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Question 1 

Let X = (Xl> "" Xn) be a random sample from a beta distribution with shape parameters a and 
~, 
The p.d.f,ofXi is 

- (a+f3+1) a ( )13f (Xi Ia, P) - a!f3! . Xi' 1 - Xi , 0< Xi < 1 , a; f3 > -1, 

(a) Determine the likelihood function. 

(5 Marks) 


(b) Show that (TIr=l Xi , TIf:l(1 - Xi)) is a minimal sufficient statistic. 
(15 Marks) 

Question 2 

a) 	 Suppose that XI, X2, , .. , Xn constitute a random sample from a distribution with 
probability density fix 16) , where 6 is a real parameter witk prior density n(6) . The 
loss when 6 is estimated by e (a function of Xl, X2, .'" Xn) is fl1l(e;e) , 

1. 	 Define the Bayes risk of eand the Bayes estimator of e. 
(4 Marks) 

ii. 	 Show that the Bayes estimator can be found by minimising the posterior 
expected loss for given (Xl, X2, "" xn). 

(6 Marks) 

b) Let Xl, ... , Xn~ N(6,1). Let 1£ be a N(O, 1) prior: 


Jr(8) = 1 e_()2 /2
Vii 

I. 	 Find the posterior distribution for e. 
(4 Marks) 

11, 	 Find the posterior mean ii, 
(6 Marks) 

Question 3 

Suppose that X is a discrete random variable with P(X 1) = 6 and P(X:;: 2) 1 - 6. Three 
independent observations of X are made: Xl = 1, X2 = 2, X3 == 2. 

(a) Find the method of moments estimate of6. 
(5 Marks) 

(b) What is the maximum likelihood estimate of6? 
(7 Marks) 

(c) Compare the MLE and MME estimators by determining approximate standard errors 
of each of the estimates. 

(8 Marks) 
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Question 4 

Suppose Y I, Y2, ..••,Yn is an iid sample of size n from a population with density function 

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

versus HI : 81 > 81,°', 
(20 Marks) 

Question 5 

Suppose Y is a random sample of size 1 from a population with a density function 

f(Y18) = 8(1- y)8-1, 0 :Sy:S 1 
Where 8> O. 

(a) Derive the power function power(8), for the rejection region Y> 0.5. 
(8 Marks) 

(b) Find the uniformly most powerful test of size a for testing Ho : Ho : 8 > 1. 
(12 Marks) 
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Normal Distribution 

Table C-1. Cumulative Probabilities of the Standard Nonnal Distribution. 

Entry is area A under tbe standard normal cur'\/e from ~'::JO t() :(A) 

z(A) 

z .00 .01 .(n .os .07 .08 

..0 .~ .S04O .5080 .!il20 .5J60 .5199 ..:;239 .5179 .5319 .s359 


.1 .5198 .S438 .S478 .sS11 .55.57 .5S% .5636 .5q15 .5714 .5153 

.2 si91 .S832 .5871 .59lO .5948 •.5987 .6026 .6664 .6UJ3 .614f 

.3: .6179 .6217 .625S .6293 .63~E .6368 .6406- .6443 ,6480 .6517 

.4 I ,6554 .65'''' .6628 .6664 .6700 .61:).6 .67'12 .6808. .61S44 .6819 


.S .69lS .6950 .698S .7019 .7054 .1088 .7t2.3 .1U1 .n90 .7224 


.6 .1251 .7291 .7:J14 .73$7 .7389 .1422 .7454 .7486 .7517 .7549 


.1 .1$SO .1611 .7642, .7613 .7704 .7734 .1164 .7794 .782:\ .1.S2 

,II, .7881 .7910 .7Y3t} .1967 .7995 .S02} .8OSI .8018 .8106 .Stl3 

.9 .81.59 .8186 .81l2 .!l2lS .3264 ,8289 .8:315 .83040 Jll6S .8389 


\ .~-

1.0 .3413 .M4l8 .S461 .8485 .SSOS ,1\:>31 .8$S4 .8577 .8'", .8621 

t.l .864J ,Hft65 .8686 .8708 .8729 .874<# .8710 • 8791:l ,SH.lU .8830 

1-2 
 .3849 .Q69c .S&88 .8907 .8925 .8944- .tt96:l .891m .8997 .90U 
Ll .9031 .9049 .9066 .9082 .0099 .91 IS .9131 .9147 .9l62 .9177 

••4 
 .9192 .9207 .9222 •~236 ..925 • ,9265 .9279 .9292 .9306 .93J9 

I,S .9.132 .934:5 .9.lS1 .9370 .9382 .9194 .9406 .9418 .9429 .9441 

1.6 .9452 .~3 .9474 .'94114 .'149, .9SOl .9SIS ,9nS .953" .9.545 


,9:$:>4 .9564 .9573 .!}$8l .?591 .9S99- .9608 .9616 .96.25 .96U1.7 
.9641 .9649 .9656 .9064 .9(071 .%18 .9686 ,9693 .%99 .9706 


L9 

1.8 

.'\1713 .91'9 .9126 .9732- .9138 .9144 .9150 .9756 .976' .9167 


2.0 .9772 .9178 .9183 .97&8 .9793 .9798 .981)1 .9808 .9812 .9817 

2.1 .9821 .9826 .9830 .9834 .9838 .9842 .'iliW6 .9SSO .98:54 .98S7 
2.2 .986J .9864 .9868 .981£ .987S .987S .9881 ,9884 .9887 .9890 

2.3 .989l .9896 .9i9$ .9901 .9904 .9906 .9909 .9911 .9913 .99t6 

2..4 
 .9918 .9920 .9922 ,9902:5 .9927 .99-29 .99),] .9931 .9934 .9936 


2.S .9938 .9940 .9941 .9943 .994$ .~ .9948 .9949 ,9951 .9952 

Z.6 j~9$l .99'55 .9956 .99:57 .9\)59 .9960 .996. .9962 .~6l .9964 

:2:.7 
 .9"' .9966 .9961 .9968 .9969 .9970- .991.1 .9972 .9913 .")914 
:U .997S .9916 .9977 .9977 .9078 .9979 .9979 .~8(} .~81.?9'. 
2.9 .9981 .998Z .9981 .9983 .9984 .9984- .993' .9985 .9986 .9986 


.99117 ;9987 .9981 .t9S& .9981 .9989 .9939 .9989 .999() .'3900 


.9990 .9991 .99'.U .999] .9992 .~2 .9992 .9992 .9'?93 .9993 


.999J .9993 .9994- .9904 .995)4 .9994 .9994 .999S .11995 .9995 


.9995 .9995 .9995 .9996 .9996 .9996· .9996 .99% .9996 .'991' 

,9997 .9997 .9997 .9~7 .W!'7 .9997 .9991 .9997 .9991 .9998 
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Chi-Square Distribution 

Table ~2. Percentiles of the 'l Distribution 

Xi, A; l') 

.4 

.00$ .010 .025 .OSIJ .tOO ,900 .950 .97S .990 .99' 

<l.o-l9J g~OJlS1 ct.Ol 9!IZ o.cP393 (I,ors! l.U 3.st 1JlZ UJ 1.1. 
2 0.0100 Q.02Oi n-.OSOti O,IOJ. 0.211 ".oj s.~ Uti 9.ll Hl.60 
3 0.072 0.115 0.216 0.352 a.S" c.2S 7.81 9.JS 11.34 12.84 
t O.20i 1i.~7 0.484 lUll 1.064 '1.78 9.49 11.14 n.2:B IU6 

S 0.412 O.5S4 e.8ll 1.145 9.24 ll.Ql £2.83 U.Q9 J6.iS 
6, 0,6" ..un Ll4 U4 IO.(l¢ 1:t~9 t4.45. 1.6.8.1 US.SS 
7 .0,989 1.14 1.69 2..11 U:.O::t 14.01 16JJ! ~S.4S 20..28 
8 1.34 1.65 2..18'. 7." 13.];6- IS.SI 11.S3 lO.O9 2r .9-6 
9 1.73 2.09 :2:.10 1.33 14.68 16.92 19.02 lUI 1M!> 

10 2.16 z.~ 3.!i 3.94 4.117 1.1.99 IS.)l :/:0.411 lUI ZS.19 
II 1.60 3.05 3.82 4.S7 S.SS 11.28 19.68 21.92 24.13 26.16 
U 3.07 351 4.40 S.23 6..30 18.55 :lull 2l.34 l6.2.2 28.30 
Il l.S7 4.11 !i.OI .U9 7J.~ l'UI 2:1..36 24.14 2:1.69 29.8:2 
14 4.Q1 4.66 5.63 6." 1.19 Zl.I)6 21.68- 2(il2 29'.14 3U2 

4.00 !.2J 6.26 7.26 8.SS 22..11 25.00 i1.4'T 3O.sa 31.111}IS 
S.14 S.B' 6.9* 1.% 9.31 23.$4 26.30 2l!.SS 32.00 34.27

('16 
5:70 6.41 1.S6 ft6i lOJ19 2.4-i1 27.'9 30.19 n.4l 35.72 

18 6.26 1.0( ItZI 9.39 IQ.86 25.99 2.U1 31.~3 3.UI 37.16 
19 6.84 '.63 8.91 10.12 IUS 27.20 lO.14 34.S5 30.19 38.S8 

7.43 8.26 'J.S9 10.&S 1:t44 ~8.4l 3Mt 34.t1 3151 40.00 
21 
20 

lUll 8.90 Ui.13 iI.59 1.,.24 29.62. 32.67 3S.48 38.93 41.40 
8.64 9.54 1I.).9l 12.34 14.04 30.81 33.91 It>.7! 40.29 42.•. 80 

23 
21 

.,16 10.20 11.69 13.09 14.85 32.0~ J$.L7 ~s.os 4].64 44.t8 
24 9J!9 10-.86 lf1..40 IUS tS.66 13..20 36-.41 39<.36 42..98 4'.56 

lS IO.S2 I t.n 13.12 lUI ll;i.47 34.38 17.65 40.6~ 4Ul 46.~3 
11.16 lUO 13.M IS3l! 11.29 l!U6 38.89 41.92 45.64 48.29 

'2-1 11\.1>\ i 1.&11. t4S"J 16.\S lUl 16.14- 40-.1\ 43,11) 46.96 0\9.64 
28 '12.46 t:Mi§ Ij..3l r6.93 lB.94 '37;91. 41.14 44.46 48.28 $1).99 
2t ;13.12. 14.26 16.05 17.11 '9.17 39.09 42.j(). "'.n 41).$9 52..34 

2.6 

3D '4.,95 16.19 18.4'1 20..60 40.16 43.11 46.!.i1l 50.119 $3.61 
4D Z2.l6 24.41 26.051 2.9,<15 SI.U 55.76 .59.301 63.69 66.71 
so 29.71 l2..16 34.16 37.69 bl.l7 67.:50 11.42 TUS 79.49 
~ .l7.48 40.48 43.19 46.46 1.4.40 79Jl$ SU!) 8&.38 gUS 

70 "",M4 43.76 :H.74 :S.U;J 95.00 100.4 JrJr4..1 
S6 SJ.54 57.U 6O.::W 64.1'3 96.)8 101.9 t06JI nl.l 116.3 
')0 61.7S 6s.6S 69.13 13,29 101.6 lIl.1 lIS.1 IZ4.1 128.3 
1m 10.06 14.22 11.93 82.36 lUI..s i24.1 119.6 135.8 i4O.2 

8".') ~'" 
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Student's Distribution (tDistribution) 

Table C-4 Percentiles of the t Distribution 

Entry is 1(11; p) whue P{t(v) '" I{A; ")J -"A 

~ 
1(1\; v) 

v 

1 
2 
3 
~ 
S 

A, 6 
7 

.60 .70 .110 .11' .90 .95 .?1' 8 
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6.314 
1.920 
2..l,3 
2.132 
2.01S 

1.'H3 
1.89' 
1.11«1 
1.8):! 
1.812 

1.7% 
1.782 
1.771 
1.761 
1.753 

1.746 
1.740 
1.734 
1.729 
\.71$ 

1.121 
1.717 
1.714 
1.711 
1.701! 

1.706 
1.703 
1.1\)1
J._ 
1.697 

1.684 
1.611 
1.6S' 
1.0\6 

12.706 
.11.30) 
3.182 
1.77~ 
2.571 

2.441 
2.365 
2.306 
Z-262 
2.2'28 

:I..lUl 
2.179 
2.160 
~145 
2.1:11 

2.120 
2.110 
2.lm 
2.093 
2.0116 

2.()8() 
2.(l74 
2.069 
2.064 
;1..06\) 

2.056 
'!.{!s2 
2.Q48
2."'" 
2.042 

2.021 
2.000 
1.91C 
1.960 

9 
10 

J1 
12 
D 
14 
IS 

16 
17 
IB 
19 
20 

21 
22 
;t) 
24 
25 

26 
21 
2\1 
29 
30 

40 
00 

.120.. 


Table C-4 (Continued) Percentiles of the t DIstribution 

il 

.911 .93S .99 .9925 .995 .991$ .9995 

15.89S 21.20S 31.821 42.434 63.6l7 
4.849 5.643 6.96li L07l !U:u 
3.482 3.896 4.541 '., 5.047 S.Mf 
2.999 3.m 3.747 4.088 4.604 
2.7Y1 l.OO3 3.361 3.634 4.032 

2.612 2.829 3.143 3.372 3.701 
2.511 
2.449 

2.11S 
2.634 

2.998 
2._ 

~.203 
3.085 

3.499 
3.3:1S 

l.398 2.514 2.1lZ1 2.991 3.230 
2.3S11 2.527 2.7M 2.932 3.169 

2.328 2.491 2.118 2.81\1 3.106 
2.303 2.46\ 2.681 1.&36 3.055 
2.232 1.436 2.630 2.8\1\ 3.012 
2.264 2.415 2.624 1.77\ 2.977 
2.249 2.3'11 2.Wl. 2.74(, 2.'.147 

2.235 2.JSZ 2.SSJ '2.114 2.92.1 
2.224 2.36!I 2.561 2.106 2.898 
2.214 2.356 2..'ss2 US, 2.1178 
2.205 2.346 2.5'39 2.674 2.1161 
l-l!17 2.336 2.523 :1..(,6\ 2.M' 
U&, 2.32\1 2.518 2,641J 2.g:'11 
2.1&3 
2.171 

2.321)
2.:m 

2.~ 

2.:100 
2.631J 
:1..62' 

2.1119 
1.807 

:U12. 2.307 2.491 2.620 2.7\17 
2..167 1.30) 2.4SS 2.612 2.781 

2.162 2.2% 2.479 2.60S 2.719 
2.158 2.291 VI13 2.593 2.771 
~U4 2.1'86 2,461 2.S92 2.76:1 
2,l5O 2.2B2 2.462 2.586 2.7.56 

\ 2.141 2.:1.78 2.457 USt 2.750 

2.1:23 2."0 2.423 2.$42 2.71)0\ 
'2.099 2.223 2.390 2.304 l.660 
2.076 2.196 2.358 2.468 2.617 
2,0S4 2.)70 2.326 2.432 2 . .576 
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127.322 
14.089 

7.<fS3 

"-'9114.173 

4.311 
4.029 
3.833 
3.690 
l.SSl 

3.4\17 
3.428 
3.372 
3.326 
3.236 

).'252 
3.222 
3.197 
3.114 
~.ISl 

l.135 
3.119 
3.104 
3.Il!H 
3.1J73 

3.067 
3.057 
3.041 
l.O38 
3.030 

2.!l11 
2.915 
2.800 
2.81J7 

6J6.m 
31.398 
12.924 
I.lilll 
6.869 

".m 
5.408 
".041 
4.781 
4'SS7 

4.437 
4.J18 
4.22\ 
4.140 
4.073 

4.015 
3.96S 
3.922 
3.383 
3.M'I 

3.819 
3.192 
3.768 
3.745 
3.125 

3.701 
3.690 
3.674 
3.659 
l.!i46 

3.551 
l.4fiO 
3.373 
1.29) 

I 
1 
3 
4 
S 

I; 
7 
8 
9 

III 

11 
12 
13 
14 
1~ 

16. 
17 
1M 
\11 
20 

21 
22 
2J 
24 
1$ 

;U; 
27 
;23 
29 
30 
4(1 
60 

120 

O.~2.1 0.n1 
0.289 0.611 
n.m 0.'8.11 
0.211 O.:IW 
0.2<>7 0.'-", 
O.W 0.$53 
0.;263 0 ......9 
0.262 0.546 
0.16\ 0..54, 
0.200 0.5'12 

0.260 0.,S40 
0.251/ 0.539 
0.259 0.']7 
O.~tI ''-'31 
0.2:!HI O.S.'16 

0.1$11 1I.53S 
0.U7 O.S34 
0.U7 0.''''' 
0.257 0.333 
O.l37 0.53:1 

O.2S7 O.Sll 
(I.2~6 \I . .:IJ2 
0.2.56 0.= 
O.l'!I\ 0.531 
0.2.";6 0.S31 

O.l56 0.531 
0.2.56 0.531 
0.256 0.';.0 
0.2$6 0.$3(/ 
0.~6 0.'30 
0.'255 0.529 
O.V4 0.527 
0.254 0.~6 
O.2SJ Q,,524 

1.376 
1.061 
0.'178 
0.941 
O.!I2O 

0.906 
0.896 
0.1189 
0.1183 
0.879 

0.876 
0.873 
0.810 
\l.~611 
0.866 

Q.1.I6S 

0.:£ 
O.~ 
0.861 
o.~tlO 

0.8j9 
0.1$5;8 
0.8S8 
0.857 
0.SS6 

O.lI.";6 
O.SSS 
o.~" 
0.8'4 
0.8S4 

O.SSI 
0.1411 
0.11-45 
0.1142 

J.9II' 
1.)116 
1.2j(J 
1.lgo 
I.U6 

1.134 
1.119 
I.J08 
1.100 
1.0\13 

1.0118 
1.083 
1.07\1 
1.076 
1.074 

1.07' 
1.009' 
1.067 
t.0!i6 
1.064 

1.063 
I.MI 
1.(/60 
1.059 
1.lIn 

1.0:58 
1,0'7 
I.OS6 
1.055 
LOS' 
1.050 
1.04' 
1.041 
1.0l6 

l.1TI8 
\.81l6 
1.638 
1.~3" 
1..1176 

1.-44<1 
1.·115 
1.~1I7 
1.383 
1,372 

'.~3 
'.3:56 
'.:):10 
1.34.~ 
1.341 

1.~37 
1.333 
1.330 
1.328 
1.,11$ 

\.1123 
1.321 
1.319 
1.3UI 
I.lle! 

1.31S 
1.314 
'.,1:1. 
I.lll 
1.310 

1.303 
1.1% 
1.289 
1.2$2 



Table C-S (Continued) Percentiles of the F Distribution 
F Distribution 

Table c.5 Percentiles of the F Distribution 

Dr••
Entry is F(A; VIt 1'2) where P{F(vlt 1'2) F(A; PI. v-z)} A 	 df A 

I 	 .~o 

.90 


.93


.91' 

.99 


.995 


.999 


1 .'0 
.110
/"( ... : "" JiI:_ .9'
.9U 

F(A:v"Vl) 	 .99 

.99'

Vz, VI) .999 


3 	 ,jO 
.9(J 

.95 


.915 


.9') 


.99:) 


.91>9 


4 	 .SIJ 
.90 . 

.95 

.915 

,99 

.995 

.'99 


.SO 

.'KI 

.?j 


.91[) 


.99 


.99'.

.'V 


.90 


.~S 

.'!>'I' 

.9'> 

."".999 


7 	 .30

."".93 

,97' 

.99

.99' 
.999 


N_IO.4r 

2 4 , ~ 7 II 


I.Y' 2.00 2.o, 

'8.9 "'.4 59.9 

237 2'9 241 

9411 9~1 %) 


~923 '.981 6~922 

2~.7H 2J.92S 24,09' 


'92.810 ,9S,'40 «>2._ 


I.OQ 1.50 1.71 I.U 1.89 1.94 
39.9 49.S 53.6 ~:u S1.2 -'8.2 

161 200 216 223 2H 

64& I!QO 11M 90If 92~ IIJ7
,..,25 

2'0 

4,(I'Z 3.000 '.403 '.764 '~5S9 
16,211 2(l.0'l(l 2',6" 22,:100 23,(156 2.1.437 

40',280 500,000 540._ '62,~ '76,400 583,940 

0.661 '.00 1.1l 1.21 1.2' 1.23 
8.'3 9.QQ 9.24 ?29 9.)39.'"
16.' 19.U 1'.2 19.2 19.] 19.3 
38.' 3".0 3'>.2 J~.2 39.3 39.1 

»9.0 99.2 99.2 99.3 :!>II.3'".,199 199 199 1'1\1 1'1\1 199 

')OJtS _.U 999_2 _.2 99"U '99.' 
o.~.~ O.RBI 1.00 1.06 1.10 1.ll 
'.54 '.46 '.39 '.34 '.3' ~."8 
10.1 lUS 9.28 9.'2 9.01 8.94 
17.4 16.0 15.4 15.1 14.9 14,' 
)4.1 lQ.& 19.' l3.7 l~.2 27.9 
$$.6 49.S 41.' 46.1 4~.4 44.8 

167.0 '48.' 141.1 131.1 134.(, 1)2.8 

(1.$49 0.828 0.941 '.00 1.04 1.06 
4.:14 4.32 4,J, 4.11 4.05 ••01 
7.11 6."4 6.39 6.26 ".1"6."
1"-.2 10$ !>.9ft 9.00 9.3" 9.:10 
>1.2 18.0 16.1 16.0 15.5 ".2 
31.3 l6.l J4.J 23.2 U.S ~2.0 
1.1.1 61.2 56.2 .fl.4 $1.7 SO., 

0.528 U.1'9 0.907 0.965 1.00 un 
4.06 3.73 3.6]. ).,1; lAS 3.40 
6.61 '.11/ s .•• '.1" 3,0' 4.'" 
10.0 8.43 1.76 1.l9 7.15 6.98 
16.3 13.3 12.1 11.4 't,n 10.1 
21.8 18.3 16.' 15.6 .4.9 14.' 

41.2 37.1 )3.2 ".1 29," 28.8 

0.315 0.71'0 (1.886 0.'142 lJ977 1.00 
3.78 ).46 3.29 J.18 ).11 3.o, 
5.99 '.14 4.76 4.53 4.n 4.2~ 
8.~1 1.26 ...«> ".n '.9~ 5.8% 
'].7 '0.9 Y.7$: 9.1> 8.15 '.41 
'8.6 ._.5 11.9 12.0 II.' 11.1 
35.S 21.0 :3.1 :1.1.1> 20.8 20.0 

0.506 0.167 O.~11 0.926 0.900 0.983 
3.59 3.26 1.07 2.% 2.1111 2.83 

4.14 4.3' 4.11 3.91 3.87'.5"8.01 6.S4 S.l!'] '.52 5.29 '.Il 
12.2 9.5' 3.4' 7.es 7,46 7.19 
1<1.2 12.4 '0.9 10.1 ~~2 \'-'6 
29.2 21.7 .... 11.2 '6.2 .,., 

1.30 
9.3' 
t,..4 

19.4 

?l>.4 

199 


'>99.4 


1.15 

'.21 

8..89 


'1If."27.1 
44.4 

131.1, 

1.08 
3.'1>8 
6.00 
9.01 
".0 
21.6 
49.1 

'.U<! 
U7 
4.113 
6.U
Ill.' 
14.2 
23.2 

I.U2 
J.OI 
4.21 
5.10 
8.26 
H>.8 
19.' 

1.00 
2.111 
).7!I 
4.99 
6.99 
8,1'19 
15.1' 

1.32 

937 

'9.4 

39.4 
9M 
1»9 

_.4 

I.Hi 
'.2-' 
8.85 
14.j 
21.5 
44.1 

130.6 

1.0\1 
;).'9;1: 
6.04

''''..I••K 
21.4 
49,0 

Ul' 
3 • .14 

4.82 

6.16 

10.;) 

14.0 

27.6 


'-OJ 
2.98 
4./5 
5.60 
8.10 
10.6 
t~.O 

UU 
2.'15
J.n 
••90 

6.114 
~6R 
14.6 

I.al 

9.31 

.9.4 

39.4 

99.4 

lW


_.4 
1.11 
~.24 
8.81 
14.5 
21.3 
4.1.9 

129.9 

1.10 
J ..... 
6.00 
B.90 
14.1 
21.1 
48.S 

1.06 
J.32 
4.17 
6.68 
I(>.?' 
13.8 
21.2 

1.04 
2.96 
4.10 
'.5l 
7.91 
lOA 
18.7 

1.02 
2.12 
3.68 
...n 
6.72
a." 
14.3 

Volume II. Appendix C: page 6 	 Volume II. Appendix C: page 9 




Table C·5 (Continued) Percentiles of the F Distribution Table C·5 (Continued) Percentiles of the F Distribution 

pon 
dl' 

J 

6 

A 

.50 

.9IJ 

.9$ 
.•75 
.99 
.995 
.9~9 

.50 

.90 

.95 

.975 

.99 

.99S 

.'999 

.10 ..... 

.'1S 

.975... 

.99S 

.999 

.50 

.90

.".~7S 

.99 

.99S 

.999 

• .lO 
.'10 
.95 
.975 
.99 
.995 
.999 

.jO 
.90 
.95 
.qn I 
.99 
.995 
.999 

.50 

.'10 

.9S 

.97$ 
,'99 
.99S 
.999 

NUI1le'.10f df 

10 12 IS 20 24 30 1>0 120 

2.04 ~.07 2.1)') 2.12 2.13 2. IS 2.17 2.1 g 2.20 
60.2 (10.7 61.2 61.7 ~2.0 62.3 (,2,8 6~'_1 (,.l.} 

242 244 246 248 249 250 25:! is) 254 
969 977 9U 99.1 997 1,001 1.010 1.014 .,018 

(,,0'6 6.10(1 ("ISl 6.1.09 6.23S 6.261 6.313 b.lj9 6.)(,(', 

24.224 24,42(t 24,(1)0 24.836 24,940 '2',044 2'.153 2'.'S9 25.464 
bll5~620 610,610 61!1,7(lO 6:10.')10 6:!J.W(I (126.100 631.)40 (,)3.970 bJ6,f>20 

1.34 , .J(, I.lH I.J9 1.4<1 (.41 IAJ 1.41 1.44 
9.)" 9.41 9.4.:! 9.44 9.4.5 9.4(, 9.47 9.48 9.4' 
19.4 19.4 19.4 I~J.4 19.5 19.5 19.5 19.5 19.5 
39.4 ~\9.4 39.. 4 39.4 39.5 39.S 39.S 39.S :\9.' 
99.4 99.4 '99.4 99.4 99.S 99.S 99.~ 9. S 99.S 
199 199 199 199 199 199 199 199 200 

1J99.4 999.4 99'-),4 99').4 999.S 999.5 9\19.S 999.~ 999,~ 

1.18 1.20 1.21 1.23 1.21 1.:24 l.l5 1.26 1.27 
S.23 ~.2:l 5.20 5.1. '.18 5.17 !I. I ~ 5.14 '.U 
d.7• 8.14 8.70 8.6(. 8.64 8.62 8.S7 8.55 8.5.1 
14.4 14.1 14.3 14.2 14.1 14.1 14.0 IJ.9 13.':1 
21.2 17.1 26.9 26.7 2(,,6 26.5 l~LJ 16.2 26.1 
43.7 43.4 43.1 42.d 42.6 42 . .5 42.1 42.') 41.8 

1J9,2 IUI.3 127.4 126.4 12.~.9 I2S.4 124.S l24.0 121.' 

1.\1 I.U 1.14 1.15 1.)(' I.l(. I.IH 1.18 1.19 
3.92 3.90 J.H7 3.84 J.~J 3.82 3.19 3.7. 3.76 
j.96 5.91 5.86 5.110 '.77 ~.75 ~.{)9 ~.66 5.61 
8.114 8.75 8.66 8.S6 8.51 ~.46 8.)(. 8.31 8.26 
14.' 14,4 14.2 14.0 13.9 13.8 13.7 1),(. Il.' 
2 ioU ZO.7 20.4 20.2 20.0 19.9 19.6 J9.5 19.3 
411.1 47.4 4~.8 46.1 458 4'-4 44.7 44.4 44.1 

I.m 1.09 J.IJ) 1.11 LI2 1.12 1.14 1.14 1.15 
3.30 J.17 3.24 3.21 J.19 J.17 1.14 3.12 3.11 
4..74 4.68 4.62 4.56 4.~3 4.50 4.43 4.4<1 •• 37 
6.,,2 6.'2 6.41 6.33 6.28 6.2] 6.12 6.(17 6.02 
1('.1 9.89 9.72 9.5S 9,47 'US 9.20 9.11 9.02 
13.6 1l.4 '13.1 12.9 12.3 12.7 12.4 12.3 12.1 
26,9 2(;.4 ~S.9 25.4 2S.1 24.~ 24.1 24.1 1.3.8 

1.0j 1.06 1.07 I.OR 1.09 1.10 '-II 1.12 1.12 
2.94 2.90 2.H7 2.84 2.82 2.80 2.7() 2.74 2.n 
4.06 4.00 3.94 3.87 3.84 3.81 3.74 3.70 3.67 
'.46 5.17 5.27 S.17 !I.12 '.07 4.96 4.90 4.8S 
7.81 7.72 7.56 7.40 7.31 7.1J 1.06 6.97 6.88 
10.2 10.0 9.81 9.59 9,47 9.36 9.12 9.00 8.88 
18.4 18.0 17.6 17.1 16.9 16.7 16.2 16.0 1'.7 

1.03 1.04 1.05 1.07 1.07 1.08 1.09 1.10 LlO 
~.71l 2.67 2.63 2.'9 2.'8 2.~6 2." 2.49 2.41 
3.64 3.57 1.51 3.44 J.41 ).:18 3.30 l.27 3.2l 
4.76 4.1>7 4.S7 4.47 4.42 4.36 4.25 4.20 ".14 
6_6~ 6.41 "'.3' 6.16 6.07 5 ..91) ".82 ~.7" '.M; 
8.38 8.18 7.97 7.75 7.65 7.11 7.19 7.08"'3
14.1 1l.7 U.) 12_9 11.7 12.' 12.1 IL~ 11.1 
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[)en. 
<lr 

.50 

.90 

.9S 

.9U 

.99 

.995 

.999 

9 .50 
.90 
.9S 
.975 
.99 
.995 
.999 

10 .SO 
.90 
.95 
.975 
.99 
.995 
.999 

12 .50 
.90

.".975 

.99 

.995 
.999 

U .'0 
.90 
.9.1 
.975 
.99 
.995 
.919 

20 .51) 
.90 
.95 
.975 
.99 
.995 
.999 

24 .50 
.90 
.9" 
.975 
.99 
.995 
.999 

0.499 
3.46 
5.32 
7.57 
iU 
14.7 
25.4 

0.41>4 
3.36 
5.12 
7.21 
10.6 
13.6 
22.9 

0.4911 
3.29 
4.96 
6.94 
10.0 
12.8 
21.0 

0.41!4 
1.18 
4.n 
6.'5 
9.n 
11.8 
18.6 

0.478 
J.()7 
4.~4 

6.20 
8.~8 
10.8 
16.6 

0.472 . 
2.97 
4.n 
5.87 
8.10 
9.94 
14.8 

0.469 
2.93 
4.2.6 
3.72 
7.R2 
9.SS 
14.0 

2 

0.757 
3.11 
4.46 
6.06 
R.6S 
11.0 
18.S 

0.749 
3.01 
4.26 
5.71 
R.o;! 
10.1 
,6.4 

0.743 
2.'2 
4.10 
5.46 
7.S6 
9.4.1 
14.9 

0.735 
2.81 
3.8'> 
5.10 
6.9~ 
8.SI 
13.0 

0.726 
~.70 

1.6B 
4.17 
6.36 
7.70 
11.3 

0.718 
2.S9 
3.49 
4.46 
5.85 
6.99 
~.9S 

0.714 
2.54 
3.40 

'4.32 
5.61 
6.(,6 
9.34 

Nume"uordf 

4 6 

0.860 0.915 0.948 0.971 
2.?2 2.81 2.73 2.67 
<1.07 3.84 3.69 3.SS 
5.42 5.115 4.8Z 4.65 
7.S9 7.01 6.63 6.37 
9.60 8.81 8.]0 7.9S 
15.8 14.4 13.' 12.9 

0.8H 0.906 (1.939 0.962 
2.81 2.69 2.61 2.55 
3.86 1.63 3A8 3.37 
S.08 4.72 4.48 4.l2 
6.99 6.42 ~.06 5.80 
8.72 7.96 7.47 7.13 
13.9 12.6 11.7 11.1 

0.84' 0.699 0.932 0.954 
2.73 2.61 2.S2 2.46 
3.71 3AR 3.33 3.22 
<1.83 4.47 4.24 4.07 
6.55 S.99 5.M 5.39 
8.08 7.34 6.87 6.54 
12.6 11.3 /U.S 9.93 

O.8H 0.888 0.921 0.!M3 
2.61 2048 2.39 2.3] 
3.49 3.26 3.11 3.110 
4.47 4.12 1.89 3.n 
S.9S '.41 5.06 4.82 
7.2) 6.52 6.07 5.76 
10.8 9.63 8.8~ 8.38 

0.826 0.878 0.911 O.?3l 
2.49 2.J6 2.27 2.21 
3.29 3.06 2.90 2.79 
4.U 3.80 3.58 3.41 
.5.42 4.89 4.56 4.)2 
6.4lI 5.~ '.37 .l.07 
9.3-1 8.25 7.S7 7.1l" 

0.~16 0.868 0.900 0.922 
2.38 2.25 2.1f> 2.09 
3.10 2.87 2.71 2.60 
3.R6 3 . .11 3.29 3.1l 
4.94 4.43 4.10 1.87 
5.82 S.17 4.76 4.41 
8.10 7.10 6.46 6.02 

0.812 0.1163 0.~95 ".911 
2.13 2.19 2.10 1.<>1 
3.m 2.78 2.61 2.51 
3.72 3 . .18 3.15 2.99 
4.72 4.22 .1.90 3.67 
5.51 4.89 4.49 4.10 
7." 6.39 ~.98 !Ii.~S 
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0.988 
2.62 
3.50 
4.S3 
6.18 
7.69 
12.4 

0.978 
2.51 

.3.29 
4.20 
'.61 
6.88 
10.7 

0.971 
2.4' 
3.14 
J.9S 
'.20 
6.30 
9.52 

0.9'9 
2.28 
2.~1 
3.61 
4.64 
5.52 
8.00 

0.949 
2.16 
2.11 
J.19 
4.14 
4.85 
6.7'\ 

0.938 
1.1l4 
2.51 
3.01 
J.70 
4.26 
3.(.9 

0.932 
1.98 
2.42 
2.87 
3.50 
3.99 
'.21 

1.00 
2.~9 
3.44 
4.43 
6.03 
7.50 
12.0 

0.990 
2.47 
3.23 
4.111 
S.47 
6.69 
10.4 

0.983 
2.38 
3.07 
US 
5.06 
6.12 
9.20 

0.972 
2.24 
2.1' 
3 . .11 
oJ.50 
'.35 
7.71 

0.91>0 
2.12 
2.64 
J.l0 
4.00 
4.67 
6 .... 1 

0.9'0 
2.00 
2.45 
2.91 
3.56 
4.09 
'.44 

0.944 
1.94 
2.16 
2.78 
.l.36 
3.83 
4.99 

9 

1.01 
2.S6 
3.39 
4.36 
5.91 
7.34 
JI.8 

'.00 
2.44 
3.la 
4.\13 
5.35 
6.54 
10.1 

0.992 
2.3' 
3.')2 
3.78 
4.94 
5.97 
8.96 

0.981 
2.21 
2.ao 
3.44 
4.39 
S.20 
1.411 

0.910 
2.09 
2.59 
3.1l 
3.89 
4 • .54 
6.:16 

0.959 
1."6 
2.39 
2.1!4 
1.46 
3.96 
5.24 

0.9B 
1.91 
2.:10 
2.70 
3.26 
3.69 
4.80 



- --

Table C-5 (Continued) Percentiles of the F DistributionTable C·5 (Continued) Percentiles of the F Distribution 

Nlfmcralordf 
NIlmeralo. dr 


10 12 J:i 20 24 30 fiO 120 00

OeD, 
df .~ 
 OeD. 


I 2 3 4 S 6 7 3 9
1.02 1.03 1.04 1.0..5 1.116 1.07 1.08 1.08 1.09 df ,I 

.'10 


8 .'0 
2.54 2.'0 7.46 2.42 2.40 2.J8 2.~4 2.32 2.29 


.9~ 
 3.35 3,28 3.22 3.15 3,12, ),08 3,01 2.97 2.93 0.466 0.709 0.S07 0.858 0,890 0.912 0.927 0.939 0,948 


.975 

JO .~O

4.30 4.20 4.10 4.00 ),95 ),89 ),18 :;'.73 3.~7 
2.88 2.49 2.28 .• 2.14 2.(1' 1.98 1.93 1,88 1.85,905,81 5.67 5.52 5,36 5.28 5.20 5.VJ 4.95 4.S6,~9 
4.17 3.32 2.92 2.h9 2,'3 2.42 2.J3 2.27 2.217.21 7.111 6.81 6.61 6.50 6.40 6.18 6.06 5.95 .lIS 


.999 


.9~5 
j.57 4.111 3.'~ 3.25 3.03 2.87 2.7' 2.65 2.57 


.99 

IU 11.2 10.8 10.:1 10.) 10.1 9.73 9.ll 9.J) 	 .97~ 

4.51 4.112 3.70 3.47 3.30 3.17 3.077.'6 '.39 
1.0J 1.04 1.05 1.115 1.117 1.07 1,1/89 . 50 
 1.0J 1.02 5.24 4.1'>2 . 4.23 3.9l 3.74 3.58 3.45 


.90 

.995 
 9.18 h.35 

2,42 2.38 2.34 2.30 2.28 ~.25 2.21 2.18 2.16 
8.77 7.0~ 6.12 5.53 5.12 4.82 4.58 4.39Il.J3,)4 3.07 3.01 2.94 2.~ 2.86 2.79 2.75 2.11 .'199 


.915 

M 

3.96 :1.87 ),71 3.<17 3.<11 3.56 3045 3.39 ).ll 
0.461 0,701 0.798 0,849 0.880 0.901 0.917 0.928 0.9375.26 5.11 4.% 4,81 4.7J 4.6' 4.48 4.40 4.JI 60 .'0 


.99j 


.99 

6.42 6.23 6.03 5,R.1 ~.11 '.62 '.41 !L30 '.19 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 


.999 

.90 


9.24 8.,eJO 8.72 ft.55 R.I.9 8.00 7,819.~9 9,'7 4.00 J.IS 2.n 2.s3 2.37 2.2' 2.17 2.10 2.04.95 

5.29 3.93 J.34 3,01 2.79 2.63 2.51 2.41 2.3J 

1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.06 1.07 	 .975
III .50 
 3.65 1.34 3.12 2.95 2.R2 2.722.n 2.28 2.24 2.20 2.1l! 2,1(, 2.11 2,08 2.06 	 .99 
 1.08 4.98 4.1J 

.95 

.90 


8.49 5.80 4,1J 4.14 J.7h 3.49 3.29 3.13 J.OI 


.975 

2.74 2.70 2.62 2.58 2.'42.Qa 2.91 2.84 2.17 	 .99' 

3.86 3.69 

.•9 


3.72 }.(.2 3,52 3.42 3.37 3.31 3.20 3.14 3.08 	 .999 
 12.0 7.71 <>.11 S,JI 4.76 4.37 4J19 
4.85 4.71 4,56 '1.41 4.3) 4,25 4.08 4.00 3.9J 


.995 
 5.85 5.66 5.47 5.~7 5.17 ~.01 4.86 4.75 4.1,4 
0.458 0.697 0.793 0.1144 0.875 0,896 0.912 0.923 0.932 

8.7:1 	 8.4~ 8.13 7.80 7.1,4 7.47 7.11 6.94 6.76 120.50 

,90


.999 
 2.IJ 1.99 1.911 U2 1.77 1.72 1.682.75 2.35 
3.92 3,07 2.68 2.4j 2.29 2.18 2,09 2.02 1.96 


.90 

0.9~9 1.00 1.01 1.02 1.0J 1.03 1.05 1.0' Ul6 	 .95
12 .50 


2.19 .U5 2.10 2.11/> 2.04 2.01 1.96 1.9) 1.90 	 .9U 5.15 J.II0 3.21 2.89 2.67 U2 2.J9 2.30 2.22 

.95 
 2.7S 2.69 2.62 Z.54 2.51 .!.47 l.38 2.J4 2.30 ),95 3,17 2,96 2.79 2.66 2.566.85 4.79 3.48.99
3.17 1.28 1.18 1.117 ),(12 2.96 2.85 2.79 2.12.975 
 8.18 S.~ 4.50 1.92 3.55 1,28 3.09 2.93 2.81

4.16 4.01 3.86 1.78 ;1.70 J.~4 ).4S ;1.)6 	 .995
4.JO.'99 
11.4 7.12 5.78 4.9.~ 4.42 4.04 3.77 3.55 3.38 

~.09 4.91 4.n 4.53 4.43 4.~) 4.12 4.01 ).90 .999 

.999 

.995 


7.29 	 7.00 <\,71 6,40 6.25 6.09 5,76 5.59 M2 

t(l .50 
 0,455 0.69.1 0.789 0.839 0870 0.891 0.907 0.9111 0.927 


.50 
 1.01 1.02 1.02 I.OJ 1.04 1.0'0.977 0.989 1.00 2.71 2.30 2.08 1.94 1.85 1.77 1.12 1.67 1.63.90
2.02 1.97 1.92 I.~ I.ft1 1.82 1.79 1.162.06" .90 
 3.84 3.00 2,60 2.37 2.21 2.10 2.01 1.94 1.88 
~.'4 2."H 2.40 2.3:t 2.29 2,25 1.'6 2.11 1.07 .9S 


.975 


.9~ 
5.02 3.69 3.12 2.79 2.57 2.41 2.29 2.19 2.11 


.99 

),0(, 2.96 2.8(1 2.76 2.711 2.64 2.52 2.4C, 2.40 	 .975 

J.80 3.~7 J.,2 J.n 3.29 3.11 3.o, 2.96 2.~7 	 .99 
 6.63 4.61 1.78 ),]2 ~1.02 2.SO 2.64 2.51 2.41 


.995 
 4.15 4.07 3.88 3.79 3.69 3.48 3,37 3.26 7.88 5.30 4.18 3.72 US 3.09 2.90 2.14 2.62 

.999 


4.42 
(,.08 5.61 5.:14 '.2:1 '.10 4.95 4.64 4.48 4.31 	 .995 


1.1010.8 6.91 3,42 4.62 4.10 J.74 3.47 3.27.9~9 

0.966 o.~n U.9"') 1.00 1.01 1.01 1.02 1.03 1.03 

.110 


0 .50 

1.84 1.79 1.1'1 1.74 1.118 1.64 1.(,11.94 1.8? 

2.28 2.20 2,12 2.08 2.04 1.9$ 1.90 1.84.9S 2.3' 
2.77 2.68 2.57 2.46 2.41 2.35 2.22 2.16 2.1l9 


.99 


.n~ 
),,17 J,lJ 3.(19 J.94 1.8!> 2.7ft 2.61 2.52 2.42 

3.12 2.92 2.81 2.(.93.85 3.68 l.S<> J.l:! 3.22 

.999 

.995 


5.08 4,82 4.56 4.211 4.15 4.1K1 3.70 3.54 3.38 

0.961 0.972 0.983 0.994 1.00 LOJ 1.02 1.02 1.0324 .50 

1.70 1.(,7 1.61 1.53J.88 1.83 1.18 1.73.\IIl .." 

1,2$ 2.18 2.11 2.03 1.98 1.94 1.84 1.79 1.73 

.9H 

.95 


2.64 1.54 2,44 2.33 2.27 2.21 2.08 2.01 1.94 

.9'1 
 :t.11 3.0) 2.S" 2.74 2.(.6 2.58 2.40 2.31 2.21 

J.59 3.42 ),25 3.06 1.91 2.87 2.66 2.H 2.43 

.999 

.~.5 


4.64 4.39 4.14 3.81 3.74 3.:19 1.29 3.14 2.97 
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Table Coli (Continued) Percentiles of the F Distribution 

Nume"l"rdf 
Den. 

30 60 120 m
10 J2 IS 20 24dr 4 

0.989 0.994 1.00 1.01 1.02 1.020.955 O.96~ 0.91830 .'0 
1.61 1.50J.61 1.64 I.~ 1.461.82 1.11 1.72.90 

l.89 1.74 1.68 l.tIl2.16 2.09 2.01 1.93 1.84 


.975 


.9' 
2." 2.41 2.31 2,20 2.14 2.07 1.94 1.87 1;79 

2.98 2.84 2.70 :U~ 2.47 2.39 2.21 2.11 2.01.99 
2.73 2.63 2.42 2.30 2.183.34 3.18 3.01 2.82.99' 

3.49 3.36 3.22 2.92 1.76 2.594.14 4.00 3.75.999 

0.989 1.00 1.01 !.OI0.945 0.9'6 0.961 0.978 0.93300 .50 
1-(;0 I.~ LSI 1.48 1.40 US 1.291.71 1.66 


.'15 


.90 
L99 1.92 1.84 US 1.70 1.6S 1.$) 1..7 1.39 

.975 2.27 2.17 Z.O<> 1.94 l.88 1.82 1.67 US 1.48 
l.84 1.73 1.002.M 2.50 2.35 2.20 2.12 1.03.99 

2.29 2.19 !.% 1.83 l.tl92.W 2.74 2.S7 2.39.99' 
2.83 2.69 2.55 2.25 2.08 1.89).501 3.32 3.08.!W9 

ll.m 1.00 1.01\}'961 0.912 0.9'11 0.93)Ill) .50 0.'13' 0.950 
1.41 1.32 1.26 1.19I.(d 1.60 ISS 1.48 1.45 


.95 


.90 
1.91 1.83 OS 1.66 1.61 1.5$ 1.43 1.35 1.25 

1.69 !.4J J.)I
2.16 2.05 US l.82 1.76 U3 

1.38.97' 
2.03 J.9~ 1.86 1.66 1.532.41 2.34 2.19.99 

2.37 2.19 2.09 1.911 1.7l 1.61 \.4l2.71 2.54.995 
2.78 2.40 2.26 1.95 1.71 1.543.24 3.02 2.53.999 

0.967 0.912 0.978 0.989 0.994 1.000.934 0.94$ 0.9$600 .SQ 
1.14 1.17 1.00

.\!() 1.60 1.'5 1.49 1.42 1.38 1.34 
1.67 1.52 1.)2 1.2:1- 1.001.83 1.7S U1 1.46.95 

157 1.39 1.21 1.002.(l' 1.94 1.83 1.71 I.M.975 
\.31 \.002.ll 2.111 2.04 US 1.1'.1' I.'ll 1.4' 


.995 


.99 
2.n 2.36 2.19 2.00 1.90 1.79 1.53 1.36 1.00 

UI 2.27 2.13 1.99 1.66 1.45 1.00.999 2.96 2.74 
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