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Number 1. 

The following table shows the 300 employees of a glass manufacturing company, 

cross-classified on the basis of 

Age 

and 

Sales Administration 

1825< 30 

2530--50 29 

35> 50 

Total 	 62 

a, An employee is selected at random from this company. Calculate the probability 

that the employee is: 
i. under30yearsofage (2) 

ii. a production worker 

iii. a sa person and between and 50 rs of age (2) 

iv. over 50, given that he or she is in administration (3) 

v, a production worker or under 30 years, or both. (3) 

b. Are the two events and 'department' mutualiy exclusive? Justify your 

answer. (2) 
c, Are and department statistically independent? Justify your answer, 

d. 	 A random sample of 200 soccer players from African countries is obtained and it 

was found that admit that they prefer to play the entire 90 minutes in one 

game, however; the soccer coaches claim that only 7 of the soccer play'"~rs 

prefer to play the entire 90 minutes at each soccer game played. Can you conclude 

that the soccer coaches claim is correct at 90% confidence interval? (.5) 

Number 2 

A car magazine tested the fuel ef;kiency of three ma of 1 600cc motor vehicie 

(Peugeot, VW and Ford). A sample of 1 fOOcc motor vehicles from each make 

was road tested under identical driving conditions and their consumption ill 
Iitres/l00 km was recorded. 

a, 	 Calculate the sample average fuel consumption for each make of motor vehicle. (3} 

b. Can the car magazine editor conclude that average fuel consurnption across 

the three makes of 1600cc motor vehicles is the same? Conduct an approp 

hypothesis test at the level of significance, assuming that the three 

pop~lations are normally distributed vvith equal variances, (5) 



c. If the significance level of the test was 1%, would this change the conclusion 

reached in (b)? Support your answer with statistical evidence. (5) 

d. 	 Let Y be the number of spots on the face showing after a biased die is rolled. The 

table below includes part of the probability function, p(y), of the random variable, Y. 

In each part, in order to receive credit you must write enough to show how you get 

your answer. 

1 2 3 4 5 6 Sum 

0.1 0.1 0.2 0.2 0.3 


i. Find P(6) 	 (2) 

ii. Calculate P(YS; 3) 	 (2) 

iii. Find E(3Y-2). 	 (3) 

Number 3 

Given the data as follows 

10 12 11 8 21 

16 14 12 19 
13 15 18 . 17 22 
23 17 16 21 23 

a. 	 Determine the confidence interval estimates for 11 at 95% confidence level. (5) 

b. i\ccording to a study conducted by the Department of Pediatrics at the University 

of California, San Francisco, children who are injured tl.VO or more times tend to sustain 

these injuries during a relatively ited time, usually 1 year or less. 

If the average number of injuries per year for school age children is two, what ar"e the 

probabilities of these events? 

i: A school-age child wiil sustain two injuries during the year. 	 (2) 
ii. A school-age child will sustain two or more injuries during the year. (4) 

iii. A school-age child w;1I sustain at most one injury during the year. 	 (3) 

c. 	 The totai amoLint of insurance claims, X is normaiiy distributed with mean E2700 and 

a standard deviation of E300. 

i. Determine P(X > 3100) (2) 

Ii. Find the value r for which P(X > r) 0.01. (4) 



Number 4 

a. 	 Tins of baked beans are packed into boxes of 24. Results from a random sample 

of 25 boxes delivered to supermarkets show that a total of 8 tins were damaged. 

Assess the claim that less than 2% of tins are damaged during delivery. (4) 

b. 	 You need to build a bench that will seat 18 male col football players, and you 

must first determine the length of the bench. Man have hip breadths that are 

normally distributed with a mean of 36 cm and standard deviation of 2.5 cm. 

What is the minimum length of the bench if you want a 0.975 probability that it 

will fit the combined hip breadths of 18 randomly selected men? (8) 

c. 	 Replacement times for TV sets are normally distributed with a mean of 8.2 years 

and a standard deviation of 1.1 years. 

i. 	 Find the probability that a randomly selected TV wi!1 have a replacement 

time than 5.0 years. (4) 

Ii. 	 If you 'vvant to provide a warranty so that only 1% of the TV sets will be 

replaced before walTanty expires, what is the time length of the 

warranty? (4) 

a. 	 Use the data in the following table to test the claim that occupation is independent 

of whether the cause of death was homicide. Does any particular occupation appear 

to bc~ most prone to homicides? 

IJoiice Cashiers Taxi Drivers Guards 

Homicide 82 107 70 59 


Cause of death othel' than homicide 92 9 29 42 


b. 	 A convenience food; known as 'Quicknosh' was introduced into the British market in 

January 2002. 1- a poor year for sales manufacturers initiated an intensive 

advertising camp during January 2003. The following table records the sa:~~sl in 

thousands of poun for a one-month period before and one-month period after 

the advertising campa for each eleven regions. (8) 

A B 

Sales after cam 

Ass~ming sales are normally distributed, determine, at the 5% significance level, 

whether an increase in mean sales has occurred using an appropriate test. (12) 

TOTAL: 60 
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ST,/~. T/·\8LES 

Cumuuative Standan:Hzed Normal Distribu~ion 

A(z) is the of the standardized norml'j 
distribution from -- CIJ to z (in other words, the 
area under the curve to the left of z), It the 
probability of a normal random variable 110t 
being more than z standard deviations above Its 
mean. Values ofz of IJarticular importan'~e: 

1.960 

4 

~---,----- --~,~.~~-~-~~ 

z 0.00 om 0.02 0.03 0.04 0.05 0.06 0.07 0.08 (,.09 
--.. ------.-------...----.---------.~--~----------

0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359 
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 05714 0.5753 
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.59"7 0.6026 0.6064 0.6103 0.6141 
0'. ..l 0.6179 0.6217 0.6255 0.6293 0.6331 06368 0.6406 0.6443 0.6480 0.6517 
0.4 0.6554 0.6591 0.6628 0.6664­ 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879 
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 O.722'l 
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549 
0.7 0.7580 0.7611 0.7642 0.7673 0,7704 0,7734 0.7764 0,7794 0.7823 0,7852 
0,8 0."/881 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 0.826"\ 0.8289 0.8315 0,8340 0,8365 0,8389 
1.0 0.84;:; 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 0,88/19 0.8869 0,8888 0.8907 0,8925 0.8944 0.8962 0,8980 0.8997 0.9015 
1.3 0.9032 (},9049 0,9066 0.9082 0.9099 0.9115 0,9131 0.91,[7 0,9162 09177 
1,4 0,9192 0.9207 0.9222 0.9236 0.9251 0,9265 0.9279 0.9292 0.9306 0.9:;]9 
1.5 0.9332 0,9345 0.9357 0.9370 0.9382 0,9394 0.9·to6 0,9418 0.9429 0.9441 

0,94:5:2. 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 i..9699 0.9706 
1.9 O.9·il3 0.9719 0.9726 0.9732 0.9'l38 0.9744 0.9750 0.9756 09761 0,9767 
2,0 0.9772 0.9778 0.9783 0.9788 0,9"193 0.9798 0.9803 0.980R 0.9812 0,9817 
2.r 0,98?l 0.9826 0.91130 0,9834 0.9838 0,9842 0,98J,6 0.9850 0.9854 0.985'1 
/,2 0.9861 0,9864 0.9868 0,9871 0.9875 0.9878 0.9881 0.9884 () 9887 0.9890 
2.3 0.9393 0.9896 0.9898 (},9901 0.9904 0.9906 0.9909 0,9911 0.9913 0.9916 
2.4 0,9918 0.9920 0.9922 0.9925 0.9927 0,9929 0,9931 0,9932 0.9934 1.!.9936 
? -~.) O.993S 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 
') "' ~~, / 0.9965 0,9966 0.9967 0,9968 0.9969 0,9970 0.9971 0.9972 0.9973 0.9974 
2 0 

.U 0.9974 0,9975 0.9976 0.9977 0.9977 0,9978 0.9979 0.9979 C.9980 0.9981 
2.9 0.9981 0.9932 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9985 
3,0 0.9987 0,9987 0.9987 0.9988 0.9988 0.9989 0,9989 C.99;}9 0,9990 0.9990 
3,1 0.9990 0.9991 0.9991 0,999 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 
-, ~ 

j,j 0,9995 0.9995 0.9995 0.9996 0.9996 0.9996 0,9996 0,9996 0.9996 0.9997 
3,4 0.9997 0.9997 0,9997 0,)997 0,9997 0.9997 0.9997 0.9997 0.9997 0,9998 
3.5 0.9998 0.9998 0.9998 0.99S'8 0.9998 0,9998 0,9998 0,9998 0.9998 0.9998 
3.6 0,9998 0.9998 0.9999 



Tlh)-rciied test: 
One ,tailed res!: 

10% 
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2,5%, 1% 
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0.1% 
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2 
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6314 
2,920 
2,353 
2.132 
2,015 

31.821 
6,965 
4,541 
3,747 
3.365 

63.657 
9.925 
5.841 
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318.309 
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6 
7 
1) 
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1,943 
1.894 
1.860 
1,833 
1.812 

2,447 
2.365 
2,306 
2,262 
2,228 

3.143 
2,998 
2,896 
2,821 
2,764 

3,707 
3.499 
3,355 
3.250 
3.169 

5,208 
4,785 
4,50] 

4.297 
4,14tf 

5.959 
5,408 
5,041 
4,781 
4.587 

1.796 
1,782 

2,201 
2,1 

2.718 
2,681 

3,106 
3,055 

4,025 
3.930 

4,437 

4.318 

< , 
h 

15 

1.771 
1.761 
1.753 

2,160 
2.145 

131 

2.650 
2.624 
2.602 

3,012 
2,977 
2.947 

3,852 
].787 
3,733 

4.221 
140 

4,073 

16 
17 
18 
19 
20 

1.746 
1.740 
1.734 
1,729 
1.725 

2,]20 
2,110 
2,101 
2.093 
2,086 

2.583 
2,567 
2,352 
2.539 
2.528 

2,921 
2,898 
2,878 
2.861 
2,845 

3,686 
3,646 
3,610 
3.579 
3.552 

4.015 
3.965 
3,922 
3,883 
3,850 

21 
22 
7.,3 
24 
25 

l.72i 
1.717 
1.714 
1.711 
l,i08 

2,()80 

2,07'f 
2,069 
2,(}64 
2,C60 

2,518 
2.508 
2,500 
2.cf92 
2.435 

2,831 

2.819 
2,S07 
2.797 
2.787 

3.527 
3.505 
3.485 
JAG7 
3.450 

3.8: 9 
3.792 
J,768 
3.'l45 
3,725 

16 
27 
28 
29 
30 

1.706 
1.703 
LlOl 
1.699 
1.697 

2.056 
2,052 
2.C48 
2,1),+5 
2,042 

2.479 2,Ti') 
2.771 
7..7\53 
2,756 
2.750 

34-35 
3.421 
3AOS 
3396 
3,385 

3,707 
3,690 
3,674 
3.659 
3,646 

32 
34 
35 
:38 

1,694­
169\ 
J .688 
J ,686 
1.68,+ 

2,037 
2,032 
2,028 
2,024 
2,021 

2,~49 

2.;41 
2.434 
2.4'29 
2,423 

2,738 
2,728 
2,719 
2,712 
2,704 

3,365 
],348 
3.333 
3,319 
3,307 

3.622 
3,60] 
3.582 
3.566 
3,551 

42 1.632 
1,6:)0 
\,679 
1,677 
1.676 

2,018 
} r-!,;;;
_"J' ~ 

2013 
2,011 
2,009 

2.418 
2,414 
2,410 
2.407 
2.403 

2,687 

3,296 
],286 

3.277 
3,2(,9 
3.261 

3,538 
3.526 
3.515 
3,505 
3.4% 

60 
70 
~O 

90 
100 

1.671 
1667 
1.66.:J. 
1.662 
1.660 

2,000 
1.994 
1,990 
1.987 
1,984 

2.390 
2,381 
2,374 
2.36;;; 

2.648 
2,639 
2.632 
2,626 

3.232 
],211 
3.195 
J.183 
3,174 

3,460 
3.435 
3.416 
3. L:02 
3,390 

120 
150 
20(1 
30G 
'wo 

1,658 
1.655 
1.653 
16:50 
1,649 

1.980 
1.976 
1.972 
1.968 
1966 

2.358 
2.351 
2.345 
2.339 
2,336 

2.617 
2,609 
2,601 
2.592 
2.5Hg 

3.160 

3.131 
3,118 
3,111 

3,373 
3.357 
3.3/~O 

3,323 
3.315 

500 
600 

].648 
1 

1965 
,964 

2.334 
2,584 

3.107 
104 

'),310 
3,307 

1.6.15 1960 2,326 2.576 3.((lO 3,291 



~.TtSTICAL Tt''sLES 

F Distribution: Critical Valw;)s of F {5% significance 

3 4 5 6 	 9 12 

1 161,45 199.50215.71 224.58 230.16233.99236.77 238.88 240.54 241.88 243.91 
2 18.51 19.00 19,16 19.25 19,30 19.33 19,35 19.37 19.38 19.40 19.41 
3 10.13 9.55 9.28 9,12 9,01 8.94 8,89 8.85 8.81 8.79 8,74 
4 	 7.71 6,94 6.59 6,39 6,26 6.16 6.09 6,04 6.00 5,96 5,91 
5 	 6.61 5,79 5.41 5,19 5.05 4,95 4.88 4.82 4,77 4.74 4.68 

6 	 5.99 5.14 4,76 4.53 4.39 4.28 4.21 4.15 4.10 1.06 4.00 
7 	 5,59 4,74 4.35 4.12 3.97 3,87 3.79 3.73 3.68 3.64 3.57 

5,32 4.46 4.07 3.84 3.69 3.58 3,50 3.44 3.39 3.35 3.28 
9 	 5.12 4.26 3.86 3.63 3,48 3.37 3,29 3.23 3.18 3.14 3.07 

4,96 4,10 3.71 3.48 3.33 3.22 3.14 3.07 3,02 2.98 2,91 

4.84 3,98 3,59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.79 
4.75 3,89 3.49 3,26 3,11 3.00 2,91 2.85 2.80 2,75 2.69 
4.67 3,81 3.41 3.18 3.03 2,92 2,83 2.77 2.71 2.67 2.60 

14 4.60 3,74 3,34 3.11 2.96 2,85 2.76 2,70 2.65 2.60 2,53 
15 4,54 3,68 3.29 3.06 2.90 2.79 2.71 2,64 2.59 2,54 2,48 

16 4.49 3.63 3.24 301 2.85 2.74 2.66 2.59 2.54 2,49 2.42 
17 '~.45 3.59 3.20 2.96 2.81 2.70 2.61 2,55 2,49 2.45 2.38 
18 4.41 3.55 3,16 2,93 2.77 2.66 2.58 2.51 2,46 2.41 2,34 
19 4.38 3.52 3.13 2.90 2,74 2.63 2,)4 2,48 2.42 238 2.31 
20 4.35 3.49 3.10 2.87 	 2,71 2.60 2.51 2.45 2.39 2.35 2,28 

21 4.32 3.47 3,07 2,84 	 2.68 2.57 2,49 2.42 2,37 2,32 2,25 
~'ib_ 4,30 3,44 3.05 282 	 2.66 2.55 2.46 2.40 2,34 2.30 2.23 
23 4.28 3.42 3.03 2.80 	 2.64 2.53 2.44- 2.37 2.32 2.27 2.20 
24 4.26 3.40 3,01 2.78 2,62 2.51 2.42 2,36 2.30 2.25 2.18 
25 4.24- 3.39 2,99 2.76 2.60 2.49 2.34 2.28 2.24 2,16 

26 4.22 2.98 2.74 	 2.59 2.47 2.39 2.32 2.27 2.22 2.15 
27 4.21 3.35 2.96 2.73 	 2.57 2.46 2.37 2.31 2,25 2,20 2,1 
28 4.20 3.34 2,95 2.71 2.56 2,45 2.36 2,29 2.2"t 2.1~ 2,12 
29 4,18 3.33 2,93 :nO 2.55 2.43 2.35 2,28 2.18 2,]0 
30 4,17 3.32 2.92 2,69 2.53 2.42 2.33 2.27 2.21 2.16 209 

35 4.]2 3,27 2.87 2.64 2.49 2.37 2.29 2,22 2.16 2.11 2.04 
40 4,08 3.23 2,84 2,61 2.45 2.34- 2.25 2.18 2.12 2,(18 2.00 
50 4,03 3.18 2,79 2,56 2.40 2,29 2.20 2.13 2,07 2.03 i.95 
GO 4.00 3,15 2.76 2.53 2.37 2,25 2.17 2.10 2,04 1.99 1.92 
71} 3.98 3.13 2.74 2,50 235 2.23 2.14 2.07 2.02 1.97 1.89 

80 	 3.96 3.11 2.72 2.49 2.33 2.21 2.13 2.06 2,UO 1.95 1.88 
') ~?90 3.95 3.10 2.71 2.47 L..J_ 2.20 2,11 2.04 1.99 1.94 1.86 

HlO 3.94 3,09 2.70 2.46 2.31 2.i 9 2.10 2,03 1.97 1.93 1.85 
120 3.92 3.07 2.68 2.45 2.29 2.18 209 2,02 1.96 1.91 1.83 
150 3,90 3,06 2.66 2.43 2.27 2,16 2.0 2,00 1.94 1.89 1.82 

200 3.89 3,04 2,65 2.42 2.26 2,14 2,06 1.98 1.93 l.88 1.80 
250 3.88 3.03 2,64 2.41 2.25 2.1 :~.05 1.98 1.92 1.87 i.79 
300 3,87 3.03 2,63 2,40 2.24 2.13 2,04 1.97 1.91 1.86 1.78 

3.86 3,02 2.63 2,39 2.24 2.12 2,03 1.96 1.90 1.85 US 
5GO 3.86 3.01 2.62 2.39 2.23 2.12 203 1.96 1.90 1.85 1.77 

GOD 3.86 3.01 2,62 2.39 2.23 2.11 2.02 1.95 1.90 1.85 1.77 
750 3.85 3.01 2.62 2,38 2.23 2,11 2.02 1.95 1.89 1.84 1.77 

lUnO 3.85 3,00 2.61 2.38 2.22 2.1l 202 1.95 1.89 1.84 

14 16 10 

245.36 246.4624732248.01 
19.42 19.43 19.44 19.45 

8.71 8.69 8,67 8.66 
5,87 5.84 5.82 5.80 
4.64 4.60 4.58 4.56 

3.96 3.92 3.90 3.87 
3.53 3.49 3.47 3.44 
3.24 3.20 3.17 3.15 
3.03 2.99 2.96 2.94 
2.86 2.R3 2.80 2.77 

2,74 2.70 2.67 2.65 
2,64 2.60 2.57 2.54 
2.55 2.5J 2.48 2.46 
2.48 2.44- 2.41 2.39 
2.42 2.38 2.35 2.33 

2.33 2.30 2.28 
? ~~ 
~..).) 2,29 2.26 2,23 
2,29 2.25 2.22 2.19 
2.26 2.21 2,18 2.16 
2.22 2.18 2.15 2.12 

2.20 2.16 2.12 2,10 
2.17 2.13 2.10 2.07 
2.15 2.11 2.08 2,05 
2.13 2,09 2.05 2.03 
2.11 2.07 2,04 2.01 

2,09 2.05 2.02 1.99 
2.08 ;:',04 2.00 1.97 
2.06 2,02 1.99 1.96 
2,05 2.01 1.97 1.94 
2.04 1.99 1.96 1.93 

1.99 1.94 1.91 1.88 
1 f)'71.95 1.90 .6J l.84 

l.89 1.85 un 1.78 
1.:36 un 1.73 1.75 
1.84 1.79 1.75 1.72 

1.82 1:17 1. 73 1.70 
1 80 1.76 1.72 1.69 
1.79 1.75 1.71 1.68 
1.78 1./3 1.69 1.66 
1.76 1.71 1.67 1.64 

1.74 1.69 1.66 1.62 
L73 1.68 1.65 1.61 
1.12 1.68 1.64 1.61 
1.72 1.67 1.63 1.60 
1.71 :,66 162 1.:)9 

1.71 ;66 1.62 1.59 
1.70 1.66 1.62 1.58 
1.70 1.65 1.61 1.58 

http:2.44-2.41
http:246.4624732248.01
http:2.34-2.25
http:4.24-3.39
http:2.44-2.37
http:230.16233.99236.77
http:199.50215.71


30 35 40 50 60 75 IOU 150 200 
1)2 

1 249.26250.10250.69 251.14 251.77 252.20 252.62 253.04 25346 253.68 
2 19.46 19.46 19.47 19.47 19.48 19.48 19.48 19.49 19A9 19.49 
3 8.63 8.62 8.60 8.59 8.58 8.57 8.56 8.55 8.54 8.54 
4 5.77 5.75 5.73 5.72 5.70 5.69 5.68 5.66 5.65 5.65 
5 4.52 4.50 4.48 4.46 4.44 4.:lJ 4.42 4.41 4.39 4.39 

6 3.83 3.81 3.79 3.77 3.75 3.74 3.73 3.71 3.70 3.69 
7 3.40 3.38 3.36 3.34 3.32 3.30 3.29 3.27 3.26 3.25 
8 3.11 3.08 3.06 304 3.02 3.01 2.99 2.97 2.96 2.95 
9 2.89 2.86 2.84 2.83 2.80 2.79 2.77 2.76 2.74 2.73 

10 2.73 2.70 2.68 2.66 2.64 2.62 2.60 2.59 2.57 2.56 

11 2.60 2.57 2.55 2.53 2.51 2.49 2.47 2,46 2.44 2.43 
n 2.50 2.47 2.44 2.43 2.40 2.38 2.37 2.35 2.33 2.32 
13 2.41 2.38 2.36 2.34 2.3 I 2.30 2.28 2.26 2.24 2.23 
1~ 2.34 2.31 2.28 2.27 2.24 2.22 2.21 2.19 2.17 2.16 
15 2.28 2.25 2.22 2.20 2.1S 2.16 2.14 2.12 2.10 2.10 

}6 2.23 2.] 9 2.17 2.15 2.]2 2.1 I 2.09 2.07 2.05 2.04 
17 2.18 2.15 2.12 2.10 2.08 2.06 2.04 2.02 2.00 1.99 
18 2.14 2.IJ 2.08 2.06 2.04 2.02 2.00 1.98 1.96 1.95 
19 2.1 I 2.07 2.05 2.03 2.00 1.98 1.96 1.94 1.92 1.91 
20 2.07 2.04 2.01 1.99 1.97 1.95 1.93 1.9 I 1.89 1.88 

2.05 2.01 l.98 1.96 1.94 1.92 1.90 1.88 1.86 1.84 
22 2.02 1.98 1.96 1.94 1.91 1.89 1.87 1.85 1.83 1.82 
23 2.00 1.96 1.93 1.9 I 1.88 1.86 1.84 1.82 l.80 1.79 
24 1.97 1.94 1.9 I 1.89 1.86 1.84 1.82 1.80 1.78 1.77 
25 1.96 1.92 1.89 1.87 1.84 1.82 1.80 1.78 1.76 1.75 

26 1.94 l.90 1.87 I.S5 1.82 1.80 1.78 1.76 1.74 1.73 
27 1.92 1.88 1.86 1.84 1.81 1.79 1.76 174 1.72 1.71 
28 1.91 1.87 1.84 1.82 1.79 1.77 1.75 1.70 1.69 
29 1.89 1.85 1.8:3 1.81 1.77 1.75 1.73 1.7 I 169 1.67 
30 1.88 1.84 1.81 1.79 1.76 1.74 1.72 1.70 1.67 1.66 

35 1.82 1.79 1.76 1.74 i.70 1.68 1.66 1.63 1.6 I 1.60 
40 J.'78 I. 74 1.72 1.69 1.66 1.64 1.6 ] 1.59 1.56 1.55 
50 1."13 l.69 l.66 1.63 1.60 1.58 1.55 1.52 1.50 1.48 
6G 1.69 l.65 1.62 1.59 1.56 1.53 I.5l l.48 1.45 lA4 
7G 1.66 l.62 1.59 1.57 1.53 1.50 1A8 145 1.42 1.40 

8G 1.64 1.60 1.57 1.54 1.51 1.48 1.45 1.4.1 1.39 1.38 
90 1.63 1.59 1.55 1.53 1.49 1,46 1.44 l.4i 1 "0

1 . .)6 1.36 
laC. 1.62 1.57 1.54 1.52 1.48 1.'15 1.42 1.39 1.36 1.3'1 
120 1.60 1.55 1.52 1.50 1.46 1.43 1.40 1.37 1 '" 1.,).) 

1 .... ("'\
~.jL 

150 1.58 1.5t 1.50 lA·8 1.14 lAI L'38 J.34 1.31 1.29 

lOG 1.56 1.52 1.48 1A6 1.'11 1.39 1.35 1.32 128 1.26 
250 1.55 1.50 1.47 1.44 1.40 ] .37 1.34 '.31 1.27 1.25 
300 1.54 1.50 l.46 1.43 1.39 1.36 1.33 1.30 i26 1.23 
400 1.53 l.49 1A5 1.42 1.38 1.35 1.32 128 1.24 1.22 
500 1.53 1.48 1.45 1.42 1.38 1.35 1.31 1.28 1.23 1.21 

600 1.52 1.'18 1.44 1.41 1.37 1.3 1.3 1 1.27 1.23 1.20 
750 1.52 l.47 1.44 1.41 1.37 1.3 1.30 1.26 1.22 1.20 

1000 1.52 1.117 l.43 1.41 1.36 1.3 1.30 1.26 1.22 1.19 

http:249.26250.10250.69
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'j",!l8LE (4.3 (continued) 

F Distribution: Critical Values of F (1% significance ~eve!) 

1 3 4 6 7 8 9 12 16 18 20 

1 8 4999.50 5624.58 5763.65 5858.99 5928.36 598107 6022.47 6055.85 6106.32 (, J42.67 6170.10 619153 6208.73 

2 98.50 99.00 99. J 99.25 99.30 99.33 99.36 99.37 99.39 99.40 99.42 99.43 99.44 99.44 99.45 
3 34.! 2 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 
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 

6 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.72 7.60 7.52 7.45 7.40 
7 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.36 6.28 6.21 6.16 
8 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.67 5.56 5.48 5.41 5.36 
9 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.11 5.01 4.92 4.86 4.81 

10 10.04 7.56 6.55 5.99 5.64 539 5.20 5.06 4.94 4.85 4.71 4.60 4.52 4.46 4.41 

11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.40 4.29 4.21 4.15 4.10 
12 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.05 3.97 3.91 3.86 
13 ').07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19 4.10 3.96 3.86 3.78 3.72 3.66 
14 8.86 6.51 5.56 5.0t.!- 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.70 3.62 3.56 3.51 
15 6.36 5.42 4.89 4.56 '132 4.14 4.00 3.89 3.80 3.67 3:.56 3.49 3.42 3.37 

16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.55 3.45 3.37 3.31 3.26 
17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 3.35 3.27 3.21 3.16 
18 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 3.51 3.37 3.27 3.19 3.13 3.08 
19 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.30 3.19 3.12 3.05 3.00 
10 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.23 3.13 3.05 2.99 2.94 

21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 3.31 3.17 3.07 2.99 2.93 2.88 
22 	 7.95 5.72 4.82 4.31 3.99 3,76 3.59 3.45 3.35 3.26 3.12 3.02 2.94 2.88 2.83 
23 	 7.88 5.66 4.76 4.26 3.9~ 3.71 3.54 3.41 3.30 3.21 3.07 2.97 2.89 2.83 2.78 
24 	 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.03 1.93 2.85 2.79 2.74 

?"n 5.57 4.68 4.18 3.85 3.63 3,46 3.32 3.22 3.13 2.99 2.89 2.81 2./5 2.70 

7,6 	 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 2S)6 2.86 2.78 2./2 2.66 
27 	 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15 3.06 2.93 2.82 2.75 2.68 2.63 
28 	 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.90 2.79 2.72 2.65 2.60 

"l /'''17.9 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 3.00 2,87 2.77 2.69 ,... ,),) 2.57 
3() 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.84 2.74 2.66 2.60 2.55 

35 7.42 5.27 4.40 3.91 359 3.37 3.20 3.07 2.96 2.88 2.74 2.64 2.56 2.50 2.4'1 
t{-O .31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.56 2.1,8 2.42 2.37 
50 7.17 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2,78 2.70 2.56 2.46 2.38 2.32 2.27 
60 7.08 4.98 4.13 3,65 3.34 3,] 2 2.95 2.82 2.72 2.63 2.50 2.39 2.31 2.25 2.20 
70 H1J 4.92 4.07 3.60 3.29 3.07 2.91 2.78 2.67 2.59 2.45 2.35 2,27 2.20 2.15 

3n 	 6.96 4.88 4.04 3.56 3.26 3.04- 2.87 2.74 2.64 2.42 2.31 2.23 2.17 2.J2 
90 6.93 4.85 4.01 3.53 3.23 3.01 2.84 2.61 2.52 2.39 2.29 2.21 :'.14 ?09 

wo 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59 2.50 2.37 2.27 2.\9 2.12 2.07 
no 6.85 i~.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.34 2.23 2.15 2.09 2.U3 
150 6.81 4.75 3.91 3.45 3.14 2.92 2.76 2.63 2.53 2.44 2.31 2.20 2.12 2.06 2.00 

200 6.76 4·.71 3.88 3.41 3.1] 2.89 2.73 2.60 2.50 2.41 2.27 2.17 2,09 203 ].97 
250 11.74 4.69 3.86 3.40 3.09 2.87 2.71 2.58 2,48 2.39 2.26 2.15 2.07 2.01 1.95 
300 6.72 4.68 3.85 3.38 3.08 2.86 2.70 2.57 2.47 2.38 2,24 2.14 2.06 1.99 1.94 
400 6.70 4.66 3.83 3.37 3.06 2.85 2.68 2.56 2.45 2.23 2.13 2.05 1.98 1.92 
SOU 6.69 4.65 3.82 3.36 3.05 2.84 2.68 2.55 2.44 2.36 2.22 2.12 2.04 1.97 1.92 

600 4.64 3.81 ~.35 3.05 2.83 2.67 2.54 2.44 2.35 2.21 2.1 J 2.03 1.96 1.91 
750 6.67 4.63 3.81 3.34 3.04 2.83 2.66 2.53 2.43 2.34 2.21 2.11 2.02 1.96 1.90 

WOO 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43 2.34 2.20 2.10 2.02 1.95 1.90 

http:3.04-2.87
http:5.0t.!-4.69


p: Dist,<ibutkm: Critic",J Values of F (1% 

30' 35 40 50 61) 7~ 100 150 200 

1 6239.83 6260.65 6275.57 6286.;8 630252 6313.03 6e23.56 6334.11 6344.68 634997 

2 99.46 99.47 99.47 99.47 99.48 99.48 99.49 99.49 99.49 99.49 
3 26.58 26.50 2~45 26.41 26.35 26.32 2~28 26.24 26.20 26.18 
4 13.91 13.84 13.79 13.75 1369 13.65 13.61 13.58 13.54 13.52 
5 9.45 9.38 9.33 9.29 9.24 9.20 9.17 9.13 9.09 9.08 

6 7,30 7.23 7.18 7,14 7.09 7.06 7.02 6,99 6.95 6.93 
7 6.06 5.99 5.94 5.91 5.86 5.82 5.79 5.75 5.72 5.70 
8 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 ,1..4 J 4.38 4.36 

HI 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 3,86 3.81 3,78 3.74 3.71 3,67 3.66 
12 3.76 3.70 3.65 3,62 3.57 3.54 3,50 3.47 3.43 3.41 
13 3.57 3.51 3.46 3.43 3.38 3,34 3.31 3.27 3,24 3.22 
14 3.41 3.35 3.30 3.27 3.22 3.18 3.15 3.11 3,08 3.06 
15 3.28 3.21 3.17 3.13 3.08 3,05 3.01 298 2.94 2.92 

16 3.16 3.10 3.05 3,02 2.97 2.93 2.90 2.86 2,83 2.81 
17 3.07 3.00 B6 2.92 2.87 2.83 2.80 76 2.73 2.71 
18 2,98 2.92 2.87 2,84 2.78 2.75 2,1 I 2.68 2.64 2.62 
]9 2.91 2.84 2.80 2.76 2.71 2.67 2.64 2.60 2.57 2.55 
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 2.58 2,55 2.51 2A8 ?.44 2.42 
22 2,73 2.67 2.62 2.58 2.53 2.50 2.46 2,42 2.38 2.36 
23 2.69 2.62 2.57 2.54 2.48 2.45 2.41 2.37 2.34 2.32­
24 2.64 2.58 2.53 2.49 2.44 2.40 2.37 2.33 229 2.27 
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 
27 2.54 2.47 2.42 2.3f\ 2,33 2,29 2.26 2,22 2.18 2.16 
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 10 
30 2A5 239 2.34 2.30 2.25 2,21 2.17 2,13 2,09 2.07 

35 2.3 5 2.28 2.23 2,19 2.H 2.10 206 2.02 1.98 
40 2.27 2.20 2.15 2.11 206 2,02 1.98 1.94 1.90 1.87 
50 2.17 2.10 2.05 2.01 1.95 1.91 1.87 1.82 1.78 1.76 
60 2.10 2.03 1.98 1.94 1.88 1.84 1.79 1.75 1.70 1.68 
70 2.05 1.98 193 1.89 1.83 1.78 1.74 1.70 1.65 

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 \.82 1.76 172 1.67 1.62 1.57 1.55 

l()O . 1.97 1.89 1.84 1,80 1.74 1.69 1.65 1.60 1.55 J.52 
120 1.93 1.86 1.81 1.76 170 1.66 l.61 1 151 I A8 
~.50 1.90 1.83 1.77 1.73 L66 1.62 1.57 1.52 1.'16 1.43 

200 1.87 1.79 1.74 1.69 1.63 1.58 1.53 1.48 1.42 1.39 
250 1.85 1.77 1.72 1.67 1.61 1.:56 1.51 IAr; lAO 1.36 
3GO 184 1.76 1.70 1.66 1.59 1.55 1.50 1.44 138 1.35 
400 1.82 1.75 1.69 I.M 1.53 1.53 1 AS 1.42 1.36 1.32 
SOO 1.81 1.74 1.68 1.63 1.57 1.52 1.47 lAl 1.34 1.31 

GOO 1.80 1.73 1.67 1.63 1.56 1.5] 1.46 1.40 1.34 1.30 
750 1.80 1.72 1,66 1.62 1.55 1.50 1,45 1.39 1.33 1.29 

1000 1.79 1.72 1.66 1.61 1.54 1.50 1.44 138 JJ2 1.28 



AT!ST!Cf\L Tll,BLEE: 

F Di$tdb~l\.i(m: Critical Values 0; F (0.1 % sfgnificance ievei} 

2, 3 5 6 '7 9 10 12 14 16 18 20 

4.05e05 5.00e05 5.40e05 5.62,,05 5.76e05 S36005 5.93e05 5.98,,05 6.02e05 606eOS D.lleOS 6.l4e05 6.17e05 6.1ge05 6.21eG5 

2 998.50 999.00 999. i 7 999.25 999.30 999.33 999.36 999.37 999.39 999.40 999.42 999.43 999.44 999.44 999.45 
3 167.03 148.50 141.11 137.l0 134.58 132.85 131.58 130.62 129.86 129.25 128.32 127.64 127.14 126.74 126.42 
4 74.14 61.25 56.18 53.44 5Ul 50.53 49.66 49.00 48.47 48.05 47.41 4695 46.60 46.32 46.10 
5 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24 26.92 26.42 26.06 25.78 25.57 25.39 

6 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69 18.41 17.99 17.68 17.45 17.27 17.12 
7 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33 14.08 13.71 13.43 13.23 13.06 12.93 
:5 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 10.48 
9 22.86 16.39 13.90 12.56 11.71 11.13 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 

1] 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 7.01 
2 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 6.40 

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 6.53 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 5.6.2 5,46 5.35 5.25 

16 16.12 10.97 9.01 7.94 7.27 6.80 6,46 6.19 5.98 5.81 5.55 5.35 5.20 5.09 4.99 
17 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75 5.58 5.32 5.13 4.99 4.87 4.78 
IS 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 
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 4.43 
20 14.82 9.95 8.10 7.10 6.'-l6 6.02 5.69 5.44 5.24 5.08 4.82 (+64 4.49 4.38 4.29 

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 
22 14.38 9.61 7.80 6.81 6. \ 9 :5.76 5.44 5.19 4.99 4.83 4.58 4.40 4.26 4. [5 4.06 
23 14.20 9.47 7.67 6.70 6.0S 5.65 5.33 5.09 4.89 4.73 4.48 4.30 4.16 4.05 3.96 
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 
2.5 13.88 9.22 7.45 6.49 5.89 5.46 5.15 4.91 4,71 4.56 4.31 4.13 3.99 3.88 3.79 

26 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64 ,t.48 4.24 4.06 3.92 3.81 3.72 
.r;; ~--.,27 13.61 9.02 7.27 6.33 i j 5.31 5.00 4.76 4.57 4,41 4.17 3.99 3.86 3.75 3.660.'. 

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 
19 13.39 8.85 7.12 6.19 5.59 518 4.87 4.64 ,~.45 4.29 4.05 3.88 3.74 3.63 3.54 
30 13.29 8.77 7.0:5 6 12 5.53 5.12 4.82 4.58 4.39 4.24 4.00 3.82 3.69 3.58 3.49 

35 12.90 8.47 6.79 5.38 5,~() 4.89 459 ,.1.36 4.1 403 3.79 3.62 3.48 3.38 3,29 
40 J2.6 J 8.25 6.59 5,70 5.13 4.73 4.44 4.21 ,t02 3.87 3.64 3.47 3.34 3.23 3.14 
SO 12.22 7.96 6.34 S.4G 4.90 4.51 4.22 4.00 3.67 3.44 3.27 3.41 3.04 2.95 
60 11.97 7.7'1 6.17 531 ·~,37 4,09 386 3.69 3.54 3.32 3.15 3.02 2.91 2.83 
70 II. 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 lUi7 7.54 5.97 5.12 4.58 3.92 3.70 353 3.39 3.16 3.00 2.87 2.76 2.68 
90 11.~7 7.47 5.91 5.06 4.53 4.15 3.87 3.65 3.'18 3.34 3.11 2.95 2,82 2.71 2.63 
GO 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 
20 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 
50 11.21 7.24 5.71 4.88 4.35 3.98 3.71 3.49 3.18 2.96 2.80 2.67 2.56 2.48 

200 11. L5 7.15 5.63 4.8 I 4.29 3.92 3.6'5 3.43 3.26 3.12 2.90 2.74 2.61 2.51 2.42 
:250 11.09 7.1 0 5.59 77 4.25 3.88 3.61 3AO 3.23 3.09 2.87 2.71 2.58 2.48 2.39 
3{lG 11.04 7.07 5.56 4.75 4.22 3.86 3.59 3.38 3.21 3.07 2.85 2.69 2.56 2.46 2.37 
4IJO 10.99 7.03 5.53 4.71 4.19 3.83 3.56 3.35 3.18 304 2.82 2.66 2.53 2.43 2.34 
30U 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.S2 2.41 2.33 

6(10 10.94 6.99 5.49 4.68 4.16 .80 3.53 3.32 3.15 3.01 2.80 2.63 2.51 2.40 2.32 
'lSO J0.91 6.97 SAg 4.67 4.15 .79 3.52 3.31 3.14 3.00 2.78 2.62 2,49 2.39 2.31 

HlOO ]0.89 6.96 5,46 4.65 4.14 .78 3.5! 3.30 3.13 2.99 2.77 2.61 2.48 2.38 2.30 



TABLE t~<3 

F Distributio,,: Critica! Values of F (0.1% level) 

Vj 25 30 35 40 50 60 75 tOO 150 ZOG 

1 6.2J e05 6.26e05 6.28e05 6.29005 6.30e05 6.3Je05 632e05 6.33e05 6.35e05 6.35e05 

2 999.46 999.47 999.47 999.47 999.48 999.48 999.49 999.49 999.49 999.49 
3 J25.84 125.45 125.17 124.96 124.66 124.47 124.27 J24.07 123.87 123.77 
4 45.70 45.43 45.23 45.09 44.88 44.75 44,61 44.47 44.33 44.26 
5 25.08 24.87 24.72 24.60 24.44 24.33 24.22 24.12 24.01 23.95 

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 
8 10.26 10.11 10.00 9.92 9.80 9.73 9.65 9.57 9.49 9.45 
9 8.69 8.55 8.46 8.37 8.26 8.19 8.11 8.04 7.96 7.93 

10 7.60 7.47 7.37 7.30 7.19 7.12 7.05 6.98 6.91 6.87 

11 6.81 6.68 6.59 6.52 6.42 6.35 6.28 6.21 6.14 6.10 
12 6.22 6.09 6.00 5.93 5.83 5.76 5.70 5.63 5.56 5.52 
13 5.75 5.63 5.54 5.47 5.37 530 5.24 5.17 5.10 5.07 
14 5.38 5.25 5.17 5.10 5.00 4.94 4.87 4.81 4.74 4.71 
15 5.07 4.95 4.86 4.80 4.70 4.64 4.57 4.51 4.44 4.41 

L6 4.82 4.70 4.61 (';.54 4,45 4.39 4.32 4.26 4.19 4.16 
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 4.22 4.15 4.06 4.00 3.93 3.87 3.80 3.77 
19 '·+.26 4.1-i 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 3A8 

21 4.00 3.88 3.80 3.74 3.64 3.S8 3.52 3.46 3.39 
22 3.89 3.78 3.70 3.63 3.5-i 3.48 341 3.35 3.28 3.25 
23 3.79 3.68 J.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 

3.63 3.52 3.43 3.37 3.28 3.22 3.]5 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 3.49 3.38 3.30 3.23 3.14 3.08 302 2.96 2.89 2.86 
28 3.43 3.32 3.24 3.18 3.09 3.02 2.96 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 

35 3.13 3.02 2.93 2.37 2.78 2.72 2.66 2.59 2.:52 2,49 
2.98 2.87 2.79 73 2.64 2.57 2.51 2.44 2.38 2,34­

50 2.79 2.68 2.60 2.53 2,44 2.38 231 2.25 2.18 2.14 
2.67 2.55 2.4 7 2.41 2.32 2.25 2.19 2.12 2.05 2.01 

L.L.,)70 2.58 2.47 2.39 2.32 ~ ")" 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 2.17 2.36 2.27 2.21 2.11 2.05 1.98 1.91 1.83 1.79 

lOG 2.43 2.32 2.24 2.17 208 2.01 1.94 l.87 1.79 1.75 
J.20 2.37 2.26 2.18 2.1l 2.02 1.95 1.88 1.81 1.73 1.68 
150 :?.32 2.21 2.12 2.06 1.96 1.89 1.82 1.74 1.66 1.62 

100 2.26 2.15 2.07 2.00 1.90 1.83 1.76 1.68 1.60 1.55 
2:50 2.23 2.12 2.03 \'97 1.87 1.80 1.72 1.65 1.56 1.51 
300 2.21 2.10 2.01 1.94 1.85 1.78 1.70 1.62 1.53 1.48 
400 :U8 2,07 1.';8 1.92 1.82 1.75 lEi 1.59 150 145 
500 2.17 2.05 1.97 1.90 L80 1.73 1.65 lSi 1.48 1.43 

600 2.16 2.0·'f 1.96 1.89 1.79 1.72 1.64 1.56 146 1.41 
750 2.15 2.03 1.95 1.88 1.78 1.71 1.63 1.55 1,45 140 

1000 2.14 2.02 1.94 1.87 1.77 1.69 1.62 1.53 1.44 



('1 . ~/11-k.>qua"­

The shaded area is to 0' for 

7t;.222 77.929 


