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FOREWORD

The part of the research documented in this report vhich vas performed

at Rocketdyne was sponsored by the Aerospace Research Laboratories:

Air Force Systems Conmand, United States Air Force, Wright-Patterson

Air Force Base, Ohio. The work was performed under Contract F33615-70-

C-1216, technically monitored by Dr. H. Leon Harter, and was a part of

Project 7071, Research in Applied Mathematics.
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ABSTRACT

This report consists of two papers, both of which apply to two-parameter

Weibull and extreme-value distributions. In the first paper, which

is by Nancy R. Mann, Ernest M. Scheuer and Kenneth W. Fertig, a new good-

ness-of-fit test for the two-parameter Weibull or extreme-value dltribu-

tion with unknown parameters is developed. Its power with respect to ana-

logues of four classical tests is investigated and tables are given for

using the test with samples of size n, n = 3(1)25, censored at the mth

smallest observation, m = 3(1)n.

The second paper, by Nancy R. Mann and Kenneth W. Fertig, gives tables of

values for obtaining confidence and tolerance hounds from beat linear

invariant estimates of parameters of extreme-value distributions. The

tables apply to censored samples of size n, n = 3(1)25.
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A. A "W GOODNESS-OF-FIT TEST FOR THE TNO-PARA-
METER WEIBUIL OR PaD4E-VALUE DISTRIBITION
WITH UNKNOWN PARWMT2flS

SUMMARY

A new test of fit to the two-parameter Weibull or extreme-value distri-

bution with unknown parameters is developed in this paper. This teat is

shown to have desirable power propertitis, relative to analogues of certain

"classical" tests, against two important classes of alternatives. The test

statistic is easy to calculate and can be used for censored samples. Per-

centage points and certain expected values which are needed to implement

the test are provided for samples of size 3(1)25.
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1. INTRODUCTION

There is a wealth of literature concerning whe't are known as "goodness-

of-fit" tests or "dis'tance" tests that a sample was drawn from a distri-

bution with specified parameters. There is, for example, the Kolmogorov-

Smirnov test (see Darling [6]), the Cramer-von Mises test (see Darling [6]),

the Kuiper test £13), and the Anderson-Darling variation on the Crame'r-von

Mises test (l] and [2]).

Some of these are discussed by Cox and Lewis £5), and the power of certain

of these tests against various alternatives has been investigated by Brunk

[4]. Birnbaum and Pyke £3] have examined other properties of statistics

used in some of the tests.

David and Jobnson [7] have shown that if the distribution in question has

only a location amd/or d scale parameter, goodness-of-fit tests, such as those

liseted above, which depend upoa the probability integral transformation are

independi.nt of the true parameter values when one substitutes invariant es-

timate,, ior them. (By an invariant estimator we mean here one which is a

function of a maximal invariant and such that the mean squared error is in-

dependent of a location parameter, or invariant under translations.)

2

I



Using this fact, Lilliefors has tabulated critical values of the Kolmogorov-

Smirnov statistic for normal and exponential distributions with parameters

estimated from the sample ([15] and [16], respectively).

Motivated by Lilliefors' efforts, we first set out to construct tables simi-

lar to his for the two-parameter Weibull distribution where the parameters

are replaced by estimates. However, in correspondence with the present

authors, Lilliefors stated that a number of (unpublished) Monte Carlo trials

he has conducted indicate that certain other of the classical distance tests,

with estimates substituted for parameters, appear to provide higher power

against certain alternatives than does the Kolmogorov-Smirnov. Thus, we en-

larged the original scope of our wo .. to consider these other tests as well

as the Kolmogorov-Smirnov. Additionally, we were interested in tests based

on a possibly censored sample, not necessarily on a full sample.

During the course of our investigation, a manuscript by van Montfort [25]

came to our attention. Expanding on an observation of his, we developed

twi new statistics, which we call L and S, respectively. We have used these

new statistics to provide a basis for a new test of fit to the extreme-value

or Weibull distribution with very simple calculations involved and with

power against the alternatives considered greater than that of any of the

3



classical tests mentioned earlier. The power comparisons are given in

Section 4; .he L and S statistics are discussed in Sectiou 3; some prelimi-

aaries are dealt with in Section 2; computational details are given in Sec-

tion 5; the percentiles of S and examples il.Luetrating the use of the test

are given in Section 6.

I
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2. PRELIM1NARI S

The three-parameter Weibull distribntion is given by

I -xpt
P CT 9 t] ()

0 <L

where 4J, the location parameter, is unrestricted in sign; 6, the scale

parameter, and 0, the shape parameter, are positive. If 4 = 0, the distri-

bution (1) is called the two-parameter Weibull distribution. If 4 is known

then, of course, the distribution of T-0 is the two-parameter Weibull.

If 0 and one makes the transformation X = In T of the two-parameter

Weibull random variable T, thT distribution of X is called the extreme-

value distribution. It iq given by

P EX S. x] = I- exp, I- exp (x-u)/b (2)

where u ff in 6 and b = (1/0) > 0. Note that u and b are, respectively, lo-

cation and scale parameters of the extreme-value distribution.
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The two distributions defined in (1) and (2) are sometimes referred to

as the third and first asymptotic distributions of smallest (extreme)

values or the Fisher-Tippett Type III and Type I distributions, respec-

tively, (see Fisher and Tippett L91). They are often used in survival

analysis, both in the biological and in the physical sciences, as well

as in many other applications (see, for example, Weibull [26J).

The tests of fit we discuss in this paper are based on the extreme-value

distribution. To make a test of fit to the Weibull distribution, one

first takes the natural logarithms of the supposed Weibull data.

Among the many procedures available for testing goodness of fit to a com-

pletely specified cumulative distribution function F , ve considered the

two-sided Kolmogorov-Smirnov, the Cramer-von Mises, the Anderson-Darling,

and the Kuipoer tests. Their definitions and computing forms are given

belov. All are based on unceneored ordered samples X 1 < X2 <...< Xn and Fn,

which denotes the empirical cumulative distribution function:

F n (x) = (number ofXi Is <n)/n.

The two-sided Kolmogorov-Smirnov statistic, D U

D sup I Fn(x) F i DDDU -ax<3* n 0oX U+ Dn-



where

Dn + n sup JFn(x) - Fa(x)

max i/n -F. (X,)
iS in

and

D sup Fo(x) - (x)
0 -n

= max

ltj<n 0

the Crame'r-von Mises statistic, W2

W2 IF (x) - Fo() 2 dFo()
n I,

n

/(in 2) + (1/n) E [F (x -(2i-)/(2n)] 2

i=i

the Anderson-Darling 
statistic, W 2

W2 IE n $ i)z)-z 2/[() dz

- -n- (1/n) E (2i-1) inU. + (2n-2.+i) In (i-Ui)

where

U. = 0 (Xi)



F1

and the Kuiper statistic, V

V n  range of difference between F0 (x) and Fn (x)

=)D* + D
n n

We made Monte Carlo studies of the power of the analogues of these tests

against two alternatives with, instead of a completely specified distribu-

tion function, invariant estimates substituted for the parameters appearing

in F0 (Xi ) (where Xi is an ordered sample variate from the extreme-value dis-

tribution given by (2), or, equivalently, Ti = exp (Xi) is an ordered sample

variate from the two-parameter Weibull distribution given by (1) with LL 0).

Alternatives considered were that T. was from a log-normal population (X. was1

from a Gaussian population) and that T. was frbm a particular tbree-parameter1

Weibull population, with L = 106 and 0 = 1 or .5.

The reason for using two-sided analogues of the classical tests is that for

alternatives of interest, particularly those considered in the power tests,

the function Fo(X ) under the alternative "crosses,, F (X under the hypo-

theses at least once in the range of X.

8



The function F (Xi) with Gaussian variates substituted should tend to

be somewhat more symetrically S-shaped than when the Xt are extreme-

value variates. (There is, of course, some modification when estimates

are substituted for parameters.) Hence, the two functions would be ex-

pected to cross in the range from minus to plus infinity. The three-

parameter Weibull alternative would be used in cases in which one was

testing that he had sampled from a two-parameter Weibull population withincreasing failure rate > 1) and mode near the minimum

life i of the alternative. The three-parameter Weibull alternative would

have a constant or decreasing failure rate (0 S 1) and the distribution

would have no mode. In our paver calculations, we have considered the

special case k/6 - 10, 0 = 1.

Comparison of the power of analogues of the classical tests with that of

variations of the test based on the S statistic, mentioned in Section 1,

for various sample sizes is given in Section 4. We also give, in Section

6, a table of 100 X.th percentiles of the S statistic based on samples cen-

sored at the mth of n observations for 75, .80, .85, .90, .95, .99;

m 3(1)n; n = 3(1)25.



3. THE L AND S STATISTICS

In L25], van Montfort stateo that for ordered variates X. from the1,71

extreme-value distribution, the quantities

i " (Xi+l, n -Xin)/E (X i+l n -Xin);i ,..., -,

are approximately exponentially distributed with mean 1, variance close

to 1, and they are nearly uncorrelated. (Following Tukey, van Montfort

calls these I*'s leaps; the numerators, Xil, n - Xi, n , are called Eaps.)

Considering this observation of van Montfort, we noted that 2Li is distri-

1|
buted approximatelyas chi-square with 2 degrees of freedom. Also, we

noted that if the fi 'a were actually independent, rather than nearly un-

correlated, then for a sample censored at the mth of n observations and

for r + s m 9 n,

I . / f t Lj 1 L (r, a, m, n)(3)

j=m-r j1

would have approximately the Snedecor F distribution with 2r and 29 degrees

of freedom. (We will henceforth suppress the arguments and write simply L.)

In fact, for certain values of r, s, m, and n, we found that some percen-

tiles of the L statistic agree with those of the appropriate F distribution

1I
10!



to within the limits of error of our Monte Carlo procedure. For otber

percentiles, the agreement was not quite so good. This means only that one

cannot use already published tables to obtain all critical values for a

goodness-of-fit test based on L. (We note that in any case, the statis-

tic L is invariant under transformations of location and scale in X space.)

The important finding was that the power of a goodness-of-fit test based

on L was better against the two alternatives considered than any of the

four "classical" tests mentioned in Section 2.

We devised the test to exploit the fact that the right-hand tail of the ex-

treme-value density function is "shorter" than that of usual appropriate

alternative distributions, while the left-hand tail is "longer" (see

Lieblein and Zelen 114], p. 291 for a graph of the density functivn of the

extreme-value distribution). Thus, the "upper" gaps X il,n - Xi,n (upper

meaning that i is closer to m-1 than to 1) will tend to be smaller than

the "lower" gaps (lower meaning that i is closer to 1 than to m-l), so that

e.g.,

(X -X lX (4)
(m ,n  -ml,n) / (X2,n - X,n) 4

will tend to be smaller under the hypothesis that the sample was drawn from

11



an extreme-value distribution than under most appropriate alter-

natives (in particular, those considered in the power calculations).

We first considered using only the ratio of these extreme gaps in our test

statistic, but it became apparent from power calculations that other in-

formation in the sample should be used. To include other upper and lower

gaps in the numerator and denominator, respectively, of (4) we cannot sim-

ply add them because of the "telescoping' that would occur. To circumvent

this, and to capitalize on the previously noted properties of the L statis-

tic, we based our test on the ratio of sums of leaps, rather than on the

ratio of sums of gaps.

In calculating the expected values appearing in the denominato's of the leaps

Zi p we used published tables (18] of the expected values of the "reduced" ex-

treme--alue order statistics Yi,n (Xun - u)/b. Of course, the value of
L is not affected if one uses A" (Xj+nX., )/[ (Y )-E (Y

A. j+l, L Jln jpn1

instead of t j in equation (3). The diffeiences [E (i+,n)- E (Yi,n)]

for n = 3(1)25, i = l(l)n-] are also given in Table A-9 herein.

Sampling studies concerning the optimum treatment of a sample censored at

the mth of n ordered observations (optimum with respect to providing most

12
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powerful tests) revealed that one should form L with the average of the

first m/2 or (m-l)/2 (whichever is an integer) leaps in the denominator

and the average of the remaining leaps in the numerator.

For convenience in calculating percentage points, we prefer to work with

a statistic which takes on values only in the unit interval rather than

with a statistic like L which can take on any positive value. Since L is

like an F variate and since a Beta variate, Z, taking values only on the

unit interval, can be obtained from an F variate with 1 and v2 degrees

of freedom via the transformation

Z = (V1/v2) F /[1 + (V1/V2 ) F]

ve employ a similar transformation to obtain a new statistic S. Specifi-

cally

S (r/s) L /[l + (r/s) L],

which yields

j=m-r j=l

13



As discussed above, we take r C Lm/23, where [r] denotes the greatest integer

contained in x. Thus, the statistic on which aur test is based is

hM-1

E ~ (xi +1,n - X /~ [E (Y i+in~ E (Y in)]
i=(m/2J*1 (5)

S=

IXXE Y E (Yi)
i-l

Note that S is much simpler to calculate than the statistics associated with

the analogues of the classical tests given in Section 2, since the parameters

u and b need not be estimated and F (Xi) need not be calculated.

A computer program has been written to calculate and tabulate percentiles

of S by means of a Monte Carlo procedure. Table A-9 contains the 100 %th

percentiles of the S statistic based on samples censored at m out of n ob-

servations for X = .75, .80, .85, .90, .95, .99; m = 3(1)n; n - 3(1)25.

Differences of the expected values of the reduced order statistics from the

extreme-value distribution, vhich are required in the calculation of S, are

also given in Table A-9. Details of the computational procedure used in

calculating the percentiles are given in Section 5.

14
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4. POWER COMPARISONS

In this section, we present tables showing the power of analogues, using

several different versions of the S test. These power calculations were

obtainod by Monte Carlo simulation. For the four classical tests, best

linear invariant estimates of u and b were substituted for the parameters

in F (X i). Tables for obtaining best linear invariant estimates of u and

b are given in [17]; optimality properties of the estimators are derived

in [21] and comparisons of expected losses of the estimators with those

of other invariant estimators are given in [12 and [19].

For all the classical goodness-of-fit tests, the percentage points of the

test statistics are based on Monte Carlo samples of size 15,000. For

calculating percentiles of the S statistic, the Monte Carlo sample size

was 20,000. For the three other statistics mentioned below (L, S', and S"),

2500 samples were generated in determining the percentiles. In each case

shown below in the tabulations, 2500 samples were generated in calculating

the power functions.



Our first case dealt with uncensored samples of size 5. This run was

made before we had considered the S statistic and is based on an L sta-

tistic. the ratio of the last leap, £4 to tie first leap, t Table A-i

shows the power of the test based on this statistic and of each of the

above-named classical tests of the hypothesis that the sample was drawn

from any two-parameter Weibull distribution against the alternative that

the sample was drawn from a three-parameter Weibull distribution with

/ = 10, = 1 (actually a two-parameter exponential distribution).

In Table A-i, and thereafter, n is the size of each sample, m is the cen-

soring number, "size" heads the column giving the probability of type I

error, "L" heads the column giving the power of the L test (this appears

only in Tables A4 and A-2. The symbol, S, referring to the power of the

S test, appears in Tables A-3 through A-6), "D " heads the column giving
n

the power of the (two-sided) Kolmogorov-Smirnov test,,w 2,, heads the

column giving the power of the Crame'r-von Mises test, "W " heads the
n

column giving the power of the Anderson-Darling test, and "V " heads the

column giving the power of the Kuiper test. Note that, except for one

entry, the L test gives better power than the other tests in Table A-i.

10
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3J

ITABLE A-I

Power of Several Tests of Two-Parameter Weibull vs Three-
Parameter Weibull (with u/6 = 10, = 1) n = m = 5

size L D W 2 W v
n n n n

.01 .07 .09 .10 .06 .09

.05 .27 .24 .27 .21 .23

.10 .44 37 .40 .33 .35

.15 .54 46 .49 .43 .45

.20 .63 .54 .56 .50 .50

.25 .70 .60 .61 .56 .56

Table A-2 shows the power of the various tests of the hypothesis that the

data were drawn from an extreme-value distribution against the alternative

that they were drawn from a normal distribution for n = m = 5. This can

also be viewed as a test of the hypothesis that the data are (two-parameter)

Weibull vs the alternative that they are from a log-normal distribution, one

sometimes used in survival analysis. Again, while the L test is not uni-

formly best, it does show up well. It appears from Tables A-1 and A-2 that

the relative merit of the L test increases with the size of the test.

17
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TABLE A-2

Power of Several Tests of Extreme-Value vs Normal
(or Two-Parameter Weibull vs Log-Normal). n = m = 5

~2
size L D n W n V

0.01 0.01 0.02 0.01 0.01 0.02

0.05 0.07 0.07 0.07 0.06 0.07

0.10 0.15 0.15 0.15 0.12 0.13

0.15 0.22 0.21 0.20 0.16 0.19

0.20 0.29 0.27 0.26 0.22 0.23

0.25 0.36 0.33 0.31 0.27 0.27

At this point of the investigation, it was determined that a better test

could be obtained by considering more than merely the extreme leaps. Thu4,
4

the next case we calculated involved m = n - 5 and S = (Z 3 + L')/ 4 .'.
1

We see from Tables A-3 and A-4 that the S test is more powerful than the L

test, used in Tables 1 and 2, for small probabilities of type I error (size)

and thus compares more favorably in these cases with the other teste.

Tables A-3 and A-4 give the powers of the same hypothesis-alternative

pairs as Tables A-i and A-2, respectively. Note that there is some discre-

pancy in power of the analogues of the classical tests in Tables A-2 and

A-4 because only 2500 samples were used in the power calculations.

18



TABLE A-3

Power of Several Tests of Two-Parameter Weibull
vs Three-Parameter Weibull (with "/6=I0, 0=I) n=m=5

I2
size S D 2 W Vn n n n

0.01 0.10 0.09 0.10 0.06 0.09

0.05 0.30 0.24 0.27 0.21 0.23

0.10 0.44 0.37 0.40 0.33 0.35

0.15 0.54 0.46 0.49 0.43 0.45

0.20 0.62 0.54 0.56 0.50 0.50

0.25 0.68 0.60 0.61 0.56 0.56

TABLE A-4

Power of Several Tests of Extreme-Value vs Normal
(or Two-Parameter Weibull vs Log-Normal). n-m=5

2size S D W W V
n n n n

0.01 0.02 0.02 0.02 0.01 0.01

0.05 0.09 0.08 0.08 0.05 0.06

0.10 0.17 0.16 0.16 0.12 0.14

0.15 0.25 0.23 0.22 0.18 0.20

0.20 0.31 0.29 0.28 0.24 0.25

0.25 0.38 0.35 0.33 0.29 0.31

19



In order to assure ourselves that the observed results extend to more

general three-parameter Weibull models, we calculated power values for

the analogues of the classical tests, the L test and the S test for

nfm=5, w/6 = 10, B = .5. For each test for a given probability of type

I error, the power value is considerably larger than the value shown in

Table A-i and/or Table A-3. In general, however, the power relationships

between tests for a fixed probability of type I error did not change

appreciably from those exhibited in the tables corresponding to n=--m=5,

/6 =10, B 1.

Next we increased the sample size from 5 to 10, still with no censoring.

Note in Tables A-5 and A-6 that the S test is at least as powerful as

the others and, in some cases, considerably more powerful. In these
9 - 9

tables S =.

j=6 j=l

TABLE A-5

Power of Several Tests of Tvo-Parameter Weibull vs
Three-Parameter Weibull (with u./6=10, 0=1) n=m=10

2
size S D W W V

0.01 0.37 0.21 0.34 0.31 0.30

0.05 0.64 0.45 0.59 0.56 0.56

0.10 0.75 0.61 0.71 0.69 0.67

0.15 0.82 0.69 0.79 0.77 0.74

0.20 0.85 0.76 0.83 0.82 0.79

0.25 0.88 0.80 0.86 0.85 0.83
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TABLE A-6

Power of Several Tests of Extreme-Value vs Normal (or
Two-Parameter Weibull vS Log-Normal). n-10

size S D 11 2 W V
n n n n

0.01 0.04 0.03 0.04 0.03 0.02

0.05 0.17 0.12 0.12 0.10 0.10

0.10 0.29 0.20 0.21 0.19 0.17

0.15 0.38 0.27 0.30 0.25 0.25

0.20 0.47 0.35 0.36 0.32 0.31

0.25 0.54 0.40 0.43 0.37 0.37

The numerical investigations summarized in Tables A-3 through A-6 show

the desirable power properties of the S test. Its only serious competitor

is the Cramer-von Mises test. Because it is considerably more difficult to

compute the test statistic, Wn , than the S statistic, one would probably

prefer the S test to the Cramer-vcn Mises even if they had identical power.

The remaining two tables in this section verify our conjecture that the

S test is at least as powerful if more upper leaps are included in its

numerator. For the specified three-parameter Weibull alternative, including

more upper leaps increases the power considerably. Censored samples are

now considered.
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In Tables A-7 and A-8, we sumnarize power calculations for samples of

size 10 censored at the seventh smallest obser"vation. Three S statistics

are ccnsidered S = A. / Aj, S R E/ J and

4 1 1

S" - ( + '.J In the test of Two-Parameter Weibull vs Three-

1

Parameter Weibull with p/6 10, B - 1 (Table A-7) the S statistic is

shown always to give a more powerful test. In the case of a Gaussian alter-

native (Table A-B), S and S" seem to be comparable.

TABLE A-7

Power of Three Tests Based on S Statistics of Two-Parameter
Weibull vs Three-Parameter Weibull (with :-/6=10, 0=1) n-10, m7

size S S S

0.01 0.14 0.09 0.17

0.05 0.32 0.23 0.38

0.10 0.45 0.34 0.50

0.15 0.54 0.41 0.61

0.20 0.59 0.48 0.68

0.25 0.65 0.53 0.73
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TABLE A-8

Power of Three Tests Based on S Statistics of
Extreme-Value vs Normal (or Two-Parameter
Weibull vs Log-Normal) n=10, m-7

size S" S' S

0.01 0.03 0.02 0.03

0.05 0.10 0.10 0.10

0.10 0.19 0.14 0.17

0.15 0.26 0.26 0.26

0.20 0.32 0.31 0.32

0.25 0.40 0.37 0.40 j

After the investigations described in this paper had been completed, a

test described by Gnedenko, et al (io] for constant hazard rate versus

increasing or decreasing hazard rate came to the attention of the authors.

The statistic associated with this test is (for To defined to be zero and

Ti, i-1, ..., m, the ith smallest observed failure time)

(-rl (-i+l) (Ti-Ti_ r (nil(T-Ti,

(n-il) I (T, _1]

= i=r +1

which, under the hypothesis of constant hazard rate, is distributed as F

with 2r and 2(m-r1 ) degrees of freedom. Monte Carlo investigations of
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Fercho and Ringer (8] show Gnedenko's test with rl m/2 or (m-l)/2 to

be most powerful, in general, among four tests for constant hazard rate

which they studied for testing exponentiality versus various two-para-

meter Weibull alternatives.

2

i
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5. COMPUTATIONAL DETAILS

The 100 X th percentile yX of a random variable Y with cumulative dis-

tribution function F and density function f is defined by 4

F (yk) Xf (y) dy =X

If Y 9 " Yx is a set of ordered observations of this random varia-

ble, then an appropriate estimator for yX is YXN if XN is an integer or

YCN]+l otherwise. It is known [23] that if f(y ) $ 0 and if f is diffe-

rentiable in the neighborhood of yX, then YXN is asymptotically normally

distributed with mean y% and variance X (I-X) / 'N[f(yx)j"

To calculate percentiles of S (Eq. (5)), we generated N =

20,000 samples of each sample size n = 3(1)25. (The number 20,000 was

chosen on the following basis. If the distribution of S were actually a

Beta distribution, then using the asymptotic variance of Y N for the "worst"

case, X = .99, an N of approximately 20,000 would be needed to give at least

2-significant-digit accuracy in the percentile.) Because of storage limi-

tations, we did not rank and store all N values cf S, but rather we divided

the unit interval into 300 sabintervals of equal length and counted the
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number of S's that fell into each subinterval. If Tk is the number of

S's that fall into the kth subinterval and if J is such that

J-1 J
T <XN E Tk

k-l k=1

then we estimate S N, and thereby the 100 Xth percentile of the distribu-

tion of S, by

J-1
(J-i)/300 + (XN - E Tk) / (300 Tj)

k=1

This will always be within 1/300 of SN and often closer because of the

second-order correcting term. (In fact, it follows from the standard formula

for error of interpolation (see, e.g., Ralston [24, p. 603) that the absolute

error is bounded by (1/600)2 f'( ) / f( ) where lies in the same subinter-

val as yX.)

For a fixed sample size n, we used the same N values of S to obtain percen-

tiles for each censoring number m = 3(1)n. We generated a new batch of N

S's for each different value of n, n 3(1)25.
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The reduced extreme-value variatee Y. which are needed to calculate

S were obtained via Y - l[Iln (1/V)], where V is a uniform (0,1) variate;

the variates R used in power calculations against the alternative

10, -1, .5 were obtained via R =[u./6 + in (/)']-with

u/6 10, 1 1, .5. We use R in power calculations when we consider

the case where, in obtaining an extreme-value variate by taking the

natural logarithm of a Weibull variate T, one incorrectly assumes 4 to

be zero. More values of Y. than of in R. lie to the left of the

mean of the distribution of in R. so that the tail properties of the
Sn

test based on S contribute to its power. Normal variates used in power

calculations were generated by the method of Marsaglia and Bray [22].

Independent samples of the various random variables were obtained in

each repetition.

Finally, we mention that while we were generating samples of reduced ex-

treme-value variates to obtain the percentiles of S, we also took the

opportunity to obtain percentiles of the distributions of best linear

invariant estimates of the location and scale parameters and of certain

percentage points of the extreme-value distribution. Tabulations of

these percentiles appear in (21].
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6. TABLES AND EXAMPLE

Below are the tables to be used in connection with the test based on

the statistic S. An example illustrating their use follows the tables.

]AnLE A-9

Perceittles of the Distribution of S and Differences of Lxpected Values of
Reduced Extreme-Value Order Statistics

, I+ -Fl 0.75 0.80 0.8 0.90 0.95 0.99

3 1 1.216q5

I07% (179 0,4 nO. T9 O.9s 0.99
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n,&79596 0,14 (.q 0, A 0.9n 0.q% (1,99
4 O,% 0. ss 0.60 6 076 0 .

S I ],115718

O .A4538'.
0.SI?4 4 5 0. 15 n.80 AnS8 n,qfo 0 . 0,49

4 0.5 73 0. So n.56 061 o. 6A 0.77 0.q
5 0.67 1,71 o,75 (),79 (.At (.94

1 1.n939?9
2 n.612;30
3 0.47433n 0,75 nR ., An 0N.90 o~q O 9 .')

4l O() 44292 0O) ns.61 0. 6 0.7 16,.85 0:572719 0,67 0.71 (.7F3 A,8 0.86 O.q3

6 n.50,'47 0.1 o.66 0.71 .8A4

7 1 **(1790%5

? (.591SA7
3 0,44?799 0.75 (1.A(n 08 0.90 0,9(,149

4 0.3972kQ U.'(0 (1.S5 0 (11 0.6A 0. 77 fl,')
5 0. 3R7714 A1.7 0.71 n.1) n.ln (O 0.8h 0.9'.
6 .4P064A 0.S4 1,58 01. f? n1. 61 0.74 (1. &,

7 0.64 (.67 0,10 0.74 0,80 0.1,1

S0.42)2RR9 0,75 n. go o. A 0.9 (19 (1q,

4 (0. iS&W7 0.50 (1.ss (1.A1 (1,6 0.77 (1.9(1
6 n, 34qc(7 U,54 f) l8 ().6) ( .67 0.(4 ()1, A5

7 0,44913M 0,164 n.6/ 0.7n 0.74 0.8(1 lIMq
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',ABLF A-9 - (Continued)

Percentiles of the Distribution of S and Difference* of Expected Values of
Reduced Treme-Value Order Statistics

rn E', EYa 0.75 0.80 0.B5 0.90 0.9 0.9_

9 1 l.6004A
2 0.56hq42
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7 0.322189 0.61 n,67 0.70 n.r4 0.A0 f1.m9
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S 0.2R6163 0.67 0.71 07 ).R0 0.66 0.q4
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S1 1 1.04H411
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TABLE A-9. - (Continu-d

Percentiles of tie Distribution of S and Differen~es of Expected Values of
Reduced Extreme-Value, Order Statistics
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TABLE A-9 - (Continued)

Percentiles of the Distribution of S and Differences of Expected Values of
Reduced Extreme-Value Order Statistics
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TAKLE A-9 - (Continued)

Percentiles of tthe Distribution of S and Differences of Expected Values ofReduced Extreme.Valu. Order Statistics
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R TABLE A-9 - (Continued)

Percentiles of the Distribution of S and Differences of Expected Values of
Reduced Extreme-Value Order Statistics
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22 0,54 ,56 0,58 n,&1 0.64 n,7n

23 1 10239
F 2 n.5737'69

3 0.357557 0,75 0,80 0.85 O.qO 0.95 0.9q
4 0,275768 0.50 0.55 0.61 0.68 0.77 0,R9
5 0.226417 0,67 0.71 0.75 0.o 0.86 (o.94
6 0,1943S1 0.55 0,59 0,63 .h68 0,76 (1,A.
7 0.171948 0,64 0.68 0.71 0.16 OA ),Kq
8 0,155666 0,56 0.59 0,63 0.67 0.73 0.83
9 0.143549 0,62 0,6% 0.8 0.12 0.78 n,86

10 0.134451 0,56 0.59 0,62 0.66 0.71 0. RO
11 0,127667 0.61 0,3 0,66 0.i 0.15 O.H2
12 0.1?2768 0.55 0,58 0.61 0.64 0.69 0.18
13 0.119503 0.&0 0.62 0.6s (.68 0.73 (,80
14 0.117764 0,55 0.S7 0.60 0.63 0.68 0.76
15 0.117577 0,59 0,61 0.63 0,67 0.71 0.18
16 0.119)?0 0,55 0.57 0,60 0,6 0,6? 0.75
17 0.272799 0.58 0.60 0.63 0.65 0,69 0,77
18 0.129416 0,55 0.57 0.59 0.67 0,66 o,13
19 0.140590 0,58 0.60 0,62 0.64 0,68 0.7s
20 0.159966 0,55 0.57 0,9 0.61 0,65 0.72
21 0.197679 0,57 0.S9 0.61 0.63 0.67 01,73
22 0,29743S 0,55 0.56 0.58 0.60 0.64 0.10
23 0,57 0,5R O,6O 0,63 0.66 0.72



TABLE A-9 -(Concluded)

Percentiles of the Distribution of S an' Differences of Expected Values of
Reduced Extreme-Value Order Statistics

T wI- EY. 0.75 0.80 0.85 0.90 0.9)5 0.19

74 1 1 n?14 -,

3 0,356436 0.75 0.80 0.85 0,90 0,0% 0.94
4 n.774nsi 0 ,'v) 0,. 0,6.'s 0.69 0.7"4 0*9n
4) 0).?5090S 0,k% 0.71 0.76 0.A1 0.8h 0.4
6 o.IQP897 0,%4 0,58 0,67 0.68 0.1S05'
7 0,17033ft U,64 0.61 0.71 0.7%j 0.81 0.A4
M 0.153917 0.55 0*58 0.6)> 0.h7 0.13 n.143
9 0.14.1549 0,0,2 0. 4hs 0. 68 0 .77; 0.77 0.86

10 n.112195 (0.56 0.58 . 0.66) b.n 118go
11 0.12s099 0.4%1 C,.6&3. 0.66 n.70,--' 0.7')M 01
12 0.119811 0.5%s 0.1)8 0.&1 n.64 0,7 . ?,78j
13 n. I1I65S4 0,60 0.8? 0.6 It. h 0.13 (W. g0
14 0.113677 0,5% 0.58 0.60) 0.64 0.oS8 0.F6
11) 0.11263R 0.59 n.61 0.64 0.67 0).11 01,7A
16 0.113007 0,55s n.57 0.60 0.6-4 0,61 0.14
17 0.114990 0,%8 0).60 0. 6? 0065) 0.69 0,7h
11M 0.119014 0,55 0.57 0..59 0.6? 0.66 0.73
19 0.175889 0,S58 0.1%0 0.6? 0.64 0.68 0.15
;P0 6.13T235 ().S5 n.57 0.,SC 0.61 0.65 o.72
211 0,15667q 0.57 0,59 0.61 0).64 0.67 n.1-4
Z2 0,194?8% 0,5% 0.0)6 0).58 0.61 0.64 0.71
73 n.793473 0,5.' 0.59 0.60 0.63 0.66 0.?2
?4. 0.54 0.56 0.58R n.60 0.64 (109

75 1 1.020551
2 0.s?1785
3 0.35S41S 0.15 0.80 0,8% 0,9 0,o95 ().,49
4 n.272945 0.0 0,56 0.61, 06q 0.78 0,91
S ). 723R 0A,6SO~7 0.71 ?h7 0).Hl 0).87 0.94
6 0).1I91s78 0.54 0,58 067 0,68 0.75 0.R8
7 0,1614899 0.64 0.67 (1.71 0.,% 0:81 0.89
8 .1I52286 0.55 0.,si 0,62 n.,66 0.77 0.8?
9 0,.139 7F43 0 .0? 0.65 0).68 n.7? 0.77 0,85
10 0.130719 0,.5& n. m ().61 0).64 0.71 0.80

11 1.172A71 0,61 0.63 0,66 0.70 0.75 0.147
12 n.117,-74 0.535 0.58 0.61 0,64 0,69 O,,A
13 n.11313;1 0.0 0nn62 n.65 0,6A 0.73 0.81
14 0,110768 0,5%. 0.58 0.6 ho .63 0.68 0. 1h
is r).108598 (.59 n.61 0.64 (W. 66 0.71 0,78

I6 0.10124 0).55 0.51) 0.60 0.AA 0.67 0.74
it 0,108944 0.58 0,60 0.467 0.65 0.,%9 0.76
18 0.111789 0.5 0.57 0,."Q (1.62 0.66 0.73
19 n.115S96 0.5m 0.60n 0.62 0.64 0,68I 0.17.
20 n.1726R3 0.ss n.57 0.4)9 (-,hl 0.65) 0,77
21 0.134169, 0.57 0,59 0.61 n.63 0.67 0.74

7 2 n. 15346S0 u.5S 0.6 0,.5A n.61 0.64 0.71
23 0.191137 0.S7 0.58R 0.60 0,64 0.66 0.72

24 .1,299773 0.54 0.56 0.52A 0,60 0.,k3 0.70
?5 ().56 0,5A 0.60 ').62 0.6.5 0.71

34



Example: Listed below are ordered observations ti,22 from a sample

(ignition times) of size 22, censored at the 15th smallest observation,

i.e., n = 22, m - 15. We wish to test the hypothesis that this sample

was drawn from a two-parameter Weibull distribution, with a three-para-

meter Weibull an appropriate alternative. Accordingly, we first form

Ii .. (Xi+1,22 - 'i, / [E - E (Y i,22) for i = 1, ... , 14,

where x = tn (t,) and the E (Yl) - E (Y ) are read from
14 // 14

Table A-9. We then compute S = ,2)i 2 2"
8 1

For the data:

t = 15.5 t6 22  20.6 t 26.5

t 15.6 t 7 2 2  = 22.8 t12,2 6.5

t = 16.5 t8 2 2  = 23.1 t = 32.7

4,22 = 17.5 t = 23.5 t14,22 33.8

t5,22 = 19.5 tlO,22 = 24.5 t 15,22= 33.9

we calculate S = 0.660 and therefore the hypothesis that these data were

drawn from a two-parameter Weibull distribution is rejected at the 15 per-

cent significance level. (One rejects the hypothesis if the calculated

value of S exceeds its tabulated percentile at 1 minus the appropriate

level of significance).
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If one is testing the hypothesis that a sample was drawn from an ex-

treme-value distribution, he calculates the A.'s directly without first1

taking the natural logarithms of the ordered observations.

We note that whenever m is equal to 3, the numerator of the S statistic

consists of the first lkap and the denominator of the first two leaps.

From tabulated values, it can be observed that for m equal to 3, the dis-

tribution of S is casentially uniform, i.e., Beta with parameters 1 and 1.

In other words, the ratio of the first and second leaps has an F distri-

bution with 2 and 2 degrees of freedom. This was also observed to be

true for the ratio of the first and fourth leaps for n - m = 5.

These facts suggest that the ratio of the m-lst leap and the sum of the

m-lst and the first leaps apparently has very nearly a uniform distribu-

tion. The test based on this ratio appears to be fairly powerful if its

size is not too small. One can, therefore, very easily test the fit

of any set of observations with n < 100 to the extreme value distribution

by using tables of White (27] which give the expected values of reduced

extreme-value order statistics for n = 1(1)100.

If, for fixed m and X, the tabulated percentile values are compared with

percentile values of appropriate Beta distributions [with parameters
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(m-l)/2 and (m-l)/2 or (m-2)/2 and m12], it can be seen that as sample

size n increases the two tabulated values tend to agree. In fact,

there is little discrepancy, even for small n. This suggests that the

test for fit based on the S statistic can be used for samples of size

as large an one hundred by making use of the tables of expected values

of tl;e reduced extreme-value order statistics (see White (27]) and

tables of percentiles of the Beta distribution (see, for example, Harter

[I1]). One can also use tables of the F di -,2tion (with m-1 and m-1

or m-2 and m degrees of freedom) with the L sb..tistic described in Sec-

tion 3.
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B. TABLES FOR OBTAINING CONIDENCE BOUNDS AND
TOLERANCE BOUNDS BASED ON BEST LINEAR IN-
VARIANT ESTIMATES OF PARAMETERS OF THE FX-
TRF24E-VALUE DISTRIBUTION

SUMMARY

Tables are given for obtaining confidence bounds for the two parameters

and the 90th, 95th, and 99th percentiles of the two-parameter Weibull or

extreme-value distributions. The tables are based on best linear invariant

estimators of extreme-value location and scale parameters and apply to sam-

ples of size n, n 3(1)25, which may be censored at the mth smallest sam-

ple observation, m = 3(1)n. Discussion is given concerning other methods

of obtaining confidence and tolerance bounds for these distributions, pro-

perties of the estimators on -which the bounds are based and computational

procedures used.
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1. INTRODUCTION

In the following, we consider the problem of obtaining small-sample

confidence and tolerance bounds based on censored samples from the two-

parameter Weibull or, equivalently, the extreme-value distribution. A

random variate T is said to have a two-parameter Weibull distribution if

P T<t = - exp[t/6 , t>_0
1 0 , 0t<o (I)

Both the scale parameter 6 and the shape parameter of the distribution

are positive. If one makes the transformation X = In T, then

p lix~ = -exp -~exp [x)/j~ 9 (2)

with u = n 6 and b (1/0) > 0.

The two-parameter Weibull distribution has many applications (see [8] and

[16]), but it is most often applied to problems of reliability or survival

analysis. The reliability function R (t ), which gives the probability of

survival at least until a "mission" time t., is equal to P IT > tl. The

function R (t) exp [-(tnj& )']also can be thought of as the proportion
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of the population (from which a sample is selecte) surviving at time t .

Thus, if a survival proportion Y is specified, then the time t associatedb

with this survival proportion is equal to 6[n(l/Y)] b and x, An t Y is

equal to u + b tn [An (')] . The time t., is sometimes referred to as the

reliable life associated with the survival proportion Y.

The quantities t and are actually percentiles of the distributions

given by (1) and (2), respectively. Confidence bounds for these two quan-

tities are also known as tolerance bounds for the respective distributions.

If a confidence bound is obtained from x m, then (because exp (xM) is a

monotone function of xm) one can convert this immediately tc a bound on

tm = exp (X). Confidence bounds on u and b can likewise be converted to

bounds on 6=exp (u) and 1 l/b.

The problem of obtaining small-sample confidence and tolerance bounds for

the two-parameter Weibull or the extreme-value distribution has been con-

sidered by several authors. Johns and Lieberman (2] generated values

which, when combined with certain linear estimates of extreme-value loca-

tion and scale parameters, yield lower c;onfidence bounds on the Weibull

reliability function R (t) associated with a specified mission time t .
" m

A method of obtaining lower tolerance bounds (or lower confidence bounds
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on tY, the reliable life associated with a specified survival proportion

y) ,by means of the tables given in [2] is explained in [8]

Thoman, Bain and Antle [14] give values which may be used with maximum-

likelihood estimates to obtain confidence bounds on the location parameter

u and the reciprocal of the scale parameter b of the extreme-value distri-

bution. (These, of course, can be immediately converted to confidence bounds

on the two-parameter Weibull scale and shape parameters, respectively.) The

same authors [15] give values for obtaining either lower tolerance bounds

or lower confidence bounds on reliability [R (tin) for specified tM] by use

of maximum-likelihood estimates.

The values given in 12], [14] and [15] for obtaining the tolerance and con-

fid,:nce bounds were all generated by the use of Monte Carlo simulation pro-

cedures. The values tabulated in [11] for obtaining tolerance bounds and

confidence bounds on the extreme-value scale parameter from two or three

ordered observations were obtained analytically.

The two- or three-order-statistic confidence hounds associated with values

tabulated in [11] have fairly high efficiencies (in terms of mean squared
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error of the estimators on which they are based) with respect to the other

Ib)ounds described above. The two- and three-order-statistic estimators pro-

viding the basis for these bounds do not, however, have asymptotic effi-

ciencies of 1 with respect to Cramer-Rao bounds for regular invaiiant es-

timators (see [9]).

All the other bounds mentioned above ([2], [14] and [15]), are based on

estimators with Cramer-Rao efficiencies which approach 1 as sample size n

becomes large. That is, they are "asymptotically efficient". This is also

true of confidence bounds based on best linear invariant estimators (esti-

matcrs with smallest mean squared error among linear estimators with mean

squared error invariant under translations) of u, b, and x 7 (see (7]).

Comparisons of mean squared errors given in [i] and [8] for small sample

sizes indicate that the maximum-likelihood and the best linear invariant

estimators are essentially equally efficient (in terms of mean squared

errlor) for cstimaTing b or any extreme-value percentile xy= u + b In[n(/Y)I.

Comparisons of these two estimator. with other invariant estimators in

[8] reveal that the other estimators tend to be less efficient for small sam-

ple sizes. The linear estimators of Johns and Lieberman [2], which are

approximations to the best
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linear invariant estimators, however, are shown in [s] to be very effi-

cient relative to the maximum-likelihood and best linear invariant estima-

tors for sample sizes of 10 or larger. The maximum-likelihood estimates

are somewhat more difficult to obtain than estimates defined by either of

these linear estimation procedurvs, since iterative procedures (usually

requiring tile use of a computer) are involved.

The principal advantage of the tables given in this paper over those given

by Johns and Lieberman [2] and Thoman, Balm and Antle ([14] and [15]) for

obtaining tolerance and/or confidence bounds is that nearly all possible

type II censorings from above are considered here. That is, bounds are

based on the first (smallest)mof n sample observations, m = 3(1)n. This

allows for life-test situations in which testing is terminated at the time

of the mth failure, with 3 < m < n.

Johns and Lieberman give values for obtaining bounds on R(tm) applicable

to four specified censorings for each sample of size n, n 1 10, 15, 20,

30, 50, and 100. All of the confidence and tolerance bounds obtainable

from tables of Thoman, Bain and Antle apply to uncensored samples of size

ranging from 5 to 120 (for bounds on u and I - 1/b) and from 8 to 100 (for

bounds on reliability R (tm) and reliable life t . Because best linear

17
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invariant estimator weights are available only for a limited number of

sample sizes, tabulations for samples of size u, n = 3(1)25 only are

given here. Tables B-I, B-2, B-3, B-4, and B-5 give values for obtaining,

for the extreme-value distribution, confidence bounds on the scale para-

meter, b, the location parameter u (the 100 (l-exp(-l)] percent point of

the distribution) and the 90th, 95t' and 99th distribution percentiles,

respectively. These confidence bounds can be easily converted to confi-

de-nce bounds on the Weibull shape and scale parameters and Weibull tole-

rance bounds (or confidence bounds on t Y) for y = .90, .95, .99. Since

percentage points of the statistics from which the bounds are obtained

are tabulated for percentages of 100 times .02, .05, .10, .25, .40, .50, .60,

.75, .90, .95, .98 in each case, it is possible to use the tables for

testing hypotheses concerning distribution parameters as well as for ob-

taining confidence bounds. (That is, opposite ends of the table are

used for one-sided confidence bounds and for corresponding one-sided tests.)
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2. CONFIDFNCE BOUNDS BASED ON BEST LINEAR
INVARIANT ESTIMATORS

Coefficients of best (minimum-variance) linear unbiased estimators for

the parameters u and b and for xY were generated by Lieblein [4] and their use

investigated for complete samples of size 2 through 6. Extension to cen-

sored samples of the same size was made by Lieblein and Zelen (5]. Ex-

pressions for the first and second moments and the cross-product moments

of ordered reduced extreme-value variates, which are required for computing

the coefficients corresponding to the best linear unbiased estimators, had

been derived previously by Lieblein (3].

We assume that a sample of size n has been randomly selected from a distri-

bution defined by (1) and that the observations of interest consist of the

natural logarithms of the n sample values. Equivalently, we may assume

tha'. the observations of interest were selected directly from the distri-

bution defined by (2). We suppose that the sample of observations from (2)

has been ordered in terms of size and may be censored at the mth smallest

observation, m < n. The m ordered observations we denote by Xn X2,

X n9 with X < Xk ,' k = 1,2, , -l. As was mentioned earlier,

this corresponds to life-testing situations in which testing of items is

terminated at the time of the mth item failure.
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Suppose we consider all estimators of u, b, and x, which are weighted
Y

sums of X1, ,X 2 , ... , X with mean squared error invariant underln ~,n m,n

translations in X space (independent of u). The estimators among these

with smallest mean squared error we call the "best linear invariant esti-

mators". It is shown in [10] that the best linear invariant estimators
m m 4

u a.mnX0n b c. X. and Xyi+ t An [nlylo
i,m,n 1,n i,m,n i,n'

i=l i=l

u,b and x Y , respectively, are linear functions of the best linear unbiased

estimators of u and b. The coefficients a. and c. can therefore
i,m,n x,m,n

be obtained by a simple linear transformation from the coefficients of

the best linear unbiased estimators. Values of a and c. were thus
i i,m 1,m

calculated by first determining the coefficients of the best linear unbiased

estimators using the method of Lieblein and Zelen applied to the expressions

for the moments of the reduced order statis;tics. These values are given

for m = 2(1)n, n = 2(1)15 in [7] and for m:= 2(1)n, n = 2(1)25 in [6].

The estimator b, because its coefficients add to 1, is a maximal invariant

which will yield confidence intervals and tests of hypotheses independent

of a scale parameter u. We note that the expectation of b is proportional

2
to b and its variance is proportional to b In fact, its kth moment is

proportional to bk. Thus, the distribution of /b is independent of both

u an4 b.
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The coefficients of uadd to zero so that kth moments about any percen-

has, for any Y, e distribution independent of both parameters.

We have used these invariance properties to generate, by Mon*., Carlo sim-

ulation procedures, random variates from the reduced extreme-value distri-

bution and to obtain, from these, distribution percentiles of W - (/b) and

of V -~u + b, ifn (1/Y) ] J/b/[S/'bJ Some of the detail3 of

the computations, which apply to m = 3(l)n, n = 3(1)25, are given in Sec-

tion 3.

In order to obtaiv an upper confidence hound for b at confidence level I-Z

we note that b < bi/W with probability 1-Y, where W is the 100 Cth per-.

j- centile of W, and can be found for the appropriate values of m and n in

Table B-1. We reject the hypothesis HO: b < b 0 versu 1 b: > ba at

significance level x if b/b 0 > W1-

A lower confidence bound at level I-n on x u + b In [Ln (/ ')j can e

based similarly on the percenrilcs of V given iri Tables B-2, B-3, D-4,

and B-5. From the definition of V., we obtain x. u - b V.V. Therefore,

a lower confidence bound on is given by u - i (v hs
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the 100 (l-O)th percentile of V corresponding to the appropriate value
Y

of m and n, and the specified value of V. The values in Table B-2 apply

to Y l-exp(-l) so that the bounds obtainable from these values are for

the parameter u. Tables B-3, B-4, and B-5 apply to x. for Y .90, .95,

and .99.

A(1-a)-level confidence bound on t~ is given by exp u TI(V)

if (u - xm)/b is approximately equal to a value of (Vy) tabulated, then

the value of y corresponding to V represents (approximately) a confidence

bouna on R(t ) at confidence level 1-a. The hypothesis s> r r

jected at significance level a if (u - Y.,O0)/b < (VY)U.

Before we discuss the details of the computational procedures used in

generating the percentiles of W and V, we remark that these tables of

percentiles can be used with best linear unbiased as well as best linear

invariant estimates of u and b. For u* and b*, the best linear unbiased

estimators of u and b, respectively, lower confidence bounds at level 1-a

on x. and on b are given by

-* B b*/(l + 0) [b*/(l + C)] (V,),,
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and

b* /Iw(' + )]

where Cb2 is the variance of b* and Eb2 is the covariance of u* and b*.

This follows from linear relationships between best linear unbiased and

beat linear invariant estimators given in (IO].
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3. COMPUTATIONAL PROCEDURRI AND EXAMPLE

The percentiles of W and V were computed by use of Monte Carlo techni-

ques. In general, the l0%th percentile xX of an arbitrary random variate

X having density f(x) can be estimated by the XNth ordered observation

X(XN) from a sample of size N. In fact, the distribution of X(%N) is asymp-

totically normal with mean x. and variance X(l-)/N[f(xX)]2 (see Mosteller

[L 3]).

In the current situation, 20,000 samples were generated for each combina-

tion of m and n in computing the percentiles of W and each V . Therefore,
Y

because of computer time and storage limitations, we constructed a histo-

gram of each statistic rather than storing and ranking the entire 20,000

values of W and the 3 V 's. Each histogram was placed on the unit inter-

val through the use of a linear transformation performed on each statistic

that sent prior approximations to the first and 99th percentiles to 0.1

and 0.9, respectively. The prior approximations were made by generating

1000 samples of the W and V. s and saving the 10th smallest and 10th lar-

gest values. The 0.1 and 0.9 points of the unit interval were chosen as the

image points of the asymptotic approximations to the first and 99th per-

centiles in order that any reasonable errors in these approximations

would not cause loss of information in the tails of the distribution.
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Each histogram consisted of 300 subintervals of equal length. The

estimates of the percentiles were computed by use of linear interpola-

tion in the histogram. The truncation error associated with this proce-

dure is insignificant compared to the sampling error due to a finite

number of Monte Carlo samples. The values tabulated are correct to

within a unit in the second significant figure.

Other details applying to estimation of the percentiles from the histo-

gram are discussed in L12], which gives percentage points of statistics

computed concurrently with those considered here.

In order to illustrate the use of the tables, we refer to data shown in [7).

A complete sample of twenty-four failure times is given as:

t1,24 = 6.0 t9,24 = 69.0 t17,24 = 141.0

t 2,24 8.6 t10,24 = 74.0 t18,24 = 144.0t3,24 - 17.8 t 24 =  74.0 t19,24 = 146.0

t4,24 = 18.0 t12 ,2 4 = 89.0 t2 0 ,2 4 
= 150.0

t5,24 = 27.5 t1324 = 109.0 t21,24 = 151.0

t6,24 f 33.5 t1424 = 118.0 t 22,24 153.0

t7,24 50.5 t15 ,2 4 = 119.0 t 2 3 24 = 153.1

t8,24 -51.5 t16,24  138.0 t24  153.2
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Uming logarithms x1 ,24 of the failure time values ti, 2 4 and tables of

at, 2 4 , 2 4 and ci,2424 appearing in (61, we obtain
24 24

u 24 ~ 2 , 4 'i2 4.014 and 24 i244 1 2 0.569.
i-i 1-I .-

Thus, a 90% lover tolerance bound for the failure time population at con-

fidence level .90 is exp (u- (3.07)] - exp (4.614 - 1.747) 17.6 .

A 90% upper confidence bound for b is b/0.77 - 0.73.

56



WMR NJCES

[lJ llrter, H. L. and A. H. Moore, "Maximum Likelihood Estimation,

from Doubly Censored Samples, of the Parameters of the First

Asymptotic Distribution of Smallest Values," Journal of the Amer-

ican Statistical Association, 63 (1968), 889-901.

[2] Joh1s, M. V., Jr. and G. J. Lieberman, "An Exact Asymptotically

Efficient Confidence Bound for Reliability in the Case of the

Weibull Distribution," Technometrics, 8 (1966), 135-175.

[3] Lieblein, J., "On the Exact Evaluation the Variances and Co-

variances of Order Statistics in Sample from the Extreme-Value

Distribution," The Annals of Mathemati 1 Statistics. 24 (1953),

282-287.

[4] Lieblein, J., "A New Method of Analyzing Extreme-Value Data,"

National Advisory Conmittee for Aeronautics, Technical Note 3053,

(1954).

[5] Lieblein, J., and M. Zelen, "Statistical Investigation of the

Fatigue Life of Deep-Groove Ball Bearings," Journal of Research

of the National Bureau of Standards, 57 (1956), 273-316.

[6] Mann, N. R., "Results on Location and Scale Parameter Estimation

with Application to the Extreme-Value Distribution," Aerospace Re-

search Laboratories Report ARL 67-0023, Office of Aerospace Research,

United States Air Force, Wright-Patterson Air Force Base, Ohio,

February 1967.

57

K



I)

[7] Mann, N. R., "Tables for Obtaining the Best Linear Invariant

Estimates of Parameters of the Weibull Distribution," Techno-

metrics, 9 (1967), 62D-645.

[8] Mann, N. R., "Point and Interval Estimation Procedures for the

Two-Parameter Weibull and Extreme-Value Distributions," Techno-

metrics, 10 (1968), 231-256.

[9] Mann,, N. R., "Cramer-Rao Efficiencies of Best Linear Invariant

Estimators of Parameters of the Lztrem*-Value Distribution Under

Type II Censoring From Above," SIAM Journal of Applied Mathematics,

17 (1969), 1150-1162.

[10] Mann, N. R., "Optimum Estimators for Linear Functions of Location

and Scale Parameters," The Annals of Mathematical Statistics, 40

(1969), 2149-2155.

(11] Mann, N. R., "Estimators and Exact Confidence Bounds for Weibull

Parameters Based on a Few Ordered Observations," Technometrics, 12

(1970), 345-361.

(12] Mann, N. R., E. M. Scheuer, and K. W. Fertig, "A New Goodness-of-

Fit Test for the Two-Parameter Weibull or Extreme-Value Distribu-

tion with Unknown Parameters," to be submitted for publication.

(Paper A of this report.)

58



(13] l4osteller, F., "On Some Useful Inefficient Statistics," The Annals

of Mathematical Statiatics, 17 (1946), 377-407.

[14] Thoman, D. R., L. J. Bain, and C. E. Antle, "Inferenres on the

Parameters of the Weibull Distribution," Technomet:.-, 11 (1969),

445-460.

[15] Thoman, D. R., L. J. Bain, and C. E. Antle, "Reliability and

Tolerance Limits in the Weibull Distribution," Technometrics,

12 (1970), 363-371.

(1] Weibull, W., "A Statistical Distribution of Wide Applicability,"

Journal of Applied Mechanics, 18 (1951), .93-297.

59



TABLE B-1

Percentile. of the Distribution of W

n m 0.02 0.05 0.10 0.25 0.40 0.50 0.00 0.75 0.90 0.95 0.98

3 3 0.11 0.17 0,25 0.42 0,57 0,67 0,78 0.99 1033 1.56 1.86

4 3 0,10 0,15 0.22 0,39 0,51 0,64 0.75 0.96 1.3? 1.56 1.9
4 0.?0 0,z8 0,37 0.54 0.68 0,77 0.86 1.0s 1.33 1.053 1.1

5 3 0,09 0.14 0.01 0,37 0.51 0.61 0,73 0,94 1,37 1.59 1,93
4 0.18 0.26 0,34 0.50 0,64 0,74 0.84 1.03 1,35 1.55 1.8?
5 0.28 0,36 0.44 0.60 0,73 0.82 0.91 1.07 1,33 1.50 1.70

6 3 0.09 0.14 0,21 0.36 0.50 0O61 0.72 0993 1.3? 1.59 1,97
' 0.18 0,25 0.32 0.49 0.6p 0,72 0.82 1.01 1.33 1.55 1.84
5 0025 0.33 0o42 0.58 0o71 0,79 0.89 1.05 1.33 1.51 1.73
6 0.33 0,41 0.50 0.65 0o77 0.85 0.93 P,07 1.31 1,46 1,64

7 3 0,08 0.14 0.20 0.35 0.49 0,59 0,71 0.92 1.30 1.56 1.9?
4 0.17 0.24 0.31 0.48 0.62 0.71 0.81 1.01 1132 l54 1.8?
5 0.25 0.32 0.40 0.56 0.70 078 0.88 1.05 1.33 1052 1.75
6 0,32 0,39 0.47 0.63 0.75 0,84 0.92 1.07 1.32 1,48 1,67
7 0,38 0,46 0o54 0.69 0.80 0.87 0.95 1.08 1.30 1.43 1,60

A 3 0.08 0,13 0,19 0.35 0,49 0.59 0.70 0.92 1.31 1058 1,95
4 0,16 0.23 0.31 0,47 0,61 0,70 0081 1.00 1.33 1.55 1.83
5 0.23 0,31 0,39 0.55 0.68 0.77 0.87 1.05 1.33 1.52 1.76
6 0,30 0,38 0,46 0.62 0.74 0,82 0.91 1.06 1.32 1.49 1,69
7 0.36 0,44 0.52 0.67 0.78 0,86 0,94 1.08 1.30 1945 1,62
8 0.42 0,50 0,58 0.71 0.82 O,8q 0096 1.09 1.28 1.41 1.56

9 3 0008 0,13 0,19 0.34 0,49 0,59 0070 0.92 1.31 1058 1,92
4 0.16 0.23 0.31 0.47 0.60 0.70 0.80 1.00 1.33 1,55 1,84
5 0,23 0,31 0,39 0.54 0.68 0,77 0,86 1.04 1.33 1.52 1.76
6 0.30 0.38 0,45 0.60 0.73 0.81 0,90 1.06 1.31 1,48 1.70
7 0,35 0,43 0.50 0.66 0,77 0.85 0.93 1.07 1.30 1.46 1.65
8 0.40 0,48 0,55 0.70 0.81 0,88 0.95 1.108 1.28 1,42 1,59
9 0.45 0.53 0,60 0,74 0,84 0.90 0.97 1.08 1.27 1.39 1.53
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TABLE B-1 (Continued)

Percentiles of the Diatribution of W

Su 0.02 ...1.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.5. 0.98

10 3 000 v.13 0,19 0.14 0,48 n,59 0,71 0,91 1.31 1.%9 I I

4 ,A ) ,23 0,10 0.46 0.60 0.?n 0,80 1.00 1.33 1,57 1,

5 0,2. 0,30 0,38 0.54 0,68 ,77 0,86 1.04 1.33 1,53 1,77

h 0%79 0,3v 0145 0.60 0,74 0,81 0,90 1,06 1032 1.49 1.1 fI

7 0,34 0,4 0,50 0,6 0,77 0,84 0,97 1.07 1,31 1.46 1,S6i

H 0,39 0,47 0,54 0,h9 noRI 087 0,91 1,08 109 1,43 1.60

9 0,43 4,S1 0,59 0,3 0.8m 0,R9 0,96 kOR I.?R 1.40 I,35

10 0,4R 0,5 0.62 0,7h Oo5 0.91 0,9R 1,09 Ia? 1, 1, 1

ii 3 0,08 0,13 0.19 n34 0,48 0,59 0,ri 0,9? I.11 INo I, Y 1
4 0,15 0,7? 0,30 0146 0.60 0,70 0,80 1,00 1,34 1,58 ISO

5 0,*2 0.30 0,38 0,54 0,67 0,76 0,86 1,04 1.34 1,F4 ,8

6 0,8 0,36 0,44 0,60 0,73 0,81 0,90 1,07 1,33 113,l 1,13

7 0,13 0,41 0,49 0.5s 0,76 0,84 0.q 1,08 1,42 1.48 1,61

8 n,3n 0,46 0,54 0,6R 0.80 n,87T 0,45 1.08 1.31 1,4s 1,6?

9 0,42 0,50 0.5T 0,71 0,82 ,09 O996 1,0q 1,79 1.42 1.58

10 0,46 0,S4 061 0,74 0,85 0.91 0,98 1,n9 147? 1.1" 1.54

11 0,50 0,57 0.64 0,17 OT 0,93 0,99 1,09 143) 1,36 1,49

12 3 0,08 0,13 0,19 0,4 0,48 0,58 0.10 o.92 1.3o 1.!6 1,87
4 0.16 0.22 n.30 0946 1,.60 0ttO n.sO I .00 1,34 I.615 1.82

5 0,23 0,30 0,18 0.54 6.6T 0,76 0986 1,04 1,33 1.53 111A

6 04?9 0,36 0,44 OhO 0,T2 0,81 0.90 1.06 1,33 1,49 10?

7 0,34 0,41 0,)0 0965 0.76 0,84 0,93 1,0R 1,31 ).4r 1.66

S O.jR 0,46 0,54 0,6A 0,79 0.87 0,95 1 .oR 1,30 1..5 1,#1

9 0,4? 0.50 0,57 0,71 0.82 (,89 0.96 1.0q 1,2q 1.41 1,58

13 0,45 0,53 0.61 0,74 0.84 0'90 0,97 1,09 1.28 1.40 1,55
11 0,49 0,$6 0,64 0,76 0, m 0 99? 0,98 1,O 9 1,27 ),37 15 1 k .

12 0,53 0,60 0,o6 0,78 O.87 0,93 0,99 1,09 1.( 1,5 1,46

13 3 0,08 0,13 0,19 0,33 0,48 0.58 0,69 (o,91 I,0 1,58 1o5 1 4

4 0,15 0,27 0,29 0,45 0,59 0,6q 0,79 0.99 1,3 1,31 1,86

5 062 0,30 0,31 0.53 0,67 0,75 0,R5 1,03 1,14 1.55 1,19

6 ,28 0,36 0,43 0,59 0,72 0,80 0,89 1,06 1,33 1,51 1,12

7 0,33 0,40 0,48 0,64 0,76 0,84 0,92 1,07 1.32 1,48 161.

8 0.37 0,45 0,53 0.67 0,79 0,86 0,94 1,0 1,30 1.45 1.62 i
9 0,42 0,49 0.56 0,70 0,81 0,88 0,95 IO8 1429 1,42 1elm

10 0,44 0,52 0,60 0.73 0,83 0,89 0,96 1,0 128 1,40 1.65

11 0,4F 0,55 0,62 0.75 0,8R 0,91 k,4? I,O 1,76 1.38 1.51

12 0*51 0.5A 0.65 0,7t 0,8R 0,92 0,9R 1.0 1.25 1.36 1,47

13 0,54 0.61 0.68 0.79 0.88 0,93 0,99 1.09 1,24 1,33 1.44 1 -

4
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TABLE B-1-(Continu~d)

Percentiles of the Distribution of W

n IS 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.05 0.98

14 3 I R 01 .9 O3 0.44 (),5R 0,69 11,91 1,31 1,sm 1,94
4 016 0.2 n3o 0041 ,S0,890's 0,99 1.33 1*!;? 1.86

5 0,.2e 0,30 037 0.59 0.77 0.81 0,86 1.04 1.34 1.54 1.77
6 ,2 035 Oe3 01 07? O' 0 ,90 1.06 1.33 1.%1 1.71

1 0.33 0.40 0.48 0.64 -. 7,4 0,84 0).934 1.07 1,32 1.48 1.67
F1 n.38 0.4S 0,514 0.67 0.79 0.86 0.94 1,083 1.30 1.45 1.63
9 0.41 0,.49 0,56 0.70 0,PP 0.8A 0,96 1,nR 1.24 1.47 1.59

10 0.45 0,52 0,q59 0.72 O,e3 0,90 n,96 1.09 1.78R 1.40 1.5S,

11 0.48 0,55 0.62 0,75 0.85 0,91 n,97 1,09 1.26 1.38 1.5?
1? 0,iso 0,57 0.64 0.77 0.86 0,92 n,98 1.09 1.25 1,36 1.49

"(3  0.53 0.60 0.67 0079 0.88 n,93 6,99 1.09 1.24 1.34 1,46

14 0.57 06 0.69 0.81 0,89 0,94 0.99 1,0to 1.23 1.32 1,43

15 3 0,08 0,13 0.19 0.33 0.47 0.57 0.68 0,90 1.29 1.137 1,92
4 0,16 0,?? 0.29 0.45 0,59 0,68 0.79 0,.99 1.33 1.56 1,815

5 0.?? 0.29 0.31 0.53 0.66 n,75 0.85 1,04 1.33 1,53 1,1c)

6 0.28 0.35 0.44 0.59 0.71 0,80 0.89 1,0)6 1. 3? 1.50 1.71
? 0.33 0.41 0.49 0.63 0.15 0,83 0,92 1,01 1*3Z 1.48 1.67
a 0'.47 0,45 0.52 0.67 0,78 0,66 0.94 1,08l 1.30 1,45 1.63
9 0.41 0,49 0,56 0.69 0.81 0),A8 0,9S 1.08 1.29 1.43 1.59

10 0),45 0.5? 0.59 0.72 0.82 0,89 0,96 1,09 1.28 1.41 15

11 0.48 0,5'. 0.61 0.74 0,84 0,90 0.97 1.09 1927 1.39 1,54
12 0.50- 0,57 0.63. 0.76 0.86 n,91 0.98 1,.09 1.26 1,37 1150

13 0.52 0.59 0.66 0.78 0.87 0,92 0098 1.08 1.25 1,35 1,47
14 0.55 0,6k2 0,68 0.80 0,8 0.94 0.,99 1,08 1.24 1.33 1.45

is 0,58 0,64 0,:70 0,81 0,89 0,94 0.99 1,09 1,23 1.342 1,4P

16 3 0.08 0.13 0.19 o,43 0,4T n,56 0.,%8 0,90) 1.29 1,58m 1,94

4 0,15 0,?? 01?9 0.45 0.59 0,68 0.79 0,99 1,33 1,56 1.86
5 0.,27 0.29 0.36 0,53 0.66 0.7% 0,85 1.03 1,33 1.54 1.f18

6 0),27 0,35 0,43 0,58 0.71 0,79 n.88 1.05 1,33 IL.51 1.74
7 0,31 0.40 0.48 0,63 0,7S n,83 0,91 1.07 1.31 1.47 1,6q
8 0.36 0,44 0.52 0.66 0.78 0,85 0,93 1.07 1.30 1,45 1,64
9 0.40 0.48 0,55 0,69 0,80 0,8? 0,9'# 1.08 1.29 1.43 1.60

to 0,43 0.51 0,58 0,72 0,82 0,89 0,96 1.08 Iva8 1,41 1.57
11 0.46 0,51 0,61 0,74 0,84 0,90 0.97 1.09 1.27 1.39 !S

12 01,49 0.56 0.63 0.76 0,85 n,91 0,97 1,09 l17 1.38 1.&s0

13 0,51 0.59 ).*SS 0.77 0,86s 0.92 0),98 1,09 1,25 1,36 1.48
14 0.54 0,$61 0.67 0,79 0,88 M,93 0,99 1,09 1.24 1,34 1.46
1s 0.56 0,63 0,69 0,80 0).89 0,94 0,99 1,09 1*23 1.32 1.43
16 0,59 0,65 0,71 0.82 0,90 0,95 1.00 1I09 1.71 1.29 1.40
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TABLE-i - (Continued)

Nroentiles of the Distribution of W

u 0,02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

1 3 0.08 0.11 0,18 0.33 0.4R 0,58 0169 0',97 193 1.59 1.95

4 0,15 0,22 0030 0.45 0q A,69 OR, 1.00 1.35 ).C8 I.M7

S 0,22 0,30 0.37 0053 0,67 0,76 0,86 1n4 1.34 1.S, 1.79

6 0,;o 0935 0.43 0.59 0.71 0,80 OA9 1.06 1.13 1.50 1.73

7 0,33 0,40 0048 0063 0.75 0,81 n,92 1,07 1.32 1.49 l'.,8

a 0,37 0,44 0.52 0.67 0078 0.86 0.94 1o0 1.1 1.47 1.63

9 0.40 0,48 0.51 0,70 0.80 0,88 0095 1.oq 1.30 1.44 1,60

10 0.44 0.51 nS8 0,72 0,87 0,89 0,96 1,09 1.29 1.42 1.58

11 0,46 OS4 0:61 0.74 0,84 0*90 0,9 1,09 1.27 1,39 10.5

16 0,4 0,6 0. 3 0.86 0.a0 0691 O,A 1.09 1.2 1,31 1,41

13 OS 0.18 0.6 0.33 0,48 0,97 0.99 l0o9 1.31 1,36 1,40

14 053 0,61 0.27 0.79 0,88 n.93 0.79 1009 1,34 1034 1.4

15 0.56 0,6 0,69 0.80 0.69 0,9 1,00 1.09 1623 1.3 1,44

16 0,58 0,65 0.71 0.8 0.71 0,09 1,00 1.09 1,32 1.31 1,ft

I7 0.31 0,67 OT 0.83 0.91 0,83 0100 1.09 1,21 1.?9 1,3

18 3 0,07 0,44 01 0.66 0.77 0.n% 0,9 1ol 301 , 1,9

9 0,15 0,22 0.29 0,69 n,80 0.87 0.79 1.08 1,34 1os 1,7

5 0,22 0,29 037 0.73 0,66 075 0.96 1,03 1.14 1o4 1 .

6 0,7 0,53 0.43 0,5, 0 0,90 0,9 1,0 137 151 1,r3

1 033 0@40 0,43 0.72 0*85 0'91 0.97 10o? 131 1.38 1.6

81 0.51 n58 0.61 066 0,86 0,oe 0,93 1,09 1.30 1.46 1.43

91 0,4 0,60 0.o6 0.78 08 0.93 095,9 10on 1.30 1,3 1.46

10 0,43 0,51 0,58 00?1 0,88 0,93 0.96 1.08 1.23 1,41 1,4!.

16 0,56 0,53 0.60 0.83 0,83 0,94 0,97 1,08 1.27 1,319 1.4

17 0,490 0,6 3 0.71 0,891 0,9T 5 100 1.09 17 1.38 1,5

13 0,61 0,67 0,73 0,7 0.6 n,92 O,R 1.0 1.2 1.36 1.4

19 0,04 0,60 0,66 0.33 0.47 0.97 0.69 0.e1 ,Z 1 ,35 1.96

4 0160 0,7? 049 0,45 0,e9 0,9 0,79 t09 1,2l 33 1. 14

16 0,57 0,64 0,70 0.81 00,9 0,94 0.99 1.03 1,2 1.4 1.42

IT 0.79 0,35 071 0,82 090 0095 0,89 1o05 1307 1.31 1,7

18 0,61 0, 0,083 0091 0,95 0,01 106 1,2n 1.78 1,31

19 3 000 0,12 018 0,33 0.47 0,5 0.9 1.08 1.30 1.45 1.91

4 00 0'77 0.59 0945 0 0 0,78 0,9 99 1.30 1.56 1,84

5 0,2 0,029 0.37 0,52 0,6" 0,76 Os 1'03 1,33 1.54 1,7$

6 0,26 0,3S 0.63 0.73 0.73 0,80 0.89 1.09 1,37 1.41 1.74

7 0,32 0,0 0.68 0,63 0.85 0.91 0,91 1,06 10, 1,48 1,51

1 0.36 0,44 0,51 O,6 0,78 0,92 0.98 1.09 1,73 1.46 1.6

91 0,43 0,47 0,7 0.78 0,80 0o7 0,98 l,0 1.30 143 1.47

10 0,4 0,50 O,60 0.79 0 08 0,9 0,96 109 1,7 1.42 1,47

11 0,46 003 069 0,81 0,93 0,94 0.99 1,09 1,77 1,40 1.45

12 0,48 0.55 0,6 0,82 0,085 091 1009 1,09 106 1,31 1.41
13 0,50 PvS8 00,64 0,77 008 At O92 0,9A )1,)9 1026 1,3f1 ,4q

14 0153 0860 0,67 0079 0087 0.93 n098 1.09 1,?S 1,35 1.47

IS 0,54 0,4%2 0,68 0*79 0088 0,93 n,99 1'nq 1..7 1.44 1.4S

16 0,56 0,63 0169 0*81 0,89 n,94 0,99 1,09 1,73 1.37 1.4;)

17 0,59 0,6s 0,71 0,82 0,90 0095 loon 009, 1,,? 1.31 1,41

18 0.60 0,67 0.73 0,83 0,90 0,95 1.00 1,08 11 1,?9 1.39

19 0,62 0,68 O)74 0,84 0,91 0,96 1.00 1.08 1520 1,78 1,3b
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TABLE B-I - (Continued)

Percentiles of the Distribution of W

a 0.02 0.0 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

20 3 0,07 0.12 0.18 0.33 0,47 01,8 0,19 Oq 1,31 1.&0 1,97
4 0,15 0.22 0.29 0045 0.59 0,69 0.79 0,99 1.34 1.57 1.89
5 0,22 0,29 O,37 0.52 0.66 075 0,85 1,01 1,34 1.55 1.81
6 0.27 0,3S 0,43 0.58 0,11 0.79 OR9 1,05 1.33 1.5? 111"
7 0.32 0,40 0.41 0.62 0,75 0.83 0.91 1.07 1.32 1.49 1.70
8 0.35 0043 0.51 0.66 0.78 0,85 0,93 1,OA 1.30 1,46 1,65
9 0,39 0,#7 OSS 0,69 0,00 0,87 0,95 1,0A 1930 1.44 1,61
10 0,43 0,50 0.57 0.71 08? 0,89 0,96 109 1.29 1.42 1.58
11 0,45 0.53 0.60 0,73 0.83 0,90 0o97 109 1.2 1940 1,54
12 0.48 0,55 0,&2 0.75 0.85 0,91 0,98 1.09 1027 1.38 1.2
13 0,50 0,57 0,64 0,77 0.86 0,92 0.98 1.09 1.26 1.36 1,50
14 0.52 0.60 0.66 0,78 0.87 0,93 0,99 1,o9 1,25 13 1.44
Is 0,54 0,61 0,68 0.?9 0.68 0,93 0,99 1,09 1,24 1,34 1,46
16 0.56 0,63 0,69 0.81 0,89 0,94 1.00 1,09 103 1.33 1,44
17 0.58 0,65 0.71 0,82 0,90 0,95 1,00 1.09 1.72 1.31 1.42
18 0,60 0,66 0.72 0,83 0.90 0,9S 1.00 1.08 1922 1.30 1.40
19 0,62 0,68 0,74 0.84 0,91 0,96 1.00 1,08 1,21 1.28 1,37
20 0.64 0,70 0.75 0,8S 0.92 0.96 1.01 1.08 1.2n 1.27 1,36

21 3 0.07 0,12 0.18 0.33 0,47 0.57 0,69 0,91 1.30 1.s8 1,90
4 0,15 0,22 0.29 0045 0.59 0,68 0.79 0,99 1.33 1.57 1.87
S 0,22 0.29 0.36 0.53 0,66 0,75 0.a5 1,03 1.34 1,5 1.80
6 0,28 0,35 0,43 0.58 0.71 (),80 0,89 1,06 1.34 1.S2 1,73
7 0,32 0.40 0.47 0.62 0,74 0.82 0,91 1.07 1.33 1,49 1,69
8 0.36 0,43 0.51 0.66 0.77 0,85 0,93 1,08 1.3Z 1.47 1.66
9 0,40 0,47 0,54 0,68 0,80 0,87 0,95 1.08 1,30 1,44 1.62
10 0.42 0,50 05 0,11 0,87 0,88 0.96 1.09 1.29 1.42 1.58
11 0,45 0,52 0.60 0.73 O.83 0.90 n.96 1,OA 1.2A 1.40 1.55
12 0,47 0,55 0.61 0OS 0,84 0,91 0.97 1,09 1927 1.39 1,53
13 0,50 0,57 0.64 0.76 0,86 0,92 0,98 1+,9 1,26 1,37 1050
14 0,52 0,59 0,65 0.77 0.86 0,92 0,98 1,09 1,25 1.36 1.48
15 0,54 0,50 0,67 0079 0,88 0,93 0,99 1.09 1.2% 1.34 1.46
16 0,56 On3 0.68 0,80 0.88 0.94 0,99 1.09 1.?4 1.33 1.44
17 0,57 0,64 0,70 0,81 0.89 0,94 1.00 1.09 1.23 1.32 1.42
18 0.59 0,66 0,71 0,62 0.90 0,95 1,00 1,09 1.22 1.30 1,41
19 0261 0,67 0,73 0,83 0,91 0.95 1,00 1,09 1,71 1.29 1.39
20 0.62 0,68 0,74 0,84 0,91 0,96 1,00 1.09 1021 1078 147
21 0.64 0,70 0,76 0,85 0,92 0,96 1.01 1.08 1.19 1.26 1.34
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TABILE B-i 1 (Continued)

Ptrceutl~ of th. Diutribution of w

u 0.02 0.05 .0! 0.2 0.40 0.0 0.60 0.75 0.90 0.9 0.98

7? 3 0,07 0.12 0.18 0*33 0,47 0,57 0.69 0,92 1.37 l.%9 14. Otis 0,22 0.29 0,45 Q.dl9 0.68 0.79 O,q 1913 ,7 185 0.72 0,?9 0,37 0.53 0,66 0,7% 0,AS 1.04 1914 1.54 1.81& 0.27 n.3S 0.42 0.58 0,71 0.80 0,A9 1.06 1,43 1*%3 1.74
7 0.37 0,49 0,47 0.62 0.7s 0.03 0,92 1.07 1,33 .1 16
A 0.16 0,43 0,%I 0.*66 0.77r 0.85 0,93 1.08 1.31 1.47? ,'9 0.39 0.47 0.54 0.69 0.8o 0,87 0,95 1.09 1140 1.44 ,610 0.43 0.50 005? 0.71 0.1 0,9 0,4 1,9 1,9S ,,11 0,45 0,5? 0.60 0.73 0*83 0.9 0,97 1,09 1.78 1.41 less

12 0,48 0,54 0.62 0.14 0.014 0,~p 0.98 10 4 .8 151 30)0 0 5 7 0 6 0 , 7 6 0 .8 5 , 9 7, 0 9 A 1 , n 9 1 .0 2 6 1 .,47 1 .4 414 ,5? 0.59 0.66 0,77 0,87 0,97p 0,99 1.n9 1.25 1.4% 1.4615 0.53 0.61 0.67 0,79 0,88 0,93 0,99 1.n9 1.24 1.34 1.4616 O.5g. 0.6? 0.69 0.80 0.88 0,94 0.99g 1.09 1.24 1.13 1.43
17 0,57 0.64 0070 0.81 0.89 0,94 1,00 1,09 1213 1.32 1,4;)
I a 0,59 0.6% 0.71 0.82 0.190 09&, 1.00 10 ,2 '3 ,u19 06 .7 0.7? 0.83 A.90 n,95 1000 1.08 I.? 1.9]320 0.62 0.68 0.74 0.84 0.91 0.95 1.00 1.08 1041 1.28 1.3?1 0, 4 0 7 0. 5 0 85 091 0,96 100 1.08F 1.20 1.77 1.3622 0,6% 071 0.76 0.8.5 0.92 n.96 1.01 1.0A 1,19 1.26 1,ll

P3 3 0.07 0.12 0.18 n.32 0.46 0,56s 0..l n.91 I',l1 1.5gi 1.944, 0.14 n.21 n.28 0.44 0,138 0.68 0.79 0),99 1.33 1.57 1.865 04 n.28 0.35 0052 0 65 0,74 0,85 1.0w4 1,33 1.~ 1.794
6 0027 0,34 0,42 0.57T 0,70 079 .8 o .3 1.1 137 .1 0,39 0,47 0.67 0.75 n,83 0.91 1.07 1.3p 1.48 16
A 0,35 0,43 0,51 0.66 n,77 A,85 n,93 1.08 1,31 1.47 169 0.39 0,47 0.54 0.49 0.80 0,97 0.9% .8 13S.5 161 0.2 05 0.7 0.71 0,82 0,88 009S 1,Oq 1629 1.43 1.5911 0.45 0.52 0.59 0.0~ 0,83 0,89 0.96 1.09 1,28 1.40 1.15112 0,.47 0,55 0,62 0,15 0,84 0,91 0.97 1.09 1.27 1.38 1.54

13 0,50 0,57 0.,63 0,76 0.85 0,91 0198 1,09 1026 1,37 1.5?
14 0,52 0), s 0.165 0.78 0,86 n.92 0,98 1.09 112S 1.36 1.48Is 0.53 0),60 0.67 0.79 0,8? 0.93 0,99 1.09 1.25 1.4c% 1.4716 0.55 0.? 0.7)68 0,80n 0.88f 0,93 0,99 1,09 1.24 1.33 1.41)17 0.57 0.64 0,70 0,81 0,89 n.,94 0.99 1.09 1.23 ),33 1,4318 0.59 0,6S 0.71 0,82 0.9n 0,94 1,00 1,09 1.2? 1.31 1,42
19 0,60 0,66 0,7? 0,81 0.90 0.9s 1.00 1,08 1.72 1.30 1.4n?o 0. hp 0,68 0.73 0,3 0.91 0095 1.00 1,09 1.21 1.29 1,321 0,43 0,69 0.74 0,84 0.91 n,96 1,00 1,08 1040 1.28 1.4722 0.65 0.70 0.76 0,85 0,92 0,96 1.01 1,04 1.19 1.2? 10,4s

23 0,66 0,72 0671 j4 0.92 0.96 1.01 1,0 11 12 14
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TABLIE B3-1 - (Concluded)

*Percentiles of the Distribution of W

n s 0.02 0.05 0.10 0.2up 0.40 0.50 0.80 0.75 0.90 0.95

24 3 0.07 0.12 0.18 0.33 0.47 0,97 0,#.g 0.9> 1.29 1.56 1,90
4 -),15 0.21 0,28 0,44 0*5q 0.6S9 0.79 0,99 1.3? 1.656 1,801,
5 nezi 0.70 0.36 0,52 0,6% 0.75 0.05 1,03 1033 1,54 1.79
6 0.27 0.34 0.42 0.57 0,70 0,79 0.89 tons l.33-. .151 1,13
7 0,32 0.39 0,47 0.62 0.74 0.8? 0.91 1.07 1.3? 1,49 1.69
a 0tis 0,43 0.50 096S 0.77 0.85 0.93 1,07 1.31 1.44 1.6S
9 0,39 0,47 0,54 0,68 0,79 0,84 0,94 1.08R 1,30 1,44 1.1
10 0,42 0,50 0,56 0970 0va1 0,88 0.95 1.09 1,29 1.42 1.sm
11 0,45 0,5? 0.59 0.72 0.013 0),89 0096 1.09 1,Zli 1.41 1.56
12 0.47 0,S4 0.61 0,74 0.84 0.90 0.97 1.09 1,27 1.39 1.54
13 0.49 0,56 0.63 0.76 0.85 0.91 0.98 1.09 1.27 1.38 1164?
14 0.5? 0.50 0,6S 0177 0,04 0),97 0.90 long 1,26 1,1#, 1,49
15 0.S4 0,6n 0,47 0.78 0,07 0.92 0,98 1.09 1.25 1.35 1.47
16 0.55 0,62 0,68 0.79 0,88 0,93 0.99 1.00 1,74 1934 1,45
17 0.57 0,63 0.69 0.80 000 0,94 0,99 1.00 1.24 1.33 1.44
is 0.58 0.65s 0.70 0.81 0,09 0,94 0.99 1,00 1,23 1.32 1,43
19 0.60 0.64 0.72 096P 0.90 0.95 1000 1.00 1,? 1.31 1.40
20 0,62 0,47 0.73 0.83 0.90 0.95 1.00 1.00 1.21 1.29 1.39
21 0,63 0,4&8 0,74 0.84 0.91 0,95 1.00 1.08 1,21 1.28 1.37
22 0,64 0,69 0.75 0,84 0,91 0,94 1.00 1.08 1910 1.27 1,36
23 0,65 0.71 0.76 0.85 0,9? 0.96 1.00 108 1.19 1.26 1.34
24 0.64S 0.7? 0.77 0.86 0.9? 0,96 1.01 1,08 1619 1.25 1.33

25 3 0.07 no); 0.18 0.33 0,47 0.57 0.68 0,90 1,29 1,517 1.91
4 0.15 0,21 0,28 0,45 0.59 0,68 0.79 0,99 1.32 1.56 1,85
5 0.21 0.29 0,37 0,52 0,66 0,74 0.04 1.0?Z 1.32 1.54 1.80
6 0.27 0,34 0.42 0.58, 0.70 0.79 0.08 1,04 1.31 1.50 1.74
7 0.3? o,49 0,47 0.62 0,74 0.02 0.90 1,06 1931 1.40 1.&9
8 0,35 0,43 0.51 0.65 0,77 0,84 0.9? 1.07 1.30 1.45 1.65
9 0.19 0,46 0,54 0.60 0,7'9 0,86 0,94 1.07 1,29 1.44 1,6?

10 0.42 0.49 0.57 0,70 0.81 0,80 0.95 1.00 1.20 1.42 1.59
11 0.44 0,SZ 0.59 0.7? 0.02 0.89 0.96i 1,08 1.28 1.41 1,57
12 0,47 0,S4 0.61 0.74 0.84 0,90 0,97 1.08 1.27 1.39 i*54
13 0,49 0,56 0.63 0.74 0,05 0.91 0,98 1.09 1,26 1.17 1.51
14 0.51. 0,58 0.6s, 0.77 0,04 0.92 0,98 1,09 1,26 1,36 1,49
is1 0,53 0,60 0,66 0,78 0,87 0,92 0,98 1109 1025 1,35 i947
16 0,55 0.61 0,68 0.79 0,88 0,93 0,99 1.08 1.24 1.33 1.45
17 0,54 0,63 0.69 0.80 0,08 0,94 0.99 1.09 1923 1,3? 1,44
18 0.58 0.64 0.70 0.81 0,89 0.94 0,99 1.09 1.22 1.31 1,42
19 0.59 0,4% 0.71 0.82 0,90O 0,95 1.00 1,08 1,22 1.30 1.41
P0 0.61 0),67 0.73 0,83 0,g, 0,95 1.00 1,00 1.21 1.30 1,39
21 0.62 0,48R 0.74 0.83 0,91 0,95 1,00 1,08 1,21 1.29 1,38
2z 0.64 0.69 0,75 0.84 0.91 0,96 1.00 1.08 1.70 1.28 1.36
23 0.45 n,70 0,76 0.05 0.92 0.96 1,00 1.08 1.19 1.27 1.3'j
Z4 0.66 0.72 0.77 0.86 0.92 0.96 1.00 1,00t 1619 1.26 1.34
P5 0,47 0,73 0,78 0986 0,93 0,97 1001 1.08 1o1a 1125 1.32
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TABLE B-2

Percentiles of the Distribution of (a-u)/b

n I 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.7 0.90 0.9 0.98

3 3 -4,4l -2.54 -1.49 -0.52 -0,10 0,10 0.31 n.69 1.46 ?.17 1,19

4 3 -6.92 .3.5 -2.32 -0.84 -0,79 -0,04 O.R 0,50 I.h 195" 2.43
4 -2,37 -1.50 -0,96 -0.3? -0,0 0,09 0.75 0,55 1,07 1.49 ;.15

5 3 -9.35 0.22 .3,04 "1.27 -0.50 e0.19 0.06 0.40 0,86 t70 76
4 -3.13 -1#94 -1.24 -0.SO -0.16 0,07 0.16 0.45 0'88 1.2a I.
5 .1,63 .1,08 -0.73 -0.31 -0.06 0,0 0.27 0,47 0,89 1.20 1.64

6 3 -10.54 -6.12 -3,72 .1.56 -0.69 -0.32 .0.04 0,33 O.TS I.02 1,39
4 -3.69 -2,39 .1.59 -0.67 .0.75 -0,05 0.17 0,3A 0.76 1,03 1,47
5 -2.05 -1,36 -0.91 -0.38 -0,11 0,04 0.17 0,40 0,17 1.04 1o41
6 -1.29 -0,91 -0.64 -0.28 -0,06 OOT 0.19 0,41 0,7 1.04 1.39

7 3 -13,00 -7,39 -4.45 a1.7 -0.9 .0,48 *0.16 0.26 0,66 0,90 1.20
4 a4,67 -2,95 -1.94 .0.84 .0.36 -0,13 0.05 0.3? 0.66 0.69 1.20"
5 -2.48 -1,59 e.10 -0#48 -0,17 -0,07 0.12 0,34 0,66 0.89 1.J1
6 -1.54 -1.04 -0.73 -0.32 -0,10 0,03 0.15 0,35 67 0.90 1.20
7 .1,09 -0.79 -0,56 -0.26 .0,06 0,05 0.17 0,36 0,6 0.90 1.1

8 3 -j4036 -8.15 -5.01 6'2414 -1.04 -0,SR -0.21 0924 0,67 0.66 1.?
4 .5,34 .3,30 .,16 -0.0KI-.43 *0,19 000? 0,30 0,64 0.83 1,01
5 w278 -1.86 -1,25 -0.56 '.<22 .0,05 0.10 0,12 0,62 0.87 1.07
6 .1,60 -1.20 -0.83 .0,36 .0, 0,01 ,13 0.33 0.63 0.82 1008
7 .1.Z8 -0,88 -0,61 -0,77 .Oo010 04 0.15 0.33 0),3 0.82 1.08

-.0.97 -0.70 -0.50 w0.22 -O.0 0, - 0n1 0.34 0.63 OR 1,07

9 3 -15,6R -9,12 -5,64 -2.38 "191T -0,66 20 0,66 ().66 1,06
-6,31 -3@78 -2.47 -1,08 .0.50 .4 -0.0 0.61 0.79 1.00

5 -3,19 -2,10 -1,0 -0,63 -0.26 -0,08- 0,0A 0.30 -e, ' 8 0.76 0,98
6 -2.01 -1.38 -0.94 -0.41 O.15 -0.31 0.11 0.30 0. 0,76 0.99
7 -1.43 -0,99 -0,70 -0.31 -0,2 Q 0,021 0.13 0,31 0,57 -'tQ 76 0.99
8 .1.08 .0.76 -0.55 -0.2 007---0,041 0.14 0.31 0,R 0It 0.99
9 -0.87 -0.64 -0,4? -0.21 -0,05 - 0,15 0.32 0.58 0.76 -- 094
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TABE B-2 - (Continued)

Peroentiles of the Distribution of (u-u)/

U 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

10 3 &17.4% *9.98 .6.05 -2.S -1,29 .O,76 .O,34 0,17 0,66 0.87 1.07
4 -6,54 -4.17 -2.70 -1.22 .0.58 -0,28 -O.n4 n,77 0.60 n,77 0.96
5 -3,56 -2,37 -1.56 -0,73 -0.31 -0,12 0905 n,78 O.6 0,72 0.93
6 -?.?1 -1.51 -1.03 -0.48 -0,19 -0.04 0.09 0,8 0,54 0,71 0,9p
7 w1.56 -1,08 -0.77 -0.3 w O0.17 -0,00 0.11 0.7R OS4 0,70 0,93
8 ol.20 -0.86 e0.62 0.27 -0.08 0.0? 0.12 0.28 0.53 0171 0,93
9 -0,97 .070 -0o.50 -0.23 -.006 0,04 n.13 0.29 n.54 0.71 0,93

10 -0,80-0,60 -0.44 -0,20 -0,04 0,04 0.14 0,29 0,64 0.71 0,92

11 3 -18.52 -10.68 -6.42 -2.76 *1.41 0.85 0o.42 0.13 0.65 OR7 1,07
4 o7,26 -4.57 -2.9S -1.37 0.66 -0.36 -0.10 0.24 0.58 0.75 0092
S -4.00 -2,58 -1,75 -0.81 -0#3? -0.16 0.01 0,26 0.54 0.69 0.88

.. 6 -P.45 -167 -1.16 "0.53 -0.22 -0,07 0.06 0,6 0.S2 0.66 0.85
7 &1,70 -1.21 -0.85 -0.40 -0.15 -0,02 0,09 0,6 0.50 0065 0,86
6 -1.30 -0,92 -0.66 -0.30 -0,11 n,00 0,10 0.?6 050 0665 0,86
9 .1.06 .0.76 -0.S4 -0.25 0.008 0,02 0,11 0,76 0150 0,6S 0.86
10 w.,87 n.63 .0o46 -0o.1 -0.06 0.03 0.17 0.27 0.50 0.65 0.86
11 -0.75 -n.5 -.0,42 -0.19 -0.05 0,03 0,12 0.27 0.50 0,65 0.85

12 3 -19.R -11,23 -6.92 -3,03 -1,58 -0.9T -0.49 0.10 0,64 0,88 1.10
4 -7.44 -4.81 -3.17 -1,47 -0.74 -0.40 -0.14 0,21 0.SR 0.75 0.9?

--2.17 -2,72 .88 -0.89 -0.42 -0.70 .0.01 0,24 0.53 0.68 0,84
6 -2.63 -1.83 -1.27 -0.60 -0.26 .0.10 nOS 0.25 0.5 0,64 0.81
7 -1.91 01,32 -0.92 -0.42 -0.17 .0@04 0,08 0,25 0.48 0.62 0,80
8 -1.41 -1.00 -n.71 -0,33 .0,I .On 0.09 0,?5 0,4R 0,62 0,79
9 -. 1 -0.80 -0,58 *0,27 -009 0.01 h.1O 0,25 0,47 0,62 0.80

10 -0.91 -0,67 -0.48 -0,23 -0.07 0.02 0011 0,75 0,47 0,62 0.80
1: 0.018 O.58 .0.43 -0.2O .0,06 0.03 0.11 0.25 0.47 0.62 0.80
12 -0.69 -0,3 -0.39 -0.19 -.010 0.03 0011 0.25 0.47 0.62 0.79

13 3 -19.77 -11,66 -7.41 -3,21 -1,64 .1.07 w0#54 0,0R 0,65 ORR 1.09
4 -8.72 -5.71 -3.31 -1,60 -0.82 -0,48 -0,19 0.20 0.59 0.76 0.93
S -4.44 -7.95 -1.99 00.96 -0.47 0.24 .0.04 0.24 0.54 0.68 .84
6 -2.06 -1,94 1.35 -O.66 -031 -0.13 0,03 0,25 O.S 0.64 0. 9
7 -7.04 -1,40 -0,98 -0.46 -0,19 -0,06 0,06 6,5 0,47 0.61 0,?7
8 -1.52 el.06 -0,77 -0,36 -0,14 -002 0.08 0.24 0,46 0,59 0,75
9 -1,18 -0.86 -0.61 -0.29 -0.10 -.000 0,09 0.24 0.45 0.$8 0. r4
10 -1.00 -0.72 -0.52 .024 -0.08 0.01 0.10 0.74 0.45 0.58 0.74
11 .0,85 -0,63 -0.45 o.21 -0.0& 0,02 0.11 0.24 0,4S 0.58 0.75
12 -0.74 -0.56 -0.41 -0.19 -0o,05 0,03 0.11 0.75 0.4S 0.59 O.I
13 -0,67 -0,51 -0,38 -0,18 -0,05 0,04 0o11 0,5 0.45 0,59 0.7S
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TABLE -2 - (Continued)

Peroentil,s of the Distri ution of (i-u)/,b

So.2 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.96 0.98

14 3 -21,43 -12,49 -7,6% -3.31 -1.71 -1.08 -0.57 0,06 04OSS 0,n 1.11
4 -.,30 .5,38 -3,53 -1.68 -O,87 -0o49 %0.20 Oq 0.59 0,7( 0,94
S -*,72 .3,13 -261T -1.03 -OS) .0,26 -0,04 0,74 0,54 0,69 0,84
6 -3907 -2,10 -1.45 -0.70 o0,I? -n.14 n.n2 0,24 n, Fo 0.63 ).79
7 -16 .5,S0 -1.06 -0.S0 -0,2P -n,07 0,06 0.24 0.47 0.60 0,7s
8 :l,67 .1.15 .0,RI -0.39 O0.15 -0,04 ,08 0.24 0,4% 0.,8 n,71
9 01,10 -.093 -0,66 -0,30 -0.11 -0.01 0.09 0,73 0,44 nosh fr2

10 -1.07 -0,76 -0.54 -0,26 -0.09 0.00 0.09 0,73 0,43 n.6 nr?
11 .089 -. 65 w0.48 -0.27 00.07 0.01 0,09 0*73 n.43 0.56 0.r2
12 .0,76 .0.57 .0,42 -0.19 -0.06 0.07 0.10 0.?l 0.41 0.56 0.??
13 -0.68 -O.51 0.38 .0.18 -0,05 007 0.10 0.21 0.44 0.6 0.72
14 *0.63 .0.47 o0.16 &0.17 -0.05 0.03 0.10 0,P1 0.43 0o56 0,77

IS 3 -23.14 -13.14 -8,14 -3.63 1,9? .1,?0 -0.65 0.07 0.64 (),89 l.1?
4 -8.79 -5.55 -3.74 -1.78 -0.94 o..S o.2A 0.19 0,60 0.78 o,q5 -4.88 -3.35 -2.27 -1.10 ,0,56 -nP9 -0.07 0,73 095S 0.70 O.85
6 -3.71 -7.21 ol.S -0.75 -0.6 -0.7 -0.00 0.3 0.50 0.64 0,1A7 o2.29 -1,$6 -1,11 °0.55 -O.76 -0.09 0.04 0,21 0,47 0159 n,14
8 -1.72 -1.20 w0,86 -0,42 -0,18 -n0,0 0,06 0,23 0.45 0,%7 0,7I
9 16.35 -0.91 e0.700.35 -n.11 w0.03 0.04 0,23 0943 0.56 0. 9
0 -2.70 -. 55-O,49 -0.28 -0,1n -n.ol nn9 0.03 042 o.97 1,6

11 *O.96 -0,0 -0.92 -0.29 .0 ,9 n,01 0,09 0173 0.42 0.4 0.69
12 -0,83 -0.62 -04,5 -0.21 -0.0 .0.37 .0,09 0.23 0.41 0.4 0.85
13 ,3 -03 005 4 -0.79.41-019 60.1 0,22 0.52 0.54 0,7114 -0966 -0950 -0,3r so0.18 -0,0 S (,03 0*10 0.22 0041 0.%4 0,69

15 ?.59 -0,46 -0.35 -O.5T -0.04 0,03 0 .20 n,73 0.42 0.59 0.6

16 3 -22.? 8 13.SS -8.42 -3.73 -2.01 -1.0 0,05 0.0 0.66 0.9 I'7l
4 -9,38 -,589 -3,9 -0,39 -0.19 .0.03 0.24 0,18 0,6 0,59 0o91
1 -5,17 w3,45 e2,3 Io9 -0.11 -0.3? o00 0,21 0,.4 0,70 0851
6 1.34 -.,34 -0.64 -0.79 -0.18 -0,19 -0.01 0.22 0.50 0.62 0.71? a7.42 -1.68 -1.19 -O.ST -0,27? -0.11 0,03 0.23 n,46 0.59 0.,11
a .1,1 -1.30 w0.93 e0.44 -0.19 -0.06 0,05 0,22 n.44 0.56 0,70

91 -0.44 -. O -0,4 -0.36 -0,14 -0.03 ,OT 0,22 0.0 0,54 0.66
13 -0.76 -0.56 -0,61 -0.19 -0.11 -0.01 non 0.21 0.40 0.53 0.61
14 -1.00 -0.72 -0.37 -0.17 0.0% 0.00 0.09 0,71 0.41 0.52 0,6612 -0.87 -0#64 -0.46 -0.?] o0.07 0,01 0,09 3.,21 n.4n 0,52 0.66
13 -0.76 -0.56 -0.41 -0.19 -0.06. 0,02 0.009 0.?1 0.4O 0,%2 0,66
14 -0.68 -Q,51 -0.37 -0.11 -0.0S 0,0-4 O. 1 0,21 0940 0.52 0,66
15 -0.61 -.,46 -0.35 -0,16 -0,04 0,03 0.10 0.2? 0.40 ),52 0,66
16 -0.56 -0.44 .0,33 -*0.15 -0.04 0,C. 0,l0 0.22 0,40 0,57 0.66
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TARLE B.-2 -(Continued)

Percentiles of the Distribution of (Cu-u)/b-

0.02 0.05 0.10 0.25 .0.40 0,50 0.60 0.75 0.90 0.g5 0.98

*? 3 .'.. -13.91 -8.40 -3.79 -7.01 -1,27 -n#69 0.04 0,ts9 0.9S 1.17

4 -9.11 .,05 -4.07 -1.92 .1,nn n.60 w0.76 0.17 0,h? 0,81 0.98

5 -S.32 -3.60 -2.50 *1.?1 .0#6Z -0,34 "0.10 041 0,55 0.72 0,86

6 o.54 -7.43 .l15 .0,85 -0.42 .0,21 w0.03 0421 (1.50 0.64 0,7R

1 0.,60 01,82 01028 -0,62 0.79 .0.13 0.02 0,2? 0.46 (1,S9 ().?I

8 o1,94 -1.39 -. 9R .0.49 -.41 .07 0.05o 0122 0,44 06%S 0,6A

9 m1.49 -1.11 -0.70 -0.3A -0,17 n0,0S 0,06 0,21 0.4? ().53 01,66

10 -1.2S -0.9P -0,66 -0932 .0,13 .0,03 0,07 0.21 0.40 0,51 0,64

12 o.90 -0,67 -. 50 a0,24 -. 08 .0,00 0,08 0421 0,39 0.49 0,63

13 -.,8 -0,59 .0644 -0.21 *.07 0'01 0.08 0,20 0,38 0.49 0963

14 .0,72 &0.54 -0.40 -0.19 -0.(6 (W,01 0),08 0.20 0.38 0.49 0.63

15 a0,65 -. 49 -0.36 -0.18 .5 n,02 0,09 0.20 0,39 0.43 0,67

16 -0,60 -0,46 -0,34 -6.16 -0.05 0,02 0.09 0,71 0,3s 0.48 0,6%3

1? a0.56 -0#43 e0#32 '0,16 n0,n5 n00 0.09 0.71 0.18 0,49 0,63

is 3 .2S,92 .14.29 -.,73 -3.84 -2.01 w1.27 P.,69 0,0)2 0,69 0.97 1,21

4 *.,7 -6.23 -4.12 -7.00 -1,04 .0,63 .0,29 n,17 (),is? 0.83 1.00

5 -5.55 -3,74 -2,59 -1,27 .0,66 .0.36 *0.12 0.21 0,56s 0972 0.87

6 -3.67 -2,56 .1017 -0.6 &0941 .0,?3 -0.03 0,27 0,1 0.65 0.78

1 *2.64 -1.87 *1931 -..6 -0.31 _.4 0.01 0.,77 0,47 0,60 0.7?

6 w.,02 -. 4? .1.02 -0.S1 -. 21 *0,09 0,04 0,22 0,44 0,55 0.68

9 &1.62 *..f% *.3 -0.40 -0.17 -0,06 0,0S 0.71 0.42 0*52 0.65

10 -1.13 -0.95 -0.67 -0.33 -0,13 -0,03 n,06 0'71 0,40 0.50 0,6_4

11 v1.13 -0,81 -0,58 .0.28 a0,11 -0,01 0,07 0,71 0,3A 0,49 0.6?

12 *.9S e.69 .0,50 .0.24 .0.08 .00 0.08 0,20 0937 0,48 0.61

13 -. ,4 w.,6 0045 s0.71 -0.07 0.01 0.08 0,20 0,37 0,48 0.61

14 o..4 m.,5 .0.40 -0,19 .0.06 0.01 0.08 0,20 0,37 0,48 0,60

15 o..7 o.50 w.37 -0.16 -. 0 )00* 0,0)9 0402 0,37 0,48 0.61

16 -0.61 -0.46 *0,3S 4o.16 _.0 0,07 0,09 00.70 0.37 0.48 0,60

17 .0.57 -. 44 -0,32 -0.15 w.04 0'0? 0,09 0.70l 0.37 0.48 0.61

18 *0,54 -.,41 o.31 9.15 .0.04 0,02 0.o9 040, 0,3? 0.48 0,61

19 3 -2S.46 -14.84 o.73 -4.11 -2,17 -1931 -.,77 -0.07 0,68 0,96 1,22

4 -10,39 -6,56 -4,35 -2908 w.13 .0,61 .0,31 0,1s 0,67? 0,83 ),()1

5 w.,84 -. ,94 .2,68 -1031 .0,69 -. 39 -0.14 0.21 0.5j7 0.721 0,87

6 *3,76 -?.62 v1.84 .0,92 -0.46 -0.24 .0,05 0,77 0.51 0,65 0,7R

I -?.IT -3,94 v.38 -0.68 -. 31 e.16 0,00 047? 0,47 0.59 0.11

A .11 -1.50 .1.07 -.. 3 .295 -0.10 0,04 0,77 0,.4 0,55 0,67

9 -1,67 -1.20 -0.87 -0.42 -(C,19 -0,06 0,0S 0,21 0,41 0,57 0,63

10 -).17 -0,98 *0,72 -0.35 w0,14 -n,04 0,06 0.21 0,40 0,50 0,62

11 a.13 a0,84 .0,61 -0,29 .0,11 -n,02 0,07 0,20 0,38 0,48 0,61

12 &.,97 -0,7? o.53 -. 25 o.09 -. 01 0,07 0,70 0.37 0,48 0,60

13 *.84 o.63 *.46 .0.27 0,08 0,00 0),08 0.70 0,36 0,47 0.59

14 m.7% .S6 .0.41 -0.20 _.,0 0,0O1 0,08 0,20 0,36 0.41 0,fi9

15 -D.48 -0,51 -0.37 -0.18 w.06 0),0o 0,08 0,19 0.36 0.47 0,59

16 -0.62 -0,47 .0,35 -0.17 .0,05 0,02 -QOR 0,19 0,36 0,46 n,59

17 .0.S8 -0,44 -0.33 .0,16 .0,05 0.02 n0-01' 0.19 0,36 0,46 0,58

18 .0,54 .0,41 .0.31 -0.1S e0.04 0.02 0,0A '--.O19 0,36 0,48 0.!)9

19 w..5 -0.39 .30 -n.15 .0.04 0,02 0,09 0 &IQ 0,36 0.46 0,59
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TABLE B-2 - (Conitinued)

Percentlesa of the@ Distribution of (4-u)A

In la 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

20 3 .26.67 -15.33 o.,32 -4,1? -18 *1940 .0.7T9 -n. n. 0,11 0).99 I.
4 -10.49 *6.64 .4.47 -2.15 -1.16 o..?n o.14 0.15 O,h? (). A3 1.02
S -5,99 -. 00 v2,78 -1.37 o0.71 o0.41 *n,16 0,19 0,S6 0.73 0I.89

6 -3,95 oP,73 .94 -0.96 -n.49 *.26 .0,06 0.21 ()*,$1 0.665 0,79
7 -2.91 &.04 .1.43 a..2 .0,15 -0,17 .0,01 0.,21 0.46 0,59 0,??
8 0?020 .55 W1.11 .n.55 -00ph .0.11 0,07 () 0?I 0.43 ()0.pp n 068
9 .1,7? 01,2& 00.91 a0@44 .0,19 007 0),(4 0,71 0.41 0.5? nl,63
10 -1.42 -1.03 .0,75 .0.3? *0,15 %0,05 0,05 0,70 0).39 n.49 n, 0

11 -. 19 .0,AM .0.63 -0.31 -0,11 -. 03 0.06f 0.20n 0,3R 0.4? 0.1)9

12 .1.02 .0,76 .0.56 00.26 -0.10 -0.01 0,0 n 0fn,20 0036 (). * 1 0,514
13 .0,89 -0,67 .0.49 .0.23 -0,08 -0.00 0.07 0.19 0.lt% 0.46h O'S"
14 a.80 on.8Q m,63 w..0 .0,07 0,01 0.08 0.19 0,36, n,45 n,57T
IS 00.72 0.53 .0039 -0.19 -0.06 0.01 n00 0,19 0),30 0,45 0.5 7
16 -0.65 .0,49 &0037 -0.17 .0.05 0,02 0.08 0.19 0.35 0.4S 0.57?

IT -0.60 -. 46 .0935 .0.16 -..0 0,0? 0.08 0.19 0.35 0,1.% 0.5?
18 -0996 w0.43 *0#33 .0.15 -0,04 0,0? 0.08 0.19 0.31) n,4 005
19 .0.53 -0,41 -0.31 o.14 .04 0,02 0.08 0.19 ),301 0,45 0,)?

20 -0.50 .0.40 -0.30 w0.14 0.04 0,02 0.09 o.19 0.0S 0,45s 0.51

21 3 v77.07 -15.81 m9#63 -4.26 -?.27 -1,43 -.. 9 -0.01 0.69 0,.99 1.74
4 .10,99 &.?,0 .4,48 -2.22 -1,lo -.,72 *0,35 0.14 o.61 0,84 1.03
5 -6,2Z -. 17 o.A,9 -1.40 -0,74 .0.43 .0.16 0.19 0.57 0.74 0,9()
6 .4@06 .2.83 -2.00 -0.99 .so5 o.76 .0,06 (),21 0.5? 0.66 0,81
7 w2.94 *2.07 -1,49 .0.73 .0,36 o0.17 *.01 047? 0.48 0.61 0,13
a -. p?7 -.,6? *1014 .0.57 w.77 .0.1 0,0 0.02 077 0,44 0.5j6 0.67
9 -1.81 w.,31 w0,95 .0.47 *0.21 .0,00 0,04 0,21 0,41 0.5,2 0 63

10 .1.51 01.1o0.70 .0.39 -0.16 a0,05 0.053 1)70 0.39 0.49 0.60

11 .1.?? -0.93 .0.66 -.,32 -0.14 o.,04 0.06 0.20 n,47 0.,47 0.,59

12 .1,10 .0.8O0.0.55 .00.28050~11 n0,02 0.06 0.19) 0.16 0,46, (,51
13 -0,94 .0,69 -0,50 w0,24 -0,09 -.,01 0,07 0),t9 0,3s 0,,(% 0.56
14 -0.83 -0,61 -0,45 -0.21 ..0 0,00 0.07 0,18 0o34 0.44 0.it6

15 -..7 .56 040 .0.19 -. 07 0.01 1,07 0.1s 0,34 0.44 0.55S
16 .0#67 .0,51 *.37 v0.18 -0,06 0001 0.08 0,18 0.33 0,44 0?,v)

17 .0.&? a.47 .0.35 .0.17 -0.05 0.01 0.08 0.18 0,33 0.44 0,55

18 .0.58 P.44 -0,32 .0.15 m0,05 (),0? 0.08 0,18 0,33 0,44 0,56)
19 .0.54 -0,41 -. 31 *.15 &.04 r)0 0 .n, 08 0.18nI 0,,33 0).44 o.66
20 -0.51 -..31 -0.Z9 w.14 .0.04 0,02 .0 0,1O8Oi 0,33 0,44 ().5s
21 w0,50 -0,38 &0,29 90.14 .0004 0002 0.08 0.18 0.33 0.44 0,55v
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aA5L B.U - (Continued)

Parconties of the Dietribution of (-u)/t

S! 0.02 0.05 1 0.25 0.40 0.50 0.60 0.75 0.90 .0.95 0.98

2Z 3 -?7.6R *14,16 a9.80 &4.3S .2,30 -1.48 -0.81 *0,OP n,(2 1,03 1,?94 -11.0? -6o95 -4.70 02.29 01,2? -0,75 00.37 014 0.65 0.06 1,065 w6,39 &4.14 "2.89 w1944 "0,?6 *0,44 -0.1 0,19 0.58 0.75 0.9?6 -4.16 01*,6 "2,02 -1.03 -0.52 "0.w 8 .007 O,73 0.53 0,68 O,8?? ",12 "2915 %1.53 s0?8 *0.39 .0,19 .0.02 0.? 0.49 0,61 0, 48 .7.39 "1.68 |.319 0.061 *0.29 .0,13 0.03 0.21 0.4S 0.%6 n.68
9 -1.91 .1.35 .0,98 w0.4a -0,22 o0.09 0,03 ol1 0,41 0,57 n,1310 "1.53 1.11 "0.50 "0039 0017 C.*06 0,05 0,20 0,39 0,49 0,fsO11 w1.31 0,9S -0,69 -0,34 "0.14 -0,04 0.0b 07P0 0,8 0.47 005M

12 -1,13 -0.81 -0,S9 *0929 w0.12 *0002 o06 0.19 0O,"4 0,41% n'51
13 -0.96 v0.71 -0.52 w0#25 o0.00 "0.01 0.01 0.19 0.35 0,45 (.%6
14 -0.85 -0962 %0@46 -0*23 -0,08 *0.01 0.07 Otis 0,35 0,44 0.552 3 " 6 *00 0.1 "4.83 "0.0 olo 7 0,00 0.07,1A 0.74 0,44 0.5416 "0.70 -0.51 "038 "0.18 "1.O1 0,01 0.0T 0.18 0.34 0,43 0.5417 O.68 -O.48 "3.3 ".1 .0,04 001 0.07 0.18 0.3 0,41 0.948 -0,58 -045 %0.33 w096 -06.05 0.31 0100 06 0.33 0.43 O,419 .i5 -0.942 *0931 .6 "0,40 0.01 o"n 0.1 0.33 0.43 O,7420 -0.$5 00.40 %0.29 "0.14 "0.04 0.OP 0008 0.i 0.33 0.43 0.7421 -1,9 00." -0.8 -0.1 .04 0. 0.0? 0.18 0.33 0.53 0.5412 -041 ..37 -0.27 "0.13 -004 0.02 0.08 0.20 0,3 0.3 0.54

23 3 "28.62 16.34 "10,14 "0.6 "0.49 %1.% 00.89 "0.07 0.72 10O 1.304 -1200? -04S -0,06 -2.41 1931 "08? -0.40 0.13 0.65 0,88 1,055 -6.8 4.55 03.12 "ISS 0184 -n.49 -0.20 0.18 0.58 0,77 0.936 -4,4 -3.07 2.18 109 -056 "0 .009 0,71 0.53 0,49 n,827 "0.19 "0,29 .60 "0961 0000 %0.21 "0.03 0.31 0,4 0.43n? .48 -?.53 "0,54 -0,26 "0.63 "0.31 -0.14 0.01 0.21 0,45 0.5 0.7o9 1.098 .5 103 "0.16 0. -0,06 0.10 0.02 0.21 0.4 0.4 04,510 -0,6l -1,16 -0.85 -043 0.100 0.03 0.07 0.17 030 0.42 O,?11 -1.56 -1.00 -0.72 -0.36 "0.16 -0.0 0.07 0.19 0.38 0.48 0,53
S12 -1,17 -0.RS -0.61 "0031 -0*13 -0.03 OOS 0,19 0.36 0.46 (?.5713 -1.02 -O.15 -0*55 -Os27 o0o11 *0902 0.06 0.19 0.3S 0.4s ().54,

14 -0.89 "0,46 W0,48 -0#14 -0.09 -0.01 0.06 0.17 0.34 0.43 0.53
15 -0,81 -Ot6 O -044 w0*21 o0.0a n0.n0 0.0? O.AR 0,34 0,43 O.S4
16 .0.03 -0,3 0 .00 "0.19 0.070 0,00 0.07 0.18 0.33 0442 0.53
17 -O.66 -0.50 -0.36 00.18 VO104 0.01 0,07- 0,17 0#33 0.42 015310 -0.61 -0*46 -0*34 -091T w0*05 0,01 COOT 0a17 0.32 0,42 0,53;19 -0.5? -0943 -0*32 *0915 -0905 n,01 0,07 0.17 0*32 V.,42 0,53ZQ -0.51 *0,40 oC*30 w0*14 -O.03 0.01 0.07 0.17 0,3? o.41 0.t5371 -0#49 -0.38 0*2O1 -0.14 wO00 0.01 0.07 0.17 0632 0.41 (),5
22 0.47 .0,37 -0.28 -0.13 -0.04 0.02 0.00 0,17 003? n,41 G.3323 &0,46 .0,34 -Z,27 "0,13 .0.04 0.02 0.07 0,17 0.3? 0.41 0.53
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TABLE B-2 -(Conc luded)

Perce.ntiles of th. Distribution of

M 0.02 0.05 0.0 025 -0.40 0.0 0.60 0.75 go8 0.9 ____ 9

;14 3 -29.06. -16.4A -10.49 '4,64 *.47 .*Sj on.#?7 0Or04 0.70 1,01 1,?h

4 11.67 -7.41 .4,9S &*41 e.10 m6l,40 -n.19 0.134 n,6#) 0.87 ],()S s.87 -4.59 -3,13 '1.56 -0,83 -11,47 -0019 0,1Mt n.!a 0.76 (1,926-.,57 m3,12 .2,19 -1.12 -0957 -0.3? -0.10 0.20 nos? 0,68 0.827 *3.28 -2,40 -1.65 -0#84 an,4? O0,pp '0.04 0,2f) 0.4A 0*62. 0,7s9 41.96 w1,4? o1.04 00,53 -0,1S .0,11 0.01 0,20o 0.42 0.5?2 0,64l0 -1.6? -1.20 .0,97 *0.43 -0.20 .0,OR 0.03 0.19 0,39 0,49 0,6011 01.40 loop2 -0.71 *o,16 .0.16 entto& 0.4 0,19 0.i7 0.47 0.4511? .1.22 -0.88 -0.64 -0.31 -0,14 .0,04 oa05 O'1n 0.36 0.45 0.5513 -1.06 .76 -0,54 -0.28 wool;? -n,03 0.05 0018 0.35 0.43 0,1,414 -0.9? -0.68 -0.49 wo0,7# woo)() .0,02 0.06 0.18 0.33 0.4? 0,S3
15 -0.07 '0.81 -0.44 w0,21 -0.04 *.,01 0,086 0,17 0,33 0.41 0,5?,16 w0.74 -0.56 -0.40 '0.19 -0,07 -none 0.06 0,17 0,311 nl.a1 0'.,l17 -0.69 .51s '0.3? '0,18 -0,07 0.00 0.06 O'- 0.31 0,4() 0.1)118 -0.h3 -0.47 -0.35 -0.17 -0,06 0100 0.07 0,17 0.11 0.40 0.5109 -. 59 .0,44 '0,33 -0.16 w-0o 0.01 0001( 1 O* o 0.31 4,0 0.5120 -0.S5 -0,41 -0*31 -0.15 *0,05 0.01 0,07 0.16 0031 0,40 0.51i1 %0,51 '0.39 -0,30 -0,15 -. 04 0.,02 007? 0.17 0,31 0,40 O's"?.2 %0,49 *0,38 %0.29 m0,14 -.. 4 (),02 0007 0.17 0.31 0.39 0,1,123 *0047 -0.36 .0.2R '0.13 '0.04 0,02 0,07? 0,17 00l1 0.40 0.5'.Z4 -. 45 -0.15 -0,27 -0.13 .0.04 0.0?o 0),07 0.17 0.31 0.40 C.~5J

Z5 3 -30,89 '17,48 -10.43 o4,67 -.4 -1.60 -0.9? -0.0A 0072 1,n5 1,334 '11,74 -7.70 -. q9 '2.43 -'1.32 'n.81 -0*41 0,1?* 0,67 0.90 1.1l5 *6,69 -4.59 w3.20 -1,57 -0,83 .0,51 -0.21 0,14 )0,59 0.78k 0,9046 .4.60 -3,19 -2.21 -1.1? *0.61 -0.35 m0,12 0,?0 0.54 0,69 0.847 -3.44 -2,19 -1,68 -0.88 .0,45 of0,73 -0.05 0.20 n,48 0,63 v,?As8 -2.58 -1,84 -1.33 -0.68 *0,3 4 -0.17 -0.01 a.20 0045s 0* 0,709 *.08 -1.49 -1.09 -0.55 .0.27 -n.12 0.01 0.2n 0,4z 09S3 0.6510 -1.72 -1.25 -0.90 '0,45 w0,71 _..08 0,03 0,20o 0,40 0.50 0,6111 w1.44 el.05 *0.74 -0,39 .0,17 w0,06 0.04 0.19 0,38 0.48 0,5812 -1,24 '0.90 -0,66 -0,33 -0,14 .0,04 0*05 n'19 0036 0.45 co,s&~13 -1.07 -0.79 '0.57 -0,28 '0,1? .0,0n3 0.05 0,18 0.35 0.44 0,5414 -0.95 -. 0 -09S) -0.25 .0,1o -..0 0.06 0.1a 0.34 0.42 0.5215 .0.84 -0.64 -0.46 -0.2? -0,09 -0,01 0,06 0.17 0,33 0,47 0),5116 '0.78 *0,59 -0.42 -0.20 -0,0? -. ,00 0.06 0.17 0.3? 0,41 n,SI17 -0.71 9.,3 -0.38 -0.19 .0,07 6,00 0,07 0.17 0,32 0.41 (),Oi1IB %0964 -0,4A -0,36 '0,17 -0.06 0.01 N.0T 0,17 0032 0.40 0.119 .0.60 -to.45 -0.33 ao,.q, 0.05~ , 0.07 0.17 013 0,40 o,5020 -0.54 m0,42 '0,31 -0.)5 moons 0,P (,07 0,17 0.31 0.40 0,5021 '0.52 .0,39 %.Z9 '0.14 .0,04 0.01 0907 0.17 0.31 0.40 0. 5 1?2 00.48 -0,37 -0,23 -0,14 -0.04 0.01 0,07 0,17 0,31 0,40) 0,110213 -0.47 -n,34 -0.27 -0#13 .0,04 0,07 0007 (),1? 0931 0.349 0,5024 wn.45 -0.35 -0,P& -0913 .0,04 0,0o? n,07 0,'? 0.31 01.39 (),So

25 -0.43 -0.34 -0,P6 -0.13 w0,03 0,07 0,907 0.17 0.31 0,40 0,50
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TABLE B.-3

Percentiles of the Distribution of V.90

0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 .. 95 0.98

3 0.75 1,o1 1,3 29!8 ?,m8 3,40 4,O6 5.n 8o99 13.16 ?n.93

4 3 007P 1.16 1.49 2.18 2,82 3,33 3.96 5,38 9,03 13,07 70.234 O.8l 1.1s 1.46 2.06 2.60 7.99 -. 3.45 4.40 6.47 8.39 11.6

5 3 0.18 1.18 1,51 2.17 .79 1.27 3.87 N,4 8.7R Z.58 0.384 0,97 1,23 1.51 2.09 2.61 o.99 344 4,40 o49 86.48 11.735 0.97 1.23 -1.49 2.02 2.49 2.82 3,20 3.93 5.48 6.73 8.66

C 3 0.73 118 1.51 2.15 2.73 3.18 4.74 4,9A 8.74 11.74 18,654 1.00 1.2R 1.55 2.10 2.60 0.98 3.41 4,30 6.33 "018 11,395 -1.02 1.29 1.54 2.05 2.50 7.A2 3.71 3.94 5.42 6.73 8.89
6 1.02 1.Z7 1.53 2.01 2.42 2,70 3.04 3.67 4.86 5.83 7.31

7 3 O.* 1.IR 1,53 2.13 2.66 3.O8 1.60 4,79 7.80 11.12 17.544 1.04 1.31 1.58 2.10 2.57 2.91 3.'3 4.71 6.16 7.89 10,90
5 100 1.33 1.57 2.06 2.49 2.80 1.15 3.87 5.36 6.68 8.446 1.08 1.32 1.56 2.03 2.42 7,70 1.01 3,63 4.86 5.K2 7,237 108 1.32 155 z9(o 2.37 2.62 2.90 3.4 4 ,4t .ZS 6.37

8 3 0.49 1,13 1.52 2.11 2.67 1,01 3,48 4962 51, 10.67 16.36-4 1.04 133 1,60 2.10 2.56 P.88 3.71 4,10 5.96 7.79 10.7I21.11 1.36 1.60 .08 2,49 2,78 3,17 3.82 S.28 6.50 8.62
6 1,13 1.36 1.59 2.05 2,43 7.71 3.02 3.62 4.83 5.R3 7187 1,12 1.36 1.58 2.03 2,38 2.64 2.93 3,46 4.49 5.31 6,408 1.12 1,36 1,58 2001 2,34 7.57 2,83 332 4921 4,90 5,84
3 0.42 1.17 1,51 2,09 2,57 2.95 3.40 4.4A 7.14 10.21 1S.61
4 1.0 1.36 1.61 2,10 2.Z2 7,84 3.21 4.00 5,77 7,39 10.26!.17 1.41 3.63 2.08 2,47 7,76 3,08 3.76 5.13 6,34 8.136 1.19 )11 1,62 2.0%6 2,43 7,70 7,99 3,S9 40f4 5.67 7,067 1.19 1,41 1,62 2.04 2,39 ?.64 2.91 3.45 4,48 5.78 6.468 1.19 1.40 1.61 2.02 2.36 2.59 2.84 3.34 4,926 4,95 5.949 1.19 1,40 1.60 2.00 2.33 2,55 2.78 3.27 4.04 4,66 5,50
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TABLE B-3 - (Continued)

Percentiles of the Distribution of V

n 0.02 0.0 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

10 3 0,09 0.99 1,46 ?905 2, 784 3.27 4.7S 6,7S 9,36 14.8R
4 0,99 1,34 1,62 2,08 2,48 7,77 3.13 3.90 5195A 7.17 9.60
S 1,17 1.42 1.64 2.07 2,45 7.71 3.02 3,67 S.V- 6,13 RO?6 1,IP0 1,4.3 1,64 7,05 2.41 7,66 .1094 3,03 4,6T S I fi 6,99
7 1.74 1,43 1,64 2.04 2.38 ;,67 2,88 3.41 4.41 S.18 6.79
8 1.21 1,43 1,63 2.02 7,35 ?,58 ?,83 3.31 4.27 4.91 5,83
9 1.21 1,42 1.63 2.01 2,1? 7,S4 2.77 3.27 4,03 4,63 SSI
10 1.21 1.42 1.62 1.99 230 2.50 2.T2 3.13 3.86 4.41 5.16

11 3 *0.09 0,90 1,42 2.01 .2,45 2,77 3,17 4,07 6,41 9.11 14.47
4 0.97 1.35 1,61 2.06 2,44 7.73 3,06 3.79 5.46 7,04 9,9R
5 1.18 1,43 1,64 2.0S 2,41 2,68 2.98 3,60 4,90 6.07 7.83
6 1,24 1,45 1.64 2,04 2'38 7.63 7,91 3,46 4.8 S.52 6.96
7 1.2S 1.45 1.64 2,03 2,3 2.59 ?,A6 3,36 4,36 5,16 6,34
8 1,25 1,45 1.64 2.01 2,33 7,56 7,80 3,7R 4,15 4.87 5.82
9 175 1.44 1,64 2.00 2.31 2,53 2,76 3.21 4.01 4.63 5,54

10 ,25 1,44 1,64 1,99 ;1,9 2,49 ?.71 3,14 3,87 4,44 S,23
11 112. 1,4S 163 1,98 7,78 7.46 7.A7 3.06 3.76 4,76 4,94

12 3 -0,38 0,75 1,37 1.98 2,41 7,71 3.08 3,R9 6,00 8,40 12.96
4 095 1,34 1,60 2,05 2,47 7,69 3,00 3,6 5.17 6.60 9.07
5 1,20 1,44 1,66 Z.05 2,40 2,65 7,93 3,S7 4,7? 5.79 7.35
6 1,26 1,46 1.67 2004 2.38 2.62 2.8 3'39 4.41 S.31 6.1
7 1.78 1.47 1,67 2.03 2.36 2.58 2.2 3.30 4,21 4.98 S,09
8 1.2R 1,47 1,66 2,02 2.34 -.S4 2.78 3.72 4,06 4,75 S,71
9 1,27 1,46 1.66 2,01 2,31 752 2.74 3,16 3,94 4.53 5.40

10 1,27 1.47 1,65 2,00 2,30 7,49 2,70 3.11 3,87 4,7 sol11 1.27 1,46 1,64 2,C0 2,28 2,47 2.67 3.0S 3,12 4.23 4.88
12 1.28 1,47 1,64 1.99 2.27 7.44 2,63 3,00 3.67 4.07 4,6H

13 3 -0,4S 0,72 1,34 1.99 2,40 7,69 3.04 36R5 R.8 8.16 12,4S
4 0,86 1.31 1,60 7.06 2,42 7,68 7,98 3,64 5.10 6.45 8.82
5 1.20 1.45 1.67 2.07 2,40 2,64 2.92 3,49 4.71 S.7S 7.32
6 1.77 1,48 1,68 2,07 2,38 7.61 7,86 3,38 4,43 S,30 6,49
7 1,30 1,49 1,68 Z.06 2,36 2,58 2,82 3,30 4,23 4,96 6,02
8 1,30 1,49 1,68 2,04 2.34 ,,S5 P77 3,27 4,06 4.73 5,63
9 1,30 1.49 1,68 2,03 2,33 2,S? 2075 3.16 3,94 4.5S 5.37

10 130 1,49 1,68 2,03 2,31 ?,50 7,72 3,17 3,83 4,37 S,11
11 1.30 1.49 1.68 2.02 2,30 2,48 2.69 3.06 3.74 4,23 4,90
12 1.30 1.49 1,67 2.01 2.78 2.46 2.65 3,0 3,6S 4.n9 4,73
13 1.30 1,49 1,67 2.01 2.77 2.44 2.62 2,97 3.57 3,97 4.51
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TABLE B-3 - (Continued)

Perce tiles of the Distribution of V.90

.- 0.02 0.05 1R) 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

14 3 0.1 0,57 ,12S 1 .93 P.3 4 2.62 P.95 1,7n 5.1)6 7,,6 1 1.
4 0,83 1,29 / 1.59 #,03 2,37 7,1# 2,97 3,54 4.93 6.17 8.?Ot
5 1,18 1,4k' 1.67 ZO ?,16 2,60 2.86 3,42 4.58 5,54 6,9S
f 1,78 los 1.69 2.0S 2,35 PI7 P.82 3,34 4.33 5,12 6,21
7 1,3? 1.57 1.69 2.04 ?,14 PI5 2.78 1,77 4.15 4,8p 5.7%
8 1.33 1.52 1.69 7,03 2,33 7.57 7,74 3a19 4.03 4.61 5.41
9 1.13 1,$2 1.69 2.03 2,31 2,50 2,71 3.14 3.qO 4.4S F.18

I0 1.33 1.51 1,68 2.02 2.30 7,48 7.70 3,o9 39f8 4,30 4,94
11 1,33' 1,51 1.68 ?.o 7.78 2,47 2,67 3,05 I.71 4,20 4,79
12 1.33 1,51 1,68 2.01 2.27 2,4s 7,s 3,01 3,64 4,09 4,61
13 1.43 1,$1 1.68 2.00 2.26 ;,43 ,6? 2.97 3.55 1.98 4.S1
14 1.13 1.51 1.68 2.00 PI2 2,42 2.60 7.93 3.46 3.85 4.10

15 3 -1.05 0,43 1.19 1.91 7.33 2.60 2,q1 3,64 5.3q 7.23 10,78
4 0,77 1,?6 1.59 2.03 2.37 2,61 2.89 3,49 4, 7 5.95 7.9,
S 1.15 1.44 1.67 2.06 2.3? 7,59 7,85 3.3A 4.43 5.36 6."5
6 1.29 1,50 1,69 2.06 2,36 .,57 2.81 3.3n 4,22 4,9r 6,19
7 1.33 1,52 1,70 2,06 2,3S 7,55 7,78 3,21 4o08 4.12 5,11
A 1,34 1,52 1,70 7.05 2,33 7.5 7w74 3,17 3,95 4.57 5.40
9 1,35 1.5? 1,69 2*04 2.32 7.51 2.72 3.13 3.85 4,40 5,16

10 1,35 1.5? 1.69 2.04 2.31 7,49 2,69 .0q 3,16 4.26 4.95
11 1.35 1,57 1.69 2.03 2,30 7,48 7,6? 3,04 3.69 4.1S 4,?6
12 1.34 1.52 1,69 2.02 2,28 7,46 7.64 3.On 3,67 4.08 4,h2
13 1.35 157 1,68 P.01 2,77 7,44 7,63 2,96 4,5s 3.98 4.51
14 1,35 1,51 1,69 2,01 2.27 7,43 7,60 2,91 3,4q 3.89 4,39
15 1,35 1,52 .1,68 2.01 2.2s 2,41 2958 2.8q 3.41 3.77 4.21

16 3 -1.38 0,75 1.10 1.90 2,31 7,S7 7,a 3.57 S072 7.07 10.49
4 0,74 1.23 1,58 2.03 2,37 2,59 2,87 3.45 4,77 5,90 7.94
5 1,17 1,45 1,68 2,06 -7,3T 7,59 7.A4 3,36 4.42 5,33 6.734
6 1,30 1.52 1,71 2.07 2,36 7,S7 7,81 3.78 4.20 4.98 6.1m
7 1.35 1.53 1,.7 2.06 2.3 2,56 2.77 -.21 4,n0 4,74 5,R1
a 1.37 1.54 1.72 27.06 2,34 2.S3 77 3,11, 3,94 4,56 5.4m'
9 1.37 1,54 1.72 2.1S 2,33 2,S 2,77 3.11 3,84 4.38 5.17
10 1.37 1,54 1,71 2,04 P,31 7,50 7.70 3,O8 -,74 4,74 4,9F
11 1.37 1,S4 1,71 2,04 ?.10 2,48 2.68 3,04 1.67 4.13 4.11)
12 1,37 1,54 1,71 2,03 2,79 ?.46 7.65 3,00 3,60 4.0% 4,65
13 1,37 1,S4 1.71 2.03 2,78 2,45 7,63 ?,97 4,5 3,94 4,4c
14 1,37 1.54 1.71 7.02 7.7 1,43 7.,1 2.q, 3.48 3,A7 4.38
15 1.37 1.S4 1,71 2.02 2.26 2,4Z .59 7.90 ,41 3.79 4,2
16 1918 1,54 1,71 2.0? 7,76 7?,40 7,56 2.87 3.3h 3,71 4,16
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TABLE B8 - (Continued)

Percentiles of the Distribution of V 9 0

D 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 _ 0.98

17 3 91.56 0,10 1,03 1866 2.26 2.50 2.79 3.41 4996 6.54 9,14
4 0.41 1,18 1.54 2.01 7.37 2.54 2.80 3.13 4,4A 5.56 7.33
S 1.08 1.43 1.47 7,04 2,33 P.4 7.78 3077 4074 5.09 4.15
6 1.78 1.52 1,71 2.05 Zo33 2,52 2,75 3,20 4,07 4.76 5.81
7 1o34 1,54 1,72 2.05 2.17 2.51 .72 3.14 3.9% 4.56 5.44
8 1,36 1.55 1.7? 2.04 ?.31 P.49 7,69. 3.10 3.85 4.41 5.9q
9 1,37 1.56 1.72 2.04 2.30 7,48 29,7 3,05 3.76 4.78 4.97
10 1.3R 1.55 1.72 2.03 2.29 2.47 2.65 3.01 3.69 4.16 4,80
11 1.38 1.55 1.72 2.03 2.8 s.45 7.64 2.98 3062 4.05 4.66
12 1.38 1.s 1.71 ?.0? 2 7 P.44 2.62 2,9S 3.56 3o98 4.53
13 1,38 1.55 1.71 2.02 2.26 2,4? 2.60 2,97 3.50 3.90 4.45
14 1,39 1.55 1.71 2.01 2.25 2.42 2,58 7.90 1.4S 3.83 4.31
15 1.38 1.55 1.71 2,01 7.75 7.4A 7.? 2,R 3.40 3.76 4,19
16 1.38 1.55 1.71 2.00 2.74 P.39 2,55 2,R5 3,35 3.70 4.10
17 1.38 1.55 1.71 2,00 2.24 2,38 2,53 7.87 3,29 3,67 4.04

18 3 -1.61 0.11 1.01 1.85 2.26 7,50 2.77 3.38 4.81 6.43 9.64
4 0,66 1.1, 1.56 7.01 2.32 2.54 2.79 3.3? 4.44 5.52 7.3A
5 1.10 1.45 1.69 2.05 2.34 2,54 P.77 3.76 4.22 S.04 4.40
6 1.30 1,53 1,73 2.06 2,34 7,53 7.75 3,19 4.06 4,73 S.79
7 1.17 1.56 1.74 2,06 2.33 z'52 2o73 3.14 1.94 4.5 5,41
8 1.40 1.57 1.74 2.06 2.32 P,50 7.71 3.09 3.84 4.39 5.1S
9 1,41 1.58 1.74 2.05 2.31 2.49 2.68 3.06 .75 4.75 4.99

10 1.41 1.SA 1.74 2.05 2.30 2.48 ;,6r 3.01 3.67 4,14 4.R0
11 1.41 1.58 1.74 2.05 2.29 2,46 2,65 3,00 3.63 4,05 4,63
12 1.41 IS8 1,74 2.04 2,78 P,45 2.63 2,97 1.56 3.97 4,51
13 1.41 1.57 1.74 2904 2.28 2,44 2,61 ?.94 3.50 3.91 4.40
14 1.41 1.57 1,73 2,03 2.77 2.43 2,60 2,92 3.45 3.84 4930
15 1.41 1,57 1.73 2.03 2.26 2.42 2.59 2.89 3.40 3.7S 4.21
16 1.41 1.57 1,73 2,02 2.26 2.41 2.57 2.87 3.16 3,71 4.14
17 1,41 1.58 1.74 7.02 2,2S 2.40 2,5S 2,84 3,31 3966 4.04
18 1.42 1.58 1.74 2.02 2.74 7,39 7,54 2.87 3,27 3,59 3,97

19 3 -2.13 -0,16 0,83 1.81 2.73 7.47 A.72 3.79 4.68 4.M9 9.01
4 0.43 1.11 1.51 1.99 2,30 7,51 7,7S 3,25 4.37 5.33 7,04
5 1.09 1.44 1.67 2.04 2,33 2,52 2.74 3,20 4.13 4,94 4.21
6 1.30 1.53 1.72 2,05 2,33 2.52 2,72 3e1% 3.98 4,67 5,67
7 1o38 1.5# 1.14 2.05 2.32 ,*50 7#70 3.11 3.87 4.4S 5.33
8 1.41 1,58 IT-4-- 2.05 7.31 7.49 2.68 3.07 3.79 4.10 S.09
9 1.42 1,58 1,74 2O0 2.31 2.48 2,67 3.03 1.71 4.23 4.88

10 1.43 1.58 1.74 2.05 2.30 2,46 2,65 3,00 3.44 4.11 4.73
11 1.43 1.s8 1,74 2.04 P,29 2,45 P.63 2.9R 3.57 4.02 4.63
12 1.43 1.58 1,74 2.04 2. ft 7,45 7.62 2,95 3.52 3.94 4.51
13 1,43 1.58 1,74 2a03 2,27 2,43 2.60 2.93 3,48 3.88 4.41
14 1.43 1,58 1,73 2,03 2.26 7.42 7.59 2.90 1.41 3.81 4.79
15 1.47 1.58 1,74 2.03 2.26 P,41 7.57 2.88 3.39 3.75 4..7
16 1.42 ISR 1,73 2,03 2,25 2,40 2,56 2.86 3,36 3.70 4,10
17 1.47 1.5R 1o74 2,07 7,25 ,40 7,55 2,84 3932 3,65 4,06
18 1,42 1,58 1,14 2,02-, 2,74 7,38 7.54 2.81 37,9 3.59 3,99
19 1,43 1,59 1,74 2.02 -2.24 2.38 2.52 7.7R 124 3.53 3.90
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TABLE B-3 - (Continued)

Percentiles of the Distribution of V90

_._2 0. .10 0.2. 0.40 0.50 0.75 0.90 0.95 &.1"

20 3 *?,2 -0,19 0.92 1,79 ?,?0 7,44 ?,&9 3,73 4,53 6,04 9.01
4 0,46 1.10 1.s1 1.99 V,29 2,49 2.72 3,21 4.24 S,74 7.00
5 1.07 1.42 1.67 2.04 7.11 2,s0 ?,72 3,16 4,04 4.82 6,16
6 1,30 1,S4 1.73 2.06 2,32 ?,so 2.71 3,1% 3,90 4.55 S,68
7 1.38 1,58 1,74 2.06 2,31 P,49 7.69 3.08 3,80 4.41 5.33
8 1.4? 10!9 1.75 2.06 213n P,48 P.? 3,04 "4tr) 409 5.06
9 1,43 1,60 1,7l 2.06 2,29 2,46 2,69 3.01 3..4,15 4485

10 1.44 1.60 1.75 2.0s 7,9 2,45 2,64 2,98 A1. ,04 4.71
11 1,44 1,60 17s 2.05 2.78 P,44 P,63 2,95 3,54 3.---4,57
12 1,44 1,60 1.75 2.04 ,.28 2.43 2061 2,92 3.49 3992"
11 1.44 1,60 1.75 2.04 20?7 P,47 7.59 Z,90 3.44 3.84 4*39-. _
14 1.44 1.60 l.s 2.04 2.26 2,41 2.S8 ?,R8 3,40 3,77 4.29
15 1.43 1, 0 1,75 2.03 2.26 2.40 ?,56 2.86 3,37 3.77 4,2n
16 1.44 1.60 , -'S 2.03 2,2 2,40 2,S 1.N4 39'3 3,67 '.12
17 1,44 1,60 1. 75- 7.03 2.P4 39 7,4 2,87 3.79 3,61 4,04
18 1.44 1.60 1o74 -*.2 2,24 ,. 2.53 7,81 3a25 3,57 3,97
19 1,44 1.60 1.75 7,01 7.7P4 ?,-IV 52 2,78 3,21 3,52 3,92
20 1.44 1,60 1,75 2.02 2.23 2.36 _20 2.76 3,17 3,47 3,84

21 3 -7,70 .0.41 0,72 1.74 2.17 P,41 7,66 3.17 4,40 5,76 8,25
4 0.32 1.04 1,47 lo9 2,28 2,47 2.7O 3.16 4,16 5.06 6,%1
5 1,05 1.41 1,66 2.03 2,30 2,49 2.70 3,14 4,01 4.75 5,88
6 1.29 1,53 1,72 2.05 2,31 2,49 2,#9 3,10 3,87 4,53 5947
7 1.39 1.58 1.75 2.05 2,31 7,4A 7.68 3,0fi 3,98 4935 S13
8 1.43 1,60 1,76 2,06 2,30 P,47 7,66 3.01 3.71 4,73 4,9S
9 1.45 1,60 1,76 2,0S 2,30 2,46 2,64 3,00 1,45 4,13 4,78

10 1.45 1,60 1,76 2.05 2,29 7,45 7,63 2,97 3.59 4,05 4,64
---.1 1,45 1,60 1.76 2.05 2.28 7,44 7,6? Z,95 3.53 3,97 4.S4

12I 5 1,60 1,76 2.04 2,28 2,43 2.61 7,93 3,49 3,90 4.44
13 1.4Y--1.60 1.76 2.04 2.2? 7,42 7,60 2,9n 3,45 3o83 4.33
14 1,4S 460 1,7S 2.03 7,26 2,41 P659 2,89 3.41 3.79 4,P9
15 1,45 1,60 ITS 2,03 2.26 2,40 2.57 2,R6 3.37 3,7? 4.19
16 1,46 1,60 1,75 2,03 2.25 2,40 7,56 2.RS 3.34 3.66 4011
17 1,46 1,60 1,75 7.03 2,.7 7,39 7,54 2,R3 3,30 3,61 4,04
18 1,46 1.61 1.7s 2,02 2,24 P,38 2.54 2,81 3,27 3.56 3.97
19 1,46 1.61 1,7S 2.02 2,4 -2,38 ?,S2 2,79 3,23 3,53 3,97
20 1.46 1,61 1,75 2,02 2,23 2,37 2.51 2,77 3,19 3.48 3.85,
21 1,47 1,62 1.76 2.02 2,23 2.36 7,50 2.7S 3,15 3.43 3,7
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TABLE B-3 - (Continued)

Percentiles of the Distribution of V

a 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

pp 3 -3,15 -0.61 O061 1071 P.16 P,34 7.63 3.13 4.31 5.49 1,M4
4 0076 0,98 14S 1.96 Z?S 7,45 2.67 3.13 4o10 4.96 6.51
5 103 1.47 1.66 2.0? .7,9 7.47 79,6 3.10 3,9% 4.6S 51141
6 I.?? 1.S4 1,73 7.04 2.30 7,47 P.67 3,07 3.R4 4.43 5.3
7 1,18 1,59 1.76 2.05 2,3o 7,47 2.66 3,0A 3,76 4,12 5,04
a 1.43 1,61 1,76 2,05 2,30 7,46 7.65 3,01 3,68 4.17 4,87
9 1.46 1,62 1,77 ZOOS 2.29 ,45 7,64 'q.9 1.61 4,07 4,69

10 1,47 1,62 Io77 2,05 2,29 2,44 2.62 P,95 3.57 3.99 4.5%
11 1,48 1,62 1.77 700% ?,?A 7,43 7.61 7.91 3.51 3.92 4.44
12 1.4R 1.67 1.77 ?.04 7,7? P,47 7,60 ?,97 3.47 3.A6 4.31
13 1.48 1.67 1.77 2.04 p,7? ;,41 7,sa 2089 3,43 3,0 4.P
14 1,48 1.67 1,77 2.04 7.76 P,41 ,51? T 2.R7 3.3 7.75 4,??
15 1,47 1.62 1.?6 2,04 2,26 2,40 2056 ?,8 3.34 3,69 4,1
16 1,47 1,62 1,76 203 ??s P,40 7,55 ,R4 3*31 3,63 4,f)I
17 1.46 1,62 1.0? 2003 2,25 2.39 2o54 7,2 1.28 3.61 4,01
1 1.47 1,62 1.76 2.03 7.74 ,38 7.53 2080 37% 3.S7 3.9%
19 1.47 1.62 1.76 ,903 2.74 7131 2.s 7,7A 122 3,53 '.0
20 1,47 1,62 1.76 2.03 2,23 2,37 7.51 2.77 3,zi 3.41 1,
21 1,48 1.67b 1,77 2.03 2.7 P3 P,36 ;",so 2,76 39.17 3.44 . $#
22 1.48 1,63 1,77 ?.03 2o73 7.36 7.49 ?74 3,13 3,39 3,11

23 3 -304 O0,?S 0.49 1.67 2,14 7,37 2.60 3,07 4.19 &.40 7,H6
4 0,14 0,94 1.41 1,94 2,25 2,44 2,65 3.08 4,01 4,91 h,5
5 0,95 1,37 1064 2001 2.29 2,46 ?966 3,06 3,69 4.oO 518?
6 1.24 1,51 1,7 ZOOS . 730 7,47 7,65 3,04 3.77 4.40 5,31
7 1,37 1,58 1.75 ?,06 7.30 0,47 7.64 3.01 3.68 4,7S 5.01
8 1.44 1,60 1.76 2.06 2,29 7,46 2.63 .9A 3.6, 4.12 4.86
9 1.46 1,62 1.77 2.06 2,29 2,45 2.62 2,9s 3,57 4.04 4.69

10 1,47 1,62 1,77 2.06 202A P,44 7.61 2,93 3.51 3.95 4,5S
11 1,4R 1,63 1.77 2.05 7028 P,43 7'o 2091 3,44 3,88 442
12 I048 1,62 1,77 ?,05 7,7T 7,42 ,59 7.89 3942 3,o0 4,31
13 1.48 1,62 1,77 2.05 2.27 2041 2.57 2.87 1.39 3.74 4027
14 1.48 1.62 1.76 2,04 ?.?6 7.41 ?.S6 2,86 3,36 3.71 4.16
1s 1.48 1,67 1.76 2.04 .76 7,40 .SS 2,4 1.33 3.67 4,08
16 1.48 1.62 1976 t,04 2.25 1,39 2.54 2,? 3,10 3.62 4,0'
17 1,48 1,62 1,76 2.03 2.25 2,39 2.53 781 3207 3.59 3,94
is 1.4A 1,62 1.76 ?003 7,5s 7,38 7,57 2.79 3,05 3,55 3,9'
19 1.47 1.62 1.76 2,03 2.24 2.07 2.S2 7.78 3.27 3.52 1.4)
20 1.48 1.62 1,76 2.03 2.24 2.37 2.51 7.77 3.18 3.4A 1. 4
21 1,48 1.67 1.76 2.03 7.23 ?36 7,50 207 3016 3.44 3.19
22 1,4R 1,62 1,77 ?03 2,.3 7.36 7.49 2,74 3.13 3o41 3.(3
Z3 1,49 1,63 1,77 203 ZZ2 Z,3S 2,48 7.72 lol1 3,31 3,#,
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TAMJ B-a - (Concluded)

Peroestilem of the Distrlbutioa of V

n 0.02 o.06 0,10 0.5 .0 0.o 0 0.60 0.75 0.90 0.95 0.98

74 3 -3#60 -1,00 0,45 1.67 2011 7,36 7.59 3,05 4.11 5.?0 1.27
4 0011 0.91 1,38 1.94 -2,74 P,43 7.64 3,06 3,96 4075 6.16
5 0.91 1.36 1.64 2.02 2o28 7,45 2,66 3.0S 3,8% 4,m0 6.60
6 1.74 1.S2 1.12 7.05 2.29 2,46 2,66 3,03 3.75 4,34 5,2;
7 108 1.58 1.1S 2.0# 2,29 2,4S 2.65 3on 3,#R 4.72 4,95
8 1,43 1,61 1.11 2.0? 2.79 2,45 7.63 2,9R 3.60 4,10 4,17
9 1,46 1.62 1',?? R07 2.29 7,44 2067 Z,95 3156 4,01 4,63
10 1,47 1.63 1.18 2.06 2.28 2,44 2.61 7,93 3951 3.94 4.5l
11 1.48 1,63 1.78 2.06 2.28 2.43 2.59 2.91 '.46 3.87 4.38
12 1.4R 1.63 1177 2.0A 2,27 2,42 7.58 2,A9 3,41 3.R1 4.2q
13 1.48 1.63 1.7 2.05 2,2? 2,42 2,57 2,8? 3.38 3,?6 4,23
14 1048 1,63 1.7? 2.05 2,T 2,41 7,57 7,6% 3934 3,70 4.14
15 1.48 1.63 177 2,05 2,26 2.40 2.56 2.8 331 3.65 4.07
16 1.46 1.63 I.T 2,05 7,26 2,40 PI5 7,82 3,28 3.61 4.02
17 1.48 1.63 1.17 2.0S 2.25 P,39 7.54 2,81 3,P& 3.57 3.96
to 1.4 1.63 1.71 2.04 2,25 2,39 2.53'. 2.79 3.73 3.54 3,97
19 .o48 1.63 17 2.04 2.?* 2.38 7,52 \_7RA 3.20 3j50 3.89
20 1,46 1,63 1.77 2.04 2.25 2.38 2.51 2.77 3,18 3.47 3,8?
21 1.48 1,63 1.,1 2,04 2.24 2,37 2.51 2,75 3,14 3942 3.79
22 1.48 1.63 1.78 2.04 2.73 2.36 7050 2,74 3.12 3.39 3,1S
?3 1.49 1,63 1o78 2.04 2.23 2636 2,49 7.73 3.1n 3.3 1.64
74 1.49 1.&4 1.? 2,04 2,23 2.3S 2.48 ;,71 3,07 3.12 3,6%

2 3 -3.88 -1,13 0.28 1.60 2.10 7,34 7.57 3,00 398 4.9R 7.02
4 0.0. 0.86 1.35 1.94 2.24 2,43 2.62 3.02 3.87 4.64 6.06
5 0.92 1,36 1.63 7.02 2,28 ..4% 2.64 3.01 307, 4.41 S.44
6 1.24 1,51 1.7P 2.05 2,3t P,46 ?,44 3,00 3.69 4.26 5.13
7 1.38 1.59 1076 2,06 2,31 2.4& 2,63 2.9R 3a63 4.14 4.n7
1 1.44 1,62 1,78 7.06 2,30 2,4S 2.63 2.96 3.56 4.04 4.7?
9 1.47 1.64 1*79 7,07 2.30 7.45 2,61 2.93 3,52 3,96 4.61

10 1.49 1.65 1.79 2.06 203n P.44 7.60 2.97 3.47 ,89 4.47
11 1.50 1,&5 1.79 2.06 P,79 7,43 7,59 2,9n 3,43 3.87 4.36
12 19,50 165 1,79 2.06 2.2a 2,43 2.58 2,88 3,40 3,76 4.31
13 1.50 1,65 1.79 2006 2.0 -,47 PO57 20,6 3,36 3012 4,??
14 1.50 1665 1.79 2.05 2.27 2.41 2.5T 7,85 3t33 3.69 4.10
15 1.50 16 1,79 290S 7.76 7,40 7.56 2.84 3,30 3.64 4.06
16 1,50 1,65 1.79 2.05 2.26 7.40 2,55 2.87 3.07 1.59 4.01
17 1.50 1.65 1,79 2.05 2,7% 2.39 2.54 2,81 3.26 3.S7 3.9%
18 1,50 1.65 1,79 2.05 2,75 7,39 7,53 2,79 3.72 3,52 3.41
19 1,50 1o65 1,78 2.05 2,25 P,38 2,52 ?,? 3.21 3.49 3.84
ZO 1.o 1,65 1,19 2.04 2025 2,37 2o51 2,76 3,18 3.46 3.19
71 1.50 1,65 1,79 2,04 2,24 7,37 *,s0 2.75 3.16 3.43 3.76
22 I,51 1.65 1,79 2.04 2.24 2,3& 2,50 2,74 3,14 3.40 3.12
23 1,51 1.65 1,79 2,04 2,23 2.36 7,49 2.77 3,12 3.38 3.70
4 1.51 1,66 1,79 2,04 2,.73 7,35 2,48 ?,?1 3,0q 3.35 3.66

25 1.52 1,66 1,80 2,03 2.27 P,35 2.47 2,70 3.07 3.31 3.h
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TABLUB-4

Percentiles of the Distribution of vR M 0.02 o.o5 . o 0.25 0.40 0.50 060 0.7 0.90 0.95 0.98

3 3 1.26 1,64 2.04 2094 3,83 4,49 5o33 70 11,75 17.21 27,3?
4 3 1.18 1.73 2.11 2.98 3082 4,47 5.30 7.19 12,17 17.55 27,s4 1,36 1,69 2004 ?078 3.44 3,95 4o51 $,71 4*40 15.0,
S 3 1.44 1,79 2.16 3.00 3,81 4.46 5.27 , 12.07 !7.36 24,30

4 1,45 ,74 2,10 
9*? 3,4g 3.91 4,56 5,16 1256 11.34 15.51

5 1.44 1.74 2,06 2,72 3.29 1,70 4 5.11 7.06 11*18 11,4
6 3 1.46 1o63 2.l0 2.99 37? 4 3 Sl1 6.93 11,53 16.66 26.85

4 1.52 1,.5 2,15 7,84 3,49 3.98 4055 5,7 8,47 10.95 15.32].1 1 81 2.12 2 7& 3 33 373 4 21 5 17 70 4 98? 11.$8
4 77 6 27 7.53 9,393 1,52 1,87 2.22 2o97 3,71 4.30 S,04 &.no 11.20 1A.O 25031

4 159 1.88 2,19 2.86 3.47 3,94 4 5069 4.39 10,80 14,8o
5 1,59 1,86 2,16 2,78 3,3Z 3.?7 4,1a 5.13 7,17 6,84 11.14

6 1.57 1,84 2,14 2,72 3,21 ,s7 3096 4.74 6e33 ?.6 9.40
T 1,5 io .5 2,14 2,68 1,14 3,45 3.79 4,47 5.76 6,73 8o19

a 3 1.S3 1.90 2o24 2.96 3,67 4.22 4.95 6.61 11,02 15.76 24.57
4 1 63 1.91 2,22 2,7 3,46 3.91 4,44 S,60 819 10 74 15,21
S 1.63 1.9a 2,20 2.79 3,32 3,71 4018 S,09 TOO 8,78 11,57
6 1o6 1,89 2,18 2,75 3.24 3,58 399 4077 6,35 7,67 9,43
7 1,62 1,89 2,17 Nlj 3.16 1,48 3.83 4.5 5.83 6,91 8038
8 1.62 1,9 2.17 2,69 3,10 3.38 3.71 4.31 5.44 (,29 7,0

9 3 1.5 1,93 2.26 7,95 3,63 4.18 4,85 6,45 10,71 IS,33 23,8(1
4 1067 1,96 2,25 2*88 3,44 3,86 4g40 S050 802 10.40 14,41
S 1.69 1.95 2,23 2.80 3033 3#7o 4.13 SO0 6.90 6.59 11.0S
6 1,68 1,95 2.22 2.76 3,24 3.58 3,98 4q77 6.21 7,51 9.46
7 1.67 1.94 2,21 2,73 ?,1 3.50 I.85 4,S3 5,86 6.91 8.4n
a 1.68 1.94 2,20 2,70 3.12 3,41 3073 4,36 5.53 6,3 7.73
9 1.69 1.95 2,19" 2.68 360A 3,3S 3.63 4.19 5o?2 600 7,09
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TABLE B-4 - (Continued)

Peroentiles of the Distribution of V 9 5
M 0.02 0.05 oJJo 0.25 0.40 0.80 0.80 0.7 0.90 0.95 o._8

10 3 l.5l 1.91 ,,26 2.91 30,6 4.06 4,7n 6,73 10o24 14,S0 73,004 1.70 ,g9A ,27 2.86 3,9 3.1 4,29 5.47 7.81 10.12 13.695 d.72 1,97 7.24 2.80 3,31 3.65 4.0? 4,97 6#87 9,39 11.006 1,7) 1,97 2923 2,76 3. *z less 3.93 4,70 &924 7.50 994.7 1,71 1,96 2672 2o73 3.18 1,48 3,80 4,50 5,79 6.83 8o29a 1,O 1.96 ?.21 2.71 3,I13 3,41 3,77 4g34 S,57 6,40 7.619 1.71 1.96 2.21 2.69 3.08 3,35 -,64 4,20 5.23 6.01 701?10 177 1.96 2.21 2.67 3,04 3.29 3.56 4,08 4.98 5,67 6.65

11 3 1,48 1,93 2.25 ?988 3.49 3,98 4,59 6,07 9.89 14.11 27,604 1,73 2.01 ?-;' 2.83 3,37 3,76 4.74 5.31 7,71 10.03 14,445 l1.S 2,01 2,Z6 2.78 3.27 3,62 4,03 4,89 6,72 8,34 10.93& !.75 2,00 2,24 2,74 3,19 3,0. 3,90 4.61 6,16 7.47 9,397 1,75 1,99 2,23 2.72 3,14 3,45 1,79 4,45 5.79 6.A3 8,471,7s 1,99 ?.22 2,70 3,10 3.39 3.70 4,31 5,46 6038 7,659 1,75 1.98 2,2 2.68 3,07 3,34 3,63 4,71 5,23 6.04 7,2310 1,76 P.00 2.22 2,67 3,04 3.28 3.56 4,09 5,03 5,75 6.731 1.77 2,00 2.22 P.66 3,01 3,7s 3,50 3.98 4.HS %.49 6,35

12 3 1.4P 1,91 2,26 2,87 3.47 1,91 4,50 5,8s 9.41 13.4o 21,394 1.74 7,02 ?22 2,84 3.214 ,72 4,18 St16 7.47 9,56 13,4275 1,79 2,03 2.28 2.78 3,>6 3.61 3,99 4.87 6,54 8,08 10o406 1.79 2,02 2,27 2.7% 3.20 3.52 3,86 4.56 5.97 7.22 9,007 1.79 7,02 7.26 2.73 3,14 3,43 t,76 4.40 5.63 6,66 i.088 1.79 2,01 2.25 ,.71 3,11 3,38 3.68 4.26 S.36 6.P7 7,49 1,78 7,00 2,24 2,69 3,07 3.13 3,62 4,J6 5,16 5,95 7,0610 177 2,01 2,21 2.67 3.04 3,29 3,56 4,07 4,99 5.67 6,6311 31,78 2,01 2.24 2.67 3,07 3,25 3.51 3,98 4,84 S,47 6,2917 1,a0 2,02 1,74 2,64 -.O0 3,72 3,46 3,91 4.68 5,26 6.O0

13 3 1,44 1,92 2,77 29,88 3,45 1,qO 4,47 S,4 9,23 13.11 20.764 1,78 7oOs 7.31 Z.84 3.35 3,73 4,R 5,18 7,38 9,47 13,09S 1.82 2,06 2,30 2,1 3,26 3,60 3,98 4.80 6.57 R.04 10,256 1.82 2,05 2,?9 2,78 3,21 3,50 3,86 4,58 6,03 7.24 8,897 1.2 ?,05 2,28 2.7S 3,1 5  3,44 3.75 4,41 5.6S 6.68 A.108 1.81 2,04 2.27 2.74 3,12 3.39 3,69 4,28 5.40 6o79 7,439 1,81 2,04 2,27 2,72 3.10 3,3s 3,63 4,16 5o17 6,00 6,9910 1.8E 2,04 2.27 2,70 3,07 3.31 3,58 4,09 5,01 5,70 6,66Ui 1.87 2,04 2,77 2,70 3,05 3,77 3.53 4,02 4.87 5.0 6,3612 1,82 2,n4 2,7? ?o69 3,07 3,74 3,48 3,95 473 %,30 6.1213 1.83 2,05 2,?7 2,68 3,00 3,21 3,43 3,87 4.61 5.12 5.80
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TABU B -4 - (Continued)

Percentiles of the Distribution of V 9 5

2 o02 0.05 . 0.25 0.40 0.60 0.60 0.75 0.90 o.9 0.98

14 3 1039 1,9 2,26 2.84 3.39 3,63 4.36 5,64 8.84 17.73 19,144 1o77 2,06 2,31 2.87 3,10 3,67 4909 Sn6 7.18 9.10 12,45
5 1084 2,OR 2.31 2.79 3,22 3,55 3.93 4,7 6,38 7.2 9,936 1,85 2.08 2.30 ?,7% 3,17 3,46 3.81 4,5 3.91 7.07 A.71
7 1,85 2.07 2.?9 2,73 3,12 3,40 3,77 4,3A 58 IS6 ,3 7.788 1.65 ?907 2,28 2.72 3,09 3.36 3.66 4.2S 5.35 *16 7,3n9 Jg04 P.07 2026 2o1 3,07 3,32 3.59 4.15 5614 S.88 6,9210 1.8s 2.06 2,27 7.70 3,05 3,29 3,N& 4o07 4.98 5.6S 6,4911 l.s 2,07 2.00 2.69 3,03 3,26 l.s 4,00 4.8h '548 #,Z612 1,85 2.07 2,2H 2,68 3.01 1,21 3.47 3,93 4.73 3,31 6,0#13 1.85 2,07 2,29 2.68 2,99 1,Zl 3,44 3,87 4.61 5.14 S.80

14 1,06 2.08 2,o8 2.66 2.98 3.18 3.41 3,81 4.48 4.91 S,60

1 3 1.24 1,8 7.04 2.84 3,38 3.80 4,35 N,56 8,1% 12.72 I,3M4 1,77 2,06 2.31 2,83 3,30 3,65 4,07 4,99 7.00 8,90 11.935 1.84 2,09 2.32 ?.80 3,23 3,55 3.92 4.69 6.25 7.64 9.796 1987 2,09 2,31 2.79 3.18 3,47 3AO 4.48 S.79 #.9j 8.5
7 1.87 ?008 2,30 2.7& 3,14 3.,41 3.73 4,34 5.S0 6.41 7,908 1.86 ?,O 2.29 2.74 3,11 3,36 3,66 4,23 5,29 6.10 7,26
9 1.R6 2,07 2,29 2.73 3,09 3,33 3,60 4.14 5.1l 3.81 6,8110 1.85 2,07 2,2a 2.77 3,06 3,30 3o6 4,O 4.96 O,6l 6.o011 1,s 2,07 2,28 2.70 3,04 3,27 3oS2 3.99 4.84 5.43 h.7212 1.86 2,07 2.28 2.70 3.07 3,25 3.48 3,94 4.71 5.31 6.0o13 1,87 2,07 2.28 2,69 3,01 3.7 3,45 3.88 4,63 5.17 5,8"14 1,87 2,07 2,28 2,68 3,00 3,20 3.41 3,83 4,33 5.0 5,6615 3,Rq ?,08 2.P8 2.68 2,98 3.18 3.39 3,77 4,43 4.88 5.46

16 3 1.13 ],85 2,25 2.84 3.38 3,78 4,30 5.47 8,49 11.98 18,764 1.77 2,06 2,33 7.83 3,30 3,64 4.06 4,95 7.o() 8.88 12,30S 1,a7 2.11 2.34 2.81 3,24 3,54 3,89 4,67 6.28 7,o7 9,76 1,89 2.11 2.33 2.79 3.19 3,48 3.81 4,47 5480 6.92 8.63
7 1,89 2.10 2,33 2.77 3,15 3,42 3,72 4,33 5.51 6.47 7.988 1.89 2.10 2,32 2.75 3.12 3.38 3.66 4,72 5.78 6.12 7,27
9 1o88 2.09 2,31 ?,74 3,10 3,34 3,62 4,13 S.1 .4 6,9210 1.88 2.09 ?.31 2.72 3.07 3,32 3,57 4,07 4,95 5,60 6,6011 IR9 7,09 7,30 2,71 3,05 3,28 3.54 4,00 4.,R 5,44 6,3012 1.88 2,09 2.31 2.71 3,03 3,7S 3.50 3,94 4.11 5,30 6,06

13 1,89 2,10 2,31 2.70 3.07 3,23 3.47 3,89 4.60 5.14 S,8714 1.90 2.10 2,31 2,69 3.00 3,71 3.43 3,84 4.52 5.02 So6Ris 1,90 2,11 2,31 2,69 7.99 3,18 3,40 3,79 4,44 4.91 5,53
16 1.92 2.12 2.33 2.69 2.98 3.16 3.36 3.74 4.35 4.RO 5,3
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TABLE B-4 - (Continued)

Peroentiles of the Distribution of V

. 0.0 05 .1_0 0.25 0.40 0.50 0. 0 0.o76. 0.90 0.95 0.1o 

17 3 1.07 1.84 2,22 2.80 3.29 3.67 4.15 5.26 A.19 11.24 11,44
4 1.7h 2, n8 2,.12 Z.OO I.A4 3.% 1095 4.81 6. .48*5 I I.4H5 ).86 ;.11 2,33 7.79 3.19 3,4A 1.83 4,S? 519" 7.34 9.?16 1.90 7.11 ?.33 ?077 3.1v 3,42 3.97 4,4n 56 1 h,67 M,17 ,qn 2.11 P.3? 2.7h 3.11 3,3F 3.67 4,?1 5.39 6.76 7.56

A 1.90 2.1) 2,32 2.74 3.09 3,34. 311%1 4,1.i Sell 519S 7.O%9 I.9 '.10 2,11 2.73 3.07 3.30 3.S6 4.n7 ,nl0 S.72 #%.m

11 lon9 7.10 ?.31 7.71 3.03 3,25 3.48 3.'4 off S015 f.1612 1.89 2.11 2.31 2.70 3,01 3.723 3.45 3,mg 1,.67 '.?3 1397?13 1.Ag ?111 2.31 ?06'4 3.00 3.20 3.,42 3,84 4.58 5.10 ' .7914 1.90 7,12 2,31 e7.69 2.99 34.19 3.40 3.80 4.51 S.00 si.6115 1#90 2.11 2.31 7,88 2.98 3.17 .38 3.77 4.43 4.A 5.4416 1.90 2.17 2,31 2.67 ?.97 1.1% 1.35 3.72 4.34 4.79 5.3n17 1.92 2.1? 2.32 2.67 ?.96 3,.14 1.33 1.6 4.27 4,68 5.19

1 3 1.1l ).83 2,3 ?.8n 3.29 3k.66 4a17 5,73 7.96 11.1R 17.Rg4 1.81 2,09 2.34 2.82 3..& 3.56 39q5 4.?q 6.A6 A.46 11.665 1,90 2,14 2.36 2.RO 3.70 3.49 3.83 4.56 6.00 7.32 9,416 1.93 ,.14 2.36 ?*.7 3.14 3.43 3.75 4.40 %,3 6.61 8.277 )1.94 2.14 2.35 0.77 3.13 3,38 3.6 4.PS 5.39 6.23 7.4S8 1,94 2.14 2.35 2.75 3.10 3.3S 3.3 4.15 5.17 5.95 h.979 1.94 .. 14 2.34 ?.74 3.08 3,1? 3.,8 4,09 S.03 5.77 6.7110 1.93 p,13 2.34 7.73 3.06 3.29 3.54 4.03 4.9 .di1 6.311 1.93 2.13 7,34 7.73 3.04 3.26 3,51 1.98 4.79 5.35 6.ll12 1*93 2.14 2.34 2.7 3.03 3.p4 3.01 3,97 4.6$ 5.73 5,9613 1.93 7.14 2.33 2.71 3.01 3.P2 3.45 3,86 4,60 5.12 5.7S
14 J,93 2.13 2,33 2.70 3,01 3.1 3.42 3,83 4.57 5.01 5.6015 1.94 2.14 2,34 2.70 3.00 3,19 3,40 .79 4.44 4.R8 s.4616 3,9', 2.14. 2,34 z.ro ?.99 31481 3.38 3.75 4.37 4.83 5.16)17 1.- 2.15 2.34 7.69 ?.97 3.16 3.35 3.7i 4.1 4,74 13.218 1.97 2.17 2.35 2.69 ?.97 3.15 3.33 3.&s; 4.74 4.65 5,11

19 3 0,96 1.73 2.19 ?.79 3.77 .,67 4.0R S.16 7.8o 10.74 16.874 1.76 2.OR 7.34 2.81 3.24 3.54 3.q2 4.7? 6,52 $.23 11.1m5 1,90 7.14 2.36 7.80 3.19 3.47 3.79 4,50 5.95 7.23 9,06 1.94 7.15 2.36 2.78 3.15 3.42 1,72 4,1c 5.16 6.60 8,077 1.9s 2.16 ?.3 2.76 3.13 3.37 3.65 4.23 5.1 6,16 7.4s8 1.95 7.15 2.35 7.75 3.ln 3.31 3.60 4.14 5,14 5.87 6.949 1.9s 2,15 2,35 2.74 3,07 3.31 3.56 4,05 4.98 5.7(0 6.5010 1.94 ?.14 2,34 7.73 3,05 3.27 3.52 4.00 4.M4 ',.49 &,3511 1,9% ?.14 2.3' 2.72 3.03 3.7" 3.50 ;.Cs 4.73 S.33 6.1712 1.95 7.14 7.34 2.12 3.02 3.74 3,47 3.89 4.6S 1.Z? 5.9713 1.95 2.14 2,34 2.71 3.01 3,77 3,44 3,m 4.5 S.V) 5.1014 1.95 2.14 2.33 7.70 3.0n 3.20 3.41 3.81 4,49 4.98 5.6115 1.95 2,14 2,33 7.70 2.99 3.18 3.39 3.78 4s43 4.88 5.5116 1.95 2.15 2.33 770 2.98 3.17 3.37 3.74 4.3m 4.l1 S'4517 1.9% 7.11 ?.34 2.70 2.98 3.16 3.3% 3.71 4,11 4.74 S,2518 1.96s 7.16 2.35 2.70 2,97 1.14 4.14 3,6A 4.7)6 4.hS 53.15)19 1.98 7.17 2.35 2.69 2.96 3.13 3.1 3.64 4.70 4.5 S.(2

84



TABLE H-4 - (Continued)

Percentiles of the Distribution of V 9 5

A i 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98 1

20 3 0,94 1,75 2,19 2 078 3.24 it.060 4,02 on0 r.7? 10,78 16,96 I4 1,79 2,09 2,34 ?081 3.1 I.s? 57 3,A 4,66 6.49 8.16 11.03
1092 2,15 2.36 ?,80 3,18 3.46 3.79 4.45 5 ,AS ".09 9,1?

6 1,94 2.17 2.37 ?.79 3.1% 3,40 ,71 4.31 S,4A 6.49 M.11
7 1.95 7.17 .. 36 2,77 3.1? 3,37 3.64 4,19 5,7% 6,11 7,428 1.94 2,17 2.36 2,76 3,09 3,32 3.59 4,09 5.06 5,85 6,97
9 1.96 2,16 2,35 2.75 3,07 3,?9 395S 4,0? 4,92 5.42 6.1010 1,95 2.16 2,35 2,74 3,05 3,27 3.51 3,97 4.7q 5.43 6,30

11 1,95 2,16 2,3S 2.73 3.04 3.74 3,49 3.91 4.70 S.29 6,09
1? 1,95 ?,16 2.35 2.7T2 3.0? 3,27 1,45 3.87 4,61 5.18 5,9?
13 1.96 2.16 2,35 ?.72 3.01 3e2)1*342 3,R-4 4053 5.07 5,1 1r14 1.94 ;,16 2,34 2.11 3,00 3,19 4.40 3,7q 4,46 4,96 5,63
15 1,96 ?.1& 2,35 2.70 2,99 1.17 3,38 3,76 4.41 4.6 S.49
16 1,97 2,16 2.35 2.70 7.98 3,16 3.36 3.73 4.45 4.78 ,47
17 1.9R 2.17 2.35 2.70 2.97 3,)5 3,34 3.70 4.29 4.70 5,3
18 1.98 2.18 2.35 2.69 2.96 3.14 3.33 3,67 4.P3 4,64 5.1419 1.99 2,18 2,36 2.6q ?,96 3,13 3,1I 3,61 4.1R 4.57 S,06

70 2,00 -,19 2,36 Z.70 2.9S 17 3,29 3,60 4,17 4.49 4,9S

21 3 0,74 1.67 1.16 ?,75 3.21 3.S6 3,97 4.97 7.52 10.31 15,724 1,77 2,08 2.33 7.79 3.20 3,49 3,m! 4,7 6,33 7,91 10,58
5 IQ2 P.15 2,37 2.79 3,17 3,44 3.76 4,41 5.HZ 7,02 8.86 
6 1,97 2,16 >,37 2977 3.13 3.39 3,S9 4,77 5,46 6,44 7.87
7 1,98 2,17 2,37 2,76 3,11 3,35 3,63 4,17 5.2p 6.05 7,2?
8 1e9I 2,17 2.36 2.75 3.08 3,32 3,S8 4.09 5.08 S.O 6,79
9 1,98 2.16 2.36 2.7S 3.07 1,29 3,54 4,02 4.93 5,58 6,5110 1.98 2,16 2.36 2,74 3,05 3,7 03,51 3,96 4,R S.43 6,2611 1.9R 2,16 2,36 2.73 3,04 3.25 - 3,48 ...3,97 4.71 28 6.07

12 1.08 ?,16 2.35 772 3,02 3.23 3,46 3.A8- 4.63 !,17 5,89
13 1,98 2,14 2,35 2,72 3,01 3,21 1,43 3,84 4.56 5.05 3,7-
14 lq 2,16 2,35 2.71 3.00 3,19 3,41 3.a1 4.49 4.98 5,6415 1,98 7.16 2.35 0.70 2,99 3,17 3.19 3,77 4.4? 4.89 5,49
16 1.q9 2.17 2,35 2.70 2,qR 3.16 3,1# 3,74 437 4,78 5,34
17 2.00 2,17 2,35 20,70 ?,98 3,15 3.35 3,71 4.30 4,71 5.24
I 2,00 ?,18 2,36 ?,69 2,97 3,14 3.33 3,6R 4.26 4.44 S.1%19 2,01 2.18 2,36 2,69 ?,96 3,13 3.32 3,65 4.20 4.59 5,08 1
20 2,01 2,19 2,36 2,69 2.95 3,17 3,30 3,47 4.15 4,52 4,90
21 2.03 2.20 2.37 7.49 2.45 1)1 312 3.59 4,09 4,44 4,87
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TABLE B-4 - (Continued)

Percentiles of the Distribution l V0

9 0.02 0.05 0.10 0.25 0.40 o..a 0.60 0.75 0.90 0.95 0.98

22 3 0.58 1.60 z.]5 7.74 3.1n 3.52 3,93 4,R6 7.37 9.q3 10,54 1,71 2,07 2,33 2.78 1.18 3.47 3.02 4,55 6.?6 7.gn 10.665 1.92 2.17 2,31 P.78 3.15 3,47 3973 4,18 575 6.5 8.686 1.98 2.19 2.38 ?177 3.1 31.37 3.66 4.7% 5941 b.14 7.717 1,99 2.19 2.38 ?.76 3.10 3.34 3.61 4,16 5.22 h.03 7,208 1.99 2.19 2,37 2.75 3,08 3,31 3.57 4,0A 5.01 5.75 6.7119 1.99 7.19 2.31 2.74. 3.06 1,29 3.53 4,01 40M >.6)3 6,4410 1.99 2.19 1.37 2.73 3.04 3.76 3.50 4.94 4.78 5,38 6.1611 1.99 ;.18 2.36 2.72 1.03 3.24 3.47 3.91 4.67 5.24 5.9A12 1.99 2.19 1.36 2.7? 3602 3.21 3,45 3.91 4.&) 6.14 5.81
13 2.00 2,19 2.36 2.71 3.0o 1,20 1.4? 3,H2 4o5? 5.04 S.66
14 2.00 2.18 7.37 2. 1 3.00 3.19 3.40 3.79 4.46 4o94 S.56
i5 2.00 7.19 2.3h 2,71 2.99 1.17 3.38 3,75 44*39 4.m4 5,4416 2.00 7.19 2,37 2.71 21.984 3.16 3.16 3,71 *4 ,7 5,(I17 20.00 2.1q 2.36 2.71 ?,97 3.15 3.3. 3.70 429 4.79 5.2'
18 2.00 2.19 2.37 2.70 2.97 3.14 3.33 3.67 4.24 4.64 5,1519 2.02 2,19 ?.37 2.70 2.96 3.14 1.3 3.65 4.2o 4. 9 5.
20 2.02 7.2o ?.3" 2.70 2.96 3.1? 3.10 3,63 4.16 4.51 4,9k21 2.02 ?.71 2.38 2.10 2.95 3,11 .29 3.fn 4,11 445 /,,1922 Z.04 ?,22 2.31 2.10 2.95 3.31 .?7 3.57 4.06 4-.38 4,19

23 3 0.50 1.56 2.13 3.18 3.49 3.A8 4.A4 7.21 9.91 15.1?4 1.69 2.07 2.33 2.7M 3.18 3.46 3".80 4,54 6.2 7.84 10,66
5 2.92 2.16 2.37 2.79 3.14 3,41 3.71 4,35 5,70 6.93 8,89s6 1.99 2.19 2.38 2.79 3.13 3.37 3,64 4,?2 5.33 6.14 7.117 2,00 2.19 2.31 2.77 3,10 3,.33 3.S9 .2IP S.14 5.97 7.118 2.00 2.19 2,38 2.76 3.o8 3.31 3.55 4.O4 4.98 5.6 6.769 2,00 2.19 7.38 2.75 3q07 3.28 3.51 3.q 4.85 5.52 6,1110 2.00 2,39 2.37 2,740 3.05 3.26 3.4R 3.4p 4,13 5.33 6,1611 2.00 2.19 231 2,74 3.03 .438 4.61 5.71 5,9312 200 2,.18 2.37 2.73 3.f,) 3022 3.43 3.8' 4.5s 5.08 5,1813 2.00 2.18 2.31 2.13 3.o1 3,0 3.41 3,R0 4.48 4.98 5,5914 2.00 2.18 2,31 217? 3.a0 3.18 3#39 3,77 4.4S 4.91 SS15 2.01 2.19 2.36 2.71 3,00 3.17 3.37 3.74 4.39 4.81 5.3516 2,01 7.19 2.36 2.71 2.99 1.10 3,35 3.72 4.33 4.75 5.31I7 2.02 2.19 2.36 2.71 2.98 3.15 3.34 3,6 4.29 4.70 5,2018 2.02 ?.19 2.37 2.71 2.97 3.14 3.33 3,6 4.24 4.63 5.1419 2.01 2.20 2.31 2.71 ?.97 3.13 3.31 3.65 4.?0 4,58 5.0720 2.02 ..2n 2.3/ 2.0 2.96 3,IZ 3.30 3.P 4.1h 4,53 4,91)21 2.03 2.20 2.31 2.1o 2,95 3.12 3.29 3,60 4,11 4.47 4,9?2 ?.04 2.21 2.38 ?,70 ?.9s 3.10 3.28 3.5R 4.07 4.42 4.8?73 2.05 2,21 2,38 ?.70 2,94 3,10 1.26 3,5% 4*03 4,36 4.74

8
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TABLE B-4 - (Concluded)

Percentiles of the Dietribution of V
95

n a 0-021.05L 0.10 0.25 0.40 0.50 0.60 0,75 0.90 0.95 0.98

24 3 0,33 1,49 ?,08 2.T2 3.1S 3.47 1,86 4.77 7.09 9.55 14.35
4 1,6 7,05 7,33 2.79 3.15 3,44 3,78 4.o0 6.13 7,6S 10,?
5! 1.90 2.17 2.38 2.79 3.14 3,40 3.71 4.35 %.64 6,17 9.52& 1,98 2.20 ?,39 2o79 3,1, 3.37 3e66 4*2? N,3 6.24 1.6A
7 200 2.21 ?,39 2078 3,10 3,33 1.61 4.13 5.14 S.92 7.06

2,00 7.21 ?,38 2077 3,08 3.30 3.56 4,S 4,98 5,69 6.67
4 2.0! 2,21 2.38 2.76 3,n6 3.28 3.S2 3.9q 4,84 S.47 6,34
" 2,01 2,20 2.36 287S 3.S 3025 3,4ft 3,93 4a13 5.33 6,13

, 11 2,00 2,20 2.38 ?.75 3.04 3,24 3,46 3.89 4.64 5,?1 5.94
/ 12 2,00 2.19 2.3T P.74 3.03 3,22 3,44 3,R4 4957 5.10 S,1413 2,01 7.19 2,37 ?,73 3,n? 3.21 1,41 3.81 4.50 5,00 5.6214 2.00 ?.19 2,37 2.73 3,01 3.20 3.40 1,77 4.43 4.89 S.48

1s 2.01 2.19 2.37 2.73 3,00 3.A9 3.18 3.75 4.37 4.81 5,33
16 7.01 7A39 2.37 213 i .99 3,17 3,37 3t77 4.32 4.74 &.27
17 7.01 19 2.38 2.72 .99 3,16 3,35 3.70 4.28 4,70 5,18
1 2.01 -20 2.38 2.7k 2,98 3.15 3.34 3.6A 4923 4.&3 S.10
19 ?.02 '020 2.38 2,71 2,98 3,14 3,32 3,& 4,19 4.54 S,0520 2.03 2.21 2.38 7,7) 2.97. 3.13. 3.31 3.63 4,15 4*.S2 4.96
Z1 2.03 2.21 2.38 2.72 2.96 3.13 3,30 3,61 4910 4.46 4.90
22 2.03 2,22 2,39 2.71 2,96 3,11 3928 3.59 4.07 4.41 4.84
23 2.0S 2.22 2.39 2.71 2.95 3.11 3926 3.57 4,04 4.35 4,77

2 t5 2.23 2,40 2.71 2,9w 3010 306) 3.4 3.99 4.30 4.f

25 3 0.19 1.44 2.06 2,72 3.15 3,45 3,8 4.6A 6. 8 9,30 14,21
4 1.64 2.06 2,35 2,79 3.16 3.42 3.75 4.45 5.96 7,49 q499
S-' Jt94 7.18 2e40 2'80 3,14 3,39 3,69 4,29 5.49 h65 A.409 2.01 2,21 2.41 2,80. 3.13 3.35 3.63 4,19 5. 2 6,14 7.44
7 ?,03 7,22 2.41 2.75 3,11 3.33 3,59 4.11 5,07 S.85 6.988 2.04 2,22 2.41 ?.77 3.09 3.30 3,5S 4.o3 4,90 S.60 6.609 " 1,04 2.22 P,41 P,76 3.08 3.28 3,51 3.96 4.19 5.45 6,39

10 2.04 7922 2.40 7.76 3,06 3,27 3,48 3.91 4,h9 5.27 6.1o
11 .?,n3 ?j2 2940 2.7S 3fn5 3,25 3.46 3,87 4.60 5916 s.ms
12 "2,04 2,2 2.940 2.74 34 3.&3 3.44 3.63 4.23 4.n8 S.79
13 ;2.03 2,21 2,39 2.73 3.02 3.21 3.4 3.6i 4.4 4,96 5.64
14 :2.03 2.22 2.39 2.73 3.01 3.20 3.40 3,77 4,4 4.R 5,O1
0 '2.03 7,22 2,39 2.73 3,00 3,1 3.39 3.7S 4.3 4.RO 4.4016 2. 3 2,22 ,3 9 2,73 3,00 3,7 3,37 3 71 4,31 473 1,30
17 2,03 2 2 7 2 39 2 73 2, 99 ,16 3, 5 3 69 4 2 9 4 ,8 S 17

i1 2.04 2,22 2,3 2.72 2,9A 3.15 3,33 3.61 4.23 4.65 5.1119 2,05 222 2,39 ? 72 2.97 3.14 3.32 3.6s 4,1() 4.6 ,01
20 2.05 2 22 2 4 o 2 92 2.97 .13 3 31 3.6Z 4,16 4.S1 .93
21 2,00 2,23 2,40 2 72 2 9 6 3 12 3,79 3,61 4,12 4 .5 4,R8
22 2,05 7,23 2.40 2,72 2.96 3,11 3,28 3.59 4.09 4.47 4.83
23 2.07 P,24 2,4t 2.71 2.9S 3.11 3,27 3,57 4,05 4.49 4.77
24 2.07 2,25 2.41 7.71 2.95 3.10 3,26 3. 5 4.O 4.34 4,7.4
25 2,08 2,26 2,42 7,71 2.94 ,09 3,25 3.53 3.99 4,28 4,h?
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/-

TANA B.-5

Percentiles of the Distribution of V. 9 9

S0.02. 0.03 0.10 0.25 .0.40 0.50 0.80 0.75 0.90 0.95 0.98

3 3 2,24 2.75 3,32 4.63 5,93 4,96 8,19 11.05 18.15 26.71 42.07

4 3 2,38 ?.a 3.44 4.74 4,02 7,07 o38. 1-1,31 19,3A 77,97 43,77

4 2'37 2,82 3,31 4,38 S,34 4.09 6.91 8,74 12,79 16.62 Z3.12

3 ?,4S 2.9S 3,47 4.60 6,09 7.14 8,48 1.55 19,73 28.71 46.68
4 ?,43 ?,46 3,37 4*,44 5,44 6.20 7.09 9,00 13.31 17,41 24,31

S 2,45 P,67 3,32 4.28 Soi1 S,71 4,39 7,61 10.75 13.23 16.A7

6 3 ?.S 3.07 3.55 4.80 6008 7.11 8,39 11.42 19o.78 2A*.2 45.73

4 2,S2 2.96 3.45 4.49 5.50 6.25 7.16 9.01 1349 17.54 24,27

5 2,S2 2,94 3,38 4.33 5o18 5.79 6.57 7.95 i,96 13,61 17.96

6 2,56 2,94 3o39 4025 4.96 S,49 6,08 7.06 9,49 11,41 14,37

7 3 2.64 3.11 3.61 4.81 6,07 7,04 8.37 11,40 1,27 ?776 44,93

4 2.61 3,04 3,49 4.52 S,48 6,2S 7,14 9,08 13.53 17.47 21.96

5 2,59 3,00 3,44 4,37 5.19 5,A0 6.51 8.02 11,20 13.91 17.78

6 ?,61 3,01 3,41 446 5,00 5,53 6,14 7.37 9.75 11,74 14.36

7 7,65 3,07 3,43 k.2i 4,87 5,32 5,82 68,3 8.75 10.70 12,3

8 3 2,47 3,12 3,6S 4.82 6.01 7.03 8.77 11.28 19,24 27.78 44.29
4 2,66 3,07 3.53 4.54 5,Sl 4,23 7.12 9,04 13,42 17,64 25.o3

5 2,64 3,05 3,47 4939 5,2(1 S,83 6,5 q,03 11,12 13,92 1R.42
& 2964 3,04 3,45 4,30 5,04 5,57 6.17 7,4) 9,82 11.7 14,7

7 2.6T 3.06 3.47 4,Z4 4,90 5.38 S90 6,95 8,92 10.52 12.89

8 2.71 3.08 3.47 4,20 4,79 5.21 5,69 6.58 8.77 9.52 11,35

9 3 Z,75 3,20 3,66 4.81 6,02 6,97 8.17 11,14 19,00 27,91 43,02

4 ZoTZ 3,1t 3,56 4,56 5,49 6,71 7,10 8.99 13.28 17.57 24,34

S 2.71 3,10 3.52 4,40 5,23 S,83 6,53 R,OS 10.9R 13.78 17,99
6 2.72 3,10 3.52 4.32 5,06 5.59 4,20 7,43 9,82 11.78 14,84

7 2,71 3,0| 3,1 4.27 4,96 5.42 S,95 6,99 906 10,66 12,96
8 2,75 3012 3,50 4.24 4,84 S27 S.74 6.6e 8,44 9.75 11,85
9 2,?9 3,17 3050 4,20 4,78 5.16 559 6,41 7.90 9,04 10.71
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TAB - - (Contirnat)

Peroentilie of tb. Distributio of V
a n 0.0_2 0.05 o. 0.25 .JO 0.80 0.60 o._5 o.9o 0.95 0.98

10 3 2.7s 3,?0 3,68 4.77 5.91 6,R 810 10.93 18.61 27,05 43.714 2074 3,14 3.,60 4,53 5,45 6,15 7.00 8,87 1.1? 17.17 73.4M5 275 3,13 3,54 4,41 5.2 5.79 6,4? 1,94 11.08 13.70 17. 8
6 2,75 3.11 3.S1 4.33 5.04 S5.6 6,l 7,34 9,1I 11.86 15.017 7.77 3.12 3.50 4.28 4,95 5.47 5097 6,99 A.99 10.66 13.038 2.17 3,1S 3.50 4,23 4,86 S,.9 S075 6.68 8.49 9,a 11.199 261 3,1& 35l1 4.21 4.78 Sol7 S,6M 6,43 7,97 9.17 10,8210 2,1R4 3,19 3,S3 4.16 4.72 5,7 5.4A 4,23 7957 R.ST 1l,03

11 3 2.79 3,22 3,67 4.7 So7 6.79 7,99 1076 18.19 26.4S 43.874 2719 3,J4 3,58 4.53 5,41 6,13 6,96 R.81 1.02 17.25 24,975 7.79 3,15 3,55 4.39 5,19 5.77 6,44 ?.A In.99 13.66 1M.136 ;',7 ? 3,14 3.52 4.30 5.o0 N , i S 6.13 7*33 9.79 11.86 15.0?07,28 3,16 3.51 4.23 4.97 5.39 5.92 6,95 9.03 10.,7 13,302.837 3.14 3.51 4.3 4,83 e5@ 5.74 6,h9 8.43 9.86 11,8
2.44 3,17 3.51 4.20 4,77 5,16 5,4 6.49 R,4? 9.24 11.08in 2,86 3,20 3o53 4#18 4,71 5,09 S,49 6.27 7.67 8.73 10.20I I ,As 3,24 3,55 4.17 4,66 5.01 S.8 609 7,36 8931 9,37 -

12 3 7.88 3.28 3,72 4,77 5*', 4,4 7,81.5 7592.3 144 785 3,77 3.62 4.5? Se41 6.08 6, , R.67 32.72 16.&0 ;3.415 2,82 3,19 3.58 4.39 5,17 5,75 6.41 7.79 10.68 13,17 17,456 7,82 3,19 35S 4.31 4.04 ,54 6.12 7,?2 9,61 11.60 14,597 ?,81 3.18 3,54 4027 4,9.) r5,39 Song 6,89 Ross 1 (.5 17,6?%s'a 2,84 3.18 3.4 4,24 4,83 5,7 5.73 6 6E3 8.34 9,7S 11.649 2.86 3,18 3,53 4.21 4,77 5.14 5.60 6,44 7.9A 9.18 10.90n Z.R6 3,20 3.54 4.18 4,71 1,10 5950 6,Z 7.66 8.68 10.17it. 2,90 3,23 3.55 4.37 4,69 S.03 S.41 6,1> 7,37 A931 9,5312 2.94 3.71 3.57 4.11 4,64 4,97 5.42 5,9? 7.09 7,96 9.031 3 .RR 3,30 3.14 4,78 &,R7 6,76 7.89 10,6R 17.58 2S.37 4n.274 P.9 3,5 3.66 4.sh S.46 611 6,94 8.75 1,81 14.56 23.78

5 ,7 3? ,0 4*43 5,20 5,78 6o43 7.81 10.89 13.47 17,1'.6 .89 31,2 3,S7 4,35 5.01 S,54 6.14 T,3> 9,11 11.72 14,417 7,89 3,21 3.57 4,30 4,94 5,38 9.92 6,94 8,97 10.61 11,048 2.R9 3.2? 3.S7 4,7ft 4,R6 5,79 5.7, 6,69 R46 9,88 11.149 2.91 3,23 3.56 4,2 4,81 5,21 S'64 6,47 8.02 9.27 1 ().10 2,91 3,24 3*57 4,23 4,7A S.14 S.54 6,31 7,77 8.80 10.?s11 2.94 3,25 3.56 4,77 4,73 .07 S.44 6.18 7,46 8,42 9'hS12 2.97 3,27 3,60 4.23 4.6m S,00 S637 6,05 7.71 8.03 9.2713 3.00 3,30 3,61 4.20 4.66 4,95 5,2 S.91 6,99 7.75 A,76
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TABIL B-5 - (Continued)

Percentile@ of the Distribution of V

a 0.02 o.o5 0.10 o.25 0.40 o.5o 0.00 0.75 0.90 .0.95 0.98

14 3 ?.90 4,30 3.75 4,75 5,80 6.63 7.76 10.37 17.23 75.09 39,164 7.9l 3,78 3.68 4.52 5,39 6.05 6,83 R .61 12.48 16.19 22.415 ?,91 3.25 3,62 4.40 5.14 5,71 6.38 7.77 10.64 13.22 16,896 ?088 3,.4 3,S9 4.33 5.00 S,50 6007 7,25 9,59 11,55 14.297 .91 3.23 3,56 4,28 4,90 5,35 5,86 6,92 R.88 10.47 1P.18 ?.91 3,74 3.58 4.25 4,83 5,25 5,72 6.66 8.40 9.71 13.49 7.93 1.25 3.58 4.23 4o79 5.16 5.59 6.4S 8.00 9.17 10.l10 2,95 3.26 3.58 4.22 4.74 s,11 5.52 6.31 7.71 R.72 10.h11 2,95 3.28 3.60 4,20 4,71 5.06 5.44 6,17 7,46 8.42 9.6112 2,98 3,31 3.61 4,20 4,67 500 5.36 6.f04 7.25 8.11 9.2513 3.00 3,31 3o62 4.19 4,65 4,96 5,30 S,93 7,03 7.82 8.8114 3.02 3.34 3,63 4.17 4.62 4,97 5o24 5.A? 4.81 7.49 8.41

15 3 2.96 1.34 3.77 4.78 5,83 6,72 7.8? 10,45 17,15 24o4 38,144 P.94 3,79 3,69 4,SS 5,40 6.05 6.82 R54 12.41 15.96 21,825 7,.93 3,28 3.64 4o42 5.38 5,72 6,36 7.7? 10.56 12,94 16,996 2*.93 3.26 3961 4.37 5o03 5.52 6.09 7.23 9.45 11.38 14.247 2.93 3,25 3.59 4,31 4.92 S.37 5.90 6.89 8.81 10.31 12.848 2.93 3,25 3,59 4.7 4.86 5.27 5,73 6,64 8036 9.64 11,589 2.95 3.26 3,S8 4,26 4.81 5,19 5.6Z 6.48 8.00 9,11 10.7910 2.94 3,27 3.9 4,24 4 ,7 7 5,13 5.54 6.33 7,71 8.72 10.0&11 2,95 3.26 3.59 4.21 4,73 5.08 5,46 6.1R 7.48 8.37 9.6112 ?.98 3.29 3.61 4.21 4.70 S.04 5.39 6.07 7929 8.17 9,2413 3,01 3,30 3.61 4.20 4.68 4,99 5.33 5.96 7.09 7.89 8.9214 3.03 3.32 3.62 4.19 4.65 4.95 5,26 5.86 6.92 7,63 8.5915 3,.07 3.35 3,62 4,19 4.63 4,91 5.21 5.77 6.70 7.37 2.74

16 3 2.98 3.36 3,78 4.79 5,86 6.70 7.78 10.30 17.06 24.06 38,504 7,96 3.32 3.70 4.57 5.41 6.04 6,82 8.52 1P.49 16,24 73,035 2,94 3,30 3.65 4.46 S.18 5.73 6,3? 7.71 10.64 13,23 16,906 2o93 3.29 3,63 4.37 5,05 05.3 6,11 7,23 9.53 11.53 14.387 2,94 3,R 3,62 4,37 4,96 5,40 5,89 6,89 8.84 10.54 12.978 2.95 3,28 3,62 4*30 4,88 5.30 5,75 6.65 8.39 9,75 11.599 2,96, 3,28 3.61 4.27 4,84 5.22 5.66 6,47 8,03 9.18 10,9610 2,97 3,28 3,62 4.25 4,79 5.16 5.55 6,32 7.71 8,75 10.2911 2,99 3.79 3,62 4.23 4,74 5,10 5,48 6,19 7,o0 8.43 9.7612 2.99 1.3.1 3,63 4,23 4,71 5,04 5.41 6,09 7,27 8.17 9.3713 3.01 3,34 3,63 4,21 4,68 5.01 5,36 5,99 7,07 7.8O6 9,0414 3.05 3,35 3.65 4.21 4,hc, 4,96 5.30 5.90 6.93 7.68 8.6715 3,07 3,37 3.66 4.21 4,64 4,92 S,24 5.80 6,78 7,46 8,3916 3,12 3.39 3.69 4.20 4.67 4.88 5.17 5.77 6,60 7.26 8.10
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TABLE B-8 - (Continue)

Percentiles of the Distribution of V.99A 0.0 -o.o5 0.10 0.25 0.40 o.o 0.7o 0.75 0.90 o*_ o_17 3 2,9? 3,37 3,76 4,7l 5.69 &,50 7.56 lO.o6 16.55 ?3,Si 37,77
4 2,97 3,32 3.70 4,51 5.32 S,94 6.71 8.36 11.93 15,4 21,68
5 2,96 3,3n 3.66 4.42 5,12 5,65 6.27 7# 6- 10'3 ]PSR 16,34
6 E.95 3.28 3.63 434, 5,nI S,47 6.03 7.14 9*3Z 11913 13,19

7 2,96 3.29 3,63 4,30 4,90 5,14' 5.83 6,3 R,7n 10,18 12.34
8 2.97 3,7R 3,61 4,Z7 4,83 5,23 S,69 6,58 #?' 9.56 !1,40

9 2.97 3.?9 3,61 4,jS 4,79 5,17 5.58 6,39 7,91 9.07 10,65
10 ;,98 3,30 3,61 4,#23 4,.76 S117 5.50 6,2s 7.66 8.70 10,01
11 ?,99 3,31 3,62 4.22 4,71 5,06 5,42 6.13 7.42 8,33 9,63
12 3,01 3,33 3,63 4.21 4,49 5,01 5.36 6,07 7.27 8,08 9,21

13 3.03 3.34 3,63 4,21 4,A6 4,97 S.3n 5.93 7,05 7,A6 8.92
14 3.04 3.15 3,64 4919 4,64 4,93 S.P 5.85 6.91 7,67 R.63
15 3005 3,37 3.66 4,19 4.62 4,91 5,21 .,79 6a17 7,45 8,29

16 3,09 3,39 3,67 4.19 4,6 4,87 sell 5,71 6.6 7,29 8,04
17 3.12 3,41 3.68 4.18 4,58 4,84 S.12 5.63 6.48 7.11 7,04

18 3 Ion3 3.38 3,78 4,72 5,69 6.50 S 3 9.7 16.70 23.42 38.15
4 3.03 3,35 3,72 4.55 5,33 5,94 6.7? 8,12 17.no 15,75 ?1993
5 3,01 3,3 S  3,68 4,4 5.14 5,67 6.29 7.61 10.79 1, 75 16, r6
6 3.00 3,33 3.66 4.37 5.01 5,47 6.04 7,1 9,34 11.10 14.07
? 3.00 3,33 3.65 4.33 4.93 5,3S S,8A 6,84 8,HO 10.17 12.25
8 3.01 3.33 3,65 4,30 4, ?  5,28 5.73 6.60 18.28 9,62 11.10

9 3.03 3.33 3,64 4,*Z 4,A2 S.19 5.61 6,46 7,97 9.12 10.11
10 3,04 3,34 3.64 4v26 4,77 515 's5,54 6.31 7.61 R.69 10.04

11 3,04 3,34 3.64 4.25 4.74 5.08 5047 6,20 7.45 8,34 9.69.
12 3.05 3,35 3.66 4.25 4.71 5903 So39 6.09" 7,26 8.11 9,24
13 3,06 3,37 3.67 4.23 4,68 4,99 S,34 5.99 7.10 7.92 8.84

14 3.08 3.3R 3.67 4,21 4,67 4,97 5.29 5,9) 6t9g 7.70 8.60
15 3.11 3,39 3,66 4.21 4.65 4,94 5.25 S,82 S,82 7.SO A.37
16 3.13 3.41 3,69 4.21 4,64 40-91 5,22 5,76 6.68 7,37 A,1
17 3.16 3,43 3,T0 4:20 4.61 4,8A 5,17 ,.69 6.57 7.19 7,94
18 3,19 1,47 3.73 4.20 4.60 4,86 5,13 S.63 6.54 7.04 7r.s

19 3 3.03 3.40 3,79 4e13 5.72 6.52 7.53 9.96 16.17 23,13 36,55
4 3.05 3,37 3,73 4,55 .3S 5,9s 6.70 8.?7 11.98 15.31 21,7O

5 3,03 3,36 3,69 4,43 5.14 5.65 6,27 7.54 10.P9 12,70 16,31
6 3,02 3,34 3,66 4,36 S.01 S,47 6,01 7.10 9a28 11.15 13.9S
7 3.02 3,33 3.66 4.33 4,93 5.36 S.3 6,80 8,65 10.16 12.41
8 3.02 3,33 3,64 4,29 4,87 5,25 5,69 6.58 8,05 9.52 11.3>
9 3.03 3.33 3,65 4,26 4,80 5.18 5,9 6,40 7,93 9.09 10,61

10 3.03 3,34 3,64 4.25 4,76 5ell 5.52 6,26 7,43 8.67 10,08

11 3.06 3,35 3.65 4.24 4.72 5,07 5.44 6,IS 7.42 8,34 9,10
12 3,07 3,37 3.&S 4.23 4.70 5,03 5.39 6,05 7,22 8,13 9.34

13 3o08 3.38 3,65 4.22 4.68 4.99 S.33 5,97 7,06 7088 8.99

14 3.09 3,38 3,66 4,21 4,66 4,96 5.78 5.89 6,93 7.&9 R.63
15 3,10 3.40 3,67 4,22 4,64 4,93 5924 5.81 6.79 7e49 8.46

16 3,13 3,42 3,68 4,21 4.63 4.90 5.20 5.76 6.70 7615 8.19
17 3.14 3,43 3,69 4.21 4,62 4,88 5.16 S,70 6.59 7,23 8.01

18 3.17 3,44 3,71 4o21 4,60 4,86 5.14 5.64 6,49 7.08 7.84
19 3,ZO 3.46 3,72 4*21 4,59 4,83 5.10 5,57 6,38 6,91 7.60
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TABLE B-5 - (Continued)

Percentiles of the Distribution of V 9 9

n m 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

20 3 3.01 3.39 3,79 4.72 5,A7 6.42 7.38 9,80 16.16 23.55 31.26
4 3.02 3,37 3,73 4.54 5.32 5,93 6.66 8,21 11.97 15.38 21.61
5 3.03 3.36 370 4.44 5.13 5.64 6,76 7.53 10.15 12.57 16.0
6 3.02 3.34 3.67 4.38 5.01 5o46 6,01 7.08 9.17 11.n5 14.08
7 3.0:2 3.34 3,66 4.33 4,93 5,35 5.82 6,7R 8,63 10.10 12.40
8 3,03 3,35 3o66 4.30 4,85 5,25 5.68 6.53 R18 9,55 11.41
9 3,04 3.34 3,65 4,28 4,80 5.17 5.58 6.36 7.86 9.02 10.65
in 3,04 3,35 3,65 4.26 4.76 5,12 550 6.24 7.59 8.61 10,0?
11 3.06 3,36 3,66 4.25 4,73 5.06 5,45 6.12 7,37 8.35 9.51
12 3.08 3.38 3.66 4.24 4.70 3,03 5.38 6.03 7.20 8.08 9.29
13 3,09 3,38 3,6r 4o23 4.68 4o98 5,33 5,95 7.01 7,86 9,02
14 3,11 3,40 3.61 4.22 4.6% 4.95 5,26 5.87 6,89 7.66 8,68
15 3,12 3.41 3,69 4.21 4,63 4.9? 5,23 5,80 6.19 1,49 8,44
16 3o14 3,42 3.70 4.21 4.62 4.89 5o?0 5.74 6,67 7.4 8.23
17 3,16 3,44 3,71 4,20 4.61 4,87 5.16 5,69 6,57 7,22 7.98
18 3,18 3,46 3,72 4.20 4,60 4,86 5.13 5,63 6.47 7,0? 7,82
19 3.21 3,47 3.73 4,21 4,SR 4.84 5.11 5,57 6o38 6.96 7,64
20 3.24 3.49 3,74 4.21 4,57 4,81 5,06 5.5? 6.25 6,RO 1,4A

21 3 3,05 3.40 3,79 4.70 5,66 6,42 7.38 9.68 16.03 22.96 36.33
4 3.08 3.39 3.74 4.53 5.31 5,91 6.61 8.15 11,66 14.96 20,16
5 3,05 3,37 3,69 4.44 5,13 5,64 6,23 7,46 lOt 6 12,46 16.03
6 3,05 3,35 3.67 4,36 4,99 5,45 5.97 ,03 9,22 10,99 13,71
7 3.05 3.35 3,66 4.32 4,92 533 5082 6,75 8.51 10.02 12.10
8 3,0S 3,35 3,66 4,29 4,85 5.25 S.68 6,54 8,17 9.45 11,25
q 3.06 3,35 3.65 4,28 4,80 5,16 5o58 6.38 791 8,97 10.54
10 307 3,35 3,66 4.26 4.77 5.11 S,50 6025 7,62 8,62 10,00
11 3,08 3.36 3,66 4,25 4,74 5,07 5,44 6,13 7,44 8,34 9,64
12 3,09 3,36 3,67 4,24 4.71 5,03 5,38 6,06 7.27 8.11 9.23
13 3.10 3,38 3.68 4.23 4,68 4,9q 5,33 5,98 7,10 7.88 8.94
14 3,12 3,39 3.67 4.22 4,66 4,96 5,29 5,90 6,96 7,7? 8,70
15 3,14 3,40 3,68 4,21 4.64 4,93 5,25 5,83 6,83 7.55 8.49
16 3.16 3,4? 3,69 4.21 4,63 4,90 5,20 5,78 6,72 1.37 8.23
17 3.17 3.44 3.69 4,20 4,6? 4,89 5.17 0.7? 6,61 7.24 8.04
18 3.19 3,45 3,71 4.20 4,60 4.86 5,15 5966 6.52 7.10 7.89
19 3921 3o47 3,72 ,21 4,60 4.85 9,12 5.60 6,42 7,00 7,72
20 3,24 3.49 3,74 ,4,20 4,59 4,83 5,09 5.56 6,32 6o87 7,58
21 3,27 3.51 3.75,7 4.21 4,57 4,31 5,06 5,51 6,22 6,73 7,42
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TABLE B-a - (Goutinuad)

Percentil, of the Diutribution of V.9

o 0.02 0.05 0.o10 0.25 0.40 o.50 0o60 .78__ 90 0.95 0.9S72 3 3.n& 3,4? 3#80 4,67 S,60 &.3A 7,33 9.61 1%,n 2,00 34,814 3.1n 3,41 3.76 4.52 5.29 $,87 4,54 8.17 11.47 !.,09 , 79
5 3,09 3,38 3,71 4.42 5,09 560 60419 R.17 10,06 12.75 14,00f 3.08 3,36 3.69 4.36 4,97 5,43 6.96 6.98 9,l6 I0.91 13.397 3.06 3.36 3.67 4.37 4,9n 5,31 S,79 6.74 8.A 10,or 1n,17
8 3,00 3,38 3.67 4.20 4,R3 %,74 5o67 6,54 R.1 9.40 11,20
9 3.09 3,3R 3.68 4.26 4,79 5.17 50S7 6,37 7.8s R,97 10.O1

IL 3.09 3.38 3,67 4.24 4,75 .ll 5.50 &.73 7.s 8A,61 9,89
11 3.10 3.34 3.67 4.23 4.72 5,07 5944 6.14 7.36 8.0q 9.53
12 3.1? 3,40 3,68 4.23 4,69 5,01 5,3o o,05 7.19 8.06 9a18
13 3.14 1.47 3.48 4,67 4*98 5,32 5,9S 7,nS 7.es 8,8,
14 3.15 3,42 3.&9 49.? 4,64 4,96 5,78 ?,. 691 7.66 8,7
1S 3.16 3,43 3.70 4.22 4,04 4.94 5,25 S.n1 6,19 7.48 8,43
16 3.17 3,44 3,71 4.1 4.63 4.90 5.0 S.76 ,6s 0 ,35 8.21
17 3,18 3.45 3,71 4.22 4,61 4.88 5.17 , 6.40 7,9 8,01
18 3.19 3.41 3.72 4,? 1  4,60 4,85 s.t 5.65 6.51 7,11 7,87
19 3*21 3.47 3.73 4.21 4,60 4.85 5.17 5.61 ?.48 700 ,77
20 3.24 3,49 3,74 4.22 4,59q 4,83 Sno S,57 6,36 6.87 7.5
21 33S 1 ,5 3o 4.22 4,5R 4.87 5.07 S,5I A,o7 6.77 7,43
22 3,79 3o53 3a77 4.22 4.57 4.81 5,04 5,4R 6,18 6.45 7,25

Z3 3 3,10 3.4% 3.82 4,71 5.61 4.36 7.33 9,3 15.S7 21.9f 35.17
4 3.12 3,43 3.71 4,53 5,31 5,87 6.57 8.I 11082 15.36 21.34

3.11 3,41 3.72 4.46 5.11 5,62 6.21 7.45 n.11 17,46 16.4S4 301n 3,39 3,69 4,39 S.AO 4 5.96 7,0 9,0 10.91 13.
7 3,09 3,3A 3.69 4,34 4,9 !  5.30 5.7a 6,7 9 Rn7 10.q1 17,348 3,09 3,38 3.69 4.31 4,R5 5,73 5.64 6.49 8.13 9,40 11,1-
9 3,09 3,3 A  3.68 4,29 4.81 5,16 5.55 6,33 7.83 8093 10,45

10 3.09 3,38 3,68 4m27 4,77 5,11 5,4 6,70 7,Sh 8,55 9,9
11 3.1n 3,40 3,69 4.76 4.74 SO& 5.41 6,10 7,3, 89,7 9.4A
12 3.11 3.40 3,69 4.25 4,72 5,07 . 4,01 7.14h .02 9.0)
13 3.13 3,41 3,70 4.25 4.69 4,99 5,31 S,97 7.04 7,R3 8.8e
14 3,14 3.42 3.r0 4.23 4,67 4,96 5,27 S,86 6.92 7,6 R,63
IS 3.16 3,44 3.10 4.22 4,66 4,92 S.74 5,8 640 7*47 8,3h
16 3.16 3,44 3.70 4,23 4,64 4.91 5.70 5075 6.68 7,35 8.14
17 3.19 3,45 3,71 4,22 4,IT 4,89 5,17 67o 4,67 7.23 8,00
18 3,21 3,47 3,0% 4.22 4,41 4,87 s.1 5.65 6,51 7.10 7,90
19 3,21 3,.47 3.72 4.22 4,60 4,8 5,12 5,61 6,43 7.nl 7,73
20 3,73 3,48 3.73 4.22 4.59 4,83 5,09 S.5 6.34 609? 7,7
21 3.24 3,49 3,74 4.22 4.5R 4,82 5.07 5.57 6,28 6.,80 7,46
22 3,76 3.51 3,76 4.22 4,57 4,RO 5.05 5,50 6,2? 6.72 7,32
23 3,30 3,53 3.16 4.22 4.56 4,79 !.02 5,4S 614 6,61 7.17
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TABLE B-5 - (Concluded)

Percentiles of the Distribution of V *

n m 0.02 0.05 0.10 0.25 0.40 0.50 0.60 0.75 0.90 0.95 0.98

24 3 3,10 3.46 3.83 4.67 5.57 6,32 7.27 9,56 15,36 22.10 34.39
4 3.13 3,44 3,78 4.52 5,74 5.87 6.53 8.10 1)62 14.93 ?0o76
5 3.12 3.41 3,73 4.44 5,09 5.59 6.20 7.45 10,09 12.23 15o75
6 3.11 3,40, 3,71 4,38 4,q9 5,43 5,96 7,03 9o16 lORO 13.44
7 3,11 3,39 3,70 4.34 4.92 5,33 5,79 6.72 8o53 9.97 12,10
8 3.11 3,39 3,69 4.31 4,85 5.04 5.68 6,57 8,12 9.34 11.18
9 3.11 3,40 3o69 4o29 4,81 5,17 5.57 6,36 7.80 8o90 10.3r

10 3.11 3.39 3,69 4,27 4,77 5,10 5,49 6.23 7o55 8.5? 9.94
I1 3,10 3,40 3.68 4.26 4.74 5.07 5.43 6.11 7.35 8.26 9.49
12 3.11 3,40 3,69 4,25 4,72 5.03' 5.37 6.03 7.19 8.04 9.11
13 3,13 ,41 3,69 4,25 4,70 4,99 5.32 5.95 7,07 7.86 8.84
14 3,14 3,43 3,69 4*24 4,68 4,97 5,29 5o89 6,91 7,66 8,55
15 3,16 3,43 3,71 4.25 4.66 4,95 5,26 5,82 6,79 7,47 8,30
16 3,17 3,44 3,71 4.24 4,65 4.93 5,23 5,77 6.70 7.34 8.16
17 3o19 3,44 372 4.24 4,64 4,91 5,20 5,74 6.60 7.25 7.99
18 3.10 3.46 3.73 4,23 4.62 4,88 5,17 5,69 6,53 7,12 7o83
19 3,22 3.48 3,74 4*23 4,62 4,87 5.14 5,64 6,44 7.00 7.77
20 3,23 3.49 3,74 4.23 4,61 4,85 5012 5,59 6,38 6.91 7.53
21 3925 3,50 3,75 4.23 4,60 4,83 5,10 5,54 6.30 6.81 7.47
22 3,07 3,52 3,76 4.23 4.58 4.81 5.06 5.52 6.2? 6o74 7.36
?3 3.28 3.53 3o77 4.24 4,58 4,80 5*03 5,48 6,15 6,63 7,24
24 3.31 3.55 3.79 4*24 4.57 4,78 5.02 5,43 6,09 6.54 7.11

25 3 3,09 3,47 3.87 4.71 5,59 6,31 7,74 9s40 15.23 21o80 34,84
4 3.14 3,45 3,80 4.56 5.27 5,0? 6,50 8,00 11o51 14.84 20.21
5 3,12 3,44 3.77 4,47 5.11 5.58 6,15 7,34 9,81 12,21 15.64
6 3,12 3,44 3,74 4,43 5.01 5,44 5,94 6,97 9.00 10,75 13.41
7 3,11 3,43 3.73 4.37 4,92 5,31 SO 6,70 8,4, 9,92 11,90
8 3o13 3.42 3.72 4.34 4,87 5,24 5.67 6,48 8,03 9.28 11901
9 3,13 3,42 3,71 4,32 4.83 5.17 5.57 6,33 7,75 8,88 109,46
10 3,13 3.43 3.72 4,30 4,79 5,12 5,50 6.22 7.51 8.51 9,95
11 3o13 3,43 3.71 4,29 4,76 5,07 5,43 6.11 732 8.26 9,52
12 3,15 3.43 3.71 4,26 4.72 5,05 5.38 6.03 7,16 8.04 9.15
13 3,16 3,44 3,72 4.25 4,70 5o00 5.34 5.94 7.03 7,8? 8,90
14 3,17 3,45 3,72 4,25 4,69 4.97 5,30 5.88 6,90 7,64 R,6R
15 3,18 3,46 3.72 4*24 4,67 4,95 5,26 5,83 6.78 7,47 8,42
16 3,I 3,47 3,73 4.24 4,66 4,93 5,22 5.76 6,69 7.35 8.23
17 3,20 3,48 3,74 4,24 4,65 4,91 5,19 5,7? 6,63 7,26 8,03
i 3,23 3,48 3o75 4,23 4,63 4,90 5.17 5,68 6.54 7.14 7,88
19 3.24 3,49 3.75 4.24 4.62 4.87 5,14 5,63 6,45 7,03 7.70
20 3,25 3,50 3,75 4*24 4.61 4,85 5.11 5.58 6o38 6.91 7,57
21 3,76 3,52 3.77 4,24 4,60 4.84 5,09 5,55 6.32 6,82 7.45
22 3,27 3.54 3o78 4,24 4.58 4,82 5.07 5.51 6.25 6.75 7935
23 3.30 3955 3.79 4,24 4,58 4,R1 5,05 5.47 6.18 6,68 7.26
24 3,31 3,57 3.80 4,23 4,58 4,79 5,02 5,45 6913 6o58 7,19
?5 3.33 3.58 3.82 4.23 4,57 4.78 5.00 5.41 6.07 6.51 7,07
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