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Question 1 

Let X), ... ,Xn be iidwith common pdf 

f(x)(J = 8/(1 + X)(J+l 

for x > 0, where 8 > 0 is an unknown parameter. 

Find the sufficient statistic T(X), the maximum likelihood estimator, and the Cramer-Rao 
lower bound. 

(6 +7 + 7 Marks) 

Question 2 

Find the minimal sufficient statistic for 9 based on an independent sample of size n from 
each of the following distributions: 

to 

a) The gamma distribution with density 
b) 

with 8 = Ca, P). 

c) The uniform distribution on (8 - 1,8 +1). 

d) The Cauchy distribution with density 


b 
f(x;a,b) = 7r{(x _ a)2 + b2} ,x E~, 

with 8 = (a, b). 
(7 + 6 + 7 Marks) 

Question 3 

Let XI, ... ,Xn be iid with common pdf 

f(x;w) , we-wx,x > O,w > 0 

It is required to estimate = 1jw . Find the Bayes estimator of 9, under squared error loss 
function, and assuming a prior density on w of the form 

With known a> 0 and r > O. Find the bias, ifany, of the Bayes estimator. Giving your 
resasoning, find the minimum variance unbiased estimator of 9, and its variance. 

(20 Marks) 
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Question 4 

a) Let XJ, ....,Xn be independent random variables with a common density function 

f(x; 8) = 8e-(}x ,x ~ 0 

where 8 E (0,00) is an unknown parameter. Consider the null hypothesis H0: 8 ::; 1 
against the alternative hypothesis H1: 8 > 1. Show how to obtain a uniformly most 
powerful test of size a. 

(10 Marks) 

b) 	 Suppose V), Y2, ....,Yn is an iid sample of size n from a population with density 
function 

f(y ' e e) =~ e-(Y-(}2)/81 y> e
'112 (} ,-2 

1 	 ~ 

Where 81 > 0 and -00 < 82 < 00. Find the likelihood ratio test for testing Ho : 
81 = 81,0 versus HI : 81 > 81,0. 

(10 Marks) 

Question 5 

(a) Explain what is meant by: the size of a statistical test, and a confidence set 
(4 Marks) 

(b) Observations Xl. X2, ••• , Xn constitute a random sample from a distribution with 
unknown parameter e, and it is required to test the hypothesis Ho:e 90 against H1:e f. 90. 
A test statistic h(Xl1 ... ,Xn; 8) is available which can be used to find a test for any eo. 
Show how a 95% confidence interval for ecan be constructed based on this test statistic. 

(3 Marks) 

(c) Waiting times YI, Y2, ... , Yn constitute arandom sample from the gamma distribution 
with probability density function of: 

yke-y/l 

fey) = k! ,lk+1 ,y> 0 


where k is a known non-negative integer and A> 0 is an unknown parameter. You are 
given that the moment generating function ofthis distribution is (1- ').Jrk

-
1and that the 

above distribution is X ~k+2when A 2. 

i). Show that 2: is a pivotal quantity for A. 
(8 Marks) 

ii). Use your answer to part (i) to find a 95% confidence interval for Awhen n = 

5,rf=1 Yi and k = 1. 
(5 Marks 

Page 3 of3 



Chi-Square DistributionNonnal Distribution 

z 

.0 


.1 

.2 

.3 

.4 


.S 


.6 


.7 

.11 

.It 

1.0 
1.1 
1.1 
I.J 
1.4 

1.5 
1.6 
1.7I.'
J.9 

2.0 
u 
2.1 
2.J 
2.4 

;u 
2..6 

:1.7 

:u 
2.9 

l.O 
3.1 
3.2 
:u 
3.4 

Table C-1. Cumulative ProbabIlities of the Stendanl Nonnal Distribution. 	 Table C-2. Percentll.. of the x' Distribution 

Enlty ill atOll" IIlldcr &he &IaI1danI nonmd (:lI,,", li:om .... to «A) 	 FJltry is X'<A; v) '""""" P\x'M S :\,'(11; ~)} - A 

.;~;2:· _ 
..c' ;~?':}l\~ 	 ~ 


;r'(A;1'}>tAl 

.03 .04 .0$ .06 	 .f¥1 .()II .0Il.00 .01 .02 

JJOOO .:1040 .S120 .SUO .SI99 .n39 .5279 .')19 .53" 
.,m .!IoU8 .-.- .'51? .U51 .5$96 .!16l6 .!1675 .$714 .5733
,.,..,. .IIOM .6103 .6141
S193 .~32 .~I .WIO •.59117 .60Z& 

.6217 .Q5S .6293 .<'il31 .<'i368 .6406 Jl443 .6410 .6517 


.6591 .6&28 .- .67ClO .6736 .671Z .6408 .f>!!44 .6119

.6119
.M'" 
.6915 .- .6985 .7019 .70S4 .7OIIlI .11ll .7157 .71lH> .112A 

.n51 .1191 .7324 .13.57 .7389 .14Zl .1454 .1486 .1~17 .7549 

.7580 .1611 .1642 , .7673 .7104 .m4 .77'" .77!>4 .782l .7SSlt 

.7881 .7910 .793\l .7967 .7!j9S .lIIl23 .811.:11 .1078 .8106 .8133 

.11-'9 .81116 .8212 .~ .IIlM .1I.t89 .831S ••340 .8)6$ .8m 


.8$77 .sm .8621 

.8643 •tI66~ .8686 .no• .8m :874' .8710 .'7!11) .8110 .8830 

.8849 .8M88 .1190'1 .II9lS .P44 .1191'>1 .8910 ..", .9OU 


.84fl .lI43. .8461 .848' 	 .IIM .SUI .8'34 

.91.~1 .9147 .9162 .9177 

.PI~2 .9222 .9236 .'151 .926' ..917~ .9;!92 .9.106 .93\9

.9032 .-.- .~ .~ 	.- .911S 

.'%01 
.9)12 .- .9418 .942!1 .9441
.93U .9357 .9310 ,'3M
.'34'.9452 .9<!61 .9474 .-	 .M'» .,,.,, .9'1S ."2' .,'u .954' 

.9J34 .9S71 .5>$82 	 •...,'1 :"99 -- .961' .96~' .96)) 

.9641 .-.- .- .-	 .9671 .9678 .- .969l ."Hi99 .9706 


.'II7U .'1171" .9726 •'II712 	 .!1'1• JI'!44 .'117~ .'117~ .9761 .9767 


.979] ._3 .- .M12 .91117
.'II7n .9'178 .9183 .9788 .!mII 
.9821 .9830 .!II1l4 	 .98• •9842 .- ."SO .,.,.. .9II:n._1 .9'68 .9871 	 .,.7' .981' ._1 .- .9887 ..-.-.- ._11
.989J .9901 .9904- .9906 .9_ .9911 .9913 .9916 


.9936
.9918 .9920 .9922 .ms 	 .9917 .- .!l9ll ,9932 .9IlJ4 

.9941 ...,,0 ._, .- .9948 .- .99$1 .9912
.993' .9940 11 


.99-'6 .9960 	 ._1 .9961 .!I'M).99Sl .9955 .99" 	 ."59 
.9974 


.9974 .997$ .9976 ,1/1977 .9979 .9979 .'9!180 .9981 


.1I9CI$ .- .99Ii' .-	 .He9 .9970 .9971 .9972 .9973 .
."71 ""111 

.9!1111 .9982 .99.2 .'.1913 .9984 .9984 .".., .lI9IS •9986 .9986 


.99117 .99117 ._7 .9!118 .- .- .9!1119 .99IIlI .9990 ..9991 .9991 ._1 ._2 	 .999Z .9992 .9992 .9993 .9993
.9$1!10 

.999] .999J 	 .9M14 .t9P4 .999S .9995 .999' 

.999S ._5 .- .-.-	.- .II9M .-.- .lI9lI6 .lI9lI6 ..999' 

.99!17 .99!17 .999'1 .99!17 	 .9!191 .9997 .9997 .9997 .99!17 .9Il9I 

.4 


.OQ! .010 .62S .1»0 .1l1li .9IlO .91' .9IlO .m-"' 
o.O'JPJ o.o'lf1 O.0'n2 U'm O.oISI 171 .1.14 '.02 UJ ~.sl 

% 
J 

0.01f:0 0.0201 OJl106 O.IOoJ 0.111 4.61 ,." 7.J' UI 10.60 
) 0.071 CUU UI6 D.lSl 0.". 6.21 '.11 ~.JS 11.:14 12.84 

4 
 0.207 O~1 0....4 0.711 1.064 7.18 9.4' 11.14 IUS 14.86 ," DAII CUM 0.811 1.61 9.%4 11.01 IU! U.O!I I~.UI.'''', 0.'" 01111 1.101 1Ji4 'LIB 10.604 11.~ 14Ai IUI18.!! 

1 10._ 1.101 I." :'l7 ~u 17.02 14.07 16.0. 18.48 20.211 

I 
 1.34 1.65 2.IS :I.1J JAP IJ.~ IBI 17.~' 20Allt 2/.911 

9 
 1.11. 2.1» 1.70 J.ll 4.11 14.68 101.92 19.0: 11." 2J.ll' 

2.16 2~ ].2$ U4 -1.81 .,." lUI 1Il.4B lUI %S.1t10 

2.60 1.05 3.12 4." !.!IlI 17.28 I'M 11,9l 101.13 26.76 


12 

\I 

].07 3.f1 4AO 5.23 6.)11 IUS 21-03 2J.34 26.U 2I.lO 

11 
 ).f1 4,11 '.01 ".9 7.\14 lUI 22.311 :14.74 rlJi!I 29.1.2 

14 
 4.07 4.66 '.61 779 2UJ6 13.68 16.11 29.14 3U2 .." 
" UO !.2J ~ 7.26 '.n D.1I U.IIII 27AP lO.$1 JUO 


S.14 $.81 6.91 7.96 9-'1 U!04 26.]0 28.8$ n.GQ J4.l1 

11 

16 


'-'0 6,41 7-" 1.41 10m 24.17 21-" )11.1' ]141 J",2 
6.1. 7.01 U) '.)'1 10.86 2U7 14.81 '7.161. 2"" 'I'" 
6.84 1.6] 8.91 10.11 11.65 27.20 )11.14 Jl.8$ 36.19 '8.5119 


7.U &,26 9.$ IW 12.44 lUI JI.4I 14.11 n.$7 40.00 

21 

.20 


1I.lI3 1.90 ID..lI U.l4 2!>.<!Z J2.67 3Mf ;11.93 41.40 
21 


1(."
1.64 !1.!04 10.91 IU4 14,04 30." 31.9l JIo.7S 4D.19 42.110 

U '.26 .0.2.0 n.1i9 IJ.09 14,., ".01 J'.17 '8.111 41.604 44.1' 

24 
 9.19 10.16 ll!.>10 IUl lU6 3l.10 l6Al ».36 42,98 4!." 

II'» Il.11 14.61 IU1 JUS 17.f" 4D.6S 44.31 4Ul 
:!iii
2, 

12.20 13.84 11.29 3!1.j6 38.89 41.'2 4S.M 48,29IS.'.
I2A 10J III.IS UI..II 36.'14 4Q.1\ 43.1'1 4&.lI6 ....61. 

2• 
n 

IH6 ,UI 10.93 ..... J7.f2 41.14 44,M 48.28 sa" 
14.26 16.0$ 17.71 19.17 39.09 4Z,j6 "'-n 4'i.59 lU4n 
14.'» !6.'It 18.19 .20.10 4O.S 43.71 <16.98 :111.89 .!JU7 


40 

:JI) 

U-16 244.1 .M.Sl 19.OS 'UI ".16 .!!I.l4 63.69 1l6.71 
:10 19.71 32.36 14.1& 37." 61.17 67.:111 71.42 16.1' 79.49 
lIO '1.4t 4Jol9 74.fO 111.1:* '1.30 1III.l8 'U' 

45.44 4B.N- ",74 -J~.J' _-'3 tJ.~ fOlIA IOU70 
 ."" 
.U.S4 n." /il!.l9 64.2K 96.$1 101.'1 106.6 HU 116,)80 

61.11 .,.., ".Il 73.29 1C17~ 11'-' 118.1 124.1 121.19J) 

7O.1J6 14,U 71.'3 81.36 III.' 1M.] 129.6 IJU 140.2100 


Volume II. Appendix C: page 3
Volume II. Appendix C: page 2 
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Student's Distribution (t Distribution) 

Table C4 Percentiles of the t Distribution 
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Table C4 (Continued) Percentiles of the t Distribution 
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F Distribution 
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.99 11.7 10.9 9.78 9.U '.41 8.26 8.10 7.9$• 1 	 II."

18.6 	 14.' 12.9 '2.0 11.5 I J.I 10.8 !lUI lOA 
'11.0 23.7 21.9 20.0 19.' t9.o ".7 

.99' J'.' 	 20.'.
0._ 0.167 0.1171 0.926 O.w.o 0.911$ 1.00 1.01 1.02 

.90 
7 	 .!!II 

3.'9 	 ),26 '.01 1.96 1.llS :2.83 1.."" 2,'5 'U2 

"" 4.14 4.J' ".12 3.97 3.P l.7!> 3.1J US,.., ,,29.".1>7, 1107 	 6.54 '..52 S.ll 4.99 4.90 4.82 
12.2 	 9." BAS 7.85 1.46 1.'9 6.9\1 6.114 <1.11." 16..2 	 12.' 10.9 10.1 9..52 '.IIS UI9 '.{oR.995 .." 

.V99 2!1.l 	 21.7 It.' 11.2 '6.'2 U., a.o 14.6 ' ....3 
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Table c.5 (Continued) Pel'Cllntllea of the F Distribution Table c.5 (Continued) Percentllea of the F Distribution 

Pm 
ctf 

I 

~ 

, 

(, 

A

..\0 

.'10 

.95 

.97S 

.99 
,995 
.9'19 

.jO 

.W 

.95 
,975 
.99 
.'19~ 
,999 

.:1() 

.90 

.95 

.975 

.99 

.99'.

.SO 

.90 
,9) 
.97' 
.99.-.
.JO 
.110 
.9:S 
.97' 
.99 
.995 
.999 

.jO 
.90

.".975, 
.119 
.99'J 
.9\111 

~ 
.90 
.'IS 
.91' ......

"'a_1Of1l! 

1-0 12 U 20 24 ~ 60 120 «

2.114 2.0'/ 2.l1li 2.11 113 2." 2,l1 2.U 2.20 
100.2 HJ.7 61.2 6L7 62.6 62.3 62,X 6~.1 63.3 
242 244 246 2411 2411 1SO 152 25~\ 254 
969 971 985 993 991 1,001 1,1110 J.014 1.018 

6,056 6.\0(, (~I51 6.Jfl!I ".235 ~.261 6.)13 &.339 6.366 
24.224 24,42'" 2·4.6.10 24.836 24t "l4O Z',044 2'.2" 2',3S9 lMf!4 

00',620 6\0.670 6",160 620.910 62.1,500 "-'6,100 631.1140 !tn.'no 1>36.620 

1,)4 1,)6 L3~ 1.39 1.40 1.41 lAS I."J 1.44 
9.]V 9.41 9.42 9.44 ....4S 9.46 9,47 9,4lI ~.4~ 
19.4 19.4 19.4 1~.4 19.' 19.' 19.5 III $ ''l.S 
394 )9.4 39.4 39.4 39.5 39.' 39.' 39,' 3!M 
99.4 99" 99.4 99.4 99.S 9!'-' 99.S 99.S -!IlI.S 
199 199 199 199 1\19 199 199 1-!IlI 200-... 

!l99.4 999,4 '999.4 9!>9.S 999,' V99.) _.S -., 
I,HI 1.20 1.21 1.23 1.23 1.:!4 I.!' 1,26 1.27 
'.23 ~.22 '.20 S.I~ 5.18 SI7 '.IS S,14 ;1.13 
11.19 M.74 •.10 8.66 8.64 11.62 8.'1 8." 8.53 
14.4 14.3 14.3 14.2 14.1 14.1 14.0 13.9 1).9 
:7.2 27.1 26.9 26.7 26.6 26.5 26.3 l~.l 26.1 
4'.1 43.4 4l.1 42,8 42.6 42..5 42.1 42.0 41.11 

1,29.2 1l8.J 127.4 Utl,4 12).9 12).4 124.' lZ4.0 123.' 

LI'1.11 lol3 1.14 1.16 1.16 1.18 1.la 1.19 
l.ll~ 3.90 l.IIl 3.11<1 3.83 3.82 U9 ',1~ 3,16
'.96 5.91 ,.. '.110 3.77 ,." '.69 '.66 5,63 
11.84 11.1$ 11.66 11.56 8.$1 8.4~ '.36 II.)I 8,26 
14.' 14.4 '4.2 14.0 13.9 13.8 1l.7 n.6 u.s 
21.0 20.1 :10..4 20.2 20.0 I'I.lI 19.6 19.5 19.) 
4lI.1 41.4 46.8 46.1 4'. 45,4 44.7 44.4 44.1 

1.1l? ).09 1.10 1./1 1.12 1.12 1.14 /./4 l./j 
3.30 3.27 3.24 3.21 3.19 3.17 3.14 3.n 3.11 
4.14 01.6& 4.62 4~6 4.'3 4.SO 4.43 4.40 •.37 
6..<12 6.52 6.43 6..33 6.28 6.23 6.12 6.1l1 6.02 
Ill.l 9,89 9.72 9." 9.4' lua 9.20 'i. II 9.02 
13.6 13." Il.t 1l.9 12.8 12.1 12.4 12.3 12.1 
16.1I 26'" 25.9 2$.4 25.1 24.'1 24.3 l!4.1 23.' 

1.0S 1.06 1.07 1.01 10') 1.10 1.11 1.12 1.12 
2.1'14 2..90 2.117 2.'" 2.82 2.110 2.16 2.74 2.72 
4.06 4.00 3.94 3.17 3.84 l." 3.74 ).10 3.67 
5.46 '.37 5.21 5.17 ~.12 '.117 4.\16 4.90 4.•S 
?S1 1.72 7.$6 7.40 '.31 1.23 '.06 6.97 6.11t1 
10.2 II.l.O '.81 !*.S9 9.41 9.36 11.12 '.00 8.81 
111.4 18.0 17.6 17.1 16.9 16.7 lli.l 16.0 1S.7 

1.03 1.04 I.OS 1.07 1.0'1 1.08 1.09 1.10 1.10 
2.10 2.67 2.63 2.59 2." 2.$6 2..'1 2.49 2.41 
3.64 ~.51 l." 3.44 J."I 3.38 ).30 l.:n l.ll 
4.76 4.67 4.57 4.47 4.42 4.36 4.U 4.20 4.'4 
6.62 ...47 6.31 6.16 6.1)1 5." ',112 '.74 '.6$ 
11.31 S.lS 7.97 7.1' 7.6' 7." 1.ll 7. III 7.08 
14.1 U.7 U.3 12.9 11.7 12.S 12.1 11.9 11.7 

DaI. 
<II 1. 

S .SO 0.4" 0.'S1 
.90 3,46 3,11 
.9$ 5.3·2 4.46 
.973 7.S? 6.00 
.99 IU 8.11' 
.995 14.1 II,,\) 
.999 2$.4 IS-' 

, ~ 0._ 0.149 
,90 3.36 3.01 
.9.5 '.12 4,26

::' I 7.21 5.71 
10•• 11.02 

."5 I 13.6 10.1 

.999 , 22,9 111.4 
I 

10 .SO I 0.490 0.'43 
.'10 3.29 192 
.'IS 4.96 4.10 
..,." ••1'14 .5M 
.99 10.0 1.$6 
.995 12.8 9.43. 21.0 14.9 

12 .,jO 0.484 0.73' 
.90 3.18 :Ut

.".97' 
4.1$ 3.8' 
6.." HI) 

.99 ua 6.93 

.9\15 11.8 11,51 

.999 18•• U.O 

IJi .:50 1).478 0.126 
.'110 3.(11 1,70 
.9' 4.54 1.68 
,915 6.;w 4.11 
.\l'!I Mil 6.36 
.995 10.8 1.10 
9't 16.6 11.3 

20 .50 1l.47l 0.71. 
.90 2.97 2.S9 
.lJ.:I 4.n 3.49 
.97-' :S.81 4.46 
.9\1 11.10 $.85 
.99.:1 9.94 6.99 

14.ll 9.95 

24 .jO 0._ 0.714 
.90 2.93 2.S4," ".lfi 3.40 
.97S 5.72 '4.32 
.99 1./12 '.61 
.99' 9." 6Mo 
.999 14.0 !*.34 

3 

0.860 
2.92 
4.0'/ 
5.42 
1.59 
9.60 
U .• 

0.8$1
2." 
1.116 
$.01 
11." 
8.72 
13.9 

0."'5 
2.73 
3.71 
4.83 
6." 
8.08 
U.6 

1I.8JS 
2.61 
3.49 
4.41 
5.9S 
1.23 
ID.' 

0.11'26 
2.4" 
3.:19 
4.U 
'.42 
6.48 
9.34 

Ul6 
2..111 
3.1\1 
3.86 
4.94 
,,82 
8.10 

0.1112 
2.33 
3.01 
3.12 
4.72 
S.U 
1.» 

"'_*4f 
4 $ 6 

0.9U 0.943 0.911 
2,8\ 2.13 2.67 
U4 3.69 3.!Ill 
J.OS 4. III 4.65 
1.01 6,t,1 6•.17 
11.81 8.30 1.'15 
14,4 13.' 12.9 

0,_ 0.939 0.962 
2,69 2.61 2." 
l.U 3.4. 3.37 
4.12 4.48 4.32 
6.42 ~.06 S.IO 
7.96 1.47 7.13 
11.6 11.7 ".1 

(l.lI99 0.9l~ 0.954 
2.61 2.n 1.4(0 
l.48 3.33 3.22 
4.41 4.24 4.A17 
5.99 5.64 5.39 
7.34 6.81 6.;54
II.' 10.5 1).'113 

0._ 0.921 0.943 
2.48 2.39 2.33 
3.26 3.11 3.00 
".ll 3.• 3.?! 
'.41 Ul6 4.12 
6.52 6.07 S."" 
'i.63 I ••~ a.J8 

0.818 0.911 0.9)) 
2.36 2.27 2.11 
3.06 2.90 2.79 
3.10 3.58 UI 
4.• 4.56 4.32 
5.SO '.l1 '.M 
8.25 7.51 7.00;0 

0.1!68 0.900 0.922 
2.2$ 2.16 l.1l!l 
2.81 2.71 2.60 
3.51 3•.:19 .l.U 
4..4) 4.10 3.111 
S.17 4.16 4.47 
7.10 6,46 6.o.J 

0.863 o.D5 0.917 
2.111 2.10 2.04 
178 2.62 UI 
3.3" us 2.99 
4.22 3.90 3.61 
4,119 4.49 ".lO 
lUll 5•• ,." 

7 

0._ 
2.62 
3.SO 
4.53 
/I,ll 
1.69 
n.4 

0.918 
2.'1 
1.:19 
4.10 
'.61 
6.88 
10.1 

0.911 
'2.41 
3.14 
'.9S 
S.20 
6.30 
9.52 

0.959 
2.28 
2..')1 
3.61 
4.64 
5.'1 
8.00 

0.0;04.. 
2.16
'.n
3.29 
4.14 
4.85 
6.74 

0.938 
l.04 
2.51 
'.01 
3.10 
4.26

'M 
0.932 

1.98 
2.41 
2.17 
3.50 
),99 
'.23 

II 

UO 
2.S9 
3.44 
4.43 
6.03 
1.!IO 
12.0 

0._ 
2.47 
UJ 
4.10 
',41 
6.69 
10.4 

0.983 
1.111 
3.01 
US 
!U16 
6.12 
!UO 

0.912 
2.24 
2.85 
UI 
4.50 
5,)$ 
1.71 

0.900 
2.12 
2.64 
3.20 
4.00 
4.67&..., 

0.9jO 
2.00 
:1.45 
2.91 
3.56 
4Al!1
,...4 

0'
1.94 
l.16 
2..78 
.1.311 
~.83 
4.99 

9 

Ull 
2.$6 
3.39 
4.36 
S.lI\ 
'U4 
U.8 

1.00 
2.44 
3.1' 
4.113,.]'
6.54 
10.1 

0.992 
2.3S 
3.02 
3.71 
4.\'14 
5.97 
8.96 

0.9111 
2.21 
2.80 
3.44 
4.39 
S.20 
7,48 

0.910 
2.09 
2.59 
3.12 
3.89 
4.54 
6.26 

0."9 
1.1I6 
2..39 
:11.114 
3..46 
3.96 
5.2A 

o.9S3 
1.!l1 
2.]0 
2.70 
3.2t. 
3.69 
4.110 
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Tabla c.o (Continued) Pereentlle, of the F DI.trlbutlon Table c.o (Conllnuad) Pareenlila. of the F Dlatrlbutlon 

Dea. 
<If 4 

11 .~ 
.9() 
.93 
.97~ 
.~ 
.99'.

9 .50 
,9() 

.'$.1I7' 
.99 
.99,5.

10 .~ 
.90 
,9$ 
.97S 
.99 
.,." 
.1l!III 

12 .50 
.90 
.93 
.975 
.'19 
.995.

IS JO 
.PO 
.9S
.9" 
.99 
.9SI~ 
.m 

20 .50 
.90 
.95 
.91) 
.99 
.995 
.m 

24 .-'0 
.90.... 
.91' ,w
.119'
.999 

10 

1.02 
2.'" 
~.)$ 
4.30 
",1 
1.21 
11.5 

U)) 
2.42 
3.14 
1.96 
.1•.16 
".42 
9.." 
1.00 
Ul 
2.98 
3.12 
4 .•11$ 
$.II' 
8.7l 

O.!1t19 
2.19 
2.7$ 
3.n 
4.JQ 
$.09 
7.2' 

0,977 
2.06 
2-'4 
l,o<\' 
3.110 
4.42 
6.011 

0.966 
1.94 
2.1' 
1.77 
3.17 
3.8S 
5.08 

0.961 
1.!IlI 
2.2' 
2, .... 
~.J1 
3.59 
4.64 

12 

1.1)3
:l.'"
).28 
4.211 
'.67 
',.01 
11.2 

1.02 
2.38 
).01 
l.B? 
'.11 
6.23 
~'-'7 

I.DI 
2.21
2." 
}.6Z 
4.71 
5.66 
8.4' 

1.00 
1.J~ 

2." 
).28 
4.16 
4.91 
1.00 

0._ 
2.02 
:us 
2.\16 
1.67 
4.25 
'.81 

o.IIn 
I."
2.2. 
1.68 
l.21 
3.68
".82 

0.912 
1.8) 
2.1. 
1,U 
).()) 

3.42 
4.39 

13 

1.04 
.1,46 
1.22 
4.10,.,:! 
/>,81 
10,8 

1.0) 
1.14 
3.01 
l.n 
4.96 
6.0) 
9.•4 

1.02 
2.24 
2.U 
3.'Z 
4.56 
.1.47 
I.U 

1.01 
l.U) 
2.1>2 
3.18 
4.01 
".72 
6.11 

1.00 
1.97 
2.40 
2 .... ' 
~.'2 
4.07
'.54 

0.989 
1.114 
:.20 
2.51 
~.09 
3.50 ...~ 

0.983 
1.18 
2.11 
2M 
1.119 
3.2' 
414 

"'_<If 
:ao :H 

1.0' 1.116 
2"2 2.<10 
~.IS 1.U 
4.00 l.9' 
!U6 S.D 
6.61 II.~ 
10.5 10.J 

1.04 1.05 
2.30 2 • .18 
2.94 2.90H.' l.61 
4.81 4.13 
~.tIJ '.n 
••'Xl 11.72 

I.OJ 1.04 
L."U ~U8 
2.77 2.74 
3.4::! !..11 
4.41 4.13 
, .•1 5.11 
7.110 7,64 

1.02 1.0) 
~,O!o 1.04
2.'" 2." 
1m 3.01 
3." 1.711 
4.n 4.43 
6.40 6.U 

1.01 1.02 
1.92 1.90 
2.Jl z.n 
2.76 l.lO
3." J.lP 
3.88 1.79
,.2$ S.IO 

1.00 1.01 
1.19 1.71 
2./% 1.011 
2.-46 2.41 
2.N 2." 
J.U 3.12 
4.::/9 U.!I 

0._ 1.00 
1.13 1.10 
2.03 I .• 
2.33 2.n 
2.14 2._ 
3.06 Z.!n 
3.111 "-74 

30 

1.07 
2.lI 
~.o. 
).119 
S.2O 
6.40 
10.1 

I.U' 
2.25 
2.86 
1.56
4." 
H02 
8." 
I.DS 
l.16 
2.10 
l.ll 
4.2' ,m 
7.47 

1.03 
2.01 
J:4'l 
2.96 
J.;IO 
4.3J 
6.O!t 

1.02 
1.111 
l.U 
2.~ 
l..21 
3.M 
4.9~ 

1.01 
1.74 
2.04 
2.3' 
1.78 
l.ll 
".00 

1.01 
1.67 
1.04 
2.21 
2.51 
2.81 
3-'9 

fill 

1.011 
2.:14 
1.01 
3.111 
S.f)) 
6.11 
'1.11 

1.01 
2.21 
2.19 
},4$ 
·1.48 
$.41 
11.19 

1.116 
2.11 
2.62 
UO 
4.03 
4.86 
1Xl 

1.0$ 
1.96 
2.3& 
z.u 
;L<4 
412 
'.11> 
1.03 
1.112 
2.16 
2.S! 
3.o, 
l.4H 
4.64 

I.U2 
1.1>8 
1.'1' 
2,22 
2.1>1 
2.91 
3.10 

U12 
1.61 
uw 
2,418 
2.40 
2.66 
U!I 

l20 

UI8 
2.U 
2.91 
l.7l 
4.9.1 
6.06 
9.'1 

1.01 
2.18 
2.1$ 
1.39 
4.«1 
S.'!O 
8.AlO 

1.01> 
2.elI 
l.5a 
3.14 
4.00 
4." 
•.M 

1.0' 
1.91 
2.J4 
'.79 
3.4' 
4.01 
J.J9 

1.04 
1.19 
2.11 
'.46 
2.... 
U? 
".48 

I.UJ 
1.64 
1.00 
2.16 
2.'2 
2.81,.,.. 
UI2 
U7 
1.19 
2.01 
2,,)' 
2." 
3.14 

'" 
1.O!t 
.1,210 
2',9) 
3.67 
4,116
'.9)
9.33 

1.08 
2.16 
2.71 
U1 
'1.31 
'-19 
7.111 

1.117 
2.06 
2.'" 
l.elI 
~.91 ...... 
6.11> 

!.A16 
'.90 
2•• 
l.n 
3.36 
:1.90 
'.42 

1.0' 
1."16 
un 
2.40 
2,17 
3.16 
4.31 

1.03 
1.61 
1.114 
2.09 
2.42 
2.69
'.38 
1.Ql
I.n 
1.1l 
I.N 
2.21 
lA) 
~.91 

0... 
41 A 

JO .50 
.90 
.!lS 
.97S 
.99 
.995 
.999 

<iO .510 
.110 
.,:1 
.97.5 
.99 
.995 
.999 

120.50 
.90 
.95 
.'11S 
.99 
.995 
.999 

t;f.! .SD 
,90 
.'il5 
.'illS 
.99 
.99' 
.999 

0.466 
2.8!! 
4.17 
'.$7 
7.~' 
9.18 
U.3 

0.461 
2.79 
4.00 
5.29 
7.OS 
8.49 
12.0 

0.458 
2.7' 
3.92 
S.U 
6.8S 
8.18 
11.4 

0.45.5 
2.11 
3.84 
5.02 
~6.! 
1.8!! 
10.8 

2 

0.709 
2.049 
HZ 
4.111 
:1.39 
6.3$ 
8.71 

0.'101 
LJ9 
l.IS 
3.93 
4.98 
'.80 
7.11 

6.697 
U' 
3.07 
3.110 
4.79 
S.~ 
7.l2 

0.691 
2.30 
3.00 
1,(,9 

4.61 
5.30 
6.91 

3 

0.1107 
2.28 
2.92 
3.S9 
4.$1 
5.24 
7.05 

0.798 
218 
2.76 
3.34 
4.13 
4.73 
6.17 

0.793 
2.U 
2,6. 
Ul 
1.'U 
4.510 
'.n 

0.789 
2.08 
2.<iO 
3.12 
3.78 
4.28 
5.42 

Nil_lOrd! 

4 5 6 

0.858 0.1190 0.912 
2.14 2.0.5 l.9. 
2.69 2.53 2.42 
3.25 3.03 2olI7 
4.02 3.70 1.47 
4.f>2 4.21 J.9S 
6.12 S.,.l $.12 

0.849 0.1180 0.901 
2.04 t.9S 1.87 
2.5) 2.l7 2.2' 
).01 2.79 2.63 
3.6$ 1.:W J.l2 
4.14 3.16 1.49 
S.ll 4.76 4.J7 

0.844 O.87S 0.396 
UN UNI I.IIl 
2,4.5 2,29 2.1. 
2.89 2••7 2.32 
,Mil 1.17 2.96 
3.92 J..U l.lI 
4.9' 4.42 4.04 

0.U9 08'10 0.891 
1.94 1.8S 1.17 
2.31 2.21 2.10 
1..79 2.57 2.41 
3.32 3.02 2.80 
3.72 US 3.09 
4.62 4.10 3.'4 

7 

0.927 
1.93 
U3 
2.7S 
1.30 
3.74 
4.82 

0.917 
1.82 
2.11 
2.SI 
2,9' 
l.29 
4.09 

0.911 
1.71 
2.09 
2.19 
2.79 
1.09 
l.71 

0.907 
1.72 
2.01 
2.29 
2.64 
2.90 
3.47 

8 

0.939 
1.88 
2.27 
2.6' 
l.17 
3.$8
".58 

0.9211 
1.11 
2.10 
1.41 
2.82 
l.1l 
3.36 

0.921 
I.n 
2.02 
2.30 
2.66 
2.93 
1.S$ 

0.9111 
1.67 
1.94 
2.19 
2.SI 
2.14 
3.27 

9 

11.948 
1.85 
Ul 
2.$7 
.un 
.U$ 
U!I 

0.9l7 
1.14 
2.04 
2.1J 
2.72 
).01 
1.69 

0.912 
1.611 
1.96 
2.22 
2.Sf> 
2.81 
3.38 

0.927 
1.63 
1.88 
2.11 
2.41 
2.62 
3.10 
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