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Question 1

Let X =(X,, ..., X;,) be a random sample from a Gamma distribution with shape parameters a
and B known.

The p.d.fof Xjis

a
fxla, B) = Fis X6  exp(=Bx), x20,0> 0,8 0

(a) Determine the log likelihood function.

(5 Marks)
(b) Show that ¥, In(X;) , is a sufficient statistic, and X is not.

(15 Marks)

Question 2

The times in seconds X;, Xa, ..., X, between messages arriving at a node in a
telecommunications system constitute a random sample from an exponential distribution with
probability density function f(x) = u~texp (— i) (x> 0), where p (> 0) is an unknown
parameter, V

a) Show that /I, = -:;Z}":l X; , is an unbiased estimator of p and find its variance.
(5 Marks)
b) Isf, a consistent estimator of u? Justify your answer,
(2 Marks)
¢) Show that E (,/ X;) = %\/nu and hence show that @ = %J X;.X, is an unbiased
estimator of p.

(6 Marks)
d) Find the relative efficiency of i compared to ,.

(4 Marks)

Question 3

Let X be N~ (u, 8100). To test Hy: p = 530 against the alternative hypothesis H1: p < 530.
Given a random sample of size n = 36, let the critical region be defined by
C={: <£510.77}, where is the observed random sample mean.

Find the p-value for this test. (10 marks)
If H;: p= 509, find the probabilities of making the Type Il error and of correctly rejecting
Hj. (15 marks)
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Question 4

Let Xj,..., Xs~ N(8,9). Thus, E(X;) = 6, and Var(X;) = 9.

a) Find the maximum likelihood estimator 8,

(5 Marks)
b) Find the score function and the Fisher information.
(10 Marks)
¢) Find the minimum variance bound for unbiased estimator of 6.
(5 Marks)

Question 5

a) Suppose that X;, X3, ..., X, constitute a random sample from a distribution with
probability density fx [8) , where 0 is a real parameter with prior density n(6) . The
loss when 8 is estimated by 8 (a function of Xy, X3, ..., Xy) is #(8;0 ) .

i.  Define the Bayes risk of 8 and the Bayes estimator of 6.

(4 Marks)
ii.  Show that the Bayes estimator can be found by minimising the
posteriorexpected loss for given (x, Xz, ..., Xp)-
(6 Marks)
b) Let Xi,..., Xp~ N(6,1). Let = be a N(0, 1) prior:
1 62
7{(6') m.exp ( > )
i.  Find the posterior distribution for 6.
(4 Marks)
ii.  Find the posterior mean 8.
(6 Marks)
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Normal Distribution

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

Entry is area A under the standard nocmal curve from - o 0 2{A)

THA)

z 00 L1 02 03 04 05 06 L7 AR 09

A | 5000 .S040 5080 51200 5160 5199 5239 5209 5319 (5359
A | 5398 8438 5478 5517 5557 5586 (5636 5675 5714 3753
2| 5793 5832 5871 AW0 0 5948 5987 6026 6064 GLO3 6141
31 8179 6217 6255 6293 633F 6368 6406 6443 6480 6517
4, 6354 659] 6628 6664 6700 6736 G772 .GHO8  .6Bs4 GBTS

51 6915 6950 685 2019 L7054 0B 23 7E57 TESO 124
S 7287 7290 7324 TR 1389 7422 (1484 MA86 7517 7549
L7 L7380 611 7642 167X L7704 7734 7ve4 7794 L7823 7882
B 7881 M0 7939 7967 (7985 023 #0510 8008 Bi1Dé 8133
91 Bis® K186 8212 823 8264 8289 815 8340 8365 8389

1.0 8413 %438  B461 8485 BS08 8531 8534 8577 A599 8621
L1} B643 8665 .B6B6 .BTOB 8729 4749 8770 8790 BEI0 8830
1.2 ] 3849  BH69  HSRS  .B9O7 8925  B9%44 ¥962 %980 .E997 9015
B3] 9032 9049 9066 5082 9099 D115 9131 8147 9i62 WIT7
B4 | 9192 9207 9222 9236 9251 9265 9279 9192 9o 9319
1.5 ] 5332 9345 9157 9370 9382 9394 5406 I8 9429 .944]
16 ] 9452 9463 474 84 9495 9505 9515 9525 9335 9545
1.7 ] 9554 9364 9573 9582 9591 9599 9608 9616 9625 9633
1.8 ] 9641 9649 9656 9664 9671 9678 D636 9603 9699 906
LS | 9713 STIR 5726 9732 9738 9744 9750 9156 9TBY 9767
2041 9772 9778 B783 9788  .9793 9798 9803  9BO8  9Bi2 9817
2.1 | 9821 8826 9B30 9834 9838 9842 9846 985O 9854 9857
22 ] 9861 9864 BB6R 9871 9875 9878  OB8]1 9884 9837 9B
2.3 | (9893 080G 983R 9901  .9904 9906 990% 931 9913 9916
24 | 9918 9920 9922 9925 9927 9820 9931 3912 .99 993

2.5 1 9938 9940 9941 9943 95 9946 9948 9949 995 9952
26 9953 9955 9956 9857 9959 9960 9961 9962 9963 9954
27 | 995 9966 9967 9968 9969 99 9871 9972 5973 994
2.8 | 9974 9975 9976 9977 9977 99¥8 9970 9979 998G w98
29 | 9951 9982 9582 99B3 9984 9934 9985 9985 9986 .9986

lm»a\ 0993 9994 9004 0004 9994 9994 9995 0995 4098
9997 9997 9997 9997 9007 9997 9997 9997 .9098
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Chi-Square Distribution

Table C-2. Percentiles of the xz Distribution

Emtry is x44; v) where P{x*(} = x (A )} = A

h

003 00 0258 050 00 S00 930 SIS 990 995

0.0%193 0.0°157 0.0°082 067393 0.01S8 2.7 386 503 683 7.8F
00100 Q.02H 00%05 0.103 0211 461 3599 1M 921 1080
0072 Q418 Q26 0382 0584 825 781 235 1LM 1284
0.207 0297 D4R D711 1084 I 543 N4 1328 1486

0412 0554 0831 1345 Lel 9.24 1107 1283 1509 1674
046% 0372 124 L4 2 1064 1259 1445 1681 1855
nogs 124 1e 17 283 §202 1407 1601 1848 2028
.34 165 218 273 38 1336 1551 175} 009 296
L33 208 270 38 47 14.68 1692 1901 2167 23.5%

W 216 236 3128 3u4 487 1599 1331 2048 2321 2519
11260 308 28 457 58 1728 1968 2182 W33 2676
12 13407 357 a4 523 6% 1838 21,03 2334 621 4.3
13 (357 411 501 582 704 941 2.3 MM 2749 2982
M 407 466 561 K37 1R 206 1368 2612 2344 32

I5 j460 3523 626 126 BAS 223 2500 X4 S8 M
16 514 581 6 196 93l 25 2630 2885 3200 M7
1?2 1870 841 156 E67 1009 WIT 228 WY N4 BN
18 1626 7Ol B2¥ 939 1086 25595 2887 M3 MB} 376
19 |6B84 763 B9 1012 1165 21W 014 RES 619 858

20 {743 BB 95%  108F 1244 2841 314l 3437 3757 A0
2r (803 296 1028 1L 1M 2862 3267 3548 393 40
21 (864 98 N9 1LM 1404 3081 3352 3678 4029 42.80
23 19326 1028 168 12.0% 1483 3201 3517 W08 A4 4408
24 [ 989 1036 1240 13RS 1546 3320 3642 3936 4298 4556

15 052 1182 112 1440 1647 M3 1765 0465 M3 4693
% {1L1d 1220 13% 1538 1128 3556 3889 4192 45.64 4829
TiR8 JAST 1615 184 36534 4001 4319 4696 45
1356 150 169 18%4 3792 413 4446 4828 0w
1426 1605 1771 W7 3908 4256 A2 4959 5L

1495 1679 18349 20480 #.26 4371 4698 SDBY 5247
236 A4 2651 2905 3B 8576 5934 63469 4TI
3N RW M N6 6317 6150 714 7635 M4y
3748 4048 4119 4646 7440 TOQB  H130 BB.3E 1.9

AS44 4876 374 3303 85133 W03 8502 1004 1042
1% 5115 6039 6% 8658 1019 1066 TIL3} 1163
6175 €565 69203 7129 1076 1A &L 1240 133
006 WA 79 OB 85 1243 1296 13538 M02

NI G0 g D (*wb’“
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Student’s Distribution (f Distribution)

Table C4 Percentiles of the f Distribution

Entry is 1{A; ») where P{e(a) < 1(A; »)} = A

‘ t(A, )

A

B £ 1 AG &5 H0 95 75
I 0.323 0.727 1.376 1.963 3.078 6.314 12.706
2 0.29% 0.687 1.06% 1.386 1.886 2.920 4.303
3 0.277 0.584 0.978 1.250 1,638 2.353 3. 82
4 0.27% 0.5%9 0.4 1,190 1.533 213 2.77%
5 0.267 0.359 0,920 1156 1.476 2.013 251N
& 0. 265 0.553 ©.906 1.134 1.440 1.942 2.447
7 0.263 0.549 0.806 1.119 1.415 1.89% 2.363
] 0.262 1).546 0.889 1.108 L3 1.860 2.306
9 0261 0.543 0,883 1.100 1.383 1833 2,262
10 0.260 0.542 0.879 1.093 132 1.812 2.228
13 0.260 0.340 0.876 1.088 1.363 1,796 2.201
12 0.259 0.539 0.873 1.083 1.356 1.782 2.179
13 0.259 0.537 04870 1.079 1.350 L7711 2.160
14 0.25% 0.537 0.868 3.076 1.345 1,761 2.145
15 0.258 0.536 0.866 1.074 1.341 1.753 2.131
16, 0.258 0.535 0.365 £.G71 1.337 1.746 2.120
17 0,257 0.534 0.863 1.069 1.333 1.740 2.110
18 0237 0534 0862 1.067 1,330 1734 2,101
19 $.257 0.333 0,861 1.066 r.328 1.729 2.093
20 0.257 0.533 0,860 1.064 1.325 1.725 2.086
21 0.257 0.532 0.859 1063 1.323 1721 2.080
22 0.256 0.532 0.858 1.061 1.32¢ Nz 2.074
23 0.256 0.532 0.858 1.060 1.31% 1714 2.069
24 0.256 0531 Q.857 }.05% 1318 1.711 2.064
25 0.256 0.531 0.856 1.058 1316 1.708 2.060
26 @.256 8.331 0,856 1.058 1.315 1.706 2056
27 0.256 0.531 0.855 1,057 §.314 1.703 2.052
28 0.256 0.530 0.835 1.056 1,313 1.3 2.048
29 0.256 0.530 0.854 1.055 1.311 1.699 2.045
30 0,256 0.530 0.854 £.055 1.310 1.697 2.042
40 0258 - 0.529 0.851 1.050 1.303 1 684 2.021
60 0.254 0.527 0.848 §.045 1.29% L.aT1 2.000
120 0.254 0.526 0.845 1.04¢ 1.289 1.658 1.9480
= 0.253 0.524 0.542 1.036 1.282 1.645 1.960
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Table C4 (Continued) Percentiles of the ¢ Distribution

A

v £ 985 L 9925 995 9975 9995
1 | 15895 20205 36821 42434 63657 127322 636.5%0
2 | 4849 5643 695 8473 9925 M08 31598
3| 3482 3896 4541 5047 584 745 12924
4 | 299 3 3T 408 460 5.598 8.610
s | 275 30m 3365 363 403 4.773 6.869
6 | 2612 282 343 33m 3707 4317 5.959
7| 2517 275 2998 3203 3499 4.020 5.408
§ | 2449 2634  28% 3085 335 3.833 5.041
9 [ 238  25M 282 29 3250 3.690 4781
0| 23% 250 2764 2932 3169 3.581 4.587
11| 238 240 2N8 28M™ Ba06 3.497 4.437
12 | 2303 2461 2681 2836 3058 3.428 4318
13| 222 243 2650 2800 302 3.372 4.221
M | 2264 2415 2624 27 297 3.326 4.140
15 | 2249 23T 2602 26 2947 3.286 4.073
16 | 2235 2362 2583 274 29 3.252 4.015
17 | 224 2368 2567 2706 2898 3.222 3.965
8 | 2214 2356 2552 2689 2878 3.197 3.922
19 | 2205 2346 2539 26M 2868 3.474 3.883
0 | 249 2336 2528 2661 2843 3.153 3.849
2| 248 238 2518 269 28 1135 3.819
2 | 2483 230 2508 26 2819 3.119 3792
3 | 2am 1M3 2500 269 280 3.104 3.768
24 | m 2300 2412 260 279 3.091 3.745
25 | 2367 2301 2485 2612 2789 30m 3.725
% | 2362 22% 2479 2605 2TM 3.067 3.707
27 | 2458 2291 2473 259 2N 3.057 3.690
8 | 2154 ;6 AT 232 2163 3.047 3.674
2% | 2050 2282 2462 2586 275 3.038 3,659
1| 2M7 2m8 2457 2381 2750 3.0%0 3.646
0 | 2323 2250 242 252 2704 2971 3.551
60 | 209 2223 2390 254 2660 2915 1,460
120 | 2076 2096 2358 2468 261 2,860 3.373
o 2054 247 23%6 2432 2.5% 3.291

2.807
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Table C-5 (Continued) Percentiles of the F Distribution Table C-5 (Continued) Percentites of the F Distribution

Namentor ¢f
Numerstor df Den.
T Py 3 < S P " 3 o 8t 10 1z 13 2 b % (2] 126 L3
1 204 207 2190 242 21 215 237 2.18 i 1]

100 130 17 $32 1% i 1M 2w w
39 4R 536 S5X 372 sR2 B9 X 599
161 200 26 223 230 24 233 232 241
£an $00 B4 900 s 937 R 857 963 ;
4082 3000 3403 36235 5753 5859  393%  39UB1  HaR2 i 955 | 74224 33426 244630 24336 24.630

A
30

50 b2 €07 612 8.7 624 523 628 xR 013
95 242 244 24 248 249 230 2153 253 254
975

39

968 w17 o83 993 997 1001 e 1014 1018
£O358 6306 AIST 6208 &233 6261 513 I 6L
M 28251 25359 23464

3 0,000 265 22500 7 287 X | 2
tog%t‘) 500,000 340,380 382, %00 rﬁ:%g s:g:go sgz,x;g ﬁ.?g w{% ; 5% | 805,620 410,670 615,700 620910 SIX 50 626,100 631,340 632,970 35,620
0867 100 13 121 31.28 1.2% 1.30 2,32 1.33 ) 2 .50 | 1.34 1.36 1,3% 1.3% 1.40 .41 1.43 143 184
BS¥ 908 916 924 928 933 933 537 43k S0 53 031 942 D4 V45 D46 947 948 9.9
8.5 % 03 19.2 193 19,3 199 194 194 35 194 194 194 19.4 9.5 9.3 9.5 19.5 195
385 390 392 2 293 I3 384 94 3w g7% 394 394 394 B4 W3 335 395 3935 39S
S5 98 992 993 993 993 94 WA w94 Sy 954 994 994 994 63 DR3 995 9935  I9S
199 193 198 198 199 199 Y98 1% 19y s 19% 159 5% 199 199 198 398 19 200
IR  SES0 9992 UNS.Z 9993 DID3  DoD4  SINK 0994 | B98] 9Iua  GUV4  YOUA  9UO4  UPOS  9OO5  SUSS 9993 o9eS
BMES OB 100 106 440 L1315 w6 qa7 3 .50 131200 R 123 123 L3 LIS 126 12
334 345 335 334 s SN s 32 AW o0 $33 3} S sis  syE S¥1 S05 Si4 sa3
Lo B B o S v I . B s oA o o . | ‘os 279 & S0 Bes  B64 362 AST 835 BS3
13 160 134 431 49 47 46 MS ks o 975 144 143 143 142 141 M 140 138 138
M4 M08 S Y W2 Y Ir 2B W3
A5H  AOB 475 462 454 448 344  dw1 e o8 22 21 269 267 266 M5 2.3 2&r 261
y : . oy : s 437 434 4301 4B 2% 423 411 206 M1X
70 MES 11 1371 1346 3328 1316 1306 12w 93
; 398 1293 4283 1273 1264 I259 1239 1243 34D 1235
0349 0828 0041 10D 108 106 LU L9 L0 | .
454 4.32 .19 FRY] 408 £ 398 393 394 : 4 .30 1.1 113 .14 318 130 1.16 118 1.18 3,19
LI 694 639 63 626 616 509  HOA GO0 0 392 350 38T 38e 38} 382 339 XX 3%
122 10.6 2.8 9.60 5.36 2.20 (2.0 X 8950 93 596 39 3.86 A.30 5.¥7 5.78 5.68 3.66 583
1.2 180 16.7 16.0 155 152 130 143 14.7 . Y7S B34 8.75 B.66 8.56 8,51 B.46 8.36 4.3 £.26
33 263 243 232 215 26 A& 24 ma £ 145 144 122 140 3135 I3R 357 136 135
743 612 362 334 517 305 497 490 483 995 2, 2007 204 202 200 199 198 195 193
¥ 7. . 5.8 ¥ . y .
0828 NI 0907 D.9es ;..(:x 102 104 103 106 9 o) il 408 ot 4 454 wI Ha e
406 378 3 352 3 240 337 A am s .50 L7 L L1000 L0 12 K12 LM LM 1S
e o 3N I st o aD o 330 327 324 3 39 A1r 34 Az 30
€3 B3 B ha o v Se tos ey s 95 474  ABR 462 436 453 4350 443 440 4N
by ¥ ] - ’ 973 B62 5,52 643 633 428 623 612 6 6w
228  ¥83 185 138 143 43 342 18D (33 Yot oms ST oS3 o0& o3 o  sn  om
472 1 B2 3 298 MR ™2 X6 WX Sod p : p p - - -l ;
99 136 134 133 129 328 427 124 123 123
0515 DIB0 0586 D942 097 oo 1.02 103 1.04 559 6.9 26.4 259 54 231 248 24.3 243 38
378 346 329 AIE Al 305 301 28H 266
69 304 AY6 433 439 428 421 445 4 6 50 105 186 107 0B 108 LI LI L1 a2
88 12 660 623 399 S®  SW S0 582 30 294 290 287  2Ms 282 280 276 274 292
17 109 $IE sus 835 847 B2 810 758 ns 406 400 394 38T 334 3B 34 39 367
e RS 129 120 LY Bd I0F 106 104 s 546 537 S27 507 Aj2 AUT 4% 450 483
353 210 9 2359 08 0 RS 190 Wy ’ . 2By A 7.56 140 7.31 723 2.08 552 628
as6 9767 BAT 0926 osen 084 100 1ol 102 rees W2 100  9B1 959 947 B 942 900 Bss
3 4 ! y 7 1
506 AR I B G s 18 178 1M1 163 36 162 180 137
359 a7 35 412 As7 33 3 %)
807 63 S sz 529 312 499 AW 4R TR IR OO 3 o Lmooe s ik ik
122 93 84 T M T e M oem -5 364 33 33 3 4 3 Im 327 3
b S S - -+ Ay S S ' 935] AT 481 AT 447 A4r 436 425 a4k
- 5 - - - - 3 e 682 54 631 &6 607 S99 582 574 34

141 137 133 128 127 125 12 1S 1
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Table C-5 (Continued) Percentiles of the F Distribution

Numerator 1
Den,
a3 1 2 3 4 s [ 7 8 g
8 .50 BAYE 0757 OE0 0513 O 0971 0988 100 Lot
So A6 31 2.9% 2.8 273 267 A2 259 2.55
3% 532 446 4.97 3.84 3.68 33K ase A4 3.39
575 1.57 506 542 5.03 4.82 465 4,33 4,43 4.36
99 13y Bas 7.39 7.01 643 AW 6.)8 603 R 5
955 139 110 B.50 .63 8.30 745 749 150 7%
B 254 8.3 15.8 144 133 2.9 24 2.0 113
5 30 DA% B9 GRSZ OO06 0939 D62 09T I 1.0
90 136 301 2.8 269 2.01 2,54 2.3 2.47 244
R 302 426 186 363 3.48 3y 329 E¥il 318
57 k2 b3 508 472 448 432 43 410 A0
e 2402 699 642 6.08 3,80 581 347 5.3%
995 138 i 812 196 747 713 688 £459 8NM
99 25 5.4 139 12.6 1.y 11 wy 104 W0
w 50 0400 0783 OB 0BD9 0932 038 05V 0983 o992
0 a3 2, oA 2sl a5 246 2m 238 135
&3 4.95 4.10 an 349 3.33 322 334 kKXo p R
g s.54 345 4383 447 424 407 395 3ES 3.8
R ] 00 156 6.35 399 564 33y 330 206 554
949 123 D43 808 7234 687 634 &3 632 5.97
999 20 LX) 0% i3 0.5 993 9.52 2.2 8.96
2 50 Q484 0735 0835 OB8F 0921 043 0.93% 0972 0981
g 338 28 2,81 248 239 2313 2.28 24 2
473 339 349 3326 3 300 2 283 280
R 533 530 447 a2 3.89 3713 361 3.5 344
B 933 493 393 341 3.06 4,82 4.4 430 4.39
955 118 8.5 .23 552 507 5.6 552 3233 3.20
R 1131 3.0 0.8 9.63 8.8y 838 8.00 ™ 748
15 M0 DYIE DI OB 0478 DM 0933 0949 DIO 09W
90 307 230 24 2% 227 2 e 232 208
28 4.54 3.68 329  aps 2% ry 2N 244 2.58
Rt 20 4TY 413 380 58 3.41 32 30 A
E. 842 636 542 4B 456 432 44 400 3E9
95 WHE 10 sS4 SW 337 s.07 4.84 87 4N
e 6.5 3.3 .34 B2S 357 T.08 w4 L X -
0 .50 0473 0718 0816 086K 0900 0922 0938 0956 09
L0 29 239 .38 228 216 208 204 200 WS
38 4 lw 2% an 2460 231 245 139
58 38 A48 286 331 “ 313 3m 291 18
210 sS85 484 J43 A0 W) a1 36 346
s 994 659 .82 317 A6 A4 a2 409 A%
48 wBs &30 7.1 646 ROZ 369 S 5.24
2. ] D469 0714 0812 D863 0B85 0917 092 054 0953
S0 93 .59 233 2.9 20 p X3 138 1.5 1391
&3 42 340 34l 238 242 28 242 23 230
973 3R 42 372 EX s 2 287 18 1MW
25 162 s.61 4732 422 90 7 350 A 336
293 955 hbs 5.52 4.%¢ 449 &30 3% 38 R ¥4
29 TR0 9.34 .53 %39 3.98 353 $.23 453 4.0
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Tabie C-§ (Continued) Percentlies of the F Distribution

Numerator &f
Den

PP 1w 52 13 20 2 30 0 120 «
7 %0 sz 1.03 1.4 (5] 1.06 107 1.08 108 1.0%
50 2.34 8 246 242 240 2.38 234 232 2.28
k) 335 3.24 3.22 EX3 312 kECY 3 257 293
Ry 430 4.0 410 #4006 395 3.89 J.78 273 367
Rl 381 s 332 3.3 5.28 520 303 A% 4¥6
993 .21 N a8l B 6.50 6.40 618 606 598
S5 1 2 10.% 10.5 0.3 (L8] 2.7 .53 9533
% .50 1.01 1.02 1.03 1.0 1.03 1.08 [ N ixg 107 1.08
By .42 238 234 238 2.28 2.25 223 I8 2.16
93 334 3 o 2353 290 2.86 2.9% 275 274
575 EX- kX 1) 37 347 BE3] 136 33w b )
39 3.26 34 4,96 ¥4 4, 4.85 +.48 4.40 43
593 HAd £33 A0 5.83 293 562 S 536 349
559 S.85 997 324 B90 B.72 B.3% %19 BOO 721
(2008 1.00 140 1., 103 1.04 1.08 1.06 1.06 107
906 232 228 224 220 2348 2,16 A3 2,08 206
S5 <303 2 284 20 2M 0 2.62 &$58 .54
B an 3.62 s 342 1% A .20 3.14 308
.59 .83 47 4.3 <41 %.33 4.25 4.08 400 EX /]
593 583 s48 547 322 337 307 4.36 4.75 454
98 878 245 813 7.80 7468 747 731 &%4 876
1 %0 Q988 100 1,04 10 L0 1. LOS 1.03 106
S0 2.4% s LK 206 204 28 " 1.93 150
55 27 2459 2.6 2.54 2.3 247 2.38 234 30
73 337 3.28 308 i 3,02 2,98 L83 2.7% 232
99 £33 436 401 EX: 378 3w 3.54 345 336
598 300 491 472 4,38 443 4.3 a2 401 A0
599 7. F00 &7 6,40 613 .09 1.6 159 42
13 .30 o577 0989 1.00 1.0l 102 102 1.03 1.04 108
0 206 202 197 192 ] 187 1.82 (i 176
93 254 ZAK 240 2.3 228 233 2.6 241 207
TS 106 2.5 px- 276 230 264 2.52 A6 240
.9 3180 3467 aA.52 .10 3.9 an 3.08% 296 2.37
993 442 425 AW 3g2 1% 1 I 3.37 3.26
S0 LY 581 284 525 530 4.93 404 448 4.3
. w966 097 DI 1.00 1.0 1.01 1.02 143 103
50 3. 1B9 1.84 L7 .77 L3 1,638 1.4 EX: )
93 2.3s 228 2.28 2,42 2.08 2.04 1.25 1.%0 i3
IS 277 268 .32 246 241 235 2.2 206 209
59 3.37 223 300 .94 2.86 298 2468 2.82 242
Ry 385 368 3350 53 ] e 2.9 2.8 263
Re 508 452 4.56 L £15 400 3w 354 338
2 .30 e  DITZ 098 0,9 1.00 Lol 102 102 1.03
R ) 3.48 1.83 1.78 173 L. 1.8Y .81 1.57 153
e 228 23k 231 203 t.9% i.%9 .54 L% 1.3
7 2.64 .54 .44 233 2 221 2.08 L0 1954
R.J A 3.03 289 274 2.6 258 240 23 22
993 3% a2 )3 306 29 2.87 266 2355 243
9 404 .35 414 387 3 is9 325 3.04 297
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Table C-§ (Continued) Percentiles of the F Distribution

Numerator &f

Den,

af A 1 2 3 4 5 [ 7 8 9

330 .50 BA66 0709 OR0T OB58 OB 0912 0927 0939 0948
56 288 245 228 244 285 L8 1,93 1.88 LBS
85 417 3 m 169 253 242 23y 2327 »
75 9 418 5 3,25 .0 2.87 275 265 2.57
5% 7.56 5.39 4.51 402 3% 147 130 A a0y
995 218 £33 5.28 462 423 95 3.2 3.58 345
999 133 877 108 &12 5.53 S.12 482 458 439

S0 S0 0461 020 B9 0849 OB DM D917 OB 05TY
50 2™ 2w 2l 2 195 137 1.82 137 LM
.33 400 345 3% 2.53 2.37 .28 247 2,10 2.04
575 32 Am 33 kA4 ] ) 2.63 FA 241 .33
.89 7.08 3.98 413 368 i 2 2.9 282 23
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