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Question 1 

(a) There are 24 elephants in a game reserve. The warden tags six of the elephants with small 
radio transmitters and returns them to the reserve. The next month, he randomly selects five 
elephants from the reserve. He counts how many ofthese elephants are tagged. Assume that 
no elephants leave or enter the reserve, or die or give birth, between the tagging and the 
selection; and that all outcomes of the selection are equally likely. Find the probability that 
exactly two ofthe selected elephants are tagged, giving the answer correct to 3 decimal 
places. 

(6 Marks) 
(b) A couple are planning to have a family. They decide to stop having children either when they 

have two boys or when they have four children. Suppose that they are successful in their 
plan. 

(i) Write down the sample space. 
(4Marks) 

(ii) Assume that, each time that they have a child, the probability that it is a boy is 112, 
independent of all other times. Find P(E) and P(F) where E = ''there are at least two 
girls", F = ''there are more girls than boys". 

(lOMarks) 

Question 2 

(a) Suppose that X and Y are independent random variables with the same probability density 
function (pdt)f(x). Write down, without proof, a formula for the pdfofX + Y. 

(2 Marks) 
(b) Suppose that f(x) = x12 for 0 <x <2 (and f(x) = 0 elsewhere). 

(i) 	Find thepdfofW=X + Y forO <w<2 and for 2 <w <4. 
(12 Marks) 

(ii) Find the pdfofV =(X Ii. 
(6 Marks) 

Question 3 

The random variable X has the binomial distribution with probability mass function 

,(2) ~ :r
P(X = x) = lX pX (1- pr-', 	 0 <P< 1.X = 0, 1,2; 

(a) 
(i) Write down E(X), Var(X) and P(X 2) in terms of the parameter p. 

(3 Marks) 
(ii) Also find P(X =0 IX < 2) and P(X = I IX < 2), simplifying your answers as far as 

possible. 
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(4 Marks) 
(b) Let Y Xl +X2+ .... + X100 be the sum of 100 independent random variables, each distributed 

asX. 

(i) 	Explain why Y has the B(200, p) distribution. 
(2 Marks) 

(ii) Use a suitable approximation to find P(Y > 140) when p = %. 
(4 Marks) 

(iii)Use a suitable approximation to find P(Y > 2) when p = 0.02. 
(3 Marks) 

(iv)Use a suitable approximation to find P(Y :5197) when p 0.98. 
(4 Marks) 

Question 4 

(a) In a binary transmission channel, a 1 is transmitted with probability2/3 and-a 0 with 
probability 1/3. The conditional probability of receiving a 1 when a 1 was sent is 0.95; the 
conditional probability of receiving a 0 when a 0 was sent is 0.90. Given that a 1 is received, 
what is the probability that a 1 was transmitted? 

(10 Marks) 
(b) Consider the following system. Each component has a probability 0.1 offailing. What is the 

probability that the system works? 
2 

1

• I : I 
3 

(10 Marks) 

Question 5 

(c) 	A radioactive source ofmaterial emits a radioactive particle with probability 11100 in each 
second. Let X be the number ofparticles emitted in one hour. 
(i) 	What is the distribution ofX and its parameter? 

(5 Marks) 
(ii) Sketch the pmfofX. 

(5 Marks) 
(d) An electricaI component has a lifetime X that is exponentially distributed with parameter A, = 

1/10 per year. :What is the probability the component is still alive after 5 years? 
(10 Marks) 
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Question 6 

A random vector (X, Y ) has joint pdf, given by 

2yf(x,y) = 2e-x - ,x> O,y > 0 

(a) Calculate E[XY ]. 
(6Marks) 

(b) Calculate the covariance ofX + Y and X - Y . 
(14 Marks) 

Question 7 

A company manufacturing light bulbs is testing a new modeL The company is going to test the 
hypothesis that the mean life time is 1000 hours vs. the alternative hypothesis that it is less than 
1000 hours at the significance level a. = 0:02. Assume that the population distribution for life 
time is approximately normal. 

A sample of 16 light bulbs are found to have sample meani = 987.5 hours and sample variance 
S2=400. 

(a) State the critical region and answer whether the null hypothesis Ho is rejected. 
(12 Marks) 

(b) Find a 90% confidence interval for the population variance c1-. 
(8 Marks) 
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STATISTICAl. TABLES 

TAB... A.1 

Cumulatlv, Stanclardlztd Normal Dlatrlblllion 

A(z) is the integral cflb< standardized normal 
distribution from -ooto z (in other word., the 
area under the curve to the left of z). It give. the 

ilily of a normal random variable not 
oore than z standard deviatiolll abow 

mean. Values ofz of particular importance; 

z AI:) 
1.6.15 0.9500 Low..limit of ri&/U ,% I4iI 
1.%0 0.9750 Low.. timit of ri&/U 2.,% IIilI 
2.326 0.9900 Lou'" limjt of ri&/U 1% I4iISTATISTICAL 
2.576 0.9950 Lower tilDi! of ri&/U 0.'% WI 
3.090 0.9990 Lower limit of ri.bt 0,1% c.il 
3.291 0.9995 Lower limil of!!lbt 0.0'% ..il 

~ .3TABLES 
0.00 0.01 0.02 0.03 0.04 0.05 0,06 0.07 0.06 0.09 

0.0 0.5000 D.5040 0.50110 0.,.20 0.5160 0.'199 0.5239 OJ279 0.'319 OJ3'9 
0.1 0.53!111 0.5438 OJ478 0."11 0.5"7 0.'596 0.56l6 OJ615 0.5714 0.57!) 
0.2 0.5793 OJ832 0J871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141Cumulative normal distribution 0.3 0.6179 0.6217 0,62" 0.6293 0.6331 0.6361 0.6406 0.6443 0.6410 0.6317 
0.4 0.6554 0.6391 0.6638 0.6664 0.6700 0.6736 0.6712 0._ 0.6144 0.61179 

Critical values of the t distribution 0.5 0.6915 0.6950 0,6,., 0.7019 0.70'4 0.7011 0,7123 0.71'7 0.7190 0.7224 
0.6 0.7257 0.7291 0.7334 0.7357 0.7389 0.7422 0,74'4 0,7486 0.7!17 0.7549 
0.7 0.75110 0.7611 0.7642 0.7673 0.7104 0.7134 0.7764 0.7194 0.3823 0.7852Critical values of the F distribution 
0.8 0.7881 0.7910 0.'1939 0.7967 0.7995 0.8023 0.11051 0,11078 O.Bl06 0.8133 
0.9 0.81$9 0.1186 o.a211 D.11238 0.1264 0.1289 0.8m 0,8340 0.836' 0.8389

Critical valuGs of the chl-squared distribution 1.0 0.1413 0.1431 0.1401 0.1485 0.15OS 0 . .,31 0.8!" 0 . .,77 0.8599 0.1621 
1.I D._ o._ o.a686 0.8706 0.8729 0.1749 0.8770 0.87!j() 0.8810 0.1130 
l.l 0.8149 0.1869 o.alll 0.8m 0.1925 0.8944 0.8962 0.89110 0.8997 0.!j()1' 
l.l 0.9032 0.9049 0.9066 0.9012 0.9099 0.91U 0.9I31 0,9147 0.9162 0.9177 
I.4 0.9192 0.9207 0.9111 0.9236 0.9251 0.926' 0.9279 0.9292 0,9306 0.9319 
U 0.9332 0.934' 0.9357 0.9370 0.9312 0.9394 0,9406 0,9411 0.9429 0.9441 
1.6 0.9452 0.9463 0.9474 0.9414 0.9495 0.950' o,m, 0.9!25 0.9'35 0.954' 
1.7 0.955<1 D.9'64 0.9'73 0.9'12 0.9591 0.9599 O.ll6OS 0.9616 0.9625 0.9633 
I.8 0.9641 0.9649 0.9656 0.ll664 0.9671 0,967S 0.11686 0.9693 0.9699 0.9706 
1.9 0.9713 0.9719 0.9126 0.9732 o.ms 0.9744 0.9750 0.9756 0.9761 0.9767 
1.0 0.971l 0.9711 0.9783 0.9788 0.9793 0.9798 0.91103 0.9tllJS 0.!III12 0.9117 
2.1 O.!IIIl1 0.9126 0.9130 0.9134 0.!IIIl8 0.9842 0.9146 0._ 0.9154 0.9157 
2.2 0.9861 0._ 0.9868 0.9871 0.987' 0.9878 0.918\ 0.9114 0.9187 0.9190 
1.3 0.91193 O.!III96 0.9191 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916 
1.4 0.9918 0.9920 0.9922 0.99Jj 0.9927 0.9929 0.993\ 0.9932 0.9934 0.9936 
2.5 0.9931 0._ 0.9941 0.9943 0.9945 0.9946 0._ 0.9949 0.9951 0.99'2 
2.6 0.99'3 0.99" 0.9956 0.9957 0.9959 0.9960 0,9961 0.9962 O.996l 0.9964 
3.7 0.9963 0._ 0.9967 0.9961 0.9969 0.9970 0.997\ 0.9972 0.9973 0.9974 
U 0.9974 0.997' 0.9976 0.9971 0.9971 0.9978 0.9979 0.9979 0._ 0.9911 
U 0.9911 0._ 0._ 0.9913 0.9914 0.9914 0,9'1!! 0,998' 0._ 0._ 
l,O 0,9987 0.9987 0.9987 0,9!1118 0._ 0.9919 0,9989 0.9919 0._ 0.9990 
l.1 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0,9992 0.9993 0.9993 
l.l 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.999' 0.999' 0.999! 
l.l 0.9995 0.999' 0.999' 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997 
3.4 0.9997 0.9997 0.9997 0.9997 0.9997 - 0.9997 0.9997 0.9997 0.9997 0._ 
l.5 0.9998 0._ 0.9998 0.9998 0.9991 0.9991 0.9991 0.9998 0.9998 0.9991 
l.6 0.99!111 0.9991 0.9999 

:!O:~~~~~~~t~~:~~~h6:0~~;:y~":=:=;;::'~:~:=::'=to 
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TABLEA.2 TABLEA.3 

t DIII~bUllon: Crltl••1V.lu.. 01 1 FDIIVlbUllon: CrHI••1 V.luo. of F(6% Ilgnlll••n.o 10.01) 

SlgnIjlCll1fc<leve' 
" 10 12 14 16 18 20 

Deg1'Hs of 
/I't,d ... 

Two-tolled lest 
O"'-tQiI~d test 

10% 
3% 

3% 
2,3% 

2% 
1% 

1% 
0,3% 

0,2% 
0.1% 

0.1% 
0,03% 

.. 
I 161.43 199.30213,71 224.38 230,16 233,99 236,77 238,88 240,34 241.88243,91 243,36 246,46 247.32 248.01 
2 18,31 19,00 19,16 19,23 19,30 19,33 19,33 19.37 19,38 19,40 19.41 19,42 19,43 19.44 19.43 

I 
2 

6,314 
2,920 

12,706 
4,303 

31.821 
6,963 

63,637 
9,923 

318,309 
22,327 

: 636,619 
31.399 

3 
4 

10,13 
7,71 

9,33 
6,94 

9,28 
6,39 

9.12 
6,39 

9,01 
6,26 

8,94 
6.16 

8,89 
6,09 

8,83 
6,04 

8,81 
6,00 

8.79 
3,96 

8,74 
Ul 

8,71 
3.87 

8,69 
3,84 

8,67 
3,82 

8,66 
3,80 

3 2,333 3,182 4,341 3.841 10,213 12,924 5 6,61 3.79 3,41 3.19 3,03 4,93 4.88 4,82 4,77 4,74 4,68 4,64 4.60 4,38 4.56 
4 
3 

6 
7 
8 
9 

10 

2,132 
2,013 

1.943 
1.894 
1.860 
1.833 
1.812 

2,776 
2,371 

2.447 
2.363 
2,306 
2,262 
2,228 

3,747 
3,363 

3,143 
2,998 
2,896 
2,821 
2,764 

4,604 
4,032 

3,707 
3,499 
3,]33 
3,230 
3.169 

' 

7.173 
3,193 

3,208 
4.783 
4..101 
4,297 
4,144 

8,610 
6,869 

3,939 
30408 
3,041 
4.781 
4,387 

6 
7 
8, 

10 

II 
12 

3,99 
3,39 
3,32 
3.12 
4,96 

4,84 
4,73 

3.14 
4,74 
4.46 
4,26 
4,10 

3.98 
3,89 

4,76 
4,33 
4,07 
3,86 
3,71 

3,39 
3,49 

4,33 
4.12 
3.14 
3.63 
3.48 

3.36 
3,26 

4,39 
3,97 
3,69 
3.48 
3.33 

3,20 
3.11 

4.28 
3,87 
3,38 
3,37 
3,22 

3,09 
3,00 

4.21 
3,79 
3,30 
3,29 
3.14 

3,01 
2,91 

4,13 
3.73 
3.44 
3,23 
3,07 

2.93 
2,83 

4,10 
3,68 
3,39 
3,18 
3,02 

2,90 
2,80 

4,06 
3,64 
3,33 
3.14 
2,98 

2,83 
2,73 

4,00 
3,37 
3,28 
3,07 
2,91 

2,79 
2,69 

3,96 3,92 
3,33 3,49 
324 3.20 
3,03 2,99 
2,86 2,83 

2,74 2,70 
2,64 2,60 

3,90 
3.47 
3,17 
2,96 
2,80 

2.67 
2,37 

3.87 
3,44 
3,13 
2,94 
2,77 

2.63 
2.34 

II 1.796 2,201 2,718 3,106 4,023 4,437 13 4,67 3,81 3.41 3,18 3,03 2,92 2,83 2,77 2,71 2,67 2,60 2,33 2,31 2.48 2.46 
11 1.782 2,179 2,681 3,033 3.930 4,318 14 4,60 3,74 3,34 3.11 2,96 2,83 2,76 2.70 2,63 2,60 2,33 2.48 2,44 2.41 2.39 
13 1.771 2,160 2,630 3.012 3,832 4,221 15 4.34 3,68 3.29 3.06 2,90 2.79 2,71 2,64 2,39 2.34 2.48 2.42 2,38 2.33 2,33 
14 
15 

1.761 
1.733 

2,143 
2.131 

2,624 
2,602 

2,m 
2,947 

3,787 
3,733 

4,140 
4,073 16 

17 
4,49 
4.43 

3,63 
3,39 

3,24 
3,20 

3,01 
2,96 

2,83 
2.11 

2,74 
2,70 

2,66 
2,61 

2,39 
2,33 

2,34 
2,49 

2,49 
2,43 

2.42 
2,38 

2,37 
2,33 

2,33 
2,29 

2.30 
2.26 

2.28 
2.23 

16 1.746 2,120 2,383 2.921 U86 4,013 18 4.41 3,33 3.16 2,93 2.77 2,66 2.38 2.31 2,46 2,41 2.34 2,29 2.23 2,22 2.19 
17 1.740 2,110 2,367 2,898 3,646 3.963 19 4,38 3,32 3,13 2.90 2,74 2,63 2.34 2.48 2,42 2,38 2,31 2,26 2,21 2.18 2,16 
18 1.734 2,101 2,332 2,878 3,610 3.922 20 4,33 3,49 3,10 2,87 2,71 2,60 2,31 2,43 2,39 2,]3 2,28 2,22 2.18 2.13 2.12 
19 
20 

1.729 
1.723 

2,093 
2,086 

2,339 
2.328 

2,861 
2,143 

3,379 
3.332 

3,883 
3,830 21 

22 
4.32 
4.30 

3,47 
3,44 

3.07 
3.03 

2,14 
2,82 

2.68 
2,66 

2,37 
2,33 

2.49 
2,46 

2,42 
2.40 

2.37 
2,34 

2,32 
2,30 

2,23 
2,23 

2,20 
2.17 

2.16 
2,13 

2.12 
2.10 

2.10 
2.07 

21 1.721 2,080 2.318 2,831 3.327 3,819 23 4.28 3.42 3.03 2,80 2,64 2,33 2.44 2,37 2,32 2,27 2,20 2.13 2,11 2.08 2.03 
22 1.717 2,074 2,308 2,819 3.303 3,792 24 4.26 3.40 3,01 2,78 2,62 2,31 2.42 2,36 2,30 2,23 2,18 2,13 2,09 2.03 2,03 
23 1.714 2.069 2.300 2.807 3.483 3,768 25, 4.24 3,39 2.99 2,76 2,60 2.49 2,40 2,34 2,28 2,24 2,16 2,11 2,07 2.04 2.01 
24 
25 

1.711 
1.708 

2,064 
2.060 

2,492 
2,483 

2.797 
2,787 

3,467 
3.430 

3,743 
3,723 26 

27 
4.22 
4.21 

3,37 
3,33 

2.91 
2.96 

2,74 
2,73 

2,39 
2.37 

2,47 
2.46 

2.39 
2.37 

2,32 
2,31 

2,27 
2.23 

2,22 
2,20 

2,13 
2,13 

2,09 
2,08 

2,03 
2,04 

2,02 
2,00 

1.99 
1.97 

26 1,706 2,036 2,479 2,779 3.433 3,707 28 4.20 3,34 2.93 2,71 2,36 2,43 2,36 2,29 2,24 2,19 2,12 2,06 2,02 1.99 1.96 
27 1.703 2,032 2,473 2,771 3,421 3,690 2t 4.18 3,33 2.93 2,70 2.33 2,43 2,]3 2,28 2,22 2.18 2,10 2.D3 2,01 1.97 1.94 
28 1.701 2,048 2,467 2,763 3.408 3,674 30 4.17 3,32 2,92 2.69 2,33 2,42 2,33 2,27 2,21 2.16 2,09 2,04 1.99 1.96 1.93 
29 
30 

1.699 
1.697 

2,043 
2,042 

2,462 
2,437 

2,736 
2,730 

3.396 
3,383 

3,639 
3,646 35 

40 
4.12 
4.08 

3.27 
3,23 

2,87 
2,14 

2,64 
2.61 

2,49 
2.43 

2,37 
2,34 

2.29 
2,23 

2,22 
2,18 

2,16 
2,12 

2.11 
2,08 

2,04 
2,00 

1.99 
1.93 

1.94 
1.90 

1.91 
1.87 

1.88 
1.14 

32 1.694 2,037 2,449 2,738 3,363 3,622 50 4.03 3,18 2,79 2,36 2.40 2,29 2,20 2,13 2,07 2,03 1.93 1.89 1.83 1.81 1.78 
34 1.691 2.032 2,441 2,728 3,348 3.601 60 4,00 3,13 2.76 2.33 2,37 2,23 2.\7 2,10 2,04 1.99 1.92 1.86 1.82 1.78 1.73 
36 1.688 2,028 2,434 2,719 3.333 3,382 70 3.98 3,13 2.74 2,30 2.33 2,23 2,14 2.07 2,02 1.97 1.89 1.84 1.79 1.73 1.72 
38 
40 

1.686 
1.684 

2,024 
2,021 

2,429 
2,423 

2,712 
2.704 

3.319 
3,307 

3,366 
3,331 80 

to 
3.96 
3.93 

3,11 
no 

2.72 
2.71 

2,49 
2.47 

2.33 
2.32 

2,21 
2,20 

2,13 
2,11 

2,06 
2.04 

2.00 
1.99 

1.93 
1.94 

1.88 
1.86 

1.82 
1.80 

1.77 
1.76 

1.73 
1.72 

1.70 
1.69 

42 1.682 2,018 2,418 2,698 3.296 3,338 100 3.94 3,09 2,70 2,46 2,31 2,19 2,10 2,03 1.97 1.93 1.83 1.79 1.73 1.71 1.68 
44 1.680 2.013 2,414 2,692 3.286 3,326 120 3,92 3.07 2.68 2,43 2.29 2.18 2,09 2.02 1.96 1.91 1.83 1.78 1.73 1.69 1.66 
46 1.679 2,013 2.410 2,687 3.277 3,313 180 3.90 3,06 2.66 2,43 2,27 2,16 2,07 2,00 1.94 1.89 1.82 1.76 1.71 1.67 1.64 
48 
50 

1.677 
1.676 

2,011 
2,009 

2,407 
2,403 

2,682 
2,678 

3,269 
3,261 

3,303 
3,496 200 3,89 

280 3,88 
3,04 
3,03 

2.63 
2,64 

2,42 
2.41 

2,26 
2,23 

2.14 
2,13 

2,06 
2,03 

1.98 
1.98 

1.93 
1.92 

1.88 
1.87 

1.80 
1.79 

1.74 
1.73 

1,69 
1.68 

1.66 
1.63 

1.62 
1.61 

60 1.671 2.000 2,390 2,660 3,232 3,460 300 3,87 3,03 2,63 2.40 2,24 2.13 2,04 1.97 1.91 1.86 1.78 1.72 1.68 1.64 1.61 
70 1.667 1.994 2,381 2.648 3,211 3,4]3 400 3,86 3,02 2,63 2,39 2,24 2,12 2,03 1.96 1.90 1.83 1.78 1.72 1.67 1.63 1.60 
80 1.664 1.990 2,374 2,639 3.193 3,416 500 3,86 3,01 2,62 2.39 2,23 2.12 2,0] 1.96 1.90 1.83 1.77 1.71 1.66 1.62 1.39 
90 

100 
1.662 
1.660 

1.987 
1.984 

2.368 
2,364 

2,632 
2.626 

3.183 
3.174 

3.402 
3,390 600 3,86 

780 3,83 
3,01 
3.01 

2,62 
2.62 

2,39 
2.38 

2.23 
2,23 

2.11 
2.\1 

2,02 
2,02 

1.93 
1.93 

1.90 
1.89 

1.83 
1.84 

1.77 
1.77 

1.71 
1.70 

1.66 
1.66 

1.62 
1.62 

1.39 
1.38 

120 1.638 1.980 2,338 2,617 3.160 3,373 1000 3,83 3,00 2,61 2.38 2.22 2.11 2.02 1.93 U9 1.84 1.76 1.70 1.63 1.61 1.38 
180 1.633 1.976 2,331 2,609 3,143 3,337 
200 1.633 1.972 2,343 2,601 3,13\ 3.34Ct 
300 1.630 1.968 2,339 2,392 3.118 3.323 
400 1.649 1.966 2,336 2,388 3,111 3,313 

500 1.648 1.963 2,334 2.386 3,107 3,310 
600 1.647 1.964 2,333 2,314 3.104 3,307 

1.643 1.960 2,326 2,376 3,090 3.291 
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TABLE A.3 (contlnuld) 
TABLE A.3 (contlnued) 

F DI.trtbutlon: CrMI••1 V.I .... of F (1% .Ignlft"n.. 1...1) 
F Dlltrlbullon: CrIII••1Vlluel of F (1% Ilgnln••n•• II..Q 

25 30 35 40 SO 60 75 100 150 200 .. " I 10 12 14 16 18 ZO 
1 249.26 2l0.10 250.69 2l1.14 2l1.77 2l2.20 2l2.62 2l3.04 2l3.46 2l3.68 .. " 
2 19.46 19.46 19.47 19.47 19.48 19.48 19.48 19,49 19.49 19.49 140'2.1' ....SO ,40US SG4." '763.65 '151.99 5921.36 '981.07 602].47 60"-" 6106.3] 6142.67 6170.10 6191." 6201.73 
3 8.63 8.62 8.60 8.l9 8.l8 8.l7 8.l6 8.ll 8.l4 8.l4 2 98.l0 99,00 99.17 99.2l 99.30 99.33 99.36 99.37 99.39 99.40 99.42 99.43 99.44 99.44 99.4l 
4 l.77 l.7l l.73 l.72 l.70 l.69 l.68 l.66 l.6l l.6l 3 34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.3l 27.23 27.0l 26.92 26.83 Ui.7l 26.69 
5 4.l2 4.l0 4.48 4.46 4.44 4.43 4.42 4.41 4.39 4.39 4 21.20 18.00 16.69 Il.91 1",2 Il.21 14.98 14.80 14.66 14.ll 14.37 14.2l 14.1l 14.08 14.02 

6 3.83 3.81 3.79 3.77 3.7l 3.74 3.73 3.71 3.70 3.69 
5 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16 10.0l 9.89 9.77 9.68 9.61 9.ll 

7 3.40 3.38 3.36 3.34 3.32 3.30 3.29 3.27 3.26 3.2l 6 13.7l 10.92 9.78 9.U 8.7l 8.47 8.26 8.10 7.98 7.87 7.72 7.60 ",2 7.4l 7.40 
8 3.11 3.08 3.06 3.04 3.02 3.01 2.99 2.97 2.96 2.9l 7 12.2l 9.ll 8.4l 7.8l 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.36 6.28 6.21 6.16 
9 2.89 2.86 2.84 2.83 2.80 2.79 2.77 2.76 2.74 2.73 8 11.26 8.6l 7.l9 7.01 6.63 6.37 6.18 6.03 l.91 l.81 l.67 l.l6 l.48 l.41 l.36 

10 2.73 2.70 2.68 2.66 2.64 2.62 2.60 2.l9 2.l7 2.l6 9 10.l6 8.02 6.99 6.42 6.06 l.80 l.61 l.47 l.3l l.26 l.11 l.OI 4.92 4.86 4.81 

11 2.60 2.l7 2.ll 2.l3 2.l1 2.49 2.47 2.46 2.44 2.43 
10 10.04 7.l6 6.ll l.99 l.64 l.39 l.20 l.06 4.94 4.8l 4.71 4.60 4.l2 4.46 4.41 

12 2.l0 2.47 2.44 2.43 2.40 2.38 2.37 2.3l 2.33 2.32 11 9.6l 7.21 6.l2 l.67 l.32 l.07 4.89 4.74 4.63 4.l4 4.40 4.29 4.21 Ul 4.10 
13 2.41 2.38 2.36 2.34 2.31 2.30 2.28 2.26 2.24 2.23 12 9.33 6.93 l.9l l.41 l.06 4.82 4.64 4.l0 4.39 4.30 4.16 4.0l 3.97 3.91 3.86 
14 2.34 2.31 2.28 2.27 2.24 2.22 2.21 2.19 2.17 2.16 13 9.07 6.70 l.74 l.21 4.86 4.62 4.44 4.30 4.19 4.10 3.96 3.86 3.78 3.72 3.66 
15 2.28 2.2l 2.22 2.20 2.18 2.16 2.14 2.12 2.10 2.10 14 8.86 6.l1 l,l6 l.04 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.70 3.62 3.l6 3.l1 

16 2.23 2.19 2.17 2.1l 2.12 2.11 2.09 2.07 2.0l 2.04 
15 8.68 6.36 l.42 4.89 4.l6 4.32 4.14 4.00 3.89 3.80 3.67 3.l6 3.49 3.42 3.37 

17 2.18 2.1l 2.12 2.10 2.08 2.06 2.04 2.02 2.00 1.99 16 8.l3 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.ll 3.4l 3.37 3.31 3.26 
18 2.14 2.11 2.08 2.06 2.04 2.02 2.00 1.98 1.96 1.9l 17 8.40 6.11 l.18 4.67 4.34 4.10 3.93 3.79 3.68 3.l9 3.46 3.3l 3.27 3.21 3.16 
19 2.11 2.07 2.0l 2.03 2.00 1.98 1.96 1.94 1.92 1.91 18 8.29 6.01 l.O9 4.l8 4.2l 4.01 3.84 3.71 3.60 3.l1 3.37 3.27 3.19 3.13 3.08 
20 2.07 2.04 2.01 1.99 1.97 1.9l 1.93 1.91 1.89 1.88 19 8.18 l.93 l.OI 4.50 4.17 3.94 3.77 3.63 3.l2 3.43 3.30 3.19 3.12 3.0l 3.00 

21 2.0l 2.01 1.91 1.96 1.94 1.92 1.90 1.88 1.86 1.84 
20 8.10 l.8l 4.94 4.43 4.10 3.87 3.70 3.l6 3.46 3.37 3.23 3.13 3.0l 2.99 2.94 

22 2.02 1.98 1.96 1.94 1.91 1.89 1.87 1.8l 1.83 1.82 21 8.02 l.78 4.17 4.37 4.04 3.81 3.64 3.l1 3.40 3.31 3.17 3.07 2.99 2.93 2.88 
23 2.00 1.96 1.93 1.91 1.88 1.86 1.84 1.82 1.80 1.79 22 7.9l l.72 4.82 4.31 3.99 3.76 3.l9 3.4l 3.3l 3.26 3.12 3.02 2.94 2.88 2.83 
24 1.97 1.94 1.91 1.89 1.86 1.84 1.82 1.80 1.78 1.77 23 7.88 l.66 4.76 4.26 3.94 3.71 3.l4 3.41 3.30 3.21 3.07 2.97 2.89 2.83 2.71 
25 1.96 1.92 1.89 1.87 1.84 1.82 1.80 1.78 1.76 1.7l 24 7.82 l.61 4.72 4.22 3.90 3.67 3.l0 3.36 3.26 3.17 3.03 2.93 2.8l 2.79 2.74 

26 1.94 1.90 1.87 1.8l 1.82 1.80 1.78 1.76 1.74 1.73 
25 7.77 l.57 4.68 4.18 3.8l 3.63 3.46 3.32 3.22 3.13 2.99 2.89 2.81 2.7l 2.70 

27 1.92 1.88 1.86 1.84 1.81 1.79 1.76 1.74 1.72 1.71 26 7.72 l.l3 4.64 4.14 3.82 3.l9 3.42 3.29 3.18 3.09 2.96 2.86 2.78 2.72 2.66 

28 1.91 1.87 1.84 1.82 1.79 1.77 1.7l 1.73 1.70 1.69 27 7.68 l.49 4.60 4.11 3.78 3.l6 3.39 3.26 3.1l 3.06 2.93 2.82 2.7l 2.68 2.63 

29 1.89 1.8l 1.83 1.81 1.77 1.7l 1.73 1.71 1.69 1.67 28 7.64 l.4l 4.l7 4.07 3.7l 3.l3 3.36 3.23 3.12 3.03 2.90 2.79 2.72 2.6l 2.60 

30 1.88 1.84 1.81 1.79 1.76 1.74 1.72 1.70 1.67 1.66 29 7.60 l.42 4.54 4.04 3.73 3.l0 3.33 3.20 3.09 3.00 2.87 2.77 2.69 2.63 2.l7 
30 7.l6 l.39 4.l1 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.84 2.74 2.66 2.60 2.ll 

35 
40 

1.82 
1.78 

1.79 
1.74 

1.76 
1.72 

1.74 
1.69 

1.70 
1.66 

1.68 
1.64 

1.66 
1.61 

1.63 
l.l9 

1.61 
1.l6 

1.60 
I.ll 35 7.42 l.27 4.40 3.91 3.l9 3.37 3.20 3.07 2.96 2.88 2.74 2.64 2.l6 2.50 2.44 

50 1.73 1.69 1.66 1.63 1.60 1.l8 I.ll ·1.l2 1.50 1.48 40 7.31 l.18 4.31 3.83 3.l1 3.29 3.12 2.99 2.89 2.80 2.66 2.l6 2.48 2.42 2.37 

60 1.69 1.6l 1.62 1.l9 1.l6 l.l3 1.l1 1.48 1.4l 1.44 50 7.17 l.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78 2.70 2.l6 2.46 2.38 2.32 2.27 

70 1.66 1.62 I.l9 1.l7 I.l3 l.l0 1.48 1.4l 1.42 1.40 60 7.08 4.98 4.13 3.6l 3.34 3.12 2.9l 2.82 2.72 2.63 2.l0 2.39 2.31 2.2l 2.20 
70 7.01 4.92 4.07 3.60 3.29 3.07 2.91 2.78 2.67 2.l9 2.4l 2.3l 2.27 2.20 2.1l 

80 1.64 1.60 1.l7 1.l4 1.l1 1.48 1.4l 1.43 1.39 1.38 
90 1.63 I.l9 I.ll 1.l3 1.49 1.46 1.44 1.41 1.38 1.36 10 6.96 4,88 4.04 3.l6 3.26 3.04 2.17 2.74 2.64 2.ll 2.42 2.31 2.23 2.17 2.12 

100 1.62 1.l7 1.l4 1.l2 1.48 1.4l 1.42 1.39 1.36 1.34 90 6.93 4.8l 4.01 3.l3 3.23 3.01 2.84 2.72 2.61 2.l2 2.39 2.29 2.21 2.14 2.09 

120 1.60 I.ll l.l2 1.l0 1.46 1.43 1.40 1.37 1.33 1.32 100 6.90 4.82 3.91 3.l1 3.21 2.99 2.82 2.69 2.l9 2.l0 2.37 2.27 2.19 2.12 2.07 

150 l.l8 l.l4 I.l0 1.48 1.44 1.41 1.38 1.34 1.31 1.29 lZO 6.8l 4.79 3.9l 3.41 3.17 2.96 2.79 2.66 2.l6 2.47 2.34 2.23 2.1l 2.09 2.03 
150 6.81 4.7l 3.91 3.4l 3.14 2.92 2.76 2.63 2.l3 2.44 2.31 2.20 2.12 2.06 2.00 

200 l.l6 1.l2 1.48 1.46 1.41 1.39 1.3l 1.32 1.28 1.26 
250 I.ll 1.l0 1.47 1.44 1.40 1.37 1.34 1.31 1.27 l.2l 200 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.l0 2.41 2.27 2.17 2.09 2.03 1.97 

300 1.l4 l.l0 1.46 1.43 1.39 1.36 1.33 1.30 1.26 1.23 250 6.74 4.69 3.86 3.40 3.09 2.87 2.71 2.l8 2.48 2.39 2.26 2.1l 2.07 2.01 1.9l 

400 l.l3 1.49 1.4l 1.42 1.38 1.3l 1.32 1.28 1.24 1.22 200 6.72 4.68 3.8l 3.38 3.08 2.86 2.70 2.l7 2.47 2.38 2.24 2.14 2.06 1.99 1.94 

500 l.l3 1.48 1.4l 1.42 1.38 1.3l 1.31 1.28 1.23 1.21 400 6.70 4.66 3.83 3.37 3.06 2.1l 2.68 2.l6 2.4l 2.37 2.23 2.13 2.0l 1.91 1.92 
500 6.69 4.6l 3.82 3.36 3.0l 2.84 2.68 2.ll 2.44 2.36 2.22 2.12 2.04 1.97 1.92 

600 l.l2 1.48 1.44 1.41 1.37 1.34 1.31 1.27 1.23 1.20 
750 l.l2 1.47 1.44 1.41 1.37 1.34 1.30 1.26 1.22 1.20 600 6.68 4.64 3.81 3.3l 3.0l 2.83 2.67 2.l4 2.44 2.3l 2.21 2.11 2.03 1.96 1.91 

11\00 l.l2 1.47 1.43 1.41 1.36 1.33 1.30 I.Ui 1.22 1.19 750 6.67 4.63 3.81 3.34 3.04 2.83 2.66 2.l3 .2.43 2.34 2.21 2.11 2.02 1.96 1.90 
1000 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.l3 2.43 2.34 2.20 2.10 2.02 1.9l 1.90 
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TABU! A.3(contlnuedl 

TABU! A.3(contlnuedl 


F DlflrIbutlon, Cr1Il••1V.I.... of F (1% .I;nlll...........I' 

F DlltI1butlon, Crill ... V.I.... of F (0.1% .Iplll..n.......1' 


li! 341 35 48 50 ... 75 100 150 200 
.," 	
" 1 10 11 14 16 18 1. 

l.:m,o 'WI'" 'l1u1 61"" 6302n GUm en56 tJ34.li 5)44.61 6).49,91 	 ., 
2 99.% 99.47 99.47 99.47 99.48 99.41 99.49 99.49 99.49 99.49 	 1 uws '.oo.DJ SAOIOJ S.a.DS S.'MIOS 1.IkOS ",:s.m 1.98iIOS 6.Ol1IO' ~ 6.11.05 6.141OJ U'WIS U9IOJ 6.2UM 
3 26.:18 26.50 26.43 26.41 26.33 26.32 26.28 26.24 26.20 26.18 	 2 991.30 999.00 999.17 m.l5 999.30 99933 99936 999.37 999.39 999.40 999.42 999.43 999,44 999.44 999.43 
4 13.91 13.84 13.79 13.75 13.69 13.65 13.61 13.!IS 13.5. 13.52 3 167JJ3 148.'0 141.11 137.10 BU& 13l.85 1Jl.!18 13M2 129.86 129.2' 12&.32 127.64 127.14 126.74 126.42 
5 U:I 9.38 9.33 9.29 9.24 9.20 9.17 9.13 9.Q9 9.08 4 74.14 61.l5 56.18 53.44 !II.71 !O.!3 49.66 49.00 48.47 48.0' 47.41 46.9$ 46.'" 4632 46.10 

5 47.18 37.12 33.20 31.09 29." 28.83 2U6 27." 27.24 2M2 26.42 26.06 ZS.78 ZS..57 23.39
6 7.30 7.23 7.1& 7.14 7.09 7.06 7.02 6.99 6.9S 6.93 
7 6.06 5.99 5.94 5.91 '.116 5.82 5.19 !l.73 5.72 3.70 	 , 35.!II 27.00 23.70 21.92 2UO 20.03 19.46 19.03 18.69 18.41 17.99 17.68 17.45 17.27 17.12 
8 3.26 5.20 5." 5.12 '.07 '.03 5.00 4.96 4.93 4.91 	 7 29.25 21.69 18.77 17.20 16.21 15.'2 1'-62 14.63 14.33 14.08 13.71 13.43 13.23 13.06 12.93 
9 4.71 U, 4.60 4,57 4.'2 4.48 4.45 4.41 4.3& 4.36 	 8 2!1.41 18.49 15.83 14.39 13.48 12.116 12.40 12.0' 11.77 11.54 11.19 10.94 10.75 10.60 IUs 

10 	 4.31 . 4.2, 4.20 4.17 4.12 4.08 4.05 4.01 3.9& 3.96 9 n.1I6 16.39 13.90 12..56 11.71 11.13 10.70 10.37 10.11 9.89 9.57 9.33 9.1' 9.01 8.90 
10 21.04 14.91 12." 11.11 10.48 9.93 9.'2 9.20 8.96 8." 8.45 8.22 8.05 7.91 7.SO

11 4.01 3.94 	 3.&9 3.86 3.81 3.78 3.74 3.71 3.67 3.66 
11 3.76 3.70 3." 3.62 3.57 3.54 3.50 3.47 3.;13 3.41 11 19.69 lUI 1l.56 10.35 9..5& 9.05 &.66 8.35 8.12 7.92 7.63 7.41 7.24 7.11 7.01 
13 3.'7 3.51 3.46 3.43 3.38 3.34 3.31 3.27 3.24 3.22 12 18.64 12.97 10.80 9.63 U9 8,38 8.00 7.71 7.48 7.29 7.00 6.79 6.63 6.:11 640 
14 3." 3.35 3.30 3.27 3.22 3.18 3.15 3.11 3.08 3.06 13 17.82 12.31 10.21 9,07 8.35 7.86 7.49 7.21 698 6.80 6.'2 6.31 6.16 6.03 5.93 
15 	 3.21 3.21 3.17 3.13 3.08 3.05 3.01 2.98 1.94 2.92 14 11.14 11.78 9.73 8.62 7.92 7.44 7.OS 6.80 6,,. 6.40 6.13 '.93 '-18 '.66 '.56 

15 16.59 11.34 9.34 8.2, 7..57 7,09 6.74 6.47 6.26 6.08 5,81 H2 5.46 '.35 '.2'

" 3.16 3.\0 3.0' 3.02 2.97 2.93 2.90 2.86 2.83 2.81 
17 3.07 3.00 2.96 2.92 2.87 2.83 2.80 2.76 2.73 2.11 l' 16.11 10.97 9.01 7.!14 7.27 6,80 6.46 6,19 '.98 5.81 '.55 '.35 5.20 '.09 4.99 
18 2.98 2.92 2.87 2.14 2.78 2.75 2.71 2.68 2.64 2.62 17 1'.72 10.66 '.73 7.68 7.02 6,56 6.22 ',96 5.'8 !l.32 4.99 4.87 4.78,." '.Il 
19 2.91 2.14 2.80 2.76 2.71 2.61 2.64 2.60 2.57 2.5$ 	 II 15,38 10.39 8.49 7.46 6.81 6,35 6.02 '.76 ",6 '.39 '.13 4.94 4.80 4.68 4." 
10 	 2.84 2.78 2.73 2.69 2.64 2.61 2.57 2.!14 2.!IO 2.48 n ".08 10.16 8.21 7.27 6,62 6.18 5.85 "'9 '.39 5.22 4.91 4.78 4.64 4.'2 U3 

lG 1Ul 9.95 8.l0 7.10 6,46 6.02 5.44 ',]4 5.OS 4.82 4.64 4.49 4.38 4.29
21 2.79 2.72 	 2.61 2.64 2.'8 2." l.!Il 2.48 2.44 2.42 '.69 
22 2.73 2.67 2.62 H8 l.!I3 2.50 2.46 2.42 2,38 2.36 	 21 14.:19 9.77 7.94 6.95 632 ',88 '.56 ',31 5.11 .." 4.10 HI 4.37 4.26 4.17 
23 2.69 2.62 2.!17 2.54 2.48 2.45 2.41 2.37 2.34 2.n 	 2Z 14.38 9.61 7.80 6.81 6,l9 '.76 5.44 '.19 4.99 4.83 4.'8 4.40 4.26 4,15 4.06 
14 2.64 2.58 2.'3 2.49 2.44 2.40 2.37 1.33 2.29 227 	 U 14.10 9.47 7.67 6.70 6.08 '.65 ',33 5.09 4,89 4.73 4.48 4.30 4.16 4.0' 3.96 
15 	 2.60 2..!4 2.49 2.4' 2.40 2.36 2.33 2.29 2.25 2.23 24 14.oJ 9.34 1..5, 6.59 '.98 5." ',23 4,99 4,80 4.64 4.39 4.21 4.07 3.96 3.17 

2S 13." 9.l2 7.45 6.49 5.89 5.46 '.15 4.91 4.71 06 4.31 4.13 3.99 3.18 3.79
26 2.57 2.'0 2.4' 2.42 2.36 2.33 2.29 2.25 2.11 2.19 
27 2.'. 2.47 2.42 2.38 2.33 2.29 2.26 2,22 2.18 2.16 26 13.74 9.12 7.36 6.41 '-So '.38 5.07 4.83 4.64 4.48 4.24 4.06 3.92 3.81 3.72 
28 2.51 2.44 2.39 2.3!I 2.30 2.26 2.23 2.19 2.1' 2.13 	 27 13.61 9.01 7.27 6.33 '.73 5.31 '.00 4.76 4.57 4.41 4.17 3.99 3.116 3.75 3.66 
19 2.48 2.41 2.36 2.33 2.27 2.23 2.20 2.16 2.l2 2.10 	 28 13.50 8,93 7,19 6.2!I '.66 '.24 4.93 4.69 ..,0 4.35 4.11 3.93 3,80 3.69 3,60 
30 	 2.4' 2.39 2.34 2.30 2.25 2.21 2.17 2.l3 2.09 2,07 n 13,39 8.B!I 7,12 6.19 '..59 '.18 4,87 4.64 4.4, 4.29 4.0' 3.88 3.74 3.63 3.54 

341 13.19 8.77 7,0' 6.12 '.53 5.12 U2 U8 4,39 4.24 4.00 3.82 3,69 3.58 3.49 
JS 2.35 2.28 	 2.23 2.19 2.14 2.10 2.06 2.02 1.98 1.96 

2.1'40 2.27 2.20 2.11 2.06 2.02 1.98 1.94 1.90 1.87 	 3S 12.90 8.47 6,79 5.88 '.30 4.89 ..,9 4.36 4.18 4.03 3.79 3.62 3,48 3.38 3.29 
50 2.17 2.10 2.0' 2.01 1.95 1.91 1.87 1.82 1.78 1.76 	 40 12.61 82' 6.$9 '.70 '.13 4.73 4.44 4.21 4.02 3.87 3.64 3.47 3.34 3.23 3.14 
60 2.10 2.03 1.98 1.94 1.88 1.84 1.79 1.75 1.70 1.68 ,. 12.12 7.96 6.34 '.46 4.90 UI 4,22 4.00 3.82 3.67 3.44 3.27 3.41 3.04 2,9' 
70 2.0, 1.98 1.93 1.89 L83 1.78 1.74 1.70 1.65 1.62 ~ 11.97 7.77 6.17 '.31 4.76 4.37 4.09 3.86 3.69 3.54 3.32 3.U 3,02 2.91 2.83 

7. 11.80 7.64 	 6.06 5.20 4.66 4.28 3," 3,77 3.60 l.45 3.23 3.06 2.93 2.83 2.74 
iii 2.01 1.94 	 U9 U5 1.79 1.75 1.70 1.65 1.61 1.58 
90 1.99 1.92 1.116 U2 1.76 1.12 1.67 1.62 U7 1.5, to 11.67 U4 '-97 5.12 4.58 4,20 3.92 3.70 B3 3.39 3.16 3.00 2.17 1.76 2.68 

100 un 1.89 1.114 1.80 1.74 1.69 1.65 1.60 1.52 !It 11..57 7.47 5.91 '.06 4.,3 4.15 3,17 3.65 3.48 3.34 3.11 2.9' 2,82 2.71 2,63I."110 1.93 1.86 1.81 1.76 1.70 1.66 1.61 1.56 1.51 1.48 100 11.50 7.41 5.116 '.02 4.48 4.11 3.83 3.61 3.44 l.lO 3.07 %.91 2.78 2.68 2.j, 
150 1.90 1.83 1.77 1.73 1.66 1.62 1.57 1.52 1.46 1,43 110 11,38 7J1 '.78 U, 4.42 4.04 3.77 H' 3.38 3.14 3.02 2.B!I 2.n 2.62 2.53 

150 1127 7,24 5.71 4.118 4.Jj 3.98 3.7l 3.49 3,32 3.18 2.96 2.80 2.67 1.56 2.48 
100 1.87 1.79 1.14 1.69 1.63 1.58 \.53 l.48 1.42 1.39 
250 1.8$ 1.71 1.72 1.67 1.61 1.56 1.51 1.46 1.40 1.36 200 11.1' 7.1' 5.63 4.11 4.29 3.92 3.65 3.43 3.26 3.12 2.90 2.74 2.61 2.51 2.42 
300 1.84 1.76 1.70 1.66 1.59 1.55 1.50 1.44 1.38 1.35 li!O 11.09 7.10 5.59 4.77 4.25 3." 3.61 3,40 3.23 3.09 2.87 2.71 2.!IS 2.48 2.39 
400 1.82 1.75 1.69 1.64 I.!IS 1.53 l.48 1.42 1.36 1.32 300 11.04 7,07 '.56 4.'" 4,22 3.116 3.59 3.38 3.21 3.07 2.85 2.69 2.56 2.46 2.37 
500 1.81 1.74 1.68 1.63 1.57 U2 1.47 1.41 1.34 1.31 400 10,99 7.03 '.53 4,71 4.19 3.83 3.56 3.35 3.18 3.04 2.82 2.66 2.53 2.43 2.34 

500 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.'2 2.41 2.33 
1.63 1.56 1.51 1.46 1.40 1.34 1.30 
1.62 .." 1.50 1.4!I 1.39 1.33 1.29 dO 10.94 6.99 5.49 	 4.68 4.16 3.80 3.53 3.32 3.15 3.01 l.80 2.63 Ul 2.40 2,31 
1.61 	 1.54 1.50 1.44 1.38 1.32 1.28 7!0 10.91 6.97 H& 4.67 4.15 3.79 3.'2 3.31 3.14 3.00 2.78 2.62 2.49 2.39 2.31 

1000 10.89 6.96 '.46 4." 4.14 3.78 3.51 3.30 3.13 2.99 2.77 2.61 2.41 U8 2..l11 
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TABLE A.3 (continued) 
TABLE A.4

F D __OI1: Ctlji.., VII... of F (0.1% ol;nlll..n.. II..~ 

~ (ChJ.8quaradl DImll>utIon: Clitlco' Va'.... ori 
YI 15 30 35 40 50 60 75 100 ISO 100 ... Signljlcance/ew/I d.J4Ml! 6.26e:05 6.lk05 Ii,nco" d,3CM05 11.:1110$ d,3~ 6.3""'$ 6.35..0' 4,:)'-0,$ 

2 999.46 999.47 999.47 999.47 999.48 999.48 999.49 999.49 999.49 999.49 


Dogrouof 5% 1% 0.1%3 115.84 125.45 125.17 124.96 124.6(; 124.47 124.27 U4.07 123.81 123.77 
ftmIom4 45.70 45.43 4H3 45.0\1 44.88 44.7' 44.61 44.47 44.n 44.26 

5 '5.08 24.87 24.72 24.60 24.44 24.n 24.22 24.12 24.01 23.95 3.841 6.635 10.828 

5.991 9.210 13.816Ii 16.85 16.67 16.54 16.44 16.31 16.21 16.12 16.03 15.93 15.89 
7 12.69 IB3 IHI 12,13 12.20 12.12 12.04 H.9' 11.87 H.82 7.815 11.34' 16.266 
8 10.26 10.11 10.00 9.92 9.80 9.7> 9.65 9.'7 9.49 9.45 

9.488 13.277 18.4679 8.69 . 8.5' 8.46 8.37 8.26 8.19 UI 8.04 7.96 7.93 
10 7.60 7.47 U7 7.30 7.19 7.12 7.05 6.98 UI 6.87 H.070 15.086 20.515 

12.592 16.812 22.458 
U 6.22 6.09 6.00 5.93 5.83 '.76 5.70 5.63 H6 5.'2 14.067 18.473 24.322 
13 5." 5.63 5.54 5.47 5.37 5.30 5.24 '.17 l.IO 5.07 

II 6.81 6.68 6.59 6.'2 6.42 6.35 6.28 6.21 6.14 6.10 

15.507 20.090 26.12414 5.38 l.25 5.17 5.10 5.00 4.94 4.117 4.81 4.74 4.71 
IS 5.07 4.95 4.86 4.110 4.70 4.64 4.57 4.l1 4.44 4.41 16.919 2'1.666 27.877 

10 18.307 23.209 29.m16 4.82 4.70 4.61 4.54 4.45 4.39 4.32 4.26 4.19 4.16 
17 4.60 4.48 4.40 4.l3 4.24 4.18 4.11 4.0l 3.98 3.9l 

Ii 4.42 4.30 4.22 4.ll 4.06 4.00 3.93 3.87 3.80 3.77 

19 4.26 4.l4 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.'1 3.48 

21 4.00 3.88 3.80 3.74 3.64 3.'8 3.'2 3.46 3.39 3.36 

II 3.89 3.78 3.70 ).63 3.l4 ).48 3.41 3.3' 3.28 ).2' 

23 3.79 3.68 3.60 3.53 3.44 3.38 3.32 3.2l 3.19 3.16 
24 3.71 3,59 3.51 3.4' 3.36 3.29 3.23 3.17 3.10 3.07 
25 3.63 3.'2 3.43 3.)7 ).28 ).22 3.1l 3.09 3.03 2.99 


26 3.'6 3.44 3.36 3.)0 3.21 3.1, ).08 J.02 2.95 2.92 

27 3.49 3.38 3.30 3.23 3.14 3.08 3.02 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 3.11 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 2.87 2.78 2.72 2.66 2.59 2.'2 2.49 
40 2.98 2.87 2.79 2.73 2.64 2.57 HI 2.44 2.38 2.34 
50 2.79 2.68 2.60 2.l3 2.44 2.38 2.31 2.2l 2.18 2.14 

~o 2.67 2." 2.47 2.41 2,12 2.25 2.19 2.12 2.0' 2.01 

70 2.58 2.47 2.39 2.32 2.23 2.16 2.10 2.03 1.9, !.92 

80 2.52 2.41 2.ll 2.26 2.16 2.10 2.03 1.96 1.89 1.8, 
90 2.47 2.l6 2.27 2.21 2.n 2.0' I.!II 1.91 1.83 1.79 

100 2.43 Ul 2.24 2.17 2.08 2.01 1.94 1.87 1.79 1.7' 
120 2.37 2.26 l.l8 2.11 2.02 1.9, 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.&1 1.62 

200 2.26 2.15 2.07 2.00 1.90 1.83 
l!Q 2.23 2.12 2.03 1.97 1.87 
200 2.21 2.10 2.01 1.94 1.8, 
400 2.18 2.07 l.98 l.92 1.82 
500 2.17 2.0' 1.97 1.90 1.80 1.73 1.6' 

2.04 1.96 1.89 1.79 1.72 1.64 

2,03 I." 1.88 1.78 1.71 1.63 

2.02 1.94 1.87 1.77 1.69 1.62 1.53 1.44 1.38 


