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Section I

x 40 50 60 70
P X=x ) 0.1 0.4 0.3 0.2

All questions iz Section I are compulsory.

Let X be the number of words typed by a student in a minute. Suppose the
probability distribution ofX is as follows :

Obtain the sampling distribution of the average number of words typed in a

minute (X) by 2 students. Verify that the expected value of X is equal to the
population mean.

(10)

7.
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2. (a) Suppose the number of hours per week thal a college student spends on

social media platforms (X) has a rnean of 20 hours and a standard deviation

J

of 4 hours. If sixty students are selected randomly, what is the probability

that the average hours spent by this group on social media in a week is

between 19.8 and 2l.l hours?

(b) Let the random variables X, Y and Zhave the mean as 2, -3 and4 and the

variances as l, 5 and 2, respectively.'Moreover, the covariance between X

and Y is -2, between XandZ is -l and between y and Z is l. Find the

mean and variance of W: 3X -Y + 22. (5+5)

@) Suppose a random variable has the following pdf:

1n
(a) Show that 62 =: L fX, - X )2 is a biased estimator for o,. Suppose pn-r=l

,' =:Z(xi- tizis unbiased for oz.

is known and does not have to be estimated by X. Show that

f(x;o) - ,0, (+)'. :x>kand0>l
otherwiset

J cotl

I*
i
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(i) Assume k is known, obtain Method of Moments (MOM) estimator for

(ii) Assume k is known, obtain a Maximum Likelihood Estimator (MLE)

for 0. (5+10)

(a) Assume that the yield (in tonne per hectare) for paddy (i.e. rice) is normally

distributed with meau p 
"od 

va.i"n.. o2' For a random sample of 5 districts

in Punjab, the yields (in tonne per hectare) in the year 2022-23 were 3.56,

5.25, 4.75,4.48 and 4.03, resulting in a sample mean of 4.414 all.d a

sample standard deviation of0.6506. Find a 90% confidence interval for p.

(b) In a study of habits of programmes watching on OTT platforms, it is desired

to estimate the average number of hours that an undergraduate student spends

watching programmes on OTT platforms. If the investigator believes that

almost all times in the distribution are between 0 hours and 70 hours and

population distribution is not too skewed. What sample size would be

appropriate for estimating the true average time'to within 5 hours with a

confidence level of 95%o?

(c) For developing countries in Asia and Africa, let pr and p, be the respective

proportions ofpreschool children with chronic malnutrition (stunting)' If

respective random samples ofn, : 13gg and n, : 1100 yielded xr = 510 and

xz = 385 children with chronic malnutrition, find an approximate 9570

confidence interval for p, - pr. (5+5+5)

0

4
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Section II

Attempt any two questions from questions 5, 6 and 7.

(a) The incidence of a certain type of disease in some tropical country 'dBC'

is believed to be I in 75. A random sample of 800 individuals of a particular

state of that country reveals 16 who have such a disease. Can it be concluded

that the incidence rate of this disease among the residents of that state

differs from the presumed rate for the entire population of the country?

(i) State and test the relevant hypothesis using the significance level of

5%. What type of error might you have committed in reaching this

conclusion?

(n) What P-value is associated with this test? Based on the p-value

approach, can the null hypothesis be rejected at a significance level of

20o/o?

(b) Suppose the weights of two different glass products are normally distributed

with average weights $, and pr, respectively. A sample from each of the

populations is drawn with the following sample statistics

Sample Size Sample Mean Sample Variance

Sample 1 6 0.02'7

Sample 2 5 21.95 0.058

5
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Test whether the mean weights of the two distributions are different or

not, using the level of significance of 5%. Which test do you use here and

wh (10+10)

6. (a) Let X denote the thickness (in mm) of spearmint gum manufactured for

vending machines. Assume that the distribution of X is nomral with o = L20.

A random sample of 25 observations was drawn resulting in a sample mean

of 7.8.

(i) Test Ho : p:7.5 against H": p + 7.5 at a significance level lyo.

(ii) Using the information in part (i), find the probabiliry of making a type

II error when p = 7.3.

(iii) Using the information in part (i) and (ii), find the appropriate sample

size to ensure that the probability of makilg a type II error is l0Zo

when o. = 0.01?

(b) Students looked at the effect of a certain fertilizet on plant growth. The

students tested this fertilizer on one group ofplants (group A) and did not

give fertilizer to a second group (group B). The growth of plants, in mm,

over six weeks were as follows:

Group A 55 61 JJ 57 1'7 46
Group B 3r 27 12 44 9 25

Test at 5% level of significance whether the fertilizer enhanced the growth of
plants or not (assume equal variances). 1tS+S;
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7. (a)

7

The security department of a factory wants to know whether the true average

time required by the night guard to walk his round is 30 minutes' If, in a

random sample of 25 rounds from a normally distributed population, the time

taken by the night guard averaged 30.8 minutes with a standard deviation of

1.5 minutes, determine whether this sample provides evidence to reject the

null hypothesis of p = 30 minutes in favour of the alternative hypothesis

p > 30. Use the p-value to test the hypothesis at a lo/o level of significance

and interpret the result.

O) Determine, based on the sample data shown in the following table, whether

the true proportion of shoppers favouring shampoo A over shampoo B is the

same in the two cities

Number favouring

shampoo A
Number favouring

shampoo B
Total

Delhi 132 68 200

Pune 160 90 250

Use the 0.05 level of significance.

(c) Let X, and X, constitute a random sample from a normal population with

o2=1. If the null hypothesis p: lro is to be rejected in favour of the

alternative hypothesis p > p0 when 1 > lto + l, what is the size of the

j coLtA
(

d
a

w Delhtl

I

rejection region (i.e. ct)?
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l.

(d) A random sample of n. = 7 brand X light bulbs yielded f = 891 hours

and s2 = 9201. A random sample ofn, = l0 brand y light bulbs yielded

Y = 5g2 hours and si = +ASO. Use this data to test Ho: oliol = I against

H,, 4/4 t l. Use the levcl of significance as 0.05 and state your assumptions

in conducting the test, (5+S+5+5y

€gI

Tlos I +q{l yqsffi{1

wrdfrs x qtn'ft{ct \'.['Br* Erfi zfiiqftsry$d fr{cfiil c[{frfts x 6r
yrfrfin RiltgI liu I?[R l:

x 40 50 60 70

P(x = x) 0.1 0.4 0.3 0.2

z ffiftil Erfl v5.frTc d zrsc frs qs $d * *ffi ter(X) 6T;rt{r ft-rtur yrq

dFssr fte dBs fr x cr sifud qrt tr{rer wsq * ffirt ir (to )

$) rm mfrw fr q5 ai*e an zra cfr ctdra *$il {Ecr ffi.S (x) vt frns uT+

qr& qd d T@r r5l rttEr 20 e ut qrq. fuor a lE *r qR qr6 ffiftil ql
qrEfu,o qr<friqr ils, i} Ef+1 ffi qqr{{r * fr w r{r ERr w.qRr6 t
trrdffEqrvtfunsil+crt *ffi€ re.8 *r 2r.r tr}+fuili?

2.
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(e) qrr fffrq crgEs-6 qr x, y *t z qr qtta rc{r: 2, - 3 *r a t alt }rwsr Hc{r:

t, s sk z *r gr* ram, x *r y **s{6r€tvt -z t, x ,*t z *fi-q -r
* wr y *t z * ftq r *r w = 3x -y + 2zqr rns qt( rmur Hrt dftrqr

(s+s)

1
n

n i=l

mfrs ft p aril i uk Es6r qrmx ERr qrttg urt d qrqrr+-flr q& tr qa

s$lEg fr'62 = (Xi- F)2,o, q,1 116' srqftrfr flrm-irq'*r

3. (d ) z16 arfw fu 62 I fr, - X12, o, rfir c6' #{fr sm'nq' tr qrr

n

x
i=1

1
n

(e) cti mfrs fr t,-*, crgEsm qt * ffikr Q0ss t:

f(x;o) -
0

1i; rrr flfrv t an t, d e * frc sr{d Rfu sr6-d6 (w$w) yr<

cott

t
ok'(+) ;x>kard0>1

otherwise

'(
t ))

dftsr
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(ii) qq ffhs k Hra l, fr e * ftq Blfuo-tr{ {i{IE-fr sr6a-6' (vr<.dl

vm *frsr (s+to)

(o') n;rfffrvfr um (uerlaur<a)*ter<R (E{yRtlemi)qq p ftft-qtq

6: g s1q sslq w t ffia *& *r tqn * s frffi] * qrgfu'+' a$ + rgffi,

sq zozz-zs {tffiR (acfttq}rt{) s.so, s.2s,4.7s, a.ae *t n.os *,

fr{+ qfurq€oc 
"til 

cla a.a1a $1 q1ry u+o fr+trr o.osoc wr p * fts e o:

qnF6k grr+a arc dfrqr

(w) *AAffirtEr4E{H* inrfrtgo, f,Erml,q6 Jqqr;Tf,rtral qilBa

* fr cs rsffiro Brd *ft& ffi.nq,r+r{Hn *u-fiAftI+EtRu-tr *r

ce Bffi ifi z16 .tFFrr I fu er+rrr t qcc { fucor o * t zo € + ffq

I ft ffrrrsr ft-ilor a-gd flOffi frqc {fr tr a} cs% * Erert Rt 6 rflq s €
+ rfl-dr qr€ilfro *cc qqc 6T trdcrr fr{I} * ftc sfu-il {til qt6n Bcgffi

ftr?

(rr) qr{fffrV p, ft p,\,frrqr sk r+6,T+ffie ffi*frqa+{-.s}+e{re

Ertqur tutrr) + ufud A+ 6,r trdqm lt qE rqrt nr=1300 flk nr-ItOO *
qrgfuo c{+ t x, =520 sk x, =365 mi frffi+ 5Qqo1 Q a5 qR dS d, n]

p, - p, * fts ilnrrrr es% sTFnt( garc arc dfrqt (s+s+s)

l-€l,

4
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Tiig II

etzrs,6;frI #*E;#'a swlw wzrffir,r

(c,) tei w+ umr * fr E$ surm&ftc 1rr'qA+' i ffi Rffrte yqn d {qrft cr

rdq zs {t r d**qrtrYt?n* fuftfriqrrcrdf soo Eck* +crEfuc'

q*t qar qnar I fu rc qftr& i qr fu *r wr qr frrq{ fi-qrar qr r*ar I
tu'stns* frqltu& S Esffii {ft-d A+d rt ?n drpt sff@r + frs

rgrtR(wtfrq*t

(D s% + rrmr RR ffi 3c+{T e,,r* nrffirm cRe,,?rar ccrss str srqr qtaq

dfrsr Es M yr cF+ f ilc+ tu( y-on * ZE * *fi?

(ii) C( ctaur t p-qr qtc-qT rtr g9r Wr *? p-rrm EMur * unrr

c(, tm IIrr cfrsi{ir d zoy" * qte *ra q1 !p*an fucI q1 q6dr

t?

(e) rr<$frv fr i ro{- wa{ rrm Tflret- + qR utrq 5q t ffi{ i, ftrror f,trd

rtR irfllT: p, tr t, il cd6'w<rer qr i f-o ap ffikd ;rI$ qM
+ qrc ftqr rqr t

<$ ol srmn
"q+ 

qiT qna <$ w ft*t"r
;Fr;[ I 6 22.73 0.027
q.r;lt2 21.95 0.058

5.

,-

P.T.O.
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s% + cr€ * wr m 3c+rr q,.r+ ctqq dPdq fr A Ml qtfd qR ft-q

* qr cffr rd cr iflc 6t{-+ qtHUI qr oqfrrr 6tt *r d? (ro+ro)

(o) rr;r fifrv x ffirr qft) * frq fftril Rrl{trc rrr d ff (fte {) * errto ir

c[{e fr x qr fre{qI o = r.20 * cM {rcFq il,u q-{*6+- 6r w srgfufi

q5r +cR Enqr qqr ffi qfonrssq q{r {a 7.s vtRT Eiltt

O qr€ Rt 1% rR H" : p * 7.5 * fr{a Ho : p, + 7.5 er qtaq *frqt

(ii) qr.r (i) + A r€ wrolt qr scftr o''G ER, rr: 7.3 i, * zmc II

1E *+ * frrffi 56 ffivr

Gii) qFr (i) rk (ii) + A rr€ m;mt qr sqftr tt+ Es, a = 0.01 i,
n) m EBkc rfi+ + fat wgffi Tt{r srsR Etil dFdc fr zrsc

il AE a+ 6 wnar m% l?

(u ) oral i {tn * gE w vr ft}v s{ro' * cr{r< E} im r or* I s{ s{rt' mr qtsql

ff*qmrr{a trtr ,q)ctfrailr(Rw (({r n)dvftaafffrqrt sa

coilrt t ftfr d gfu, frftfi-rt n, ffqr{sr * 
'

lrrl6 A 55 6l JJ 57 46

(.16 B 31 27 t2 44 I 25

s % qre * wt cr ctlrqr dfrc fr vf{tn + ffi fr gE u} car+ I ar d (tqrr

rsrur ctr frfrC)r (ts+s)

6

17
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7. (u,) wffi crgmRrnrqrvr+crsrrdr * fr rffirw€d stnrqmtmn*

t stffi{ so fu+s ur srtrfuq' rcq Errdr t qr r&r ffi <rqrq w t frRRfi vfi@r

t zs qmt t qrgfum r$ d, {furfu rn€ aa frqr rrqr qqq ilt(tr{ r.s fr{c

* qr.ro'ft-fim t (M 3o.s fi-{e *, + xre dfrq fr'wr qa qT{r ffi
qfrtenr p > 30 *vwi p: ro fr<rdquqRm-ffird frdo'rtti+fts
r$eq Irff{ i6m il t% cr€ * <r w cRtrffir qr ctaq 6A *( cfotrq d
qrer c'r* * frlq p-cm 6T scftr dFdqr

(e) ffifur ilfr+r I R€rs {s.qa ta * ilqR qt am fr&q ft'er r}q n

d gaart in e d vrc c,'d srt €tflit- 6r qr<Ro,, irdqril ++ rrsti<qr+

tr

*C.a d qF{ o..r+

qr&*rrsr
${Bdcrc6A

sr**lr@r
E-d

frd 132 68 200

Sfr 160 90 250

g.g5 rEFr RR ur gq*rr dFdsr

(rr) errflftr xr dk xr, o2 = I EFfi vq. qrqrq w*rqr i rnn qrgfu'o qta qclt

tr qR p po + 1 i, a] Eq qfuscl F : po d ffi cRa,-dr{r F > po *
ver i vr*gi.c frzn qnr i, fr lr*gft *d (ffiq cr) tt ur*n wr i?

P.T.O.
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(s) r. = 7 $ qo' qrfi6-+, r$t x ars * arrc ca) t x = as r {t *t sl = e201

yrqr Eif,n n" = I0 * q6, qrEE6-6- a1*t x an * infccd* y = 592 d st{

s;=4356lt<galil({ta5rH,: o]/o2> I *fr€Ho: ollol= I urcfrEM

6tt + frs irqftr dfrgr o.os * cr€ ril( rrr scftr dFds ft ctqnr fr;g w+

+ tt" Brr* qrqflK ciilitgt (s+s+s+s)

COLI-E

*

D

@
,tt



6522 15

0.01 0.05 0.10 0.20 0.25 0.30 0.40 0.50 0.60 0.70 0.?s 0.t0 0.90 0.95 0.99

0 .95t
r .999
2 !.000
3 1.000

4 t 000

.971

.999
t.000
t.000

.590

.919
99r

1.000

I 000

.128

731
942
993

I 000

6.13

896
984

.I68

.528

837
.969
.998

o7n 0lI 010 rml
ji7 Is8 087 0_11

681 500 :r 17 .16l
9ll lr 12 663 .:l 12

990 . 969 9?l .lJ_11

00t

.0t6

.l&

.167

163

{nt)
.007
058
.261
672

0(x)

.000
009

.08r
4t0

m0
.u)0
.rx) !

.023

.226

{)l)0

.000
000
001
o.l9

0.01 0.05 0.r0 0.20 0.25 0J0 0.{0 0.5{t 0.60 0.70 0.75 0.E0 0.m 0,95 0.99

0 .904
L996
2 r.000
3 1.000

4 1.000

5 r.000
6 t.000
7 1.000

8 r 000
9 1.000

.599

.914

.988

.999
t.000

1.000

t.000
1.000

!.000
t.000

.349

.736

.930

.987

.998

L000
t.000
L000
t.000
r.000

.t07

.316

.678
879
.961

.994
999

|.000
L000
I 000

.006

.046

.t61

.382

.633

.834
945
.98E

.998'
r.000

.000
000
.000
.000
000

000
.000
000
00{
.096

.111

.056 .028

.214 .t49

.526 .183

.776 .650

.922 .850

.980 .953

.996 .989
1.000 998

t.000 1.000

1.000 r.000

.001

.01I

.055

.317

828
.945

.98'
999

.000
,N2
.0t2
.055

.i66

.367

.618

.831

.954

.994

.000

.000

.002

.0ll

.M1

.150

.350

.61'l

.851

.912

.000

.000

000
004

.020

.078

224

756
9.l.l

.000

.000

.ff)o

.00t

.006

.033

.t2t

.624

.891

000

.000

.ofi)
00{)

ofi)

.002

.0ll
070
.2&4

.651

000

000
000
000
000

000
.00 r

012
086

..10 t

*

Fl

Nerv

;

*

0.01 0.m 0.10 0,20 0,25 0J0 0.40 0.50 0.60 0.70 0.75 0.80 0.90 0.95 0.99

0
I

3

4

5

6
7

8

9

l0
II
t2
t3
t4

860
990

I 000
r.000
I 000

L000
I 000
I 000
l.fim
1.000

t.000
t.000
r.000
t.000
l.{m0

.463

.829

.964

.995

.999

t.000
t.000
1.000

|.000
1.000

1.000

t.000
t.000
L000
r.000

206
.549
.816
.944
.987

998

t.000
L000
t.000
| 000

t.000
r.000
L000
L000
t.000

.015

.161

.398

.648

.836

.919

.9A2
996

.99
1.000

t.000
t.000
1.000

t.0m
t.000

.013

080
.236
.461
686

.852

.943

.983

996
999

1.000

1.000

t.000
L000
I ff)o

005
035
.127

291
.515

.722
869
.950
.t85
996

.999
r.000
t.000
r.000
| fi)o

.000

.00s

.021

.091

.217

.403

.6t0

.787

.m5

.966

.991

.998

t.000
I 000
I 000

.000

000
.00.1

.0t8

.o59

.t5t

.304

.5m

.696

.8,19

.941

.982

.996
L000
1.000

.000

000
.000

000
.000
.000

.000

.002

013

056
.184
151

.794

.mb .ooo
000 .000

.000 .000

.000 .000

.000 000

.000 .000

-000 .0fi)
.000 .000
.000 .000
.0m 000

.001 .000
005 .000
.036 .000
.r7l .010

.537 .t40

000
.000

m0 0m .0m {m0

.000 000 000 .0fi)

.000 000 .000 .000

.002 .000 .000 .0u)

.m9 .001 .000 .000

.034 .004 .001 .000

.095 .0r5 .004 .001

.2t3 .050 .0r7 .004

.390 .l]t .057 .0t8
597 .278 .148 .061

783 .485 .I4 . t64
.909 .701 .539 .352
.913 a73 .1U .602
.995 .965 .920 .833

t.000 .995 .987 .965

CqlriA Il0 Cd'3r!, talt Al tiliB tsrd M.r d &.$irr sd.n d dlrlEi.d ti rlhk M s Ft lti h.kddt ndt' q* 6i'J lEt !rsr. ir..r l. r{r.Bd lid ri..Boor tudr dt*nn
EdrorilBir',s (tu 6r !y 

'qFB.n 
.lMrdG d ,@iill) rf,.d d* cnll ki!i!8 dr.n@ C.6!rg. Lad,e lls6 8rE odn b ,lm. iddtu l.n6r d a-e rtr f s!6r.qtd ign6Eti.6 q.iR i

P.T.O.



6522

Table A.1 Cumulative Binomial Probatilitiet (cqrt.,)

d. n=20

16

A.3

B(x: n, p)b(];,, p\ = 2

p

0.01 0.0s 0.r0 0.20 0.25 0J0 0.,t0 osl) 0.& 0.70 0.75 0.m 0.90 0.95 0.99

.001 .00r .000 .000 .m0 m0 .000 .000 .000 .000 .0oo

.024 .008 .001 .000 .m0 .000 .000 .000 .000 -000 .000

.091 .035 .m4 .000 .(m 000 .000 .000 .000 .(m {m

.225 .r07 .0r5 .00r .{n0 .000 .000 .000 .000 .000 .000

.415 .238 '.05r .m6 .000 .000 .000 .000 .000 -000 .000

.617 .1t6 .t25 .At .m2 .000 .000 .000 .000 .000 - .000

.786 .608 .250 .0s8 .006 .000 .@ .000 .000 .@0 .0oo

.t9t .112 .416 .t32 .U1 .00t .000 .000 .000 .000 .000

.959 .8E7 .5% .252 .057 005 .001 .000 .000 .0oo .o0o

.9t6 .952 .t55 .4t2 .128 0t7 .004 .001 .0q) .000 .m0

.996 .9E3 .872 .588 .245 .(x8 .014 .003 .000 .000 .000

.999 .95 .943 .148 .q4 .lt3 .04t .010 .000 .m0 .000
l.mo .999 .9?9 .868 .584 .22t .t02 .032 .000 .000 .000
Lmo f .000 .94 .942 .750 .392 .2t4 .087 .002 .000 .ofrJ
1.000 t.000 .998 .979 .874 .s84 tE3 .t96 .0ll .(m ,000

l .000 Lmo I .000 .99{ .949 .'t52 .5t5 .370 .041 .m3 .0oo
r.000 r.000 t.000 .99 .9u .893 .775 5t9 .D3 .015 .000
1.000 r.000 t.0@ Lmo .9 .%5 .909 .794 .323 .0?5 .ml
r.000 1.000 r.000 1.000 .999 .y)2 .976 .931 .6M .264 .Ot1
r.000 1.000 r.om 1.000 1,000 .999 ,997 .988 .87t .642 .182

. t

.983

.w
t.000
L000

t.000
t.000
1.ofl)
I.000
1.0,00

t.000
t.000
l.m0
L000
1.000

1.000

1.000

1.000

r.000
1.000

.012

.069

.2M

.4t I

.630

tol
.9ll
.%t
.990
.$1
.99

t.000
1.000

r.000
L000

t.000
t.000
t.000
|.000
t.000

.358 .t22

.736 .392
925 .677
.9U .867
.997 .957

I (m 989

I.mo .998

1.000 r.mo
1.000 1.000
t.000 1.000

t.000 1.000
l-000 1.000

1.000 t.000
r.000 r.000
1.000 I.000

1.000 1.000

1000 1.000
1.000 t.000
r.mo 1.000

1.000 1.000

0
I

l
4

5

6
1

8

9

t0

t2
l3
t4

t5
t6
t7
t8
t9

CoOrtL:010C.B. tan*,l[irb. tsrrd rt.vdb.6?id srCd 'rrlat d. idd.d n F! DE b.r.dsn.ith B nin Fty.dnr !. q*i nn &.BEl tdi,CH,]
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Table A,! Cumqlati'ie B;nenie! Pr$babilirie. froni,J B(.'; n, P\ : > Llj;,t, P\

0.01 0.05 0.t0 0.20 0.25 0J0 0.40 0.50 0.60 0.70 0.75 0.80 0.m 0,95 0.9

000 .000 .000 .000 .000 .000 .000 .000 .000
000 .000 .@0 .000 .000 .000 .000 .0{n .000

000 .000 .000 .000 .000 .m0 .000 .000 .000
002 .000 .000 .000 .000 .000 .000 .000 .000
009 .000 .000 .000 .000 .000 .000 .0m .000

.029 .002 .900 .000 .000 .000 .000 .000 .000

.074 .007 .000 000 .000 .000 -000 .000 .000

.r54 .022 .00r .000 .0m .000 .000 .000 .000

.274 .054 .M4 .000 .000 .000 .000 .000 .000

.425 .ll5 .013 .000 .000 .000 .000 .000 .000

.586 .212 .034 .002 .0m .000 .000 ,000 .000

.732 .34s .0?8 .006 .00t .000 .000 .000 .000

.846 .s00 .154 .017 .003 .000 .000 .000 .000

.922 .655 .268 .044 .0m .N2 .0{D .m0 .000

.9it6 .788 .414 .098 .030 .006 .000 .000 .000

.E85 .575 .lE9 .071 .017 .000 .000 .000

.946 .726 321 .r49 .047 .000 .000 .000

.97E .846 .488 .2?3 .109 .002 .0m .000

.993 .926 .659 .439 .220 009 .000 .000
998 .97t .807 .622 .383 .033 .001 .000

1.000 .99r .9t0 .1 .519 .098 .00? .000
t.000 .998 .967 .W .166 .216 .034 .ofi)
1.000 1.000 .991 .968 .902 .463 .12't .@2
I fin I m0 998 S93 971 129 358 026
1.000 1.000 1.000 .99 .996 .928 .723 .222

0
I
2

3

4

5

6

1

8

I
l0
u

.x 12

ll
l4

t5
t6
l7
t8
l9
20
2t

23

.778

.974
998

1.000

1.000

1.000

1.000

1.000

1.000

L000

1.000

1.000

1.000

L000
1.000

r.000
1.000

1.000

1.000

1.000

1.000

t.000
1.000

t.000
r.000

.217

.642

.873

966
.993

.999
1.000

1.000

1.000

1.000

L000
I.000
I.ofi)
r.000
1.000

l.000
1.00t)

t.000
t.000
Lm0
1.000

r.000
t.000
1.000

r.000

.072

.2t I

.537

.764
902

961

.991

.998
1.000

1.000

r.000
I.000
L000
1.m0
Lm0
I 000
t.00t)
1.000

I 000
t.000

1.000

t.000
t.000
1.000

1.000

.004

.027

.098

.234

.421

.611

.780
891

.953

.981

.994

.998

1.000

L000
I 000

i.ooo
L00,0

1.000

1.000

1.m,0

1.000

I.000
L000
I 000
L000

.001

.007

.032

.096

.214

318
.561

.851

.929

.970

.980

.997

.999
r.000

1.000

1.000

1.000

I.000
1.000

I.000
r 000
I.000
r.000
L000

.000

.002

.009

.013

.090

. r93

.341

.512

.611

.8ll

.902

.956

.983

.994

.998

1.000

1.000 
'

1.000

1.000

l 000

1.000
r.000
l 000
I.000
r.000

.981

.996

.999
1.000

1.000

1.000

1.000

1.000

I 000
1.000

r(,: p) = ) e'P p'-Table A.2 Cumulative Polssot1 Frcbabilitie!

.l .2 .3 .4 .5 .6 7 .8 1.0

0
I
2

3

4
5

6

.819

.982
999

1.000

.670

.938

.992

.999
1.00,0

.607

.910

.986

.998
1.000

.449

.809

.953

.wt

.999
t.m0

368

.736

.920

.981

.996

.999
I.000

.497

.u4

.966
994
999

L000

.549

.878

.917

.997

1.000

colrli3h r0l0caE s. L6irr All&Et'ER6cl. Mly mlt .qd stra, rd4li..rd. ii 160ldn pd Dr b.hdsr llits! @driilF!..d6rdyhop?rxi nm drelo*dorcll.|alr.
Eiil&irlRidt d6l.d dr.rdyn!flEd.oM dBdnMirlly rtr*lu. owrlllMi.!sFiG Cae.e. Leiieffirt igttDlmddiiidldroldrydftir$h.qdidrEEtidiEr.siEn
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.9

.905

.995

l000

.'t4l

.961

,996
1.000

401
.772

.931

.98'.7

.998

!.000
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A-5

F(.r;rl) = > e-ct
r!

2.0 3.0 4.0 5.0 6.0 7.O u.0 9.0 r0,0 15,0 20.0

.000 .000

.000 .000
000 .000
000 .000
.001 .000

.001 .000

.008 .000

.0t8 00t

.037 .002

.0'70 .005

. 
't 

.01r
r85 02r
.268 039
.16,1 066
.466 .105

568 I57
664 211

.749 291

.819 38r

.875 470

.917 .559
_947 641
.961 .121
.98t 787
989 843

.994 .888
991 922
998 .948
999 966

1.000 978

987
992
995
997
999

999
L000

.000

.mt

.006

.02t

.055

.l I6

.207

.324

.456

.587

.706
803
.876
.926
959

978

.989

.995

.99E

.999

1.000

000
001

0lt
.o42
.100

l9r
.irl
.,151

.593

.111

816

.888

.916
_966

.98_1

9Sl
996
998
9y)
.000

.001

.N7

.030

.082

.173

.301

450
.599
.129

.810

90t
941
973
987

.994

.998
999
.000

002
.017

062
.l5l
.285

446
.606
.744
.847
.916

.957

.980

.991

.996

.999

999
I 000

.{n7

.040

.t25

.265

.440

6t6
.74
.867
.932
.968

.986
995

.998

.99
1.000

018
.092
238
.433
.629

785
.889
.949
.919
.992

.99-t

.9E)
1.000

0
I
2
3

4

5

6
1

8

9

l0

t2
t3
l4

l5
l6
t7
t8
t9

2t)
2t

23

24

25
26
21
28
29

30
3t
32
31

35

36

.000

.000

.003

.010

.029

.M7
t30

.220

.331

.458

583
.697
.792
.864
.911

95t
913
986
.993

.9t

.998
999

t.000

.135

.406

.677

.857

.947

.983

.995

.999
L000

.050

.199

.423

.647

.8r5

.916

.966

.988

.996

.999

t.000

,,.

*
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a-5

0

COL

.00 .01 .02 .04 .05 .06 .01 .0E.03 .09

-3.4
-3.1
-3.?
-3.1
-3.0
-2.9
-2.8
-2.1
-2.6

-2.3
-2.2
-2.1
-2.0
- 1.9

- 1.8

- t.7
- 1.6

- 1.5

- 1.4

- t.3

- t.2

- l.l
- t.0
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.1
-o.2
-0.1
-0.0

uX)3
0005
0007
.0010
.00r l
.001s
.0026
.0015

.$41

.0062

.0062

.0 t07

.0119

.0t79
0228

.0287

.0159

.M46

.0548

.0668

.0808

.0968

.t15l

.1357

.1587

.t841

.2u9

.2420

.2143

.10E5

.3446

.3821

1J01
A602
.5000

.0003

.0005

.0007

.0009

.00i3

.00t8

.0025

.0014

.$45

.0060

0080
0104
0t 36
.o174

.0281

.0351

.0436

.o517

.0655

.o791
0951

.r t3t
1335

.t562

.1814

.2090

.2389

.2t09

.3050

.3409
3783

.4168

.4562

.4960

.0003

.0005

.0006

.0009

.0013

.0017

.N)4

.0013

.0044

.0059

0078
.0102
.0r32
.0170
.0211

.0274

.0344

.0427

.0526

.0643

.0118

.0934

.1t l2

. t314

.1519

.1788

.2061

.2t58

.2676

.3015

.3312

.3745

.4129

.4522

.4920

.0001

.0004

.0006

.0009
00 r2

.0017

0023
.0032

.0043

.0057

,0075
.0099
.0129
.0166
02r2

.0268

.0336
04t 8
.05t6
.0630

.0764

.09r8
. t093
.1292
.15t5

.t762

.2031
2321
.2643
.2981

.3336

.3701

.4090
4483
.4880

.0003

.0004

0006
.0008
.0012

.0016

.0021

.0031

.0Ml

.0055

.0073

.0096

.0 t25

.0152

.020i

.0262

.0329

.M09

.0505

.06r8

.0749
0901

.t075

.1271
1492

.1136

.2005

.2296

.26t I

.2946

.t300

.3669

.4052
4441

.4840

.0001

.00M

.0006

.000t

.001I

.0016

.$22

.0010

.0040
0054

007t
.0094
.ot22
.0158
.0202

.0256

.0322

.04.0t

.&95

.0606

.0735

.0885
. t056
.1251
.1469

.1711

.1911

.2266

.2518
29t2

3264
.-i632

.40t l
44M

.4801

.0001

.00(}1

.0006

.0008

.00

.0015

.0021

.0029

.0039

.0052

.0069

.0091

.01t 9

.0154
0197

.0250

.03t4

.0392

.0485

.0s94

.0722

.0869

.t0t8

.t230

.1446

.1685

.t949

.2236

.2546

.2811

.3228

.t594

.3914
4364

.4761

.0003
0004

.0005

.0008
00ll
.0015
0021

.0028

.0038

.0051

.0068

.0089

.0ti6

.0t50

.0192

.0244

.0301

.0384

.0415

.0582

.0708

0853
.1020
.1210
.t423

.1660
1922

.2206

.25t4

.2813

.3192

.3557

.3936

.4f25

.4721

.0003

.0004

.0005

.0007

.0010

.0014

.0020

.0m7

.0037

.0049

.0066

.0087

.01ll

.0146

.0188

.0239

.0301

.0375

.0465
0571

.0694

.0838

.1003

.l190

.l4{)l

.1635

.1894

.2t71

.2483

.28t0

.3 t56

.3520

.3897
4286

.468 r

.0002

.0003

.000s

.0007

.0010

.00t4

.00t 9

.0026

.0036

.0038

.0064

.0084

.0110

.0143

.0181

.0231

.0294

.0367

.0455

.0559

.068t

.0823

.0985

.t 170

.1379

.t6l I

.1867

.2148
245t

.2776

.1121
3482
.3859
.4247
.464t

(oE ilh l0l0 Cstig. Lming r{ll Right Rskl. V!.r d be.qcd @nr{ t d'+ltar.d. t $tol! 6 iu }rr U* b.L1dri. ngha, !m &iil Fr! dMr fy & rrF6*d rim dE $@f id(.Or.!r6i+
turldi.l F* hd d€Ed dd er e9!.sr{ tu dB d mrddlt rlGd $. dr.ll laiiB! BFi@. Cege. L@itrS llsd dE igl! b l!N. a&indd sbd ,.ry iim f s&.+dnglE EiiqbB r.Uir i!

P.T.O.
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Iable A.3 gtafldard liarmal {urve Area! f.ort"J

20

..,. : .'.: r a-7

O(z\=P\z=x)

.00 .01 .02 .03 ,04 .06 .07 .08 .09

0.0
0.1

0.2

0.1

0.4

0.5

0.6
0.7
0.8

09
1.0

I.l
1.2

1.3

1.4

1.5

1.5

t.1
1.8

1.9

2.0
2.t
2.2

2.4

2.5

2.5
2.7
2,E

2.9

3.0
3.1

3.3

3.4

.5m0

.5398

.5193

.6119

.6554

.6915

.1257

.7580

.7881

.8159

.M13

.8643

8849
.9032
.9192

.9332

.9452

.9554

.964t

.9713

.9n2

.9821

.9861

.9893

.9918

.9938
9951
.95
.9974
.9981

.9987

.9990

.999j

.9995

.9997

.5040

.5438

.5812

6217
.6591

.6950

.7291

.76n

.7910

.8186

.8418

.8665

.8869

.9049
szm
.9345
.9463
.9564
.9649

.9119

.9178

.9826

.9864

.9896

.9920

.9940

.9955

.9966

.997s

.9982

.99a7

.9991

.9993

.9995

.9997

.5080

.5478

.587t

.6255

.6628

6985
.7324
.1642
.7939

.82t2

.8461

.8686

.8888

.9066

.9222

9357
.9414
.9573
9656
.9726

.9183

.9830

.9868

.9898

.9922

.9941

.9956

.9967

.9976

.9982

.9987

.9991

.9994
9995
.9991

.5120

.551',7

.5910
6293
.6664

.10t9

.t357
16t3
.1967

.*zrs

.8485

.8?08

.8907

.9082

.9236

.9370

.9484

.9582

.9f64

.9132

.9788

.9834

.9871

.9901

.9925

.9943

.9957

.9968

.9977

.9S83

.9988

.999t

.9994

.v)96

.9997

.5199

.5596

.5987

.6368

.6t36

.7088

.7422
7734

.8023

.8289

.853r

.8149

.89M

.91l5

.9265

.9394

.9505

.9599

.9618

.9744

9198
.98r'2
.9878
.9906
.9929

.9946

.9960

.9410

.9978

.9984

.9989

.9992

.9994

.996

.9991

.5239

.5636

.6026

.6406

.6772

.1123

.1454

.17G4

.8051

.8315

.8554

.8710

.8962

.9t 31

.9278

.94M

.9515

.9608

.9686

.9750

.9803

.9846

.988t

.9909

.9931

.9948
91
.991r
.9919
.9985

.9989

.9992
9994

.9996

.9991

.52',79

.5615

.6064

.6443

.6808

.1r51

.1486

.7794

.8078

.8340

8577
.8790
.8980
.914'l
.9292

.9418

.9525

.9616

.9653

.9756

.9808

9850
9884
99ll
.9932

9949
9962
9972
.9979
.9985

9989

.9992
9995
.9996
.9997

.5319

.57 t4

.6t03

.6480

.68/4

.7190

.7517

.7823

.8106

.8365

.8599

.t810

.8997

.9162

.9306

.9429

.9535

.9625

.9699

.9761

.98t2

.9854

.9887

.9913

.9934

.9951

.9963

.9973

.9980

.9986

.9990

.9993

.9995

.9996

.9997

.5359
5751
.6t4t
.651'l
.6879

.7224

.7549

.1852

.8133

.8389

.8621

.8830

.9015

.9t77
9319

.9441

.9545

.9633

.9106

.9161

.98t7

.985?

.9890

.9916

.9936

.9952
9964
.9914
.9981

.9986

9990

.9993

.9995

.w1

.9998

AN cou tr

(
tr

*

eyr Delhi
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.5160

.5557

.5948

.6331

.5700

.1054

.1389

.170/,

.1995

.8264

.8508

.8729

.8925

.9@9

.9251

9382
.9495
.959t
.9611

9738

.9'793

.9838

.9875

.9904

.9927

.9945

.9959

.9969

.9977

.9984

.9988

.9992

.9994

.9996

.9991

I

I

l

I
I

I
I

I

i
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table A,, Crili(al Values lor Chi-tquired Diitribvtion5

24

. A-11
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6.E43

7.434

t.033
E.U3
9.2@
9.886

t0.519

Il_t60
I1.807
12.461
13,t20
13.787

14.457
t 5. r34
15.814
t 6.501

t 7.l9l
t7 887
18.584

19.289

t9.994
20.706

0.000
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r4.848
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2l.l l0
23.952
24.7
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23
2.1
2.5

2.6

2.t
2.9

3.0

3.1

t,2
3.3
3,{
3J
3,6
J.7
3J
3,9
,t.0
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Table A,8 f Corve Tail Areas (cont.)

26

A-l l

righl of,

0

lg 20 2t 22 23 A 
'5 

26 27 2t 29 30 3s '() 60 r2r0 -(=:)

.500 .5oo .500 .500 .500 .500 .500 .500 .500

.461 .461 .6t .451 A@ .460 .4& .460 .',160

.421 .421 .421 .421 .421 .421 .421 .421 .121

.383 .3E3 .383 .383 .3E3 .3t3 .383 .382 .3t2

.34 .346 .34 346 .34 .346 .345 .315 .345

.311 .3lO .310 .310 310 .310 .309 .309 .309

.277 .277 .217 .n7 .276 .276 .n5 .27s .274

.245 .245 .Z4S .745 .244 .244 .243 .A3 242

.215 .215 .2t5 .215 .215 .2',14 .213 .28 .212

rss I88 .188 .lE8 .187 .18? .186 .1E5 .184

.163 .t63 .163 .163 .162 .162 .16l .160 .159

t4l 140 .140 .1,{} ,139 .139 .138 .137 .136

.120 .120 .120 .120 ll9 .ll9 .ll? .116 115

.102 .102 .to2 .102 .lo1 .l0l .099 .09t .@7

-os6 .ot6 .086 .086 .0E5 .0t5 .083 .082 .081

.073 .072 .072 .072 ..071 .071 .069 .068 .061

.061 .060 .060 .060 -0s9 .059 .057 .056 .055

.o5o .0s0 .o5o .050 .049 .048 .047 .M6 .045

.u2 .O,ll .041 .041 .(No .040 038 -037 .036

.034 .034 .034 .034 .033 .032 .031 .030 .429

.028 .O2E .027 .027 .A7 .026 .025 .A4 .023

o21 .O22 .C22 .022 .022 .02r .020 .019 .olt
.018 .or8 .otE .ol8 .017 .017 .016 .015 .014

ol5 .0rs .ol4 .ol4 .014 .013 .012 .012 .011

.ot2 .otz .ot2 .ol1 .oll .oll .010 009 .008

.009 .009 .oo9 .009 .009 .008 .@8 .007 006

.oo7 .00? .007 .007 .007 .007 .006 m5 .005

.006 .006 .006 .006 .005 .005 .004 004 .003

.oo5 .oo5 .005 .00{ .004 .004 .003 .003 0(B

.oo4 .004 .oo4 .003 .m3 .003 .003 .oo2 .002

.003 .003 .oo3 .003 .002 .002 .002 .002 001

.oo2 .002 .oo2 .002 .002 .002 .00] .001 .001

.002 .002 .002 .002 .o0l .001 .001 .001 .001

.ool ,ool .ool .ool o0l .001 .001 .001 .m0

.0ot -001 .ml .oo1 .001 .001 .001 .000 000

.ml .ool .ool .0ol .001 .001 .000 .000 .000

.00r .oor .ool .0ol .000 .000 .000 -000 000

.ooo .0oo .om .ooo .0oo .000 .000 .000 .000

.o0o .0u) .ooo .0oo .ooo .000 .000 .000 .000

.oo0 .000 .000 .000 .ooo .000 .000 .000 000

m0 000 .0oo .mm .000 .000 .000 .000 .000

.500 .500

.46t .461

.422 .422

.184 .384
_34t .341
.311 .3ll
.218 .218
.u6 .246
217 .216
.189 .189

.165 _164

.t42 .142
t22 .122
.1(x.104
.089 .08E

175 .074

.063 .062

.052 .052

.043 .043

.036 .036

.030 .029

.0u .024

.020 .020

.016 .016

.013 .013

0ll .010

.009 .00E

.007 .007

.m6 .005

.004 .004

.m4 .003

001 .003

.002 .002

.002 .002

.001 .001

.001 001

.001 .001

.001 .001

.001 .001

.000 .000

.000 .000

0.0
0.1

0,2
OJ
tL4
05

o5
0.7
{lJ
0.9
1.0

l l
1.2

1.3

t.4
l-5

1.6

t.1
IJ
1.9

2.0

2.1

23
2.4

2-5
2-7

2.t
2.9
3.0

3.1

3.2
33
J.4
3-5

!.6
3.7
3.t
3.9
4,0

.500

.461

.422

.3t4

.347

.lll

.218

.246

.217

.190

.165

.t43

.105

.089

.075

.063

.053

.M4

.036

.030

.025

.020

.016

.0ll

.011

.009

.007

.006

.005

.004

.003

.002

.002

.002

.00 t

.001

.001

.001

.000

.000

.500

.461

.422

.3t3

.v1

.3

.277

.246

.2t6

.189

.t64

.142

.r2t

.104

.088

.014

.062

.052
,M3
.035

.029

.024

.0r9

.016

.0t3

.0 r0

.00E

.007

.005
..004

.@3

.003

.002

.002

.001

.001

.001

.001

.000

.000

.000

.500

.461

.422

.381

.346

.31t

.211

.u5

.216

.189

.164

.l4l

.t2l

. !03

.087

.014

.M2

.051

.M2

.035

.t29

.023

.019

.015

.012

.010

.008

.006

.005

.004

.003

.003

.002

.002

.001

.001

.001

.001

.000

.000
000

.s00

.451

.422

.183

.34

.3ll

.271

.245

.2t6

. r89

.164

,l4l
.121

.103

0E7

.o11

.061

.051

.M2

.035

.028

.023

.019

.015

.o12

.010

.008

.006

-005
.004
.003

.002

.002

.001

.001

.001

001

.001

.000

.000

.000

.500

.461

.422

.3t3

.t4

.3'r

.277

.245

.216

.188

.163

.l4t

.t2t

.103

.0t7

.073

.061

.05r

.u2

.015

.028

.023

.019

.015

.012

.010

.008

.006

.005
004
.003

.002

.002

.001

.001

.00t

.001

.001

.000

.000

.m0

.500

.46t

.422

.383

.346

.31I

.271

.245

.215

.188

.r63

.14l

.t20

.103

.08?

.013

.061

.051

,M2
.034
.02E

.023

.018

.015

.012

.010

.00t

.006

.005

.004

.001

.@2

.002

.001

.001

.001

.001

.001

.000
000
.000
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lable A,9 CritilalVallles for F Distribtltions

i,r - ntrlllerrtor df

2

3

1

.lm

.0s0

.0t0

.001

.100

.050

.010

.001

.t00

.050

.010

.00t

.100

.051)

.010

.001

.t00

.0s0

.010

.0{l
-100
.050
.010
.00r

.100

.050

.010
,001

.100

.050

.0r0

.001

,100
.050

.0r0

.001

.100

.051)

.010

.001

,10{
-0y)
.010
.001

.10{

.050

.010
,001

39.86
161,45

4052.20
qs2u

t.53
18.51

98.50
998.50

5.54
10.13
y.12

I67.03

4.54
7.7 L

21.20
74.14

4.(b
6.6t

47.18

1.78
5.99

t].75
35.51

3.59
5.59

12.25

29.25

3.46
5.32

fi.26
25.41

3.36
5.12

10.56

22.86

3.29

4.96
10.04

2t.M
3.23
4.U
9.65

t 9.69

3.18
415
9.33

t8.u

49.50
t99.50

499.50
500,000

9.00
19.00
99.00

999.00

5.46
9.55

10.E2
t4E.50

4.32
6.94

t8.00
61.25

3.7E

5.79
t3.27
37.t2

3.46
5.14

r0.92
27.N

4.74
9.55

21.69

l.u
4.46
8.65

18.49

3.01

4.26
8.02

16.39

4.10
7.56

t4.91

2.86
3.98
7.21

t3.8r

2.&
3.89
5.93

t2.97

53.59
2t5.11

5403.40
5{./J,379

9,.16

19.16
99.11

E19.t1

5.19
9.2t

29.46
r4t.tI

4.19
6.59

16.69
56. rt
3.62
5.41

12.06
3320

3.29
1.'16
9.78

23.',t0

3.O1

4.35
8.45

18.17

2.92
4.01
1 .59

l:i.83
'2.

6.9
r3.90

2.13
3.71

6.55
12.55

2.6
1.59
6.22

11.56

2.6t
3.49
5.95

10.80

55.83
224.58

5624.@
562,500

9.24
19.25

99.25
999.25

5.34
9.12

28.7t
137.10

4.lt
6.39

15.98

53.M

3.52
5.19

11.39

3l.09

3.18
4.53
9.l5

2t.92

2.96
4.12
7.85

t7.20

2.81
3,84
7.0t

t4.19

2.69
3.63

6.42
12.s6

2.6t
3.,18

5.99
11.28

2.54
1.36
5.67

10.35

2.18
325
5.11

9.63

51.24
230.16

5163.Q
576,405

9.29
19.30
99.30

999.30

5.31

9.01

28.24
134.58

4.05
6.26

15.52

51.7t

3.45
5.0s

t0.n
29.75

3.ll
4.39
t.75

20.80

2.r8
3.97
7.4

16.2t

x.69
6.63

t3.4E

2.6t
3.,lt
6.06

I l.7l
2.52

3.33
5.64

t0.4t

2.45
3.20
5.32
9.58

2.39
3.lt
5.06
8.89

58.20
233.99

5859.00
585,937

9.33
19.33

99.33
999.33

5.28
E.94

2't.91
t32.85

4.01

6.16
15.21

50.53

3.40
4.95

t 0.67
28.83

3.05
4.28
4.47

20.03

2.83
3.87
7.t9

15.52

2.61
3.5t
6.31

t2.&
2.55
3.37

5.80
11.13

2.45
3.22
5.39
9.93

2.39
3.09
5.01
9.05

3.00
4.82
8.38

58.91
236.77

5928.q
s92,A7)

9.35
t9.35
99J6

999.36

5.21
8-89

27.67
t 3t.58

3.98

5.09
t4.98
49.66

3.37
4.88

to.45
28.t6

l.0l
4.21

826
19.46

2.78
3.79
6.99

15.02

2.4
3.50
6.18

t2.40

2.51

3.29
5.61

10.70

3.14
5.20
9.52

2.34
3.01

4.A9
8.66

2.2E

2.91

4.9
8.00

59.44
23t.88

59El. t 0
598,t44

9.17
19.37

99.31
9.31

525
E.t5

21.49
130.62

3.95
6.04

14.80

49.00

3.34
1.t2

10.29
21.65

2.98
4.15
t.l0

19.03

2.75
3.13
5.84

14.63

2.59
1.44
6.03

12.05

2.47
3.23
5.47

10.37

238
3.07
5.06
920
2.10
2.95
4.74
t.35

2.24
2.85
4.50
7.7t

59.85
24n.54

6022-50
@2,2U

9.38
19.38
99.r9

w.39
524
t.&

27.35
r29.E6

3.%
6.00

t4.6
48.47

3.32
4.77

10.r6
27.U

2.96
4.r0
7.98

r8.69

2.72
3.5t
6.n

14.33

2.s5
3.39
5.91

|.77
2_4
3.18
5.15

l0.t I

2.35
3.@.

4.94
t.96

2-90
4.63
8.r2

2.2t
2_80

4.39
?.48

I

5

6

1

l0

ll

8

9

t2

aafi,l aoc.F lri+ 
^tl 
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Table A,9 Critical valu€s for f Distributions (ront ]

28

a-t5

,r = oumerrtor df

t0 l2 20 30

60.19
24t.88

6055.80
605,62 r

9.39
19.4t)

99.,10

w.4
5.23
8.79

129.25

3.92
5.96

t4.55
4E.05

3.30
4.74

10.05

26.92

2.94
4.06
7.t7

18.41

2.10
3.64

6.4
14.08

2.54
3.35
5.81

.54

2.42
3.14
5.26
9.t9

2.32
2.98
4.85

8.75

2.25
2.85
4.54
1.92

2.19
2.75
4.30
7.29

60 7l
241.91

6t06.10
610,668

941
t9.41
99.42

999.42

522
874

21.t5
128.32

390
5.91

14.37

47.41

3.27
468
989

26.42

2.m
4.00
7.12

t7.99

261
3.51
6.41

I].7I
250
1.28
5.67

l l.l9
2.38
307
5.1I
9.57

2.28
291
471
845

2.21

2.79
4.40
7.63

2.t5
2.69
4.16
7.00

6t.22
245.95

6157.30
6t5,164

9.42
19.43

9.43
999.43

5.20
8.70

26.87
127.37

3.87

5.86
14.20

$.76
3.U
4.62
9.72

25.91

2.t7
1.9'l
7.56

17.56

2.61
3.51

6.3!
t1.32

2.46

5.52
t 0.84

2.y
3.01

4.
9.24

2.24
2.85
4.55
E.r3

2.t1

4.25
7.12

2.r0
2.62
4.01
6.71

61.74
248.01

6208.70
620,908

9.44
t9.45
99.45

w.45
5.18
8,66

26_69

126.42

1.84
5.E0

14.02
,16.10

3.2t
4.56
9.55

25.39

2_U
3.87
7.40

17.12

2.59
3.44
6.16

t2.93

2.42

3.15
5.36

'r0.48

2.30
2.94
4.81

8.90

2.20
2.t7
4.41

7.E0

2.12

2.65
4.I0
7.01

2.06
2.54
3.86
6.,10

6?.05
249.26

6239.80
624,0r7

9.45
19.46

99.45

999.46

5.11
8.61

26.58
t25.84

183
577

13.9t
45.70

l.t9
1.52
9.45

25 08

l.8 t

1.83
7.30

16.85

2.51
1.40
6.06

l2 69

)..40
] tI
5.26

r0.26

2.89
411
8.69

2t7
2.73

4.31

160
2.t0
2.60
4.0t
6 8l

2.03
2.50
1.76
622

62.26
250.10

6260.60
626.099

946
t9 46
$.41

999.41

517
8.62

26.50
r25.45

1.82
5.?5

13.84

45.41

1.17
4.50
9.38

218'l

280
3.81

7.23

16.67

2.56
3.18
5.99

t2.51

238
3.08
5.20

10.t I

2.25
2.85
4.65

8.55

2.16
2.70
425
7.47

208
2.51
3.94
6.68

2.01

2.47
3.70
6.09

62.53
251.14

6286.i90
628,112

9.4)
19.47

99.41

999.41

5.t6
8.59

26.41

t24 96

t.80
5.12

n.?5
45 09

3.16
4.46
9.29

24 60

2.78
3.17
7.14

16.M

2.54
3.14
591

12.33

2.36
3.S4
5.1:!
9.92

2.23
2.83

4.51

831

2.13
266
111
710

2.05
2.53
186
6.52

I _99

2.43

3.62
5.93

6:.69
251.t1

6302.50
630,285

941
19.48

99.48
999.48

5.15

858
26.35

124 66

3.80
5.70

11.69

44.88

3.r5

9.24
24 44

2.17
375
7.O9

l6.l I

2.52
3.32
5.86

t2.20

2.35
1.02
5.07

9.E0

7.22
2.80
4.52
8.26

2t2
2.64
4.12
7.t9

2.04
2.5t
3.E I

6.42

1.97

2.40
3.51
5.83

62.19
252.20

6tB00
6t!.337

9.47
19.48
99 48

999.48

5.15

8.57
26.32

124.41

1.79

569
l].65
41.75

3t4
1.41
920

1.1 l-1

716
3.14
706

16.21

2.51

3.30

-<.82
l?.12

234
l.0l
5.01

9.73

2.21

219
4.48
8.19

2

262
4.08
't.12

203
249
1.78
6.15

1.96

2.38
1.54
,5 76

63.06
253.25

6339.40
633,972

9.,|t
19.49

9.49
9.49

5.14
a.!5

26.22
12r.97

3.7t
5.6

13.55

44.40

3.12
4.4
9.1I

21.M

2.74
3.70
6.97

15.98

2.49

5.14
ll.9!
2.32
2.n
4.95
9.53

2.r8
2.75
4.4
t.00

2.08
2.58
4.00
6.91

2.m
2.45
3.69
6.18

r.93
2.34
3.45
5.59

61.30
254.19

6362.70
636,301

9_49

19.49

99.50

999.50

5.ll
8.53

26.14
123.51

1.76
5.63

13 qt
44.0
3.1I
431
9-03

23.82

2.12
3.67
6.89

15.11

2.47
323
5.6

\.72
2.10
2.93
4.87
9.36

2.16
2.7t
4.32
7.U
2_06

2.54
3.92
6.78

l.9t
2.41

3.61

6.02

l.9l
230
1.37
5.44

I
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Table A.9 Critical Yaaues for F D;stributions (cost)

l I 5 6 1 8 9

13

.100

.050

.010

.001

.t00

.050

.010
,00r

.100

.050

.010

.001

.t00

.050

.010

.001

.100

.050

.010

.00I

.100

.050

.010

.001

.t00

.050

.010

.001

.!00

.050
,010
,0{r

,100
.050
.010
.001

.t00

.050

.010

.00r

.100

.050

.010

.00r

,100
.050
.010
.00i

3.14
4.67
9.07

17.62

3.t0
460
8.86

| 7.14

3.07
4.54

E.68
16.59

1.05
4.49
8.51

16.12

3.01

4.45
8.40

15.72

3.01

4.41

t.29
15.38

2.99
4.38
8.18

r5.08

2.91
4.r5
8.t0

14.82

2.

4.32
t.02

14.59

2.95
4.30
7.95

14.38

2.94
4.28
7.t8

t4.20

4.26
1.82

14.03

2.16
3 8r
6.70

r2.31

2.73
374
6.51

11.78

2.10
3.68

6.36
.34

2.61
3.63
6.23

t0.97

2.64
3.59
6.1I

10.66

2.62
1.55
6.01

l0:19

26t

5.93

t0.16

2.59
3.49
5.85

9.95

2.57
3.47
5.78
9.17

2.56
1.44

9.61

2.55
3.42
5.6
9.41

2.54
3.,10

5.61

9.34

2.56
3.41

5.74
10.21

2.52
3.34
5.56
9.13

2.49
3.29
5.42
9.34

2.4
3.24
5.29
90t
2.44
3.20
5.l9
8.71

2.42
3.16
5.09
8.49

2.q
l.l3
5.01

8.2t

2.38
3.10
4.94
8.10

236
3.O7

4.81
7.94

2.35
305
4.82
7.80

2.34
3.03
4.16
7.67

2.33
3.01

4.72
1.55

2.43
318

9.07

2.39
3.1I
5.04
8.62

2.36
1.06
4.89
8.25

3.01

4.71
1.94

2.1t
2.96
4.61
7.68

2.29
2.93
4.58
7.46

2.21
290
450
1.27

2.25
2.87
4.43
7.10

2.23

2.84
4.37

6.95

2.22
2.82
4.31
6.El

2.21
2.80
4.26
6.?O

2.t9
2.78
422
6.59

2.35
3.03
4.86
8.35

2.31

2.96
4.69
7.92

2.21
2.m
4.56
7.57

2.E5

4.44
7.27

2.81

4.34
7.02

2.20
2.71
4.25
6.8t

2.18
2;74
4 tl
6.62

2tf
2.71

410
6.46

2.t4
2.68
4.M
6.32

2.13
2.66
3.99
6.19

2.1
2.64
3.94
6.08

2.10
2.62
3.90
5.98

2.28
2.92
4.62
1.a6

2.24
2.85
4.46
7.44

2.21

2.19
4.32

7.09

2.18
2.14
4.20
6.80

2.t5
2.70
4.t0
6.56

2.13
2.66
4.0t
6.35

2.i
2.6t
3.94
6.lt

2.&
3.87
6.02

2.0t
2.51
3.81

5.88

2.$
2.55
3.16
5.16

2.05
2.53
3.71

5.65

2.M
2.51

3.61
5.55

2.23
2.83
4.44
1.49

2.19
2.t6
4.28
7.08

z.t6
2.11

4.t4
6.74

Ll3
2.6
4.O3

6.46

2.l0
261
3.93

6.22

2.08
2.5t
3.84
6.02

2.06
2.54

3.11
5.85

2.U
2.5t
3.70
5.69

2.02
2.49
3.64

556

2.01

2.46
3.59
5.44

1.99

244
3.54
5.33

L98
2.42
3.50
5.23

2.20
2.11
4.30

2.15
2.10
4.14
6.80

2.12
264
4.00
6.41

2.O9

2.59
3.89
6.r9

2.06
2.55
3.19
5.96

2_04

2.51

311
5.16

202
2.48

1.63
5.59

200
2.45
3.56
5.44

1.98

2.42
3.51

5.3 t

1.91

2.40
3.45
5.t9

1.95

2.37
3.41

5.09

r.94
2.36
3.36
4.99

2.t6
2.7 |
4.\9
6.98

2.t2
265
4.01
6.58

2.@
259
3.89
6.26

?.06
2.54
378
5.98

2.01
2.49
1.68
5.75

2.00
2.46
3.60
5.56

1.98

2.42
3.52
5.39

L96
239
3.46

5.24

t.95
2.37
3.40
5.1I

1.93

234
3.35

499

1.92

2.32
3.30
4.89

t.9t

3.26
4.80

l6

l4

l5

l7

lll

19

2l

I

20

22

23

21
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Tatle {9 Criticil lhlues for F Oiltribstionr (cont )

30

A-17

,r = nuDeralor df

IO t2 l5 20 2S ,t0 s0 60 120 r00030

2.t4
2.67
4-t0
6.80

2.10
2.60
3.94

6.q
2.M
2.54

3.80
6.08

2.03
2.49
3.69
5.El

2.00
2.45
3.59
5.5t

1.98

2.4t
3.51

5.39

I.96
2.38

3.,13

5.22

1.94

2.35
3.31
5.0t

r.92
2.32
3..1l

4.95

I.90
2.90
3.26
4.63

1.89

2.21
3.2t
4.13

t.88
2.25
3.11
4.&

7.t0
2.&
3.96

6.52

2.05
2.53
3.80

6.13

2.O2

2.48

3.67
5.8r

L99
2.42

3.55
5.55

r.96
2.38
3.46
s.32

1.93

2.y
3.31

5.13

l.9 r

2.3t
3.30
4.97

r.89

3.23
4.82

t.87
2.2s
3.t1
4.70

l.t6
2.23
3.12
4.58

1.84

2.20
3.O7

4.4E

t.t3
2.18
3.03
4.39

2.05
2.s3
3.82
6.23

20t
2.46
3.6
5.85

1.97

2.40
3.s2
5.54

1.94

2_3s

3.41

5.21

l.9l
2.3t

5.05

1.89

4.81

I -E6

2.23
3.15
4.70

1.84

2.20
3.09
4.56

1.E3

2.18
3.03
4.44

t.81
2.15
2.98
4.3?

1.80

2.13
2.93
4.23

1.18

2.11

2.89
4.14

2.01

2.46
3.66
s.93

I.96
2.39
3.5I
5.56

t.92
2.33
3.37
5.25

1.89

2.2E

3.26
4.99

1.86

2.23
3.16
4.78

1.84

2.t9
3.08
4.59

t.El
2.16

1.00
4.43

179
2.12
2.94
4.29

r.78
2.10
2.88
4.17

1.76

2.07
2.83
4.06

1.74

2.O5

2.78
3.96

t.73
2.O3

2.74
3.87

r.98
2.41

3.57
5.75

1.93

2.34
3.4t
5.36

t.89
2.28

3.28
5.07

t.t6
2.23
3.16
4.t2

1.83

2.18
3.07
4.@

1.80

2.t4
2.9t
4.42

t.78
2.

2.91

4.26

t.?6
2.07
2.U
4.t2

1.74
2.05
2.79
4.00

t.73
2.02
2.73
3.E9

t.1t
2.00
2.69
3.79

1.70

t.97
2.64
3.71

1.96

2.18
3.5r
5.63

L9r
2.3t
335
5.25

r.87
2.25

3.2t
4.95

I.84
2.19
3. t0
4.70

l.8l
2.15
3.00
4.48

!.7E
2.11

2.92
4.30

1.76

2.07
2.U
4.14

t.74
2.U
2.7t
4.00

2.01
2.72
l.E8

t.70
t.98
2.67
3.78

r-69
1.96

2.O
3.68

1.67

1.94

2.58
3_59

1.93

i.43
:i.47

r,.89

'.t.21

:t.10

1.85

2.20

3.l3
4.80

t.8l
2.15
3.02
4.54

1.78

2.10
2.92
4.13

1.75

2.06
2.U
4.15

I.73
2.03
2.76
3.99

1.11

I.99
2.69
3.86

1.69

t.96
2.64
3.74

I.67
t.94
2.58

L66
L9t
2.54
1.53

1.64

1.89

2.49
3.45

1.92

2.31

3.38
5.37

1.8?

2.24
3.22
5.m

1.83

2.18
3.08
4.70

1.79

2.12
2.97
4.45

1.76

2.0E
2.87
4.U
t.14
2.M
2.18
4.06

l.7l
2.00
2.71

3.90

1.69

1.97

2.&
3.77

1,67

t.94
2.56

3.U
r.65
t.9l
2.53
3.54

t.64
I.88
2.$
3.44

t.62
1.86

2.U
3.36

1.90

2.10
3.34
5.30

1.86

2.22
3.18
4.94

r82
2.16

3.05
4.64

I.7E
2.1I
2.93
4.39

1.75

2.06
2.83
4.18

1.72

2.02

4.00

1.70

l.9E
2.61
3.84

1.68

t.95
2.6t
3.70

L66
t.92

3.58

1.64

I.89
2.50
3.48

1.62

1.86

3.38

1.6t
1.84

2.40
3.29

1.86

2.25
3.25
5.14

1.83

2.18

3.09
4.17

t79
2.n
2.96
4.47

1.75

2.M
2.U
4.23

t.72
2_01

2.75
4.02

L69
1.97

2.66
3.E4

1.67

t.93
2.sE
3.68

t.u
t.90
2.52
3.54

1.62

1.87

2.46

3.42

1.60

t.84
2.40
3.32

1.59

l.
2.35
3.22

t.51
1.79

2.31

3.t4

1.85

2.2t
3.lt
4.9
1.80

2.14
1.02
4.62

1.76
2.07
2.88
4.33

r.12
2.92
2.76
4.08

r.59
1.97

2.66
!.a7

1.66
t.92
2.58
!.69

l.64
l.88
2.50
3.53

l.6l
1.85

2_4!
l.q
1.59
1.82

328
t.57
t.79
2.32
3.t1

L55
t.76
2.27
3.08

l_54
t.14
2.22
2.9
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A-t8 ::::

,ahl€ A9 Critical tbltes lor f Dist ibutions (cort,

,t = lr!mrretor df

3 4 5 6 1 8 9

25

26

.100

.050

.010

.00r

.100

.050

.0r0

.001

.100

.0s0

.010

.001

.100
,050
,010
.001

.100

.050

.0r0

.001

.100

.050

.010

.001

.100

.050

.010

.001

.100

.051)

.010

.00t

.lm

.050

.010

.00r

.100

.050

.010

.001

.r00

.050

.010

.001

.100

.05{)

.010

.001

2.92
4.24
1.77

r 3.88

2.91

4.23
7.72

13.74

2.90
4.21

?.6E

13.61

z.a9
4.20
7.64

!3.50

2.89
4.t8
1.fi

13.39

2.t8
4_tl
7.56

13.29

2.U
4.08
7.31

t 2.61

2.81

403
1.17

12.22

2.79
4.00
7.08

11.97

2.76
3.94
6.90

I1.50

2.73
3.89
6.16

11.15

2.71

3.85
6-66

10.89

2.53
3.39
5.57
9.22

2.52
).31
5.53
9t2
2.51

1.35

5.49
9.02

2.50
3.14

5.45
8.93

2.50

3.33
5.42
8.85

2.49
3.32
5.39
8.71

2.44
3.23
5.r8
8.25

2.41

3.18
5.06
1.96

239
315
4.98
'1.17

2.16
3.09
4.82
7.41

3.04
4.11

7.15

z.3l
3.00
4.63
696

2.32
2.99
4.68
7.45

2.31

2.9E

4.9
7.36

2.30
2.%
4.60
1.27

2.29
2.95
4.51
1.19

22E
293
4.54
1.t2

2.28
2.92
4.51

7.05

z.u
4.3t
6.59

2.N

4.20
6.34

2.18
2.16
4.13
6.11

2.14
2.10
3.98
5.86

2.1
265
3.88
5.63

2.O9

2.61

1.80
5.46

2.18
2.76
4.18
6.49

2.17
2.74
4.14
6.41

2.11
2.73
4.1I
6.33

2.16
2.71

4.07
625

2.15
1.70
4.04
6.19

2.14
2.69
4.02
6.12

2.@
2.61

1.83
570

2.06
2.55
3.72
5.46

2.M
2.53

3.65
s.3l

2.00
2.46
3.51

5.02

1.91

2.42
3.11

4.81

1.95

).38
3.34
4.65

2.u9
2.60
3.85
5.89

2.08
2_59

3.E2

5.80

2.O1

2.51

3.78
5.73

2.06
2.

115
5.66

2,M
2.55
3.73

5.59

2.05
2.53

'3.70
5.53

2,N
2.45
3.51

5.ll
t.n
2.44
3.41

4.90

1.95

2.31
3.34
4.76

t.9l

3.21

4.48

I-E8
2.26
3.1I
4.29

1.85

2.22
3.&
4.t4

2.02
2.49
3.63
5.46

2.01

2.47
3.59
s38
2.00
2.46
356
5.3r

2.00
2.45

3.53

5.24

1.99

2.43
3.50
5.r8

l.98
2.42
3.47
5.l2

1.93

2.34
1.29
4.73

L90
2.29

3.19
4.5t

lE7
2.25

3.12
4.17

1.83

2_19

2.99
4.11

1.80

2.14
289
3.92

1.78

2.t1
282
3.78

1.97

2.4
1.46
515

t.
2.39
3.42
5.O7

1.95

2.3 7

3.39
5.00

1.94
2.36
336
4.93

193
2.35
3.33
4.8'l

1.93

2.33
3.30
4.82

1.87

3.tz
4.44

1.84

2.20
3.02
4.22

t.82
2.11
2.95
4.09

r.78
2.10
2.82
3.83

t.75
2.06
2.13
3.65

172
2.O2

2.66
3.51

t.93
2,34
332
4,9t

1.92

2.32
3.29
4.83

l.9 t
2.3t
3.26
4.16

l.90
2.29

4.69

1.E9

2.28
1.m
4.U
1.88

3.t7
4.5E

l.E3
2.r8
2.99
4.2t

1.80

2.11
2.89
4.00

t.17
2.10
2.82
3.86

t.73
2.03
2.69
3.6 t

1.70

t.98
2.60
3.43

1.68

1.95

2.53
3.30

1.89

2.28
3.22
4.1t

1.88

3.lE
4.64

1.87

2.25
3.15
457

I-E7
2.24

3.12
4.50

t.t6
2.22
3.09
4.45

1.85

3.A1

4.19

1.79

2t2
289
402

t.16
2.07
218
382

1.74

2.04

3.69

1.69

t.97
2s9
3.44

166
1.93

2.50
3.26

1.64

1.89

2.43
3. rl

21

28

29

30

.10I

50

6n

l0{

200

lm0

CorFisrmtoc.!'f, Lai,! r1l ii!i6r<EJ. Ma 6r b.odCd!,.4dddi*. hrtot Ei, Fn [h. b.lrc6iciCs. mdl]iiDdqcc@isy sesrriEd nm6..Bo.ld6{r.!cgt
sbditw * d..d d.rr.pFr*d.dd d.6 sr,rkilly r*drLo@ll ldi46!c@ Cag{. Laliossrc6.idttb EIe.ddi!@l.oitd n ey tim ifd.{ir,,d'6 cliqiE ft(td! (

P.T.O,

I



ANJ coL

etry Delhi-

v
6522

Tahle A9 Critical Values ,or F Dirtributions fco,.it..l

32

',t = nuherator df

t0 t2 t5 20 25 l0 10 s0 60 !20 t000

.:

t.52
t.12
2.18
2.9t

t 5l
1.70

2.t4
2.84

t.50
1.68

2|
2.t8

t.4E
1.66

2.0E

2.72

1.41

1.65

2.05
2.6
l.4s
t.63
2.O2

2.6t

1.38

t.52
l.t2

1.33

1.45

L70
2.05

130
1.40

t.62
t.92

I.22
t.30
1.45

1.il
t.16
L2l
t.l0
1.43

r.08
t.l I
t.l6

t.87
2.24
3.t3
4.56

I.E6

3.09
4.48

r85
2.20

3.06
4.41

184
2.t9
3.03
435

!.83
2.tt
3.00
4.29

l.E2
2.16
2.9a
4.24

1.76

2.08
2.80
3.87

r.13
2.03
2.70
3.67

1.71

I.99
2.63
3.54

1.66

I.93
2.50
3.30

1.63

t.88
2.41

3.t2

1.61

1.84

2.34
2.99

t.82
2 t6
2.q)
4.3t

I El

2.96
424

1.80

2.93
4.t7

1.79

2.t2
2.90
4.

1.78

2.10
2.81
405

t.'t7
2.@
2.M
4.00

l.7l
2.00
2.66

1.64

1.68

r.95
2.56
3.44

1.65

t.92
2.50

l.6l
1.85

2.37
3.07

l.5E
1.80

2.90

r.55
t.76
2.20
2.77

t.77
2.09
2.85
4.6
t.76
2.O1

2.81

399
t.75
2.06
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