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QUESTION ONE 	 [10+9+1] 

A study was performed on wear of a bearing Y and its relationship to Xl oil viscosity and X2 
load. The following data were obtained. 

i. 	 Fit a multiple linear regression model to these data. 
ii. 	 Test the significance of regression using the ANOV A and estimate if. 
iii. 	 Use the model to predict wear when Xl 25 and X2 1000. 

QUESTION TWO 	 [9+1+10] 

i. 	 Suppose we have three variable in each of the 3 groups with sample sizes nA 3, nB = 

4 and ne 5. Consider the following: 

42.0 	 39.0 62.25 24.25
10.0] 	 8.5 ]

W= 39.0 78.0 11.0 • & T= 24.25 94.92 8.83 
[ [10.0 11.0 10.0 	 8.5 8.83 17.67 

where x is the matrix of means, the first row represents the means of the three variables in 

group A, etc; X is the vector of means of the above three variables; S2 is the vector of 

variances of the three variables; C-1 is the inverse of the pooled covariance matrix of 

group A and C; W is the within sum of square matrix and T is the total sum of square 

matrix. 

a) Compute Wilk's A statistics and '1'. Use X2 approximation to test the equality 
of population mean vectors. Specify the null and alternative hypothesis. 

b) Comment on the results found in part (i). 

ii. 	 A medical researcher is interested in two particular fatty acids (A and B) found in 

human blood. Measurements (micrograms per gram) were taken on 16 new-born 

babies with Down's syndrome. The sample means were 70 and 50 for fatty acids A 

and B respectively, giving the sample mean vector, 

X= G~) 

and the corresponding (unbiased) sample covariance matrix was 
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5 = (100 80)
80 100 

For non-Down's syndrome new-born babies the expected fatty acid levels are 80 
and 65 for A and B respectively. Use the multivariate hypothesis test (T 2 = 
neX f-lo )'5-1 eX - f-lo) to assess whether the observed data for the Down's 
syndrome babies are consistent with the expected values for non-Down's 
syndrome babies. 

QUESTION THREE [10+6+4] 

i. Discuss Factor analysis and principal component analysis with respect to the 
similarities and difference. 

ii. The procedure for a factor analysis can be described in terms of three stages. State 
these three stages. 

iii. The table below was found by running factor analysis using SPSS. Find the first 

equation ofthe un-rotated factor model. Assume AJ 3.112 

Component Mattll 

Com nen! 
8 . 4 5 1 962 3 

1 .024 .002.011 -.020 .244-.341 -.089.032-.902 
X2 .111 -.111 -.203 .001.292 .115-.662 -.001 .630 
X3 ,060 ,128-.191 .011 -.195 .001.434 -.614-.581 
X4 -.115 .070.024 .120 -.033 .000.558 -.141 -.359 
X5 .801 .014 .000.081 .052 .280 -.011.326.391 

.091X6 .114 -.225 -.315 .095 .001.673 .549 .080 
:X1 -.012 .001.144 .111 .221 .248·,111 -.504.231 

X8 .001-.039 -.019-.014 .441 -.327 .088 -.337.155 
X9 .221.505 -.043 -.019 .019 .000-.695 .261.362 

Extraction Method: Principal Component Analysis. 

a. 9 components extracted. 

QUESTION FOUR [6+3+11] 

i. What is Principal Component Analysis (PCA) and states all important properties ofPCA. 

ii. Consider the following table: 

Eigenvectors 
Component Eigenvalue \-----..,.------,..----..------

Xl XJ x.. 
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a. How many components will you choose? Explain why. 
h. List those selected components and interpret those in terms of original variables, Xi·S. 

QUESTION FIVE [6+3+8+3] 

i. Discuss the main reason why we prefer the Discriminant Function Analysis over Factor 

Analysis. 
ii. The following table shows the eigenvalues and corresponding eigenvectors ofW·IB: 

Eigenvectors 
Component Eigenvalue t----::-::---r--~-___r--=--r___:~--

XI X4 

a. How many groups and variables were considered in this problem? 
h. List all the canonical discriminant functions. 
c. Assuming that the jth sample size l1i 32 for all i 1,2, 3,4,5; test whether 

each of these functions varies significantly from group to group. 

END OF EXAMINATION 
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STATISTICAL TABLES 

1.645 
1.960 
2.326 
2.576 
3.090 
3}.!!1 

..4 .;; .2 -1 i z 

TABLEA.1 

Cumulative Standardized Normal Distribution' 

A(z) is the integral of the standardized norlllal 
distribution from -.,., to :;: (in other words, the 
area under the curve 10 Ihe left ofz). It gives the 
probability ofa nOIDIa! random va liable not 

. being more than z standard deviations above its 
mean. Values ofZ ofparticular importance: 

z A!z) 
0.9500 Lower limit of right 5% tail 
0.9750 Lowet limit ofright 2.51:1/0 fail 
0.9900 Lowertimft ofright"J% tall 
0.9950 L~wer limit of right 0,5% tail 
0.9990 Lowerlimitofrigh; O.i% (ail 
0.9995 Lower limit of right 0.05% tail 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 6.07 0.08 0.09 

0.0 0.5000 0.5040 
0.1 0.5398 0.5438 
0.2 0.5793 0.5832 
0,3 0.6179 0,6217 
0.4 0,6554 0,6591 
0.5 0.6915 0.6950 
0.6 0,7257 0,7291 
0.1 0.7580 0.7611 
0,8 0,7881 0,7910 
0,9 0,8159 0,8186 
1.0 0.8413 0,8438 
I.l 0,8643 0.8665 
1.2 0,8849 0,8869 
1.3 0,9032 0,9049 
1.4 0,9192 0.9207 
1.5 0,9332 0,9345 
1.6 0,9452 0,9463 
1.1 0,9554 0.9564 
1.8 0.9641 0,9649 
1:9 0,9713 0,9719 
2,0 0.9772 0,9778 
2.1 0.9821 0,9826 
2,2 0,9861 0,9864 
2.3 0.9893 . 0,9896 
2.4 0.9918 0,9920 
2,5 0,9938 0.9940 
2,6 0.9953 0,9955 
2.7 0.9965 0,9966 
2,8 0.9974 0.9975 
2,9 0,9981 0.9982 
3.0 0,9987 0.9987 
3.1 0.9990 0,9991 
3.2 0.9993 0,9993 
3.3 0.9995 0,9995 
3,4 0.9997 0,9997 
3,5 0,9998 0.9998 
3,6 0,9998 0,9998 

0.5080 0.5120 0.5160 0.5199 05239 0.5279 0.5319 0.5359 
0.5478 0.5517 0.5557 0.5596 0.5636 0,5675 0.5714 0.5753 
0,5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0,6141 
0.6255 0.6293 0,6331 0,6368 0,6406 0.6443 0,6480 0,6517 
0,6628 0,6664 0,6700 0,6736 0,6772 0,6808 0,6844 0,6819 
0.6985 0,7019 001054 0,1088 0.7123 ,0.7157 0,7190 . ·0,7224 
0.7324 0,7357 0,7389 0,7422 0,7454 0,7486 0,7517 0,7549 
0,7642 0.7673 0,7704 0,7734 0,7764 0,7794 0,7823 0,7852 
0,7939 0,7967 0,7995 0,8023 0,8051 0.8078 0,8106 0,8133 
0,8212 0.8238 0,8264 0,8289 Q,8315 0,8340 0.8365 0.8389 
0,8461 0,8485 0,8508 0.8531 0.8554 0,8577 0,8599 0.8621 
0.8686 0.8708 0.8729 0,8749 0.8770 0,8790 0,8810 0.8830 
0,8888 0,8907 0,8925 0,8944 0.8962 0,8980 0,8997 0.9015 
0,9066 0,9082 0,9099 0,9115 0,9Lll 0,9147 0,9162 0,9177 
0.9222 0,9236 0,9251 0,9265 . 0,9279 0,9292 0,9306 0.9319 
0.9357 0,9370 0,9382 0,9394 0,9406 0.9418 0,9429 0,9441 
0,9474 0.9484 0,9495 0,9505 ,0,9515 0,9525 0,9535 0,9545 
0.9573 0.9582 0,9591 0,9599 0,9608 . 0.9616 0,9625 0.9633 
0.9656 0.9664 0,9671 0,9678 0,9686 0.9693 0,9699 0,9706 
0,9726 0,9732 0.9738 0,9744 0,9750 0,9156 0,9761 0,9767 
0,9783 0,9788 0.9793 0,9798 0.9803 . .0-2808 0,9812 0.98[7 
0,9830 0,9834 0,9838 0,9842 0.9846 0.9850 0;9854 . 0.9857 

0.9868 0,9871 0,9875 0.9878 0.9881 0.9884 0.9887 0.9890 
0.9898 0.9901 0,9904 0,9906 0,9909 0,9911 0.9913 0,9916 
0.9922 0,9925 0,9927 0,9929 0,9931 0,9932 0,9934 0.9936 
0,9941 0.9943 0,9945 0.9946 0,9948 0,9949 0,9951 0,9952 
0,9956 0.9957 0,9959 0.9960 0,9961 0,9962 0,9963 0.9964 
0,9967 0,9968 0,9969 0,9970 0,9971 0,9972 0,9973 0.9974 
0.9976 0,9977 0.9977 0,9978 , 0,9979 0.9979 0,9980 .0.9981 
0,9982 0,9983 0,9984 0.9984 0,9985 0.9985 0,9986 0,9986 
0.9987 0,9988 0.9988 0.9989 0,9989 0.9989 0.9990 0,9990 
0.9991 0.9991 0,9992 0,9992 0,9992 0,9992 0.9993 0,9993 
0,9994 0.9994 0,9994 0,9994 0,9994 0,9995 0,9995 0,9995 
0,9995 0,9996 0,9996 0,9996 0,9996 0,9996 0.9996 0.9997 
0,9997 0,9997 0.9997 0,9997 0,9997 0.9997 0,9997 0.9998 

0,9998 0.9998 0,9998 0.9998 0,9998 0.9998 0.9998 0,9998 

0.9999 

'" ". 
" 
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TABLE A.2 TABlEA.3 

t Distribution: Critical Values of t F Distribution: Critical Values of F (5% slgnillcance level) 

Significance level v, J 5 7 10 12 14 16 18 20 

TWlrtailed lest 
0lle~/ailed test: 

10% 
5% 

5% 
25% 

2% 
1% 

1% 
0.5% 

0,2% 
0.1% 

0.1% 
0,05% 

v, 
I 161,45199,50215,71 224,58230,16233,99236,17238,88240.54241.88243,91 245,36246,46247,)2 248,01 
2 18.51 19,00 19.16 Ins 19,30 19,33 19,35 19.37 19,38 19,40 19.41 19.42 19.43 J9.44 19.45 

6.314 12706 31.821 63,657 31S,309 636,619 3 IOJ3 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 
2.920 4.303 6.965 9,925 22,327 3l,599 7.71 6,94 659 6,26 6.16 6,09 6,04 6,00 5,96 5,91 5,87 5,84 5,82 5,80 
2.353 3.182 4.541 5.841 10,215 12.924 6.61 5.79 5.41 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 

3,147 
3.365 

4,604 
4,032 

7,173 
5.S93 

8,610 
6,869 

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 
),7) 

4,10 
3,68 

4,06 
3,64 

4,00 
3,57 

3.96 
3.53 

),92 

3.49 
3,90 
3,47 

),87 
3.44 

6 1,943 2.447 ),143 3,707 5.20S 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 ),24 3,20 3,17 ),15 

7 L894 2.365 2,998 3.499 4.7S5 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 
9 

W 

LS60 
1.833 
I.S12 

;~~~, 
2,228 

2,896 
2,821 
2,764 

3.355 
),250 
3.169 

4,501 
4.297 
4.144 

5.041 
4.781 
4.587 

10 

11 
12 

4.96 

4,84 
4.75 

4.10 

3,98 
3,89 

),71 

3,59 
3.49 

3.48 

3,36 
3,26 

3.33 

3.20 
3.11 

3,22 

3,09 
3.00 

3,14 

3,01 
2,91 

3,07 

2,95 
2.85 

3,02 

2,90 
2,80 

2,98 

2,85 
2,75 

2,91 

279 
2,69 

2,86 

2.74 
2,64 

2.83 

2,70 
2,60 

2,80 

2,67 
257 

2,77 

2,65 
2,54 

11 1,796 2,201 2.718 3.106 4.025 4.437 13 4.67 3.81 ).41 3.18 3.03 1.92 2,83 2,77 2,71 2,67 2,60 2,55 2.51 2.48 2.46 
12 1,782 2.179 2,681 3,055 3,930 4.318 14 4,60 3,74 3.34 ),11 2,96 2.85 2,76 2,70 2,65 2,60 2,53 2,48 2.44 2.41 2,39 
n 1,771 2,160 2650 3,012 3.851 4,221 15 454 3,68 J,29 3,06 2,90 2,79 2,71 2,64 2,59 2.54 2,48 2.42 238 2.35 2.33 
~ 

e 
1.761 
1,753 

2.145 
2,\31 

2,624 
2,602 

2.977 
2.947 

),787 
),733 

4.140 
4,073 16 

17 
4,49 
4,45 

3,63 
3.59 

3,24 
3.20 

3~1 

296 
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 
2.23 

M 1.746 2,120 2,583 2.921 ),686 4,015 18 4.41 3.55 3,16 2.~ 2.77 2,66 2,58 2.51 '2.46 2,41 2,34 2,29 2,25 2,19 
n 1.740 2,110 2.567 2,898 ),646 3.965 19 4.38 3,52 3, IJ 2N 2.74 2,63 2.54 2,48 2.42 2.38 2.31 2,26 2,21 2,16 
~ 1.734 2,101 2.552 2,878 3.610 3,922 20 4,35 3.49 ),10 2." 2,71 2,60 2,51 2.45 2.39 235 2,28 2.22 2.18 2,15 2.12 
n 
ro 

1.729 
1,725 

2,09) 
2,086 

2,539 
2,528 

2,861 
2,845 

3.579 
),552 

3,883 
3,850 21 

22 
4,)2 
4,)0 

3.41 
3.44 

3.07 
3,05 

2M 
2U 

2.68 
2,66 

2.57 
2.55 

2.49 
2.46 

2,42 
2.~ 

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' 2,07 

21 1,721 2,080 2,518 2,831 3,527 3,819 23 4,28 3,42 3,03 2W 2,64 2.53 2,44 2,)7 2.32 2,27 2,20 2.15 2, II 208 2,05 

n 1.717 2,074 2,508 2,819 3.505 3,792 24 '4.26 3.40 3,01 278 2,62 2,51 2,42 2,36 2.30 2,25 2.18 2,1) 2,09 2,05 2,03 

D 1.714 2,069 2,500 2,807 3.485 3,768 25 4,24 3.39 2,99 2M 2,60 2.49 2.40 2,34 2,28 2.24 2,16 2.1 2,01 2,04 2,01 

U 
~ 

1.711 
1,708 

2,064 
2,060 

2.492 
2,485 

2,797 
2.787 

3.467 
JA50 

3,745 
3,725 26 

21 
4,22 
4,21 

3,)7 
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,) I 

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 

H 1,706 2.056 2.479 2.779 3.435 ),707 28 4,20 ),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 
D ],703 2,052 2,473 2,771 3.421 '3,6~ 29 4.18 3.33 2,93 2.70 2.55 2.43 2,)5 2,28 2.22 2,18 2.10 2,05 2,01 1.97 1.94 

~ 1,701 2,048 2,467 2,763 JA08 3,674 30 4,17 3,32 2,92 2,69 2.5) 2.42 2.33 2,27 2,21 2.16 2.09 2.04 1.99 1,96 1.93 
D 
M 

],699 
],697 

2,045 
2,042 

2.462 
2457 

2.756 
2,750 

).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 
H2 

2.1i 
2,08 

2,04 
2.00 

1,99 
1,95 

1.94 
1.90 

1.91 
1,87 

1,88 
1.84 

n 1,694 2m7 2,449 2,738 3,)65 ),622 5(1 4.03 3.18 2,79 256 2.40 2.29 2,20 2,13 2,07 2,03 L95 1,89 1,85 LSI 1,78 

M

•H 
~ 

1,691 
,1.6&8 
1,686 
1.684 

2,032 
2028 
2,024 
2,021 

2.441 
2.434 

, ,2.429 
2.423 

2,728 
2,719 
2,712 
2.704 

3.348 
3,)3) 
3,)19 
3,307 

3,601 
3.582 
3.566 
3551 

60 
70 

80 
~ 

4.00 
3.98 

3,96 
3,95 

3,15 
3,13 

),11 
3,10 

2.76 
2,74 

2,72 
2,71 

253 2,)7 
250 2.35 

2,49 2.33 
2.47 2.32 

1,25 
2,23 

2.21 
2,20 

2.17 
2.14 

2,\3 
2,11 

2.10 
2,07 

2.06 
2,04 

2,04 
2,02 

2,00 
1.99 

1.99 
1.97 

1.95 
1.94 

1.92 
1.89 

1.88 
1.86 

1,86 
L84 

1.82 
1.80 

1.82 
1,79 

1.77 
1.76 

1,78' 1.75 
1,75 1.72 

L73 1.70 
1,72 1,69 

G 1.682 2,018 2.418 2,698 3,296 3538 100 3.94 ),09 2,70 2,46 2,31 2.19 2,10 2,03 1.97 1,93 I.~, 1.79 U5 1,71 1.68 

«
• 
~ 

~ 

1.680 
1.679 
1.677 
1.616 

2,015 
2,Oll 
2,011 
2,009 

2.414 
2.410 
2.407 
2,403 

2,692 
2,687 
2,682 
2,678 

3,286 
3.277 
),269 
),261 

3,526 
3.515 
3,505 
),496 

120 
150 

200 
250 

),n 

3.90 

3.89 
3.88 

3,07 
3,06 

3,04 
),03 

2.68 
2,66 

2,65 
2,64 

2,45 
2.43 

2.42 
2,4 I 

2.29 
2.27 

2,26 
2,25 

2,18 
2,16 

2.14 
2,13 

2,09 
2,07 

2.06 
2,05 

2.02 
2,00 

\'98 
1.98 

1.96 
1,94 

1.93 
1.92 

1,91 
'1.89 

1.88 
1.87 

L83 1.78 
1.82 1.76 

1.80 1.74 
1.79 1.73 

1.73 
1.71 

1.69 
1.68 

1,69 
)'67 

1,66 
(65 

1.66 
1,64 

1.62 
1,61 

W

• 
~ 

1.611 
L667 
1,664 

2,000 
1,994 
1,990 

2,390 
2,381 
2.374 

2,660 
2,648 
2,639 

3.232 
3,211 
3,195 

3.460 
3.435 
3.416 

300 
400 
500 

3,87 
3,86 
3,86 

3,03 
3.02 
3,01 

2.63 
2,63 
2,62 

2,40 
2.39 
2,39 

2,24 
2,24 
223 

2,13 
2,12 
2,12 

2.04 
2,03 
2,03 

1.97 
\'96 
1,96 

1.91 L86 
1.90 L85 
1.~ 1.85 

1.78 
1,78 
1.71' 

1.72 
1.72 

'1,71 

1.68 
1.67 
1.66· 

1.64 
1,63 
1.62 

1,61 
1.60 

. LS9 , 

~ 

100 
1,662 
1.660 

1,987 
1,984 

2,368 
2,364 

2,632 
2.626 

3.183 
),174 

3.402 
3,390 600 3,86 

75(1 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 
I.77 

1.71 
' 1.70 

1,62 
1.62 

LS9 
1,58 

120 1.658 1,980 2,358 2,617 3.160 3,)73 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 U8 

I~ 

200 
],655 
1,653 

1,976 
],972 

2,351 
2.345 

2,609 
2.601 

H45 
3.13 I 

3,357 
3,)40 )'.j 

~ 1,650 1,968 2,3)9 2.592 ).118 3.323 

400 1.649 1,966 2,336 2.588 3.111 3'}15 

500 1.648 1,965 2.334 2.586 3,107 3.310 
.; 

600 1,647 1,964 2,)33 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.a (continued) 

F Distribution: Critical Values of F (5% significance level) 
F Distribution: Critical Values of F (1% significance level) 

VI 25 30 35 40 50 60 75 100 150 200 
v, 

1 249.26 250.IQ 250,69 251.14 251.77 252.20 252.62253.04 253.46253.68 

v, ., 1 6 10 12 14 16 IS 20 

2 19.46 19.46 19.47 19.47 19.48 19.48 19.48 19.49 19.49 19.49 1 4052.18 4999.50 5403.35 562.. ..58 5763.65 5858.99 5928-.36 598L01 6012,47 6055.115 6106.)2 6142.67 6170.10 6191.53 6203.73 

3 8.63 8.62 8.60 8.59 8.58 8.57 8.56 8.55 8.54 8.54 2 98,50 99,00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 99.40 99A2 99.43 99.44 99,44 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 28.71 28.24 27.91 27.67 27.49 27.35 27.23 27.05 26.92 26.83 26.75 26.69 

5 4.52 4.50 4.48 4.46 4.44 4.43 4.42 4.41 4.39 4.39 4 21.20 18,00 16.69 15.98 15.52 15,21 14.98 14.80 14.66 14.55 14.37 14.25 14.15 14.08 14.02 
5 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16 10.05 9.89 9.77 9.68 9.61 9.55 

7 
8 
9 

10 

3.83 3.81 
3.40 3.38 
3.11 3.08 
2.89 2.86 
273 2.70 

3.79 
3.36 
3.06 
2.84 
2.68 

3.77 
3,34 
3.04 
2.83 
2.66 

3.75 
3.32 
3.02 
2.80 
2.64 

3.74 
3.30 
3.01 
2.79 
2.62 

3.73 
3.29 
2.99 
2.77 
2.60 

3.71 
3.27 
2.97 
2.76 
2.59 

3.70 
3.26 
2.96 
2.74 
2.57 

3,69 
3.25 
2.95 
2.73 
2.56 

6 
7 
8 
9 

10 

13.75 
12,25 
11.26 
10.56 
10.04 

10.92 
9.55 
8.65 
8.02 
7.56 

9.78 
8.45 
7.59 
6.99 
6.55 

9,15 
7.85 
7.01 
6.42 
5.99 

8.75 
7.46 
6.63 
6.06 
5.64 

8.47 8.26 
7.19 6.99 
6.37 6.18 
5.80 5.61 
539 5.20 

8.10 
6.84 
6.03 
5.47 
5.06 

7.98 
6.72 
5.91 
5.35 
4.94 

7.87 7.n 
6.62' 6.47 
5.81 5.67 
5.26 5.11 
4.85 4.71 

7,60 
6.36 
5.56 
5.01 
4,60 

7.52 
6,28 
5.48 
4.92 
4,52 

7,45 
6.21 
5,41 
4.86 
4.46 

7.40 
6.16 
5.36 
4.81 
4.41 

II 
12 
13 
14 
15 

2.60 
2.50 
2.41 
2.34 
2.28 

2.57 
2.47 
2.38 
2.3 I 
2.25 

2.55 
2A4 
2.36 
2.28 
2.22 

2.53 
2.43 
2.34 
2.27 
2,20 

2.51 
2.40 

. 2.31 
2.24 
2.18 

2.49 
2.38 
2.30 
2.22 
2.16 

2.47 
2.37 
2.28 
2.21 
2.14 

2.46 
2.35 
2.26 
2.19 
2.12 

2.44 
2.33 
2.24 
2.17 
2,10' 

2.43 
2.32 
2,23 
2.16 
2.10 

11 
12 
13 
14 
15 

9.65 
9.33 
9.07 
8.86 
8.68 

7.21 
6.93 
6.70 
6.51 
6.36 

6.22 
5.95 
5.74 
5.56 
5.42 

5.67 
5.41 
5.21 
5.04 
4.89 

5.12 
5.06 
4.86 
4.69 
4.56 

5.Q1 
4.82 
4.62 
4.46 
4.12 

4.89 
4.64 
4.44 
4.28 
4.14 

4.74 
4.50 
4.30 
4.14 
4.00 

4.63 
4.39 
4.19 
4.03 
3.89 

4.54 
4.30 
4.10 
3.94 
3,80 

4.40 
.. 4.16 

3.96 
3.80 
3,67 

4.29 
4.05 
3.86 
3.70 
3.56 

4.21 
3.97 
3.78 
3,62 
3.49 

4.15 
3.91 
3.72 
3,56 
3.42 

4.10 
.. 3.86. 
3.66 
3.51 
3,37 

16 
17 
18 
19 
20 

2.23 
2.18 
2.14 
2.11 
2,07 

2.19 
2.15 
2.11 
2.07 
2.04 

2.17 
2.12 
2.08 
2.05 
2.01 

2,15 
2.10 
2.06 
2.03 
1.99 

2.12. 2.11 
2.08 2.06 
2.04 2.02 
2.00 1.98 
1.97 1.95 

2.09 
2.04 
2,00 
1.96 
1.93 

2.07 
2.02 
1.98 
1.94 
1.91 

2,05 
2.00 
1.96 
1.92 
1.89 

2,04 
1.99 
1.95 
1.91 
1.88 

16 
11 
18 
19 
20 

8.53 
8AO 
S,29 
8.IS 
8.10 

6.23 
6.11 
6.01 
5.93 
5.85 

5.29 
5.18 
5.09 
5.0l 
4.94 

4.77 
4.67 
4.58 
4.50 
4.43 

4.44 
4.34 
4.25 
4.17 
4.10 

4.20 
4.10 
4.01 
3.94 
3.87 

4.03 
3.93 
3.84 
3.77 
3.70 

3.89 
3.79 
3.71 
3.63 
3.56 

3.78 
3.68 
3.60 
3.52 
3.46 

3.69 
3,59 
3.51 
3.43 
3,37 

3.55 
3.46 
3.37 
3.30 
3.23 

3.45 
3.35 
3.27 
3.19 
3.13 

3.37 
3,27 
3.19 
3.12 
3.05 

3.3 I 
3.21 
3.13 
3.05 
2.99 

3.26 
3.16 
3.08 
3.00 
2.94 

21 2.05 
2.2 2.02 
23 2.00 
24 1.97 
25 1.96 

2,0 I 
1.98 
1.96 
1.94 
1.92 

1.98 
1.96 
1.93 
1.91 
1.89 

1.96 
1.94 
1.91 
1.89 
1.87 

1.94 
1.91 
1.88 
1.86 
1.84 

1.92 
1.89 
1.86 
1.84 
1.82 

1.90 
1.87 
1.84 
1.82 
1.80 

1.88 
1.85 
1.82 
1.80 
1.78 

1.86 
1.83 
1.80 
I.78 
1.76 

1.84 
1.82 
I.79 
I.77 
1.75 

21 
22 
23 
24 
25 

8.Q2 
7.95 
7.88 
7.82 
7,77 

5,78 
5.72 
5.66 
5.61 
5.51 

4.87 
4.S2 
4.76 
4,72 
4,68 

4.37 
4.31 
4.26 
4.22 
4.IS 

4.04 
3.99 
3.94 
3.90 
3.85 

3.81 
3.76 
3.71 
3.67 
3.63 

3.64 
3.59 
3.54 
3.50 
3,46 

3.51 
3.45 
3.41 
3.36 
3.32 

3.40 
3.35 
3.30 
3,26 
3.22 

3.31 
3.26 
3,21 
3.17 
3.13 

3.17 
3,12 
3.07 
3.03 
2.99 

3.07 
3.02 
2,97 
2.93 
2.89 

2.99 
2.94 
2.89 
2.85 
2.81 

2.93 
2.88 
2.83 

2.88 
2.83 
2.78 
2.74 
2.70 

26 
27 
28 
29 
30 

1.94 
1.92 
1.91 
1.89 
1.88 

1.90 
1.88 
1.87 
1.85 
1.84 

1.87 
1.86 
1.84 
1.83 
1.81 

1.85 
1.84 
1.82 
1.81 
1.79 

1.82 
1.81 
1.79 
I.77 
I.76 

1.80 
1.79 
1.77 
1.15 
1.14 

1.78 
1.76 
1.75 
1.73 
I.72 

1.76 
1.74 
1.73 
1.71 
I.71i 

1.74 
1.72 
1.70 
1.69 
1.67 

I.73 
1.71 
1.69 
1.67 
1.66 

26 
27 
28 
29 
30 

7.72 
7.68 
7.64 
7.60 
7.56 

5.53 
5.49 
5.45 
5.42 
5.39 

4.64 
4.60 
4.57 
4.54 
4.51 

4.14 
4.11 
4.07 
4.04 
4.02 

3.82 
3.78 
3.75 
3.73 
J.70 

3.59 
3.56 
3.53 
3.50 
3.47 

3.42 
3.39 
3.36 
3.33 
3.30 

3.29 
3.26 
3.23 
3.20 
3.17 

3.18 
3.15 
3.12 
3.09 
3.07 

3.09 
3.06 
3.03 
3.00 
2,98 

2,96 
2.93 
2.90 
2.87 
2.84 

2.86 
2.82 
2.79 
2.77 
2.74 

2,78 
2.75 
2.72 

2.72 
2.68 
2,65 
2.63 
2.60 

2,66 
2.63 
2.60 
2.57 
2.55 

35 
40 
SO 

.60 
70 

1.82 
1.78 
!.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 
1.59 
1.57 

1.70 
1.66 
1.60 
1.56 
1.53 

1.68 
1.64 
1.58 
1.53 
1.50 

1M 
I~I 

1.55 
1.51 
IA8 

1.63 
1.59 
1.52 
I.4S. 
1.45, 

1.61 
1.56 
1.50 
1.45 
1.42 

1.60 
1.55 
1.48 
1.44 

. 1.40 

35 
40 
50 
60 
70 

7.42 
7.31 
7,17 
7.08 
7.01 

5.27 
5.18 
5.06 
4.98 
4.92 

4AO 
4.31 
4.20 
4.13 
4.07 

III 
1D 
172 
3~
3_ 

3.59 
3.51 
3.41 
3.34 
3.29 

3.37 
3.29 
3.19 
3.12 
3.07 

3,20 
3,12 
3.02 
2.95 
2.91 

3.07 
2,99 
2.89 
2.82' 
2.78 

2,96 2.88 
2.89 2.80 
2.78 ...... 2.70 
2,72 2.63 
2.67 2.59 

2. 74 
2.66 
2.56 
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 
1.58 

1.60 
1.59 
1.57 
1.55 
1.54 

1.57 
1.55 
1.54 
1.52 
1.50 

1.54 
L53 
1.52 
1.50 
1.48 

1.51 ·1.48 
1.49 1.46 
1.48 1.45 
1.46' 1.43 
1.44 1.41 

1M 
1.44 
I.g 
I.­
1.38 

1.43' 
IAI 
1.39 
1.37 
1.34 

1.39 
1.38 
1.36 
1.33 
1.31 

U8 
1.36 
1.34 
1.32 
1.29 

80 
90 

100 
120 
150 

6.96 
6.93 
6.90 
6.S5 
6.81 

4.88 
4.85 
4.82 
4.79 
4.75 

4.04 
4.01 
3.98 
3.95 
3.91 

156 
1~ 
DI 
148 
3M 

),26 
3,23 
3,21 
3,17 
3.14 

3.04 
3.01 
2.99 
2.96 
2.92 

2.87 
2.S4 
2.82 
2.79 
2.76 

2.74 
2.72 
2.69 
2.66 
2.63 

2.64 
2.61 
2,59 
2.56 
2.53 

2.55 
2.52 
2.50 
2.47 
2.44 

2.37 
2,)4 
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 
2.03 
2.00 

200 
250 
300 
400 
500 

1.56 
1.55 
1.54 
1.53 
1.53 

1.52 
1.50 
1.50 
1.49 
1048 

1.48 
1.47 
1.46 
1,45 
1.45 

1.46 
1.44 
1.43 
1.42 
1.42 

1.41 
1._ 
1.39 
I~ 
L38 

I~ 
1.37 
1.36 
I~ 
I~ 

1.35 
I~ 
1.73 
1.32 
UI 

U2 
UI 
1.30 
1.28 
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.S3 
3.S2 

3.41 
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 
2.71 
2.70 
2,68 
2.68 

2,60 
2.58 
2.57 
2.56 
2.55 

2.50 
2.48 
2.47 
2,45 
2.44 

2.41 
2.39 
2.38 
2.37 
2.36 

2.27' 
2.26 
2.24 
2.23 
2.22 

2.17 
2.15 
2.14 
2.!3 
2,12 

2,09 
2.07 
2.06 
2,05 
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 

1.52 
1.52 
1.52 

1048 
1.47 
1.47 

1.44 
1.44 
1.43 

1041 
1.41 
1.41 

1.37 
IJ7 
IJ6 

1.54 
lJ4 
1.73 

1.31 
I~ 

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. 
J.SI 
3,80 

3,35 
3.34 
3.J4 

3.05 
3.04 
3.04 

2.83 
2.83 
2.82 

2.67 
2.66 
2.66 

2.54 
2.53 
2,53 

2.44 
2.43 
2A3 

2.35 
2.34 
2,34 

2,21 
2,21 
2.20 

2.11 
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 Distributlon: Critical Values of F (1% significance level) 
F Distribution: Critical Values of F (0.1% sig"mcance level) 

v, 25 30 35 40 50 60 75 100 ISO 200 
v. 1 3 4 6 7 8 10 12 14 16 18 20
v, 

1 6239.33 6260.65 617557 6286.78 6J02.S2 6)13,0) 6323,S6 6334.11 6)44.68 6349,97 v, 

1 4.U5rli5 5.00d),$ SA()c.{j5 5.6:leOS 5.76e05 5,93dl5 5.9SeO$ G.02eU5 Q,Q6cl5 6.lle05 6.14e05 6.17eOS 6.1ge05 6.21e052 99.46 99.47 99.47 99.47 99,48 99.48 99.49 99.49 99.49 99.49 
2 998.50999.00 999.17 999.25 999.30 999.37 999.39 999.40 999.42 999.43 999.44 999.44 999.45 3 26.58 26.50 26.45 26.41 26.35 26.32 26.28 26.24 26.20 26.18 
3 167.03 148.50 141.11 137.10134.58132.85 131.58 130.62 129.86 129.25 128.32 127.64 127.14 126.74 126.42 13.91 13.M 13.79 13.75 13.69 13.65 [361 13.58 13.54 13.52 
4 74.14 61.25 56.18 53.44 51.71 50.53 49.66 49.00 48.47 48.05 47.41 46.95 46.60 46.32 46.109.45 9.38 9.33 9.29 9.24 9.20 9.17 9.13 9.09 9.08 
5 47.18 37.12 33.20 31M 29.75 28.83 28.16 27.65 27.24 26.92 26.42 26.06 25.78 25.57 25.39 

7.30 7.23 7.1S 7.14 7.09 7.06 7.02 6.99 6.95 6.93 
5.75 5.72 5.70 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69 IS.41 17.99 17.68 17.45 17.27 17.127 6.06 5.99 5.94 5.91 5.86 5.82 5.79 
4.96 4.93 4.91 7 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33 14.08 13.71 13A3 l3.23 13.06 12.938 5.26 5.20 5.15 5.12 5.07 5.03 5.00 
4.41 4.38 4.36 8 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77 11.54 11.19 10.94 10"75 10.60 10.489 4.71 4.65 4.60 4.57 4.52 4.48 4.45 

9 22.86 16.39 !l.90 12.56 11.71 1l.i3 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.Qj 7.91 7.80 

10 4.31 4.25 4.20 4.17 4.12 4.08 4.05 4.01 3.98 3.96 

11 4.01 3.94 3.89 3.S6 3.81 3.78 3.74 3.71 3.67 3.66 
11 19.69 13.81 11.56 10.35 9.58 9.05 8.66. 8.35 8.12 7.92 7.63 7.41 7.24 7.11 7.0112 3.76 3.70 3.65 3.62 3.57 354 3.50 3.47 3.43 3.41 
12 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.7[ 7.48 7.29 7.00 6.79 6.63 6.51 6.40 


14 3,41 3.35 3.30 3.27 3.22 3.18 3.15 3.11 3.08 3.06 

13 3.57 3.51 3.46 3.43 3.38 3.34 3.31 3.27 3.24 3.22 

13 17.82 12.31 10.21 9.07 8.35 7.86 7.49 7.21 6.98 6.80 6.52 6.31 6.16 6.03 5.93 
14 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.58 6.40 6.13 5.93 5.78 5.66 5.56 
15 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 

16 3.16 3.10 3.05 3.02 1.97 2.93 2.90 2.86 2.83 2.81 
16 16.12 10.97 9.01 1.94 7.27 6.80 6.46 6.19 5.98 5.81 5.55 5.35 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 
17 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75 5.58 5.:i2 5.13 4.99 4.87 4.7818 2.98 2.92 2.87 2.84 278 2.75 2.71 2.68 2.64 2.62 
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 4.5919 2.91 2.84 2.80 2.76 2.71 2.67 2.64 2.60 2.57 2.55 
19 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.39 5.22 4.97 4_78 4.64 4.52 4A3 
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 

21 2.79 2.72 2.67 2.64 258 2.55 2.51 2.48 2.44 2.42 
21 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.1 ! 4.95 4.70 4.51 4.37 4.26 4.1722 2.73 2.67 2.62 2"58 2.53 2.50 2.46 2.42 2.38 2.36 
22 14.38 9.61 7.80 6.SI 6.19 5.76 5.44 5.19 4.99 4.83 4.58 4.40 4.26 4.15 >l..0623 2.69 2.62 2.57 2.54 2.48 2.45 2.41 2.37 2.34 2.32 
23 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 5.55 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 4.7! 4.56 4.31 4.13 3.99 3.88 3.79

25 2.60 2.54 2.49 2,45 1.40 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 
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 3.7227 2.54 lA7 2.42 2.38 2.33 2.29 2.26 2.22 2.18 2.16 
27 13.61 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4.57 4.41 4.17· 3.99 3.86 3.75 3.66 
28 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50 4.35 4.11 3.93 3.80 3.69 3.60

28 2.51 2.44 2.39 2.35 2.30 2.26 2.23 2.19 2.15 2.13 
29 2.48 2.41 2.36 2.33 2.27 2.23 2.20 2.16 2.12 2.10 

30 lA5 2.39 2.34 2.30 2.25 2.21 2.17 2.13 2.09 2.07 
 29 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 4.45 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 4.00 3.82 3.69 3.58 3.49 
35 2.35 2.28 2.23 2.19 2.14 2.10 2.06 2.02 1.98 1.96 

35 12.90 8,47 6.79 5.88 5.30 4.89 4.59 . 4.36 4.t8 4.03 3.79 3.62 3.48 3.38 3.29
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 4044 4.21 4.02 3.87 3.64 3.47 3.34 3.23 3.14
50 2.17 2.10 2.05 2_01 1.95 L91 l.87 1.82 1.78 1.76 

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 2.8360 2.10 2.03 1.98 1.94 1.88 1.84 1.79 1.75 1.70 1.6S 

70 2.05 1.98 1.93 1.89 1.83 1.78 1.74 1.70 1.65 1.62 
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 


80 2.0! 1.94 1.89 1.85 1.79 1.75 1.70 1.65 ·1.61 US 

80 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

90 1.99 1.92 1.86 1.82 1.76 1.72 1.67 1.62 l.57 1.55 
100 1.97 1.89 1.84 1.80 1.74 1.69 1.65 1.60 1.55 1.52 90 11.57 7.47 5.91 5.06 4.53 4.15 3.87 3.65 3.48 3.34 U~ 2.95 2.82 2.71 2.63 


120 1.93 1.86 1.81 1-76 1.70· 1.66 1.61 1.56 1.51 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 
120 IU8 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

150 1.90 1.83 1.77 1.73 1.66 1.62 157 1.52 1.46 1.43 
150 11.27 7.24 5.71 4.88 4.35 3.98 3.71 3.49 3.32 3.18 2.96 2.80 2.67 2.% 2.48 


200 1.87 1.79 1.74 1.69 1.63 US 1.53 1.48 1.42 1.39 

200 11.15 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26 3.12 2.90 2.74 2.61 2.SI 2.42

250 1.85 1.77 1.72 1.67 1.61 1.56 1.51 1.46 lAO 
250 11.09 7.10 5.59 4.77 4.25 3.88 3.61 3.40 3.23 3.09 2.87 2.71 2.58 2.48 2.39JOO !.84 1.16 1.70 1.66 1.59 1.55 LSD 1.44 1.38 
300 11.04 7.07 5.56 4.75 4.22 3.86 3.59 3.38 3.21 3.07 1.85 2.69 2.56 2.46 2.37

400 1.82 1.75 1.69 1.64 1.58 1.53 IA8 1.42 1.36 1.32 
400 10.99 7.03 5.53 4.71 4.19 3.83 3.56 3.35 3.18 3.04 2.82 2.66 2.53 2.43 2.34

500 1.81 1.74 1.68 1.63 1.57 1.52 1.47 1,41 1.34 l.JI 
500 10.96 7.00 5.51 4.69 4.18 3.81 3.54 3.33 3.16 3.02 2.8l 2.64 2.52 2.41 2.33 


600 1.80 1.73 1.67 1.63 1.56 1.51 1.46 lAO 1.34 1.30 

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 25! 2.40 2.32 

750 1.80 1.72 1.66 1.62 1.55 LSO 1.45 1.39 L33 1.29 
750 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 1.79. 1.72 1.66 1.61 1.54 LSO 1.44 1.38 1.32 1.28 
1000 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13 2.99 2.17 2.61 2.48 2.38 2.30 

~< .,. 

-" 
' ... 

http:137.10134.58132.85
http:998.50999.00


9 8 	 STATISTICAL TABLES STATISTICAL TABLES 

TABLE A.3 (continued) 
TABLEA.4 

F Distribution: Critical Values of F (0.1% significance level) 
:l (Chi-Squared) Distribution: Critical Values of :l 

VI 25 30 J5 40 50 60 75 100 150 200 

.~ 	 Significance level 
\ 6..14dJ5 6,16e05 6.28e05 6.l9d.l) 6..30c05 6.jle05 6.32dl5 6.33&5 6.35c05 6.35e05 


2 999,46 999A7 999.47 999.47 999.48 999.48 999.49 999.49 999.49 999.49 
 Degrees of 5% 1% 0.1% 

3 125.84125.45 \25.17 124.96 124.66 124.47 124.27124.07123.87123.77 
 freedom 
4 45.70 45.43 45.23 45.09 44.88 44.75 44.61 44,47 44.33 44.26 

3.841 6.635 10.8285 25.08 24.87 24.72 24.60 24.44 24.33 24.22 24.12 24.01 23.95 
5.991 9.210 13.816 

6 16.85 16.67 16.54 16.44 16.31 16.21 16.12 16.03 15.93 15.89 

7 12.69 12.53 12.41 12.33 12.20 12.12 12.04 11.95 11.87 11.82 	 7.815 IU45 16.266 

I().OO 9.92 9.80 9.73 9.65 9.57 9.49 9.458 10.26 1O.1I 	 9.488 13.277 18.467 
9 8.69 8.55 8.46 8.37 8.26 8.19 8.11 8.04 7.96 7.93 

5 11.070 15.086 20.515
10 7.60 7.47 7.37 7.30 7.19 7.12 7.05 6.98 6.91 6.87 

12.592 16812 22,458 
6.81 6.68 6.59 6.52 642 6.35 6.28 .6.21 6.14 6.1011 

12 6.22 6.09 6.00· 5.93 5.83 5.76 5.70 5.63 556 5.52 7 14.067 18.475 24.322 • 


\3 15507 20.090 26.124
5.75 5.63 5.54 5.47 537 5.30 5.24 5.17 5.10 507 


\4 5,38 5.25 5.17 5.10 5.00 4.94 4.87 4.81 4.74 4.71 

9 16.919 21.666 27.877

15 	 5.07 4.95 4.86 4.80 4.70 4.64 4.57 4.51 4.44 4.41 


10 18.307 23.209 29.588 

16 4.82 4.70 4.61 4.54 4.45 4.39 4.32 4.26 4.19 4.16 

4.60 4.48 4.40 4.33 4.24 4.18 4.11 4.05 3.98 3.9517 
18 4.42 4.30 4.22 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 

21 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 

23 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 

25 3.63 3.52 3.43 3.37 3.28 3.22 3.15 3.09 3.03 2.99 

26· 3.56 3.44 3.36 3.30 3.21 3,15 3.08 3.02 2.95 2.92 
27 JA9 3.38 3.30 3.23 3.14 3.08 3.02 2.96 2.89 2.86 

28 3.43 3.n 3.24 3.18 3.09 3.02 1.96 2.90 2.83 2.80 

.29 3.38 3.27 3.18 3.12 3.03 2.97 2.91 2.84 2.78 2.74 

30 3.33 3.22 3.13 3.07 2.98 2.92 2.86 2.79 2.73 2.69 

3S 3.13 2.93 2.87 2.78 2.72 2.66 2.59 2.52 2.49 
40 2.98 "'2.79 2.73 '2.64 2.,7 2.51 2.4~ 2.38 2.34 

50 2.79 2.60 2.53 2.44 2.38 2.31 2.25 2.18 2.14 

60 2.47 2.41 2.32 2.25 2.19 2.12 2.05 2.01 

70 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 1.88 1.81 1.73 1.68 

150 2.32 2.21 2.12 2.06 1.96 1.89 LS2 1.74 1.66 1.62 

200 2.26 2.15 2.07 2.00 1.90 l.83 1.76 1.68 1.60 1.55 

250 2.23 2.03 1.97 1.87 1.80 ·1.72 1.65 1.56 1:51 

300 
" 

2.21 2.01 1.94 1.85 1.78 1.70 1.62 1.53 1.48 

400 2.18 2.07 1.98 1.91 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 l.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 

750 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 l.53 1.44 US 

~.. 

http:124.27124.07123.87123.77
http:125.84125.45

