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Table D: Quantiles of Chi-Square Distributions with Given Degrees
of Freedom for Selected Cumulative Probabilities

Cumulative Probability

df | 0.005 0.025 _0.05__0.90 0.95 0,975 . 0,99 0,995
11 .00003% .00098 .0039 2,706 3.841 5.024 6.635 7.879
2] .0100 L0506  ,103 4.605 5,991  7.378  9.210 10.597
31 .0717 216 .352  6.251 7.815 9.348 11.345 12.838
41 .207 484 L7112 7.779° 9.488 -11.143 13.277 14.860
5] .412 831 1.145 - 9.236 11.070 12.832 15.086 16.750
6] .676 . 1.237 1.635 10.645 12,592 14.449 16.812 18,548
71 .989  1.690 2.167 12.017 14.067 16.013 -18.475. 20.278
8| 1.344 2.180 2.733 13.362 15.507 17.535 20.090 21.955

9| 1.735 2,700 '3.325 14.684 16.919 - 19.023 21.666 23.589

10] 2.156 3.247  3.940 15.987 18.307 20.483 23.209 25.188

11| 2.603 3.816  4.575 17.275 19.675 21.920 24.725 26.757

12| 3.074 4.404  5.226 18.54% 21.026 23.336 26.217 2B8.300

13] 3.565 5.009 5.892 19.812 22.362 24.736 '27.688 29.819

14] 4.075 5.629 6.571 21.064. 23.685 26.119 '29.141 31.319

15( 4.601 6.262  7.261 22.307 24.996 27.488 -30.578 32.801

16| 5.142 6.908 - 7.962 23.542 26.296 28.845 32.000 34.267

17| 5.697 ~  7.564 B.672 24.769 27,587 30.181 33.409 35.718

18] 6,265 8.231 9.390 25.989  28.869 31.526 34.805 37.156

19] 6.844 - 8.907 10.117 27.204 30.144 32.852 36.191 - 38.582

201 7.434 9.591 10.851 28.412 31.410 34.170 37.566 39.997

21] 8.034 10.283 11.591 -29.615 32.671  35.479 38.932 . 41.401

22]°8.643 10.982 12.338 30.813 33.924 36.781 40.289 42.796

23| 9.260 11.588 13.091 32.007 - 35.172 38.076 -41.638 44.181

24} 9.886  12.401 13.848 33.196 36.415 39.364 42.980 45.558

25110.520 13.120 "14.611 34.382 37.652 .40.646 44.314 46.928

26111.160  13.844 15.379 35.563 38.885 41.923 45.642 48.290

27011.808  14.573 16.151 36.741 40.113 43.194 46.963 49.645

28{12.461. 15.308 16.928 - '37.916 41.337 - 44,461 48.278 50.993

29113.121° 16.047 17.708 39.087 42.557 45.722 49.588 52,336

30)13.787 © 16,791 18.493 - 40,256 43,773 46.979 50.892 53.672

35{17.192  20.569 22.465 46.059 .49.802 53.203 :57.342 60.275

40|20.707 . 24.433 26.509 51,805 55.758 59.342 63.691 66.766

45(24.311  28.366 30.612 57.505 61.656 65.410 69.957 73.166

50127.991  32.357 34.764 63.167 67.505 71.420 76.154 79.490

60]35.535 40.482 43.188 74.397 79.082 83.298 88.379 91.952

70(43.275  48.758 51.739 85.527 90.531 - 95.023 100,425 104.215

80{51.172 57.153 60.391 96.578 101.879 106.629 112.329 116,321

30159.196  65.647 69,126 107.565 113.145 118.136 124.116 128.299

100{67.328 74.222 77.929 118.498 124.342 129.561 135.807 140.169
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Table E: Quentiles o@istributions ‘with -Given Numerator and
gr

ees of Freedom for Selected Probabilities

- Deriominator De

" Cumulative Probability  0.90

Numerator df {¥¢% = e

~ Denominator o
1B .9 -

I PSRN BN N B S L B B e
~ <1t 739,86 49,50 53.59 55.83 7,24 -58,20 58,91 §9,44°59.86
2 853 9.00 '9.16 9.24°9.29-°9.33 9.3 “9,37" 9.38
3 5.54 5.46 5.39 5.34°5.31 5,28 76.27 '6.25 5.24
4 4,54 4,32 4.19- 4,11 4.05 4,01 3,98-°3.95 3.94
T 5 4.06 3.78 3.62 3.52 *3.45 3,40 3,37 '3.34  3.32
RE '3.78- 3.46° 3.29 3.18-'3.11 -3.05 3.01- 2.98 2.96
U7 . “3.,59 3.26 3.07 '2.96°°2.88-2.83 2.78 2.75 2.72
8 3.46 3.11 2.92 2.B1 2,73 2,67 '2.62 2.58 2.56
g 3,36 3.01 2.81 2.69- 2.61+2.65 2.51 2.47 ‘244
10 3.29 2.92 2.73 2.61 2.52 .2.46 2.41 '2.38 2.35
11 3.23.2.86 (2.66) 2.54. 2.45 2,39 "2.34 2,300 2.27
12 3.18 2.81 .2.61 2.48-2.39 2,33 '2.28 -2.24 "2.21
130 . 3.14 -2.76 '2.56 2.43.2,35 :2,28 :2.23 2.200 2.18
14 3,10 2.73 2.52 2,39 2.31 '2.24 -2.19 2.15 -2.12
15 3,07 -2.70 2.49:2.36 2.27 "2.21 2.16 2.127°2.09
16 3.05 2.67 2.46 2.33 '2.24--2,18-°2.13 :2.09°72.06
A7 3.03 2.64 2,44 2.31 2.2%2 ‘2,15 .2.10 12.06 2.03
18 3,01 2.62 "2.42 2.20 '2.20 ‘2.13 . 2.08 "2.04° 2.00
19 '2.99..2.61 .2.40 2.27 2.18.72.11 2.06 2.02 1.98
20 2,97 .2.59 2.38 2.25 2.16 .2.09 2.04 2.00, . 1.96
21 2,96 2.57 .2.36 2,23 ‘2,14 -2,08 2.02 1.98 -1.95
22 .~ 2.95 2.56 2.35 .2.22 2,13 2,06 '2.01 1.97 1.93
23 2,94 (2,55 2,34 2.21 2711 2,06 71,99 1.967 1.92
24 . 2.93 2.54 2,33 2.19712.10 2.04 11.08 1.94 1.91
g5 . 2.92 2,53 2,32 2,18 2,09 2.02 1.97 1.93°-1.89
26 2,81 2.52 2,31 2,17 72,08 '2.01 1.96 1.92 -1.88
.27  2.80 2.51 2.30 2,17 2.07 -2.00 1,95 1,917 1.87
28 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87
29  2.89 2.50 2.28° 2.15 2.06 1.99 1,93 1.89° 1.86
(G0 . 2.88 249 2.28° 2.14.2.05 1.98 1.93 1.88. 1.B5
40 . 2.84 2.44 2,23 2.09 2,00 1.93 1.87'1.831.79
§0  2.79 2.39 2.18 2,04 1.95 1.87- 1.82 1.77 .74
120 - - 2.75 2,35.2.13 1.99:1.,90 1,82 1.77 1.72  1.68
@ 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63
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Table B (Con_tinw?d ), F Distributions Lﬁ-) dj/yfj') [P
, 0.90 (centinued)
Den. - Numerator df

af 10 12 16. =20 . 24 630/ 40 60 120 @
1 60.15 60.71 61.22 61.74 62,00 62,25 62,53 §2.78 63,06 63,33
2. 9,33 9.41 .9.42 D.44 9.45 9.48° 9.47 8.47 9.48 8.49
3. .5.23 5.22 5.20 5,18 §.18 5.17 .5.16 .5.15 5.14 5.13
4 . '3.92 3.90 -3.87 3.84 -3.83 3.82 3.80 3.79 3.78 3.78
5 .3.30 8.27 .3.24 3.21 .3.19 3.17 3.18 3,14 3.12 3.10
6 '2.94 2.90 2.87 2/84 2.82 2.80 2.78 2.76° 2.74 2.72
7 2.70 2.67 2.63,2.59 -2.58 2.56 2,54 2.51 2,49 2.47
8 2.54 2.50 2.46 2,42 2.40 2.38 2.36 .2,3¢4 2.32 2.2
¢ 2,42 2.38 2.34 .2.30 2.28 2.25 2.23 2.21 2,18 2.18
10 2.32 2.28 2.24 2.20 2,18 2.16 2,13 2,11 2.08 2.08
1 -2.25 2,21 2.17 2.12 2.10° 2.08 2.05 2.03 2.00 1.97
12 » 2.19 2.15 2.10 -2.06 2,04 -2.01 -1.99 1.86 1,83 1.90
13 .2.14 2.10 2.05 .2.01 1.98 .1.96,.1,83 -1.90 1.83 1.8%
14 - 2.10 2.05 -2.01 1,96 1.94 .1.91 1.89 .1.86 1.83 1.80
15 . 2.06 2.02 1,97 1,92 1.80 1.87 .1.85 1.82 1.79 1.78
16 . 2.03 .1.99 .1.94 1.89 -1,87 1,84 ‘1,81 1.78 1.75 1.72
47 . 2.00 1.96 1.91 1.86 1.84 .1.81 1.78 1,75 1.72 1.69
18, 1.96 .1.93 1.89 1.84 1,81 1.78 1.75 1.72 1.69 1,86
19 - 1.95 1.91 1.86 1.81 1.79 1.76 1.73 1.70 1:67 1.63
20 1.94 1.89 1.84 1.78.1.77 1.74 1.71 1.68 1.64 1.61
21 - 1.92 1.87 1.83° 1.78 1,75 "1.72 1.69 1,66 1.82 1.59
22 1.90 1.86 1.81 1.76.1.73 1.70 1.67. 1,84 1,80 1.57
23 1.89 1.84 1.80 1.74 1.72 1.69 1.66 1.62 1.59 1.55
24 1,88 .1.83 1.78 1.73- 1.70 1.67 - 1.64 1,61 1.57 1.53
25 1.7 1.82 1,77 ~1.72 1.69 1.66 .1.63 '1.59 1.86 1.52
26. 1.86 1,81 1.76 1.71-1.68 1,85 1.61.1.58 1.5 1.50
.27, - 1.85 1.80 1.75 . 1.70.1.67 1.64 1.60 '1.57 1363 1.49
28, 1.84 .1,79 1.74 1.69 -1.66 1.63 1.53..1.56 1.52 1.48
29.. 1.83 .1.78 .1.73 1.68 1.65 1.82 1.58 11.55 1.51 1.47
.30 1.82 1.77 1.72 1.67 - 1.64 ~.1.61 1.57 1.54 1.50 1.46
T o40t 1,76 1.71 1.66 ~1.81 1.57 1.54 1,51 1.47 1.42 1.38
60, -1.71.1.66 1.60 1.54 1,61 1.48 1.44 1.40 1.35 1.29
120 . 1.65 1.60 1.55 -1.48- 1.45 1.41 1.37 1.32 1.26 1.19
@ - 1,60 1.55 1.4 1.42.1.38 1.34 1.30 1.2¢ 1.17 1.00
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Table E (Coatinued ) : F Dist rlbutlons 2 ) e ~

0.95 © {continued) |

Numerator df

Den

6f 10 1 32 15 20 24 (803 40 60 120 @
1 241.9 243.9 245.9 248.0 249.1 250.1 251.1°252.2 253.3 254.3
2 0 19.40/19,41 19,43 19:45 19,45 19,46 19,47 19.48 19.49 19.50
3 - 8.79; 8.74 8,70 8.66 8.64. 8.62 B,59 B8.57 8.55 8.53
‘4 5.96/ 5.91 5.86 5.80° 5.77 5.75 5.72 5.69 5.56 5.63
5 4.74 4.68 4.62 4.56 4,53 . 4,50 4.46 4.43 4.0 4,88
's 4,06 4,00 3.94 3.87 3.84 3.81 3.77 3.74 3,70 3.67
7 3.64 3.57 3,51 3.44 '3.41 3.38 .3.34 3.30 3.27 3.23
8 3.353.28 3.22 3.15 3,12 3,08 ' 3.04 3.01 2.97 2.93
5 3.14 3.07 3.01 2.94 2.90 2.86 2.83 2:79 2.95 2.71
‘10 - 2.98 .2.91 2.85 2,77 2.74 2,70 2.66 2.62 2.58 2.54
12 2.85 2.79 2,72 2.65 2.61 2.57 2,53 2.49 2.45 2.40
12 2.75 2.68 2.62 2,54 2.51 2.47 2.43. 2.38 2.34 2.30
13 2.67 2.60 2.53 2.46 2,42 2.38 2.34 2.30 2.25 2.21
14 . 2.60 2.53 2.46.2.39 2.35 2.31 2.27 2.22 2.18 2.13
15§ 2.54 2.48 2.40 -2.33 2.39 2.25 “2.20 2.16 Z.11 2.07
16 2.49 2.42 2:35 2.28 2.4 2.19 2.15 2.11 2.05 2.01
17 (2.45°-2.38 2.31 2.23-2.19 2.16 2,10 2.06 2.01 1.96
18 7041 2.34 2,27 2.19 2.15 -2.11 2.06 2.02° 1.87 1.92
1¢  2.38 2.31 2.23 2.16 2.11 2.07 2. 03 1.98 1.93 1.88
2¢ - 2.35 2.28 2,200 2.12 2.08 2.04 1. 1.95 1.50 1.84
21 2.32 2.25 2,18 2.10 2.05 2.01 1.96 1.92 1.87 1.81
2¢ 2,30 2.23 2.15 2.07 2.03 1.98 1,94 1.8 1.84 1.78
23 2.27 2.20 2.13 2.05 2.01  1.96 -1.91 1.85 1.81 1.76
24 2,25 2,18 2.11 2,03 1.98 1.94 1.89 1.84 1.73 1.73
25  2.24 2,16 2.0% 2.01 1.96 1.92 1.87 1.82 1.77 1.71
25 - 2.22 2.15 2.07 1.99 1,95 1.90 1.85 1.80 1.75 1.69
27 .2.20°°2.13 2.06 1.87 1.93 “1,88 1.84 1.79 1.73 1.67
28 2,197 2.12 2,04 1,96 1,91 1.87 1.82 1.77 1.71 1.65
29 2,18 2.10 2.03 1.94 1.90 1.85 1,81 1.75 1,70 1.64
30+ 2.16 2.09 2,01 1.93 1.89 1.84 1.79 1.74 1.63 1.62
40 . 2.08 2.00 1.92 1.84 1,79 1.74 1.69 1.64 1,58 1.61
60 ¢ 1.99 1.92° 1.84 1.75 1.70 1.65 1.59 1,53 1.47 1.39
. 120 1,81 1.83 1.75 1,66 1.61 1.55 1.50 1.43 1.35 1.25
w . 1.83°1,75 1.67 1.57 1.52 1.46 1.39 1.32 1.22 1.00
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ible E ((jontinued )+ F Distributions
Cumulative Probability 0.975
:nominator * Numerator df
df 1 4 3 4 5 -8 7 8
1 647.8 799.5 864.2 B899.6 921.8 937.1 948.2 956.7
2 38.51 39.00 39.17 39.25 39.30 39.33-39.36 39.37 :
3 17.44.16.04 15.44 15,10 14.88 14.73 14.62 14.54 14,
4 12.22 10,65 ©.98 9.60 9.36 -9.20 9,07 B.96 8.
5 10,01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.
6 a.gi 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52
7 8,07 6.54 5,89 5.5 5.29 5.12 4.99 4,90 4.B2
8 757 6.06 5.42 5.05 4.82 4.65 4.53.4.43 4.35
9 - 7,21 5.71 5.08 4.72 4.48 4,32 4.20 410 4.0°
10 6.94 5.45 4.83 4.47 4.24 4,07 3.95 3.85. 3.78
11 6.72 5.26 4.63 4.28 4.04 3,88 3.75 3.65 3.5%
12 ' 6.56 5.10° 4.47 4.12 3.89 3.73 3.61 3.51 3.44
13 6.41 4.97 4 4.00 3.77 3.60 3.48 3.35 3.31
14 6.30 4.86 4.24 3.89 3.66 3.50 3.38 3.28 3.2l

15 6.20 4.77 4.15 3.80 3.58 3.41 3.20 8.20 3.12
15 6.12 4.69 4.08 3.73 3.50 3.3¢ 3,22 3.12 3.06
17 6.0 4.67 4,01 3.66 3.44 3.28 3.16 3.08 2.98
18 5.98 4.56 3.95 3.61 3.38 3.22 3.10 3.01 2.93
18 592 4.51 3.90 3.5 3.33 3.17 3.05. 2.86 Z.
24 5,87 4.46 3.86 3.51 3.29 3.13 3.01 2.81 2.
21 5.83 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2
2z 5:79 4.38 3.78 3.44 3.22 3.05 2.93 2.84 2.
23 575 4,35 13.75 3.41 3.18 3.02 2.80 2.81 Z.
24 573 4.32 3.72 3.38 3.15 2,99 2.87 2.78 2
23 5.69 .4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.

- 26 5.66 4.27 "3.67 3.33 3.10 2.94 2.82 2.73 2.
27 5.63 4.24 3,65 3.31 -3.08 2,92 2.80 2,71 2,
23 5.61 4.22 3.63 3.29- 3.08 2.90 2.78 2.60 2.
29 . 5.59 4.20 3.61 3.27 3.04 2.88 2.76 2.67 2.
30 5.57 4.18 3.59 5.25 3,06 £.87 2.75 2.85 2.
40 5.42 4.05 3.46 3.13 2.90 2.74 2,62 2.53 Z.

60 5.09 3.93 3.3¢ 3.01 2.79 2,63 2.51 2.41 2.

120 ' 5.15 3.80 3.23 2.89 2.67 2.52 2.39 2.30 2.
ce 5.02 3.69 3.12 2.79 2.57 2:41 2.28 2.18 2.




. {
Table & (Continued ) : F Distributions C:L /) d ) Z:) L
0.975 (continuzed)v
"Den. ‘Numerator df -
df 10 12 15 20 24 30 40 60 120 o
1 968.6 976.7 984,86 393,1 997.2 1001 1006 1010 1014 1018
2 39.40 39,41 39,43 39.45 39.46 39,46 35.47 39.48 28.49 39.50
3 -14.42 14.34 14,25 14,17 14.12 14,08 14.04 13.99 13,95 13.50
4 8.84 8.75 8.66 8.56 8.51 8.46 B8.41 8.36 8.31 B8.28
5 6.62 6.52 6.43 6.33 6.28 6.23 6.18 6.12 6.07 6.02
6  5.46 5.37 5.27 5.17 5.12 5.07 5.01 4.96 4.50 4.85
7 4.76 4.67 4.57 4.47 4.42 4.36 4.31 4.25 4.20 4.14
8 4.30 4.20 4.10 4.00 3.95 3.89 3.84 3.78 3.73 '3.67
g . 3.96 '3.87 3.77 3.67 3.61 3,56 3.51 3.45 3.3% 3.33
10  .3.72 73.62 3.52 3.42 3.37 3.31 3.26 3.20 3.14 3.08
11 3.53 3.43 3.33 3.23 3.17 3,12 3.06 3.00 2.94 2.88
12" 3.37 3.28 3.18 3.07 3.02 2.96 2.81 2.85 2,79 2.72
13 3.25 3.15 3.05 2.95 2.89 2.84 2.78 2.72 2.66 2.60
14 3,15 3.05 2.95-2.84 2,79 2.73 2.67 2.61 2.55 2.48
15 - 3.06 2.96 -2.86 2.76 2.70 2.64 2,59 2.52 2.46 2.40
16 2.99 2.89 2.79 2.68 2.63 2.57 2.51 2.456 2.38 2.32
17 2.92 2.82 2.72 2.62 2.56 2.50 2.44 2.38 2.32 2.25
18 2.87 '2.77 2.67 2.56 2.50 2.44 2.38 2.32 2.26 2.19
1 2.82 2.72 2.62 2.51 2.45 2,39 2.33 2.27 2.20 2.13
20 2.77 2.68 2.57. 2.46 2.41 2.35 2,29 2.22 2.16 2.08
S 21 2.73 2.64 2.53 2.42 2.37 2.31 2.25 2.18 2.11 Z2.04
22 2,70 2.60 2.50 2.39 2.33 2.27 ‘2.2t Z2.14 2.08 2.0
23 2.67 2.57 2.47 2.36 2.30 2.24 2.18 2.11 2.04 1.97
24 2.64 2.54 2.44 2,33 2,27 2.21 2.15 2.08 2.01 1.94
25 2,61 2.51 2.41 2.30 2.24 2.18 2.12 2.05 1.98 1.91
26  2.59 2.49 2.39 2.28 2,22 2.16 2.09 2.03 1.95 1.88
27 2,57 2.47 2.36 2.25 2.19 2.13 2.07 2.00 1.93 1.85
28 2.55 2.45 2.34 2.23 2,17 2.11 2.05 1.88 1.81 1.83
29 2,53 2.43 2.32 2.21 2,15 2.09 2.03 1.96 1.89 1.31
30 2.51 2.41 2.31 2.20 2.14 2.07 2.01 1.94 7 1.79
40 2.39 2.29 2.18 2.07 2.01 1.94 1.88 1.80 '1.72 1.64
. 60 2.7 2.17 2,06 1.94 1.88 1.82 1.74 1.7 1.58 1.48
120 2.16 2.05 1.94 "1.82 1.76 1.69 1.61 1.53 43 1.31
@ 2.05 -1.94 1.83 1.71 1.64 1.57 1.48 1.39% 1.27 1.00
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“Table E {Continued ) : F Distributions U') Cj/f/h:) CZ/ L
-~ .
Cumulative Probability 0.83
Dencminator Numerztor df
df_ 1 2 3 4 5 6 T8 g
1 4052 5000 5403 5625 5754 5859 5928 5581 6022
2 98.50 89.00 99.17 99.25 89.30 89.33 95.36 99.37 99,39
3 34,12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27,35
1 21.20 18.00 16.69 15.98 15.52 15.21 14.58 14,80 14.566
5 16,26 13.27 12.06 11,39 10.97 10,67 10.46 10,29 10.18
6 13,75 10.92- 9.78 9.15 8.75 8.47 8.286 8.10 7.98
7 12.25 9.55 B.45 7.85 7.46 7.19 6.99 6.84 6.72
8 11,26 8.65 7.59 7.0l 6.63 6.37 6.18 6.03 5.81-
9 10.56 8.02 -6.99 6.42 6.06 5.80 5.61 5.47 5.35
10 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94
11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63
12 9.33 6.93 5.95 5.41 5,06 4.82 4.64 4,50 4.39
13 9,07 6.70 5.74 5.21 4.86 4.62 4,44 4,30 4.19
14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03
i5 ' 8.68 6.36 5.42 4.8 4.56 4,32 4.14 4.00 3.89
6 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78
7 8.40 6.11 5,18 4:87 4,34 4.10 3.93 3.79 3.63
18 8.29 6.01 5,08 4.58 4.25 4.01 3.84 3.71 3.80
19 8.18 5.93 5.01 4,50 4.17 3:84 3.77 3.63 3.52
20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46
21 8.02 5.78 4,87 4.37 4.04 3.81 3.64 3.51 3.40
C22 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35
23 7.88 5.66 4.76 4.26 3.94 3,71 2.54 3.41 3.30
P24 7.82 5.61 4.72 4.22 3.80 3.67 3.50 3.36 3.25
25 7.77 5.57 4.68 4,187 3.85 3.63 3.46 3.32 3.22
26 773 5.53 4.64 4.14° 3.82 3.59 3.42 3.29 3.18
27 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15
28 7.64 5.45 4.57 4.07 3.75 3.53 3.36. 3.23  3.12
29 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09
30 7.56 5.39 4.51° 4.02 3.70 3.47 3.30 3.17 3.07
40 7,31 5.18 4.31 3.83 3.51 3.29 2.12 2.99 2.89
60 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72Z
120 §.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56
o 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51:2.41
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yle-E (Continuea Yy« F Distributions C;'L") C -

©.0.98 (continued)

-—~—-—-%—~——*———-“"-———'—‘T—*““"““""—““f‘”’;"“f“”””""""‘

. ) . Numerator df _
10 12 15 20 24 30 40 .60 120 ©

u

If
. cos6 6108 6157 6209 6235 6261 6287 6313 6339 6386
> 99.40 99,42 89.43 99.45 99.46 99.47 59,47 99.48 99.48 99.50
1 27.23 27.05 26,87 26.69 26.60 26.50 96.41 26.32 26,22 26.13
4 14.55:14.57 14.20 14.02 13.93 13.84 13.75 13,85 13.56 13.46
5 10.06 ¢.89° 9.72 95.55 o.47 9,38 9.29 9.20 8.11 9.02
e  7.87 7.72 7.56 7.40 7.31 T.23 7.14 7.06 6.97 ©6.88
;.62 6.47 6.31 6.16 6.07 5.89 5.91 5.82 5.74 5.85
s 5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.88
o  5.26 5.11 4.96 4.81 473 4.65 4.57 4.48 4.40 4.31
10 - 4.85 4.71 4.56 4.41 4.33 425 4,17 4.08 4.00 3.81
{1 4,54 4:40 4.25 4.10 4.02 3.94 9.86 3.78 3.69 3.60
{o  4.30 4.16 4,01 3.8 3.78 3.70 3,62 3.54 3.45 3.35
'3 4.10 3.96 3.82 3.66 3.59 3.51 443 3.34 3.25 3.17
14 3.94 3.80 3.66 3.51 3.43 3.3 5.27 3.18 3.08 3.00
15- 3.80 3.67 3.52 3.37 3.2 s 91 3.13 3.05 2.88 2.87
16 . 3.65 3.55 3.41 3,26 3.18 3.10 5.02 2.93 2.84 2.75
17 © 3.59 3.46 3.31 3.16 3.08 3.00 .92 2.83 2.756 2.85
18 © 3.51 3.37 3.23 3.08 3.00 997 2.84 2.75 2.88 2.57
19 3.43 3.30 3.15 3.00 2.92 2.84 0,76 2.67 2.58 2.48
20 3.37 3.23 3.09 2.94 2.8 2.78 2.69 2.61 2.2 2.42
21 3.3 3.17 3.03 2.88 2.80 5,72 2.64 2.55 2.46 2.36
22 3.26 3.12 2.98 2.83 2.75 2.67 2.58.2.50 2.40 2.31
o3  3.21 3.07 2.93 2.78 2,70 2.62 2.54 9,45 2.35 2.28
54 3,17 3.03 2.89 2.74 2.66 2.58 9.49 2.40 2.31 2.21
25 .13 2.99 2.85 2.70 2.62 2.54 2.45 2.36 2.27 2.17
o6 3.08 2.95 2.81 2.66 2.58 2.50 2.4z 2.33 2.23 2.13
o7 3.06 2.93 2.78 2.63 2.55 2.47 2.38 2,29 2.20 2.10
28 3.03 2,90 2.75 2.60 2.52 2.4 0.495 2.26 2.17 2.08
25 3.00 2.67 2.72 2.67 2.48 2.4l 0,33 2.23 2.14 2.03
s0  2.98 2.84 2.70 2.55 2.47 2.3%8 2.30 2,21 2.i1 £.01
40  2.80 2.68 2.52 2.37 2.28 2.20 2.1 2,02 1.92 1.80
60 2.63 2.50 2,35 2.20 2.12 2.03 1.94 1,84 1.73 1.60
100 9.47 2.3¢ 2.19 2.03 1.95 1.86 1.70 1.66 1.53 1.38
. ST T 24 147 1,32 1.00
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Table E (Continued ) F Distributions C;f'/ A
0,995 - (continued]
Den. Mumerator df

df 10 12 15- 20 24 30 40 60 120
1 24224 24426 24630 24836 24940 25044 25148 25253 26355

2 199.4 199.4 199.4 1099.4 160.5 199.5 189.5 198.5 193%.5

3 43.65 43,39 43.08 42,78 42.62 42,47 42.531 42:.15 41 as

4 20.97 20.70 20.44 20.17 20.03 19,89 18.75 19,61 16.47

5 13.62 12,38 13.15 12.90 12.78 12.66 12.53 12.40 12.27
6 10.25 10.03 - 9.81 ©.59 §.47 9,36 9.24 9.12 8.00

7 - 8.38 8.18 7.97 7.75 7.65 7.53 7.42 7.31 7.13
8 7.91 7.01 6.81 6.61 6.50 §.40 6.29 6.18 6.06

9 6.42 6.23 6.03 5.83 5.73 5.62 5.52 5.1 5.30
10 5.85 5.86 5.47. 5.27 5.17 5.07 4.97 4.86 4.7%
11 5.42 5.24 5.05 4.86 4.76 4.65 4.55 4.44 4.34
12 5.00 4.91 4.72 4.53 4.43 4,33 4.23 .4.12 4.01
13 4,82 4.64 4.46 4.27 4.17 4.07 3.97 3.87 3.7¢
14 4.60 4.43 4.25 4.06 3.96' 3.86 3.75 3.66 3.55
15 4.42 4.25 4,07 3.88 3.18 3.69 3.55 3.48 3.37
16 4,27 4.10 3.92 3,73 3.64 3.54 3.44 3.33 3.Z22
17 4.14 3.97 3.79 3.61 3,51 3.41 3.31 3.21 3.190
18 ?.03 3.86 3.68 3.50 3.40 3.30 3,20 3.10 2.99
19 3,93 .3.76 3.59 3.40 3.31 3,21 3.11 3.00 2.89
20 3.85 3.68 3.50 3.32 3.22 3.12 3.02 2.52 2.81
z1 3.77 3.60 3.43 3.24 3.15 3.0 2.95 2.84 2.73
22 3.70 1.54 3.36 3.18 3.08 2.98 2.88 2.77 2.66
23 3.64 3.47 3.30 3.12 3.02 2,92 2,82 2.71 2.80
24 3,59 3.4 3.2 3.06 2.97 9. 87 2.77 2.66 2.55
25 3.54 3.37 3.20 3,01 2.92 2.8% 2,72 2.61 2.50
26 3.4 3.3 3.15 2.97 2.87 2.77 2.67 2.56 2.4%
27 3.45 3.2¢ -3.11 2.93 2.83 2.73 2,63 2.52 2.41
28 3.41 3.2 3,07 2.89 2.79 2.69 2.59 2.48 2.37
29 3.38 3.2% 3.04 2.86 2.76 2.66 2,85 2.45 2.33
30 3.34 3.1& 3.01 2.82 2.73 2. 63 2.82 2.42 2,30
40 3.12 2.95 2.78 2.60 2.50 2.40 2,30 2.18 2.06
60 2,90 2.7¢ 2,57 2,3¢ 2.28 2.18 2.08 1.66 1.83
120 2,71 2.5¢ 2.37 2.19 2.05 1.98 1.87 1.75 1.61
ad i9,52 2.3% 2.19 2.00 "1.90 1.7§ 1.67 1.53 1.36
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Table h Bulomlal( , n, 0.5) Cumulative Probabllltles

S

@ﬁ\» /wy

389

”Z{ - // L? LJJ/*" )
t
ni 0 . 1 2 3 4 5 6 7 8 9. 10
1]0.500 1.00C . . X X : X .
2| 0.250 0,750 1,000 . : . : :
310.125 0,500 0.875 1.000 X . X .
410,063 0.313 0.688 0.938 1, 000 : : . . X
5|0.031'0.188 0.500 0.813 0.969.1.000 - . . . X X
6]0.016 0,100 0.344 0.656.0.891 0,984 1,000 . . X :
71.0.008 0,063 0.227 0,500 0.773 0.938 0,992 1.000 .
810.004 0.035 0.145 0,363 0.637 0.855 0.965 0.996 1.000 - .
‘91 0.002 0,02¢C 0.09056 254 0, 500 0.74@'0.910 0.980 0.998 1.000. .
20 0.001 0.011 0.055 0.172 0,477 0.623.0.828 0,945 0,989 0.999 1.000
11./0.000°0,006 0.033 0.113 0.274 0.500 0.726 0,887 0,967 0.994 1.000
12 10,000 0,003 0.019 0.073 0.194 0,387 0.613 0.806 0.927 0.981 0.997
13| 0.000. 0,002 0.011 0.046-0.133 0.291.0,500 0.709 0.867 0.954-0.989
14 | 0.000 0.001 0.006 -0.029 0.090 0.212 0,395 0.605 0.788 0.910 0.971 .
15 | 0.000 0.000 0.004 0.018 0.059 0,151 0. .304°0.500 0,696 0.849 0.941
16 | 0.000 0.000 0.002 0.011 0.038 0.105 0.227 0.402 0.598 0.773 0.895
17 | 0,000 0.000 0.001 0.006 0.025 0.072 0.166 0.315 0.500 0.685,0.834
13 1 0,000 0.000 0,001 0.004.0.015 0,048 0.119 0,240 0,407 0.593 0.760.
19 | 0,000 0.000 0.000 0.002 0.010 0.032 0.084 0.180 0,324 0.500 0.676
23 | 0.000 0.000 0,000 0.001 0,006 0.021 0.058 0.132 0.252 0.412/0.588
2: 10,000 0.000 0,000 0.001 0.004 0.013 0.039 0.095 0.182 0.332 0.500
1
n{ 11 12 13 14 15 16 17 18- 19 20 21
11| 1.000 : Z X : . A 3 :
12 | 1.000 1. 000- T, . . N co oo
13 | 0.998 1.000 1.000 o I
14 { 0.994 0.999 1,000 1,000 .. - . . R co
15 | 0.982 0,996 1.000 1,000 1,000 : X .. Co
16 | 0.962- 0.989 0.998 1.000 1.000 1.000 . . N .
17 1 0.928 0.975 C¢.994 0.999 1,000 1.000 1.000 T '
18 | 0.881 0.952 0.985.0.996 0.999 1.000 1.000 1 : _
18 | 0.820 0. 916 0.968 0,990 0,998 1,000 1.000 1 X - )//«
.20 [{C.74830.868 0,942 0.979 0.994 0.999 1,000 1 . A
21 1 0.668 0_808'0.905 0.961 0.987-0.996 0.9939 17 -1




teble 1 Quantiles of the Rank Sum Test Statistic ) Table T (Continued }: Rank Sup

m
noop 15 878 91011 dB13 1415 16 17 18 15 35
00540 1 2 4 6 81012 14 17 19 21 23 25 28 30 32 34 g7 M
0L 10 2 4 6 81012 15 17 19 29 24 29 29 32 34 37 39 g4, o
9.025/1 3 5 81113 16 18 21 24 27 29 32 35 38 40 43 45 49
05 12 5 71013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 u
10 13 610 13 16 19 23 26 29 a2 36 39 42 46 49 53 56 359 g3 |
000 00 001 1 1 4 2°2 3 3 3 3 ¢ 4 0 1 3 5 71012141719 22 25 27 3¢ 32 35 38 40 43
.01 0 000011 2 3 9 4 33 4 4 5 5 5 ¢ 0.2 47 9121417 20 23 25 28 31 34 37 39 42 45 4
3 02510 0 001 2 g 3 4 ¢4 5 566 7 7 8 g g 1 4 6 9121518 21 24 2730734 37 40 43 4 19 53 &8
-05 Y11 2 3 3 4 5 5 g €7 8 8 5101011 12 2 5 B 1215 18 21 25 28 32 25 38 40 45 49 52 56 59 @2
-10 12 2 3 45 4§ g 7 8 910111112 13 14 15 16 4711 14 18 22 25 29 23 37 4¢ 44 48 52 55 59 63 g7 T
00510 0 0 0 1 1.3 5 4 3445 68 6 7 7 g g $00540 -1 3 6 81114171927 25 23 91 34 37 40 43 46 49
.01 000 1 2 23 4 45 ¢ ¢ 79 8 910 10 11 0L 102 5 81013 16 19 23 25 29 37 35 38 42 45 4§ 51 54 ,
42025 10 0 1 2 3 4 55 6 7 8 910111212 13 14 13 11.0250 1 4 710 14 17 20 24 27 31 34 3B 41 45 48 52 56 59 g9 . ,
05 01 2 3 4 05 g 7 g g 10 11 12 13 15 16 17 18 19 05126 91317 20 24 28 32 35 39 43 47 51 55 68 62 66 70 _ !
A0 0T 2 4 5 6 7 819y g0 13 14 16 17 18 19 21 22 23 30148 12 16 20 24 28 32 37 41 45 49 53 58 62 66 70 T4 79
00500 0 0 1 2 2 g 4 6 7 8 8 9101112 13 14 (008102 4710 13 16 19 22 25 28 32 35 38 42 45 48 52
.01 00 1 2 34 5 6 7 p 4 L0011 12 13 14 15 16 17 01103 6 912 15 18 22 25 29 32 35 39 43 47 5054 57
50250 1 2 03 4 g 4 8 9101213 14 15 16 18 15 20 93 12..025 12 5 812 15 19 23 27 30 34 38 42 46 50 54 58 B2 66
.05 L2 3 5 6 7 9101213 14 16 17 19 20 21 23 24 24 (05 13610 14 18 22 27 31 35 39 43 43 =9 56 61 85 69 73
10123 5 6 8 51713 14 16 18 19 21 23 24 26 28 29 37 10 15 91318 22 27 31 36 40 45 50 54 59 61 68 73 78 a2 .
Q0510 0 1 2 3 4 5 4 7810111213 14 16 17 18 19 005102 4 81114 18 21 25 28 32 35 39 43 46 50 54 58 @)
01 0 0.2 3 4 5 7 g gig 1213 14 16 17 19 20 21 23 01 113610 13 17 21 24 28 32 36 40 44 48 52 56 60 64 g .
0% 10 2 3 4 g o7 gy 12 1415 17 18 20 22 23 25 26 28 1302512 5 91317 21 25 29 34 38 42 46 51 55 €0 64 68 73 77 ‘
G511 3 4 6 g g 131517 18 20 22 24 26 27 29 11 23 05 13 711 16 20 25 29 34 38 43 48 59 57 62 66 71 76 81 g5 j
-10 24 6 810121416 18 20 22 24 26 28 30.32 35 37 a9 10 1510 14 19 24 29 34 39 44 49 54 59 64 69 75 80 85 90 95
0510 0 1 2 4 5 7 4 qq 1113 14 16 17 19 20 22 23 25 (00510 2 5 812 16 19 23 27 31 35 39 43 47 51 55 59 64 68
L 100 2 4 5 7 g g0 13715 17 18 20 22 24 25 27 29 01 4137 11 14 18 23 27 21 35 39 44 48 52 57 61 66 70 74
[ B T R A P AR P 1719 21 23 25 27 29 31 33 35 14,025 12 610 14 18 23 27 32 37 41 46 51 56 60 g5 70 75 79 p4
<08 V35 7 912 14 15 18 30 22 25 27 29 31 34 36 38 40 <05 148 12.17.22.27 32 37 42 47 32 57 6% 67 72 78 83 88 33
: 25 7 9121417 19 22 24 27 29 32 34 37 39 42 44 4y 100 |5 11 16 21 26 32 37 42 48 53 59 64 70 75 B1 86 92 98 103
D050 0 2 3 5 7 4 10 12 14 16 18 19 21 23 25 27 29 31 00500 3 & 91317 21 25 30 34 38 43 47 52 56 61 €5 70 74
.01 €13 5 7 81012 14 16 18 2123 25 27°29 31 33 3% (U1 414 B 12 16 20 25 29 34 38 43 48 52 §7 2 &7 71 78 81
{ 025113 5 7 9y 14,18 18 20 23 25 27 30 52 35 37 g9 4 16 02512 6 1115 20 25 30 35 40 45 50 55 50 65 71 75 81 85 oy
.05 2 4 8§ 911 1416319 21 24 27 29 32 31 37 40 42 45 48 05 14 81319 24 29 34 40 45 51 56 62 67 73 78 64 89 95 101
10186 81114 17 70 23 3 4 10 |8 1117 23 28 34 40 46 52 58 64 69 75 A1 87 93 98 105 111 :

e ——— ——
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TablzeI ({Continued ): Rank Sum . : P/\,J Fu v.\,“\ W.a\

m

s
n plz 3 4 5 6 7 8 910111213 14 15 16 17 18 19 20
00510 3 6 10 14 19 23 28 32 37 42 46 51 56 61 66 71 175 80 _
01 11 4 8 13 17 22 27 32 37°42 47 52 57 62 67 72 77 83 88
16 .025|2 7 12 16 22 27 32 38 43 48 54 60 65 71 76 82 87 93 99
05 |4 9 15 20 26 31 37 43 49 55 61 66 72 78 84 90. 96 102 108 ’
10 |6 12 18 24 30 37 43 49 55 62 68 75 81 87 94 100 107 113 120
L0050 3 7 11 16 20 25 30 35 40 45.50 55 61 66 71 76 82 87 .
01 |1 5 914 19 24 29 34 39 45 50 56 61 67 72 78 83 89 94
17 .025|3 7 12-18 23 29 35 40 46 52 58 64 70 76 g2 B8 94 100 106
05 |4 10 16 21 27 34 40 46 52 58 65 71 78 B4 90 97 103 110 116
.10 |7 13 19 26 32 39 46. 53 59 66 73 g0 86 93 100 107 114 121 128 \
005l0 3 7 12 17 22 27 32 38 43 48 54 59 65 71 76 82 88 93
01 |1 5 10 15 20 25 31 37 42 48 54 60 66 71 77 g3 89 95 101
18 02503 8 13 19 25 31 37 43 49 56 62 68 75 ‘8187 94 100 107 113
.05 |5 10 17 23 29 36 42 49 56 62 69 786 83 89 96 103 110 117.124 : ,
10 17 14 21 28 35 42 4956 63 70 78 85 92 g9 107 114 121 129 136
.005/1 4 8 13 18 23 29 34 40 46 52 58 64 70 75 82 88 94 100
01 12 5 10 16 21 27 33 39 45 51 57 64 70 76 83 89 95 102°108
19 .025|3 8 14 20 26 33 39 46 53 59 66 73 79 86 93 100 107 114 120 N :
05 |5 11 18 24 31 38 45 52 59 66 73 81 88 9% 102 110 117 124 131 .
.10 |8 15 22 29 37 44 52 59 67 74 82 90 98 105 113 121 129 136 144 >
00511 4 9 14 19 25 31 37 43 49 55 61 68 74 80 87 93 100 106 ////
.01 |2 611 17 23 29 35 41 48 54-61 68 74 81 g8 94 101 108 115 .
90 .025|3 9 15 21 28 35 42 49 56 63 70 77 84 91 99 106 113 120 128
05 |5 12 19 26 33 40 48 55 63 70 78 85 93 101 108 116 124 131 139
10 |8 16 23 31 39 47 55 63 71 79 87 95-103 111 120 128 136 144 152




Table E

(Continued )

: F Disﬁributions

Cumulative Probability
Dencninator Numerator 4
df 1 3 4 5
1 16211 20000 21615 22500 23056 23
2. 198.5 199.0 199.2 198.2 1989.3 18
3 55.55 49,80 47,47 46.19 45,38 44,
4 91.43 26.28 24.26 23.15 22.46 21.9
5 "99.79 18.31 16.53 15.56 14.94 14.5
6 18.63 14.54 12.92 12,03 11.46 11.0
7 £.94 12.40 10.88 10,05 9.52 ¢
8 14.69 11.04 - 9.60 8.81 8.30 7
9 13.61 10.11 8.72 7,96 7.47 7.
10 12.83 9.43 8.08 7.34 6.87 6.
11 12,23 8.91 7.60 6.88 6.42 6.
12 11.75 8.51 7.23 6.52 6.07 5.
13 11.37 8.19 6.83 6.23 5.79 5.4
14 11.06 7.92 6.68 6.00 5.56 5.
15 10.80 7.70 6.48 5.80 5.37 5.
16 10.58 7.51 6.30 5.64 5.21 4.
17 19.38 7.35 6.16 5.50 5.07 4.
18 10.22 T7.21 6.03 35.37 4.%6 4.
19 10.07 7.09 5.92 65.27 4.85 4.
2 9.e4 6.99 5.82 5.17 4.76 4.
21 9.83 6.89 5.73 5.09 4.88 4.
22 9.73 6.81 5.65 5.02 4.61 4,
.23 9,63 6.73 5.58 4.95 4,54 &
24 9.55 6.66 5.52 4.89 4.48 4.
2 9.48 6.60 5.46 4.84 4.43 4.
26 9.41 6.54 5.41 4.79 4.38 4.
27 9.34 §.49 5.36 4.74 4.34 4.
2 9.98 6.44 5.32 4.70 4.30 4%.
29 9.23 6.40 5.28 4.66 4.26 3.
' 30 9.18 6.35 5.24 4.62 4.23 3.
40 8,83 6.07 4.98 4.37 3.99 . 3.
60 8.49 5.79 4.73 4,14 3.76 3.:
120 g.18 5.54 4.50 3.82 3.55 3.
o 788 5.30 4.28 3.72 3.35 3.
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