Statistics Qualifying Exam

Bam-12pm, Thursday, Qe 18, 2009
Name :
1. Suppose (X7, X;) have the joint pdf. fx, s, (z.22) = 1. 0 = xy,22 < 1; 0, elsewhere. Suppose
Yi :Xl'—-.’{j ﬂnd}fg=X1 —.xg.
ia) Find the joint pdl of (¥, ¥3).
(b)] Find the marginal pdfs of ¥7 and ¥3,

2. Bhow that if X, converges to X in distribution and ¥, converges in probability to 0, Then X, + ¥,

converges to X in distribution.

3. Let X be a random variable with moment generating function My (t). —h < I < h. Prove that:
(&)
PiX>a)<e ™Mxy(1),0<t<h,
(b)
PiX <a)y<e™™lMu(t) . <h<t <0
4. Two independent. observations X; and X; are available from a Poisson(A) distribution. For testing
Hp:d=4vg Hy:A=8,
{a) Find the Type I error probability of the test that rejects Hy when X + Xo = 6.
(b) Find the Type | ervor prob. that rejects Hy when both X and X5 arve larger then 4
(e} Find the power of the test that rejects Hy if X7 + X2 > 6 and also rejects Hy with probability

05l X;+X:=06

B Let Xq.. 00 X be Lid, uniform{0.15. 50 fxle) =1 lor e e (0,1) and Fylr) = = for ¢ & (0,1). Let
Y1 =¥ £ --- <Y, be the order statistics of Xy...., X
{a) Find the pdf of Y, and also find E(Y,} and Var(¥,).
(b} Show that Y5, 15 a sufficient statistic of #.

(e} Tt s well known that the distribution of Y, belongs to a complete family, Find the minimam

variance unbiased estimator (MVUE) of ¢,
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6. The followimg data represent the running times of films produced hy 2-motion-picture companies:

Company Time (minutes)
1 86, 79, 85, 83, 82
2 H1, 165, 97, 134, b2, 87, 134

Use the SAS output below to test the hypothesis that two average running times of films are equal.

Use o = .05 and assume the distributions of times to be approximately normal. Use o = .05,

The TTEST Procedure

company N Mean 5D
1 3 53 2.7386
2 7 11143 30675

variances  DF  tValue Pr > |t
Equal 10 -2.04 LGRD
Unequal 6.13  -2.44 0487

7. For two-way ANOVA model with unequal sample size, we know that their type 1 and type TIT sum of
squares are not the same. This is due to the fact that Type [ 55 weights each observation equally,

while Tvpe 111 85 weights each treatment equally.

Consider the bone data set where factor A is gender, o = 2 levels: male, female; and factor [ s bone
development. b = 3 levels: severely, moderately. or mildly depressed. The sample sizes are 4,2, 1 for
male and 1,3, 4 for female. We use n contrast to see what is being ealeulated for type 1 and type 11
58, Use the [ollowing model;

'}"jk = o i (il e

(&) What are the type 1 and type U contrast statements (in SAS) for gender effect, the hypothesis
is Hy : tmate = [tfemale-

{b) Find the type I and type III contrasts for bone effect, Ho @ (ficoere + Broderate )2 = JMmitd-
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8. The electric power constumed each month by a chemical plant is thought to be related to the average
ambient temperature Xy, the number of days in the month X3, the average product puarity Xy, and
the tons of product produced Xy, The past year's historical data are available, Consider all 4 variables
as covariates in the multiple regression model with normal errors. Use the following information.with
n= 12

Analysis of Variance

Sum of Mean

Source DF Squares Sguare F Value Pr=F
Model 4957.24074

Error

Corrected Total G656, 25000

Parameter Estimates

Parameter  Standard
Variable DF Estimate Error  t Value Pr > [t

Intercept 1 -102.71324  207.85885 (.49 06363
¢ | 1 0.60537 0.36890 1.64 0).14458
x2 1 502364 5.10052 1.68 0.1361
%3 1 1.43746 2.39162 (.60 (1. 5668
x4 1 001361 [L73382 0.02 (L9867
Number in
Model R-Square Cip) AlIC MSE SSE  Variables in Model

L 0.6446 17471 674074 23657670 2366.767H6 2
(L5647  3.9371 6O.8307 280.73308 2897.3307Y xl
0.0024 193586 797922 O664.03676 664036765 x3
00001 194218 TORIO8 66656870 6655686095 x4
0.7314 13665 66.0471 19866230 1787.96148 x1 x2
0.6463 36989 693479 26156262 2354.06360 %2 x3
(6447  3.7437 694082 262.77130 2364.94169 x2 x4
06412  3.8385 695194 265.32872 238T7.95845 x1 x3
0.5648 58352 TI.E3TT 321.87210 280684886 x1 x4
0.0026: 21.3539 S1.7901 T3T.69185 G6639.22662 x3 x4
0.7447  3.0003 67.4353 212.38650 1699.09274 x1 x2 x3
0.7316  3.3612 6B.0386 223.33621 1786.68970 x1 %2 xd
0.G466 56930 71.3406 204079506 2352.63647 x2 x3 x4
0.6414 58343 T1.5143 209836753 2386.94025 x1 x3 x4
0.7447 50000 69.4347 242.T1561 1699.00926 x1 x2 x3 xd

s o L0 G0 L0 bl b2 B B hD DS e e

(a) Find the ftted regression model of Y5 = 3+ 51 X7 + X + H X0 + 30Xy, + o and complete
the ANOVA table.

(b) Predict power consumption for a month when X, =75, X = 24, Xy = 90, and Xy =95,
(e) Test the hypothesis Hy 1 3y = 3y =0 v.s. Hy @ not Hy,

{d] Perform a stepwise regression using a o = U5 level of significance for entering and staying.




0 The efect of cultural backeround on group decision making was studied by an experiment. Sixteen
teams of students were formed and assigned a task. One of response variables was the mummber of group
interactions prior to the final group decision. Eight teams considered of foreign students, eight of 1.5
students, Half of the teams consisted of eight members, the other half of tour members. Two foreign
ohservers were used for the foreign teams, and two U5, observers for the U5, teams. Thus the design

may be represented as [ollows:

.5, Teams {i=1}) Foreign Teams [i=2)
Observer 1 Chserver 2 | Ohserver 3 Ohhserver 4
Size of Team (k=1) [le=2} {k=1} [k=2)
4 members replication 1 replication 1 replication 1 replication 1
(i=1) replication 2 replication 2 | replication 2 replication 2
8 members replication 1 replication 1 replication 1 replication 1
{i=2] replication 2 replication 2 | replication 2 replication 2

The appropriate model is:
Yijim = pi 4+ o + 0+ qng + (@i + (37 k) + ¢ishom

where:

1 1s an overall constant,

irg are the fxed nationality efects,

3; are the fixed team size effects,

~i(1} are the randeom observer (within nationality) elfects,

ferif)y; are the nationality-team sige interaction effects.

(37 )0 are the team size-observer interaction (within nationality) effects and

toikm 8Fe random error terms,
(a) Write down the appropriate model assumptions (coustraints and distributional assumptions] for
this madel.

(bi Write down the ANOVA table including the explicit form of sum of squares, degrees of freedom

{ilf} and Expected Mean squares (EMS).

(v] To test whether or not cach offect is sipniicantly different, state the appropriate hypotheses atl

the corresponding £ stalistics.
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Tables T3
Probability

Table entry for z is the \ o

area under the _ N

standard narmal curve s S

to the left of 2, z
"'Th'B IF A === o e L TR T A e 1 SR o e T g T S 4 e o T S e e i
Standard normal probabilities (continued)

z 00 01 A2 A3 04 05 06 07 08 N9
0.0 5000 5040 G080 5120 G160 199 5230 5270 5319 5359
0.1 L5108 5438 5478 aal7 T 3596 5636 5675 5714 5753
0.2 5793 5832 5871 5910 5048 SO87 L6026 G064 6103 G141
0.3 BTG H2LT 5255 6293 B33l 6368 6406 6443 6480 b517
0.4 6554 B581 G628 6 L7000 HT36 BTT2 JAHRDE JGR44 HETY
0.5 .6915 L6950 L6085 7019 7054 JTOBA 7123 7157 7190 7224
0.6 T257 7291 T324 J357 L1389 7422 Td454 486 it By 7549
0.7 L7580 L1611 THE2 7673 1704 Rer it 164 794 7823 o0l
0.8 7881 7910 7939 TO67 L7995 8023 8051 8078 B106 8133
0.9 8159 8186 8212 8238 8264 8289 8315 B340 8365 B389
1.0 | 8413 B438 846l 8485 LB508 8531 B354 8577 JB509 Ba2l
1.1 B&43 Boa5 JBORG BT08 A729 B749 BI70 8790 H810 HE30
1.2 (8849 BBaY JBERR 2907 B925 8944 BOa2 BYB0 2097 O015
1.3 8032 9049 9066 0082 8099 9115 2131 9147 9162 BT
1.4 o192 9207 0333 9236 8351 9265 5278 8252 9306 8319
15 9332 0345 L 9370 8382 53949 B 06 B418 9429 Bdd ]
1.6 452 5463 0474 D454 9495 9505 9515 9525 D535 L9545
1.7 9554 8564 8573 9582 9391 o500 a8 A6le Bp25 9633
1.8 G641 Q549 0656 D664 S671 9678 T4 9693 0699 9706
1.2 9713 9719 09726 0732 0738 9744 TS50 9756 0761 STaT
2.0 9772 o77e 8783 9788 9793 8798 9803 9808 G812 D817
2.1 BE21 8826 BE30 D834 S838 OB43 0846 GR350 0854 857
ik BT 64 BR68 981 OBT5 O8TR . .988] JUBEd D887 SES0
23 L9893 9896 .OROR 5901 9904 8806 ooy 991 ] 9913 8914
2.4 8918 8920 a2z 0925 8927 9929 9931 a3z 0934 9936
15 9933 9940 894 5943 9945 9944 9948 949 9951 9952
2.6 8953 9955 950 5957 8259 0960 9961 B962 O963 L0064
27 9965 0966 0967 9968 9969 9970 9971 ao72 8973 0974
28 Ha74 8975 0976 0977 8977 9978 9979 S99 G980 9981
o) JU9g1 Dag2 B9R2 0983 S984 B984 9985 SUES SO8EG 8986
3.0 9087 AuUsT OgRy LOER 2954 SHO9RG AYEG Augy L 9991
31 Sag90 Jgo 899] O0ug| 99932 5992 8992 L0992 9093 8993
32 9943 9093 0G4 904 9904 8994 8994 gugs 9095 9995
3a 0995 3995 84995 9996 BE26 8994 9904 99946 9996 Q97
id 0997 aua7 2997 gaa7 997 L aaqy u97 0ou7 Suag




Tables | T-11

Table entry for pand C is

the critical value t with
probability g lying to its f,/ .
right and probability C lying R

Probability

between —1' and t°. £
Bl e R O e e T e e B A 2 e T T S AT S ™ LAt T VN e it o R s S P R s 1 T T T
t distribution critical values
Upper-tail probability p
df 25 20 ki JHE 05 025 02 A1 05 L0025 A0 005
| 1.000 1.376 1.963 3.078 0314 1271 15,89 31,82 H3.66 127.3 318.3 a36.6
2 0816 1.061 1.386 |.&&A 2,920 4,303 4,549 55965 9025 14.09 22,33 &1.60
3 0.765 0.978 1.250 1.638 2353 3182 3.4K2 4.541 5841 7.453 10.21 12.92
4 0,741 941 |19 Eaad 2132 2776 2.994 3.747 4.604 5.508 T.173 8.610
5 0.727 0.920 1.156 1.47&a 2.015 2.5 27357 3345 4.032 4,773 5.893 6.869
£ 0.718 0,906 1.134 1.440 1.943 2.447 2.612 3.143 3707 4 317 5,208 5.959
T 711 L2896 1.115 1 415 1.895 2365 2517 24998 3.499 4.02%9 4. 785 5408
2 0,706 0.859 1,108 1.397 1.560 2306 2.449 2.896 3.3558 3833 4,501 3.041

B 0.703 0.883 1.100 1.383 |.833 2262 2.398 . 74| 3.350 3.690 4,287 4.781
1o Q.700 (0.879 1.053 1.372 1.812 2,228 2.359 2,764 3.169 1581 4,144 4.587
11 0.697 0.874 1.088 1,363 1.7946 2,201 2318 2.718 3106 1447 4025 4.437

12 0,695 .873 1.083 1356 1.782 279 2.303 21681 3055 3.428 3.930 q4.318
13 0.644 (870 1.07% 1350 1771 2160 2,287 2.630 3012 3372 3852 4.2
14 0.6%2 (. HEE 1.076 1.545 l.7al 2,145 2,264 2.624 2977 33xa 1787 4.140
15 1,651 0.866 1.074 1.341 1753 Bl 2,249 2602 2,947 3286 3.733 4.073
16 0.6%0 (.8635 1.071 1.337 1.746 2120 rE 2,583 2,921 252 F.a86 4.015

17 0.689 L2863 1.069 1.333 1740 2.110 2224 2567 2,898 322 1648 3.965
18 0.688 (hB62 1.067 1.330 1.734 2.1 2,214 2,352 2878 31497 36l 3922
19 (0.688 .861 1.066 1.328 1.729 2,053 2,205 2.539 2,861 1174 3.379 3.BE3

A0 0.687 0,860 1.0o4 1335 | 725 2.086 Z.197 2528 2.845 3153 31.552 3.830
2] 0,686 0.859 1,063 1.323 L1721 2.080 2,189 2518 2831 3135 3.527 1819
21 0,686 0658 1.061 1,321 1.717 2.0 2,183 2.508 2,849 3119 3.505 3,792
23 0,685 0858 1.060 L3119 1.714 2,069 AT 2.500 2807 3104 3485 3768
24 0,685 0.857 |.055 [.318 1711 2064 2172 2,492 2797 309l 3.467 3745
25 (1.ob4 [.856 I 058 I.316 1.708 2 060 2167 2,485 2,787 3.078 3.430 3725
26 0.684 [.856 1.058 1315 1.706 2058 2162 2479 2000 3067 3.435 3,707
27 0664 0855 1.057 L3154 1,703 2052 2.158 2.473 2.7 3.057 3421 3650
28 1683 0.855 |.0156 1,313 1,701 2048 2154 Ean7 2.703 3047 3.408 1674
24 0.683 0.854 1.055 L3E] 1699 2045 2,150 2462 2.750 3,038 3.3% 3.659
30 0683 .854 1.055 1.310 1.697 2042 2147 TA457 2750 3.030 3,385 1046
Ml (.ol 0851 1051 1303 1. 0fid 2020 2123 2423 2,714 2471 3307 3.531
1] L6774 (1.849 17 12494 I.676 2008 | 2403 Zo7h 2937 3261 3490
il 0674 D848 1045 |.25940 167l 2.000 2099 2390 600 2915 3232 3.460
&l D&78 0,846 043 1.292 I 1990 2086 2374 1.a3Y 2,887 3.195 jdio
(sl [Lav7? LT 1042 |.29d | .t 1.984 21081 2364 2.6la 287 3174 3,390
1 200 La7s (842 |.037 1.282 I.o4e |62 2.056 2330 2.581 2813 3.095 3,300
z N.674 (41 1036 1282 | 043 (4] 2054 2326 2,576 2807 3041 ki |
Sl il il By Q0% G5t et D55 S9% 99 5% B0 8% 9996

Confidence level £
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1
T-12 Tahles

‘\\
kS
%
Probability p
Table entry for p is the
B e i
critical 1.'r.E'|UE £ _wnh z e
probability p lying to b
its right. F
T ITR:BLE,E oL e i L T S St s e s e e o A e Al
F eritical values
Degrees ol frecdam in the numerator
p 1 z 3 4 5 & 7 B g
o0 349,86 458.50 53.59 55.83 57.24 58.20 AH.E 5444 S9.66
50 lal.45 199,50 215.M 224.58 23016 23399 236,77 23848 2401.54
I 025 647,79 799.50 B, 16 459 58 921:85 937.11 948,22 Q5666 963,28
10 4052.2 4999.5 5403.4 5624.6 3736 5859.0 A9IE.4 59681.1 6b2l.5
.0al 405284 EILUEHE S403749 SH2500 576405 585937 592873 SUE 144 Bl2284
00 B.33 2.00 2.16 9.24 929 9,33 .35 9.37 9.38
50 18,51 1900 9.6 19.25 1930 19.33 19.35 19:37 1938
2z 25 38.51 39,00 3917 39.25 39,30 39.33 39.36 3037 39838
210 98,50 99.00 L A 99.25 99.30 9932 09,34 99,37 80.39
L1 9498.50 999.00 ST 999,25 944,30 999.13 Qo9.36 Sa9.37 099.39
& 00 354 5.46 539 5,34 531 5.28 5.7 oA 5.24
o a0 1013 9.53 9.28 2l 9.1 B.44 8.84 KBS am
o 3 D25 17.44 1604 15,44 15.10 14,88 14,73 14.62 14.54 14.47
H 010 34.12 082 2046 2871 28,24 | 2367 27.4% 2735
2 001 1a7.03 148.50 141,11 137.10 134.58 13285 k31,58 130.62 [29.86
)
k=
= a0 4.54 4.32 4,19 4.110 4.05 4,01 398 395 44
i 050 (A 6.94 biad 6,39 .26 G.16 6.09 &0 6.00
= 4 A25 12.22 1065 9.9% 9.600 9.36 G20 9.07 894 B2
E A1 21.20 18 [ .65 15,44 1552 1321 14,98 1480 14.66
= LEH 74,14 L fer] S6.18 5344 1.7 5053 45,66 au.0q 4847
o
= 100 4,006 3.78 142 3,52 3.45 3.40 3.37 334 3.32
n Al il 3,09 Sl 5149 .05 4495 4.58 4.82 4,77
i 5 D25 101 8,43 7.0 .39 A ] 648 &.45 6,76 (i
% RANH 16.26 13327 12.06 1139 1047 1067 1046 161,24 (A
o 0| 4718 32 33.20 31.00 2975 28.53 816 2165 27.24
1aa 178 346 3258 318 301 305 201 208 2.96
050 599 .14 4,76 4.53 4.34 4.28 4,21 415 4.10
fi 0zs B8l 7.26 B.60 6.23 5.99 5.82 5.70 360 552
Ak [3.75 1092 078 9,15 8.75 8.47 H.26 a.10 T.98
LI 3551 27.00 2300 1182 200,HD 003 19,46 1903 [8.69
100 3.59 1,26 3.07 2.96 2.8 2,83 2,78 2.75 1,72
150 5.54 4.74 4.35 4,12 .97 IAT 3.9 F3 168
iy 25 /.07 .54 A9 552 5.29 o 4.949 440 4.82
Ao 225 855 f.45 7.45 746 719 G.99 .84 6.72
RHH 29.25 i 1877 17210 16:21 1553 15.02 1463 14,33




Tables T43

~ Probability p
Table entry for p is the
critical value F° with
probability p lying to = S
its right. F
e b e me Cp R e s R == = e = e — e M ——
F critical values (continued)
Degrees of Freedom in the numerator
i 12 15 20 25 an 40 50 i 120 ({14
60,15 &60.71 61.22 61.74 62.05 b2.26 62.53 62.69 62.79 63.06 63.30
241,38 24391 24595 248.M 249 26 25010 251.14 251,77 252,20 25325 254,19
968.63 976.71 984 .87 ou3an 99§03 [0071.4 1005.6 1008.1 1009 8 10140 2.7
G554 al6.3 6157.3 &G2008,7 62398 G266 f2fioH 6025 6313.0 B304 63a2.7
605621 B10668 &15764 620908 624017 BRE09S 628712 630285 631337 633972 636301
9,39 .4l 9.42 9.44 9.45 946 9.47 247 0.47 948 9.49
19.40 19.4] 19.43 19.45 19.46 1246 19.47 19.48 19 48 19.49 19.49
19,40 39.41 39.43 19 45 19.46 19.46 15,47 19,48 39.48 39 49 19,50
44,40 9943 9043 99.45 G4, 46 99.47 9947 99.43 00 48 99.49 99,50
099 40 goq 42 095,43 994945 099,46 Qo0 47 094047 Goa.4R 599 48 009 49 299.50
2.23 522 5.20 518 51T 517 5.16 515 515 5.14 513
B.79 B.74 .70 B.66 B.63 B.62 B39 558 857 #.35 853
|4.42 14.34 14.25 14.17 14.12 14.08 14.04 14.01 13.99 13.95 13.91
27.23 2705 2687 26.649 2658 26.50 26.41 26,35 2632 26.22 26.14
129.25 128.32 127.37 126.42 125.84 12545 124.96 124.66 124,47 123.97 123.53
392 350 387 154 383 382 3.80 3.80 R 3.78 376
3,46 5.9 5.86 5.80 5377 5.75 5.72 570 5.69 366 5.63
B.84 B.75 B.66 8.56 8.50 HoAb H.41 B35 B.36 3.31 5.26
14.55 14.37 14.20 4.02 F2:91 13.84 13.75 13.692 13.65 13.56 13.47
48.05 4741 46,76 46,10 45,70 4543 45.04 44 HE 44.75 44.40 44.09
3.30 3.27 324 321 3.19 317 3.16 315 314 312 3.1
4.74 4,68 4,62 4.56 4.52 4.50 4.46 4,44 4.43 440 4,37
6.62 6,52 f.43 633 6.27 623 6,14 f.14 6.12 .07 .02
10,05 980 9,72 9.55 G.45 9.38 a9.29 9.24 .20 911 .03
26.92 26.42 2599 25.39 25.08 487 24.60 1444 24,33 24 6 2382
294 2.90 2.87 2.84 281 2,80 2.78 277 2.76 274 172
4.06 4.00 3.94 1.87 183 181 377 3.75 374 370 367
2.46 537 527 5.17 511 5407 301 4498 4,96 R 4. 86
7.87 172 T.56 7.40 7.30 T3 T4 7.04 7.06 &.497 6.8y
1 H.d 17.99 17.56 Pk 1&.85 l&.&67 1644 1631 16.21 1598 1577
2.70 267 2.63 2,549 1.57 2.56 2.54 252 2.51 2.44 247
364 3.57 3.5l 344 3.40 3.34 3.34 3.32 3.30 327 123
4,76 4,67 4.57 4.47 4.40 434 4.31 .28 4.25 4.20 415
6.62 .47 6.31 b6 606 5.09 5.91 586 ARl 574 .66
| 4.08 13.71 13.32 12.93 12.69 1253 12.33 12.20 12,12 11.9] 11.72

(Contrinneied )



T-14 Tables
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Er T AR
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F critical values (cominued)
Degrecs of [recdom in the nomeraior
" i 2 3 4 5 ] 7 ] u
100 148 A1 292 281 2.73 2,67 2.62 350 2.56
050 5.32 4.46 4.07 3,84 3.64 1.58 3,50 3.44 3.39
] 025 7.57 6.08 5.42 5,05 4.82 4.65 4,53 4.43 4.36
010 1126 B.65 7.50 7.01 .63 6.37 6.8 6.03 5.91
001 25.41 18.49 15,83 14.39 1348 12.86 12.40 12.05 .77
100 .36 3.0l 2.81 269 2.61 2,55 251 247 2.
050 512 4.26 3.86 363 3,48 337 3.29 323 318
4 025 7.21 5.71 5.08 4.72 4.4 4.32 4,20 4.10 4.03
010 10,56 8.02 6.99 6.42 .06 5.80 5.61 5.47 5.35
00l 22.86 16.39 13.490 12.56 11.71 11,13 10,70 10.37 10.11
100 1.29 2.92 2.73 2.61 152 246 2.41 238 2.35
030 4.96 4.10 ATl 348 3.33 n 1.4 3.07 3.02
10 025 6.94 5.46 4.83 4.47 424 4.07 3.95 3.85 3.78
010 10,04 7.36 6.35 5,99 5.64 5.39 5.20 5.06 494
001 21.04 14.91 12.55 11,28 10.48 9.93 9.52 9.20 8.96
00 1,23 2.86 2.66 2.54 2.45 2.39 2.34 230 2.27
050 4.84 3.98 1.59 3.36 3.20 3.09 301 1.95 2.50
& n 025 6.72 526 4.63 42§ 4.04 3.88 376 366 359
g 010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63
8 001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 835 8.12
2
= oo 318 2.81 261 2.48 .39 2.33 2.28 224 221
g 050 475 3.89 3.49 3.26 301 3.00 291 2.85 2.80
2 12 025 6.55 5.10 4.47 4.12 3.89 173 3.61 351 344
016 933 £.93 5.95 541 5.06 4.82 4,64 4.50 4,39
= 001 15.64 12.97 10:80 9.63 8.89 8.38 £.00 7.71 7.48
=
3 100 314 2.76 2.56 243 2,35 2,28 3.23 220 2.16
2 030 4,67 3.81 141 318 3.03 2.92 2.83 2.77 2.71
o 13 025 6,41 497 4.35 4.00 377 3.60 3.48 339 3.31
s 010 907 6.70 5.74 5.24 4,86 4.62 4.44 4.30 4.19
g 00l 17.82 12.31 10.21 9.07 8.35 7.86 7.49 7.21 .98
a 100 3.10 2.73 2.52 2.39 231 2.24 2.19 215 312
030 4.60 3.74 3.34 311 1.96 2.85 2.76 2.70 2.65
14 025 6.30 486 4.24 3.89 1.66 350 338 329 3.21
010 §.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03
ool 17.14 11.78 9.73 4.62 7.92 7.44 7.08 6.80 6.58
on 3.67 2.0 249 2,36 2.27 2.2i 2.16 2132 2,00
a0 4.54 1.68 3.9 306 2.90 2,74 2.7 2.64 2.59
15 n2s .20 4.77 4.15 1.80 158 341 3.29 320 312
o 568 f.36 5.42 4.89 436 4.32 4.14 4.00 3.89
00l 16.59 11.34 9.34 8.25 7.57 7.09 674 6.47 .26
100 3.05 2.67 2.46 2.33 2.24 218 213 2,00 2.06
050 4.49 163 3.24 301 2,85 2.74 2.66 2.59 2,54
16 025 6.12 4.69 4.08 173 1,30 3.34 3.22 312 3.05
010 B.53 6.23 5.29 4.77 4,44 4,20 403 .89 374
aj 16,12 10.97 9.01 7.94 7.21 6,51} .46 6.1 5.98
100 3,03 2.64 2.44 231 2,32 215 2.10 2.06 31.03
050 4.45 359 320 296 281 2.70 2.6 2.55 1.49
17 D5 b.04 4.62 4.01 366 3 3,28 306 3.06 298
010 8.40 6.11 519 4.67 4.34 410 3.93 379 3.68
01 15.72 11366 8.73 768 7.02 .56 6:22 596 5.75




Tables T-15

- TABLE E TR Sl Rt Ly e e ) - T ———— T S—

F critical values (continued)

Depiees of [veedomiin e nuemesator

1 |2 5 20 ) a0 4n a0 ol} 120 10630
354 2.50 2.46 242 ] 2.38 236 23N 234 2.32 2,30
335 J28 322 115 311 308 3.04 3.0z 3.0 2497 293
430 4.210) 410 4.0 384 A8y .84 3181 378 373 3.68
5.81 5.67 5.52 536 526 520 512 3,07 503 455 4.87
11,54 11.19 10,84 (.48 10.26 10,11 9.92 9,80 873 B33 9,36
2.42 2,38 2.34 230 e i 225 223 2,23 21 2.8 216
4 3.07 30 294 289 1B6 2.83 .80 2714 215 2.71
3.96 187 3.77 167 360 556 1.5 347 345 339 3.34
5.26 511 4.96 4481 4,71 4,65 4,57 4,52 4.48 4.40 432
GBS 9.57 8.324 .80 809 B.55 837 826 &9 &.00 T.b4d
232 228 224 2,20 217 .16 213 12 2 | 2.08 2.0
2.9% 291 .85 2007 273 10 2,66 164 .62 2.58 254
i 62 3.52 3.42 335 33l 126 .22 320 314 3.0
4.85 4.71 4.56 441 4.31 425 417 4,12 4.08 4.0 392
8.75 8.45 a.13 .80 T.60 747 7.30 .19 152 6.94 &, 78
.25 .21 217 212 210 .08 205 2.04 2103 2.00 |.95
.85 2.99 272 2,65 2.60 257 253 251 2.449 2.45 2.
3.53 343 333 343 316 3 ) 3.06 303 .00 2.94 2.89
4.54 4.40 4.25 410 4.01 LR 186 381 178 b -1 3.61
792 7.63 T2 701 6.81 b.68 63 6,42 6.35 018 6.02
219 215 210 206 203 2.0 [-95 1,97 1.96 1.93 1.9
.75 1.09 2.62 254 2.50 247 2.43 2490 2.38 2.34 230
337 3.28 3.18 3.07 am 2.96 291 287 283 .79 73
4.30 4,16 4.0} a6 376 370 3.6d 3,57 3.54 3.45 337
129 7.00 6,71 6.40 6.22 609 393 3.83 376 5.39 544
2.4 20 2,05 201 1.4 |.96 193 192 [.590 |85 .85
267 .60 2.5 246 24| 2.38 2.34 e 2.30 2,25 2.2
3.25 3.15 3.05 285 288 2.84 278 274 272 266 2.60
4,10 .96 182 ipe 3.57 151 343 324 3.34 335 ERE.
&.80 6.52 .23 A3 .75 563 5.47 337 5.30 514 459
2,10 .05 <. |.96G 1.83 151 1.89 .87 |86 | 83 1.80
2.60 2:53 ) 239 2.4 2.31 2.7 1,24 223 218 2.4
315 RN E R £.95 184 278 273 267 2,64 2.61 .35 2.50
34 31.80 366 X251 34| 135 3.27 3.2% LR §. 309 302
640 6,13 5.85 5.56 538 5in ann .00 494 4.77 4.62
206 2.02 197 £:A2 1.89 |87 1.85 [.H3 I.82 {79 1.76
2.54 2.44 240 233 124 225 2.20 218 216 211 207
A.0a 296 2.86 176 a9 .64 258 .35 152 246 240
180 3467 3.52 137 s G 313 108 3.05 2.96 288
LR 5.81 5.54 535 507 495 480 4.70 4,64 4.47 4.33
2.03 1.9% 1,54 | B4 | B | .54 I.81 .79 1.78 LTS 1.72
2449 2.42 2.35 X8 223 2.14 =15 12 21 2.06 2.02
249 2489 279 2.68 1 257 254 247 245 2.38 232
3.69 350 241 326 Ile a1 302 297 2.93 284 2.78
581 555 527 4.9% 482 4.70 4,534 445 4.349 423 .08
2.00 .96 L9 |.B& .81 L&L .78 ) .75 1.72 |.69
245 2,38 2,31 223 2,18 25 2110 208 1.0 2010 1.97
2,92 .82 272 162 2355 230 244 241 238 232 2.2%
3,59 346 T3 316 207 3.0 2,92 87 283 L T
558 533 5.05 4. 78 4 ol A48 433 4.24 418 4.02 3,87

(Ceneriratigd)



T-16 | Tables

i
F critical values (continued)
Degrees ol Freedom in the numerator
P 1 2 3 4 5 3 7 8 g
oo 3.01 b2 2.42 2,29 2.20 13 208 2.04 R ]
050 4.41 155 318 293 b .66 258 2.51 246
18 025 558 44,564 3495 161 338 3.22 310 3.01 2493
010 8.29 .01 5.09 4,58 4.25 4,01 3.84 3H 3.00
001 15.38 10.39 K44 T46 6.B1 635 602 5.76 5.56
00 2.99 261 2.40 227 2.18 241 2.06 202 1.98
050 418 3.52 3.13 2.90 2,74 263 2.54 248 242
19 25 5.92 4.51 3190 156 3.33 317 305 2.096 288
01D 8.18 5.93 5010 4.50 4.17 304 377 3.63 3.52
001 15.08 10,16 B.28 27 H.62 618 585 5.59 539
00 2.97 2.59 2.38 225 216 2.09 2.04 2.00 1.96
030 4315 349 310 2.87 2.7 .60 2.51 245 2.39
20 025 5.87 446 3806 1.51 3129 113 3.00 2.491 254
010 .10 5.85 o 04 LE K 4,10 387 3.70 3.56 346
.0at 14.82 9,95 810 7.10 B.46 .02 5.68 5,44 5,24
06 2.96 257 2.36 233 2.14 2.08 .02 1,98 1.95
050 4.32 3.47 3.07 2.4 2.68 257 2.49 2.42 2,37
- 210 025 5.83 4432 3.82 348 3.25 3.09 297 2.87 2.80
§ 01D B.02 578 4.87 4.37 4.04 381 J.64 3.51 3.40
.E SO0 14.59 9.77 T7.04 5695 6.32 5.B8 5.56 5.31 5.1
=

=2 00 2.895 2.56 2:35 2.22 213 2.06 2.01 1.87 .93
-E 050 4.30 3.44 305 2.82 266 255 2.46 2.40 2.34
u 22 25 5.79 438 378 3.44 322 3.05 293 2.84 2.76
= R 7.95 5.72 482 4.3 3.99 3178 3.50 3.45 335
E 000 14.38 9.61 7.80 6Bl 6.19 5.76 5.44 519 4,99
‘g O 2.04 2:.55 2.34 .21 .14 2.05 1.9y .45 .92
g 050 4.28 3.42 101 2.80 2.64 233 2.44 2.37 233
R 23 025 573 4.35 175 341 118 302 2.90 2.81 293
5 00 7.58 5.66 476 4264 3.94 in 354 341 3.30
ﬂ 0 14.20 0.47 T.67 6.70 &6.08 5.65 533 5.09 4. B9
E' DD 2,93 2.54 2.33 2,19 210 204 1.98 1,4 1.2
050 4,26 340 .01 2.78 2.62 2.51 2,42 236 230
24 25 5.72 4.32 172 338 L5 2099 287 2.78 270
00 7.82 5.61 472 4,22 3.90 367 3.50 3.3 3.26
AN 14.03 G.34 755 5,39 5.98 5.53 5:23 4.99 4,80
D0 2.92 2.53 2312 218 204 2052 1.97 1.93 1.89
050 4.24 139 2.599 2.76 2.60 2.449 2.40 2.3 224
25 025 5.69 4.29 369 3.35 3.13 297 2.85 2,75 2.68
0D .77 ST 4 6 418 185 3.63 346 332 322
00 13.E8 4,22 745 G649 5.89 546 5.15 4,491 4.71
100 2., 2.2 23 27 2,08 2. 1.96 192 I.88
50 4.23 337 248 2.74 159 2.47 2.39 237 247
26 A25 5.00 4.27 3.67 333 310 2.04 2.82 273 265
Rijli T.02 5.53 4 64 4,14 3,82 3.59 342 3.249 318
A I3.74 912 T4 G4l S.80 538 5.07 4,83 i 6
100 290 2.5 2.30 217 207 2.[H) 1.95 1.u1 1.87
J0s0 4.21 335 196 273 257 2.46 2:37 2.31 2.25
27 025 5.63 4.24 365 3.31 308 2497 2.80 27 2463
0l T7.68 5.49 4.60 11 378 356 3.39 3.26 115
o 13.61 2.02 727 .33 573 5.5 54000 4.76 4,57




Tables TAT

Dewees of Frecdom in the numeradoy

1] iz 15 2 25 an 40 5l 18] 120 (RN}
1.9 1.893 1.89 |54 1.0 .78 1.75 1.74 .72 |.69 I.66
2:41 2.34 227 219 2,14 2.1 2.06 204 2.02 1.97 .92
287 F i 267 21560 2449 244 2.34 2.35 2:32 2326 2.20
3,51 337 L .08 198 292 2,54 .78 P .66 258
539 5.13 4,47 4,59 4.42 4. 30} 4.15 4.6 4,00 384 3.69
I.96 1.0 |86 1.81 .78 1.76 A [.71 1.710 |.67 164
2,38 rak i 2.23 216 2.1 2.07 2063 200 1.98 1.%3 | .58
2,52 ytsi 2.62 251 144 239 233 2.30 227 22D 214
343 3.30 £ B i 3.00 91 2,084 276 2T 267 258 2.50
522 4.97 470 4,43 4.26 4.14 159 190 3.84 368 3:53
1.594 | 8% | .54 1.7% 1.76 1.74 | | &l .68 i.o4 1.61
235 2.28 2.20 212 2.07 204 B L 1 1.95 1.90 1.85
277 .64 2 57 14n Z.40 235 229 225 222 218 2.09
3,37 3.23 2.09 2.94 2,84 278 2.9 2,64 X6l 252 243
5.08 4.82 456 4.4 4,12 .00 386 30 370 354 340
R 7 1.87 1.83 |18 .74 1.72 l.od 167 |66 |62 1.549
232 225 T 2.10 2.05 2.01 |94 .04 1.9 1.87 |.52
Z,73 2.64 2.54 242 A6 2. 225 22 2. 18 211 205
351 317 3.03 288 279 272 204 1.58 2:55 246 257
445 4.70 4.44 4.17 4.00 388 3.74 364 3.58 342 3.2%
1.90 1.86 1.81 1.76 J<73 E.70 L.&7 1.65 |64 10 1.57
2,30 223 2,15 2.07 202 .95 |54 1.9 1.B9 |.64 1.79
2.70 26l 2.50 2,38 2.32 227 221 217 2.14 2,08 2
3.26 3,12 298 283 &ad 2.67 2.58 253 2.50 2.40 2.32
4.83 4,58 4.33 4.08 F89 178 3.63 354 14k 3.32 317
1.89 |84 1B .74 1.74 1.64 |.66 1.64 |62 1.59 1:55
2T 220 213 205 2,00 .96 .51 1.88 1.86 181 176
2.67 2.57 2.47 2.36 2.29 134 2. 18 2.4 211 2.04 1.98
321 307 +.93 178 2,68 2.62 254 .48 245 23 2.27
4,73 448 4,23 394 374 J.68 2 344 3.38 J.22 3.08
1,88 1.83 1.78 1.73 1.70 1.67 1.0 l.62 1.61 1.57 1.54
225 2.18 2,11 2.03 () 1.94 1.8%9 | 86 1.84 1.79 1.74
264 254 2.44 233 126 2.3 215 20 208 2. 1.94
347 303 2,89 2.74 2.64 2.58 2449 2.44 240 231 2.42
404 4,39 4,14 3.87 3T 3.5%9 345 136 329 3.14 2.5%
1.8% |82 177 1.72 l.oH (B 1.a3 1.6 1:59 |.56 l.52
2.24 e ¥ i1 R EE 1.94 |92 |87 |.84 |52 .77 |72
21l 4.51 241 230 2.23 Z.18 *12 20 2.05 1.98 1.491
313 199 .85 250 2.060 2.54 .45 240 236 227 2.18
4.56 4.31 406 334 363 352 33 32 22 306 2.91
1:86 1.51 1.6 (8l | |67 .65 1.61 1.59 1.58 1.54 1.51
2 205 2.07 (B I.44 1.50 L5 1.42 1,40 175 170
i) 2449 .39 2.28 2.2l 216 2.09 2.05 203 | 25 i.g9
A8 2.96 2.81 Lok 5T 2.50 243 .36 233 223 2.14
48 4.24 399 372 356 344 3.30 3.21 5 b 2.99 Z.h4
1.85 [ .80 L.73 170 1.ah |64 |60 |58 I55% 1:53 1,50
2.20 a3 2.0 1.97 .82 |.HH | K4 1:&81 (! 1.73 l.68
il d 2.47 Z.36 &35 218 243 207 203 2.00 1.93 1.86
106 333 278 263 254 247 23R 133 .49 220 11
4.41 4.17 J.e2 3.66 3449 3.538 3.23 ENE 308 242 .78

(Caneintied)



T-18

Tables

o I 2 3 4 5 6 7 A 4

.1oo 2.89 2.50 239 216 2,06 2.00 1.94 .90 1,87

050 120 3.34 205 2.71 256 245 2,34 2.24 224

28 025 5.61 4,22 3.63 124 3.06 240 2.78 2.64 2.61

Do 7.64 5.45 437 4.07 175 A5 136 3.23 3.12

R 13.50 4.93 714 6.25 566 3.24 4,03 4.649 4.50

100 2.89 2.50 228 215 2.06 1.99 .43 1.89 1.486

050 4.18 3,33 2.93 2.70 2.55 143 2.35 2,08 2:22

a9 025 5.59 4,20 361 127 304 258 176 2.67 2,54

J10 7.60 5.42 454 404 3.73 350 1.33 3.20 3.00

001 13.39 8.85 i #.19 5.59 518 4.87 4,64 4,45

10D 2,88 249 2.8 2.14 2.05 |G 1.93 l.B8 1.85

150 417 1.32 2.2 2.6 253 2.42 2.33 2.27 221

an 025 557 418 354 3.25 3.03 2.87 2.75 2.65 257

Ao 7.56 5.39 4.51 4.02 370 3.47 3.30 117 307

001 13.25 277 7.05 612 5.53 513 4.52 4,58 4.39

100 2.84 244 2.23 a.04 2.00 143 1.87 1.83 1.79

50 4.08 3.23 2.84 2.61 2.45 2.34 2.25 18 212

” 40 .25 5.42 4.05 346 313 2.40 2.74 2.62 2.53 2.45

% RO 7.31 5.18 431 1,83 3.51 3049 3z 2.99 2.89

'E 001 1261 8.25 .59 5.70 513 4.73 844 4.2 4,02

2 100 2.81 2.41 2.20 206 1.97 1.9 .84 1.80 1.76

= 050 4.03 318 279 2.56 2.40 224 2.20 i 2.07

w 50 0625 5,34 397 3,39 3.05 2.83 267 2.55 246 2,38

ﬁ 010 7.7 5,06 420 372 3.41 319 302 7.8Y 2.78

E 001 1232 7.9 6,34 546 4.90 4.51 4,22 4,00 382

-§ 00 2.79 2.34 218 2.04 1.45 | &7 i.52 1,77 {74

£ 050 4.00 145 2.76 2.53 337 2.25 27 2.10 204

e &0 25 5.29 3.93 3.34 3.0 2.79 2.63 2.51 2.4 2.33

2 A0 7.08 4.98 413 3.65 3.34 3.12 2,45 2.82 2.72

g 001 1,97 777 6.7 331 4.76 4.37 4.09 3,86 3649
(="

= A 2.76 1,36 2.4 2.00 191 1,43 |78 1.73 .69

050 3.94 .09 2.70 246 2.31 2.19 210 2.03 |87

L0 025 518 383 3.25 2.02 2,90 2,54 2.42 2.52 2.24

010 6.80 4,82 3.98 3.5 3.2 244 2.82 2.64 259

01 11.50 741 5.86 5.2 4.48 4.11 3.83 .61 3.44

A0 2.73 2:33 2.11 1.97 (.88 ) .75 1.70 166

30 3.R9 304 2.65 242 .26 2.14 2.06 1.9% 1.43

201 25 510 376 il8 285 2.63 247 235 2.26 208

00 f.76 4.7 388 341 111 144 2.73 2.60 2.50

0 11,15 7.15 5,53 +.81 4.4 RN 3.45 1,43 3.26

10 e 231 2.04 1.95 [.85 |78 172 164 I.64

150 345 3000 2.6l 238 .22 oAl 2.02 .55 |49

Loon 025 504 370 3.3 2.80 2.58 2.42 2.30 2.20 213

010 660 4.63 380 3.34 3.04 2.82 2.66 3.53 243

AN 10,49 696 546 4,65 a4 3.78 151 3.30 ERE




Tables T-19

Degives al [reedom in the numestor

in 12 5 n 25 a0 40 i) i 120 1000
|.64 4 |.74 |69 .65 1.63 1.59 1357 |.56 |.52 I 48
2.19 212 2.04 |96 £.91 1L&7 1.82 LT .77 1.71 L6b
2.55 245 2.34 2.23 216 2.1 2.05 201 I.y8 1.91 | .Ha
103 290 2.35 260 .51 Tdd 2.35 250 2.36 217 208
435 401 186 1.al 3143 33z 3.8 BN 1.02 286 272
1.83 1.78 1.73 .68 b.64d 1.462 1.58 |56 .55 L5l 47
2.18 210 2.03 L.94 L.ED LBS 1.81 .77 .75 1.70 |.65
53 243 2.32 2.21 214 i 203 B .96 1.89 I.82
300 287 273 2.57 248 14| 233 237 223 2,14 205
4.29 405 3.80 154 338 E [ 4l 312 203 2.97 .81 2 s
1.82 177 172 1.67 l.63 .61 1.57 I.55 I.54 1.50 1.46
2.16 2.09 2.01 [ |.B& I .79 I.76 |.74 1.68 1.63
2.51 41 231 2,20 2,12 2.07 .01 |.97 |94 1,83 180
298 2.54 .70 255 245 239 230 235 .21 .11 Loz
4.24 4,00 3375 3.49 F33 323 ang 2.98 292 278 2.6l
1.7 L7l .66 l.a1 .57 1.54 1.51 |48 |.47 1.42 1.38
2.08 2.00 1.92 I.84 .78 I.74 I.69 166 .64 1.58 1.52
2.39 229 2.18 2.07 199 1.94 I .88 I.83 I.80 .72 1.65
2.80 2,66 2.52 237 227 220 211 2.08 2.0z 182 1.82
.87 364 340 .14 2.98 2.87 2,73 .04 2.57 241 225
1.73 1.68 1.63 L57 |53 1.50 1.46 |44 l.42 1.3 133
2.03 1.95 187 |.78 173 |.6% |.63 |.of 1.58 1, 1.45
232 2.2} 21 1.99 1.92 1.87 (- 14] L. 75 1.72 1.64 1.56
2,70 2.56 2.42 2.27 2.17 2.10 201 1.95 1.51 1.AD 1.70
367 LR L 3.290 295 AL 2.68 253 144 238 S | 205
1.71 I.66 160 |.54 I.50 |48 | .44 141 1.40 135 1.30
1.9% 1.92 1.54 I.75 1.69 165 .59 |.56 1.53 1.47 1.40
227 217 2.06 1.94 1.87 1.82 .74 .70 |.67 1.58 1.49
2.63 2.50 A 2.20 2.10 2.03 1.94 1.58 1.84 1.73 162
354 332 3.08 183 1.67 255 141 2.32 225 208 192
1.66 Ll 1.56 [.449 .45 142 1.38 335 134 1.28 1.22
1.93 1.85 S ) I.&8 |62 I.57 52 |.48 |43 1.38 1.30
2.18 208 1.97 |.85 1.77 }.71 | .64 {.59 |.56 L46 1.36
2,50 .3 222 2.a7 b97 149 1.80 1,74 1.69 15T 1.45
3.30 307 2.54 2.59 243 232 27 208 2 1. H3 1.6
1.63 1.58 Fiad I.46 1.41 I.38 1.34 1.31 1.29 1.23 1.1&
.58 1.8l 1.72 1.62 1.56 I.52 |46 I.41 |.3%9 L3 |
211 2o .90 |.78 1.70 |64 |.56 L5l 1.47 137 1.
241 LT 253 197 L.&7 1.74 1.6% I.63 1.58 .45 1.30
312 2.9 2.a7 142 126 Ei5 200 I.90 |.83 I.od 3
I.6l .55 1.49 |43 |38 1:35 1.30 1.27 I.25 k.18 1.0K
|84 .78 1.6# 1.58 k.52 1.47 .41 I.36 1,33 I.24 111
206 1.96 I.&5 [.72 |64 |.58 1.50 |43 1.41 1,29 13
2.34 ;20 2.08 1.90 .79 T lel I.54 1.50 | B i 16
2499 b 254 2.30 2l 202 |67 |27 169 F49 k.22




1-20 Tables

Table entry for p is the
critical value (x%1* with
probability p lving to its

right.
T LI————————
y* distribution critical values
Tail probability p

df 25 .20 A5 A0 D5 025 02 01 J00s 0025 0 0005
1 1.32 1.64 2.07 | 384 5.02 5:41 6.63 T.88 9.14 10.83 12.12
2 FRn 322 3.79 4.61 5,99 T.38 T7.82 921 10.60 11.98 13.82 15.20
3| 411 4e4 532 625 781 935 984 1134 1284 1432 1627 1773
4 5.39 5.99 6. 74 7.8 Q.49 11.14 1167 13.28 14.86 16.42 18.47 20.00
3 6.63 7.29 812 .24 11.07 12.83 13.39 15.089 16,75 18.39 20.51 2211
4] 7.54 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.35 20025 22.46 24.10
T 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 1551 17.53 18.17 20.09 21.95 2397 268.12 2787
9 11:39 12.24 13,29 14.68 f6.92 19.02 19.68 21.67 2359 2546 27.88 2067
10 12.55 | 344 14.53 15.99 18.31 20,48 2114 23.21 25.19 2111 20.59 3142
11 13.70 14.63 15.77 17,28 19.68 2192 2263 24,72 26.76 28,73 3126 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 2405 26,22 28.30 30.32 3291 34 82
13 15.98 1695 18.20 19.81 22.36 24.74 2547 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26,12 26.87 29.14 31.32 33.43 36.12 3811
15 18.25 19.31 20.60 22.31 25.00 27.449 28.26 30.38 32.80 34.95 37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36,46 3925 41.31
17 20.49 21.61 22.98 2477 27.59 30,19 31.00 3341 35.72 37.95% 40.79 42 88
18 21.60 22.7a 24.16 25,00 2587 3153 1xas 3481 37.16 3042 42.3 44,43
149 22.12 23.90 2533 27.20 30.14 3285 33.69 3619 38.58 40,88 43.82 45.97
20 23.83 25.04 26.50 2841 i1.41 3417 35.02 3257 40.00 42.34 45.31 47.50
21 2403 26,17 27,66 29.62 3267 315.48 36.34 38.93 41.40 43,78 4580 49.01
22 36,04 27.30 28.82 3081 3392 36.78 37.66 40.29 42.80 4520 48.27 al.51
23 27.14 28.43 29.98 32.01 517 12.08 3897 41.64 44,18 46.62 4973 52.00
24 28.24 2055 31.13 1312) 3642 39.36 40.27 42 98 45,568 48.03 51.18 33.48
25 2934 30.68 32.28 34,38 A7.65 40).65 4157 44,31 46,93 4944 52.62 54.95
26 043 IL79 33.43 35.56 JR.B9 41.92 42 86 45,64 48,79 5083 54.05 S36.41
27 31.53 3291 14.57 36.74 40.11 43.19 44,14 45,96 49 564 5232 53548 57.86
28 i2.62 34.03 315.71 iFuz 41.34 44 46 4542 48.28 0,99 53.59 56.89 59.30
29 313.71 35.14 36,85 39.09 4256 4572 46.649 49 59 52.34 54,97 56.30 60.73
30 34 80 36.25 37.99 40,26 43.77 46,98 47 96 S0.89 53.67 36,33 59.70 62.16
40 45.62 4727 49 34 51.81 25.76 50,34 644 63.69 aa. 77 69.70 7340 T6.09
50 36.33 J8.16 60.35 G317 67.50 T1.42 7261 i ] T9 .49 B2.66 86,06 BY. 56

G0 66.98 68,97 71.34 T4.40 7908 83.30 Heh S8 838 81,495 05.34 g9g.61 1027

&0 BR.13 G041 g93.11 9658 1019 1.6 5.1 1123 1163 [20:1 1248 128.3

100 | 1091 3 b (B 114.7 [18.5 124.3 129.6 1314 1358 140.2 | 44,3 149 4 153.2




