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Question 1 

(a)State the assumptions for doing a valid ANOVA, and how would you check for their validity. 
(6 marks) 

(b) Give the two reasons for running an experiment in blocks. (4 marks) 

(c) Briefly define the following terms and explain their importance in experimental design: 
(Randomization, Blocking and Replication (6 marks) 

(d) The financial structure of a firm refers to the way the firm's assets are divided by equity and debt, and 
the financial leverage refers to the percentage of assets financed by debt. It has been claimed that financial 
leverage can be used to increase the rate of return on equity. The following data show the rates of return 
on equity using 3 different levels of financial leverage and a control level (zero debt) for 24 randomly 
selected firms. 

Financial Leverage 

Control Low Medium High 

2.1 6.2 9.6 10.3 
5.6 4.0 8.0 6.9 
3.0 8.4 5.5 7.8 
7.8 2.8 12.6 5.8 
5.2 4.2 7.0 7.2 
2.6 5.0 7.8 12.0 

(i) Perform the analysis of variance the 0.05 level of significance. (10 marks) 
(ii) Test at 0.01 level of significance to determine whether the mean rates of return on equity at the low, 
medium and high levels of financial leverage are higher than at the control level. (7 marks) 
(iii) Use an appropriate test to test the assumption of equal variances. (7 marks) 
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Question 2 

In a recent study by the Department of Health Science, 3 diets were assigned for a period of 3 days to 
each of the 6 subjects in a randomized block design. The subjects, playing the role of blocks, were 
assigned the following 3 diets in a random. order: 

Diet I: mixed fat and carbohydrates 
Diet II: high fat 
Diet III: high carbohydrates 
At the end ofthe 3-day period each subject was put on a treadmill and the time to exhaustion, in seconds, 
was measured. The following data were recorded: 

Subject 
Diet 1 2 3 4 5 6 
I 84 35 91 57 56 45 
II 91 48 71 45 61 61 
III 122 53 110 71 91 122 

Perform the analysis ofvariance. Use a 0.01 level of significance to determine if there are significant 
differences among the diets. (20 marks) 

Question 3 

An engineer is interested in the effect of cutting speed and tool geometry on the life in hours ofa machine 
tool. Two cutting speeds and two different geometries are used. Three experimental tests are 
accomplished at each of the four combinations. The data are as follows: 

Tool Geometry Cuttin~ Speed 
Low High 

1 22 34 
28 37 
20 29 

2 18 11 
I 15 10 

16 10 

(a) Test at 5 per cent level of significance for main and interaction effects. (15 marks) 
(b) Graphically display the interaction effect. (5 marks) 
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Question 4 

The following data are obtained from a 23 factorial experiment replicated three times: 

Treatment Combination Renlicate 1 Renlicate 2 Renlicate 3 
(1) 12 19 10 
a 15 20 16 
b 24 16 17 
ab 23 17 27 
c 17 25 21 
ac 16 19 19 
bc 24 23 29 
abc 28 25 20 

Evaluate the sums of squares for all factorial effects using the contrast method. Draw conclusions. 
(20 marks) 

Question 5 

An experiment is conducted to determine the breaking strength of a certain alloy containing five metals, 
A, B, C, D and Two different percentages of each metal are used in forming the 25 =32 different alloys. 
Since only eight alloys can be tested on a given day, the experiment is conducted over a period of 4 days 
during which the ABDE and the AE effects are confounded with days. The experimental data were 
recorded as follows: 

Treatment Combination Breaking Strength Treatment Combination Breaking Strength 
(1) 21.4 e 29.5 
a 32.5 ae 31.3 
b 28.1 be 33.0 
ab 25.7 abe 23.7 
c 34.2 ce 26.1 
ac 34.0 ace 25.9 
bc 23.5 bee 35.2 
abc 24.7 abce 30.4 
d 32.6 de 28.5 
ad 29.0 ade 36.2 
bd 30.1 bde 24.7 
abd 27.3 abde 29.0 
cd 22.0 cde 31.3 
acd 35.8 acde 34.7 
bcd 26.8 bede 26.8 
abed 36.4 abcde 23.7 

(a) Set up the blocking scheme for the 4 days. (8 marks) 
(b) What additional effect is confounded with days? (2 marks) 
(c) Obtain the sums of squares for all main effects. (10 marks) 

END OF EXAM!! 
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II. Percentage Points of the t DIstribution' 
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3.385 3.6463.0302. 750
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v - de_ offreedOm.'Adapted with penniallion from BI."..trika Tablu for StotisHcians, Vol. 1. 3m edition, by E. S. p""""n and H. O. 

Hartley. Cambridge univor1rit;)' Pm•• Cambridge, 1966. 
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~ .995 .990 .975 .950 .500 .050 .025 .010 .005 

1 0.00+ 0.00+ 0.00 + 0.00+ 0.45 3.84 5.02 6.63 7.88 
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3 0.07 0.11 0.22 0.35 2.37 7.81 9.35 11.34 12.84 
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14 4.07 4.66 5.63 6.57 13.34 23.68 26.12 29.14 31.32 

15 4.60 5.23 6.27 7.26 14.34 25.00 27.49 30.58 32.80 
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19 6.84 7.63 8.91 10.12 18.34 30.14 32.85 36.19 38.58 
20 7.43 8.26 9.59 10.85 19.34 31.41 . 34.17 37.57 40.00 

25 10.52 11.52 13.12 ~ 24.34 37.65 40.65 44.31 46.93 

30 13.79 14.95 16.79 \18.49) 29.34 43.71 46.98 50.89 53.67 

40' 20.71 22.16 24.43 26..51 39.34 55.76 59.34 63.69 66.77 
SO 27.99 29.71 32.36 34.76 49.33 67.50 71.42 76.15 79.49 

60 35.53 37.48 40.48 43.19 59.33 79.08 83.30 88.38 91.95 

70 43.28 45.44 48.76 51.74 69.33 90.53 95.02 100.42 104.22 

80 51.17 53.54 57.l5 60.39 79.33 101.88 106.63 112.33 116.32 
90 59.20 61.75 65.65 69.13 89.33 113.14 1l8.14 124.12 128.30 

100 67.33 70.06 74.22 71.93 99.33 124.34 129.56 135.81 140.17 

v - de...... of freedom 

'Adaptod with pemrl$siod from Btc...trIka 7lJbln for SIOIi.Hcuw. Vol. I. 3m edition by E. S. Pearson and H. O. 

Hartley. C4mbridge Universit;)' fuss. Cornbridge. 1966. 
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IV. Percentage Points of the F Distn1mtion' 
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1.67 

1.14 
1.68 
1.63 

1.71 
1.65 
1.60 

<l6
::60 
1.55 

::: 
1.49 

1.61 
:;: 

1.S1 
1.51 
1,45 

1..54 
1,48 
1.41 

1.51 
1.44 
1.31 

1.'17 
1.40 
1.32 

1.42 
1.35 
1.26 

l.38 
1.29 
1.19 

1.42 1.38 1.34 1.30 1.24 1.17 1.00 
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Pen:enCip Pointll of the F Distribution (continued) . IV. 
F ....... 


-, 8 9 1D 12' 15 24 30 \20 

2>t9.1 250,1 15U 
238.9 2<10.5 2ot1.9 20tH 20tSS ~~s230.2 234.D 236.1 	 \9.47 . \9.48 19.49 IUD161.4 199.5' 215.7 224.6 	 19.45 19,4619.37 19.38 19,40 19.41 19.43 

19.16 lU5 19.30 19.33 19,35 	 8.J9 8.57 1S5' 8.53
lUI 19.DO· 	 8.64 8.62US U1 1.79 8.74 1.70 8,66 
1M3 9.55 9.2l 9.12 9.61 8.94 8.89 	 5,77 5.75 5,72 5.69 5.66 5.63 

6,04 6.00 5,96 5.91, 5.86 5.10·6.26 6.16 6,09
7.71 6.94 6.59 6.39 	

4,56 4.53 4.50 4,46 4.43 4,40 4.36 
4.82 4.77 4.74 4,61 4.624.0 	 3.67UI 5.79 SAl 5,19 S.OS 4.95 	 3.87 3.84 3.11 3.77 3,74 3.10 
4,15 4.10 4.D6 4.00 3.94 

5,99 5.14 4.76 4.53 4.39 4.2l 4.:1.1 	
3.44 • 3.41 UI 3,34 3.30 321 3.23 

3.73 3,68 3.64 3.51 3S1 
435 4,12 3.97 3.87 3.79 	 3,04 3.01 2.97 2,93

5.59 4.74 	 3.15 3,\2 3,083,44 3.39 3.35 3.]8 3.22 
4Jr1 3.84 3.69 3.58 BO 	 2,83 2.79 1.75 2.71

532 4,46 	 2.94 2.90 2.163.23 3.18 3.14 3.07 3.01
3,63 3.48 3.37 3.:1.95.12 4,26 3,86 	 1.58 2.S42.14 2,70 1.66 1.62

2,91 2,91 2.85 2.77
3.14 3Jr1 3.02 

10 4.96 4,10 3.71 3.48 3.33 3.22 	 1.65 1.61~.57 2.53 2.49 2.45 2.40 
2.79 1.12 

'11 4.84 3.98 3.59 3.36 3:10 3.119 3.61 2.95 2.90 1.IS 	
2,51 2.41 1.43 1.38 1.34 1.30 

2.15 2.69 1.62 2.54
1.91 2.85 2.80 

4,75 U9 3,<'} 3,26 3.11 	 3.00 2.42 2,38 2,34 2.30 2.2S 2.21Oi' 12 	 2.61 2.60 2.53 1.462.77 2,113.03 2.92 2.83 	 1.18 1.134.67 HI 3.41 3.11 	
2.60 2.53 2,46 1.39 2.35 2.31 = 1.22 

2.76 2.70 1.652.96 	 2.15 
2.S4 1.41 1.40 1.33 2.:1.9 2.254.60 3.74 334 3:U 	 2.lD 2.16 1.11 2,07 

L6 3.29 3.D6 2.90 2.79 2,1\ 2,64 1.59 
1.19 2.15 1.11 1.06 1.01j :: 4.54 3.68 	 2.42 2.35 ll8 2.24 

3.61 2.85 2.74 2,66 1.59 	 2.S4 2.49 
2,15 2.10 2,06 1.01 \.964.49 3.63 3.21 	 2.45 2.38 2.31 2.23 2.19 

3,lD 2.96 2.8\ 2.70 2.61 	 2.35 1.49 
2.n 2.06 1.02 1.97 1.92 

~ 17 4,45 3,"" 	 1.4\ 2.34 2.27 1.19 2.15 
2.77 2.66 2.58 2.51 2.46 	 2.03 1.98 1,93 1.88Jl 18 HI 3.55 3,16 2.93 	

2,38 H\ 2.23 1.16 2.n 1.In 
2.74 2,63 2.54 2.48 1.42 

1 19 4.38 3.52 3.l3 2.90 	 1.90 1.842.04 1.99 1.95
2.35 2.28 2.20 2.12 1.081.45 1.39

3.10 2.87 2.11 2.60 2.51 	 2.01 l.96 \,\12 1.87 \,814.35 3.49 	 2.25 1.\8 1.10 2.052,42 2.37 2.32
2.84 2.61 2.57 2.49 	 1.94 1.89 1.84 1.78i~ 432 3,47 3Jr1 	 1.23 2.15 2.07 2.03 1.98 

2.66 2.55 2,46 2.40 2.34 	 1.30 1.81 1,76 

iE 4.]8 3,42 3.()3 2,80 2.64 2.53 2.44 2.31 2.32 = 1.03 1.98 1.94 l.8') 1.84 1.79 1.73 
2,)6 2.JO 1.25 

4.30 3,44 3.os 2.82 	 2.lD 2,13 2.05 1.01 1.96 L91 1.86 

2.18 2.112.&2 2.5\ 1.422.784.26 3.40 3.D1 	 1.77 1.711.111 1.822.l6 2.09 2.0\ 1.96 1.92
1.28 2.241.60 2.49 2.40 1.34 	 l.85 1.80 \.75 \,694.24 3.39 199 2.76 1.99 \.95 1.90 


21 2,1l 2.06 

15 	 2.15 2.07 

4.23 3.37 '2.98 2.74 2.59 	 2.47 2.J9 2,32 = = 1.97 \.9'3 1.88 1.84 1.79 \.73 1.61 
1.2S 2.20 


n 2.l2 2.04 1.96 L91
2.57 2:46 2.37 2.31 	 1.82 1.77 1.71 1.654.21 3.35 2.96 2.73 	 1.87 
2.56 1.45 1.36 2.29 1.24 	 2.\9 1.81 1.15 1.70 1.644.20 3,)4 2.95' 2.71 	 1.94 \.90 1.8521 	 2.10 2.Ol1.28 2.22 2.181.55 	 2.43 2.35 

2,09 2.01 1.93 1.89 1.8429 4.18 3.33 2.93 2.7D 	 1.79 1.74 1.61 1.62 
2.21 2.162,53 2.42 2.33 1.27 	 1.69 1.64 \.58 \.5\4.17 3.32 2.\12 2.69 	 1.84 1.79 1.7430 	 2.08 2.00 1.\12

2.45 2.34 2.2S 2.\8 	 1.S9 \.53 1.41 1.39
40 4.08 3.23 2.84 2.61 	 \.75 1.70 1.651.92 1.84

2,37 2.25 2.!1 2.10 1.S5 1.43 1.35 \.25 
2.:1.9 2.17 2.09 1.32 1.22 1.00

60 4.00 3.15 2.76 2.53 	 \.75 1.66 1.61 1.55 
3.\12 3.07 2.68 2.45IlD 

2.21 2.1D 2,013.84 3.00 2.60 

IV. Percentage Points of lite F Distribution (eontiruu:d) 

39.00 39.11 39,15 39.36 	 39.37 39,39 39.40 39,4\ 39.43 39.45 39.46 
17.44 16.04 1S,44 \5.\0 14,88 14.13 14,4\2 14.54 14.47 \4,42 \4.34 \4.15 14,11 14.12 14.08 14,04 13.99 13.95 13.90 
1= 10.65 9.98 UO 9,)6 9.20 9.07 ~ ~ ~ ~ ~ ~ U W ~ U w m 
10.01 8.43 7.76 7,39 7,15 6.98 U5 6.76 6.68 6.62 6.52 6.43 6.33 6.28 6.23 6,18 6.12 6.07 6.02 

8.81 7.26 6.60 6.23 5.99 5.12 5,70 5,60 5.52 5.46 5.31 5,27 5.17 5.12 5,07 5,0l 4.96 4.90 US 

7 8Jr/ 6.54 5.89 H2 5.29 5.12 4.99 4.90 4.82 4,76 4.67 4.57 4.47 4A2 4,36 4.31 4.25 4.20 4.\4 

8 7.51 6.06 5.42 5.OS UZ 4,65 4.53 4.43 4.36 4.30 4,20 4.10 4.00 3.95 3.89 3.84 3.78 3.73 3.61 
9 7.21 5.71 5.08 4.1:2 4,48 4.32 4,20 4.\0 4,03 3,96 3.87 3,77 3.61 3.61 3.56 3.51 3.45 3.39 3.33 

10 6.94 5.46 4.83 4.47 4.24 4Jr1 3.95 3.85 3,78 3.12 3,62 3.52 3.42 3.37 3.31 3.26 3.20 3.\4 3.68 
II 6.1:2 5.26 4.63 4.28 4.64 3.88 3.16 3.66 3.59 3.53 3.43 3,)3 3.23 3.17 3,12 3.06 3.00 2.94 2.88 

li'12 6.55 5.10 4.47 ".12 3.89 3.73 3.61 1.51 3M 3.37 3,28 3.18 3.07 3.lll 2.96 2.91 1.8.5 2.79 1.1:2 
6.41 4,97 4.35 4.00 1.77 3,60 3.48 3.39 3.31 3.25 3.15 1.05 1.95 2.89 1.84 2.78 2.12 2.66 1.60i :! 6.30 4.88 4.24 3.89 3.66 3.50 3.38 3.2\1 3.21 3.15 3.OS 2.95 2.84 2.79 2.73 2,67 2.61 2,55 2.49 

J15 6:10 4,77 4.15 3.80 3.58 HI 329 3.20 3.\2 ·3.06 2.96 2.86 2.76 2.70 1.64 2.59 1.52 2.46 1.40 
16 6.12 4.69 4.08 3.73 3,50 3.34 3.22 3,12 . 3.os 2.99 1.8') 2.79 1.68 1.63 2.57 1.51 2,45 1.38 2.32 

,!l 17 6.04 4.62 4.01 3.66 3M 3.28 3.\6 3,06 2.98 1.92 2.82 2,72 1.62 1.56 2.50 2,44 1.38 2.32 1.25 
Jl 18 5.98 4.56 lS5 3.61 3.38 3.22 3, 10 3.01 1.93 1.87 1.77 1.67 2,56 1.SO 2.44 2,38 2.32 2.26 1.19 

i: 5.92 4.51 3.90 3,56 3.33 3.11 3.6S 1.96 2.88 2.82 2.12 1.62 2.51 1.45 1.39 2.33 2.27 2.20 2.13 

5.87 4.46 3.88 3.51 3.29 3.13 3.01 1.91 2.84 2.77 2.68 2Sl 2.46 2.41 1.35 2.2\1 1.22 2.16 1.09 
l! 21 5.83 4.42 3.82 3.48 3,25 3,09 2.97 1.87 1.80 2.73 2.64 1.53 1.42 1.37 2.31 = 2.18 2,11 2.04 

I: 
5.79 4.38 3,18 3M 3.22 3,OS 2.93 2.84 2.16 2.70 1.60 2.50 2.39 1.33 2.27 1.21 2.14 2.08 1.00 

5.15 4.35 3,15 1.41 3,18 3.lll 1.90 1.81 2.73 2.67 2,57 1.47 2.36 2.30 2,:14 2.18 2.11 2.04 1.97 

24 5.12 4.3'2 3,12 3.38 3.15 2.99 1.87 2.78 2.70 2,64 2.54 2.44 1.33 2.27 2.2\ 1.15 1.08 2,01 \.94 

25 5.69 4.29 3.69 3.35 3.13 1.97 1.8.5 US 2.68 2.61 2.51 2,41 2.30 2,14 1.18 2.12 2.05 1.98 lSI 

26 5,66 421 3.67 3.33 3.10 2.94 2.82 2.73 2,65 1.59 2,49 2.39 2.2& 2.16 2.09 2.03 1.95 1.88
= 
21 5.63 4.24 3.65 3,3\ 3.08 1.92 1.80 2.71 1.63 2.51 1.47 2,36 2.25 1.\9 2.13 2.07 2,00 U3 1.85 
28 5.61 4.22 3.63 3.:1.9 3.06 2.90 1.78 2.69 2,6\ 2,55 2.45 1.34 2.23 1.17 1.11 2.05 1.98 \.91 \.83 I
29 5.59 4.20. L61 = 3.64 2,88 1.76 2.61 1.59 1.53 2.43 2.32 2.21 1.15 2.09 2.03 1.96 1.89 Ul! 

30 5.57. 4.18 3.59 3.25 3,03 2.87 2.15 2.65 2.51 2.51 1.41 2.31 1.lD 2.14 2.07 1.01 1.94 1.81 1.79 
40 5.42 4.OS 3.46 3.\3 1.90 2.74 1.&2 2.53 2A5 1.39 1.2\1 1.18 1.07 2.01 1.94 1.88 1.80 1.72 1.64 
60 5.29 3,93 3.34 3.01 1.79 1.63 2.51 HI 1.33 2.27 2,17 2,06 1.94 1.88 U2 1.14 1.67 1S8 1.48 


120 5.15 3.110 3.23 2.89 1.67 1.52 1.39 2..JO 2.22 2.16 2.05 1.94 1.82 1.76 1.69 1.61 1.53 1.43 1.31 

5.02 3.69 3.12 1.79 2.57 2.41 2.29 2.19 1.11 2.05 1.94 1.83 L71 1M 1.57 1.48 1.39 121 \.00 
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4051 
98.50 
34.12 
11.20 

16.26 
13.75 
12.25 
11.16 
IG..5Ii 

10.04 
9.65 
9.33 
9.07 
8.86 

8.61 
8.53 
8.40 
8.29 
8.18 

8.10 
11.01 
7.95 
7.1U1 
7$2 

7.77 
7.71 
7.61 
7.64 
7.60 

7.56 
7.31 
7.(1Il 

US 
6.63 

_.5 
99.00 
30.82 
lllOO 

1117 
1D.9l 
9.55 
8.65 
&.01. 

7.36 
7.l1 
6.93 
6.70 
6.51 

6.36 
6.13 
6.11 
6.01 
5.93 

5.B5 
5.78 
5.71 
5.66 
5.61 

5.57 
5.53 
5.49 
5.45 
5.41 

5.39 
5.18 
4.!III 
4.79 
4.61 

540l 
99.17 
29.46 
16..69 

12.06 
9.711 
8.45 
7.!9 
6.99 

6.55 
6.21 
5,95 
5.?4 
5.!6 

SAl 
5.19 
5.18 
5.09 
5.01 

4.94 
4.87 
4.82 
4.76 
4.72 

4.68 
4.64 
4.«1 
4.57 
4.54 

4.51 
4.31 
4.13 
3,95 
3.78 

S6l5 
99.15 
21.71 
15.98 

11.39 
9.15 
7.Il5 
7,01 
6.41 

5.99 
5.67 
SAl 
5.11 
5.04 

4.89 
4.77 
4.67 
4.58 
4.50 

4.43 
4.37 
4.31 
4.16 
4.l1 

4.18 
4.14 
4.11 
4.07 
4.04 

4.01 
3.83 
3.65 
3.48 
3.32 

IV. Pen:entage Points of the FDiotrihution (conim..ed) 
Fo.o1.... 

9 10 12 15 

5764 
99.30 
2824 
15.!1 

10.97 
&.75 
7.46 
6.63 
6.06 

5&59 
99.33 
:P.91 
15.21 

10.67 
8.47 
7.19 
6.37 
5.80 

5928 
99.36 
:PEl 
14.98 

10.46 
8.26 
6.99 
6.18 
5.61 

5.64 5.39 5.20 
5.32 5.07 4.39 
5.06 4$2 4.64 
4.86 4.62 4.44 
4.69 4.46 4.18 

4.36 4.32 4.14 
4.44 4.20 4.03 
4.34 4.10 3.93 
4.25 4.01 3.14 
4.17 3.94 3.77 

4.10 3.&7 3.70 
4.04 3.&1 3.64 
3.99 3.76 3.59 
3.94 3.71 354 
3.90 3.67 3.50 

3.85 3.63 3.46 
3.82 3.59 3.42 
3.78 3.36 3.39 
3.75 3.53 3.36 
3.73 3.!O 3.33 

3.70 3.41 3.:10 
351 3.19 3.11 
3.301 3.12 2,95 
117 2.96 2.79 
3.01 2.80 2.64 

5982 
99.37 
27.49 
14.80 

«I7l 
99.39 
27.35 
14.66 

27.13 
14.55 

10.19 10.16 10.05 
8.\0 7.98 7.1ff 
6.804 6.71 6.62 
6.03 5,91 5.81 
5.47 5.35 5.26 

5.D6 
4.74 
4.50 
4.30 
4.14 

4.00 
3.89 
3.79 
3.71 
3.63 

3.56 
3.51 
3.45 
3.41 
3.36 

3.32 
3.19 
3.16 

3.23 
3.20 

J.!7 
2.99 
2.82 
2.66 
2.51 

4.94 
4.63 
4.39 
4.19 
4.03 

3.89 
3.78 
3.68 
3.«1 
3.S2 

3.46 
3.40 
3.35 
3.30 
3.16 

3.11 
3.18 
3.15 
3.12 
3.D9 

3ff1 
2.119 
2.71 
2.56 
2.41 

4.lI$ 
4.54 
4.30 
4.10 
3.94 

3.80 
3.69 
3.59 
3.51 
3.43 

3.37 
3.31 
3.16 
3.11 
3.\7 

3.13 
3.09 
3.06 
3.03 
3.00 

2.98 
2.80 
2.63 
2.41 
2.32 

Probability .of ....pting the hypothesi. 

27.05 
14.37, 
9.39 
7.72 
6.47 
5.67 
5.11 

6151 
99.43 
26.&7 
14.20 

9.71 
7.56 
6.31 
5.51 
4.96 

6209 
99045 
26.69 

.14.02 

9.!5 
7.40 
6.16 
5.36 
4.81 

4.71 4.56 4.41 
4.40 4.25 4.10 
4.16 4.01 3.116 
3.96 3.82 3.66 
3.80 3.66 3.51 

3.67 3.51 337 
3.55 3.41 3.26 
3.46 3.31 3.16 
3.37 3.23 3.08 
3.30 3.15 3.00 

3.23 3.09 2.94 
3.17 3.03 2.88 
3.12 2.98 2.83 
3.07 2.93 2.78 
3.03 2.f!9 2.74 

1.99 2.85 270 
2.96 1.81 2.66 
2.93 2.78 2.63 
2.90 2.75 2.60 
2.S7 2.73 2.57 

2.114 2.70 2.55 
2.66 2.52 2.37 
2.50 235 2.:!O 
1.34 2.19 2.03 
2.18 2.04 '1.18 

l:o 

24 

621S 
99,46 
26.00 
13.93 

9,47 
7.31 
6.07 
5.18 
4.73 

6261 
99.47 
26.50 
11M 

9.3& 
7.l3 
5,99 

5.20 
4.65 

4.33 4.15 
4.01 3.94 
3.78 3.70 
159 l.!1 
3A3 l.35 

3.19 3.11 
3.18 l.W 
3.08 3.00 
3.00 1.91 
2.92 ... 2.84

1.&6 2.78 
2.80 2.n 
2.75 2.67 
2.70 2.62 
2.66 2.58 

1.62 2.54 
2.58 2.50 
2.55 2.47 
2.52 2.44 
2.49 2.41 

1.47 2.39 
2.19 2.20 
l.12 2.03 
1.95 1.86 
1.79 1.70 

6l&7 
99047 
26.41 
13.75 

9.29 
7.14 
5.91 
5.11 
4.57 

6313 
99.48 
26.32 
13.65 

9.20 
7.D6 
5.U 
5.03 
4.48 

4.17 4.08 
3.1!6 3.78 
162 3.54 
3.43 3.34 
3.:P 3.1& 

3.13 3.05 
3.02 2.93 
2.92 2.83 
2.84 2.7S 
2.76 2.67 

2.69 2.61 
2.64 2.55 
2.58 2.50 
2.54 2.45 
2.49 . 2.40 

2.45 2.36 
2.42 2.33 
2.38 2.29 
2.34 2.26 
2:.13 2.23 

2.30 221 
2.11 2.02 
1.94 1.114 
1.76 1.66 
1.59 1.47 

120 

6339 
'!l9.49 
26.22 
13.56 

9.11 
6.97 
5.74 
4.95 
4.40 

6366 
99.50 
26.\3 
13.46 

9.01 
U8 
5.65 
4.116 
4.31 

4.00 191 
3.69 3.60 
3.45 3.36 
3.25 3.17 
3.09 3.00 

2.96 2.87 
2.84 2.75 
2.75 l.6S 
2.66 2.S7 
2.58 2.49 

2.52 2.42 
2.46 2.36 
2.40 2.31 
2.35 2.26 
2.31 2.21 

2.27 2.17 
2.23 2.13 
l.2O 2.10 
2.\7 2.06 
2.14 l.O3 

2.11 2.01 
1.91 1.80 
1.73 1.«1 
1.53 l.38 
1.32 1.00 

Probability of accepting the hypothesis 
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Probability of occoptlng tho kypo!hesia 
Probability of accepting tltolr;pOlheaio 

~ i! 8l!:l!:~ Ii 

"'... I---\--+-++t
l 
~ ... 
c.= 
•

.. 

VlL Percentage Points of th. Studenti%ed Range Statistic' 
qO.l!,(p,f) 

90 135 186 202 216 227 237 246 253 266 272 272 282 286 290 294 298 
2 14.0 19.0 22.3 24.7 26.6 28.2 29.5 30.7 31.7 32.6 33.4 31.4 34.8 35.4 36.0 36.5 37.0 37.5 37.9 
3 8.26 10.6 12.2 133 14.2 15.0 15.6 16.2 16.7 17.1 17.5 17.9 18.2 185 18.8 19.1 19.3 19.5 19.8 
4 6.51 8.12 9.17 9.96 10.6 11.1 11.5 1l.9 12.3 12.6 12.8 13.1 13.3 13.5 \3.7 13.9 14.1 14.2 14.4 
5 5.70 6.97 1.80 8.42 8.91 9.32 9.67 9.97 10.24 10.48 10.70 10.89 11.08 11.24 11.40 11.55 11.68 11.81 11.93 

6 5.24 6.33 7.03 7.56 7.97 8.32 8.61 8.87 9.10 9.30 9.49 9.65 9.81 9.95 10.08 10.21 10.32 10A3 10.54 
1 4.95 5.92 6.54 7.01 7.37 7.68 7.94 8.17 8.37 8.55 8.71 8.86 9.00 9.12 9.24 9.35 9.46 9.55 9.65 
8 4.74 5.63 6.20 6.63 6.96 7.24 7.47 7.68 7.87 8.03 8.18 8.31 8.44 855 8.66 8.76 8.85 8.94 9.03 
9 4.60 5.43 5.96 6.35 6.66 6.91 7.13 7.32 7.49 7.65 7.78 7.91 8.~ 8.13 8.23 P2 8.41 8.49 8.51 

10 4.48 5.27 5.77 6.14 6.43 6.67 6.87 7.05 7.21 7.36 7.48 7.60 7.71 7.81 7.91 7.99 8.07 8.15 8.22 

11 4.39 5.14 5.62 5.97 6.25 6.48 6.67 6.84 6.99 7.13 7.25 7.36 7.46 7.56 7.65 7.73 7.81 7.88 7.95 
12 4.32 5.04 5.50 5.84 6.10 6.32 6.51 6.67 6.81 6.94 7.06 7.17 7.26 7.36 7.44 7.52 7.59 7.66 7.73 
13 4.26 4.96 5.40 5.73 5.98 6.19 6.37 6.53 6ii7 6.79 6.90 7.01 7.10 7.19 7.27 7.34 7.42 7.48 7.55 
14 4.21 4.89 5.32 5.63 5.88 6.08 6.26 6.41 6.54 6.66 6.77 6.87 6.96' 7.05 7.12 7.20 7.27 7.33 7.39 
15 4.17 4.83 5.25 5.56 5.80 5.99 6.16 6.31 6.44 6.55 6.66 6.76 6.84 6.93 1.00 1.07 7.14 7.20 7.26 

16 4.13 4.78 5.19 5.49 5.72 5.92 6.08 6.22 6.35 6.46 6.56 6.66 6.74 6.82 6.90 6.97 7.03 7.09 7.15 
17 4.10 4.74 5.\4 5.43 5.66 5.85 6.01 6.15 6.27 6.38 6.48 6.57 6.66 6.73 6.80 6.87 6.94 7.00 7.05 
18 4.07 4.70 5.09 5.38 5.60 5.79 5.94 6.08 6.20 6.31 6.41 6.50 6.58 6.65 6.72 6.79 6.85 6.91 6.96 
19 4.05 4.67 5.05 5.33 5.55 5.73 5.89 6.02 6.14 6.25 6.34 6.43 6.51 6.58 6.65 6.12 6.78 6.84 6.89 
20 4.02 4.64 5.02 5.29 5.51 5.69 5.84 5.97 6.09 6.19 6.29 6.31 6.45 6.52 6.59 6.65 6.71 6.76 6.82 

24 3.96 4.54 4.9\ 5.17 5.37 5.54 5.69 5.81 5.92 6.02 6.11 6.19 6.26 6.33 6.39 6.45 6.51 6.56 6.61 
30 3.89 4.45 4.80 5.05 5.24 5.40 5.54 5.65 5.76 5.85 5.93 6.01 6.08 6.14 6.20 6.26 6.31 6.36 6.41 
40 3.82 4.37 4.70 4.93 5.11 5.27 5.39 5.50 5.60 5.69 5.77 5.84 5.90 5.96 6.02 6.07 6.12 6.17 6.21 
60 3.76 4.28 4.60 4.82 4.99 5.13 5.25 5.36 5.45 5.53 5.60 5.67 5.73 5.79 5.84 5.89 5.93 5.98 6.02 

120 3.70 4.20 4.50 4.7\ 4.87 . 5.01 5.12 5.21 5.30 5.38 5.44 5.51 5.56 5.61 5.66 5.71 5.75 5.79 5.83 
.. 3.64 4.12 4.40 4.60 4.76 4.88 4.99 5.08 5.16 5.23 5.29 5.35 5.40 5.45 5.49 5.54 557 5.61 5.65 

,- diogl:oos of freedom. 

'PromJ.104. May. _ and CorreeIod Tab... of the UP!"'" Pcrteo.tap Pointo of !be S_tizcd bngc." Bw-tri/u;l. Vol. 39. pp. 192-193. 1951.. Reproduced by pcnnission of !be ~ 

....-of_. ... 




622 

,"A4 ,,1$ V,," ';'+0.$ ."'iu.. 'ilo'U;r' ..... rfAt,· $@!Q"y ~ 

I
...." 
~ en 
J 

1~
1'2

en1.. 
-.9 

15 

l! 
.Il 
0 

p.. 

to 

1 

~. 

APPENDIX 

~~~~ ~~r--!at; ~~:;~~ ~~~~~ ~1~..o~o\oO r--:r.:~\6\Ci ~\(j..o..oV'l V'lV'IV'II.I"IV'I 

'" -
«I&;~:tt! ~~~~:; ~!!J8~o; ~~~~~ 

~I ~ ~ :: c:h 00 r--: r..: .\Ci \Ci...o \Ci I() ..0 V'I V'I tn V'IV'I 1.1"1 V'I 

S1~~~qq
V'lV'lV'lV'lI.I"II.I"I 

~~~~~S; 
V'I V'I V'I 1.1"1 1.1"1 -q

o~~aa~o~~~~~8~~~~~~~~~~~q~
co-V'lII 00 \Ci d 0\. cO r..: r...: \Q \Q...o ~ \0 \Col V'I vi 1.1"1 tn 1.1"1 V"l V'I -q__ V'I V'I V"l V'I V'I 

~:;~~ ~~tg:t~ ~~~~~ ~~~~~ ~~~:::;~~
t:;1~~900r..: r..:~\Ci\Ci\Ci ~...oI.l"lI.l"lV'l V'lV'IV"lI.l"lV'l V'lV'lV'lV'lV'I"¢ 

-$~::c! <!i:;!;;~!'l ~~:gli!!~ :8:Of;je:)Sl :~P:P:~~l!;!:;
~I ~ ~ doOr--: r--: \0 \Ci \Ci..o \Ci vi vi vi IA vi vi V"l V'I V'I V'I V'I V'I V'I "'It or;t


'" -
"' .... 1;; .... ~~~~~ =gg~~~ ~~S!~~ ~c:1~~~~

~~:;;doO~ r--:..o'()'()\Ci vi vi vi vi vi ";V'lV'lV'IV'I V"ltnV'lV'l"'lt-q

'" -
f") ~ m&t ~ <5 ~ ~ ~ a &1 ~ r:; ~ t; &1~' ~ W1" ~.~ ~ :Q ~ ~ ~ :! ;';!dsa6r--: ~\Ci..o\Cl\O V'lV'lV'lV\V'I V'lV'lV'lV'lV"I V'lV"IV'I-v-q--q

~ :2 ~ ~ ~ ~ .~ ~ ~ ;0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ q ~ ~ ~ ~ 
~ ~~~oOr..: ~~\Q~vl vivivi";V\ vi ""vi vi '" V'lV"I~-q-."'It 

Q\ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~;;; ~ ~ ~ ~ ~ ~ : ~ ~ 
~ ;:!o\oOr-- \O\Q\,Qtntn I.I"lV'lV'lV'lV'l V"l"'I.I"lV'lV'l V'I 

~~~a~ ~~~~~ \C!Vi~~~ ~ri~~~ C!~~8~~=~io\oO~ ..o..o\Ov\V'I V'll.l"ll.l"lV"lV'l \t"l\t"ltnV'l\ri V'I-v-v'V'V~ 

.... g:~::c!~ ~:!lSU!:la ~~~:pgl'! ~::;q~C; s{1:l;:!;~~~
9 
~~o\~\Ci ...o~viviV'i V'lV'lV'lll1V'1 V'lV'lV'lV'lV'I 'IIt~-q. •• -q

"'~~~~ ~~r.:::i5~ ~!:l:!P~!l ~81~S{~ ~~:<!::PPl 
Q\ r..:MO\~~ \Ci",vivlvi vivlV'lvivi V'I'IIt-q."'It"'lt 'V~ ..... 'Iit"'lt"'lt 

... 
~~:~~ ~~~s~ ~~~:~ ~~95~ :~~!~~ 
... 
_M~!~ ~Q\~~~ a~~~te t!;~~~~ ~~~~~t;

r--~~OO~~vi~vlvlvivi~~~~'IIt~~~-q--q-'llt'lit'llt~-q--... 
~!~a ~~t;S;: ~tc$~~ 

\0 ~=oOl,()..o vivivivi../ ."f-orf-orf."f..,f 

Ng}:ii;;)(Q ;;;~~~:g ~~~~~ 
V'li r--: d r-- ..0 vl vi, vi ..,;. ..;.. "'It 'lit 'ot 'V -q

'" 
«I i ~ ~ ~ ~ fg ~ ~ 'C!l ~ ~ :; ~ ~I M 0\ \c$ vi V'l • ~ M ~ .. ~ ~ ..... ~ ~ "It 

'" 

~~~~~ ~~fi~~E:l 
..q!..,f-vv'V -.:t'-q..'ot-v'V 

~;;~~~ ~::;~~~~ 
'V v v -q- ~ ~ -v "'It M M M 


::ap~~ a~ ~ ~.~ ~ ~ ~ ~ 
v· v -q- t""'I t""'I M M M ('f'\ M t""'I 

.... ~Ug816 ~~~:5t::g &:lr.::~gl;; :a~:os::~ t:P'i;~~~~ 
MI~oOV'iV\."f ~".('f')<""'i M('I'\ ('1'\ t<'l.C"'i t"'iM~.MM t""'It""'It"'If")t"'IM 

_S~~~ tiJi~~~ =!~ao 8~~~~ ~~~~fif:;
NI'~ :.0 ..t ('I{ cri t"'i ~ M t"'i....; ....; t"'i cri M M ~ N N N N N N N N ~ N 

~1_Nt"'IVV'l >.Or--ooQ\S =$:!~:!;:!! ~!:~~~ ~~~~~ 

APPENDIX 623 


VIII. Critical Values for Dunnett'. Test for Comparing Treatments with • Control' 
do.os(a -1,j) 

,Two-Sided Comparlson.s 

" - 1 =N~lM!r of Treatment Means (excluding control) 


f 1 2 3 4 '3 6 7 8 9 

5 2.57 
6 2,45 

7 236 

8 2.31 
9 2.26I 
 10 2.23 

(; 11 2.20
.. 

12 2.18 
j 13 2.16 

I 
~ 

14 2.14 
15 2.13 
16 2.12 
17 2.11 
18 2.10

i 19 2.09 

20 2.09 
24 2.06 

I 
! 
~ 

30 2.04 
40 2.02 
60 2.00 

120 1.98 
co 1.96 

3.03 

2.86 

2.75 

267 

2.61 

2,57 

2.53 

2.50 

2.4S 

2.46 
2.44 
2.42 
2.41 
2.40 
2.39 

2.38 
2.35 
2.32 
2.29 
2.27 
2.24 
2.21 

3.29 
3.10 
2.97 
2.88 
2.81 
2.76 
2.72 
2.68 
2.65 
2.63 
2.61 
2.59 ' 
2.58 
2.56 
2.55 
2.54 
2.51 
2.47 
2.44 
2.41 
2.38 
2.35 

3.48 
3.26 
3.12 
3.02 
2.95 

2.89 
2.84 
2,81 
2.78 
2.75 
2.73 
2.71 
2.69 
2.68 
2.66 

2.65 
2.61 
2.58 
2.54 
2.51 
2.47 
2.44 

3.62 
3,39 
3.24 
3.13 
3.05 
2.99 
2.94 
2.90 
2.87 
2.84 
2.82 
2.80 
2.78 
2.76 
2.75 
2.73 
2.70 
2.66 
2.62 
2.58 
2.55 
2.51 

3,73 
3.49 
3.33 
3.22 
3.14 

3.07 
3.02 
2.98 
2.94 
2.91 
2.89 
2.87 
2.85 
2.83 
2.81 

2.80 
2.76 
2.72 
2.68 
2.64 
2.60 
2.57 

3.82 
3.57 
3.41 
3.29 
3.20 
3.14 
3,08 
3.04 
3,00 
2.97 

2.95 
2.92 
2.90 
2.89 
2.87 
2.86 
2.81 
2.77 
2.73 
2.69 
2.65 
2.61 

3.90 
3.64 
3.47 
3.35 
3.26 
3.19 
3.14 
3.09 
3.06 
3.02 

.. 3.00 
2.97 
2.95 
2.94 
2.92 

2.90 
2.86 
2.82 
2.77 
2.73 
2.69 

265 


3.97 
3.71 
3.53 
3.41 
3.32 

3.24 
3.19 
3.14 
3.10 
3.07 
3.04 
3.02 
3.00 
2.98 
2.96 

2.95 
2.90 
2.86 
2.81 
2.77 

2.73 
2.69 

4.o,(a - 1,j) 
Two-Sided Compsrl&ln.s 

i 
f 

a-I = Number ofTreatment M_ (excluding control) 


f 2 3 4 5 6 7 8 9
J 4.03 
3.71 
3.50 
3.36 
3.25 
3.17 
3.11 
3.05 
3.01 
2.98 
2.95 
2.92 
2.90 
2.88 
2.86 

2.85 
2.80 
2.75 
2.70 
266 


262 

2.58 

'" .,. 
l 
I 


1 


i 
I 


~ 
~ 
~ 
:t 

i 
~ 

5 

6 

7 

8 

9 


10 

11 

12 

13 

14 


15 

16 

17 

18 

19 


20 

24 

30 

40 

60 


120 

co 

4.63 
4.21 
3.95 
3.77 
3.63 
3.53 
3.45 
3.39 
3.33 
3.29 

3.25 
3.22 
3.19 
3.17 
3.15 

3.13 
3.07 
3.01 
2.95 
2.90 

2.85 
2.79 

4.98 
4.51 
4.21 
4.00 
3.85 
3.74 
3.65 
3.58 
3.52 
3.47 
3.43 
3.39 
3.36 
3.33 
3.31 

3.29 
3.22 
3.15 
3.09 
3.03 

2.97 
2.92 

5.22 
4.71 
4.39 
4.17 
4.01 
3.88 
3.79 
3.71 
3.65 
3.59 
3.55 
3.51 
~.47 
3.44 
3.42 

3.40 
3.32 
3.25 
3.19
3.12 

3.06 
3.00 

5.41 
4.87 
4.53 
4.29 
4.12 

3.99 
3.89 
3.81 
3.74 
3.69 
3.64 
3.60 
3.56 
3.53 
3.50 

3.48 
3.40 
3.33 
3.26 
3.19 

3.12 
3.06 

5.56 
5.00 
4.64 
4.40 
4.22 
4.08 
3.98 
3.89 
3.82 
3.76 
3.71 
3.67 
3.63 
3.60 
3.57 

3.55 
3.47 
3.39 
3.32 
3.25 

5.69 
5.10 
4.74 
4.48 
4.30 
4.16 
4.05 
3.96 
3.89 
3.83 
3.78 
3.73 
3.69 
3.66 
3.63 

3.60 
3.52 
3.44 
3.37 
3.29 

5.80 
5.20 
4.82 
4.56 
4.37 
4.22 
4.11 
4.02 
3.94 
3.88 
3.83 
3.78 
3.74 
3.71 
3.68 

3.65 
3.57 
3.49 
3.41 
3.33 

5.89 
5.28 
4.89 
4.62 
4.43 
4.28 
4.16 
4.07 
3.99 
3.93 
3.88 
3.83 
3.79 
3.75 
3.72 

3.69 
3.61 
3.52 
3.44 
3.37 

1- dcsr- ofimedom. 

~ with ponniJoion from C. W. Du1lllot!, ''Now '!abies for Multiple Comparl"", with • CoIll{O~' BIo"",•• 
ria, VoL 20, No.3, 1964. and from C. W. Dunnott. "A Muldplo Comparison Procedure for Comparing SovonJ 
T_.. with • Contro~" JoMmaJ. of1M Am.riCDII Stattmcal~, ~l. 50. 19:15. 
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VItI. Critical Values for Dunnett'. Test for Comparing Treatmeou with a Control (conlin1«!d) 

do..,(a - I.!) 


One·Sided Comparisons 


tl - 1 _ Number of'l'rmtmeot M_ (oxclndlug control) 
1 8 95 62 3 4f 3.303.16 3.24

2.68 2.85 2.98 3.08
5 2.02 2.44 3.00 3.01 3.12

2.11 2.83 2.92
6 1.94 2.34 2.56 2.95 3.01 

2.48 2.62 2.73 2.82 2.89 
7 1.89 2.21 2.81 2.87 2.92 

2.22 2.42 2.55 2.66 2.14 
8 1.86 2.81 2.862.68 2.152.50 2.60
9 1.83 2.18 2.31 

2.10 2.76 2.81 
'U5 2.34 2.41 2.56 2.64

10 1.81 2.12 2.17 
2.31 2.44 2.53 2.60 2.67 

11 1.80 2.13 2.64 2.69 2.742.50 2.582.29 2.41
12 1.18 2.11 2.61 2.66 2.71 

2.21 2.39 2.48 2.55 
13 1.11 2.09 2.59 2.64 2.69

2.31 2.46 2.53
14 1.16 2.08 2.25 

2.51 2.62 2.61
2.36 2.44 2.51 

15 1.15 2.01 2.24 2.61 2.652.50 2.56 
16 1.15 2.06 2.23 2.34 2.43 2.642,49 2.54 2.592.33 2.42
17 1.14 2.05 2.22 

2.53 2.58 2.62 
18 . 1.13 2.04 2.21 

" 
2.32 

2.40 
2.41 

2.41 
2.48 

2.52 2.57 2.61 
19 1.13 . 2.03 2.20 2.31 

2.602.51 2.56
2.03 • 2.19 ;3Q 2.39 2.46

20 1.12 2.512.48 2.532.36 2.43 
24 1.71 2.01 2.17 2.50 2.'42.33 2.40 2.452.151.70 1.9930 ~y 2.37 2.42 2.47 2.51 

2.13 2. 2.31
40 1.68 1.97 2.39 2.44 2.48

2.21 2.28 2.35
60 1.67 1.95 2.10 

2.452.37 2.412.18 2.26 2.32
120 1.66 1.93 2.08 2.38 2.422.29 2.34 

1.64 1.92 2.06 2.16 2.23 
'" do.o,(a - l.f) 

One-Sided Comparisons 

.. -1- Number of Treatment Means (oxcludinl control) 

5 6 7 8 
f 2 3 4 

9 

4.94 5.03
4.43 4.60 4.73 4.85

3.90 4.215 3.37 4.594.43 4.514.01 4.21 4.33
6 3.14 3.61 3.88 4.304.15 4.233.96 4.013.42 3.66 3.837 3.00 4.093.79 3.88 3.96 4.03 

3.29 3.51 3.678 2.90 3.943.82 3.893.66 3.75
9 2.82 3.19 3.40 3oS5 

3.78 3.83
3.45 3.56 3.64 3.71 

2.76 3.11 3.31 3.7410 3.693.38 3.48 3.56 3.63 
11 2.72 3.06 3.25 3.62 3.67

3.32 3.42 3.50 3.56 
2.68 3.01 3.19 3.61 .12 3.51 3.563.27 3.37 3.44
2.65 2.97 U513 3.51 3.'63.23 3.32 3.40 3.46 

14 2.62 2.94 3.11 
3.523.42 3.47

3.08 3.20 3.29 3.36
15 2.60 2.91 3.44 3.483.393.05 3:11 3.26 3.33
16 2.58 2.88 3.41 3.453.30 3.36

2.57 2.86 3.03 3.14 3.23 3.4217 3Z1 3.33 3.383.12 3.21
18 2.55 2.84 3.01 3.36 3.40

3.10 3.18 3.25 3.31 
19 2.54 2.83 299 

3.383.29 3.343.17 3.232.97 3.0820 2.53 2.81 3.22 3.27 3.31·3.11 3.172.92 3.0324 2.49 2.17 3.21 3.243.11 3.162.87 2.97 3.05
30 2.46 2.72 3.14 3.183.05 3.102.92 2.99
40 2.42 2.68 2.82 3.08 3.123.00 3.042.87 2.94
60 2.39 2.64 2.78 

3.062.99 3.03 
120 2.36 3.00

2.89 2.942.60 2.73 2.82 
2.93 2.97

2.68 ·2.17 2.84 2.89
2.33 2..56'" 
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