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1. Question 

(a) Discuss the following concepts as used in experimental design: 

1. Blinding 

Control Treatment 

Responses 

Randomization 

Placebo a
e
 

w
w
 

(15 marks, (3@)) 

(b) Briefly discuss two examples that could best distinguish an experimental unit and a 

measurement unit. 

(Hint: One example should be agricultural and the other educational) (5 marks) 

2. Question 

The diameters of steel shafts produced by a certain manufacturing process should have a mean 

diameter of 0.255 inches. The diameter is known to have a standard deviation of o = 0.0001 

inch. A random sample of 10 shafts has an average diameter of 0.2545 inches. 

(a) Set up the appropriate hypotheses on the mean p. (2 marks) 

(b) Test these hypotheses using a = 0.05. What are your conclusions? (10 marks) 

(c) What is the p-value for the test in part (b)? (3 marks) 

(d) Find a 95% confidence interval on the mean. (5 marks)



3. Question 

A manufacturer of television sets is interested in the effect of tube conductivity of four different 

types of coating for color picture tubes. The following conductivity data are obtained: 

  

Coating Type Conductivity 

1 143 141 150 146 

2 152 149 137 143 

3 134 136 132 127 

4 129 127 132 129 

Figure 1: Data table 

(a) Is there a difference in conductivity due to coating type? Motivate your answer with 

  

reference to the output below. Use a = 0.05. (5 marks) 

ANOVA for Selected Factorial Model 

Analysis of variance table [Partial sum of squares] 

Sum of Mean F 

Source Squares DF Square Value Prob > F 

Model 844.69 3 281.56 14.30 0.0003 significant 

A 844.69 3 281.56 14.30 0.0003 

Residual 236.25 12 19.69 

Lack of Fit 0.000 0 

Pure Error 236.25 12 19.69 

Cor Total 1080.94 15 

Figure 2: ANOVA Table 

(b) Estimate the overall mean and the treatment effects. . (10 marks) 

Compute a 95 percent interval estimate of the mean of coating type 4. Compute a 99 

percent interval estimate of the mean difference between coating types 1 and 4. (5 marks) 

i
)



4. Question 

The response time in milliseconds was determined for three different types of circuits that could 

be used in an automatic valve shutoff mechanism. The results are shown in the following table. 

  

Cireuit Type Response Time 
l 9 12 10 8 15 

2 20 21 23 17 30 

3 6 5 8 16 7 

Figure 3: Table of values 

(a) Test Ho,that the three circuit types have the same response time at a = 0.01. (10 marks) 

(b) Use Tukey’s test to compare pairs of treatment means, a = 0.01. The following informa- 

tion may be useful in your computations. (10 marks) 

Treatment Means (Adjusted, If Necessary) 

Estimated Standard 

Mean Error 

1-1 10.80 1.84 

2-2 22.20 1.84 

3-3 8.40 1.84 

Figure 4: Tables of means 

Also, 

55. = V MSE/n v/1690/5 = 1.8385 and tp = 9.266



5. Question 

Here we quote an experiment that had been designed as a Latin square. The skins of rabbits’ 

backs were inoculated with a diffusing factor in six separate sites. Six rabbits were therefore 

used and the order in which the sites were inoculated was done six different ways. The outcome 

measured was area of blister (em). The overall objective was to see whether or not the order 
of adininistration affected this outcome. The experimental design and data are represented in 

the Latin square below. 

(a) Discuss the two main advantages and two disadvantages of the Latin square design. (8 marks) 

(b) From the Latin square test presented below, discuss the research findings (Strictly stick 

to the objective of the research as stated) (7 marks) 

Factors: Rabbit, Position, Order. 

Source of Variation Sum Squares DF Mean Squa 

Rows 3.833333 5 0.766667 

Columns 12.833333 5 2.566667 

Treatments 0.563333 5 0.112667 

Residual 13.13 20 0.6565 

Total 30.36 35 

F (rows) = 1.167809, P = .3592 

F (columns) = 3.909622, P = .0124 

F (treatments) = 0.171617, P = .9701 

Figure 5: General ANOVA for a RCBD 

(c) Discuss the concepts of a Latin Square design. (5 marks) 

END
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0.0 50399 50798 51197 51595 51994 52392 52790 53188 

0.1 53983 54380 54776 55172 55567 55962 56356 56749 57142 57535 

0.2 57926 58317 58706 59095 59483 59871 .60257 60642 61026 .61409 

0.3 61791 .62172 .62552 .62930 .63307 .63683 .64058 64431 .64803 .65173 

0.4 65542 65910 .66276 .66640 .67003 .67364 .67724 .68082 68439 .68793 

0.5 69146 .69497 .69847 .70194 70540 .70884 71226 .71566 71904 .72240 

0.6 72575 72907 73237 -73565 73891 74215 74537 74857 15175 -75490 

0.7 75804 -76115 .76424 -76730 -77035 77337 .77637 77935 78230 78524 

0.8 78814 79103 79389 79673 79955 80234 80511 80785 81057 81327 

0.9 81594 81859 82121 82381 82639 82894 83147 83398 83646 83891 

1.0 84134 84375 84614 84849 85083 85314 85543 85769 85993 86214 

1.1 86433 86650 86864 87076 87286 87493 87698 87900 88100 88298 

1.2 88493 88686 88877 89065 89251 89435 89617 89796 89973 90147 

1.3 90320 90490 90658 .90824 90988 91149 91309 91466 91621 .91774 

1.4 91924 92073 92220 92364 92507 92647 92785 92922 93056 93189 

1.5 93319 93448 93574 .93699 93822 93943 94062 94179 94295 .94408 

1.6 94520 .94630 .94738 94845 94950 95053 95154 95254 95352 95449 

1.7 95543 95637 95728 95818 95907 95994 .96080 .96164 96246 .96327 

1.8 96407 96485 .96562 .96638 .96712 .96784 96856 96926 96995 .97062 

1.9 97128 97193 97257 .97320 97381 97441 97500 97558 97615 .97670 

2.0 97725 .97778 97831 97882 97932 97982 98030 98077 98124 98169 

2.1 98214 98257 .98300 98341 98382 98422 .98461 98500 98537 98574 

2.2 98610 98645 .98679 .98713 98745 .98778 98809 .98840 .98870 98899 

2.3 98928 98956 98983 99010 99036 .99061 99086 99111 99134 99158 

2.4 99180 99202 99224 99245 99266 99286 99305 99324 99343 99361 

2.5 99379 99396 99413 99430 99446 99461 99477 99492 99506 99520 

2.6 99534 99547 99560 99573 99585 99598 99609 99621 99632 99643 

2.7 99653 99664 99674 99683 99693 99702 99711 99720 99728 .99736 

2.8 99744 99752 .99760 .99767 99774 99781 99788 99795 99801 99807 

29 99813 99819 99825 99831 99836 99841 99846 99851 99856 99861 

3.0 99865 99869 99874 99878 99882 99886 99889 99893 99896 99900 

3.1 99903 99906 99910 99913 99916 99918 99921 99924 99926 99929 

3.2 99931 99934 .99936 99938 .99940 99942 99944 99946 99948 99950 

3.3 99952 99953 99955 99957 99958 99960 99961 99962 99964 99965 

3.4 99966 .99968 99969 99970 99971 99972 99973 99974 99975 .99976 

3.5 99977 99978 99978 99979 99980 99981 99981 99982 99983 99983 

3.6 99984 99985 99985 99986 .99986 99987 99987 99988 .99988 99989 

3.7 99989 99990 99990 99990 99991 9999] 99992 99992 99992 99992 

3.8 99993 99993 99993 99994 99994 99994 99994 99995 99995 99995 

3.9 99995 99995 .99996 99996 99996 99996 99996 .99996 99997 99997 
 



  

  

Statistical Tables for Students Normal 

Table 5 Normal distribution — 

0.50 0.0000 060 0.2533 070 0.5244 080 0.8416 090 1.2816 099 2.3263 

0.51 0.0251 061 O.2793 071 O.5534 081 0.8779 091 1.3408 0.991 2.3656 

0.52 0.0502 062 0.3055 0.72 O.5828 082 0.9154 092 1.4051 0.992 2.4089 

0.53 0.0753 063 O.3319 0.73 0.6128 083 0.9542 093 1.4758 0.993 2.4573 

0.54 0.1004 064 O.3585 074 0.6433 084 0.9945 094 1.5548 0.994 2.5121 

0.55 0.1257 065 0.3853 075 0.6745 085 1.0364 095 1.6449 0995 2.5758 

0.56 0.1510 066 0.4125 076 0.7063 086 1.0803 096 1.7507 0.996 2.6521 

0.57 O.1764 067 0.4399 077 0.7388 087 1.1264 097 1.8808 0.997 2.7478 

0.58 0.2019 068 0.4677 0.78 O.7722 088 1.1750 0.975 1.9600 0.998 2.8782 

0.59 0.2275 069 0.4958 0.79 0.8064 089 1.2265 098 2.0537 0.999 3.0902      



t Table 

  

  

    

cum. prob t 50 tizs t 80 tgs too t 95 t 975 t 99 t 995 t g99 t 9995 
one-tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 0.0005 

two-tails 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001 
df 

1] 0.000 1.000 1.376 1.963 3.078 6314 12.71 3182 63.66 31831 636.62 
2/} 0.000 0.816 1.061 1.386 1886 2.920 4303 6965 9925 22327 31.599 
3} 0.000 0.765 0.978 1.250 1.638 2.353 3.182 4.541 5841 10215 12.924 
4) 0.000 0.741 0.941 1.190 1.533 2132 2776 3.747 4604 7.173 8.610 
5} 0.000 0.727 0.920 1.156 1.476 2015 2571 3.365 4.032 5.893 6.869 
6] 0.000, 0.718 0.906) 1.134. 1440 1943 = 9447-93445 2 37707. 5.208 5,959 

0,000 0711 10896 1119. 1415 1895. 2365 2008 43.499 4.785. 5/408, 
=) 8). 0,000 0.706 =. 0889 ~ 1.108 1.397. 1860. 2306 2896 3355 . 4501 5.041 
9] :0.000° 0.703. 0.883. 1.100'- 1383 § 1833.2 2262 29601 = =93950° 84297. 4.787 

10) 572,0:000 0.700. 087977 1,093 1.372 1.812 7 2:28.92 764: 3.169). 4.144, 4 587) 
11] 0.000 0697 0876 1.088 1363 1.796 2.201 2.718 3106 4025 4.437 
12} 0.000 0695 0.873 1.083 1.356 1.782 2.179 2.681 3.055 3.930 4.318 
13} 0.000 0.694 0870 1.079 1.350 1.771 2.160 2.650 3.012 3.852 4.221 
14, 0.000 0692 0868 1.076 1345 1.761 2145 2624 2.977 3.787 4.140 
15} 0.000 0691 0866 1.074 1.341 1.753 2131 2602 2.947 3.733 4.073 

“1617, 01000 0.690. 0.865 = 4071 91337. 1 746 2 100- b8s 0d cee 4015) 
W|=20,000 0.689, 0.863. 1069, 11333 1740. =. 2110. 2567. 2808 = 3.646 . 3.965 
18}2 0.000. 0688 § 0.862) 1.067 1330 1734 24013 2552 2878) 3610 = 3.002 
19 0.000 0.688 0.861 1.066 1.328 1.729 2.093 2.539 2.861 3579 3.883 
20) 0.000, -, 0.687, 0.860, 1.064. 1325 1725. 2086 = 2528 2845 3552 ~~ 3.850, 
21} 0.000 0686 0.859 1.063 1.323 1.721 2.080 2518 2831 3.527 3.819 
22} 0.000 0686 0.858 1.061 1.321 1.717 2074 2508 2819 3.505 3.792 
23} 0.000 0685 0858 1.060 1.319 1.714 2.069 2500 2807 3485 3.768 
24, 0.000 0.685 0.857 1.059 1.318 1.711 2.064 2492 2.797 3.467 3.745 
25) 0.000 0684 0856 1.058 1.316 1.708 2060 2485 2787 3450 3.725 
26) 0.000) 0.684" 0856 1058791315 41 706 056 01470 07701 514351 5707 
2/7) 0.000 0684 0855 = 1.057. 1314. 1,703 2.052). 2473 2771 = 3421 3690 
28] 0.000: 0.683. 0.855. 1.056 4313 (1701. 20482467 = 2763. 3408. 3674 
291 0,000 0683 0854 1055 1311 1699 2045 2462 2756 3396 3.659 
$01 .0.000, 0.683 0.854. 1.055 1.310 1697. 2.042. 2.457. 2.750. 3.385. 3.646 
40) 0.000 0.681 0.851 1.050 1.303 1.684 2.021 2423 2.704 3.307 3.551 
60) 0.000 0.679 0.848 1.045 1.296 1671 2000 2390 2660 3.232 3.460 
80) 0.000 0678 0846 1.043 1.292 1664 1.990 2374 2639 3.195 3.416 

100] 0.000 0677 0.845 1.042 1.290 1.660 1984 2364 2626 3.174 3.390 
1000} 0.000 0675 0842 1.037 1.282 1.646 1.962 2330 2.581 3.098 3.300 

Zz 0,000. 0.674 0.8425 1.036 1282 1645 1.960. 2:326. 2576. 3:090 = 3.201 
0% 50% 60% 70% —«80% ~— 90% ~=— 95% ~— 98% _~— 99% ~—99.8% 99.9% 

Confidence Level 
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T-12 Tables 

Table entry for p is the 
critical value F* with 
probability p lying to 

   
  

Probability p 

      

  

  

  

its right. P* 

F critical values 

Degrees of freedom in the numerator 

Pp 1 2 3 4 5 6 7 8 9 

.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86 

.050 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 
1 .025 647.79 799.50 864.16 899.58 921.85 937.11 948.22 956.66 963.28 

.010 4052.2 4999.5 5403.4 5624.6 5763.6 5859.0 5928.4 5981.1 6022.5 
001 405284 500000 540379 562500 576405 585937 592873 598144 602284 

.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 

.050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 
2 .025 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.39 

-010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 
-001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39 

. .100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 
9 .050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 
S 3 .025 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47 
¢ .010 34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.35 
Q .001 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86 
vo 

so 
2 .100 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 

.050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 
cal 4 .025 12.22 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90 
g .010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 

zz -001 74.14 61.25 56.18 53.44 51.71 50.53 49.66 49.00 48.47 
Oo 

& 
= .100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 
B .050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 
g 5 .025 10.01 8.43 7.76 7.39 7A5 6.98 6.85 6.76 6.68 
@ .010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16 
a .001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24 

.100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 
-050 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 

6 .025 8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 
.010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 
-001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69 

.100 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 
-050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 

7 .025 8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 
.010 12,25 9.55 8.45 7.85 746 TA9 6.99 6.84 6.72 

001 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33     
  

 



Tables T-13 

     

  

Probability p 

Table entry for p is the 
critical value F* with 
probability p lying to 
its right. 

  

Pea] ee Se 

  

F critical values (continued) 
  

Degrees of freedom in the numerator 
  

10 12 15 20 25 30 40 50 60 120 1000 

  

60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 63.30 

241.88 243.91 245.95 248.01 249.26 250.10 251.14 251.77 252.20 253.25 254.19 

968.63 976.71 984.87 993.10 998.08 1001.4 1005.6 1008.1 1009.8 1014.0 1017.7 

6055.8 6106.3 6157.3 6208.7 6239.8 6260.6 6286.8 6302.5 6313.0 6339.4 6362.7 

605621 610668 615764 620908 624017 626099 628712 630285 631337 633972 636301 

9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.49 

19.40 19.41 19.43 19.45 19.46 19.46 19.47 19.48 19.48 19.49 19.49 

39.40 39.41 39.43 39.45 39.46 39.46 39.47 39.48 39.48 39.49 39.50 

99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50 

999.40 999.42 999.43 999.45 999.46 999.47 999.47 999.48 999.48 999.49 999.50 

5.23 5.22 5.20 5.18 5.17 5.17 5.16 5.15 5.15 5.14 5.13 

8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 8.53 

14.42 14.34 14.25 14.17 14.12 14.08 14.04 14.01 13.99 13.95 13.91 

27.23 27.05 26.87 26.69 26.58 26.50 26.41 26.35 26.32 26.22 26.14 

129.25 128.32 127.37 126.42 125.84 125.45 124.96 124.66 124.47 123.97 123.53 

3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.76 

5.96 5.91 5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.63 

8.84 8.75 8.66 8.56 8.50 8.46 8.41 8.38 8.36 8.31 8.26 

14.55 14.37 14.20 14.02 13.91 13.84 13.75 13.69 13.65 13.56 13.47 

48.05 47.41 46.76 46.10 45.70 45.43 45.09 44.88 44.75 44.40 44.09 

3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.12 3.11 

4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.44 4.43 4.40 4.37 

6.62 6.52 6.43 6:33 6.27 6.23 6.18 6.14 6.12 6.07 6.02 

10.05 9.89 9.72 9.55 9.45 9.38 9.29 9.24 9.20 9.11 9.03 

26.92 26.42 25.91 25.39 25.08 24.87 24.60 24.44 24,33 24.06 23.82 

2.94 2.90 2.87 2.84 2.81 2.80 2.78 2.77 2.76 2.74 2.72 

4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.75 3.74 3.70 3.67 

5.46 5.37 5.27 5.17 5.11 5.07 5.01 4.98 4.96 4.90 4.86 

7.87 7.72 7.56 7.40 7.30 7.23 7.14 7.09 7.06 6.97 6.89 

18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21 15.98 15.77 

2.70 2.67 2.63 2.59 2.57 2.56 2.54 2.52 2.51 2.49 2.47 

3.64 3.57 3.51 3.44 3.40 ~ 3.38 3.34 3.32 3.30 3.27 3.23 

4.76 4.67 4.57 4.47 4.40 4.36 4.31 4.28 4.25 4.20 4.15 

6.62 6.47 6.31 6.16 6.06 5.99 5.91 5.86 5.82 5.74 5.66 

14.08 13.71 13.32 12.93 12.69 12.53 12.33 12.20 12.12 11.91 11.72       
(Continued)



T-14 Tables 

  

  

  

  

=~ TABLE E 

F critical values (continued) 

Degrees of freedom in the numerator 

p 1 2 3 4 5 6 7 8 9 

.100 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 

.050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 

8 025 7.57 6.06 5.42 5.05 4.82 4.65 4.53 4.43 4.36 
.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 
001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77 

-100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 

-050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 
9 .025 7.21 5.71 5.08 4.72 4.48 4.32 4.20 4.10 4.03 

.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 

.001 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 10.11 

.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 
-050 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 

10 -025 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.78 

.010 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 
001 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96 

.100 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27 
-050 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2:95 2.90 

Le 11 .025 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59 
2 -010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 
gq 001 19.69 13.81 11.56 10.35 9:58 9.05 8.66 8.35 8.12 

§ 
g .100 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21 
3 -050 4.75 3.89 3.49 3.26 3:11 3.00 2:91 2.85 2.80 

& 12 .025 6.55 5.10 4.47 4.12 3.89 3.73 3.61 3.51 3.44 
PI .010 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 
e 001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.48 

3 .100 3.14 2.76 2.56 2.43 2.35 2.28 223 2.20 2.16 

& .050 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 
a 13 .025 6.41 4.97 4.35 4.00 3.77 3.60 3.48 3.39 3.31 

.010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19 
® .001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 7.21 6.98 
2b 
A .100 3.10 2.73 2.52 2.39 2.31 2.24 2:19 2S 2.12 

.050 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 
14 .025 6.30 4.86 4.24 3.89 3.66 3.50 3.38 3.29 3.21 

.010 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 
001 17.14 11.78 9.73 8.62 7,92 7.44 7.08 6.80 6.58 

.100 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09 

.050 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 
15 .025 6.20 4.77 4.15 3.80 3.58 3.41 3.29 3.20 3.12 

.010 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 

.001 16.59 11.34 9.34 8.25 757 7.09 6.74 6.47 6.26 

.100 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06 

.050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 
16 .025 6.12 4.69 4.08 3.73 3.50 3.34 3.22 3.12 3.05 

.010 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 
001 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98 

.100 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03 

.050 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 
17 .025 6.04 4.62 4.01 3.66 3.44 3.28 3.16 3.06 2.98 

.010 8.40 6.11 5.19 4.67 4.34 4.10 3.93 3.79 3.68 
-001 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75       
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F critical values (continued) 

Degrees of freedom in the numerator 

10 12 15 20 25 30 40 50 60 120 1000 

2.54 2.50 2.46 2.42 2.40 2.38 2.36 2.35 2.34 2:32 2.30 

3.35 3.28 3.22 3.15 3.11 3.08 3.04 3.02 3.01 2.97 2.93 

4.30 4.20 4.10 4.00 3.94 3.89 3.84 3.81 3.78 3.73 3.68 

5.81 5.67 5.52 5.36 5.26 5.20 5.12 5.07 5.03 4.95 4.87 

11.54 11.19 10.84 10.48 10.26 10.11 9.92 9.80 9.73 9.53 9.36 

2.42 2.38 2.34 2.30 2.27 2.25 2.23 2.22 2.21 2.18 2.16 

3.14 3.07 3.01 2.94 2.89 2.86 2.83 2.80 249 2.75 2.71 

3.96 3.87 3.77 3.67 3.60 3.56 3.51 3.47 3.45 3.39 3.34 

5.26 5.11 4.96 4.81 4.71 4.65 4.57 4.52 4.48 4.40 4.32 

9.89 9.57 9.24 8.90 8.69 8.55 8.37 8.26 8.19 8.00 7.84 

2.32 2.28 2.24 2.20 2.17 2.16 2A3 2.12 2.11 2.08 2.06 

2.98 2.91 2.85 2,77 2.73 2.70 2.66 2.64 2.62 2.58 2.54 

3:72 3.62 3.52 3.42 3.35 3.31 3.26 3.22 3.20 3.14 3.09 

4.85 4.71 4.56 4.41 4.31 4.25 4.17 4.12 4.08 4.00 3.92 

8.75 8.45 8.13 7.80 7.60 7.47 7.30 7.19 FA2 6.94 6.78 

2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.04 2.03 2.00 1.98 

2.85 2.79 2.72 2.65 2.60 2.57 2.53 2.51 2.49 2.45 2.41 

3.53 3.43 3.33 3.23 3.16 3.12 3.06 3.03 3.00 2.94 2.89 

4.54 4.40 4.25 4.10 4.01 3.94 3.86 3.81 3.78 3.69 3.61 

7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02 

2.19 2.15 2.10 2.06 2.03 2.01 1.99 1.97 1.96 1.93 1.91 

2.75 2.69 2.62 2.54 2.50 2.47 2.43 2.40 2.38 2.34 2.30 

3.37 3.28 3.18 3.07 3.01 2.96 2,91 2.87 2.85 2.79 2:73 

4.30 4.16 4.01 3.86 3.76 3.70 3.62 3.57 3.54 3.45 3.37 

7.29 7.00 6.71 6.40 6.22 6.09 5.93 5.83 5.76 5.59 5.44 

2.14 2.10 2.05 2.01 1.98 1.96 1,93 1.92 1.90 1.88 1.85 

2.67 2.60 2,53 2.46 2.41 2.38 2.34 2.31 2.30 2.20 2.21 

3.25 3.15 3.05 2.95 2.88 2.84 2.78 2.74 2.72 2.66 2.60 

4.10 3.96 3.82 3.66 3.57 3.51 3.43 3.38 3.34 3.25 3.18 

6.80 6.52 6.23 5.93 5.75 5.63 5.47 5.37 5.30 5.14 4.99 

2.10 2.05 2.01 1.96 -1.93 1.91 1.89 1.87 1.86 1.83 1.80 

2.60 253 2.46 2.39 2.34 2.31 2.27 2.24 2.22 2.18 2.14 

3.15 3.05 2.95 2.84 2.78 2.73 2.67 2.64 2.61 2.55 2.50 

3.94 3.80 3.66 3.51 3.41 3.35 3.27 3.22 3.18 3.09 3.02 

6.40 6.13 5.85 5.56 5.38 5.25 5.10 5.00 4.94 4.77 4.62 

2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.83 1.82 1.79 1.76 

2.54 2.48 2.40 2.33 2.28 2.25 2.20 2.18 2.16 211 2.07 

3.06 2.96 2.86 2.76 2.69 2.64 2,59 2.55 2.52. 2.46 2.40 

3.80 3.67 3.52 3.37 3.28 3.21 3.13 3.08 3.05 2.96 2.88 

6.08 5.81 5.54 5.25 5.07 4.95 4.80 4.70 4.64 4.47 4.33 

2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.79 1.78 1.75 1.72 

2.49 2.42 2.35 2.28 2.23 2.19 2.15 2.12 2.11 2.06 2.02 

2.99 2.89 2.79 2.68 2.61 2.57 2.51 2.47 2.45 2.38 2.32 

3.69 3.59 3.41 3.26 3.16 3.10 3.02 2.97 2.93 2.84 2.76 

5.81 5.55 5.27 4.99 4.82 4.70 4.54 4.45 4.39 4.23 4.08 

2.00 1.96 1.91 1.86 1.83 1.81 1.78 1.76 1.75 1.72 1.69 

2.45 2.38 2.31 2.23 2.18 2.15 2.10 2.08 2.06 2.01 1.97 

2.92 2.82 2.72 2.62 2.55 2.50 2.44 2.41 2.38 2.32 2.26 

3.59 3.46 3.31 3.16 3.07 3.00 2.92 2.87 2.83 2.75 2.66 

5.58 5.32 5.05 4.78 4.60 4.48 4.33 4.24 4.18 4.02 3.87   
  

(Continued)
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TABLE E |, 

F critical values (continued) 

Degrees of freedom in the numerator 

p 1 2 3 4 5 6 7 8 9 

.100 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00 

.050 4.41 3:55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 
18 .025 5.98 4.56 3.95 3.61 3.38 3.22 3.10 3.01 2.93 

-010 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 
.001 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56 

.100 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98 

.050 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 
19 -025 5.92 4.51 3.90 3.56 3.33 3.17 3.05 2.96 2.88 

.010 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 

.001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.39 

-100 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 
.050 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 

20 -025 5.87 4.46 3.86 3.51 3.29 3.13 3.01 2.91 2.84 

.010 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 

.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24 

.100 2.96 2.57 2.36 2.23 2.14 2.08 2.02 1.98 1.95 

.050 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 
3 21 .025 5.83 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2.80 
2 .010 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 
gq -001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.11 

& 
2 .100 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93 
a -050 4.30 3.44 3.05 2.82 2.66 255 2.46 2.40 2.34 
2 22 .025 5.79 4.38 3.78 3.44 3.22 3.05 2.93 2.84 2.76 
= .010 7.95 5:72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 
5 .001 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99 

3 .100 2.94 2.55 2.34 2.21 2.11 2.05 1.99 1.95 1.92 
2 .050 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 
S 23 .025 5.75 4.35 3.75 3.41 3.18 3.02 2.90 2.81 2.73 
a .010 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30 
® .001 14.20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 4.89 
oD 

A .100 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 
.050 4.26 3.40 3.01 2.78 2.62 251 2.42 2.36 2.30 

24 .025 5.72 4.32 3.72 3.38 3.15 2.99 2.87 2.78 2.70 

.010 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 

.001 14.03 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80 

.100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89 
-050 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28 

25 -025 5.69 4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.68 
.010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.382 3.22 
.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 4.91 4.71 

.100 2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 

.050 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2,32. 2.27 
26 .025 5.66 4.27 3.67 3.33 3.10 2.94 2.82 243 2.65 

.010 7.72 §,53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 

.001 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64 

.100 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87 

.050 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25 
27 .025 5.63 4.24 3.65 3.31 3.08 2.92 2.80 241 2.63 

.010 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15 

.001 13.61 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4.57        
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ws TABLE E, 

F critical values (continued) 

Degrees of freedom in the numerator 

10 12 15 20 25 30 40 50 60 120 1000 

1.98 1.93 1.89 1.84 1.80 1.78 1.75 1.74 1.72 1.69 1.66 

2.41 2.34 2.27 2.19 2.14 2.11 2.06 2.04 2.02 1.97 1.92 

2.87 2.77 2.67 2.56 2.49 2.44 2.38 2.35 2.32 2.26 2.20 

3.51 3.37 3.23 3.08 2.98 2.92 2.84 2.78 2.75 2.66 2.58 

5.39 5.13 4.87 4.59 4.42 4.30 4.15 4.06 4.00 3.84 3.69 

1.96 1.91 1.86 1.81 1.78 1.76 1.73 1.71 1.70 1.67 1.64 

2.38 * 2.31 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.93 1.88 

2.82 2.72 2.62 2.51 2.44 2.39 2.33 2.30 2.27 2.20 2.14 

3.43 3.30 3.15 3.00 2.91 2.84 2.76 2.71 2.67 2.58 2.50 

5.22 4.97 4.70 4.43 4.26 4.14 3.99 3.90 3.84 3.68 3.53 

1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 1.68 1.64 1.61 

2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.97 1.95 1.90 1.85 

2.77 2.68 2.57 2.46 2.40 2:35 2.29 2.25 2.22 2.16 2.09 

3.37 3.23 3.09 2.94 2.84 2.78 2.69 2.64 2.61 2.52 2.43 

5.08 4.82 4.56 4.29 4.12 4.00 3.86 3.77 3.70 3.54 3.40 

1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59 

2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.94 1.92 1.87 1.82 

2.73 2.64 2.53 2.42 2.36 2.31 2.25 2.21 2.18 2.11 2.05 

3.31 3.17 3.03 2.88 2.79 2.72 2.64 2.58 2.55 2.46 2.37 

4.95 4.70 4.44 4.17 4.00 3.88 3.74 3.64 3.58 3.42 3.28 

1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.60 1.57 

2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.91 1.89 1.84 1.79 

2.70 2.60 2.50 2.39 2.32 2.27 2.21 2.17 2.14 2.08 2.01 

3.26 3.12 2.98 2.83 2.73 2.67 2.58 2.53 2.50 2.40 2.32 

4.83 4.58 4.33 4.06 3.89 3.78 3.63 3.54 3.48 3.32 3.17 

1.89 1.84 1.80 1.74 1.71 1.69 1.66 1.64 1.62 1.59 1.55 

2.27 2.20 2.13 2.05 2.00 1.96 1.91 1.88 1.86 1.81 1.76 

2.67 2.57 2.47 2.36 2.29 2.24 2.18 2.14 2.11 2.04 1.98 

3.21 3.07 2.93 2.78 2.69 2.62 2.54 2.48 2.45 2.35 2.27 

4.73 4.48 4.23 3.96 3.79 3.68 3.53 3.44 3.38 3.22 3.08 

1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.57 1.54 

2.25 2.18 2.11 2.03 1.97 1.94 1.89 1.86 1.84 1.79 1.74 

2.64 2.54 2.44 2.33 2.26 2.21 2.15 2.11 2.08 2.01 1.94 

3.17 3.03 2.89 2.74 2.64 2.58 2.49 2.44 2.40 2.31 2.22 

4.64 4.39 4.14 3.87 3.71 3.59 3.45 3.36 3.29 3.14 2.99 

1.87 1.82 1.77 1.72 1.68 1.66 1.63 1.61 1.59 1.56 1.52 

2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.84 1.82 1.77 1.72 

2.61 2.51 2.41 2.30 2.23 2.18 2.12 2.08 2.05 1.98 1.91 

3.13 2.99 2.85 2.70 2.60 2.54 2.45 2.40 2.36 2.27 2.18 

4.56 4.31 4.06 3.79 3.63 3.52 3.37 3.28 3.22 3.06 2.91 

1.86 1.81 1.76 1.71 1.67 1.65 1.61 1.59 1.58 1.54 1.51 

2.22 2.15 2.07 1.99 1.94 1.90 1.85 1.82 1.80 1.75 1.70 

2.59 2.49 2.39 2.28 2.21 2.16 2.09 2.05 2.03 1.95 1.89 

3.09 2.96 2.81 2.66 2.57 2.50 2.42 2.36 233 2.23 2.14 

4.48 4.24 3.99 3.72 3.56 3.44 3.30 3.21 3.15 2.99 2.84 

1.85 1.80 1.75 1.70 1.66 1.64 1.60 1.58 1.57 1.53 1.50 

2.20 2.13 2.06 1.97 1.92 1.88 1.84 1.81 1.79 1.73 1.68 

2.57 2.47 2.36 2.25 2.18 2.13 2.07 2.03 2.00 1.93 1.86 

3.06 2.93 2.78 2.63 2.54 2.47 2.38 2.33 2.29 2.20 2.11 

4.41 4.17 3.92 3.66 3.49 3.38 3.23 3.14 3.08 2.92 2.78       
(Continued)
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PAs 8 Sr 

F critical values (continued) 

Degrees of freedom in the numerator 

Pp 1 2 3 4 5 6 7 8 9 

-100 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 
-050 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 

28 025 5.61 4.22 3.63 3.29 3.06 2.90 2.78 2.69 2.61 
.010 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 

001 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50 

.100 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86 

.050 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22 
29 .025 5.59 4.20 3.61 3.27 3.04 2.88 2.76 2.67 2.59 

.010 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 
001 13.39 8.85 712 6.19 5.59 5.18 4.87 4.64 4.45 

.100 2.88 2.49 2.28 2.14 2.05 1.98 1,93 1.88 1.85 

.050 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 
30 025 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2.57 

.010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 
001 13.29 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39 

.100 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 
-050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 

si 40 .025 5.42 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.45 
2 .010 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 
5 .001 12.61 8.25 6.59 5.70 5.13 4.73 4.44 4.21 4.02 

g -100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76 
3 .050 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2,13 2.07 
2 50 025 5.34 3.97 3.39 3.05 2.83 2.67 2.55 2.46 2.38 
c .010 7A7 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78 
: 001 12.22 7.96 6.34 5.46 4.90 4.51 4.22 4.00 3.82 

3 .100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 
# -050 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 
% 60 025 5.29 3.93 3.34 3.01 2.79 2.63 2.51 2.41 2.33 
a .010 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 242 
® -001 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69 
oD 

A -100 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.69 
.050 3.94 3.09 2.70 2.46 2.31 2.19 2:10 2.03 1.97 

100 -025 5.18 3.83 3.25 2.92 2.70 2.54 2.42 2.32 2.24 
.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2,59 
001 11.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44 

.100 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66 

.050 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93 
200 -025 5.10 3.76 3.18 2.85 2.63 2.47 2.35 2.26 2.18 

.010 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50 
001 11.15 715 5.63 4.81 4.29 3.92 3.65 3.43 3.26 

.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1.64 

.050 3.85 3.00 2.61 2.38 2.22 2.11 2,02 1.95 1.89 
1000 .025 5.04 3.70 3.13 2.80 2.58 2.42 2.30 2.20 2.13 

.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43 
001 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13 
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F critical values (continued) 

Degrees of freedom in the numerator 

10 12 15 20 25 30 40 50 60 120 1000 

1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48 

2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.79 1.77 1.71 1.66 

2.55 2.45 2.34 2.23 2.16 2.11 2.05 2.01 1.98 1.91 1.84 

3.03 2.90 2.75 2.60 2.51 2.44 2.35 2.30 2.26 2.17 2.08 

4.35 4.11 3.86 3.60 3.43 3.32 3.18 3.09 3.02 2.86 2.72 

1.83 1.78 1.73 1.68 1.64 1.62 1.58 1.56 1.55 1.51 1.47 

2.18 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.65 

2.53 2.43 2.32 2.21 2.14 2.09 2.03 1.99 1.96 1.89 1.82 

3.00 2.87 2.73 257 2.48 2.41 2.33 2.27 2.23 2.14 2.05 

4.29 4.05 3.80 3.54 3.38 3.27 3.12 3.03 2.97 2.81 2.66 

1.82 1.77 1.72 1.67 1.63 1.61 1.57 1.55 1.54 1.50 1.46 

2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.76 1.74 1.68 1.63 

2.51 2.41 2.31 2.20 2.12 2.07 2.01 1.97 1.94 1.87 1.80 

2.98 2.84 2.70 2.55 2.45 2.39 2.30 2.25 221 2.11 2.02 

4.24 4.00 3.75 3.49 3.33 3.22 3.07 2.98 2.92 2.76 2.61 

1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.42 1.38 

2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52 

2.39 2.29 2.18 2.07 1.99 1.94 1.88 1.83 1.80 1.72 1.65 

2.80 2.66 2.52 2.37 2.27 2.20 2.11 2.06 2.02 1.92 1.82 

3.87 3.64 3.40 3.14 2.98 2.87 2.73 2.64 2.57 2.41 2.25 

1.73 1.68 1.63 1.57 1.53 1.50 1.46 1.44 1.42 1.38 1.33 

2.03 1.95 1.87 1.78 1.73 1.69 1.63 1.60 1.58 1.51 1.45 

2.32 2.22 2.11 1.99 1.92 1.87 1.80 1.75 1.72 1.64 1.56 

2.70 2.56 2.42 2.27 2.17 2.10 2.01 1.95 1.91 1.80 1.70 

3.67 3.44 3.20 2.95 2.79 2.68 2.53 2.44 2.38 2.21 2.05 

1.71 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1.35 1.30 

1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.56 1.53 1.47 1.40 

2.27 2.17 2.06 1.94 1.87 1.82 1.74 1.70 1.67 1.58 1.49 

2.63 2.50 2.35 2.20 2.10 2.03 1.94 1.88 1.84 1.73 1.62 

3.54 3.32 3.08 2.83 2.67 2.55 2.41 2.32 2.25 2.08 1.92 

1.66 1.61 1.56 1.49 1.45 1.42 1.38 1.35 1.34 1.28 1.22 

1.93 1.85 1.77 1.68 1.62 L57 1.52 1.48 1.45 1.38 1.30 

2.18 2.08 1.97 1.85 1.77 1.71 1.64 1.59 1.56 1.46 1.36 

2.50 2.37 2.22 2.07 1.97 1.89 1.80 1.74 1.69 1.57 1.45 

3.30 3.07 2.84 2.59 2.43 2.32 2.17 2.08 2.01 1.83 1.64 

1.63 1.58 1.52 1.46 1.41 1.38 1.34 1.31 1.29 1.23 1.16 

1.88 1.80 1.72 1.62 1.56 1.52 1.46 1.41 1.39 1.30 1.21 

2.11 2.01 1.90 1.78 1.70 1.64 1.56 1.51 1.47 1.37 1.25 

2.41 2.27 2.13 1.97 1.87 1.79 1.69 1.63 1.58 1.45 1.30 

3.12 2.90 2.67 2.42 2.26 2.15 2.00 1.90 1.83 1.64 1.43 

1.61 1.55 1.49 1.43 1.38 1.35 1.30 1.27 1.25 1.18 1.08 

1.84 1.76 1.68 1.58 1.52 1.47 1.41 1.36 1.33 1.24 1.11 

2.06 1.96 1.85 1.72 1.64 1.58 1.50 1.45 1.41 1.29 1.13 

2.34 2.20 2.06 1.90 1.79 1.72 1.61 1.54 1.50 1.35 1.16 

2.99 2.77 2.54 2.30 2.14 2.02 1.87 1.77 1.69 1.49 1.22   
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