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I. 	 Let ~'\ and B be events in a space S, with =0.40. P(B I =0.2:: and A B) 
=(1.10. Find (::lch of the 

1. P( A) 	 (2) 
ll. P(AuB) (31 


Ill. P(A nB) 


n. 	 peA nB) (4 ) 

\. P(BiA) (3) 


VI. Are A and B independent') 	 (4 ) 

[20 marks] 

2a, An engineer measured the Brinell hardness of 25 of ductile :ron that were 
annealed. The resulting dat~1 were: 

167 174 

163 ]56 

The engineer hypothesized that the mean Brinell bardness of all such ductile iron pieces is 
than 170. Test his claim at 5% level of (J 0) 

2b. NCHS report indicated that in 2002 the of cigarette smoking among 
American adults was 21.1 %, Data on prevalent smoking in n=3,536 participants who 
attended the seventh examination of the Offspring in the Framingham Heart Study indicated 
that 482/3.536 13.6c;,o of the respondents were currently smoking at the tiri1e of the exam. 
Suppose we v,ant to assess v:hether the prevalence smoking is lower in the Framingham 
Offspnng sample given the focus on cardiovascular health in that community. Is there 
evidence of a statistically lower prevalence of in the Framingham Offspring study as 

to the prevalence among all Americans at of significance? (l 0) 

120 marks] 

3a. Males and females were asked about what they \vould do if they received a S; 100 bill by 
to their neighbor, but wrongly delivered to them. Would they return it to their 

Of the 69 males sampled, 52 said yes and of : 31 females sampled, 120 said 

Does the data indicate that the proportions that said are for male and female at a 
level significance? (12) 

3b. Give a 99% confidence interval for the difference behveen the two proportions.(81 

[20 marks] 

mail. 



A biologist assumes that there ie; a linear relationship bet\\'een the amount 
supplied to tomato plants and the subsequent yield tomatoes obtained. Eight tomato plants, 
of the same yariety. \vere selected at random and treated, weekly, with a solution which x 
grams of fertilizer was dissolved in a fixed quantity of water. The yield, y kilograms, of 
tomatoes was recorded. 

L Calculate the equation the least squares regression line yon x, 
11. Estimate the yield of the plant treated, weekly, v,'ith 3,2 grams of fertilizer (2) 
Ill. Calculate the coefficient of determination and the coefficient of variation and 

interpret them. (4) 
IV. Indicate v,hy it may not be appropriate to use your equation to predict the yield of 

a plant treated weekly with 20grams of fertilizer. (2) 

4b. A random sample of 395 people were surveyed and each person was asked to report the 
highest education level they obtained. The data that resulted from the survey is summarized in the 
following table: 

! 
High School i Bachelors Masters PhD Total i 

i : I• 
i :

Female 46 i 41 I 201 i60 54 
i 

5~.) 57i Male 40 44 194 
! ! 1 

i 
Total 100 98 98 395 , :i 

Question: Are gender and education Jevel dependent at 5%, level of significance? (10) 

[20 marks} 


5. 20 young pigs are assigned at random among 4 experimental groups, Each group is fed a 
different diet. The data are the pig's weight in kg after being raised on these diets for 10 months. 
Here are the data that were obtained from the four experimental groups: 

i! iIFeed 1 2 i Feed 3 i Feed 4 

97.5 i 85.8 

! 90.369.9 i 98.9i 61.8 

i 60.8 68,3 i 102.6 : 
! -..., 1 
' ') I. 67.7 1 102.2 : 84.7 

i 65.0 i 74.0 100.5 8~ ')i ~.-

i -8-') .1 66.3 

Are the mean pig weights the same for all 4 diets? Test at 5% level of significance. 
[20 marks] 
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©C, These :abies nave been co;-nputed to ac::ompany lne text C. Intro:iuction to 
Press, OxforC:). r,:ay be: reoroou:ed freely :Jroyj:jed that tillS retained. 



STATISTICAL TABLES 

TABLE: ,4.1 

Cumulative Standardized Normal Distribution 

A(z) is the cf the standardized normal 
distribution from GO to z other the 
area under the c11i~;e to the left It gives tbe 

. 

of a normal random variable not 
z deviatio:1S above its 

4~ 

n fj::;0,00 0.0:1 0.03 	 0.C6 0,G7 0.08 0.['9~ 	 v,\<""" 

0.0 	 0,5000 0.5040 0.5080 0.5120 0,5199 0.5279 0.5319 0.5359 
0.5398 0,5438 0.5478 0.5517 0.5557 0.5596 0.5636 0,5675 0.5714 0.5753 

0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 06026 0,6064 e.6103 0.6141 
OJ 0.6179 D·6255 0.6331 0.6368 0.6406 0.6443 0.648C 0.651/ 
0.4 0.6554 0.6591 0.6628 0.6664 0.670~! 0.6772 0.6808 0.6844 0.6879 
0,5 0,6915 0,6950 0.6985 07Cl9 O.705~ C,7088 0,712~ 0.7157 0.7190 0.7224 
O.G 	 0, 0.7291 0, 0,7357 0.7389 0.7422 0.7454 0.7486 0./517 0.7."49 

'.f0" 	 O. 0.7611 0.7642 0.7673 O. Q,7734 0.776/· 07794 0.7823 0.7852 
0.8 	 0.7881 0.7910 0.7939 0.7967 o.;;;1-"CC" 0.8C22 08051 0.8078 O.81C)6 081 
0.9 	 0.8: 59 0.8186 0.8212 0.8238 0.8264 0,8289 0.8315 0,8340 0.8365 . 0.8389 
1.0 	 0.8413 0.8438 0.8461 0.8485 0.8508 0.8554 0.8577 0.8·599 0.8621 
1. 	 0.8643 0.8665 0.8686 0.8 7 08 O.872S 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 
l.3 	 0.9032 0.9049 0.9082 0.9099 0.911 :: 0.9131 0.9147 0.9162 0,9177 
1.4 	 0.9 0.9207 0.9236 0,9251 (1,9265 0.9279 0.9292 0.9306 :9 
1.5 0.9332 0.9345 0.9370 C.9394 0.9406 0.9418 0.9429 0.9441 
16 O.9~ 52 0.9463 09~74 0.9484 (:,9505 G.9515 0.9525 0.9535 0.9545 

7 	 0.9554 0.9564 0.9573 0.9582 0.9599 09608 0.9616 0.9625 0.963:, 
0,964: 09649 0.9656 0.9664 0,967. 0.90':8 0.9686 0.9693 0.9699 0.9706 

19 0.97:3 0.97:9 0.9726 0.9732 (:.9"38 (;,9/4.:! 0.9750 0.9756 0.9767 
2.0 0.9772 0.9778 09788 0.979.' Q.9803 0.9808 Q.981 0.9817 
2,1 0.9821 0.9826 0.9830 0.9834 O.983S 0.9846 0,9850 0.9854 0.9857 
2.2 0.9861 0.9864 0.9868 0.9871 0.987:- O.9nS 0.9881 0.9884 0.9887 0.9890 
2.3 0.9893 0.9896 0,9898 0.990 J 8.9904 0.9906 0.9909 0.991 i 0.9913 0.99 i 6 
1.4 0.991 S 0.9920 0.9922 0.9925 0.9927 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 

COQ<q2.6 0.9953 0.9955 0.9956 0.995'7 0.9960 0.9961 0.9962 0,9964'./ -" "",? 

~ ~",-,r' 	 0.9965 0.9966 0.9967 0.9968 C.?969 0.9970 0.9971 0.9972 0.9973 0.9974 
2.8 	 0.9974 0.99 7 5 0.9976 0.997": 0.997':' 0.9978 0.9979 0.9979 0.9980 0:998 i 
2.9 	 0.9981 0.9982 0.9982 0.9983 0,9984 0.9984 0,9985 0.9985 0.9986 0.9986 
3.0 	 0:9987 0.9987 0,9987 0,9908 C.9988 0.9989 0,9989 0.9989 0.9990 0.9990 
3.1 	 J.9990 0.9991 0.9991 0.999i 0.9.992 Q.9992 0,9992 0.9992 O.999~ 

3.2 0.9993 0,9993 0.9994 0.9994 0.999/' 0.9994 0,9994 0,9995 0.9995 0.9995 
':i ~ 0.9995 09995 0.9995 0.9996 0.9996 G,9996 (',9996 0.9996 0.9996 0.9997 
::4 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998 
3.5 0.9998 0;9998 0.9990 0,9998 0.9998 0.9998 0.9998 0.9998 
2,6 0.9998 0.9998 0.9999 



t Table 
, .t.so t ,75 t .t[l t ,55 l.::O tQ5 I. .97E t .9S t ,995 t,999 t .9995 

0.50 0.25 0.20 0.15 0.10 0.05 0.025 .0.01 0.005 0.001 o.ooos[ 
1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001 

0.8io 

0.741 

: ,:076 
-'1,061 
C,S7E 
0.94'1 

~ ,963 
' ,386 
~ .250 
"L~ to 

3,:;7E 

" ,S8E 
4.632 

O,314 
2.92G 

12.7';, 
4.303 
3,',82 
2J76 

3~ .S2 
6.965 
4.54"i 

63.66 
8.925 
5.641 
4,6J4 

3~ 83', 
22,327 
10.215 

63652 
31,599 
12.924 
8610 

, 
I 

;-table.x:s 7/14/2007 



3 STt".TIS""""l Ci".:'" TABLES 

T,c.3L:: A.3 

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

1 '2 3 4 5 6 8 9 10 12 	 14 16 18 20 

1 161.45 199.SD ~15.71 224.58 230.16 :~33.9~l 77 2.33.88 240.54 241.88 243.91 247.32 248.01 
2 lUI 19.0;) 19.16 19.2S19.30 19.33 19.35 19.38 19.40 1~'41 19.t,2 19.43 19.44 19.45 
3 1(;. 13 9.55 9.28 9.12 9.01 8.9~ 8,89 S.81 8.79 8,7~ 8,;j 8,69 8.67 8.66 
4 6.94 6.59 6.39 6.26 6.; 6 6.09 6.046.00 5.96 :.91 587 5.8.1 5.82 580 
5 66: 5.79 5.4] 5.:9 5.05 4.95 4,88 4,82 4.77 4.74 4.68 4.64 4.60 4.58 4.56 

), ~o6 5.99 5.14 4.76 4.53 'f..i" OS 4.21 ~, 15 4.10 4.06 4.00 3.96 3.92 3.90 3.87 
" ""f',5.59 4.74 4.35 4.12 3,97 3.87 ;)./';; 3.7;;- 3.68 3.64 3.57 3.53 3.49 3.47 3.44 

!.,:, - • <,8 5.31 4.46 4.07 3.84 3.69 3.5~ 3.5C 3.39 3.35 3,20 317 5. j_ 

9 5.12 3.86 3.63 3,48 3.::-9 3.}8 3.03 2.96 2,94 
10 4.96 3,71 3,48 3.33 ; Ii :: .02 2.98 	 2.91 2.86 2,80 277 

11 4.84 	 398 3.59 3.36 3,2(1 3.09 3.01 2.90 2.85 2.79 2.74 2.70 2.67 2.65 
12 4.75 3.49 3.26 3.11 3.00 2.9} 	 2,85 2.80 2.64 2.60 2.57 2.54 
13 4.67 3.18 3.03 2.92 2.83 .::...i 2.71 2.67 2.60 2.55 2,51 248 2.46 
14 4.6J 3,11 2.96 2.85 2.76 2.65 2.60 2.53 2.4R 2.4~ 2.41 2,39 
15 4.51, 3.GS 3.29 3.06 2.59 2.54 2.48 2.42 2,38 2.35 2.3:' 

16 U9 	 3.62 3.24 3.01 2.85 2.66 :'.59 2.54 2A9 2.42 :.37 2.33 2..30 2.28 
~. ,c· ~ ~o17 	 4.45 ;) ....,/ 2.96 2.81 2.iO 2.61 2.:'5 2.49 2.45 2.38 i...:'':; 2.29 2.26 2.2? 

.., - 4 18 ',AI 3.55 3.16 2.93 2,77 2.66 2.58 2.51 2.46 2.41 .c.,:) 2.29 2.25 2.22 2.19 
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 
20 4,35 3.49 3.10 2.87 2.71 2.60 2.51 2AS 2.39 2.35 2.28 2.22 2.18 2.15 

21 4.32 	 3.47 3.07 2.84 2.68 2.S7 2.49 242 2.37 2.32 2.25 2.20 2.16 2.12 . 2.lC 
22 4.30 	 3.44 3,05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.23 2.17 2.13 2.10 2.07 
23 4.28 3.03 2.80 2.64 2,53 2,t;-4 2,37 2.32 2.27 	 2.20 2.15 2. J1 2.08 2.05 
24 4.26 	 :':.40 3.01 2.78 2.62 },51 242 2.36 2.30 2.25 2.18 2.13 2.09 2.05 2.03 
25 4.24 2.99 2.76 2,60 2.49 2.28 2.24 	 2.16 2.11 2.04 2.0: 

26 4.22 	 3.37 2.98 2.74 2.59 2.47 ::.39 2.32 2.27 2.22 2.:5 2.092.05 2.02 1.99 
27 4.21 	 .;.:) 2.96 2.73 2.57 2.46 2.37 2.31 2.25 2.20 2.1 2.08 2.04 2.00 1.97 
28 4.20 	 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.19 2.12 2.06 202 :.99 ~ .96 
29 4.18 	 3.33 2.93 2.70 2.55 243 2.35 2.28 2.18 2.10 2.05' 2.01 1.97 1.94 
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 

35 4.)2 	 3.27 2.87 2.64 2.49 2.37 2,29 2.16 2.11 2,04 1.99 1.94 1.91 1.88 
40 4.08 	 3.23 2.84 2.61 2.45 2,34 2,25 2,18 2.12 2.08 2.00 1.95 1.90 L87 1.84 
50 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 1.81 178 

7 i ij60 4.00 	 3.15 2.76 2.S3 2,37 2,25 2.17 ... 2.04 1.99 1.92 J.86 1.82 1.78 L7S.... 1 

70 3.98 	 3.13 2.74 2,50 2.35 2.22 2.14 2,07 2.02 1.97 1.89 184 1.79 1.75 1.72 

80 3.96 	 3.,1 2.72 2.49 2.21 2.13 2,06 2.00 1.95 1.88 1.82 1.77 .73 1.70 
..... '"1'190 	 3.95 3.10 L. i 1 2.47 2.20 2.! 1 1.99 1.94 1.86 1.80 1.76 1.72 ! ,69 

} ro100. 3,94 :;.09 2,70 2.46 2.31 2.19 2.10 ........'''', 1.97 1.93 1.85 1.79 1.75 1 7 J 1.68 
120 3.92. 3.07 2.68 2.452.29 .. 2.18 2.09 2.02 1.96 1.91 1.83 1.78 1.73 1.69 1.66 
150 3.90' 3.06 2.66 2.43 2.27 2.16 2,07 2.00 1.94 1.89 1.82 l.76 1.71 1.67 1.64 

200. 3.89 3.04 2.65 2.42 2.26 2.1 4. 2.06 1.98 1.93 1.88 1.80 1.74 1.69 1.66 1.62 
250 388. 3.03 2.64 2.41 2.25 2.13 2.0:- 1.98 1.92 1.87 1.79 1.73 1.68 .65 ::61 
300 3.87 3.03 2.63 2.40 2,24 2.13 2.04 1.97 1.91 L86 1.78 1.72 1.68 1.64 1.61 
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 
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 

600 3.86 ,01 2,62 2.39 2.23 2.11 2.02 .95 1.90 1.85 1 "I, 1.71 .66 1.62 1.59 
1 ,...,~

750 3.85 ,01 2.62 2.38 2.23 2.11 202 .95 1.89 1,( i 1.70 .66 1.62 1.58 
1000 3.85 .00 2.61 2.38 2.22 2.11 2.02 .95 1.89 1.76 1.70 .65 1.61 1.58 

http:2.0:-1.98
http:2.452.29
http:2.092.05
http:3.7;;-3.68
http:6.046.00
http:19.2S19.30


4 STATISTICAL TABLES 

TABLE A.3 (continued) 

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

30 35 40 . 50 60 75 100 150 200 

1 249.26250.102::0.69251'.14251.77 252.62253.04 253..16,'253 
2 19.46 19.46 19.47 19.47 19.48 i9.48 19.48 1949 19.49 1949 ' 
3 8.63 8.62 8.60 8.59 8.58 8.57 8.56 8.55 S.~4 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 4.5(; 4.46 4.44 4.43 4.42 ~Al 4.29 4.39 

G 3.83 3.8 ; 3.79 3.77 3.75 3.74 3.'} 70 3.69 

7 340 3.38 3.36 3.34 3,32 3.30 329 3.27 3.26 3.25 

8 3. :1 3.08 3.06 3.04 3,02 3,('] 299 2.9~ 2.96 2.95 
9 2.89 2.86 2,84 2.83 2.80 2.79 2.74 2.73 


10 270 2,68 2.66 2.64 2,62 26C 2.59 2,57 2,56 


11 2.60 2.55 2,53 2.51 2.49 2,47 2.46 2,44 243 
12 2.50 2.47 2.44 243 2.40 2.38. 2.37 2,35 2,33 2.32 
13 2.41 2.38 2,36 2,34 2.30 2.28 2.26 2.24 2,23 
14 2.31 2.28 2,27 2.24 2.22 2.21 219 2.17 2.16 
15 2.25 2,22 2.20 2.18 2.16 2.14 2.12 2.10 2.10 

16 2~2~ 2.19 2.17 2.}5 2.12 2.11 2.0S' 2,0--: 2.05 2.04 
17 2.18 2.:5 2.12 2.10 2.08 2,06 2,04 2.02 2.00 1.99 
18 2.14 2.11 2.08 2.06 2,04 2.02 2.00 1.98 1.96 1.93 

19 2J 1 2.07 2.05 2,03 2.00 1.98 1.96 .94 1.92 ; .91 

20 2.07 2.04 2.01 1.99 1.97 1.95 191 1.89 1.88 

21 205 201 1.98 1.96 1.94 1.92 1.90 1.88 1.86 1.84 
22 2.02 1.96 1.94 1.91 1.89 1.87 1.85 1.83 1.82 
23 2.00 153 1.91 1.88 1.86 1.84 1.82 1.80 1.79 
24 1.97 1.94 1.91 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 L32 1.80 1.78 1.76 1.75 


26 1.94 1.90 1.87 1.85 un 1.80 U8 1.76 1.74 1.73 
27 1.92 188 1.86 1.84 1.81 1.79 1.76 1.74 1.72 17; 
28 1.91 1.87 .1.84 1.82 1.79 1.77 1.75 1.73 1.70 . 1.69 
29 1.89 1.85 1.83 1.81 1.77 1.75 1.73 1.71 1.69 :,67 
30 1.88 1.84 1.81 1.79 1.76 1.74 1.72 1.70 1.67 1.66 

35 1.82 179 1.76 1.74 1.70 1.68 1.66 1.63 1.61 i,60 
40 1.72 1.69 1.66 1.64 1,61 1.59 1.56 1.55 
50 1.73 1.69 . 1.66 1.63 1.60 1.58 1.52 LSO 1,48 
60 1.69 1.65 1.62 . 1.59 . 1.56 1.53 1.51 148 1.45 1.44 

70 1 1.62 1.59 1.57' 1.53 1.50 :.48 145 1.42 lAO 


80 1.64 1.60 1.57 l.54 1.51 148 1.45 1.43 1.39 1.3f. 
90 1.59 1.55 1.53 1.49 1.46 144 141 1.38 1.36· 

100 1.57 1.54 1.52 1.48 1,45. 1.42 1.39 1.36 1.34 
, 120 1.60 1.55 1.52 1 146 1.43 lAO 1.3 7 1.33 1.32 


150 1.58 1.S4 1.50 1.44 141 1.38 1.34 1.31 1.29 


200 1.56 1.52 1.48 1.46/ 1.41 1.3~ 1.35 1.32 

250 1.55 LSD 1.47 1.44 ~.40 1.37 .3!~ 1.31 

300 1.54 1.50 lA6 . 1.39 1.36 1.33 1.30 1.26 1.23 

400 1.53 1.49 .45 1.42 1.38 1.35 1.32 1.28 1.24 1,22 

500 1.53. 1.48 1.45 1.42 1.3 8 1.35 L'o 1 1.28 1.23 1.21 


600 1.52· 1.48 1.44 1.41 1.3 1.34 1.3: .27 1.23 1.20 

750 1.521.47 1.44 1.41 1.3 1.34 .26 1.22 1.20 


1000 1.52 1.47 1.43 1.41 •
L~

'< 1.30 ,26 L22 L19 


http:1.521.47
http:252.62253.04
http:249.26250.102::0.69251'.14251.77


5 STATISTiCAL TABLES 

TABl..E A.3 tcontinued) 

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

2 3 4 5 G 8 9 10 12 14 16 18 20 
11;. 

t 4.::52,J8 ";999.50 54C3.3S 5624.58 5763.65 5858,99 60224' Ei42.G7 6170JJ 6~9l.53 6108.'73 

2 98.50 99.08 99.1'7 99.25 99.30 99.3~ 99.:6 99.~7 99.39 99.43 99.44 99.44 99,45 
3 34.12 30.82 29.46 28.71 28.24 27 27.67 27.49 27.23 27.05 26.92 26.83 26.75 26.69 
4 21.20 18,00 16.69 15.98 IS.52 J5.21 14.98 14.80 14.66 ; 4.55 14.37 14.25 14.15 :4.08 14.02 
5 16.26 13.27 12.06 11.39 10.97 10.67 10.46 ]016 10.05 9.89 9.77 9.68 9.61 9.55 

G 	 3.75 10.92 9.78 9.15 8.75 8.47 8.26 810 7.98 1.8 : /.IL ,60 /,52 7.45 7.40 
2;25 9.55 8.45 7.85 i.46 7.19 6.99 6.84 6.72 6.62, 6.36 6.28 6.2i 6.16 

8 1.26 8:65 7.59 7.01 6.63 6.?'7 6.18 6.03 5.91 5.81 5.67 5.56 5.48 5.41 5.36 
9 CL~6 .8,02 15.99 6.42 606 5.8Q 5.61 5.47 5.35 5.26 5.11 5.0i 4.92 4.86 4.81 

10 0.04 756 6.55 5.99 5.39 5.20 5.06 4.94 4.85 IJ 4.6Cl 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 ~.54 4.40 4.29 4.21 4.15 4.10 
12 9.33 6.93 5.95 541 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.05 3,97 3.91 3.86 
13 9.07 6}O 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 8.86 651 5.56 5.04 4.69 4.46 4.28 .1.14 4.03 3.94 3.80 3.62 3.56 3.51 
15 8.68 6.36 4.89 4.56 4.]4 4.0C 3.89 3.8C ?-.SS 3.49 3.42 3.37 

16 8.53 6.23 5.251 477 4.44 4.20 4.03 :.89 3.78 3,69 3.55 3.45 3.31 3.26 
17 S.40 b.n 5.18 4.67 4.34 4.1(' 3.93 :.79 3.68 3.59 346' .5,..) 3.21 3.16 

, ~M

18 8.29 6.Gl 5.C9 4.58 4.25 4.01 3.84 3.71 3.60 3.51 .) ...}{ ::O.L I 3.19 3.13 3.08 
19 . 8.18 5.93 5.01 4.50 4.17 ~.94 3,77 3.63 3.52 3.43 . 3.30 3.19 3.12 3.05 3.00 
20 810 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3A6 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 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 ~.26 3.12 3.02 2.94 288 2.83 

7.88 5.66 4.76 4.26 394 3.71 3.54 3.41 3.30 3.21 3.07 2.97 2.89 2.&3 2.78 
2.:i- 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3,03 2.93 2.85 2,79 2.74 
25 7.77 5.57 4.68 4.18 3.85 3.63 3.32 3.22 3. 2.99 2.89 2.81 2.7S 2.70 

26 ; .72 5.53 4.64 4.14 3.82 3.59 3.42 329 3.18 3.09 2.96 2.86 2.78 2.72 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 75 3.53 3.36 3.23 3.12 3.03 2.90 2.'79' 2. 2.65 2.60 
29 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 2.63 2.57 
30 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.1/ 3.07 2,98 2,84 2,74 2,66 2.60, 2.55 

35 7.42 5.27 440 3.91 3.59 .) ..? i 3.20 3.07 2.96 2.88 2.74 2.64 2.56 2.50 2.44 
40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.56 2.48 2.42 2.37 
50 7.17 5.06 4.20 3.72 3.41 3.19 3.02 289 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 3.12 2.95 2.82 2.72 2.63 2.50 2,39 2.31 2.25 2.20 
70 7.01 4.92 4.07 3.60 329 3.07 2.91 278 2.6'7 2.59 2.45 2.35 2.27 2.20 2.15 

80 6.96 4.88 4.04 3.56 3.26 3.04 2.87 2.74 2.64 2.55 2.42 2.31 2.23 2.17 2.12 
90 6.93 4.85 3 3.23 3.01 2.84 2.61 2.52 2.39 2.29 2.21 2.14 209 

100 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59 2.50 2.37 2.27 2.19 2.12 2.07 
120 6.S5 4.79 3.95 348 3.17 2.79 2.66 2.56 2.47 2.23 2.15 2.09 2.03 
150 6.81 4.75 3.91 3.45 J.14 2.76 2.63 2.53 2.'14 2.31 2,20 2.12 2.06 2.00 

200 6.76 4. .883.41 3.11 2.89 2.73 2.60 ::".50 2.41 2.27 2.17' 2.09 2.03 1.97 
250 6.7t, 4.69 .86 3.4C 3.09 2.S7 2.71 2.58 2.4S 2.26 2.15 2.07 2.01 1.95 
300 6.72 4.68 ,85 3,38 3.0S 2.86 2,7G 2.,47 2.24 2.14 2.06 1.99 1.94 
400 6.70 4.66 ,83 3.37 3.06 2.85 2.68 2.56 2.45 2.37 2.23 2.05 1.98 1.92 
500 6.69 4.65 .82 3.36 3.05 2.84 2.68 2.44 2.36 2.22 2.04 ;.97 1.92 

GOO. 6.68 4.6L ,81 3.35 3,05 2.83 2.5L 2.44 2.35 2.21 2. 1 2.03 1.96 1.91 
750 6.67 4.63 .81 3.34 3,04 2.66 2.53 2.43 2.34 2.21 2. 1 2.02 1.96 1.90 

1000 6.66 4.63 .80 3.34 3.04 2.82 2.66 ::".53 :.43 2.34 2.20 2. 0 2.02 1.95 1.90 

http:2.:i-5.61


6 STATISTICAL TABLES 

TABLE p.. 3 (continued) 

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

30 35 40 50 60 15 100 150 200 

1 6239.f'3 6260,65 ::275,)7 62.86,78 6302.52 6:,2356 63S~,i j 6344.68 6349.:::7 

2 99.46 99.47 99.47 99.47 99.48 99.48 99.45' 99.49 99.49 99.49 
c(, ~,3· 26.SCJ 26.45 26.41 L,O._..: 26.32 26,2~ 26,24 26.2Q 26.18 

4 13.9; 13.84 13. 13.75 13.69 13.65 ;3.61 13.58 13.54 13.52 
5 9.45 9.38 9.33 9,29 9.24 9.20 9.1 9.:3 9,09 9.08 

G -7,30 7.23 7.18 7.14 7.09 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,/2 5.70 
8 5.26 5.20 5.15 5.12 5.07 :.03 5.0(' 4.96 4 Q":: 4.91 
9 4.'71 4.65 4.60 45'7 4.52 4.48 4.45 L.4 ~ 4.38 4.36 

10 .4.25 4,20 4.17 412 4,08 405 4.01 3.98 3.96 
i. 

11 4.(j) 3.94 3.89 3,86 3,81 3.78 3.74 3.67 3.66 
11 3.76 3.70 3.65 3.62 3.57 3.54 },50 3.47 3.43 3.41 
13 3.57 S.51 3AG 3.43 3.38 3.34 3.27 324 3,22 

~ ~c;14 3.4) 3.35 3.30 327 ,J,LL 3.18 3.:5 ;,11 3.08 3.06 
15 .3 .28 ;:.21 3.1 3.13 3.08 3.05 298 2.94 2.92 

16 3.1 3.10 3.05 3.C2 2.97 2.93 2,90 2.86 2.83 2.S1 
17 3.07 3.80 2.96 2.92 2,87 2.83 2.80 2,71 
18 2.98 2.92 2.87 2,84 2,78 2.75 ,c. 268 2.64 2.62 
19 2.91 2.84 2.80 2.76 2.71 2.67 2,64 2.6e· 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 2,48 2.4.4 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.S7 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 2.3: 2.33 2.29 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 2.33 229 2.25 2.21 2.19 
27· 2.54 2.47 2,42 2.38 2.33 2.29 2.26 2.22 2.18 216 
28 2.5; 2.44 2.39 2.35 2.3G 2,26 2,19 2.15 2.13 
29 2.48 2.41 2.36 2.33 2.23 2,20 2.16 2.12 2.10 
30 2.45 2.39 2.34 2.30 2.25 2.21 2.17 2.:3 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 
40 2.27 2.20 2.15 2.11 2.06 2.02 1.98 :.94 1.90 1.87 
50 2.17 210 2.05 2.0! 1.95 1.9) 1.87 1.82 1.78 l.76 
60 2.10 2.03 1.98 1.94 1.88' 1.84 1. 1.75 1.70 1.68 
70 2,05 1.98 193 1.89 1.83 1.78 1'74 1.70 1.65 1.62 

80 2.01 1.94 1.89 1.85 1.79 1.75 70 . L65 J.6 1.58 
90 1.99 1.92 1.86 182 176 1.67 1.62 1.57 1.55 

100 1.97 189 1.84' 1.80 1.74 1.69 1.65 1.60 1.55 1.52 
·120 	 1.93 1.86' 1.81 1.76 170 1.61 : .56 1.51 148 

150 1.90 1.83 77 ;'73 1.66 1.62 1.57 1.52 1.46 1);3 

200 1.871.79 1.74 1.69 163 1.58 1.53 1.48 .42 
250 1.85 1.77 1.72 1.67 ! 1 1.56 1.5 i 146 .40 
3001.84 1.76 :.70 1.66 :.59 1.55 1.50 1.44 .38 .35 
400 1.82 1.75 169 1.64 :.58 1.53 .48 1.42 .36 .32 
500 L8i .74 1,68" 1.63 1.57 1.47 1.41 .34 .31 

600 1.80 :.73 1.67 1.63 .56 1.51 .46 1.40 . ,34 .30 
150 1.80 1.72 1.66 1.62 .S5 1.50 1.45 1.39 .29 

1000 1.79 122 1.66 161 .54 1.50 1.44 1.38 .32 .28 

http:1.871.79


7 ST,l\TiSTICAL :ABLES 

TAB!...:: A.3 (continued} 

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

3 4 5 G 8 9 10 12 14 16 18 20 

1 4.,,5<05 5.00005 ~.40c05 5.76e05 5J\6eJS S.93e05 6,J6eG: 6 BeDS 6.i-4eO~ G.1ge05 6.21eQ5 

2 998.50999.00999.17 999.30 999.33 999.36 99:;.40999.42 99943 999.44 999.44 99945 
3 167,03 148.50 14l.l1 137.10 134,58 132.85 13L58 ]2986 129.25 128.32 12764 127. 126.74 1261+2 
4 '74.14 61.15 56.:8 53,44 51.71 50.53 49.66 49.00 48.47 48.C5 47.41 46.95 46.32 46.10 
5 47.18 37.12 33.20 31.09 29.75 28.S:O 28.16 2~.6S 27.24 26.92 26.42 26.06 25.57 25.39 

'in n""G 35.51 27.00 23.70 21.92 2C!,80 /-'J.V:) <;.46 8.69 8.41 1".99 7.6S 17.12 
, 19.25 2l.09 18.77 17,20 16.21 1~.52 5.02 :lS,63 4.33 4.08 13.71 3.43 ]3.06 12.93 
8 25.41 18.49 15.83 14.39 ;:;48 12.86 2.40 12'cl) ;, 1.54 11.19 0.94 10.60 10.48 
9 22,86 J6.39 13.90 12.56 11.71 ]1.E 0,78 1D,37 0.11 9,89 9.57 9.33 9.15 9.01 8.90 

10 21.04 1,:91 12.55 1.25 10.48 9,93 9.52 ~.20 8.96 8.75 8.45 8.22 8.05 7.91 7.fiO 

11 19.69 13.8 1 10,35 9.58 9.05 8.66 8.35 8.12 7.92 7,63 7.4 j 7.24 'i.11 7.01 
12 18.64 1297 10.80 9.63 8.89 8.38 8.00 7,48 7.29 7.00 6,79 6.63 6,51 6.40 
13 17.S2 12.31 10.21 9.07 8.35 7.86 7.49 6.98 6.80 6.52 6.10 6.03 5.93 
14 ~7,14 11.78 9.73 8.62 7.92 7.44 708 6.58 6.40 6.13 5.93 5.78 5,6G 5.56 
15 ; 6.59 : :,3', 9.34 8.25 7.S~ 709 6. 6.26 6.08 5.151 562 5.46 5.35 5.25 

, ~16 16,12 10,97 9,[:1 /.94 7.27 6.80 J;l 5.98 5.81 5,:5 5.35 5.09 4.99 
17 15.72 10.66 8.73 ;,68 1,02 6,56 6.22 ~,.9t 5 '1< 5.58 5.32 5,13 4.99 4.87 4.78 
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 
19 I5.C8 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 :482 9.95 8.10 7.10 6.46 6.02 569 5.44 5.24 5.08 4.82 4.64 4.49 4.38 4.29 

6 0 , 

22 14.38 780 6.81 6.19 5.76 5M :5.19 4,99 4.83 4.58 4.40 4,26 4.15 c~,06 

23 14.20 6.70 6.08 5.65 5.33 :5 ,09 4.89 4.73 4.48 4.20 4,16 4.05 3.96 
24 14.03 7.55 6.59 5.98 5,55 5.23 4.99 4.80 4.64 4.39 4.21 ".07 396 387 
25 13.88 922 .45 6.49 5.89 5.46 5,1 4.91 4.71 4.56 4.3 4.13 399 3.88 3.79 

21 14.59 9.77 7.94 6.32 5.88 5.56 5.31 5.11 4.95 4.70 4.51 4,3'7 4.26 4:7 

26 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.64 4.48 4.24 4.06 3.92 3.81 3.72 
27 13.61 9.02 7.27 6.33 5.73 5.31 5,00 4,76 457 4.41 4.17 3.86 3.75 3.66 
28 13.50 8.93 719 6.25 5.66 5.24 4.69 4.50 4,35 4.11 3.80 3.69 3.60 
29 13.39 8.85 7.12 6.19 5.59 5.18 4.67 4.64 ~.4S ~,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 ,58 4.39 4.24 4.0::1 3.82 3.69 3.58 3.49 

35 12.90 847 6.79 5,88 5.30 4.89 4,59 4.36 4.18 4.03 3.79 3.62 3.48 3.38 .3.29 
40 12.61 8.25 6.59 5,70 5.:3 4.73 4,44 4.21 4.02 3.87 3,64 3.47 3.34 3.23 3.:4 
50 12.22 6.34 5.46 490 4.51 4.22 4.00 3.32 3:67 3.44 3.27 3.41 3.04 2.95 
60 11.97 617 5.31 4.76 4.37 4,09 3.86 3.69 3.54 3.32 3.15 302 2.91 2,83 
70 11.80 6.06 5.20 4.66 4.28 77 3.60 3.~5 3,23 3,06 2.9.3 2.83 2.74 

80 E.67 .54 5.97 S.l2 4.58 4.20 3.'70 3.53 3.39 ]6 3.00 2.87 2.76 2.68 
90 11.57 7.47 5.91 5.06 4.53 4.1 3.65 3.48 3.34 1 2.95 2.82 2.71 2.63 

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 
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 
150 11.27 7.24 5.71 4,88 4.35 3.98 3.71 3.49 3.18 2.96 2:80 267 2.562.48 

200 11.15 :,15 5.63 4.81 4.29 3,92 ,65 .43 .2.6 3.12 2.90 2.14 2.61 2.51 2.42 
250 11.09 7.10 5.59 4.77 4.25 3.88 .61 .40 .23 3.09 2.87 2.71 :US 2.48 2.39 
300 11.04 707 5.56 4.75 4.12 3.86 .59 .38 .21 3.07 2.85 2.09 2.56 2.45 2.37 
400 10.99 7.03 5.53 4.71' 4.19 3.83 .56 .35 .18 3.04 2.82 2.66 2.53 2.43 2.34 
500 10.96 7.00 5.51 4.69 4.18 36: .54 <33 16 3.02 2.81 2.64 2.52 2.41 2.33 

, ,
600 10,94 6.99 5.49 4.68 4.16 3.80 .53 .32 .l~ 3.01 2.80 2.51 2,40 
750 10,91 6.97 5.48 4.67 4.15 .52 .31 .14 3.00 2.15 2.62 2.49 2.39 2.31 

1000 10.89 6.96 5.46 4.65 4.14 3.78 .51 .30 .13 2.99 2.77 2.61 2.48 2.38 2.30 

http:2.562.48
http:99:;.40999.42
http:998.50999.00999.17


"", " 

STAT;STICAL TABLES 8 

TABLE A.3 (continued) 

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

30 35 40 50 60 75 ]00 "150 200 

1 G,2&e05 6,LStCOS 6.30c:J5 


2 999.46 999.47 999.4" 999.4: 99948 99948 999.49 

3 125.84 :25.45 125.17 124.96 124.66 124.47 124.27 1 

4 45.70 45.43 45.23 45.09 44.88 44.75 44.61 

5 25.0& 24.8' 24.72 24:60 24.44 24.33 24.22 


6 16.85 16.67 6.54 16.44 16.:31 16.21 16.12 15.93 15.89 
7 12.69 12.53 2.41 12.33 12.2C 12.12 1204 }1.8, 11.82 
8 10.26 10.11 0,00 9.92 9.80 9.73 9,65 9.57 9.49 9.45 
9 8.69 8.55 S.46 8.37 8.26 8.19 S.:l /.93 

10 7.60 7.47 7.37 7.30 7.19 7.12 705 6.91 6.87 

11 6.81 6.6S 6.59 6.52 6.42 6.35 6.28 6.21 6.1.1 6.lG 
12 6.22 6.0S' 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 5.30 5.24 5.1 S.1 () 5.07 
14 5.38 5.25 5.17 5.1 G 5.00 4.94 4.87 4.8i 4.74 4.71 
15 5,07 4SS 4.8~ 4,8C 4 -;n ".64 4.5/ 4.44 4.41 

16 4.82 4.7C 4.6: 4.:4 4AS 4:39 4.32 4,2E 419 4,16 
17 4.60 4.48 4.40 4.33 4.24 4.:8 ~.: 1 405 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 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 3.6~ 3,54 3.48 3.41 3.35 3.28 3.25 

~ 1123 3.79 3.68 3.60 3.53 .j . ..,I':'" 319 3.16 
24 3.71 3,59 3.51 3.45 3.36 3.23 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 3.30 3.21 3.15 3.08 3.02. 2.95 2.92 
27 3.49 3.38 3.30 3.2.3 3.14 3.08 3,02 2.96 2.89 2.86 
28 3.43 3.32 3.18 3.09 3.02 2.96 2,90 2.83 2.80 
29 3.38 3.27 3.18 3.12 3.e3 297 2.91 2.84 2.78 2.74 
30 3.33 3.22 3:13 3,07 2.98 2.86 2.79 2.73 2.69 

35 3.13 3.02 2.93 .2.87 2.n 2.72 2.66 2.59 2.52 2.49 
40 2.98 2.87 2.79 2.73 2.64 2.57 2.51 2.38 2.34 
50 2.79 2.68 2.60 2.53 2.44 2.38 2.31 2.2: 2.18 2.14 
60 2.67 2.55 2.47 2.41 2.32 2.25 2.19 2.12 2.05 2.01 
70 2.58 2.47 2.39 2.32 2.23 2.16 2.10 1.95 1.92 

80 2.52 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 1.93 1.91 1.83 1.79 

100 2,43 2.3: 2.24 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 1.82 1.74 1.66 1.62 

1 ~;:,200 2.26 2.15 2.07 2.00 1.90 1.83 .1.. !,V 1.68 1.60 1.55 
250 2.23 2.12 2.03 1.97 1.87 1.80 :.65 1.56 1.51 
300 2.21 2.10 2.01 1.94 1.851.78 1.70 1.62 1.53 1.48 
400 2.18 2.07 1.98 1.82 1.75 1.67 1.59 1.50 :AS 
500 2.17 2.05 1.97 1.90 1.80 1.73 1.65 1,57 1.48 1.43 

600 2.:6 204 1.96 1.89 1.79 1.72 1.64 1.56 1.46 141 
750 2. i5 2.03 1.95 1.88 1.78 171 163 155 1.45 140 

1000 2.14 2.02 1.94 1.87 1.77 .1.69 1.62 1.53 144 1 

http:1.851.78
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