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u ,"o - !
serration tLAl mean ?!.1 sample UUltYDfll obsersation Ull[o\]
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2nd
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2 L

6

2

l+

6

2

L

6

)

at

l+,

lr,

lr,

6,

6,

6,

L

6

2

L

6

2

L

6

l+

6
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?1n Tab1e u?v 11,{u ln11uflatnlflO{ 3 observations lrr nttnnoon'lil t t-hr : artf ?huludl?1
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6

B

6

8
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B
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2

3

l+

2

L

5

L

,
6

z "iuoonrLrfrlrirfiul 3 possible sanrples ,*rl u*fi\r,iu S

lv
sampleo rraarifio z,+;
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It'vt
'lfl observations 4 uar e oom,Flc tu6o'[ N observation 2 rrn r n1ri.i't lt obserwatlons
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Table 5.f U

1 st.
obs .

Znd.
obs .

3d.
obs .

S arnple vZy

-1 2, ca

ot

2,6
4,2
4,4
1,6
6,?
6,4
6,6
?, 2

2,4
2,6
4,2
4t 4

4,6
6,2
5,4
6,6
2,2
2,4
2,6
4,2
4,4
4,5
5,2
6,4
6,6

,.2 4-.?_,
A--- )
, __--. _ ,)

4 

--- 
2.

6 

--. 

2,

2 4

2

'6 4- 2,
A-.)
)- -1

4 4,
A- n

D- Ac +r

4 

-.. 

4,4 4
-A- Aw +,
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--. 

A

6 4 4,
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2 5,

2 4- 6,
6
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2

6 4 4

6, _ 6i
,-<

6 4-- 6,
-- 5- 6,
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B

10

8

10

12

10

14

B

10

12

10

11

12

14
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10

12

14

14

16

11

16

1B

2.OO

2.67

3 .31

z.ol
3 .33

4.oo
1.33

4.oo

4.67
2.67

3.33

4.oo
'l 21

4.oo

4.67

4.00

4.57

5. 33

1.33

4.oo

4.57

4.00

+.ol
5.33

4.67

5.33

5.oo
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Tabte 5.2
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f v f v f v I f

2 1

2

4 )

5 2

6 1

)i

)^

3.0

4.0

AC,

5.o
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6.a

'l

4

'10

tb

19

16

10

4

1

2 .00
2.25

2.50

2.75

3.o0

3.25

3.50

3.75

4.oo

4,25

4,N
4.75

,.0o
5.25

,.ro
5.75

6.00

9 B1 5,561

n=1 n= 8

?

5

1

1

1

B
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266
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l6
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1

4
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f
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{
I

4 b

o
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I
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Ll,

tl

-E.___..l-.l!!

t2 l

Theorem 5.2 a

Theorem 5.2 a: As the size of the sample incr€ases, the distributlcn of the

means of all possible sarnples of the sane size dral,n from the same population

becomes more and more U.ke a nonnaJ- distribution proyided that the population

has a firite variance.
Itlte

-l d {^ -theorem ulruttil Centraf Linlt Theorem tjl.lnu population [o 1 nlo

lrlnuan.r'tr1u
,/

ttfl

*" ilu"l:l

lrl?t t1l

ofn pcpr:lation il

1l1ln{

ltreorem 5.2 b: If the population is normal, the distributJon of sample means

follors the normal dlstribution exactly, regard]-ess of the slze of the sample.

l r 1? tttnni lllt ttun1ltu I ilu?i.tto,t Theoren 5.2 t lnl samptjng experiment

"lu# i.e

ln
sro t ll1i

1l1l normal tlal (l01urn'lnc11un? rnlu$Uttnt 44115?t t

-'d vA
fl1Ou"r{onnr,l1,{u.:

5.3

tral

Mean and Variance of Sample Means
yt y y I..J

lumuttar trr [ntm1t0n tilrl ilto,t distribution curve tO.! samp].e ne
,'.)c,rr/!'x"

t1J?0Utr1?r11?lttu:l[rO{ mean ltni variance t0.! sample means lualuulit
I

C-J .l
populatlon 14 3 observa.tions flO Zt 4 Ln1- 6 L

.3

rlu

nean flo{ popuJ-ation no 4 tta, variance ?o.l population nfl

\ (2 - 4)2* (4 - 4\2* (6 - $2
3

4+ o+ 4
3

1
tr1 sample size ltfu 2

g.

3

! possible sanples tiluao.:"l i, ,"or" 5., . frequenry

tabr6 ?e{ 9 sarnpre ,""r," "lo'l 
r,tl r"lu ?abre ,.2 rruar tdueoo{rn 16i11.11 mean rm:
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variance ?0\1 sanple mears !)1n1f,oI,r.n"i.iu rable 5.3

Tab1c 5.3

fyff 2

a

9
U-1.4^

flo'l sanple nearrs Vl{W.Jflttrllnu + 1tr0 +y3
saqrle size 2 mean ltai variance to.: samp]e roe"ns "ltLt,,runru y' yL L v y tr2 t/ v, .+\ q 6\ dd< +\ a A Anrudtnu fnoul{yr [u [? [mu?.:d [urtumlt?r.:fl0.1 Theoren 5.3 rh

./y

m,erlu

tta:

Theorem 5.3: The mean of the neans of a.L1 possible samples of the sane size

drann from the same population 1s equal to the mean of that popr:lation; that is,

(1)

The variance of these sa.nple means is equal to population variance divided by

the size of the sarnple i that is,

2

e'
v

6

I

G -1*)

2

3

4

5

6

1

2

)

2

1

2

6

1?

10

6
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-2
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0

1

2

4

1

0

1

+

4

2

0

2

4

gum o 12

<,=-v 9/J
2/\'

26
n

4
2

l2
9

n
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Equatlon (1)

Fquation (2)

polruIation

Ittt1luilnuil vu?l,! me?rr ?o{
v-

sample means li.t t4]onL mean ?o{ popul ati on,1

1
v

um1lldulfltE, t1i?1.1 variance to.: sanple neane ui !flIfl0u variance ?o{

-u 
i ' v

mlUdf.ffOGt gir11.: standard deviation n0{ sanple means U.:i, nnl] s tand.e'rd

6 (3 )

tvl
T.lxn [n?"1 the standa.rd deviati.on of the means of af1 possible samples of the sarnc

si"ze arawn frorn the same poputation is equal to the population standard deviation

devided by the square root of the size of the sample. s tandard de\riation ?0.1

i d .r - < -! a '
means nO.: aIL possible sanrples t{ti size tou?ftutl4: Ln'r1l population t oulfruu ttuilll

standard error of the mean

5.4 Notations

deviatlon 'Io.t populatio, fios',m'[e,1e,un0fi square root 1i'..:dc{11{m{ E4uatlon (2 )
l?/

ilthno

lv I ve 4 d q a 4 v ,{4
tt:lt|fiiurtl'J1]f :.]xtu;u t r 1 [nui?1rfln tro.: neans [:Jttar 3 runna

1. population mean

2. sanple mean

3. mean of san4rle means

I'l

[ta; variances z gfia'tnfin

I. population variance

2. variance of sample neans

rn'lrlrrro: riur sample varian"" ("2)
vl

tilllJl0ntuol4u.l
lltvrr:)4,J u ^ <^

[ilall?v [! [u Innrn1ildildutu lumulru1

\)F

nC'i'i5

er.,r[rdn.: [1

v

l
le2

r r1?r'l fofflJlqn.l 1 nutlylu means, variances, Llav standard deviations IUA']U

1runr",o*l,Lf
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nunber of items

N (size of populatiur )

n (slze of sanrple )

Nn (lrto. of a].l possible

s ample s )

5.5 Reliability of Sanple Means

lation nean
) u t-

lUO.:?1n nean ?oil sanple neans Vl.IWJn I yllflu population mean sanple

-4
standard error of the mean (69) i,4lO variance of sample ne*" ( 52- )

lltv4.r v < 6
ttntl.Jo [IfU sanple means t!A11ri '.]1un{n11il [ fraffnto,: sample neans f0J popu-

<r1 e
qrr.:il [t t fhurnrl?-fl reliability no.: sa&ple .u*" '[n Itreliabilityrr t]}Jm1!.lu 1uft'l

I

1,1A1UAU1il

I 4
neaas gn{ 1?.ltnlrt

,j
AUIoU populatlon medr tt6t !UO.:?"ln var{"ance n0{ samplei"ilun

v

,"rns inntttt r fi.t'lur:urrl sample means nlrao variance no{ sample means a{?cd1"lu
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ln . - n
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6,8 ,[s$mptions

- 4 f, -.' " o ' .r - t +, "
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f,a ^4. Level of ,3ignificance: significance leve1 14tflofl[
rJ

5. Critical Regions: criticaL regions OUVI

n. ][<.-2.576
n. u > 2.576 (Table 3, ,^ppendix)

6. Conputrtion of Statj. st ic

,, - 145y'Lo _

n = a5 ( rirrauo'ira )

L v = J,4?l ( firuer 25 observations'l
-xlf

rudfl{ [l l.uvtu)

- 7 1!.11y=T=rr6.E4

)L u8.84 - 145 =-5.16

?,Pa 1%

vt t,
wLn'lrr"[nul!1

v o

6 20 (rhr.ruer"Ir,r)

4; ^te
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6

f---

5

4
5
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6
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- 6.t5

4
It

- 1.54 T.l0llfnuUAn critical regions'a

?. Conclusion: population mean lvllflj t45

5.Io Renarks

^^*r;"-"Ao-tv'-nl rlndoudllJfll< 111111.: doqr [t Inm?orJa ra??1u?m.: rlhrmrantynuu ttu onMn no.!
t, | \ r, lt rl

uo{ fnludit?oilPru m1 r,rionrrri rxu ?hultrr[Ja{uu'h"l,ruiorrurur,ni..:fiolufi.: noudl:"lt
v-lr2rlAd.^.vd"1

1311'ritdOfl[nuulnfomatlcrsulmn?sra{0ntrdy){rf-h]tflnClulu r}yr,lrtorrrngo.lfnirurrfraoJ
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Chapter ?

Samp1e varian ce, x2- Distribution
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7.1 Purpooes of Studying Sample Variance
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Table 7.2

(5)

11 .312

1.257

( = t.633
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Theorem 7.7 a: If all possible samples of size n are drawn fron a nornal

population uith variance equal to (2, and for each sanple the value

:(v - i)2 is conputed, the valuee of l(v - J)2 )follov the X--distlibu-
6tr

tion with n -1 degrees of freedon (that
62

is, 7) = n- 1).
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Theorem 7.7 b: If all possible samples of the same size are drawn fron

a given populatioD with variance equal to (2, and t

computed for e?rch sampl-e, the mean of all the ratios

he
2

s

a
fio.rrr1"?r"iruh}h'r ".rpr. size (n)
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Z(v-i) (r,,- i) + (yr- i) + ...." * (yrr- i)
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follows the X distribution with n d.f. (Theoreo ?.5)

Z (v - I)2 ,iu g follows the x2- dj.stribution with n-1 at.f.

-,,-r:;if[; _h_ xL- , - .n_,( Theorem 7.? a) tazn-{,, 
) 
" i,t i 

'-t
r,(j -ztt)2 uia lr2 follows the x2- (Iistribution with 1 d.f.(Theoren

62
7.61

I t2 I lt
sC{v

rmlr [ fionomituu.!11 ur[J2n?o.l rhaldo.r
I

( mlrnruu:Jrfilto.! obeenrationg fl 1.! 1_11_!--PJtu-
l,

Iation nean) llu?'tnmffiOil Equatlon (1 ) onttu{oont.-..:----I!=f.: iu,hoa'ruJru

tlon uu litlu.l tifrulflrio.l rira,,:aaloon r
< dd
thdlujr rnaufl't.t 01 oul{uttun?1 analysLs of va-

lv

I!g!ee-, mru.:itiu
a

u1ffio{dlul,,froux'!dN
,rv I I I

'lra'lr'harvrna r't:l'llrm
lvea

nO\:lrun?sn UitOAn[iln2U
I

trnN uaurnno{ fh
,t

n.t?, ruuIn11

I

dlda.:rvnnru.:ao
!

L$ -2t)2

-T-
d-,q{

nr rulunl tvrl.tuJxffuru t 6lvtf
a 4.J

rrflna tu??r.rvrlldruJrvnolttna;d1urr6! ua
t

c v " 
A v ., ^d 

t A^'foIlos tlle I-- distribution uu ttjudldrnruln lu1tntrfltt.t 1 utFt

4

Z (v - i)2 ua; n(i -1l-)z 1o n- 1 tra: 1 d.f.
'^v

tlfn, t vn!?Oil 3 llldJ [u Equation ( 1) 1l1l
vv

of freedm tolrfuttnrw riu unt,iased es timate (?o

n0{rhi'ldo{uunliunma{ Equatlc[I ( l ) rirolnmrnru

.rttu
nufurhuilrrnousn{ 1 rx1lju d.f.

Idva
:J n d.f. d1ldr:Aoun0{}ru m

mil6lfru uo! n = (n-1) + I
lv

fuo0nmtnlu tlre number of degreeaarr
D V^ A

7.3) ?o.t 6' vtitdu nn12na uuln
44d.f. n nfio ( Equation 14 "Ao j.Zl

(2)
2I(v- ).)v

1 n

ll,,

fir'lnnnuan.r'ltl

Z ly - i)2

y ul
utlulJ1trn111t

"Juro ss tlJ00!

1o"I
:lu unbiased estimat€ lot 54 fia 7.2) d?uil?3nou

-,41 <4
nultn?u d.f. flonuufia n- 1 nm

2
3

I(y-i)2
n- 1

(3)

__1



-6r-

f,"
til tt-ht rurblased estinate noit 6

lllrvdv-d
t nvMuflnm itoon [il tilrl grru] t nm"do

.l
means llhuuil

lr

' tru z.rl M n(i -/.)2 rfr4rlu%ufr.nrlrriu:l
lJl

{nu means !1nn11 observations trllr101?

,t
u

ve

v v

v

a'l't pOft sible I populaticrn "i nt ruml populatl93-t--01Lul-nean

ton
_4

ation n0{ y Po

I

l-* 1lt1[1fiJ P' J ----T-----<<.{
ttdi variance fiu g'-

v
tntrl drar aII possitle samples tllt size - 1 oofu.ll?1n population

sarpl€ t rlrilu?01n1?o.t v, "lnfio

:.( i -A i)2

'- 62?rlynm F
I

3o.l i ttna:

v
1 tr

zG -A)2
1

(j -,t L )z
1

' .^l--^. - --:^ (l -,,r.t\2 - | - -, o 62mttar.na{ vl uro v-f4 t1ftfl?t;t}nflu 6'- uto -
tiasea eetfi;p ry 

g; rnrl:rcu'u "€ if ,ln
,aia 62 i,*'.rt#u*rruau?on 3 rilolflu E4uation (1)

2$:*) rhr un-
<2.i0{ ni-

norfu
lt

u'IulJvr?,

u nna

Uarf;'iU unbiased estimate XO{ 62 twj0uftwitau oLn{"|
,,,

lrum

unbiased estlmat€
lv

tronnmrolu d.f .
J

tfln l0$n, t }l0llfiAl.l t

:(y-i)2'l rir rl u*1 r1, n r', 11 u'"1 o,",.lr, *, i'ru y- f il ,,, u nr
lt,6.t4,/

a' utttwntcrl ,,r'

tyrou lrro
SS;in-1

t f r1t aanple rneen (i) rtuu poprlation nean (r* ) "luunlrrrtolrhti'laa.t

v tt
n0 tv)??t{vt11

t

umlnflun ! drol1
Iyr

?.1O Teet of Hypothesis
,,

[r'141fl x distritatlon no.l

L(v -l^)2 IJ n d.f. llAt
'-2 az(v-v) r n-1d.f. uu

,udr2rrno.trh;.:rlo.ri a.r.r,nu"hj 1 d.f .x n1r1l1u'iil?o{ d. f. urrfu[yt '1,

anarysls of var.Lance lfi.fln1rlluu r "horano r 't:J
tl I I v v l I

"[ rn'ou r io.rfil u] r"l rmau"r iunrft r rrnfiarr]o{ anatysls of verian
t, I w i

analysls of variance l;'lnnarr'tr'lum tz.g

i,l rl'r',u", no,'. u', o #
ce r.trrlunrl rnrr"l r'

SS

<za
rrla z.zl "lunrrundou

,'l

ml popr].a-ru'l

t

t
I

I

tidr variance I Vi1nufl'l r,nreilvr fr'raurl lru fi'lioir SS n6q randon smple 611nq! I

l



ob serrratd.onE I t-hj 480
J4 o 6 I
uuno (o' 1oo lutno

- 01 -
t1e14

:.hnn nfton1tundaudr8lrr 1u11 poplation variance [ ltlfu 1o0

;.6'" t:jtt hypotheticaL variance tr1l4r11j?1fl Theorenr l.J a

,'ad^{X'- dlstrit.ution rith n - 1 d.f . 01duxE1utilu?t.r Pro

vt
tta1l'l ss

& follove the

63 .6' = 10o na? ?1fl Table lr, Appendix?ryollt 2.5 % no.l
vl 

,,
d.f . uAUn21 O,4BM19 tta! 2.5 % non f - vaLueB lnml 11.1433

Z
n - curve
6:

- values rIUr lr
vv

t li1r 13lrUlJOl ! 11

t4

f

xo# x2< o.,BM19 ua,
ox'> 11 .1433 ( pig. l.10 a )

1,,.

r.f.
c.4 -

a,9

c.L

o

o,o

6
Z

z 5t"

z A l. to \z()

lt. r 433

x2

o.4b44tq

1:4

Fi 6. 7.1O a

2 5'1"

i

t



--"1

statistic

critical r€Elms

-94-

t flr'lrorLlu t,1SitutuJ t toldrojf,Elu
vv

u critical rcgion nl.lt"tu cdrclusion
tv I a

1OO ttgl01n1?0.1
SS

ssa Ab
100

lvlrac
ur0 4.BO Intttt lr d.f. hl 4.8O Unn0ljnlurlon-T

t

t vnnu

yt
01m?0..t F;

o-o'
d.ance ?r.!Uo

I

flnounlu"l,
I

4
tlac cdlclusidl nO 62 . 1oo

l:t u populaton va-

population variance ?t.lmnnl1 10O OldfBJ9'E1Ut ,{ rralltf,n luunlrvlfi
5?

flnollrnu"lu critical region 11iltl1

ilu?ston l:tf,U

7 .11 Pzocedrres of Test of Hypottlesls

1
lvet yd

nU samp:Le t[t]{Pl.tu
l12dA

observatidls lvrd1ufio

un11 conclu-

^ i(u i . ' ., ''
doufl.rury1utilutilnruu 5 % ?0{ atl possilte sarrples ?rfi l,ilC concluslon lntfi?1

,lltv
pulatlcn variance lutu,ff: too tllrliotueu TJIpe r error (lirrnrffinrau "lu i:.c

po-

41
7.10a ) 17ilu5z

ais trrut,ttor, To.: *'ltlunl r vftdaldu!ft 1ur'r popl.r.ti* var:iarce tv; fiJm
I YYV ,/ \) I I

frrrr*nrioon, rr1?r'l; "r',pr" rduriludi tt = 4Bo uar ,, . 5 ur,ihr-rourrdnnrfir

t r10l?!m critlca]- r€gions
x2 *rrn Table !, appenarx'lafio critlcal regions ?iouvl ,r ( o.reto5 uoc 7 > 2.7858

I

"lurim ,r,z ,

lt

iu tfre nrnrLr of degrees of freedon n1 0.121105 tla! 2.7858 dorfilu

rdo.rrrn "r- ff= 120, 
.statietic

2

u?' iffi = ,.::

.1 ,t ' )n' ) ,2 . (
tth i tolnr 0.484419 ur], 11.1433 vtlolrn x'- tatle Lra, statisticri nl:ttfu

+f *i *, r,ur1 ;rrul concrusion fi1oi*#n", rfi ouofirr,il,r*l,fiu',i?*u of.,
+ \o^.) - qq q -2 -^ *X t v u )
t rm jts stetistlc B uio -3i ft'lnntn'lunlrvridaudr.irft "lulnr'hfmafrffill runmfrh

,2 ooo"o Do(,^ - , u 4r !r o ot ,

statist,1c (:2. ,nfifl.J1n ty,lr1r11rJu []ttultn.ulr.tdli$fiuriIunltrnit t l,tunl rvrnrtauf[.[Jn51u11
wO- | -, I

poprlatton variance t ltrtiu do2 statistic E2 tiunrilt c,.J"[tlolt popu].ation va-
tt ) t y ytl I

rtance ril ( 62) nr .$ lT nrnr t mnttarlrflytfmr, poprrateon varlance ri.:mn
I tr' . -z ,/ t o1ro ,

m1 hypothetical population variance n1 i lloum1 t uf nn.l [utuuf f popu.latj.on
o''Sotl

variance ?, illloufnl hypothetical poprlation var{.ance l4lnundau

tll!ACr<l
ltfh t uufl1, ufldoudx}JsE 1u11 potrrlation variance nnrunlurhlnrn lu?]oflrrlnit

duln [u sample 1!1.1.:! 10 ol.senrations E{ lnfn7ln population l,lllil

4.8, 3.2,3.6, 4.8, 6.1 ,5.6, 4.7,5.3,5.1,7.6



1

!<aAlxl
rlryrarifionrrr&rlMl1 variance toir population ur:tvrrfi.r 4 uio'l IJ #h rfiunrrvrnaourh

,/

9lilU

-95-

o '-
I{ypothesis: hlpothesis fto population variance Lvllflj li

4

/'Itemative hypothese s ! alterutive hypotheses fiO
v | lan. populatlcn: ve-ritulce mufnl 4 uXll'D 6" < 4 [t0,

t !^ n
n. popuLatlon variance tl1nml + uuho 6' > 4

. .l .'
3. Assurptions B sanrple [$l randon aanple T.! lfr:.niln norrna]. poJnrlatj.on

f,a ^"<4. Level. of sip.nificence: si€nificence 1evel ntaontnfta 5 Z
.{

5. fritLcal r€f ions: critical t€Cions ouyl

on. f<2.?oo39 uas
on. r > L9.o228

I |rV vY4o.l
( R1Vl.:dOitU I Fr?1n Tal.1c [, Lppendix; I' with 9 d.f. trasn'lrUndouu

tftlru:L u.ro-tailed test fruiunrrvrnrdouu!! one-taLlea test wlni#
vy

'lr']uao z.re)

6. Confrutation of statlstic
12 - n'6; ' 4 (i'nuuntli)

n .10

f y - 4.8 +3.2 +3.6 +4.8 +5.'t +J.6 +4.7 +5.3 +J.1 +'1 .6

. ,o.B

(z y)2 . (50.3)2

' 2'',Bo'61
a(z d'. . ?:zgg-Sanlo

- 258.064

.1 a
ulrfto

c'-01 -

I



I
1

Iv2

DD

f

I4
Conclusion: ttn{lln

271.& - 258.064

1 3.735

= 3.43@ rtth 9 d.f.

-96-

( 4. B ) 
2. 

( 3. 2 ) 
2+ 

( 3. il2* I 4,8)2+ G, t )2+ (5. 02+ | 4.7 12

(5.3)2+ (5. 112* (7.6)2

271.8o

z y2- lZJt-

+

(r0 7.4)

SS

T3

13.735
4

7 f- o"r*drnum't
Itl IeV

nrvnnu 3.4340 uu oufilulronI

d;=l.iLulion curv. rtill-, a d.f.

critLcaL regions

x

2 L 6 ro ra tA t6. 18 EC L? ?A
ss

?.7003q

o

a. LSLO

tq-o?-zB
x*=

6o'



-97-
4e^4'u
?'ltlotJIll t 0"1{'llJrm11u conclusion RO population variance tyl'lml 4 (01

',,1,/ 
| l

ofld111ntt

* - vahe d

rir uru"lenrourn r 2J@39 ?5flrDu'lu critical resion TlitTlu conclusion o: tflu popu-
1", t v r r

latj.on variance u0un11 4 ttnfi1 X2- valua firh urru'laur n n, 1 19,0228 irflnou"iu crl-

tica] reF.'ion fl1.!'d11 conclusion t:riu population varj.ance }l'lnn11 4)

7.12 Applications
I I I r ,rr/ ,, 1)

fllrtlndoudr$fi(1ul'r popuration variance ru1tiLn1fiihffirn"llli-tn"lsfirmn1unrr
| ,) a' 12 I L2.* a q <^:J - ^flilt]lnfllr{'!1un1.:1ffo{n1rl]ldunru0acu]mludrhrdrJotunnlurJll , rhuun m1

ev ,{ 
^ 

Yt

n{uu vari.ince (liro standard deviation) "l rruure,ta,:d'unrfitn 1r.dt nltonr n"tr
I

ulnudh
I

t fiunnr.: tur runl r I l'rlflv tdun ( specification st;urdard ) [n1?rd1 samples *.a#*
tl I wyt I IAq a 6 

^ 
Ve

ilafl[ mf mJl rIunrll 1 tr4v?]ndludutrr 1ul't !1f1t.1ll?o.tnl, ilanuuu.ln.r It Inou 9l10u1it ttu
I . I a I yv V v I

rhr,ninrodmo'ruaonuflrrilonufi.:nr:rlo.:fiiur-frfiluar rhuun'lirrvnfu 12 oors uarrhffiier')u
I

I

standard rlerriation r'arfu * oau{
t,L4l

Y .tl . d 6t
I ntau11?iflM,nvh Ixiil1 rumo{umnu I

l-l.l

o.:ut1nn?rrunu1fln11 12 00tfr [arfl,
-t ./t v | . I4 yM .i^r .

?.r141{ tfi ?1lhrufl?a{ crn''r tn, :dilnviiu*l
, tl,

n1 r*0{ fiur n lurl r 6ui u"i rulr n r firil :l
l+

al
nffoo r 1n1fix r r?uno{uv(r-i,&na.!nr :r}o.ruhuvm g rflu'l ill u

.|'uu'uL+l
-t6 ' dd

uunntr o{yrrurhu{ttal t111n! 12 erou'r ntv o{y[Ju6t
l r tv
.rl4eel'V

Y O.ty[.][JAOnU OUn?s'r4UnUOUn11 12 oeUT tllrlrQsuu
lrtr2

^dydaCAn{u413, [ ilauu [ilmil '] fiu rhLrrrursn0{wrr r0nnno
ll ,rl a a.l -!

randon sample UUitT{ t, noljfl1uolun, lllo.t n fltt O{,
| . I u, r 1,

hypothetical. rrorianco fiO
u u- aa "n frl1flnilrrd.rnfiofl1rilo.t

duifirr to nrtilo.r, ?srrD.r9nrlr1?dorrfrunrt 11r1 ilao.lu'lunryilo.!?rlniufifi{un:r'.tfimin:tt!,l.a"lr rhr,rulmo.ruao.!illuntviln{nli 1 fia otservations (y)

,t,t d" (3 = * rrrnt"rrrornu:rftrmtr;+1ri.i*"',- 11 1

nu[![
I

lt popul-ation variance tiflru't n t frr.t't t tlrnt?t"ltnl tvrfiaoul nui# oBe-tailed test

fiald

I

!n tfUUnlUUUn critical reFion fltilvl X2 > rc.gtgoO01 t tluoiJlll t01dr]}Jst6 1unlu144nn1 t

,/tlll
c<t421

9nrou1 nUU.11 1-r rl.ll,lu{

.?4]'--.

critical region UUU1.1?"1{111?
) 'a0,1 X-- distrilution 1y1911

2 critical rcflions flt.li,l X2< z.7ool9 Lta; x2 7 19.0228 qnt! flr,rir'l u?ovlttc?n1t?c
t - 

---------.
'v'ar-l-i tl, tu

vrodotfltl.ldnnnmJ

tdt conclusi

fied standard

'r ufi 1 1rJ11 rJ1Rr < run, r trfinti,r n-:'l t'l eni4ra :"[ unol'l ilr,ho :"l r uerordulft r4rffi
Y | , u u u! + | | - J a

44daa.l
cn rno f1fiufino{ u4o.luvrrulilyrillla? lunr;ilo{nln 1 ?3tril, rJuu"r nn11 speci-
I t,,, lu

-l o d?| - V r ?,1 nu 
Y u .1 t

lruari lrafrl n fl'{u:u ?rfla{rLn] r do1un1 rilr aU t uBnfl o.t?i.r I ilri ilr ;1 u$rso{ rn r



9B

^ivrndoudlnJfl! 1ur:Junnr 1
lltt

t dtr,nmu1,,! [ rmnra,){nu

nr r ilr ru#r'maffilul r,:,r r
I

1fi1 nquntiw controlrr

nho
A.r ". | )

n21ulnlnlo lunrr!1!nl, clsgl ?rilrlffJ [ ]r! lll.lnouvr?; tnfim1]l

ae ' AX J&l^ s
uo-sldlunrrtJ n.:d{ t mFi1ll 'rquality control,r tl [t luvtt|ttr.:UuI tttttl

.a d.1 .drlltlrl't Iun, I t?rflo.!nr:lh I nu?nuRru1urno.J uff].tut6u

lll lv 12 I

n"rour.6.rriurn1 rtqui'rity controt,r 6'.:namr.nit'if,in'nuan.r'lr,lrfiur,rarn,l"r'trha.r

7.13 flemarks
trt/ttd v 4 ' d d.3 4 - 4 A

ITUlnuln U]r14t[A1 m1ul':d.:frnC.:U]lvr 7 Untynlh tC',rUAntilO.!flU!1.!Om{no{?Sl
lrrr,/llltl

afifilrnarr"lr tuJ?lnlrxndaxdrar]- rmr poputation variance rurriunrfirirmrn"lul;"l.riu
lltl-lt

u1n Iul t.!.:1uosrd1r,lnt r: I tflon?urBJmallmo!dl]n1rn1u uflilr rl ufl.nro {uunrimmul.: Cl nn uan
I I i, vl ,/ u ,1", I , I v - u t \ ,,4h v il .J s 

^ 
d^ , 

^ 
< Adl'h c L ,{r .! o d

m.! 1 u luh luurul; Inrhur l"mhon lunrrnnuilar tur:luwrt,,alrslunul finu..]nu x'- test u
v I I I t't y ,,

rvth'lrilt"lramfi 21 . 22 rra!,24 fiuilnlrvndoldrl!illw,,arulfrr:rrnntfrtnnali"tiiuxufi

E



'=Y

I
A

t-dlstribution XO Studsrt I s
vtlt

C 4 AA < <.
u t ?ulr t to.!?n { rlfiflifl1J'riu.:rn [$u'u.ittLi

4

-99-

Chapter 8

Student I s t-Distd.bution
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oc d.f. d,,u.01.i, r.rie. 8.1 uYr fifo ,r-,ustrr.tution do,flu no".* aistritrution #fi

nean*OtLdyvariance=I
o A" u o ,' I

nl ri J?")rltnurrali-nrnL,lr,llnoroz{rr.j tiu th"or"r,r 1od,:noirtfit".

Theorem 8.1 a: ff all possible samples of size n are drawn fron a normal po-

j

l
J

pu1atior with nean elual Loy , and for each sample the statistic t, where
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FiE. 8.1

i-). (3)

is calcul-ated, the frequency distrit,ution of the t-ve.Iues follows the Student I s

t-distritartlon Ifith y' d.f., where y' is the d.f. ots2 (t) =n-IiI
thlo case).

Theor.,ern 8.1 b: As the number of degrees of freedom of s2 approaohes inftnitn
the Studentrs t-distribution aporoaches the normal distribution r,rith mean equal

Lo zeto and variance equal to 1, that is, t approaches u, as 1) approaches

infinity.
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n'r t L rdn{l u [ frrin u r iul i'r zo,.: The orem 8 . t a r r"[ nne.rr"hl mon'al :lu'

8.2 ErperimentaJ. Verifj.cation of t-Distribution

o I nu" < ^,lUA' rougl?o'l sanplinS experiment yr?:lh:r"ttld{){ l,uturtrlfll tlh.tr r.] 0{ Theorem
lrlt

lly6\v6.ld<d
8.1 a uulnIr,rIxtta1 luuvrl,l 4 ncli i nr.]t-n L r1IJ 1,OOo sanples u|]oy sanple rJt;no::nru 5

L/ll<lv 4 1 4ld
obserrrations t.l[ful?1n tag population '0.]t u normal populatlon ylrj 6s41 = !O ttnu

,
variance = 10O t ,1ti1rlltr.Frlro{ t ?o\run sample to't'l': rirotl.: nr t ihuriun'lflo,t t ro,t

I

saropte fiJ , trrDiJnlu 5 observation" ',io rc , 57 , a , 5l ttar l2 ut'it
^1eu4arttdn{ [i, [fi,,]n.!ra [ljir

Iy 50 +57 *42 +63 +32 2M

4B.B

n

2

2

2M
5

(244)'

5q .535
5

Ey)

(a v)2

l-'v2

59,136

't1 ,go7 .2
n

$ol2* (5712+ (42)2, (6il2,

1,Xq.7
5

2
32 12,5O5

SS

S
2

12?506 - 11,9O7.2 598. B (ta 7.41

{!

S

n

sq8.B
4

-1.)
,.472

149 ,7

"c o,1

5.472

(to 7.41

rTl*
lL 4B.B - 50

t - o.219

1.2

,iia
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Rfnl0itrlnl samlklu 1,ooo sanples i rrrnhurninrm.: t'l
t vi.:lDlgl I,OOO lfl Rltioit

t)r,/yv
t rtrrair.r .l samDres'in'ir,l"lrunr'lu Tati.e 4.2

I

tuoit?"rn e
I

frequency te.b1e to{m?oil t 1 .0OO
lid 4

ntnfllJ n-I d.f. 'inr o 4 d.f .,
I vrrv

nT'tn'lu"ir"lu rable 8.2

mean of t

v

histogran ?0{ n13a.l

!'ip . 8.2

2 1u

t ?.!u 4 d.f . n1U

Table 8.2

-lb
1,ooo

mftff - 0.o16

theoretical frequency ilri.i, rabte B.e tfiuto.t t-distribution rdth lr d.f.,
,2v'lat 1 ,0oo n't c.r t?uul'[ia{'du

observed frequency midpojnt
mf

n
t

f r.r. (i)
tireoretica-L

r.f. (i)

below

- tl.5 to

- 3.5 to

- 2.5 to

- 1.5 +,o

- 0.5 to

0.5 to

1.5 +.o

2.J to

3.5 to

above

- 4.5

- 3.'

- 2.5

- 1.'

- 0.5

0.5

2.5

3.5

4,5

na

-5
-n

-3
-2

-1
o

1

3

4

5

-tD
_24

-69
- 170

- 7_18

0

219

160

75

16

35

B

6

z5

B5

218

325

219

BO

,8.

4

7

.8

.6

)1

32.5

21 .9

o.u

.4

.7

tr

.7

2.1

21 .B

35.5

21.8

7.1

2.1

.7

.,

total 1 .OOO 100.0 100.0 - 16

t-artrre rdth lr d.f " lnuanl'l':1u
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Jnr
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quency tnougJ [111nu obselved
'zrlln theoretical- frequency 11tng

tl
frequency flO.: t ?ueununlgon t :,0.1 1,ooo sanples

t!l

rilnrtal t xa{ r.IL ?ossible sernples ffi size - 5

Ftiluu observed frequency ?,1it,l r ,,lrriu theoretical frequency
,,1

mean 1O.ln13O{ t 1,OOO n1?!1r1't
vvL44

frequency table noy Table 8.2 nlllltLalnlto.t

eN 1u1)1 tt1In1lo{ t nrtunn'l ttntilatrlfl
t r tt

9.t trnn3ll"t?ru1u t tl mna.: mean floil t
lt4UA

ilrsurnarom't nf eru'l s rLiapoht (m ) :ro.: class ln-t,:[tuun']no,l t In",ufmA{ class uu ctlotn{
lL,tt, 1,A<rl

lnu class - 0.5 0{ o.5 [n o Lrlurrllo.: t vi.l runl]c.r class ttar c1a.s 0.5 0.i 1.5 "[! 1

" 
t t1 - 

u 
"to 

I I t'
tilutrraol t l,t-.li+Lnio.l class cLass r,1iun r ctass yrt u'luiraou t?nrruuoldl Ir')?cfhlun'lti

to e r v t.- a
rrddpoints noi 2 classes ut Lfu - 5 tLnv 5 m!.t(hru nluu ,nean na{ t 1 ,ooo m-lnuJr:mnfio

l
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Vl t Il f'r']fl r,illl

31t Table 8.2

u
ll

i110U1.: ttu relative freq
tyI.-lv4

uency ill{ u Yitauin - 1.5 rrar 3.5 o0nl].Itn? rn0!?3tu1fllj
rJrr
^darrfllu Ta.ble [.2 urrlnrtx4u11 1.4% (0.8+0.6) 30.:mi0.:

tr,..l

- 0.016

-r .{-
t,1 ?0.1 t-di- s trilrution tLa 3 uulmR') 1 :Jn1er

ll
ZJ

Ll,C; variance n !1nn1l 1 lral

Irt
-4

ll.f]atll r r14fl?o.! t-tab1e ttylU d.f. 0U1'r'mJ.:

zf
Imf -16

1,oo0

dt
.t,

nA I nun nI 0 !J1fn.l ,)

e-ld
trlundn tnnInon11 v.riince ?4.] t ]Jfll1..r1nn11 verlahce '110{

,l

t 1,ooo nluoum"l - 3.5 uar 1.1 % @.4 r0.7) 10{m?o.l t 1,0O0 n1xlnr11 3.5 U
1, I lvl - Yl

11 V
rtdfr..t Lir t lillll t-curve tlullll{fn1 u-curlre ll'ir1Jlvuu variance to.l t flO{rl1nnl1 va-

lrtA
riance tO.l u Uta,J'lnn11 1 0u1.1tti]U!L!

It-lU (n Tatle l , ,l poendix )
!,!,tv|

exDeriment u Inttdnt ['a t tn:, rr ru t rhto
ll I I4d'nmu (!0 8.1) vl?1 rnean ?0.1 t lli)'rt"rl'l,lll C

8.3 t-Table

relative cumulative frequency (r.c.f.) ?0.1 t-dis tlibut:.on fhUiU a.f.
eAs^r

m.: 1 nduulnLlilltta? [u TaLre 6, .{ opendlx
rruttJ

lnuleMny nlou1.]t$u rh\nt'n 4 d.f ., ?.5 Z itc.:nito.l t jr!1nm1 2.276 t u0.:31tr

o t 
^ !<au. " I I v I

t-curve ! U synnet rice]- n1?a.: t LunrtrlUl,tt [iatirumml 2.5 % aqiq,1ld?.: t uu1reuf]l1

^ 
.l lir t 

", u' " a 4

- 2.776 luliuru d.f. lllJtufrfll.l I iumaLu 2.5 % ?nn t-table ?vanLr0u4'!un!muo.1
lllrll-t.,.a y.l4 < .j 1 4 4 v. i 2,

1.960 r{dr rrqri0.lrJllvr:.j d.f. tilu o( 'Jrrdn.t [u ulrr')"I t ?r!n1 rrrhlinn u r?lvlfru Irn d.f.
;,,t,rrrt'

rt1 lillne infini ty (rar1311 2.5 % tainlto{ u ulftr]11 1.960 uatuounll - 1.960) ltat
I1,tl',<d .l A<

u\l tLder.! l. Llt i.iu0nfi1iJ11 variance 'ilo': t ! vacruetn.: t:Ll0 d.f . t'csJflu

8.4 Test of llypothesls

" )" " t '
10 8.1, 8.2 ttAv 8.3 llttd1r.Jl f ilUlt0.i deductive r€lation ,rul1.l population

l- ' - 4 nu u d r:4 ( o' ' I

uu.! sarnples fl1,t '1 nc{uu rrrorn[r4t?1r?.]a{[ilonnnot]-hrtro,l distribution ?onft1to.: t
.la' " 1.1

tn ': aI1 possible sanples Tl size tnrUlnLttl:[n11n normal population i. {vlfhL n
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4 < /. 4 4l -!a 8.4 utilutra,tn1, draw inductive i-nference vltnUlm popul,ati on ?1n
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11rA',f{f'r r,11:1{n.: Lti lia.tnnrro tilu t ri{m, fl;r'do!al, J:tir 1'!!11

I

rhilun r'firnrrlr rfl
t1/

u"/rtr11rfla.:dt1.t
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ttt

e<!

ation meen L"41nllE3lA
il I4-t
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{

lr
t1'rr1:11m10{ .gero+..2 -fupll,J

I

t,
t fl"i.] dl ,]nl'lslo.!fl1r tl'Adt1.l critical- ,!Ulf?ln_ t-tabfp

"ld d e
vlli1'tum].J distribution lonm?o.: t fl1.: 6') 110.! all possit 1e samples ?.ll.l size tnulilu

ttdt'lm1n nol:InaL ation l9lu?nU

u u 
- ;. o '!r:luturo.: t uufifl1u$llrs tuflr?o.t u r{ LgMniolrlujln.1'11 population nean

tllll-r'1

t,r1n1ntlilh,iua n11ilttnnm.t, iuit iurrl u t-test t r 1't'ir s ample variance ( s2) Ltnlu
YL

c\t
u- test tI1 [t popu.]-ati.on varience ( (') tuf,{?1n distribution ?0{ t ltil,

lttv
aol , '1;.1:r distritutlon t iurn:u critica-L repions to'r:"or{srtnnnr.tfu $ttfl x 5 /"

'v-Asiprrificance level P1Vl.ldo.:nt{ t llf] critical reations dtltt! tuo-tailed u-test nO
ll

- 1.950 UA' 1.960
euv

Lu'tth1.l l t-test ul,titTl.t (:i0.:fl, { tnqr critical re6 ions w rfiulilnrl
auuo

corresnondin5z values [I t-tahle tteynl! d.f. 10.: rjt.t r11au1.l tnu ft:rrl t irith 4
IV^UAd.f. uu 01 Lt1 [r 5 % sipitj-cance 1eve1 n1)l{de{nt.]txn critical relions nn - 2.776

I
Ltai 2.776 ( i Table 6, /.ppendjr)

ll,_

^tl^rtn1tIn1 tfil']l/r\l.l4]0 [u r r 0n sipnificance 1evel, Type II error, tte: sample
!l<"J

size t{[fiu1flI u -test t1 n]',i1ft 'l-l!t! ir1"r1
-t--9ar-|'II

Yn 4 v
t1-l I r\Taiffa1lT'].,n nul t r lt : :st [oi,l t t Il.!niL't[t n L-yt1llu nl rlrnrloudmifr: 1m ronOt-'r.r1u"ln] rru

6,4,6.r,5.5 Ltat 6.7 uuuo
f- I

rTaFlnL t-test

4,

samplilrg er.perirnent ?0.1?i B .2 ^ dA ^ < r
L t1fin{ t J1 i?nno lltnl t,rila{nllx t rfu! t{nl.: t-

vt

tt
d.tdlm0'r

distriLlrtion with l+ d.f. u'tl tr"re population nean 50 ln'itlrrn,r r riTlriur)1.it0,t t 1,oo0
ll-'

m uufio

i -)L 9-sot
T-A-ls

I I t lts <.! . 4
ou--l{[tm luntr,,todouzlutn'1u11 popu]ation mean [1n1n]-i 50 critical regions ? cayr'r

',
r < - 2.776 u'n, t ) ,.2f, tri'.r'lo 5l sipnj.ficence leveI) rf'olqrn 5 % (r.r.)

-l
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3.5 Procedures
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t A n"

mfh tuun'l ryrnd0!iiJ:r rn'.1u tnu t,-test 01? tt,1nn 11.1t ru tnunlou,t.t ,r{? 3 lfl observa-
llll,r'tt

-l^t .1 e fi 
" .t 44

tions l,ulnl t -h.t Ia1ln] :ni,i1t1u t i,rfl1f1 lr415n1t FhuTJ{1unirfl1, nnnlu oLserwations ?0.: sample
lt

',iu\lurn dijnnC 5, 3, 1 , .,,, 2 ttf i, tt tr,ro-tnj.l-ed test tL15 J ff signiticance leve1
-l lr

ll''ioundoll Ci.l].]na 1u.11 Dopufation meen 1711-l1l 5

ol,1. I{ypothesis: hypothesis f)O population mean tl11flU 5

po=5
Alternative hypotheses : al-ternative hypotheses

n. pop\rl-etion mean ( f ,fiC

n. popu.lation mean ) 5

I

uuPo

2

4

no

't
I-ro

Assumptions : sample tl,th.;un i

norrnaJ. population

Level of significance: tn"anlt 5 7

i,l,,.t t fh .*do, sorpl" fr.:'tn:rtqt n

t

a5

- 5+3+1+.7+2

si6ni-flcance leve1
lt

0l
n

5. Sritical regions: critical ref.ions

r <-2.776 unt

r > 2'776

6. Computation of t:

.LL-5
n

fv
-2
5

3
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8.6 Applications

a,.x r I I .
t-test ilordId[unrrnrrrun,mry,{?ro.]3u11',/n{andiirnrrx'tn firourlrnralunr;:io.r

J^ ]' 
^u- 
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t I
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Table 8.7
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50 lbs.
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215.9
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201 .2
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184.1

220.4

dlfference
(u) - (a)

30.1

1a '7

45,7

34.4

17 .1

15.2

)1 ..

43.5

9.4

43.7
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Chapt€r 9

Varlance Ratlo, F-Distr.i.bution

luntrtntrrnamnutto.t sanple varlance ("2) 'lrulrJ r r.f;i rrr]#rv,t a"ar"-
t

tleE *n, inductlve ralatlons ,ru11'l population variance ( 62) uas sarple va-
.

dance (s2) uruar 'iuwrfrr',rrrurrlduooo.: sanpre variance oon'hdn io rrrlr"lr
ttlrltl

fnlion populatldt lru.lt'oJ samples fl1n I ronru r uuououl {1J1111 7 u,f,t?:r4110.t poprla-
trtlvltttvrt

ttona nuil ltar Eamples 111.: '1 ?o.tliurrflni popu.lation nlu fm1fl!1t?rrl.:fi.,rfi.,fifl4'lurrri
.1 ' -.., J o f, I v I

tr1?r'l!tuumifilutio.l ,r.a*"" ("2) ta.:uti.l eample ,,.rr,uumin"lutroo.ttrlT (Bils3)
' 2 2 ta

30{!ea.: sarqrle variances, af ua: s! nrru.t
lrrvvlltlt

^ 
U d .l M i. c a< 4

ilnrru"u " lurmfrr:'lmtr frequency di stribution ' lrudrrou,r .ruu-,tt-.t riunrr F-
tvrlir

dlstrih.rtion rnnallpnu R.A. Fisher f inr mnria frequency distrib.rtion f*rn o^'o
tltat,

riurn'r z-arutrl.tmtlon do*r, sr,"u."oro lf,r#ou,luounir'1ri#urngnidu'l^l"' ,-*r-
J ( .{ - I t , ''t o r, -", Ji

trttnrtion tltot utn'utfttn Rlsher ttflrrl?rtufia11D.] Z-distrib'rtion R.l tfuJ luuu

9.1 D,escrj.ptlon of F-Dlstribution
'y ,, I I I t,

A n Cd - zlv.\ v 
'rfn rlwl rnn lunou r rltJln']J 2 populations tLa, turo Iu ludldu [1 2 populattons

It'12tl

tlai sarples ni{ 1mn:iurr1?v1ttm 1 rta: 2 nhriu"lrn'u notations sn.: 1 trr 62, J,
n, tm, y' xffi'1 r* 6? fu variance to,.t poputation vrjrnrl.l ua: (l fu oartan"e

,Jv2
d vd <

tA{ popu}atJ.on lrdort n{u t:lufru

trlol?€BrmU F-distributim "lnfnu sampting orperiment mn populatd.on
,l la '- la '-ltl.l.tt:lJ varLance tmnU Cf [t1o1?1n aLL possible sanples titti size til1nu nl OOn

t,rtr),rt
ut"ln ua:una: sarple lvttutum variance t {l 1n rlndn popurati." ui.rrii va-

t'llt/ 4d
aance tvnru 6 i t r101?1rl aIL poeelble aanpleo r.:lJ size rulru n, oonm [n tra,

| 1r ,..1 t t,
ufln! sa@le i:rhmrunl var.Lance t "l I 

'tn n".:u?n:inrm.: u2 z ln unn:!R'tnm?'rn
Izlrrll,tr

Irflai populatlon ?o.t 2 populations ul 4 vrnrilm.rgnfrui.t?rflnr/ntmu f urfr'rm,rufr

ao.rrilorrtr"lurfrrl u variance '*rtio (s?/el) oil" g possibre sarp:.es t# :.l1 Crlo"

l
.1
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rnfln population vll, .lil

9 x.25 t to 225 po8slble palrs of s rples ln u 22' variance ratd.os tuo{?lnff',lnon

"f uu, "! ,iauo,i",#*1,I#., r ,iro.u sampleo
I

nleo{ variance rario f"fZ"!l ir
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1

Theoren 9.1 : From a normal population w'ittr variance equal to ,2
\' l, "11 posslble

sarnples of size n, are drarn and, for each sample, t,tte variance

tf titt' lt'\ - I degrees of freedom is conputed' trborn

another normal populetion with variance equal to <!, ,ff possible

sanrples of size n, are drawn and, for each sanple, the valiance
),s; with I Z = 

nZ - 1 degrces of freedom 1s computed. The fre-

quency distribution of a1J- possib)-e ratios

F

"z

follows Ule F-dis tributi-on witlr t/ and

9.2 Dcperfunental Verification of F-Distribution

(1)

I , d.gruu, of freedom,

tla,
ltri C^<

tuo{?1n 2 populations ufinnu

a

1

if 6"6i-
fi111 u^rt possible ratiosrr Errrdnar r'lu theorem t1{utdlon ['iuliuil

tlylall

una: "f fla.: a].l. possible sampres vr'lntlrorn populatlon n"uu"lfrarnd turriufit:nnurrlnu
l-_!l

, e 1." i J< .-A
{ prnm{ aIL possible samples u lolf orn popu]-a tlon vrdO.: utiludnlllfiqFniJvll
+tytyrtl

'lu tlr"o*. firfulio riodntu^onnoluai?;',,m'lni1 variances, "f ,,ur "!, onu?nu?.!ou1{

fiar, Theorem 9.1 ?r0nttder'r"1rrfrrri.,1.u sanpling experiment f*L*fm

4
,1U4, t OUPflO.l experirnent "l

1." I "ples t.:lnutrtfi tag popnrlation ?.:t u

i ". " a j
5OO sanples 1l tvrao [n]J1?lnon notmal pofnrLetlon U'l

tlln4-.d
erIv[1rra1 luuvrM 4 na1llnuuo tr1u 1,ooo san-

ltcd
norma]' populatj.on U mean [U1nU 50 ltav va-

ll

ri,ance [Ulru 1OO ltsmt sanple 10.f 1,ooo samples d,r.,rt'ru.* #'[r" oo'td1rro,
I

$l?1tru111 5Oo samples ro.:
lri.AVs a

1,oOo sarnples llluulfuJl?1n norma]. population ult.l

uFrl1l]?, 'l I
,c y u'I t o e eY

tag populatlon !fltnfti uuflo.lu variance oun -: teltnflu Pl.luudnl}llo.lrjr.t
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Theorem 9.1 ?.:nnrondJ! Truta1 tr"l?t'[n 5OO variance ratios f nunlr',l"lI varia.nce ?0.!
llr/llt)c< .l d

sanple U'rru\:nlu variance 10,: sarBple yldo.l varience ?0'! sample lld'liJnlU variance
ll a t I I t v 2/ t2 ,,'.{d^hn\4o

to.: sarnple ud ttorno 1 [lnrrrfrnu n10m{?tnmno.] F 2 Fnn{fmlluLn[u[1[u Table 4.2

m; frequency dlstribution lon 5oo variance .rrr.." loi,,il.i!t Table 9.2

Table 9.2
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1.0101
..2

arr,lir.rnlfi * 50, Fn'10.: variance n0n n
2

o.olroo d 2

lunrrl n - 1 tlat 99 variaace l:]nnrt z5 rvrr'lulrrql n
a ,a

- 50 t.tuJ11
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I

v r.1 -1obserrrations !1'tufnn0!11!do.: n, rU! 3 t111nU 10O nqllr] variance Vl nm1u0r.ltrdo,ll'1
ll

ilan1{ (

rofi r ie,fiufi n^a"l unr i sample st r" s I r r rar niru'unr luut o, r iu?A{n'1, tnfl Type II error ?:Llt

ttllzi at

x - y^) iln1d,t cl nh .1 lrnrrn".ita.l
1 t rlr

samples'[r]fin6u r ml
,2.

simples "[nl^rnnfl
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m1 [unr).I sample sizes l,141iu
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o.rrr 11?hu1u observations vrtr,u.n"tu e 

"
es U.l ft.! lftlJ
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10.8 Appllcations
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u a d 4..:.._- -'-Jii.^..".-'^
2 fir-{ 6orou t r'lvrnaol tntwJnr:u, !ldrvrnaol t cius titlurmg'ltrttsaYnlu ul0$u':1i11'l' sut

X a - ta | , < 4 -- 4
trarurrnor tiul fro observatio" rilfu ttnatd{6nil 25 observats-ons (no n1 'nr= 2-5\

tv l l

iFrtro.: observatj.one 2 rnfno.rfiarr rfiu 2 sanples t1\r15il observations 01? tflu"ler
\ - ! :---i * a !.a '. '.- n- ^-. '
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iltPtuu{nn110 ntufl 1,4u{

11,

t,-test ( Theoren 10.4 a ) fur ruruluuvruttta: t-test t0'! paired obserryations
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(to 8.7 ) ttnu:1t1.{1 lluutetu?nu
I r I vt, ,)e4
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1 e e ea

nalufla.:nu 11 2 all
ll
nir nrrihmrerrr

lytlvryt
d a add fl v

11m [R?5 t au.]rrltm1m, flifi [n?rno.ivh I erul, t 4u.] luu1nnr.:mfi1r t-test
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^l' ."f, *a- f,.'
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llvv<d
unuu{?rnn r au.l n1u01ltrl I
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tions 1,1t0 difference between sample means. )

10.9 nandornlzation

I

n
!

},yl
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Chapter 11

Confidence Interua-L

.' ' )' .'. a< - lo I a t a
l uMm{ 1 vittaim r rl l nnrl rfl lilnMl ffia l aurililodoudrilrls luun rr{u{am.: t Rm t w]ul

l..' i ' o od- - .1. t - a ' f,o I

ttf,r Iuuvlu?rnalin{1tn-rt?1ronrhj/ndtrgrvrttrrnnr.,:oon'Lilonomlrulrmn1ril, sum$nm { paraneter
I

mml.! lnu interval

11.1 Inequql { tY

f,,tt',r,lv
i:requer r t3r r.! !ir, iuoriofilnlusfrrryltrirn rfia.rsnlrvruvrtrunriul;'i roirur'lr"iurui

llllvvlyy < -l - A aM - q -C
l, r'l o1?dt^ililarlJ1 {'ilr r m ri,! t nLn fu inequali ty tTrod 5n1 nfl om ro1.to{'[ nrNno [ $] :I

vlr2tv

nl r01 t atT'1ulunl.lul n ttlr4toauoon?lnuirdou31.!?0.: lnequality
Iac

ufil1'I.:1on t nro,ltullmair lnequality ? ru,t n{ I ilu t flu 2 ueurn'l 3 1,,lro 2
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I
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11 .2 Estl.natlon \r Interwal-

R111tu11fl0il lntelj'al Ltai degr€e of confldence
l1

au'ham.llrn"lunr r ilt :ttunrto.l population rnean 1

- I , -l -
:-$n trOlnf r:Jrsutum$a.: paranetor nrru.: tff I

vl
un-'l'lflu'ri r0nflun

I

uuffnu 1 f7)
a

ouf{tgutrf'lt sample nean (i) rhsilmnfml populatlon rlrear, I V ) ltn sarnple nean
t lt I I tl I v, <u .1 e V44

mml{ llmmtufll t?l1m population nean, sanples vt{dt.lttsa; sanp:Le , snounlu 5 ob-

oenratlons fi.rr,ar.rhiu Table 4.2 ffitf,u "-ao, sanples dol#aran tag pop,.rattor
Jo Il t

fifi *"* (/tt ) - 5o rrr,'tui sanple mean ti) ft"ln1u { sarnple ,"*" im .5o lau

t".r r fiul rir r1 nufr'rl *iu sampr" .o 
"r, 

fi'r #l r r'1, 
jr, iuil rlr r r*l fl*l,* u o pop:latlon mean

tlac\ i -" ^ ' 
t f, t J^ " 'a u

I ur 1loruu I uuuur; I cnir rty:vn.r [wlou1,nnl.:m rm11 t'/'t0 [.il t t 1 r ?10.!Lh.m1
Yl

rn, [t int€rval ilf ;ilmtmgo.t popr1atior nean

ra{m rilr:xlruPr1 l.llrfit)

nturi.:nrr"lt" intenral'lunrrrrruron"lilr'l1"f #nAf nrm"ilr;fir-uauunr
r l , 4 .lo 

r r

tfln'rrilr:m0n1ufftJ r r101?fm1111oltEonu1u n. r11 50 tJ uunoormoulu n. o1?teau
r l ! rt t I t t n

nrofilrmtnloorrr?1l 50 uar 50 f rr1?r"luilr;ilTa1uno.:u1u n. ?1 i2 f : ,#0, frt u iu
I y 1 r tt rl y v rc< e { 11 '

I mru lilutru Fnilr:!1rulnu lntenra:L 50 n.: 60 rjt]lumrlr;urru,lu'urrnfiaun'I.:1r0fift){ d?u
lttr', c { v - 4' c
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-. .i q i aColtriIT turt€real uitmllanl d$?;ilr grJTuRr'[ fl0nno{nlsu.trfJl n t$] lr1al?il'3
r | , .on , ' ! ) u

tl10n1UnO{UlU n. ?1ouIrlrrl1il O tro, 200 ilnln interrral u?rntoUnau lA1O1WnnrO.:nO.!| ,u t u , u 1t t ! |s.J^dd
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t t 
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It.3 Ccnfidqce Intenral end Cqrfidence Coefficient

It€t:l'a].n 116: rrconfidence coefficient'l
1',t

f rlllt'lUtfn111 statlstic

- L.96 < < L.96 . (1)

,,/ v ,/ |
"i utafi rrt;'ltrnrilttulumta.! poprlation mean ttdn,t'Iil t?1"hdu confiaence

u

,,!
folloss the nomal distribution YIU mean . O tta, standard devi.atiqr = 1 (?O 6.?),

y-4
m'

1+

n"rtnur all possibLe sanples u*lfi .rro n ffofuntln population rnio ,*rrhul#ru., o
vylLvl|t

- C 
'r ,{'t?un sarlple ttfi) 95 fl ?o.:Fn?o.l u t!rd1!l? rfrfiolrtut;ur't.t - 1.96 tra: 1.96 uuho

inequa1lty
y')v

l|,
'tnnaltor 95 f, nnn a].l possibre 

"".prSe-6.:i 
size n "li iln rnequaltty (1 ) trr

o1?u{;2 irrtervals rn'" ' t la I u u

, u 'rt l*:ul lt e element uTt*lu,o.T"quallty (t) unr

f Al 4 U?ntnlfrl element ttnarfllonnrnul,: int€Il/al VlttdfN [Uf lillnu inequality
tt ,,

^d, I
luJu ln?; r:.hl

T.z4i rVn

,8. i 1- .p */- - L.96 
^, r.96 (2)

!01 element tterO:rirml InequaLlty (1 )I

]"jnequatity u I

t/

nfro

^lEIn

12a /tL > -""r\f+
"l1!Atol

L.96

rual ral t
vl

dX?nlnlflil element ltnArn??o.: hequality tl,IUUU
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ll 
"

1nu :.nequality'lwrvil m, rflu

lv,{Aa
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6i r r.96 ;>A > i-r.95

i - 1.96 ..9_ <*n- ( i+r.96 .... ;...(3)

, X' ' -lntergals (Z) rrA: (3) yr.ldo.:u lrun?lfl Inequet{ty (1) n?Ufiu tYlr')
Ja

?.:nQJ 95 % toil all possible sanples t.!tJ size n tltluu
u' l l r

tUD{?1n 2 lnterrals U
,v ,,rv I v

{da<
?.:rh Iuu l rrfnrflfult?n'lnurtrn i.nequa r r ty rdtnfiuua;ir:lrl.llnui'l"irJtiuam{ tdm;un?u

vl ,rl u v r I I

affi r finnrufu au't euau 1 "lutvuud r t1 flo.l r rf i ?i1liunr.: fiu'l ur n,lrr

"lu rnequar:.ties ( 2 ), ua, g I i fir r fitn rvr'rtfrrt*l#*f tli #,
Iity (2) ?OlJltfi 2 t1.:tO.l interral fiO

2

2

2
6
n

6
n

2

l

I
I
I
I
I
a

I

l,!ro

tv ,l

v
,!1J11

Jl , -
u t ntnta,: fu

tJ
nC'tu1ufil.t .l

.1, ll I.lrds
ttalnoJ trmJhr'lrltilntnr[iln.! [:lnl smples 9r'1.: .'l

tla c4
htuuuYr 4 $n )t - fr, 6'. 1oo tta, n E 5

sanples 'lu rrruqr"-

ttA, lt + L.95

thuiu sarapling expearnent, frlnrmrr

62* - L.96

tu - 1.95

n

"a
nUutnfl 2 n1.!fl4.1 intoral fiA

tta! fu + 1.96
5

tta, ,o + B.B

41 .2 tn, 58.8

.l a a'.{
u Table 4.2 po 48.8, 45.6, 

'9.2 
trdT 55.4 Uu?!r,ull11rr

100
5

l,tro

ltro

50 - 8.8

?1fl 4 8@1e t"*fr ,ttl t
I I I lv V ,'

ed 4 e 4 Vd d
smple mean n?u 3 fro 59.2 fn tnm t Inuwnmul1{fi)n lnter:ral 41.2 Ltaz 58.8 u nrtrr

l4
trtutot sarrple raean (I) 1o{un sar@le l1n q]l possible sanp].es $lfi dz€ 5 Oonfn um

t'i ',un

95 % n0r ssap].e rreans tlmlu?rflfnutl{ [u Lntetra-l
I

t2
t6,

1/+

100
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InterraL (f ) 'tl"l T intenral, !Ou? I
dal
IUn i.nterval I fltn rtflrflunall$o.! int€r-

ll

t

va].s lOU lfln 2 11{!O.liJ1]PO
!

I

-1.16^ft
2

6t tta, i , t.96 n

lrro i 8.8 tta, i+8.8

,i, ,rr#rru'1,tunp ".'pruu efrr 1 v,iuJrurt iierrr#rrulm1lr oanpres
tl d<

ttf'nv sarple t:lrl,u.: interval - I l^
frratu sarnple iluu.! [u Table 4.2

ln
fftvllnonum

lntenz]. IA.IXURO

zt4ol4
48.8 - 8.8 n.: 48.8 + B.B lrro 4O.O 0n 57.6 llitelra].E 911{ 1nonofl 3 sanpteslU

Table 4.2 no 36.8 fi': 54.b, 5o.4 tr.! 68.0 tta, t6.6 nn 64.2 intervalE !{rtlrilullu
,rarrlJvl

I .l , - <d<
[R?1n sarples R1.l I ttn: I mll r]tmlmnair parameter n1!u'tu I IUml confidence inter.t/al8

o-r
lnter:r'al lO.+ il.: 68.0 ?siJmfla.: population mean 50 m1n'lil

I

tln0n 3 intewals ?3

ilmtal population r.an 5o 'tr"ln
" Id

01111141 a].l possible sarples 1IIUJ size 5 ?1n
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poprlation tlat?1nttna, sampLe trlrnulunl interva]. to.:riu"tr 9, % nan intenra1s
, , t t ,2 ,rv 

. , .o .
f,t1it '1 tln1il?rr1il rolmso.: populaticr mean 50 tnl"ller:u ?'1u1ulilot tTugma{ ,'l'l pos-

vv

la I l^
slble sanpleo ( TNIJ slze vrfhmJn ) Tj[

d-
1,1 confidence interraLs vl?lJ o1to.l paraneter lt

,rv I

lrutf Ufnf confldence coefficient -'t{n1llJfnAtn.:U confidence coefficient n 95 /.
I

ttr.l
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:o.6?4,

. oo5

.02,

.o50

.2ro

2,515e
1.9600
L.6449
a.67 45

.99'

.975

.950

.750

i
i

l



TA3I.E L

Perrcentage Points of the x2- Di"t"iboti*

il
d.f. .9fl

7.879ltlt
to.59f6
12.8381
1L.8602

16.7l,/96
18.5\76
20,2777
21.9550
23.5893

25.1ffi2
26.t5@
28.2999
29.819\
31 .)193
32.1ro13
3\.2672
35.7185jt.156t
38.1822

39.996€
11.[o1o
,&.7956
Idr.1813
w.95e5
b6.9218
L8,2899
be.6L[e
5o.n33
52.3356

53.6720
6.'t659
79.\9@
91.%17

1ob.215
116.n1
128.299
1Lo.169

99.5fi 1f,2.rfle?.9fi 5fl

3.81116
5.99ilt7
?.8'tlt73
9.1t8773

11 .070,
12.5916
1L.0671
15.5073
16.9190

ra.rczo
19.6751
21 .0261
22.3621
23.68\8

2b.9958
26.2962 .
27.58't1
28.B69i
1o.tla35

5.02389
7 3?776
9.3LBl+o

11.1L33

12.8325
1l+.LL9L
16.0128
1?.53\6
19.0228

20.b831
21 '9?@
23.3367
2t+,7316
26.1190

2?.LBBL
28.9r$tt
3O.191O
3'r.lzdt
32.8523

)\.1696
35.tfi89
36.?Bsl
)8.0797
39.],6Jl

Lo.6L6'
l]l.92J2
b3.19lrl
ldr.L6fi
lt5.lzzz

\6.9792
59.3'i7
71 .ltr.az
83.2976
g5.elt

1cr.629
118.136
129.561

30.5779
31.999
33.LoB?
3\.w3
36.1908

3?.5(62
38.9321
bo.e09t
Ll.638lr
l+2.9?98

LI.31ll1
b5.all1
t$.9630
ItBi?lBz
1,B.58?9

50.8922
$.69a1
?6.1539
88.3?glr

1@.tQ5
112.)29
12L.116
135.80?

6
9

11
13

1,
16
1B
20
21

.63190

.2103lt

.31il9

.2767

.0863

.81 19

.tfi93

.o9a2

.ffi
23.2093
u.7250
26.217O
27.6883
29.1.i3

36.L151

37.69;2'
38.8852
Lo.t t 33
b1 .$72
,Q.5569

l$.?729
55,.7585
6?.5oLB
79.o819

90.5)12
101 .8?9
1r 3.115
12\.31+2

.L1oL

.67c6

.92\)t

.1725

31
32
33
35

9}2o69x 1o'9
o.6,c6.316
o.215795
o.L8LL19

0.831211
1.23?3\7
1.4987
2.17973
2.7@39

3,21!697
3.81r75
l+.bo3't9
5.0o8?L
5.62872
6.2621lt
6.90766
7.'diB
8.230?5
8.ecrEls

9.59083
10.28293
10.9823
11 .6885
12:lr011

13.1197
13.8139
1L.573)
15.W9
16.O71

16.?9o8
elr;L33t
32.357\
Lo.L817

\8.7576
57.1532
6.$6
?L,2219

1

2
3
L

5
6
7
8
9

to
11
12
13
1L

15
16
1?
18
19

20
21
2,
23
dt
25
26
27
28
29

30
lro
,o
60

70
80
90
ooI

392?drx to-1o
0.0100291
o.9117212
o.26990
0.h1 1?l+o
o.67572?
o.989265
1.31il1+19
1.731!926

2.15585
2.@321
3.07382
3.5qo3
L.O?L6B

L.6oo9L
5.1\221t
5.69721t
6.26L81
6.81398

7.\DfJ6
8.03366
8,den
9.2@)2
9.88623

1o.r197
11 .1 603
11.8q5
12.\613
13.1211

13.7867
20.7066
2't,9907
35.53L5

b3.2152
51 .1720
59.1963
67.3276

_)



n
d.f.

10
11
12
1'
t4

r5
16
t7
18
19

20
2L
22
2,
24

1
2

4

,
6

7
3

9

2'
26
27
28
29

7
I
9

1o
40
5o
d0

0
o
0

Lft2.#97.Y" fl"

.-:4E-ll-!EI

.*
IATLE 5 L

ielceatage Points of X/y'

ee.fl,

1T27o4 t l0
0.00t0126
o,o2r9o7l
o.o5L747'

o.0821480
0.1126212
c.\4ir2r6
0.t68o524
o.]927696

0.215r850
o.2)66rfi
o.256L5t7
0.2742rrL
0.2910485

o.106129,
o.rzt 9oo
0. rr51ri8
0.N8o4to
o.r6a2og,

982059 r 10-
o.oet,1?8
0.o?19ru
0.121104S

o.L652422
o.206224'
o.2414Io0
o,212466'
o.rooo4r,

0.124697o
o.,468854
o.1669825
o.1852477
o.4o2or14

o.41?4750
o.4r\12e8
o'.4449>tB
a,45726)9
o.468765s

o.47954L'
a.48966r,
o.499t955
0.5q8195?
a,5L<712:

o.124788o
o.rr24577
o.rr97579
o,r457ro7
o.55rr48'

o.55969r'
o.6to8275
o.6471480
o.6747950

o.6965r1L
0. ?144150
o.7294067
o.7422t.,oO
1.0000000

,,01r,46
2.99574
2.6049t
2.r7t9'

5.O2r89
,.58888
,.Lt6t,
2.7a'e'

2.16610
2.4os21
2.28714
2.191O'
2.LLr64

2.O48rl
t.9927'
Lt94471
L.90271
1.86154

6.61490
4.60rl'l
,.7O].6,
,. r1918

,,OJ.7?6
2.60198
2.619r,
2.5LL28
2.401r'

2.r2o9'
2.247'l'
2.1847r'
2'.L29s7
2.O8L52

2.O
L.9
1.9

.5fi

7.o't944
5.29810
4.27917
,.7t505

,.14992
1.o9L27
2.89681
2.7 4418
2;62\0'

2.21410
2. .9860
?.oo9r9
1.91841
1.87989

1.8r0?o
1.?886'
t.7rzta
1.fl2016
L..(lrl77

L.65619
t.645rt
t.622n
r.60r85
L.18650

Lno52
1.55174
L.54202
L.52924
1.5uro

1. 50510
t.495ra
1.48568
t.1T6r'
1.46'148

.29r,o

.27r49

.25'lt7

.24142

.00000

2.51682
2.4124)
2.15829
2,29180
2'.2r709

L.er256
1. S0284
L,77594
L.75t47
L.72901

1.?0848
1.68947
1.6?le5
t.65147
1.64017

t.16591
t.4sr54
1.42840
t.raB29

t 9)16,
r.90478

1.87811
t.8rr9t
t.8rtr4
1.e1017
t.7908'

7.77256
r.7554'
t.7r9r7
t.72422
1.7099.'

t.6964r
t.19227
1. r2ro8
t.47299

1.41464
1.40411
L.1190rl
1. 1580?
1.OO000

2.t6675
2.L4L7O
2.10109
2.06424
2.01064

L.99984
1.97148
t.94525
t.9209'
t.89q27

1.87711
r.85710
1.8r8?J
1.82119
1.80468

1.$e79
1.45401
a.42554
1.40169
1.0000,:

5),6
9999
6122

0.57169r0
4.fi2r552
o.1926109
o.4026270 -

o.4tL926'

0.42o78eo
o.129242'
o.417rtg'
o.4450464
o.4524rt7

?r.4195167
a.5L76625
0.5t9814o
o.59224r,

0.51s21?1
o.6196500
o.6577167
o.6Tr2760
1.0000000

*

L.r514'l
L.rr276
1.1]'262
t.29r6L
I.00000

L.525e6
t.6724'
t.19979
1.58?88
t.5766'

t.459to
L.19196
1. 

'50101. r18O'

1. ?8907
L.66915
1. 18980
L.rr2r1

1
I
1
t
1

I

lIhl6 table ls obtaiued fron Iab1e 4.
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TA.BI..E 6

Percentage Poi.:nts of the t-Distritnrtion

5fA 2.t /, 1/"

I
2
)
L

5
6
7
I
9

10
LL
12
U
1T

L5
I6
t7
1B
L9

20
2L
22
23
2lt

25
26
27
2B
29

3o
bo
@

120
u

5.31I
2.92c
2.353
2.'.t32

2.oL5
1.913
t.895
r.860
1.833

1.812
L.796
L.782
1.??1
1.?61

r.793
I.716
r.zLo
1.?3L
1.729

r.725
t.72L
1.71?
1.711r
1.7I1
1.708
L.706
1.?O3
1.?01
L,6D
1.691
1.681
r.57t
1.68
r.O5

L2"106
1.303
3.182
?.775

2.57t
z,Ut?
2.36
2.36
2.262
2 "2282.20L
2.t79
2.16
z.Ll$
2.131
2.L20
2.110
2.101
z.@3

z.086
2.o8o
2.o?lt
2.069
2.06L

2,fu
2.66
2.62
z.olr8
z.ctti
z.de
2.Ozt
2.OOO
1.980
t.9@

82i
965
5ll1
7Lfi

365
113
998
Bs6
821

76lt
718
681
650
621+

62
583
567
592
539

528
518
508
9oo
l$z
b85
lil9
l!?3
l+67

\52
t$7
ta3
39o
358
326

.rfi
63.59?
9.925
5.81].
[.601
L.o3z
3.707
3.1+9
3.355
3.290
3.t69
3.106
3.6'
3.oL2
2.977

2.91t7
2.92L
2.898
2.878
2.861

2.8t$
2'83r
2.8L9
z.Bo7
2.797

2.787
2.779
2.7TL
2.763
2.?56

2.7ro
2.?olt
2.ffi
2.6L7
2.5t6

31
6
L
3

?

3
2
2
2

c
2
2
2

2
2
2
2
2

?
2
2
2
2

2
2
2
2
2

2
2
2
2
2



2 3 Li5

-r.:*.G5riq

6 7

2) .7?
L9.353
B.B668
6,o9lp
btt759

*IABIE 7a

5E Potnts of the F-DiEtt{hrtlon

Degrees of Freedcm for Nunemtor

1 B

85
3

29

9

812

.71

1
2
l
b

5
6
7
B

9

10
11
w
13
I,L

L5
16
1?
1B
19

20
2L
22
23
2ll
29
26
zt
2B
29

3o
lro
6

120
d-

161.15
18.513
10.128
7.7086
6.fit9
5.e87\
5.,erl4
5$L7?
,.117L
L.e6L6
h.8L[3
lt..7\?2
L.672
b.6oor
1.5b1
b.LeLo
1.b513
b.l[39
L.38oB

\.r^3
L.32LB
1.3m9
\.2793
l+.259?

b.2u1?
l+.2292
L.2100
1.1960
L.1B3o

lr.1?09
L.O8LB
b.mu
3.920L
3.Bln5

2L5.7L
19.15L
9.2766
6159]]+

5ibc85

L99.50
19.000
9.552t
6.9W3

5.786t
5.\33
\.737t!
Ir,LSpo
\12966
lr.tO2E
).9623
).8853
3.866
3.?389

3.6823
3.6)37
3.59L5
3.55t!6
3.52L9

3.\928
3.1668
3.Llr3L
3.IPZL
3.Lo2B

).3v2
3.3@o
3.35Lrl
3.3boL
).3277

3.3L58
3.23L7
3.15dr
3.0718
2.9917

ztu.5 230.L 231.n
L9.310
B.9Lo6
6.163r

\.9503
\t2839
3.866,0
3;5B06
3.3?38

).2L?2
3t@\6
21996L
2.9t53
z.Bl{tl
2.796
2.71n1
2.6987
2.66L3
2.6283

2.5990
2.572?
2.rltgl
2.5277
2.5082

2.|$dt
2.L?ln
2.1$9L
2.u$3
2.b32lt

2)A6
2.)359
2.25llo
2.t750
2.@86

L9.21fi
9.LA12
6.3883

5,L922
L$)37
[.1203
3rB37B
3.6331

3.lr?Bo
3,1161
3Q992
3.t79t
3.1122

3.c556
3.ao69
2.94fi
2.927?

z.B6L
2.8L01
2.8L67
2.7%5
2.7763

2.7587
2.71n6
2.?278
2,7!n
2.?oD)t

2.6f.,95
2.ffiO
2,5252
2.w72
2.37L9

L9.296
9,0135
6.2560

5.6ot
L.3B7L
3.97L5
3.(fi75
3rlrfrZ
).3258
3t2039
311059
3.s25lt
2.%82

2.90L3
2.B52lt
2.&r00
2.7729
2.71$L

2,?Lo9
2.6BLB
2.(SL3
2.61100
2.6207

2.6$0
2.5868
2-r7t9
2.,5EL
2.51$l+

2,5336
2.w95
2.3@3
2.29C0
2.n)+L

19.3?1
a.d$2
6.oldo
L.B163
L.r.U6B
3.7257
3.L3er
3.2296

3.atn
2.9lr8o
2.81186
2.7@
2.@87

2.6LoB
2.597a
2.5LBo
2.5Ls2
2.nfi
2.lrlr?1
2.l.t2c5
2Jgq
2.3?[B
2.r55L

2.317L
2.)26
2.363
2.29L3
2.2782

2.262
2,Lwz
2.WlO
2.o16L
1.938lr

9968

19.3
.,
5

h
L
3
3
3

3
2
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2
I
I

06
87o
6
927

359

67OB

t75?L
r3116B

t066,2
,8626

rToBJ
.58?U
tlr903
.ltro,
i\3e
.2B7lt
.?389
.1968
.L599

.@BU

.o725

.0L91

.0280

.0088

.99L2

.960|l

.9b67

.9310

.9223

.838?

.758L

.or23

.9131r

.8321

.7$2

.7066

.65t2
,61113
.5767
.5'$5
.5lro
.LB?6
.t638
.rinz
.L226

.Lob?

.3B83

.3732

.3re3

.3153

.3313

.2l.J90

.t6

.0990
,6767
.3881
.1?89

.020L

.8962
,796t
.Tl,lr
.o50
.5876
,5r71
.b913
.,$6,
.1t227

.3,928
.)6L
.rl[9
azqA
.3@2

.265
-25cl,-
.236iJ^
.2229

.zLAl

.12110

.drOl

.9588

.6?n

L
L
L
J

3
3
3
3
3

3
3
3
3
3

3
3
3
3
3

2
2
2
2
2

2
2
2
2
2

t2
t7
,9
.2

.I

L
3
3
1

3
3
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2
2
2

Lo
+t
c,
.E

coa
Ao
${

E
Eo
flh
e{o
oo
P
Moa

.t27bt 2.B%L

.282L I i
i
I

;

I

r

I
I
l
I
I
i

.975L

6B02
.&t$ .w6

lxis table is repro&ced with the pemlsslon of Professor E.S. Pearsqt frcm

Bi.oetrlka, voJ.. 33e p,p. BO-81.
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TABLE 7 a ( contlmred)

5f, Pofnrs of ttre F-Dlstrtbutisr

Ibgrees of Freedm for Nuneratort),

1
2
3
L

5
6
7
B

9

10
11
72
13
IL
L5
16
L7
18
u
20
a,
2.
23
L
6
26
z',/,

28p
3o
bo6

L20
N

i{o+r,

Ec
A
B
+t

E
<to
Pf*
tao
ooot
qo
oo

2ll1.BB
L9,.396
8.7855
5.edit
\.735t
b.o6m
3.636
3.11J/.2
3.L373
2.9782
2.89t0
2.753\
2.67to
2.@L
2.51$?
2.1/B3,
2.U+99
2.1I1?
2,3779

2.31$9
2.32LO
2.2967
2.271fl
2.25ril
2.236
2.2L97
2.2$3
2.1900
2,1768

2.1616
2.st72
t.9126
L.gLgE
1.83crl

zls"gt
19.1n3

.?LL5

.fl)1

.6777

.9999

2!.t9.95
L9.lt29
8.7029
9,BSzB

1.6188
3.93&L
3"5108
3.218L
3.@61
2.BLro
2.?LB6
2.6t69
2.533t
2.\630
2,t$)5
2.3522
23an
2.26f,6
2.z?,tn

2.2o3)
2.rl.57
2.15d
2)282
2.l-:o?l

2.oBB9
2.07].:6
2.cFl58
2"01[t
2.O2?5

2.o"LB
L.92\5
1.8361
1.75c6
r.666i

2bB 
" 

cE

19.1h6
8.66f/2
5"8025

1.558r
3.8?lt2
3.LIil5
3.L5o-1
2.93q6

2.771!0
2.6LAt
2.5t$6
2.1$89
2.38'.19

2.3279
2.2716
2.23dt
2.L906
2.t555
2.Lzle
2.@6
2.ato?
2.dil6
2.0267

2.@7i
l_.9898
L.9736
L.9586
1.91d6

i1.9317
E.ergs
lr.ztroo
11.618?

.6
,t$tt

.638'

.'l7lt\

"5212
.81o5
.rt105
JA52

2.e6
.'1172

"6f/go
.5c9l5
.ltr.qz

2.-1!B?

.2878

.2351t

.1898

250.@
L9.L&
8.6166
5.7t$e
L.tgr?
3.8082
3.3758
3.o79b
2.863',1

2.6996
2.176
2.1+63
2,3803
2.3c[2
2.2\@
2.L938
2.!t7?
2,LO?L
2.O7t2

2.o39t
2.OtOz
1"981€
L.96
L.9390

L.9t92
1.9010
1.BBlr2
1.868?
1.8513

1.BLo9
1.?L!Jr
1.6b91
L.551$
1.t591

6L.!t
19.u?1
B.5elrr
5.?:rto
b.h63B
),7714'3
3.3LoL
3.dl28
2.8259

2.ffig
2.53c,
2,tp59
2.3192
2.2@t
2.?dt3
2.t,st
2.IdrO
2.c629
2"O2At

t"9938
\94+5
1.9380
L.9L.)9
L.B92o

]-.B7l.B
t.8533
1.835r
1..8203
1.8055

1.7918
L.6928
L.59\3
L.lt#.z
r.39Lo

252.2o
L9tW9
B,l7zo
9.687e

[.131I
3.?398
,.30b3
3.63
2.7872

2.621L
2.u901
2.3,aln
2.2966
2.2210

2.1601
2.1fi6
2.or8L
2.oL(6
L.9't96

1.9u6L
L"9L:6
L.8895
1.B6lP
1.Bt2L
1.8a?
1.802?
1.7851
L.?49

.753?

.7396

.6n3
,53\3
.u290
.3180

.57b7

B

,
L
)
3
3
3

2
2
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
1
1
1

.28Lo

.o729

.9130

.7e76
,5866
.6037
.53te

.tfi53

.lglfl

.3Bo?
.3,IAL
.3080

.27't6

.25dt

.22t8

.2036

.1619

.IL?9
,L323
.w9
.10[5

.@21

.@35

.91?lr

.8337

.7r22 t.576

2ilt97
2.IllrL
2.0825
2.6,l.!0
2.@,83
2.60
1.9838

1.96b3
1.9161
i.9299
L.91l+?
:-.906
1"BB?L
L.7929
1.?ocl
1.6oBL
r.5L?3

.1831

1

1
1

I
1

1)t Lo 12020 6o10 L2 oc2b 30L5

.1??8

.ri l'l

.q,89

.o1o7

.96&L

.9302

.8963

.8667

.838o

.8rzB

.78n

.?68L

.?uB8

.7yt

.?138

.6p8r

.68

.m96

.960t

.9La

.B?BO

.B[32

.&u?

.?Ba

.T570

.'l$L

.?u0

.@6

.6'lt?

.6r|,t

.6377

.6?23

.5@e

.fi93

.2579

.@oo

3
3
2
2

2
2

1

1

3
I
2
2

2
2
2
2
2

2
2
I
1
I
L
1
1
1
1

1
1
1
1
1

1
I
1
I
1

253.25 2r\.32
19.L8? 19.1196
B.5beL 8.5266
5.658t 5.628L
b.3eB[ \3qo

2

2.25?t

.6)5

.?o?

.267b

.9@

.?1fl5

.5801
,rilBo
.3ll1o

.6688
.2298
.y276
.7cr,?

.53?9

.tld6

.2952

.2061

.u0?

L.#r9
L.22ilt

.rt6

.\671
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TABIE ?b 
*

2.r* Points of the F-Dletribution

Degrees of Freedcrn for }lumerator1)

1

2
3t
I
6
7I
9

l0
11
t2
1.3
ill
L5
16
1?
1B
19

20
4
22
23
?tt

?5
26
27
28
29

3o
Lo
@

120
0c

6fl.79
38.506
17.113
12.218

10.007
8.813r
B.ut27
7.57c9
7.2@3

6.9367
6.121n
5.5538
6.lt'r )r3

6.29?9

6.t995
6.1111
6.oL2o
{.9781
5.gzto
5.87L9
5.8266
5.7863
5.71$B
,.7L67
5.6Bdt
5.6186
5.633t
5,@e6
5.5878

5.56't5
5.1a39
5.2857
9,Lidt
5.v239

?99.50
39.0o0
16.olrr
r.o.6L9

8.1336
7.2598
6.51+L5
6.Cr95
5.7!t7
5.lt56tt
5.255e
5.0959
L.e653
,+,8567

\.7650
b.6f67
1.6189
\.55e7
\.5015
h.1613
1.t199
l+.3828
\.3\e2
1.318?

\.2909
l].26ri
L.2lr2r
\.226
L.2006

L.1B2r
1.0510
3.9253
3.Bob6
3.5889

861.16
39.16
lL5.\39
9.9'192

7.?636
6.5988
5.8898
5.1116o
5.0?Br

\.8256
L.6300
\.tfiL2
\.31+72
b.2ln7
L.1528
l+.o?68
L.ou2
3.9t39
3.9o3lt

3.s58?
3.8188
3.7829
3.71q6
3.?2Lt
3.691$
3.66,97
3.6lfi2
3.62(l
3.6072
j.599lt
3.t$33
3Jti5
3.2270
3.861-

9:yy_.98
39.2b8
15.101
9.&t$
7 3879
6,22?2
,.5226
5.0526
L.Trer
L.L6B3
\.27rt
\.t2t2
1,9999
3.89L9

3.Bob3
3.7291t
3.6618
3.6083
3.5587

3.rr.n
3.tflr,t
3.LLqL
3.b083
3J791!

3J530
3.3289
3.3,067
3.2863
3.2671t

3.2L99
3.t26L
3.wtI
2.89\3
2.7858

92L.85
39.298
11.885
9.3d!5

?.Ib6L
5.9876
5.2892
1.81?3
L.LBb[

b.236t
b.drlro
3.B9IL
3.?667
3.$3lt
3.976)
3.5a21
3.\3'.t9
).3820
3.3327

3.289t
3.250t
).2t5L
3.1835
3.1518

7.L28',1
3.1o1+B
3.0828
3.0625
3.ou38

3.O?q
2.9037
2.7863
2.6'.tl4o
2.1665

93?.II
39.33t
\.735
9.L973

956..$
39.373
ilr.5h0
8.9796

6.?572
,,5ee6
b.8991
LL.l$32
h.1o2o

3.851+9
3.6)8
3.5118
3.3880
3.285t
3.t987
3.1218
3.0610
3.63
2.9963

2.9.L28
2.8?10
2.8392
2.8077
2,779L

2,751
2.7293
2.70?lt
2.6f72
2.ffi6
2.65t3
2.5289
2.l]]a?
2,299t1
2.1918

1 2 3 b 5 6 7 8i9

to
+)
g
rl
E
c
A
&o
s{

Edot
H
A.t
o
o
o)oi.
t0
E

6
I
I
L
L

L
3
3
3
3

3
3
3
3

.9777

.8197

.1185

.69L7

.3L97

.0121

.8807

9L8.22
3e.355
u.621
9.cr|l[
6.851t
9.6e55
L.e9[9'
\.5286
1.19?1

3.9t+98
3.7586
3.ffi5
).L427
3.3?99

).2%\
3.2L9,1
3.1556
3.a99
3.6@
3.oo7[
2.9&6
2.9338
2,9ol1t
2.8738

2.Bh?8
2.82b0
2.8021
2.7&O
2.7633

2.7L60
2.6238
2.5a6f,
2.39lt9
2,2875

963.28
39.387
Il+.h?3
8.9017

6.6810
J,52rl+
\.8232
\.35?2
L.0260

3.7?90
3.5879
3.1,il98
7.3L20
3.2093

).L227
l.0LB8
2.98b9
2.929t
2.8800

2.836
2.?971
2.7628
2.?31)
2,?o27

2.676
2.628
2.5309
2.6LC6
2.59L9

2,57116
2.1!5L9
2.3)il
2.22L?
2.LL36

6372
.@r3
.5oIL

.rl1[7

.3ttc6

.2?67

.2209
I

I

l
i

3.1?18

3.1283
3.0894
3.6t$
3.0232
2,n\6
2,96F,5
2.9Ut7
2,9228
2.9q27
2.BBlro

2.8667
2.?illt
2.527\
2.5L5\
2.1$82

* 
thJ." t"blu is r"eproduced nith ttre permlssion of Profeesor E.S. Pearson frsn
Blonretr.Lka, vo1. 33r pp. 82-83.
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TABLE ? b ( continued)

2.5y' points of the lr-Distributiqr

I Degrees of Frcedom for Numerator

I 10rl.'27 t5 20 zlt 3o
----1 - _

boi&:120
Iollr.O

39.LBI
t).992
B.j6oL
6.a225

)9.1$o
L3.91fi

1

2

3
L

5
6
7
B

9

10
II
L2
13
1L

t5
L6
1?
18
19

20
2L
22
23
2L

25
26
2?
2B
29

30
Lo
6

120

98L.87
39.\3L
l!.253

968.63 9?6.71
39.398139.1!ts
]1.89 r.!.337
B.8lr39:8.?512

l+.7611 .6r,58
.t997
.8682

.6209

8.6565

6.tpl7
,.2687
\.5678
L.ror2
3.769\
3.52]-7
3.3299
3.t772
3.or27
2.91t93

2.862t
2.7875
2.72)o
2.ffi1
2.6L7L

2.573t
2.5338
2.L9BL
2.\665
2.\37t+

2.ltlr O

2,3867
2.3&)t
2.)1+)a
2.32lt9

2.)O72
2.1819
2.o6L3
1.9b50
r.8326

993.to
39.ll,ll8
1l+.15?
8.5599

6.3285
5.168b

)9.1J56
1L.12L
8.5109

6.2780
5.ruz
lt.L].5o
).9\72
3.6L|4,z

3.36$tt
3.t725
3.o187
2.8932
2.?888

2.7006
2.6252
2.5598
2.5027
2.t$23

2.Lo?6
2.3675
2.33L5
2.2989
2.2693

2.2\22
2.2l7lt
2.L9\6
2.t7)5
2.lilto
2,L359
2.0069
1.8817
L.7591
t.5\o2

39.1!73
Ir.o37
8.1r't 't 1

6.t75L
5.ot25
L.3oB9
3.8398
3.tC',
).255\
3.o6L3
2.9063
2.?797
2.671]2

2.5850
2.5085
2.\\22
?.381J2
2.3329

2.28?3
2.2\65
2.2@7
2.L763
2.L\6
2.IL83
2.0928
2.0693
2.o\77
2,0276

2.0089
r.8752

.3q92

.0693

.901$

.r989

.7279

.3918

.L399

.9ldr1

.7B?lt

.659o

.5rt9

.L6u

.3831

.3ri53

.2558

.2032

.L562

.11111

.oll15

.co99

.9811

.fii$

.9299

.90?2

.8861

.8661

.72b2

.581o

.,$27

8.2573

6.ot53

997.25 1Oo1.lr
i 39.\65
1]+.o8L

6.6a92 6.521+6
5.\6D;5J662 L

L
3
3

3
3
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2
I
I
I
I
1
I

I

)r

3
3

3
)
2
2
2

2
2

2
2

2

2
,
2

2
2

2
2
2

2
1
I
1

.11613

.2269

.0652

.36ZIt

. B9l+o

.56r,1+

.3uo

.u76

.9613

.8373

.732\

.6137

.1678

.5o2r

.L]]Jl5

.3937

.3186

.3082

.2718

.2389

.2@o

.r815

.r-565

.L331+

.1121

.o923

.o739

.91Q9

.8152 1.7lrLo

.6899 1.6111
1.5@,t.1+835

.9589

.25W

I
6
L
u
3
3

3
2
2
2
2

2
2
2
2
2

2
2
2
2
2

I
I
1
1
I
1
t
I
1

.Blrgr

.11123
Ir
L
3
3

3
2
2
2
2

2
2
2
2
2

2
2
2
1
1

I
1
I
I
1

I
I
I
1

li
L
3

3
3
3
3
3

2
2
2
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2
2

L
)
3
3
3
3
3

3
2
2
?
2

2
2
2
2
2

2
2
2
2
2

2
2
2
2

.\667

.9999
L
3
)

3
3
2
2

2
2
2
2
2

2
2
2
2
2

2
2
2

2

2
2
I
1

.?BLL

.1193

.19Blr

.@3,

.Bb?B

.7 20lr

.6IL2

.52te

.ril?1

.38o1

.32t)t

.2695

.223:lt

.1819

.uI5

.uo?

.4t99

.cE.L?

.a257

.m:t8

.9796

.er9t

.9uoo

.Bo2B

.64

.5299

.67

.33
02
29

t{
o
+,
d
d
..1
Eo
troF
to

Cr

o(,
c)
0)lr

o
oo
q)
,.
bo
oa

.295L

.9639

.7158

.1257

.3736

.21+97

.1L69

.ffiz
-9862',
.9222;
.8661;
.8173

.7737

.73lr8
,5998
.ffiz
.6396

.5L35

.5895

.5676

.51t7)

.5286

.Sttz

.3882

.2702,
-L57o

.b?96

.2773

.L532

.0501

.9633

.BB9O

.B2lr9

.7689

.7t96

.6758

.6368

.5oL7

.5699

.Slrrz

.5tlt9

.1909

.b686

.LLBL

.l+295

.1120

.2882

.L692

.05Le

.6669

.l+I85

.226L

.o728

.91t77

.BL3?

.755e

.6808

.6158 i

.55goi

.5089

.\a$

.Lzn

.3890

.3567

.3273

.3W

.2719

.2533

.2321!

.213r

.L9r2

.C,677

.ew'

.8219

.o?98

.8828

.721t9

.5e55
,ltB?2

.3e53

.3163

.2\7tt

.1859

.ty3

.0653

,o7(o
.olez
.0o32
.9677
.9353

.eCEi'

1.7085 1.3883

.B?81

.8527

.8291

.80?2

.7867

.537L

.\822

.3101i
r.26Bbl l.oooot' .O83, r.9LL7 iri

I

I

t-
1009.8



TABIE ?c*
1$ Polnts of the F-Dlstribution

) Degrees of Frcedom for Numerator

., . * :r-9rDI

I 2 ) L 5 6 I

.Lo'l

.3629

.3239

tg82

7 9

.6

1

2
3
L

5
6
7
B

9

10u
L2
13
}L
t,
16
17
1B
L9

20
2L
22
23
2lt

2,
26
27
28
29

3o
Lo
6a

L20
g,

ln'z.z
98.to3
3L.lL6
21.198

].6.258
L3.71+5
L2.2\6
LL.259
r0.561
1o.ddr
9.$6
9.3302
9.o?38
6.8616

E.683r
B.53ro
e.3,997
8.2811
B.18ro

B.0960
8.0166
7;9b5t+
7.8BLL
7.8229

7.7698
7.72L3
7.6767
7.6356
7.59?6

?.5525
7.31ltl
7.AnL
5.8510
6.631$

\999.,
99.000
30.81?
18.000

]-3.27lt
to,925
e.5\66
8.6119r
B.o2r5

7.5991t
7.?C5'.1
6.9266
6.Tot o
6.5L,!9

6.3989
6.2262
6.1121

.oL29

.9259

.E189

.7BoL

.?190
,6637
.6L36

.3901

.1?85

.97?,t

.7865

.&52

5tn3.3
99.t(s
29.1$7
r5.691

l.2.o&
9.7795
8.1513
?.59to
6.99L9

6.5523
.2L67
.9526
.?391t
.5639

.lrrZo

.2922

.1850

.o9t9

.0103

.9382

.8tLo

.8166

.?$e

.718'r

.6755

.6366

.&@

.568L

.fi78

99.21J,
28.7to
L5.977

]-1.392
9.1183
7.8\67
7.0060
6.\221

5.ee\3
5,66f,3
5.Lu.9
5.263
,.o3rb
L.8932
\.7726
\.69o
\.5790
1.50o3

1.1307
L.35BB
f+.313tr
\.263'
L.2I8L
l+.17?L
,+.lLoo
L.1056
L.0?lro
L.olil9
L.or79
3.8283
3.61$L
).1fi96
3.3L92

99.299
28.2i?
].5.522

to.96?
8.7\59
z.L6oL
5.6318
6.0569

5.6363
5.tA
5.od\t
1.8616
\.@50
\.5556
l+.1371
l+.3319
\.zne
L.lzo8
L.102?
L.oL21
3.9880
3.9392
3.B9rt
3.8550
3.8183
3.7BLB
).7539
3.7251!

3.6990
3.,L38
3.3389
3.r-735
3.ot?3

99.)32
27.97i-
15.207

l:o.672
B.L66r
?.19]lr
6.3?o7
5.Bo1B

S.],BiB
5.0692
1.8205
1.6201
\.t$58
1.3183
lr.2016
L.ror5
L.orll6
3.%86

3.B?lJr
3.8rJ.T
),7583
3.7102
3,&7
).6?72
).59tr
3.5580
).5276
).\99,
).tfl35
3.29LO
3.1187
2.9559
2.6f.20

5928.3
99.316
27.672
L\.976
10.156
8.2600
6.99?B
6.L7?6
5.5L29

5.2w
1.8861
l+.639,
L.rr[o
\.2779
lr.'rtr15
L.o2r9
3,9267
3.8b06
3.76t3
3.6987
3.$96
3.9867
3.5390
3.1!959

3.\54
3.1210
3.3882
3.3581
33)o2
3.1olt5
3.1238
2.9530
2.79L8
2.6393

598]-.6
99.371t
27.rt89
ilt.799
r.o.289
B.to16

.7U!5

.T991

.3021

.t399

.ml+5

.8896

.?9ro

.7cFlt

.6305

.5At)t

.50.5.6

.lt5lo

@22.5
99.lBB
27.3t!5
\.69e
10.1rB
7.976t
6.7188
5.9Lc6
5.3fi).
L.e\2\

l62l! 5859.o

Lo{)
.C
E:+l
Eo
trI
troq{

Eo
d
a)
0)
&
t'{
C{
o
E
(D
,{
@oF

6
5
5
5
(.

(
5t

L
L
L
L
L

L
L
L
L
L

L
L
L
3
3

.8Lor

.o289

.1671

.0967-

2881
2558
2259

6
6
5

5
L
L
L
L

L
)
3
3
3

3
)
3
)
3

3
3
3
3
3

3
2
2
2
2

L
h
h
h

3
3
)
3
3

3
3
3
3
3

3
3
3
)
3

3
2
2
2
2

i

i

I

i
I

i

I

I,I

I

i
I

I
I

3L5
fr75

t

.L?26

.9930

.8233

.f629

.5113

.1911

.o297

.8918

.?80L

.6f,22

.597L

.5225

.t$67

.3981

.3158

.2985

.2r&

.2L72

.1818

.rl+9L

.Lr95

.0920

.06

.8675

.?1.B5

.5186

.10?3

6
5

5

5
5
5

5
5
5

,
5
,
L
L
L

.5680

.5263

.1881

.l$29

.tQ6
5097
)L26
L259
9l$3
78r6

Ttrls table is reprodaced with the petmission of Professor E.S. Pearson fron
Bldretrika, vo1. Jl, pn. 8l+-85.
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TABLE ?c ( contlrnred)

If P oirts of thc F-Distrihrutlon

Degrees of !'reedom for Nr:.'nerator

i" IO

@5.8
9.399
27.229
tu.5\6
10.or1
?.8?11
6.520L
5.8113
5.2565

1.6192
l).5393
\.295r
L.roo3
3.939L

3.Bolr9
3.69c9
3.r%L
3.5082
3. L33B

3Jaz
3.3096
3.2976
3.2106
3.15tI

6Lo6.3
99.1n6
27.o52
tL.37lJ

9.8883
7.?fi3
5.169r
5.6668
5.111L

\.to,g
L.3e7L
b.t553
3.9603
3.8001

).6662
3.9527
3.t$52
3.3?06
3.2965

t2

.2314

.1729
,1209

2.9937
2.9579
2.9256
2.8919
2.6€,5

.5618

.1951

.3363

.1Blr8

6t57.3
99.\32
26.872
lL.198

9.7222
7.5590
6.3113
5,5L5t
L.962L

t!.5182
\.?50e
L.0096
3.8151
3.6557

3.5222
3.hoe9
3.3U
3.2273
3.1533

3.oB8o
3.0299
2.9780
2.931t
2.8867

2.8502
2.8150
2.7e27
2.7530
2.7256

2.7oO2
2.5216
2.)5?3
2.L9t5
2.0389

620t1..'l
99.1il9
26.690
tlr.OZo

e.1527
7.39(B
6.L55lt
5.359L
L.Bo3o

L.Lorlr

3.)7t9
3.2588
3.t6L5
3.o77t
3.0031

623L.6
99.t$B
26.594
t3.929

).lJ2?lt
3.29t!O
3.1808
3.0835
2.9990

i2.92b9
7l2,B59lt
5: 2.8ou

2.?LBB
2.70L7
2.659t

,62C3
.58b8
.5522
.5223

2.1+689
2.2BBO
z.Lt lt

524).7
99.\6
26.9o5
13.83ll

6286.8
99.lilt
26.111
t3.'tl$
9.29L2
7.r\32
5.9081
5,l]56
\.5(67
\.L6f3
3.t596
3.6t92
3.tP53
3.266

.lJrZ

.936f.

.762e
,5923

D.

6366.a,
99.101 i

26.r2'
13?L63

9.020L
5.8801
5.4$5
L.e5e8
L.lro5

t5 20l2\130 Lo 60 , 120

1
2
3
L

5
6
7
B

9

10u
L2
13
lL
t5
16
L7
I8
t9
20
2L
22
23
2l+

25
26
27
28
29

3o
lrO
50

120
rK

'1.2285
,.992L
5.1981
L.dre5

\.2\69
3.rliI1
3.700t1
).5o7o
3.31+76

).n)t
3.10O?
3.@32
2.9L85
2.8\\2
2.7785
2.7200
2.6n75

2.5773

2.5363
2.5026
2.\699
2.L397
2.1118

2.],e&
2.20)L
2.0285
1.8600
L.69At

1.0819
).776]-
3.5355
3.3113
3.1sr3

oL?1
9,,0

3.9090
3.&25
3.3608
3.L65lt
3.0olro

2.8681
2.7528
2.6i30
2.5660
2.\893
2.l]z].z
2.3@3
2.3crl5
2.2559
2.2Lo7

2.t69lt
2.t3L5
2.@65
2.@*
2.o3lp
2.@62
l.BOL?

I
7
6
5
b

.lt66r'9.3793

.3t27

.0713

.2793

.7290

l+,3269

63t3.oi 6339 .lt
e9.LB3i99.L9r
253161126.22L
8.66,2 rJ.958

e.2c2ole.u1B
7.o'(fii6.9690
5.82]615.?372
5.oDL6rlo.9\&
L.LS31!1.39?e

3.9965
3.690't
3.lJr9L
3.25,t8
3.@\2
2.9595
2.Blrr?
2.7,$9
2.6n
2.5839

2.5!A
il$6e
2.1!029
2.3rlp
2.3099

2.2695
2.2325
2.1981
2.1670
2.1378

2.110?
L.9L72
t.7263
L.5330
t.32lt6

tro{)
.d
trr{
eoc
o)A
,{o
c{

o
'(,o
P
h
C{o
oo
0)
&
u0oA

.o99c,\.0209

.8581+i3.ZBo5

.(fr6t3.5868

.5c62

L
2

3
3

,o
2.8
2.e
2.7
2.7

3
3
3
3
3

)?
?9

2.6202 t

3.1319,3.
3.or82l2.
2,9205
2.B35lL
2.76f,,e

2.691fi
2.6359
2.583t
2.5355
2.1$23

2.1$3o
2.ll1?o
2.3BLo
2.3535
2.3253

2.B3Le
2.71t93
2.671Q

2.@77
2.5181
2.1$5t
2.Llr?I
2.\o35
2J63?
2.32?1
2.2938
2.2629
2.z)Ut
2.2079
2.o]-gl!
1.8363
L.6557
1.L730

9l).L2
.0911

3
3
3
3
)

oTLo
631U

131B

27lt
805
380

2.6993
2.6$
2.63t6
2.&L7
2.971J2

2'.rlt}7
2.3$9
2.t978
2.o3h6iL.9roo
1.8?B3l r.?9oE

2

2
2
a

.0618

.o32O

.ooL5 .1915

2,979t
2.BW
2.6318
2],flzl
2.3209

2
2
?
2
2

,29922
2
I
1
1

.(r],06I
I
1

6.38
ooo0

1
I
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O.5/ Poir.l,s of the F-Dtstribution

Degrees of trteedcrn for Nuflerator

1 8 9

t

n?. 1i2 3 L 5 6

1

2

3
b

5
6
7I
9

10u
L2
13
IL
L5
16
n
18
I9
20
21
22
23
zlt
25
26
27
28
29

30
Lo
60

120
D4

.552

.333

.785

.635
-236
.688
.61L

.826

.226

.751t

.3?h
r 1..060

10.798
to.r?5
10.38h
10.2r8
10.013

9.9\39
9.829'
9.727L
9.63118
e.55t3
9,tfi53
9.t$59
9.3\23
9.2838
9.2297

9.]-797
8.82?8
6.LeL6
8+zPo
7,87911

\.t$73
\.2?9lt

.3?2L

.ztl?

.o7b6

.e5e

.8526

.76L6

.6808

.60B8

.5ldfl

.1t857

,\127
.381il
.!ltoz-
.2996
,2622

.2276

.9860

.?500
,5\82
,31$9

\99.33
ril.838
2t..97,
ilr.5r3
u.o?3
9,l-55lt
7 59520
7:D)B
6.5us
5.1015
5.?570
5.[819
5.2511t

5.0708
L.e13L
\,7789
Lt.6627
L.t5r.h

1.1721
1.3931
L.lzz5
\.259t
L.2or9
l+.Irm
1.1027
L.o59L
L.019?
3.9830

3.9b92
1.7129
3.1918
3.28\9
3.0913

162I1 20000
199.OO
l$.7D
26.z$lt
18.31L
IL.5rrr
12.LoL
IL.OL2
10.10?

9.1)270
8.9L?2
B,5og6
8.1865
?.92L7

7.?OoB
7,5L38
?.3536
7.21L8
7.@35

6.986,
6.89rI
6.8061
6.?3oo
6.66,Lo

6.598?
6.5t$
5.1885
5.1b03
6.3958

6.35tfl
6.066lr
5.7950
5.fie3
5.2983

zr.615
LD.I7
L?.167
2\.259
L6.53o
t2.9L7
10.882
e.5e65
8.?ur
8.08o?
T.6odr
7.2258
6.9257
5.6801

6.lfi60
5.3031
6.L556
6.o27?
5.9L6t
5.8t77
5.73o,t
5.652,t
5.!Bz3
5.Stgo
5.t+6t5
5.b091
5.36LL
5.3ri?o I

5.27a+l
5.2388 i

t+.97591
\.7290 I

225c0
t99.25
\6.L%
23,t ,
as.556
12.028
10.o5o
8.8051
7.955e

7.,f.B
6.8809
6.52tL
6.23y
9,ee$\
5.8029
5.6378
5.t$67
5&t6
5.268L

5.Lt\3
5.ogtt
5.0168
b.#oo
L.B89B

1.8315
)).7852
l!.7396
\,9?7
\.6et
\.6233
L.3?38
1.1399
3.92u1
3.7t5r

?3'c',6
r99.30
)$.392
22.1156

u.910
.L6lr
5z2t

.3018

.L?u
6.8723

23l-3? T 23?t5
r99.36
llll.L3lr
2L.622

rlr.ZoO
ro.?86
8.AS5[
7,69L2
5.88h9

6.w5
5.86b8
5,52\5
5.2529
5.0313

b.BL73
\.6gzo
\.irett
L.IJil8
L.3L[8

\.2569
1.1789
1.1091
1.dl69
3.96
).99\
3.8n8
3.8501
3.8110
),77!.$
3.?tir6
3.5088
3,29Lt
3.08?L
2.896€

23925
r99.37
W.L26
21J5a

2L091
L99.39
13. BE2

2t.L)9

8.50r9
55
31

22
18
15
1[
13

L2
L2
11u

11
L3.772
I0.391
8.tr3e
?,3386
6;5ll11

5.96?6
5.53ffi
5.2O2L
\.93rt
\.7t73
b.5351
1.3838
L.2535
lr.flrfo
U.ob28

3.fiilt
3.8799
1.8116
3.7502
3.69b9

3.6tt7
3.5989
3.557r
3.5186
3.tt832

3.t$o5
3.22to
3.oo83
2.8083
2.62]"]

13.96t
fr,666'
8.6?8r
?.1960
6.6933

6.LL59
5.$4
5.*5t
5.86L
1.8565

1.6?13
l!.52a1
1.3893
\.275e
1.1??o

L.opoo
lr.orz8
3.9ldr0
j.8022
3.824r
3.1758
3.7291
3.6875
3.&B?
3.6110

3.58q
3.3b98
3.13hL
2.$n
2.?Uit'

.teu

.0711.

.79r0

.r623

9
B

7

|,
!

,{o
+tdc
Ecoa
ho

e.t

E€oo
e
+.ro
oo
e
a0I

5
6
,I
I
5(
L
L

h
L
L
L
L

L
L
L
L
L

It
3
3
3
3

ltris table is reprodrced wlttr ttre permisslon of ProfeEeor E.S. Pearson frot
Bionetr{ka, voI. 33, pp.86-8?.
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TAE E ?d ( ccurtinued)

o.rtr Poi+ts of th€ F-Dlstd.hrtldr

Degrees of Freedom for Nluerator

20 i ztr
l

l
I
I
1
!

t

7

1),

1
2
3
L

5t6
7I
9

s
Ll
L2
13
IL
15
16
1?
18
19

20
2L
22
23
dt
25
26
27
28
29

3o
Iro
60

I20
ci

2l!221t
r99.10
13.686
n.967
13.618
Lo.25o
8.3803
7.21o?
6.U?1

,.8l+67
5.4J.82

.08.55

.8199
,6031

.27L9
;423
.03c5
.9329

10

3.8170
).7709
3.?o)o

3.
3.
).

2w5
t99.tA
13.38?
20.70,

13.381 112.13.1L6
9.BUo
7.9578
6.81L3
6.0325

5.h?b?
5.0189
U.?2rlr
b.L6oo
1.2168

1.0598
3.92c6
3.7929
3.@2',1
3.1866

3.5@
3.\z',?o
3)@
3.2999
3.21$6

3.L961
3.L5t5
3.Ildl
3.o12'l
3.on9
3.0c67
2.?811
2.5706
2.3?27
2.1868

L2.903
9.5BBB
7.75\o
6.6tr,82
5.8318

,.27lto
.8552

.8826

.7)|fi

L2 L5: 30itoi(o 12O r r:{

?Bo

e!oLlr
L99.tfl
tn.\6
L9.892

L2.656
e.3581
7.53L5
6.396L
5.621!8

5.u1c6
\.65\3
h.3309
\.st27
3.8619

3.$6?
).r)88
3.1121
3.3030
3.2075

3.wllt
3.oLB8
2.982L
2.922L
2.8679

2.818?
2.7738
2.7327
2.69\9
2.tut
2.6?78
2.ltoti
2.1871
t.9819
1.?891

25il$
t99.n
lr2.30B
],:9.752

w.530
9.2108
7.,p25
6.28?5
5.9t86

25253
199.18
12.1[9
19.51-1

12.Lo2
9.L2t9
7.3088
6.L7?2
5.Illdr
L.8re2
LJlll5o
\.L229
3.8ql'
3.653
3.t8o3
3J32t!
3.2058
3.@62
3.oodr
2.9L59
2.81lo8
2.?D6
2.TL32
2.6585

2.6088
2.1633
2.52L?
2.L83lr
2.w79
2.lrr5r
2.1838
L.9622
1.7169
L.532'

.9659

.r,,c8

.2282

.9701

.7@

2fi59
L99.lt9
1o.989
19.168

W.27t!

251t65
t99.rL
In.829
L9.32,
12.Ildr

/=\

3.6laoi
3.lltol

5.66r-3
,.2363
J063
.$29
.L2BI

.2L98

.o99lt

.9709

.8599

.763L

.6779

.602b

.11199

.3?0L

.3252

.2839

.2\60

.2111

.1?B?

.fi3L

.7119
,5\3e
.3583

3.5850
3.\372
3.31cra
3.2ollr
3.1058

3.o2lg
2.9b67
2.8799
2.8198
2.76tt

.06119

.300t

.750L

.336'.1

.ctr[9

.751?

.rL73

.1722

.22t$.wt

.98?I

.8908

.8018

.7)o2

.6625

.(,.L5

.5\63

.1960

.L501

.L0,8

.3689

.3330

.2y97

.635

.83111.6'
,3631

.8793

.ot&

.e9c5

.L87'
,6)85
.28,6
.9039
.At66
.l)399

.2@.

.u15

.9839

.8?32

.n62
lDdt
.6ilro
.5t]5,
.b837
.w6
.376
JryI
.2867
.^@
.2LO2

.L7@

.9]18

.ffi5

.13U.

3.1[1?
3.3766

3.3rlllo
3,116?
2.9ob2
2.7c92
2.5188

9.L?lll
7.6$0
6.5a29
5.7292

5.1732
\.7557

.s29el\.t$Ls

.27eBl\.t726

.0685 13.e6rl
3.7859
3.63?8
3.fiiz
3.uou
3.],c6,2

3.2220
3.1[71
3.0007
3.0208
2.9667

2.9L76
2.8728
2.8318
2.191n
2"7591t

2.7212
2.5a2O
2.2898
2-O89o
1.8983

9
7
6
5

L
LI
3
3

3
3
3
2
2

2
2
2
2
2

2
2
2
2
2

2
2
t
1
1
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I
7
5
5

b
L
3
3
3

3
3
2
2
2

2
2
2
2
2

2
2
2
2
2

2
I
I
I
1
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d
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E
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o
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36.le
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b

I
L
L
L
)
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L
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3
3

)
3
3
3
3

3
3
3
3
3

3
2
2
2
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L
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L

)
3
3
3
3

3
3
3
3
3

3
2
2
2
2

2
2
2
2
I

L
L
L
1
3

2
2
2
2
2

2
2
2
L
I
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.92?5
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