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Question 1 

A Personal Identification Number (PIN) consists of four digits in order, each ofwhich 
may be anyone of 0, 1,2, ... ,9. 

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

(iii)There are two different digits, each ofwhich 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) J~I~~Jk),for k~ 0, 1,2,3,4. 

(4 Marks) 
(U) Hence write down the values of the 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 offx(x) against x. 

(6 Marks) 

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

o ,x < -1, 

2+3x+X3 
,-I:S; x < 1,F i	 x)= 

4 
,x:2:: 1. 

Also find P(-112 ~ X ~1/2) 
(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 119 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 1per 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. 

Ifthe 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 (l lIP, 

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

i) 	 If total costs (TC) are fixed and equal to E 1,000, find the expected profits of this 
firm. . 

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

(7 Marks) 



Question 5 

a) The continuous random variable X has probability density function 

Ix ('-t) = ~ exp{- x}, x>O. 
21(x 2 

Show that X has moment generating function (mgt) 

1 


t < ~kfx{t) = ~ , 2'
(1- 2f) 

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

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

P(X=x) = (l-OrIO, x= 1,2, .... 

Show that X has moment generating function (mgt) 
e'O 

A-Ix(t) = , r<-Jn(I-0).
l-e'(l-O) 

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

Question 6 

Suppose the random variables X and Y are independent and are Gamma 
distributed with parameters (O',..x) and ({3,..x) respectively 

. ,X°xn - 1 exp(-Ax) 
I.e. fx(x) = r(a) , 

with a similar expression for fy (y). 

By calculating the joint probability density function of X +Y and XIY, show 

that these random variables are independent and that X +Y has the Gamma 

(0 + {3,..x) distribution. Find the probability density function of XIY. Why 

are X +Y and YIX independent? What is the probability density function 

of Y/X? 


(20 marks) 



Question 7 

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

r(a+,B +y) xll-1Vp-1(1_x _ V)y-l, 0 <x< 1,0 <.v < 1, 0 <x +.v < 1, 
r(a)f(,B)r(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(j.rrys) = rea + r). rep +s) . rea + p+r)
rCa) rep) r(a+/3+r+r+s) 

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

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

(6 Marks) 



STATISTICAL TABLES 

TABLEA.1 

Cumulative Standardized Nonnal Distribution 

A(z) is the integral of the standardized nonnal 
distribution from - 00 to z (in other words, the 
area under the curve to the left ofz). It gives the 
probability of a normal random variable not 
being more than z standard deviations above its 
mean. Values of: of particular importance: 

• AI'l 
1.645 0.9500 Lower limit of right 5% tail 
1.960 0.9750 Lower limit of right 2.5% tail 
2.326 0.9900 Lowe, limit of right I % tailSTATISTICAL 
2.576 0.9950 Lowe! limit of right 0.5% tail 
3.090 0.9990 Lower limit of right 0.1 % tail 
3.291 0.9995 Lower limit of risht 0.05% tail ....---.... ·3 ·2 ·1 0 1 Z 2 3 4TABL S 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

0.0 0.5000 0.S040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359 

<11 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5615 0.5114 0.5753 
0.2 0.5793 0.5832 0.5811 0.5910 '0.5948 0.5987 0.6026 0.6064 0.6103 0.6141Cumulative nonnal distribution 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.65110.3 0.6179 0.6211 0.6255 
0.4 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879 

Critical values of the t distribution 0.5 0.6915 0.6950 0.6985 0.1019 0.7054 0.7088 0.7123 0.7157 0.7190 0.1224 
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.1486 0.7511 0.1549 
0.7 0.7580 0.1611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.1852Critical values of the F distribution 
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133 
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0,8365 0.8389 

Critical values of the chi-squared distribution 1.0 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0,8577 0.8599 0.8621 
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0,8830 

1.2 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0,8980 0.8997 0.9015 
1.3 0.9032 0.9049 0.9066 0,9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177 
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0,9292 0.9306 0.9319 
L5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0,9429 0.9441 
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545 
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633 
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706 
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9150 0.9756 0.9761 0.9767 
2.0 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817 
2.1 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857 
2.2 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9881 0.9890 
2.3 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916 
2.4 0.9918 0.9920 0.9922 0.9925 0.9921 0.9929 0.9931 0.9932 0.9934 0.9936 
2.5 0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952 
2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964 
2.7 0.9965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974 
2.8 0.9974 0.9915 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981 

2.9 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986 

3.0 0.9981 0.9981 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990 
3,1 0.9990 0.9991 0.999\ 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 

3.2 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995 

3.3 0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9991 
3.4 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9991 0.9997 0.9997 0.9998 
3,5 0.9998 0.9998 0.9998 0.9998 0.9998 0,9998 0.9998 0.9998 0.9998 0.9998 
3.6 0.9998 0.9998 0.9999 

C C. Dougherty 2001, 2002 (e,douQhertyOlSe.ac.l.lk). Th.se table, heve been CQrnp!.lted to ,cco~ny the text C. Dougherty ktlrfx.1tJetion to 
Economeltics (sscood editiofl2002, Oxford UnNerdy PM8, Oxtord~ They may be reproduced freely proVided that tn.k attnbUtion is retained. 

http:e,douQhertyOlSe.ac.l.lk
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TAilLE A.2 TAilLE A.3 

t Distribution: Critical Values of t FDlstributlon: Critical Values of F(5%·slgnlllcance level) 

Deg..... oj 
freedom 

Two-taileJ test: 
OntHailed lest: 

IO'Y. 
5% 

5% 
2.5% 

SigniJiamcelevel 

2% 
1% 

1% 
0.5% 

0.2% 
0.1% 

0.1% 
0.05% 

.. 2 3 4 5 6 7 8 9 10 lZ 14 16 18 20 ., 
1 161.45 199.50 215.71 224.58230.16233.99 236.77 238.88 240.54 241.88 243.91 245.36 246.46 247.32 248.01 
2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40 19.41 19.42 19.43 19.44 19.45 

I 6.314 12.706 31.821 63.657 318.309 636.619 3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.74 8.71 8.69 8.67 8.66 
2 2.920 4.303 6.965 9.925 22.327 31.599 4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.91 5.87 5.84 5.82 5.80 
3 2.353 3.182 4.541 5.841 10.215 12.924 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.64 4.60 4.58 4.56 
4 
5 

2.132 
2.015 

2.776 
2.571 

3.747 
3.365 

4.604 
4.032 

7.173 
5.893 

8.610 
6.869 6 

7 
5.99 
5.59 

5.14 
4.74 

4.76 
4.35 

4.53 
4.12 

4.39 
3.97 

4.28 
3.87 

4.21 
3.79 

4.15 
3.73 

4.10 
3.68 

4.06 
3.64 

4.00 
3.57 

3.96 
3.53 

3.92 
3.49 

3.90 
3.47 

3.87 
3.44 

6 1.943 2.447 3.143 3.707 5.208 5.959 8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.24 3.20 3.17 3.15 
7 1.894 2.365 2.998 3.499 4.785 5.408 9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.03 2.99 2.96 2.94 
8 1.860 2.306 2.896 3.355 4.501 5.041 10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 307 3.02 2.98 2.91 2.86 2.83 2.80 2.77 
9 

10 
1.833 
1.812 

2.262 
2.228 

2.821 
2.764 

3.250 
3.169 

4.297 
4.144 

4.781 
4.587 II 

Il 
4.84 
4.75 

3.98 
3.89 

3.59 
3.49 

3.36 
3.26 

3.20 
3.11 

3.09 
3.00 

.3.01 
2.91 

2.95 
2.85 

2.90 
2.80 

2.85 
2.75 

2.79 
2.69 

2.74 
2.64 

2.70 
2.60 

2.67 
2.57 

2.65 
2.54 

II 1.796 2.201 2.718 3.106 4.025 4.437 I3 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.60 2.55 2.51 2.48 2.46 
Il 1.782 2.179 2.681 3.055 3.930 4.318 14 4.60 3.74 3.34 3.11 2.96 2.85 2. 76 2.70· 2.65 2.60 2.53 2.48 2.44 2.41 2.39 
I3 1.771 2.160 2.650 3.012 3.852 4.221 15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.48 2.42 2.38 2.35 2.33 
14 
IS 

1.761 
1.753 

2.145 
2131 

2.624 
2.602 

2.977 
2.947 

3.787 
3.733 

4.140 
4.073 16 

17 
4.49 
4.45 

3.63 
3.59 

3.24 
3.20 

3.01 
2.96 

2.85 
2.81 

2.74 
2.70 

2.66 
2.61 

2.59 
2,55 

2.54 
2.49 

2.49 
2.45 

2.42 
2.38 

2.37 
2.33 

2.33 
2.29 

2.30 
2.26 

2.28 
223 

16 1.746 2.120 2.583 2.921 3.686 4.015 18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.34 2.29 2.25 2.22 2.19 
17 1.740 2.110 2.567 2.898 3.646 3.965 19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.31 2.26 2.21 2.18 2.16 
18 1.734 2.101 2.552 2.878 3.610 3.922 20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.28 2.22 2.18 2.15 2.12 
19 
20 

1.729 
1.725 

2.093 
2.086 

2.539 
2.528 

2.861 
2.845 

3.579 
3.552 

3.863 
3.850 21 

22 
4.32 
4.30 

3.47 
3.44 

3.07 
3.05 

2.84 
2.82 

2.68 
2.66 

257 ·2,49 
2.55 2.46 

2.42 
2.40 

2.37 
2.34 

2.32 
2.30 

2.25 
2.23 

2.20 
2.17 

2.16 
2.13 

2.12 
2.10 

210 
l.07 

21 1.721 2.080 2.518 2.831 3.527 3.819 23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 2.27 2.20 2.15 2.11 2.08 2.05 
22 1.717 2.074 2.508 2.819 3.505 3.792 24 4.26 3.40 3.01 2.78 2.62 251 2.42 2.36 2.30 2.25 2.18 2.13 2.09 2.05 2.03 
23 1.714 2.069 2._ 2.807 3.485 3.768 25 4.24 3.39 2.99 2.76 2.60 249 2.40 2.34 2.28 2.24 2.16 2.11 ·2.07 2.04 2.01 
24 
25 

1.711 
1.708 

2064 
2060 

2.492 
2.485 

2.797 
2.787 

3.467 
3.450 

3.745 
3.725 26 

27 
4.22 
4.21 

3.37 
3.35 

2.98 
2.96 

2.74 
2.73 

2.59 
2.57 

2.47 
2.46 

2.39 
2.37 

2.32 
2.31 

2.27 
2.25 

2.22 
2.20 

2.15 
2.13 

2.09 
2.08 

2.05 
2.04 

2.02 
2.00 

1.99 
1.97 

26 1.706 2.056 2.479 2.779 3.435 3.707 28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.12 2.06 2.02 1.99 1.96 
27 1.703 2.052 2.473 2.771 3.421 3.690 29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22 2.18 2.10 2.05 2.01 1.97 1.94 
28 1.701 2.048 2.467 2.763 3.408 3.674 30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.09 2.04 1.99 1.96 1.93 
29 
30 

1.699 
1.697 

2.045 
2.042 

2.462 
2.457 

2.756 
2.750 

3.396 
3.385 

3.659 
3.646 35 

40 
4.12 
4.08 

3.27 
3.23. 

2.87 
2.84 

2.64 
2.61 

2.49 
2.45 

2.37 
2.34 

2.29 
2.25 

2.22 
2.18 

2.16 
2.12 

2.11 
2.08 

2.04 
2.00 

1.99 
1.95 

1.94 
1.90 

1.91 
1.87 

1.88 
1.84 

32 1.694 2.037 2.449 2.738 3.365 3.622 SO 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07 2.03 1.95 1.89 1.85 1.81 1.78 
34 1.691 2.032 2.441 2.728 3.348 3.601 60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.92 1.86 1.82 1.78 1.75 
36 1.688 2.028 2.434 2.719 3.333 3.582 70 3.98 3.13 2.74 2.50 2.35 2.23 2.14 2.07 2.02 1.97 1.89 1.84 1.79 1.75 1.72 
38 
40 

1.686 
1.684 

2.024 
2.021 

2.429 
2.423 

2.712 
2.704 

3.319 
3.307 

3.566 
3.551 80 

90 
3.96 
3.95 

3.11 
3.10 

2.72 
2.71 

2.49 
2.47 

2.33 
2.32 

2.21 
2.20 

2.13 
2.11 

2.06 
2.04 

2.00 
1.99 

1.95 
1.94 

1.88 
1.86 

1.82 
1.80 

1.77 
1.76 

1.73 
1.72 

1.70 
1.69 

42 1.682 2.018 2.418 2.698 3.296 3.538 100 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97 1.93 1.85 1.79 1.75 1.71 1.68 
44 1.680 2.015 2.414 2.692 3.286 3.526 IZO 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96 1.91 1.83 1.78 1.73 1.69 1.66 
46 1.679 2.013 2.410 2.687 3.277 3.515 ISO 3.90 3.06 2.66 2.43 2.27 2.16 2.07 2.00 1.94 1.89 1.82 1.76 1.71 1.67 1.64 
48 
50 

1.677 
1.676 

2.011 
2.009 

2.407 
2.403 

2.682 
2.678 

3.269 
3.261 

3.505 
3.496 200 

2SO 
3.89 
3.88 

3.04 
3.03 

2.65 
2.64 

2.42 
2.41 

2.26 
2.25 

214 2.06 
2.13 2.05 

1.98 
1.98 

1.93 
1.91 

1.88 
1.87 

1.80 
1.79 

1.74 
1.73 

1.69 
1.68 

1.66 
1.65 

1.62 
1.61 

60 1.671 2.000 2.390 2.660 3.Z32 3.460 300 3.87 3.03 2.63 2.40 2.24 2.13 2.04 1.97 1.91 1.86 1.78 1.72 1.68 1.64 1.61 
70 1.667 1.994 2.381 2.648 3.211 3.435 400 3.86 3.02 2.63 2.39 2.24 2.12 2.03 1.96 1.90 1.85 1.78 1.72 1.67 1.63 1.60 
80 1.664 1.990 2.374 2.639 3.195 3.416 500 3.86 3.01 2.62 2.39 2.23 2.12 2.03 1.96 1.90 1.85 1.77 1.71 1.66 1.62 1.59 
90 

100 
1.662 
1.660 

1.987 
1.984 

2.368 
2.364 

2.632 
2.626 

3.183 
3.174 

3.402 
3.390 600 3.86 

7SO 3.85 
3.01 
3.01 

2.62 
2.62 

2.39 
2.38 

2.23 
2.23 

2.11 
2.11 

2.02 
2.02 

1.95 
1.95 

1.90 
1.89 

1.85 
1.84 

1.77 
1.77 

1.71 
1.70 

1.66 
1.66 

1.62 
1.62 

1.59 
1.58 

120 1.658 1.980 2.358 2.617 3.160 3.373 1000 3.85 3.00 2.61 2.38 2.22 2.11 2.02 1.95 1.89 1.84 1.76 1.70 1.65 1.61 1.58 
150 1.655 1.976 2.351 2.609 3.145 3.357 
200 1.653 1.972 2.345 2.601 3.131 3.340 
300 1.650 1.968 2.339 2.592 3.118 3.323 
400- 1.649 1.966 2.336 2.588 3.111 3.315 

1.648 1.965 2.334 2.586 3.107 3.310 
600 1.647 1.964 2.333 2.584 3.104 3.307 

'" 1.645 1.960 2.326 2.576 3.090 3.291 
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TABLE A.3 (continued) 
TABLE A.3 (continued) 

I'Dlatrtbutlon: CrtUcal Values of I' (S% slgnlflcance level) 
I'Dlstributlon: Critical Values of I' (1% slgnmcance level) 

" 25 30 lS 40 50 60 75 100 150 200 .. 
1 249.26 250. JO 250.69 251.14 251.77 252.20 252.62 253.04 253.46 253.68 

... ., 1 2 3 S 6 8 9 10 12 14 16 18 20 

2 
3 

J9,46 
8.63 

19.46 
8.62 

19.47 
8.60 

19.47 
8.59 

19.48 
8.58 

19.48 
8.57 

19.48 
8.56 

19,49 
8.55 

19,49 
8.54 

19.49 
8.54 

I 4OS2.lS 499950 5463.35 S6245S 5163.65 585899 592&)6 S9Sun 6022:.47 6055.85: 6106.32 6142.67 
2 98.50 99.00 99.17 99.25 99.30 9933 99.36 99.37 99.39 99.40 99.42 99.43 

6170.10 
99.44 

619L51 
99.44 

6208.73 
99.45 

4 5.77 5.75 5.73 5.72 5.70 5.69 5.68 5.66 5.65 5.65 3 34.12 30.82 29.46 28.7J 28.24 2791 27.67 27,49 27.35 27.23 '27.OS 26.92 26.83 26.75 26.69 
5 4.52 4.50 4.48 4.46 4A4 4,43 4.42 4.41 4.39 4.39 4 

5 
21.20 
16.26 

18.00 
13.27 

16.69 
12.06 

15.98 
11.39 

15.52 
10.97 

15.21 
10.67 

14.98 
10.46 

14.80 
10.29 

14.66 
10.16 

14.55 
10.05 

14.37 
9.89 

14.25 
9.77 

14.15 
9.68 

14.08 
9.61 

14.02 
9.55 

6 
7 
8 
9 

3.83 
3.40 
3.11 
2.89 

3.81 
3.38 
3.08 
2.86 

3.79 
3.36 
3.06 
2.84 

3.77 
3.34 
3.04 
2.83 

3.75 
3.32 
3.02 
2.80 

3.74 3.73 
3.30 3.29 
3.01 2.99 
279 2.77 

3.7J 
3.27 
2.97 
2.76 

3.70 3.69 
3.26 3.25 
196 2.95 
l74 2.73 

6 
7 
8 

13.75 
12.25 
11.26 

10.92 
9.55 
8.65 

9.78 
8.45 
7.59 

9.15 
7.85 
7.01 

8.75 
7.46 
6.63 

8,47 
7.19 
6.37 

8.26 
699 
6.18 

8.10 
6.84 
6.03 

7.98 
6.72 
5.91 

7.87 
6.62 
5.81 

7.72 
6.47 
5.67 

7.60 
6.36 
5.56 

7.52 
6.28 
5.48 

7.45 
6.21 
5,41 

7.40 
6.16 
5.36 

10 

11 

2.73 

2.60 

2.70 

2.57 

2.68 

2.55 

2.66 

2.53 

2.64 

2.51 

262 2.60 

249 2.47 

2.59 

2.46 

2.57 

2.44 

2.56 

2.43 

9 
10 

10.56 
10.04 

8.02 
7.56 

6.99 
6.55 

6.42 
5.99 

6.06 
5.64 

5.80 
5.39 

5.61 
5.20 

5,47 
5.06 

5.35 
4.94 

5.26 
4.85 

5.11 
4.71 

5.01 
4.60 

4.92 
4.52 

4.86 
4,46 

4.81 
4,41 

12 
13 
14 
15 

16 
17 

2.50 
2.41 
2.34 
2.28 

2.23 
2.18 

2.47 
2.38 
2.31 
2.25 

2.19 
2.15 

2.44 
2.36 
2.28 
2.22 

2.17 
2.12 

2,43 
2.34 
2.27 
2.20 

2.15 
2.10 

240 
2.3J 
2.24 
2.18 

2.12 
208 

2.38 2.37 
230 2.28 
2.22 2.21 
2.16 2.14 

2.11 2.09 
2.06 2.04 

235 
2.26 
2.19 
212 

207 
202 

l33 
2.24 
2.17 
2.10 

2.05 
2.00 

2.32 
2.23 
2.16 
llO 

204 
1.99 

II 
12 
13 
14 
15 

16 

9.65 
9.33 
9.07 
8.86 
8.68 

8.53 

7.21 
6.93 
6.70 
6.51 
6.36 

6.23 

6.22 
5.95 
5.74 
5.56 
5,42 

5.29 

5.67 
5.41 
5.21 
5.04 
4.89 

4.77 

5.32 
5.06 
4.86 
4.69 
4.56 

4.44 

5.07 
4.82 
4.62 
4.46 
4.32 

4.20 

'4.89 
4.64 
4.44 
4.28 
'4.14 

4.03 

4.74 
4.50 
4.30. 
4.14 
4.00 

3.89 

4.63 
4.39 
4.19 
4.03 
3.89 

3.78 

4.54 
4.30 
4.10 
3.94 
3.80 

3.69 

4.40 
4.16 
3.96 
3.80 
3.67 

3.55 

4.29 
4.05 
3.86 
3.70 
3.56 

3.45 

4.21 
3.97 
3.78 
3.62 
3.49 

3.37 

4.15 
3.91 
3.72 
3.56 
3.42 

3.31 

4.10 
3.86 
3.66 
3.51 
3.37 

3.26 

18 
19 
20 

21 
22 
U 
24 
15 

26 
Z7 
28 
29 
30 

2.14 2.11 
21l 2.07 
207 2.04 

2.05 2.01 
2.02 1.98 
2.00 1.96 
1.97 1.94 
1.96 1.92 

1.94 1.90 
1.92 L88 
1.91 1.87 
1.89 1.85 
1.88 1.84 

2.08 
2.05 
2.01 

1.98 
1.96 
1.93 
1.91 
1.89 

1.87 
1.86 
1.84 
1.83 
1.81 

2.06 
2.03 
1.99 

1.96 
1.94 
1.91 
1.89 
1.87 

U5 
1.84 
1.82 
1.81 
1.79 

2.04 
200 
1.97 

1.94 
1.91 
1.88 
1.86 
1.84 

1.82 
1.81 
1.79 
1.77 
1.76 

2.02 
1.98 
1.95 

1.92 
1.89 
1.86 
1.84 
1.82 

1.80 
1.79 
1.77 
1.75 
1.74 

2.00 
1.96 
1.93 

1.90 
1.87 
1.84 
1.82 
1.80 

1.78 
1.76 
1.75 
1.73 
1.72 

1.98 
1.94 
1.91 

1.88 
1.85 
1.82 
1.80 
J.78 

1.76 
1.74 
1.73 
1.71 
1.70 

1.96 
1.92 
1.89 

1.86 
1.83 
1.80 
1.78 
1.76 

1.74 
1.72 
1.70 
1.69 
1.67 

1.95 
1.91 
L88 

1.84 
L82 
1.79 
1.77 
1.75 

1.73 
L71 
1.69 
1.67 
1.66 

17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

8.40 
8.29 
8.18 
8.\0 

8.02 
7.95 
7.88 
7.82 
7.77 

7.72 
7.68 
7.64 
7.60 
7.56 

6.11 
6.01 
5.93 
5.85 

5.78 
5.72 
5.66 
5.61 
5.57 

5.53 
5.49 
5.45 
5,42 
5.39 

5.18 
5.09 
5.01 
4.94 

4.87 
4.82 
4.76 
4.72 
4.68 

4.64 
4.60 
4.57 
4.54 
4.51 

4.67 
4.58 
4.50 
4.43 

4.37 
4.31 
4.26 
4.22 
4.18 

4.14 
4.11 
4.07 
4.04 
4.02 

4.34 
4.25 
4.17 
4.10 

4.04 
3.99 
3.94 
3.90 
3.85 

3.82 
3.78 
3.75 
3.73 
3.70 

4.10 
4.01 
3.94 
3.87 

3.81 
3.76 
3.71 
3.67 
3.63 

3.59 
3.56 
3.53 
3.50 
3.47 

3.93 
3.84 
3.77 

. 3.70 

3.64 
3.59 
3.54 
3.50 
3.46 

3.42 
3.39 
3.36 
3.33 
3.30 

3.79 368 
3.71 3.60 
3.63 3.52 
3.56 3.46 

3.51 3.40 
3.45 3.35 
3.41 3.30 
3.36 3.26 
3.32 3.22 

3.29 3.18 
326 3.15 
3.23 3.12 
3.20 3.09 
3.17 3.07 

3.59 
3.SJ 
3.43 
3.37 

3.31 
3.26 
3.21 
3.17 
3.13 

3.09 
3.06 
3.03 
3.00 
298 

3.46 
3.37 
3.30 
3.23 

3.17 
3.12 
3.07 
3.03 
2.99 

2.96 
2.93 
2.90 
2.87 
2.84 

3.35 
3.27 
3.19 
3.13 

3.07 
3.02 
2.97 
2.93 
2.89 

2.86 
2.82 
2.79 
2.77 
2.74 

3.27 
3.19 
3.12 
3.05 

2.99 
2.94 
2.89 
2.85 
2.81 

2.78 
2.75 
2.72 
2.69 
2.66 

3.21 
3.13 
3.05 
2.99 

2.93 
2.88 
2.83 
2.79 
2.75 

2.72 
268 
2.65 
2.63 
2.60 

3.16 
3.08 
3.00 
2.94 

2.88 
2.83 
2.78 
274 
2.70 

2.66 
263 
2.60 
257 
2.55 

35 
40 
50 
60 
70 

1.82 
1.78 
1.73 
1.69 
1.66 

1.79 
1.74 
1.69 
1.65 
1.62 

1.76 
1.72 
1.66 
1.62 
1.59 

1.74 
1.69 
1.63 
159 
1.57 

1.70 
1.66 
1.60 
L56 
1.53 

1.68 
1.64 
1.58 
1.53 
1.50 

1.66 
1.61 
1.55 
1.51 
1.48 

1.63 
1.59 
1.52 
1,48 
1,45 

1.61 
1.56 
1.50 
1.45 
1.42 

1.60 
1.55 
1.48 
1.44 
lAO 

l5 
40 
50 
60 
70 

7.42 
7.31 
7.17 
7.08 
7.01 

5.27 
5.18 
5.06 
4.98 
4.92 

4.40 
4.31 
4.20 
4.13 
4.07 

3.91 
3.83 
3.72 
3.65 
3.60 

3.59 
3.51 
3,41 
3.34 
3.29 

3.37 3.20 
329 3.12 
3.19 3.02 
3.12 2.95 
3.07 2.91 

3.07 2.96 
199 2.89 
2.89 2.78 
2.82 2.72 
2.78 2.67 

288 
2.80 
2.70 
263 
2.59 

2.74 
2.66 
256 
2.50 
2.45 

2.64 
2.56 
2,46 
2.39 
2.35 

2.56 
2.48 
2.38 
2.31 
2.27 

2.50 
2.42 
2.32 
2.25 
2.20 

2.44 
2.37 
2.27 
2.20 
2.15 

80 
90 

100 
120 
150 

1.64 
1.63 
1.62 
1.60 
L58 

1.60 
L59 
1.57 
1.55 
1.54 

1.57 
1.55 
1.54 
1.52 
150 

1.54 
1.53 
1.52 
1.50 
1.48 

1.51 
1.49 
1.48 
1.46 
1.44 

1,48 
1.46 
1,45 
1.43 
1.41 

1,45 
1.44 
1.42 
1.40 
1.38 

1.43 
1,41 
1.39 
1.37 
1.34 

L39 1.38 
1.38 1.36 
1.36 1.34 
1.33 1.32 
1.31 1.29 

80 
90 

100 
120 
150 

6.96 
6.93 
6.90 
6.85 
6.81 

4.88 
4.85 
4.82 
4.79 
4.75 

4.04 
4.01 
3.98 
3.95 
3.91 

3.56 
3.53 
3.51 
3.48 
3.45 

3.26 
3.23 
3.21 
3.17 
3.14 

3.04 
3.01 
2.99 
2.96 
2.92 

2.87 
2.84 
2.82 
2.79 
2.76 

2.74 2.64 
l72 2.61 
2.69 2.59 
2.66 2.56 
263 2.53 

2.55 
2.52 
2.50 
2.47 
2.44 

242 
2.39 
2.37 
2.34 
2.31 

2.31 
2.29 
2.27 
2.23 
2.20 

2.23 
2.21 
2.19 
2.15 
2.12 

2.17 
2.14 
2.12 
2.09 
2.06 

2.12 
2.09 
2.07 
203 
2.00 

200 
250 
300 
400 
500 

1.56 
1.55 
1.54 
1.53 
1.53 

U2 
1.50 
1.50 
1.49 
1,48 

1.48 
1.47 
1.46 
1.45 
1.45 

1.46 
1.44 
1.43 
1.42 
1.42 

1.41 
1,40 
1.39 
1.38 
1.38 

1.39 
1.37 
I 36 
1.35 
1.35 

US 1.32 
L34 1.31 
1.33 1.30 
1.32 1.28 
1.31 1.28 

1.28 
1.27 
1.26 
1.24 
1.23 

1.26 
1.25 
1.23 
1.22 
1.21 

200 
250 
300 
400 
500 

6.76 
6.74 
6.72 
6.70 
6.69 

4.71 
4.69 
4.68 
4.66 
4.65 

3.88 
3.86 
3.85 
3.83 
3.82 

3AI 
3,40 
3.38 
3.37 
3.36 

3.11 
3.09 
3.08 
3.06 
3.05 

2.89 
2.87 
2.86 
2.85 
2.84 

2.73 
271 
270 
l68 
268 

260 2.50 
2.58 2,48 
2.57 2,47 
2.56 2,45 
2.55 2.44 

2.41 
239 
2.38 
2.37 
2.36 

2.27 
2.26 
2.24 
2.23 
2.22 

2.17 
2.15 
2.14 
2.13 
2.12 

2.09 
2.07 
2.06 
2.OS 
2.04 

2.03 
2.01 
1.99 
1.98 
1.97 

1.97 
1.95 
1.94 
1.92 
1.92 

600 
750 

1000 

L52 
1.52 
1.52 

1.48 
1.47 
1.47 

1.44 
1.44 
1.43 

1.41 
1.41 
1.4J 

1.37 
1.37 
1.36 

L34 UJ 
1.34 1.30 
1.33 1.30 

1.27 
1.26 
1.26 

1.23 
1.22 
1.22 

1.20 
1.20 
1.19 

600 
750 

1000 

6.68 
6.67 
6.66 

4.64 
4.63 
4.63 

3.81 
3.81 
3.80 

3.35 
3.34 
3.34 

3.05 
3.04 
3.04 

2.83 
2.83 
2.82 

267 
266 
266 

2.54 
2.53 
2.53 

2.44 
2.43 
2.43 

2.35 
2.34 
234 

2.21 
2.21 
2.20 

2.1\ 
2.11 
2.10 

2.03 
2.02 
2.02 

1.96 
1.96 
1.95 

1.91 
1.90 
1.90 
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TABlE A.3 (continued) 
TABLE A.3 (continued) 

F Dlsttlbutlon: Critical Values of F (1% slgnIIlcance level) 
F Distribution: Critical Values of F (0.1% significance level) 

.. 25 30 35 .w so 60 75 100 ISO 200 
., I 3 4 5 <I 1 8 9 10 12 14 16 18 20

'" 1 62l~Ul 6260.65 627B7 6286.78 6102.S1 6313,03 6323,56 6334.U 6344.63 6349,97 
1 4.05eOS S.OOeOs S.4Oc05 5.62eOS S.16ei3S S.86d)S S.9:leOS S.9&eOS 6.02eOS 6.06e0S 6,lIeOS 6,}4eQS 6.11eOS 6.1geOS 6.21c052. 99.46 99.47 99.47 99.47 99.48 99.48 99.49 99.49 99.49 99.49 '" 
2998.50999.00 999.11999.25999.30999.33 999.36 999.37 999.39 999.40 999.42 999.43999.44 999.44 999.45 3 26.58 26.50 26.45 26.41 26.35 26.32 26.28 26.24 26.20 26.18 
3 167.03 148.50141.11 137.10 134.58 132.85 131.58 130.62 129.86 129.25 128.32 127.64 127.14 126.74 126.42 4 13.91 13.84 13.79 13.75 13.69 13.65 13.61 13.58 13.54 13.52 
4 74.14 61.25 56.18 53.44 SL71 50.53 49.66 49.00 48.47 48.05 47.41 46.9S 46.60 46.32 46.105 9.45 9.38 9.33 9.29 9.24 9.20 9.11 9.13 9.09 9.08 
5 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 21.24 26.92 26.42 26.06 25.78 25.51 25.39 

6 7.30 7.23 7.18 7.14 7.09 7.06 7.02 6.99 6.95 6.93 
6 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 IB.69 18.41 17.99 17.68 11.45 17.27 17.127 6.06 5.99 5.94 5.91 5.86 5.82 5.79 5.75 5.72 5.10 
7 29.25 21.69 18.77 17.20 16.21 15.52 15.~2 14.63 14.33 14.0B 13.71 13.43 13.23 13.06 12.938 5.26 5.20 5.15 5.12 5.07 5.03 5.00 4.96 4.93 4.91 

9 4.71 4.65 4.60 4.57 4.52 4.48 4.45 4.41 4.38 4.36 8 25.41 18.49 15.83 14.39 13.4B 12.86 12.40 12.05 1l.77 1l.S4 11.19 10.94 10.75 10.60 10.48 
10.70 10.37 10.11 9.89 9.57 9.33 9.15 9.01 8.90 

10 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96 8.75 8.45 8.22 8.05 7.91 7.80 
II 4.01 3.94 3.89 3.86 3.81 3.78 3.74 3.71 3.67 3.66 

10 4.31 4.25 4.20 4.17 4.12 4.08 4.05 4.01 3.98 3.96 9 22.86 16.39 13.90 12.56 11.71 11.13 

B.35 8.12 1.63 7.41 7.24 7.11 7.0112 3.76 3.70 H5 3.62 3.57 3.54 3.50 3.47 3.43 3.41 II 19.69 13.81 11.56 10.35 9.58 9.05 '8.66 7.92 
12 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.48 7.29 7.00 6.79 6.63 6.51 6.4013 3.51 3.51 3.46 3.43 3.38 3.34 3.31 3.27 3.24 3.22 

12.31 10.21 9.07 8.35 7.86 7.49 7.21 6.98 6.80 6.52 6.31 6.16 603 5.9314 3.41 3.35 DO 3.27 3.22 3.18 3.1S 3.11 3.08 3.06 IJ 17.82 
6.80' 6.58 6.40 6.13 5.93 5.78 5.66 5.56 

IS 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26 6.08 5.81 5.62 5.46 5.35 5.25 
15 3.28 3.21 3.17 3.13 3.08 3.05 3.01 2.98 2.94 2.92 14 17.14 11.78 9.73 8.62 7.92 7.44 7.08 

16 3.16 3.10 3.05 3.02 2.97 2.93 2.90 2.86 2.83 2.81 
5.81 5.55 5.lS 5.20 5.09 4.9917 3.07 3.00 2.96 2.92 2.87 2.83 2.80 2.76 2.73 2.71 16 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98 

4.7818 2.98 2.92 2.81 2.84 2.78 2.75 2.71 2.68 2.64 2.62 17 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75 5.5B 5.32 5.13 4.99 4.87 

19 2.91 2.84 2.80 2.76 2.71 2.67 2.64 2.60 2.57 2.55 18 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56 5.39 5.13 4.94 4.80 4.68 4.59 
6.62 6.18 5.85 5.59 5.39 5.22 4.97 4.78 4.64 4.52 4.43 

20 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24 5.08 4.82 4.64 4.49 4.38 4.29 
20 2.84 2.78 2.73 2.69 2.64 2.61 2.57 2.54 2.50 2.48 19 15.08 10.16 8.28 7.27 

21 2. 79 2.72 2.67 2.64 2.58 2.55 2.51 2.48 2.44 2.42 

2% 2.13 2.67 2.62 2.58 2.53 2.50 2.46 2.42 2.38 2.36 21 14.59 9.77 7.94 6.95 6.32 5.88 5.56 
 5.31 5.11 4.95 4.70 4.51 4.37 4.26 4.17 

4.83 4.40 4.26 4.15 4.0623 2.69 2.62 2.57 2.54 2.48 2.45 2.41 2.37 2.34 2.32 11 14.38 9.61 7.80 6.81 6.19 576 5.44 5.19 4.99 4.58 
II 14.20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 4.89 4.73 4.48 4,30 4.16 4.05 3.9624 2.64 2.58 2.53 2.49 2.44 2.40 2.37 2.33 2.29 2.27 
24 14.03 9.34 7.55 6.59 5.98 555 5.23 4.99 4.80 4.64 4.39 4.21 4.07 3.96 3.87 
25 13.88 9.22 7.45 6.49 5.89 5.46 5.15 4.91 4.11 4.56 4.31 4.13 3.99 3.88 3.79 

25 2.60 2.54 2.49 2.45 2.40 2.36 2.33 2.29 2.25 2.23 

26 2.57 2.50 2.45 2.42 2.36 2.33 2.29 2.25 2.21 2.19 
17 2.54 2.47 2.42 2.38 2.33 2.29 2.26 2.22 2.18 2.16 26 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64 4.48 4.24 4.06 3.92 3.81 3.72 

5.73 5.31 5.00 4.76 4.57 4.41 4.17 3.99 3.86 3.75 3.6628 2.51 2.44 2.39 2.35 2.30 2.26 2.23 2.19 2.15 2.13 27 13.61 9.02 7.27 6.33 
4.11 3.93 3.80 3.69 3.6029 2.48 2.41 2.36 2.33 2.27 2.23 2.20 2.16 2.12 2.10 28 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50 4.35 

29 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 4.45 4.29 4.05 3.88 3.74 3.63 3.54 
30 13.29 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39 4.24 4.00 3.82 3.69 3.58 3.49 

30 2.45 2.39 2.34 2.30 2.25 2.21 2.17 2.13 2.09 2.07 

35 2.35 2.28 2.23 2.19 2.14 2.10 2.06 2.02 1.98 1.96 
3S 12.90 8.47 6.79 5.88 5.30 4.89 4.59 4.36 4.IB 4.03 3.79 3.62 3.48 3.38 3.29 

SO 2.17 2.10 2.05 2.01 1.95 1.91 1.87 1.82 1.78 1.76 
40 2.27 2.20 2.15 2.11 2.06 2.02 1.98 1.94 1.90 1.87 

40 12.61 8.25 6.59 5.70 5.13 4.73 4.44 4.21 4.02 3.87 3.64 3.47 3.34 3.23 3.14 

60 2.\0 2.03 1.98 1.94 1.88 1.84 1.79 1.75 1.10 1.68 50 12.22 7.96 6.34 5.46 4.90 4.51 4.22 4.00 3.82 3.67 3.44 3.27 3.41 3.04 2.95 
60 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69 3.54 3.32 3.15 3.02 2.91 2.83 
70 11.80 7.64 6.06 5.20 4.66 4.28 3.99 3.77 3.60 3.45 3.23 3.06 2.93 2.83 2.74 

70 2.05 1.98 1.93 1.89 1.83 1.78 1.74 1.10 1.65 1.62 

80 2.01 1.94 1.89 1.85 1.79 1.75 1.70 1.65 1.61 1.58 
90 1.99 1.92 1.86 1.82 1.76 1.72 1.67 1.62 1.57 1.55 so 11.67 7.54 5.97 5.12 4.58 4.20 3.92 3.70 3.53 3.39 3.16 3.00 2.87 2.76 2.68 

100 1.97 1.89 1.84 1.80 1.74 1.69 1.65 1.60 l.S5 1.52 90 11.57 7.47 5.91 5.06 4.53 4.15 3.87 3.65 3.48 3.34 3. II 2.95 2.82 2.71 2.63 

110 1.93 1.86 1.81 1.76 1.70 1.66 1.61 1.56 l.S1 1.48 100 11.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44 3.30 3.07 2.91 2.78 2.68 2.59 

ISO 1.90 1.83 1.77 1.73 1.66 1.62 1.57 152 1.46 1.43 120 11.38 7.32 5.78 4.95 4.42 4.04 3.77 3.55 3.38 3.24 3.02 2.85 2.72 2.62 2.53 
ISO 11.27 7.24 5.71 4.88 4.35 3.98 3.71 3.49 3.32 3.IB 2.96 2.80 2.67 2.56 2.48 

200 1.87 1.79 1.74 1.69 1.63 1.58 1.53 1.48 1.42 1.39 
2SO 1.85 1.77 1.72 1.67 1.61 1.56 1.51 1.46 1.40 1.36 200 11.15 7.15 5.63 4.29 3.92 3.65 3.264.81 3.43 3.12 2.90 2.74 2.61 2.51 2.42 

300 1.84 1.76 1.70 1.66 1.59 1.55 \.SO 1.44 1.38 1.35 2SO 11.09 7.10 559 4.77 4.25 3.B8 3.61 3.40 3.23 3.09 2.87 2.71 2.58 2.48 2.39 

400 1.82 1.75 1.69 1.64 1.58 1.53 1.48 1.42 \.36 1.32 300 11.04 7.07 5.56 4.75 4.22 3.86 3.59 3.38 3.21 3.07 2.B5 2.69 2.56 2.46 2.37 

500 1.81 I.74 1.68 1.63 1.57 1.52 \.47 1.41 1.34 1.31 400 10.99 7.03 553 4.71 4.19 3.B3 3.56 3.35 3.18 3.04 2.82 2.66 2.53 2.43 2.34 
500 10.96 7.00 5.51 4.69 4.18 3.81 3.54 3.33 3.16 3.02 2.81 2.64 2.52 2.41 2.33 

600 1.80 1.73 1.67 1.63 1.56 1.S1 1.46 1.40 1.34 1.30 
150 1.80 1. 72 1.66 1.62 1.55 1.50 1.45 1.39 1.33 1.29 600 10.94 6.99 5.49 4.68 4.16 3.80 3.53 3.32 3.15 3.01 2.80 2.63 2.51 2.40 2.32 

7SO 10.91 6.97 5.48 4.67 4.15 3.79 3.52 3.31 3.14 3.00 2.78 2.62 2.49 2.39 2.31 
1000 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13 2.99 2.77 2.61 2.48 2.38 2.30 

1000 1.79 1.72 1.66 1.61 1.54 1.50 1.44 1.38 1.32 1.28 
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TABLe A.3 (continued) 
TABLEA.4 

F DlstlIbutIon: Critical Valuea of F (0.1% algnllleanee level) 

:t (Chl-8quared) DlstlIbutlon: Critical Valuea of:t 
VI 25 30 35 48 511 60 75 1~ 1511 200 

... Significance le",,1 
I 6.24eO's 6.26eQ' 6.2Be05 6.2ge05 6.3Oc:03 6.11e05 6.32e05 6.33eO.s (i,3Se05 6.3Se05 
2 999,46 999.47 999.47 999.47 999.48 999.48 999.49 999,49 999.49 999.49 Degree.> of 5% 1% 0.1% 
3 125.84 125.45 125.17 124.96 124.66 124.47 124.27 124.07123.87123.77 
4 45.70 45.43 45.23 45.09 44.88 44.75 44.61 44.47 44.33 44.26 

freedom 

5 25.08 24.87 24.72 24.60 24.44 24.33 24.22 24.12 24.01 23.95 3.841 6.635 10.828 

6 16.85 16.67 16.54 16.44 16.31 16.21 16.12 16.03 15.93 15.89 5.991 9.210 13.816 

7 12.69 1253 12.41 12.33 12.20 12.12 12.04 11.95 11.87 11.82 3 7.815 11.345 16.266 
8 
9 

10.26 
8.69 

10.11 
8.55 

10.00 
8.46 

9.92 
8.37 

9.80 
8.26 

9.73 
8.19 

9.65 
8.11 

9.57 
S.04 

9,49 
7.96 

9.45 
7.93 

4 9.488 13.277 18.467 

10 7.60 7.47 7.37 7.30 7.19 7.12 7.05 6.98 6.91 ti87 S 11.070 15.086 20.515 

II 6.81 6.tiS 6.59 6.52 6.42 6.35 6.28 6.21 6.14 til0 6 12.592 16.812 22.458 

12 6.2.2 6.09 6.00 5.93 5.83 5.76 5.70 5.63 5.56 5.52 7 14.067 IS.475 24.32.2 
13 
14 

5.75 
5.38 

5.63 
5.25 

5.54 
5.17 

5.47 
5.10 

5.37 
5.00 

5.30 
4.94 

5.24 
4.87 

5.17 
4.S1 

5.10 
4.74 

5.07 
4.71 

8 15.507 20.090 26.124 

15 5.07 4.95 4.86 4.80 4.70 4.64 4.57 4.51 4.44 4.41 9 16.919 21.666 27.S77 

16 4.82 4.70 4.61 4.54 4.45 4.39 4.32 4.26 4.19 4.16 10 18.307 23.209 29.588 

17 4.60 4.48 4.40 4.33 4.24 4.18 4.11 4.05 3.98 3.95 
18 4.42 4.30 4.2.2 4.15 4.06 4.00 3.93 3.87 3.80 3.77 
19 4.26 4.14 4.06 3.99 3.90 3.84 3.78 3.71 3.65 3.61 
20 4.12 4.00 3.92 3.86 3.77 3.70 3.64 3.58 3.51 3.48 

11 4.00 3.88 3.80 3.74 3.64 3.58 3.52 3.46 3.39 3.36 
22 3.89 3.78 3.70 3.63 3.54 3.48 3.41 3.35 3.28 3.25 
Z3 3.79 3.68 3.60 3.53 3.44 3.38 3.32 3.25 3.19 3.16 
24 3.71 3.59 3.51 3.45 3.36 3.29 3.23 3.17 3.10 3.07 
2S 3.63 B2 3.43 3.37 3.28 3.22 3.15 HI!) 3.03 2.99 

26 3.56 3.44 3.36 3.30 3.21 3.\5 3.08 3.02 295 2.92 
27 3.49 3.38 3.30 3.23 3.14 3.08 3.02 2.96 2.89 286 
28 3.43 3.32 3.24 3.18 3.09 3.02 2.96 2.90 2.83 2.80 
29 338 3.27 3.18 3.12 3.03 2.97 2.91 284 2.78 2.74 
30 3.33 3.2.2 3.13 3.07 2.98 2.92 2.86 2.79 2.73 2.69 

35 3.13 3.02 2.93 2.87 2.78 2.72 2,66 2.59 2.52 2.49 
40 2.98 2.87 2.79 2.73 2.64 2.57 251 2.44 2.38 2.34 
SO 2.79 2.68 2.60 2.53 2.44 2.38 2.31 2.25 2.18 2.14 
60 2.67 2.55 2.47 2.41 2.32 2.25 2.19 2.12 20S 201 
70 2.58 2.47 2.39 2.32 2.23 2.16 2.10 2.03 1.95 1.92 

80 2.52 2.41 2.32 2.26 2.16 2.10 2.03 1.96 1.89 1.85 
90 2.47 2.36 2.27 2.21 2.11 2.05 1.98 1.91 1.83 1.79 

100 2.43 2.32 2.24 2.17 2.08 2.01 1.94 1.87 1.79 1.75 
120 2.37 2.26 2.18 2.11 2.02 1.95 188 1.81 1.73 I.tiS 
1511 2.32 2.21 2.12 2.06 1.96 1.89 1.82 1.74 1.66 1.62 

100 226 2.15 2.07 2.00 1.90 1.83 1.76 1.68 1.60 1.55 
2SII 2.2.3 2.12 2.03 1.97 1.87 1.80 1.72 1.65 1.56 LSI 
300 2.21 2.10 2.01 1.94 1.85 1.78 170 1.62 1.53 1.48 
400 218 2.07 1.98 1.92 1.82 1.75 1.67 1.59 1.50 1.45 
500 2.17 2.05 1.97 1.90 1.80 1.73 1.65 1.57 1.48 1.43 

600 2.16 2.04 1.96 1.89 1.79 1.72 1.64 1.56 1.46 1.41 
7511 2.15 2.03 1.95 1.88 1.78 1.71 1.63 1.55 1.45 1.40 

1000 2.14 2.02 1.94 1.87 1.77 1.69 1.62 1.53 1.44 1.38 
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