 + 517.44 - 941.36 + 70 Y4 

- 743.68 + 317.52 - 73.68 + 6.64 = 0 



or 

or 

70y4 = 160.56 - 21.67 - 517.44 + 941.36 + 743.68 

- 317.52 + 73.68 - 6.64 

70y4 = 1056.01 or Y4 = 15.09 

Thus the interpolated value of Chi-Square at 1 % level of significance for 5 degrees 

of freedom is 15.09. 

~ ~~(Two unknown values) - ~ ~ W-~ ~ 3RK WlR m 3W anfwr 
~ if~ 3mcf ~ CflT 61HH•l 0H cf;vff it "ill ~ fl'flcf>{DI ~ ~ t I ~, ffl ~ <1,1 ~ ~ 
ofUoR ~ 3RK cf,) ~ 1=JRcfi{ wrc:-fcf«rn" IBlfil ~ ~ I ~, ~ WR fcf«rr{ cf,) Nit~ ~ 
ffl y ~~(Subscript or power) if 1 <1,1 ~ qi{~ t I~ 3Rf if y0 ~ ~ '9'"<"y1 

m1<f 

it~~ I <ll, ~I fl91cf>{OI ~ ~ fcf;<Ty ~ t ~r,n-n ~ fl9lcf>{OI it~~ Wo it~~ 3TT{ 
~ ~ q,l ~ ~ it ~ "fli ~ I -ey;n fl91cfi{Ufl if ffl ~ cf,) ~ ~ ~ ~ RCfi@ ~ 
t I ~ r-18f1.1f@a ~ ml~ fcfi<iT ~-

Illustration 7. Interpolate the missing figures in the following table- (f.:p-1f1.1f<ijd ~ 

if~~ 3JHl(llfolo ~ 

Year Acres in Millions 

2000 76.6 

2001 78.7 

2002 

2003 77.7 

2004 78.7 . · 

2005 

2006 80.6 

2007 77.6 

2008 78.7 

Solution-~~ if~~ CflT ~HHIIDH cv-TT ~ 3@: ~ B'flcfi{UI if 3fR11 lR cf>)~~ 

~cllfct;zy;n~q,'tTJ1JRT-q,'t~~ I 

Year 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

Acres in Millions 

76.6 

78.7 

yo 

Y1 

.. ... ... ....... Y2 

77.7 

78.7 

Y3 

Y4 

··· ···· ····· ... YS 

80.6 

77.6 

78.7 

Y6 

Y7 

Y8 

~~if~~~~ >[qiK~ -

(i) 

(ii) 

8 (y - 1) = YB - 8y7 + 28y6 - 56 Ys + 70y4 - 56y3 + 28y2 - 8y1 + Yo = 0 

7 (y - 1) = y7 - 7y6 + 21ys - 35y4 + 35y3 - 21y2 + 7y1 - yo= 0 

~ ffifiwi}q ~ 
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By substituting values, we have 

78.7 - (8 X 77.6) + (28 X 80.6) - 56y5 + (70 X 78.7) 

-(56 X 77.7) + 28y2 - (8 X 78.7) + 76.6 =0 

77.6 - (7 X 80.6) + 2lys - (35 X 78.7) + (35 X 77.7) 

or 

- 2ly2 + (7 X 78.7) - 76.6 =0 

- 56ys + 28y2 + 7921.1 - 5601.6 = 0 

21ys - 21y2 + 3348 - 3395.3 =0 

or - 56ys + 28y2 =-2319.5 

21/ - 21y2 = + 47.3 

Multiplying (v) by 3 and (vi) by 4, we get 

- 168ys + 84y2 = - 6958.5 

84ys - 84y2 = 189 .2 

Adding (vii) and (viii) we get 

- 84 ys = - 6769.3 or ys = 67:.3 = 80.6 

Substituting the value of 'ys' in equation (v) we get, 

or 

or 

or 

or 

(- 56 X 80.6) + 28y2 = - 2319.5 

- 4513.6 + 28y2 = - 2319.5 

28y2 = 4531.6 - 2319.5 

2-8y2 = 2194.1 

Y2 = l~.l = 78.3 

Hence, the Acres in Millions in 2002 = 78.3 in 1990 = 80.6 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

Illustration 8. The foHowing table gives the population of Indore at the time of the 

last six censuses - ~ 6 "1-i 11°Hi3TT if AA cH "1·1'1°Hi ~ ~ ~) :-

Years 1951, 1961, 1971, 1981, 1991, 2001 

Population 75401, 82984, 86686, 44947, 93091, 1,27,327 

Estimate the population for 2011. [2011 ci:;t "1•H-il.olll ·cfil ~ ~ 

Solution-~ ~ i\ ~ ~ 1951 i1 1971 cfifi ~ ~ ~ ~ ~ 1981 if <TT! 

~ qiJ:l m ~ ~ 3ITT m 1991 il F= ~ ~ ~ ~ , 3Rl: 2011 <H ;:,i.:ilil.°'11 ·clil 3fTlR WTR i1 
1[cf 1981 ~ "1-ilil.°'11 cfiT '11HH'i 0 H ~ ~ cf<TTfc!; ~ ~-3TT ij <TT!~ Tf<TT ~ fcfi wrTT if 
~ ~ m-;n ~ I 

1981 ~ @1z 31HH'i 0 H (Interpolation for 1981) 

Year Population 

1951 75,401 yo 

1%1 82,984 Yl 

1971 86,686y2 

1981 ? Y3 

1991 93,091 Y4 

2001 1,27,327 ys 



Equation will be 

5 
(y - 1) or Y5 - 5y4 + lOy3 - lOy2 + 5y1 - Yo = 0 

Substituting the values, we have 

127327 - (5 X 93091) + lOy3 - (10 X 86686) + (5 X 82984) - 75401 = 0 

or 127327 - 465455 + lOy3 - 866860 + 414920 - 75401 = 0 

or lOy3 = - 127327 + 465455 + 866860 - 414920 + 75401 

or lOy3 = 865469 or y3 = 86547. 

~ WfiK ~ 1981 ch1 "FH-i@.il 86,547 ~ ~ 2011 ch1 "1•H-i@.il cfiT ~ f.r:;{- WfiK U 
™~-

Year Population 

1951 75,401 YO 

1961 82,984y1 

1971 86,686 Y2 

1981 86,547 y3 

1991 93,091 Y4 

2001 1,27,327 y5 

2011 ... ? Y6 
Since the known figures are six, the equation will be 

6 
(y - 1) = 0 or Y6 - 6ys + 15y4 - 20y3 + 15y2 - 6y1 + 6yo = 0 

Substituting the values, we have 

Y6 - (6 X 127327) + (15 X 93091) - (20 X 86547) 

+ (15 X 86686) - (6 X 82984) + 75401 = 0 

or Y6 - 763962 + 1396365 - 1730940 + 1300290 - 497904 + 75401 = 0 

or Y6 = 763962 - 1396365 + 1730940 - 1300290 + 497904 - 75401 = 0 

or Y6 = 2992806 - 2772056 or Y6 = 220750. 

Hence, the population estimate for 2011 will be 220750. 

-:flc-<TITT \ft~ 2001 ~ "FH-i@.il it~~ ;t ~ 2011 cli1 "1•Hi&-ll CfiT \ft~~ R<TT 
~ I ~ >ITT CfiT ~. ~ 2001 cli1 "1.JB&-ll CfiT ~ ~ \ft ~ ~ ~ ~ I 

6.8 ~cn1"5f1ITITT 3Rnn@ 
(Newton's Method of Advancing Differences) 

~ ufa cfiT m <f'TT ilcfT ~ ~ ~ ~ Ondependent variable) "W1R 3R!r U ~ ~ 
3ITT ~~~~it dlhWl □H qi]'~~~ ilcfT ~ I liJUJ1T q,l ~ U ~ ~ ufa ~ I 

~ ufu ch1 RYf1.1fl.9ct Fclrl4ctl~ t -
(1) ~ ufu ~~(Binomial Theorem)~ 3lTlllfuf t I 

(2) ~ ufu TI dlhH'iDH 3ffi "41~'i □H 'l'T ~ ™ ~ ~ ~ I 

o) ~ ura q;T m "Bl1R 3R!r~ ~ 9Tffi M it~~~, 
(4) ~ura qif fflw,p:@:M ~ ~ ~ q;r fflm ~ ~ fcf;,n~ ~, 

(5) ~ UTTf if 'y' ~ ~ 'l'T 3Wlm ~ m@T ~ ~ 3ITT" AA ~ B 3RfU 'l'T \ft 3RR 

3t! m1TI ocfi mTffi ~ ~ ~ ocfi fcf; ~ ~ ~ ~ -.,-m· ~ ~ I 
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(6) 3RK~~~~3P@~il~~cfl~!, 3RK~~-q;f(+) 

3iTT"~(-)~<lifmFf>lTT~l-

(7) ~ ufcr lf ~Hl{l(UH 3ITT" csmt.J 1(UH ~ ~ RJ;J Wf qif ffl Ff,lTT ~ l -

X 

Xo 

XJ 

x2 

X3 

X4 

= + x ~I + x (x - 1) ~ 2 + x (x - 1) (x - 2) ~ 3 
yx yo O 1 X 2 O 1 X 2 X 3 O 

x (x -1) (x -2)(x -3) 4 
+ 1 x 2 x 3 x 4 ~o ..... and so on. 

where, 'y;,; = Figure to be interpolated. y0 = Value of the year of origin. 

"~' = Differences between the adjoining years 

, , _ ( Item of interpolation) - ( Item of origin ) 
x - Distance between two adjoining items 

Tobie showing finie or Advancing Differences 
, 

Finiter of Advancin2 Differences 
First .. Second Third Fourth 

y Differences Differences Differences Differences 
~I ~2 ~3 ~4 

Yo 
Yl Yl - Yo ~ 
Y2 Y2 - Y1 ~1 ~1- ~ ~ 
Y3 Y3 - Y2 ~2 ~2 - ~1 ~t ~r-~ ~ 
Y4 Y4 - Y3 ~1 ~1 - ~2 ~2 ~2 - ~r ~i ~i- ~ ~4 

3Mffi cliT ~ ~ "B f-1cfiffHI ~I·~ ·~ ~ cf>l· TfURT ll ffe "ITT~ "iTT ~ ~ ~ 

3Ait B ffe m sifWTT 1 

Illustration 9. The following table shows the expectation of life at different ages. 

You are required to find out the expectation of life at the age of 16. (fcff'q?!" ~ ~ "1TcR 
~~~~ 116 9'l c8 ~ ~~-3f:!mTT~~ :-

Age in years Expectation of life 

10 35 

15 33 

20 29 

25 27 

30 22 

35 20 

_ Age of interpolation - Age of origin 
Solution - x - Age distance between adjoining ages 

Age in Expectation First Diff. Second DifT Third Dill 
Year S in life ~1 ~2 ~3 

10 X-0 35 yo 
- 2~0 15 x1 33 y1 

20 x2 29 y2 - 4 ~1 - 2 ~a + 4~d 

25 x3 27 y3 - 2~~ + 2~t - 5 ~? 
30 X4 22 Y4 - 5 ~1 - 3~~ + 6~1 
35 X5 20 YS -2M + 3~1 

16 - 10 = .§_ = 12 
5 5 . 

Fourth DiIT. Fifth DiIT. ~ 5 

~4 

- 9 ~3 + 20~6 

+ 11~1 



Application of formuJa -

yx 
= + x 6 1 + x (x - 1) 6 2 + x (x - l)(x - 2) 6 3 + x (x - l)(x - 2) (x - 3) 6 4 

Yo O 1 X 2 o 1 X 2 X 3 o 1 X 2 X 3 X 4 o 

+ x (x - l)(x - 2)(x - 3) (x - 4) 
6

5 

lx2x3x4x5 ° 
where, 'y,r = The figure to be interpolated 6s = Differences 

_ Age of interpolation - Age of origin _ 
2 x - Age distance between adjoining ages - l. 

yx = 35 + (1.2 X - 2) + 1.2 (1.2 - 1) X - 2 + 1.2 (1.2 - 1)(1.2 - 2) X 4 
lx2 lx2x3 

+ 1.2 (1.2 - 1) (1.2 - 2) (1.2 - 3) X _
9 

lx2x3x4 

+ 1.2 (1.2 - 1) (1.2 - 2) (1.2 - 3) (1.2 - 4) X 20 
lx2x3x4x5 

= 35 + ( - 2.4) + ("~
4 

X - 2) + ( - -~92 
X 4) 

+ ("~6 
X - 9) + (--~6S X 120) 

= 35 - 2.4 - .24 - .128 - .1296 - .1613 = 31.94 . 

Illustration 10. : (Interpolation in a frequency Distribution) 

From the following data, estimate the number of persons earning wages between 60 

and 70 rupees (60 "B 70 ~- ~ ~ ~ -q-f.t q@T cf,1 "B'&TT Rcf>IR!Q) :-

Wages (in Rs.) 

Below 40 

40-60 

60-80 

8(}-100 

No. of Persons (in thousands) 

250 

120 

100 

70 

100-120 50 

Solution-~ wift 11 ~ ~ 'cfiT ~ ~ 11 R9 >fcfiR ~ ~-

Wages (Rs.) 

Below 40 

60 

80 

100 

120 

No. of 
Wages in Rs. Persons in 

Thousands 
Below 40 XO 250 yo 

"60 XI 370 y1 
" 80 X2 470 Y2 
" 100 XJ 540 )'J 

" 120 X4 590 Y4 

First Diff. 
~l 

+ 120 c.Ji 
+ 100 6l 

+ 70 61 

+ 50 61 

No. of Persons (Thousands) 

250 

370 

470 

540 

590 

Second DiIT. Third DiIT. 
~2 ~3 

- 20 6~ 
, 

- 1066 -306! 

- 206i + 10 6j 

Fourth Diff. 
~4 

+ 206~ 

3'iiiiWR' 11jfigqqf/4 ~ 
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Wages below 70 - Wages below 40 
x= . 

70 - 40 
;: 20 = 1.5 Wage distance 20 

Newton's Formula-

_ Ill x(x-l)ll2 x(x-l)(x-2)ll3 
yx - YO + X O + 1 X 2 O + 1 X 2 X 3 O 

x (x - 1) (x - 2) (x - 3) fl 4 

+ lx2x3x4 ° 
= 250 + (1.5 X 120) + l.

511: ~ l) X - 20 

+ 1.5 (1.5 - 1) (1.5 - 2) X _ 10 
1X2X3 

+ 1.5 (1.5 - 1) (1.5 - 2) (1.5 - 3) X 20 
lx2x3x4 

= 250 + 180 - 7.5 + .625 + .469 = 423.6 

:. The number of persons getting wages below seventy is 423.6 thousands. 

Hence, the number of persons getting wages between Rs. 60 and Rs. 70 is 423.6 

-370 = 53.6 thousands. 

Illustration 11 . If Lx represents the numbers living at age x in a life table, fwd as 

accurately as the data will permit, Lx for values of x = 35, 42 and 47, give L20 = 512; L30 

= 439; Lrn = 346; Lso = 243. 

Solution -

Age in years Nos . of living ~I 

20x0 512 Yo - 73 ~ 

30x1 439 YI 
I 

-93 ~1 

40 x2 346 y2 
1 

-103 ll2 

50 XJ 243 y3 

Age of Interpolation - Age of origin 
x = Age distance between adjoining ages 

= ( . 35 - 20 = l _ (ii) 42 - 20 = 2 2 I) 10 .) 10 . 

Nev,,ton's Formulae -

ll2 ~3 

-, 
-20 ti; 

2 
-10 ll1 +10 fl~ 

( '"') 47 - 20 _ ·2 _ 
Ill lQ - . / 

1 x(x-l)ll2 x(x-l)(x-2) 3 
Yx = yo + x ~0 + 1 x 2 o + 1 x 2 X 3 ~0 

(I") = 5 2 5 (- 73) 1.5 (1 .5 -1) _ 20 1.5 (1.5 - 1) (1 .5 - 2) 10 
Yx l + 1. + 1 X 2 X + 1 X 2 X 3 X 

= 512 - 109.5 - 7.50 - .625 = 394 (L35) 

( ii) 
· 2 2 ( 73) 2.2 (2.2 -1) 20 2.2 (2.2 -1) (2.2 - 2) 10 Li2 = 512 + . - + - ~ -~ X - +-~ - ~~- ~ X 

1 x 2 lx 2x 3 

= 512 - 160.6 - 26.4 + .88 = 326 

(iii) 27( 73) 2.7(2.7-1) 20 2.7(2.7 - 1)(2.7-2) lO 
Li7 = 512 + . - + 1 X 2 X - + 1 X 2 X 3 X 

= 512 - 197.1 - 45 .9 + 5.355 = 374 



Illustration 12. Extrapolate the population of a town for 1986 from the following data 

about its population during the previous four censuses-(1986 cfil ;;HB&-ll cfi1 <illti.J•IOHI ~ I 

C ensus year 1951 , 1961 , 1971 , 1981 

Population in thousands 473, 468, 454, 484 

Solution -

Year Population Ll 1 Ll2 Ll3 

1951 XO 473 Yo - 5 Llo - 9 Llo + 53 Lld 
1961 Xl 468 Yl - 14 Ll} + 44 Llt 1971 x2 454 y2 
1981 X3 484 Y3 + 30 il1 

Year of Extrapolation - Year of Origin 1986 - 1951 35 
x= = =-=3·5 

Time distance 10 10 
Newton's formula -

ill x(x-1) Ll2 x(x-l)(x-:-2),.3 
Yx = yo + X o + l X 2 + O + 1 X 2 X 3 LlQ 

= 437 + (3.5 X - 5) + 3.5 (3.5 - 1) X - 9 + 3.5 (3.5 - 1) (3.5 - 2) X 53 
lx2 lx2x3 

= 473 - 17.5 - 39.375 + 115.937 = 532.062. 

IJJustration 13. (Newton's formula for having a group) 

Given the population of a town in three ten-year age-groups. It is required to estimate 

the number of people in 20-25 and 25-30 age-groups separately. 

Age group : 10-20 20-30 30-40 

Population : 14,500 fo, 15420 h , 13,500 f2 

Solution- ~ >lT-TI ~ ~ cfiit q;'f ~ ~ ~ ~ ~ cli1 ~ ~ t I nT ~ ~ ~ 
31f ~~ 3,1'];911~ ;,1-Hi&ll ~TT-TT ~;;rl ~911 ~~ 3ITTofR"~ ~~~ cJ ~ 
~ ,~ 9'TT if fcl,m;,@ cf,TTff it (f1a 3ITT hb) I~~~ >fcfiTT" ~ -

where, 

Hence, 

f1 a - ½ { f1 + ½ (fo - f2) } f1 b = f1 - f1 a 

fo = number in the preceding ten year age group. 

f1 = number in the ten year age group to be broken into two equal 

groups of f1a and fib . 

f2 = number in 'the succeeding ten year age group. 

f1a (20 - 25) = ½ { 15420 + ½ ( 14500 - 13500)} 

= ½ (15420 + 125) = 7773 

= 15420 - 7773 = 7647 . 

6.9 ~ 1ITT:J ( 31!-lllll-fl) U'@ (Newton-Gauss Forward Method) 

~ ufu clil m 9ITT fcFiTT ~ ~ -;,m 3li<1{•1°1-1 ctt ;JfR cf@l tf&ll wJft ~ 1'.ftZl if it 3ITT wJft 
clil ~ ~ clil 3MIT <1"T gll-~ WfR it I~~ i -

_ 1 x(x-l)Ll2 (x+l)(x-l)Ll3 
Yx - Yo + x Ll Yo+ 1 x 2 Y- i + 1 x 2 x 3 Y- i 

+ _(_x + 1) (x - 1) (x - 2) Ll ~ Y-
2 lx2x3x4 
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~~if •yo' ~:~~CfiT~mcIT~ m 3!HH•l 011 ~~~1icf moT~ I 'yo'~~ 

3fR cfR-ll ~an ~ mlH Rilm= ·y -1 • ¥2. 3TTR @"@ -;;mrr i 3TIT ·y o • ~ ~ cfR-ll "ffi§!TTan ~ 
mlH'y 1, Y2, y3' 3TJRIB©T~~ I~ 

1 ~ 2 (x+l)x(x-1) 3 
Yz = yo + X 6 yo + 1 X 2 6 y - 1 + I X 2 X 3 6 y - I + 

(x+l)x(x-I)(x-2) 4 
IX2X3X4 6 y-z ........ . 

Illustration 14. Estimate the value of 'y' if x is 3.75 from the following tabie-<f.r:;f 

m{OTT ~ ·y· CfiT ~ f.tcfi1r~~ ~ x = 3.75 ~) 

X 

y 

X 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

2.5 

24.145, 

Solution -

3.0 

22.043 

3.5 

20.225 

4.0 

18.644 

4.5 

17.262 

y 6ly 62y 63y 

24.145 Y-2 -2.102 I 
6 Y-2 

1 +.248 2 
6 Y-I 6 Y-2 

22.043 Y-1 -1.818 2 
6 1 yo + .237 6 Y-I -.047 3 

I 6 2 yo 
6 Y-2 

20.225 Yo -1.581 _6 YI 
+.199 -.038 3 

2 6 Y- 1 18.644 YI -1.381 
6 1 y2 6 YI 

+ .167 -.032 
6 3 yo 17.262 -1.215 

Y2 

16.017 
Y3 

X = 3.7: - 3.5 = .25 = _5 
4.) - 3.5 .5 

5.0, 

16.047 

~4y t 

+ .009 4 
6 y-2 

+.006 4 
6 y-1 

The Formula is : 
_ 

6
1 x(x-1)

6
2 (x+l)x(x-1)

6
3 

Yx - Yo + x Yo + 1 x 2 Y- 1 + 1 x 2 x 3 Y- 1 

(x + 1) x (x - 1) (x - 2) A 4 

+ u Y- ' lx2x3x4 -
Substituting the values, we get 

Yx = 20.225 + (.5 X - 1.58) + { ·
5 i·5X-; l) X .237} + { (.

5 
+l l~ -~ s5

3
- l)} 

X (-.038) + { (.5 + 1).5 (.5 - 1) (.5 - 2) X .009} 
Ix2x3x4 

= 20.225 - .7905 - .029625 + .002375 + .0001206 = 19.407 Approx. 

Hence the value of y when x is 3.75 = 19.407. 

6.10 ~-1'fh:r ftjC1
2
1J.Pill-f1 Tira (Newton-Gauss Backward Method) 

~ nft! m dtf ~ fcfi<TT '3fl(TT ~ ~ ~i;n11a1-1 cfi't ;JfR 9K1l ~ win it 3JRf9 ,writ 
~~I ~~cfil fflcf~ M~~ mol~ ~ ~ cfil 3RR<l"l cf1l ~BllR'?t I 

~ Alt f.fq ~ cfil w ~ ~-

http:table-(f.rg


__ Lil x(x+l)Li2 _x(x+l)x(x-l)Li3 
Yx - Yo x Y-1 + l X 2 Y-1 1 X 2 X 3 Y-2 

+ x (x + 1) x (x - 1) (x - 2) Li 4 Y-
3 1X2X3X4 

~~if 'yo' 6lidl11°11 q@l ~ ~ ~ cf>1 ~ qiT ~ fflT ~ I 'yo '~ ~ cfR'IT ~3TT 
~m-i:R~:y_1, Y -2' 3TJR@@~f<ll~ 3ITT"'yo'~~~~~~ 'yi' 3TJR(l{R ~ 
"ITTclT)I~, 

(6lidl11UH cfR'IT ~ ~ ~ ~ ~ ~)- (3lid{'l011 CTTffi ~ 
X = ~ 

Illustration 15. Estimate the vaJue of y when x = 22 from the following data ~ 

@rad"~~ y cf;T ~ f-l<filfl."IQ, <lR X = 22 ~) 

x- 5 10 15 20 25 

y- 25 32 40 47 55 

Solution -

X y /',. /',.2 /',.3 /',. 4 

5 X-4 25 Y-4 7 1 /',. Y-4 
10 32 8 1 +1 2 -2 3 

Li4 
Y-4 X-3 Y-2 /',. Y-3 /',. Y-4 /',. Y-4 

15 X-2 40 Y-2 7 1 -1 2 +2 3 4 4 
/',. Y-2 /',. Y-3 /',. Y-3 /',. Y-3 

20 X-1 47 Y-I 8 
1 

+1 2 0 3 -2 
25 55 9 /',. Y-1 +1 /',. Y-2 /',. Y-2 

Xo Yo 1 2 
30 64 

Y+1 
/',. Yo /',. Y-1 

X+J 

25 - 23 2 
X = = - = 4 

25 - 20 5 . 

_ _ /',. l - I _ x (x + 1) /',. 2 - 1 _ x (x + 1) x (x - l) /',. 3 - 2 
Yx - Yo x y l X 2 y l X 2 X 3 y 

- 55 ( 8) .4 ( .4 + 1) 1 ( .4 + 1) ( .4) ( .4 - l) - - 4x - ~ -~x -~-~~~-~ . 2 6 

= 55 - 3.2 + .28 - 0 = 52.08 

6.11 tcf"Hll cfiT ~ (Sterling's Formula) 

~ TITTl q;r ~ q,1 ~ . ~ ~ ,ft 3tl ~~ml~ ~ dJHH'iOH qfffi "U&IT wrft 
t lfUI l{ m 3ITT" qT\ fcf«ITC~ll"R m I ~ ~ ~ >fcfiR ~ -

/',.1 Y-1 + /',.]Yo x2 2 x (x2 - 12) 
Yx = Yo+ X 2 + 2 /',. Y-1 + 6 

3 3 
/',. Y - 2 + /',. Y- I x2 2 2 4 

X 2 + 24 (x - 1 ) /',. Y-2 . .. . . . 

Illustration 16. - Use the sterling's formula, interpolate the value of y when x = 15, 

(RfwT ~ 91T >f<TTTT ~ y 91T ~ f-lc:f>lf<-iQ, <1R X = 15 ~): 

X - 10 

y - 50 

12 

60 

14 

75 

16 

95 

18 

120 

20 

150 

3( 

6' 

3wlITT ttifigq<tf/4 ~ 
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Solution -

X y Li I Li 2 Li3 

10 50 10 
I 

5 
2 

0 
3 

X-2 .Y2 Li Y-2 Li Y-2 Li Y-3 

12 60 15 1 
5 

2 
0 

3 
X-1 Yt Li Y-1 Li Y-1 Li Y-1 

14 75 20 
I 

5 
2 

0 
3 

Xo Yo Li Yo Li Yo Li Yo 

16 95 25 
I 

5 
2 

X+l Y+l Li Y+l Li Y+l 

18 120 30 
I 

X+z Y+2 Li Y+2 

20 X+3 150 Y+3 

X = 15 - 14 = _! = 5 2 2 . 
I I 2 2 2 3 3 

X Li Y-1 + Li Yo X 2 X (x - 1) Li Y-2 + Li Y-1 
Yx = Yo + 2 + 2 Li Y-1 + 6 X 2 

2 2 2 
= 75 + _5 15 ; 20 + (~) X 5 + .5 (.5 

2 
- 1 ) X Q ; 0 

= 75 + 8.75 + .625 + 0 = 84.375 . 

6.12 ~ cnl 'itfu (Lagrange's Method) 

~ ufu cf>I >1f1191i;-l "lfim ~ >ITTRr ~ m ffi ~ ;J° fcli1TT I ~ ufu ~~~fl 
~ I ~ ~ M WlTT it 3!HH'l 0H 3ITT ".11&-J•l □H wi:rcf ~ I ~ ~ ~ ~ fcf; WlTT m 9Tf 
fq"«lT{q,1 ~m, ~~fmrm<lil ~fcf;-lrr Tf<TT~ ~ 3l1lit mlWt i ~ ~Dfu~ ~ ~ 
m m-.:rf ~ ~ I ~ ~ f.11::;pfcfiR cf>T ~ -

(x - x1) (x - x2) (x - x3) .... (x - Xn) 
Yx = Yo (x0 - X1) (x0 - x2) (xo - X3) (xo - Xn) 

(x - x0 ) (x - x2) (x - X3) . ... . (x - Xn) 
+YI ~~------------

(x1 Xo) (x1 x2) (x1 X3) .... . (x1 Xn) 

(x - x0 ) (x - x1) (x - x3) ..... (x - Xn) 
+ y2 

(x2 - Xo) (x2 - x1) (x2 - x3) ..... (x2 - Xn) 

+ ......................................... . 

(x - x0 ) (x - x1) (x - x2) ... (x - Xn - l) + Yn --------------­
- (xn - x 0 ) (xn - x1) (xn - x2) ..... (xn - Xn - l) 

where, x = the figure for which interpolation is to be done Xo , x1 , x2 , x3 etc. and 

y0 ,YI ,Y2 ,Y3 etc are the variables of x and y series respectively. 

Illustration 17 - In the following table 'h' is the height above sea-level and 'p' the 

barometric pressure 

Calculate 'p' when h = 5280 

h = 0, 

p = 27, 

Solution -

Height above Sea level 

0 Xo 

4763 XJ 

6942 x2 

10593 X3 

4763, 6942, 10593 

25, 23, 20 

Barometric Pressure 

27 Yo 

25 YI 

23 Y2 

20 Y3 



x = 5280, the height above sea level for which the barometric pressure has to be 

interpolated. 

Applying the Lagrange's Formula, we get 

Yx 

OT Yx 

= 27 (5280 - 4763) (5280 - 6942) (5280 - 10593) 
(0 - 4763) (0 - 6942) (0 - 10593) + 

(5280- 0) (5280 - 6942) (5280 - 10593) 
25 

(4763 - 0) (4763 - 6942) (4763 - 10593) + 
(5280- 0) (5280- 4763) (5280 - 10593) 

23 
(6942 - 0) (6942 -4763) (6942- 10593) + 

(5280 - 0) (5280 - 4763) (5280 - 6942) 
20 (10593 - 0) (10593 - 4763) (10593 - 6942) 

_ (517) ( - 1662) ( - 5313) + 
25 

(5280) (- 1662) (- 5313) 
-

27 
(- 4763) (- 6942) (-10593) (4763) (- 2179) (- 5830) + 

(5280) {517) (- 5313) . . (5280) (517) (- 1662) 
23 

(6942) (2179) (-;-)651) + 20 
(10593) (5830) (3651) + 

OT Yx = - .353 + 19.23 + 6.34 - .402 = 24.8. 

:. The estimated Barometric pressure when the height above sea level is 5280 = 24.8 

Jllustration 18 - The observed values of a function are respectively 168, 120 72 and 

63 at four positions 3, 7, 9 and 10 of the independent variable. What is the best estimate 

you can give of the value of the function at the position 6 of the independent variable. 

Solution -

Independent variable Function 

3 Xo 168 Yo 

6 X ? 

7 x, 120 YI 

9 X2 72 Y2 

10 X3 63 Y3 

Applying Lagrange's Formula, we have 

or 

(6 - 7) (6 - 9) (6 - 10) 
Yx = 1168 (3 - 7) (3 - 9) (3 - 10) + 

'20 (6 - 3) (6 - 9) (6 - 10) + 
72 

(6 - 3) (6 - 7)(6 - 10) 
l (7 - 3) (7 - 9) (7 - 10) (9 - 3) (9 - 7) (10 - 9) 

(6 - 3) (6 - 7) (6 - 9) 
+ 63 

(10 - 3) (10 - 7) (10 - 9) 

y _ 168 (-1) (- 3) (- 4) + 120 (3) (- 3) (- 4) 
X - (- 4)(- 6) (- 7) (4) (- 2) (- 3) 

(3) (- 1) (- 4) (3) (- 1) (- 3) 
+ 72 

(6) (2) (- 1) + 63 
(7) (3) (1) 

OT Yx = 12 + 180 - 72 + 27 or Yx = 147 

Illustration 19 - The following are the marks obtained by 65 students in Statistics in 

1991 M.Com (Final) examjnation of a certain university ~ fq~9fcm1w~ cfi1 -q:q:q;fq_ W® it 
tiif@cfil fcwl il 65 g1:fi ~ ~ ~ "5fcf>K t) ~ 
Marks out of 100 More than 25 

No. of Students 65 

36 

63 

45 

40 

55 70 

18 7 

~ tfifisq.,;?4 ~ 
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Find out the numboc of students who secured first class marks in Statistics. ~ wrft 
11R cITffi cfiT ~~I 

Solution - first class marks means 60% or more. So we have to interpolate the number 

of students who secured 60 marks or more than 60 marks. As the marks are not given in 

fractions, we may interpolate from the given data, the number of students who secured more 

than 59 marks. 

Marks out of :1!00 

Marks more than 25% x0 

Marks more than 36% x1 

Marks more than 45% x2 

Marks more than 55% x3 

Marks more than 70% x4 

Number of Students 

65 Yo 

63 YI 

40 Y2 

18 y3 

7 Y4 

x = 59, corresponding to which the value of y has to be interpolated. 

Applying Lagrange's Formula, we get. 

or 

= 65 (59 - 36) (59 - 45) (59 - 55) (59 - 70) 
Yx (25 - 36) (25 - 45) (25 - 55) (25 - 70) 

+ 63 (59 - 25) (59 - 45) (59 - 55) (59 - 70) 
(36 - 25) (36 - 45) (36 - 55) (36 - 70) 

+ 40 (59 - 25) (59 - 36) (59 - 55) (59 - 70) 
(45 - 25) (45 - 36) (45 - 55) (45 - ~0) 

+ 18 (59 - 25) (59 - 36) (~9 ..:.. 45) (59 - 70) 
(55 - 25) (55 - 36) (55 - 45) (55 - 70) 

+ 
7 

(59 - 25) (59 - 36) (59 - 45) (59 - 55) 
(70 - 25) (70 - 36) (70 - 45) (70 - 55) 

(23) (14) (4) (- 11) (34) (14) (4) (- 11) 
Yx = 65 

(- 11) (- 20) (- 30) (- 45) + 
63 

(11) ( - 9) (- 19) (- 34) 

(34) (23) (4) (- 11) (34) (23) (14) (- 11) 
+ 40 (20) (9) ( - 10) (- 25) + 

18 
(30) (19) (10) ( - 15) 

+ 18 (34) (23) (14) (- 11) + 
7 

(34) (23) (14) ( 4) 
(30) (19) (10) ( - 15) ( 45) (34) (25) (15) 

or Yx = -3.l + 20.6 - 30.6 + 25.4 + . 5 or Yx = 12.8 or 13. 

Therefore, the estimated number of students who secured First Class-marks in 

Statistics in 13. 

Illustration 20 - Estimate the population for 1997 from the following table. (f.r:;, mDlit 
"B 1997 cfiT :jj,H-it.ol.ll cfiT ~ ~) ;... 

Year 

Population in lakhs 

X = 1947 

1971 X o 

22 Yo 

1981 XJ 

31 YI 

1986 x2 

37 y2 

1991 X3 

44 y3 

Applying Lagrange 's Formula, we get 

_ 22 (1997 - 1981) (1997 - 1986) (1997 - 1991) 
Yx - (1997 - 1981) (1971 - 1986) (1971 - 1991) 

(1997 - 1971) (1997 ·- 1986) (1997 - 1991) 
+ 31 

(1981 - 1971) (1981 - 1986) (1981 - 1991) 



(1997 - 1971) (1997 - 1981) (1997 - 1991) 
+ 37 

(1986 - 1971) (1986 - 1981) (1986 - 1991) 

(1997- 1971) (1997 - 1981) (1997 - 1986) 
+ 44 

(1991 - 1971) (1991 - 1981) (1991 - 1986) 

or 
(16) (11) (6) (26) (11) (6) 

Yx = 22 
(- 10) (- 15) (- 20) + 31 

(10) (- 5) (- 10) 

37 (26) (16) (6) + 
44 

(26) (16) (11) 
+ (15) (5) (- 5) (20) (10) (5) 

or Yx = - 7.74 + 106.39 - 246.27 + 201.34 Yx = 53.72 Lakhs 

Therefore, the population for 1997 will be 53.69 lak.bs. 

Comparative Study of the Methods of Interpolation 

Method 

(i) Graphic Method All 

Cases in which 

applicable 

(General assumptions of no 

Remarks 

(i) Gives idea of the function. 

(ii) Easy in application. 

abnormality and similar rate of (iii) Requires graphical slcill. Different 

(ii) Filling the parabolic 

Curve 

(iii) Lagrange's Formula 

(iv) Binominal Expansion 

Method 

(v) Newton's Formula 

change.) 

All 

All 

Values to be found , together 

with those given are placed at 

equal intervals of the indepen­

dent variable 

Given values are place 

at equal intervals. Value to 

be found at unequal Intervel. 

2. fkT.R ®l q,l ~~I 

persons may find different results. 

May require lengthy calculations. 

Though easier to apply but 

sometimes may prove cumbersome. 

Perhaps the easiest to apply 

fairly easy. 

~ tlimw,;?q ~ 
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6.13 ftF<i~I 

~ ~ cflIT ~ 'ld<l>,cti.:i ~ ~ m ~ ~ fcfilft ~ <l'i ~ ~ ~ -;i- mm v:m qfmtqra 
it~ ~mi d!Ht{IIOH m~rn~~ ~ ~fcfi'Q'.\iff~~, ~~~ 
lfTt1i ~ 'l1fcM t ~ t ft,Q: ,:ft ~ q;r ~ WTI<TT ~ ~ ~ I 

6.15 3i'Q:Jm ~ 

· ~ ~ ~ (Important Questions) 

1. 
1

d!Hl{lluH' ~ 1

-ll&JltuH' it 3RR" ~~I -l-iifcc,qcfiil! ~ it ~ 3fl<Hl!cficil 3ITT" 

.. aqq'if,1c11 cflf ~ ~ ~ I 

Explain clearly the difference between 'Interpolation' and 'Extrapolation'. Discuss 

briefly their necessity and usefulness in statistical studies. 

2. ~HHIIOH ~ it fcv-i ~3TT q,f fZl"R ~ ~ ~ ? 

What are the assumptions underlying interpolation ? 

3. ~ o!ll1TTU ~ ft,Q: ~HH'IOIH 3ITT" all~'luH chl 34lllfllcil q,f ~~I 311-fl{IIOH "cfi1 fcn'!Ff 
-afu<n ~-cfiR m t ? 

Describe ihe usefulness of Interpolation and Extrapolation for a businessman. What 

are the various methods of Interpolation ? 

4. ~l.::a{'iOH ~ ~ ? ~ 1l9B'TTc:1" it~ m f,:r,;r ~ ? ~ W ~ ~ Fli °lt ~ 
3ITT" m it fcf;u m ~ m t ? 

What is interpolation ? How does it differ from forecasting ? Explain giving examples, 

how these are useful in commerce and industry ? 

5. ~~it~ "Wfqi qi)~~ cf>l ~ ~ ~ cfiT m~ 9UR ~ 3ITT"R 

qfm~if<l4l er ~an cfiT ,n ~ ~ fJRit ~ nft1 ~ ~ it ~ cf,1 ~ ~ ~ ? 

Describe briefly any three methods of estimating a missing figure in a series giving 

the circumstances in which each of them can be most suit ably used and the 

assumptions made therein . 

~~~(Short Answer Type Questions) 

1. 31.::a{'iOH {{ ~ <FiT 3lTWl!' ~ ? 

What do you mean by interpolation . 

2. <llW'IOH it 3{N cp:fT ~ t? 
What do you understand by Extrapolation. 

3. ~ "cf,1 cfiR-cfiR m fcntl<TT i? 

4. 

5. 

What are the different methods for interpolation. 

~ ~ oll~•i 0H ll 3MIT µr&: cf>1m I 

Explain clearly the difference between interpolation and extrapolation. 

3RWJUR "cfi1 3flcl~l!cficil cfiT m~ ~ ~ I 
Discuss briefly the interpolation of necessity. 



at1f.tte ~ (Objective 'Iype Questions) 

1. <>HH•IUH ~~ cilli$l•l □H q,l UTTl<TT m<ft ~-

2. <>t~HIIOl1 q,l ttftr ~ m ;m' ~-

(3l) ~ ~ ~) ~ fcmfK 

3. ~ ~ ~ ~ qil <>Hw,aH Cfi8T mm wilcf><O, ~ ~-
(3l) <fl;r ~) w (B) ~ 

4. ~ ~ fcfiB hr~ f.l<TTm ~-

(3l) "Spffi ~)~ 

3m- 1. (3l), 2. (3l), 3. (B), 4. (3l) 

6.16 oQjq~IUcfi ~ 

1. Interpolate the missing figure by the graphic method. 

Year : 2000 2001 2002 2003 2004 2005 2006 2007 2008 

No. of Factories : 27 29 32 57 112 130 ? 140 146 

2. A Life Assurance Company advertises the following immediate life annuities per 100 

pounds paid : 

Age in Year 

Annuity in (lbs) 

50 60 65 70 

615 816 9/18 12/2 

By graphic mean (or otherwise) estimate the corresponding values for age 62 and 67 

years. 

[Convert Annuities in shillings and then plot the figures - (i) 8/16, (ii) 10/12] 

3. The following gives the sales of a concern for the following years : 

Year 

Sales of Cloth 

(Lakhs of metres) 

1990 1995 2000 2005 2010 

125 163 204 238 282 

Assuming the conditions to be the same, estimate the sales for the year 1940. 

(380 Lakhs of yds.] 

4. Interpolate the missing figure in the following table with the help of a suitable formula : 

X 2000 2001 2002 2003 2004 2005 2006 

y 1331 1728 2197 ? 3375 4096 4913 

[Binomial Method - 2744] 

5. Estimate the missing in the following table : 

X 1 2 3 4 5 6 7 

y 2 4 8 ? 32 64 128 

[Binomial Method - 16] 

6. Discuss brie0y the nature and suitability of the chief methods of interpolation. 

Estimate the annual sales of cloth for 2008 from the following data : 

Year 2005 2006 2007 2008 2009 

Sales of Cloth 250 285 328 ? 444 

[Binomial Method - 380.5] 
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7. The following values are given in a table : 

X 1 2 3 4 5 

y 2,16,000 2,26,981 ? 2,50,047 2,62,144 

Using any suitable algebraic method, find the value of y for x = 3 

[y = 2,38,328] 

8. State carefully any two methods of interpolation and use one of them to find the 
value of y when x = 5, from the following set of values 

X 

y 

2 

1 

3 

5 

[Binomial Method - 28.6 or 29] 

4 

13 

6 

61 

7 

125 

9. Obtain by graphical method the missing figure in the following table of 5% values of 
chi-square and check the result by an algebraic method : 

10. 

Degrees of freedom : 2 3 4 5 6 7 

Chi-square (5%) 5.99 7.82 9.49 ? 12.59 14.07 

(Binomial Method - 11.07) 

The folJowing table gives the age-composition of post-graduate 
Evening College: 
Age (years) 15-17 17-19 19-21 21-23 23-25 25-27 

No. ofStudents : 18 25 33 ? 56 59 

Interpolate the most likely number of students of 21-23 age-group. 

[Binomial Method- 44.4 or 44] 
11. Find out the missing values in the following : 

X 

y 

5 

7 ? 

15 20 25 

13 15 ? 

(Binomial Method -10.87; 18.47) 

30 

25 

students on an 

12. Estimate the production for the years 1995 and 2005 with the help of the following 

table : 

13. 

Year 1980 1985 1990 1995 2000 

Production (Lakh tons) 200 220 260 ? 350 

[Binomial Method-306 and 390 Lakh tons] 
The table below gives the expectations of life at different ages: 

Ages 40 45 60 

Expectations 30 36 48 

Find the expectation at the age of 55. 

[Ans. 41.25 Parabolic Method] 

2005 2010 

? 430 

14. From the following table, estimate by using Newton 's formula the premium payable 
at the age of 22 years. 

Premium Table to secure Rs . 100 

Age Years 

20 

25 

30 

35 

40 
45 

[ Ans. 26 Approx.] 

Premium 

25 

28 

32 

37 

43.50 

52.25 



15. From the following data, fin<l the number uf sluueuts who obtained less than 45 marks: 

Marks No. of Students 

30-40 

40-50 

50-60 

60-70 

7~ 

(Ans. 48, Newton's Method ) 

31 

42 

51 

35 

31 

16. Following are the marks obtained by 492 candidates in a certain examination: 

Not more than 40 marks 

" 

" 

" 

" 

" 

" 

" 

45 ,, 

50 ,, 

55 ,, 

60 " 

65 ,, 

70 ,, 

Candidates 

212 

296 

368 

429 

460 

481 

490 

,, 75 ,, 492 

Find out the number of candidates who secured more than 42 but not more than 45 

marks. 
.·.· 

[Ans. 40, Newton's Method] 

17. Estimate by Newton's method of interpolation the expectation or w·e at age ll. from tht 

following data stating the assumption underlying the formula used by you : 

Age in years 10 15 20 25 30 35 

Expectation of 35.4 32.2 29.1 26.0 23.1 20.4 

life (years) 

[Ans. 27.88 yrs.] 

18. Using Newton 's formula for interpolation estimate the population of Agra for the 

years 1976 : 

Year 1961 

Population 98,754 

[Ans. 1, 51, 519] 

1971 

1,32,285 

1981 

1,68,076 

1991 

1,95,690 

2001 

2,46,050 

19. Estimate the number of persons having incomes between 1,000 and 1,500 in the table 

given below in the groups A and B. 

Income No.of persons No. of persons 

(in R s) (Group A) (Group B) 

Below 500 6,000 5,000 

500-1000 4,250 4,500 

1000-2000 3,600 4,800 

2000--3000 1,500 2,200 

3000-4000 650 1,500 

[Ans. Group A = 2141, Group B 2844, Newton 's Method] 

r-rrff Rifi.94q{/q ~ 
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20. Find out from the following data the number of workers earning Rs. 24 or more but 

less than Rs. 25. 

Earning less than 

Number of workers 

[Ans. 53, Newton's Method] 

20 25 30 35 40 

2% 599 804 918 966 

21. State Newton's formula for interpolation for equal intervals and the assumption 

underlying it? Use it to find the annual net premium at the age of 25 from the table 

given gelow : 

Age 20 24 28 32 

Annual Net Premium 0.01427 0.01581 0.01772 0.01996 

[Ans. 0.01625) 

22. The following table relates to weekly earnings of a number of workers in a certain 

manufacturing concern : 

Earnings (in Rs) Up to Rs. 20 30 40 50 60 

No. of workers 50 150 300 500 700 800 

Interpolate the number of workers earning between Rs. 25 and Rs. 35. 

(178, Newton's Method) 

23. The following figures showing the relationship between the amount of manure used 

and the yield per acre of rice were supplied by a research institute after several years 

of experimentaticrn: 

Amount of manure per acre (Tons) 

Yield of rice per acre (Mds.) 

0 

10 

10 

15 

20 

17 

30 

18 

Obtain by using a suitable interpolation formula, the yield of nee per acre 

corresponding to 5 and 15 tons of ma.oure per acre. 

[Ans. 13 and 16.25 mds., Newton's Method] 

24. Interpolate the probable number of persons earning between Rs. 20 and Rs. 25 from 

the following figures : 

Income in Rs. Less then 10 10-20 20-30 30-40 40-50 

No. of persons 150 170 200 250 180 

[Ans. 91, Newton' s Method} 

25. Use some appropriate interpolation method and reconstruct the following frequency 

table with the intervals halved : 

X 0-2 

Frequency 35 

2-4 

52 

4-ti 

84 

[Hint -Convert into cumulative frequency table and apply Newton 's Method. Ans . 

= Frequency for 0-1 , 2-3 and 5--6 would be 21, 22 and 38 respectively.] 

26. The length of the day was 12 hours on March 19th, 14hrs. on April 18th and 15hrs. 

40 minutes on May 18th required an approximate value of (a) the length of the day 

on May 3rd (b) the mean length of the day during the period March 19th May 18th. 

[Ans. (a) 14 Hrs. 53 minutes (b) 13.9 Hrs.] 



27. Given log10 654 = 2.8156; log10 658 = 2.8182 

log10 659 = 2.8189; log10 661 = 2.8202 

Find Log 10 656 

[Ans. 2.8168] 

28. The following table gives the population of Indore City at the time of last six censuses-

1901 99,880 

1911 57,285 

1921 1,07,948 

1931 1,47,100 

1941 2,03,695 

1951 3,10,859 

Estimate the population· for 1961. 

[Ans. 531. 859 after interpolation for 1911 as well, because there is sudden fall in that 

year.] 

29. Extrapolate the population of a town for 1966 from following data about its population 

during the previous four censues; 

Census year 

1931 

1941 

1951 

1%1 

Population in thousands 

473 

468 

454 

484 

[Ans. 532. App. Lagrange's Method] 

30. Explain the methods used in forecasting the growth the population . The population 

of a certain town is given below in the years mentioned. Estimate it for the year 1957. 

Year 1921 

Population 22,000 

1931 

27,000 

[Ans. 44560, L agrange' s Method] 

1941 

34,000 

1947 

39,000 

1951 

42,000 

31. In the following table 'h' is the height above sea level and p the barometric pressure. 

Calculate p when h = 5280. 

h = 0. 

p = 27. 

4763, 

25, 

[Ans. 24.8 Lagrange' s formula] 

6942, 

23, 

10,593 

20. 

32. The observed value of function are respectively 168, 120, 72 & 63 at the four positions 

3, 7, 9 & and 10 of the independent variable. What is the best estimate you can given 

of the function at the position 6 of the independent variable ? 

[Ans 147. Lagrange' s formula method] 

33. Determine by Lagrange's formul a the percentage number of criminals under years 

35 :-

Age under 25 years 25 30 40 50 

% number of criminals. 52 67 .3 84.1 94.4 

[Ans. 77.4%] or 

3iiiiTrR ttiR9llci74 ~ 
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Determine the percentage number for criminals under 35 Yrs. 

Age 

% No. of Criminals : 

[Ans. 77.4%] 

0-25 

52.0 

25-30 

15.3 

30-40 

16.8 

40-50 

10.3 

34. Estimate the probable number of persons earning between Rs. 30 and Rs. 40 from 

the following: 

Income (Rs.) 

No. of persons 

15-20 20-30 30-45 45-55 55-70 

73 97 110 180 140 

[Ans. 53, Lagrange' s Method] 

35. What do you understand by Interpolation and Extrapolation? What are their use? 

The following table gives the normal weights_ of babies during the first twelve months 

of life: 

Age (in months) 0 2 5 

Weights (in lbs.) 15/2 41/4 15 

8 

16 

10 

18 

12 

21 

Estimate the weight of the baby at the age of 7 months. 

[Ans. 15.66 lbs., Lagrange's Method] 

36. Estimate the population of 'City of Taj' for the year 1939 from the following census 

figures: 

Year 1901 1911 1921 1931 1941 1951 

Population ('000) 12 15 20 27 39 52 
[Ans. 33.125, Newton Gauss Backward Method] 

37. Interpolate the missing figures : 

Year 1951 1952 1953 1954 1955 1956 1957 1958 

Sales in 10% 18 25 % 35 37 45 

Cooo Rs.) [1952 = 11.3; 1955 = 31.4] 

38. The age of mothers and number of average children born per mother are given in 

the following table, Find out the unknown value :-

Age of months (yrs.) : 15-19 20-24 25-29 30-34 35-39 40-44 

No. of children born : 0-7 2.1 3.5 ? 5.7 5.8 

[4.8] 

39. Estimate the expectat ion of life at the age of 22 from the following data-

Age (yrs) 15 20 25 30 35 

Expectation of life (yr) 

[27.84 yrs] 

32.2 29.1 26.0 23.1 20.4 
[M .A. Agra, 1984] 

40. Find out the value of sin.Si°, using a suitable method of interpolation, if­

sin 45° = 0.7071; sin 55° = 0.8192; sin 50° = 0.8660 sin 52° = 0.7880. 

41. Find out the missing value-

X 0 3 6 9 

y 30 ? 80 120 

[50] 
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7.3 ~ 3lW 3IT{cfll ~ t ~ 
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7.5 ~q,lWITTf 

7.6 ~ fuzjij 3IT{ 3ITTtm 

7.7 :JOTTchl~ 
7.8 TT~tT 

7.9 TT ~t1 "T1fcfi 

7.10 3lifucfi TT ~t1 

7.11 'IJlTT<'li1]UT~tT 

7.12 TT ~tT ~ m-~tT 

7.13 mmT 

7.14 ~liiii:_lckfl <ff ~liiii:.'.i,"11 

7.15 -TitT >fFf 

7.16 t<i:lR& >fFf 

7.17 f sti l! I <'I cf> >fFf 

7.0 ~ 

~M cfiT 3M<RcfiBtWffif 3ITT ~<TITITmm fcf;_ 

1. :runt 3TTllR 1l'{" q 1ITcfi{OI t ffl cfiT ~ "WIT I 

2. TT ~tT it ~ fcn\:Ff cflT ~ c.f m 3f~ cfiT 3i~ ~ ffl I 
3. 3iITTTcfi ~ ~'cl ~ ~ TT ~tT cfiT ~ "WIT I 

7.1 SH~lcH,I 

~ 3ffi" ~-m0ITl!-i (Classification and Tabulation)~ 3iu:rr:l it ~ ~ ~ ~ ~ fcti 
~ q;1 ~ ~ nffrif mm i -

(1) cf1lRR'i ~ ~ ct•'ifo,<Oi (Classification according to class-intervals)-~ fcffipf 
fcfffi "9m ~ ~ ~ ~ I 

(2) ~ ~ 3J:Jml ctiifcn<OI (Classification according to qualities or attributes) 

~ q 1TTcf,{UJ it :rm ~ ~ cf1l (classes) m ;Jf@ i 3i~ ~ ~ :run cfil ~ -a 
~ ~ I ~ ~ cfil ~ :J0TT ~ 3fT'TT{ 1l'l" <ITZ R<TT ~ ! I TT cfi¥ ~ ~ m t ~-~, 
IBTT.~.~ . 3lR<f3TTRI 

TTT ~ 3TTllR 1l'{" qlffcfi<O, ,:ft~ >fcli1T cfiT m Wf)<fl ~ , 
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l 

7.2 ff-«q"FiR c:f•ITcfi,(01 (Classification according to Dichotomy) 

cl'& ~ c:pifcfi<01 (Simple Classification) ,ft ~ ~ I ~ ~ cfi1" Tf-~ Tl 
q,1 -aq ..... f~'-...... Rl <TT dl:J.qffltlfa ~ ~ ~ fcfi.rr ~ ~ I ~ ~ ~ 911 (classes) iFra ~-

(1) ~ Tl <h1 aqffltlfd 9M "9G I 

(2) ~ "T1f ci,1 31:iqffltlfd 9M "9G I 

~ q1TT 9lT m Wll°T ~ if<TiR mrr ~ , fuITT 3TTt ~ q,l ~ q,l ~ "ij fcfim RWfo 
"T1f "cfi1 aqffltlfd <TT dl:iqW!Jfd ~ 3TT'W 'tJ{ ~ ~ q1TT cfil m ~ 3Rro (Simple notations) it 
~ cf>GT 3TT'Efcfi ~ ~ ~ I ~: lJ1lTI <h1 d1JWmr ~ ~ ~ 3Rro (Capital Letters) A, 

B, C, 3TTR ~ ~ 6J:iqMRt 4i ~ ~ ~ (Small Letters) a, b, c, 3TTR 9lT >f<TTTT fcfi.rr ~ 
~ 1 <lR fcfim ~ "cfi1 "1•Hi&il cfi1" furl 3TTt fmn ~ 3WlK 'tJ{ ~ qi{-,T m m ~ f.f9 >fqiJT "ij 

~M~-

l 
mll:R"(AB) 

~ '51.Je&il ( N) 

I 

wJ(Ab) Jrr . 
( aB) 

7.3 ~ ·ata.m ~qll ~~ ati 

l 
"cit (a) 

I 

(Meaning of Notations ani:l Class-symbols) 

Jw 
( ab) 

(1) ~ ~ CPositive Attribute}-Tf-~ TT ch1 ~ "cfiT ~ 31W 'N., 'B', 

'C' 3TTR ~ o[@i ~~~I <TR 91l it~ TT ch1 ~ mill t o'r a-it ~ <lT ~ 91l 
CPositive Class) ffi l I it 91l ~ ~ ~ iFra t ~-A, AB, ABC~ I 

(2) ':4i,Ulii"'iqi ~ <Negative Attribute}-~-~ TT ch1 3ijYF'fl!lRl ~ ~ 31W 'a', 

'b', 'c', ~ ~ oll"ui Ff,qT ~ ~ I <TR qrt it~ <lT ~011(1-icfi .TIT it \'IT~ ~011(1-icfi <TT~ 

qrf (Negative Class)~ t I it cfl'T ~ ~ s.RT ~ ;,,r@ l ~ -a, ab, abc ~ I 

(3) '!I8fl clil ~ (Combination of Attributes)-fcn''G?f Tl~~ m'lf ~ l <fl 3it 
:rm qiJ ~ ~ t I ~ tITTUft it~~ it~ (,4) 3TTt mw (B) ~ ~ (AB),~ f.rw{ 

~ ft;r4 ( Ab); W-mW ~ ft;r4 ( aB) 3TTt W ffim ~ @it ( ab) cfil >f<W1 ml Tf<lT t I ~ lJ1lTI 
cfil ~ t I ;;n 91l ~ 3TTt m2 3lml ~ ~-~ ~ l ~ fcrcrfu! qrf (Contrary class) q;-!IB@ 
i, 

(4) cfll-3Jl<ffil (Class-Frequency}- M 91l it~~ l 3it ~-~ <lT 91l-3lfc{fu 
~ l ~ ~ ~ ~ ~ dtl 3lW O.,etter) "cfiT ~ it ~ l 1 ~ 31"~ dtl Tl "cfiT 00 
9@1 ch1 ~ il"ffi t I 3fq: ;;n Tl <TT 1JUTT ~ ~ ~ ~ tjtw ~ ~ ;,,r@ t ~ qll ch1 3lfc{fu 
cfil >fcR ~ l I 

(5) cl'lTI cit ~ (Number of Classes) - qTTT ch1 ~ :r□n ch1 ~ 'tJ{ R'TT" m<ft t I 

tJ,cfi TT ~ 3lTlW "CR ci, IT<fi{OI cm ~ 2 qll ~ lJ1lTI ~ 3lTm{ 'tJ{ 4 qll 3TTt m TTf ~ 3WIT{ 1rr s 911 
ffl ~ I ~ f.p:;, ffi "ij ~ fcti<:rr -;jij ffcfi<fT ~-

(A) tJ,cfi Tl ~ ~ ~ 3l'T~ 1IT 11\'Pl ~ ch1 3lfc{@ CFrequcncy of the first order)-

(i) (A) (ii) (a) 



CB) <TT TIT ~ c:Pff<li,01 ~ 3Wm" 1{"{ ftrrq sfitf cfi1 3Wffu CFrequency of the second order) 

(i) (AB) (iii) (aB) 

(ii) (Ab) (iv) (ab) 

(C) ~ TIT ~ cJlffcfi{01 ~ 3Wm" 1{"{ <fIT<l sfitf cfi1 3Wffu (Frequency of the third order) -

(i) (ABC) (v) (Abe) 

(ii) (ABc) (vi) (abC) 

(iii) (Abe) (vii) (aBe) 

(iv) (aBC) (viii) (abe) 

(6) WJ!J (Universe) - 1ro cfi1 ~ ~ ~ ~ ~ I ~ olfni cfif.t t ~ ~ 
3fW'N'cfilfflMsiflill~ I fcff\:f.if~ ct,'t~t ~1{"{~ ~>fcfiR~~ Msiflill~-

(i) ~ 'T1f ~ 3mm' Q'( qiif<ti<Oi 1t -

N = (A) + (a) 

cii> m 'TJfi ~ 3mm tJ< q•niti<01 if-

N = (AB) + (Ab) + (aB) + (ab) 

(iii) <fR 'TJTI ~ 3mm' tf< qln4i<UI lt-

N = (ABC) + (Abe) + (ABe) + (Abe) 

+ (aBC) + (aBc) + (abC) + (abe) 

~~WT f.!9' ~ it ~ M -;;rr WfoT ~-

I 
(AB) 

I 

(A ) 

I 

<N) 

I 
(Ab) 

I 
I 

I 
(aB) 

I 

(a) 

I 
I 

(ab) 

I 

(ABC) (ABc) (AbC) (Abe) (aBC) (aBc) (abC) (abc) 

3lRfll cflt ~ (Ultimate class frequ encies) q;t ~WT~ >fcfiR ~ -;;Jr "Bcfiol 

Orde r 0 

Order 1 

Order 2 

Order 3 

N 

(A) 

(a) 

(AB) 

(Ab) 

(aB) 

(ab) 

(ABC) 

(ABc) 

(Abe) 

(Abe) 

(B) (C) 

(b) ( c) 

(BC) (AC) 

(Be) (aC) 

(be) (Ac) 

(be) (ae) 

(aBC) 

(aBe) 

(abC) 

(abe) 
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A a 

(AB), (aB), 

(Ab), (ab), 

(A), (a), 

~ llT{Uft it ~ ~ m ~ ~ fcfi­

(B) = (AB) + (aB) 

(A) = (AB) + (Ab) 

(b) = (Ab) + (ab) 

(a) = (aB) + (ab) 

(N) = (A) + (a) or (B) -+ (b) 

N 

(B) 

(b) 

(N) 

~ ~ ~ lffiUIT cfi1 ~ it ~ ~ ~ if; ffl "ITT it rn' 3lT<fIB qil ~ <TT 

efclcf,{" ~ fcfi<TT ~ ~ ~-

(AB) (A) - (Ab) or (B) - (aB) 

(Ab) (A) - (AB) or (b) - (ab) 

(aB) (B) - (AB) or (a) - (ab) 

(ab) (a) - (aB) or (b) - (Ab) 

(N) (AB) + (Ab) + (aB) + (ab) 

~ w; ~ :IUTI if; 3TT'flR ~ clJTTcfi{OI "cfi1 ~ it 'll ~ ~ "cfi1 ~ ~ ~ ~ ~ 
IB1l ~~ -;n ffl cffi-IT ~ ~ ~ ~t I~~ &.RT~~ fcfi<TT ~:-

7.4 ~ cflt-311<:f@~i RcfilH4 ~ ~ 
(Rules to determine unknown class-frequencies) 

~~(universe) if ~ ~ cfll-~ lTTq;f mm m 3ffl<l cfll-~ ~-~ 
f.rtltftr cfi1 ~ ~ ~ , ~ if; ~, ~ ~ ~ WJ cfiT cl, ITcfi<a, fuTT 3TT"{ m!\ffirr if; 3f:rBK 
fcpn ~ m ~ ~ ( M = ~ ( A) <l~ mm (a) qil ~ lTTq;f "cfi1 ;jf] ~ t' 3{~ N = 

(A)+ ( a) I~~( N)B B ~ "cfi1 ~l(AJ ~mm "cfi1 ~( a)m@\ ~~ t 
~ -( a) = N - (A...!~ '5fcfiR ~ "cfi1 ~ M (A) = N-{ a) 

3lof m!\ffiITifi 3lfEW'TT"~cfi"B it~ ~(N)-frlml(Bl~~ ( bJ"cfi1 ~ 
q;t ~ lTTq;f "cfi1 ;,ri ~ t I ~i; RYf<:1f@a m 3fmT ~ ~ if ~ ~ ~ ~ ~-

N = (B) + (bJ = ~ ~) 

(Bl = N-(bJ = (m?JU"cfi1~) 

(bl = N - (B) = (ffiml "i:fi1_ ~) 

~ 'ITTTTI ~ CA) <Ft~ - mm-~ CAB) o~ mm~ CAb) ~ <TTTT it lTTq;f "i:fi1 ;,ri ~ 

~ I 3l~-

(A) = vtBJ + !Ab) 

(AB) = (Al - (AbJ 

(Ab) = (Al - CAB) 

(BJ 

CAB) 

(aB) 

(ABJ + (aB) 

(B) - (aBJ 

(BJ - CAB) 

mailto:f.lyf(1f@\1


(a) = (aB) + (ab) (bJ = (Ab) + (ab) 

(aB) = (a)-(ab) (ab) = (b) - (ab) 

~b) = (a) - (aB) <ab) = (b) - (Ab) 

~~qf.Rw~~~furll1~~mm<tt~arrcfiT~~Wf!l'(N) ~ 
~m-~-

' 
N = (AB) + (Ab) + (aB) + (ab) 

rm ~ ~ :ron q@ cfTITqilUT it ,n ~-~ 3fIDij qil-~ ffl q,l ~ ~ i , 
~ ~ ~ ~ ~ f.lyf8fulc1 f.fqqt qif ~ ~ ';jJfcl1 ~-

(1) fcfim ~ !Pf <tt cfll- 3lfclfu, ~ ~ slill <fil tiR~ilc1 cfll-~ it ~ ~ <tt 
~ ~ ~ I ~ ~ >M1l slill (order) <fil cfi'li cfll- 3W{fu CA),~ !Pf <second order) <tt ~ 
m ~ it ~ ~ ,tt ~ ~ ~ ~ ~ ~ (A) fc.m.n;f ~' 3Mfil (A) = (AB) 

+ (Ab) I~~~ '2lR ~ ~ Ffi fur ~<l>l 3fTcfTTf ffl ~ ~ ~ zyTT -.W'C;c!i "ID fuffi 
~ ~ ~ ~(B) <TT (C) 'C;cli <W ~ ~ ~ ~ ::ti011(11<ti TT~~ it~~ 
I~~-

(A) = (AB) + (Ab) (AB) = (A) - (Ab); (Ab) = (A) - (AB) 

(a) = (aB) + (ab) (aB) = (a) - (ab); (ab) = (a) - (aB) 

(B) = (AB) + (aB) (AB) = (B) - (aB); (aB) = (B) - (AB) 

(b) = (Ab) + (ab) (Ab) = (b) - (ab); (ab) = (b) - (Ab) 

~ mq ot.r ::run 9@t cf!T-~ <tt wmr it ,tt ~ fcfillT ~ Wf,oT t ~-
~ R<fl1 ~ :roil 9Tffi cfll-~ q,l Wffif it 'TT ~ ~ ~ ~ ~' ~-

(AB) = (ABC) + (ABc) ; (ABC) = (AB) - (ABc) ; 

(ABc) = (AB) - (ABC) 

(Ab) = (AbC) + (Abe) ; (AbC) = (Ab) - (Abe) ; 

(Abe) = (Ab) - (AbC) 

(aB) = (aBC) + (aBc) ; (aBC) = (aB) - (aBc) 
' 

(aBc) = (aB) - (aBC) 

(ab) = (abC) + (abc) ; (abC) = (ab) - (abc) ; 

(abc) = (ab) - (abC) 

(2) <fR TIT~~ it, "ll'~ slill (First order) <Ft 'C;cli cflT 3TTcffu (A) "iTTm ~ <tt R ~ 
cflT ~ cfiT <TTTI Mt~ ~(A) WIT~~'~-

(A) = (ABC) + (ABc) + (AbC) + (Abe) 

(B) = (ABC) + (ABc) + (aBC) + (aBc) 

(C) = (ABC) + (aBC) + (AbC) + (abC) 

~ Hlfl1 "ll'~ Hlfl1 cfiT m ~(Corollary)~ I 

CJ> <l"R ~,:ft zjfuq cf!T-~ ~ m o1 m ~ ~ q;1 cflT ~ ~ <tt ~ ~ 
i 3ffi ~,:ft ~ cfll-~ c8 ~ ~ ~ (N) cR ~ W<l cfiT ~ ~ ~ I 

~ ~ (Two attributes) -

N = (AB) + (Ab) + (aB) + (ab) 

(A) = (AB) + (Ab) ; (a) = (aB) + (ab) 

(B) = (AB) + (aB) ; (b) = (Ab) + (ab) 

~ Rif@l.l<tf/q ~ 
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'ffi';f 'T1f (Three attributes) 

N = (ABC) + (ABc) + (AbC) + (aBC) + (Abe) + (abC) (aBc) +(abc) 

(AB) = (ABC) + (ABc) ; (BC) = (ABC) + (aBC) 

(AC) = (ABC) + (AbC) 

(Ab) = (AbC) + (Abe); (bC) = (AbC) + (aBC) 

(aC) = (aBc) + (Abe) 

(aB) = (aBC) + (aBc); (bC) = (AbC) + (abC); 

(aC) = (aBC) + (abC) 

(ab) = (abC) + (abc); (be) = (Abe) + (abc); 

(ac) = (aBc) + (abc) 

(A) = (AB) + (Ab) (B) = (BC) + (Be); 

(O = <AO + (aQ 
<ii (A) = (AC) + (Ac) ; (B) = (AB) + (aB); 

(C) = (BC) + (bC) 

Illustration 1. Given the following ultimate class-frequencies, find the frequencies 

of positive and negative classes and the total number of observations- (3ITTflf cf1l ~ 
~ ~ ~I ;.fi.Ollc'icfi <f1TI cf>1 ~ o~ ~ ~ ffl ~ 

(AB) = 125 (Ab) = 60 

(aB) = 100 (ab) = 35 

Solution :-

(AB) (aB) 

(Ab) (ab) 

(A) (a) 

N = (A) + (a) 

(A) 

(a) 

= (AB) + (Ab) + (aB) + (ab) 

= 125 + 60 + 100 + 35 

= 320 

= (AB) + (Ab) 

= 125 + 60 

= 185 

= (aB) + (ab) 

= 100 + 35 

= 135 

(B) 

(b) 

(N) 

(b) = (Ab) + (ab) 

=60 + 35 

= 95 

(B) =(AB)+ (aB) 

= 125 + 100 

= 225 

Illustration 2. Given the following table, calculate the frequencies of the remaining 

classes (f.p:.-1f1:1f@a "ID"{Uft ~ m 91TI qil ~ R cfi lf1:1l!) :-

(A) = 25 (AB) = 15 

(B) = 20 (N) = 50 

Solution- ~~it~ R9 :!°TI t ~ ~ "cfi8 !-
(a) ; (b); (Ab) ; (aB) ; (ab) 



Now 

(a) = (N) - (A) (b) 

50 - 25 

= 25 

(Ab) (A) - (AB) (aB) 

= 25 - 15 

= 10 

(ab) = (a) - (aB) 

= (N) - (A) - {(B) - (AB) } 

= 50 - 25-{ 20-15} 

= 50-25-5 = 20 

= (N) - (B) 

=50-20 

= 30 

= (B) - (AB) 

= 20 -15 

= 5 

Illustration 3. A number of labourers in a factory were examined for the presence 

or absence of certain defects of which three chief. descr-iptions were noted­

A - Physical weakness 

B - Nervous signs. 

C - Mental dullness. 

Given the following ultimate frequencies, find the frequencies of the positive classes 

including the whole number of observations- N - (RJ..JR-!fTua 3ffilll qry ~ ~ ~ 
91TI cf>1 ~ oYTT ~ ~ R<t>lfcil!) :-

(ABC)= 75 (aBC) = 98 

(ABc) = 310 

(AbC) = 106 

(Abe) = 489 

(aBc) = 702 

(abC) = 74 

(abc) = 8415 

Solution - The positive classes including the whole number of observations are -

Now 

(N), (A), (B), (C), (AB), (AC), (BC), (ABC) 

(N) = (ABC) + ( ABc) + (AbC) + (aBC) + (abC) + (aBc) + 

(Abe) + (abc) 

= 75 + 310 + 106 + 98 + 74 + 702 + 489 + 8415 = 10,26 . 

(A) = (ABC) + (ABc) + (Abe) + (Abe) 

= 75 + 310 + 106 + 489 = 980. 

(B) = (ABC) + (ABc) + (aBC) + (aBc) 

= 75 + 310 + 98 + 702 = 1185. 

(C) = (ABC) + (Abe) + (aBC) + ( abC) 

= 75 + 106 + 98 + 74 = 353. 

(AB) ,; (ABC) + (ABc) 

= 75 + 310 = 385. 

(AC) = (ABC) + (AbC) 

= 75 + 106 

= 181. 

(BC) = (ABC) + (aBC) 

= + 75 + 98 

= 173. 

~ Rirowlf/q ~ 
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Note : The frequency of any first order class is given by the total of second order 

frequencies, the class-symbols for which contain the same letter; similarly the 

frequency of any second order class can be given by the total of third order 

frequencies and so on. 

Illustration 4. Given the following frequencies of the positive classes, find out all the 

class-frequencies (~ cflTT Cf>l Rkf ~ * ~ wit cfll Cf>l ~ Rcf>IRiQ) -. 

N = 12,000 (AB) = 453 

(A) = 977 

(B) = 1,185 

(C) = 596 

(AC) = 284 

(BC) = 250 

(ABC)= 127 

Solution- The frequencies for the following classes are to be found out-

( a), (b), (c), (Ab), (aB), (ab), (Ac), (aC), (ac), (Be), (bC), (be), (Abe), (ABc), 

(aBC), (Abe), (abC), (aBc), (abC), (abc). 

Now, 

(a) = N - (A) (b) = N - (B) (c) = N - (C) 

= 12,000 - 977 

= 11,023. 

= 12,000 - 1,185 = 12,000 - 596 

= 10,815. = 11,404. 

(ABc) = (AB) - (ABC) (Abe)= (AC) - (ABC) 

= 453 - 127 

= 326. 

= 284 - 127 

= 157. 

(aBC) = (BC) - (ABC) (Abe) = (Ab)- (Abe) 

(aBc) 

(Ab) 

(Ac) 

(Be) 

= 250 - 127 = (A) - (AB) - (Abe) 

= 123. 

= (aB) - (aBC) 

= (B) - (AB) - (aBC) 

= 1,185 - 453 - 123 

= 609. 

= (A) - (AB) 

= 977 - 453 

= 524. 

= (A) - (AC) 

= 977 - 284 

= 693. 

= 977 - 453 - 157 

= '367. 

(abC) = (bC) - (AbC) 

= (C) - (BC) - (Abe) 

= 596 - 250 - 157 

= 189 

(aB) = (B)- (AB) 

= 1,185 - 453 

= 732. 

(aC) = (C)- (AC) 

= 596 - 284 

= 321. 

= (B) - (BC) . (bC) = (C)- (BC) 

= 1,185 - 250 = 596 - 250 

= 935. = 346. 

(abc) = (ab) - (abC) 

= (b) - (Ab) - (abC) 

= N - (B) - {(A) - (AB) } - (abC) 



= 12,000 - 1,185 - {977 - 453} - (189) 

= 12,000 - 1,185 - 524 - 189 

= 12,000 - 1,898 

10,102. 

(ab) = (abC) + (abc) (ac) = (aBc) + (abc) 

189 + 10,102 = 609 + 10,102 

= 10,291. = 10,711 

(be) = (Abe) + (abc) 

= ?,67 + 10,102 

= 10,469 

Illustration 5- Arrange the following figures in a nine-square table and find out 

the unknown class-frequencies. (f.r=r ~ cfiT 9 '&R cffffi ~ it ~ ~ cfTT ~ 
f.t chi Rw.) : 

have-

Intelligent fathers and their intelligent sons 248 

Dull fathers and their intelligent sons 

Intelligent fathers and their dulJ sons 

Dull fathers and their dull sons 

Solution - Taking, Intelligence in fathers 

= 92 

81 

= 579 

A, and intelligence m sons = B, we 

(AB) = 248; (aB) = 92; (Ab) = 81; (ab) = 579. 

These figures will be arranged in the nine-square table as under -

A a N 

B (AB) (aB) (B) 
248 92 340 

h (Ah) (ah) (b) 
81 579 660 

N (A) (a) (N) 
329 671 1,000 

Intelligent fathers (A) 329 

Dull fathers (a) 671 

Intelligent sons (B) 340 

Dull sons (b) 660 

Total number (N) 1,000 

Illustration 6- After an air-raid, survey was made of the local hospital specially 

reserved for those injured in the raid. These were 1200 beds in all. 600 patients were found 

to have fractured their arms, legs and skulJs as a result of the bombing. There were 50 

patients who had no injury over their body but were admitted only to provide speedy 

recovery from the shock of the raid. Patients with fractured arms bas a majority of 192 

over those with no arm-injury. The number of patients who had escaped head injury was 

270. There were ?,6 patients with a fractured arm but had fortunately no injury in their 

legs. Similarly there were 204 patients with a fractured leg but without any head injury. 

The majority of those with a fractured leg over those without injury to their legs was 620. 

Make an analysis of the injury of patients according to the injuries received by them. 

~ t1iroAAGJq ~ 
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Solution - Let 'A' stand for injury to arm and 'a' non-injury. 

'B' stand for injury to leg and 'b' for non-injury. 

'C' stand for injury to skull and 'c' for non injury. 

Then the above data can be stated as-

N :::::: 1200 (c) = 270 

(ABC) = 600 (Ab) = 36 

(abc) = 50 (Be) = 204 

(A) - (a) = 192 (B) - (b) = 620. 

We have to find out the remaining ultimate class-frequencies (ABc), (AbC), (Abe), 

(aBC), (aBc), (abC). In order to find them out, we have to first calculate the frequencies 

of positive classes-

( A), (B), (C), (AB), (AC), (BC). 

(i) First order frequencies­

N = (A) + (a) 

(A) - (a) 

2 (A) 

= 1200 

= 192 

= 1392 

Or (A) 

N = (B) + (b) 

(B) - (b) 

= 6% (Number of persons with fractured arms.) 

= 1200 

= 620 

2 (B) 

Or (B) 

(C) 

= 1820 

= 910 (Number of persons with fractured legs.) 

-· N - (c) 

= 1200 - 270 

= 930. (Number of persons with fractured skulls.) 

(ii) Second order frequencies -

(AB) = (A) - (Ab) 

= 696 - 36 

= 660 (No. of persons with fractured arms and legs.) 

(BC) = (B) - (Be) 

= 10 - 204 

= 706 (No. of persons with fractured legs and skulls.) 

(AC) = (C) - (aC) 

= (C) - { (aBC) + (abC) } 

= (C) - [(aBC) + { (ab) - (abc) } ] 

= (C) - [(aBC) + {(b) - (Ab) - (abc) } ] 

= (C) - [(aBC) + { (N) - (B) - (Ab) - (abc) } ] 

= (C)-[{(BC)-(ABC)} + {(N)-(B)-(Ab)-(ac)}] 

= (C) -(BC) + (ABC) - (N) + (B) + (Ab) + (abc) 

= 930 - 706 + 600 -1200 + 910 + 36 + 50 

= 620 (No. of persons with fractured arms and skulls.) 



' .. 'l 

(iii) UJtimate class-frequencies -

(ABc) == (AB) - (ABC) 

== 660 - 600 = 60 (No. of persons with fractured 

arms and legs but not skull.) 

(Abe) == (AC) - (ABC) 

= 620 -600 = 20 

( aBC) = (BC) - (ABC) 

= 706 - 600 = 106 

(aBc) = (aB) - (aBC) 

= (B) - (AB) - (aBC) 

= 910 - 660 -106 

= 144 

(Abe) = (Ab) - (Abe) 

== (A) - (AB) - (AbC) 

= 696 - 660 -20 

= 16 

(abC) == (be) - (AbC) 

= (C) - (BC) - (Abe) 

= 930 - 706 -20 

= 204 

(No. of persons with fractured 

arms and skull but not legs) 

(No. of persons with fractured 

legs and skull but not arms.) 

(No. of persons with fractured 

legs but not arms and skuJJs.) 

(No. of persons with fractured 

arms but not legs and skulls.) 

(No. of persons with fractured 

skulls but not arms and legs.) 

Illustration 7. In a free vote in the House of Commons 600 members voted, 300 

government members representing English Constituencies (including Welsh)voted in favour 

of the motion. 25 opposition members representing Scouish Constituencies voted against 

motion. The government majority among those who voted was 96. 135 of the members 

voting represented Scottish Constituencies; 18 governmenit members voted against the 

motion. The motion-was carried by 310 votes. 102 members of Scottish Constituency vot ed 

in favour of the motion. 

Analyse the voting according to the Nationality of the Constituencies and party. 

Solution: Denoting 

(i) The government and opposition parties by 'A and 'a'; 

(ii) Voting for and against the motion by 'B' and 'b'; 

(iii) English and Sco"ttish members by 'C' and 'c'. 

The given data are 

N = 600; (ABC) == 300; (abc) = 25; (A) - (a) 

(c) = 135; (Ab) 18; ( Be) = 102 

(B) - (b) = 310 

96 ; 
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To find out, Ultimate class-frequencies -

(i) (A) + (a)= 600 

(A) - (a) = 96 

2(A) = 696 

(A)= 348. 

(ii) (B) + (b) = 600 

(iii) (C) = N - (c) 

= 600 - 135 

= 465. 

(B) - (b) = 310 

2(B) = 910 

( B) = 455 

(iv) (AB) = (A)- (Ab) = 348 - 18 = 330. 

(v) (BC) = (B)- (Be) = 455 - 102 = 353. 

(vi) We also have, 

(abc) = (be) - (Abe) = (c) - (Be)- ((Ab)- -(AbC)] 

= (c) - (Be) - (A) + (AB) + (AC)- (ABC) 

25 = 135 - 102 - 348 + 330 + (AC) -300 

or (AC) = 135 - 102 - 348 + 330- 300 - 25 

or (AC) = 310 

Now, the fruquencies of the Ultimate classes will be calculated as under-

(i) (ABC)= 330 (given) 

(ii) (ABc) = (AB) - (ABC) = 330 - 300 = 30 

(iii) (AbC) = (AC) - (ABC) = 310 - 300 = 10 

(iv) (aBC) = (BC) - (ABC) = 353 - 300 = 53 

(v) (Abe) = (Ab) - (AbC) = 18 - 10 = 8 

(vi) (aBc) = (aB) - (aBC) 

= (B) - (AB) - (aBC) = 455 - 330 - 53 = 72 

(vii) (abC) = (bC) - (Abe) 

= (C) - (BC) - (Abe) 

= 465 - 353 - 10 = 102 

(viii) (abc) = 25 (given) 

Illustration 8. A University result consists of three attributes, rest of which is divisible 

into two parts. What are the different class frequencies obtainable? 

Al a competitive examination at which 600 graduates appeared, boys outnumbered 

girls by 96. Those qualifying for interview exceeded in number those failing to qualify by 

310. The number of science graduate boys interviewed was 300, while among the Arts 

graduate girls there were 25 who failed to qualify for interview. Altogether there were only 

135 Arts graduates and 33 among them fail ed to qualify. Boys who failed to qualify 

numbered 18. Find (a) the number of boys who qualified for inrerview, (b) the total number 

of science graduate boys appearing and (c) the number of science graduate girls who 

qualified. 



Solution - Let 

W. stand for Boys and 'a' for girls. 

'B' stand for those who qualified for interview and 'b' for those 

who failed to qualify. 

'C' stand for science graduates and 'c' for arts graduates. 

The given data are: 

N = 600; (A) - (a) = 96; (B) - (b) = 310; (ABC) = 300 

= (abc) = 25; ( c) = 135; (be) = 33; 

To find - (i) AB (ii) AC (iii) aBC. 

Now, 

(1) (A) - (a) = 96 (2) (B) - (b) 

(A) + (a) = 600 (B) + (b) 

2 (A) = 696 2 (B) 

(A) = 248 (B) 

(3) (C) = N - (c) = 600 - 135 = 465. 

(i) (AB) = ( A) - (Ab) 

= 348 - 18 = 330. 

(ii) (AC) = (ABC) + (AbC) 

= (ABC) + (Ab) - (Abe) 

= (ABC) + [(Ab) - {(be) - (abc) } J 

= (ABC) + (Ab) - (be) + (abc) 

= 300 + 18 - 33 + 25 

= 310 

= 600 

= 910 

= 455 

= 310. 

(iii) (aBC) = (BC) - (ABC) = (C) - (bC) - (ABC) 

= (C) - ((b) - (bc)J - (ABC) 

= 465 - (145 - 33] - 300 = 53. 

(Ab) 18. 

Illustration 9. Measurements are made on a thousand husbands and a thousand 

wives. If the measurements of the husbands exceed the measurements of the wives ·in 789 

cases for one measurement, in 741 cases for another , and in 690 cases for both 

measurements. In how many cases will both measurements on the wife exceed the 

measurements on the husband . 

Solution - Let 'A' stand for the cases in which measurements of husbands exceed 

the measurements by the wives in one measurement and 'B ' for those in the other 

measurement. 

N = 1000; (A) = 789; (B) = 741 ; (AB) = 690. 

We have to find out the frequencies of (ab) 

(ab) (a) - (aB) (N) - (A) - (B) + AB 

1000 - 789 - 741 + 690 160 

Thus the number of cases in which both measurements on the wife exceed the 

measurements on the husbands is 160. 
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Illustration 10. There were 400 students in the B.Com. class of a university. Their 

results in the various terminal examinations are given below-

60 

80 

I Terminal 

II 
" )) 

III )) 

passed in all terminals; 

failed in all the three; 

passed 180 

passed 140 

passed 180 

400 passed in the 1st and Ilnd terminals and failed in the Illrd; 

70 failed in the 1st and Ilnd terminals and passed in the Illrd; 

Find out how many students passed atleast two examinations. 

Solution - Let, Success in 1st Terminal be denoted by 'A' and failure by 'a'. 

Success in Ilnd Terminal be denoted by 'B ' and failure by 'b'. 

Success in Illrd Terminal be denoted by 'C' and failure by 'c'. 

Then, the given data are : 

N = 400 (ABC)= 60 

(A) = 180 (abc) = 80 

(B) = 140 (ABc) = 40 

.(C) = 180 (abC) = 70 

We have to find out the values of, 

(ABC) + (ABc) + (Abe) + (aBC) 

Now. (aBC) = (aC) - (abC) 

(C) - (AC) - (abC) 

(C) - { (ABC) + (Abe) } - (abC) 

(C) -(ABC) - (Abe) - (abC) 

(Abe) = ( AC) - (ABC) = (ABC) + (AbC) - (ABC) 

Hence, (aBC) + (AbC) 

(C) - (ABC) - (AbC) - (abC) + (ABC) + (AbC} - (ABC) 

(C) - (ABC) - (abC) = 180 - 60 - 70 = 50 

Hence, (ABC) + (ABc) + (aBC) + (AbC) 

= 60 + 40 + 50 = 150 

The number of students passing atleast in two examinations is 150. 

This illustration can also be solved in the following manner­

Now, (aBC) + (ABC) + (AbC) + (abC) = C 

(aBC) + (AbC) (C) - (ABC) - (abC) 

= 180 - 60 - 70 = 50 

(ABC) + (ABc) + (aBC) + (Abe) 

60 + 40 + 50 = 150 



7.5 eiicn'i cn1' WT@ (Consistency of Da.ta) 

~~~~~~ fcfi~mir-ft cfilffl{UTM 'ltwwn~ 3f¥tfTTt 
3lNK lR fcfi<n ~ ~ I ~ ~ ~ fcf; ~ ~ it ~ m ~ 3TTf ~ ~ ~ m I 
~~~~cfilm~l-

0) m1"f iff ~'ITT~ 31Fl@ it 3RR ~ ~ - q;,ft-q;,:ft ~ m<fT ~ fcfi cpffqi(DI <lim 
~ cf1TT cfi1" ~ qi"[ m ~) ITT it<fi m ~ ~ it ~ m 1 3~rn<u111( fcfim T]Tcf cfi1 
;,i.,fi@H 1000 ~ mit 200 marr arrr soo f.ITTrr ~ ~ ~ ~= 240 arrr 760 ~ ~ ~ ITT 
~~it WITTr (Consistency)~. 3fif: ~"B ~ cfiT "C@l ;m WT %IT~ I 

<2) m11 it Tlffifl - m it Tfffift ~ lR ,ft ~ mm ~ 1 cflTI cfi1 ~ cfiT <TT1T ,ft 11m 

m ~ arrr ~ qif{Uf ~ m ,ft-~ ·3"Wti ~ it mm- 210 3itt tmR 110 ~ ~ ~ 3ITT 
~ <TT1T 1040 "ITT~ I~~:~ WTcTT ~ 3ITT~ ~ cfi1 WTfcr 'TT ~ ~ I~~~ 
~ t ITT f<fim ,ft~ cpl cfi1" 3lTcjfu ;iOll~cfi m ~ ~ 1 · · 

3RJ: cpl-~ cfi1" wTfir t ~ ~ ~ W<f ~ ~ fcfi fcfim ,ft~ (Ultimate) 

cpl-• cfiT ~ ;ltOll~cfi 1 m 1 3fif= ~ ~ ~ ~ cpl-~ it wmr cfi1 ~ m m ITT ~ 
~ 3lRfll q1l ~ cfiT ~qi{~~~~ fcf; ~ ~ ;iUll~<h ITT~ ~ I~~ 
;i0,1~cfi m ITT ~ ~ ~ t , <lR ~ 1 m ITT ~ it wmr mm ~ , 

~ m 1l{ cf1TT cfi1 ~ ~ mm ~ , ~ Wl'1 wmr cfi1" ~ cfi8 t ~ f.r9 ~ 
cfiT m fcfi<n ~ ~ ~-

<A) ~ ~ ~ 3mm: Q'{ q•flcfi(OI q-
(i) (A) <f. 0, otherwise (A) will be negative. 

(ii) (A) ? N, otherwise (a) will be negative. 

(B) m "T'" ~ 3mm: tr( q•flcb(UI lf-

(iii) (AB) <f. 0, otherwise (AB) will be negative. 

(iv) (AB) <f. (A), otherwise (Ab) will be negative, because 

(B) = (AB) + <Ab) 

(v) (AB) ? (B) otherwise (aB) will be negative because 

<B> = (AB) + (aB) 

(vi) <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) = (A) + (B) - N + (ab) 

( C) (ff:J :rm ~ 3mffi Q'{ qlflcb<Oi lf -

(vii) (ABC) <f. 0. otherwise (ABC) will be negative. 

(viii) (ABC) <f. (AB) + (AC) - (A), otherwise (Abe) will be negative, 

or 

or 

because (Abe) = (Ab) - (AbC) 

(Abe) = (A) - (AB) - (AC) + (ABC) 

- (ABC) = + (A) - (AB) - (AC) - (Abe) 

(ABC) = (AB) + (AC) - (A) + (Abe) 
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(ix) (ABC) <f (AB) + (BC) - (B), otherwise (aBc) will be negative. 

(x) (ABC) <t (AC) + (BC) - (C), otherwise (abC) will be negative. 

(xi) (ABC) ::t (AB) otherwise (ABc) will be negative. 

(xii) (ABC) ::t (AC), otherwise (AbC) will be negative. 

(xiii) (ABC) ::t (BC) otherwise (aBC) will be negative. 

(xiv) (ABC) ::t (AB) + (BC) + (AC) - (A) - (B) - (C) + N, 

otherwise (abc) will be negative. 

because (abc) = (ab) - (abC) 

or 

or 

(abc) = (a) - (aB) - {(bC) - (AbC)} 

(abc) = (a) - (aB) - (bC) + (Abe) 

or 

or 

(abc) = N - (A) - (B) + (AB) - (C) + (BC) + (AC) - (ABC) 

(ACB) = N - (A) -(B) + (AB) - (C) + (BC) + (AC)- (abc) 

Now if (ABC) is more than the above, it is obvious that (abc) will be negative. 

(xv) (AB) + (AC) + (BC)<t (A) + (B) + (C) - (N) 

(xvi) (AB) + (AC) - (BC) ::f (A) 

(xvii) (AB) - (AC) + (BC) ::t (B) 

(xviii) -(AB) + (AC) + (BC) ::t (C) 

3ffl it m,' i ' ~ should not be greater than~ 3TT'qcf; ~ ir-n ~ 
'<j' = · should not be less than ~ cfiJ:f ~- ir-n ~ 

Illustration 11 . - The following data are given in a report -

(N) = 1000, (AB) = 200, (Ab) = 350, (aB) = 500 

Show that there must be a misprint or mistake of some sort. 

Solution - There is nothing obviously wrong with the figures . Yet, they are certainly 

inconsistent. 

(ab) = (a) - (aB) = N - (A) - (aB) 

= N - {(AB) + (Ab)} - (aB) ':"' .. {200 + 350} - 500 

= 1000 - 550 - 500 = -50 

<FTTfcf; cf1l ~ :;liUllii-tcfi ~ m ~ t ~ ~ ~ ~ ~ M m <it ~ 3fcfrl! 

M ~ I 
Illustration 12. - If (A) = 50, (B) = 60, (C) = 80, (AB) = 35, (AC) = 45 and 

(BC) = 42, find the greatest and least possible value of (ABC) 

Solution -

(ABC)<j 0 

(ABC)<j (AB) + (AC) - (A) 

(ABC)<j (AB) + (BC) - (B) 

(ABC)<j (BC) + (AC) - (C) 

Therefore, the least value of (ABC) = 30 

(ABC) ::t (AB) = 35 

= 35 + 45 - 50 = 30 

= 35 + 42 - 60 = 17 

= 42 + 45 - 80 = 7 



i 
. · 1 

(ABC) i (AC) = 45 

(ABC) i (BC) = 42 

Hence the greatest value of (ABC) = 45 

Illustration 13. - If in a collection of house actually invaded by small pox, 70 percent 

of the inhabitants are attacked and 85% have been vaccinated. What is the lowest percentage 

of the vaccinated that must have been attacked. 

Solution - Writing W. to denote inhabitants invaded by small pox, 'B' to denote those 

vaccinated, the data are : 

(A) = 70, (B) = 85, N = 100 

First we find the lowest value of (AB), 

(AB) 1 0 

(AB) 1 (A) + (B) - N 

1 70 + 85 - 100 

1 55 

The lowest value of (AB) = 55 

Hence the lowest percentage of inhabitants vaccinated which have been attacked 

= (AB) x 100 
(B) 

= 55 
X 100 

85 

= 64.7% 

Illustration 14. - In a very hotly fought battle 70% atleast of the combatants lost an 

eye, 75% atleast lost an ear, 80% atleast lost an arm and 85% atleast lost a leg. How many 

atleast must have lost all four. 

Solution - Let (N) = 100; (A), (B), (C) and (D) denote respectively losing an eye, 

an arm and a leg. Then (A) = 70, (B) = 75, (C) = 80, (D) = 85. 

We have to find out (ABCD) 

(ABCD) <j (A) + (B) + (C) + (D) - (n - l)N 

<j (A) + (B) + (C) + (D) - (4 - l)N 

<j 70 + 75 + 80 + 85 - 3 X iJ.00 

<j310 - 300 

<j 10 

Hence atleast 10% lost all the four. 

Illustration 15. - To investigate the association between eye-colour of husband and 

eye-colour of wife, the following data are available -

Husbands with light eyes and wives with not light eyes 

Husban'ds with not light eyes and wives with light eyes 

= 414 

= 260 

Husbands with not light eyes and wives with not light eyes = 238 

Husbands with light eyes = 400 

Do you find any inconsistency in the data ? 
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Solution - Denoting W husbands with light eyes. 

'a' husbands with not light eyes. 

'B' wives with light eyes. 

'b' wives with not light eyes 

The given data are -

(Ab) = 414, (aB) = 260, (ab) = 238 and (A) 400 

From the ahove 

(AB) = (A) - (Ab) = 400 - 414 = -14 

Hence, the given data are inconsistent. 

Illustration 16. - The following is a summary of the statisticaJ features of a census 

of ration - cards. 

Item No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Category 

The whole census 

Permanent residents 

Males 

Consumers of rice 

Permanent male residents 

Consumers of rice among permanent residents 

Male consuming rice 

Total No. of Cards. 

1000 

510 

490 

427 

189 

14D 

97 

Show that the entry against item No. 7 is inconsistent with the entries against the 

previous items viz. 1, 2, 3, 4, 5 and 6 taken together. 

Solution - Denote permanent residents by W, maJes by 'B' consumers of rice by 'C'. 

The given data then are -

N = 1000, (A) = 510, (B) = 490, (C) = 427, (AB) = 189, (AC) 

97. Now according to the conditions of consistency. 

AB + AC + BC < (A) + (B) + (C) - N 

189 + 14D + 97 < 510 + 490 + 427 - 1000 

426 < 427, which is not true . 

Hence, there is some inconsistency in the data. 

or 

(BC) <j (A) + (B) + (C) - N - (AB) - (AC) 

<j 510 + 490 + 427 - 1000 - 189 - 14D 

98. 

140, (BC) = 

The given value of (BC) is 97 wnich is less than 98. Hence it can be said that the 

entry against item No. 7 is inconsistent with the entries against all the previous items, namely 

1, 2, 3, 4, 5 and 6 taken together. 



l)]ustration 17. - 1000 persons of London were asked by a B.B.C. investigator to give 

the nationality of the music they liked. He returns the following data : 

570 liked English; 650 liked French; 480 liked German; 

440 liked English and French; 360 liked French and German 

& 240 liked English and German; 

125 liked all the three. 

Show that the information as it stands must be incorrect 

Solution : Denoting 

Persons who liked music of English nationality by 'N.. 

Person who liked music of French nationality by 'B' 

Persons who liked music of German nationality by 'C'. 

The given data are : 

N = 1000; (AB) = 440; (A) = 570; (B) 

(BC) = 360; (ABC) = 125 

According to the conditions of consistency. 

(ABC) 1 (AB) + (BC) - (B) 

1 440 + 360 - 650 

'4 150 

650; (C) = 480; (AC) = 240; 

As per the data given the vaJue of (ABC) is 125 which is less than 150. Hence the 

information is incorrect. 

IHustration 18. -

(i) It is found out from a report on Consumers Test that out of 500 persons who were 

investigated, 410 liked A-quality, 380 liked B-QuaJity and 270 liked both the qualities. Is 

the given data inconsistent ? 

(ii) The following are the actuaJ frequencies given in a report. Show that there is a 

mistake or misprint in it and probably the statement that (BC) = 85 is not true-

N = 1,000; (A) = 510; (B) = 490; (C) = 427; (AB) = 189; (AC) = 140 

and (BC) = 85 

Solution - (i) Assuming - Liking A - quality = A 

Liking B - quality = B 

The given class frequencies are :-

N = 500; (A) 410; (B) = 380; (AB)= 270 

If any of the ultimate class - frequencies is negative, the given information will be 

inconsistent. 

(Ab) (A) - (AB) = 410 - 270 = 140 

(aB) (B) - (AB) = 380 - 270 = 110 

(ab) (a) - (aB) or N - (A) - {(B) - (AB)} 

= 500 - 410 - {380 - 270} = -20 

The frequency of (ab) is -20 which is negative; hence the given data is inconsistent 
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(ii) According to the condition of consistency -

(AB) + (AC) + (BC) 1 
189 + 140 + (BC) 

(BC) + 329 

(A) + (B)(C) - N 

510 + 490 + 4T/ - 1000 

4TI 

(BC) 1 427 - 329 or 98 

But, the given frequency of (BC) is 85 which is less than 98. Therefore the given data 

are inconsistent and the class - frequency of (BC) is not true. 

7.6 ~ ftt4H1 3ftl amtm 
(Theory of Probability and Expectation) 

{lif&icf>l if ~ ufu (Sample Method) cflT ~ ~ m.@ ~ if fcfi<TT -;jfT ¥T ~ I 
~ ~ ~ cflT ,ft ~ s3TT ~ I W'llfcR1 (Probability) cflT ~ mcTT ~ fcf;m 1ft tR1T t 
~m <TT1'm t ~if m 3f:flRWTHT 1 * ~ tfc11~ "Sfqi"f{°U ~m ~ l~~ 
f.ITTqo 1'tt' ~ fcfi·~ ~ "Sfqi"f{ wn m ~ tfc1T t ffi ~ -u ~ m tfit {1AJ1cH1 31ft ~ 
if mm~ f-;RRfcf; ~~1 a<16<0111!t,<TR M~ if 100 ollfu;l~60 ~ ~40 men~, 
<TR 31' 100 if -U ~~(Lottery) ~ tl1 ~ ell ffi ~ t ~ lfR ch1 ~ 

1
~ ~ 

ffi ~ ~ ~ll'Rchl W'TTcRT ;: m 1 <TR 20 «fK~ ~~~~m ~t 

~ lfR ch1 3ITTmT (Expectation) 
1
: x 20 = 12 M ~ m<TT t ~ lfR ch1 3rrmTT 

40
00 x 20 = 8 "WTT I ~ ~. M tR1T q;1 3rrmTT ~ W'TTcRT if ~ -U TIT~ ffl ch1 ~ 1 . 

~ I TT-~ cfiT 3fUflf.'f ~ ~ ~ ~ ~ I <l'R ~ illrr ~ ~ ch1 ~ it ~ ~ 1l'R cflT 1TTfT 

r-1<f,1c-1-11 ~ en ~ ~ M ~; ~ ~ "9'R t 1fij 13 ~ ~ ~ ~ illrr t 1fij 52 ~ 

~ , * ~ ~ 100 «fK itm ~ ~ en ~ "9'R qil arrmrr ~; x 100 = 25 M 1 

3lo: fcf;-m tR1T ch1 W'WRT cli'l ~ ~ ~ fcficn -;jjTcff ~ 

Number of favourable cases 
Number of Cases (Total) 

The Probability of (A) attribute is (~) 

The Probability of (B) attribute is 7}--
The Probability of (A) and (B) = (~) x w­
The Expectation of the two attributes will be 

(A) x (B) 
N 

7.7 ~ cfil ~o-?li:11 (Independence of Attributes) 

~ ~zj 1JOTT it~~~ -?raT en~ 1JOTT qi')~~ ti~ 1JOTT it ;i en 
~ ~ mcTT ~ 3itt ;i ~ ;fiUI I ciJ<f, I itm 3""{1 qftff?-1 f<1 if mf t ~ fcfim cP1 qil <11 ~ fq cf, ~ 
3""{1 cP1 qil 3ITTTm t ~ "ITTm ~ I ~ Rl:"f ~ &:RT ~ fch~I ~ ~ ~ ;.-

(A) and (B) are independent if (AB) = (A)~ (B) 



(A) and (b) are independent if (Ab) 

(a) and (B) are independent if (aB) 

(a) and (b) are independent if (ab) 

= (A) x (b) 
N 

(a) X (B) 
N 

= (a) X (b) 
N 

IIJustration 19 - Show whether A and B are independent in the following case-

N = 150, (A) = 50, (B) = 60, (AB) = 20 

Solution -

Expectation of (AB) (A) X (B) = 50 X 60 = 20 
N 150 

The actual observation is equal to the expectation. Therefore, A and B are 

independent. 

Illustration 20 - Let the actual observation be as follows -

People vaccinated but not attacked by Small pox (AB) = 60 

People not vaccinated and not attacked by Smallpox (aB) = 204 

People vaccinated and attacked by Smallpox (Ab) = 80 

People not vaccinated and attacked by Smallpox (ab) = 272 

It is required to find whether attributes A and B are independent. 

Solution - According to the criterion, (A) and (B) are independent only when, 

(Al3) X (ab) = Ab x (~) 

60 X 272 = 80 X 204 

16320 = 16320 

A and B are independent. 

Illustration 21. - In a population of 200 students the number of married is 80. Out 

of 60 students who failed, 24 belonged to the married group. It is required to find out 

whether the attributes of marriage and failure are independent. 

Solution : Let, married = (A) = 80 

Failure = (B) = 60 

(AB) = 24 

. (A) x (B) 
Expectation of (AB) = N 

80 X 60 4800 
200 = 200 = 24 

Hence A and B independent. 

7.8 1JUT-flk4~ (Association of Attributes) 

f@ ... ollctil it '~t1' ~ cflT 3T~ ~ mA 3T~ ~ f'Ff "ITTcTT ~ I mP«r: ~ 'p: 3ITT 'B' cli1 
l-lk1f~a J:Jr.ra t ~ il ~ -lK 'Q.cfi m~ 3lm t ~ Biif@cfil if ~-;,m· "ITTcTT, Bif@N,l it';,: 3ITT 
'B' it cf'TI ~ llRT ~ ~ ~ -lR ~ 3TTW ~ 3Tfqq; 'Q,cfi "ill~ >!"iR "ITT 3ITT ~ il ~ ~ "ITT I 

3T<1: ~ ~ zj TT ~ ~ ~ 3Tfqq; ~ if 'Q.cfi ~ ~ <TI ~ -?i 3fl!lqJ 'Q.cfi "cfi1 

~ cf2IT ~ "cfi1 3lj4ffl!lfct 1% ~ m ~ "<lT ~ TT 3TTW ~ Bk1f-'t1d ~ ~ I ~ "5fcfiK 

TT-~ zj "5fcfiK cflT m ~ ~ I 

(1) ~ (Positive), (2) ~ (Negative) 
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(1) ~ ~~ (Positive Association) - ~ !!:T "T1f ~-~ ~ 'lTT 3lj4Ff'i'.lcl 

it "ell~~ "T1f-~m<ITl I~~ 3TT"{~ if~ "T7T-~ m<ITi cf<TTfq; ~ 
~ "cl'iIT 3ft0l ~ 3TTl" fflR ~ "cl'iIT fflR ~ ~-~ ~ ~ "l I ~ cfl«lfclcfi 3TI<{fu 
qif ammr "ij" ~mm 'ERTTli'qi TT-~ w:rr ~ l 1 ~ ~~if M >liffi" oZR1i qi{"~ "l-

Association is positive, if 

AB 
(A) x (B) 

> N 

(2) %011<'14> 'T7f-~ (Negative Association) - ~ ~ "T1f ~ ~ -q{ ~ ciiT 3Nfq "ITT "ell 
~ zy=n :ran~ ;iOll<'Jcfi "T7T-~ WIT t ~ ~ tcflfUISI< qlcllcf{OI 3fll"UTT if ;iOll<'Jct> TT-~ 
mill~ I tcflfUISI<:; qldlq{OI q ~ i1; ~ -urn if q;.ft m<ft l 1 <lR ql«ffq<f> 3Wf@ Cf1T cf>1 3ITTrnT "ij" 
q;lf m<ft ~ m :#_Oll<'J<f> "T1f-~ WIT ~ ~ 'Dissociation' tjt ~ t I ~ 3f!l >lqiK o1{ffi ~ ~ 
tfcficIT ~ -

Association is negative, if 

(AB) < (A) x (B) 
N 

Illustration 22. 

Given (A) = 40 

(AB) = 20 

(B) = 30 

N = 100 

Study the association between 'N. and 'B'; 'a' and 'b'; 'N. and 'b'; 'a' and 'B'. 

Solution - We can represent the given data in the shape of a table and obtain the 

frequencies of missing classes. 

(AB) (aB) (B) 

20 10 30 

(Ab) (ab) (b) 

20 50 70 

(A) (a) (N) 

40 60 100 

The above values are observed or actual values. We can now calculate the expected 

values -

(AB) 

(ab) 

(A) x (B) = 40 x 30 = 12 l 
N 100 , Positively Associated 

(a) X (b) 60 X 70 
N 100 = 42 

(Ab) = (A) X ( b) 40 x 70 = 2S 
N 100 

(aB) = (a) x (B) = 60 x 30 = 18 
N 100 . 

l Negatively Associated 

f or Dissociated 

Illustration 23. - Jn an anti-malaria campaign m a certain area, qumme was 

administered to 812 persons out of a total population of 3,248. 

The number of fever cases is shown below -

Treatment 

Quinine 

Fever 

20 

No-quinine 220 

Discuss the usefulness of quinine in checking malaria. 

No-fever 

792 

2216 

http:II1QFf'i'.ld


Solution - Denoting 'Pi. for quinine treatment 

'a' for No quinine treatment 

'B' for No attack of treatment 

'b' for attack of fever 

Then- (AB) = 79 2 

(aB) = 2216 

To test association, 

(Ab) = 20 

(ab) = 220 

(AB) x (ab) = (Ab) x (aB) 

(792) X (220) = (20) X (2216) 

174240 > 44320 

Hence there is positive association between A and B. It means quinine is helpful in 

checking Malaria. 

TT-~cfil f.r:f ~ WT anr~ f<fi<TT\lfl~ ~ -

Attributes Independence 

A and B (AB) = (A) x (B) 
N 

A and b (Ab) = (A) x (b) 
N 

a and B (aB) = (a) x (B) 
N 

a and b (ab) = (a) x (b) 
N 

Positive 

Association 

AB 
(A) x (B) 

> . N 

Ab (A) x (b) 
> N 

aB (a) X (B) 
> N 

ab > (a) x (b) 
N 

Dissociation or 

Negative Association 

AB (A) x (B) 
< N 

Ab < (A) x (b) 
N 

ab < (a) x (B) 
N 

ab < (a) x (b) 
N 

7.9 ~ffkf~ ~ (Coefficient of Association) 

~ ftftdt ~ ~ :run if ~ ! <lT ;:rm - <fITT -;jfR1 -;;rr ~ ~ I ~ ~ 3fm ('fqi ~ 
t~ ;:rm ~\lfl ~ I Tl-~~ mlTT ('fqit~ ~ cfi8 ~@l; >TT.<@"~ TT-~ cf,T 

f.r9 ~ tt~d-
0 = (AB) (ab) - (Ab) (aB) 

(AB) (ab)+ (Ab) (aB) 

TT ~ ~ ~ + 1 3ITT - 1 ~ <lR lf ~ ! I ~ ~ cf>@ fiT<:R:R ~ -m;-~ 

q;'t 'TTftl m inn i 1 "lfR TT-~~ + 1 ~ m ~ ~ :rur-~ inn t "lfR -1 3ITit 
<fl ;JiOllciicfi ~ °lfR 'o• ~ <fl c!iW ~ ;:rm' inn! I~~ lf 'Q ' cfiT dl~ °T11 ~ ~ 
(Coefficient of Association) inn ! I 

Illustration 24. : Calculate the coefficient of association between extravagance in 

fathers and sons from the following data-

Extravagant fathers with extravagant sons 327 

Extravagant fathers with miserly sons 545 

Miserly fathers with extravagant sons 741 

Miserly fathers with miserly sons 235 

~ tliR9<1ctflq ~ 
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Solution - Let, Extravagant father be denoted as 

Miserly father 

Extravagant sons 

Miserly sons 

The given data are -

(AB) = 327; (Ab) = 545, 

" " 

" " 

(aB) = 741; 

',A;, 

'a' 

'B' 

'b' 

Now, applying yule's formula to find Coefficient Association -

(ab) = 235 

Q 
(AB) (ab) - (Ab) (aB) _ (327) (235) - (545) (741) 
(AB) (ab)+ (Ab) (aB) - (327) (235) + (545) (741) 

(76845) - ( 403845) = - 327000 = _ 
68 

(76845) + ( 403845) 480690 . 

There is a negative association between extravagance in father and sons. 

Illustration 25 - In a case-test in which 135 candidates were examined or proficiency 

in English and Econoinics. It was discovered that 75 students failed in English, 90 failed in 
Economics and 50 failed in both. Find if there is any association between failing in English 

and also state the magnitude of association. 

Solution - If we express the above data by symbols the figures will appear as follows-

Failing in English (A) = 75 

" Economics (B) 90 

both (AB) 50 

Total No. of Candidates (N) 135 

The magnitude of the association is measured by -

_ _ (AB) (ah) - (Ab) (aB) 
U - (AB) (ab)+ (Ab) (aB) 

from the given data, we have to find out the ultimate class-frequencies required in 

the above formula -

other. 

(a) = N - (A) 

= 135 - 75 

= 60 

(b) = N - (B) 

= 135 - 90 

45 

(aB) = (B) - (AB) (Ab) (A) - (AB) 

75 - 50 = 90 - 50 

= 40 

(ab) (a) - (aB) 

60 - 40 = 20 

= 25 

Substituting the above values in the formula, We get, 

Q = (50) X (20) - (25) X (40) 
(50) X (20) + (25) X (40) 

(1000) - (1000) 0 
= (1000) + (1000) = 2000 = O 

Therefore, failure in English and Economics are completely independent of each 
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Illustration 26. - From the table given below, compare the intensity of association 

between literacy and unemployment among males in urbran areas with that in the rural 

areas -

Urban (lakhs) 

Rural (lakhs) 

(N) 
25 

200 

(A) 
10 

40 

(B) 
5 

12 

(AB) 
3 

4 

Solution : For comparing the intensity of association, coefficient of association should 

be calculated -

Q = (AB) (ab) - (Ab)(aB) 
(AB) (ab)+ (Ab) (aB) 

Urban Areas - (Ab) = (A) - (AB) = 10 - 3 

= 5 - 3 

= 7 

= 2 (aB) 

(ab) 

= (B) - (AB) 

= (a) - (aB) 

_ (3) X (13) - (7) X (2) 
Q - (3) X (13) + (7) X (2) 

25 

= N - (A) - (aB) 

=25-10-2=13 

39 - 14 

= 53 = .4?2 

Rural Areas - (Ab)= (A) - (AB) 

(aB) = (B) - (AB) 

(ab) = (a) - (aB) - -

39 + 14 

=40-4=36 

12 - 4=8 

N - (A) - (aB) 

= 200 - 40 - 8 152 

Q 
(4) X (152) - (36) X (8) 
(4) X (152) + (36) X (8) 

608 - 288 
608 + 2M = 0.357 

Therefore, coefficient of Association between A and B for urban areas is more than 

that of rural areas. 

Illustration 27. - Can vaccination be regarded as a preventive measure for SmaJI pox 

from the data given below ? 

'of 14-82 persons, in a locality exposed to small pox, 368 in all were attacked.' 

'of 14-82 persons, 343 had been vaccinated and of these only 35 were attacked.' 

Solution - Let, 

'/>:. be the attribute of vaccination and 'a' that of non-vaccination. 

'B' be the attribute of exemption from attack of small pox and 

'b ' that of attack of small pox. 

Given data are -

N = 1482; (A) = 343; (b) 368; (Ab) = 35; 

From the above, 

(AB) = (A) - (Ab) 

(a) = N - (A) 

= 343 - 35 = 308 

= 1482 - 343 = 1139 
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(aB) = (B) - (AB) = N - (b) - (AB) 

1482 - 368 - 308 = 806 

Now, percentage of vaccinated who were not attacked. 

. (AB) _ 308 _ 
1.e. (A) X 100 -

343 
X 100 - 90% 

and percentage of not vaccinated who were not attacked. 

. (aB) _ 806 _ 
I.e. (a) x 100 - 1139 x 100 - 71 % 

A comparison of the two percentages reveal that vaccination and exemption from 

attack are positively associated. Hence vaccination may be regarded preventive measure for 

small pox. 

Illustration 28 - In a diphtheria epidemic, out of 254 children who were not protected 

against it, 20 suffered and 12 of them died. But out of 294 children to whom triple-,-antigen 

was injected, 6 suffered and only one died. 

Do you find any association between (a) innoculation and suffering from diphtheria, 

(b) innoculation and mortality among children who suffered from it ? 

Solution : (a) Denoting 

Innoculation by (A), absence of it by 'a' infection by 'B' and absence of it by 'b' . The 

given data are -

(A) = 294; (a) = 254; = (aB) = 20; (AB) = 6 

(Ab) (A) - (AB) 294 - 6 288 ; 

(ab) = (a) - (aB) 

Substituting values in Yule's formula 

Q = (AB) (ab) - (Ab) (aB) 
(AB) (ab)+ (Ab) (aB) 

254 - 20 = 234 

(6 X 234) - (288 X 20) 
(6 X 234) + (288 X 20) 

= 1404 - 5760 = - 4356 = -06 
1404 + 5700 7164 . 

Thus, the coefficient of association between inoculation and contracting the disease 

is - 0.6. 

(b) If W and 'a' denote vaccination and its absence respectively, amongst those who 

contacted the disease and 'B' and 'b' represent death and recovery respectively, the given 

data are -

(A) 6· , (a) 20 

(AB) 17; (aB) 12 

The values of 

(Ab) (A) - (AB) 6 - 1 = 5 

(ab) (a) - (aB) 20 - 12 8 

Substituting the values in Yule's formula of Coefficient of association, we get, 

Q = (1) X (8) - (5) X (12) = 8 - 60 = - 52 = -0.76 
(l) x (8)+(5) x (12) 8+60 68 

Thus, coefficient of association between inoculation and mortality among persons 

who contacted disease is - 0.76. 



~wr-rr <~> um~ "T11'-~ 
(Association by Method or Comparison or Proportions) 

~ frfu t 3l¥ITT" GT Tit t 3TTtfK 1K GT ~ ~ ~ ~ -

~ <lT B cf>l A it [ ~) X 100] ~ ~ B cf>l a it r (~~) x 100] ~ ~ t g,~Hl<1-lcfi 

~ WT 1JUT-~ q;r R'ffiUT WIT ~ i I m zyJ 'Slfcrm ~ "it m lJUT-~ 
(Independence) mcIT i I m A it B cf;T ~ a it B t ~ * ~ itrr i <TT A 3TTf B it 
~ 1JUT ~ mcrr i , ~ mm ~ m m ~ :lt011<1-lcfi itrr i , 
~ t ~it~ fcff'R' ~ f.J9 ~~ -

B~A3ITTal'i~ A~B3ITTbl'i~ ~ 

(AB) X 100 = (aB) X 100 ~ _ (Ab) lJOl---~ 
(A) (a) (B) X 100 - (b) X 100 

(AB) (aB) 
(A) X 100 > (a) X 100 

(AB) (Ab) 
(B) x 100 > lb) x 100 ~ (Positive) 

(AB) X 100 > (aB) X 100 (AB) (Ab) 
:ii0 11<1-lcfi (Negative) 

(A) (a) (B) X 100 < (b) X 100 

Illustration 29 - In a district of India; out of 70,000 literates 500 were criminals and 

out of 9,30,000 illiterates, 15,000 were criminals. Do you find any association between 

illiteracy and criminality from these figures ? 

Solution - Representing illiteracy by A and Criminality by B, we find the following 

class - frequencies-

( a) = 70,000; (aB) = 500; (A) = 9,30,000, (AB) = 15,000 

Therefore, the percentage ratio of criminals among illiterates 

- (AB) ·100 - 15,000 100 - l · 0 1 
- (A) X - 9,30,000 X - .tu o 

The percentage ratio of criminals among literates 

fnR\ 500 
= ~ X 100 = - X 100 = 0.71 % 

(a) 70,000 
- . . 

Hence , there is positive association, between illiteracy and criminality because 

(AB) (aB) 
(A) X 1()0 > (a) X 100 

ctetl~-4!! ~ (Coefficient of Colligation) 

<i<1 ~ 1JUT-~ ~ 1TT9' ~ ~ ~ 3Pt ~ cf,T 'TT ffl fcfi<n t I ~ ~ 3P-i ~ i­
l _ V (Ab) (aB) 

(AB) (ab) 
Coefficient of colligation or YAB = 

4 

/ 

1 + V (Ab) (aB) 
(AB) (ab) 

1JUT ~ ~ (QAB) ~ <1V-lljoj..'tl TTTcfi (Y AB) ij' f-11-.Jfoforn ~ ~ -

QAB = ~ 
1 + r 

~il'.~'tf.l'~cf,TfflWrli<TT-;;mJ'l~I 
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7.10 3iin>icfi 1l17l-fl~:.tf (Partial Association) 

ljUf-~. ll'm q,1" ~it~ 'Sfqif{t ~ t -
(1) ~ ljUf-~ (Total Association) 

(2) 3lITTfqi ljUf-~ (Partial Association) 

WJiUT TT-~ qif "ITT"ilT i ~~~~it wrr ~ m am-~ fcfim m lJUf q;r >f'TTq 

~ ~ m I 3lifuq; ljUf-~ q,1 ~ it ljUf-~ ~ ffiIT i am- "3""{f 11'"{ fcfim ffl TT cfiT 

>f'TTq "ITToT i I ~. 'ar' 3ITT" 'sf' it m ~ 1J1T ~ ~ i ~ ~ ~ ~ fcfim ffl lJUf 'tl' 
t cmur i ~ ~ 'ar' 3ITT" 'sf' zy;rr it i , ac::rn<0112f, itcfiT WTR (A) am- ffl it ~ (B) it 
~ ljUf-W<iPl" ~ f91"llfcicfi i I~~~ f-icfil('HI f91"llfcicfi "ITT i itcfiT WTR it ffl it 
~ mz.r ~ i I ~ ~ ~ unwarranted "lT ~ ~ Wli<TT i I ~ cm ~ Wli<TT i fcfi itcfiT 
WTR q,1" ~ m ~ 3ITT" rnfarcf 'Effi <C) it ~ i 3ITT" ~ ~ ~ ~ it M t 1 3lo: (A) 

3ITT" (B) it~ 1JUT-~ ~ ~ tn i ~ ~ cJ;rr cfiT (C) t ~ 1JUT-~ "ITT t "cfiT"{Uf i I 

311'-Wf!l (Sub-Universe) 'C' it 'ft!.. 3ITT" 'B' t 1JUT-~ q;r ~ 1JUT-~ ~!I 

·ft!.. am- 'B• it~ 3lITTfcli 1JUT-~ mm~~~~ it qi"{~~. <FTTftfi ~ 
~~'ct ~~m'.~~i m; ~ ~ 3fm 'o• am-'E' mt~~m'I 

3ffiffii 1JUT-~ ~ q,l "lT cfITT fcnq i ~ ~ 1JUT-W<iPl t ~ i I ~ m ~ 
i fcfi <m "c:.T t µJR 11'"{ ~ '.!°TI cfiT ~ itfT i I mm 1J1T q,1 aqf~fa q;) 'c am- 3l:J9ffl!lfa q;) 

'c• t~it ~ ~ l I~~ 3l!i~ cfiT ffl itfli-
'C' q11 it 1A' ~ 1B' q;y~~~-

Q(C) = (ABC) (abC) --,- (AbC) (aBC) 
(ABC) (abC) + (AbC) (aBC) 

'c' q11 it 'A' ~ 1B' q;y ~-~ ~ -

Q(c) _ (ABe) (abc) - (Abe) (aBe) 
- (ABe) (abe) + (Abe) (aBe) 

7.11 'Q'll<"1-tcfi 1l17l-fl~:.tf (Illusory Association) 

~ :rur-~ ~ ~ TTI t J:fUl ftfim c11«Jfqcf, ~ t ~ 1 m, ~ 1JUT-~ moT 
i I ~ 3ffiffii 1JUT-~ cfiT ~ ~ ~ ~ f!f&: fcfi<TT ~ ~ ~ fcfi 9TW<l it 3ffiffii 1JUT-~ 
"ITT 1l<" 3"B ~ 1JUT-~ lfR @<TT ~ ~ ~ I ~ ~ YC-fl<'llC::cli itrn I ~ 88 it it M ,ft 

~ it ~ ~ m ~ ~ 
(1) ~ -pn-~ ~ tn WI[Ul Tl-~ l1R FRY - 3TITTTcfi 1JUT-~ t m 1l<" -a-B 

~ lfR @<TT ~ 3ITT" mm 1J1T t >T'TT9 c8 VlR it ~ raT ~ I 

(2) ~ ~ m '5lq)f{ ~ qfhufiict ~ m ~ "ITT - ~ TIT q,l oF!l-oF!l ~ 11IT. ~ ~ m 
m mi:rm ~ m ~ ~ 3ITT" ~ ~ 1JUT-~ ~= ~ m ~ ~ 1 

(3) ~ cit :WJIINcfi 3TI< -;@JIINcfi cit~ l1R FRY-~~ 1]UI-~ c8 ii0 11ii-lcli 

<IT iiOllii-lcli T11-~ qjT ~ lfR @<TT~ 'ill "lT ~ ~ itrn I 

(4) ~ ~i!m qmfur~ -~~ 1l{~ll'ftlcfiT1JUT - ~l'.JT-RT<ll~lfR B1l I 

(5) m ~ it it l!,<l> t ~ ~ ciil ~ ~ t ~ ~ Tl -~ q;r ~ t ~ 
~ lTT:l1 cf>T J:!T1 B1l 1 

'lflTTii-lcfi 1JUT-~, 3TWT-~ 91TI cfiT TT--~ lfcfi m~ ~, ~ ~ it tr2JCT@, TR 
~it ~ .Tfcli"q,l 3l'fmn 3ITT"3r:I~ mi:); cfiT"{Uli) ~~ I 
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Illustration 30 - Explain clearly what you understand by association and illusory 

association ? 

In a state with a total popuJation of 70,000 adults; 34,000 are males and out of a total 

of 6,000 graduates, 700 are females. Out of 1,200 graduate employees of the state 200 are 

females. Is there any sex bias in education among people ? The state holds that no distinction 

is made in appointment in respect of sex. How far is their claim substantiated by the data 

given above ? 

Solution - The percentage of males who are graduates is 
5300 X l()(J 

34 000 
= 116% approx 

, 
The percentage of females who are graduates is 

700 X 100 
36 000 

= 2% approx 
, 

The_ above percentages clearly show that there is a sex bias in education. A larger 

percentage of males than females get education. 

700 X 1200 = l400 
6,000 

The actual number is 200 which shows that there is a bias in favour of females. 

7.12 1JUT-.fi~~ (f~ ~ .filat~ 
(Association of Attributes and Correlation) 

TT-~ 3TTt @-~ it~ -mn it flllRill 3TTt ~ ~ it ~ ~ ~ ~ 3wt 
~ ~ ~ -

'(-lqHol (Similarity) 

(1) ~ ~ ll 1TUR1 - zy;n m lfrTT cf,1 TfURT ~ ~ t ~ cf,1 ~ ~ I 

(2) ~ 3rr< ';t,,Olii"tcfi - ~ m llfll <TT cl) ~ <l'I :li:Ull(i-lifi ~ ~qi"@~ I ~ ~ 
'lil IITTT "ifi1 littwf 'ITT + 1 ·3TTT - 1 ~ lfl7l mm ~ I 

(3) -mQ~ lt1Q (Relative Measure) - zy;n m llfll ~~ ~ I 3R!: f%m 'ITT 3Pl ~ t llfll "B 
~¥Rlcf>l;jfl~l1 

3t'(-lq1.:ia1 (Dissimilarity) 

(1) fuf4=J 3TTmTI tR ~ clil ~ - ~ lfrTT cf>1 TTURT fcn'!R 3TTtTTU W ~ ~ 
cf>1 ~ ~ I TT·~ it ~ 1JUTT t 3TT'ETK w -?rill~ 3TTt -m-~ it~~ t 3TT'ETK w ~ 
;;mn ~ I 

(2) ~ ct, ~ 31h 31jqf~fct - TT-~~ Wl'1 :run cf>1 ~ 3TTt 3l::(4f~fa 

~ w ~ cf,GT ~ -?rill ~ ~ -m-~ ~ cfi8 t ~ :run cf,1 ~ m ~ mm 
~I 

(3) mm ct,~ - TT-~ t1141~a: ~ m ~ t M'IR ~ t :run it~~ 
;;mn~ 3TTt@-~ ~ murm t ~m@T~~ I 

(4) ~3th~- TT-~~ m ~ t fcn'!R wrm it m@T ;;rT ~ ~ cr~ ~ cfil 

'ITT mIB1 ;;fl~~~@-~~~ t ~ m f.fc!;-@T ;;mn ~ I 

( s) 1TUR1 it mffiTT - TT-~ TTifi m<f cf>GT @-~ TTifi cf>1 arqm ~ -?rill ~ 1 -3TT"{ 

cfill Wl'1 'ITT WRIT ~ I 

(6) 1JUT<1> ~ ciiTT ct, -uram - 1JU1-~ TTifi ffl cfi8 cf,1 ~mum mm~~~-~ 
TTifi ~ ufoin "B ~ ;;fl ~od 1 

~~ t/irawf/q ~ 
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I, 

2. 3fITTTcfi ~ "B*~ cfil ~ I 

7.13 ffHi:;>I 

~U3'1Ut.l ~ (Long answer type question) 

1. 1]UT-~ it 3ITT ~ ~ ~ 1 ~ ~ 311qq1 3lj4fB'lfct <fiT ~ ~ Rt.ffiUT fcF<n 
~ t) 
What do you understand by Association of Attributes? How is its existence or 

non-existence determined? 

2. :rr-~ 3ITT ~-~ CfiT ~ ~ ~ , 3TTfffli :rr ~ ~ ~ 3ITT m ~ "4""{ 

\TI >fcfirn ~ I 

3. 

Distinguish between Association and Correlation . Also throw light on the concept of 

Partial-Association and its irpportance. 

~ ~,Sli179 11A-i 3ITT1JUT ~ ~ 3R"{"~ I 3"-i' 4n_fB'lf<141 CfiT cfOR ~ flr;m ~ 
m fcF<n ~ ~ 1 3f1R ~ cil ~ae:115{01 ~ ~ 

Distinguish between correlation, regression and association and describe the 

situations in which each of these should be used. IUustrate you answer with examples. 



4. GT "T'TT it :ror ~ CfiT 3ft2r:R" <ITT~~~~ ffi <fit qi~fc!.41 <ITT~~ I 
State the criteria for consistency of data collected for studying association of two 

attributes. 

5. lJUT ~ ~ 3lfCl' <F1T ~ ~? f¥1Ff :{UTT ~ ~ ~ ~ <lil fcl:lqB.fl(Jdl (tiifur) 

<ITT ~ 3lfCl' ~ ~ ? 

What do you understand by association of attributes? How will you examine the 

consistency of data classified according to different attributes. 

6. ~ Bif&Jq;J ~ Fc1:tiilti 01 it TT~ Tfqi ~ 3m 1RWXJ'UTT ~ I 
Write a note on the use of Coefficient of association in analysing economic-statistics. 

7. ~-~ ctt <lilt-CfIT ~ CF1T ~ ? ~ ~ CfiT m ~ ~ cfiR"-cfiR" m Bw~1f.Jlfl 

&;,[~~? 

What is the Chi-Square test of goodness of fit? What precautions are necessary in 

using this test? 

8. f-1Yf<:-1f©d 1R ~ w:quft ~-

Write short-notes on the following-

1. 3lITTfq, TT~ (Partial Association) 

11. ,p:mqq; TT~ (Illusory Association) 

111 . ~ cfit W1TTf (Consistency of data) 

1v. 3ITTfll' CfIT ~ (Ultimate class-frequencies) 

v. ~'ER' :IUfcfi (Coefficient of Colligation) 

VI. lTTUl CfIT 3ll9if,(-l-lcf>dl Tfcfi (Coefficient of mean Square Contingency) 

V11. WTT-Tfcfi (Tschuprow's Coefficient) 

Vlll. -m- ~ ffl'f.R' (Yale's correlation 's) 

ix. ~ qfl.cfi~HI (Null Hypothesis) 

x. ~d.-;J(Jil{I (Degrees of freedom) 

~ ~ ~ (Sort Answer 1ype Quetions) 

1. 1JOPT~-;q ~ 3ITT if<IT ~ ~ ? 

What do you understand by Association of attributes? 

2. 1JOT ~ 3ITT"m ~it~~~ I 
Distinguish between Association and corraelation. 

3. 1JOT ~ cfit llTc! tit ffl I 
How would you calculate Association Attributes.? 

4. ~ 1JUTI it 1JOT ~ Wd" ~ qil ~ fcn-q q;J ffl ~ I 
Explain one method of finding association betweel two attributes. 

ci~Rfi.3 ~- (Objective '!)'Pe Questions) 

1. TT ~ 1JOTT<li q,j ~ ~ fcfi?.n l 
(3l) PRR, Cof) q,@ ~. (B) ~, 

2. ~ TTI it :rrr ~ ~ 9'lf q;) B"&-rr l 
(3l) 8, (B) 4, ~) 10 I 

~ flif(gQ.,f/q ~ 
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3. n-~ c111fcfi<u1 if ~ CfTf ~ l 
(3l) 4, (of) 3, (ti) 2, ~ 6 I 

4. fcff'Fl 1JUTT ch1 ~ t 3lTW '{"{ R9 >fcfiT{ ffl fcf;,n ~ ~-

(30 ~ TT t 3lTm{ '1\, 

(ti) clH 1JUTT t 3lTm{ '1\, 

(3m'. - (1) if, (2) 3l, (3) tr, ( 4) ~ 

(~) ~ ~u~ ~ ~rt 'lt, 

~)~~! 

7.16 olllclijlfhfi ~ -

1. The following the number of boys obsered with certain classes of defects amongst a 

number of school children. W. denotes development defects,'B'nerve signs and 'C' 

low nutrition. 

(ABC) = 149;(ABc) = 738;(AbC) = 225;(aBC) = 204;(Abc) = 1,1%; (aBc) = 
1,762;(abC) = 171;(abc) = 21,842 

Find the frequencies of the positive classes. 

(N) = 26287,(A) = 2308,(B) 2583, (C) = 749,(AB) = 887,(AC) = 374, and (BC) 

= 353) 

2. Given the following positive class-frequencies, find all the ultimate class-frequencies­

N = lOQOO; (A) = 877; (B) = 1086; (C) = 286; 

(AB) = 338;(AC) = 143; (BC) = 135; (ABC) = 57. 

[(ABC) = 57; (ABc) = 231; (AbC) = 86;(aBC) = 78;(Abc) = 453; (aBc) = 670; 

(abC) = 65; (abc) = 8310] 

3. Out of 818 inhabitants of a locality, 279 were inoculated against cholera, 3 of whom 

were attacked. 

The total number of persons exempt from attack of cholera was 749. 

Arrange the information in a nine-square table and obtain the following 

class-frequencies-

(i) Number of persons not inoculated; 

(ii) Number of persons attacked ; 

(iii) Number of persons inoculated and not attacked ; 

(iv) Number of persons not inoculated but exempt from attack; 

(v) Number of persons not inoculated and attacked; 

[(i) 539, (ii) 69, (iii) 276, (iv) 473, (v) 66] 

4. At an examination at with 600 candidates appeared, boys outnumbered girls by 16% . 

Also those passing the examination exceed in number those failing by 310. The 

numbers of successful boys choosing science subjects was 300 while among the girls 

offering Arts subjects there were 25 failures. Altogether only 135 offered Arts and 

33 among them failed. Boys failing in the examination numbered 18. Obtain all the 

class frequencies. 

[(A) = 348, (AB) = 330, (aB) = 125, (ABC) = 330, (Abe) = 8 



-d 

(a) = 252, (AC) = 310, (aC) = 155, (AbC) = 10, (abc) = 25 

(B) = 455, (BC) = 353, (bC) = 112, (aBC) = 53, N = 600 

(b) = 145, (Ab) = 18, (ab) = 127, (abC) 102, 

(C) = 465, (Ac) = 38, (ac) = 97, (aBc) = 30, 

(c) = 135, (BC) = 102, (be) = 33, (aBc) = 72] 

5. 100 Students took three examinations, 40 passed the first, 39 passed the second, and 

48 passed the third. 10 passed all three, 21 failed all three, 9 passed the first two and 

failed the third and 19 failed the first two and passed the third. Find how many 

children passed al least two examinations. 

6. Three aptitude tests A,B,C, were given to 200 apprentice trainees. from amongst them 

80 passed test A, 78 passed test B and % passed ,the third test while 20 passed all 

three tests,42 failed the three, 18 passed A and B _but failed C, and 38 failed A and 

B but passed the third. Determine (i) how many trainees passed atleast two of the 

three tests and (ii) whether the performances in tests A and B are associated. 

((i) 76; (ii) Yes, positively associated as (AB)) 

7. Given the following positive class frequencies, find all the ultimate class-frequencies:­

N = 23713, (A) = 1618; (B) = 2015; (C) = 770; (AB) = 587; (BC) = 428; (AC) 

= 335; (ABC) = 156. 

[(ABC = 156 given), (ABc) = 431, (AbC) = 179, (aBC) = 272, (Abe) 582, 

(aBc) = 1156, (abC) = 163, (abc) = 20504] 

8. (a) Given the following frequencies of the positive classes, find the frequencies of the 

ultimate classes:-

(A) = 40; (B) = 60; (AB) = 30; N = 130. 

(b) F.1rnminr. whr.ther A and B are independent in the following case­

(A) = 490; (AB) = 294; (a) = 560; (aB) = 380; 

[(Ab) = 10; (ab) = 60; (aB) = 30]; (b) A and B arc not independent.] 

9. What do you understand by 'Consistence of Data'? Do you find any inconsistency in 

the following data made available for investigation the eye colour of brothers and 

sisters? 

Brothers with lights eyes and Sisters with not light eyes = 414 

Brothers with not light eyes and Sisters with light eyes = 260 

Brothers with light eyes = 400 

(AB = -14, Hence data are inconsistent) 

10. In a market survey relation to consumer preferences for tea, coffee and milk , the 

following information about 2000 persons was obtained-1040 liked · taa, 620 liked 

coffee; 940 liked milk; 160 liked tea and coffee; 300 liked tea and milk; 170 liked 

coffee and milk ; 50 liked all the three. Show that the information as it stands must 

be incorrect. 

[Incorrect; (ABC) + (AB) + (AC) + (BC) - (A) - (B) - (C) + NJ 

~ RifiW<tflcq ~ 
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11. A market investigator returns the following data of 1000 people consulted-400 liked 

chocolates; 390 liked toffee; 480 liked lemon drops; 380 liked chocolates and toffees; 

350 liked chocolates and lemon drops; 370 liked toffee and lemon drops. 

Show that the information as it stands must be incorrect. 

[(AB) + (BC) - (AC) (B)] 

12. In a college, 50% of students are boys; 60% of the students are above 18 years and 

80% receive scholarship. 35% of the students are boys above 18 years of age. 45% 
1 

are boys receving scholership and 42% are above 18 years and recieve scholarship. 

Determine the limits (lowest and highest), of the proportion of boys above 18 years 

who are in receipt of scholarships 

(limits 30% and 32%) 

13. In a very hotly fought battle-

70% at least of the combatants Jost an eye; 75% at least an ear, 80% at least a leg 

and 85% at least an arm. What percentage at least lost all four? 

(10%) 

14. (i) If there are 144 .Ns and 384 B's in 1024 observations. How many AB's will there 

be A & B being independent? 

(ii) If the .Ns are 60% of the whole number of observations what must be the 

percentage of AB's in order that we may conclude that A and B are independent? 

[ (i) 54(ii) 21 % ] 

15. Out of 900 persons 300 were literate and 400 bad travelled beyond the limits of their 

district; 200 of the literates were among those who had travelled. Is there any relation 

between travelling and literacy? 

(Q = + 0.6) 

16. In the study of aggregates having different attributes how would you determine 

whether the attributes are mutually independent or are associated in some way? 

1660 candidates appeared for a competitive examination. 422 were successful, 256 

bad attended a Coaching class and of these 150 came out successful. Estimate the 

utility of the Coaching class. 

(% of success among those attending the class = 89.8% 

" " " " " not attending " " " " " " " " ;19.4% Q = + .71 

Hence coaching class is useful.) 

17. Can vaccination be regarded as a preventive measure of small pox from the data 

given below? "Of 1482 persons in a locality exposed to smalJ pox, 368 in all were 

attacked. Of 1482 persons 343 had been vaccinated and of these only 35 were 

attacked. 

(Ans. = + 0.573, percentage = 89.8%; 70.8%) 

18 Explain the method of finding association between two attributes. Out of 70,000 

literates in a particular district of India, number of criminals was 590. Out of 930 

thousand of illiterates in the same district number of criminals was 15,000. On the 

basis of these figures do you find any assocition between illiteracy and criminality? 

(And (i) Illiterate Criminals = 16% (ii) L iterate Crim naJs = 0 .7%) 



19. The male population of a town is 250 lakhs. The number of literate males is 50 lakhs 

and the total number of male criminals is 36 thousand. The number of literate male 

criminals is 2 thousand. Do you find any association between literacy and criminality? 

(Ans. Q = -0.6) 

20. 750 candidates appeared and 470 passed in an examination, 365 attended classes and 

51 of them failed. Prove the utility of the classes. 

(Ans. Pass percentage of those who attended classes 

classes = 11.4) 

86.6: who did not attend 

21. An investigation was carried out to determine whether there is any association 

between the eye-colour of parents and the eye-colour of children. 

The eye colours were noted in the case of a random sample of 1,000 fathers and their 

eldest sons. In 471 cases both fathers and sons hadlight eyes, in 230 cases both had 

dark eye, in 148 cases the fathers were dark-eyed and sons light-eyed and all 

remaining cases the sons were dark-eyed and the fathers were light eyed. 

Determine whether eye color in fathers and in sons is associated or independent.(Ans. 

Associated) 

22. In a certain investigation carried on with regard to 500 graduates and 1,500 

non-graduates, it was found that the number of employed graduates was 450 while 

the number of unemployed non-graduates was 300. In the second investigation, 5,000 

cases were examined. The number of non-graduates was 3,000 and the number of 

employed non-graduates was- 2,500. the number of graduates who were found to be 

employed was 1,600. 

Calculate the coefficient of association between graduation and employment in both 

the investigations. 

(Ans. 0(1) = + 38 and 0(2) = -.11) 

23. Calculate the Coefficient of Association between Intelligence in father and sons from 

the following data: 

Intelligent fathers with intelligent sons 

Intelligent fathers with dull sons 

Dull fathers with intelligent sons 

Dull fathers with dull sons 

(Ans. Q = + 0.9) 

248 

81 

92 

579 

24. Calculate the Coefficient of Association between extravagance m fathers and sons 

from the following data: 

Extravagant fathers with extravagant sons 

Extravagent fathers with miserfy sons 

Miserly fathers with extravagant sons 

Miserly fathers with miserly sons 

(Ans. Q = -0.68) 

327 

545 

751 
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25. Find out the Coefficient of Association between the type pf training and success in 

teaching from the following table. Also find coefficient of contingency: 

Institution Successful Unsuccessful Total 

Teacher's College 58 42 100 

University 49 51 100 

Total 107 93 200 

(Ans. Q = + 0.185; C = 0.09; X2 = 1.628) 

'26. What do you understand by 'Contingency'? In an investigation into the health and 

nutrition of certain children (between the ages of one and five years) two groups of 

childern were compared, one belonging to the well-to-do class, 125 in number, and 

the other belonging to the poor class, 124 in number. The following results were 

obtained: 

Below normal weight 

Above normal weight 

poor children 

(%) 

75 

5 

well-to-do children 

(%) 

23 

42 

Find the Coefficient of Association between the weight of the children and their 

parents financial condition . 

(Ans. Q = + 0.93) 

27. The following table shows the distribution of the temper in pairs of sisters in an 

exhaustive school inquiry: 

28. 

Second First Sister Total 
Sister Good Sullen 

nntured 

Good 1,040 180 1,220 
natured 160 120 280 
Sullen 

Total 1,200 300 1,500 

Trace the association, if any, in the distribution of tempers in first and second sisters. 

(Ans. Q = + 0.62) 

A census revealed following figures of the blind and the insane in two age groups in 

a certain population: 

Age-group Age-group 

(15-25 years) (Over 26 years .) 

TotaJ population 2,70,000 1,60,200 

No.of blinds 1,000 2,000 

No . of insanes 6,000 1,000 

No.of insanes among the blinds 19 9 

(a) Obtain a measure of association between blindness and insanity in each of the 

two age groups. 



(b) Do you consider that blindness and insanity are associated or dissociated with 

each other in the two age groups or more in one-age proup than in other? 

(0 for First = - 0.07 and Q for Second = - 0.16. There is greater degree of 

dissociation in over 25 years age group) 

29. (a) How would you distinguish between 'association' and 'correlation' as the terms 

are used in statistics? 

(b) From the figures given in the following table, compare the association between 

literacy and unemployment in the rurel and urban areas, and give reasons for the 

difference, if any: 

Urban 

25 lakhs 

10 

Rural 

Total Adult males 

Literate" 

Unemployed " 5 

Literate and unemployed males 3 

(Ans. Urban Q = + .47; Rural Q = + .35) 

200 

40 

12 

4 
,, 

30. The following table gives the number of literates and criminals in three cities: 

Kanpur Allahabad Agra 

Total Number (in thousands) 244 184 230 

Literates (") 40 47 33 

Literate Criminals (in hand) 3 2 2 

Illiterate : ( " ) 40 20 24 

Compare the degree of association between criminality and illiteracy in each of the 

three towns. 

!Ans. Q . (Kanpur) = + .45; Allahabad = + .55; Agra = + .34] 

31. The following table gives the number of persons suffering from certain infirmities in 

Burma in 2001 : 

Sex Total in Insanes Deaf Deaf Mutes and 
Lakhs Mutes Insanes 

Males 260 12,650 21 ,301 545 
Females 241 9,055 14,136 317 

Trace the association between insaniry and deaf muteness for males and females 

separately. 

(Ans. Q of Males = + 0.965 and Females = + 0.968) 

32. In an anti-malaria campaign in a certain area, quinine was administered to 812 

persons out of a total population of 3248. The number of fever cases is as below: 

Treatment 

Quinine 

No Quinine 

Fever 

20 

220 

No fever 

792 

2216 

Discuss the usefulness of quinine in checking Malaria . 

(Ans. 0 = -.59) 

~t Nif&IJcfflq ~ 
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33. 

34. 

What is partiaJ association of the attributes of a group of population? Of the 60,000 

persons in a town, 10,000 are literate. The totaJ number of unemployed persons is 

540 of whom 35 are literate. Is there any association between literacy and 

employment? 

(Ans. Q = + .48) 
The male population of Orissa is 250 lakhs. The number of literate males is 20 lakhs 

and the totaJ number of maJe criminaJs is 2,000 of whom 100 are literate. Do you 

find any association between literacy and criminality? 

(Ans. Q = + .48) 

35. In a state with a total population of 70,000 adults, 34,000 are maJes and out of a total 

of 6,000 graduates, 700 are females. Out of 1,200 graduate employees of the state. 

200 are femaJes. Is there any sex-bias in education among the people. The state holds 

that no distinction is made in appointments in respect of sex. How far is their claim 

substantiated by the data given above? 

Perceny of MaJe graduates 

FemaJe " 

Graduate maJes Employed 

FemaJes " 

= 15.6% 

1.94% 

= 18.86% 

= 28.57% 

36. A study was made about the studying habits of students of a certain university and 

the following summary is given at one place in the report of the students surveyed, 

75% were from well-to-do families, 55% were boys and 69% were irregular in their 

studies. Out of the irregular ones, 50% were boys and 213 were from well-to-do 

families. The percentage of irregular boys from well-to-do families was 8. Is there 

any inconsistency in the data? 

Give proof for your answer. 

(Ans. There is inconsistency] 

37. From the following find whether blindness and baldness are associated-

Total Population 1,62,64,000 

Number of baJd headed 24,441 

Number of blind 7,623 

Number of bald headed blind 221 

[Ans. There is positive association because expected frequencies of (AB) are less 

than the actual.) 

38. The following summary appears in a report on a survey covering 1,000 fields. Find 

out if the data are consistent. 

Manured fields 510 

Irrigated fields! 490 

Fields growing improved varieties 427 

Fields both irrigated and manured 189 

Fields both manured and growing improved varieties 140 

Fields both irrigated and growing improved varieties 85 

(There is consistency] 



39. Following information relates to literacy and unemployment among 500 persons. Find 

out coefficient of association between literacy and unemployment and conclude from 

it-

Illiterate unemployed 

Literate employed 

Illiterate employed 

[Q = + .532) 

220 

20 

180 

40. Trace the association between darkness of eye colour of fathers and sons from the 

following figures-

Fathers with dark eyes and sons with dark eyes 50 

Fathers with dark eyes but sons with not dark eyes 79 

Fathers with not dark eyes but sons with dark eyes 89 

Fathers with not dark eyes and sons with not dark eyes 782 

[Q = + .695) 

NOTES 
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~-8 SldlQ.il'-1..:t-fct~HtfOI (REGRESSION-ANALYSIS) 

8.1 ~ 

8.2 sid'lq,14-1 cfiT ~ cf ffirTT 

8.3 sic1lq,14-1 fct~~t:t 0, cl'>1 aq4lfl1a1 

8.4 ste11q,14-1 fc1~~t:t 01 ~ "5fcfiT"{ cf sidJq,11-J-1 l~ 

8.5 sid'lq•l4-1 ~ 

8.6 ~'q,T>f4'flffci'J11 

8.7 m'°1 'q,T 3f:I%f 

8.9 ~ srnlq•11-J-1 

8.10 ~l"".!.lc:!dl 4T ~l-<1>"11 

8.11 ofltl >ITrf 

8.12 ~:i:r@" ~ 

8.13 fs:t><llci-lcfi ~ 

8.0 iw:J 
~~ ctiT 3,v:p;r,f cf>G ~ ~ 3Wi ~ -mnr mm fcf_ 

1. 51ctJqq9-1 ~ 3f2l qil -;JTR m I 

2. sictlq11ii-1 Fct~~t:t 0 , ~ fcn"Fl" fcnt.J<TT <tiT m -wrr 1 

3. sictJq,14-1 ~ ~-~'q i:f -,\(1{ cfil "1H ~~~ I 

4. stc1lqq4.j f,n~t:fO( ~ 3fTl.fK 1lT ~ cfi"{ ffl I 

8.1 Sl«ilcHI 

c?1'1Tc?r i-\ 3TT'l"cfi ~ ~ ~ lJTffi~ t-cBll ~ 3f1R ~ lJT~~ ~ ti 
~~' <TT cBlT -a-it~~~~ ? ~ ~ ~ ~ i'f 3o mt I ¾H, 'Q.cf, ~ ctiT fcRr;n 

~ ~ i-\ :rucfiT fcf>iRT ~ q,q iT ~ ? tn ~ fclf.r<WT it f~ ~ i-\ fclio;n 3lfqq; ffi'1 

irrn? ~~WTR-i-\~it~ ~M 7 ~m<tiT3"Wm-~~i-\~ . 
fi@"oT I Bif@cfil<l ~ ctiT fc:1~c?\t,iu1 ~ ~ ~ 3"ij"{i'IT ~ "ITT t ~~~,ft~~ 
fcf; ~ 3nT ~ (lcfi ~ t ? ~ N{ ste1lq11ii-1 ~ J:J11TT &:m ~ ~ I 

t1iF@1ct,l it 'sic11q11ii-i' ~ >!<WT ctiT w.r m ~ qil ~ flRITT sict1q,1ii..J cfiT ~ f9~~"l 0 11(1-1cf, 

~~I~~ rRfl 3ih:PIT cl'>l ~ (heights) ctiT 3fU:f<R ~<TT~~ fcf; ~ : 

~ ~ qi"T ~ am ~ q,l 3IT{ ~ 3fl'TTq_ ~ Nill ~ ".!Sf q,q ~ ~ @TR Nol ~ ".!Sf 

cfi11 forR i I ~ >fcfiT"{, rRfl cl'>1 ~ q,l 3M~ ".!Sf q,l ~ am ~ 3lfqq; 8cR ~ i I ~ 
>fc{fu cf! 5lcll9'i4'1 4T c:rrcm "fRT ~ t I 



~ ~ -q-c:; ~cft ~lclof~ ~v:q; ~~~~ ~ ~~~ -i:rR~lfq; 

~ ~ ~ ~ i aftr ~ 'll'c:: ~ ~ ~ ~ fq; >fif11 'll'c:: W1rr it~ moT I ~ 'll'c:: ~ 
,n 'llT m ~ it >fif11 'll'c:: W1fl it ~ ~ t cfiT{Uf ~ ~ 3fqc.TT ~ ~ lfR ~ i fq; ~ 'll'c:: 

~it~ 9A 'lftcra;J >fif11 'll'c:: ~it~ Wffl cfiT -qftorrq ~ I >fif11 'll'c:: ~ ~ .:ffi (Independent 

Variable) aftr ~ ~ .:ffi (Dependent Variable) ~ ~ I ~ ~ 1:fffi t fft.zr cfiRUT aftr 
JNlq <fi1'~61ol ~ <ll srnlq111-1-1 ~lflq,{01 (Regression Equation) cfil ~~ ~ 1Wl-q{" 3fT'mtr 
~~~m-ffifl~f.fcl;@T;,n~~I 

~ >fcm" mfu:r ~ fl<R ~ stcfl q • l'·H cf>1 'lffi'lWIT ~ >fcm" cft ~ -

"~ 'llT 3lf-qq; 'll'c:: ~ it ~ ~ ~ cf>1 ~ ~. ~ 3ITTTTf ~ t ~ ffl ~ t -i:rrcr cf;) 

stal9•11-11 (Regression) ~ l 1" 

"Regression is the measure of the average relationship between two or more variables 

in terms of the original units of the data." 

8.3 Slffi4'1'4-i fct~Hf401 cfi1 ·aq~1n1a1 (Utility of Regression Analysis) 

~ ~ it srnl 9 • I 1-11 cf>1 tlT{UIT ~ ~ ~3TT t 31 t4~H (fcfi 'ITT ~ 1ITT ~ I ~ 
~ >l<TTTT ~ ~ ~ it ~ "lTill ~ f;Jr;i"it zj 'llT 3iftrcf> Bk4f~ ~ it fqf ,r,;, ~ ~ cf>1 ~ 
~ cf>1 3ffi 9l1Rl" ~ cf>1 ~ m ~ ~ I ~ 3lTtlK 11'"{ ~. ol.llq(llf~cf; ~ Bll-ilf->t<h ~ it 
fcn'R ~3TT t BM ~ cfiT ~ ffl v:q; ~ 'll'c:;-~ ~ llk4f~d ~ 3llfm ~ cfiT 

~ WTT<TT ~ m ~ 1 ~ ~ o1.11cm1f~<h -JfT@ il stc?i9 111-11 q,1 ~ 3lftrcfi aq41f11<11 ~ 1 ~ 
>l<TTTT ~ IDU ~t ~-d"9ql{UT t ~~ ~"lTTTT -~ I~ 3TTtnt"CfrdF«f ol.llqBlf~<h 

Rtlfll~~~~ 3lt{~ ol.llqt;IR<hol cf>l~ 'll"{cflm;,fl~~ I~~~ ~WTT<TT 

;,n m ~ fq; fcfm ~ t ~ <TT ~ ~ it ~ tITT1 it ~ <TT q;i:ft m 11'"{ ~ ~ it 
~ W'TIW<f ~ WT! I ~ t 3TTW'll"{ITTTf cfiT, cf'TT cf>1 Tlrn, "&R, ~ 3TTR t 3TTtffi"Cfr~-~ 

cfiT 3lt{~ t 3TTW'll"{~'i:J cfiT ~ wm it S1c119•141 ~ ~ ~ ~ irdT ~I~ 
lJ:cf ~ cf>1 ~ t ~ ~ ~ ~ ~ ~ I 

~-~ l!_Ct ShffQ•l•H ll 3RTT-(1) ~ <t\ ltffl l!_Ct ~ - ~-~ t lITT ~ zj <TT 31f-qq; 
1R ~ ('cli'i) it am:@ ~ cf>1 .:rm m mm ~ ~ S1ct1q111-11 ~ ~ ~ cf>1 • ~ illft ~ 
3lt{ ,n: tjt "9ol ~ ~ fq; 1:% ~ t ~ ~ cfiT >f\llq ~ 3llfm ~ t 3ITTTTl ~ 1lt ~ m? 

(2) cmur-tITTUJm ~-~-~~it zj ~ ~ it cfiTTUT '9"ftuni, ~ 3lf-qq; ~ 

NOTES 

~ ~ °'1Ul fcfi<TT ~ ~ I zj ~ it ~trcfi tITT1 cfiT ~-~ ~ ~ <TT: ~ ~ ~ ~ ~ ;,n 3N-TT V1ffif cfiT ~ ~ 
m fcf; v:q; cfiTTUT ~ 3lt{~ 1ffiUJlll BfcFl S1al91141 it~ W'l9 l cFTTfcf; dBir v:q; ~ (variable) Test your Progress 
~ llRT "lTill ~ ~ ~ 3ffil3f<i ~ ~ WWTT ~ ~ I 

8.4 Slffi4'1'4-i fct~Hf401 if> 5lcnTT (Kind of Regression Analysis) 

>1<1191141 cf>1 ~~~~(Variable) t -3ff'EJR 11'"{ 3llfm ~ cfiT ~ WTflTT "lTill ~ I 

~ ~ chl 'x' o?TT 3TTfm ~ chl 'y' llRT "lTill i 1 

Slci19 1141 ~ zj >fcf,Rcf)[ °ITT mi-

(i) ~ ~ ~ Slct"iQlllFl (Linear and Curvilinear Regression) 

zj ~ ~ff(l "flllqi #rm ij Slffi9 1141 cfiT ~ ~ f«i~©l'1 ~ ~ fq;7.ff "lTill i I 

x o?TT y ~ t ~-~ t ~-TI 11'"{ >fifcf.o ~ ~ v:q; fcl~ m -R -;jffdl i I fcr~ m 
(Scatter Diagram) -q;{ ~ ~3TT t lfEZf ~ ~ 9@t ~ ficfi9l_fch ~ ~ ;,n ~ ~ I R 245 
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Slffi4 111-H ~ ffl ~ I ~~~~mm ~<TT~~ Sldl41liJ1 (Linear Regression) ffl 
~I~~~ qst, (curve) ~ ~ ~ mfil ~ cTT ~ ~ Slffi4 1liJ1 ffl ~ I 

(ii) lfffi v_ci ~ SlffiQ•llFt (Simple and Multiple Regression) 

~~~"JU~ a['q sia1q,14-1 cfiT ~ ~ ~ ~ m ~ lf@ sicilq,14➔ ~ ~ 1 ~ 
~"JU~~~ ;rri)m ~ ~~ 3ffi-'3@" I~ Slffl4 1liJ.J q;T ~~~~"JU~ fcfi<TT ~ 
~ <TT cffl "4§.'JOn<l-Slffl4 11ll.J ~ ~ I ~ ~ ~ ~~"ft m ~ 3TT{ 3ffi.13fq "ft~~ I 

SH1lQ•ltH ~ 
(Lines of Regression) 

1lTl m{ 1J\ Slffi4 114.J raJ ~ raJ ciiT ~ ~ "\;fl ~ ~ fcfi ~ ~ it "ll'R: ~ ~ cf,1 

~-~ mm ~ m ~~it~ ~ cf,1 ~ M I ~ ~ 3ITT«f ~ it (on an average) 

mrrr1 ~.~~of<@l<TT~ fcf;~ ~~ ~~~ m ffl~fcficRT~? ~ 
@ll; ~ ~ ~ fcf; ~ 'R ~ ~ ~ cf,1 3llt~ 3lftfcf> lR m I sia1q,14rJ iirun 11{ 3lTtJTftf ~ 1 'R1 · 
c!,l m ~ ~ c!,l m ~ Slffi4 114.J {@T ~ mrffi ~~I "ll'R: ~ 'R ~ x 3TT{y ~. (TI 

3ITT«f ~ ~ cfi8 cJR,l c:1 Slffi4 119.J ~ uRTrr I "fl TI913TT c!,l ~ 'y cfiT ~ ~ fcfi<TT ~ 
~ ~ I ~ t@T3TT ciiT W-tfiif,te ~ nsrc! (Lines of the best fit) ,:ft ~ ~ I 

~ raJaTT <fit m ~ m-~ ~ ~ @11_ f.:i9f('jfm1 R<llf ~-

(1) "ll'R: ~nsrc! ~ ~ ciil 1i°l ~~~~<TI lR ~ it 1i°T W-~ llRT ~ I 

(2) "ll'R: ~ ~ ~ ~ ciiT ~ 1J\ cfiR <TI -m-~ c!,l 1TT:fl ~ wft I 
(3) ~ ~-~ t ~ RcR mrrr, -m-~ cf,1 tJT;TT ocr-ft m 3lf% WIT , 
(4) ~~~~~~M,-m-~cit lTT:flmmq,qWIT, 
(5) fcfim ,:ft ~ f,q <IT fcrq{Uf cfiT ~ (Ratio of variation) <FlT t ? 

S1<1'iQIIJi4 ~ ~ ~ ~ ~ 
(Why there are two Regression Lines) 

sia1q,14-1 t ~ ~ m ~ ~31' 1{{ 3TTtTifur c:1 >1ct19'1'H ~ men t, ~ ·x' cfiT ·y 11{ 

SI (fl 9 'I iJ .J ~ t 3TT{ ~ il 'y' ct, I 'x' Y l I ~ ~ ~ it ~ mi 'x' cfiT ~Toi:! ~ "Tifcrct lfR ~ i'l; 
@11_ ~ 'y' cfiT lfR Rlll s an ~ ~ ~ 'y' cfiT lfR -rnR i'li ~ ~ 'x' cfiT ffl lfR Rlll s an 
~ I ~ ~ 3ocfT t fcfi <FIT ~ "ITT mi ~ ~ lfR ~ ~ ~ ~ t ~ m'fITTUT ~ ~ it 
mm~ ? ~ ~~-~-, ~ qlRUf ~ ~ fcfi sict1q114-1 ~ wiit it m cl@~ cf,1 ¥f-TT it 
~ W'1T it if.l cl@ ~ ~ ~ I "fl ~ ~ it ~ ~ ciiT ~ ~ ~ ciiT 3ffi.13Rf ~ 
t ~ ~ ~ il m qffi ~ ~ ~ t ~ anrl;,fcf ~ ii m cl@ ~ cf,1 lTT:fl ~ 
q;fct ~ I <ITT~~ anf~ win ffl WR "ITT ~ fcli tf1T<l ~ ii mm~ <TI ~ "ITT Slffi9'1J.J-l t@1 

cit 3Jli:W-Fhctl ITTctl I ~ 3J"9it dllc1'i<Flictljf11{ ct,,:ft ~ ~ ciiT ~ ~ cfi'ITT ~ ciiT ~ ~ 
~ t I itm ftzj'(; it c:1 Slal9•1J.J-l ~"ITT~ I ~ t ~, ~ ~ llT1T c:1 win it "ft "4"R ~ 
~if~ i'l; q;<-H-el{cs4 ~ it if.l cl@~ cfiT 3f£lflR ~ ~ t <TI~ cit lfl1l ~ ~ 
~ cf,1 "J.j"f;ll anf~ WIT I ~ fcmtq ~ ~ llT1T it ~ t 9i<-H-9 {<sq ~ 11{ ~ cl@ Sl'TT9 cfiT 

~ ~ ~ t (Tl ~ (l?.Zf ~ ofifR it 3fWT~ m7l I cfiWl'T ~ Sl'ITT9 t ctcfi ~ ~ UTA ii Tis-11 

wn , 3f('(: ~ cit llT1T cit -qm ~ WIT ~ ~ cit -qm 3ffi.13fq , ~ i fcfi si a1 q 111-J-1 ~ ~ men 
ti 
S111"1q1JtF1 WT3TT q;,-~ 

Slffi9'19'1 ~ c:1 SlcfiR~ fi ;,rr ~ t-
(i) ~ ~ fufu (Free Hand Method) cl'4T (ii) SlfflQ1l•H tilTic:liNri IDTI (By Regression 

equations) 



>r~fcffq~~~.~W'Ff~mT~N-rrftR-ftRm~~ 1 arcr:~ 
~->1<f1q11,-H t14lch<on ~ ~ ~ m ~ ooarr q;) fl~~ , 

-:l ., 
Sl<'fiQ4fl.H ..,tl,.;'4,t,.,icfi,......,<0'"'1 (Regression Equation) : 

>1<f1q 111+100 q;) 41,,p1fu1dl~ ~ ~ ~ ~ ~ Sl(j1q1I1-i1 W-tlcfi{OI ~~it~~~~ I 
>1<flq 1Iii.:i ran:! ITT m<IT ~ I 3f<f:. 00 ~ ~ >1<f1q 1I1-i1 t14lcfi(OI wt I 

(i) 'x' q;f 'y' 1R >1d1q 1I1-i1 t14lcfi<0I (Regression equation of x on y)-

Ox 
(x - ax) = r- (y - ay) 

Oy 

or 

Ox -;-;\ 
(x - x) = r - (y - YI 

Oy 

(ii) 'y' q;f 'x' ~ Slffl4 1I141 wflifi<0 I (Regression equation of y on x) -

o 
(y - ay) = r ...l'. (x - ax) 

Ox 

or 

1lR ~ 'x' q)f ~ ffl qiBf ~mm~~ q)f aw"llR 'y q)f ~ ffl q;{1'f mm 
ftW-1 fl4lcfi{OI q)f m <R" I~ fl4lcfi{UTI it 'x' aw 'y' q)f 3ITTTll' 

1

x' aw 'y murm ~~(Average) 

"B~t, 
Illustration 1 - Find the most likely price in Mumbai corresponding to the price of 

Rs. 70 at Kolkata from the foUowing data -

ci'IM<bkil 1l ltWt ~ (Average Price at Kolkata) 65 

~ 1? ltt&f ~ (Average Price at Mumbai) 67 

r¾,JH<f>kll q)1 WTIQ ~ (Standard Deviation of Kolkata) 2.5 

~ q)1 WTIQ ~ (Standard Deviation of Mumbai) 3.5 

Coefficient of Correlation is + .8, between the two prices of the commodity in the 

two towns. cir.TT -;pm it ~ W{"l lJUTcfi 0.8 ~) 

Solution - Let 'y' stand for Kolkata and 'x' for Mumbai. Hence, we are two calculate 

the regression of x on y according to the following equation. 

(x -x) Ox y) = r - (y-y 
Oy 

or · (x - 67) + 0.8 ~:~ (y - 65) 

or (x - 67) 1.12 (y - 65) 

or (x - 67) l.12y - 72.8 

or (x - 67) (1.12 X 70) - 72.8 

or X = 78.4 - 72.8 + 67 

or X = 72.6 

Thus the most likely price al Mumbai is Rs. 72.6 when the corresponding price at 

Kolkala is Rs. 70. 
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IIJustration 2 - Given the foUowing data, calculate the expected value of y when x 

is 12. (Ri.Jfclf<9d ·~ it y cfiT "ft'Jl'Tfc«J ~ Rcfilft'IQ, tfR x = 12 !TT) 

X 

Average ~ llllZr) 

Standard Deviation ~ ~) : 

8 

4 

Coefficient of Correlation between x and y = + .99 

(x~yifm;~~) 

Solution -

Regression of y on x 

a 
(Y -y) = r-l'. (x -x) 

Ox 

(Y - 15) 
3 

or = .99 X 4 (x - 8) 

or (Y - 15) = .7425 (x - 8) 

or (Y - 15) = .7425x - 5.94 

or (Y - 15) = .7425 X 12 - 5.94 

or y = 8.91 - 5.94 + 15 = 17.97 

y 

5 

3 

-=m-x 'IR"y q;, S1<1l4•1'-l-1 tl4lcfi{OI ~ mit f.fcfi@T ~ m ~-

~ y =a+ bx <® 'a' 3ITT 'b' ~ fl4l<t><cin (Normal Equation) ml~~~~ 7;fi 
88 ~-

(i) I.y =na+bI.x 

(ii) I.xy =aI.x+bI.x
2 

~ ~ 'y' ~ 'x' cf;T :Sl\114 1I1-H fltj'jcf>{UI ,:ft m@T ~ m ~ I 

8.5 SlffiQJll-j..j 1J11lcf; (Coefficient of Regression) 

~ fcf; ~ ~ '!cfiT l Sld14 11'-l-l fl4lcf>< 01 (Regression Equation) ~ flkilf.-tlct 1R ~ 
t 1'.fTUi t ~ if >R-¥ ~ ~ ~ <TT ~ 1'.fTUi '1K ~ m ~ I ~ ml ~ WR ml ~ fcf> ~ 
1:R-win it~~ it m ~ ~ <t>1 ~ if ~ 1R ~ if ~ ~ it fq;wn ~ ml 
~ I sict)qqq,J T1fcfi ~ ~ ~ fq; ~ l:R WlTT if~ 1R t 1ffi9iR i1 ~ 1R wJfl if~~ 
mTTT I firB >fcflR Sli174 11'-l-l fl4lif>{OI ~ m ~ 3W ~ ~ sict)4,1q-1 TJcfi ,:ft m ~· I ~ f--11-.Jfcif@ct 

~ ml W<f fcfi<TT ~ ~-

(i) 'x' q)'J 'y• tTT SldJQ•lq4 TJl<li (Regression Coefficient of x on y)-

Ox 
bxy = r-

ay 

(ii) 'y' q)'J 'x• tTT !@lQ•!'-14 T1fcli (Regression Coefficient of y on x) -

ay 
bxy = r-ax 

~ ~ zy{l Sld14ll'-I-I ~ cf;T ~ f--1chl<:1cfi{ ~ cf1TlFl Rcfi@ @<TT ;,rm~ m-~ 
~~m~,~~~mirTTT-

r = V (r Ox X r ?1.) 
Oy Ox 

r = .,/ (bxy x byx) 



Illustration 3 - Given the following data, calculate Regression Coefficient of x on 

y and of y on x - (f¥1f~forn ffi ~ y 1K ~ x ~ x 1K ~ y ~ >1dlq111H "T1fcfi 
f-l<hlf~'U-

x y 

Average 

Standard Deviation : 

8 

4 

Coefficient of Correlation between x and y = + .99 

Solution-

15 

3 

(i) Regression coefficient of x on y - (ii) Regression Coefficient of y on x 

b.xy 
Ox 

byx 
· Oy 

= r- = r-
Oy Ox 

4 3 
= .99 3 = .994 

= .99 X 1.33 = .99 X .75 

= 1.3167 = .7425 

3Rf: X = l.3167y 3ffi y = .7425x 

~ 3flq ~ s,3ll fcfi 'y it 1 cfiT ~'ITT'~ 'x' it 1.3167 cfiT 3ITT' 'x• it~ cfiT ~ 'ITT' 
~ y it J425 cfiT ~ mTTT I 

~ ~ qil ~ it ~-wtq 1}UJcfi ~ ~~ "'1 ~ ~-

, = J (b.xy X byx) = J (1.3167 X .7425) = .99 

3Rf: ~ ~ ~ moT ~ fcfi zy;n Slci)q,14.J ~ cfiT ~ 1 it 3fl'qcf; :m' 3fRT ~ I <lR 
~ 1 it 3fl'qcf; s,3TT ill ~-wtq 1}UJcfi ,ft ~ it 3fl'qcf; mTTT, ~ ~ ~ ~ I 

<lR ~ Slffi4 1fl·H 1}UJcfi f-lctMFll mill ~ -wtq "T1fcfi ~ qil ~l<'H<lct>dl :,m' ~~I~ 
R9 ~ qil mTl«TT it Rcfifffi "'1 ~ ~-

(i) 'x' <liT 'y ~ SliflQ•l•FI ~ (Regression Coefficient of x on y) 

b.xy = ~ 
Iy 

(ii) 'y' <liT 'x' ~ SldlQ•l•H ~ (Regression Coefficient of y on x) --

where, 

I .xy 
byx = -::;-z 

Ix 

r.xy = x 3iR y 'If<::: mum qil BTv.r it ,rr:o ~ ~ 1□H'-h«l cfiT <WT­

r/ = 'y' 'If<:::~~ w-TRr(l=fTU1 it~~~ cf1TI cfiT <WT I 

I/ = 'x' qc:: ~ ~ W1RR l=fTU1 it ~ ~ ~ cf1TI cfiT <WT I 

Illustration 4 - Calculate Regression Coefficients from the following data (f-lYf<"lf@a 

wicfil ~ ~ Sli174 114.J ~ ffl ~-

X 

y 

1 

1 

2 

4 

3 

9 

4 5 

16 25 
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Solution-

X-series Y-series 
deviations deviations y2 xy 

m1 from Mean 2 m2 from Mean X 

(3) (x) (11) (v) 

1 -2 4 1 -10 100 20 
2 -1 1 4 -7 49 7 
3 0 0 9 -2 4 0 
4 +1 1 16 +5 25 5 
5 +2 4 25 +14 1% 28 
15 10 55 374 60 

(i) Regression Coefficient of x on y - (ii) Regression Coefficient of y on x 

bxy - L.xy 
byx - L.xy - ~ - LX.., LY 

60 60 
374 10 

= 0.16 = 6 

~(Shortcut Method)-~~ll ~~1i°Tfcfi~ it 51djq,11-H TT<fi~ 
it f.rcfi@ \J[f ~ i I 1lR ~1unt~ 1i°Tfcli il ';f ~ m ~ it TT<fi ~ il ~ WIT 1 ~ 
~~ q;r"5flirrTm cfiv!T~ 1 ~ il f.f8~ q;r m -?rnT l-

(i) Regression Coefficient of x on y -

L dx dy - (L,dx ~ L dy) 
bxy = 2 

L dz (L dy) 
y- n 

(ii) Regression Coefficient of y on x -

L dx dy _ (L dx ~ L dy) 
byx = 2 

L d 2 X - (L dx) 
n 

8.6 ~ cfiT "S11l'Jtf fucqq (Standard Error of the Estimate) 

<l6 ~ \J[f ~ i f<l; ~ ~ ~ wm clil ~tl9l ~ ~ il >R¥ cfi8 ~ ~ f-r'R~ 
(Dependent Variable) ~ ~ ~ crf ~ (Method of Least Squares) ml ffl ~ ~ 
~ 1 R'R ~ ~ ~ m mTB ~ ~ il 3ITT" cilf<lfqcfi ~ il 3Rr ~ ~ i 1 ~ m ~ fcN.! 
-?rn1 i 3--it ~ cf;! "5l1-ITT ~ ~ ~ I ~ ffl cfi8 ~ ~ R8 ~ q;r ffl fcf;<TT ~ i-

(i) Sx = v' (X -~I{) 
(ii) Sy = v' ( (y -N/)

2

) 

where, "Sy" and "Sx" = Standard Error of Estimate 

x and y = Actual value of x and y 

I I 
x and y = Estimated value of x and y 

N = Number of items. 



Illustration 5 - Compute the Standard Error of Estimate for the Illustration No. 4 

~":t. 4t~~qif-srqrcJ~ffi~I) 

Solution - (i) Calculation of Regression Equation of yon x by the Method of Leas 

Squares-

X 

1 
2 
3 
4 
5 
15 

y 

1 
4 
9 
16 
25 

55 

xv 
1 
8 
n 
64 
125 

225 

1 
4 
9 
16 
25 

55 
Substituting the above values in the two normal equations -

LY = · na + bLx 

Lxy = aLx+bLi 

we get, 

55 = 5 (a) + b (15) 

or 55 = 5a + 15b 

and 225 = a (15) + b (55) 

or 225 = 15a + 55b 

Multiplying equation (i) by 3, _we have 

165 = 15a + 45b 

Subtracting equation (iii) from equation (ii), we have, 

60=10b 

or b = 6 

Substituting the value of 'b' in equation (i), we have, 

55 = 5a + 15 X 6 

or 55 = 5a + 90 

or 55 - 90 = 5a 

or a = - 7 

.... . (1) 

..... (2) 

..... (i) 

..... (ii) 

..... (iii) 

Substituting the above values in the Regression equation of y on x : viz. 

y = a+ bx 

we get, 

y = -7 + & 

~f.r9>fcfR°il'y~W"TTolT~mocf>\~i 1 

If X = 1 y = 

X = 2 y = 

X = 3 y = 

X = 4 y = 

X = 5 y = 

-1 

5 

11 

17 

23 

1 
16 
81 

256 
625 

979 

3iiCil1R flinW<T{/4 ~ 
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(ii) Calculation of Standard Error of Estimate-

X y y1 (Estimated y-yl (y-y1>2 
Value of y) 

1 1 -1 2 4 

2 4 5 -1 1 

3 9 11 -2 4 
4 16 17 -1 1 
5 25 23 2 4 

N =S 14 

Illustration 6 - A regression equation explaining the average relationship between 

the dividend per share and the price per share in 1990 for 100 corporations was, 

y = Rs. 5.49 + 12.14x 

Estimate the value of a share of stock which pays a dividend of Rs. 5 per share. The 

Standard error of the estimate. 

(Sy) is = Rs. 4.5 

Solution- y Rs. 5.49 + 12.14x 

= Rs. 5.49 + 12.14 X 5 = Rs. 66.19 

(i) There is 68.3% chance that its values will be (Rs. 66.19 ± 1 x 4.5 Sy) i.e. 70.69 and 

Rs. 61.69 

(ii) There is 95.4% chance that its value will be Rs. 66.19 ± 2 x 4.5 i.e. Rs. 75.19 and 

Rs. 57.19 

(iii) There is 99.7% chance that its value will be Rs. 66.19 ± 3 x 4.5 i.e . Rs . 79.69 and 

Rs. 52.69. 

Illustration 7 - ( a) Given 

Mean (WTT~P:TTtll') : 

Standard Derivation ~ ~) 

x-senes 

18 

14 

Coefficient of Correlation· between x and y = + 0.8 

(x o~ y ~ ll'lll ~-~q Tfcfi) 

y-series 

100 

20 

Find the most probable of y if x is 70 and most probable value of x if y is 90. (y cfiT 

~'lTfcrc{ ~ f•Ftilf~Q, <JR x = 70 it o'<'TT X cfiT ~'llfcro ~~<JR y = 90 -?I) 
(b) If two regression Coefficient are 0.8 and 0.6, what would be the value of the · 

Coefficient of Correlation. (<JR~ Slct19•Jl·H Tfcfi 0.8 cf~ 0.6 if ol ~-~'El~~ WT! 7) 

Solution-

(a) (i) Regression of x on y (ii) Regression of y on x 

Ox y) o 
(x -x) =r-(y-y (y - y) =r-2'.(x- x) 

Oy Ox 

14 
(y - 100) 

20 
or (x - 18) = 0 8 X - (y - 100) or = .8 X 

14 
(70 - 18) . 20 

or (x - 18) .56 (90 - 100) or (y - 100) = 1.143 (52) 

or (x - 18) .56 X - 10 or y = 100 + 1.143 (52) 

http:Rs.52.69
http:Rs.57.19
http:Rs.61.69


(b) 

X = 18 - 5.6 

= 12.4 
~---

, = v'[(bxy X byx)] 

r = v'[(0.8 X 0.6)] = 0.69 

= 159.436 

Illustration 8 - In a partially destroyed Laboratory-record of an analysis of 

correlation data the following results only are legible-

Variance of x = 9 

Regression equations are 

(i) &-lOy = -66 (ii) 40x - l8y = 214 

What are the (a) Mean Values of x and y, (b) Coefficient of Correlation between x 

and y (c) the a of y. 

3Jmlcfi ~ "B ~ ~ ~ >11.fJll:tll("JI ~ ftcflTi "B -m ~'fl~~ fcm;)'l 01 ~'-ll f.p..Jf("jf@1 

~ m ~ t -
X qif~~ = 9 

>1<114 111-11 wilcfi<o1; 

(i) & - lOy = -66 (ii) 40x - l8y = 214 

TfURT ~ (i) x ~ y "cfil tllffiRllTU{ 

(ii) X <'f~ y ~ ~ -m ~'fl~ (iii) y "cfi1 >flTTll ~ 

Solution - (a) Calculation of Mean Values of x and y -

& - lOy = -66 

40x - I8y = 214 

Multiplying equation (i) by 5, we have, 

40x - 50y = - 330 

Deducting (iii) from (ii), we have, 

32y 

y 

= 544 

= 544 = 17 
32 

Substituting the vaJue of y in equation (i), we have, 

& - 10 X 17 = -66 

or 

or 

-66 + 170 

104 or X = 13, 

Mean of x = 13, Mean of y = 17 

(b) Coefficient of correlation between x and y -

r = ,j (bxy x byx) 

The value of bxy and byx will be found out as unde r ­

From the first equation, we get, 

lOy = & + 66 

y = .Bx+ 6.6 

From the second equation, we get, 

4Ch: = 18y + 214 

or 

.. ... (i) 

... (ii) 

..... (iii) 

byx = .8 
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x = .45y + 5.35 or bxy = .45 

Hence, r = V(bxy x byx) = v(.45 x .8) = v(.360) = 0.6 

(c) Calculation of o of y-

Variance 
2 

or Ox = 9 or 'ox'= 3 

Regression coefficient of x on y-

bxy 
O;r 

.45 = r- = 
Oy 

3 
.45 or = .60 = 

y 

or .6 X 3 .45 X Oy 

or 1.8 = .45oy 

1.8 
4 or Oy = - = 

.45 

Illustration 9 - For certain data y = 1.3x and x = 0.7y are the regression lines. 

Compute the Coefficient of Correlation between x and y. (~ ~ t ful1: y = l.3x cfl!TT x 

= 0.7y ~ >1<11q 111+1 ~~Ix ql!fl y t lfUl -m ~tf 1JOfcfi qil TfURT ~ 

Solution- y = l.3x or byx = 1.3 

X = 0.7y or bxy = 0.7 

r = ,j (bxy X bxy) = v(l.3 X 0.7) 

Illustration 10-(General) Write down the two regression equation associated with 

the following pairs of values -

(x) 152 114 138 154 144 153 141 117 136 154 

(y) 193 300 414 594 676 549 320 483 481 659 

31TIB ~ t ~ 7:!1lTT 'B tjaj'~ ~ >Jct')qq1-H W11cf>< □ I ~ I 

Solution - Calculation of the Regression Coefficients : 

X y dxdy 

X dx(130) d2x y dv(SOO) d2v 

152 +22 484 193 -307 94249 -6754 
114 -16 256 300 -200 40000 +3200 
138 +8 64 414 -86 7396 -688 
154 +24 576 594 +94 8836 +2256 
144 +14 196 676 +176 30976 +2464 
153 +23 529 549 +49 2401 +1127 
141 +11 121 320 - 180 32400 -1980 
117 -13 169 483 -17 289 +221 
136 +6 36 481 -19 361 -114 
154 +24 576 659 + 159 25281 + 2816 

+103 3007 -331 2 42 189 3548 

Regression Coefficient of x on y, or 

bxy 

I dx dy (I dx : I dy ) 
7 

I d2 y - (I dyr 
n 



3548 - (103 X f; ~:H)) 
= 2 

242189 - ( - 331) 
10 

3548 + 3409 .3 
= 242189 - 10956.1 

6957.3 
= 231232.9 = 0·

03 

Similarly, Regression Coefficient of y on x or 

byx 
a = ,_!_ = 
Ox 

Ldxdy- (Ldx: Ldy) 

L clx - (Ldx) 
2 

n 

( (- 331)r 
3548 -103 X 10 _ 6957.3 _ 

2 - 1946.1 - 3.575 
3007 -~ 

. 10 

Ldx 
Ax or x = x+-­

n 
Ay or y = y + ~ 

fl 

- 331 
= 500 + 10 = 466.9 = 130 + 103 = 1 Ar\ 3 10 -.v. 

Substituting the above values in the following regression equation of x on y 

(x-x) = bxy(y-y) 

(x - 104.3) = .03 (y - 466.9) 

X = .03y - 14.007 + 14-0.3 

X == .03y + 126.293 

Similarly, the regression equation of y on x is 

(y - y) == byx (x - x) 

(y - 466.9) = 3.575 (x - 140.3) 

y = 3.575x + 466.9 - 501.57 

y = 3.575x - 34.67 

Thus, the two regression equation that may be associated with the given pairs of 

values are-

X = .03y + 126.293 

y = 3.575x - 34.67 

Illustration 11- Given, 

X = .85y; y = .89x; Ox = 3 

Find out (ii) , . 

Solution - From the given data 

. f b Ox Regression o x on y or xy = r -
0 }' 

.85 

o 
Regression of y on x or byx == r ~ = .89 

Substituting these values in the following formula 

r = Y(bxyxbyx) 

3'oiiil'i'l1 Rif@Jr.i}q ~ 
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we gel, 

Similarly, 

or 

or 

r - v'(.85 X .89) = V(.7565) = .'ifl 

Ox 
r = 0 = .85 

y 

.85oy = r X Ox 

r X Ox 
Oy - -­

.85 

= .87 X 3 = 3.0? 
.85 

Illustration 12. The following table gives the ages of husbands and wives for 50 newly 

married couples. Find the two regression lines. Also estimate (a) the age of husband when 

wife is 20 and (b) age of wife when husband is 30. 

f-1Yft1f<sla ill@qiT ll 50 ,-Jclfqqlf~a ~ ~ 3Wj ~m ~~~~I c:Rl *119 114-1 

~ ~ ~ ~ ffl ~ (i) lfftr cf>1 3fPl ~ 1wft cf>1 3WJ 20 q1f 'it ~ (ii) 1wTT cf>1 3fPl 
~ '9'IB cf>1 3Wj 30 q1f ~ I 

Age of wives Age of husbands (ffeefleUeeW keaer DeeUe2) 

(~c!il 31Tq) 20-25 25-30 30-35 

16-20 9 14 -

20-24 6 11 3 

24-28 - - 7 

Total 15 25 10 

Solution-

-
Age of husbands (x) . 

Ages or wives 20-25 25-30 
(y) 22.5 27.5 

- 5 0 

16-20 18 -4 20 0 
9 14 

180 

20-24 22 0 0 0 
6 11 

0 

24-28 26 +4 - -

Total 15 25 
(f) 

fdx -75 0 

fd 2x 375 0 

fclxdy 180 0 

(i) Actual Means : 

X 

- I.fdx 
=x+ 

n 

= 27 5 + -25 
. 50 

= 27.5 - 0.5 = 27 

0 

0 

30-35 

32.5 Total 

+5 (f) 

- 23 

0 20 
3 

0 

20 7 
7 

140 

10 50 

50 - 25 

250 625 

140 320 

y 

- I/El_ 
a = X + -

Y n 

-64 = 22+-
50 

fdy 

-92 

0 

28 

-64 

= 22 - 1.28 == 20.72 

Total 

23 

20 

7 

50 

fd 2y fdxdy 

368 180 

0 0 

112 140 

480 320 

I 



(ii) Regression Coefficients : 

x on y: 

bxy 

(-25x-64 
320 - 50 

(- 64) 
480 - 50 

320 - 32 288 
= 480 - 81.92 = 398.08 = 0

·
7 

(iii) Coefficient or Correlation (r) : 

T = Ybxy X byx 

byx 

yon x: 

z.f dx dy - (~I dx; z.fdy) 
= 2 

z.Jtl-x - (z.f dx) 
n 

320 
_ ( - 25 X - 64) 

= ____ ....::5...c.O __ 

625 - (- 25) 
50 

320 - 32 288 
= 625 - 12.5 = 612.5 = 0·

47 

= vo.7 x o.47 = vo.329 = o.57 

(iv) Regression equation of x on y : 

(x - x) = bxy (y - y) 

(x - 27) = 0.7 (y - 20.72) 

(x - 27) = 0.7y - 14.504 

X = 0.7y - 14.504 + 27 

X = 0.7y + 12.496 

X = 0.7 X 20 + 12.496 

X = 14 + 12.496 

X = 26.4% 

3f<f: 1ffif cfit 3fP;! 26.5 -?rfl ~ ~ cfit 3fP;! 20 qq t I 
(v) Regression equation of y on x : 

(y-y) = byx (x -x) 

(y - 20.72) = 0.47 (x - 27) 

(y - 20.72) = 0.47x - 12.69 

y = 0.47x - 12.69 + 20.72 

y = 0.47x + 8.03 

y = 0.47 X 30 + 8.03 

y = 14.10 + 8.03 

y = 22.13 

3f<f: ~ q,l 3fP;! 22.13 qq M ~ %f cfit 3lT<j 30 9'l t I 

Illustration 13 : The following regression equations we re obta ined in a certain 

investigation. Find the mean of x and y and coefficient of corre lation. 

M ~'tfR it f.:ii.;if("Jf@ct tl41cfi{OI ~ ~ I x ctl!TT y cf.T ~ JTTUl ~ ~ ~'fl 1JUfcfi 

~I) 

X = 19.13 - 0.87y 
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y = 11.64 - 0.50r 

Solution : 

Mean of x and y 

X + 0.87y = 19.13 

0.5x + y 11.64 

Multiplying (ii) equation by 2, we have 

X + 2y = 23.28 

Substracting equation (iii) from (i) we have 

l.13y 

y 

= 4.15 

= 4.15 = 3.67 
1.13 

.. ... (i) 

..... (ii) 

..... (w) 

Now Substituting the value of y in equation (ii) 

We get, 

0.5x + 3.67 = 11.64 

or 0.5x 11.64 - 3.67 

or 0.5x 7.97 

or 
7.97 

15.94 X = -- = 
0.5 

Hence Mean of x . = 15.94 and that of y 3.67 

Coefficient of Correlation (r) : 

From the two equations given, we can note that 

bxy -0.87 and byx = -0.5 

Hence, r = Ybxy x byx 

Y- 0.87 x - 0.5 

- v.435 

- 0.66 

As the two regression coefficients are negative the coefficient of correlation is also 

negative. 
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3. 

8.7 fctf.HOI cnT ~ (Ratio of Variation) 

'5l"flf: Wl ~ "!R~ ~ tfUl" fcfq{uf cfiT 3ff{f<f ~ ~} I ~~~-WO "ITT m fcf; ~ 
~ ~ mcfi 3ITT"~ ~~~it cFfT 3ff{f<f i I ~ ~ cfiT ~ 1 % i ol ~ cfiT ~ 
1% cfilq;r;f-tif '1TTfi 1 ~cITT.~'1fi1~31TT~ ~(y) lf~ ~(x) <f>l~~~ 
m&J ll ~ ~ '1fi1 llT&1 ~ i I [Ratio of Variation is the average ratio of the 

percentage deviations from the mean in the relative (y) as compared with those in the subject 

(x)] fcR{Uf cfiT ~ ~ -~'l 1l°Tcfi cfiT ~ (Corollary) m<TT ~ I ~ W'lcf ~ fcf; ~ "'qfil it~ 
~-~"ITT~ -zyn "'qfil cfiT 3!1j91fct<4> 3<fK-~ WlR ~ "ITT I ~ ~ ~it~~ cfiT ~ 
cfl@} I~ ~cfiltf>l ~~I 3<!.l!l(Olll!T,~ ~-arrcnit~ ~ "q,l~"ITT<fr~ fcf; ~ 
~ 'll"[q' ~ m ~~it 10% 911 q;.ft ~ I 

~ q;r ~ ~ ~ cJiT fufum 
~ cfiT ~~q,8911 ~ fcntf1TT}_ 

(1) ~ fclfq (Mathematical Method), 

(2) ~ ~ fclfq (Graphic method) I 

(1) Jlful<114 fufu , 
~ fcnq-u ~ ~ ~ 911 WTTIRT~ t ~ f.l8 ~ ~ ~ t-
(i) ool!l'll ~ ~ ~ fcfi ~-m ~ q;) ~ 3ITT" ~ 3llf!;;,cf llRT ~ 1 ~ ~ q;) 

>fllR lTT1'TT 3fira ~ ~ 3lftfcfi ~ -1llj41fcl<f, ~ "ITT I ~ fcfmuT cf;T ~ 1 cf;1 ¥Rf it 00 

cfi"J:f3lMI 

(ii) ~ 3ITT" 3ffil3«f W1rTT cfiT ~ llTUl f-1<4>1fci~ I 

(iii) ~ ~ "B ~ ~ t ~ cf;T ~ (deviation) 3@Tf- 3@Tf f.Ftilfci~ I 

(iv)~~ it ffi ~ cfiT >Im@~ f➔<4>1fci~ I ~@lz R8 ~ cfil ~ m<TT ~-

~ X 100 
a 

(v) 3ffil3«f ~ ~ m ~ t >Im@ ~ it ~ ~ t am mi:R q@ >ITTfffif ~ 
cfiT '1TTf ~ ~ f-1cf>lfci~ I 

(vi) ~ ~ t <TT1T it 1RT t ~ cf;1 ~ cf;T 'WT c!.1m I ~ ~ fcf'cRuT cfiT ~ 

Jllustration 14- From the following data ascertain the ratio variation between the 

sales and profits. 

Year 1998 1999 2000 2001 2002 2003 

Sales (Lakhs) 72 84 66 60 48 42 

Profits (Lakhs) 42 52 48 46 30 28 

·Year 2004 2005 2006 2007 2008 2009 

Sales (Lakhs) 54 63 51 57 69 54 

Profit (Lakhs) 36 38 34 42 44 40 

3i!iSlifl Rif&i<1,74 ~ 
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Solution-

(SaJes) X-series (Profits) Y-series Ratio 
Year Sales dx dx % Profits dy dy dy %/ 

X (60) y (40) (%) dx% 

1998 72 12 12/60 X 100 = 20 42 +2 6 0.25 
1999 84 +24 24/60 X 100 = 40 52 +12 30 0.75 
2000 66 +6 6/60 X 100 = 100 48 +8 20 2.00 
2001 60 0 -12/60 X 100 = -20 46 +6 15 0 
2002 48 -12 -18/60 X 100 = -30 30 -10 -25 1.25 
2003 42 - 18 

---6/60 X 100 = -30 
28 -12 -30 1.00 

2004 54 ---6 36 --4 -10 1.00 
2005 63 +3 3/60 X 100 = +5 38 - 2 - 5 -1.00 
2006 51 -9 -3/60 X 100 = -15 34 ---6 -15 1.00 
2007 57 -3 -3/60 X 100 = -5 42 +2 +5 . - 1.00 
2008 69 +9 9/60 X 100 = + 15 44 +4 +10 · 0.67 

' 
2009 54 ---6 ---6/60 X 100 = -10 40 0 0 0 

dy% 

Ratio of Variation = dx: = 5:':' = 0.494 

Thus for a deviation of one unit in x-series, there is on an average a deviation of 

0.494 in y-series. 

(2) fdl-s.)ci'1~ fufu (Graphic Method) 

"CR~, it ftP-llf-ii<ti 3W ~ m3lf ~ tt~f~a ~ l ~ = ~ ~ ~ ~ 1 itm 
qflf~fq it ~ cfiT 3f:rl@ 1ifuRfr:T fcnq ~ ffl qi8T ~ ~ m<TT I <® f<il,s,{@~ fcnq 3ffqq; 
~ i I~ fef-q ili ~ m ~~~I~ fcnq it~~ c!il flt-

(1) ~ ~ ili ~ lTTUI f1cfilf<1Q, I 

(2) ~ ~ ili ~ llfUl cfi1 3TTlW lJT-fcH ~ ~ ~ cfi1 $fffiT it ~ ~ I 

(3) ~ ~ ci't ~ ~. 3l1!ffil W-3ll'J (axis of y) 11T ~~I 

(4) 3ffi'3@ ~ cfi1 ~ ~ 3l~ ~ey (axis of x) 11T ~~I 

(5) ,rrtq ~ q;t ~ ~ ~ ili 3TTlW 11T ~ TI 11T 3Wf,ij ~ I 

(6) '(1'ol ~ 00% aq~fi'MI c!il TIID ~ 1 ~ TIID ci't ~ it ~ t1lR nm ~ fcfi ~ 
qqi W'G'q m ~,rrr 3TTit ~ ~ c!il ~ 3ITT 3fril ~ ~ m , nm t ~ ~ t ~ 
<FTTW'G'cf nm ili WlR ~ '!JT m (1~ ~ TT9l ~ BTU! ~ ~ ~ ~ I 

~ ™1~@c6T~ 
(1) <TR~ ~cfil~~m 3f:!1lIBitmcnlit ~~~nmt ~itm11, · 

zyn it T'l ~-~'Q m-rTl I 

(2) <TR t&T ~ aw~ ~ aw~ 3it m it ~ ~-~q men~ , 
(3) <TR t&T ~aw~~ ~ ~ c!il aw WR m, it ;JiOll~<h ~-~q m-rn 1 

( 4) <TR m ~ it 1Z<h m ~ it ~ men l it ~ t&T 3lTlTI't nm ~ 45° cfiT ci'tur 
<R'ITl1 ~~I <TR >l'QR ~ it 3ffil3fil ~ c8 3lll~ ~ c8 c:t 3ff% mcft ~ <TT~ cWJT 45° 

~ 3ffqq; ~ ~ q,q m<1l i I 

(5) ~ t&T 'ft1i'R fc:r,:r{uf nm~ jt;;;.ft ~ M, ~-~q do1l m q,q m-rn, 



fctiHOI ai ~ cfiT lJTQ" 

m~(axis ofy) 1K<liW~(A) ~~I ~~*~tfflocf;"C!:cfitffl~ I 
~ ocf; WT ~ tffl cf;l fflf qi)- (B), cfITT * ~ (axis of x) 1K ~ (C) ~ I 3R, AB ~ 
BC q;tc;jtlWf~ I AB ~Tfrlif BC ~TfrlcliPTJTT~ ~ I ~~cfil ~ol<l('!J~•II I 

mustration 15 - Show Ratio of Variation graphically from the following -

X-Series 

Y-Series 

12 20 18 25 18 13 12 17 26 39 = 200 

140 180 180 190 210 190 160 180 250 320 = 2000 

Solution. 

X Index of x (20 = 100) y Index of y (200 = 100) 

12 60 140 70 
20 100 180 90 
18 90 180 90 
25 125 190 95 
18 90 . 210 105 
18 65 190 95 
12 60 160 80 
17 85 180 90 
26 130 250 125 
39 195 320 160 

200 2000 

a = 200 a = 200 

~ ~ <il ,3q41f1,a1!f _: (1) ~ >Rff@ ~ ~ fcf> ~ ffl<ll ~~-~fl~ <TT ;rm cf\'TT 

~~-~-q~ I 

(2) ~ mr 5!<1lq11 1-H cfiT tfT(f ,n ~ ~ ~ ~ ~ 1 

"' ., 
-~ 

210 

190 

170 

150 

'1 130 
X 

I 10 
A 

90 

70 

Ratio of Variation = B C = !l 
_ A B 15 

= 0.86 
I I 

. Q<:- ;,,_,o◊ 
h~ -~ 

C, <.;,'§ ' 
:,._ 

Q;-"' "~ 
~ c'-~ 

.:_,-s-t ~ 'y-s-'l, . 

" B 

C 

50 70 90 I IO I 30 I 50 170 I 90 
Y-Series 

(3) ~ ~ 3f:!1TTo cfiT tfT(f ,n ~ mT ffl fcf><TT ~ ~ ~ I 

I 

(4) ~ >fEiR wrft ~ M ,n ~ cfiT 3ffiJJ@ wrfl ll ~ ~ q;r ~ ~ ~ ~ I 
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8.8 ~ij'JOTI s1cflq,1q91 (Multiple Regression) 

,ifofv:q; 3ffiJJ«J~wq;f ~~t~>NT<fcfiT ~~m<IT~ m~~~ 
>1cilq 111-H ~ W«J Uftr ~ I ~ ~ srnlq•l'l-1 cliT "ITT~~~ I ~ WT m <TT m ~ 3lf'qcfi ~ 
~~t 3TIW-q"{3ffi-ffif~t~~cfiT ~WTrTT~~ 1 ~t~,20 ~ 
~if~ q,1 ~ <x1) cfiT, cflff q,l l{ffi <x2) ~~ q,1 l{ffi (x3) ~ sll: m w ~ v:q; ~ 
qqf ~ ~ Cf>1 llm t ~ ~ srnlq 111-J-1 fct~H~ 01 oo wwn ~ ~ ~ 1 

~ snflq'II-J'1 if 3ffii,ffl ~t ~ v:q; nm if 3lra t ~ ,ifof <TT~~~~ m it' ~ 
v:q; ~ (plane) if ffl I 

dl§10TI Sl<1"1q.11q4 fl4icfi,(01 (Multiple Regression Equation) 

~ w-flq,{01 ~ ~ t 3ITT-@ ~ "i:hT ~ cfi"@T ~ I ~ ~ tj-.ftl t 3Jf'fW ll'"{ "ITT 3ffiJJ«f _ 
~t~Wffifll ~WTrTT~~ I 

~ w-ili:h<o1 ~ wm- IBffl ~ l 

Ye = am~~ "<hT 'WTfu@ l1'H (Computed Value of dependent Variable) 

x 1,x2,x3 = ~~(Independent variables) 

b1, b2, b3 = Sfdl,,•JI-H ~ (Regression Coefficient) 

~ q,l ~ (x1) ~ cf!TT ~ ~ q,l l{ffi (x2 o'lTT x3) ~ ~ ~ Sf<1f9 11l·H f!•-fli:f,{UI ·~ 

Wf;T{"@ffl~:-

~ 

~ 

XJ =~cfil~ 

a 123 = ~ 

b123 = 3ITTffi> Slffi9 11'H ~ -m X2 it~ ~ cfiT >f'-l'fq XJ ll'"{ X3 "i:hT W!R 
ll'f-IB ~ 1'.fTl«fT ~ I 

bn2 = 3fifirq; Slctl9•t'l'1 Tfcl' -m x 3 it~ ~ cfiT "Sf'TT9 x1 ll'"{ x 2 "<hT W!R 
ll'f-IB sll: ~ t I 

x2 = cf!TT cf>1 l{ffi I 

X3 = ~ cf>l l{ffi I 

ct I «i fo cfi llWi it fo~("j 4 ITT 1R : 

~ ~ ~ ~ cil«lfq<h llTUl ~@it~~ <TI Slffi9 11'l'1 ~ ~ i't ~ ~ ~ v:m 
W$f it a 123 ~ cfiT l.fR ~ m ~ ~ I ~ ~ ll fl i-fl q,{OI 'ITTTTT • 

x1 = b1 2 3x2 + b132x3 

3Tifflq; SliflQ•ltl4 ~ <li1' TIURT &'i ~ : 

b13 2 

fJ 2 - fJ3 T23 

1 - r23 

OJ O 1.23 
X - <TT =r1 23 X --

02 a 2.13 

r13 - r12 r23 01 a 1.23 
- -~ X - <TT = r13 2 X --

03 . 0 3.12 r - r23 

http:fcWfll.ro


3rtfffl; srnlq 11q,i ~ q;) ~ ~ ~l-flcfi<o1 ~ ~ ~ ra R<IT ~ ~ ~ ~ ~ x 1 cfiT 

~ lfR f.rcti@fwil ~~I~~~ 3TTllRlR >1d1q,1q,i ~1-flcfi<OI ~ ~"WIT:-
Regression equation of xI on x2 and x3 

x1.23 = a1.23 + b123x2 + bn2 x3 

a1.23 = i1 - b123i2 - b13.2x3 

~ "m ~~ ~ (t?IJ 3'Tm SlffiQ,fq.f ~ if ~ (Relation between Partial 

Correlation Coefficient and Partial Regression Coefficients):-

m ~ -m ~'l TfCfi (,12) ~ st(jlq•1ii-1 ~ ~ ~OH4,('f cfiT ~ m<rr tam ~ 
3fITTfcfi ~'l TJqi (r123) <!J"1l ~ >1d1q 11ii-1 ~ ~ ~Ol-fi,j;('f cfiT ~ 'ITToT ~ :-

2 
r123 :;: b123 X b21.3 

Illustration 16: Find the multiple linear Regression equation of x1 on x2 and x3 from 

the data relating to three Variables given below :-

XJ 11 17 26 28 31 35 41 49 63 69 

x2 2 4 6 5 8 7 10 11 13 14 

X3 2 3 4 5 6 7 9 10 11 13 

Solution: The regression equation of x 1 on x2 and x3 is 

XI = a1.23 + b123x2 + bn.2x3 

The Values of the Constants a1.23, b123 and bn.2 are obtained by solving the following 

three normal equations: 

x1 x2 

11 2 
17 4 
26 6 
28 5 
31 8 
35 7 
41 10 
49 11 
63 13 
69 14 

370 80 

u1 = Na1.23 + b123u2 + bn.2LX3 
2 

u1x2 = a1.23LX2 + b123LX2 + bn.2u2x3 
2 

LXJX3 = a1.23LX3 + b123Ix2x3 + bn.2LX3 

X3 x1x2 x3x1 x2x3 

2 22 22 4 
3 68 51 12 
4 156 104 24 
5 140 140 25 
6 248 186 48 
7 245 225 49 
9 410 369 90 

10 539 490 110 
11 819 693 143 
13 966 897 182 

70 3,613 3,197 687 

Substituting the values in the normal equations : 

l0a1.23+80b123 +70bn 2 = 370 

80a1.23 + 780b1 23 + 687 bn2 

70a123 + 687b1 23 + 610bn 2 

3,613 

3,197 

Dividing each equation by the coefficient of b1 23, we get 

.125 a1.23 + b1 23 + .875 bn.2 

.103 a1.23 + b1 23 + .881 bn2 

4.625 

4.632 

x~ 

4 
16 
36 
25 
64 
49 

100 
121 
169 
196 

780 

x~ 

4 
9 

16 
25 
36 
49 
81 

100 
121 
169 

610 

.... (i) 

... . (ii) 

... . (iii) 

.... . (iv) 

..... (v) 

xr 

121 
289 
676 
784 
%1 

1225 
1681 
2401 
3%9 
4761 

16,868 
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.102 a1.23 + b123 + .888 bn.2 = 4.654 

Subtracting equation, (iv) from (v) and (v) from (vi), we have 

- .022 a1.23 + .006 b13_2 = .007 

- .001 a1.23 + .007 bn.2 = .022 

Multiplying (vii) and (viii) by 1,000 we get 

-22 a1.23 + 6 bn.2 7 

-a1.23 + 7 bn.2 

Solving these equations, we get 

22 

a1.23 = 0.561; b123 = 1.735 and bn.2 3.223 

Hence, the required equation is 

x1 = 0.561 + l.735x2 + 3.223x3 

..... (vi) 

...... (vii) 

...... (vrn) 

....... (ix) 

... .. (x) 

Illustration 17: The following information. about a trivariale population is known :-

01 = 3; ar2 = 4 and 03 = 5 r23 = 0.40; r31 = 0.60 and r12 = 0.70 

Determine the regression equation of x1 on x2 and x3 

Solution: Regression equation of x1 on x2 and x3 is 

x1 = a+ b123x2 + bn.2x3 

If the Variables x 1,x2 and x3 are measured as deviations from their respective means, 

'a' will be zero. So, Jet us assume x1 , x2 and x3 represent deviations from means. Now the 

regression equa!ion of xI on x2 and x3 is-

x 1 = b1 23x2 + bn.2X3 

b12_3 

bn2 

r1 2 - rn r23 01 
----X-

1 - r23 °2 

0.70 - 0.60 X 0.40 3 
X -

4 
= 0.41 

1 - (0.40)2 

r13 - r12 X rn 01 
-----X 

l -r23 °2 

0.60 - (0.70 X 0.40) 3 O 
---'-----,--- X - .228 

1 - (0.40) 5 

:. Required regression equation is 

XI = 0.41 X2 + 0.228 X3 

Illustration 18: Given the following data, Calculate the expected value of x3 when 

x 1 58 and x2 = 52.5; 

-
XI 55.95; o, = 2.26; rI2 = 0.578 

-
x2 51.48; 02 = 4,39; rn = 0.581 

-
X3 = 56.03; 03 = 4.41 ; r23 = 0.974 

Solution : 

The Multiple regression equation of X3 on xI and x2 is 

X3_12 = a112 + b31.2X1 + b321x2 

Now, 

...... (i) 



b
3

1.
2 

r13 - r23 r12 03 0.581 - (0.974 X 0.578) 4.41 
= 1 - r12 X OJ = 1 - (0.578/ X 2.26 

= 0.581 - 0.563 4.41 = 0.018 l 95 = O 053 
1 - 0.334 X 2.26 0.666 X . . 

b
321 

= r23 - r13 r12 X 03 = 0.974 - (0.581 X 0.578) X 4.41 

1 - r12 °2 1 - (0.578) 4.39 

= 0
·
974 

-
0336 

1 005 = 0
·
638 1 005 = 0 963 1 - 0.334 X . 0.666 X . . 

a3_12 = x3 - x1 031.2 - b321 x2 
= 56.03 - (0.053 X 55.95) - (0.963 - 51.48) 

= 3.48 

Substituting the values in the equation No. (i), we get 

X3.12 = 3.48 + (0.053 X 58) + (0.963 X 52.5) = 57.11 

~~ 
1. ~cfil~~q;Bq;tfclfqq;)aj'e;r:qif~I 

.................................................... · ........................................................................ . 

······································ .. ··••.•.•··········································· ···································· 

3. >1c1lq111.J1 ITTR ctt ~ ~? 

~ 1zcf olll41Rch ~ if >!(11q 111-H ctt ~ olllclt11n:<ti 3q~lfl1ct, ~ , ~ ~ ~ m it 
-3lZcfi WflR ~ ('f~ ~ '{<-lljl.JH ~ ~ ~ i I 51ct')qql.j,J fq:?8'101 ~ ~ m1TT q,1 lrrq-~ ~ 
'ITTcTT 3f:!l-lR" W1R q;t PJl@l >RR cf){ill ~ 1. t&fli ~ ~ >lffi4'il.J--1 , 2.WC11zcf ~J SldJ4 111.J-i I 

Sldl4'11.J-i ~~mm i ~~ >i(1!4'11.J-i {~ ~ >fcflR°it ~ -;JJT ~ ~ 1. 1Jni ra fcnq ~ >lffi4'11.J-i 

~ ~ WI I ~ fclfq ~ ~ ~ ~ ~ q;t 0RT f ~ i'f ~ ~ 3fo. ~ fclf-q >lffi 9 '11.J.J 

~lflch< □TI ~ 3TT'QR 1l\ "ITT ~ m-T3TT q;) ~ "IT m ~ I 
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~ ~ ffl (Long Answer 1ype Questions) 

1. '>1tilq 111.1-i' ~ cfll'T ~ ~? • ~ fcf[{ur ~ ~ WlP«f= ~ *nq,111-1 ooarr qif ~ 
~ ~ ~ ? 

What is meant by 'Regression'. Why should there be in general, two lines of regression 

for each bivariate-distribution. 

2. >liflq,1q+fcrirK cf>1 ~~I ~ m ~ ~ ~ >!cfiK f,r-:.r ~? 

Explain the concept of Regression. How does it differ from Correlation? 

3. '>1a1q 111.1-1· cf>l lffi'WTT ~ 1 >ltilq 1111-1 ~ ~ ~ mm ~? fcfi.l qftffl!1Fa41 it m ~ -m 
s1c1lq 111.1-1 oo m ~ ~? 

Define 'Regression'. Why are there two regression lines? Under what conditions can 

there be only one regression line? 

4. tTT: ~. >lffiq 111.1-1 cf'4T ITT"{Uf ~ cf>1 '-ITTUTT3TT cf>1 ~ ~ 3ITT ~ ~~ ~ • 
~ it Rcf>1 ,:WTI f) lctl ~ I 

Explain the concepts of Correlation, regression and ratio of variation and state their 

utility in the field of economic enquiries. 

s. w: ~ ~ 3lh >1ctlq 111.1-1 ~ q;r 3f?:f B'l~H~~ 1 siJiq111.1-1 wtlcf>{OI zj ~ m=n ~? 

Explain the meaning of Correlation Coefficient and regression coefficient. Why 

should there be two equations? 

~ ~ ~ (Short Answer 1ype Questions) 

1. 51ctl4 11Z-l-l it cfll'T 3ITTfll ~? 

What is meant by Regression? 

2. 51cftq,11.1., ~ zj cf<IT mm~? 
Why are there two regression lines? 

3. 51ctl4 111l-1 w,{icf,{01 zj ~ m=TT ~ I 
Why should there be two equations? 

4. 51ctl9'1'1-1 ~ "cf,T 3f?:f B4~1~~ I 

Explain the meaning of regression coefficient. 

5. Sl ct7 q 'I Z-l., ~ ~ o1TT&TT ~ I 
Explain the concept of Regression. 

i::H1Rti:3 ~ (Objective Type Questions) 

1. Sla1q,1z.i., "cf,T m ~lqlf ~ fcf;,:n-

2. Sl<1l9 1ll-l-l TfT9> Sl<1l4'1'1-I t&T "cf,T ~ lTT1l ~-

(3l) ~ , (af)"t&l~. m)oITTr~, 

3. ~ Sl<1l9'11-l.-f ~ "cf,T ~ ~ "ITT 1:JT ~~ ~ WTT-

~)~ I 

(3t) ::ii_Ollci-lcfi, (of) ~. m) ~. ~) ~ I 

4. zj ~ cf>1 ~ if ~ ~ 51<flq,1z.i., "t&T M ~-
(3l) r = 0, (of) r = + 1, m) r = -1, (~ r = + 1 <TT -1 

(3m- 1. ~), 2. m), 3. (of), 4. ~) I 



s.13 &11cuufhn ~ 
l. You are given the following results for the heights (x) and weights (y) of 1000 workers 

of a factory. 

Mean Height (ax) = 68.0 inches; and = 2.5 inches 

Mean Weight x(y) = 150.0 lbs; and = 20 lbs. 

Coefficient of Correlation = + 0.60 

Estimate from the above data (i) the height of a particular factory worker whose 

weight is 200 lbs. (ii) The weight of a particuJar factory worker who is 5 feet tall. 

[71.75 inches and 111.6 lbs] 

2. The following data are given for marks in subjects A and_ B in a certain examination -

3. 

Mean Marks in A = 39.5 

Mean Marks in B = 47.5 

S.D. in A 

S.D. in B 

10.8 

== 16.3 

Coefficient of Correlation between A and B = + 0.42 

Draw the two lines of regression and explain why there are two equations of 

regression. Also give the expectations of Marks in subject B for candidate who 

secured 50 marks in subject A. 

[Ans. 54.325, Equation are (i) y - 47.5 = .63 (x - 39.5) (ii) x - 39.5 = .27 (y - 47.5) 

The following table gives the frequency according Lo age groups of marks obtained 

by 5 students in an intelligence test -

Age in Years 

Test Marks 

19 20 21 22 23 

10-20 4 4 2 1 1 

20-40 3 5 4 2 2 

40-60 3 6 8 5 3 

60-80 4 6 8 4 

Total 10 19 20 16 10 

CaJeuJate the Coefficient of Correlation between age and intellegence. 

[ r = .35] 

Total 

12 

16 

25 

22 

75 

4. Calculate Regression equation from the following data -

Mean height 

Mean age 

S.D. of height 

S.D. of age 

= 50.07 inches 

. = 9.98 yrs . 

= 5.26 inches 

= 2.59 yrs. 

Coefficient of Correlation = + 0.898 

[x = 1.797y + 32.14; y = .442x - 12.21] 
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5. Given the following data. calculate the expected value of y and x is 12. 

X y 

Average 7.6 14.8 

Standard Deviation 3.6 2.5 

[r = +0.99) 

[Ans. 17.825) 

6. The ages of husband and wife in a community were found to have a Correlation 

Coefficient equal to + 0.8; the average ages of husband and wife were 25 and 22 

years and their standard deviation 4 and 5 years respectively. Draw the two line of 

regression and estimate the expected age of husband when the wife's age is 12 years 

and the expected age of wife when husband's age is 33 years. 

[Ans. Husband's age 18.60, wife's age 30 years) 

7. Determine the Equation of the straight line which best fits the following data-

X 

y 

10 

19 

12 

22 

13 

24 

16 

27 

17 

29 

20 

33 

25 

37 

[Ans. x on y = x = .8124 - 6.013; y on x = y = 1.213 x + 7.705) 

8. From the following data, find the probable yield when rainfall is 29 inches - Mean 

rainfall -25 inches, Mean Production -40 units per acre. Coefficient of Correlation 

between rainfall and production -8; S.D. of rainfall -3 inches; S.D. of production -6 

units. 

[ 46.4 units] 

9. Given the fo1lowing data for two tests -

[r = +0.72) 

History (x) 

x = 75 

0., = 6 

English (y) 

y = 70 

Oy = 8 

(a) Work out the two regression equations. 

(b) Predict the probably grade in English of a student whose histroy marks are 65. 

[y = .96x - 2, X = .54y + 37.2; 60.4) 

10. Find out Coefficient of Correlation and regression equation -

X 

y 

1 

9 

2 

8 

3 

10 

4 

12 

5 

11 

Also find estimated value of y when x = 6.2 

6 

13 

7 

14 

[r = .9, y = .929x + 7.248; X = -929y - 6.219; y = 13.04) 

11. Calculate Coefficient of Correlation and obtain the lines of regression for the 

following data -

X 

)' 

1 

9 

2 

8 

3 

10 

4 

12 

5 

11 

6 

13 

7 

14 

8" 

16 

9 

15 

Obtain an estimate of y which should correspond on the average to x 6.2. 

[Ans. r = + .95, Regression equation y on x = .95x + 7.25] 

[Regression equation x on y = .95y - 6.4; y = 13.14) 



12. 

13. 

The following marks have been obtained by a class of students in Statistics (Out of 

100). 

Paper I 

Paper II 

80 

82 

45 

56 

55 

50 

56 

48 

58 

60 

60 

62 

65 

64 

68 

65 

70 

70 

75 

74 

85 

90 

Compute the Coefficient of Correlation for the above data. Find the lines of 

regression and examine the relationship. 

[r = + .91, y = .99x + .9, x = .85y + 9.55; P.E. = 0.45) 

Recorded data showing the test scores made by salesman on an intelligence test and 

their weekly sales is given in the following. 

Salesman A B C D E F G H I J 

Test Scores 40 70 50 60 80 50 90 90 60 60 

Sales in 2.5 6.0 4.5 5.0 4.5 2.0 5.5 3.0 4.5 3.0 

'000 units 

Calculate the regression line of sales on test score and estimate the most probable 

weekly sales volume if a salesman makes a score of 70. 

What will be the sampling error of your estimate? 

[Ans. bxy = .66, y = 5.65) V ... (_L_dy_2 ___ , ff_:r_.xy_) 

Sampling Error = " . = ± .88 
n 

14. Heights of fathers and sons are given in inches -

Height of father 

Height of son 

65 

67 

66 

68 

67 

64 

67 

68 

68 

72 

69 

70 

71 

69 

73 

70 

From the two lines of Regression, calculate the expected average height of the son 

when the height of the father is 67.5 inches. 

[Ans. = 68.18 inches) 

15. If the mean and S.D. of three variables are as follows : 

Mean 

S.D. 

28.02 

4.42 

X2 

4.91 

1.10 

X3 

594 

85 

and of r 12 = .80 , r 23 = - · 56 and '31 = - 40. Find the plane of regression of X 1 

on X 2 and X 3 . 

(b) Calculate R21.23 in the above example deriving the formula you use. 

Interpret the result. 

16. (a) Distinguish between " Multiple" and "Partial" correlations, Ill the case of 

three variables. Write down the formula for them. 

(b) X1, X2, X3 are three variables measured from their means with 
2 2 2 

N=lO;IX1 =90;IX2 =l60;LX3 = 40 ; 

I X1 X2 = 60; I X2X 3 = 60; I X3 X1 = 40 

Calculate r12.3 and R2_31. 
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17. Calculate coefficient of linear multiple correlation of X3 on X1 and X2 from the 

following data. Also find r12.3 , r13_2 and r23.1 

3 

16 

90 

5 

10 

72 

6 

7 

54 

8 

4 

42 

12 

3 

30 

[ Ans. f12.3 = 0.5950, r13.2 = - 0.8995) 

14 

2 

12 

18. Obtain the best rule for predicting X 1 in terms of X2 and X3, given the following 

Data: 

Observation No. 1 2 3 4 5 6 7 

Variable X1 5 3 2 4 3 1 8 

Variable X2 2 - 4 2 2 3 2 4 

Variable X3 21 21 15 17 20 13 32 

19. Calculate (a) R3.12 (b) Rl.23 (c) R2.13 from the following data: 

X1 = 6.8 X2 = 7.0 X3 = 74 

s1 =1.0 s2 = .80 s3 .90 

f12 = .60 r13 = .70 r23 = .65 

[Ans. (a) .7567, (b) .7255, (c) . 6810) 



3-~-9 t1if@ch1~ RUT~~ ftt4_1.fi 
(STATISTICAL DECISION THEORY) 

~ ~ (C\cih311 
9.0 ~ 
9.1 ~ 

9.2 f.ruT<R cf>1 ¢tqtjl{OII~ 

9.3 f.ruT<R cf>l ~ 

9.4 f.ruT<R q,1 Fcl ~ 1rnr ~ 

9.5 ~it~ra-;rr 

9.6 ~cfiTWffiUT 

9.7 ~c{e:T 

9.8 f.rorH WWTT t cfc9 

9.9 mmT 

9.10 ~l~.lqctJ llT ~ 

9.11 q)q~ 

9.12 ~;Wg'~ 

9.13 f~lllc9cfi ~ 

9.0 ~ 

~~ cfif 3lUf<RcfiG ~~ 3Trl~W'1"ITT ffl fcf;_ 

1. RUT<R cfiT ~ cf ~ 3lcftITTUIT cfiT Wrf WlT I 

2. f.rorH ~ if ~ cfl ~moflcfi(UI cfl{ ffl I 

3. f.rorH wwrr t men cfiT Wrf m 1 

9.1 Sl~lcHI 

f.rorH ~ cfiT ~ ~ i, l% ~ 3f1Rl Wl«f Tffilfcntl<TT ~ cfir4 f.:ruh:R ~ m m ~ 
i I ~ B(!q f.furR ~ t ml'l ~ ~ i I~~~ cfiT RtffiUT cf,{(11 ~, ~ ~~ i, 
~ ~ ~ t ;flftf f.ltmuT ~ ~ cfiT f.rtITTuT ~ i 3l~ cfi1-liHft41 cfil 'TTTT, ~ ~ f.rgfui 
~ i ~ ~ f.rol<R ~ 'ITT ii ~ cfiJ<l cfiT '9T<ff i I, ~ m f.furR Wffil Sf<l .!tjct>l ti ~ 3TT q,1 

3TTW i I ~ ~ ~ ~ ~-~ ;t ~ i fcfi •~ ~ ~ ~ ii cfi«TT t ~ f.nmH ~ 
mnTT ~ t 1" 

f.tur<R ~ ~ (Meaning of Decision Making)-~ ~ ~~ 'lW "cfi1 olTT&l"I cf8 ~ 
lcf R1JT<.r~ cfiT ~ ~ ~ i I~ (Decision)~ cfi1 3m BITT ~ 'ctecides' il ~ 
i, ~ ~ ~ cfiTUfT mw i 1 ~ >fq;K~ 3;, ~ -;;?r qifuo mi~ 3;, ~-;;?r 
~ mi, t l,U{ ~ q,T q,]1'.:f ~~I olll"1iilf<<ti ~if~ ~\Fl~ if il 00~ ~ 
~cfil~~i I fcfim 'TT~ 3l~fflll 3TW'lil ~3Rf"ifq, $ 00~ ~ 
t~ cfiRUli fcfi ~~ ;t>l'<Pl q;)~~ cfi1 ~t ~if~ fcfi<TTi I ~;t%1 
i fcf; "~ fufq;;r ~ ~ llm ~ ciiTt'1 t I" 

~ Rif&Jq;Jq ~ 
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9.2 f.:toh-1-1 cfIT 3rcJQF(UII~ (Concept of Decision Making) 

~ tfiW ~ 1:fT fq'll!c:I½, ;i-~ ~ ~~~it~~ lfRT ~ ~ I 3f<l: ~ ~ 
~~it "ITT~~ flfffi ~. ~ ~ ~ ~ R<ffll3TT ;t ~ 1I~-1I~ Wl ~ -fit it cfiTllll 

'l,l m ~ fcn\R ~an~ "lC\tf it~~ I ~ ~ ¥.J ~ 6lc:l'tll{OII~ f,:11:-ifclffild i : 
1. ~ ~ 31qQH0II (Mental Process Concept)- ~ mK ~ ~ ~ Slii4 .. 1H'IH-il 

'!TI. -jr_ ~~~~I~~ 'f.rar;:R' ~ lfRfuq; ~ ~, ~ Rur:r ~ qffiJ ~ ~ 
qif 3'CTlJl7T ffl fq~<4i'{Ui ~ ~ Rur:r ~ ~ I~~~ 3m ~ ~ mK~ <FTTfCfi ~ 
cf>1 ~. ~ ~ ~ f.r!q;if f.:t<4ikHI ~ ~ ~ ~ ~ "ITT ~ cf>1 ~ ~ I 

2. ~ 31qQl(0II (Selection Concept)-~ ell{ lJr ~ 3"~ 4cfiQiH~us 3lTR 
fcm;:n ;t ~qi)~~~ oq, "ITT mfiTo ~ ~ I ffl ~ ~ f.iurR ~ ~ ~ 
~ ill~ ~~~~w\R ~~~¥RTffl ~~ qif~q,v{lmm~ 13IB: 

WWll3TT~WlllfR~~qif~~~~"ITT3TlR~cf>T1[Ui~~I . 

3. WRm f.rcmvT 31qQHUII (Problem Solving Concept)-~ ~ ~ ~ ~ fcl> tfiW 'TI . 
RUl<i~cf<TT-;;r@T~,cf<TTfq;tfiWwwnmm~~~wrrlJRq;G~~f.lurr-r~qif~ 
m ~ ~ m ~ ~ , 3IB: ~ ITTRUJ 3WITTUTT ,n ~ ~ ~ f.lurR ~~qi) 31TT«ft ~ , ~ 
m wwn ~ ~ ill f.lurR qif ~ m ~ doiTT ~ , 

4. ~ ~ 31qQl<Oil (Continuity Process Concept)- f.rorH cili ~ >lcfiK qiT ffl ~ 
~ f<l> cfiTJ:{ 1P"T san ~ f.rurR 1P"T s3TT, ~ ill ~ ~ ~ cf@ ~ -?roT ~ , ~qy ~ ~ ft;rn 

-;;r@T ~ fcl; Wo ~ qiT ~ ~ f.raT;:R ~ m -;;r@T ~ I ~ ww,TT 'IJTTTf ~ ~ Wo qiT ~ 

~ 3TlR ~qi) ffl lf{~ ~ ~. ~ cf>1 ~ ~ ~.Wl qil 3ff~ cfi"@T ~. BT'TITT ~ 
:!&l ~ ~ ~ 'TI-f!l91F~ d'iW:JP-tii?i qiT RcfR cfi«TT l lITTcf mwRT qiT fcr<rnl ~ ~ ~ 
~ ~ lJr ,ft f~~FI-~ cfir=n SloP.fcf>l ll f.'!ur:H ~ it ~ ~ ~ ~ I 3IB: f.fur:H ~ ~ 
ffl ~ ~ -?@T ~ I 

5. 3~¥41<'14> 31qQl(UII (Objective Concept)- cili ~ f<l>m 'TI ffl qil m f<l>m ~ ~ 
~ m ~ ~ ill~ ill~ ffl ~ qi{ m ~ ~- , f.riT<:R >ITTfi<n qiT :!&l ~ ~ f.flmul 
qiT UlR it &cR 3""fl' cfqi ~ ~ ~ {~, ~ ~ qiGf 3TIR ~ ~ I fll91..qi1lll ~ qiT 

~ f!cfi1<1(1'.lcf> ~ l ~ q;,ft-qi,:ft ~ .,cf,1{1(1'.l<t, ,n m m ~ , 
6. ~ ~ f~41 31qQl(0II (Conscious Human Activity Concept)-~ ffl ~ 

cfqi ~ ~ ill ~ <-ITT".3""fl' ~ ~ qiT ~ ~ m tfcf.<fT ~ ~ f.:riTlv! m cl!fu. 3-wTT ~ ~ 
cf>l l1'Rfucfi ~ ~ fcfi<TT "'1cm ~ 3@: m ~ ~ ~ ~ it "ITT ~ ~ ~ I ~ ~ ~ ~ <TT 

~,ft~ mmiMr~~~m ~, 3IB: ~ ~~fui?:fTmGT ~, 

7. ch:l::W-il.i'II cit 3rcTTITTllTT (Commitment Concept)-~ 'TI >r-Pl <TT~ m Rur:r ~. 
~ ~ ~ 3""fl' r:iarll1jfil{ <w1 Wl"F, q;G ~ ~ ~ ~ ~ ~ '1\5 9~.i~~a, ~ ~ 1[Ui m 
cfqi R'ffiT -?@T ~ I RUT<R ~ ~ RUl<i ~ 9K1l ~ m ~ i ~ ~ 1[Ui q;G <TT cfi"lR ~ 
~ ~ ~ I ~ 3fcflTT{UTI f.:iufq<t,11~ qi) d'ii{C::IP-!ii:l cf>1 'TTcf.TT ~ ~ cf,«11 ~ I . 

8. ftcla:jlQcfiifl ~ 31cfillt.011 (Universality Concept)-~ M . 'TI «IT qiT m ~ ~ -mit 
>r-Pl m <TT llu:r 3flfqJ R8 >r-Pl ~ cili 1 RUT<{~~~~ 3@: RUT<R ~ cf,1 ~ dlll.fl{f~l\'-11 

t, ~ 1m m.~~ ~<fcfi ~ ~ o!ffifi.~ ~ ~~ 'E.fZqi ~~ ~ 
~ ~ 3@: ~ ~ ~ ~ ~ 3fcl'EffiUTT ~ I 

~ ~ fcr[R f.iuT<R ~ ~ it m ~ 'WIT ~ ~ ~ ~ ~ "f{llRT~ 

(Synonymous)~~ lffi ~ t I 



9.3 R oi~-i cn1 mi.11'41~ (Definitions of Decision Making) 

~f.f~~~fcfif.rur<H~~~, Fcl'l4cl{1-fffii"{"~lfRftrq;~~~~ 

mm~~~ qft'J1fl1a qiGf 'l1 ~ ~ cfir4 t ~ ¥J fcf[R) ~ f.lurH ~ am m * 
ttft'llMd Fll<rr ~ 'ill f.A ~ * ~: 

1. ~~ cWJt 3f:{m{ "f.lffl qif ~ fcf;m ~ o!ffifi t ~ it fcf;m w:qfu ~ 

cf>l4clliJ ~ ffi t ~ * WWTT ~ ~ ( 

~= ~-qft,wnf.iUflRt m~ iru~crmcf>T~cRm~ ~ f.JuTlRtwt 
~~~~~~I] 

2. ~ ~ an~ t 3f:Im{, "f.!un:R fcl;m ~ ~ ~ t f<TT'R" ~ it * M ~ 
q;r cm~Fclcf> ~ ~ cfiT 3RfWT mcIT ~ ( 

3. ~ ~ t ~. "~~ ~ ~ ~ m t ~ ~ oo Sjcq.:tic:f>lti ~an~ 
~. Wfo-f, cf>lli!IR~ cl>1 'l<ff, ~. WP-fOT, -;rcf-~ 3fh-~it* M ~ t ~ ~ 
~ti" 
~ = ~ ~ ~ f.riT<R cfil ~ wn fcfNan ~ tliM ~ <RoT ~. ~ ~ 

f.fur<R"c:f>l ~~~~Fll<rr~~ I] 

4. ~ 3IR. ~ t 3f:Iill{, "f.roT<R fcf;m ~ t 3lllITT" ~ ~ 3f~ ~ * 3TT'Efcli ~ 
~ it * fcf;m ~ qif ¥9 qiGf mcIT t I" 

s. -ijq;-~ t ~. "~ ~ ~ ~ l ~ ~ ~ anlfffl'ft ~ ~ qf<ftl'1Fct 

it,~ ~ ~ ~, t ~ it ~ ~ "!1T $cIT l .1 oo ~ ~ cfiT >l"ftff.lftriq cfi{ill l 
~ ~ 3Rcfi ~~it "B ~ ~ ~ 1" 

l~ = ~ ~ ;) m f.=rurl;f ~ ~ ~ ~ cl>1 ~ ffl ~ ~ ~ <R" R<TT i, 
~ "ijq;-~ ;) f.fuT<R t ~ lffiJan cfil ~3TT t ~ 3f'TT Wfj ~ ~ ~ ~ ~ ~ ~ ~ 
~ l, ~ cfiT "llfaf.nt«9 ~ cl"@"T cf ffl ~ it "B ~ cfiT ~ ~ 3TIR I] 

6. ~-~~-~ t 3f:Iill{, "f.M<r-1 {'cl-11\'lii.fi lffiftR; ~ 9'l ~ ~ f,q ~ ~ ~ ~ 
~ ~. ~. 'W-RT "d"iTI ~ cfiT ffl mcfT ~ 1" 

1. ~ t 3f:!BR, "f.=rurl;f ~ cf>T4 i m 1;cf, ~ ~ ~ cf?TT ~ ~ ~ t 1l<t 
<RoT t ( 

1~ : ~~~an it~-~ ~:m tfil ~fcfi1TT l ~ ~ ~ q;r lffifuq;~ 

f;ru-if ~.fcµm-, 'W-Rlcf ~ cfil ~t %1°~~~ ~~cfiT<l ~~i ~~ 
~ Wfi ~ "B ~ cfi"{of l I] 

8. tfifc;icm ~ ~ 3f:!BT{, "f.forl ~ ~, fcn,r;;f fcmm,:m:ft -:ii I q :t'1cfid I 3TT, mwRT ~ ~ 
~ ~~ ~ dlf--ifNctctl, ~ ~ <rITT qqi fcf; 6ifqtjcf,<fOTctl q;t Wlfu it ~ cfiT4 ~ >!fu 
cl ii -1 iq ,i;.d I cfil ~ cfi"{of l I " 

[~ : ~ FtmJ ~ f.roT<R cfil WNTI 1°TcTT ~ cf.8 q;t ~ q;t l I ~ ;) ~ ~ 
Spqi:f<'h(UI, cfiT<t t >lfu i:fi:f-icq,i;.ctl 3fTR cfil ~~it~~~~ q;T l I] 

f.roT<R ~ ·3fl'l ~ ~311 <l>1 fcJ$RT ~ ~ ~ ~ ~ ~ 1ITT'TT'TT -~ SjqiT{ u ~ 
;;n ~ l 

9. ~ qft'lJllf[ - •• f.lur.R ~ <l>1 ~ f.TBR ~ 9IBt >ffiFlTT l mB 1%m ,:ft wwn t 
ITTR ~ >1"Pl "[TU~~ it~ ~cf>T'if<R~ m "t,~qqi~~ W"!f t wn ri 
q;) ~ m;) er~$ mt~ t ~ illl-~ f.forl cqful WR 3lcRl cfil-1~.i;:a1, cfil 
~ ~ ~ ~ , .. 
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9.4 R oit.1-1 ~ ~8;1UT ~ fq~qdl~ 
(Essentials or Characteristics of Decision-Making) 

fq4<li'l~ f.,ur<J ~ ~ ~ ~mi~ f<fi Rllfll' c!,l fcmlfofan qiJ ffl m1 ~ ~ ~,n 
~ ~ ~ I v:q; m<J ~ 1j&I" ~ ~ f.{J;f fq~t@~ ~ ~ ~: 

(1) ~ ~ 3fRltJ ~~(Decision is the Last Process)- Rllfll' w-TT ~ <liT ~ 
~ ~ ~-wrn ~ ~ f<fi<n ~ q@f cfiJ<f ma1 ~ 3fif: m 3TRllf ~ lfRT ~ ~ 1 ~ ~ •• 

~ t cfiJ<f qiJ ~ mffi ~ I ~ 1ffiUITiJ f<TT'Ff ~~'Cl\ cfiTCJ,1 ~ ~-f9lrn cf>B t 
~ >fl'<f mal ~ I ~ ~. ~ fcfi ~ 3TRllJ ~ iTcft t ~ ~ fq~8qo1, ~-~ 
aw~ t !Jc-Hli'l-!cfi q fq~i,\qolli'iicfi ~ qiJ ~ iTcft ~ I 

(2) ~ WffiPt ~ ~ ~ (Decision is a Best Selected Alternative)- R$T ~ 
~ ~ ~ ~ f<TT'Ff ~°ITT~ I ~ ~ qiJ ~1 3q1~<!i'1I ~ a;:m ~ m cf@ >i'1TCTT • 

t ~,fit tl~·Hliiicfi fq~8q 01 ~ mal ~ aw alftfqi ~ ~ ftqn:0111fl q,1 ~ cfi"{R cf@ m <fill 

"BCfill~cf@~qiy~fcf;zrr~~ I ~R$T~~~~~m<TT~~m 
Ill 3ff'tfcfi ~ ~ cf>"8 9@T m <fill "B <fill iilf-l<lill<li mal ~ I 

(3) ~ f4<6Hl<'icb ~ 4cfiHl<'!cfi m' ~~(Decision might be Positive and Negative)­

~ "fR 9TB ROJ<TT qif ~ m ~ ~ ffcfil{li'Jicfi m1T ~ ~ ~ I ~ ,Jcfil(li'Jicfi ,fl m ~ 
~ I fifim cfiJ<f -q;) cf>"8 m ~ -q;) ~ cf>"8 qiJ ~ ffcfil<li'iicfi mal ~ aw 3W cfiJ<f cfi) 1 cf>"8 m 
<ITTRT -q;) ~ 1 cf>"8 qiJ RUT<1 ..Jcfillli"icfi itfT ~ I ~ -ITT ..Jcfil<li'iicfi ~ 'TT ~ ch1 ~ t ~ 
~~~I 

(4) f.llmR WR m ~ m ~ it watf.:mt ?rffi ~ (A Decision May Relate to the End 

or Means or Both)- RUT<1 qiJ ~ ~•~ ~ it m ~ ~ I ~ qn:f~fctlfl if R$T mtR 

cf)[ ffl ~ ~ 3ITT ~ qf<R~fct<n q "ffiRf cf)[ I flR qn:ff\!lfct<n ~ ~ Rm ~ ~ aw~ 1rffr t 
~ -q;) ~ ~ ircrr ~ m r-ril R$T mtR cf)[ cfiT1l cfi"CTTT 3W ~ of]"{ f.:i"uf7:R cf)[ ~ mtH ~ 
1;TTUT~"B'ITT"ITT~~ I 

(5) f.llmR 3ITTlcfiR zytraT ~ (Decision Making Shows Rights)- RUT<1 w-TT ~ ~ ~ fcli 
f-10\1.Jcfii'lf 4i 1Jffi RUf<l' ~ t ~ ~ 3{f'tl"cfil{" ~ I fcfi"m ~ t 3lftTcfiro t 'lffirM t 3ITtTT{ '4T 

~ ~ fcf;m ;;r@T ~ fcf; ~ a:ifu; ~ f%tl" >fcfiR qiJ R$T @<TT '3fT ~ ~ I 

(6) ~ ~ c1il ~ mID ~ (Decision Making is an Indicator of a Commitment)­

.~~ f<fim ,:ft~ cf)[ RUT<1 ~ ~ m. ~ ~ >!ftf ~ ~ cf)[ mi'fcfi m-r ~ ~tj-, rstilj,~lH 

~~m~~cf;TT~~I 

(7) ~ c.61 ~ (Advice of Specialist)-~~ "l/T ~ fcfim ~ WWTT t 
~ ~ ~ ~ "l/T ~ 11'@ ~ Ill ~ flklf~cl ~ t ~ it W1TI1 'ITI it ~ ~ I 

~~ 
1. RUf7:R ch1 a'fqtTT{UTj -q;) ~ I 

2. f.ruT<Rch11lft'WTT~I 



3. ~~mlUT~I 

ftif@chltl f;Jofu- fcf~qOI (Statistical Decision Analysis) 

{ljf&Jcfil4 Rut<f fcf:?cltjDj ~~ ~ ~wfW3RUPl~Rfflcfl8 ~~ ~ 311M 
WITlll ~ Wf-~ ~ ~ cit ~ fct;cn ~ ~ I ~ f.Tut<f ~ (Decision Theory) ~ 
~ ~ ,ft ~ -;;ircrd 1 

tii f&icf>l 4 f.Tut<f fcf :?cl'lDI cfiT 3ITTnf "tl"m ~ WITlll cit ~ cf@1 ~ cit f.Tut<f ~ 
~~I "!"of f.Tut<f ~an~ ~ <hl "tl<H4cf>dl ~ m<TI ~ "daf ~ fq~cl'lDI q f.ror<J-cp¼:l <hl ~ 
<l>l ~ ~ I Rut<f-<J:a:l it ffl ~ ~ ~ ~ mffl q;r ~ M ~ ~ 3lk ~ ~ ~ ~ 
~ ~ ~an cit ~an nTT ~ fct;cn ~ ~ I ~ >fcf,K, ~ ~ ~ rli"t cfi""$ ~ 
~ ~ ~ 3lk ~ ~ 1!( ~ll@IS'ffi <J:a:l <hl ~ ~ ~ ~ I 

f.ror<J-<J:a:l it ~ 3fW 91l 3tl ~ cit ~ q,{ill ~, ~ f.roT<J ~ ~ I ~ 91l it ~ ~ 
~ 1!( aH ~ ~ ~ cf@1 ~ B~f..tJa ~ ~ ~ ~ -;jfR 1!( ~ ~an 3lk 
-cmunmcit~~l1 

'R"01c:r-~ (Decision-Table) 

fcf;m RlfTUft cfilIRl cit f.Tut<f B1f ~ fcf; fcf;m ~ ~ cfiT f.fl:rrur fct;cn ~ 3l~ ~ ~ 
~ ~~I ~ >fcf,K f.rTTur ~~it ~ W'GW-@ f.lurli ~ t-

1. f.rnuT' 2. 3lf.rnuT' 
~ ~wmr cit lTTll ~ fR:'l it cfR ~~it~ cfilm i-
1. f.fl=l (Low), 2. ~ (Moderate), 3. ~ (High), 

3lo( ~ ~ 3TTlffi 1!( R"Ufll-BRDTI <l>l f.fl=l ~ m CR ~Fh~ ~-

~ fuefo-lWT ~ "ffi;J ~ m 
f.:rcml ~ ~wmr 

5 I f.p:;p1TTf 
v v 

S2 ~ llTTf S3~1TTTT 

DI f.fl:rrur 
D2 f.fl:rrur ~ 0 0 0 

9.5 .fll{Un if ~ &;n (Keep the Values in Table) 

3lo( ~ wuft it 1FTT cit @ I ~ ~ AUfl! ~ ~ mm ~ TffilJTTlTT ~ it) ~ ~ it 
~ "ITT ~I~ fcf; "4R ~ q;r 'f.fl:rrur ~• fcfitIT "1T-TT~ (j"t ~ <fftuTr:r ~ (Zero) WTT 
3lk ~ <hl wmf ~ ,ft "irr, ~ ~ "Cficli ~ ~. cFTTfcf; f.rnuT ~ fcf;7.rr ~~I 
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~~.~~ ~q ~6T1'm<flffi'l"ll"Tmf.rcfil~"6T1'm360T~ I~~ 
·~ -;m' qfffi ~ lffifi if ~ ~ ~ cfi\ ~ l 1 

m"{Uft ~ JJtfq lffifi ~ 1l{T ~ ~ ~ ~ "1'lf©J.ttaf <man lf{"Wff(cfiGT wrr I TfRT ftfi ~ 
1WT f.r:1- ~ m ~ f:in ~ lft~ mr.r 3,oo,ooo m Mam-~ 1WT cf,l ~if~ ffi'l 
50,000 i . 3ITT" 1WT cfi1 m if ~ ffi'll 2,50,000 i . m7lT I 3f4f ~ ~ ~ ~ "fl"RUTT if W ~ t I 

9.6 suf~cfitti cnT RQITUJ (Determination of Probability) 

t1if&4ctil~ f.Jur<l Fcl1?c:.iti 0 1 if~~ ~ ~ "9TTUTl"J.tl, ~ ~ ~ fcfi"ll"T ~ ~ 1 

~ ~ 1lfturr:n ~ ~ ~ ffl 1WT Wffif ~ ~ Stlf<l<hill cfiT RlffiUf ~ I ~ ~'IT'TT ~ 
3TTm{ "If{ l{RT f<li fclf'R #frr q,l ~arr if~~~~-

H8 #rrr cf,1 ~ if 0.20 

"W,Pl 1WT q,1 ~ if ·a.so 

~ 1WT cf,1 ~ if 0.30 

3faf ~ ~ mUfPn 3ffi Sllf<l<hill ~ H8 "flT{ll'IT if >Rfuo ~-

31ffl QROlll-l ~ Sllf4cbdl 

~fui<:n Wffif Wffif 
S1 H8 #rrr 

~ 

S2~l=fTTf 

'(P = 0.20) (P = 0.50) 

Rs . Rs. 

D1f.rtnuT -30,00,000 50,000 

D2 f.rtnuT ~ 0 0 

Wffif 
~ 

S3 ~ 1=fTTf 

(P = 0.30) 

R s. 

2,50,000 

0 

ffl ~ f.l'uh:r ~ ~ ~ ~ lTTWfi ~ (EMV) f.Nrfuf cf;Bl ffi ~ f.Jur<i 
~q,l ~ q,l -;;rJ ~I~~~~ cfiT ~ ~ ~ l-

EMV (D1)=0.20 (~3,00,000)+0.50 (50,000)+0.30 (2,50,000) = 40,000 <>. 

EMV (D2) = 0.20 (0) + 0.50 (0) + 0.30 (0) = 0 <> . 

~ oo fif;,.rr;m ~ ~ ~ ~ ~ ~ 1~.:mqq; ~ il 1TTfT ~ ~ fcli 
Bel~ Ruh:! D2 ~ ~ DI ~ l ~ <® ~ ~ ~ ~ ~ fcl; fcf;m ~ 00 ~ ~ 
~~~if~ ,:ft m ~ ~ 1 tB fcl; ~ ~~ ~ W'i9 ~ fcl; H8 <ilT~TPwTq,"( 

W'ffer ~ ~ 0.20 'flm ~ m 1 ~ wm, flif&4ctil~ oo ~ ~ 3RPTTl 'fl'cf~ oo fif;,.rr 
cfiT ~ ~ ~ -..itt· ~ f.:li ~ RUt<l 'flm m ~. fll;{ tft ~ 3fcTT<1 ~ f.:li ~ ~ <N<ti1i.1l,i 
~ 3Wrcfi 1ITTU]l"l'.1' q,"( dij'f~il4 Rm cf,1 am-it~~ I 

9.7 f.rofc:r-qa;l (Decision-Tree) 

~ ooWlftl~ ~ f.r4tuT ~ 3ll'lfil ~ RUt<l R'f<TT~ i moo cf,1 WWll ~ 
«l1 ;jjTilT ~. ~ ~ ~ ~ "If{ 3,af ~ m ~ ~ f.:li ~ ~ cf@ ~ ~ ~ 
3'1Tmt lJt ~ 'TI 3lZcfi 00 ~ ~ I ~ ~ cf,1 WWll cfil ~ t&lm (1) '[TCT >Rft@ fcf<TT ~ 
~I 



// 

~ .,,.,~ 
~-

. I) 

():, _,, ~ (p « 
QJ.'-~ _,,o ~7 

0 ~~ ·00 
~~ 
=Rs. 2,00,000 

~~lfm' ~ ~ • ~ q~ 

~ 
qftunq 

= 5,00,000 ~-

~ 
qftunq 

= - 1,00,000 ~-

~ 
qftunq 

= -50,000 ~-

~ 
qftunq 

= -50,000 ~-

= +5,00,000 ~-

= -100,000 ~-

= -50,000 f . 

= -50,000 ~ 

~ <i~ 3--;:i ~'11 oo ~Pn ci'J ~ 3"=l ~ <fil ~ i ~ ~ ~ it .:rfzo m-m 
i 1 ~ ~ m (2) it oo ~3ff ci'J q11 ~ nu ~ ~ ~Pn <fil ¥ >Rftq; nu~ 
TflIT % I 

m (2) it ~ oo ~ l 
1. ~ cfil mftru ~ % 3l~ ~ . ~ 

2. <lR ~ cil fllfi('Jc1icf4<h ~ ~ % cTT ~ f-:r.fM «K ~ wn? 
oo <i~ cfi1 3q~1r1a1 ~ % fct> ~ f-10\,:ict,<1\ ci'J >frlWfcl, oo ~ ml?1-"ffi?l ~ tffiUITITT 

cfi1 fn!T it ~ ~ cfi1 dllc:l~<lcfiiil Slfctq1f<c1 cfi'«TT. % I~~ >Rfm ~F"ilfctil 'lffiUfTlTT cfi1 ~ it 
~ ~ ~ ~ i fct> ~ ci'J fifcm@ <fiB ~ RUTll' (f"il ~ wn ~ 1. ~ ci'J ~ M ~. 
~2.~~~~~1TT1T~i11 

m 00 ~ "l{Hfij~ f.lufll ~m{UTI f~~!jUI ~ WfR °ITT% I~ it~ f.lufll-<i~ 
if WTI 00 fipn3{f ~ ~ Sfr<'-llf!?lii ~ ~ ci'J '1l ~ lTm ~I~ '1URT ~ cfi1 m 'ITT cfi1 

3iiiilffl flifigqqf}q ~ 
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~ t I ~ att)@-flll t fc!; ~ cfil ~ ~ '5fR ~ EMV Cf>1 ~ 3ITT" ~-~ RlTTUT 
~ ~EMV Cf,l~~wm'Cf>l~ l 

EMV = 0.70 (1,40,000) + 0.30 (-2,00,000) = 38,000 Q. 

EMV = 0.40 (5,00,000) + 0.60 (-1,00,000) = 1,40,000 Q. 

1. ~-«ft1R"RlTTUT, ~i >1ci11F~1a ~ ~ 1,40,ooo Q. t aw 

2. R9-~ f.ri:rrul, ~ >lcillf~ld ~ ~ -50,000 Q. t I 

~ ~ it ~ ~ fllf>~dl'[<tcfi rfcfim ~ ~ ~-~ RlTTUT "cfiPf tlcfWo ~A~ I 
tm fc!; "tmm it~ t fc!; fcfcf;fw ~ cfiB awR9-~ f.ri:rruT cfil ~ ~ ~ ~ cffiUT ~ 
~c:tit'flm (H) q;Jffl~ll<TTt I 

~ it ~ ~ ~ l fc!; ~ f.riTll" ~ 1K ~ cfil fcfcfift:«r c!iB ~ ~ it 38,000 Q. 

~~ ~ aw~~cfiB q;J~cfiB1K~~ ~ ~t I~.~· 

~ ~ ~ cfil fcrcmrd" qiBl t I~ o{R:~R ~ cfil ~HN<'ldl'{ll~ Ffcfifw ~~<fl 2,00,000 

Q. cf>l ~ mTTT I~ tfcfWo ~<TT!~ fc!; ~ q;y fllf>i:1<11'l4cf> f9'flm ~~aw~-~, 
f.r:lTur ffi fcfi<TT ~ I 

9.8 f-iOllH ~4-flf I ~ ffiq (Ingredients of Decision Problem) 

~ m ~ 0(9 F-1i..if~f©a l 
(1) ~ qiJ fu:mur (Determination of Objectives)-~ ~ t! ~ q;y ~ ~ 

~t1~~fl',n~-mm1Km3fTtnfurml1~~,oocfi'l~cR11.m 
oo 1 ~ <lT lll!l1r~r~ cfiT<lll &1T ,n f.rllfl1 >ITTfi<f[ ~ m 3fTT l ~ <TT! fl''TT ~-f.rtAftr mm 1j"{ 

R 'IT cfiTTi ! I 

(2) ~ qiJ ~ (Identification of Alternatives)-~ Af ~ ~ m it ~ 
fclf'F! ~ cf>1 ffl ~ ~ ~ qiBl ~ ~ I ~ ~ cf>1 WITT" ~ it QC{ fun t, 
~ WWTT il fl1.<qf~ ~ it affqq, ~ ~ m I <lR cfilW m ~ >Jcfi"Kcf>l t fc!; ~ ~ ~ 
~ m ~ ~ m ~t m ~~@<TT~ mT t 1 

(3) ~31'i cf>1 '!<fl::iqA (Estimation of Events)- 1Ticft ~an CfiT ~ 1l\-W'-TT >1'119 ~ 
l ~ ,wn ~ w,r;;r ~ ffllTT c~, ft 141f-ilcfi, i:rrwft, ll"1~ Fcicfi ~ ~) if; wwr if; 
cfif{UJ >lcfic fun l I 3f<f: ~ if; ~ <TT! ~ i fc!; ~ fclf,r;;r ~ cflq"T ~ if; W!T1TT it 
~ fclf,r;;r ,TTcft tjz;fr3TT cf>1 ~ m I <lR f.ruTm faj',r;;r <R1Tan cfll 'f<'1Tj4H -;,m" ~ m 
i m ~ ~ il ~ cf>1 ~ ~ w-m i 1 

(4) ~ <i'! ~ ctl lJlQ (Evaluation of Alternatives)- mR ~ qft:f~Pllll ll 
~ cf>l lTT9" if; ~ ~ >Jcfi"K cf>1 ~ qiT m fc!;<TT ~ i-

( a)~~ (Monetary Value), 

(b) 39ZTifllctl ~ (Utility Value) I 

RUl<R if;~~ cf>1 391~<l<11 cf>1 lTT9" ~ "1T-TT ~ i I 

(5) f.rom clli11c'HOI (Decision Environment)- f--t 01llcfictl cfil RllT<1 ~ ~ ~an if; 
3fT'ElIT cf{~ qftf~ra~, cfi'l M-1 wit it~~ m-r l . 

(i) f--tf~'tj<1<1I cf>1 WITTf ll f.rar:{ (Decision making under certainty) 

(ii) ~f--tf~'tjctdl cf>1 WTTo it 00 (Decision making under uncertainity) 

(iii) ~ cf>1 WITTr ll 00 (Decision making under risk) 



~ffl~q@~cfiTafq~~i-

(1) ~ ~ ~ (Acts or Alternatives)- f-1°fll<f>df qi) ~ fcn-q;;r ~ cf>l "ITT ~ 
ffl ~ I ~ ~ if ~ f.lufllcf><lf cf>l -31:i't:i~Wl ~ cfiT y.l'Jq cf>vIT mcTT ~ I ~ ~ ~ 
fcff-q;;r ~ ~ ~ cf>l f.rJ:T ~ ~ ~ fcfi<TT -;;rr ~ ~-

a = (a1, a2, a3, ..... an) 

~ 

A = (A1,A2,A3, ... ,.An) 

(2) ~ (Events or States of Nature)- f-1°fllcfictf WU fcf;m ~ ~ ~ ~ 11'Q; 00 cfiT 

mUfTlf ~ (1(qT 1TT' ~ WTT ~ ~ f-1ufllcfictf cf>1 ~ ~ "CR" mcTT ~ I ~ f-1°f llcfictl cfiT ~ 1TT' m 
~ Hffl ~ mcTT ~ I ~ "ITT ~ ffl ~ I fcn-q;;r 'ER11an ~ ~ cf>l ~ ~ ~ allni 

~~~l 

E = (E1,E2,EJ, ... ,.Em] 

~ 

S = (S1, S2, S3, .. ......... Sm) 

(3) ~(Pay-Oft)-~~ ~an~~ tf{''l,]"Cq ~ llR "Pay-Off'~~ I 

~ cf>1 ~ ~ ~ ~ ~ mcfiT llR f.iuJm &:RT~ ~ ~ i:;cf '1Tcfi ~an 
~ ~ 1TT' f.r,rr ~ ~ I fcn-q;;r ~ ~~an~ ~ cf>l ~ ~ it R9 >Jq;K ~ 
~~~~, 

Acts 

Events a1 a2 a3 On 

E1 011 012 On Din 

E2 021 0 22 023 0 2n 

£3 031 032 033 03n 

(4) ~~(Opportunity Loss or Regret)- fcf>m tJuIT "il l-lklf.-'tlct fcn'Fl ~ it "il 
f-iah:icti'iil cf>l ~ ~ yRT WTT ~ 1 ffi"I cfiT ~ 'qJT[ ~ f-1°\ll<t>al riT ~ ~ qf<ffl!lfct it ~ 
~ 1 ~ ~cfiTTUT Ji¥.:i, ~l~ ~~m 'ITTf.l~ ~, ~ ~ qil (1[1@ qil 

TTURT ~ ~ ~ ~ ~ cfi1 ffltfqi mTt<T ~ '3'B ~ ~ llklf-'lct ~ cfi1 mm cf>l <RT R<TT 
~ ~ I 

f.tf~i:Mdl <tl fu!lra it ~ (Decision Making Under Certainty)- f-ifNi1i11 qft M'fu it 
r-1011.Jcti'iif cf>l Rufi! ~ ~,ft ~ ~ mm ~ -a~ ~ 'llfcM cf,1 ~311 ~ <i1t it '!:fl ~ ~ 
'i'~T:il-lH <Rm ~ 1 f-10\lJ<t>ctT ~ ~ ~ ~ ~ ~ ~ if; ~ ~ m ~ w~f.:tia ~ 1 

f,i f:?ih1ct I cfi1 M'fu it Rufi! ~ cfi1 >f1F/ ~ R9 ~-

1. 3lKT-~ ~ (Input-output Analysis) 

2. BfTT"ct-'ffi'l ~ (Cost Profit Analysis) 

3. mlf!TT ~ ~ (Inventory Control Method) 

4. ~ ~ (Linear Programming) 
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31f.tf~t1nl cfi1 ~ :q f.tUF:f (Decision Under Uncertainty)- f-i 0hl<trdf ~ lJm f.raf.J q[lf{l'~fa 
$ of1t it~~~ m ~ 1 ~~it~ ~arr cfi1' ~ ,n >R"R m qi{~~ 1 1lJcft 
~arr qiT ~ 1l<f ~ ,:ft m mm ~ ~ r-i01qq;tjf ~ lJm >l~,r~,a ffi'IJ 'SfTC<f m qiT ~ mlR' 

m mm I r101qq;-af ~~it f.fkf f.l'urq- q,~fl4f il M ,n ~ cfi1' 3ltR@T ~-

c1) 31Nc61ill ii' a:mlc6dq ~ (Maximax Criterion)- 3ll~llqlf<:.dl 1K 3fltnftf ltr cflmit ~ 
3TTtITT" w f.raf.J ~ qfffi ~ • ~ $ ~ an~ fi qiT R1ll<I qi«lT ~ -qJ rfi"{ ~ 
~ qiT 'f'{Tcf qi"{(fT ~ ~ uz.11,~qi ~ if ffl'fql fi m 1 ~ ~ ~ Wl<f ~ m ~ 
t ~ f-i01qq;=af ~ ~ 'f'{Tcf ~ qfl0 lliJf9(<\q ~ <rrffi mf.I cfi1' ~ cfiB q,1 ~ if 'ITT I 

(2) ~ ~ 3'fu4>M ~ (Maxi-Min Criterion)- ~ ~1 f-Hl~ll<ll<:.l f-i 0li.1qi'al ~ ~ 
f-tcf,tc.cliJ if if ~ ~ q;r 3ffcfli~ ~ I ~ ~ ~ 3Rf1Tcf f1ofqcf>=al ffl ~ if ~ fi qiT 

i_fTTq cfi«TT ~ ~ ~ ~ ~ if ~ ~ q;r ~ qi«lT ~' ~ ffl'fql fi 'ITT I 

(3) JlfucbM ~ ~ (~ ~ ffitra ~) (Mini-Max Regret Criterion)-~ ~ 
~ 3RfT1o fcn"R ~ ~ ~ ~ q,1 ~ it if ~ ~ ~ ~ q,1 ffiTJo qiT 

~ Cfi"{(fT ~ ~ ~ ~ q;r 'f'{Tcf qi«lT ~ '5fITT ~ ~ ~ ~ 'ITT I 

(4) 3Mii4~ 'T'f1<E ~ (Coefficient of Optimism Criterion-Hurwitz Criterion)- ~ 
~ ~ ~ f-imww:.l ~ q;r ™1l ~ anr 31mfq]c!J 1JUfTcfi '11T 3TTtTTfur ~ 1 ~ ~ ~ 
>lfaqle.cf> ~ (Hurwitz) ~ I ~ TfTcfi q;r ~ 0 <fYJT 1 ~ lM mm ~ I ~: 3lTfflqR1 f.l'uim 
~~~~(a) q;r lfR ~ (1) <fYJT ~: f-l<Hll<ll<:.l RUlm ~ ~ ~ 1JUfTqi (a) q;r llR 

~ (0) mill ~ I ~ ~ ~ ~ ll"RT ~ lM 3fCR1 ~ 1JUfTqi f.Jtlffuf Cfi"{(fT ~ I 1JUfTqi 
RlffiUT ~ ~ ~ ~ ~ q;r ~ cf>11TT, ~ ~ ~ llR q;r ~ wnf'flcf> 'ITT I~ 

llR qiT ~ (Value Based on Hurwitz Criterion) f.:fJ:;r %K m@T ~ ~ ~ I 

H(a1) = ~ a1 if, 3lf~ ffi x (a ) + 

~ a1 if~ ffi x (1 - a) 

or 

(a ) (Maximum) + (1 - a) (Minimum) 

(5) ~ cfil fufu (Jacob Bernoulli Method)- ~ TI@ qiT ffl ~ ~ ~ ~ t ~ 
<TT: llITT ~ ~ m <liTT1JT ~ m fcf; 1%-m ,:ft tfc-TT ~ ~ q,1 ~ ~ if 3lf'l<fi m 1 ~ %K 

ffl'Ef21'~~ ~~ tfllR~ ~q,1 ~~I~~~-

mfuq cfil W1lfu it f.rom (Decision Making Under Risk)- ffl qftf~falll ~ ~ ~ 
RUJ1l qftff>'-lfa~1 ~ <llt it 1l°T ~ <TT w· ?rm ~ ~ ~ ~ 311'9cf ~ 3TTtITT" 1R \lfcft 'Ef21'3TT ~ 
~ >fc:R <R~ if W'19 mnT ~ I 3C:li${01B:lM ~ ~ ~ 3lT@ R4 q,1 ~ ~ ~ ~ 
oo~~~ 1 ~"q,l>fclifum'FJ~~ 1 3@:~mllcfcfi~f<ilcfi1fTTft~m~~m~ 
<TT m- cfi1i ~ -R ~ ~ ~ 1 ~ ~ ~ 311'1T9 ~ 3TT'QR 1R fcn'!Gl lWTI ~ ffl ~ -l Iv~ 1@ 

(Relative Frequencies) >RR <R ~~I~ %K q,1 WWTT3TT q;r ~ ~ q,1 ~ if f.lum 
<li1 fcn'!R fcn~ cfil ffl <R fcl;<TT ~ tfcfi(ff 'g I 

d!R,?,:l~ cn1' W1Jfu it s11f~Gti111 cn1 fliw-1111 ~ f.rum B-;rr 

(Decision Making Under Uncertainty with the use of Probabilities) 

(i) ~ • ltR ~ (Expected Monetary Value Criterion or EMV) -~ ~ 
\lfcft tfc-TT3TT il w~f..tia ~3TT1 cfil ~ ~ ~ SMlfm ~ lffi cfl-mit (EMV) ~ 3lf'QR ~ 
00 fcl;<TT ~ ~ ! I ~ Rfq ~ ~ ~ 3l1R ~ 311'9cf <IT 1l"D~ ml fcn-q-;;, ~3TT ~ 



suP-Ffitl I ~ cfi«TT ~ ~ mfclf,r,:;r ~ ~ st~lf~lct ~ llR cfiT ~ R9 '¥ q,'t ~ 
it cfi«TT l 

" 
EMV = L p; O;j = P1 O;i + P20;2 + ..... + P,, O;,, 

j = 1 

st~1f~1a ~ llR cfimit (~' cfiT ~) ~ 3{fqft '9'{ f.falm ~ ~ cfiT ~ cfi{ill ~ 
~I st~lf~lcl ~ llR (EMV) ~ tTT I 

(ii) Sklllf~hi ~ ~ mt@' qjmif (Expected Opportunity Loss Criterion EOL)­

st~1fw1 r~ ~ ffi1Tct' cfimiT (EOL) st~11)1ct ~ llR cfi"mit cfiT ~cf,f~cf> ~ ~ I ffl ~ 
~ IBl!. st~lf~1a ~ ~ ~ -a-m >f<fiRR<lilffi ~ ~ N11r ~ st~1f~1a ~ llR ffl ~ ~ 
t I fl:ll:J.~1{-

n 

EOL = L p;R;j = P1 R;i + P~;2 + ..... + P,, R;,, 
j = 1 

st~lf~lct ~ ~ ~ cfimit ~ 3WTT{' '9"{ ~ cf;l ~ ~ cfiT ~ c!l{'1l ~. 

~ ~ ~ ~~~'ITT I 
~ ~ ~ ~ q;) ffi t ';JIT ~ 3{ftfc1iqq ~ if it i:!l«ifqcfi ~ tf2'R ~ ~ ~ 

mTT ~ I 

'T31 ~ c1iT ~ ~ (Expected Value of Perfect Information EVPI)- ~ ~ cfiT 

st~lf~lcl ~ (EVPI)~ ll'R ~ -;;rr f.luJm 3{fqq; ~ ~ cf;8 ~ ~ olfq cfi\ ~ ~ I ~ 
~ ~ st~1foa llR <l>1 1101-11 R9 >fcfiR it <l>1 ~ Wf>ffi ~-

(i) Expected Value With Perfect Information 

= [Best outcome for 1st event x Probability of 1st event] + 

[Best outcome for 2nd event x Probability of 2nd event] + 

[Best outcome for nth event x Probabiltity of nth event] 

(ii) EVPI = Expected value with perfect Information - EMV of optimal act. 

~cfif~ct, ~ if, dlj<fil."Wi ~ it ~kilf..tia ~ ~ ~ ~ ~ ~ ffiTIB 'ITT 1r17 ~ 
~~~~I 

•~• cliT ~~(Bayesian Decision Theory)-~ ~ cfOH ~ ~ 3f'fZrrll 

if ~ ~ ¥1 ~ I ,:rihn AA ~ m "«lRT ~ % ~ qi1 TfCJRT R9 ~ mr cf.T 7;fT Wf.ill l 
Frequency of an Outcome 
Total Number of Events 

mtTRt ~. ~ (Marginal and Joint probability)-~~~ 'ITT~ 
~ ~ ~ ~ ~ ¥l ~ I -mrfRl fq~('jqo1 fc!fq ~ ~ 3ffiffuf; ~ cfiT ~ ~ ~ (fcfi 

~ ~ ~ ~ (fcfi fcf; 3ffiffufi ~ ~ ~ ~ -q"{ "st'fC<f m ~ ~ (1'l'q ~ ~ ~ -;i­

R<R '9"{ m ~ st~lf~lct ~ it 3lfqct, ~ oru-.R 'ITT I 

~ 'p• 3ffiITTni ~ ~ ~ ~ q;'t ~ ~)P'¥!' ~ ~ ~ ~ '9"{ ~ ~ 9TB (1'l'iTTT 

o?TT '11.: ~ ~ ~ -;i-~ '9'{ ~ 9fffi ~ 'ITT "if! 

P (IP) :2: (/ - P) (IL) 

Or 

IL 
p :2: IP+ IL 
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~ 3lftrftiji ~ cfiT ~ ~ "{l'lfli <fq; fcfi<rr ~ ~ ~ <fq; fcl; m ~ ~ cf,1 ~ 

(P) ~ IP/~ IL t -m-K<lr ~ 'ITT I 

Illustration 1. The management of a company is faced with the problem of choosing 

one of the two products for manufacturing. The probability matrix after market sUJVey for 
the two products was as follows: 

I~ of Nature ➔ Good Fair Poor 

s 

Product 'N. 0.75 0.15 0.10 
Product 'B' 0.60 0.30 0.10 

The profits that the management can make for different levels of market acceptability 

of the products are as follows : 

Profits_ (in Rs. if market is) 

~e of Nature➔ Good Fair Poor 

s 

Product 'N. 35,000 15,000 5,000 · 
Product 'B' 50,000 20,000 (-)3,000 

You have to calculate expected value from choice of either of the products. 

Solution. 

Let us put tbe above information in·a pay-off matrix with probabilities associated with 

the state of nature. 

~ket Conditions Good Fair Poor 

gy 
Product 'N. Probability 0.75 0.15 0.10 

Profit (Rs.) 35,000 15,000 5,000 
Product 'B' Probability 0.60 0.30 0.10 

Profit (Rs.) 50,000 20,000 (-)3,000 

The expected values of the two stragegies are : 

Product A : (35,000) (0.75) + (15,000) (0.15) + (5,000) (0.10) = Rs. 29,000 

Product B : (50,000) (0.60) + (20,000) (0.30) + (-3,000) (0.10) = Rs. 35,700 

The expected pay-off for product B is more and therefore it is preferred. 

Illustration 2. A boy purchases a news magazine for Rs. 3 and sells it for Rs. 5 per 

news magazine. He can return tbe unsold stock for Re. 1.00 per magazine. Past records of 

sales are as follows : 

Sales of Magazine 20 21 22 

Probability 003 0.05 0.17 

Find the ordering quantity for optimal solution. 

Solution. 

23 24 25 26 

0.23 0.30 0.18 0.04 

Firstly the conditional pay-off and than expected monetary value (EMV) will be 

calculated. Calculation of EMV and conditional pay-off is like this : 



Pay off Table (Value in Rs.) 

Events p Acts 

20 21 22 23 24 25 26 

20 0.03 40 38 36 34 32 30 28 
21 0.05 40 42 40 38 36 34 32 
22 0.17 40 42 44 42 40 38 36 
23 0.23 40 42 44 46 44 42 40 
24 0.30 40 42 44 46 48 46 44 
25 0.18 40 42 44 46 48 50 48 
26 0.04 40 42 44 46 48 50 50 

EMV 40 41.74 43.56 44.56 44.64 43.52 41.60 

Act 

Calculation of Conditional pay-off 

Ordered Demand Profit on 
Units Sale (in (Rs.) 

20 20 40 
21 20 40 

21 42 
22 20 40 

21 42 
22 44 

23 20 40 
21 42 
22 44 
23 46 

Similarly other condjtional pay-off may be calculated. 

Calculation (EMY) Expected Monetary Value 

EMY 

Loss on Not 
Sold Goods 

(in Rs.) 

-
2 
-
4 
2 
-
6 
4 
2 
-

20 ➔ 40 X 0.03 + 40 X 0.05 + 40 X 0.17 + 40 X 0.23 + 40 X 0.30 + 40 X 0.18 

Conditional 
Profit 

40 
38 
42 

36 
40 
44 
34 
38 
42 

46 

+ 40 X 0.04 =40 

21 ➔ 38 X 0.03 + 42 X 0.05 + 42 X 0.17 + 42 X 0.23 + 42 X 0.30 + 42 X 0.18 

+ 42 X 0.04 = 41.74 

22 ➔ 36 X 0.03 + 40 X 0.05 + 44 X 0.17 + 44 X 0.23 + 44 X 0.30 + 44 X 0.18 

+ 44 X 0.04 = 43.56 

23 ➔ 34 X 0.03 + 38 X 0.05 + 42 X 0.17 + 46 X 0.23 + 46 X 0.3 + 46 X 0.18 

+ 46 X 0.04 = 44.56 

44 ➔ 32 X 0.03 + 36 X 0.05 + 40 X 0.17 + 44 X 0.23 + 48 X 0.3 + 48 X 0.18 

+ 48 X 0.04 = 44.64 

and similar other values will be calculated for Act 25 and 26. 

Decision. EMY ( 44.64) is geatest for the Act 24. Therefore for optimum solution 24 

magazines should be ordered. 

Illustration 3. Under an employment promotion programme it is proposed 10 allow 

sale of newspapers on the buses during off-peak hours. 

The vendor can purchase the newspapers at a special concessional rate of 0.25 paisa 

per copy against the selling price of 40 paise. Any unsold copies are however, a dead loss. 

3iiiffl< Rif&<JctfJq ~ 
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A vendor has estimated the following probability distribution for the number of copies 

demanded: 

Number of Copies 15 16 17 18 19 20 

Probability 0.04 0.19 0.33 0.26 0.11 0.07 

How many copies should be ordered so that his expected profits will be maximum? 

Solution. 

The vender does not purchase less than 15 copies or more than 20 copies. His profit 

is determined by the demand (D) and the number of copies purchased (P). Whan the 

demand is more than the number of copies purchased by him profit will be: 

Rs . 0.40 X P - Rs. 0.25 X P .... (i) 

When the demand is less or equal to the number of copies purchased by him his 

profit is: 

Rs. 0.40 X D - Rs. 0.25 X P 

From above equation (i) and (ii),we can construct the pay-off Table 

N 15 

15 2.25 
16 2.25 
17 2.25 
18 2.25 
19 2.25 
20 2.25 

EMY 2.25 

Calculation of Expected Profits 

Act 

·· . . . 

16 17 18 

2.00 1.75 1.50 
2.40 2.15 1.90 
2.40 2.55 2.30 
2.40 2.55 2.70 
2.40 2.55 2.70 
2.40 2.55 2.70 

238 2.44 237 

15 = (2.25 X 0.04) + (2.25 X 0.19) + (2.25 X 0.33) + (2.25 X 0.26) 

19 

1.25 
1.65 
2.05 
2.45 
2.85 
2.85 

2.19 

.. .. (ii) 

20 

1.00 
1.40 
1.80 
2.20 
2.60 
3.00 

1.97 

+ (2.25 X 0.11) + (2.25 X 0.7) 2.25 

16 = (2 X 0.04) + (2.4 X 0.19) + (2.4 X 0.33) + (2.4 X 0.26) 

+ (2.4 X 0.11) + (2.4 X 0.07) 2.38 

17 = (1.75 X 0.04) + (2.15 X 0.19) + (2.55 X 0.33) + (2.55 X 0.26) 

+ (2.55 X 0.11) + (2.55 X 0.07) = 2.44 

18 = (1.5 X 0.04) + (1.90 X 0.19) + (2.30 X 0.33) + (2.70 X 0.26) 

+ (2.70 X 0.11) + (2.70 X 0.07) = 2.37 

19 = (1.25 X 0.04) + (1.65 X 0.19) + (2.05 X 0.33) + (2.45 X 0.26) 

+ (2.85 X 0.11) + (2.85 X 0.07) 2.19 

20 = (1.00 X 0.04) + (1.40 X 0.19) + (1 .80 X 0.33) + (2.20 X 0.26) 

+ (2.60 X 0.11) + (3.00 X 0.07) = 1.97 

Decision . It is clear from the above calculations that the expected profit is maximum 

i.n the third action i.e., 17. Hence he should order 17 copies in order to maximise his profits. 



Illustration 4. Calculate the expected monetary value (EMV) of the three conditions 

with prior probabilities and pay-offs indicated therein: 

Events Probability Acts 

A1 A2 A3 
E1 0.1 25 -10 -125 

E2 0.7 400 440 400 

£3 0.2 650 740 750 

Solution. 

Computation of Expected Monetary Values 

Events Probability Acts 

A1 Az Az 

E1 0.1 25 X 0.1 = 2.5 -10 X 0.1 = -1.0 -125 X 0.1 = -12.5 

£2 0.7 400 X 0.7 = 280 400 X 0.7 = 308 .400 X 0.7 = 280 

£3 0.2 650 X 0.2 = 130 740x 0.2 = 148 750 X 0.2 = 150 

Total 1.00 412.5 455.0 417.5 

The highest expected value of pay-off is from ActA2 

~ ~ 
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9.9 ~Hi~I 

R1lT<H o1.f l<'H-11 f ll <ti ~-q cf;T 3TTtm"itrT i ~ fcl; flif@i.f,lll ~ q ~ ~ 3WTTfuf ihrT 
i I ~-q ~ Wffil llfafqf tT<TT ~ cfiT<l R1lT<H t 3TTlffi" ~ m qi{(f d ~ ~ ~ ~~ m 9@l 

>ITTfi<TT i I ~ 3hrfu ~-qql ~ fflcfiTlll,~ <RTcTT i,-;#fu RtITTUT, cfiA-i-41ftll7 cfll "'9<R,~ 

~ ~ ~ ~'Q(l 3P.PfcfiR t cfiT<l R$R it m ~'1-jq m i I 

9.10 ~l~lq~ c:rT ~I~~~ 

~ Rif@J<tf/4 ~ 
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9.11 31'afm ~ 

~ ~ ~ (Long answer type questions) 

1. Bif&i<t>Jll ~~<Ffl~? f.rurq~q,1~~ I 

What is statistical decision theory? Disens decisin environment. 

2. ~ cflT ~ ~ q)@ ~ ~f.lf~~ddl q,1 3J7TTl!TT if 00 ~ q,l fcn'Ff fcnt1<lf cflT ~ ~, 
Describe the various methods of decision making under uncertainly without use of 

probobility. 

3. ~ 3IT"Cfi cfl@Cf)f q,1 ~ "ij ffu ~ q,1 Sl fq fie4j fcf>B WfiR ~ q,1 ~ ~ ? 

How can entries in a Regret table be derive_d from a pay-off table? 

Bq ~ ~ (Short answer type Questions) 

1. Bif&4<t>lll fffl_~ 'FIT~? 

What is statistical decision Theory? 

2. ~ 3IT"Cfi qtfJ ffu <FfT ~ ? 

What are pay-offs and Regrets? 

3. oo er~ <FfT ~ ? 

What is Decision tree? 

4. EMV-q;)~I 

Explain EMV 

1. <lFf ~ A, B, C ql'f[ <lFf >ffcfif ~ P, Q, R q,l ~~cit TTm l 
Pay-offs of three acts A, B, C and stales of nature P, Q , R are given below : 

'!l1fi:om (Pay-offs) (in Rupees) 

~~ ~ (Acts) 
(State of Nature) A B C 

p -35 120 -100 
Q 250 -350 200 
R 550 650 700 

,ffcfif 3JeW!TT3ll cl,1 Sllfllcf,ctl~ ~: 0.5, 0.1 "ill'ff 0.4 ~- I ~ ~ ~ @l!, Slfqlf~lct • 

~ ~ ~ "ill'ff ~ 'TI ofiITT1l: Ri <fiR-m ~ cit fflll llR ~ ~ ;jfl Wf,cfJ ~? 

The probabilities of the stales of nature are 0.5, 0.1 and 0.4 respectively. Tabulate the 

Expected Monetary Values for the above data and state which can be chosen as the 

best act? 

(~: Sl{'tltf~l<1. ~ ~ 

~~ fu;m 

A B C 
p - 17.5 60 - 50 
Q 25 -35 20 
R 220 260 280 

EMV 227.5 285 250 



2. 

~~ s11f<.1cbtti ~~A 

~~c!irn lOO~clilfcralrr 200 ~ cfiT fcralrr 

~JTTT[ 0.2 3,500 4,500 6,000 
am@ JTTTf 0.3 3,500 4,500 3,500 

~ JTTTf 0.5 3,500 3,500 2,000 

t~.cft_q;mitcfif~~~~ ar,:m~~" 
Given the following pay-off matrix : 

State of Nature Probability Act or Action 

Do not Expand Expand 100 Expand 200 
units units 

Hight Demand 0.2 3,500 4,500 6,000 
Medium Demand 0.3 3,500 · 4,500 3,500 
Low Demand 0.5 3.500 3.500 2000 

U sing EMV criterion decide the best act. 

[~: 3TT'Efcfi<fl1 (3,500 12,200 3,250) = 12,200. 

100 ~ cfiT fcTTmt ~ ~ ~ '{i'flr ~] 

3. f.r9' ~ if (fR~3TTA1,A2,A3 <fiTT ~ 3ffil!rr3TT E1, E2, E 3 ~ 'l-3flq, ~ ~ l I~ 

~an ch1 >llP-Fhill~ ~: 0.1 , 0.7 <fiTT 0.2 ~ I ~3fcRR-'ITTR ~ ~ <fiTT ~ ~ 
~: . .. 

Q-mmron 
~~ fa,qy 

A1 A2 A3 

£1 25 - 10 -125 

£2 400 440 400 

£3 650 740 750 

4. Given is the following pay-off matrix: 

State of Nature Probability Decision 

Do not Expand 200 Expand 400 
Expand Rs . units -(Rs.) units (Rs.) 

Hight Demand 0.4 2,500 3,500 5,000 
Medium Demand 0.4 2,500 3,500 2,500 

Low Demand 0.2 2,500 1,500 1,000 

Wb at should be the decision if we use (i) EMV critcrion,(ii) The minimax criterion, 

a nd (iii) the maximax criterion? 

5. T he probaWity of the demand for lorries for hiring on any day in a gjven district is 

a s follows: 

Number of Lorries Demanded 0 1 2 3 4 

Probability 0.1 0.2 0.3 0.4 0.2 

L orries have a fixed of Rs .90 each a day to keep and daily hire charge ( net of variable 

C 

e 

osts of running) is 200. If the lorry-hire company owns four lorries, what is its daily 

xpectation? If the lorry-hire company is about to go into business and currently has 

? no lorn es, how many Jomes should 11 buy. 

~ RiroA4i1ll ~ 
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6. (i) Marketing staff of a certain industrial organization has submitted the following 

pay-off table, giving profits in million rupees, concerning a certain proposal depending 

upon the rate of technological advance in the next three years: 

Decision 

Technological advance Accept Reject 

Much 2 3 
Little 5 2 
None -1 4 

The probabilities are 0.2, 0.5 and 0.3 for Much, Little and none technological advance 

respectively.What decision should be taken? 

(1) It is known that 40% of the students in a certain college are girls and 50% of 
2 

the students are above the median height. If 3 of the boys are above the median 

height, what is the probability that a randomly selected student who is below the · 

median height is a girl ? (Answer the problem preparing a joint probability table). 

7. A management is faced with the problem of choosing one of the products for 

manufacturing. The potential demand for each product may turn out to be good, 

moderate or poor. The probabilities for each of the states of nature were estimated 

as follows: 

Product Nature of Demand 

Good Moderate Poor 

X 0.70 0.20 0.10 
y 0.50 0.30 0.20 

z 0.40 0.50 0.10 

The estimated profit or loss under the three states may be taken together as: 

Rs Rs. Rs. 

X 30,000 20,000 10,000 
y 60,000 30,000 20,000 

z 40,000 10,000 -15,000 (loss) 

Prepare the expected value teble, and advise the management about the choice of 

product. 

8. A Newpaper distributor assigns probabilities to the demand for a magazine as follows: 

Copies Probability 

1 0.4 
2 0.3 
3 0.2 
4 0.1 

--

A copy of the magazine sells for Rs.7 and costs Rs. 6. What can be the maximum 

possible expected monetary value (EMY) if the distributor can return unsold copies 

for Rs.5 each? 

!Ans. If the distributor can return back unsold copies for Rs.5 each, the maxir.1um 

possible EMY is Rs.1.20.] 



9. A group of students raises money each year by selling Souvenirs outside the stadium 
after a criket match between Teams A and B. They can buy any of the three different 
types of Souveuirs from a supplier. Their conditional pay-off table is as under: 

Tvues of Souvenir 

I II III 

Team A wins Rs. 1,200 800 300 
Team B wins Rs. 2.50 700 1100 

(i) Construct the opportunity loss table. 

(ii) Which type of Souvenir should the students buy if probability of Team P.:s winning 
is 0.6? 

(iii) Find out the cost of uncertainty. 
10. The conditional pay-offs in rupees for each action-event combination are as under: 

Event Action -
1 2 3 4 

Ruoees -
A 4 -2 7 8 
B 0 6 3 5 
C --5 9 2 -3 
D 3 1 4 5 
E 6 6 3 3 

(i) Which is the best action in accordance with the maximum criterion? 

(ii) Which is the best action in accordance with EMV criterion, presuming all events 
have equal probabilities of occurrences. 

11. A management is faced with the problem of choosing one of the three products for 

manufacturing. The potential demand for each product may turn out to be good. fair 

or poor. The probabilities for each type of demand were estimated as follow: 

Product Tvoe of Demand 

Good Fair Poor 
A 0.75 0.15 0.10 
B 0.60 0.30 0.10 
C 0.50 0.30 0.20 

The estimated profit of loss under the three states of demand in respect of each 

product may be taken as: 

Rs. . Rs . Rs. -
A 35,000 15,000 5,000 
B 50,000 20,000 loss or 3,000 .. 
C 60000 30.000 20,000 

Prepare the expected value table and advice the management about the choice of the 
product. 

12. Pay-offs of three Acts A, B and C the states of nature P.Q.R. are given below: 

State of Nature Pav-offs (Rupees) 

A B C 
p -35 120 -100 
Q 250 

I' 
-350 200 

R 550 650 700 

The probabilities of the states of nature are 0.5, 0.1 and 0.4 respectively. Tabulate the 
expected monetory value for the above data and state which can be chosen as the 
best act. 

NOTES 

~wmr~~~ 
Test your Progress 
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