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OUESTION ONE. 	 [ 3 + 6 + 8 + 6 + 2 marks] 

Suppose three groups of students wrote separate tests on three courses (A, B, and C). After 
recording the test scores; the scores were analyzed and the followings results were obtained: 

4 13 	 -3.220 00415 	 ]
5] [4.25 J [5.7J [3J [ 3.078x= 6 10 6 , X = 11.58 , S2 = 8.6, n = 4 , C-I = 6.536 3.873 

[ 3 12 	 7 6.17 1.6 5 

22 12 7] 	 36 17 16] 
W= 16 8 , & T = 78 10 

[	 [6 	 12 

where 	x is the matrix of means, the first row represents the means of the three courses in 
groupl, second row for group2 and third row for grOlip3; X is the vector of means of the 
three courses; S2 is the vector of variances of the three courses; n is the vector of number of 
students in the respective groups; C-l is the inverse of the symmetric pooled covariance 
matrix of group 1 and group3; W is the within sum squire symmetric matrix and T is the total 
sum of squire symmetric matrix. 

1.1 	 Test whether the students perform better in course B compare to course A at 1% level 
of significance. 

1.2 	 Test whether the performance of all courses in group 1 is different as compare to those 
in group3 at 5% level ofsignificance. 

1.3 	 Conduct F test to test the equality of population mean vectors of courses. Clearly 
specify all the steps of the test. 

104 	 Perform the one-way analysis of variance procedure to test the equality of population 
means for the three courses, separately. You only give the ANOVA tables, with two 
extra columns, one for the decisions and the other for the conclusions. 

1.5 	 Comment on the results found in part (1.3) and (104). 

OUESTION TWO. 	 [ 4 + 4 + 3 +4 + 10 marks] 

2.1 	 What is Discriminant Function Analysis? Discuss why it is important in multivariate 
analysis? 

2.2 	 Discuss the steps to obtain canonical discriminant functions. 
ft0 11 correspon mg elgenvec ors d' 02.3 	 The owmg tableshows the elgenva ues an I d t fWIB: 

Eigenvectors 
Component Eigenvalue 

Xl I x2 I X3 I ~ 
I 

Xs 

1 2.616 0.452 0.462 0.451 0.471 0.398 
2 1.532 0.051 0.300 0.325 0.185 "-().377 
3 0.386 0.691 0.341 -0.455 -0.411 -0.179 
4 0.302 -0.420 0.548 -0.606 0.388 0.069 
5 0.165 0.374 -0.530 -0.343 0.652 -0.192 

a. How many groups and variables were considered in this problem? 
b. List all the canonical discriminant functions. 
c. Assuming that the ith sample size, nj = 30 for all i; test whether each of these functions 

varies significantly from group to group. 
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OUESTION THREE. 	 [ 10 + 3 +4 +4 + 4 marks] 

3.1 	 Discuss the important properties ofPrincipal Component Analysis. 
3.2 	 Explain why the correlation matrix plays an important role in Principal Component 

Analysis. 
3.3 	 State the four steps ofthe procedure for a principal component analysis. 
3.4 	 C . d th f; II tabl .,.onsl er e oowmg e: 

Component Eigenvalue 
Xl I X2 

Eigenvectors 

I X3 I 
)4 

1 1.337 -0.407 0.617 0.673 0.036 
2 1.206 -0.567 0.345 -0.013 0.748 
3 0.762 0.710 -0.013 0.470 -0.525 
4 0.694 -0.091 -0.707 0.573 0.406 

a. 	 How many components will you have? How many components will you choose? Explain 
why. 

b. 	 List those selected components and interpret those in terms oforiginal variables, Xi's. 

OUESTION FOUR. 	 [ 8 + 2 + 3 + 2 +2 + 8 marks] 

The following tables are part of the complete output running SPSS for a set of multivariate 
variables; not necessarily from the same set of variables. Tables 1-5 are obtained running Factor 
Analysis and Tables 6-8 are obtained running Discriminant Function Analysis: 

Table 1: 

Correlation Matrix 

x1 x2 x3 x4 x5 x6 x7 x8 
Correlation x1 1.000 -.019 -.183 -.070 -.031 -.064 -.050 .085 

x2 -.019 1.000 .221 .129 .152 .031 -.165 -.144 
x3 -.183 .221 1.000 .756 .744 .650 -.358 -.733 
x4 -.070 .129 .756 1.000 .983 .865 -.583 -.962 
x5 -.031 .152 .744 .983 1.000 .809 -.508 -.937 
x6 -.064 .031 .650 .865 .809 1.000 -.699 -.900 
x7 -.050 -.165 -.358 -.583 -.508 -.699 1.000 .607 
x8 .085 -.144 -.733 -.962 -.937 -.900 .607 1.000 

Table 2: 	 Table 3: 

Total Variance Explained 

Component Initial Eigenvalues 

Total % of Variance Cumulative % 
1 4.798 59.976 59.976 
2 1.061 13.268 73.244 
3 .999 12.494 85.738 
4 .659 8.240 93.978 
5 .290 3.622 97.600 
6 .142 1.774 99.374 
7 .041 .508 99.882 
8 .009 .118 100.000 

Component Matrix II 

Component 
1 2 3 

x1 -.094 .908 .287 
x2 .192 -.286 .934 
x3 .805 -.256 .039 
x4 .974 .018 -.062 
x5 .946 .022 -.029 
x6 .921 .114 -.143 
x7 -.684 -.275 -.126 
x8 -.973 -.015 .052 

Extraction Method: Pnncipal Component Analysis. 
a. 3 components extracted. 
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Table 4: Table 5: 

Rotated Component Matrii Component Score Coefficient Matrix 

Component 

1 2 3 
x1 -.037 .956 -.004 
x2 .081 -.002 .992 
x3 .772 -.280 .202 

x4 .974 -.059 .046 
x5 .943 -.043 .073 
x6 .936 .011 -.066 
x7 -.692 -.259 -.116 
x8 -.971 .059 -.055 

Comoonent 

1 2 3 
x1 .032 .902 .020 
x2 -.068 .022 .970 
x3 .141 -.228 .126 
x4 .208 -.014 -.041 
x5 .200 .000 -.011 
x6 .213 .047 -.146 
x7 -.153 -.276 -.060 
xB -.207 .014 .031 

Extraction Method: Principal Component Analysis. Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. Rotation Method: Varimax with Kaiser Normalization. 

a. RotationUlnverged in 4 iterations. 

Table 6: 

Wilks' Lambda 

Test of Function(s) 
Wilks' 

Lambda Chi-SQuare df Sig. 
1 through 4 

2 through 4 

3 through 4 

4 

.096 

.374 

.704 

.944 

236.520 

99.244 

35.509 

5.821 

20 

12 

6 

2 

.000 

.000 

.000 

.054 

Table 7: 

Standardized Canonical Discriminant Function Coefficients 

Function 

1 2 3 4 
x2 
x4 

x5 

x7 

.424 

-.329 

-.221 

.774 

-.043 

-.881 

1.743 

.601 

-.544 
3.331 

-3.062 

.473 

.830 

2.697 

-2.472 

.340 

Table 8: 

Canonical Discriminant Function Coefficients 

Function 

1 2 3 4: 
x2 
x4 

x5 

x7 

(Constant) 

.001 

-.049 

-.037 

1.121 

3.847 

.000 

-.132 

.293 

.871 

-11.174 

-.001 

.499 

-.514 

.685 

-2.615 

.001 

.404 

-.415 

.493 

-2.498 

Unstandardized coefficients 
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4.1 	 Examine Tables 1 & 2 and explain the suitability of principal component analysis. 
How many principal components will you obtain from the original data set? How 
many principal components will you choose? Explain. 

4.2 	 How many factors were chosen in Table 3? Explain the reason. 
4.3 	 Do you agree with part 4.2? Ifnot what will you do? Explain why? List the first two 

equations of your chosen model and compute their communalities. 
4.4 	 List all equations needed to compute factor scores based on the number of factors 

chosen in part 4.2. 
4.5 	 Is it possible to say how many groups and variables were considered in discriminant 

function analysis (Tables 6-8)? If possible write the number of variables and the 
number of groups; either exact number or the range of numbers. 

4.6 	 Write all the discriminant functions and test whether each ofthose is significant at 5% 
level of significance. 

QUESTION FIVE. 	 [6+ 10 +9 marks] 

5.1 	 Discuss the differences between factor analysis and principal component analysis. 
5.2 	 Briefly discuss the different stages ofthe methods ofprincipal component factor analysis. 
5.3 	 Write the unrotated factor model along with the respective communalities using the 

folfowing table which shows the eigenvalues and corresponding eigenvectors of C-1
: 

Eigenvalue 

Eigenvectors 

XI Xl X3 X4 Xs 

3.111 
1.817 
1.204 
0.663 
0.305 

0.512 
-0.024 
-0.278 
0.016 
0.025 

0.375 
0.000 
0.516 
0.113 

-0.345 

-0.246 
0.432 

-0.503 
0.058 
0.231 

-0.315 
0.109 

-0.292 
0.023 

-0.854 

-0.222 
-0.242 
0.071 
0.783 

-0.064 
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TABLE A.l Perccnliles of the t Distribution 

Entry is teA; 11) where P{t(v) ::$ teA; v)} .. A 

teA; v) 

A. 

.. .60 .70 .80 .8S .90 .95 .91!1 
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TABLE A.:! (cI1"dudllJ) Percentiles of the I Dislribution 

.... 

J1 .98 .91S .99 .99U .99~ .991S .999S 

I 

2 

3 

4 

5 


6 

7 

8 

9 


10 


II 

12 

13 

14 

IS 

16 

11 

18 

19 

20 


21 

22 

23 

24 

25 


16 

27 

28 

29 

10 


40 

60 


120 


O.llS 
0.289 
0.277 
0.271 
0.161 

0.26' 
0.261 
0.162 
0.2til 
0.160 

0.260 
0.ll9 
0.ll9 
0.158 
O.llS 

D.llS 
O.lll 
0.ll7 
0.ll7 
0.ll7 

0.151 
O.llti 
0.ll6 
O.llti 
0.256 

0.ll6 
O.llti 
0.2.56 
O.llti 
0.156 

0.25$ 
0.254 
0.ll4 
O.lll 

O.ln 
0.617 
0.384 
0.569 
0.359 

0.5'3 
0.549 
0.l46 
0.'43 
0.l41 

0.l4O 
0.539 
b.ll1 
0..n7 
0.l16 

O.llS 
D.334 
0.l34 
D.5l3 
O.lll 

D.531 
O.S32 
O.S]l 
0.S31 
0.511 

0.511 
O.Sll 
0.5]0 
0.S3O 
0.330 

D.n9 
0.5'11 
0.S26 
0.S24. 

\.316 
1.061 
0.9111 
0;941 
0.920 

0.906 
0.896 
0.889 
0.8S3 
0.879 

0.81ti 
0.811 
0.870 
0.868 
0.866 

D.S65 
0.863 
0.861 
0.S61 
0.8~ 
0.SS9 • 
O.US 
0.8SS 
un 
0.U6 

D.U6 
O.US 
0.U5 
0.8.54 
0."4 

D.1l1 
0.848 
O.84S 
0.842 

1.963 
1.386 
1.2!l0 
1.190 
1.136 

1.134 
1.119 
1.108 
1.100 
1.Cl93 

l.nllB 
\.083 
1.019 
l.016 
I.D74 

1.011 
1.069 
1.061 
1.066 
1.064 

1.063 
1.061 
1.060 
1.059 
I.OS8 

t.OSI 
1.0.51 
I.OS6 
I.OS~ 
I.OSS 

1.0SQ 
1.045 
1.041 
1.036 

3.078 
U86 
1.638 
I..m 
1.416 

1.440 
1.415 
1.391 
1.3S3 
1.111 

U61 
I.Jlti 
1.350 
1.345 
1.341 

1.137 
I.lll 
1.130 
1.328 
1.115 

1.1U 
1.321 
1.119 
1.3U 
I.l16 

1.1" 
1.l14 
1.313 
1.1II 
1.310 

1.303 
1.296 
1.289 
1.282 

6.l14 
V120 
2.353 
2.132 
2.01S 

1.943 
1.89S· 
1.860 
J.811 
I.Bl2 

1.796 
1.182 
1.771 
1.161 
1.753 

1.146 
1.140 
1.734 
1.129 
1.115 

1.121 
1.711 
1.714 
1.111 
1.708 

1.706 
1.701 
1.701 
1.699 
1.691 

1.684 
1.611 
1.658 
I.64S 

12.706 
4.101 
3.181 
2.716 
U7l 

2.<141 
2.365 
2.306 
2.262 
1.228 

2.201 
2.179 
1.160 
2.145 
1.131 

2.120 
2.110 
2.101 
2.093 
2.086 

2.080 
2.014 
2.1)69 
2.064 
2.060 

2.056 
2.0S2 
2.l148 
2.I14S 
2.042 

2.021 
2.000 
1.980 
1.960 

I 

2 

J 

4 

5 


6 

1 

8 

9 


10 


II 

12 

11 

14 

U 

16 

17 

18 

19 

20 


21 

22 

2J 

24 

II 


26 

27 

28 

29 

]0 


40 

60 


120 


U.89S 
4.849 
M82 
2.999 
2.151 

2.612 
2.511 
2.449 

2 • .398 

2.H9 


2.328 
2.)0) 
2.282 
2.264 
2.249 

2.21' 
2.224 
2.214 
1.20' 
2.197 

2.189 
2.183. 
2.177 
2.112 
2.167 

2.162 
2. IS! 
2.154' 
1. ISO. 
2.141 

2.123 . 
2.099 
2.016 
2.054 

21.20' 
'.643 
].896 
3.298 
].00] 

2.B29 
2.1 IS 
2.634 
2.n4 
2,S21 

1.491 
2.461 
2.436 
2.4U 
2.]91 

1.382 
2.368 
2.]'6 
2.]46 
2.)16 

2.123 
2.320 
2.)IJ 
1.307 
2.101 

2.296 
2.291 
2.286 
2.282 
2.211 

2.2'0 
2.223 
2.196 
2.170 

]1.821 
6.96' 
4.541 
1.141 
1.36S 

1.10 
2.998 
2.896 
2.821 
2.164 

2.118 
2.681 
2.6S0 
2.624 
2.602 

1.'83 
2.'67 
2.Sl2 
2.539 
2.528 

1.518 
2.50S 
2.'00 
VI91 
2.48S 

1.'119 
2.473 
1.'167 
2.462 
2.4~7 

2.423 
2.]90 
2.1'. 
2.126 

42.434 
8.013 
S.041 
4.0811 
l.6]4 

].312 
1.203 
1.OSS 
2.998 
2.932 

1.819 
2.836 
2.BOI 
2.771 
2.746 

2.124 
2.7\16 
2.689 
2.674 
2.661 

2.649 
2.6)9 
2.629 
2.620 
2.612 

2.60!! 
2.598 
2.592 
2.'86 
2.'11 

2.'42 
2.504 
2.461 
2.432 

63.6-'1 
9.9ll 
5.841 
4.6001 
4.032 

1.101 
1.499 
1.J'S 
1.2S0 
].169 

].106 
3.0" 
)'oIl 
2.971 
1.941 

2.921 
2.898 
2.878 
Uti! 
2.845 

2.831 
2.819 
2.807 
2.791 
2.781 

2.119 
2.171 
2.763 
2."6 
2.150 

2.104 
2.660 
2.617 
2.516 

127.322 
14.089 
1.4!!]

'.'9. 
4.713 

4.]11 
4.029 
1.S3) 
3.690 
3.SSI 

1.497 
H28 
3.112 
3.126 
).286 

3.lll 
1.222 
3.197 
3.114 
1. "] 

1.1l5 
3.119 
3.104 
1.091 
3.071 

1.067 
3.051 
1.047 
3.038 
1.0)0 

2.tll 
2.91.5 
2.860 
2.807 

636.'90 
31.'98 
11.924 
8.610 
6.869 

'."9 

50408 

'.041 
4.181 
4.S81 

4.417 
4.)18 
4.221 
4.140 
4.073 

4.0U 
).96' 
3.922 
1.883 
].849 

3.819 
3.792 
J.768 
J.74' 
1.725 

3.701 
3.690 
3.614 
l.659 
3.646 

3..551 

1.460 
l.ll] 
3.291 
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TABLE A.3 Percentiles of lbe X' Dlttn'bulion TABLE A.4 Petcentiles of the F Distribution 
Entry is X'(A: II) whcra PIx' (.,) S X'{A; II)} .. II. 

Entry is F(A; .... PJ) where P{F(II.. PJ) S F.{A; VI, I>.t)} ... II. 

XJ(A;v) 
#lA •••.•,' 

A I 
F{A: I"It "J,)- L", 1_ A: ••• ", . --~ .005 .010 .02l ,0'0 .100 .900 . 9lO .97$ .990 .995" 

0.0'193 0.0" fl 0.0'981 0.0'193 O.OUI 2.71 l.U 5.02 11.61 7.111 

2 

I 

0.0100 0.0201 0.0'06 0.101 0.211 4.61 $.99 7.38 !I.21 1D.60 

1 
 0.072 0.11$ 0.216 0.H2 0."84 11.1..5 1.8\ 9.1' 11.14 12.B4 

4 
 0.207 0.297 0.414 0.711 /.064 7.n 9.49 11.14 13.28 14.16 , 0.412 0.H4 o.m 1.14' 1.6l 9.24 11,07 12.83 1.5.09 I6.7S 

II 
 0.676 0.872 1.24 1.64 2.20 10.64 n.-'9 14.45 16.11 IB.SJ 

7 
 0.989 1.24 1.69 2.17 2.Bl 12.02 14.07 16.01 18.48 2U8 

R 
 1.34 U, 2.18 2.73 3.49 IU6 1.",1 11.n 20.09 21.96 

9 
 1.71 2.09 2.70 l.ll 4.17 14.68 16.92 19.02 21.61 23.'9 

10 2.16 2.-'6 3.1$ 3.94 4.Rl "'.99 18.l1 20.48 23.11 25.19 
2.60 3.0' l.82 4.51 S.l8 17.28 19.68 21.92 24.13 26.16 


12 

II 

1.07 1 . .'17 4.40 $.23 6.10 111.$5 21.03 23.14 26.22 28.30 

13 
 l.n 4.11 J.DI -'.89 1.04 lUI 22.16 24.74 21.69 29.12 

14 
 4.07 4.66 '.111 6.n 1.79 21.06 23.68 26.12 29.14 31.32 

u 4.60 '.23 6.26 1.26 8,$l 22.11 1$.00 27.49 3O.n 12.10 

'.14 5.81 6.91 7.96 9.11 2U4 26.30 28.115 32.00 34.27 

1.70 6.41 7.l6 8.67 10.09 24.17 27.'9 10.19 1].41 )j.72"17 
6.26 7.01 '.21 9.39 10.16 25.99 2Ul 31.5] 34.11 37.Ui 


19 

IS 

6.84 7.63 8.91 10.12 I J.6' 21.20 30.14 32." l6.19 31.n 

10 7.41 8.26 9.59 10." 11.44 21.41 31.41 14.17 37.51 40.00 

21 
 I.O} 8.90 10.21 11.59 13.24 29.62 3l.61 3'.41 3U1 41.40 

22 
 8.64 9.'4 10,98 11.14 14.04 30.81 31.92 36.78 40.29 41.BO 

11 
 9.26 10.20 11.69 13.09 14.8' 32.01 15.11 18,08 41.604 44.18 

24 
 9.89 10.86 12.40 IU5 IU6 )].20 36.42 39.36 42.98 45.S/i 

10.n lI.n 11.12 14./i1 16.47 34.38 31.65 40.65 44.31 46.91 

26 

21 

11.16 12.20 11.84 !l.lI 17.29 U.sli 3B.89 41.92 4S.64 48.29 

27 
 11.81 12.88 14,n 1Ii.11 18.11 3/i.14 40.11 43.\9 46.96 49.64 

2B 
 12.46 IU6 lUI IU1 18.94 31.91 4U4 44.46 48.2& lD.99 

29 
 1l.12 14.26 1/i.0' 17.71 19.77 39.09 42..56 4.'1.72 4!U9 ll.14 

JO ~n.79 14.93 11i.79 18.49 20.60 4O.21i 4J.11 46.98 .50.89 jJ.ti7 
20.11 n.11i 24.41 26.11 29.0l '1.11 51.711 19.]4 lil.69 66.77 II 


,SO ~1.99 29.71 n.36 14.76 31./i9 63.11 67.$0 11.42 76..., 79.49 

60 ~S.'J 31.48 40.48 41.19' 46.46 14.40 19.01 8).)0 811.38 9Ul 


40 

10 ~].28 "-'.44 48.76 lI.74 jUl U.,] 90,-'] 95,02 100.4 IOU 

SO '1.11 '].54 fl.lS 60.39 64.28 96.S8 101.9 106.6 1Il.3 116.1 

90 '!I.20 61.7' 63".6' 69.13 73.29 107.6 11].1 III.! 124.1 128.3 


100 ~7.1] 70.06 74.n 77.91 BU6 118..1 124.3 129.6 1J5.8 140.1 

Sao",.: Reprinted. wbh permluloo. r...m C. M. 'TlIonIp."". ''''ruII&..r ........1••• P.IOI. or !he ChI-I"".... 

OIsllib.d ....... B~q II (lMll, pp. 111-19. 


,.~!. :: 
:,.ilI'""1'
.;,1I.Ma.b' • 



TABLE A.4 (cofltlnuIIII) Parcentlles of the F Di$tribulion 

Numeralar dr 
Dcn. 3 41 7 92 4dr A 

•.50 
.90 
.9' 
.975 
.99 
.99' 
.999 

I 	 ,'0 
.90 
.9$ 
.9" 
.99 
.995 
.999 

1.00 1.,0 1.71 
n.6 

161 200 216 
648 800 864 

4,Oll 5,000 MOl 
16,211 20.000 21.615 

40'.280 500,000 '40,380 

39.9 49.' 

0.667 	 1.00 1.ll 
8.5l 9.00 9.16 
18.' 19.0 19.2 
31-' 39.0 )9.2 
98.l 99.0 99.2 
199 199 199 

998.' 999.0 999.2 

1.981.82 1.89 1.94 
n.8 	 n.2 51.2 '8.9 

230 21422' 217 
900 922 911 941 

Mll ',764 5.859 l.928 
22.500 ll.oj6 23.437 23,715 

'62•.100 '76,400 "".940 '92.870 

1.21 1.25 1.28 I.JO 
9.24 9.29 9.ll 9.3l 
19.2 19.1 19.3 19.4 

2.00 2.03 
59.4 59.9 
219 241 
9n 96l 

!.98 I 6,022 
23,9ll 24,091 

598.140 602,280 

J.J2 l.ll 
9.17 9.l1 
19.4 19.4 

J9.2 39.3 39.3 39.4 J9.4 )9,4 

99.1 99.J 99.l 99.4 99.4 99.4 
199 199 . 199 199 199 199 

999.2 999.1 999.1 999.4 999.4 999.4 

.$0 

.90 

.95 

.97$ 

.99 
.99' 
.999 

0.$8$ 
$.'4 
10.1 
11.4 
34.1 
"'.6 

161.0 

0.811 
$.46 
9." 
16.0 
30.8 
49.B 

14U 

1.00 • 
'.19 
9.28 
15.4 
29.$ 
47.$ 

141 •.1 

1.06 
$.34 
9.12 
1'.1 
28.7 
46.2 

1J7.l 

1.10 
5.ll 
9.01 
14.9 
18.1 
4$.4 

1l4.6 

1.11
.ul 
1.94 
14.7 
27.9 
44.8 

1l1.B 

I.U 
U7 
8.89 
14.6 
17.7 
44.4 

131.6. 

1.16 
.US 
8.U 
14.' 
27.$ 
44.1 

1J0.6 

1.17 
3.14 
8.81 
14.J 
27.l 
41.9 

129.9 

4 .50 
.9<1 
.9' 
.975 
.99 
.995 
.999 

0.'49 
4.$4 
7.71 
12.2 
21.2 
31.J 
74.1 

0.82B 
4.)1 
6.94 
10.6 
18.0 
26.3
61.2 

0.941 
4.19 
6.'9 
9.98 
11i.7 
24.3 
,6.2 

1.00 
4.11 
6.39 
9.60 
16.0 
2l.2 
$3.4 

1.04 
4.05 
6.26 
9.31i 
U.5
22.' 
H.7 

1.06 
4.01 
6.16 
9.10 
U.2 
22.0 
'0-, 

1.08 
3.98 
6.09 
9.07 
U.O 
21.6 
49.1 

1.09 
l.95 
6.04 
8.91 
14.8 
11.4 
49.0 

1.10 
1.94 
6.00 
8.90 
14.7 
21.1 
48.$ 

5 .SO 
.90 
.9J 
.975 
.99 
.99J 
.999 

0.528 
4.06 
6.61 
10.0 
16.3 
22.8 
47.2 

0.799 
3.78 
'.79 
8.41 
13.3 
18.1 
37.1 

0.907 
3.62 
$.41 
7.76 
12.1 
16.3 
33.2 

0.96J 
J.j2 
S.19 
7.39 
11.4 
U.6 
ll.l 

1.00 
3.43 
S.05 
7. IS 
11.0 
14.9 
19.8 

1.02 
3.40 
4.9S 
6.98 
\0.7 
14.$ 
28.8 

\,04 
3.37 
4.88 
6.8S 
10.' 
14.2 
28.2 

1.0' 
3.34 
4.82 
6.76 
10.3 
14.0 
27.6 

1.06 
3.32 
4.77 
6.68 
10.2 
Il.S 
11.2 

6 .SO 
.90 
.9l 
.971 
.99 
.99S 
.999 

O.JU 
3.78 
'-99 
8.81 
13,7 
1B,6 
3'.S 

0.780 
3.46 
5.14 
1.26 
10.9 
14.$ 
27.0 

0.886 
3.29 
4.76 
6.60 
9.78 
12.9 
23,7 

0.942 
3.\8 
4.n 
6.23 
.9.U 
12.0 
11.9 

0.977 
3.11 
4.39 
S.99 
B.75 
11.$ 
10.B 

1.00 
3.0$ 
4.28 
5.82 
B.47 
11.1 
10.0 

1.02 
3.01 
4.21 
UO 
8.26 
10.8 
19•.:1 

1.01 
2.98 
4.1S 
S.60 
8.10 
10.6 
19.0 

1.04 
2.96 
4.10 
'.52 
7.98 
10.4 
IB.7 

7 .50 
.9<1 
.9S 
.91) 
.99 
.99S 
.999 

0.'06 
l.5' 
S.59 
8.07 
12.2 
16.2 
29.2 

0.167 
3.26 
4.74 
6J4 
!U$ 
12.4 
21.7 

0.811 
l.07 
4.3$ 
U9 
8.45 
10.9 
18.8 

0.926 
2.96 
4.12 
'.52 
7.8$ 
10.1 
17.2 

0.960 
2.88 
3.91 
'-29 
7,46 
9.52 
16.2 

0.983 
2.8] 
3.87 
s.12 
7.19 
9.16 
IU 

1.00 
1.78 
1.19 
4.99 
6.99 
8.89 
15.0 

1.01 
2.ll 
3.1l 
4.90 
Ii.B4 
8.68 
14.6 

1.02 
2.72 
3.6S 
4.82 
6.72 
8.S! 
14.3 

TABLE A.4 (cQnlinu~d) Percentiles of the F Distribution 

,-'I 
'\ 

Den. 
dr ,4 

1 .$0 
.90 
.95 
.975 
.99 
.99$ 
.999 

2 .'0 
.9<1 
.9J 
.97l 
.99 
.99' 
.999 

J .$0 
.90 
,9S 
.975 
.99 
.9Q$ 
.999 

4 •.50 
.90 
.95 
.975 
'.99 
.9" 
.999 

, .'0 
.90 
.9S 
.975 
.99 
.995 
.9911 

6 .'0 
~ .90 

.9' 

.97$ 

.99 

.99$ 

.999 

7 .'0 
.90 
.!IS 
.!l7S 
.99 
.99$ 
.999 

NumeUlordf 

10 12 I.! 20 24 ]0 60 120 «.. 
2.04 2.01 2.09 2.12 2.11 2.U 2.17 2.IK 2.20 
60.2 60.7 61.2 61.7 6Z.0 62.3 61.8 61.1 63.1 
242 244 246 24B 249 llO 2S2 151 U4 
969 917 985 993 997 1.001 1,010 1,014 1,011 

6.0j6 6.106 6.1S7 6.209 6,2H 6,261 6,311 6,119 6,J66 
24,224 ~4.4211 24.630 24,836 24,940 U.044 2',2lJ 1'.]59 15,464 

605,620 610.610 61$,760 620.910 6.:!l,500 626,100 6)1,340 6)],970' 616,610 

1.34 \.)6 I.JH 1.)9 1.40 1.41 1.4J 1.41 1.44 
9.3'1 9.41 9.42 9.44 9.4$ 9.46 9.47 II.4M 9.49 
19.4 19.4 19.4 19.4 19.J 19.5 19.5 19.1 19.J 
39.4 39.4 39.4 39.4 39.5 39.S 39.5 19.5 J!U 
99.4 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.$ 
199 199 199 199 199 199 199 199 200 

999.4 999.4 999.4 . 999.4 999.S 999.S 999.$ 999.$ 999.' 

1.18 1.20 1.21 1.23 1.23 1.24 US 1.26 1.27 
5.2) S.U 5.20 '.18 S.18 l.17 5.1 5 '.14 '.Il
H.79 8.74 8.70 8.66 8,64 Ul 8.51 S.H U3 
14.4 14.3 14.3 . 14.2 14.1 14.1 14.0 IJ.9 Il.9 
27.2 21.1 26.9 26.1 16.6 26.S 16.3 26.2 26.1 
41.1 4).4 4).1 42.B 42.6 41.S 42.1 41.0 41.a 

129•.2 lls.l 127.4 126.4 12'.9 12$.4 124.5 124.0 IUS 

1.11 1.1l 1.14 LIS 1.16 1.16 1.1. 1.18 1.19 
3.92 J.90 1.81 1.84 3.8) l.12 ).19 3.18 3.76 
'.96 '.91 5.86 5.80 J.17 '.15 J.69 5.66 l.6l 
B.!I4 8.75 8.61i 8.56 8." 8.46 8.31i 8.11 8.26 
14.5 14.4 14.2 14.0 \l.9 Il.B 1).7 D.6 IU 
21,0 20.1 10.4 20.2 20.0 19.9 19.6 19.' 19.1 
48.1 41.4 46.8 46.1 4H 41.4 44.7 +1.4 44.1 

1.07 1.09 1.10 1.11 1.12 1.12 1.14 1.14 \.1$ 
).30 3.27 3.24 3.21 3.19 3.17 ].14 3.12 3.11 
4.74 4.68 4.62 4.S6 4.J] 4.'0 4.4J 4.40 4.31 
6.62 6.52 6.43 6.13 6.28 6.23 6.12 6.07 6.02 
10.1 9.89 9.72 9.$l 9.41 9.38 9.20 9.11 9.02 
1l.6 1l.4 1l.1 12.9 12.8 12.7 12.4 12.3 12.1 
26.9 26.4 25.9 2S.4 l5.1 24.'1 24.1 24.1 23.8 

".0$ 1.06 1.07 1.08 1.09 1.10 1.11 1.12 1.12 
2.94 2.90 2.87 2.84 2.82 2.BO 2.76 2.74 2.72 
4.06 4.00 1.94 3.87 3.84 3.81 3.74 ].70 3.67 
'.46 S.37 3.27 '.17 '.12 '.07 4.96 4.90 4.U 
7.87 7.72 7;56 'L 7.40 7.31 7.2l 7.06 6,97 6.88 
10.1 10.0 9.8\ 9.S9 9.41 9.36 9.12 9.00 8.BB 
18.4 111.0 17.6 17.1 16.9 16.7 16.1 16.0 !l.T 

1.03 1.04 1.0.f 1.07 1.07 1.08 1.09 1.10 1.\0 
2.70 2.67 2.63 2.l9 2.n 2.56 2-'1 2.49 2.41 
3.64 l..57 3.$1 1.44 3.41 1.38 1.30 3.27 3.U 
4.76 4.67 4.n 4.47 4.42 4.36 4.2l 4.20 4.14 
6.62 6.47 6.31 6.16 6.07 5.99 S.82 $.74 '-6' 
8.18 8.18 7.97 7.75 7.6.f 1.51 1.31 7.19 7.08 
14.1 1l.7 D.l 12.9 12.7 12.' 11.1 11.9 11.7 

1133 
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TABLE A.4 (cDntinued) Percentiles of the F DIstributionTABLE A.4 (CDtltilllllldj pCCC':Rtiles of the F Distribution 

Numerator de 
Ocn. ,2 3 4 6 7 8 9dr 4 

0.499 0.737 0.8110 0.915 0.948 0.971 0.988 1.00 1.018 .50 
3.46 1.11 2.92 2.11 2.7l 2.67 2.62 2.59 2 . .16.90 
'.32 4.46 4.07 1.14 l.69 us 3 • .10 1.44 1.l9.95 
7.17 6.06 '-42 '.0' 4.82 4.61 4.'3 4.43 4.l6.97' 
11.3 8.6, 7.j9 7.01 6.63 6.37 6.18 6.03 6.91.99 
14.7 11.0 9.60 8.81 B.10 7.9' 7.69 7.j() 7.34.99' 
2M 18.1 1$.8 14.4 13.' 12.9 12.4 12.0 II .•.999 

0.494 0.749 0 •• '2 0.906 0.939 0.962 0.978 0.990 1.009 . .50 
3.36 1.01 2.81 1.69 2.61 2." 2 • .51 2.47 1.44.90 
'.12 4.26 3.86 3.63 3.48 3.37 3.29 1.23 1.18.95 
7.21 '.71 '.08 4.72 4.48 4.31 4.20 4.10 4.03.97l 
10.6 8.02 6.99 6.41 6.06 5.10 $.61 .5.47.99 '.l'13.6 10.1 8.72 7.96 7.47 7.11 6.8. 6,69 6.'4.99.5 
22.9 16.4 1l.9 12.6 11.7 11.1 10.7 10.4 10.1 


10 .'0 


.999 

0.490 0.741 0.811.5 0.899 0.932 0."'4 p.971 0.983 0.992 
1.29 2.92 2.71 2.61 2.'2 2.46 lAI 2.1lI 2.3'.90 
4.96 4.10 1.71 1.48 1.11 3.22 3.14 1.07 1.02.95 
6.94 .5.46 4.83 4.47 4.24 4.07 US 3.U 3.11.975 

.99 10.0 7.'6 6•.U '.99 '.64 '.39 '.20 '.06 4.94 
12.8 9.41 8.08 7.34 6.87 6.S4 6.30 11.12 '.97.99' 
11.0 14.9 12.6 11.3 10.-' 9.93 9 • .51 9.20 8.96 


12 .'0 


.999 

0.484 0.73.5 0.8H o.B88 0.921 0.943 0.9S9 0.972 0.981 
3.18 1.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21.90 
4.7' 3.89 3.49 3.26 1.11 1.00 2.91 2.8' 2.80.9.5 
6.H '.10 4.47 4.12 3.89 1.n l.61 3 • .51 3.44.915 
9.ll 6.93 '.95 -'.41 -'.06 4.82 4.64 4.S0 4.39.99 
II •• 8.SI 7.21 6.'2 6.07 '.76 '-S2 l.ll" $.20•99' 
18.6 11.0 10.8 9.63 8.8'.1 8.J8 8.00 7.71 7.48.999 

0.4111 0.726 0.826 0.878 0.911 O.?ll 0.949 0.960 0.970" .'0 
3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.11 2.09.90 
4.54 3.68 1.29 1.06 2.90 2.79 2.11 2.64 2.".9.s 
6.20 4.77 4.15 3.80 3 • .58 1.41 3.211 1.20 1.12.973 
8.68 6.36 5.42 4.119 4.'6 4.32 4.14 4.00 3.89.'.19 
10.8 7.70 6,48 '.SO '.37 .5.07 4.8.1 4.67 4.54.'.19" 
16.6 11.3 9.34 8.2' 7.51 7.09 6.74 6.47 6.26 


20 .lO 


.999 

0.412 0.718 0.816 0.868 0.900 D.922 0.938 o.9l0 0.9.59 
2.97 2.59 2.18 2.25 2.16 2.09 2.04 2.00 1.96.90 
4.35 1.49 ].10 2.17 2.71 2.60 2.51 2.4" 2.311.9' 
'-87 4.46 3.86 3.JI 3.29 1.13 3.01 2.9' 2.84.97S 

.99 8.10 l.U 4.94 4.43 4.10 1.87 l.70 3.-'6 3.46 
9.94 6.99 '-82 $.17 4.76 4.47 4.26 4.09 3.96.995 
14.8 9.9, H.IO 1./0 6.46 6.02 ..5.611 '.44 '.24 


24 •.so 


.999 

0.469 0.714 0.812 0.863 0.895 0.917 0.932 0.944 un 
.90 2.93 2 • .s4 2.33 2.19 2.10 2.Il4 1.98 1.94 1.91 
.9.5 4.26 l.40 3.01 2.18 2.62 2.'1 2.42 2.36 2.30 

2.70.975 '.72 4.32 3.12 3.n 1.1.5 2.99 U7 2.78 
7,112 '.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26.99 
9.H 6.66 .5.52 4.89 4.49 4.20 l.99 3.83 3.69.99S 

4,80.999 14.0 9.14 7.$$ 6.'9 .5.!l8 .s.H '.ll 4.99 

Den. 
dr .1 

NUmeralor dr 

10 12 H 20 24 30 60 120 co 

8 .'0 1.02 1.03 1.04 I.OS 1.06 1.07 1.0. 1.08 1.09 
.90 2.54 2.olO 2.46 2.42 2.40 2.lI 2.l4 2.n 2.29 
.95 3.15 1.28 3.22 3.15 3.12 1.08 3.01 2.91 2.93 
.9ll 
.99 

4.30 
.5.81 

4.20 
.5.67 

4.10 
l.n 

4.00 1.9' 
S.16 .uS 

3.89 
'.20 

1.1. 
'.OJ 

3.71 
4.9' 

1.67 
4 •• 6 

.99..5 

.999 
7.2/ 
11..5 

7.01 
11.2 

6.81 
10.8 

6.61 6.50 
10 • .5 10.1 

6.40 
10.1 

6.18 
9.71 

6.06 
9.'1 

'-9'
'.ll 

'.I .'0 1.01 1.02 1.03 1.04 1.0.s 1.0' 1.01 1.07 1.08 
.90 2.42 2.18 2.34 2.10 2.28 2.2' 2.21 2.18 2.16 
.9$ 1.14 3.07 1.01 2.94 2.90 2.86 2.19 2.1.5 2.71 
.97S 3.96 3.17 3.77 1.67 1.61 3J6 3.4' 1.19 J.n 
.99' '.26 5.11 4.96 4.BI 4.13 4.6S 4.48 4.40 4.31 
.995 6.42 6.21 • 6.03 '.83 '.73 '.62 '-41 l.30 5.111 
.999 9.89 9.l7 '.1,24 8.90 ••72 8 • .1.5 1.19 8.00 7.81 

10 ..50 1.00 1.01 1.02 1.01 1.04 1.05 1.06 1.06 1.07 
.90 2.12 2.28 2.24 2.20 2.18 2.16 2.11 2.08 2.06 
.95 
.975 

2.98 
J.72 

2.91 
3.62 

2.84 
3..52 

2.77 2.14 
3.42 J.n 

2.70 
1.11 

2.62 
3.20 

2.n 
1.14 

2.'4 
1.0. 

.99 4.8' 4.71 4.56 4.41 4.]3 4.25 4.08 4.00 3.91 
.995 
.999 

S.U 
I.n 

$.66 
• 8.45 

.5.47 
8.ll 

'.27 '.11 
7.80 7.64 

.5.07 
7.47 

4.86 
7.12 

4.1$ 
6.94 

4.64 
6.76 

12 .lO 0.989 1.00 1.01 1.02 1.0J 1.01 1.0' I.M 1.06 
.90
.9' 

2.19 
2.7' 

2.1$ 
2:69 

2.10 
2.62 

2.06 2.04 
2.-'4 2.'1 

2.01 
2.47 

1.'16 
2.11 

1.91 
2.14 

1.90 
2.10 

.97' 1.J7 3.28 3.18 3.01 1.02 2.96 2.81 2.19 2.72 

.99 4.30 4.16 4.01 3.86 1.78 1.70 ).l4 3.4' 1.J6 

.995 .5.09 4.91 4.72 4..SJ 4.41 4.13 4.12 4JJI 1.90 

.999 1.29 7.00 6:71 6.40 6.1-' 6.09 '.76 '-'9 5.42 

U .'0 0.977 0.989 1.00 Lot 1.02 1.02 1.0) 1.04 UU 
.90 2.06 2.02 1.97 1.92 1.90 1.81 1.12 1.79 1.76 
,9' 2 . .54 2.48 2.40 l.ll 2.29 2.25 2.16 '1.11 2.07 
.97' J.06 2.96 2.•6 2.16 2.70 2.64 2.n 2.46 2.40 
.99 3.80 1.61 3.52 1.11 1.29 1.21 J.05 2.96 2.81 
.9'.1S 4.42 4.2.5 4.01 3.88 1.79 1.69 3.41 3.17 3.26 
.999 6.08 UI 5.'4 S.2l 5.10 4.95 4.64 4.48 4.11 

20 .50 . 0.966 0.977 0.989 1.00 1.01 1.01 1.02 1.03 /'OJ 
.90 1.94 1.89 1.84 1.79 1.77 1.74 1.68 1.64 1.61 
.95 2.35 .2.28 2.20 2.12 2.08 2.04 1.9i 1.90 1.84 
.975 2.17 2.68 '2." 2.46 2.41 2.15 2.22 2.16 2.09 
.99 3.n 1.23 1.09 2.94 2.86 2.78 2.61 2.ll 2.42 

.99' 3.85 3.68 1.)0 1.32 1.22 1.12 2.92 2.81 2.69 

.999 5.0. 4,82 4.56 4.29 4.1$ 4.00 3.70 1.54 3.38 

24 .50 0.961 0.972 0.983 0.994 1.00 1.01 1.02 1.02 1.01 
.90 1.88 1.83 US 1.73 1.70 1.67 1.61 1..57 Ul 
.95 2.25 2.18 2.11 2.03 1.98 1.94 1.84 1.79 1.13 
.975 2.64 1.l4 2.44 2.J3 2.27 2.21 2.08 2.01 1.94 
.99 ].11 J.Ol 2.89 2.74 2.66 2.'8 2.40 2.11 2.11 
.99l 1.$9 1.42 1.2l 3.06 2.97 2 •• 7 2.66 2." 2.43 
.999 4.64 4.39 4.14 ].87 3.74 1.59 3.29 1.14 2.91 

llJ.!I 



'i'cndil A Tabl... Al"I"'ruIix A Tabl.,. tll7 

TABLE A.4 (c:ont:ludtd:} Percentiles o( the F DistributionTABLE A." (continu16d) Percenliles of Ihe F Distribution 

Den. 
N'umcnlor dr 

d( A I 2 1 " .5 6 7 8 9 

JO .'0 
.90 
.9S 
.975 
.99 
.99$ 
.iJ99 

0.466 
2.88 
4.17 
',$7 
U6 
9.18 
13.3 

0.109 
2049 
l.ll 
"./8 
'.39 
6.H 
8.77 

0.807 
2.28 
2.92 
U9 
4.1I 
S.24 
7.0$ 

D •• ,. 
2.14 
2.69 
1.25 
4.02 
4.62 
6.12 

O.B90 
2.0S 
2.'1 
3.03 
3.70 
4.23 
S.S3 

0.912 
1.98 
2.42 
2.17 
3.47 
).9S 
,U2 

0.927 
1.93 
2.31 
2.7.5 
1.30 
1.74 
4.82 

0.939 
1.88 
1.27 
2.6S 
3.17 
3.n 

" • .58 

0.94& 
I.U 
2.21 
2.57 
1.07 
3.4S 
4.39 

60 .50 
.90 
.9' 
.975 
.99 
.99.5 
.999 

0.461 
2.79 
4.00 
'.29 
7.08 
8.49 
12.0 

0.701 
2.19 
3.U 
3.93 
4.98 
HO 
7.77 

0.798 
2.18 
2.76 
3.34 
4.1l 
4.13 
6.17 

0.849 
2.04 
2.'J 
l.OI 
3.U 

• 4.14 
'.31 

0.880 
1.9.5 
2.37 
2.79 
3.14 
3.76 
4.76 

0.901 
1.87 
2.2S 
2.63 
l.12 . 
3.49 
4.37 

0.917 
1.82 
2.17 
2." 
Uj 
3.29 
4.09 

0.928 
1.77 
2.10 
2.41 
2.82 
l.1l 
3.86 

0.937 
1.74 
2.04 
2.33 
2.72 
3.01 
1.69 

120.'0 
.90 
.9$ 
.9ll 
.99 
.99' 
.999 

0.458 
Z.ll 
3.91 
S • ., 
6.U 
8.18 
11.4 

0.697 
l.lS 
3.07 
3.80 
4.79 
$.S4 
7.32 

0.7!!3 
2.1l 
2.68 
3.21 
1.95 
4..50 
",8 

0.844 
1.99 

2.'" 
2.89 
3.48 
l.92 
4.95 

O.87S 
J.90 
2.29 
2.67 
J.17 
3.5' 
4.42 

0.896 
1.82 
2.18 
2.n 
2.96 
3.2. 
4.04 

0.912 
1.77 
2.09 
2.39 
2.79 
3.09 
3.77 

0.923 
1.72 
2.02 
2.10 
2.66 
2.93 
J • .5S 

0.932 
1.68 
1.96 
2.22 
2.'6 
2.81 
3.38 

aI .SO 
.90 
.9S 
.975 
.99 
.99.5 
.999 

OAH 
2.71 
1.84 
'.02 
6.63 
7.88 
10.8 

0.693 
2.30 
3.00 
1.69 
4.61 
.5.30 
6.91 

0.789 
2.08 
2.60 
3.12 
3.n 
4.28 
5.42 

0.839 
1.94 
2.J7 
2.79 
3.12 
3.72 
4.62 

0.810 
1.8S 
2.21 
2.57 
3.02 
1.3$ 
4.10 

0.891 
1.77 
2.10 
2.41 
2.80 
3.09 
3.14 

0.901 
1.72 
2.01 
2.29 
2.64 
2.90 
3.47 

0.918 
1.67 
1.94 
2.19 
2." 
2.74 
1.27 

0.927 
1.63 
1.88 
2.11 
2041 
2.62 
3.10 

-----

Dcn. 
Numc",lor dr 

df ·f 10 12 IS 20 24 JO 60 120 aI 

30 .$0 0.95$ 0.966 0.978 0.989 0.9'.14 1.00 1.01 1.02 1.02 
.90 1.82 1.77 1.72 1.67 1.64 1.61 I.S4 1.!lD 1.'46 
.9' 2.16 2.09 2.01 1.93 1.89 1.84 1.74 1.68 1.62 
.91$ lJI 2.41 2.11 2.20 2.14 2.07 1.94 1.81 1.79 
.99 2.98 2.84 2,70 2.Sl 2.41 2.J9 2.21 2.1 I 2.01 
.99' l.l4 1.18 l.OI 2.81 2.7l 2.63 2.'12 2.10 2.18 
.999 4.24 4.00 l.15 3.49 3.16 3.ll 2.92 2.16 1.59 

60 .lO 
.90 

0.9'" 
1.71 

0.9" 
1.66 

0.967 
1.60 

0.978 0.983 0.989 
1.'4 1.51 1.48 

1.00 
1.40 

1.01U, 1.01 
1.19 

.95 

.97' 
1.99 
2.27 

1.92 
2.17 

1.84 
2.06 

1'.7' 1.70 1.6' 
1.94 • 1.88 1.82 

1.$1 
1.67 

1.47 
\..58 

1.19 
1.4& 

.99 2.63 2.'0 2.U 2.20 2.12 2.01 1.B4 1.71 1.60 

.99' 2.90 2.74 2.51 2.J9 2.29 2.19 1.96 1.81 1.69 
.999 3.54 3.12 1.08 2.83 2.69 2,5.5 2.2S 2.08 1.89 

120.'0 0.919 0.950 0.961 - 0.912 0.978 0.983 0.994 1.00 1.01 
.90

.9' 
US 
1.91 

1.60 
1.83 

US1.1, 1,48 1.4' 1.41 
1.66 1.61 Ul 

1.32 
I.4J 

1.261.3, 1.19 
1.25 

.975 2.16 2./" 1.95 1.82 1.76 1.69 1.53 1.43 1.31 

.99 2.47 2,34 2.19 2.01 1.9' 1.86 1.66 U3 1.l8 

.99' 2.11 2.54 2.37 2.19 2.09 1.98 1.7' 1.61 1.43 

.999 1.24 1.02 2.18 2•.n 2.40 2.16 1.9' 1.77 1.$4 

CD .'0 0.9l4 0.945 0.9.56 0.967 0.972 0.978 0.989 0.994 1.00 
.90 1.60 1.55 1.49 1.42 1.38 1.]4 1.24 1.11 1.00 
.9S 1.83 1.7l 1.67 1.$7 LS2 1.46 I.ll 1.22 1.00 
.97l 2.OS 1.94 1.83 1.71 1.64 U7 1.39 1.27 1.00 
.99 2.12 2.18 2.04 1.88 1.79 1.70 1.47 1.32 1.00 
.991 2.n 2.36 2.19 2.00 1.90 1.79 ..,3 1.16 1.00 
.999 2.96 2.74 2.51 2.27 2.13 1.99 

_._._---

1.66 1.4' 1.00 
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