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Question 1 

A Personal Identification Number (PIN) consists of four digits in order, each ofwhich 
may be anyone ofO, I, 2, ... ,9. 

a) 	 Find the number of PINs satisfying each ofthe following requirements. 
(i) All four digits are different. 
(ii) There are exactly three different digits. 

(iii)There are two different digits, each of which occurs twice. 

(iv)There are exactly three digits the same. 


(9 Marks) 
b) 	 Two PINs are chosen independently and at random, and you are given that each PIN 

consists of four different digits. Let X be the random variable denoting the number of 
digits that the two PINs have in common. 

(i) Explain clearly why P(X ~ k) ~ (~)(\1t),for k ~ 0, 1',2, 3, 4. 

(4 Marks) 
(ii) Hence write down the values ofthe probability mass function ofX, and find its mean 

and variance. 
(7 Marks) 

Question 2 

The continuous random variable X has probability density function given by 

where c is a suitable constant. 


a) Show that c = % and plot the graph ofJx(x) against x. 

(6 Marks) 

b) Show that the cumulative distribution function ofX is given by 

° ,x < -1, 

2+3x+X3 
,-1 s x < 1,Fix) = 

4 
1 ,x~ 1. 

Also find P(-1/2:::;X :::;112) 
(6 Marks) 

c) Obtain the mean and variance of X, giving your answer correct to 3 significant 
figures. 

(8 Marks) 



Question 3 

a) 	 Consider the sample space 

{(a,b.c).(a~c.b), (b,a,c).(b,c,a)! (c.a.b),(c.b.a). (a,a.a). (b,b.b). (c.c,c)} 

Assign the probability of 1/9 to each sample point. Let Ai be the event that the ith 

place in a sample point is occupied by the letter a. Show that the events AI, A2, A3 are 
pairwise independent but not completely independent. 

(8 Marks) 
b) 	 Suppose a rare disease occurs by chance in 1 per 10,000 people. Suppose there 

is a diagnostic test with the following properties: if a person has the disease, the test 
will diagnose this correctly with probability 0.95; if a person does not have the 
disease, the test will diagnose this correctly with probability 0.995 .. 

If the test says that a person has the disease, calculate the probability that 
this is a correct diagnosis. 

,. (12 Marks) 

Question 4 

a) 	 Consider a study in which scientists are interested in finding out the number of 
children with side effects after a vaccine, out of 200 children. Assume that the 
probability of having side effect is 5%. Suppose that scientists consider the vaccine 
"successful" if the number of children affected by side effects is no more than 15. 
What is the (approximate) probability that the vaccine will be successful? 

(4 Marks) 

b) 	 Researchers in Great Britain studied the incidence of childhood leukaemia over a 16­
year period and determined that the rate was (approximately) 1.50 children per square 
mile area and that the numbers followed an approximate Poisson process. What is the 
probability that more than 3 leukaemia cases will be observed? 

(4 Marks) 

c) 	 A firm that produces certain toys and has a demand represented by the function 
X a IIP, 

where P is the unit price, a is a preference parameter equal to 0.5, and I stands for the 
consumer's income which is uniformly distributed between El,OOO and E2,000 per 
week. 

i) If total costs (TC) are fixed and equal to E1 ,000, find the expected profits of this 
firm. 

(5 Marks) 
ii) Find the standard deviation ofthe Firm's profits. 

(7 Marks) 



Question 5 

a) The continuous random variable X has probability density function 

,(,.)_ 1 J_X'(
j x :x - ~ exp I .., 1 ' X>O. 

VLffX l.-J 

Show that X has moment generating function (mgf) 

Jlx (r) = ~. 
1 

. r <: l,-. 
(1- 21) 

Hence find the expected value and variance ofX. 
(10 Marks) 

b) Suppose that the discrete random variable X has the probability function 

P(.l." = x) (I-oy'-lo. x= L 2. ,., . 

Show that X has moment generating function (mgf) 
flo 

J/.(r)= '<-11l(1-0), 
.1 1 /(1-0) 

Hence find the expected value and variance ofX. 
(10 Marks) 

Question 6 

Suppose t lw random \'ar1<1b1e8 X and Yare independent and an' Ganllna 
distributed with parameters (0., ,X) and (13,'\) rc:e'Spectively 

- >..17) 
:1: 0: n,>' > 0,i.e. Ix (;'c) 

with a similar expression for h (,I}). 

By calculating the joint probability dPllsity function of X +Y tUld XI}", show 
that th(~s(> random variabl(,s an' independent and that X +Y has the Gamma 
(n + .3, ,\) distribution. Find t lw probability density funetion of X I y, Why 
are X + Y and Y / X indep(mdpnt ? 'VIla t is th{~ probability density fUllct ion 
of FIX '! 

(20 marks) 



Question 7 

The continuous random variables X and Y have the joint probability density function 

r{a+j1+y) Xa-11'tl-1(1_x ly-l. O<.'\"< 1.0<.1'< 1,O<.'\"+y< L 
r(a)f(j1)f(y)' . 

where a > 0, ~ > 0, y> 0 and r ( ) is the gamma function. 

a) Let rand s be non-negative integers. Show that the expected value of Xrys is 

E(.,,:rys) = fCft + r) . fe/3 + s) . f(a + /3 + y) 
. fCft) f(/3) fCft+/3+y+r+s) 

(8 Marks) 
b) Hence determine the expected value and variance of x.. 

(6 Marks) 
c) Find the correlation between X and Y. 

(6 Marks) 
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Normal Distribution 

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

Entry is are-.t A under the standard normal ctJr\!e from -a:> t() t(A) 

z(A) 

z .00 .01 .03 .os .06 .07 .01$: .09 

.0 .SOOO .S04O .3080 .5120 .5)60 .5199 .5239 5219' .5319 .5359 

.1 
.2 

.539& 
S793 

.S41S 
-S832 

.54'8 

.5871 
.SS17 
.5910 

.5S57 

.5948 
.5596 
• .s981 

.5636 

.15026 
.Sfj75 
.6C64 

.:5714 

.6103 
.5753 
.614f 

.3' .6J19 .6217 .625S .6293 .6331 .6368 .6406 .6443 .6480 .6517 

.4 I .65M .6~91 .li628 .6664­ .6700 .6136 .6772 .6SQ8 ."t144 .687!} 
I 

.$ .6915 .6950 .6985 .7019 .7054­ .1088 .1123 .7U7 .71?!) .1224 

.6 

.1 
.1257 
.1$80 

.7291 

.161. 
.n24 
.7642 

.13$1 

.1613 
.7.389 
.7704 

.7422 
.7734 

.7454 

.7764 
.7486 
.1794 

.1517 

.7S:!l 
.7$49.7.,2­

.8 
.9 

.78&1 

.8159 
.1910 
.8186 

.7Y31l 

.8212­
.1967 
.82l~ 

.799S 

.3264 
.8023 
.8289 

.805) 

.SlU 
.80?S 
.8140 

.8106 

.836.5 
.8133 
.83&9 

1.0 
U 

.3413 

.8643 
.~18 
.8665 

.8461 

.8686 
.848' 
.8108 

.8~OS 

.8129 
.8531 
.8149 

.8SS4 

.8110 
.8517 
.871)()· 

.a,"

.8RIO 
.861• 
.8830 

1.2 .8849 .8869 .8888 .8901 .8925 .8944 .896Z JI980 .89';7 .90U 
1.3 .9031 .9049 .9066 .90&2 .9099 .91J5 .9131 .9147 .9162 .9177 
1.4 .9a92 .9207 .9ZZ2 .!l236 .9251 .926S .9279 .9292 .9306 .93}9 

'.S 
1.6 
1.7 

,9332 
.94S2 
.9's~ 

.9345 

.9463 

.9564­

.9"357 

.9474 

.9513 

.9370 

.9484 

.!J5/tl 

.9382 

.\.149;5 

.':J,91 

.9394 

.9SO~ 
.9599­

.9406 

.9jlS 

.%08 

.9418 

.9'1:' 

.9616 

.9429 

.953' 

.9625 

.9441 

.9.54j 

.96n 
1.8 .9&41 .9649 .9656 .9664 .9~71 .9618 .9686 .9693 .9699 .9706 
..9 .'97U .9119 .9726 .97)2 .9138 .9744 .9750 .97'6 .916) ,971/1 

2.0 .971Z .9178 .9183 .~788 .9193 .9793 .'II8Ql .9808 .'812 .9811 
2.1 .9821 .9826 .9830 ,9834 .9838 .9842­ .9846 .9&50 .98S4 .98S7 
2.2 .986J .9864 .9868 .~7t .987:5 .9878 .9381 .9884 .9887 .9890 
2.3 .9893 .9896 .9898­ .9901 .9904 .9906 .9909 .9911 .99U .9916 
2.4 .9918 .9920 .9922 .C)1I2S .9921 .9929 .991J .9932 .9934 .9936 

:l.S .9938 .9940 .9941 .9943 .9945 .9946­ .9948 .9949 .'9951 .9952 
2.6 .99S3 .99SS .9956 .9957 .9959 ,9960 .9961 .9962 .9963­ .9964 
2.7 .996:) .9966 .9967 .9968 .99'69 ."70 .997.1 .9972 .9973 .?974 
2.8 .,974 .997S .9976 .9977 .9977 .9918 .9919 .9979 .9980 .99tl1 
2..9 .9981 .9982 .9982 .9983 .9984 .9984­ .998' .998' .9986 .9986 

3.0· .9987 .9981 .9981 .9988 .998S .9989 .9939 .9989 .9990 .9990 
3.1 ,9990 .99'J)1 .999. .~J .9992 .9992 .9992 .9992 .9993 .9993 
l.~ .999J .99'J)) .9994­ .~904 .9994 .~ .9994­ .999S .9995 .9995 
3.3 .,99S .999J .9995 .9996 .9996 .9996 .~ .9996 .9996 .'991 
3,4 .9997 .9997 .9997 .999-7 .99~7 .9991 .9997 .9997 .9997 .4l99& 
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Chi-Square Distribution 

Table C-2. Percentiles of the ./ Distribution 

A 

r O.O"J9J 0.0'151 0.039$2 O.4F393 o.or,.& 2.7I 3.34 1.02 Ul US 
.1 Q,4}IOO 0.01Ot (}.0506 4).101 O.21l ".<il ;.99 1.38 9.21 10..60 
1 0.072 a.ltS O.21n 0.352 a.S84 iL2:5 7.81 IUS !1.34 12.114 
• Cl.lOi 0.29:7 0.484 0.111 U.)64 '.78 9.4!1 ILl4 13.28 14.86 

S 0,412 (HS4 OJUI 1.l4.5 1.61 9.24 11.07 12.83 ".09 I6.7S 
(, CU", 0.&72 124 Ui4 2..20 10.M 12.:59 l4.4i lUl lS.55 
7 : 0.9119 1.l4 1.69 :.11 2-.83 12:.02 14.01 16.01 18.48 20.28 
g U4 1.65 ;us 1.73 3.49 13.16 15.51 1751 20.09 2r.~ 
51 1.73 2.09 2.10 3.Jl 4.17 14..68 145.92 19.02 21.67 23.59 

2.16 2.56 3.ZS 3.94 4.87 i5.99 IUl 20.411 23.21 15.19 
II 
10 

1.60 3.05 3.12 4.n S.58 11.28 19.68 21.92 24.13 2.6.16 
12 l.G1 ::l.S1 4.40 5.23 6.30 18.55 21.03 2:>.34 26.21 28.36 
11 l.Si 4.11 5.(lI '.89 1.04 19JU 22.36 2..04 21.69 29.32 
14 4.()1 4.66 5.6) 6.S1 7.19 2U6 23.(18. 26.12 29.14 lU2 

4.00 s.n 6.26 7.26 8.55 22.31 25.00 Z1.49 3O.S8 }Z.IIO 
16 
15 

S.14 '.81 6.91 1.96 9.31 2l.S4 26.30 21UIS )l.OO J4.l1 
~:J'() 6.41 1.56 8.67 10.09 24.17 27.S9 lO.t!; 3J.4l lJ.71 

16 
Ii 

6.26 7.01 !I.ll 9.J'jI 10.86 2S.99 28.87 JISl 34.81 lU6 
6-84 1.61 8.91 to.l2 I !.6S 21.20 30.14 32.115 JU9 l8.S81. 
7,43 8.26 '159 tQ.U 12.44 ;tS.41 31.41 34.17 37.S1 40.00 

21 
20 

11.03 UO 10.13 n." r3.24 29.62 32.67 .U.48 Jr.93 41.4() 
21 8.64 9.54 10.98 U.34 14.04 30.81 U.!}2 36.78 4O.l9 42.110 
2) 9.26 10.20 n.69 13.09 14.85> 32.01 JU1 lS.OS 41,(i4 44.18 
24 9.89 10.86 lt4(} IUS U.66 !l.tfI· 3-6.42- 3SU6 42..98 ~.5(i 

15 I(U2 1 t.51 13.12- 14.61 IM7 J4.JlI 37.6' 4O.6S 44.~1 46.113 
a6 11.16 12..20 13.84 !S.38 n.29 lS.Sft ]U~ 4U2 45.64 4fU9 
11 IUl \ 1.1l& 1'.$1 16.lS lUI. 3t.i4 4Q.n 43.1c) 46.96 49.64­
28 'f2,46 13..56 15.31 '6'.93 lS.H 31.92 4t.34 44.46 48.28 SO.99 
21} :B.12 14.26 16.05 17.11 ".11 39.00 42.:56 43.72 49.5t 52.34 

30 

3.18 
1.17 
9.lO 
1.3.1 

14.95 115-.19 IU9 20.60 4O.lli 43.11 46.98 SO.S9 $3.(;' 
40 12.16 24,43 2MI 29.05 sl.n 5S.76 S9.14 6),$9 66.11 
~ 19.7. 12.16 34.76 37.69 6l.l7 67.jO 71.42 76.ts 79.49 
~ 37.48 40.48 43.19 46....6 74.4G 19.0S 81.10 88.38 !lU!! 

70 45.44 43.76 '1.74 ,S,:U) 3','J ;0. ,3 95.02 100,4 J04.2 
!Ii} SJ.S4 5'1.[ 5 6O.l4) 64.2'8 %.53 101.9 106.6 112.) 116.l 
9(1 61.75 65.6S 69.13 13.29 107.6 1111 118.1 124.1 128.3 

100 70.06 14.2.2 7;.93 81.36 In!..s 124.3 I~'1.6 135.8 146.2 
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Student's Distribution (tDistribution) 

Table C-4 Percentiles of the t Distribution 

Entry is l(A; ,,) where P{t(,,) :5 I(A...)J - A 

.. " .. ,.'.' .. 
..... , .." ,. ~,......... -..,.. -.., .. -.. -.-.-.-.-'~. .' 


I(A; v) 

A 6 
.., 	 7 

.00 .70 .80 .00 .95 ."T1' 	 8 
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I 

2. 

3 

.4 

oS 

iII.314 
2.920 
2.),53 
2.1:)'2 
2.015 

1.943 
J.1I9:S 
1.860 
I.l~J::I 
UII2 

1.7lIII 
1.7112 
1.771 
1.161 
1.753 

1.146 
1.740 
1.734 
1.719 
l.'lS 
1.721 
1.117 
1.714 
1.7JI 
1.7011 

1.706 
1.10) 
1.101 
1.c;99 
1.697 

L6lI4 
I.fi71 
1.651 
1.64S 

12.7lJ6 
-4.303 
3.J1I2 
2.771> 
2.'71 

2.447 
2.3f>5 
2.306 
2.1.62 
2.221 

2.:/01 
2.179 
2.160 
2.143 
2.131 

2.1211 
2.110 
2.(1)1 
2.0\13 
2.086 

2.('00 
l.(I74 
1.0IiI9 
2.064 
2.060 

:1:.056 
:U.l:<2
2._ 
2.04' 
2.042 

2.021 
2.060 
1.?80 
1.9tiO 

9 

10 


JJ 

12 

13 

14 

U 

16 

11 

18 

19 

20 


21 

22 

23 

24 

2S 


26 

'l1 
28 

29 

30 


40 

(jQ 


120 


Table C4 (Continued) Percentiles of the t Distribution 

.4 


.iN! .98S .99 .<J!W .995 


13.m 	 ZI.1m :11.1121 41.434 6J.617 
....849 1.643 6.~ 1.073 9.!m 
3.4112 3.1'96 4.541 S.041 S.1I41 
1.999 3.29\1 3.147 .4.088 Ui04 
2.151 3.003 3.361 3.634 4.032 

2.612 2.829 3.143 un 3.707 
:1..S17 2.715 2.998 ).203 ~.4'!l9 
2.449 1.634 2.8\116 l.OIlS 3.355 
2.3911 2.S74 2.821 1.998 3.150 
2.:m 2.511 2.764 2.932 3.169 

2.3'28 M91 2.118 2.179 3.106 
2.303 2.461 2.681 2.1131> 3.0SS 
2.2112 2.436 2.630 2.801 3.012 
2.264 2.4\5 2.624 2.111 2.911 
2.249 l.m 2.002 2.746 2.947 

2.2.3' 2.3112 2.S8J 2.114 2.921 
2.224 2.31>8 2.561 2.10& ~U98 
2.214 2.3$6 Z.sSl 1.68~ 2.1178 
2.1m 2.346 2S39 2.674 2.861 
:l.I91 2.336 2.S:28 2.661 2.8..., 

2.\&9 2.328 2.518 U49 1.831 
2.1113 1.321) 2.SIJ!l 2.639 UI9 
2.l'n Lm 2.SOO 2.629 2.1107 
2.172 2.307 2.492 2.620 2.791 
2.161 2.31)1 a.os Ull 2.787 

2.162 2.l'16 Z.479 2.flOS 2.17'.1 
2.158 2.2'11 2.473 2.598 2.171 
2.1S4 US6 2.467 2.592 2.163 
2.150 2.lII2 2.462 2 • .5116 2.156 

~2.141 2.Z13 2.457 2.581 2.7.50 

2.123 l.l5O 2.413 2.542 1.104 
2.0\19 2.213 'Z.J9!l 2.!104 l.(j(jQ 

2.076 2.J96 2.»11 2.461l 2.611 
2.m4 :um 2.326 2.4:Jl 2 . .$16 

Volume II. Appendix C: page 7 


.9975 


127.322 
14.089 
1.453 
:1.598 
4.773 

4.317 
4.029 
3.833 
3.690 
3.581 

3.491 
3.428 
3.312 
3.326 
3.286 

3.252 
3.222 
3.191 
3.114 
:I.U) 

l.13S 
l.II9 
3.104 
3.091 
3.078 

1.067 
3.OS1 
3.047 
3.03& 
3.000 

'M11 
2.915 
1.1IW 
2.807 

.ms 

636.-'90 

31..591 

12.924 
11.610 
6.86\1 

S.1IS9 
S.4OB 
S.04I 
4.7111 
4.:131 

4.431 
4.318 
4.221 
4.140 
4.073 

4.015 
3.90 
3.922 
3.883 
3.1149 

3.1119 
3.19l 
3.168 
3.745 
3.12S 

3.107 
3.690 
3.674 
3.659 
3.646 

3.551 
3.460 
3.373 
3.291 

I 

2. 

3 


,4 


6 

7 

8 

I) 

10 


11 

12 

13 

II. 
H 

16. 

17
I. 

19 

211 


21 

22 

l3 

24 

25 


26 

'1:1 

28 

19 

30 


40 

60 


120 


0.32:1 0.727 
0.289 0.617 
0177 0.584 
0.211 0.51>11 
0.267 0.,559 

0.26S O.SS:!' 
D.l6l 0 . .5<19 
0.21>2 0.'46 
0.261 0 . .543 

0.260 0.542 

O.Z60 0.S40 
0.259 0.539 
0.259 0.~l1 
0.258 0.537 
0.2S8 0.536 

0.258 0.535 
0.251 0.534 
0.257 0.534 
0:2:;7 0.533 
0.157 0 . .533 


0.257 0.:132 
0.256 O~J2 
0.256 0.j32 
O.~ 0.331 
0.2..'<6 0,531 

0.256 O.~31 
0.2360 0.S31 
0.2!6 0.530 
0.2;'6 0.'30 
0.256 0.530 

0.255 0.529 
0.254 0.$27 
0.254 O.S26 
0.253 0.524 

l.316 
l.Il6l 
0.978 
O.~I 
0.920 

0._ 
0.996 
0.889 
0.S83 
0.879 

0.876 
0.873 
0..1170 

0._ 

0.866 


0.1165 
0.863 
0.86:1 
0,861 
0.860 

0.S'9 
0.858 
0.858 
0.831 
0.8'6 

0.8:16 
0.855 
O••-'-~ 
0.854 
0.&54 

O.lISl 
0.11<111 
O.II<I! 
0.842 

I.~ 
1.386 
1.250 
1.100 
1.156 

1.134 
1.119 
I· U18 
1.100 
1.093 
1.0118 
1.083 
1.079 
1.016 
1.074 

1.071 
1.0IiI9 
1-Cl61 
J.OO6 
1.064 

1.063 
1.061 
1.060 
1.059 
I.OSB 

I."'~ 
1.057 
J.0S6 
1.05' 
I.OSS 

1.050 
1.045 
1.041 
1.Ql6 

3.078 
1.886 
1.638 
1.533 
1.-476 

1.+40 
1.1.15 
1.39'1 
1.383 
1.372 

1.3603 
1.356 
1.3:10 
1.~ 
1.341 

1.337 
1.313 
LBO 
1.328 
1.325 

1.323 
1.:\21 
1.319 
1.3111 
1.316 

1.315 
1.314 
1.313 
1.3l1 
1.310 

1.303 
1.296 
1.289 
1.282 



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

Table C·5 Percentiles of the F Distribution 

0..,
Entry is F(A; VI, J.'.l) where P{F{VJ, J.'.l) S F{A; VI. J.'.l)} = A 	 dr A 

.50 


.90 


.9S


.97' 

.99 


.99~ 

.999 


2 	 .30 

.90
RA;l'l·"Z· .9j 

.915 

.99


FtA: v" Vl) VJ,VI} 	 .99' 
.999 


.5() 

.90 


.9' 


.975 

.99 
.....,.­

" 	 .50

.90 

.9$ 

.91~ 
.99 

.99'
.­

S 	 .30 

.90 

~9S 

.97' 


.99 


.\)9~ 

. 1M! 

(, .,,, 
.90 

.95 

.97' 
.99

.99'
.IM! 

7 	 .10 

.90 

.9$ 

.91' 

.99 

.99S 

.¥99 


l'f_oordr 


4 oJ 6 


1,00 l.lO 1.71 Ul 1.89 1.94 1.113 2.00 2.1» 

1Il.9 4'1.5 $3.6 ".8 $1.2 SII.2 58.9 '9.4 '9.' 

161 200 216 22, 2JO 2J4 D1 2Jl> 241 

64~ IlOO 1164 900 9U 937 9411 957 963 


4,052 '.403 '.62-' 5,764 ',lI59 ',981 6.022 

11'.211 21>.000 21,6U 22,500 23,056 23AH 2l.1U :13.925 24.091 


405,280 500.000 540.:180 '62,500 '16,_ '8~,940 "~,81O $'J8,1«I roz,ZIIO 


'.000 	 '.'28 

0.6&7 1.00 1.1l 1.21 1.2$ 1.23 I.]() 1.34 I.ll 
8.'3 9.00 9.16 9,24 9.19 9.3~ !I.H 9.31 9.38 
UL5 19.11 19.• 19.2 19.3 19.3 19,4 IV.4 19.4 
38,S 39.0 '9.l >9.2 39,) .19.3 3\1.4 39.4 39.4 
93'.S 99.0 519.2 99.2 99.3 99.3 99.4 99.4 99.4 
199 199 1!l1) 199 199 199 19\1 1';19 19\1 


ll9a,5 _.0 999.2 _.2 99'i).J \199,) 999.4 '099.4 'l99,4 


0.58' 0.881 1.00 1.06 LIG I.B 1.15 1.16 1.\1 
'.$4 5.46 •• 34 5.28 '.l7 5.25,.)' '.31 	 '.24 
10.1 9.'$ 9.2' 9.12 9.01 8.94 8." 8.8. B."
17.4 16.0 15,4 1.'1.1 14.9 14.7 14.iS 14.5 14.5 
34.1 .lO.' 29.' :Ill.? 28.2 27.9 27.7 21.5 21.3 
~~.6 4\1.1 47.' 46.2 4'.4 -to... 44.4 43.9"".1 

167.0 148.5 141.1 137.1 !l4.6 1)2.8 ])1.6 130.6 129.9 

0.$49 0.828 0.941 1.00 1.1)4 1.06 1.011 1.09 1.10 
4.54 4.32 4.19 4.11 4.0' ".ell 1.911 .1.91 J.94 
7.11 6.94 6.59 6.39 6.26 6.16 6.09 6.04 ....00 
1:t.2 10.6 '.!HI "'.60 9 • .1+ 9.20 9.07 B.!HI 8.90 
21.2 11.0 16.1 16.0 u.s 1'.2 1$.0 14.8 14.7 
JI.J 26.1 14.3 23.2 22,' 22.0 21.6 21.4 2U 
14.1 61..2 ~.1 .B.4 5l.7 JO.5 49.7 49.0 48..5 


O.~;!IJ 0.799 0.901 0.965 1.00 un 1-04 I.OS '-'''' 4.06 3.76 ~,61 3.5Z 3.45 1.40 1.37 3.34 J.~2 
6.61 .~.79 ~.41 5.19 5.0' 4.9S 4.118 4.82 ~.77 
10.0 8.4) 7.76 1.J9 7. IS 6.9$ fI.U 6.16 6.68 
16.) Il.l Il.1 11.4 n.O' 10.1 to;!; 10.) 10.2 
22.' 18.1 16.S 15.6 14.9 14.' 14.l 14.0 13.8 
41.2 37.1 33.:1. ,1.1 19•• 28.M 26.2 27.6 21.2 

0.'1' 0.780 IU8(, 0.942 0.977 1.00 1.02 1.0' 1.04­
].78 3,46 3.29 3.18 J.II l.05 3.01 2.98 2,9(> 
5.99 5.14 4.76 4.') 4.3~ 4.28 4.21 4.1) 4.10 
8.ftl 1.26 6.60 6.23 5.99 5.32 $.70 5,60 Ml 
Il.7 10.9 ¥.78 9.U 8_'~ 8.47 S.26 8.10 1.9' 
18.6 14.5 U.9 12,0 n.' 11.1 )0.' 10.1, 10,4 
~,., 27.0 D.7 :11.9 20.8 20.0 19.' 19.0 18,7 

OJlO6 0.161 0.1171 0.92~ 0.900 0.981 1.00 1.01 1.02 
l.$9 l.26 ).07 1.96 2.118 1.83 2.1. 2.~~ 1,12 
S.59 4.'4 4.J5 4.12 3"'1 l.87 1.7'1 3.1J ).68 
8.07 6 • .54 5.89 '.52 '.29 5.11 4.99 4.1j() 4.~l 

12.2 9.5' 11.4' 7.85 1.46 7.19 6.99 ~.!14 6.1.1 
1<1.2 11.4 JI>.9 10.1 9.'2 9.16 8.\'" 8.68 '.51 
29.2 21.' 17.2 16.2 15_5 15.0 14.6 1".3I •.' 
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Table C-5 (Continued) Percentiles of the F Distribution Table C·5 (Continued) Percentiles of the F Distribution 

"'"mora_elf 
Dcn. 

I 4 S 6 9df 
Il<n. 
df A 

N.me,alOT df 

!O 12 15 21) 24 Xl 60 120 «0. 

I .50 2.04 2.07 2.1/9 2.11 213 2.U 2.17 2.1~ 2.20 
.90 60.2 (,0.7 61.2 1>1.7 62.0 62.J ·C,2.!S 63.1 6).3 
.95 142 244 246 248 ~4Y 250 252 2.B 254 
.97S 91>9 977 985 993 997 1.001 1.010 1.014 I,OIB 
.'I'l (.,056 (,,10(, (l.l~7 6.~09 6.235 6,261 6,313 ",339 6.)(16 
.995 24.224 24,4!(, .24,(,]0 24.836 24,940 25,1144 2.~.2n 15,359 25.%4 
.9'J9 bO~.f)20 610,610 flol ~.70() 610/110 f:J1.l~~ b26.IOO 631.340 613.970 636,b20 

2 .50 1..1-' 1.36 I.l.~ 1.J9 lAO 1.41 1.43 1.43 1.44 
.90 9.3~ ~.41 9.42 9.-14 9.4~ 9.4(, 9.47 9.4~ 9.49 
.95 19.4 19.4 1'.1.4 1'.1.4 19.5 19.5 19.5 19.5 19.~ 

.975 3'),4 )').4 3....4 39.4 39.5 19.5 39.5 39.S 39.5 

.99 99.4 99.4 99.4 99.4 99.S 99.:5 ~).5 9... 5 99.5 

.995 19~ 199 199 199 199 199 199 199 100 

.<199 ~99.4 '}')9.4 999.4 999.4 999.5 999.5 999.5 999.5 99'),~ 

3 .50 1.18 L20 1.21 1.23 1.23 1.14 I.U 1.26 1.27 
.'10 S.ll ~.22 5.20 .'1.10 5.1~ 5.17 '.15 5.14 S.U 
.95 K,79 ~.74 8.70 ~.6l> 8.64 8.62 8.57 8." S.53 
.975... 14.4 14.3 14.3 14.2 14.1 14.1 

21.2 27.1 26.9 26.7 26.6 2(..5 
14.0 
2(0.3 

13.9 
J6.2 

13.9 
26.1 

.9'>5 43.7 4.1.4 43.1 42.8 42.6 42.5 42.1 42,0 41.3 

.'J99 IJ9.2 123.3 127.4 ~2(J.4 12$.'9 12'.4 124.' 124.0 123.' 

J .50 1.11 1.13 1.14 LIS 1.)(' I.IC, 1.1~ 1.18 1.19 
.90 3.n 3.')0 3.87 .1,84 3.83 .1.82 l.79 l." 3.76 
.9' 
.~7~ 

5.96 5.91 5.86 5.g0 ~.17 5.15 
8.114 8.75 8.66 8.56 8.51 8.4(, 

~.{,y 

8.l6 
5.66 
8.11 

S.M 
8.26 

.99 14.' 14.4 14.2 ].4.0 13.9 13.8 13.7 13.6 I l.S 

.995 21.0 20.7 20.4 20.2 20.0 19.9 19.6 19.5 19.3 

.9'1' 411.1 47.4 46.8 46.1 4Sg 45.4 44,7 44.4 44.1 

S ..50 1.117 1.09 1.10 1.11 LI2 1.12 1.14 1.14 1./5 
.'10 3.30 l.2l 3.24 3.21 3.19 3.17 3.1" 3.12 3.11 
.95 4.74 4.68 4.b2 4.,6 4.53 4.50 4.43 4.40 4.37 
.975 6.62 6.52 6.43 6.33 6.28 6.2l 6.12 6.07 6.02 
.99 10.1 9.89 9.12 9.55 9.47 'l.J8 9.20 ".11 9.02 
.995 n.6 13.4 13.1 12.9 12.8 12.7 ~2.4 12.3 12.1 
.999 26.9 26.4 25.9 U.4 25.1 24.~ 14.3 24.1 23.8 

(; .50 1.05 1.06 1.07 I.OR 1.09 1.10 1.11 1.12 1.12 
.90 2.94 2.90 2.117 2.84 2.82 2.80 2.7(, 2.14 2.72 
.95 4.06 4.00 3.94 3.87 3.84 3.81 3.74 3.70 3.67 
.975 5.46 5.37 5_27 5.17 5.12 5.m 4.96 4.90 4.85 
.99 7.87 7.72 '.$6 '.40 7,31 7.23 7.06 6.97 6.118 
.995 10.2 10.0 9.81 9.59 9.47 9.36 9.12 9.00 8.88 
.9'19 IB.4 18.0 17.6 17.1 16.9 16.7 /1>.2 16.0 .'.7 

7 .50 1.03 1.04 1.05 1.07 1.07 1.08 1.09 1.10 1.10 
.90 2.70 2.67 2.63 2.59 2.SS 2.'6 2." 2.49 2.47 
.95 ~.64 .I.H 3.31 3.44 1.41 3.38 3.30 3_27 3.23 
.975 4.76 4.67 4." 4.47 4.42 4.36 4.25 4.20 4./4 
.99 6.6:1 6.47 6.31 6.16 6.07 '.99 '.82 '.14 S.(,'5 
.'195 8.38 8.18 7.97 7.15 7.6' 7.'3 7.31 7.19 7.08 
.999 14.1 1l.7 1l.3 12..9 12.7 12.5 12.1 11.9 11.7 

8 

9 

10 

12 

15 

20 

24 

0.499 
.90 
.50 

3.46 
.9S 5.32 
.975 7.57 
.9~ 11.3 
.'195 14.1 
.999 25.4 

0.494 
.90 
.50 

l.)6 
.95 5.12 

.975 I 7.21 

.9.. 10.~ 

.995 13.6 

.999 22.9 

0.490 
.90 
.50 

3.29 
4.96." 6.94 

.99 

."5 
10.0 

.995 12.8 
.9'19 21.0 

.50 0.484 

.90 1./8 
.95 4.75 
.975 6.5.5 
.99 9.33 
.995 11.8 
.999 18.6 

0.478 
.90 
.~o 

3.07 
.95 4.54 
.975 6.20 
.99 8.~ 
.995 10.8 
.9911 16.6 

0.472 
.90 
.50 

2.91 
.95 4.35 
.975 5.87 
.99 8.10 
.99.'1 9.94 
.999 14.8 

0.469 
.90 
.50 

2.93 
,95 4.~~ 
.915 5.12 
.99 1.R2 
.99' 9." 
.9'19 14.0 

0.7H 
3.11 
4.46 
6.06 
8.~.5 
I\.Q 
18.5 

0.749 
3.01 
4.26 
5.71 
8.02 
10.1 
16.4 

0.743 
2.92 
4.10 
5.46 
7.56 
9.43 
14.9 

0.n5 
2.8/ 
3.69 
5./0 
6.93 
8.51 
13.0 

0.126' 
;2.10 
3.68 
4.17 
6.36 
7.71! 
11.3 

0.118 
2.59 
3.49 
4.46 
'.85 
6.\19 
9.95 

0.714 
2.54 
3.40 

'4.32 
~.61 
6.66 
9.34 

0.860 
2.92 
4,07 
5.42 
7.59 
9.60 
15.& 

0.852 
2.81 
3.86 
5.08 
6.99 
8.72 
13.9 

0.845 
2.73 
3.71 
4.83 
6.55 
8.08 
12.6 

0.835 
2.61 
3.49 
4.47 
.5.95 
1.ll 
10.B 

0.826 
2.49 
3.29 
4.IS 
5.•2 
6.411 
11.34 

0.6/6 
2.38 
3./0 
3.86 
4.94 
5.112 
S.IO 

0.8/2 
2.33 
).111 
3.72 
4.72 
5.52 
7.~' 

0.915 
2.81 
3.84 
'.05 
7.01 
8,6/ 
14.4 

0._ 
2.69 
J.63 
4.72 
6.4~ 

7.96 
11.6 

0.699 
2.61 
3.411 
4.47 
5.99 
7.34 
11.3 

0.888 
2.48 
3.26 
4./2 
,,41 
6.52 
11.63 

0.878 
2.36 
3.06 
3.80 
•.89 
5.!II! 
8.25 

0.868 
2.25 
2.87 
3.51 
4.43 
'.17 
7.10 

0.1163 
2.19 
2.78 
3..18 
4.22 
4.119 
6.59 

0.948 
2.n 
1.69 
4.8Z 
6.fi3 
8.30 
U.S 

0.939 
2.61 
3.48 
4.48 
6.06 
7.47 
11.7 

0.932 
2.52 
3.33 
4.24 
5.64 
6.81 
10.5 

0.1>21 
2.39 
3.11 
3.89 
'.06 
6.07 
B.89 

0.911 
2.27 
2.90 
1.58 
4.56 
' .. 11 
7.51 

0.900 
2.16 
2.7/ 
3.29 
4.10 
4.76 
6.46 

D.8~5 
2.10 
2.62 
3.15 
3.90 
4.49 
5.98 

0.97/ 
2.61 
3.S8 
4.65 
6.37 
7.9S 
'2.9 

0.962 
1.S5 
3.37 
4.32
'.'0
7.13 
11.1 

0.954 
2.46 
3.22 
4.07 
5.39 
6.54 
9.93 

0."0 
2.33 
3.00 
J.7l 
4.82 
5.7" 
8.38 

0.931 
2.2/ 
2.79 
3.41 
4.32 
5.07 
7.09 

0.922 
2.09 
2.(>(1 
3.U 
3.81 
4.~7 
6.02 

0.1111 
1./IWI 
2.51 
2.99 
3.67 
4.20
'.n 

0.988 1.00 1.01 
2.62 2.59 2.'6 
3.50 3.44 3.39 
4.53 4.43 4.36 
6.18 6.03 5.91 
7.69 1.50 U4 
12.4 12.0 11.8 

0.918 0.990 1.00 
2.51 2.47 2M 
J.29 3.23 3.18 
4.20 4.10 4.\') 
~.61 '.47 S.lS 
6.118 6.69 6.54 
10.7 10.4 10.1 

0.971 0.9n 0.992 
2.41 2.33 2.3) 
3.14 3.07 3.02 
3.9' 3.85 3.78 
5.20 5.06 4.94 
6.Xl 6./2 5.97 
9.52 9.20 8.96 

0.9'9 0.972 0.981 
2.211 2.24 2.21 
2.91 2.35 2.80 
3.61 3.51 3.44 
4.64 •.50 4.39 
S.52 5.35 5.10 
8.00 7.71 7.411 

0.949 0.91>0 0.910 
2.16 2./2 2.09 
2.11 2.64 2.59 
),29 3.20 3.12 
4.14 4.00 3.89 
4.8' 4.67 4.54 
1>.14 ....., 6.26 

0.938 0.950 0.959 
2.M 2.00 1.96 

2.45 2.392.'. 
3.01 2.91 2.84 
].70 3.56 3.46 
4.26 4.09 3.96 
'.69 '.44 5.24 

0.\132 0.944 0.1153 
1.98 1.94 1.91 
2.42 2.31> 2.JO 
l.87 2.78 2.70 
1.50 3.36 3.26 
3.99 3.83 3.f19 
5.21 4.99 4.110 
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Table C-5 (Continued) Percentiles of the F Distribution Table C-S (Continued) Percentiles of the F Distribution 

N .. _4f 
000. 
d[ 10 12 U 20 l4 .:lO flO 120 "" Den. 

NumcralQ,dr 

3 •.:lO 
.<10 
.9S 
.975 
. \Ill 
.9lI~ 
.~ 

1.02 
2.~ 
3.3~ 
4.30 
S.lIl 
7.21 
II.S 

LO~ 
l.S(I 

3.28 
4.20 
~.67 
7.01 
11.2 

1.04 
'.46 
1.22 
4.10 
5.52 
6.81 
10.8 

1.0:1 
2AZ 
3.15 
4.00 
5.36 
6.61 
10.5 

(.1111 
UIO 
3.11' 
3.9S 
'.21! 
6.30 
11l.3 

1.07 
2.)8 
l,(18 
3.89 
5.10 
1>.40 
\0.1 

LOS 
2.:14 
3:01 
).78 
5.03 
6.18 
9.73 

UIB 
l~)2 

1.97 
'.7)
4.95 
6.06 
'is) 

1.09 
2.~ 
2.93 
3.67 
".116 
5.95 
\1.11 

dr 

JO 

,j 

,SO 
.90 
.95 
.915 

0.466 
2.88 
4.17 
5.57 

2 

0.709 
2.49 
3.32 
4.18 

3 

0.807 
2.28 
2.92 
3.59 

4 

1I.8SS 
2,14 
2.69 
3,2' 

0.890 
2.0S 
2.53 
3.03 

6 

0.912 
1.98 
2.42 
2.81 

1 

0.927 
1.93 
2.33 
2.75 

8 

0.939 
1,88 
2.21 
2.6S 

9 

0.948 
1.85 
2.:1.1 
2.S1 

9 .so 
.90 
M 
.975 
.99 
.995 
.999 

1.01 
l.42 
3.14 
3.96 
5.1(0 
6.42 
q.~Q 

U)Z 
2.3g 
).07 
~.~7 
~.II 
6.23 
9.57 

1.03 
2.34 
HII 
3.77 
4.% 
6.0) 
9.~4 

1.04 
2.30 
2.94 
3.;\1 
4.S) 
~.fl) 
8.'>(.1 

I.OS 
2.28 
1.90 
3.61 
4.7l 
5.73 
s.n 

I.OS 
2.25 
HI> 
3.56 
4.65 
5.62 
g.5S 

1.07 
2.2\ 
2.79 
3.45 
".411 
5.41 
8.19 

UI7 
:l.18 
2.7~ 
3.3\1 
4.40 
5.30 
8.00 

\.08 
2.16 
2.11 
UJ 
4.31 
S.19 
7.HI 

60 

.99 

.!I9S 

.999 

.~O 
.90 
.9$ 

7.S6 
9.18 
0.3 

0.461 
2.79 
4.00 

S.39 
('.35 
8.77 

O.70J 
2.39 
3.15 

4.51 
5.24 
7.0S 

0.798 
2.18 
2.16 

4.02 
4.62 
6.12 

0.849 
2.04 
2.51 

3.70 
4.23 
5.53 

0.880 
1.95 
2.37 

3.47 
3.95 
5.12 

0.901 
1.87 
2.2$ 

3.30 
3.74 
4.82 

0.917 
l.lll 
2.17 

3.17 
U8 
4.58 

0.918 
1.77 
1.10 

3.07 
J.45 
4.39 

0.937 
1.74 
2.04 

10 .50 
.90 
.95 
.97l 
.'19 

1.00 
2.32 
2.913 
3.72 
4.S5 

1.01 
2.26 
2,'"
),61 
4.71 

1.02 
2.24 
2.84 
3.'2 
4.56 

1.03 
2.2(1 
2.71 
3.42 
4.41 

1.04 
l.U! 
2.74 
3.37 
4.)) 

1.05 
l.16 
2.70 
3.11 
4.1S 

1.06 
1.11 
2.62 
3.20 
4.0Il 

1.06 
2.08 
2.'8 
3.14 
4.00 

1.01 
1.06 
2.S4 
3.08 
J.91 

.975 

.\19 

.995 

.\199 

5.29 
7.08 
8.49 
12.0 

3.93 
4.98 
UO 
7.77 

3.34 
4.13 
4,73 
6.17 

3.01 
3.6;$ 
4.14 
5.31 

2.1' 
3..34 
3.76 
4.16 

Z.63 
3.12 
),49 
4.37 

2.51 
2.9$ 
3.29 
4.09 

2.41 
2.R2 
l.1l 
3.86 

2.33 
2.72 
3.01 
3.69 

.995 

.999 
5.85 
8.7S 

5.6<> 
8.45 

5.47 
8.13 

~.'7 
7.80 

S.P 
7.64 

'.07 
7.47 

4.86 
7.12 

4.75 
6.94 

4.64 
6.76 120,50 

.90 
0.458 

2.7S 
R(>97 

2.35 
0.793 

2.1l 
0.844 

1.99 
0.875 

1.90 
0.896 

!.H2 
0.912 

1.77 
0.923 
I.n 

0.932 
1,6t! 

12 .50 
,90 
.9~ 
.9n 
.99 
.99$ 

0.9a9 
2.19 
2.7~ 
J.37 
4.30 
~.09 

1.00 
l.J;j 
2,69 
j,28 
4.16 
4.91 

1.01 
2.10 
2.6% 
3.18 
4.01 
...n 

1.02 
UJ(\ 
2.54 
3.07 
.3.86 
4.51 

1.03 
2Jl4
2." 
3.02 
3.78 
4.43 

1.0..1 
2.01 
lA! 
2,9b 
J,70 
4." 

LOS 
1.96 
2.38 
2.S5 
1 . .S4 
4.12 

1.05 
1.93 
2.:\4 
2.79 
3.45 
4.01 

1.06 
1.9(} 
2.JO 
2.72 
3.16 
J.OO 

.IlS 

.1)75 

.!19 

.!I9S 

.999 

3.92 
S.IS 
6.85 
8.18 
11.4 

3,07 
3.80 
4.19 
SSt 
7.32 

2.6t! 
3,23 
3.95 
4.50 
578 

2.4S 
2.89 
3.411 
),92 
4.95 

2.29 
2.67 
3.17 
3.'5 
4.42 

2.18 
2.52 
2.96 
3.28 
4.M 

2.09 
2.39 
2.79 
3.09 
3.77 

2.02 
2.30 
2.66 
2.93 
.155 

1.96 
2.22 
2,S6 
2.111 
3.38 

.990 1.~9 7.00 6.71 6.411 6.25 6.09 5.76 5.59 H2 

" .50 
.90 
.,~ 

.97~ 

.99 
.995 
.m 

0,977 
2.06 
2.:\4 
3.06 
3.80 
4.42 
11.08 

0,9119 
2.02 
2.4K 
~.~ 
3,67 
4.25 
5.81 

1.00 
1.1)1 
2.411 
2.86 
J.;!2 
4.07 
5.:14 

1.01 
),92 
Z • ..lJ 
2.76 
),)7 

3.88 
$.25 

1.02 
1.90 
2.29 
2.70 
3.,19 
3.79 
5.10 

).(l2 
1.87 
2.25 
2.64 
3.21 
3.69 
4.95 

1.03 
1.~2 
2.16 
2.52 
3.05 
3.43 
4.64 

1.04 
1.79 
2.11 
2,4<> 
2.96 
3.)7 
4.48 

l.OS 
1.7(> 
l.<J7 
240 
2.~? 
3.26 
4.)1 

'" .50 
.90 
.95 
.97S 
.99 
.995 
.9~9 

0.4.5' 
2.11 
3.84 
S.02 
6.63 
7.88 
10.S 

0.69') 
2.30 
3.00 
1.69 
4.61 
5.30 
6.91 

0.189 
2.08 
2.60 
3.12 
3.78 
4.23 
,:1.42 

O.US! 
1.94 
2.37 
2.19 
).32 
3.72 
4.62 

11870 
IJIS 
2.21 
2.:17 
::1.1l2 
US 
4.10 

0.391 
1.17 
2.10 
2.41 
UO 
3.09 
1.74 

0.907 
1.72 
2.01 
2.29 
2.64 
2.90 
3.47 

0.918 
1.67 
1.94 
2.19 
2..51 
1.74 
3.27 

0.927 
1.63 
1.88 
2.11 
2.41 
2,62 
1.10 

20 ..\0 
.'10 
.9S 
.975 
.99 
.99.5 
.999 

0.96<> 
1.94 
2.35 
2.77 
J.l7 
3.8S 
S.OIl 

0.977 
Ulil 
1.28 
1.66 
3.ll 
.3.68 
4.82 

0,989 
1.84 
2.20 
2.57 
3.09 
3.50 
4.~6 

1.00 
1.79 
2,12 
2.46 
2.94 
J.ll 
4.29 

1.01 
1.77 
2.08 
l,41 
2.86 
1.22 
4.1.5 

1,01 
1.74 
2.04 
1.15 
2.lR 
••12 
4.00 

1.02 
l.fiII 
1.95 
2.22 
2.61 
2.91­
J.70 

L01 
},64 
1.90 
2.16 
2.~2 
2.81 
3.54 

1.03 
1.1>1 
1,84 
2.il9 
2.4l 
2.69 
3.33 

24 ,50 
.!10

.'".97S 

0.%1 
I.B8 
2.2$ 
1.64 

0.912 
1,83 
2.18 
2.~4 

O.9KJ 
1.78 
2.11 
2.'14 

0.994 
1.73 
2.03 
2.13 

1.00 
\.10 
1.98 
2.21 

LO.l 
1.67 
~.94 

2.21 

1.02 
1.61 
LB4 
Z.08 

1.0~ 
I.S7 
1.79 
2.01 

1.0J 
1.53 
1.73 
1.94 

.'1'1 

.Q9S 

.'>9') 

3.17 
3.S·) 
4.64 

Mil 
U2 
4.39 

l.B9 
3.1S 
4.14 

2.74 
J.06 
3.87 

H.cI 
2.''7 
3.74 

2.S8 
2.87 
3.59 

2.40 
2.66 
1.29 

1.31 
2.'5 
3.14 

~.21 
2,43 
2.97 
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Table C·S (Continued) Percentiles of the F Distribution 

Den. 
df 

30 	 .SO 

.90 

.95 

.975 

.W 

.995 

.999 


60 	 .50 

.91) 


.95 


.97$ 


.99 


.995 

.999 


121) 50 

.(11) 

.95 

.975 

.99 

.995 

.999 


'I' 	 .SO 

.90 

.95 

.9JS 
.99 

.99.') 

.999 


Nomoralordf 

10 12 IS 21) 24 30 60 120 
 "" 
1).955 0.966 0.978 0.989 0,994 1.00 

1.82 1.77 1.12 1.67 1.64 1.61 
2.1~ 2.09 2.01 L9J 1.89 1.84 
2.51 2.41 2.11 2.20 2.14 2.07 
2.93 2.84 2.70 2.~.') 2.41 2.19 
3.14 3.18 l.OI 2.32 2.73 2.63 
4.24 4.00 ),75 3.49 3.36 l.22 

1).945 O.9~6 0.%7 0.978 O.?!!3 0.989 

L71 1.66 1.60 1.:\4 Ul 1048 

1.99 1.92 LA4 1.75 1.70 1.65

1.n 2.17 2.06 1.94 1.88 1.82 
2.63 2.5U 2.1S 2.20 2.12 2m 
2.'l() 2,74 2.S7 2.39 1.29 2.19 
.1.54 3.32 3.OS 2.83 2.69 2.SS 

0.Q311 1).9SO 0.96\ 0.912 0.918 0.'%) 
1.6.'l 1.60 1.5$ 1.48 1.45 1.41 
1.91 I.S3 1.75 1.66 1.61 US 
2.16 2.05 1.95 1.82 1.16 1.69 
1.47 2.34 2..19 2,03 I.9S 1.86 
2.71 2.S4 2.37 2.19 2.09 1.98 
3.24 1.02 2.13 2.$) 2.40 2.26 

0,9)4 0.945 0.956 0.967 0.972 0.978 
1.60 US 1.49 1.42 1.38 1.34 
1.83 I.7S 1.67 1.'7 1.52 1.46 
2.05 1.94 1.83 1.7' 1.64 1.57 
2.32 2.1& 2.M US 1.'19 1.1\.\ 
U2 2.36 2.19 2.00 1.90 1.19 
2.91', 2.14 2.51 2.27 2.13 1.99 

1.01 
LSd 
1.14 
1.94 
UJ 
2,42 
2.92 

1.00 
1.40 
1.5) 
1.67 
1.54 
1.% 
2.2.5 

0.994 
1.32 
1.43 
J .53 

I.M 
U5 
1.9$ 

0.989 
U4 
1.l1 
1.39 
1.47 
1.53 
1.66 

1.02 

150 

1.63 
1.87 

2..11 

2.30 
1.76 

1.01 
US 
1.47 
U8 
I.n 
1.83 
2.OS 

1.00 
1.26 
1.35 
1.43 
I.S) 
1.411 
1.71 

0.994 
1.17 
1.'22­
1.27 
1.32 
1.36 
1.4S 

U)2 
1.46 
1.61 
1.7~ 
2.01 
2.111 

2..59 


1.01 
1.29 
1.39 
1.48 

1..60 

1.69 
1.89 

Ull 
1.19 
1.25 

LlJ 

1.38 
1.4] 
1.54 

1.00 
1.00 
1.00 
1.00 
\.00 
1.00 
1.00 

~ 
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