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STATIST ICAL ANALYSIS OF GOLD ASSAY 
AND OTHER TRACE-ELE MENT DATA 

by 

R icha rd F, L ink, 1 George S, Koch, J r, , 2 

and John H, Sch uenemeyer 3 

ABSTRACT 

The principal procedures for the s tatistical analysis of gold assay and 
other trace - element data depend on applying either the normal frequency dis­
tribution or the lognormal frequenc y distribut ion, The consequences of apply ­
ing both methods are examined through reference to example data from United 
States and South African gold mines, It is concluded that for estimation of 
average grades, except for certain data with a very high coefficient of varia­
tion ( r atio of standard deviation to mean), use of the l ognormal distribution 
is ordinarily undesirable because bias may be introduced and little efficiency 
can be gained. However, if biased average g rades can be tolerated, as in the 
examination of data from surveys in exploration ge ochemistry, use of the log­
nor mal dis t ribution may be desirable. Va rious statistical analyses are 
detailed, and the tables presented to implement the analyses are more c omp let e 
than tho se previously published, 

INTRODUCTION 

This report compares and contrasts t wo statistical methods for extract ing 
information from a set of numbers with the characteristic that compared to the 
average value, most of the numbers are small, but a few are very large. Exam­
ples o f such data are the incomes o f individuals, magnitudes of earthquakes, 
gold assay values from a mine, types of fl oods in a river, metal analyses from 
a survey o f exploration geochemistry, and heights of buildings in New York 
City, In every on e of these and many o ther e xamples, most of the values are 
small relative to the average, but a few are very large. The large values 
represent the millionaires, the catastrophic earthquakes, the bonanza pocke t s 
of gold, the disastrous floods, the geochemical anomalies, and the skyscrapers . 

1 Visiting lecturer, Statistical Techn iques Research Group, Department of 
Statistics, Princeton Univ . , Princeton, N.J . 

2 Supervisory geologist, Mine Systems Engineering Group, Bureau of Mines, 
Denver, Colo. 

3 Computer programmer, Mine Systems Engineering Group, Bureau of Mines, 
Denver, Colo . 
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For the summary and analysis of such data, statisticians make use of several 
different procedures, the most common of which are those based on normal theory 
(~-2., 14) and lognormal theory (1). Although lognormal theory is fundamentally more 
complicated than the normal statistical theory explained in elementary statistical 
textbooks, great gains in interpretation can be made by applying lognormal theory to 
suitable data, but risks also arise. 

The principal purpose of this report is to compare and contrast the application 
of the normal and lognormal distributions to data of interest in the mineral indus­
tries, as exemplified by gold data, and to discuss the problems that arise. Famil ­
iarity with elementary applications of normal theory is assumed . However, the 
explanation of lognormal theory starts from elementary principles. Some problems of 
lognormal distribution are discussed in nonmathematical terms, and the mathematical 
functions required for interpreting lognormally distributed data are tabulated in 
more detail than in previously published tables. Furthermore, some pitfalls in 
applying the lognormal distribution to gold assay data are pointed out through the 
analysis of several example sets of gold assay data . Other purposes are to discuss 
transformations in general, to explain the use of logarithmic probability paper, and 
to present a Fortran computer program for implementing some of the tedious 
computations. 

While this report presents the results of part of the Bureau of Mines program 
to investigate methods for sampling gold deposits, lognormal methods are also rele­
vant to certain other metal assay data and other data found in both theoretical and 
applied geology and other disciplines . Any data representing chemical elements pres­
ent in rocks in amounts of less than a few percent may be susceptible to lognormal 
interpretation; perhaps the outstanding data are those from exploration geochemistry. 

Previous work is summarized and appraised throughout this report. In contrast 
to the work of some earlier investigators, the principal points stressed in this 
paper are that t he use of lognormal theory may b e dangerous and lead to wrong con ­
clusions, particularly in mine evaluation, unless the application and interpretation 
are expertly done. Lognormal theory is a sharp - edged, dangerous tool . In estimat ­
ing ore grades where bias cannot be tolerated, lognormal techniques should be 
applied with caution. However, where bias is less important, as in comparing data 
from exploration geochemical surveys, the possible increase in efficiency using log­
normal distribution may outweigh the risk of bias. 

Frequency Distributions 

In order to explain and illustrate the kind of data treated in this report, 
this subsection presents data for two kinds of frequency distributions. Table 1 and 
figure 1 show the frequency distribution and histogram for 224 phosphate assays from 
the Phosphoria Formation near Fort Hall, Idaho. This frequency distribution closely 
corresponds to the normal frequency distribution of theoretical statistics with 
values symmetrically disposed around a central value. Table 2 and figure 2 show the 
frequency distribution and histogram for 900 gold assays from the Homestake mine, 
Lead, S. Dak . Similarly, table 3 and figure 3 show the frequency distribution and 
histogram for 1,536 gold assays from the City Deep mine, Republic of South Africa. 
The frequency distributions for this gold data closely correspond to the lognormal 
frequency distribution with many low values and a few high values. The normal and 
lognormal distributions are only two of many distributions that have been studied by 
statisticians, but they are part of the small number of distributions commonly 
applied to real data. 
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TABLE 1, - Frequency distribution of 224 phosphate assays from 
Phosphoria Formation near Fort Hall, Idaho 

Assay Interval Relative Relative 
interval, midpoint, Frequency, frequency, Cumulative cumulative 

percent P2 05 w f percent frequency frequency, 
percent 

14-16 15 1 0.45 1 0.45 
16-18 17 1 .45 2 . 90 
18-20 19 8 3,57 10 4.47 
20-22 21 21 9.37 31 13 . 84 
22-24 23 44 19.64 75 33.48 
24-26 25 54 24 .12 129 57.60 
26-28 27 56 25.00 185 82.60 
28-30 29 30 13 ,39 215 95. 99 
30-32 31 7 3 .12 222 99.11 
32 -34 33 2 .89 224 100.00 

TABLE 2. - Frequency distribution of 900 gold assays from 1-foot-long 
intervals of EX diamond-drill core from the Homestake 

mine, Lead, S. Dak, 

Assay interval, Frequency Cumulative Relative cumulative 
ppm frequency frequency, percent 
0- 5 632 632 70.22 
5- 10 91 723 80.33 

10- 15 58 781: 86.78 
15 - 20 31 812 90 .2 2 
20- 25 18 830 92 .22 
25- 30 17 847 94 .11 
30 - 35 14 861 95.67 
35 - 40 3 864 96.00 
40- 45 7 871 96. 78 
45- 50 3 874 97 .11 
50 - 55 5 879 97.67 
55- 60 2 881 97.89 
60- 65 2 883 98.11 
65- 70 6 889 98 . 78 
70- 75 1 890 98 . 89 
75- 80 1 891 99.00 
80- 85 1 892 99 .11 
85- 90 0 892 99 .11 
90- 95 0 892 99.11 
95-100 1 893 99.22 

100-105 1 894 99.33 

115-120 2 896 99 .56 
120-125 1 897 99.67 
135-140 1 898 99.78 
200-205 1 899 99.89 
255 -260 1 900 100 .00 
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TABLE 3. - Frequency distribution of 1,536 gold assays from stopes in a 
part of the City Deep mine, Republic of South Africa 

Assay interval, Frequency Cumulative Relative cumulative 
dwt/short ton frequency frequency percent 

0- 5 910 910 59 .24 
5- 10 208 1,118 72. 79 

10- 15 118 1,236 80.4 7 
15- 20 80 1,316 85.68 
20- 25 54 1,370 89.19 
25- 30 33 1,403 91.34 
30- 35 24 1,427 92.90 
35- 40 13 1,440 93.75 
40- 45 14 1,454 94.66 
45- 50 8 1,462 95 .18 
so- 55 8 1,470 95.71 
55- 60 10 1,480 96.36 
60- 65 4 1,484 96.62 
65- 70 4 1,488 96.88 
70- 75 3 1,491 97.07 
75- 80 1 1,492 97.14 
80- 85 1 1,493 97.20 
85- 90 4 1,497 97 .46 
90- 95 1 1,498 97.53 
95-100 7 1,505 97.99 

100-105 3 1,508 98.18 
105-110 2 1,510 98.31 
110-115 3 l, 513 98 . 51 
120-125 2 1,515 98.63 
125-130 1 1,516 98.70 
130-135 5 1,521 99.03 
145 -150 1 1,522 99.09 
150-155 1 1,523 99.16 
155-160 3 1,526 99.35 

180-185 1 1,527 99.42 
190-195 2 1,529 99.56 
205 -210 2 1,531 99.68 
215-220 1 1,532 99. 72 
245 -250 1 1,533 99.81 
305-310 1 1,534 99.87 
420-425 1 1,535 99.93 
620-625 1 1,536 100.00 



5 

60.-----.-----.------,,------,---- --, 

50 

Cf) 

z 
~ 40 
f-
<t 
>a:: 
LL.I 
Cf) 

~ 30 
LL. 
0 

a:: 
LL.I 
CD 
::e 20 
:::, 
z 

FIGURE 1. - Histogram Showin g 
Distributi on of 224 
Phosphate Assays 
From Idaho. 

10 

ol---1111111!1--
10 15 

ASSAY 

20 25 
IN T ERVAL, percent P2 0 5 

30 3 5 

r.n 
z 
2 
f-
<{ 

> 
a:: 
uJ 
r.n 
(Il 

0 

u.. 
0 

a:: 
uJ 
(Il 

::. 
::, 
z 

100 

50 

0 50 100 
ASS AY 

150 
INTERVA L, ppm 

200 250 300 

FIGURE 2. • Histogram Showing Distr i bution of 900 Gold Assays From the Homestake Mine, 
Lead, S. Dok. 



6 

1,ooo.....---------,,--------.-------..,...-------,-------,------r--------, 

<n 
z 
~ 

"' 
>-

> 
er 
w 
<n 
CI) 

0 

LL 
0 

er 
w 
CI) 

:,;; 
::, 
z 

750 

500 

250 

0 100 200 300 400 500 600 700 
ASSAY INTERVAL, dwl/short ton 

FIGURE 3. • Histogram Showing Approximately Lognormal Distribution of 1,536 dwt Gold 
Assay Values From the City Deep Mine, Republic of South Africa. 

To illustrate that real data do not n ecessarily follow either one of 
thes e distributions, another set of gold a s say data is introduced. Table 4 
and figure 4 portray 956 go ld assay values fr om the Getchell mine, Humb o ldt 
County , Nev. Although this distribution is skewed, it is not lognormal as it 
does not contain enough high observations, or it contains too many small obser­
vations. This distribution illus trates that real data may not exactly follow 
a theoretical distribution that is recognizable. This leads to the crucial 
problem of applying a theoretical distribution when it is inappropriate to do 
so. 
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TABLE 4. - Frequency distribution of 956 gold assays from the 
Getchell mine, Humboldt County, Nev. 

Assay interval, Frequency Cumulative Relative cumulative 
ounces/ton frequency frequency, percent 
0.00-0.02 130 130 13. 60 

.02- . 04 97 227 23.74 

.04- .06 73 300 31.38 

.06- . 08 74 374 39.12 

.08- . 10 69 443 46.34 

.10- .12 51 494 51.67 

.12 - .14 55 549 5 7 .43 

.14- .16 49 598 62 . 55 

.16- . 18 40 638 66.74 

.18 - .20 45 683 71.44 

. 20 - .22 32 715 74.79 

.22- . 24 29 744 77 .82 

.24- .26 27 771 80.65 

. 26 - . 28 23 794 83.05 

. 28 - . 30 19 813 85.04 
, 30- . 32 17 830 86 . 82 
.32 - . 34 11 841 87.97 
.34 - .3 6 14 855 89 .44 
. 36 - .38 8 863 90.27 
. 38 - . 40 14 877 91. 74 
. 40 - . 42 18 895 93 . 62 
. 42 - . 44 10 905 94 .67 
. 44 - . 46 7 912 95 . 40 
.46- . 48 8 920 96.23 
.48 - .so 3 923 96 .55 
.so- .52 5 928 97 . 07 
. 52 - . 54 2 930 97 . 28 
.54- . 56 1 931 97.38 
. 56- . 58 6 937 98.01 
. 58 - . 60 1 938 98 . 12 
. 60 - .62 3 941 98.43 
. 62 - . 64 0 941 98 . 43 
. 64 - . 66 3 944 98.74 
. 66- . 68 3 94 7 99.06 
. 68- . 70 1 948 99.16 
. 70- •72 0 948 99.16 
. 72- .74 2 950 99 . 37 
• 74 - .76 0 950 99.37 
.76- . 78 1 951 99.48 
.78- .80 0 951 99.48 
.80 - .82 1 952 99 .58 
.82 - • 84 0 952 99.58 
•84 - . 86 1 953 99 . 69 

1.08-1. 10 1 954 99.79 
1.22-1.24 1 955 99.90 
1.30 - 1.32 1 956 100 . 00 

https://1.30-1.32
https://1.22-1.24
https://0.00-0.02
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Bias and Efficiency 

Background on the statistical concepts used in this investigation can be 
found in elementary textbooks (14), but the following explanation of the con­
cepts of bias and efficiency is included because of their particular relevance 
to the paper. Desirable characteristics of a statistic are that it be 
unbiased and efficient, but often these characteristics are difficult to 
obtain together. An unbiased statistic has the property that the mean of its 
sampling distribution is equal to the parameter that the statistic is esti­
mating. The value of the statistic fluctuates from sample to sample, and the 
sampling distribution of the statistic exhibits the values that the statistic 
may assume for all possible samples. Thus, if the mean value of the statistic 
for all possible samples is equal to the value of the parameter, the statistic 
is unbiased. An efficient statistic is one whose value is closer to that of 
the parameter as measured by the mean square error of the statistic than that 
of any other statistic for the same size sample. (The mean square error of a 
statistic is the average squared deviation of the statistic measured relative 
to the parameter being estimated; that is, 

f0 

MSE = _ (s - 8) 2 f (s) ds, 
00 

where MSE is mean square error, sis the statistic being measured, and e is 
the parameter being estimated,) If a statistic is unbiased, its mean square 
error is the variance of its sampling distribution. The relative efficiencies 
of two unbiased statistics which both estimate a certain parameter may be com­
pared by comparing the variances of their respective sampling distributions. 
If the sampling distribution of a certain statistic is known to have the small­
est possible mean square error for a particular sample size, the efficiency of 
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another statistic with that statistic may be made in terms of absolute relative 
efficiency, often simply stated as efficiency. For instance, the statement 
that a statistic is 90 percent efficient indicates that 110 observations using 
the inefficient statistic are required to achieve the precision obtained by 
100 observations using the efficient statistic. For observations drawn from a 
normal population, the sample mean is the efficient statistic to estimate the 
population mean, and the sample variance is the efficient statistic to esti­
mate the population variance. 

A simple example may make these terms clearer. Suppose that long term 
7 records at a weather station show that 50 percent of the days are clear and 

50 percent cloudy. One weather forecaster might make predictions by tossing a 
coin, and predicting clear for heads and cloudy for tails. His predictions 
would be unbiased but inefficient. A second weather forecaster might make use 
of worldwide data to make predictions so that he was nearly always right but 
have a built-in prejudice toward sunshine so that he would predict 5 percent 
too many clear days . His predictions would be efficient but biased. In 
deciding which forecaster t o rely on, the user of the reports would base his 
decision on the use to which he would put the information. The concepts of 
efficiency and bias are explained in elementary textbooks; Dixon and Massey
Ci, pp. 74-75) give a particularly clear explanation . 

If a frequency distribution is skewed, bias and efficiency become partic­
ularly important. To estimate the population mean of such a distribution, one 
can use the ordinary arithmetic average, or a statistic computed by lognormal 
theory, or a statistic computed in stil l another way. The ordinary arithmetic 
average is unbiased, regardless of the form of the distribution, but it may be 
inefficient . On the other hand, the mean computed by lognormal theory may be 
more efficient, but it may also be seriously biased. Thus, a decision must be 
made based on the user's purpose and on an examination of the particular data 
of interest, whether bias or efficiency is more important. In gold mining, 
bias is generally of greatest interest; in other kinds of work, such as explo­
ration geochemistry, efficiency may be more important. 

Some Characteristics of Gold Assay Data 

The fundamental difficulty in estimation of gold quantity comes from the 
fact that gold ore contains a very small amount of the metal . A deposit with 
1 troy ounce (20 pennyweights) of gold per short ton conta ins only 34 parts 
per million by weight (34 grams per metric ton, or 0.0034 percent) of gold. 
Moreover, the particles of gold making up these 34 parts per million are 
rarely, if ever, spread evenly throughout the ore. For example, the gold in a 
1-ounce-per-ton deposit might be in small but easily visible particles 1 cubic 
millimeter in size corresponding to cubes 0.04 inch on a side. Then, each 
particle would weigh 0.019 gram, and a metric ton of ore (1.1 short tons) 
would contain only about 1,800 particles, or six out of every million parti­
cles. Although a 1-ounce-per-ton illustration was furnished, the actual 
amount of gold present may be much less; many lode mines work ore with a gold 
content of 5 to 10 parts per million or even less, and some placer mines work 
gravel with a gold content of 1/4 part per million by weight or 1 per 28 mil­
lion by volume. 
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As is to be expected in an industry of ancient origin, gold assay data 
are reported in many different units. There would be some advantage to con­
verting all values to the simplest units, those of the metric system. However, 
to do so in this report might lead to confusion for those familiar with other 
units, and therefore, most data in this report are given in the original units. 
These original units are grams per metric ton (g/T) or the equivalent of parts 
per million (ppm), troy ounces per short ton (oz/T), and pennyweights per 
short ton (dwt). At a gold price of $35 per troy ounce, 1 gram of gold is 
equal to $1.021, and 1 dwt is equal to $1.750. 

Some data are reported in an assay-width unit, obtained by multiplying 
assay by ore body width, to yield units such as inch-pennyweights (in.-dwt), 
meter-grams, and foot-ounces. Using an assay-width unit in narrow, tabular 
ore bodies provides an unbiased estimate of ore grade as mined in almost all 
cases is well known to engineer s and geologists concerned with such ore bodies. 
This fact, which is not recognized by some workers familiar with ore bodies of 
other shapes, has been argued exhaustively elsewhere (l) and is not reviewed 
in this report. 
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LOGARITHMIC TRANSFORMATIONS AND LOGARITHMIC PROBAB ILITY PAPER 

A transformation is a mathematical function of an observat ion that 
defines a new observation; that is, 

u = f(w), 

where u is the new observation, f is the transforming function, and w is the 
original observation . A familiar example is the linear transformation of troy 
ounces t o pennyweights by multiplying by the constant 20. Less familiar are 
nonlinear transf ormati ons, that is, those f or which a plot of u, w is not a 
straight line; for example, the logarithmic transformation, whereby each 
observation is transformed to its logarithm, according to the formula, 

u = ln(w). 

, ' 
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The basic purpose of a nonlinear transformation is to change the shape of a 
frequency distribution. Thus, the shape of the gold frequency distribution in 
figure 2 can be changed to more or less the shape of the phosphate distribu­
tion in figure 1 by a logarithmic transformation. In contrast, a linear trans­
formation does not change the shape of a distribution but only the scale. 

In gold data analysis, there are two reas ons for changing from one fre­
quency distribution to another by a nonlinear transformation. The first is to 
transform the observations so as to follow a normal distribution. This has 
two advantages. First, if observations are normally distributed, the sample 
mean is an efficient estimate of the population mean which is not the case in 
an untransformed, highly skewed lognormal di stribution for which the sample 
mean is a rather inefficient estimate of the population mean. Secondly, most 
statistical procedures for confidence intervals and hypotheses tests assume 
underlying normality. However, for these procedures, departures of data from 
normality are seldom serious because many of the procedures are quite robust 
and work rather well even with observations that are not exactly normally dis­
tributed, and the mean is likely to be a quite efficient estimator except for 
frequency distribution with long tails. The rather robust techniques are t 
and Fas used in the analysis of variance, and any statistic based on sample 
means. Those less robust statistics are Chi-square and Fas used to compare 
variances. 

The second reason for using a nonlinear transformation is to stabilize 
the variance which may be explained as follows: An observation w may be 
wri tten as a mean value u plus a random fluctuation e; that is, w = u + e. 
This expression implies that the mean value of e is O, but its variance is not 
necessarily constant; constant variance is the requirement for stability. How­
ever, if the variance of e, o: depends upon u in some fashion, it may be possi­
ble to find a transformation, 

u = f(w), 

such that in the transformed equation, 

where the variance of ei, is a constant independent of the value of u>', . Con­
stant variance is also named homoscedasticity. As an example of nonconstant 
variance, consider the fluctuations associated with low-grade and high-grade 
gold assays . The variability of gold assays from low-grade ore is much less 
than the variability of gold assays from high-grade ore . Therefore, the aver­
age size of the random fluctuation e depends upon the grade of the ore. For 
some gold ores, a constant variance may be obtained by taking the logarithms 
of the observations . 

Transformations should never be made as a matter of course, because dis ­
advantages arise that may be serious . The most serious is that transforma­
tions may lead to biased estimates . For example, in estimating the mean of 
logn ormal ly distributed gold assays, greater efficiency may be obtained by 
transforming the observations to logarithms, but a bias is introduced because, 
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as explained below, the antilogarithm of U is not, on the average, equal to 
the population mean u . For observations that are distributed exactly log ­
normally, the bias may be removed, because the lognormal and normal distribu ­
tions are well understood. For observations following other distributions, 
such bias may also be removed in principle, but practical methods may not have 
been devised. A second disadvantage of transformations is that their use 
always requires more calculation . Even if an appropriate transformation is 
known, the additional work may not be economically justified, because the effi ­
c i ency of an estimat e based on original untransformed data may be adequa t e . 

The Logarithmic Transformation 

In the logarithmic transformation, an original observation w is trans ­
formed to its logarithm u by the formula, 

u = ln(w) . 

Ei ther natural logari t hms (base e ) , common logarit hms (base 10), or logarithms 
to any other base can be used . It makes no difference which type of logar i t hm 
is used, because the logarithmic variables u are mer e ly linear t ransforma tions 
of each other. For example, the natural logarithm of w equals 2 . 303 times the 
common logarithm of w. In this report, the calculations are carried out for 
natural logarithms, and the reader should keep this in mind, or he will be 
confused by details of arithmetic . 

Logarithmic Probability Paper 

Normally distributed observations plo t ted on normal probability paper 
will define a straight line . For example, the phosphate observations of fig­
ur e 1 and table 1 are plotted in figure 5 on norma l probability graph paper. 
No te that s ince one of the scales is percent - relative - cumulative frequency, a 
frequenc y distribution (see table 1) must be made before plotting . 

Although the straight line fitted by eye to the phospha te data does not 
exactly fit the points, it is close enough to indicate that they are approxi­
mately normally distributed . The mean of the observations is estimated by 
reading the SO - percent point on the straight line; estimated in this way, the 
mean is 24 . 9 which is in good agreement with the mean 25 . 23 computed from the 
classed data in table 1 . The standard deviation of the observations is esti­
mated by subtracting the 16 -percent point from the 84 - percent point and divid­
ing the result by 2 . For the phosphate da t a, the 16 - percent point is 22.2, 
the 84 - percent point is 28 . 1, the difference is 5.9, and the estimated s tan ­
dard deviation is 2 . 95 which agrees with the computed value of 3.03 . If, 
however, observations are not normally distributed, their plot on normal 
probability graph paper will not define a straight line . 

It is possible to calculate the logarithm of each lognormally distributed 
observation and plot on normal probability graph paper. This is quite tedious, 
and a much easier method is to plo t lognormally distributed observations on 
logarithmic probability graph paper . Figure 6 plots the dwt stope observa ­
tions of the City Deep mine . Since the points of this figure approx imately 
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FIGURE 5. - Plot on Normal Probabi I i ty Paper of Phosphate Assays From Tab le 1. 

define a stra i ght line, t he observations are near ly lognor mally distributed . 
A s t raight line indicates that the observations must be lognor mally distrib ­
ut ed. The reader should no t e that the arithmetic mean and s t andard dev i ation 
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of the untransformed obs ervat ions cannot be obtained fr om a graph on logarith­
mic probability paper. For example; the SO-percent point from figure 6 pro­
vides the mean of the logarithms; 2.8 dwt. The antilogarithm is 16.4 dwt; 
while the arithmetic mean for these observations is 12.0 dwt. Despite this 
restriction; lognormal probability paper is a useful t ool to determine if 
observations are lognormally distributed. 

ESTIMATION OF MEANS FOR LOGNORMALLY DISTRIBUTED OBSERVATIONS 

In the gold mining industry; the main interest in l ognormal l y distributed 
data is usually in estimating the mean grade of the gold. Accordingly; esti­
mation of means is emphasized in this report. In scientific work; estima tion 
of other quantities; such as the variance; a measure of variability of the 
observations; may also be of as much or equal interest; and therefore; some 
attention is given to it. 

Description of the Lognormal Distribution 

The lognormal distribution is characterized by the property that the loga­
rithms of the observations follow a normal distribution. The formula for the 
lognormal frequency distribution is 
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f(w) = _l_ exp ( - (ln w - a )2) 
wS/Zn 2132 

' 

where the two parameters a and 13 2 are the mean and variance, respectively, of 
the natural logarithm of the observation w. Note that for clarification the 
term exp may be used to represent the exponential instead of e. Thus, 

ex = exp (x). 

The mean of w is given by the formula 

and the variance of w, by the formula 

2 
cr2 = u2 ( el3 - 1) • 

For consistency in relating this report to previous reports on sampling, the 
2parameters~, 132 , u, and a are defined in the opposite way from the defini­

tion of Aitchison and Brown (l). Table 5 compares the two systems of notation. 

TABLE 5. - Comparison of notation for lognormal distribution in this 
report with that of Aitchison and Brown 

Multiply- Multi-
Mean Vari- Loga- Mean Vari- Coeffi- ing plying 

Notation Obs er- of ance rithm of ance cient factor factor 
adopted vation obser- of of loga- of of for the for 

vation obs er- obs er- rithms loga- vari- geometric the 
vation vation rithms ation mean vari-

ance 
This -report ••• w u,m1 cr2 vz u a. , u 132 s 2 Y,C 'r'n ipn' u
Aitchison ' 

132 - 2 2 T)and Brown X a , a1 ' 
b2 

'1 y u,Y (J 'Vy '¥n Xn 
1Where two symbols are given, the first is the parameter, the second is the 

statistic. 

Just as there are many normal distributions depending on the values of 
2the parameters u and cr , so there are many lognormal distributions depending 

on the values of these parameters or upon the values of the corresponding 
parameters a and 132 • The lognormal distribution is always skewed to the right. 
The amount of skewness depends only on the value of 132 , the variance of the 
logarithms of the observations. If the value of 132 is small, so is ·the skew­
ness, and the frequency distribution is nearly normal. Figure 7 graphs three 
lognorrnal distributions for a equals O, with different values of 132 • Although 
the distribution with 13 2 equal to 0.1 is already noticeably skewed, it is more 
nearly normal than the other distributions with larger values of 132 • 

In data for such constituents as the silica content of glass sands, in 
which the constituent analyzed makes up most of the material, the negative-skew 
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lognormal distribution, a reversed lognormal distribution, i s also met. Every­
thing in this report can readily be related to the negative - s kew lognormal dis­
tribution; for details see Aitchison and Brown(!) · 

The first problem in applying lognormal statistics is to estimate the 
parameters u and 0 

2 
• Because for any frequency dist r ibution, the mean of the 

sampling distribution of sample means is equal to the population mean, the 
sample mean wis an unbiased estimate of u . Similar l y, because the mean of 
the sampling distribution of sample variances is equal to the population vari­
ance, the sample variance s 2 is an unbiased estimate of 0 2 , However, these 
estimates are not the most efficient ones. 
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82The most efficient estimates are obtained by first estimating a and 
and then estimating u and a2 

• The estimate of a is the average value of the 
natural logarithms of the observations, 

a= u = 6 ln (w), 
n 

which is efficient because the logarithms of the observations are normally dis­
tributed, and the sample mean is an efficient estimate of the population mean 
for observations so distributed. The estimate of S2 is the variance of the 

f logarithms of the observations, 

where u = ln(w). Now the unbiased efficient estimate m of u may be obtained 
from the formula, 

2and the unbiased efficient estimate V2 of a may be obtained from the formula, 

V2 2ii (, 2) Cnn-_2 s2u)"= e2ii ( ( 2))= e \_'¥ n (2 Su - '¥ n ') ip n S u J1 

where '¥n and ilin are functions defined in the following paragraph. 

To implement these formulas, values of '¥n , the multiplying factor for the 
geometric mean, must be tabulated, and it is convenient to have values of itin , 
the multiplying factor for the variance, tabulated. In appendix tables B-1 
and B-2, values of '¥n and ilin are tabulated for the range of values appropriate 
for gold assay data. Less detailed and less extensive tables are presented by 
Aitchison and Brown (l)• For values not presented in the tables, linear inter­
polation will yield a close approximation. Values of '¥n and f n presented in 
the text and tables are calculated by the following formulas: 

1) 3 2 1)5 t 3n-1 t (n - t (n -'¥ n ( t) = 1 + + .....,;t--~-----e- + ----------- - + ••• ' 
n n (n + 1) 2~ n3 (n + l)(n + 3) 3~ 

where t in '¥n (t) is ½:s~; t 1< in itin (t 1< ) is s~, and n represents the sample size. 

Estimates of the Mean and Variance 

To illustrate parameter estimation for the lognormal distribution, we use 
13 gold assay values from boreholes at the Welkom mine, Republic of South 
Africa, from Krige's work (Q). The first calculation illustrates use of the 
formulas form and v2 . In table 6, column 1 lists the 13 original in.-dwt 
values, column 2 lists the natural logarithms, and calculations for mean and 
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variance are given below the data list. The note at the bottom of the table 
verifies that the calculations can be done in either natural or connnon loga­
rithms. In table 7, u ands~ are repeated from table 6, and mis calculated. 
The value of eu is the natural antilogarithm of u. Although this value was 
calculated by computer, an approximate value may be obtained from appendix 
table B-3 using linear interpolation. Line 4 is the value of 13 for n, and 
the next line is the value for the argument ½s~ used to determine the value 
of f n • By a similax calculation, the value of V2 is obtained. 

TABLE 6. - Calculation of means and variances of observations and 
logarithms of observations for 13 gold assay values 

from the Welkom mine, Republic of South Africa 

DATA 
w u = ln(w) v = log(w) 
154 5.03695 2.18752 
525 6.26340 2. 72016 

1,560 7.35245 3.19312 
1,252 7 .13247 3.09760 

377 5.93225 2.57634 
70 4.24850 1.84510 

308 5.73010 2 .48855 
109 4 .69135 2.03743 

1,221 7.10743 3 .08672 
15 2.70806 1.17609 
48 3 .87121 1.68124 

237 5.46806 2.37475 
68 4.21951 1.83251 

CALCUIATED VALUES 
Notation Value Notation Value Notation Value 

Ew 5,944 Eu 69.76174 Ev 30.29713 
- - -w 457 u 5,36629 V 2 .33055 

(Ew) 2 35,331,136 (Eu) 2 4,866.70036783 (Ev) 2 917.91608624 

(EW) 2/n 2,717,780 (z::;u) 2 /n 374.361567 (Ev) 2 /n 70.608930 

Eif 6,108,382 Eu2 398.155209 Ev2 75 .096706 

SSW 3,390,602 ssu 23. 793642 ssv 4 .487776 

s2 
w 282,550 s2 u 1.98280 s2 

V 
,3 7398 

SW 531 S u 1.4081 sv . 6115 

Note: (2 .302535 )v = 
(2 ,302585 )2 s; 
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TABLE 7. - Calculation by lognormal theory of m, a statistic to estimate 
the mean u , and V2 , a statistic to estimate the variance o-2 , 

for the data in table 6 

CALCUIATION OF m CALCUIATION OFT 
Notation Value Notation Value 

u 5.36629 u 5.36629 
s2 s 2 

u 1.98280 u 1 . 98280 
e2iieu 214 45,825 

n 13 n 13• 
ks 2 
2 u .99 tn (s~) 16.27 

\II (ks2 ) 2.370 v2 745,573n 2 u 

m 507 V 863 

90 

...... 
C 
(l) 

u 
~ 80 
a. 

>­
u 
z 
w 

u 70 
lL 
lL 
w 

60 

50--------------------------------
30 I 2 

COEFFICIENT OF VARIATION,y 

FIGURE 8. - Efficiency of the Untransformed Mean, w, as a Function of the Coefficient 
of Variation for Lognormally Distributed Observations (Data From Finney). 
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The preceding calculations of mean and variance of observations that fol­
low a lognormal distribution are quite complicated. Moreover, if the observa­
tions do not closely follow this distribution, the estimates may be seriously 
biased. Finney (4) showed that the mean, w, of the untransformed observations 
is more than 90 p~rcent efficient as an estimate ofµ, provided that the 
coefficient of variation, A, (ratio of standard deviation to mean, y = 0 /µ, 
C = s/w) is less than 1.2, corresponding to a variance of the logarithms S2 of 
about 0.9. Figure 8, based on Finney's work, plots the efficiency of was a 
function of the coefficient of variation. If the coefficient of variation for 
the untransformed observations is less than 1.2, it is recommended that wbe 
used to estimateµ, because little efficiency can be lost, considerable arith­
metic is saved, and bias cannot arise. 

Because of the importance of the coefficient of variation, several ways 
to estimate it are reviewed. Table 8 gives the calculations as applied to the 
Welkom data. The first method, column 1, uses the estimate of the variance of 
the logarithms s~ to find C. If the square root of the expression a2 in the 
first paragraph of this subsection is substituted in the equation 

y = a / µ , 

the result obtained is 

When the calculations in column 1 are performed using the value of s~, C is 
found to equal 2.50. Another estimate of s~, based on a large number of 
assays from the whole mine, may be used in place of the estimate based on only 
13 assays. Such an estimate, based on 33,031 assay values from Krige, is 1.05 
which yields a much smaller C of 1.36 (column 4) . A second way to estimate C 
is to divide the estimated standard deviation of the original observations sw 
by estimated mean of the original observation w; the result is 1.16 (column 2). 
A third way is to divide V by m which yields 1.70 (column 3). 

TABLE 8. - Methods to calculate C, the coefficient of variation, 
f or lognormally distributed observations 

Calculations 
Source of data ....... Table 6 Table 6 Table 7 Krige (2_) 

(1) (2) (3) (4) 
Sample size ... ....... 13 13 13 33,031 

2 
Method of calculation y = J es - 1 y = 0 / U, y = cr / u y = )es -1 

2 

Calculations •...•••.• s2 u = 1. 9828 SW = 531 V = 863 s:a u = 1.05 
s2 s2 e u = 7.26305 -w = 457 m = 507 e u = 2.85765 

2 s2 
esu -1 = 6.26305 e u -1 = 1. 85 765 

C •••••••••••••••••••• 2.50 1.16 1.71 1.36 
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All of the values for C in table 8 are different. Based on a large num­
ber of mine samples, the value in column 4 should be reliable for the mine as 
a whole; whether it is applicable to the 13 assay values depends on whether 
they were made on samples of typical ore or, in statistical terms, whether 
they a re a random sample from the same population. Because the first three 
values for Care based on only 13 observations with a large standard devia­
tion, they are different from one another, as well as from the value in col­
umn 4. The conclusion is that the coefficient of variation cannot be reliably 
estimated from so few lognormally distributed observations , 

Calculation of Confidence Limits for the Population Mean 

The next step is to calculate confidence limits for the population mean 
by one of the several methods available. The final choice of method depends 
on the number of observations available, background information on consistency 
and nature of mineralization, selection of the confidence limits whether both 
upper and lower confidence limits are required or whether only lower confi­
dence limits that set a lower bound on estimated ore grade are acceptable, 
and the exact purpose. The different methods are explained by applying them 
to the Welkom data. 

S2If a population variance of logarithms has been established from a 
large number of measurements and if the sample in question is known to come 
from this population, confidence limits can be calculated for the logari thms 
and then transformed into confidence limits for the original observations . As 
shown in table 9 for the Welkom assays, the initial data (lines 1 and 2) are a 
value of S2 based on some 33,000 observations ( t able 8) and a value of u cal ­
culated from the 13 observations . In lines 3 to 8 of table 9, confidence 
intervals are calculated for the logarithmic mean a using the standard method 
for normally distributed observations with the population variance known , 
In lines 9 and 10 the antilogarithms of the conf i dence intervals are computed . 
In lines 11, 12, and 13, a function of the var iance of the logarithms is cal ­
culated , The values of the confidence limits for the untransformed meanµ are 
presented in lines 14 to 15 . The method used to obtain these values is due to 
Finney (~) . Finally, in lines 16 to 17, the po i nt estimate m ofµ is cal ­
culated, based on the 62 value. 

If the population variance of logarithms S2 is unknown, it must be esti ­
mated . One of the several methods of calculating a confidence region forµ 
and if is explained by Mood (!,2_, p. 229). This method is applied to the 
Welkom data in tables 10 to 12. Mood ' s method depends on the fact that 
because the distribution of the sample mean and the sum of squares are inde ­
pendent for samples from a normal distribution, a joint confidence region for 

S2 62the parameters a and can be obtained by finding the values of a and that 
satisfy the joint inequalities 

ju - a j < 1.645 S//n, 

2 ss 2 
°X.; s% < -s2 < ~% . 
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The solution produces an 81-percent (90-percent squared) confidence region. 
2The first step, shown in table 10, is to find upper and lower limits for 6 • 

The second is t o apply these limits to find upper and lower limits f or desired 
values of a between the upp er and l ower limits for 62 • In table 11, eight 
particular values for cxt and au are ca lculated, and in figure 9, they are 
plotted. Additional values to complete the graph were plotted but are not 
listed in table 11. 

TABLE 9. - Calculation of confidence limits for lognormally distributed 
observations with 82 , the population variance of logarithms, 

assumed to be known • 
Line Notation Value Calculation Comments 

1 6"' 1.05 From table 8 -
2 u 5.36629 Fr om table 6 -
3 s2 /13 .0808 - -
4 / 62 /13 .2842 /. 0808 Standard error of mean 
5 - 1.645 Table value 5-percent point of stand-

ardized normal distribution 
6 - .4675 1.645 X .2842 -
7 4.8988 5.3663 - .4675 Lower confidence limit for CX,ai. 
8 a u 5.8338 5.3663 + .4675 Upper confidence limit for a 
9 e°'L 134 

10 e°'u 341 - -
11 (n-1) /2n .4615 (13-1)/26 -
12 [(n-l)/2n ]S2 .4846 - -
13 exi(n;!s2

) 1.6235 - -
14 lLL 218 134 X 1.6235 -
15 554 341 X 1.6235JJ, u -
16 ell"' 214 From table 7 -
17 m 347 214 X 1.6235 -

TABLE 10. - Calculation of parameter estimates and j oint confidence 
regi on for l ognormally distributed obs e r vations 

by Mood' s method: Part 1, calculation of 
2upper and l ower c onfidence limit s f or S 

Line Notation Value Calculation Comment s 
1 u 5.3663 From table 6 -
2 SBU 23. 793642 From table 6 -
3 n 13 From tabl e 9 -
4 /n 3.6056 - -
5 - 1.645 - 5 -per cent poin t of s tanda rdized 

normal di s tribution. 
6 - 5.23 Fr om x2 -tab le 95 - pe r cent point of x2 ) d .f. = 12 
7 - 21.03 From x2 -tab l e 5-percent po i n t of X: , d. f. = 12 
8 ssu /x~o/c 1.1314 23.7 93 642 / 21 . 03 sE 

/ 2 09 SSu Xs s % 4.5495 23.793642 /5.2 3 s~ 
10 - .4562 1.645/jTI -
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TABLE 11. - Calculation of parameter estimates and joint confidence 
region for lognormally distributed observations by 
Mood's method: Part 2, calculation of upper and 
lower confidence limits for various values of a 

1.645(3 - 1. 645 S - l.645S 132 
:= u+s2 s := u- /IT au m/IT cxt 13 2 

1.1314 1.064 0.485 4 .881 5. 851 0 .565 7 
4 .5495 2 .133 .973 4.393 6.339 2.2748 
2.0000 1.414 .645 4. 721 6.0ll 1.0000 
3.0000 1. 732 .790 4.576 6 .156 1.5000' 
Because each a, 13 2 point has a corresponding~, 0 point, the region in 

the a, ~2 coordinates can be transformed into a region in theµ, 0 coordi­
nates. In table 12, the required transformation is calculated for 8 points. 

S2Columns 1 and 2 give the a, values at the 8 points to be transformed. 
Columns 3, 5, 6, and 7 give intermediate terms combined according to the 
formulas at the beginning of this section to give the u , 0 values at the 
8 point s in columns 4 and 8. These points define the 81-percent confidence 
region graphed in figure 10. For comparison, the 64-percent confidence region 
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FIGURE 9. • Eighty-One-Percent Confidence Region in a, (3 2 Space for Lognormally 
Distributed Observations From the Welkom Mine, Republic of South 
Africa (Data From Krige). 
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and the points w, sand m, V are also graphed in figure 10. The interpreta­
tion of the 81-percent confidence region is as follows. With a confidence of 
about 90 percent, the expected value of µ is between 232 and 5,508; these are 
theµ values plotted as solid circles on the figure. Similarly, with a con­
fidence of about 90 percent, the value of CT is between 336 and 53,824. With 
a confidence of exactly 81 percent, the point µ , CT is expected to lie within 
the confidence region. 

TABLE 12. - Transformation of a, 82 points to corresponding µ, a2 points 

(1) (2) (3) (4) (5) (6) (7) (8) 

a, p2 a, + ~13'3 µ, µ2 eP
2 

- 1 cr2 CT 
• 

4.881 1.1314 5.447 232 53,852 2.09999 113,100 336 
5. 851 1.1314 6.417 612 374,741 2.09999 786,900 887 
4.393 4 .5495 6.668 787 619,369 93.58511 57,963,700 7,613 
6.339 4 .5495 8.614 5,508 30,338,064 93 .58511 2,839,191,000 53,284 
4 . 721 2.0000 5. 721 305 93,153 6.38906 595,200 771 
6.011 2.0000 7.011 1,109 1,229,350 6.38906 7,854,000 2,802 
4.576 3.0000 6.076 435 189,473 19.08554 3,616,000 1,902 
6 .156 3.0000 7. 656 2,113 4,446,000 19.08554 85,240,000 9,233 

It is not surprising that the point w, sw lies outside the confidence 
region, because this point is calculated only from a sample; however, the 
individual wand sw values lie within their respective confidence intervals. 
Notably, the upper part of the confidence region extends to extremely high 
values, reflecting the uncertainty about this part of the region based on the 
statistical analysis. Based on other information, one might wish to decrease 
the size of the region; for instance, if the user believed that CT could not be 
expected to exceed say 5,000, the region could be reduced in size by bounding 
it on the upper side by a line with the equation CT = 5,000. However, the con­
fidence coefficient no longer has its nominal meaning. 

A computer program to calculate the arithmetic mean, the mean of loga­
rithms, and the joint confidence region for the mean and standard deviation by 
Mood's method is given in appendix A. 

In both of the following methods, confidence limits are calculated by use 
of the t-distribution, proceeding as though the observations were normally 
distributed. The value oft for the 5-percent level (one tailed) with 12 
degrees of freedom is tabled in any standard statistical text. In the first 
of these two methods, given in table 13, the mean and variance of the untrans­
formed observations from table 6 are used. 

In the second of these two methods, tabulated in table 14, the mean and 
variance of the transformed observations from table 6 are used. In the first 
eight lines, t he 90 -percent confidence limits for a are found, following the 
form in table 13. In lines 9 and 10, the powers to the base e of the values 
in lines 7 and 8 are calculated. Finally, the multiplier for the geometric 
mean, line 11, is applied to the values in lines 9 and 10 in order to obtain 
the confidence limits in lines 12 and 13. 
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TABLE 13. - Calculation of confidence limits for lognormally distributed 
observations by use of the t-distribution: Method 1, 

based on mean and variance of untransformed 
observations from table 6 

Line Notation Value Calculation 
1 w 457 From table 6 
2 SW 531 From table 6 
3 rn 3.6056 /IT
4 1.782 From t-table with 12 d. f.ts% 

•5 SW /In" 147 531/3.6056 
6 ts %Sw f.rn 262 1. 782 X 147 
7 µ,L 195 457 - 262 
8 719 457 + 262IJiu 

TABLE 14. - Calculation of confidence limits for lognormally distributed 
observations by use of the t-distribution: Method 2, 

based on mean and variance of transformed 
observations from table 6 

Line Notation Value Calculation 
1 tr 5.36629 From table 6 
2 Su 1.4081 From table 6 
3 In 3.6056 From table 10 
4 sufln 0 .3905 -
5 1.782 From t-tab le with 12 d .£.ts % 
6 ts %~ .6959 -

In 
7 u - s 4.6704 -ts % /4 

~8 u + 6.0622ts% rn -

9 exi(u - ts'% -Su- ) 106.7 -
0 In 

Su )10 ex(u + ts % /n 429.3 -

11 2.370 From table 7wn0s~) 
12 µ,L 253 -
13 LL 1.017 -

The last method for calculating confidence limits that is explained in 
this report was devised by Sichel (12,-.lZ), a pioneer worker in the application 
of statistical methods to the valuation of gold assay data from South African 
mines. In Sichel's method, outlined in table 15, the values of m and SSu for 
the transformed variable u are obtained from tables 6 and 7. When the SSu is 
divided by n (line 3 of table 15), a value of 1.83 is obtained. The next step 
is to enter Sichel' s table B (12), using n and SSu /n (in Sichel' s notation, 
SSu/n = V; this is not the variable V defined in this report) to obtain by 
interpolation two multiplying factors (lines 4 and 5), which are used to 
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obtain the confidence limits in lines 6 and 7 of table 15. For mathematical 
reasons explained in the section of this report on "Some Problems in the 
Application of the Lognormal Distribution to Gold Assay and Other Data," 
problems arise in the use of these tables. 

TABLE 15. - Calculation of confidence limits for lognormally distributed 
observations by a method devised by Sichel 

Line Notation Value Calculation Comments 
1 m 507 From table 7 -
2 ssu 23. 793642 From table 6 -• 3 SSu/n 1.83 23 . 793642/13 V (in Sichel I s notation) = SSu /n 
4 - 0 .5124 From Sichel's Lower multiplying factor 

table B1 

5 - 4 .015 From Sichel's Upper multiplying factor 
t ·ab le B1 

6 U,L 260 507 X 0.5124 -
7 µu 2,036 507 X 4 .0 15 -

1 Sichel, H. S. The Estimation of Means and Associated Confidence Limits for 
Small Samples From Lognormal Populations . Symp. on Mathematical Statistics 
and Computer Applications in Ore Valuation, Johannesburg, S. Afr. Inst, 
Min. and Met . , 1966, pp. 106-122. 

The estimated means and confidence limits obtained by the five methods 
are summarized in table 16, which shows that wide differences are obtained 
according to the method used. However, the lower bounds agree better than 
the upper ones, a fortunate circumstance for practical application in gold 
mining where the main concern is that minimum expected grade be estimated 
correctly. Among these five methods, the writers recommend the application 
of normal theory under the assumption that 62 is known (table 9) and provided 
that a close estimate of 62 is available from many observations and that a 
convincing case can be made that new observations in question come from the 
same statistical population. Otherwise, the writers recommend Mood ' s method 
of calculating a confidence region (tables 10 through 12). If the observa ­
tions follow, or nearly foll ow, a lognormal distribution with S2 larger than 
0.9, the two methods that apply the t -distribution under the assumption that 
the observations follow a normal distribution (tables 13 and 14) are ineffi­
cient; however, if in fact the observations depart fr om a lognormal distribu­
tion, these methods yield conservative results because of their relative 
robustness. The authors believe that problems can arise in the use of 
Siohel 1 s tables for reasons detailed in this report's section on Some Problems 
in the Application of Lognormal Distribution to Gold Assay and Other Data. 
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TABLE 16. - Comparison of confidence limits for lognormally distributed 
observations calculated by applying five different 

methods to example data from the Welkom mine, 
Republic of South Africa 

Source Method Estimated Confidence limits 
table mean Lower Upper 

9 Apply normal theory, assume (32 known •••• 347 218 554 
12 Calculate confidence region . ............ 507 232 5,508 
13 Assume w normally distributed, use t 

based on wand s,,2 •••••••••••••••••••••• 457 195 719 
14 Assume m normally distributed, use t • 

based on m and ~ ....••..•......•...... 507 253 1,017 
15 Use Sichel' s approximation •••••••••••••• 507 260 2 036 

GOLD IN REIATION TO THE LOGNORMAL DISTRIBUTION 

Many natural substances connnonly present in rocks in amounts of less than 
a few percent, such as gold, silver, uranium, and beryllium are di~tributed 
nearly or approximately lognormally. Because of the economic importance of 
gold, millions of gold assays have been made, and the distribution of gold has 
probably been studied more intensively than that of any other constituent of 
the earth's crust that is present in minute amounts. This section of the 
report considers the variability of gold assay data compared to variability of 
assay data for other metals,and some example data from two large gold mines 
are reviewed. 

Variability of Gold Assay Data Compared to Variability 
of Assay Data for Other Metals 

The variability of gold assay data, as measured by the coefficient of 
variation, is greater than that of base metal data (table 17). Base metal 
data are principally less variable, principally because the upper limit that 
corresponds to the metal content of the pure mineral (for example, 67 percent 
for sphalerite) is connnonly less than 1,000 times the lower limit recorded 
(for example, 0.1 percent), and rock with a grade near the lower limit may 
not be sampled,because it can be rejected by visual inspection. The practical 
consequence of the high coefficient of variation for gold data, resulting from 
the highly skewed frequency distribution, is that it is expected to be more 
difficult to estimate grade in gold mines than in base metal deposits. 

Considering gold data as a group, the coefficients of variation are also 
very different for different deposits. The less variable data presumably 
reflect less erratic mineralization. For example, at the Homestake mine, 
South Dakota, and at many gold mines in the Republic of South Africa, visible 
gold is connnon, and therefore, high-grade assays are to be expected. In con­
trast, no visible gold has ever been observed at the Getchell mine, Nevada. 
Obviously, the size of gold particles is related to geological conditions of 
formation, but discussion of this interesting question is beyond the scope of 
this report. 
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TABLE 17. - Coefficients of. variation for assay data from selected 
ore deposits 

Gold: 
Brown vein, Frisco mine, Chihuahua, Mexico ••••••.•••.••••. 2.24 
2137 vein, Fresnillo mine, Zacatecas, Mexico •••.••••••••.• 1.24 
Shamva, Southern Rhodesia ...•...............•.•........... 1.55 
Mouat mine, Stillwater and Sweetgrass Counties, Mont •••••• .37 
Mt. View tungsten prospect, Hyder, Alaska •..•••.•••.•••••• 1.56 
Manganese deposit, Phillipsburg district, Montana ••••.•••• 1.81 
Getchell mine, Nevada ••••••••••••••.•••••••••.••••.••••••. 1.15

• Silver: 
Brown vein, Frisco mine, Chihuahua, Mexico ••••••••••••••.. 1.12 
2137 vein, Fresnillo mine, Zacatecas, Mexico ••••••••..•••• 1.07 

Lead: 
Brown vein, Frisco mine, Chihuahua, Mexico •••••..•••••••.• .57 
2137 vein, Fresnillo mine, Zacatecas, Mexico ..•.•••••••••• 1.23 

Zinc: 
Brown vein, Frisco mine, Chihuahua, Mexico •••••••••••••••• .85 
2137 vein, Fresnillo mine, Zacatecas, Mexico •. • ••••••••••• 1.12 

Ex.ample Data From the Homestake Mine, Lead, S. Dak. 

The first group of example data was obtained from the Homestake mine, 
Lead, S. Dak., the largest gold mine of the United States. The Homestake mine 
has produced a total of about 96 million tons of ore containing some 28 mil­
lion ounces of gold, an average of 0.29 ounce per ton (9.94 ppm). The ore is 
localized in parts of the Precambrian age Homestake Formation. The Homestake 
Formation, originally a low-grade iron formation, has been metamorphosed and 
intricately folded. Its present composition is mainly fluorite, cunnningtonite 
(a calcium, magnesium amphibole), and quartz with subordinate ankerite, gar­
net, iron sulfide, and other minerals. 

Ore in place, broken ore, millfeed, and mill products are extensively 
sampled at the Homestake mine. The ore in place is sampled by several differ­
ent methods for the purposes of grade control and selective mining, including 
pillar location. The data discussed in this report come only from the 
diamond-drill sampling. Two groups of data are considered: a set of 219 assay 
values and a second set of 900 assay values. 

The first group of 219 assay values was obtained from assays made on 
56 feet of EX core from diamond-drill holes, ranging in length from 5 to 15 
feet and bored by the company at Bureau of Mines expense for a designed sample 
experiment. The holes were drilled entirely in ore in the Homestake Formation 
at typical locations selected by G. T. Mathisrud, formerly assistant chief 
geologist, Homestake Mining Company. To compare the variability in gold con­
tent and gold distribution on a scale of a few inches with that on a scale of 
a few feet, three parallel holes spaced 3 inches apart were bored in one cross­
cut (No. SO, fig. 11), and two parallel holes spaced 6 inches apart were bored 
in an adjacent crosscut (No. 49, fig. 11). 
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The drill core was cut transversely with a diamond saw into cylinders 
1 inch long to obtain samples for assay weighing about 1 assay ton (29.1667 
grams) each. Thus, no variation was introduced through splitting pulverized 
material or screening out coarse gold that could not be ground. Not all of 
the core was assayed, because sample preparation and assaying facilities were 
limited; instead, two random pairs of adjacent 1-inch pieces, a total of four 
potential samples out of a possible 12, were selected from each of the 56 feet 
of drill core. In this manner, 224, or 1/3 of the possible inches, were 
selected, and after losses in drilling and assaying, 219 assay values were 
obtained. 

The second group of 900 assays were on diamond-drill core from EX core 
holes, drilled in the regular course of the company development of ore, at the 
locations shown in figure 12. These holes were also drilled in the Homestake 
Formation, and only core obtained at locations where ore was expected within 
the Homestake Formation was assayed. 

The outstanding fact about both groups of data is that most of the gold 
is in only a few of the 1-inch cylinders, as is clearly displayed by ordering 
the assay values and plotting cumulative metal grade against number of obser­
vations. For the 219 observations, the resulting graph (fig. 13) shows that 
50 percent of the observations with the lowest grade contain virtually no gold, 
whereas only 3 percent, 6 in number, of the highest grade observations con­
tain 1/2 of the gold. For the 900 observations, the resulting graph (fig. 14) 
shows that, as before, 50 percent of the observations with the lowest grade 
contain virtually no gold, whereas 6.3 percent, 57 in number, of the highest 
grade observations contain 1/2 of the gold. As clearly shown by figure 15, 
the high-grade 1-inch cylinders of EX core are erratically distributed 
throughout the drill holes. 

Using the computer program in appendix A, the summary data on table 18 
were prepared and the confidence region for µ and~ were graphed in figure 16 
according to Mood's method. 

The means obtained from the two sets of data do not agree, and, moreover, 
the means estimated from the logarithms do not agree with those estimated from 
the raw data. It is interesting to consider briefly how these seemingly 
inconsistent results may be reconciled. The five diamond-drill holes that 
yielded the 219 observations were bored in an ore body selected as typical by 
the Homestake geological staff. The company assay data from this part of the 
mine indicate ore with a grade near that of the current mine average of about 
0.33 ounce per ton (11.31 ppm); yet the average grade in each of the holes is 
higher. Based on the details of the company assay records and on visual exam­
ination of the crosscuts, some evidence holds that the holes were collared in 
higher than average grade ore . However, the confidence limits do not clearly 
indicate whether the holes in fact cut higher than average grade ore or 
whether their apparent highness in grade is merely due to statistical fluctua­
tions and that the ore in the holes was in fact typical of that in the mine. 
Mined grade of ore is much more closely reflected by the set of 900 
observations. 
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TABLE 18. - Summary data calculated from two sets of gold assay 
data from the Homestake mine, Lead, S. Dak. 

Type of data 
Item Gold, ppm I Gold logarithms 

Notation I Value I Notation I Value 
219 OBSERVATIONS ON 1-INCH-LONG EX CORES 

Mean • .•••••••••••••••••••••••.•••••••• w 42.70 u 1.036 
Variance . ............................. s 2 

w 28,609 s2 5.6555u 
Standard deviation . ................... SW 169 Su 2.378 

-Geometric mean • ••••••••••••••.••.•••.• eu 2.817 - -
Multiplying factor for geometric mean. o/n (\s~) 16 .115 - -
Estimate of mean from logarithms •••••• m 45.4 - -

900 OBSERVATIONS ON 1-FOOT-LONG EX CORES 
Mean • ••••••••••••••••••••••••••••••••• w 7 .59 u 0.578 
Variance . ............••...•....•.•.... s 2 

w 327 s2 u 3.024 
Standard deviation . ................... SW 18 Su 1.739 
Geometric mean • ••••••••••••••••••••••• 1.783eir - -
Multiplying factor for geometric mean. o/n (\s~) 4 .516 - -
Estimate of mean from logarithms •••••• m 8.1 - -

A basic problem in estimating grade of gold ore is that as a consequence 
of the extremely skewed frequency distribution, there are always enough low­
grade assays to obtain a close estimate of the mean of low-grade ore, but 
there are seldom, if ever, enough high-grade assays. In technical terms, the 
variance is not homoscedastic. This distinction is shown by table 19 which 
contrasts the statistics obtained by separating observations above and below 
0.5 ounce. As pointed out before, the large number of observations permits a 
good estimate of range with narrow c onfidence limits for the low-grade mate­
rial; but for the high-grade material, too few observations with a high stan­
dard deviation result in a poor estimate of grade with wide confidence limits. 

The ex treme variability in gold mineralization in the Homestake mine is 
revealed through the detailed sampling experiment from which the 219 1-inch 
cores were obtained for assay. This variability is that naturally present on 
the smallest scale that can be found by fire assay of one assay ton of ore. 
With cores of substantially larger volumes, as in the 1-foot increments, less 
variability is found. 

TABLE 19. - Means, standard deviations, and c onfidence limits for 
samples ab ove and below 17 ppm (0.5 ounce per ton) 

from set of 219 ob s ervations of gold a s say data 
from the Homestake mine, Lead, S. Dak. 

Number Percent Mean go ld Standard Confidence 
Item of of assay, deviat ion limits1 

samples samples ounce per t on Lower Upper 
Samples <17 ppm... 166 76 0.0923 0.1204 0.0739 0 .1107 
Samples >17 ppm... 53 24 4. 8583 9.1920 2.3204 7 .3962 
All samples ....... 219 100 1. 245 7 4.9347 .5922 1. 8993 
lThese have been calculated as if random samples were involved in all cases. 

This assumption is not strictly true for these data. 
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Example Data From the City Deep Mine, Central Witwatersrand, 
Republic of South Africa 

Another set of example data comprises gold assays from a block of ground 
in the City Deep mine, Central Witwatersrand, Republic of South Africa . The 
authors have published Cl) an analysis of these data as they re late to g u i d e 
stoping me t hods. In t his report, only cer tain properties of t he data con­
nected with the lognormal distribution are surrnnarized and interpreted . 



37 

10,000,--------------r-----------, 
Gold assay results were 

from a 1,000-foot-square 
block in the City Deep mine. 
The data comprised the 
results of 503 assay s corre­
sponding to the development 
samples (drift and raise 
samples) and 1,536 assays 

5,000 corresponding to the stope 
samples taken in the same 

b 
. part of the mine. For each 

z 
Q sample, the company supplied 
f-
<! the following information: 
> 
w north coordinate, east 
0 coordinate, width of the 

<! 
a: 
0 reef in inches, and gold 
0 
z in.-dwt value. 
;:! 
(f) Table 20 presents cal­

2,000 culations for 1,536 observa­
tions corresponding to stope 
data, for 503 observations 
from development data, and 
for 495 observations from 
development data selected 
for the purpose explained 
subsequently. The confi­

1, 0 00 ..____________.......__________, dence regions calculated by 
Mood's method are graphed2 0 0 5 00 1,000 
in figure 17.MEAN,µ , in .-dwt 

FIGURE 17. - Eighty-One-Percent Confidence Region inµ, a Figure 18 shows that 
Space for Groups of 1,536, 503, and 495 Obser• cumulative frequency dis­
vations From the City Deep Mine, Central tributions for in.-dwt and 
Witwatersrand, Republic of South Africa. dwt values are essentially 

straight, indicating that 
these distributions are more or less l ognorrnal. On the other hand, the dis­
tribution for inches is not straight, showing that these data are less skewed 
than they would be if lognormally distributed. 

As in the Homestake mine , the outstanding fact ab out gold mineralization 
in the 1,000-foot-squa re bl ock of the City Deep mine is that only a few of the 
observations account for most of the value. A plot of cumulative metal con­
tent (fig. 19) shows that fewer than 10 percent of the stope observations 
account for more than 50 percent of the total values. And when the 80 percent 
of sample points y ielding the lowes t in.-dwt values are averaged (table 21), 
these data, presumed to represent background mineralization, have a mean in.­
dwt value of only 68.79 in the stopes. These results suggest that if the 
geographic locations of the best sample points could be predicted from the 
development assays, a mining strategy could be devised to ex tract most of the 
gold by stoping a relatively small part of the reef if other considerations, 
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such as the necessity for longwall stoping were not predominant. Such a 
strategy is described in the original paper (I). 

TABLE 20. Sunnnary assay data for a block of ground in the City Deep mine, 
Central Witwatersrand, Republic of South Africa 

Type of data 
Item Gold, in. -dwt I Gold, logarithms 

Notation I Value I Notation I Value 
STOPE DATA 1 536 OBSERVATIONS' ' 

Mean • •••••••••••.••••••••••••••••••.• w 192.40 u 3.945 
Variance ............................. Sa 140,403 s2 3.339w u 
Standard deviation ................... SW 375 Su 1.827 
Geometric mean • .•••••••••••••••.••••• eu - 51.675 - -
Multiplying factor for geometric mean 5.294 -*n {~s~) -
Estimate of mean from logarithms ••••• m 273.6 - -

DEVELOPMENT DATA 503 OBSERVATIONS' 
Mean • •••....•....•...••••...•••.•••.• w 273.54 u 4.056 
Variance ............................. s2 369,381 s'2 4.387w u 
Standard deviation ................... SW 608 Su 2 .095 
Geometric mean • ••••.••••••.•..••••••• eu - 57.27 - -
Multiplying factor for geometric mean *n(\s~) 8.844 - -
Estimate of mean from logarithms ••••• m 510. 6 - -

DEVELOPMENT DATA 495 OBSERVATIONS
' Mean . •.•.•..••••..•..•••••••.•••••..• w 227.38 u 3.994 

Variance .........................•... s2 200,688 s2 4.211w u 
Standard deviation . .................. SW 488 Su 2.052 
Geometric mean • •••••••••••••••••••••• eii"' 54.262 - -
Multiplying factor for geometric mean *n(\s~ ) 8.103 - -
Estimate of mean from logarithms ••••• m 439.7 - -

TABLE 21. - Summary assay data from 80 percent of sample point s yielding 
lowest in.-dwt values (presumed to represent background 

data) in the City Deep mine, Central Witwatersrand, 
Republic of South Africa 

Unit Stope data Development data 
Mean s C Mean s C 

Dwt ••••.••..•••.••••....• 3.93 5.82 1.48 6.48 9.99 1.54 
In. • • 0 •••••••••••••••••• 20 .58 9.20 0.45 17.78 9.91 0 .56 
In. -dwt . ............•.... 68.79 71.12 1.03 91.27 106.32 1.16 

Not only is the gold concentrated in only a few of the mine samples, but 
these samples were taken at points erratically located throughout the devel­
opment workings, as shown in figure 20 which plots the locations of the 39 out 
of 503 development points accounting for 50 percent of the total in.-dwt gold 
content. 

The data in table 20 indicate that the 274 in.-dwt estimate of grade from 
the development workings is a very poor measure of the 192 in.-dwt grade 
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100...--......-"'T"""---r--"""T---,,---r--"T"""-....----r----, actually mined in the stopes. 
Indeed, the difference between 

90 these two values is so large 
-+­
c that the authors first specu­a, 

~ 80 lated that a bias must have 
a, 
Q. been introduced by the sam­
~ 70 pling or assaying or a mistakez 
w 
f- made in transcribing the data,
6 60 but examination of the com­
u puter output revealed a simple 
_j 50 explanation. When the 1,000-
~ 
w foot-square block was divided 
~ 40 into 100 cells by a 10 by 10 
w 
> grid, the summarized assay
i== 30 
<{ data indicated a single anom­
_j alously high summary gold 
~ 20 value in one of these cells.::::, 
u Because this value, 1,267 in.­

10 dwt, is the average of 24 orig­
inal observations from samples 

0 10 20 30 40 5 0 60 70 80 90 100 cut at the end of the north ­
ST0PE SAMPLES, percent easternmost development drift, 

it must be accounted for andFIGURE 19. - Relation of Cumulative Metal Content to 
cannot be supposed to reflect

Percent of Stope Samples, City Deep 
merely one or two erratically

Mine, Central Witwatersrand, Republic high or wrongly recorded 
of South Africa. assays. When all 503 indi­

vidual development observations are listed in order of increasing in.-dwt 
values, eight of the highest 15 are from observations in this cell. These 
eight observations were removed, and the means and standard deviations were 
recalculated; the results are presented in the last part of table 20. With 
495 rather than 503 development observations, the new development mean of 
227 in.-dwt is a much better estimate of the stope mean of 192 in.-dwt. 

The calculations outlined in the previous paragraph were made to demon­
strate that a few geographically contiguous observations can have a profound 
influence upon the grade estimates, although the writers certainly do not sug­
gest that in practice these values should be removed. In fact, exclusion of 
fewer than 2 percent of the development observations concentrated in one work­
ing place changed the estimated grade some 46 in.-dwt, or 20 percent. But in 
actual mining practice, there would be no basis for deciding which, if any, of 
the sample values should be excluded, and in many mines, it is precisely the 
occurrence of such high values that makes the mine payable. 

Through the use of confidence intervals, the stope and development data 
may be compared, The essential assumption of this method is that the sampling 
is random. Actually, the development observations and stope observations com­
prise nearly systematic samples with a random start rather than random samples. 
However, it has been found (i) that samples of this type taken elsewhere 
appear to behave as if they were random so that the assumption of randomness 
is reasonable. Table 22 shows that the confidence interval for the in.-dwt 
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FIGURE 20. - Locations of the 39 out of 503 Development Points Accounting for 50 Percent 
of the Total ln.-Dwt Gold Content, City Deep Mine, Central Witwatersrand, 
Republic of South Africa. 

mean difference does not contain zero for the complete sample of 503 observa­
tions, but that it does contain zero for the sample with the eight observa­
tions removed, 

200 
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TABLE 22. - Interval estimates comparing data from stopes and development 
workings in the City Deep mine, Central Witwatersrand, 

Republic of South Africa 

Observed average Confidence interval 
Source of development data Unit difference between based on raw data 

stope and Lower Upper 
development data limit limit 

All data . ................... Dwt •..• 10.6 4. 2 17.0 
In. . .. -2 .64 -3.66 -1.62 
In. -dwt 81 25 137 

Data with eight high points Dwt ••.. 3.6 .3 6.9 
removed. In. ... - 2 .47 -3 . 49 -1.45 

In.-dwt 35 - 9 79 

SOME PROBLEMS IN THE APPLICATION OF THE LOGNORMAL DIS TRIBUTION 
TO GOLD ASSAY AND OTHER DATA 

This section reviews four problems that arise in the application of the 
lognormal distribution to gold assay and other data: bias, departures of gold 
observations from the lognormal model, diamond-drill hole deflections, and the 
application of Sichel's tables. All of these problems are related in that the 
use of lognormal theory may increase efficiency of estimates, but the risk of 
bias must be recognized, and the probable amount of bias must be appraised. 

Much of this section is a commentary on the work of H. S . Sichel (l:.§.-18) 
and D. G. Kri 5e (1-Q),pioneer investigators for many years in the interpreta­
tion through lognormal theory of gold assay data from South African mines . 
Their principal works are cited in the list of references, and these works 
contain references to their other publications pertinent to gold assay data. 
Some of the data discussed in this section are published data; others were 
supplied through the courtesy of Dr. Krige. Despite some criticisms the 
authors believe that Sichel's and Krige's work is the basis for present-day 
evaluation of lognormally distributed data in mining and geology and that 
their papers are indispensable to those interested in this subject . 

Bias 

In this subsection, bias is explained in more detail than in the intro­
duction, and the illustrations demonstrate the problems that may be encoun ­
tered with biased observations that are not exactly lognormally distributed. 
While for some data, lognormal methods may provide more precise s tatistics 
than the ordinary arithmetic mean, but if the distribution is not exactly 
lognormal, lognormal procedures may lead to biased results. Thus, unless 
there is a good theoretical basis or a histor ical record of empirical success 
with the method, applying the lognormal methods explained in this report must 
be made with care. Unfortunately, there is usually no way to decide if the 
lognormal distribution should be applied to a given problem without obtaining 
a great deal of data, sometimes more than would be normally gathered during 
the life of a modest sampling program. In this subsection, some of the 
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dangers of applying these procedures when they are inappropriate are illus­
trated. The effect of adding a constant to lognormal data when it is inap­
propriate to do so is examined, and then the effect of applying lognormal 
procedures when the distribution is inappropriate is briefly discussed. 

Three sampling experiments were conducted to investigate the consequences 
of adding a constant to observations before applying the methods of estimation 
appropriate for lognormal data, when it was in fact inappropriate to add a 
constant. In the first two experiments, the observations follow a lognormal 
or modified lognormal distribution, and in the third, the observations follow 
the Chi-square distribution with 4 degrees of freedom which is skewed but not 
lognormal. 

In the first sampling experiment, 1,000 samples of size 10 were taken 
from a modified lognormal population which was constructed by taking a log­
normal population whose mean was 245 and whose variance of logarithms was 1 
and subtracting 50 from all observations larger than 50 and replacing all 
observations smaller than 50 with the observation 1. The modified population 
with an arithmetic mean of 196 is of the kind postulated by Krige for gold 
observations that were originally lognormal but from which a constant has been 
removed with the smallest observations that the assayer would record as trace 
or 0 being replaced by an arbitrary small number, taken to be 1. 

Table 23 gives the results of this experiment. The third column lists 
the estimated biases obtained by subtracting the .means in column 2 from the 
theoretical mean of 196. The confidence intervals calculated for each sample 
of size 10 by Mood's method are nominal 90-percent intervals, so that about 
10 percent are expected to fail to contain the population mean. The table 
shows that whether or not a constant is needed, using too large a constant 
does not on the average lead t o much bias; but if one is needed, using too 
smal l a constant leads to intolerable bias. Similarly, the confidence inter­
vals are more or less correct unless the constants are either too small or 
extremely large. 

TABLE 23. - Statistics calculated in a sampling experiment 
to test the effect of adding a constant 

to a modified lognormal population 

Average of 1,000 Percent of 90-percent 
estimated means, Estimated confidence intervals Variance of 

Constant assuming bias that do not contain logarithms 
lognormality the population mean 

Lower Upper 
0 346 150 10.9 0.1 4.28 
5 229 33 5.4 . 2 2.33 

10 210 14 5.2 . 8 1.81 
25 193 -3 5.2 2.7 1.18 
50 186 -10 5.5 5.1 0. 78 

100 185 -11 5.7 8.6 .4 7 
500 189 -7 8 . 0 15 .1 .09 

1,000 191 -5 8.5 16.3 .04 
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In the second sampling experiment, the effect of adding a constant when 
it was inappropriate to do so was investigated for a lognormal distribution 
with a mean of about 9.5 and with a mean and variance of logarithms both ~qual 
to 1.5. For different sample sizes and constants, table 24 gives the biases 
of estimates of means based on lognormal theory when constants are added 
erroneously to an originally lognormal distribution. The estimated biases, 
each based on 100 samples of the indicated sizes, are added to the means esti­
mated with the specified constants to obtain the true means estimated without 
adding constants. These biases are not exact, because they depend on the par­
ticular random numbers chosen, but they do indicate the magnitude of the biases 
obtained. The table shows that biases of 10 percent can easily be introduced, 
and moreover, when the sample sizes are increased, the biases do not disappear 
as might be expected, but rather they are smallest for the samples of smallest 
size. For samples of sizes one and two, the biases are O regardless of the 
sizes of the constant added, because the arithmetic mean and the mean based on 
logarithms must be identical for those samples sizes. 

TABLE 24. - Biases (for different sample sizes and constants) 
of estimates of means based on lognormal theory 

when constants are erroneously added to an 
originally lognormal distribution with 

a= 1.5, ~2 = 1 . 5 

Sample size, n Constants 
0 1 2 5 10 

3 0.00 0.17 0.21 0.19 0.12 
4 .00 .30 .37 . 36 .27 
5 .00 .68 .84 .89 .81 
6 .00 .69 . 84 .90 .81 
7 .00 .65 .78 .81 .70 
8 .00 .63 .76 .78 .67 
9 .00 .63 .75 .76 .64 

10 .00 . 62 . 73 .72 .59 
25 .00 .70 .79 .75 .59 
50 .oo .79 .90 .85 .68 

100 .00 .80 .9 1 .87 .71 

In the third sampling experiment, some estimates were made based on 
logarithms when the observations did not follow a lognormal distribution. In 
order to make these estimates, samples were drawn from a Chi-square distribu­
tion with 4 degrees of freedom, and lognormal theory was applied. Interest­
ingly, the estimates based on lognormal theory exhibited little bias. Thus, 
at least for this particular distribution, estimates based on the lognormal 
distribution are evidently rather robust, rather than requiring the observa ­
tions to follow the lognormal distribution closely . Further work in this 
field is beyond the scope of this report but would be useful and could be 
based on Chi-square distributions with other than 4 degrees of freedom on the 
Weibull distribution, etc. 
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Departures of Gold Observations From the Lognormal Model 

For some gold assay data, Krige postulates that the observations are too 
small to be lognormally distributed by an amount that is constant, or nearly 
constant, regardless of the sizes of individual observations. He suggests 
that a constant amount of gold might have been leached from the ore after its 
formation, but as he points out, a physical explanation is unnecessary. If 
gold observations do in fact depart from the lognormal model, lognormal theory 
is not entirely satisfactory, because the estimates of the mean are too large 
unless adjustments are made. Figure 21 which is plotted on logarithmic proba­
bility paper and table 25 portray a lognormal distribution with two different 
constants added; they illustrate that adding either a positive or a negative 
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FIGURE 21. - Cumulative Frequency Distributions of Three Distributions: a, a Lognormal 
Distribution With a Constant of 50 Added; b, a Lognormal Distribution; c, a 
Lognormal Distribution With Constant of 50 Subtracted. 
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constant to observations that are originally lognonnal makes the resulting 
distributions nonlognonnal . On the other hand, if all of the original obser ­
vations are too small by the same amount, adding the proper constant would 
make their distribution lognonnal, as in changing from curve a to curve bin 
figure 21 . · - -

TABLE 25. - Frequency table for three distributions obtained 
by adding constants of -50, 0, and +50 to a 

S2lognonnal distribution with a,= 5, = 1 

Class interval Relative cumulative freauencv. oercent 
A( - 50) B(O) C(+SO) 

0- 10 18 . 77 0 .43 0 
10 - 20 23.20 2 . 07 0 
20 - 30 27 . 01 5 . 26 0 
30 - 40 31.15 9.55 0 
40 - so 35 . 32 14 . 38 0 
50 - 60 38 . 76 18 . 77 0 .43 
60 - 70 42 . 03 23 . 20 2 . 07 
70 - 80 45 . 10 27 . 01 5 . 26 
80 - 90 47 . 80 31 . 15 9 . 55 
90 - 100 so .75 35 . 32 14 . 38 

100- 200 70 . 30 62 . 02 50 . 75 
200 - 300 80 . 71 76 .46 70.30 
300 - 400 86 . 60 83 . 93 80 . 71 
400 - 500 90 .47 88 . 75 86 . 60 
500- 600 93 . 11 91.88 90 . 47 
600- 700 95 . 00 94 . 09 93 . 11 
700 - 800 96 .14 95 . 70 95 . 00 
800 - 900 96 . 98 96 . 69 96 . 14 
900 - 1,000 97 . 68 97 . 34 96 . 98 

1,000 - 2,000 99 . 55 99 . 51 99 .49 
2,000-3,000 99 . 89 99 . 88 99.87 
3, 000 -4, 000 99 . 94 99.94 99 . 93 
4,000 -5,000 99 . 99 99 . 98 99 . 98 
5 , 000-6,000 100 . 00 100 . 00 100 . 00 

Krige (Q) discusses various ways to compute the constant and concludes 
that the preferred method is as follows: 

Using logarithmic-probability paper, the basic distribution 
of z [the logarithm of the original observation] is first plotted, 
and then the distribution of (z + a) with the constant a [not the 
a of this report ] being increased in stages until the resultant 
plot yields th e most satisfactory straight line fit. For all 
practical purposes this procedure will be found a dequate, as the 
fit is evidently not very sensitive to small var i a t ions in the 
value of a, either side of the optimum value . 
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Table 26 sunnnarizes data on 28 distributions of gold assay data from 
South African mines, originally published by Krige C..U) whose paper gives 
the names of the mines and reefs, reef areas, frequency distributions, and 
other data. Four kinds of means are tabulated in table 26; the first three 
are the ar ithmetic mean, the lognormal mean computed without a constant, and 
the logno rmal mean computed with a constant . The fourth kind of mean is based 
on mine production data, which were kindly furnished by Dr. Krige (1967, per­
sonal connnunication), who made the following connnents about them: 

Production data reasonably representative of the specific 
mine sect ion covered by the distributions were available only for 
the nine mines shown . In.-dwt of gold actually accounted for on 
surface in gold recovered and in slime residues dump [are tabu­
lated] corresponding approximately to ore from these sections of 
the mine represented by the distribution shown. The difference 
between this value and the mean of the distribution is due to 
a.--Bias in normal cutting of underground samples (generally 
negative), b.--Gold actually lost in mining operations (negative), 
and c.--Improvements (positive) due to selectively mining only 
ore above the accepted pay limit (significant mainly for mines 
numbers 27 and 28) . 

The table shows that on the average, 90.3 percent of the predicted value is 
obtained in mining. Finally, the coefficients of variation in table 26 are 
approximations, because they are calculated from standard deviations obtained 
from classed data in Krige's frequency tables rather than from the original 
observations. 

What can be learned from table 26? First of all, the means estimated by 
lognormal theory from observations formed by adding a constant to each origi­
nal observation are nearly the same as the ar ithmetic means, if appropriate 
constants are chosen. Although a constant is in principle chosen, as 
explained by Krige (lJ), in order to make a distribution that is as nearly 
lognormal as possible, in practice, subjective judgment is required. Table 26 
shows that the estimates of grade obtained by adding a constant are generally 
slightly smaller than the arithmetic means; the constants may have been chosen 
to obtain these slightly conservative values, because most of the mine produc­
tion grades are still lower. 

Figure 22 plots on logarithmic probability paper the development values 
of ore from 16 mines in table 27 . Because they are estimated from many obser­
vations for each mine, these means should be reliable; and because they are 
distributed approximately lognormally, a perhaps reasonable hypothesis is that 
all of these mines work ore whose gold assay values belong to a common log­
normal population. This view can be restated as follows: the distribution of 
gold in these mines working several reefs constitutes one enormous lognormal 
population, and the differences in average grade from mine to mine represent 
natural statistical fluctuation on a large scale . For the entire postulated 
population, the mean grade based on lognormal theory i s 485 in.-dwt (arith­
metic mean of 490 in.-dwt) which may approximate the average grade of the 
reefs although the data are not weighted by the sizes of the mines. 
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TABLE 26. - Comparison of four kinds of means for 28 distributions of gold assay data 

Arithmetic Lognormal mean, Mine Percent of Coefficient 
Distribution Number of mean , in. -dwt Constant, production predicted of 

No, observations in. -,dwt Without a With a in. -dwt grade, grade1 variation 
constant constant in. -dwt 

1 216 308 406 304 40 - - 1.29 
2 3,600 477 478 472 5 - - 1.92 
3 4,200 90 91 91 10 - - 1.03 
4 1,648 373 396 366 10 - - 1.52 
5 9,599 301 366 304 80 - - 1.25 
6 2,477 307 667 299 90 - - 1.35 
7 1,003 240 293 236 30 - - 1.07 
8 964 259 320 320 0 - - 2.93 
9 2,840 2 126 2 129 125 2 - - 1.40 

10 28,334 680 681 681 0 630 93 1.15 
11 25,474 341 344 339 7 283 83 1.20 
12 22,500 441 467 446 20 396 89 .89 
13 1,000 448 449 444 20 - - 1.08 
14 14,920 537 550 534 30 - - .98 
15 25,112 477 497 478 25 - - 1.02 
16 568 142 147 143 30 - - .80 
17 517 3 210 242 204 4 - - 2.81 
18 158 299 310 296 60 - - .86 
19 12,238 1,230 1,244 1,229 12 - - 1.81 
20 17, 726 934 989 931 35 - - 1.28 
21 33,031 319 358 319 50 254 80 .99 
22 14,590 1,103 1,283 1,113 95 981 92 1.19 
23 740 1,026 1,234 1,019 60 - - 1.58 
24 19,687 499 505 499 4 415 83 .87 
25 44 362 445 356 25 - - 1.59 
26 8,436 559 610 559 70 492 88 .95 
27 197 219 244 225 20 248 110 .99 
28 1,000 261 339 257 55 245 95 1.35 

1 Ratio of mine production mean to lognormal mean with a constant. 
2 Dwt instead of in.-dwt for this mine only. · 
3 Based on value of all development to December 1959. 
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TABLE 27 . - Comparison of borehole and development values from 
16 representative South African gold mines 

Number of Coefficient Ratio of 
original of variation development 

Number inter - Based Based Mean gold, Devel- va lue to 
Mine of sections on on in. -dwt opment mean, percent 

number bore- plus col. co l. Ari th- Log- value Arith- Log-
holes deflec- (2) (3) metic normal in. - dwt metic normal 

tions 
(1) (2) (3) (4 ) (5) (6) (7) (8) (9) (10) 

1 5 8 0 ,60 (l) 219 231 163 74 71 
2 3 6 .60 1.24 140 147 320 229 218 
3 3 7 1.78 .70 185 197 237 128 120 
4 5 12 1.82 1.96 5,459 2,914 1, 229 23 42 
5 7 21 1. 92 2 .19 1,175 832 864 74 104 
6 13 19 1.47 1.44 457 451 320 70 71 
7 11 8 1.11 . 96 267 272 502 188 185 
8 5 15 1.04 1.15 1,238 1,218 1,107 89 91 
9 5 - .60 . 62 952 1,006 468 49 47 

10 5 11 (1) (1) 270 254 185 69 73 
11 4 8 1.02 . 90 175 181 250 143 138 
12 5 3 .92 1.15 606 583 332 55 57 
13 2 8 .42 . 32 206 237 545 265 230 
14 5 16 . 92 • 92 234 240 475 203 198 
15 5 - .85 .64 184 230 432 235 188 
16 5 - (1 ) (l) 176 186 404 230 217 

lCoefficient of variation not available. 

Diamond-Drill Hole Deflections 

Because an important use of lognormal theory has been to obtain estimates 
of grades based on diamond -drill - hole data, a more detailed examination of 
these data is pertinent to this report. Previously in this report, one drill 
hole was considered to have only one observation associated with it. But, 
ac tual l y for many drill holes more than one observation was original l y avail­
able, because of the practice of deflecting holes. A deflection is obtained 
when the dri ll bit is forced out of the original borehole by placing a wedge­
shaped piece of metal in the hole which causes the bit to cut a new hole 
nearby. Thus, another geological sample is obtained, and according to the 
number of deflecti ons made, two or more original observations are obtained for 
a single hole . This subsection considers ways to improve estimates of means 
by making use of these origina l data rather than by averaging them toget her to 
obtain a single observa ti on . 

The deflecti on data discussed are from South African gold mines . Some of 
the data are from papers by Krige, of which two (~, Q) are particularly inter ­
esting . Other data are from a large set of unpublished borehole data that 
Dr. Krige kindly sent to the authors . 
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99r------------------------, For borehole deflection 
data, there are four obvious 
methods to estimate means: 
(1) averaging the deflection 
values within each hole to 

90 obtain one observation for 
each hole and adding no con­

~ stant, (2) retaining theC 
Q) 

~ deflection values within each 
Q. 
Q) hole to obtain one observation 
:,: for each deflection and addingu 
z no constant, (3) like methodw 50 
::::, 
0 (1) but with a constant added, 
w 
0::: and (4) like method (2) but 
L,_ 

with a constant added, Inw 
> table 28, results of estima­
I­
<{ tion for boreholes in four 
__J 
::::, South African mines are com­
~ 10::::, pared for the four methods of 
u 

calculation. Except for thew 
> Welkom data, treating each 
<{ 
I­

__J 
deflection value as an obser­

w 
0::: vation and using no constant, 

yields lower arithmetic esti-· 
mates of the mean and also 
smaller lower confidence lim­
its. Therefore, the authors 
suggest that method (2) is 
preferable, because the results 

0.01 ,.._____________.________.______. are the most conservative. 
Treating the data as one obser­

100 500 1,000 2,000 vation per borehole averages a 
PROGRESSIVE DEVELOPMENT VALUE, in.-dwt 

mixture of observations with 
FIGURE 22. • Cumulative Frequency Distribution of different variances for the 

Progressive Development Values From different holes, because the 
observations for some holes16 Mines in Table 27. 
are based on no deflections 

while those for other holes are based on one or more deflectioz,.s and hence 
should have smaller variances. Although the means calculated by method num­
ber 2 are biased (because a bias is introduced through the decision that is 
made to deflect some holes but not others), this bias is also present, althwgh 
concealed, if one observation is set equal to one hole and also if the infor­
mation on variability is ignored. However, the lower confidence limits calcu­
lated by the four different methods fortunately do not seriously disagree, 
because the effects of lowering the mean and reducing the variance of loga­
rithms tend to compensate for each other. Further research on more data sets 
is needed to evaluate these tentative conclusions. 

Further calculations are made on the data from table 28 and for drill 
holes in another South African mine in order to compare results with those of 
Krige and Sichel. The data averaged to obtain one observation per borehole 
are listed in table 29. The first four sets of data were discussed by 
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Krige (!.!) and the last set by Sichel (18); results of calculations of means and 
lower confidence limits by several methods are given in table 30. 

TABLE 28. - Comparison of statistics calculated in different ways 
from boreholes in four South African gold mines 

Number Ari th- Mean Estimate Lower 
Type of data of Con- metic based on of variance confi-

observa - stant mean lognormal- of dence 
tions n distribtuion logarithms limit1 

FREE STATE GEDULD MINE 
1 observation/hole .•.... 5 0 5,459 4,297 2.791 1,327 
1 observation/deflection 7 0 4,243 3,147 1.932 1,288 
1 observation/hole •••••. 5 60 5,459 4,246 2.553 1,349 
1 observation/deflection 7 60 4 243 3 123 1. 774 1.302 

WELKOM MINE 
1 observation/hole ••••.• 13 0 457 507 2.016 232 
1 observation/deflection 21 0 477 717 3.065 291 
1 observation/hole •.•••• 13 60 457 451 1.049 243 
1 observation/deflection 21 60 477 448 1.060 263 

WESTERN HOLDINGS MINE 
1 observation/hole •••••• 7 0 1, 175 809 1.439 382 
1 observation/deflection 12 0 806 560 1.077 325 
1 observation/hole •••••• 7 60 1, 175 832 1.257 387 
1 observation/deflection 12 60 806 572 .884 331 

HARTEBEETSFONTEIN MINE 
1 observation/hole •••••• 5 0 184 184 0,052 140 
1 observation/deflection 16 0 176 187 .674 129 
1 observation/hole ••.•.• 5 40 184 184 .035 136 
1 observation/deflection 16 40 176 179 .326 133 
lComputed by Mood's method. 

TABLE 29. - Averaged data, one observation per borehole, 
for five South African gold mines 

Harmony mine, Free State Welkom mine2 Western Holdings Hartebeetsfontein 
group No. 6371 Geduld mine2 mine2 mine2 

329 1,084 154 6,399 242 
277 1,747 1,252 237 211 
111 1,202 308 418 136 
189 23,037 15 280 160 

5,071 227 525 182 171 
- - 377 383 -
- - 109 327 -
- - 48 - -
- - 1,560 - -
- - 70 - -
- - 1,221 - -
- - 237 - -
- - 68 - -

lSichel, H. S. The Estimation of Means and Associated Confidence Limits for Small 
Samples From Lognormal Populations. Symp. on Mathematical Statistics and Com­
puter Applications in Ore Valuation. J ohannesburg, S. Afr. Inst. Min. and Met., 
1966, pp. 106-122. 

2 Krige, D. G. Developments in the Valuation of Gold Mining Properties From Borehole 
Results. Seventh Commonwealth Mining and Metallurgical Congress, Johannesburg, 
Republic of South Africa, preprint, 1961, 23 pp. 
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TABLE 30. - Comparison of means and lower confidence limits for lognomally 
distributed 

from 
data by applying four methods 
five South African gold mines 

to data 

Source of 
data 

Harmony •••. 

Numb e r 
of 

observa-
tions 

5 
5 

Con-
stant 

0 
80 

Arith-
metic 

mean 

1,195 
1,195 

Mean 
based on 
lognormal 
distri-
but ion 

864 
894 

Lower confidence limit 
Student's Sichel's Sichel's 
t applied Mood's method method 

to method (1966) ( 1962) 
lognormal 

210 309 320 190 
198 320 320 176 

Free State. 
Geduld •.•.. 

5 
5 

0 
60 

5,459 
5,459 

4,297 
4,246 

875 
875 

1,327 
1,349 

1, 444 
1,424 

788 
789 

Welkom ••••• 13 
13 

0 
60 

457 
457 

507 
451 

253 
248 

232 
243 

260 
266 

220 
230 

Wes tern ••.• 7 0 1,175 809 336 382 385 314 
Holdings ..• 7 60 1,175 832 332 387 367 311 

Hartebeets -
fontein ••• 5 0 184 184 147 140 158 140 

5 40 184 184 148 136 158 135 

As shown in table 30, basing the mean on the lognormal distribution 
yields various results; sometimes the mean increases, sometimes it decreases, 
and sometimes it stays the same. For three of the mines , the means estimated 
by the lognormal distribution are lower than the arithmetic means, but on the 
average both kinds of estimates must yield the same mean provided that the 
observations are lognormally distributed. 

There are four ways of calculating the lower confidence limit (with a 
nominal confidence coefficient of 95 percent): first, is to assume that the 
observations, m, that are estimated from the logarithms are normally distrib­
uted and to use the t-statistic as outlined in table 14; second, to use Mood' s 
method; third, to use Sichel's 1966 tables; and fourth, to use Sichel's 1962 
tables. The most conservative estimate of the lower confidence limit is that 
closest to O, and for these data, this estimate is given by Sichel's 1962 
tables, followed by the t-statistic method, Mood's method, and finally by 
Stchel's 1966 tables. Whether or not the constant is added makes little dif­
ference. As previously stated, the authors prefer Mood's method and there­
fore, regard Sichel's 1962 method and the method based on the t-statistic as 
too c onservative while Sichel's 1966 method as not conservative enough. In 
summary, for these data which Sichel and Krige evidently believe are t ypical, 
Mood's method and Sichel's 1966 tables yield similar results and addition of 
the constant is unimportant. 

Further Corrnnents on Sichel's Tables 

The numerical values in Sichel's 1966 tables (~) have been verified by 
Nicholas Thireous (1968, personal communication) of the Kennecott Copper 
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Corporation, Salt Lake City, Utah. For those confidence levels calculated by 
Sichel but not for others, Thireous has also developed formulas to interpolate 
in the tables for different numbers of observations and different values of 
SSu /n (Sichel's variable V). Thireous's method of fitting polynomial equa­
tions to Sichel's percentage point TP solves the problem of interpolation 
although his results are unpublished. 

Several problems with Sichel's tables lead to preference for Mood's 
method when the choice is between these two. The first problem stems from 
Sichel's assumption of a population variance of logarithms S2 of 0.7 which 
corresponds to a coefficient of variation 6 of 1.0. Not only is this value of 
0.7 lower than most of the published values (tables 26 through 28), but also 
for data with so low a coefficient of variation, lognormal methods of estima­
tion offer little or no advantage. Although Sichel's tables could be expanded 
to a family of tables for different values of the population variance of 
logarithms S2 , the problem of deciding which table to use would remain, 
because the small sample sizes provide values of V (in Sichel's notation) 
which are not reliable estimates of S2

• [Sichel states (personal communica­
tion, 1969) that his approximation works well for variances of logarithms as 
large as 1.5.] 

The second problem arises from Sichel's assumption that hist-statistic 
(not the variable tin the notation of this report) is approximately normally 
distributed. This assumption appears to fail for large values of the popula­
tion variance of logarithms S2 even if the assumption of a lognormal distribu­
tions for the observations is fulfilled. 

A third problem stems from Sichel's apparent assumption of the independ­
ence of the distributions of hist-statistic and his V-statistic (not the 
variable Vin the notation of this report) which is an estimate of the variance 
of the logarithms. This assumption probably is not true. 

Because of these problems, the writers conclude that although Sichel has 
made a step forward, Mood's method yields results that are more conservative 
in setting the lower confidence limit, more reliable, and require fewer assump­
tions. The main drawback to Mood's method--the tedious calculations that are 
required--can be eliminated by using the computer program in appendix A of 
this report. 

SUMMARY AND CONCLUSIONS 

In this report, a detailed study of the lognormal distribution in rela­
tion to gold assay data has been presented, and different computations on 
several sets of gold assay data are illustrated. The computer program, appen­
dix A, permits investigators with access to a computer to obtain several kinds 
of pertinent numerical results that they can interpret depending on their 
decisions about which of the assumptions are satisfied. The functions tabu­
lated in appendix B should permit investigators without access to a computer 
to work more readily with the lognormal distribution than was previously 
possible. 
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The following conclusions are developed from this investigation: 

(1) The logarithmic transformation should be used with care. If the 
lognormal distribution is inappropriate and especially if the data are some­
what truncated, a large bias can be introduced. In theory , this bias can be 
removed by adding a constant, but in practice the constant i s difficult to 
estimate unless many data are available or unless the data in question are 
like those from another situation where many data are available. 

(2) If the coefficient of variation is less than 1.2, the mean ordinarily 
should not be estimated from lognorrnal theory because: (a) the possible gain 
in efficiency is less than the risk of introducing bias if the lognormal dis­
tribution is inappropriate and (b) because the size of the constant is diffi­
cult to find. 

(3) Even if the coefficient of variation is less than 1.2, it may be 
desirable to use Mood's method to obtain the lower confidence limit, espe­
cially if the number of observations is small, because use of a Student's t 
may give too small a lower limit. Whether or n ot a constant is added, lower 
confidence limits calculated by Mood's method are about the same. 

(4) If a constant is added, it is better to make it somewhat too large 
rather than too small, because this will make the estimated mean less biased 
on the average. However, if the constant is much too large, the confidence 
limits become too narrow, because the variance of the logarithms has been 
made too small. 

(5) Especially for gold assay data, the real difficulty is that a few 
high assays tend to dominate the statistical analyses, whichever particular 
ones are made. Extreme care must be taken in this situation, especially when 
dealing with ore near the cutoff grade. Overestimation is not desirable as it 
could result in development of a mine that can only be operated at a loss. 
Neither is it desirable to underestimate and thereby miss a mine on which a 
profit could be made. 

(6) When high assay values are obtained, large numbers of observations 
are especially desirable if their cost i s not excessive. Deflections appear 
to be highly worthwhile, especially in areas where additional mine samples 
are expensive, as in ore bodies far from drill sites or at great depth. 
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APPEND I X A.--COMPUTER PROGRAM TO CALCUIATE THE MEAN AND CONF IDENCE LIMITS 
FOR THE LOGNORMAL DIS TRIBUTION 

C L □ GN □ RMAL PROGRAM, ESTIMAT~ MEAN, CALCULATE CONFIUENCE R[GIONS 00000100 
C 
C 

VIA MOODS METHOD, 00000 200 
00000300 

C BY J, SC~UENEMEYER, USBM, DENVER, COLO, U0000400 
C 00000!>00 
C CARD SEl>IUENCE COL •FUHMAT•00000600 
C 1 • JOd DESCRIPTION 1•76 26A3 U0000700 
C 2 • PA~AMETER OOOOOBOO 
C □ BN - TOTAL NUMBER or OdSERVATIONS PER SET 1-10 F10,0 00000900 
C CHILO• LOWER CHI SQUARE PERcENTAGE POINT, 11-20 F10,0 00001000 
C 0BN•1 DEGREES or FREEDOM, TA~LED VALUE uooo1100 
C CHIHI• UPPER CHI SQUARE PERcENTAGE POINT F10,0 00001200 
C Z • PERCENT POI NT STANDARD NORMAL DEVIATE, FlO,O U0001300 
C TABLED VALUE 00001400 
C C • CONSTANT 41•50 F10,0 00001~00 
C 3 • DArA COBSERVAIIONS), ONE/CARD 1•10 FlO,O 00001600 
C 4 • 2 dLANKS FDR END OR PARAMETER AND ADDITIONAL SET ur DATA, 00001700 
C 00001B00 
C SYMBOL fABLE U0001900 
C 
C 

X 
WBAR 

• NATURAL LOGRATHIM OF WCINPUT 
• ARITHMETIC MEAN OF RAW DATA 

DATA) 00002000 
00002100 

C XBAR • ARITHMETIC MEAN OF LNS (NATURAL LOGS) 00002200 
C GMEAN • GEOMETRrC MEAN 00002300 
C V • MULTIPLYING FACTOR FDR GEOMETRIC MEAN 00002400 
C 
C 

OGXBR 
XMEAN 

- ESTIMATE or MEAN (GMEAN * V) 
• MEAN OF OBSERVATIONS FOR CONFIDENCE REGION (CH) 

00002!>00 
00002600 

C XSD • STANDARU DEVIATION Of OBSERVATIONS fUR CR 00002700 
C 
C 

SQRLO • UPPER LIMIT BETA SQCVARIANCE OF LOGS) 000021100 
00002900 

1 
2 

FORMAT 
FORMAT 

C26A3) 
CF10,0) 

00003000 
00003100 

5 FORMAT C1H1,4X,26A3/) U0003200 
6 FORMAT C5f10,0) 
8 FORMAT C30X,21HPARAMETER INFORMATION//8X,6HSAMPLE,4X, 

l 25HCHI SQUARE PERCENT POI NTS,3X,16HPERCENT STANDARU/9X,4HSIZE, 

00003300 
00003400 
00003500 

2 9X,5HLuWER,9X,5HUPPER,6X,14HNORMAL DEVIATE,6X,8HCONSTANT/ 00003600 
3 113,1X,2f14,3,fl6,4,F16,2//37X,12HUBSERVATIONS//30X,3HRAW,14X, 00003700 
4 1BHNATuRAL LOGARITHMS/) 

11 FORMAT C19X,F16,3,9X,f16,4) 
12 f0RMATC/39X,7HRESULT5//54X•3HRAW•10X,3HLNS//6X,4HMEAN,33X,F16,3, 

00003800 
00003900 
00004000 

1 f13,3/6X,BHVARIANCE,29X,f1 6 ,3,F13,3/6X,18HSTANDARD DEVIATION, 00004100 
2 19X,F16,3,f13,3) 

15 FORMAT C6X,14HGEOMETRIC MEAN,23X,F16,3/6X, 
1 37HMuLTIPLYJNG FACTOR fUR GEOMETHIC MEAN,F16,3/6X, 

00004200 
00004300 
00004400 

2 26HESTIMATE Of MEANS FROM LNS,11X,F16,3/) 00004!>00 
18 FORMAT C28X,28HPOINTS FOR CONFIDENCE REGI DN//29X,3HHAW,33X,3HLNS/ 00004600 

1 17X,4HMEAN,20X,4HS,o,,11X,4HMEAN,11X,4Hs. □ ./) 00004700 

C 
19 FORMAT C5X,F18,3,6X,F18,3,2f15,3) 00004800 

00004900 
DlMENSIUN XMEANC30), XSDC30), XLNC30), XL NSDC30) 00005000 
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DIMENSION PC90), QC90>, 5(90), TC90) 
DIMENSION IDAAAC26) 

C 
C READ PAKAMETERS, INITIALIZE 
C 

READ 1, I DAAA 
22 PRINT 5, IDAAA 

SUMX = 0,0 
SUMSQX • 0,0 
SUMW '"' 0,0 
SUMSQW = 0 1 0 
I=O 
READ 6, OBN, CHILO, CHIHI, Z, C 
NOB• OdN 
Ir (NOB> 23,23,24 

23 STOP 8 
24 SQOBN = SQRT (OBN) 

PRINT 8, NOB, CHILO, CHIHI, Z, C 
C 
C READ DATA, OBTAIN LOGS, SUMS AND SUM or SQUARES 
C 

DO 25 Ist, NOB 
READ 2, W 
X=ALOGCl'l+C) 
PRINT 11,w,x 
SUMX •SUMX + X 
SUMW •SUMW + W 
SUMSQX: SUMSQX + X•X 

25 SUMSQW • SUMSQW +w.w 
PR I NT 5, ID AAA 
XBAR =SUMX/OBN 
WBAR =SUMW/OBN
SQR: CSUMSQX • SUMX•SUMX/OBN)/COBN • 1,) 
SQRW = CSUMSQW • SUMW•SUMW/OBN)/(OBN • 1,) 
SOX= SiolRT CSQR) 
saw'"' SiolRT (SQRW) 
PRINT tl, WBAR, XBAR, SQRW, SQR, SOW, SOX 
GMEAN=EXP CXBAR> 

C 
C CALCULATE MULTIPLYING rACTOR rOR GEOMETRIC MEAN 
C 

ST= SQK/2 1 

Q(1) = 1, 
TC 1) s ST 
P(t):: COBN • t,)/QBN 
SC1) = PC1)*Q(t>•TC1> 
DO 30 Ks2, 90 
R = K 
PCK) = PCK•1>• P(1) 
Q(K) s QCK•1> * COBN • 1,)/(0BN + 2.•R • 3,) 

00005100 
00005200 
00005300 
00005400 
00005~00 
00005600 
00005700 
00005800 
00005900 
00006000 
00006100 
00006200 
00006300 
00006400 
00006500 
00006600 
00006700 
00006800 
00006900 
00001000 
00007100 
00007200 
00007300 
00007400 
00007500 
00007600 
00007700 
00007800 
00007900 
00008000 
00008100 
00008200 
00008300 
00008400 
00008500 
00008600 
00008700 
00008800 
00008900 
00009000 
00009100 
00009200 
00009300 
00009400 
00009500 
00009600 
00009700 
00009800 
00009900 
00010000 



59 

TCK) =ST* T(K•l)/R 00010100 
SCK) = SCK•l> + PCK)•QCK)•TCK) 00010200 
If CABS CSCK> • SCK•1)) • 5,E•lO) 28, 30, 30 U0010300 

28 KS= K 00010400 
GO TO 3l 0001osoo 

30 CONTINUE 00010600 
PAUSE 1 00010700 
KS= 90 00010800 

32 V = SCKS) + 1, 
OGXBR: GMEAN•V • C 

00010900 
00011000 

PRINT 15, GMEAN, V, OGXBR 00011100 
C 00011200 
C MEANS, SD, MEANS or LOGS, ANO SD Of LOGS fOR CONFIDENCE ~EGION 00011300 
C 00011400 

SQRLO :SQR•COBN•1)/CHIHI 00011500 
SQRHI :SQR•C0BN•1)/CHILO 00011600 
RGSQR = SQRHI • SQRLO 00011700 
SSQRLO 
SSQRHI 

= 
= 

SQRT 
SQRT 

(SQRLO> 
(SQRHI) 

00011800 
00011900 

XLOR = l, * Z * SSQRLO /SQ □ BN 00012000 
XHIR = 2, * Z • SSQRHI/SQOBN 00012100 
DO 40 I = 1, 
K=I+11 

11 00012200 
00012300 

XIMl =I• 1 00012400 
ASQR =SQRLO +O,l•XlM1 •RGSQR 00012500 
ASQS = SQRT CASOR) 00012600 
XLNSDCI) 
XLNSDCK) 
XLNCK): 
XLN(I): 

= ASQS 
= XLNSDCI) 
XBAR + Z * ASQS/SWOBN 
XBAR • Z * ASQS/SWOBN 

00012700 
00012800 
00012900 
00013000 

XMEANCK) = EXP CXLNCK) + 0,5 * ASQR) • C U0013100 
XMEANCI) = EXP CXLNCI) + 0,5 * ASQR) • C 00013200 
TEMP= EXP CASQR) • 1, 00013300 

35 
If CTEM~) 40, 
XSDCI) = SQRT 

40, 35 
(TEMP* XMEANCI) * XMEANCI)) 

00013400 
00013500 

XSOCK) = SQRT (TEMP• XMEANCK) * XMEANCK)) 00013600 
40 CONTINUE 00013700 

DO 50 Js2, 5 00013600 
K = I + 21 00013900 
XIM1 = l • 1 00014000 
XLNCK> = 
XMEANCK) 

XBAR + C•0,5 + 0,2 * XlMl) * XLO~ 
= EXP CXLNCK) + 0,5 * SQRLO) • C 

00014100 
00014200 

XLNSDCK> = SSQRLO 00014300 
VAR= (EXP CSQRLO) • 1,) • XM[ANCK)* XMEAN(K) 00014400 

So XSDCK) = SQRT (VAR) 
DO 60 I = 2, 5 

00014500 
00014600 

K = I + 25 00014700 
XIMl = I• 1 00014600 
XLNCK> = XBAR + C•o,5 + 0,2 * XIMl) * XHIR 00014900 
XLNSDCK) "'SSQRHI 00015000 
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XMEANCK> = EXP CXLNCK) ♦ 0,5 • SQRHI) • C 
VAR= (EXP CSQRHI)• 1,) • XMEANCK) • XMEAN(K) 

60 XSD(K): SQRT (VAR) 
C 
C SORT MEANS 
C 

NS= 30 
BOK= 0 

DO 90 I = 2' NS 
IfCXMEANCI•l) • XMEANCI)) 90, 90, 88 

88 TEMP= XMEAN(I) 
XMEANCI) = XMEANCI•t) 
XMEANCI•l) = TEMP 
TEMP= XSO(I) 
XSDCI) = XSDCI•l) 
XSDCI•l) = TEMP 
TEMP= XLNCI) 
XLNCI) = XLNCI•l) 
XLNCI•l> = TEMP 
TEMP= XLNSDCI) 
XLNSDCI) = XLNSDCI•l) 
XLNSOCI•l) = TEMP 
K = 1 

90 CONTINUE 
NS= NS• 1 
If CK) dO, 100, 80 

C 
C PRINT MEANS, SD, LOG MEANS AND LOG SO 
C 

100 PRINT 5, IDAAA 
PRINT td 
00 110 I=l, 30 

110 PRINT 19, XMEANCI), XSDCI>• XLNCI), XLNSDCI) 
GO TO 22 
END 

WELKOM MINE, 13 OBSERVATIO NS 
13 5,23 21,03 1,645 o,o 

154, 
525, 

1560, 
1252, 

3 77, 
70, 

308, 
109, 

1221, 
15, 
48, 

237, 
68, 

00015100 
0 0015200 
00015300 
00015400 
1.10015500 
00015600 
00015700 
0 0015600 
00015900 
0 0016000 
V0016100 
iJ0016200 
00016300 
00016400 
0 0016500 
00016600 
V0016700 
U0016600 
00016900 
voo1rooo 
V0017100 
00017200 
0 0017300 
00017400 
00017500 
00017600 
00017100 
00017800 
0 0017900 
U0018000 
00018100 
00018200 
00016300 
0 0018400 
00018500 
00018600 
00018700 
U0018600 
00018900 
V0019000 
00019100 
00019200 
00019300 
00019400 
00019~00 
00019600 
0 0019700 
00019800 
00019900 
00020000 
00020100 
00020200 
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SAMPLE INPUT CARD DATA 

CARD COLUMNS 

1 2 3 4 5 6 7 8 
1234 56789U1 234 5 678901234567890123456789012345678901234567890123456789U1234567tl9U 

WELKOM MINE, 13 OBSERVATIONS 
13, 5,23 21,03 1,645 0,0 

1549 
5251 

1560, 
1252, 

377, 
7 0 I 

308, 
109, 

1221, I 

15, 
48, 

237, 
68, 

1 2 3 4 5 6 7 lj 

123456789U123456789U12S45678901,34 56 78901~3456789012345678901234 56 789u123456 7b9Q 

WELKOM MINE, 13 OBSERVATIONS 

PARAMETER INFORMATION 

SAMPLE CHI SQUARE PERCENT POINTS PERCENT STANOARO 
SIZE LOWER UPPER NORMAL DEVIATE CON5TANT 

13 5.230 21.030 1,6450 0,00 

OBSERVATyONS 

NATURAL LOGARITHMS 

154,000 5,0370 
525,000 6.2634 

1560,000 7.3524 
1252,000 7 .t 325 

377, ooo 5,9322 
10.00 0 4.2485 

3oa,ooo 5, 7301 
109.000 4;6913 

1221,000 7,1074 
15,001) 2.7081 
48.000 3.8712 

237,000 5,4681 
61\,000 4,2195 
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WELKOM MINE, 13 OBSERVATIONS 

RESULTS 

MEAN 
VARIANCE 
STANDARD DEVIATION 
GEOMETRIC MEAN 
MULTIPLYING FACTOR FOR GEOMETRIC MEAN 
ESTIMATE OF MEANS FROM LNS 

WELKOM MINE, 13 OBSERVATIONS 

POINTS FOR CONFIDENCE 

RAW 
MEAN s.o. 

231,992 336.192 
257,014 471 .345 
281,693 408,2,a 
286,902 650,532 
322.036 890.343 
342.043 4950675 
363.008 1213.010 
410.584 1648,659 
415.323 601,868 
465.695 2238.297 
504.301 7300812 
529,450 3037.861 
603.151 4123,749 
612.343 887,381 
688.320 51io0,4o3 
777,955 1426,714 
786,731 7610,708 
980,894 2224t11i' 

1161,122 11232.508 
1229,975 3 1!00,5,:;5 
1535,779 5131,889 
1713,679 t~577.~55 
1911.117 7673.905 
2371,545 11398. 1i88 
2529,188 2 •14 66,958 
2Q35. 'H4 16 845 ,925 
3627,403 24t300,581 
3732,784 36\10.343 
4473,795 ~6 1t00t3t 1 
5509,148 53294,605 

RAW LNS 

457,231 5,366 
282550t192 1,983 

531,555 1,408 
214.066 

2,370 
507,382 

REGION 

LNS 
MEAN s.o. 

4,881 1,064 
4,813 10214 
5,075 1,064 
40752 1 • .3 4 7 
4,696 1,469 
5,269 1,064 
4.645 1.s81 
4,597 1,685 
5,463 1,064 
4,552 1,784 
s.657 1,064 
4,510 1,877 
4,469 1,966 
5.852 1,064 
4,430 2,051 
5,920 1.214 
4,393 2,133 
5,981 1,347 
4,782 2,133 
6,036 1,469 
6.087 1.sa1 
5,172 2,133 
6.t35 1,685 
6,1130 1,784 
5,561 2.133 
6,223 1,877 
6,263 1,966 
5,950 2.133 
6,302 2,051 
6,339 2,133 



--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

63 

APPENDIX B.--MULTIPLYING FACTORS FOR THE GEOMETRIC MFAN AND VARIANCE, 
EXPONENTIAL FUNCTION, AND COEFFICIENT OF VARIATION 

TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN 

SAMPLE SIZE 

T -----------------------------------------------------------------------------------
2 4 6 83 5 7 9 

0.01 1.005 1.007 1.008 1.oo8 1.008 1.009 1.009 1.009 
0.02 1.010 1. 013 1.015 1. 016 1. 017 1.017 1.01 8 1.01 8 

0.03 1.015 1.020 1.023 1.024 1.025 1.026 1.027 1.027 
o.o4 1.020 1.027 1.030 1.032 1.034 1.035 1.035 1.036 
0.05 1.025 1.034 1.038 1. 041 1,042 1.044 1. 04 5 1. 045 
0.06 1.030 1.040 1.046 1.049 1.051 1.052 1.054 1.054 
0.07 1.035 1 .047 1.053 1.057 1.060 1. o61 1.063 1. 064 
o.o8 1.040 1.054 1.061 1.065 1.o68 1.070 1.072 1.073 
0.09 1 .045 1. 061 1.069 1. 074 1.077 1.079 1.08 1 1 .083 
0.10 1.050 1.068 1.077 1.082 1.086 1.089 1.091 1.092 

o. 11 1.056 1.075 1.085 1.09 1 1.095 1 .098 1. 100 1. 102 
0.12 1 .061 1.082 1.092 1.099 1. 1o4 1. 107 1. 109 1. 111 

0.13 1.066 1 .089 1. 100 1. 108 1. 113 1. 116 1. 119 1. 121 

0.14 1. 071 1.096 1. 108 1. 116 1. 122 1. 126 1. 128 1. 131 

0.15 1.076 1. 103 1.116 1. 125 1.131 l. 135 1. 138 1 . 141 

o . 16 1.08 1 1. 110 1. 124 1. 134 1. 140 1.1 44 1.148 1. 151 
0 . 17 1.o86 1. 117 1. 132 1, 142 1. 149 1.154 1. 158 1. 161 
o. 18 1. 091 1. 124 1. 141 1. 151 1. 158 1.163 1. 167 1. 171 

0.19 1.097 ,. 131 1. 149 1. 160 1. 168 1.173 1. 177 1. 181 
0,20 1. 102 1. 138 1.157 1.169 1. 177 1. 183 1. 187 1. 191 

0,21 1. 107 1. 145 1. 165 1.178 1. 186 1. 193 1. 197 1.201 
0.22 1. 112 1. 152 1,173 1.187 1.196 1,202 1. 208 1. 212 

0.23 ,. 117 1. 159 1. 182 1. 196 1.205 1. 212 1. 218 1. 222 
0.24 1. 122 1.167 1, 190 1.205 1. 215 1.222 1.228 1. 232 

0.25 1. 128 ,. 174 1. 198 1. 214 1. 224 1.232 1.238 1. 243 
0.26 1. 133 1. 181 1.207 1.223 1.234 1.242 1. 249 1. 254 

0.27 1.138 1. 188 1. 215 1. 232 1.244 1. 252 1.259 1 .264 

0.28 l. 143 1. 196 1. 224 1.241 1. 254 1. 263 1. 270 1.275 
0.29 1. 149 1.203 1. 232 1. 251 1. 263 1.273 1.280 1 .286 

0.30 1.154 1. 210 1.241 1. 260 1. 27 3 1. 283 1. 291 1. 297 

0.31 1. 159 1.218 1.249 1.269 1.283 1.294 1. 302 1. 3o8 

0.32 1. 164 1.225 1.258 1.279 1.293 1.304 1.312 1. 319 

0.33 1. 170 1. 232 1. 267 1.288 1.303 ,. 315 1. 323 1. 330 

0.34 1. 175 1.240 1.275 1.298 1.314 1. 325 1. 334 1.341 

0.35 1. 18o 1.247 1.284 1. 307 1.324 1. 336 1. 345 1.353 
0.36 1. 185 1. 255 1. 293 1. 317 1. 334 1.347 1. 356 1. 364 

0.37 1• 191 1.262 1. 302 1. 327 1.344 1. 357 1. 367 1. 375 
0.38 ,. 196 1.270 1. 310 1. 336 1.355 1. 368 1. 379 1. 387 

0.39 1. 201 1.277 1. 319 1. 346 1.365 1. 379 1.390 1. 399 
o.4o 1. 207 1. 285 1. 328 1.356 1.376 1.390 1. 401 1. 41 O 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 

T -----------------------------------------------------------------------------------
10 11 12 13 14 15 16 17 

0.01 1.009 1.009 1.009 1.009 1.009 1.009 1.009 1.009 
0.02 1.018 1.018 1.018 1.019 1.019 1.019 1. 019 1.019 
0.03 1.027 1.028 1.028 1.028 1.028 1.028 1.028 1.029 
o.o4 1.037 1.037 1.037 1 .038 1.038 1.038 1.038 1.038 
0.05 1.046 1.046 1.047 1.047 1.047 1.048 1.048 1.048 
0.06 1.055 1.056 1.056 1.057 1.057 1.057 1.058 1. 058 
0.07 1.065 1.065 1.066 1.066 1.067 1.o67 1.068 1.068 
0.08 1.074 1.075 1.076 1.076 1.077 1.077 1.078 1. 078 
0.09 1.084 1.085 1.085 1.o86 1.087 1.087 1.088 1.088 
o. 10 1.093 1.094 1.095 1.096 1.097 1.097 1.098 1.098 

o. 11 1.103 1.104 1. 105 1. 106 1. 107 1.107 1. 1o8 1. 108 
0.12 1. 11 3 1. 114 1. 115 1. 116 1. 117 1. 118 1. 11 8 1.119 
0.13 1.123 1.124 1. 125 1. 126 1. 127 1. 128 1.129 1.129 
0.14 1. 133 1. 134 1. 136 1. 137 1. 138 1. 138 1.139 1.140 
). 15 1.143 1.144 1.146 1. 147 1. 148 1.149 1. 150 1. 150 
o. 16 1.153 1.155 1. 156 1. 157 1. 158 1.1 59 1.160 1. 161 
0.17 1. 163 1.165 1. 166 1.168 1. 169 1.170 1.171 1.172 
0.18 1. 173 1. 175 1. 177 ,. 178 1. 180 1. 181 1. 182 1. 183 
0.19 1. 183 1. 186 1. 188 1.189 1. 191 1. 192 1. 193 1. 194 
0.20 1. 194 1. 196 1.198 1. 200 1. 201 1.203 1. 204 1.205 

0.21 1. 204 1.207 1. 209 1. 211 1.212 1.214 1. 215 1.216 
0.22 1. 215 1. 217 1.220 1. 222 1.223 1.225 1.226 1. 227 
0.23 1.225 1.228 1.231 1. 233 1.234 1.236 1.237 1. 239 
0.24 1.236 1.239 1.242 1. 244 1.246 1. 247 1.249 1. 250 
0.25 1.247 1.250 1. 253 1. 255 1.257 1.259 1.260 1. 262 
0.26 1. 258 1. 261 1.264 1. 266 1.268 1.270 1. 272 1.273 
0.27 1.269 1. 272 1.275 1. 278 1.28o 1. 282 1.283 1. 285 
0.28 1.280 1. 283 1.286 1.289 1.291 1.293 1. 295 1.297 
0.29 1. 291 1. 294 1.298 1. 301 1.303 1. 305 1. 307 1. 309 
0.30 1. 302 1. 306 1. 309 1. 312 1. 315 1.317 1.319 1. 321 

o. 31 1.313 1. 317 1. 321 1. 324 1. 327 1. 329 1. 331 1. 333 
0.32 1. 324 1. 329 1. 332 1. 336 1.338 1.341 1. 343 1. 345 
0.33 1. 336 1.340 1.344 1. 348 1.350 1. 353 1. 355 1. 357 
0.34 1. 347 1.352 1.356 1.360 1.363 1.365 1.368 1. 370 
0.35 1.359 1. 364 1.368 1. 372 1. 375 1. 378 1. 380 1.382 
0.36 1-370 1.376 1.38o 1.384 1.387 1.390 1.392 1. 395 
0.37 1. 382 1. 387 1.392 1. 396 1.399 1. 402 1.405 1. 407 
0.38 1. 394 1. 399 1.404 1.4o8 1.412 1. 415 1.41 8 1. 420 
0.39 1.4o6 1.412 1. 417 1. 421 1. 425 1.428 1. 431 1. 433 
o.4o 1.418 1. 424 1.429 1. 433 1. 437 1.441 1. 444 1.446 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 

T -----------------------------------------------------------------------------------18 19 20 25 30 35 40 45 

0.01 1.009 1.010 1. 010 1.010 1.010 1.010 1.010 1.010 
0.02 1.019 1.019 1.019 1.019 1.020 1.020 1.020 1.020 
0.03 1.029 1.029 1.029 1.029 1.029 1.030 1.030 1.030 
o.o4 1.038 1.039 1.039 1.039 1. 039 1.040 1.040 1.040 
0.05 1.048 1.048 1.049 1.049 1.049 1.050 1.050 1.050 
o.o6 1.058 1.058 1.058 1.059 1.060 1.o60 1.060 1.060 
0.07 1.068 1.068 1.069 1.069 1.070 1.070 1. 071 1 .071 
0.08 1.078 1.078 1.079 1.08o 1.08o 1 .o81 1. 081 1. 081 
0.09 1.o88 1.089 1.089 1.090 1. 091 1. 091 1.092 1.092 
o. 10 1.099 1.099 1.099 1. 100 1. 101 1. 102 1. 102 1. 102 

o. 11 1. 109 1. 109 1. 110 1.111 1. 112 1. 112 1. 113 1. 11 3 
0.12 1. 119 1.120 1. 120 1. 122 1. 123 1. 123 1.124 1. 124 
0.13 1. 130 1. 130 1. 131 1. 132 1. 133 1. 134 1.135 1. 135 
0.14 1. 140 1. 141 1. 141 1. 143 1.144 1. 145 1.146 '· 146 
0.15 1.151 1. 152 1. 152 1. 154 1.155 1.156 1. 157 1. 157 
0.16 1. 162 1.162 1. 163 1. 165 1.166 1. 167 1. 168 1.169 
0.17 1. 173 1. 173 1. 174 1. 176 1.178 1.179 1.179 1. 180 
0.18 1. 184 1. 184 1. 185 1. 187 1. 189 1. 190 1. 191 1. 192 
0.19 1. 195 1. 195 1.196 1. 199 1. 200 1.202 1. 203 1. 203 
0.20 1.206 1.206 1.207 1. 210 1.212 1.213 1. 214 1. 215 

0.21 1. 217 1. 218 1. 219 1. 221 1. 223 1. 225 1. 226 1. 227 
0.22 1. 228 1.229 1. 230 1.233 1. 235 1. 237 1. 238 1. 239 
0.23 1.240 1.241 1.241 1. 245 1. 247 1. 249 1.250 1. 251 
0.24 1. 251 1. 252 1.253 1.257 1.259 1. 261 1. 262 1. 263 
0.25 1.263 1. 264 1.265 1. 268 1. 271 1.273 1. 274 1. 275 
0.26 1. 274 1. 276 1. 277 1. 281 1.283 1.285 1.287 1. 288 
0.27 1.286 1. 287 1.288 1. 293 1.295 1. 297 1. 299 1.300 
0.28 1.298 1. 299 1.300 1.305 1. 308 1.310 ,. 312 1.313 
0.29 1. 310 1.311 1.313 1. 317 1. 320 1. 323 1. 324 1. 326 
0.30 1.322 1. 324 1.325 1.330 1. 333 1. 335 1. 337 1. 338 

o. 31 1. 334 1. 336 1.337 1. 342 1.346 1. 346 , • 350 1. 351 
0.32 1 .347 1. 348 1.350 1.355 1.358 1. 361 1.363 1. 364 
0-33 1. 359 1. 361 1 .362 1.368 1.371 1. 374 1. 376 1. 378 
0.34 1. 371 1. 373 1. 375 1.380 1. 384 1. 387 1. 389 1. 391 
0.35 1.384 1. 386 1.387 1.393 1. 398 1. 401 1. 403 1.405 
0.36 1.397 1. 399 1.400 1. 407 1 .411 1.414 1.416 1. 418 
0.37 1. 410 1. 411 1. 413 1.420 1. 424 1. 427 1. 430 1. 432 
0.38 1.422 1.424 1.426 1.433 1.438 1. 441 1. 444 1. 446 
0.39 1.435 1.438 1.439 1. 447 1. 451 1. 455 1. 458 1. 460 
o.4o 1.449 1. 451 1 .453 1.460 1. 465 1. 469 1. 472 1. 474 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE S IZE 

T -----------------------------------------------------------------------------------
50 75 100 125 150 175 ,£00 

0.01 1.010 1.010 1.010 1.010 1.010 1. 010 1.010 

0.02 1.020 1 .020 1.020 1.020 1.020 1.020 1. 020 

0.03 1.030 1. 0 30 1.030 1. 030 1.030 1.030 1.030 
o.o4 1.040 1. 040 1.040 1.040 1. 041 1 .041 1.0111 

0.05 1.050 1. 051 1. 05 1 1. 051 1. 051 1. 05 1 1.051 
0.06 1.060 1 .061 1.061 1. 061 1.061 1.061 1.061 

0.07 1. 071 1. 071 1.072 1. 072 1.072 1.072 1.072 
0.08 1.08 1 1.082 1.082 1.083 1.083 1.083 1.08 3 

0.09 1.092 1.093 1.093 1.093 1.093 1.094 1.09 1 

o. 10 1.103 1. 104 1.104 1. 104 1. 1o4 1.104 1.105 

o. 11 1. 11 4 1. 11 4 1. 115 1.115 1. 115 1. 115 1. 116 
0.12 1. 124 1.125 l. 126 1. 126 1. 126 1. 127 1.127 

0.13 1.1 36 1.137 1. 137 1. 137 1. 1-38 1. 138 1.138 
0.14 1.147 1. 148 1.148 1. 149 1. 149 1.1 49 1.149 

0.15 1. 158 1.159 1.160 1. 160 1. 161 1. 161 1. 161 

o. 16 1. 169 1. 171 1. 171 1. 172 1.172 1.172 1.172 

0.17 1. 181 1. 18 2 l. 18 3 1. 183 1. 184 1. 18 4 1. 184 

o. 18 1. 192 1.194 1. 195 1. 195 1. 196 1. 196 1. 196 

0.19 1. 204 1. 206 1. 207 1.207 1 .207 1. 208 1. 208 

0.20 1. 216 1. 218 1. 21 8 1.219 1. 219 1.220 1. 220 

0.21 1. 227 1.230 1.231 1. 231 1. 232 1. 232 1. 2 32 
0.22 1 .239 1.242 1. 243 1.243 1. 244 1. 244 1.244 

0.23 1. 252 1. 254 1. 255 1. 256 1. 256 1. 257 1.257 
0.24 1. 264 l .266 1.2~7 1.268 1. 269 1. 269 1. 269 
0.25 J. 276 1 .279 1.28o , • 28 1 1. 281 1.282 1. 28 2 

0.26 1.289 1. 29 1 1. 293 1. 294 1. 294 1. 295 1. 295 
0.27 1. 301 1. 304 1. 306 1.306 1.307 1. 307 1. 308 
0.28 1.314 1.317 1. 318 1. 319 1.320 1. 320 l. 321 

0.29 1. 327 1. 330 1.331 1. 332 1. 333 1. 334 1. 334 
0.30 1.340 1. 343 1.345 1. 346 1. 346 1.347 1• 347 

0.31 l. 353 l. 356 1. 358 1.359 1. 360 1. 360 1. 361 

0.32 1.366 1. 369 1.371 1. 372 1.373 1.374 1. 374 

0.33 1. 379 l. 383 1. 385 1. 386 1.387 1.387 1 . 388 
0.34 1.392 1. 397 1.399 1. 400 l. 401 1. 401 1. 402 

0.35 1.406 1.410 1.412 1. 414 1.415 1.415 1.416 

0.36 1.420 1.424 1. 426 1.428 1. 429 1.429 1. 430 

0-37 1.433 1. 438 1.440 1. 442 1.443 1. 444 1.444 

0.38 1.447 1 .452 1.455 1.456 1.457 1. 458 1. 458 

0.39 1.461 1.466 1.469 1. 471 1. 472 1. 472 1.473 
o.4o 1.476 l. 481 1.48 4 1.485 1.486 1. 487 1.488 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

300 400 500 750 1000 5000 

0.01 1.010 1.010 1.010 1.010 1.010 1.010 1.010 
0.02 1.020 1.020 1.020 1.020 1.020 1.020 1.020 
0.03 1.030 1.030 1.030 1.030 1.030 1.030 1.030 
o.o4 1.041 1.041 1. 041 1.o41 1.o41 1.o41 1.o41 
0.05 1. 051 1 .051 1. 051 1. 051 1.051 1. 051 1. 051 
0.06 1.o62 1.062 1.o62 1 .062 1 .062 1 .062 1 .062 
0.07 1 .072 1.072 1.072 1.072 1.072 1.072 1.073 
o.o8 1.o83 1 .083 1 .083 1.083 1.083 1 .083 1.083 
0.09 1 .094 1 .094 1.094 1.094 1.094 1.094 1 .094 
0,10 1. 105 1. 105 1, 105 1.105 1. 105 1. 105 1. 105 

o. 11 1. 116 1. 116 1. 116 1. 116 1. 116 1. 116 1. 116 
0,12 1. 127 1. 127 1. 127 1.127 1. 127 1.127 1. 127 
0.13 1. 138 1. 138 1. 138 1.139 1. 139 1. 139 1.139 
0.1 4 1. 150 1.1 50 1.150 1.1 50 1. 150 1. 150 1. 150 
0.15 1. 161 1 . 161 1. 161 1. 162 1. 162 1. 162 1. 162 
o. 16 1. 173 1. 173 1.173 1.173 1. 173 1. 173 1. 174 
0.17 1. 185 1. 185 1. 185 1. 185 1. 185 1. 185 1. 185 
0.1 8 1. 196 1. 197 1. 197 1. 197 1. 197 1. 197 1. 197 
0.1 9 1. 208 1 . 209 1.209 1. 209 1. 209 1.209 1. 209 
0.20 , • 220 1. 221 1. 221 1. 221 1. 221 1. 221 1. 221 

0.21 1.233 1. 233 1. 233 1.233 1.233 1. 234 1. 234 
0.22 1.245 1. 245 1. 245 1,246 1. 246 1. 246 1. 246 
0.23 1. 257 1.258 1. 258 1,258 1.258 1. 259 1. 259 
0.24 1.270 1.270 1. 270 1. 271 1. 271 1. 271 1. 271 
0.25 1. 283 1. 283 1.283 1. 283 1.284 1.284 1. 284 
0.26 1.296 1. 296 1. 296 1.296 1.296 1.297 1. 297 
0.27 1.308 1.309 1. 309 1. 309 1. 310 1. 310 1. 310 
0.28 1. 322 1. 322 1. 322 1.322 1. 323 1.323 1. 323 
0.29 1. 335 1. 335 1. 335 1.336 1.336 1 .336 1. 336 
0.30 1. 348 1, 349 1,349 1. 349 1. 349 1.350 1.350 

0.31 1. 362 1 • 3,:;2 1. 362 1. 363 1,363 1. 363 1. 363 
0.32 1, 375 1 . 376 1,376 1,376 1,377 1. 377 1. 377 
0.33 1. 389 1.389 1.390 1.390 1. 390 1. 391 1. 391 
0.34 1.403 1.403 1.404 1.404 1. 4o4 1.405 1.405 
0.35 1.417 1. 417 1.418 1.418 1.418 1. 419 1. 419 
0.36 1. 431 1.432 1,432 1. 432 1. 433 1. 433 1. 433 
0.37 1.445 1,446 1. 446 1.447 1. 447 1.448 1. 448 
0.38 1.460 1.460 1. 461 1. 461 1 .462 1.462 1.462 
0.39 1.474 1.475 1. 475 1. 476 1.476 1.477 1.477 
o.4o 1.489 1 .490 1 .490 1. 491 1. 491 1. 492 1 .492 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE()'-,IETRIC MEA N--CONTINUED 

SAMPLE SIZE 
T ------------------------------------~----------------------------------------------

2 3 4 5 6 7 8 9 

o.41 1. 212 1.293 1. 337 1. 366 1.386 1. 401 1.41 3 1. 422 
o.42 1.217 1.300 1. 346 1,376 1. 397 1. 412 1. 42 4 1. 434 
o. 43 1.223 1,308 1. 355 1.386 1. 407 1. 423 1. 436 1.446 
o. 44 1. 228 1. 316 1.364 1.396 1. 418 1. 435 1. 448 1.458 
o.45 1.234 1. 323 1.373 1. 406 1.429 1. 446 1. 459 1. 470 
o. 46 1. 239 1.331 1. 383 1.416 1. 440 1. 457 1. 471 1.482 
o. 47 1. 244 1.339 1.392 1. 426 1. 451 1.469 1. 483 1. 494 
o. 48 1.250 1. 347 1. 401 1. 436 1.462 1. 480 1.495 1. 507 
o. 49 1.255 1. 354 1. 410 1. 447 1. 473 1.492 1. 507 1. 519 
0.50 1. 261 1.362 1.420 1. 457 1. 484 1. 504 1.51 9 1. 532 

0.51 1.266 1. 370 1. 429 1. 467 1. 495 1.515 1. 531 1. 544 
0.52 1. 271 1. 378 1. 438 1. 478 1.506 1.527 1.544 1.557 
0.53 1. 277 1. 386 1.448 1.488 1.517 1.539 1. 556 1.570 
0. 54 1.282 1. 394 1. 457 1. 499 1.529 1. 551 1. 569 1.583 
0.55 1.288 1.402 1. 467 1. 509 1.540 1. 563 1. 581 1.596 
0.56 1. 293 1.410 1.476 1. 520 1.552 1. 575 1 . 594 1.609 
0. 57 1.299 1. 418 1. 486 1. 531 1. 563 1 . 587 1.606 1.622 
0. 58 1. 304 1.426 1. 495 1. 542 1. 575 1 . 600 1 . 619 1.635 
0. 59 1.310 1. 434 1.505 1. 552 1. 586 1. 612 1.632 1. 648 
0. 60 ,. 315 1. 442 1.515 1. 563 1. 598 1, 624 1.645 1.662 

0.61 1.321 1. 450 1. 525 1 .574 1. 610 1.637 1.658 1.675 
0.62 1. 326 1. 458 1. 534 1.585 1. 622 1. 6119 1. 671 1.689 
0.63 1. 332 1. 466 1. 544 1.596 1. 634 1. 662 1.684 1. 702 
o.64 1. 337 1. 474 1. 554 1 .607 1. 646 1.675 1 . 698 ,. 716 
0.65 1. 343 1. 483 1. 564 1 .61 8 1 . 658 1. 687 1. 711 1. 730 
o.66 1.349 1. 491 1.574 1. 630 1.670 1. 700 1. 724 1.744 
0. 67 1.354 1. 499 1. 584 1 .641 1.682 1. 71 3 1.738 1,758 
o.68 1. 360 1. 507 1.594 1 .652 1. 694 1. 726 1. 752 1. 772 
0.69 1. 365 1.516 1.604 1.663 1. 707 1. 739 1. 765 1.786 
0.70 1.371 1. 524 1.614 1 .675 ,. 719 1. 752 1. 779 1.8o1 

0.71 1.377 1.532 1.624 1 .686 1.731 1. 766 1. 793 1. 815 
0.72 1. 382 1. 541 1.635 1.698 1. 744 l. 779 1.8o7 1.829 
0.73 1.388 1.549 1.645 1. 709 1. 756 1. 792 1.821 1. 844 
0.74 1.393 1. 558 1.655 1. 721 1. 769 1.8o6 1. 835 1.859 
0.75 1.399 1. 566 1.665 1. 733 1. 782 1. 819 1. 849 1. 873 
0.76 1.405 1.575 1.676 1. 744 1. 795 1 . 833 1. 864 1.888 
0.77 1 .410 1. 583 1.686 1. 756 1.8o8 1.847 1. 878 1. 903 
0.78 1.416 1. 592 1.697 1. 768 1 .820 1 .861 1.892 1. 91 8 
0.79 1 .422 1 .600 1. 707 1. 7&) 1. 833 1.874 1.907 1. 934 
o.8o 1. 427 1 .609 1. 718 1. 792 1.847 1.888 1.922 1. 949 
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TABLE B-1, - MULTIPLYING FACTOR FOR THE GEOliETRIC ME AN--C0NTI NUED 

SAMPLE SIZE 
T ----------------------------------------------------------------------------------

10 11 12 13 14 15 16 17 

o. 41 1. 430 1. 436 1. 441 1. 446 1.450 1. 454 1. 457 1. 459 
o. 42 1, 442 1, 448 1. 454 1 . 459 1. 463 1.467 1. 470 1. 473 
o.43 1. 454 1. 46 1 1. 467 1. 472 1,476 1.480 1.483 1.1186 
o.44 1. 466 1. 473 1. 479 1. 485 1.489 1.493 1. 496 1. 499 
o.45 1. 479 1. 486 1. 492 1. 498 1.502 1. 506 1. 510 1. 513 
o.46 1.491 1.499 1. 505 1. 511 1. 515 1. 520 1. 523 1. 527 
o.47 1. 504 1.512 1. 518 1. 524 1. 529 1. 533 1. 537 1. 540 
o. 48 1. 516 1.525 1. 531 1. 537 1. 542 1. 547 1. 551 1. 554 
o . 49 1.529 1. 538 1. 545 1. 551 1. 556 1. 561 1. 565 1. 568 
0. 50 1. 542 1.551 1. 558 1. 564 1.570 1. 574 1. 579 1. 582 

0.51 1.555 1. 564 1. 571 1.578 1. 583 1.588 1. 593 1. 597 
0.52 1.568 1.577 1.585 1. 592 1. 597 1. 603 1.607 1.611 
0.53 1. 581 1. 591 1. 599 1. 605 1.611 1.617 1. 621 1. 626 
0.54 1. 594 1.604 1. 612 1.619 1. 626 1. 631 1.636 1. 611 0 
0. 55 1. 608 1.61 8 1.626 1. 633 1. 640 1. 645 1. 650 1. 655 
0.56 1. 62 1 1. 631 1.640 1. 648 1.654 1. 660 1. 665 1. 670 
0.57 1. 634 1. 645 1. 654 1. 662 1.669 1. 675 1. 680 1. 685 
0.58 1. 648 1. 659 1. 668 1.676 1.683 1. 689 1. 695 1. 700 
0.59 1. 662 1. 673 1.682 1. 691 1.698 1. 704 1. 710 1. 715 
0.60 1.675 1.687 1.697 1. 705 1. 713 1. 719 1. 725 1. 730 

0.61 1. 689 1. 701 1. 711 1. 720 1. 728 1. 734 1. 740 1. 746 
0.62 1. 703 1. 715 1. 726 1. 735 1. 743 1. 750 1. 756 1. 761 
0.63 1. 717 1.730 1. 741 1. 750 1. 758 1. 765 1. 771 1. 777 
o.64 1. 731 1. 744 1. 755 1. 765 1. 773 1. 78o 1. 787 1. 793 
0.65 1,746 1. 759 1.770 1, 78o 1 . 788 1. 796 1. 8o3 1.8o9 
o.66 1. 760 1. 774 1. 785 1,795 1. 804 1. 812 1. 818 1. 825 
0.67 1. 774 1. 788 1. 8oo 1. 811 1.820 1. 827 1.834 1. 84 1 
o.68 1,789 1.8o3 1.815 1. 826 1. 835 1. 843 1. 851 1.857 
0.69 1.8o4 1. 818 1.831 1. 842 1. 851 1 . 859 1. 867 1. 873 
0.70 1.818 1.833 1. 846 1.857 1.867 1.876 1. 883 1. 890 

0.71 1.833 1 . 849 1.862 1. 873 1.883 1. 892 1. 900 1.907 
0.72 1.848 1.864 1.877 1.889 1.899 1. 908 1. 916 1. 924 
0.73 1.863 1.879 1.893 1. 905 1.916 1. 925 1.933 1. 941 
0.74 1.878 1.895 1.909 1. 92 1 1. 932 1. 942 1.950 1.958 
0.75 1.894 1. 911 1. 925 1.938 1. 949 1.958 1. 967 1. 975 
0.76 1. 909 1. 926 1. 941 1. 954 1. 965 1. 975 1. 984 1. 992 
0.77 1. 924 1. 942 1. 957 1. 971 1. 982 1. 993 2.002 2,010 
o. 78 1.940 1.958 1.974 1. 987 1. 999 2,010 2.019 2.027 
0.79 1. 956 1. 974 1. 990 2.004 2.016 2.027 2.037 2.045 
o.8o 1. 971 1. 991 2.007 2,021 2.034 2.045 2.054 2.063 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GECMETRIC MEA N--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------18 19 20 25 30 35 4o 45 

o. 41 1.462 1. 464 1. 466 1. 474 1.479 1.483 1. 486 1. 488 
o.42 1.475 1.477 1.480 1. 488 1.493 1. 497 1.500 1.502 
o.43 1. 489 1. 491 1.493 1.502 1.507 1.511 1.514 1.517 
o.44 1.502 1.505 1. 507 1.516 1.521 1. 526 1.529 1.532 
o.45 1.516 1. 518 1. 521 1.530 1.536 1. 540 1.544 1.546 
o.46 1.530 1.532 1 • 535 1. 544 1.550 1.555 1.558 1.561 
o.47 1. 544 1. 546 1. 549 1. 558 1.565 1. 570 1.573 1. 576 
o.48 1.558 1.560 1.563 1. 573 1.58o 1 .585 1.589 1. 591 
o.49 1. 572 1. 575 1.577 1.588 1.595 1.600 1.604 1.607 
0.50 1.586 1.589 1. 592 1.602 1 .610 1 .615 1.619 1.622 

0.51 1.600 1.603 1 .6o6 1. 617 1.625 1.630 1. 635 1.638 
0.52 1.615 1.618 1 .621 1 .632 1.640 1.646 1.650 1 .654 
0.53 1 .629 1.633 1.636 1. 648 1.656 1.662 1.666 1.670 
0.54 1 .644 1 .647 1. 651 1 .663 1. 671 1.677 1.682 1 .686 
0.55 1.659 1 .662 1 .666 1.678 1.687 1.693 1.698 1. 702 
0.56 1 .674 1 .677 1.681 1.694 1. 703 1. 709 1. 714 1. 718 
0.57 1.689 1 .693 1.696 1. 710 1. 719 1. 725 1. 731 1. 735 
0.58 1.704 1. 708 1. 712 1. 725 1. 735 1. 742 1. 747 1. 751 
0.59 1. 719 1. 723 1. 727 1.741 1. 751 1. 758 1. 764 1. 768 
0.60 1. 735 1. 739 1. 743 1. 757 1.768 1. 775 1. 781 1. 785 

0.61 1. 750 1. 755 1. 759 1. 774 1. 784 1. 792 1. 798 1.8o2 
0.62 1. 766 1.770 1. 774 1. 790 1.8o1 1.8o9 1. 815 1.819 
0.63 1. 782 1. 786 1. 791 1 .8o7 1.818 1 .826 1.832 1. 837 
o.64 1. 798 1 .8o2 1 .8o7 1 .823 1 .835 1.843 1.849 1.854 
0.65 1. 814 1.819 1 .823 1 .84o 1 .852 1.860 1. 867 1 .872 
o.66 1.830 1.835 1.840 1 .857 1.869 1.878 1.885 1.890 
0.67 1.846 1. 851 1 .856 1 .874 1.887 1 . 896 1 .903 ,. 9()8 
o.68 1.863 1.868 1.873 1 .891 1. 904 1. 914 1. 921 1. 926 
0.69 1.879 1.885 1.890 1 .909 1.922 1. 932 1. 939 1. 945 
0.70 1 .896 1.902 1.907 1. 926 1. 940 1. 950 1. 957 1.963 

0.71 1. 913 1. 919 1.924 1. 944 1.958 1.968 1. 976 1. 982 
0.72 1. 930 1. 936 1. 941 1 .962 1. 976 1.987 1. 995 2.001 
0.73 1. 947 1. 953 1. 959 1.9& 1. 995 2.005 2.014 2.020 
0.74 1. 964 1. 971 1. 976 1.998 2.013 2.024 2.033 2.039 
0.75 1.982 1.988 1. 994 2.016 2.032 2.043 2.052 2.059 
0.76 1.999 2.006 2.012 2.035 2.051 2.o62 2.071 2.078 
0.77 2.017 2.024 2.030 2.053 2.070 2.082 2.091 2.098 
0.78 2.035 2.042 2.048 2.072 2.089 2. 101 2. 111 2.118 
0.79 2.053 2.060 2.o66 2.091 2.108 2. 121 2.131 2.138 
o.8o 2.071 2.078 2.o85 2. 110 2.128 2. 141 2.151 2.159 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

50 75 100 125 150 175 200 

o. 41 1. 490 1. 495 1,498 1.500 1. 501 1. 502 1. 502 
o.42 1.504 1. 510 1.513 1.515 ,. 516 1. 517 1. 517 
o. 43 1. 519 1, 525 1.528 1. 530 1. 531 1. 532 1. 533 
o. 44 1. 534 1. 540 1.543 1. 545 1. 546 1. 547 1.548 
o. 45 1. 548 1. 555 1. 558 1. 560 1.562 1. 563 1. 563 
o . 46 1. 563 1. 570 1.574 1.576 1. 577 1.578 1. 579 
o.47 1. 579 1. 586 1.589 1. 591 1. 593 1. 594 1. 594 
o. 48 1. 594 1. 601 1.605 1.607 1.608 , • 610 1. 610 
o . 49 1. 609 1.617 1. 621 1. 623 1.624 1. 626 1 . 626 
0.50 1.625 1. 633 1.637 1.639 1. 641 1.642 1. 643 

0.51 1.641 1.649 1.653 1. 655 1. 657 1.658 1. 659 
0.52 1.656 1.665 1 . 669 1.672 1. 673 1. 674 1.675 
0. 53 1.672 1 . 681 1.685 1.688 1. 690 1.691 1.692 
0. 54 1.688 1. 697 1. 702 1. 705 1. 707 1. 708 1. 709 
0.55 1. 705 1.71 4 1. 71 9 1. 722 1. 723 1. 725 1. 726 
0. 56 1, 721 1.731 1. 736 1. 739 1. 741 1. 742 1. 743 
0.57 1.738 1. 748 1,753 1. 756 1. 758 1. 759 1. 760 
0, 58 1. 755 1. 765 1.770 1. 773 1. 775 1. 777 1.778 
0.59 1. 771 1. 782 1. 787 1. 791 1. 793 1. 794 1,796 
0.60 1. 789 1 • 799 1.805 1 .808 1. 811 1. 812 1. 81 3 

0.61 1.8o6 1, 817 1.823 1 . 826 1.829 1. 830 1. 831 
0.62 1 .823 1. 835 1. 841 1. 844 1. 847 1 . 848 1. 850 
0.63 1. 841 1.853 1.859 1.862 1.865 1 . 867 1. 868 
o.64 1.858 1 .871 1. 877 1 .881 1 . 883 1. 885 1. 887 
0.65 1 . 876 1. 889 1. 895 1. 899 1.902 1. 904 1,905 
o.66 1.894 1.907 1. 914 1.918 1. 92 1 1. 923 1,924 
0,67 1. 912 1. 926 1. 933 1. 937 1. 940 1. 942 1. 9l13 
o.68 1. 931 1. 945 1.952 1.956 1. 959 1.961 1. 963 
0.69 1.949 1. 964 1. 97 1 1. 975 1.978 1 .981 1.982 
0.70 1. 968 1. 983 1.990 1. 995 1.998 2.000 2.002 

0.71 1. 987 2.002 2.010 2.015 2.018 2. 020 2.022 
0.72 2.006 2.022 2.030 2.034 2.038 2.040 2.042 
0.73 2.025 2.041 2.050 2.055 2.058 2.o60 2.062 
0.74 2.045 2.061 2.070 2.075 2.078 2.081 2.083 
0.75 2.064 2.081 2.090 2.095 2.099 2. 101 2.103 
0,76 2.084 2. 101 2. 110 2.116 2.120 2,122 2.124 
0.77 2.104 2,122 2. 131 2.137 2.140 2.143 2.1 45 
0.78 2.124 2.1 43 2.152 2.158 2. 162 2.164 2.1 67 
0.79 2.144 2.163 2. 17 3 2.179 2.183 2. 186 2. 188 
o.8o 2.165 2.184 2.194 2.200 2.205 2.207 2.210 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE0'-1ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

300 400 500 750 1000 5000 

o.41 1.504 1,505 1. 505 1.506 1.506 , • 507 1. 507 
o.42 1. 519 1,520 1. 520 1.521 1 .521 1. 522 1. 522 
o.43 1.534 1. 535 1.535 1.536 1.536 1,537 1.537 
o.44 1,549 1,550 1. 551 1. 551 1. 552 1. 552 1.553 
o.45 1. 565 1. 566 1. 566 1. 567 1.567 1,568 1. 568 
o.46 1. 581 1. 581 1. 582 1 .583 1.583 1.584 1.584 
o.47 1,596 , •597 1.598 1. 599 1,599 1.600 1.600 
o.48 1,612 1.613 1. 614 1.615 1.615 1. 616 1.616 
o.49 1.628 1.629 1 .630 1.631 1. 631 1,632 1.632 
0.50 1.645 1.646 1.646 1.647 1.647 , • 648 1.649 

o. 51 1. 661 1,662 1,663 , .664 1,664 1.665 1.665 
0.52 1.678 1,679 1,679 1.68o 1 .681 1.682 , . 682 
0.53 1,694 1,695 1.696 1.697 1,698 1.699 1.699 
0.54 1.711 1,712 1. 713 1.714 1. 715 1. 71 6 1. 716 
0,55 1,728 , • 730 1,730 1. 731 , • 732 1. 733 1. 733 
0.56 1. 746 , • 747 1. 748 1.749 1. 749 1. 750 1. 751 
0.57 1. 763 1. 764 1. 765 , • 766 1,767 1. 768 1. 768 
0.58 1. 781 1. 782 1,783 , • 784 , • 784 , • 786 1.786 
0.59 1,798 1.8oo 1.8o1 1.8o2 1.802 , .8o4 1.804 
0.60 1. 816 1. 818 1,819 1.820 1.820 1.822 1.822 

0.61 1,834 1,836 1.837 1 . 838 1.839 1.840 1 . 84o 
0.62 1.853 1.854 1.855 1, 856 1.857 1.859 1.859 
0.63 1,871 1,873 1. 874 1.875 1,876 1.877 1, 878 
o.64 1,890 1.892 1.893 1 .894 1.894 1.896 1.896 
0.65 1.909 , • 910 1 • 911 , • 913 , • 913 1. 915 1. 916 
o.66 1. 928 , • 930 , • 931 1.932 , • 933 1. 934 1. 935 
0.67 1. 947 1.949 1,950 1. 951 1. 952 1,954 , • 954 
o.68 1.966 1,968 1,969 , • 971 1. 972 1.973 1.974 
0,69 1,986 1.988 1,989 1. 991 1. 991 1.993 1,994 
0.70 2.006 2,0o8 2,009 2. 011 2,011 2.01 3 2.014 

0.71 2.026 2.028 2.029 2.031 2.032 2.033 2.034 
0.72 2,046 2.048 2.049 2.051 2.052 2.054 2.054 
0.73 2.066 2.o69 2.070 2.072 2.072 2.075 2.075 
0.74 2.087 2.089 2.091 2.092 2.093 2.095 2.096 
0.75 2.108 2.110 2, 111 2. 113 2. 114 2. 116 2.117 
0.76 2.129 2. 131 2.133 2.134 2.135 2.138 2.138 
o. 77 2.150 2.152 2.154 2.156 2.157 2.159 2.160 
0.78 2,171 2. 174 2.175 2. 177 2. 178 2. 181 2. 181 
0,79 2.193 2.196 2.197 2.199 2.200 2.203 2.203 
o.8o 2,215 2.218 2.219 2.221 2.222 2.225 2.225 
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TABLE B-1, - MULTIPLYING FACTOR FOR THE GE~~ETRIC MEAN --CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

2 3 4 5 6 7 8 9 

0.81 1. 433 1.617 1. 728 1 . 804 1 .860 1 . 902 1.936 1. 964 
0.82 1. 439 1 .626 1. 739 1. 816 1.873 1. 917 1. 951 1.98o 
0.83 1. 445 1 .635 1. 750 1 .828 1.886 1.931 1. 966 1. 995 
o.84 1. 450 1. 643 1. 760 1 . 841 1.900 1. 945 1. 981 2.011 
0.85 1.456 1.652 1,771 1 . 853 1.913 1. 959 1 . 996 2.027 
o.86 1.462 ,. 661 1. 782 1 .865 1. 927 1 .974 2.012 2.043 
0. 87 1.467 1.670 1. 793 1. 878 1. 940 1 . 988 2.027 2.059 
o.88 1, 473 1.679 1. 804 1 . 890 1. 954 2.003 2.042 2.075 
0.89 1. 479 1.687 1. 815 1.903 1.968 2.018 2.058 2.091 
0.90 1.485 1.696 1. 826 1. 915 1. 981 2.033 2.074 2.107 

0.91 1. 491 1. 705 1. 837 1.928 1. 995 2.047 2.089 2.124 
0.92 1. 496 1.71 4 1.848 1.940 2.009 2.062 2.105 2.140 
0.93 1. 502 1.723 1 . 859 1. 953 2.023 2.077 2.121 2.1 57 
0. 94 1. 508 1.732 1. 870 1. 966 2.037 2.093 2. 137 2.173 
0. 95 1.514 1. 741 1. 881 1. 979 2.051 2. 108 2.153 2.1 90 
0. 96 1. 520 1,750 1. 893 1.992 2.066 2.123 2. 169 2.207 
0.97 1. 525 1. 759 1. 904 2.005 2.080 2.139 2. 186 2.224 
0.98 1. 531 1. 768 1. 915 2. 018 2.094 2.154 2,202 2.241 
0.99 1.537 1. 777 1. 927 2.031 2.109 2.170 2.218 2.259 
1.00 1. 543 1.786 1. 938 2.044 2.123 2. 185 2.235 2.276 

1.01 1.549 1. 796 1. 949 2. 057 2.1 38 2.201 2.252 2.294 
1.02 1. 555 1.805 1. 961 2.071 2.153 2.217 2.269 2. 3 11 

1.03 1. 561 1. 814 1.973 2.084 2.168 2.233 2.285 2. 329 
1.04 1. 567 1. 823 1. 984 2.098 2.1 82 2.249 2. 303 2.347 
1.05 1. 573 1 . 832 1. 996 2.111 2. 197 2.265 2.320 2.365 
1.06 1.579 1 .842 2.oo8 2.125 2,21 2 2.281 2.337 2.383 
1.07 1. 584 1.851 2. 019 2.138 2.228 2.298 2.354 2.401 
1.08 1. 590 1.860 2.031 2.152 2.243 2.314 2. 372 2.419 
1.09 1.596 1 . 870 2.043 2. 166 2.258 2.331 2. 389 2.438 
1. 10 1 .602 1. 879 2.055 2. 18o 2.273 2.347 2.407 2.456 

1 • 1 1 1.608 1.889 2. 067 2.193 2.289 2. 364 2.425 2.475 
1. 12 1. 614 1.898 2. 079 2.207 2.304 2.381 2.442 2. 494 
,. 13 1 .620 1 .908 2. 091 2.221 2.320 2. 397 2.460 2.512 
1. 14 1.626 1.917 2. 103 2.235 2. 336 2.414 2.478 2.531 
1.15 1.632 1. 927 2. 115 2.250 2.351 2.432 2.497 2.551 
,. 16 1.638 1.936 2.127 2.264 2.367 2.449 2.515 2.570 
1.17 1.644 1. 946 2. 140 2.278 2. 383 2.466 2.533 2.589 
1. 18 1.650 1.956 2. 152 2.292 2. 399 2.483 2.552 2.609 
1. 19 1.656 1. 965 2. 164 2.307 2.415 2.501 2.570 2.628 
1.20 1 .662 1 .975 2. 177 2. 321 2.431 2. 518 2.589 2. 648 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE0'-1ETRIC MEAN --CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

10 11 12 13 14 15 16 17 

0.81 1.987 2.007 2.024 2.038 2.051 2.062 2.072 2.081 
0.82 2.003 2.023 2.040 2.055 2.068 2.08o 2.090 2.099 
0.83 2.019 2.040 2.057 2.073 2.086 2.098 2. 1o8 2.118 
o.84 2.036 2.057 2.074 2.090 2.104 2. 116 2.127 2.136 
0.85 2.052 2.073 2.092 2. 1o8 2.122 2.134 2.145 2.155 
o.86 2.068 2.090 2.109 2.125 2.140 2.152 2.164 2. 174 
0.87 2.085 2. 107 2.126 2.143 2.158 2.171 2. 182 2.193 
o.88 2.102 2.124 2.144 2. 161 2.176 2.189 2.201 2.212 
0.89 2.118 2.142 2.162 2.179 2.195 2.208 2.220 2.231 
0.90 2.135 2.159 2. 18o 2. 197 2.213 2.227 2.239 2.250 

0.91 2.152 2.177 2.198 2.216 2.232 2.246 2.259 2.270 
0.92 2,169 2.194 2.216 2. 234 2.251 2.265 2.278 2.290 
0.93 2.187 2.212 2.234 2.253 2.270 2.284 2.298 2.310 
0.94 2.204 2.230 2.252 2.272 2.289 2.304 2.317 2.330 
0.95 2.221 2.248 2.271 2.291 2.308 2.323 2.337 2.350 
0.96 2.239 2.266 2.289 2.310 2.327 2. 3113 2.357 2.370 
0.97 2.257 2.284 2.308 2.329 2.347 2.363 2. 378 2. 391 
0.98 2.274 2. 303 2.327 2.348 2.367 2.383 2. 398 2.411 
0.99 2.292 2. 321 2.346 2.367 2.386 2.403 2,1118 2.432 
1 .oo 2. 310 2.340 2.365 2. 387 2.4o6 2.424 2. 439 2.453 

1. 01 2.329 2.358 2.384 2.407 2.427 2.444 2.460 2.474 
1.02 2.347 2.377 2.404 2. 427 2.447 2.465 2. 481 2.495 
1.03 2.365 2.396 2.423 2.447 2.467 2. 486 2. 502 2.517 
1 .o4 2.384 2.416 2.443 2.467 2,488 2.507 2.523 2.538 
1.05 2.403 2.435 2.463 2.487 2.509 2,528 2.545 2.560 
1.06 2.421 2.454 2.483 2.508 2.530 2.549 2.566 2.582 
1.07 2.440 2.474 2.503 2.528 2.551 2.570 2.588 2.604 
1.08 2.459 2.493 2.523 2.549 2.572 2.592 2.610 2.627 
1.09 2.478 2.513 2.543 2.570 2.593 2.614 2.6 32 2.649 
1. 10 2.498 2,533 2.564 2.591 2.615 2.636 2.655 2.672 

1. 11 2.517 2.553 2.585 2.612 2.636 2. 658 2,677 2,695 
1. 12 2.537 2.574 2.606 2.633 2.658 2.680 2.700 2.71 8 
1. 13 2. 556 2.594 2.626 2.655 2.68o 2.703 2.723 2,741 
1. 14 2.576 2.614 2.648 2.677 2.702 2.725 2.746 2.764 
1. 15 2.596 2.635 2.669 2.698 2.725 2.748 2. 769 2.788 
1. 16 2.616 2.656 2.690 2.720 2.747 2. 771 2,792 2.811 
1.17 2.636 2.677 2.712 2.743 2. 770 2. 794 2. 816 2.835 
1. 18 2.657 2.698 2.734 2.765 2.793 2.817 2.839 2.859 
1. 19 2.677 2.719 2,755 2. 787 2.816 2.841 2. 863 2. 884 
1.20 2.698 2.740 2. 777 2.810 2.839 2.864 2. 887 2.908 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEO'vlETRIC MEAN--CONTI NUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

18 19 20 25 30 35 4o 45 

0.81 2.089 2.097 2. 103 2.1 30 2.148 2. 161 2.171 2.179 
0. 82 2.108 2. 115 2. 122 2.149 2.168 2. 181 2.1 92 2.200 
0.83 2.126 2.134 2. 141 2.169 2. 188 2.202 2.212 2.221 
o.84 2.145 2.153 2.160 2. 188 2.208 2.222 2.233 2.242 
0.85 2. 164 2.172 2,179 2.208 2.228 2.243 2.254 2.263 
o.86 2.183 2.1 91 2.1 99 2.228 2.249 2.264 2.275 2.285 
0.87 2.202 2,211 2. 218 2.249 2.270 2.285 2.297 2. 306 
o.88 2.221 2.230 2.238 2.269 2. 291 2.306 2. 319 2. 328 
0.89 2.241 2.250 2.258 2.290 2.312 2.328 2. 340 2. 350 
0.90 2.260 2.270 2.278 2.310 2.333 2. 350 2. 362 2. 372 

0.91 2.280 2.290 2. 298 2. 331 2.354 2.372 2. 385 2.395 
0.92 2. 300 2.310 2. 318 2. 352 2. 376 2. 394 2. 407 2.418 
0.93 2.320 2.330 2. 339 2. 374 2.398 2.416 2.4 30 2. 1,40 
0. 94 2.341 2.350 2. 360 2. 395 2. 420 2. 438 2. t152 2. 464 
0.95 2.361 2. 371 2. 380 2.417 2.442 2. 46 1 2. 475 2.487 
0.96 2.382 2.392 2. 401 2.439 2. 465 2.484 2. 499 2.510 
0. 97 2. 402 2. 413 2. 423 2.461 2.487 2.507 2. 522 2. 5311 
0.98 2.423 2.434 2. 44 4 2.483 2. 510 2.5 30 2. 546 2.558 
0.99 2. 444 2. 455 2. 466 2.505 2.533 2. 5511 2. 570 2. 582 
1.00 2.465 2.477 2. 487 2.528 2.556 2.578 2. 594 2.607 

1. 01 2.487 2.498 2.509 2. 55 1 2. 58o 2. 601 2. 618 2.631 
1.02 2.508 2.520 2.531 2.574 2.604 2. 626 2. 643 2.656 
1.03 2.530 2.542 2. 553 2. 597 2. 627 2.650 2. 667 2.681 
1.04 2.552 2.564 2.576 2.620 2.651 2. 675 2. 692 2.706 
1.05 2.574 2. 587 2. 598 2.644 2. 676 2. 699 2. 717 2. 732 
1 .06 2.596 2.609 2.621 2.668 2.700 2.724 2. 743 2.758 
1.07 2. 619 2.632 2.644 2.692 2.725 2. 749 2.768 2.783 
1.08 2.641 2.655 2.667 2.71 6 2.750 2.775 2. 794 2.810 
1.09 2.664 2.678 2.691 2.740 2. 775 2.801 2. 820 2. 836 
1. 10 2.687 2.701 2. 714 2.765 2.8oo 2.826 2. 847 2. 863 

1. 11 2.710 2.725 2.738 2.789 2.826 2. 853 2. 873 2.890 
1.12 2.734 2.748 2.762 2.814 2.851 2.879 2. 900 2. 917 
1. 1 3 2,757 2.772 2.786 2.840 2.877 2.905 2. 927 2. 94 4 
1. 14 2,781 2.796 2,810 2.865 2. 904 2. 932 2. 9511 2. 972 
1. 15 2.8o5 2.820 2.834 2.891 2.930 2. 959 2. 982 3. 000 
1. 16 2.829 2. 845 2.859 2.916 2.957 2.987 3. 010 3.028 
1. 17 2.853 2.869 2.884 2. 942 2.984 3.01 4 3.038 3.056 
1. 18 2.877 2.894 2.909 2.969 3.011 3.042 3.066 3.085 
1. 19 2.902 2.919 2.934 2. 995 3.038 3.070 3.094 3. 11 4 
1.20 2.927 2.944 2.960 3.022 3. 065 3.098 3.123 3. 143 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE(),1ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

50 75 100 125 150 175 200 

0.81 2. 186 2.2o6 2.216 2.222 2.226 2.229 2.232 
0.82 2.207 2.227 2.238 2.244 2.248 2.251 2.254 
0.83 2.228 2.249 2.259 2.266 2.271 2.274 2,276 
o.84 2.249 2.270 2.282 2.288 2.293 2.296 2.299 
0.85 2.270 2.293 2.304 2.311 2,316 2.31 9 2.321 
o.86 2.292 2.315 2.326 2.334 2.338 2. 342 2, 344 
0.87 2.314 2.337 2.349 2.357 2. 362 2.365 2,368 
o.88 2.336 2. 360 2.372 2.38o 2.385 2.389 2, 391 
0.89 2.358 2.383 2.395 2.403 2.408 2.412 2. 415 
0.90 2.381 2.406 2.419 2.427 2.4 32 2.436 2.439 

o. 91 2.403 2.429 2.443 2.451 2.456 2.460 2.463 
0.92 2.426 2.453 2.466 2.475 2.48o 2.484 2.487 
0.93 2.449 2.477 2. 491 2.499 2.505 2.509 2. 512 
0.94 2.473 2.500 2.515 2.524 2.530 2.534 2.537 
0.95 2.496 2.525 2.539 2.548 2. 555 2.559 2.562 
0.96 2.520 2.549 2.564 2.573 2.58o 2,584 2.588 
0. 97 2.544 2.574 2.589 2. 599 2.605 2.610 2. 613 
0.98 2.568 2.599 2.615 2.624 2. 631 2.636 2.639 
0,99 2.592 2.624 2.640 2.650 2.657 2.662 2. 665 
1 .oo 2.617 2.649 2.666 2.676 2.683 2.688 2. 692 

1. 01 2.642 2.675 2.692 2.702 2.709 2.714 2,71 8 
1.02 2.667 2. 701 2.718 2.729 2.736 2. 7l1 1 2,745 
1.03 2.692 2.727 2.745 2.756 2.763 2.768 2. 772 
1. 04 2.718 2.753 2.771 2.783 2.790 2.796 2. 800 
1.05 2.744 2.78o 2.798 2.810 2.81 8 2. 823 2. 827 
1 .06 2. 770 2.807 2. 826 2.837 2.8!15 2.851 2. 855 
1.07 2.796 2. 834 2. 853 2.865 2.87 3 2, 879 2. 884 
1 .08 2.822 2.861 2. 881 2. 893 2.902 2.908 2. 912 
1 .09 2.849 2.889 2.909 2.922 2.930 2.936 2. 941 
1. 10 2.876 2.916 2.938 2. 950 2.959 2. 965 2, 970 

1• 1 1 2.903 2.945 2.966 2. 979 2.988 2.995 3.000 
1. 12 2.931 2.973 2. 995 3.009 3.018 3.024 3. 029 
1. 13 2,958 3.002 3.024 3.038 3.047 3.0511 3.059 
1. 14 2.986 3.031 3.054 3.068 3.077 3,084 3,089 
1 • 15 3.014 3.060 3.083 3.098 3.108 3. 11 5 3.120 
1. 16 3.043 3.089 3. 11 3 3.128 3.1 38 3.1 45 3. 151 
1. 17 3.072 3.119 3.144 3. 159 3. 169 3, 176 3,1 82 
1. 18 3.101 3.149 3.174 3.190 3.200 3.208 3.21 3 
1. 19 3.130 3.179 3.205 3.221 3.232 3.239 3.245 
1.20 3.159 3.210 3.236 3.252 3.263 3.271 3,277 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------300 400 500 750 1000 5000 

0.81 2.237 2.240 2,241 2.243 2.245 2.247 2.248 
0.82 2.259 2.262 2.264 2.266 2.267 2.270 2.270 
0.83 2.282 2.285 2.286 2.289 2.290 2.293 2.293 
o.84 2.305 2.307 2.309 2.312 2.313 2.316 2. 316 
0.85 2.327 2.330 2.332 2.335 2.336 2.339 2.340 
o.86 2.351 2.354 2,356 2.358 2.359 2.362 2.363 
0.87 2.374 2.377 2.379 2.382 2.383 2.386 2.387 
o.88 2.398 2.401 2.403 2,4o6 2.407 2. 410 2. 411 
0.89 2.422 2.425 2.427 2.430 2. 431 2.434 2.435 
0.90 2.446 2.449 2,451 2.454 2.455 2.459 2.460 

o. 91 2.470 2.474 2,476 2.479 2.48o 2,483 2.484 
0.92 2.495 2.498 2.500 2.503 2.505 2.508 2.509 
0.93 2.520 2.523 2.525 2.528 2.530 2. 534 2.5 34 
0.94 2.5 45 2.548 2,551 2.554 2.555 2. 559 2.560 
0.95 2.570 2.574 2.576 2.579 2.581 2.585 2.586 
0.96 2.595 2.600 2.602 2.605 2.607 2.611 2.612 
0.97 2.621 2.625 2.628 2,631 2.633 2.637 2.6 38 
0.98 2.647 2,652 2.654 2.658 2.659 2.663 2.664 
0. 99 2.674 2.678 2.681 2.684 2.686 2.690 2. 691 
1.00 2.700 2.705 2. 707 2. 711 2.713 2. 717 2.71 8 

1. 01 2.727 2.732 2,735 2. 738 2,740 2.744 2.746 
1 .02 2.754 2.759 2.762 2.766 2.767 2.772 2. 77 3 
1.03 2,782 2.787 2,789 2.793 2.795 2.000 2.8o1 
1 .o4 2.8o9 2.814 2.817 2. 821 2. 823 2.828 2. 829 
·1.05 2.837 2.842 2.845 2.849 2.851 2.856 2. 858 
1.o6 2.866 2.871 2.874 2.878 2.88o 2.885 2.886 
1.07 2.894 2.899 2,903 2.907 2.909 2.91 4 2,915 
1.08 2,923 2.928 2.932 2, 936 2.938 2.943 2. 945 
1.09 2.952 2.957 2,961 2.965 2.967 2.973 2.974 
1. 10 2. 981 2.987 2.990 2.995 2.997 3.003 3,004 

1. 11 3.011 3.017 3.020 3.025 3.027 3,033 3.034 
1.12 3.041 3.047 3,050 3,055 3.058 3.063 3.065 
1. 13 3.071 3.077 3.081 3.086 3.088 3.094 3,096 
1.14 3.102 3.108 3. 112 3. 117 3. 119 3.125 3.127 
1.15 3.132 3.139 3.143 3,148 3,150 3- 157 3.158 
1.16 3.164 3.170 3. 174 3,179 3,1 82 3. 188 3,1 90 
1. 17 3.195 3.202 3.206 3.211 3.214 3.220 3.222 
1. 18 3.227 3.234 3.238 3,243 3.246 3.253 3,254 
1. 19 3.259 3.266 3.270 3.276 3.279 3.285 3,287 
1. 20 3,291 3.298 3.303 3.308 3. 311 3, 318 3. 320 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

2 3 4 5 6 7 8 9 

1. 21 1 . 669 1.985 2.189 2. 336 2.448 2.536 2.608 2.668 
1.22 1. 675 1.994 2.202 2. 351 2.464 2.554 2.627 2. 688 
1. 23 1.681 2.004 2.214 2. 365 2.480 2.572 2.646 2.708 
1 .24 1.687 2.01 4 2.227 2-38o 2.497 2. 590 2. 665 2.728 
1. 25 1.693 2.024 2. 239 2.395 2. 514 2.6o8 2. 685 2.749 
1. 26 1.699 2. 034 2.252 2.410 2.530 2. 626 2.704 2.769 
1. 27 1. 705 2. 044 2. 265 2.425 2. 547 2.644 2.724 2. 790 
1. 28 1. 711 2. 054 2. 278 2.440 2. 564 2.663 2.743 2.810 
1. 29 1.717 2.064 2.290 2.455 2. 581 2.681 2.763 2.831 
1 . 30 1. 724 2.074 2. 303 2.470 2.598 2.700 2.783 2. 852 

1.31 1.730 2.084 2.316 2. 485 2.615 2.71 8 2.8o3 2.873 
1. 32 1. 736 2.094 2.329 2.501 2.632 2.737 2.823 2.895 
1.33 1.742 2. 104 2.342 2.516 2.649 2.756 2. 843 2. 916 
1. 34 1. 748 2. 114 2.355 2.531 2.667 2.775 2.864 2. 938 
1. 35 1. 754 2.124 2. 368 2. 547 2.684 2.794 2. 884 2. 959 
1. 36 1. 761 2.1 311 2.382 2.563 2.702 2.813 2.905 2. 981 
1.37 1. 767 2.144 2.395 2.578 2.720 2.833 2. 925 3.003 
1. 38 1. 773 2.1 55 2. 408 2. 594 2.737 2.852 2. 946 3. 025 
1.39 1. 779 2.1 65 2. 422 2.610 2.755 2.872 2.967 3. 047 
1. 4o 1. 786 2.175 2. 435 2.626 2. 773 2.891 2. 988 3.070 

1. 41 1. 792 2. 185 2.448 2.642 2. 791 2. 911 3.010 3.092 
1.42 1. 798 2.196 2.462 2.658 2.8o9 2. 931 3.031 3. 115 
1.43 1.8o4 2.206 2.475 2. 674 2.827 2.951 3.052 3.138 
1. 44 1. 811 2.217 2.489 2.690 2.846 2. 971 3.074 3. 161 
1. 45 1.817 2.227 2. 503 2. 7o6 2.864 2. 991 3.096 3.1 84 
1. 46 1 . 823 2.237 2.516 2.722 2.883 3.011 3.118 3.207 
1. 47 1. 830 2.248 2. 530 2.739 2.901 3.032 3. 140 3. 230 
1.48 1.836 2.258 2.544 2.755 2.920 3.052 3. 162 3.254 
1. 49 1.842 2.269 2.558 2.772 2.939 3.073 3. 184 3.277 
1. 50 1.849 2.28o 2.572 2.788 2. 957 3.094 3.206 3. 301 

1.51 1.855 2.290 2.586 2. 805 2.976 3. 11 5 3.229 3.325 
1, 52 1. 861 2.301 2.600 2. 822 2.995 3.136 3. 251 3.349 
1.53 1,868 2.312 2.614 2.839 3.015 3.157 3.274 3.373 
1. 511 1. 874 2. 322 2. 628 2.856 3.034 3.178 3. 297 3.398 
1.55 1 .88o 2.333 2. 642 2.873 3.053 3.199 3.320 3.422 
1. 56 1.887 2.344 2.656 2.890 3.073 3. 221 3.343 3. 447 
1. 57 1.893 2. 355 2.671 2.907 3.092 3.242 3.367 3.472 
1. 58 1. 900 2.365 2.685 2.924 3. 112 3. 264 3,390 3. 497 
1.59 1.9o6 2.376 2.699 2. 942 3.1 32 3.286 3.414 3.522 
1.60 1. 913 2.387 2.714 2. 959 3. 151 3.308 3. 437 3. 547 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------10 11 12 13 14 15 16 17 

1. 21 2.718 2.762 2.800 2.833 2.862 2.888 2.912 2.933 
1. 22 2. 739 2.784 2.822 2.856 2.886 2.912 2.936 2.958 
1, 23 2.760 2.8o5 2.844 2.879 2.909 2.936 2. 961 2.983 
1. 24 2.782 2.827 2.867 2.902 2.933 2.961 2.985 3.008 
1. 25 2.8o3 2.849 2.890 2.926 2,957 2.985 3,010 3.033 
1. 26 2.824 2.872 2.913 2.949 2,981 3.010 3.036 3.059 
1.27 2.846 2.894 2. 936 2.973 3.oo6 3.035 3,061 3.085 
1. 28 2.867 2,917 2.959 2.997 3.030 3,060 3.o87 3. 111 
1.29 2.889 2,939 2.983 3.021 3.055 3.085 3.112 3.137 
1.30 2. 911 2,962 3.oo6 3.045 3.08o 3. 111 3,138 3,163 

1.31 2.933 2.985 3.030 3,070 3.105 3,136 3,164 3,1 90 
1. 32 2,956 3,oo8 3.054 3.094 3.130 3.162 3. 191 3.217 
1.33 2.978 3.032 3. 078 3.119 3,156 3. 188 3.217 3.244 
1. 34 3.001 3.055 3.102 3.144 3. 181 3,214 3.244 3,271 
1. 35 3.023 3.079 3. 127 3.169 3.207 3.241 3,271 3.298 
1. 36 3,046 3.103 3.152 3,1 95 3.233 3.267 3,298 3.326 
1.37 3.069 3.126 3.176 3.220 3.259 3.294 3,325 3,354 
,. 38 3.092 3,151 3. 201 3.246 3,286 3,321 3.353 3.382 
1. 39 3.116 3,175 3.226 3.272 3.312 3,348 3,381 3,410 
1. 4o 3,139 3.199 3,252 3.298 3.339 3,376 3.409 3, 438 

1.41 3,163 3.224 3,277 3. 324 3.366 3.403 3.437 3.467 
1. 42 3. 187 3.249 3. 303 3,350 3,393 3. 431 3.465 3. 1196 
1. 4 3 3.211 3,274 3. 329 3,377 3,420 3,459 3,494 3.525 
1. 44 3,235 3,299 3. 355 3,404 3,448 3,487 3.522 3. 555 
1. 45 3,259 3.324 3. 381 3.431 3.476 3.51 5 3.552 3. 584 
1. 46 3.283 3.349 3.407 3,458 3.503 3,544 3.581 3.614 
1. 47 3,3o8 3,375 3.434 3.485 3.532 3.573 3.610 3. 644 
1. 48 3,333 3,401 3.460 3.513 3.560 3.602 3,640 3.674 
1. 49 3,357 3.427 3.487 3,541 3. 588 3,631 3.670 3,705 
1.50 3.382 3.453 3.514 3.569 3.617 3.661 3.700 3,735 

1.51 3.408 3.479 3. 542 3,597 3.646 3.690 3,730 3.766 
1.52 3,433 3.505 3. 569 3.625 3.675 3,720 3,761 3. 797 
1. 53 3,458 3,532 3.597 3.654 3,705 3,750 3. 791 3,829 
1.54 3.484 3.559 3,624 3,682 3. 734 3,781 3,822 3.861 
1.55 3.510 3.586 3,652 3.711 3,764 3.811 3. 854 3,892 
1.56 3.536 3,613 3,681 3.741 3,794 3.842 3.885 3,925 
1. 57 3.562 3.640 3. 709 3.770 3.824 3,873 3. 917 3.957 
1.58 3.588 3.668 3.738 3.799 3.855 3.904 3,949 3.989 
1.59 3.615 3.696 3.766 3.829 3.885 3.936 3. 981 4.022 
1.60 3.642 3.723 3.795 3.859 3.916 3.967 4.013 4.055 
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TABLE B-1, - MULTIPLYING FACTOR FOR THE GE()',,1ETRIC MEAN --CONTINUED 

SAM PLE SIZE 
T -----------------------------------------------------------------------------------18 19 20 25 30 35 4o 45 

1. 21 2,952 2,969 2.985 3,049 3.093 3,126 3.152 3.172 
1. 22 2,977 2,995 3.011 3,076 3. 121 3.155 3,181 3.202 
1. 23 3,003 3,021 3,037 3,103 3.150 3.184 3,211 3.232 
1. 24 3,028 3.047 3,064 3, 131 3.178 3.213 3.241 3.262 
1, 25 3,054 3,073 3.090 3,159 3.207 3,243 3,271 3.293 
1. 26 3.08o 3,099 3,117 3,187 3,236 3,273 3,301 3.324 
1, 27 3,106 3.126 3,144 3,215 3.265 3,303 3.332 3.355 
1.28 3,133 3.152 3.171 3.243 3.295 3,333 3.362 3.386 
1. 29 3.159 3.179 3.198 3,272 3.324 3.363 3.394 3.418 
1.30 3,186 3.207 3.226 3,301 3.354 3.394 3,425 3.450 

1. 31 3.213 3.234 3.253 3.330 3.385 3.425 3.457 3.482 
1, 32 3.240 3,262 3.281 3.360 3.415 3.457 3.489 3.514 
1.33 3.268 3.290 3.310 3.389 3.446 3.488 3.521 3.547 
1.34 3.295 3.318 3.338 3.419 3.477 3.520 3.553 3.580 
1. 35 3.323 3.346 3.367 3.450 3.508 3.552 3.586 3.613 
1. 36 3.351 3.374 3.396 3.480 3.540 3.585 3.619 3.647 
1.37 3. 38o 3.403 3.425 3.511 3.572 3.617 3.653 3.681 
1.38 3.408 3.432 3.454 3.542 3.604 3.650 3.686 3.715 
1. 39 3.437 3.461 3.484 3,573 3.636 3.68l1 3.720 3.750 
1.40 3.466 3.491 3,513 3.604 3.669 3.717 3.755 3.785 

1. 41 3.495 3.520 3.543 3.636 3.702 3.751 3.789 3.820 
1. 42 3.524 3.550 3.574 3.668 3.735 3.785 3.824 3.855 
1. 43 3.554 3.58o 3.604 3. 700 3.769 3.820 3.859 3.891 
1. !14 3.584 3.610 3.635 3.733 3.8o2 3.854 3.895 3.927 
1. 115 3.614 3.641 3.666 3.766 3.836 3.889 3.931 3.964 
1. 46 3.644 3.672 3,697 3. 799 3.871 3.925 3.967 4.001 
1.47 3,675 3.703 3.729 3,832 3.905 3.960 4.003 4.038 
1. 48 3.706 3.734 3.760 3.865 3.940 3.996 4.o4o 4.075 
1. 49 3,737 3.766 3.792 3,899 3.976 4.033 4.077 4. 11 3 
1.50 3.768 3. 797 3.825 3.933 4,011 4.o69 4.115 4. 151 

1. 51 3.799 3.829 3,857 3.968 4.047 4.106 4.152 4.1 89 
1.52 3,831 3.862 3,890 4.003 4.083 4.143 4. 190 4,228 
1. 53 3.863 3.894 3,923 4.038 4. 119 4. 181 4.229 4.267 
1. 54 3.895 3.927 3,956 4,073 4.156 4.219 4.268 4.307 
1.55 3,928 3,960 3.990 4.108 4.193 4.257 4.307 4.347 
1.56 3,960 3,993 4.023 4.144 4. 231 4,296 4.346 4,387 
1.57 3,993 4,027 4,057 4. 18o 4.268 4,334 4.386 4.427 
1.58 4.027 4,060 4.092 4.217 4.306 4.374 4.426 4.468 
1.59 4,060 4.095 4.126 4,253 4,345 4.413 4.467 4.509 
1.60 4,094 4.129 4. 161 4,291 4.383 4.453 4.507 4.551 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------50 75 100 125 150 175 200 

1. 21 3.189 3.241 3,268 3.284 3.295 3.304 3.310 
1. 22 3.219 3.272 3.299 3.316 3,328 3.336 3.342 
1. 23 3,249 3,303 3,332 3,349 3,361 3.369 3.375 
1. 24 3.28o 3.335 3,364 3,382 3,394 3.402 3.409 
1. 25 3,311 3,367 3,397 3.415 3,427 3,436 3.442 
1. 26 3.342 3.400 3,430 3,448 3,461 3,470 3.476 
1. 27 3.374 3,432 3,463 3,482 3,495 3.504 3.511 
1.28 3.405 3,465 3,497 3.516 3,529 3.538 3.545 
1.29 3.437 3,499 3,531 3,550 3,564 3,573 3,58o 
1. 30 3.470 3,532 3,565 3,585 3,599 3,608 3,616 

1. 31 3.502 3.566 3,599 3.620 3.634 3.644 3.651 
1. 32 3,535 3.600 3,634 3,655 3.670 3,68o 3,688 
1.33 3.568 3.635 3,670 3,691 3.7o6 3,716 3,724 
1. 34 3.602 3.670 3.705 3.727 3,742 3,753 3.761 
1.35 3.636 3.705 3, 741 3.763 3.779 3,790 3.798 
1. 36 3.670 3.740 3,777 3.8oo 3.816 3,827 3, 835 
1.37 3.704 3,776 3.814 3,837 3.853 3.864 3.873 
1.38 3,739 3.812 3,851 3,875 3.891 3.903 3.911 
1.39 3,774 3,849 3.888 3,913 3.929 3,941 3.950 
1. 4o 3,8o9 3,886 3,926 3.951 3.968 3.98o 3.989 

1. 41 3.845 3.923 3,964 3,989 4.oo6 4.019 4,028 
1. 42 3.881 3,961 4,002 4.028 4,o46 4.058 4.068 
1. 4 3 3.917 3,998 4.041 4.068 4.085 4,098 4.108 
1. 44 3.954 4.037 4.o8o 4.107 4.125 4.139 4.149 
1. 45 3. 991 4.075 4,120 4.147 4.166 4.179 4.189 
1. 46 4.028 4. 114 4. 160 4. 188 4,207 4,220 4. 231 
1. 47 4.066 4.154 4,200 4.228 4.248 4.262 4,272 
1.48 4.104 4.193 4.241 4.270 4.289 4-304 4.315 
,. 49 4.142 4.233 4.282 4. 311 4.331 4.346 4.357 
1.50 4. 181 4.274 4-323 4.353 4.374 4.389 4.400 

1.51 4,220 4.315 4.365 4.396 4.417 4.432 4.443 
1. 52 4.259 4,356 4.407 4.439 4.460 4.475 4.487 
1.53 4.299 4.398 4.450 4.482 4.504 4.519 4. 531 
1.54 4.339 4.440 4.493 4.525 4.548 4.564 4.576 
1.55 4.379 4.482 4.536 4.570 4.592 4.609 4.621 
1.56 4.420 4.525 4.580 4.614 4.637 4.654 4.667 
1. 57 4.461 4.568 4.624 4.659 4.683 4. 700 4.713 
1.58 4.503 4.611 4.669 4.704 4.728 4.746 4.759 
1.59 4.545 4.655 4.714 4.750 4.775 4.792 4.8o6 
1.60 4.587 4. 700 4.759 4. 796 4.821 4.839 4.853 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE<l-1ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T 

300 400 500 750 1000 5000 

1. 21 3.324 3.331 3.336 3.342 3.345 3. 352 3.353 
1.22 3.357 3.365 3.369 3.375 3. 378 3.385 3.387 
1. 23 3.390 3.398 3.403 3.409 3.412 3.419 3.421 
1. 24 3.424 3.432 3.437 3.443 3.446 3.454 3.456 
1.25 3.458 3.466 3.471 3.477 3. 481 3.488 3.490 
1.26 3.492 3.501 3.5o6 3.512 3.515 3.523 3.525 
1.27 3.527 3.535 3.541 3.547 3.551 3.559 3.561 
1.28 3.562 3.571 3.576 3.583 3.586 3.595 3.597 
1. 29 3.598 3.6o6 3.612 3.619 3.622 3.631 3.633 
1. 30 3.633 3.642 3.648 3.655 3.658 3.667 3.669 

1. 31 3.669 3.678 3.684 3.691 3.695 3.704 3.706 
1. 32 3.706 3.715 3.721 3.728 3.732 3.741 3.743 
1.33 3.743 3.752 3.758 3.765 3.769 3.779 3.781 
1. 34 3.78o 3.789 3. 795 3.8o3 3.8o7 3.817 3.819 
1.35 3.817 3.827 3.833 3.841 3.845 3.855 3.857 
1. 36 3.855 3.865 3.871 3.88o 3.884 3.894 3.896 
1. 37 3.893 3.904 3.910 3.918 3.923 3.933 3.935 
1. 38 3.932 3.943 3.949 3.958 3.962 3.972 3.975 
1. 39 3.971 3.982 3.988 3.997 4.002 4.012 4.015 
1. 40 4.011 4.022 4.028 4.037 4.042 4.052 4.055 

1. 41 4.050 4.062 4.068 4.077 4.082 4.093 4.096 
1.42 4.091 4.102 4.109 4.118 4.123 4.134 4.137 
1.43 4. 131 4.143 4.150 4.159 4.164 4.176 4.179 
1. 44 4.172 4.1 84 4. 191 4.201 4.2o6 4.218 4.221 
1. 45 4.214 4.226 4.233 4.243 4.248 4.260 4.263 
1. 46 4.255 4.268 4.275 4.285 4.290 4.303 4.306 
1. 47 4.298 4.310 4.318 4.328 4.334 4.346 4.349 
1. 48 4.340 4.353 4.361 4.372 4.377 4.390 4.393 
1. 49 4.383 4.397 4.405 4.415 4.421 4.434 4.437 
1.50 4.427 4.440 4.448 4.459 4.465 4.478 4.482 

1. 51 4.471 4.484 4.493 4.504 4.510 4.523 4.527 
1. 52 4.515 4.529 4.538 4.549 4.555 4.569 4.572 
1. 53 4.560 4.574 4.583 4.595 4.600 4.615 4.61 8 
1.54 4.605 4.620 4.629 4.640 4.646 4.661 4.665 
1. 55 4.651 4.666 4.675 4.687 4.693 4.7o8 4.711 
1.56 4.697 4.712 4.721 4.734 4.740 4.755 4.759 
1. 57 4.743 4.759 4.768 4.781 4.787 4.8o3 4.8o7 
1.58 4.790 4.8o6 4.816 4.829 4.835 4.851 4. 855 
1. 59 4.838 4.854 4.864 4.877 4.884 4.900 4.904 
1.60 4.886 4.902 4.912 4.926 4.933 4.949 4.953 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------2 3 4 5 6 7 8 9 

1. 61 1. 919 2.398 2.728 2,976 3.171 3,330 3,461 3,573 
1. 62 1. 925 2.409 2.743 2.994 3. 191 3.352 3,485 3.598 
1.63 1.932 2.420 2.758 3.012 3.212 3.374 3,509 3.624 
1.64 1.938 2.431 2. 772 3.029 3.232 3.396 3.534 3,650 
1.65 1. 945 2.442 2. 787 3.047 3.252 3.419 3.558 3.676 
1.66 1. 951 2.453 2.8o2 3.065 3.273 3,442 3.583 3,702 
1.67 1.958 2.464 2.817 3.083 3.293 3.464 3.607 3,729 
1.68 1. 964 2.475 2.832 3. 101 3.314 3.487 3.632 3,755 
1 .69 1. 971 2.487 2.847 3. 119 3.334 3.510 3,657 3.782 
1.70 1.977 2.498 2.862 3.137 3,355 3,533 3,682 3,8o9 

1. 71 1.984 2.509 2.877 3.155 3.376 3.557 3,707 3,836 
1.72 1. 991 2.520 2,892 3.174 3.397 3.58o 3.733 3,863 
1.73 1. 997 2,532 2.907 3.192 3.418 3.604 3.758 3,890 
1.74 2.004 2.543 2.922 3.211 3.440 3.627 3.784 3.918 
1. 75 2.010 2.554 2.938 3.229 3.461 3,651 3,810 3,945 
1.76 2.017 2.566 2.953 3.248 3.483 3,675 3.836 3.973 
1.77 2.023 2.577 2.968 3.267 3.504 3.699 3.862 4,001 
1.78 2.030 2.589 2.984 3.286 3,526 3,723 3.888 4.029 
1. 79 2.037 2.600 2.999 3.304 3.548 3,747 3,915 4,058 
1.So 2.043 2.612 3.015 3.323 3.570 3.772 3,942 4.086 

1. 81 2.050 2.623 3.031 3.343 3,592 3,796 3.968 4. 115 
1.82 2.057 2.635 3.046 3.362 3,614 3.821 3,995 4.144 
1. 83 2.063 2.647 3.062 3.381 3.636 3,846 4.022 4. 173 
1. 84 2.070 2.658 3.078 3.400 3.658 3,871 4.049 4.202 
1. 85 2.077 2.670 3.094 3.420 3.681 3.896 4.077 4.232 
1.86 2.083 2.682 3.110 3,439 3.703 3,921 4. 104 4.261 
1.87 2.090 2.693 3,126 3.459 3,726 3,946 4.132 4.291 
1.88 2.097 2,705 3.142 3.478 3.749 3,972 4.160 4.321 
1.89 2.104 2,717 3.158 3.498 3.772 3.998 4. 188 4.351 
1.90 2. 110 2.729 3,174 3,518 3,795 4.023 4.216 4,381 

1, 91 2,117 2.741 3. 190 3.538 3.818 4.049 4.244 4.412 
1.92 2.124 2,753 3.207 3.558 3,841 4,075 4,273 4.442 
1.93 2. 131 2,765 3.223 3,578 3,864 4. 101 4,301 4.473 
1. 94 2.137 2,777 3.239 3,598 3,888 4.128 4,330 4.504 
1, 95 2.144 2,789 3,256 3,619 3. 911 4,154 4.359 4.535 
1. 96 2.151 2.8o1 3,272 3.639 3.935 4. 181 4.388 4.567 
1. 97 2.158 2.813 3.289 3.660 3.959 4.207 4.418 4.598 
1.98 2.165 2.825 3,306 3.68o 3,983 4.234 4.447 4.630 
1.99 2.171 2.837 3.322 3. 701 4.007 4.261 4.477 4.662 
2.00 2.178 2.849 3.339 3. 721 4.031 4.288 4.506 4,694 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE()vlETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

10 11 12 13 14 15 16 17 

1.61 3.668 3.752 3.825 3.889 3.947 3.999 4.o46 4.089 
1.62 3.695 3.78o 3.854 3.920 3.978 4.031 4.079 4.122 
1.63 3.723 3.8o8 3.884 3.950 4.010 4.o64 4. 112 4.156 
1.64 3.750 3.837 3.913 3.981 4.042 4.096 4.145 4.190 
1.65 3.777 3.866 3.943 4.012 4.074 4.129 4.179 4.225 
1.66 3.8o5 3.895 3.973 4.043 4.106 4.162 4.213 4.259 
1.67 3.833 3.924 4.004 4.075 4.138 4.195 4.247 4.294 
1.68 3.861 3.953 4.034 4.107 4.171 4.229 4.281 4.329 
1.69 3.889 3.983 4.o65 4.138 4.204 4.263 4.316 4.365 
1. 70 3.918 4.013 4.096 4.171 4.237 4.297 4.351 4.400 

1.71 3.946 4.043 4.127 4.203 4.270 4.331 4.386 4.436 
1. 72 3.975 4.073 4.159 4.235 4.304 4.366 4.421 4.472 
1.73 4.oo4 4.103 4.190 4.268 4.338 4.400 4.457 4.509 
1.74 4.033 4.134 4.222 4. 301 4.372 4.435 4.493 4.545 
1.75 4.062 4.164 4.254 4.334 4.406 4.471 4.529 4.582 
1. 76 4.092 4.195 4.287 4.368 4. 441 4.5o6 4.566 4.620 
1.77 4. 121 4.226 4.319 4.402 4.475 4.542 4.602 4.657 
1.78 4.151 4.258 4.352 4.435 4.510 4.578 4.639 4.695 
1. 79 4. 181 4.289 4.385 4.470 4.546 4.614 4.677 4. 733 
1 .Bo 4.212 4.321 4.418 4.504 4.581 4.651 4.714 4.772 

1. 81 4.242 4.353 4.451 4.539 4.617 4.688 4.752 4.810 
1.82 4.273 4.385 4.485 4.574 4.653 4. 725 4. 790 4.849 
1.83 4.303 4.418 4.519 4.609 4.689 4.762 4.828 4.888 
1 .84 4.334 4.450 4.553 4.644 4.726 4.8oo 4.867 4.928 
1.85 4.366 4.483 4.587 4.68o 4.763 4.838 4.9()6 4.968 
1.86 4.397 4.516 4.621 4.715 4.8oo 4.876 4.945 5.oo8 
1.87 4.429 4.549 4.656 4.751 4.837 4.914 4.984 5.048 
1.88 4.460 4.583 4.691 4.788 4.874 4.953 5.024 5.089 
1.89 4.492 4.616 4.726 4.824 4.912 4.992 5.o64 5.130 
1.90 4.525 4.650 4.762 4.861 4.950 5.031 5. 104 5. 171 

1.91 4.557 4.684 4. 797 4.898 4.989 5.071 5.145 5.213 
1. 92 4.589 4.719 4.833 4.935 5.027 5. 110 5. 186 5.255 
1. 93 4.622 4.753 4.869 4.973 5.o66 5.150 5.227 5.297 
1. 94 4.655 4.788 4.9()6 5.011 5.105 5. 191 5.269 5.340 
1.95 4.688 4.823 4.942 5.049 5.145 5.232 5.310 5.382 
1. 96 4.722 4.858 4.979 5.087 5.185 5.272 5.352 5.426 
1. 97 4.755 4.894 5.016 5. 126 5.224 5.314 5.395 5.469 
1. 98 4.789 4.929 5.054 5.165 5.265 5.355 5.438 5.513 
1. 99 4.823 4.965 5.091 5.204 5.305 5.397 5.481 5.557 
2.00 4.857 5.001 5.129 5.243 5.346 5.439 5.524 5.601 



--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

85 

TABLE B-1. - MULTIPLYING FACTOR FOR THE GEO,,,ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------18 19 20 25 30 35 40 45 

1.61 4.128 4.163 4.196 4.328 4.422 4.493 4.549 4.593 
1. 62 4.162 4.198 4.232 4.365 4.461 4.534 4.590 4,635 
1.63 4.196 4.233 4.267 4.403 4.501 4,575 4.632 4.678 
1.64 4.231 4.269 4.303 4.442 4.541 4.616 4,674 4.721 
1.65 4.266 4.304 4.339 4.48o 4.581 4.657 4.717 4.765 
1.66 4.301 4.340 4.376 4.519 4.622 4.699 4.760 4.8o9 
1.67 4.337 4.376 4.413 4.558 4.663 4.742 4.8o3 4.853 
1.68 4.373 4.413 4.450 4.598 4,704 4.784 4.847 4.898 
1.69 4.409 4.450 4.487 4.638 4.746 4.827 4.891 4.943 
1. 70 4.445 4.487 4.525 4.678 4.788 4.871 4.936 4,988 

1.71 4.482 4.524 4.563 4.718 4.830 4.915 4.981 5.034 
1. 72 4.519 4.562 4.601 4. 759 4.873 4.959 5.026 5.08o 
1.73 4.556 4.599 4.639 4.Boo 4.916 5.003 5.072 5.127 
1. 74 4.593 4.638 4.678 4.842 4.959 5.048 5. 118 5. 174 
1. 75 4.631 4.676 4.717 4.883 5.003 5.094 5.165 5.222 
1. 76 4.669 4.715 4. 757 4.925 5,047 5.139 5.212 5,270 
1. 77 4.7o8 4.754 4. 796 4.968 5.092 5. 185 5.259 5.318 
1. 78 4.746 4.793 4.836 5.011 5.137 5,232 5,307 5.367 
1.79 4.785 4.833 4.877 5.054 5.182 5.279 5.355 5.416 
1.8o 4.824 4.873 4.917 5.097 5.227 5,326 5,403 5.466 

1.81 4.864 4.913 4.958 5. 141 5,273 5,374 5,452 5.516 
1 .82 4.904 4.953 5.000 5.185 5,320 5.422 5.502 5,566 
1 ,83 4.944 4.994 5.041 5.230 5,367 5,470 5.552 5.617 
1.84 4.984 5.036 5.o83 5.275 5.414 5.519 5.602 5.669 
1.85 5.025 5.077 5.125 5.320 5.461 5.569 5.653 5.721 
1.86 5.o66 5. 119 5.168 5.366 5.509 5.618 5.704 5.773 
1. 87 5. 107 5. 161 5. 211 5.412 5.558 5.668 5.755 5.826 
1.88 5.149 5.203 5.254 5.458 5.606 5.719 5.8o7 5.879 
1.89 5. 190 5.246 5.297 5.505 5.656 5.770 5.860 5.933 
1. 90 5.233 5.289 5. 341 5.552 5.705 5.821 5.913 5.987 

1. 91 5.275 5.333 5.385 5.600 5.755 5.873 5.966 6.041 
1.92 5.318 5.376 5.430 5.647 5.8o6 5.926 6.020 6.097 
1. 93 5.361 5.420 5.475 5.696 5.856 5.978 6.075 6.152 
1. 94 5.405 5.465 5.520 5.744 5.908 6.032 6.129 6.208 
1. 95 5.449 5.509 5.566 5. 794 5.959 6.085 6. 185 6.265 
1. 96 5,493 5.554 5.612 5.843 6.011 6.139 6,240 6.322 
1.97 5.537 5.600 5.658 5.893 6.064 6.194 6.297 6,38o 
1.98 5.582 5.646 5.704 5.943 6. 117 6.249 6,353 6.438 
1. 99 5.627 5.692 5.751 5,994 6. 170 6.305 6,411 6.496 
2.00 5.673 5.738 5.799 6.045 6.224 6. 361 6.468 6,555 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE<J.1ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------50 75 100 125 150 175 200 

1.61 4.630 4.745 4.8o5 4.843 4.868 4.887 4.901 
1.62 4.673 4. 790 4.852 4.890 4.916 4.935 4.949 
1.63 4.716 4.835 4.899 4.938 4.964 4.983 4.998 
1.64 4.760 4.881 4.946 4.986 5.013 5.032 5.047 
1.65 4.8o4 4.928 4.993 5.034 5.o62 5.082 5.097 
1.66 4.849 4.975 5.042 5.083 5.111 5.132 5.147 
1.67 4.894 5.022 5.090 5.132 5.161 5. 182 5.198 
1.68 4.939 5.070 5.139 5. 182 5.211 5.233 5.249 
1.69 4.985 5.118 5.189 5.233 5.262 5. 284 5.300 
1.70 5.031 5.167 5.239 5.283 5.314 5. 336 5.353 

1.71 5.078 5.216 5.289 5.335 5.366 5.388 5.405 
1.72 5.125 5.266 5.340 5.387 5.418 5.441 5.458 
1.73 5.172 5.316 5.392 5.439 5.471 5.494 5. 51 2 
1.74 5.220 5.366 5.444 5.492 5.524 5.548 5.566 
1.75 5. 269 5.417 5.496 5.545 5.578 5.603 5.621 
1. 76 5.317 5.469 5.549 5. 599 5.633 5.657 5. 676 
1.77 5.367 5.521 5.602 5.653 5.688 5.71 3 5.732 
1. 78 5.416 5.573 5.656 5.708 5.743 5.769 5,788 
1, 79 5.466 5.626 5.711 5.763 5,799 5.825 5. 845 
1.Bo 5.517 5.679 5.766 5. 819 5.856 5. 882 5.903 

1.81 5.568 5.733 5.821 5.876 5.91 3 5.940 5. 961 
1.82 5.619 5.788 5. 877 5.933 5.971 5, 998 6.019 
1.83 5.671 5.842 5. 934 5. 990 6.029 6. 057 6.078 
1.84 5.724 5.898 5. 991 6. 048 6.088 6. 116 6.1 38 
1.85 5.776 5.954 6.048 6. 107 6.1 47 6. 176 6.1 98 
1.86 5.830 6.010 6. 106 6.1 66 6.207 6.237 6.259 
1.87 5.883 6.067 6. 165 6.226 6.267 6.298 6. 321 
1.88 5.938 6.124 6.224 6, 286 6. 329 6.359 6.383 
1.89 5.992 6.182 6.284 6.347 6. 390 6. 422 6.445 
1. 90 6.048 6,241 6. 344 6. 409 6. 453 6. 485 6.509 

1.91 6.103 6. 300 6. 405 6. 471 6. 515 6.548 6.573 
1.92 6.160 6, 360 6. 467 6. 533 6.579 6. 612 6.637 
1. 93 6.216 6.420 6.529 6. 597 6. 643 6.677 6.702 
1.94 6.273 6.481 6, 591 6. 661 6.708 6.742 6.768 
1. 95 6. 331 6,542 6. 655 6.725 6. 773 6.8o8 6.834 
1. 96 6,389 6.604 6.719 6,790 6. 839 6.875 6,902 
1. 97 6.448 6.666 6.783 6. 856 6.906 6. 942 6.969 
1.98 6.507 6.729 6.848 6.922 6.973 7, 01 0 7. 038 
1. 99 6.567 6.793 6. 914 6.989 7.041 7. 078 7. 107 
2.00 6.628 6.857 6.98o 7.057 7.109 7. 147 7.1 76 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE(),1ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T 

300 400 500 750 1000 5000 

----------------------------------------~---------------------------------------------------1, 61 4.934 4.951 4.961 4.975 4.982 4.999 5.003 
1.62 4.983 5.000 5.011 5.025 5.032 5.049 5.053 
1.63 5.032 5.050 5.061 5.075 5.082 5.099 5.104 
1.64 5.082 5. 100 5. 111 5.126 5.133 5. 151 5.155 
1.65 5.133 5.151 5.162 5. 177 5. 184 5.202 5.207 
1. 66 5. 184 5.202 5.213 5.229 5.236 5.255 5.259 
1.67 5.235 5.254 5.265 5. 281 5.289 5.307 5.312 
1 . 68 5.287 5.3o6 5.318 5.334 5.342 5. 361 5.365 
1.69 5.339 5-359 5.371 5.387 5.395 5.414 5.419 
1. 70 5.392 5.412 5.424 5.441 5.449 5.469 5,474 

1. 71 5.445 5.466 5.478 5.495 5.503 5,524 5,529 
1. 72 5.499 5.520 5,533 5.550 5.559 5,579 5. 584 
1.73 5.554 5.575 5.588 5.605 5.614 5.635 5. 641 
1.74 5.609 5.631 5.644 5.661 5.670 5.692 5.697 
1. 75 5.664 5.687 5.700 5.718 5.727 5.749 5.755 
1.76 5.720 5.743 5.757 5.775 5.784 5.8o7 5.812 
1. 77 5.777 5.800 5.814 5.833 5.842 5.865 5. 871 
1. 78 5.834 5.858 5.872 5.891 5. 901 5.924 5.930 
1. 79 5.892 5.916 5.930 5.950 5.960 5.983 5.989 
1 .8o 5.950 5.975 5.989 6.009 6.019 6.044 6.050 

1.81 6.009 6.034 6.049 6.069 6.o8o 6.104 6. 110 
1. 82 6.o69 6.094 6.109 6.130 6.140 6.166 6.172 
1 .83 6.129 6.155 6.170 6. 191 6.202 6.227 6.234 
1.84 6. 190 6.216 6.232 6.253 6.264 6.290 6.297 
1.85 6.251 6.278 6.294 6-316 6.327 6. 353 6.360 
1.86 6.313 6.340 6.356 6.379 6.390 6.417 6.424 
1 .87 6.375 6.403 6.420 6.442 6.454 6.481 6.488 
1.88 6.438 6.466 6.484 6.507 6.518 6.546 6.553 
1.89 6.502 6.531 6.548 6.572 6.583 6.612 6.619 
1. 90 6.566 6.596 6.613 6.637 6.649 6.679 6.686 

1. 91 6.631 6.661 6.679 6.704 6.716 6.746 6.753 
1. 92 6.697 6.727 6.746 6.770 6.783 6.813 6.821 
1. 93 6.763 6.794 6.813 6.838 6.851 6.882 6.889 
1.94 6.830 6.861 6.881 6.906 6.919 6.951 6.959 
1. 95 6.897 6.930 6.949 6.975 6.989 7.021 7.029 
1. 96 6.966 6.998 7.018 7.045 7.058 7.091 7.099 
1. 97 7.035 7.o68 7.o88 7.115 7.129 7. 162 7. 171 
1.98 7.104 7.138 7.159 7. 186 7.200 7.234 7,243 
1.99 7.174 7.209 7.230 7.258 7.272 7.307 7.315 
2.00 7.245 7.28o 7.302 7.331 7.345 7.38o 7.389 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------2 3 4 5 6 7 8 9 

2.01 2. 185 2.862 3.356 3.742 4.055 4.316 4.536 4.726 
2.02 2.192 2.874 3.373 3.763 4.o&> 4-343 4.567 4.759 
2.03 2.199 2.886 3.390 3.784 4.104 4.371 4.597 4. 792 
2.04 2.206 2.899 3.407 3.8o5 4.129 4.398 4.627 4.824 
2.05 2.213 2.911 3.424 3.827 4.154 4.426 4.658 4.858 
2.06 2.219 2.923 3.441 3.848 4. 179 4.454 4.689 4.891 
2.07 2.226 2.936 3.459 3.869 4.203 4.482 4.720 4.924 
2.o8 2.233 2.948 3.476 3.891 4.229 4.511 4.751 4.958 
2.09 2.240 2.961 3.493 3.912 4.254 4.539 4.782 4.992 
2. 10 2.247 2.973 3.511 3.934 4.279 4.568 4.814 5.026 

2.11 2.254 2.986 3.528 3.956 4.305 4.597 4.845 5.o60 
2.12 2.261 2.998 3.546 3.977 4.330 4.626 4.877 5.095 
2.13 2.268 3.011 3.563 3.999 4.356 4.655 4.909 5.129 
2.14 2.275 3.024 3.581 4.021 4.382 4.684 4.941 5.164 
2.15 2.282 3.036 3.599 4.043 4.408 4.713 4.974 5.199 
2.16 2.289 3.049 3.616 4.066 4.434 4.743 5.oo6 5.235 
2.17 2.296 3.062 3.634 4.088 4.460 4. 772 5.039 5.270 
2.18 2.303 3.075 3.652 4. 110 4.486 4.&>2 5.072 5.3o6 
2.19 2.310 3.088 3.670 4.133 4.513 4.832 5. 105 5-342 
2.20 2.317 3. 101 3.688 4.156 4.539 4.862 5.138 5.378 

2.21 2.324 3.114 3.706 4.178 4.566 4.893 5.172 5.414 
2.22 2.331 3.126 3.725 4. 201 4.593 4.923 5.2o6 5.451 
2.23 2.338 3.139 3. 743 4.224 4.620 4.954 5.239 5.488 
2.24 2.345 3.153 3.761 4.247 4.647 4.984 5.273 5.525 
2.25 2.352 3.166 3. 7&> 4.270 4.674 5.015 5.3o8 5.562 
2.26 2.360 3.179 3.798 4.293 4.702 5.046 5.342 5.599 
2.27 2.367 3.192 3.817 4.316 4.729 5.078 5.377 5.637 
2.28 2.374 3.205 3.835 4.340 4.757 5.109 5.411 5.675 
2.29 2.381 3.218 3.854 4.363 4.785 5. 141 5.446 5.713 
2.30 2.388 3.231 3.872 4.387 4.812 5.172 5.482 5.751 

2.31 2.395 3.245 3.891 4.411 4.840 5.204 5.517 5.789 
2.32 2.402 3.258 3.910 4.434 4.869 5.236 5.553 5.828 
2.33 2.410 3.271 3.929 4.458 4.897 5.268 5.588 5.867 
2.34 2.417 3.285 3.948 4.482 4.925 5.301 5.624 5.906 
2.35 2.424 3.298 3.967 4.506 4.954 5.333 5.660 5.946 
2.36 2.431 3.312 3.986 4.530 4.983 5.366 5.697 5.985 
2.37 2.438 3.325 4.005 4.555 5.011 5.399 5.733 6.025 
2.38 2.446 3.339 4.025 4.579 5.040 5.432 5.770 6.o65 
2.39 2.453 3.352 4.o44 4.604 5.069 5.465 5.&>7 6.105 
2.40 2.460 3.366 4.o63 4.628 5.099 5.499_ 5.844 6.146 
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TABLE B-1 • • MULTIPLYING FACTOR FOR THE GEO~ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------10 11 12 13 14 15 16 17 

2.01 4.892 5.038 5.167 5.283 5.387 5.482 5.568 5.646 
2.02 4.927 5.074 5.205 5.323 5.429 5.524 5.612 5.691 
2.03 4.961 5.111 5.244 5.363 5.470 5.567 5.656 5. 737 
2.04 4.997 5.148 5.283 5.403 5.512 5.611 5.700 5.782 
2.05 5.032 5. 185 5.322 5.444 5.554 5.654 5.745 5.829 
2.o6 5.o67 5.223 5. 361 5.485 5.597 5.698 5.790 5.875 
2.07 5.103 5 . 261 5.401 5.526 5.640 5.742 5.836 5.922 
2.08 5.139 5.299 5.441 5.568 5.683 5. 787 5.882 5.969 
2.09 5.175 5.337 5. 481 5.610 5.726 5.832 5.928 6.016 
2.10 5.212 5.375 5. 521 5.652 5.770 5.877 5.975 6.064 

2.11 5.248 5.414 5.562 5.694 5.814 5.923 6.021 6.112 
2.12 5.285 5.453 5.603 5.737 5.858 5.968 6.069 6. 161 
2.13 5.322 5.492 5.644 5.78o 5.903 6.014 6. 116 6.209 
2.14 5.359 5.532 5.685 5.823 5.948 6.o61 6.164 6.259 
2.15 5.397 5.572 5.727 5.867 5.993 6. 108 6.212 6.308 
2.16 5.435 5.612 5.769 5.911 6.039 6.155 6.261 6.358 
2.17 5.473 5.652 5.811 5.955 6.o85 6.202 6.310 6.408 
2.18 5.511 5.692 5.854 5.999 6.131 6.250 6.359 6.459 
2.19 5.549 5.733 5.897 6.044 6.177 6.298 6.409 6.510 
2.20 5.588 5.774 5.940 6.o89 6.224 6.347 6.459 6.561 

2.21 5.627 5.815 5.983 6. 134 6.271 6.395 6.509 6.613 
2.22 5.666 5.857 6.027 6. 18o 6.319 6.445 6.560 6.665 
2.23 5.705 5.898 6.071 6.226 6.366 6.494 6.611 6.718 
2.24 5.745 5. 941 6.115 6.272 6.414 6.544 6.662 6.771 
2.25 5.785 5.983 6.160 6.319 6.463 6.594 6.714 6.824 
2.26 5.825 6.025 6.204 6.366 6.512 6.644 6.766 6.877 
2.27 5.865 6.o68 6.250 6.413 6.561 6.695 6.818 6. 931 
2.28 5.906 6.111 6.295 6.460 6.610 6.747 6.871 6,986 
2.29 5.947 6.155 6.341 6.508 6.660 6. 798 6.925 7.041 
2.30 5.988 6.198 6.387 6.556 6.710 6.850 6.978 7.096 

2. 31 6.029 6.242 6.433 6.605 6.760 6.902 7.032 7. 151 
2.32 6.071 6.286 6.479 6.653 6.811 6.955 7.087 7.207 
2.33 6.113 6. 331 6.526 6.703 6.862 7.oo8 7. 141 7.264 
2.34 6.155 6.376 6.574 6.752 6.914 7.061 7.196 7. 321 
2.35 6.197 6.421 6.621 6.8o2 6.966 7.115 7.252 7.378 
2.36 6.240 6.466 6.669 6.852 7.018 7 .169 7.308 7.435 
2.37 6.282 6.512 6.717 6.902 7.070 7.224 7.364 7.493 
2.38 6.326 6.557 6.765 6.953 7.123 7.279 7.421 7.552 
2.39 6.369 6.604 6.814 7.004 7.176 7.334 7.478 7.611 
2.40 6.413 6.650 6.863 7.055 7.230 7.389 7.536 7.670 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T ---18 --------------------------------------------------------------------------------

19 20 25 30 35 40 45 

2.01 5. 718 5.785 5.846 6.096 6.278 6.417 6.527 6. 615 
2.02 5. 765 5. 832 5. 895 6.148 6.333 6,474 6, 585 6. 675 
2.03 5.81 1 5. 88o 5.943 6.200 6,388 6. 531 6,644 6.736 
2.04 5.858 5.927 5.992 6.253 6.444 6.589 6.704 6. 797 
2. 05 5.905 5. 976 6.041 6.3o6 6.500 6.648 6.764 6.859 
2.o6 5.953 6.024 6.090 6.360 6.556 6.707 6.825 6.921 
2. 07 6.000 6.073 6.140 6.414 6.613 6.766 6.886 6,984 
2. o8 6.049 6.122 6. 191 6.468 6.671 6.826 6.948 7.048 
2.09 6. 097 6.172 6.241 6.523 6.729 6.886 7.011 7.112 
2.10 6.146 6.222 6.292 6.578 6.787 6.947 7.074 7.176 

2.11 6.196 6.273 6.344 6.634 6,846 7,008 7.137 7.241 
2. 12 6,245 6.323 6.396 6.690 6,905 7.070 7.201 7,307 
2.13 6.295 6.374 6.448 6.746 6,965 7,133 7,265 7.373 
2.14 6.346 6.426 6.500 6.8o3 7,026 7. 196 7.330 7,440 
2.15 6,396 6.478 6.553 6.861 7.o86 7.259 7.396 7,507 
2.16 6.448 6.530 6.607 6,919 7.148 7.323 7.462 7.575 
2.17 6.499 6.583 6.661 6.977 7.210 7.388 7.529 7.644 
2.18 6.551 6.636 6.715 7.036 7.272 7.453 7.596 7.713 
2.19 6.603 6.690 6.769 7.095 7.335 7.519 7.664 7.783 
2.20 6.656 6,743 6.825 7.155 7,398 7.585 7,733 7,853 

2.21 6.709 6. 798 6.88o 7.215 7.462 7.652 7.8o2 7.924 
2.22 6.763 6.852 6.936 7.276 7.527 7.719 7.872 7.996 
2.23 6.816 6.9o8 6.992 7.337 7.592 7. 787 7.942 8.068 
2.24 6.871 6.963 7.049 7.399 7.657 7,855 8,013 8.141 
2.25 6.925 7.019 7.1o6 7.461 7.723 7.924 8.084 8.214 
2.26 6.98o 7.075 7.164 7.524 7.790 7.994 8.156 8.288 
2.27 7.036 7.132 7.221 7,587 7.857 8.o64 8.229 8.363 
2.28 7.092 7.189 7.28o 7,651 7.924 8.135 8.302 8.438 
2.29 7.148 7.247 7.339 7.715 7.993 8.2o6 8.376 8.514 
2. 30 7.204 7.305 7.398 7.78o 8.o61 8.278 8.451 8.591 

2. 31 7.261 7.363 7.458 7.845 8. 131 8.351 8.526 8.668 
2.32 7.319 7.422 7.518 7,911 8.201 8,424 8,602 8,746 
2.33 7.377 7.482 7.579 7.977 8.271 8.498 8,678 8.825 
2.34 7.435 7.541 7.640 8.043 8.342 8.572 8.755 8.905 
2.35 7.494 7.601 7. 701 8.111 8.414 8.647 8.833 8.985 
2.36 7.553 7.662 7.763 8.179 8.486 8.723 8.912 9.066 
2-37 7.613 7.723 7.826 8.247 8.559 8.799 8.991 9.147 
2.38 7.673 7.785 7.889 8.316 8.632 8.876 9.071 9.229 
2.39 7.733 7.847 7.952 8.385 8. 7o6 8.954 9. 151 9.312 
2.40 7.794 7.909 8.016 8.455 8. 781 9.032 9.232 9.396 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE(ll,1ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------50 75 100 125 150 175 200 

2.01 6.688 6.922 7,047 7.125 7.178 7,217 7.247 
2.02 6.750 6.987 7,114 7.194 7.248 7.288 7.318 
2.03 6.812 7,053 7.183 7.263 7,319 7.359 7,390 
2.04 6.874 7.120 7.251 7.334 7.390 7. 4 31 7,462 
2.05 6.937 7 .187 7,321 7.405 7.462 7,503 7.535 
2.06 7.001 7.255 7.391 7,476 7,534 7,577 7,609 
2.07 7,o65 7.323 7.462 7.548 7.608 7,651 7,684 
2.o8 7.130 7,392 7.533 7.621 7.682 7,726 7,759 
2.09 7 .195 7,462 7,605 7,695 7,756 7.8o1 7,835 
2. 10 7.261 7,532 7,678 7.769 7,832 7.877 7.912 

2.11 7,327 7.603 7,751 7,844 7.908 7,954 7,989 
2, 12 7,394 7,675 7,826 7.920 7,985 8,032 8,068 
2.13 7.462 7.747 7,900 7.996 8.o62 8. 110 8,147 
2.14 7.530 7.820 7,976 8.074 8. 141 8.189 8.226 
2.15 7.599 7.893 8.052 8,152 8.220 8.269 8,307 
2.16 7,669 7,968 8,129 8,230 8.299 8,350 8,388 
2. 17 7,739 8,043 8.207 8,310 8.38o 8. 431 8,470 
2. 18 7.8o9 8. 118 8.285 8,390 8.461 8.514 8,553 
2.19 7.881 8,195 8,364 8.471 8,544 8,597 8.637 
2.20 7.953 8.272 8,444 8,552 8.627 8. 681 8.722 

2.21 8.025 8,350 8,525 8.635 8.710 8,765 8,8o7 
2,22 8,098 8.428 8,6o6 8.718 8.795 8,851 8,893 
2.23 8.172 8.507 8,688 8.8o2 8,88o 8,937 8.98o 
2.24 8,247 8,587 8,771 8,887 8.966 9,024 9.o68 
2.25 8.322 8.668 8,855 8,973 9,053 9,112 9,157 
2.26 8.398 8,749 8,940 9.059 9, 141 9,201 9,247 
2.27 8.474 8. 831 9,025 9,146 9.230 9,291 9,337 
2.28 8.551 8.914 9. 111 9,234 9,319 9,381 9,428 
2.29 8.629 8,998 9,198 9,324 9.410 9,473 9.521 
2.30 8.7o8 9.082 9.286 9.413 9.501 9.565 9.614 

2. 31 8. 787 9.167 9,374 9,504 9.593 9.658 9.708 
2.32 8.867 9.253 9.463 9.595 9.686 9.752 9.8o3 
2.33 8.947 9-340 9,554 9.688 9.78o 9.847 9.899 
2.34 9.029 9.428 9.645 9.781 9. 875 9.943 9.995 
2.35 9.111 9.516 9. 737 9, 875 9.971 10.040 10. 093 
2.36 9.193 9.605 9,829 9.970 10.067 10.138 10. 192 
2.37 9.277 9.695 9.923 10.o66 10. 165 10.237 10.291 
2.38 9.361 9.786 10.017 10. 163 10.263 10.336 10.392 
2.39 9.446 9,878 1o. 113 10.261 10.363 10. 437 10. 493 
2.40 9.532 9,970 10.209 10.359 10.463 10.538 10.596 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T 

300 400 500 750 1000 5000 

2.01 7.317 7.353 7.374 7.404 7.418 7.454 7.463 
2.02 7.389 7.426 7.448 7.478 7.493 7.529 7.538 
2.03 7.462 7.499 7.522 7,552 7.568 7.605 7.614 
2.04 7.536 7.574 7.597 7.628 7.643 7.681 7.691 
2.05 7.611 7.649 7.672 7.704 7.720 7.758 7.768 
2.06 7.686 7.725 7.749 7.781 7.797 7.836 7.846 
2.07 7.762 7.8o2 7.826 7,858 7.875 7,915 7,925 
2.08 7.838 7.879 7.904 7.937 7.954 7.994 8.004 
2.09 7.916 7.957 7.982 8.016 8.033 8.074 8.o85 
2.10 7.994 8.036 8.o62 8.096 8. 11 3 8.155 8.166 

2.11 8.073 8.116 8.142 8. 177 8.195 8.237 8.248 
2.12 8.153 8.196 8.223 8.258 8.276 8,320 8.331 
2.1 3 8.233 8.278 8.305 8,341 8. 359 8.404 8.415 
2.14 8.315 8.360 8,387 8,424 8.443 8.488 8.499 
2.15 8,397 8. 443 8.471 8.508 8.527 8.573 8.585 
2. 16 8.48o 8.526 8.555 8.593 8.612 8.659 8.671 
2. 17 8.563 8,611 8.640 8. 679 8.699 8.746 8,758 
2. 18 8.648 8.697 8.726 8.766 8.786 8.834 8.846 
2.19 8.733 8. 783 8.81 3 8.853 8.873 8.923 8.935 
2.20 8.820 8. 870 8.900 8.941 8.962 9.012 9,025 

2.21 8.907 8. 958 8.989 9.031 9.052 9.103 9.116 
2.22 8.995 9.047 9.078 9 .121 9.142 9.194 9.207 
2.23 9.084 9.1 36 9. 168 9.212 9.233 9.286 9.300 
2.24 9.173 9.227 9.260 9.304 9.326 9.38o 9.393 
2.25 9.264 9.318 9.352 9.396 9.419 9.474 9.488 
2.26 9.355 9. 411 9. 445 9.490 9. 513 9.569 9.583 
2.27 9. 448 9. 504 9.538 9.585 9.608 9.665 9.679 
2.28 9. 541 9. 598 9,633 9.68o 9.704 9,762 9,777 
2.29 9.635 9,693 9.729 9.777 9.8o1 9.860 9. 875 
2.30 9,730 9. 790 9.826 9.875 9.899 9, 959 9,974 

2. 31 9.826 9. 887 9.923 9. 973 9, 998 10.059 10.074 
2.32 9. 923 9, 985 10,022 10.073 10. 098 1o.160 10. 176 
2-33 1 o. 021 10.084 1 o. 122 10.17 3 10.199 10.262 10.278 
2. 34 10.120 10. 183 10. 222 10.274 10.301 10. 365 10. 381 
2.35 10.220 10,28l1 10.324 10.377 10.404 10. 469 10.485 
2.36 10.320 10. 386 10.426 10. 480 10.508 10. 574 10. 591 
2.37 10.422 10.489 10.530 10 . 585 10.61 3 10.680 10. 697 
2.38 10.525 10.593 10.635 10.691 10.719 10. 787 10. 8o5 
2.39 10.629 10.698 10.740 10.797 10.826 10. 896 10. 913 
2.40 10.734 10.804 10.847 10.905 10.934 11 .005 11. 023 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOMETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------2 3 4 5 6 7 8 9 

2.41 2.467 3.38o 4.083 4.653 5.128 5.532 5.881 6. 187 
2.42 2.475 3.393 4.102 4.678 5.158 5.566 5.919 6.228 
2.43 2.482 3,407 4.122 4.703 5,187 5,600 5.957 6.269 
2.44 2.489 3,421 4,142 4.728 5.217 5.634 5,995 6,310 
2.45 2.496 3,435 4. 161 4.753 5.247 5.668 6.033 6.352 
2.46 2.504 3.448 4. 181 4.778 5.277 5.703 6,071 6.394 
2.47 2.511 3.462 4. 201 4.8o3 5.307 5,737 6,110 6.436 
2.48 2.518 3.476 4. 221 4.829 5.337 5.772 6.149 6.479 
2.49 2.526 3.490 4.241 4.854 5,368 5.8o7 6. 188 6.521 
2.50 2.533 3.504 4. 261 4.88o 5,399 5.842 6.227 6,564 

2.51 2.540 3.518 4. 281 4.905 5.429 5,877 6.266 6.608 
2.52 2.548 3.532 4. 302 4. 931 5.460 5,913 6.306 6.651 
2.53 2.555 3.546 4.322 4,957 5,491 5.949 6.346 6.695 
2.54 2.563 3.560 4.342 4.983 5.523 5,984 6.386 6. 739 
2.55 2.570 3.575 4.363 5.010 5.554 6.021 6.426 6.783 
2.56 2.577 3.589 4.383 5.036 5.585 6.057 6.467 6.827 
2.57 2.585 3,603 4.404 5.062 5.617 6.093 6.507 6.872 
2.58 2.592 3.617 4.425 5.089 5.649 6.130 6.548 6.917 
2.59 2.600 3,632 4. 445 5.115 5.681 6. 166 6.589 6.962 
2.60 2.607 3.646 4.466 5.142 5,713 6.203 6.631 7.007 

2.61 2.615 3.660 4.487 5. 169 5.745 6.241 6.672 7.053 
2.62 2.622 3,675 4.5o8 5. 196 5.777 6.278 6.714 7.099 
2.63 2.630 3.689 4.529 5.223 5.810 6.315 6.756 7.145 
2.64 2.637 3.704 4.550 5.250 5.843 6.353 6.799 7,192 
2.65 2.645 3.718 4. 571 5.277 5.875 6. 391 6.841 7.238 
2.66 2.652 3.733 4.593 5.305 5.908 6,429 6.884 7.285 

,. 2.67 2.660 3.747 4.614 5.332 5.942 6.467 6.927 7.333 
2.68 2.667 3.762 4.635 5.360 5.975 6.506 6,970 7.38o 
2.69 2.675 3.777 4.657 5.388 6.oo8 6,544 7,013 7.428 
2.70 2.682 3.792 4.678 5.415 6.042 6.583 7.057 7.476 

2.71 2.690 3.8o6 4.700 5.443 6.076 6.622 7.101 7.524 
2.72 2.698 3.821 4. 722 5,471 6.110 6.662 7.145 7,573 
2. 73 2.705 3.836 4.743 5.500 6.144 6.701 7.1 89 7.622 
2.74 2.713 3.851 4.765 5.528 6.178 6.741 7,234 7,671 
2.75 2.720 3.866 4.787 5.556 6.212 6.78o 7.279 7,720 
2.76 2.728 3.881 4.8o9 5.585 6.247 6.821 7. 324 7,770 
2.77 2. 736 3.896 4.831 5.61 3 6.281 6.861 7, 369 7.820 
2. 78 2.743 3.911 4. 853 5. 642 6.316 6. 901 7,415 7. 870 
2.79 2.751 3.926 4, 876 5,671 6.351 6. 942 7.461 7.921 
2.8o 2.759 3,941 4. 898 5.700 6. 386 6,983 7. 507 7, 972 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE()v!ETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T 

10 1 1 12 13 14 15 16 17 

2.41 6.456 6.697 6.912 7. 107 7.284 7.445 7.593 7.730 
2.42 6.501 6.744 6.962 7.159 7.338 7.502 7.652 7.790 
2.43 6.545 6. 791 7.012 7.212 7.393 7.559 7.711 7.850 
2.44 6.590 6,839 7.062 7,264 7.448 7,616 7.770 7. 911 
2.45 6.635 6,887 7,113 7.31 8 7,504 7,673 7.829 7.973 
2.46 6.68o 6.935 7.164 7.371 7.559 7. 731 7.889 8.035 
2.47 6.725 6.983 7.215 7. 425 7.616 7.790 7.950 8.097 
2.48 6.771 7.032 7.267 7,479 7.672 7.848 8.010 8. 160 
2.49 6.817 7.o81 7.319 7. 534 7.729 7.908 8.072 8.223 
2.50 6.863 7. 131 7. 371 7.588 7.786 7.967 8.133 8.286 

2. 51 6.910 7.18o 7.423 7.644 7. 844 8.027 8.195 8.351 
2.52 6.957 7.230 7.476 7.699 7.902 8.088 8.258 8.415 
2.53 7.004 7. 281 7.530 7.755 7.961 8.148 8.321 8.480 
2.54 7,051 7.331 7.583 7.812 8.019 8.210 8.384 8.546 
2.55 7.099 7,382 7.637 7.868 8.079 8.271 8.448 8.611 
2.56 7.147 7.433 7.692 7.925 8.138 8.333 8.513 8.678 
2.57 7.195 7.485 7. 746 7.983 8.198 8.396 8.577 8.745 
2.58 7.244 7.537 7.Bo, 8.041 8.259 8.459 8.642 8.812 
2.59 7.293 7.589 7. 856 8.099 8. 320 8.522 8.708 8. 88o 
2.60 7.342 7.642 7.912 8.157 8.381 8.586 8.774 8. 948 

2.61 7.391 7.695 7.968 8.21 6 8.443 8.650 8. 841 9.017 
2.62 7. 441 7.748 8.025 8. 276 8.505 8.71 5 8.908 9,086 
2.63 7. 491 7.8o1 8. 081 8.335 8.567 8. 78o 8.975 9.156 
2.64 7.541 7.855 8,138 8.396 8.630 8.845 9.043 9.226 
2.65 7.592 7.909 8.196 8.456 8.694 8.911 9.112 9.297 
2.66 7.643 7.964 8.254 8. 517 8.757 8.978 9. 181 9.368 

~2.67 7.694 8.01 9 8.312 8.578 8.821 9,045 9.250 9.440 
2.68 7.746 8.074 8.370 8.640 8. 886 9.112 9.320 9,512 
2.69 7. 797 8.129 8. 429 8. 702 8.951 9. 18o 9.390 9. 585 
2. 70 7.849 8.185 8.489 8.765 9.017 9.248 9.461 9.658 

2.71 7.902 8.241 8.548 8. 827 9.083 9. 317 9.532 9.732 
2. 72 7.955 8.298 8.608 8,891 9.149 9.386 9.604 9.8o6 
2.73 8.008 8.355 8.669 8.954 9.216 9.455 9.677 9.881 
2,74 8.061 8.412 8.730 9,019 9.283 9. 526 9.749 9.956 
2.75 8.115 8.470 8,791 9.083 9.351 9. 596 9.823 10.032 
2.76 8.169 8.527 8.852 9.148 9.419 9.667 9.896 10.109 
2.77 8.223 8.586 8.914 9.213 9,487 9. 739 9.971 10. 186 
2.78 8.278 8.644 8.977 9.279 9.556 9.811 10.046 10.263 
2.79 8.332 8.703 9.039 9. 3115 9.626 9.883 10. 121 10.341 
2.8o 8.388 8.76.3 9.102 9.412 9.696 9.956 10. 197 10.420 



--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

95 

TABLE B-1. - MULTIPLYING FACTOR FOR THE GECXvlETRIC MEAN--CONTINUED 

SAMPLE SIZE 

T -----------------------------------------------------------------------------------18 19 20 25 30 35 4o 45 

2.41 7.855 7.972 8.o8o 8.525 8.856 9. 111 9.314 9.480 
2.42 7.917 8.035 8.145 8.597 8.932 9.190 9.397 9.565 
2.43 7.98o 8.099 8.211 8.668 9.008 9.271 9.480 9.651 
2. 44 8.042 8.164 8.276 8.740 9.085 9.351 9.564 9. 737 
2.45 8.105 8.228 8.343 8.813 9. 163 9.433 9.649 9.825 
2.46 8. 169 8.294 8.410 8.886 9.241 9. 515 9.734 9.913 
2.47 8.233 8.359 8.477 8.960 9.320 9,598 9.820 10.002 
2.48 8.298 8.426 8.545 9.035 9.399 9.682 9.907 10. 091 
2.49 8.363 8.492 8.61 3 9. 110 9,479 9.766 9.995 10. 182 
2. 50 8.428 8.559 8.682 9.185 9.560 9.851 10.083 10.273 

2. 51 8.494 8.627 8. 751 9.261 9.642 9.937 10.172 10.365 
2.52 8.560 8.695 8.821 9.338 9.724 10.023 10.262 10.457 
2.53 8.627 8.764 8.891 9,41 6 9.8o7 10.110 10.352 10. 551 
2.54 8.695 8.833 8.962 9.494 9.890 10.198 10.444 10.645 
2.55 8.763 8.903 9.033 9.572 9.974 10.286 10. 536 10. 740 
2.56 8.831 8.973 9. 105 9.651 10.059 10.376 10.629 10. 836 
2.57 8.900 9.044 9. 178 9. 731 10.145 10.466 10. 723 10. 933 
2.58 8,969 9.1 15 9. 251 9.812 10.231 10.556 10.817 11.031 
2.59 9.039 9.187 9.324 9.893 10.318 10.648 10.912 11.129 
2.60 9.109 9.259 9.398 9.974 1 o. 405 10.740 11 ;009 11 .228 

2.61 9.18o 9.332 9.473 10.057 10.494 10.833 11. 105 11.328 
2.62 9. 251 9.405 9. 548 10.140 10.583 10.927 11.203 11. 429 
2. 63 9.323 9.479 9.624 10.223 10.672 11 .022 11. 302 11.531 
2.64 9.396 9.553 9.700 10.308 10.763 11.117 11. 401 11. 634 
2.65 9. 469 9.628 9.777 10. 393 10.854 11. 213 11.501 11. 738 
2.66 9. 542 9.704 9.854 10.478 10.946 11 .310 11.602 11 .842 
2.67 9.616 9.78o 9.932 10.564 11.038 11. 408 11. 704 11.948 
2.68 9.690 9. 856 10.011 10.651 11.132 11.507 11. 807 12.054 
2.69 9.765 9.933 10.090 10.739 11.226 11 .606 11. 911 12. 161 
2.70 9. 841 10.011 1o. 170 10.827 11. 321 11. 706 12.01 5 12.269 

2.71 9.917 10.089 10.250 10.916 11 .1116 11.807 12. 121 12-378 
2. 72 9. 994 10,168 10.331 11.006 11. 513 11. 909 12.227 12.488 
2.73 10.071 10. 248 10.412 11.096 11.610 12,012 12. 33!+ 12.599 
2. 74 10.149 10.327 10.494 11. 187 11.708 12.115 12.442 12.711 
2.75 10.227 10.4o8 10. 577 11.279 11. 807 12.220 12.551 12.824 
2.76 10.306 10.489 10.660 11.371 11.906 12.325 12.661 12.938 
2.77 10.385 10.571 10.744 11.464 12.007 12.431 12.772 13.053 
2, 78 10.465 10.653 10. 829 11. 558 12. 108 12.538 12.884 13. 168 
2. 79 10.546 10. 736 1o. 914 11. 653 12.210 12.646 12.997 13.285 
2.80 10.627 10.819 11.000 11. 748 12.313 12.755 13. 110 13.403 
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TABLE 8-1. - MULTIPLYING FACTOR FOR THE GE(),,IETRIC MEA N--CONTI NUED 

SAMPLE S IZE 
T -----------------------------------------------------------------------------------

50 75 100 125 150 175 200 

2. 41 9.618 10.064 10.306 10.459 10.564 10.641 10. 700 
2.42 9.705 10.158 10.404 10.560 10.667 10.745 10.8o4 
2.43 9.793 10.253 10.503 10.661 10.770 10. 849 10.910 
2.44 9.882 10. 349 10.603 10.764 10.874 10.955 11.01 6 
2.45 9.971 10.445 10.704 10.867 10. 979 11. 061 11. 124 
2.46 10.062 10.543 10.8o6 10.971 11.086 11. 169 11. 232 
2.47 10.153 10.642 10.909 11.077 11 •193 11.278 11. 342 
2.48 10.245 10.741 11.012 11.183 11. 301 11. 387 11. 453 
2.49 10.337 10.841 11.117 11.291 11.410 11. 498 11.565 
2.50 10.431 10.943 11. 223 11.399 11.521 11. 610 11. 678 

2.51 10.525 11. 045 11.329 11.509 11. 632 11.723 11. 792 
2.52 10.620 11. 148 11. 4 37 11 .61 9 11.745 11. 837 11. 907 
2.53 10.716 11.252 11.545 11. 731 11 .858 11.952 12.023 
2.54 10.813 11.357 11. 655 11. 843 11 •973 12.068 12.140 
2.55 10.911 11. 463 11. 766 11.957 12.o89 12. 185 12.259 
2.56 11.009 11.570 11 .877 12.072 12.206 12.304 12.378 
2.57 11. 108 11. 678 11. 990 12. 187 12.324 12.423 12.499 
2.58 11. 209 11. 787 12. 104 12.304 12.443 12.544 12.621 
2.59 11.310 11. 897 12.219 12.422 12.563 12.666 12.744 
2.60 11.412 12.007 12.335 12.541 12.684 12.789 12.869 

2.61 11.515 12. 119 12.452 12.662 12.8o7 12. 913 12.994 
2.62 11.618 12.232 12.570 12.783 12.930 13.038 13. 121 
2.63 11.723 12.346 12.689 12.906 13.055 13.165 13.249 
2.64 11. 829 12. 461 12.8o9 13.029 13.181 13.293 13. 378 
2.65 11. 935 12. 577 12.930 13.154 13. 309 13.422 13. 5o8 
2.66 12.042 12.694 13.053 13.28o 13. 437 13. 552 13.640 
2.67 12. 151 12.812 13. 177 13. 407 13. 567 13.684 13. 77 3 
2.68 12.260 12.932 13. 301 13.536 13.698 13. 817 13.907 
2.69 12.370 1 3. 052 13. 427 13.666 13. 830 13. 951 14.043 
2.70 12.481 13. 173 13.555 13.796 13. 964 14. o86 14. 180 

2.71 12. 594 13.296 13.683 13.929 14.098 14.223 14. 318 
2.72 12.707 13.419 1 3. 812 14.062 14.234 1 4. 361 14. 457 
2.73 12. 821 13. 544 13.943 14.1 97 14.372 14. 500 14. 598 
2.74 12. 936 13.670 14.075 14. 332 14.510 14. 641 14.740 
2. 75 13.052 13. 797 14.208 14.470 14.650 14. 783 14. 884 
2.76 13.169 13.925 14.343 14. 6o8 14. 791 14. 926 15.029 
2.77 13.287 14.054 14. 478 14.748 14. 934 15.071 15. 175 
2.78 13.4o6 14. 185 14.615 14. 889 15.078 15.217 15. 323 
2.79 13.527 ·14. 316 14.754 15.031 15.223 15. 364 15.472 
2.8o 13.648 14. 449 14.893 15. 175 15. 370 15.513 15.623 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GEOviETRIC MEAN--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

300 400 500 750 10D0 5000 

2.41 10.839 10.911 10.955 11. 014 11. o4 3 11. 11 6 11. 134 
2.42 10.946 11.019 11 .o64 11.1 23 11. 154 11.227 11. 246 
2.43 11. 054 11.128 11.173 11.234 11. 265 11. 340 11. 359 
2.44 11. 163 11.239 11.284 11. 346 11.378 11. 454 11.473 
2.45 11. 273 11. 350 11. 397 11. 460 11 • 491 11.569 11.588 
2.46 11. 384 11.462 11.510 11.574 11.606 11.685 11. 705 
2.47 11.497 11.576 11. 624 11.689 11. 722 11.8o2 11. 822 
2.48 11.610 11. 690 11. 740 1,. 806 11.839 11.921 11. 9t11 
2.49 11. 724 11.8o6 11. 856 11. 923 11. 958 12.040 12.061 
2.50 11. 840 11.923 11.974 12.042 12.077 12.161 12.1 82 

2.51 11. 957 12.041 12.093 12. 163 12.198 12.283 12. 305 
2. 52 12.074 12.160 12.213 12.284 12-320 12.407 12.429 
2.53 12.193 12. 281 12-334 12.406 12. 443 12.531 12.553 
2.54 12.313 12.403 12.457 12.530 12.567 12.657 12.68o 
2.55 12.435 12.525 12.580 12.655 12.692 12.784 12. 807 
2. 56 12.557 12.649 12.705 12.781 12.819 12.912 12. 936 
2.57 12.681 12.775 12.831 12.908 12. 947 13.042 13. 066 
2. 58 12.8o6 12. 901 12.959 13. 037 13.077 13. 173 13. 197 
2.59 12.932 13.029 13.088 13.167 13.207 13.305 13.330 
2. 60 13.059 13. 158 13.217 13.298 13-339 13.439 13. 464 

2.61 13.1 88 13.288 13.349 13.431 13.472 13. 573 13. 599 
2.62 13.318 13.419 13.481 13. 565 13. 607 13. 710 13. 736 
2.63 13.449 13.552 13.615 13. 700 13.743 13.847 13. 874 
2.64 13.582 13.686 13.750 13.836 13. 88o 13. 986 14.01 3 
2. 65 13.71 5 13. 822 13.887 13. 974 14.019 14.127 14. 154 
2.66 13.850 13. 959 14.024 14. 114 14. 159 14.268 14.296 
2.67 13.987 14.097 14.164 14.254 14.300 14.412 14.440 
2.68 14.124 14.236 14.304 14 . 396 14.443 14. 556 14.585 
2.69 14.263 14.377 14.446 14. 540 14.587 14.702 14.732 
2.70 14.404 14.519 14.590 14.685 14.733 14.850 14. 88o 

2.71 14.546 14.663 14.734 14.831 14.880 14. 999 15.029 
2.72 14.689 14.8o8 14 . 881 14. 979 15.029 15.1 50 15. 180 
2. 73 14.833 14. 954 15.028 15.128 15 .1 79 15.302 15. 333 
2.74 14. 979 15. 102 15.177 15.279 15.330 15 . 455 15.487 
2.75 15.127 15. 252 15. 328 15.431 15.483 15. 610 15.643 
2.76 15. 275 15.402 15.48o 15.585 15. 638 15.767 15.8oo 
2. 77 15.426 15.555 15. 634 15.740 15.794 15. 925 15 . 959 
2.78 15. 577 15.709 15.789 15.897 15.952 16. 085 16. 11 9 
2.79 15. 731 15. 864 15. 945 16.055 16. 111 16.2117 16. 281 
2.8o 15.885 16. 021 16.103 16.215 16.272 16.410 16. 445 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE()l.1ETR IC MEA N--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

2 3 4 5 6 7 8 9 

2.81 2.766 3.956 4.920 5.729 6.422 7.024 7.553 8.023 
2. 82 2.774 3.972 4.943 5.758 6.457 7.065 7.599 8.074 
2. 83 2.782 3.987 4.965 5. 788· 6.493 7.106 7.646 8.126 
2.84 2.790 4,002 4.988 5. 817 6.529 7.148 7.693 8.178 
2. 85 2.797 4.017 5.011 5.847 6.565 7 .190 7.740 8.230 
2. 86 2.8o5 4.033 5.033 5.877 6.601 7.232 7.788 8.283 
2.87 2.813 4.o48 5.056 5.906 6.637 7.274 7.836 8.335 
2.88 2. 821 4.o64 5,079 5,936 6.674 7. 317 7. 884 8.389 
2.89 2.828 4.079 5.102 5,966 6.710 7.359 7,932 8.442 
2.90 2.836 4.095 5.125 5,997 6.747 7,402 7.981 8.496 

2. 91 2. 844 4.110 5.149 6.027 6. 784 7.445 8.029 8.550 
2.92 2.852 4.126 5. 172 6.057 6.821 7.489 8.078 8.604 
2.93 2.860 4,1 42 5,195 6.088 6.858 7,532 8.128 8.659 
2.94 2. 867 4.157 5.219 6.119 6.896 7,576 8.177 8.714 
2.95 2. 875 4. 173 5.242 6.150 6.934 7.620 8,227 8.769 
2. 96 2.883 4. 189 5,266 6.18o 6.971 7.664 8.277 8.824 
2.97 2, 891 4.205 5,289 6.212 7.009 7.7o8 8. 327 8.88o 
2.98 2,899 4.220 5.313 6.243 7.047 7.753 8. 378 8.936 
2.99 2.907 4.236 5.337 6.274 7.086 7.798 8,429 8.993 
3.00 2.915 4.252 5.361 6.305 7,124 7.843 8.480 9.050 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

10 11 12 13 14 15 16 17 

2.81 8.443 8.822 9.166 9.479 9.766 1o. 030 10.273 10.499 
2. 82 8.499 8.882 9.230 9.547 9. 837 1o. 1o4 10. 350 10.578 
2.83 8.555 8.943 9.294 9.61 5 9,9o8 10.178 10.428 10.659 
2.84 8.612 9.004 9.359 9,683 9,980 10.253 10.506 10.739 
2.85 8.669 9.o65 9.424 9.752 10.052 10.329 10.584 10. 821 
2.86 8.726 9.126 9.490 9.821 10.125 10.405 10.663 10.903 
2.87 8.784 9.188 9,556 9,891 10.1 98 10. 481 10.743 10.985 
2.88 8.841 9,250 9.622 9,961 10. 272 10. 558 10. 823 11. o68 
2.89 8.900 9.313 9,689 10.032 10. 346 10. 636 10. 904 11.152 
2.90 8.958 9.376 9.756 10.103 10. 421 10. 714 10. 985 11.236 

2, 91 9.017 9,439 9.823 10.174 10.496 10.792 11.067 11. 321 
2.92 9,076 9,503 9,891 10.246 10.572 10.872 11 . 149 11. 406 
2.93 9,136 9,567 9.960 10.319 10.648 10. 951 11. 232 11. 492 
2.94 9. 196 9.632 10.029 10.391 10. 724 11.031 11.31 5 11.579 
2.95 9,256 9,697 10.098 10.465 10.8o2 11.112 11. 399 11.666 
2.96 9.317 9,762 10. 168 10.539 10.879 11.193 11. 484 11. 754 
2.97 9,378 9.828 10.238 10.613 10.957 11 .275 11. 569 11 . 842 
2.98 9,439 9,894 10,308 10.688 11.036 11.357 11. 655 11. 931 
2.99 9.501 9. 961 10.380 10.763 11.115 11 . 440 11. 741 12.021 

3.00 9,563 10.028 10.451 10.839 11. 195 11. 524 11. 828 12. 11 1 
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TABLE B-1. - MULT IPLYING FACTOR FOR THE GECMETRI C MEA N--CONT INUED 

SAMPLE SI ZE 
T -----------------------------------------------------------------------------------

18 19 20 25 30 35 4o 45 

2. 81 10. 708 10. 904 11.086 11. 844 12.416 12. 864 13. 225 13. 522 
2. 82 10.791 10. 988 11.173 11. 941 12. 521 12. 975 13. 340 13. 641 
2. 83 10.873 11.074 11. 261 12.038 12. 626 13.086 13. 457 13.762 
2. 84 10.957 11. 159 11. 349 12.1 36 12. 732 13. 199 13. 574 13.884 
2. 85 11.o41 11. 246 11. 438 12.235 12. 839 13. 312 13. 693 14.007 
2. 86 11.125 11.333 11. 527 12.335 12. 947 13. 426 13. 812 14. 131 
2. 87 11. 211 11. 421 11.617 12. 436 13.055 13. 541 13. 933 14.256 
2. 88 11. 296 11. 509 11. 7o8 12. 537 13. 165 13. 657 14.054 14. 382 
2.89 11.383 11. 598 11. 800 12. 639 1 3. 275 13.774 14. 177 14. 509 
2.90 11. 470 11. 688 11. 892 12.742 13. 386 13. 892 14. 300 14. 637 

2. 91 11.558 11. 778 11. 985 12. 846 13. 499 14. 011 14. 425 14. 766 
2. 92 11. 646 11.869 12.078 12. 950 13.612 14. 131 14. 551 14. 897 
2. 93 11. 735 11. 961 12. 173 13.055 13. 726 14. 252 14. 677 15.028 
2. 94 11. 824 12.053 12.267 13.1 62 13.840 14. 374 14. 805 15. 161 
2. 95 11 • 91 4 12.1 46 12.363 13. 268 13. 956 14. 497 14. 934 15.294 
2. 96 12.005 12.240 12. 459 13. 376 14. 073 14. 621 15.064 15. 429 
2. 97 12.097 12. 334 12.556 13. 485 14.1 90 14.746 15.1 95 15. 565 
2. 98 12. 189 12. 429 12.654 13.594 14. 309 14. 872 15. 327 15. 703 
2. 99 12.281 12.525 12.752 13.704 14.428 14. 999 15. 460 15.841 
3.00 12.375 12.621 12. 851 13. 815 14. 549 15.127 15. 594 15.980 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

50 75 100 125 150 175 200 

2. 81 13.770 14.583 15.034 15. 320 15. 518 15. 664 15.775 
2. 82 13.893 14.71 9 15.176 15. 467 15. 668 15. 815 15. 928 
2. 83 14.01 8 14. 855 15.31 9 15.614 15.819 15. 969 16.083 
2. 84 14. 143 14.993 15.464 15.764 15. 971 16.123 16. 240 
2. 85 1ti . 270 15. 132 15.610 15.914 16.125 16.280 16. 398 
2. 86 14.398 15.272 15.757 16.066 16.280 16.437 16.557 
2. 87 14. 526 15. 414 15.9o6 16.220 16. 437 16. 597 16.719 
2. 88 14.656 15. 556 16.056 16.375 16. 595 16. 757 16. 881 
2. 89 14. 787 15. 701 16.208 16.531 16.755 16. 920 17.045 
2. 90 14.91 9 15. 846 16.361 16.689 16. 916 17. 083 17.211 

2. 91 15.053 15. 993 16. 515 16. 848 17. 079 17.249 17. 379 
2. 92 15. 187 16.141 16.671 17.009 17. 244 17. 416 17. 548 
2. 93 15. 323 16.290 16. 828 17.172 17. 410 17. 584 17. 718 
2. 94 15.459 16.441 16. 987 17. 335 17. 577 17.755 17. 891 
2. 95 15. 597 16. 593 17 .1 47 17. 501 17. 746 17. 927 18. 065 
2. 96 15. 736 16.746 17.309 17. 668 17. 917 18. 100 18. 240 
2. 97 15.877 16. 901 17. 472 17.836 18. 089 18. 275 18.4 17 
2. 98 16 .01 8 17.057 17.637 18.007 18.263 18. 452 18. 597 
2. 99 16 . 161 17.21 5 17.8o3 18. 178 18. 439 18. 630 18. 777 
3.00 16.305 17.374 17.971 18. 352 18. 616 18. 811 18.960 
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TABLE B-1. - MULTIPLYING FACTOR FOR THE GE()'-1ETRIC MEA N--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------300 400 500 750 1000 5000 

2.81 16.042 16.179 16.263 16.377 16.434 16.574 16.610 
2.82 16.199 16.339 16.425 16.540 16.598 16.741 16.777 
2.83 16-359 16.501 16.587 16.705 16.764 16.909 16.945 
2.84 16.520 16.664 16.752 16.871 16.931 17.079 17.116 
2.85 16.682 16.829 16.918 17.039 17. 101 17.250 17,288 
2.86 16. 846 16.995 17.086 17.209 17.271 17,423 17,461 
2.87 17.012 17. 163 17.255 17.38o 17.444 17.598 17.637 
2.88 17. 179 17. 333 17.427 17.554 17.618 17.775 17.814 
2.89 17. 348 17.504 17.599 17.728 17.794 17.953 17.993 
2.90 17.518 17.677 17. 774 17. 905 17.971 18. 133 18. 174 

2. 91 17.691 17.852 17.950 18.083 18. 151 18.315 18. 357 
2.92 17.865 18.028 18. 128 18.263 18.332 18.499 18.541 
2.93 18.040 18. 206 18.3o8 18.445 18. 515 18.685 18.728 
2.94 18.218 18.386 18.489 18.629 18. 700 18.872 18.916 
2.95 18.397 18.568 18.673 18.814 18. 886 19. 061 19.106 
2.96 18.577 18. 751 18.858 19.002 19.075 19.253 19. 298 
2. 97 18. 760 18. 937 19.045 19. 191 19. 265 19. 446 19.492 
2.98 18.944 19. 124 19.234 19.382 19.458 19. 641 19.688 
2.99 19. 130 19. 313 19. 424 19,575 19.652 19.838 19.886 
3.00 19.318 19.504 19.617 19.770 19.848 20.037 20.085 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

2 3 4 5 6 7 8 9 

0.02 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 
0.04 o.o4o 0.041 0.041 0.041 0.041 0.041 0.042 0.042 
o.o6 o.o61 o.o62 o.o62 0.063 o.o63 0.063 0.064 0.064 
o.o8 0.081 0.083 o.o84 0.085 0.085 0.086 o.o86 0.087 
o. 10 0.102 0.104 o. 1o6 o. 1o8 0.109 0.109 0.110 o. 111 
0.12 0.122 0.126 0.129 o. 131 0.133 0.134 0.135 0.136 
0.14 0.143 0.148 0.152 0.155 0.157 0.159 o. 160 o. 161 
0.16 0.164 0.171 0.176 o. 18o 0.183 o. 185 o. 187 o. 188 
o. 18 o. 185 0,194 0.200 0.205 0.209 0,212 0.214 0.216 
0.20 0.207 0.217 0.225 0.231 0.236 0.239 0,242 0.245 

0.22 0.228 0.241 o. 251 0.258 0.264 0.268 0.272 0.275 
0.24 0.250 0.265 0.277 0.285 0.292 0.298 0.302 o.3o6 
0.26 0.271 0.289 0.303 0.314 0.322 0.328 0.333 0.338 
0.28 0.293 0.314 0.330 0.342 0.352 0.360 0.366 0.371 
0.30 0.315 0.339 0.358 0.372 0.383 0.392 0.399 o.405 
0.32 0,337 0.365 0.386 o.403 o.415 o.426 o.434 o.441 
0.34 0,360 o. 391 o.415 o.434 o.448 o.46o o. 470 o.478 
0.36 0.382 o.417 o. 445 o.466 o.482 o.496 0.507 0.516 
0.38 o.405 o.444 o.475 o.498 0.517 0.532 0.545 0.555 
o.4o o.427 o.471 0.505 0.532 0.553 0.570 0.584 0.596 

o.42 o.450 o.498 0.537 0.566 0.590 0.609 0.625 0.638 
o.44 o.473 0.526 0.569 0.602 0.628 o.649 0.667 0.682 
o.46 o.496 0.555 0.601 0.638 0.667 0.691 0.710 0.727 
o.48 0.520 0.583 0.635 0.675 0.707 0.733 0.755 0.773 
0.50 0.543 0.613 0.669 0.713 o. 748 0,777 o.8o1 0.821 
0.52 0.567 o.642 0.703 0.751 0.790 0.822 o.848 0.871 
0.54 0,590 0.672 0.738 o. 791 0.833 o.868 0.897 0.922 
0.56 0.614 0.703 o. 774 0.832 0.878 0.916 0.947 0.974 
0.58 0.638 0.733 0.811 0.873 0.923 0.964 0.999 1.029 
0.60 0.662 0.765 o.849 0.915 0.970 1.015 1.052 1.o85 

0.62 0.687 0.796 o.M7 0.959 1.018 1.066 1. 107 1. 142 
o.64 o. 711 0.829 0.925 1.003 1.o67 1. 119 1. 164 1. 202 
o.66 0.736 0.861 0.965 1.049 1. 117 1. 174 1,222 1. 263 
o.68 0.761 0.894 1.005 1.095 1. 169 1.230 1. 282 1. 326 
0.70 0.786 0.928 1.046 1. 143 1.222 1.287 1. 343 1. 391 
0.72 0.811 0.962 1.o88 1. 191 1. 276 1.347 1.407 1. 458 
0.74 0,836 0.996 1. 131 1. 241 1,331 1. 407 1.472 1.527 
0.76 0.861 1,031 1. 174 1. 291 1.388 1. 469 1.539 1. 598 
0.78 0.887 1 .066 1.218 1,343 1.446 1,533 1.607 1. 671 
o.8o 0.913 1. 102 1.263 1. 396 1.5o6 1.599 1 .678 1. 747 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------10 11 12 13 14 15 20 25 

0.02 0.020 0.020 0.020 0.020 0.020 0.020 0.021 0.021 
o.o4 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 
0.06 o.o64 o.o64 o.o64 o.o64 0.064 o.o64 o.o65 o.o65 
o.o8 o.o87 o.o87 0.088 0.088 o.o88 0.088 0.089 0.089 
o. 10 o. 111 o. 112 0.112 0.112 0.112 0.11 3 0.113 0.114 
0.12 0.136 0.137 0.137 o. 138 0.138 0.138 0.140 0.140 
0.14 0.162 0.163 0.164 0.164 0.165 o. 165 0.167 o. 168 
0.16 o. 189 0.190 o. 191 o. 192 0.193 0.193 0.196 0.197 
0.18 0.218 0.219 0.220 0.221 0.222 0.223 0.226 0.228 
0.20 0.247 0.249 0.250 0.251 0.253 0.254 0.257 0.260 

0.22 0.277 0.279 0.281 0.283 0.284 0.286 0.290 0.293 
0.24 0.309 0.311 0.314 0.316 0.317 0.319 0.325 0.328 
0.26 0.341 0.345 0.347 0.350 0.352 0.354 0.360 0.365 
0.28 0.375 0.379 0.382 0.385 0.388 0.390 0.398 o.403 
0.30 o.411 o.415 o.419 o.422 o.425 o.428 o.437 o.443 
0.32 o.447 o.452 o.456 o.46o o.464 o.467 o.478 o.485 
0.34 o.485 o.491 o.496 0.500 0.504 0.508 0.521 0.529 
0.36 0.524 0.531 0.536 0.542 0.546 0.550 0.565 0.575 
0.38 0.564 0.572 0.579 0.585 0.590 0.594 0.612 0.623 
o.4o 0.606 0.615 0.623 0.629 0.635 o.64o 0.660 0.673 

o.42 0.650 0.659 o.668 0.675 0.682 o.688 0.710 0.725 
o.44 0.695 0.706 0.715 0.724 0.731 0.738 0.763 o. 779 
o.46 0.741 0.753 0.764 0.773 0.782 0.789 0.817 0.836 
o.48 0.789 o.8o3 0.814 0.825 0.834 o.843 0.874 0.895 
0.50 0.839 0.854 0.867 0.879 0.889 0.898 0.933 0.956 
0.52 0.890 0.906 0.921 0.934 0.946 0.956 0.995 1.020 
0.54 0.943 0.961 0.977 0.992 1.004 1.016 1.059 1.087 
0.56 0.997 1. 018 1.035 1.051 1.o65 1.078 1. 125 1. 157 
0.58 1.054 1.076 1.096 1. 113 1.128 1. 142 1. 194 1 .229 
0.60 1. 112 1. 136 1. 158 1.177 1. 193 1. 209 1. 266 1.304 

0.62 1. 172 1. 199 1. 222 1.243 1. 261 1. 278 1.341 1. 383 
o.64 1.235 1.263 1.289 1. 311 1. 331 1.349 1. 418 1. 464 
o.66 1.299 1. 330 1.357 1. 382 1. 4o4 1.423 1. 499 1. 549 
o.68 1.365 1.399 1.428 1.455 1.479 1.500 1.582 1.637 
0.70 1.433 1. 469 1. 502 1. 531 1. 556 1.58o 1.669 1. 729 
0.72 1.503 1. 54 3 1.578 1.609 1. 637 1.662 1. 759 1.824 
0.74 1.576 1.618 1.656 1.690 1. 720 1. 747 1.852 1. 923 
0.76 1.650 1.696 1.737 1. 773 1.8o6 1. 835 1.949 2.026 
0.78 1. 727 1. 777 1.820 1.859 1 .895 1. 926 2.049 2.132 
o.8o 1.8o7 1.860 1.907 1. 949 1. 986 2. 021 2.153 2.243 
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TABLE B-2, - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

30 40 50 100 200 500 1000 

0.02 0.021 0,021 0.021 0,021 0,021 0,021 0.021 0,021 
0,04 0.042 0.042 0.042 0.042 0,042 0,042 0.042 0.042 
0.06 0.065 o.o65 0.065 o.o65 o.o66 0.066 0.066 0.066 
0.08 0.089 o.o89 0.090 0.090 0.090 0.090 0.090 0.090 
0.10 0.114 0.115 0.115 o. 116 o. 116 o. 116 0.116 0.116 
0.12 o. 141 0,142 0,142 0.143 0.143 0.144 o. 144 0.144 
0.14 0.169 0.170 o. 170 0.172 0.172 0.173 0.173 0.173 
0.16 0.198 0.199 0,200 0.202 0.203 0.203 0.203 0.204 
o. 18 0.229 0.231 0.232 0.234 0.235 0.236 0.236 0.236 
0.20 0.261 0.263 0.265 0.268 0.269 0.270 0.270 0.270 

0.22 0.295 0.298 0.300 0.303 0.305 0.306 0.306 0.307 
0.24 0.331 0.334 0.336 o. 340 0,343 0.344 0.344 0.345 
0.26 0.368 0.372 0.374 0.380 0.382 0.384 0.385 0.385 
0.28 o.407 o.412 o.415 o.421 o.424 o.426 o.427 o.428 
0.30 o.448 o.453 o.457 o.464 o.468 o.471 o.471 o.472 
0.32 o.490 o.497 0.501 0.510 0.515 0.517 0.518 0.519 
0,34 0.535 0.543 0.548 0.558 0.563 0.567 0.568 0.569 
0.36 0.582 0.591 0.596 0.608 0.615 0.618 0.620 0.621 
0.38 0.631 o.641 o.648 0.661 o.668 0.673 0.674 0.676 
o.4o 0.682 0,694 0.701 0.717 0.725 0.730 0.732 0.734 

o.42 0.735 0.748 o. 757 0.775 0.784 o. 790 0.792 o. 794 
o.44 o. 791 o.8o6 0.816 0.836 o.847 0.854 0.856 0.858 
o.46 o.849 o.866 0.877 0.900 0.912 0.920 0.923 0.925 
o.48 0,909 0.929 0.941 0,967 o. 981 0.990 0.993 0.996 
0.50 0.973 0.994 1.008 1.037 1 .053 1,063 1.o66 1.070 
0.52 1.039 1.063 1.078 1. 111 1.129 1 . 140 1. 143 1. 147 
0.54 1. 107 1,134 1. 151 1. 188 1.2o8 1,220 1.224 1.229 
0,56 1. 179 1.209 1.228 1.269 1. 291 1. 305 1. 309 1,314 
0.58 1.254 1.287 1.308 1. 354 1. 378 1. 393 1 .399 1. 4o4 
0,60 1. 332 1. 368 1.392 1.442 1. 469 1. 486 1. 492 1. 498 

0.62 1. 413 1.453 1.479 1.535 1.565 1. 584 1.590 1.597 
o.64 1. 497 1. 542 1.570 1.631 1.665 1.686 1.693 1. 700 
o.66 1.585 1.634 1.665 1. 733 1.770 1. 793 1. 801 1.809 
o.68 1.677 1.730 1.764 1.839 1.879 1.905 1. 913 1.922 
0.70 1. 772 1.830 1.868 1. 949 1. 994 2,022 2.032 2.041 
0.72 1. 871 1. 935 1. 976 2.065 2. 114 2.145 2.156 2.166 
0.74 , • 974 2.044 2.088 2. 186 2.240 2.274 2.285 2.297 
0.76 2.o81 2.157 2.206 2.312 2.371 2.408 2.421 2.434 
o. 78 2.193 2.275 2,328 2,444 2.509 2.549 2.563 2.577 
o.8o 2.309 2.398 2.455 2.582 2,652 2.697 2.712 2.727 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

2 3 4 5 6 7 8 9 

0.82 0.938 1.138 1. 309 1.450 1.567 1.666 1. 751 1.824 
o.84 0.964 1.175 1. 355 1.505 1.629 1. 735 1.825 1. 904 
o.86 0.991 1. 213 1.403 1.561 1.693 1.8o6 1. 902 1.986 
o.88 1.017 1. 250 1.451 1. 618 1. 759 1 .878 1.981 2.070 
0.90 1.043 1.289 1.500 1.677 1. 826 1. 952 2.o62 2.157 
0.92 1.070 l. 327 l. 550 l. 737 1.894 2.029 2.145 2.246 
0.94 1. 097 1. 366 1. 601 1.798 1 .964 2.107 2.230 2.337 
0.96 1. 124 1. 406 1 .653 1.860 2.036 2.187 2.317 2.431 
0.98 1.151 1. 446 1. 705 1. 924 2.109 2.269 2.407 2.528 
1.00 1. 178 1. 487 1. 759 1.989 2. 185 2.353 2.499 2.627 

1 .02 1. 2o6 1. 529 1. 81 3 2.055 2.261 2.439 2.594 2.730 
1 .o4 1. 233 1.570 1.868 2.122 2.340 2.527 2.691 2.834 
1.06 1. 261 1 .613 1. 925 2. 191 2.420 2.618 2. 790 2.942 
1.08 1.289 1.656 1. 982 2.262 2.502 2.710 2.892 3.053 
1. 10 1.317 1 .699 2.040 2.333 2.586 2.8o5 2.997 3.166 
1. 12 1. 345 1.743 2.099 2.4o6 2.671 2.902 3. 104 3.283 
1. 14 1. 374 1. 787 2.159 2.481 2.759 3.001 3.214 3.403 
1.16 1. 402 1.832 2.220 2.557 2.848 3.103 3.327 3.526 
1. 18 1. 431 1 .878 2.283 2.634 2.940 3.207 3.443 3.652 
1. 20 1. 460 1. 924 2.346 2.713 3.033 3.313 3.561 3. 781 

1.22 1. 489 1. 971 2.410 2.793 3.128 3.422 3.682 3.914 
1.24 1.518 2.018 2.475 2.875 3.226 3.534 3.8o7 4.050 
1.26 1.548 2.066 2.541 2.959 3.325 3.648 3.934 4. 19() 
1.28 1.577 2.114 2.609 3.044 3.427 3.765 4.065 4.334 
1.30 1.607 2. 163 2.677 3. 131 3.530 3.884 4.199 4.481 
1.32 1.637 2.21 3 2.746 3.219 3.636 4.oo6 4.336 4.631 
1. 34 1.667 2.263 2.817 3.309 3.744 4. 131 4.476 4.786 
1. 36 1.698 2.314 2.889 3. 401 3.855 4.258 4.620 4.945 
1. 38 1.728 2.365 2.961 3.494 3.967 4.389 4.767 5. 107 
1.40 1. 759 2.417 3.035 3.589 4.082 4.522 4.917 5.274 

1.42 1. 790 2.470 3.111 3.686 4.199 4.659 5.072 5.445 
1. 44 1. 821 2.523 3.187 3.784 4.319 4.798 5.230 5.620 
1.46 1.852 2.577 3.264 3.885 4.441 4.941 5. 391 5.799 
1. 48 1.883 2.631 3.343 3. 987 4.566 5.o86 5.556 5.983 
1 .50 1. 915 2.686 3.423 4.091 4.693 5.235 5.726 6. 171 
1.52 1. 946 2. 742 3.504 4. 197 4.823 5.387 5.899 6.364 
1.54 1.978 2.798 3.586 4. 305 4.955 5.543 6.076 6.561 
1.56 2.010 2.855 3.670 4.415 5. 09() 5.701 6.257 6.764 
1.58 2.042 2.913 3.754 4.526 5.227 5.864 6.443 6.971 
1.60 2.075 2.971 3.841 4.640 5.368 6.029 6.632 7. 183 
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TABLE B-2, - MULTIPLYING FACTOR FOR THE VARIANCE --CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------10 11 12 13 14 15 20 25 

0. 82 1 . 888 1. 945 1. 996 2,041 2.081 2. 118 2.261 2. 358 
o.84 1. 972 2.033 2.087 2.136 2.18o 2.219 2. 373 2.478 
o.86 2.059 2.124 2.1 82 2.234 2.281 2.324 2.489 2.602 
o.88 2.1 48 2.218 2.280 2. 335 2. 386 2. 431 2.609 2.731 
0. 90 2.240 2. 314 2. 381 2,440 2. 494 2.5 43 2.733 2.864 
0. 92 2,335 2,414 2. 484 2.548 2.606 2.658 2.862 3.003 
0. 94 2.1132 2.516 2. 592 2. 659 2. 721 2.777 2.995 3,146 
0.96 2,532 2.622 2.702 2.774 2. 840 2. 900 3.133 3.295 
0. 98 2.635 2.730 2.816 2.893 2.963 3. 027 3.276 3.449 
1 .oo 2.741 2.842 2.933 3.015 3.090 3.158 3.424 3.610 

1.02 2.850 2,957 3.054 3. 141 3.220 3.293 3.577 3,775 
1 ,04 2.962 3.076 3. 179 3.271 3.356 3.432 3. 735 3.947 
1. 06 3.077 3.198 3. 307 3. 405 3. 495 3,577 3.899 4. 126 
1.08 3,196 3.32!1 3. 439 3.543 3.638 3.725 4.069 4.310 
1. 10 3,317 3.453 3.575 3.686 3.787 3,879 4.244 4.501 
1. 12 3.443 3,586 3.715 3.832 3. 939 4.037 4. 425 4. 699 
1. 14 3,571 3,723 3.859 3.983 4.097 11 .201 4. 613 4. 905 
1. 16 3,703 3,863 4.008 4. 139 4.259 4.369 4.806 5.1 17 
1. 18 3.839 4.008 4.160 4.299 4.426 4, 543 5.007 5, 337 
1.20 3.979 4.157 4.318 4.464 4.599 4. 722 5.21 4 5,564 

1. 22 4.122 4.309 4.48o 4.635 4.776 4.907 5.428 5.800 
1.24 4.269 4.467 4.646 4.810 4. 959 5.097 5. 649 6.044 
1. 26 4.420 4.628 4. 817 4, 990 5,148 5.294 5.877 6. 296 
1.28 4.575 4. 794 4,993 5.175 5.342 5.496 6. 11 3 6.557 
1. 30 4.735 4.965 5. 175 5.366 5.542 5.705 6.357 6.827 
1. 32 4.898 5.140 5. 361 5.563 5.748 5,919 6. 609 7 .107 
1.34 5.o66 5.320 5.552 5.765 5.960 6. 141 6.869 7.396 
1. 36 5.238 5.506 5.749 5.973 6.1 79 6,369 7. 137 7.695 
1. 38 5.415 5.696 5. 952 6. 187 6.404 6.604 7.414 8.004 
1.40 5.597 5.891 6.160 6.407 6.635 6.846 7.700 8, 323 

1. 42 5.783 6.092 6. 374 6.634 6. 873 7.095 7.996 8.654 
1. 44 5.974 6.297 6.594 6.867 7. 118 7.352 8,300 8.995 
1.46 6.170 6.509 6.820 7. 1o6 7.371 7.616 8.615 9.349 
1.48 6.371 6.726 7.052 7.352 7.630 7.888 8.940 9.7 13 
1.50 6.577 6.949 7.290 7.6o6 7.897 8. 168 9.275 10.091 
1. 52 6. 788 7. 178 7.536 7.866 8.172 8.456 9.620 10.48o 
1.54 7.005 7.412 7.787 8.134 8.454 8.753 9.976 10.883 
1. 56 7.227 7.653 8.046 8.409 8.745 9,058 10.344 11.299 
1.58 7.455 7. 901 8. 311 8.691 9.044 9,372 10.723 11. 729 
1 .60 7.689 8.154 8.584 8.982 9.351 9.695 11. 114 12.173 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

30 4o 50 100 200 500 1000 

0.82 2.429 2.526 2.588 2.726 2.8o3 2.851 2.868 2.885 
o.84 2.554 2.659 2.727 2.876 2.960 3.013 3.031 3.049 
o.86 2.685 2. 797 2.871 3.033 3.124 3. 181 3.201 3. 221 
o.88 2.820 2.942 3.021 3. 197 3.295 3.358 3.380 3.402 
0.90 2.960 3.091 3.177 3.368 3.475 3.543 3.566 3.590 
0.92 3. 1o6 3.247 3.340 3.546 3.662 3.736 3.761 3.787 
0.94 3.257 3.410 3.510 3. 732 3.858 3.938 3.965 3.994 
0.96 3.414 3.578 3.686 3.927 4.062 4.149 4.179 4.209 
0.98 3.577 3.754 3.870 4.129 4.275 4.369 4.402 4.435 
1 .oo 3.747 3.936 4.061 4.340 4.498 4.600 4.635 4.671 

1.02 3.922 4.125 4.259 4.560 4.731 4.841 4.879 4.917 
1. 04 4.105 4.322 4.466 4. 790 4.974 5.092 5.133 5.175 
1 .o6 4.294 4.527 4.681 5.029 5.227 5.355 5.399 5.445 
1 .08 4.490 4. 739 4.904 5.278 5.492 5.630 5.678 5.726 
1.10 4.693 4.960 5.137 5.538 5.768 5.916 5.968 6.021 
1.12 4.904 5.189 5.378 5.8o9 6.056 6.216 6.272 6. 328 
1. 14 5.123 5.427 5.630 6.091 6. 356 6.529 6.589 6. 650 
1. 16 5.349 5.674 5.891 6.385 6.670 6.855 6.920 6.986 
1. 18 5.584 5.931 6.162 6.691 6.997 7.196 7.266 7-337 
1. 20 5.828 6. 197 6.444 7.010 7.338 7.552 7.627 7.703 

1. 22 6.o8o 6.473 6.737 7.343 7.694 7.924 8.004 8.086 
1. 24 6.341 6.760 7.041 7.689 8.065 8.311 8.398 8.486 
1. 26 6.612 7.058 7.358 8.049 8. 452 8.716 8.8o9 8.903 
1.28 6.893 7.367 7.686 8.424 8. 855 9.139 9.238 9.339 
1. 30 7. 183 7.687 8.027 8.815 9.276 9. 579 9. 686 9. 794 
1. 32 7.484 8.020 8.381 9.221 9.71 4 10.039 10.1 53 10.270 
1. 34 7. 796 8.364 8.749 9.644 10.171 10.519 10. 641 10. 766 
1. 36 8.119 8.722 9. 131 10.085 10.648 11.020 11.1 50 11. 284 
1.38 8.453 9.093 9. 527 10.543 11. 144 11. 542 11. 681 11. 825 
1. 4o 8. 799 9.477 9.939 11. 020 11.661 12.087 12.236 12. 389 

1. 42 9.157 9.876 10.366 11.516 12.200 12.655 12. 814 12. 979 
1. 44 9.527 10.289 10.8o9 12.033 12.762 13.247 13. 418 13. 594 
1. 46 9.911 10.718 11. 269 12.570 13. 347 13.865 14. 048 14. 235 
1.48 10.3o8 11. 162 11. 746 13. 129 13. 957 14. 510 14.704 14. 905 
1 .50 10.718 11. 622 12.242 13.710 14.592 15. 182 15. 390 15.604 
1. 52 11. 143 12.099 12.755 14.315 15.254 15.882 16.104 16.333 
1.54 11. 582 12.593 13.288 14.944 15.943 16.613 16.850 17 .094 
1. 56 12.037 13. 105 13.841 15.598 16.66o 17.374 17 .627 17.888 
1.58 12.507 13.635 14.414 16.278 17.4o8 18. 168 18. 438 18.71 6 
1.60 12.993 14. 185 15.009 16.985 18.186 18. 996 19.283 19. 579 
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TABLE B-2. - MULTIPLYI NG FACTOR FOR THE VARIA NCE--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------2 3 4 5 6 7 8 9 
--------------------------------------------------------~-----------------------------------
1. 62 2.107 3,030 3.928 4.756 5.511 6.199 6.826 7.401 
1.64 2.140 3.090 4.017 4.873 5.657 6. 371 7.025 7.623 
1.66 2. 173 3.150 4.107 4.993 5.8o5 6.548 7.228 7.851 
1.68 2.206 3.211 1,.198 5.115 5.957 6.728 7.435 8,085 
1.70 2.240 3.273 4.291 5.239 6. 112 6.912 7.647 8,324 
1.72 2.273 3.335 4. 385 5.365 6.269 7.100 7.864 8.568 
1. 74 2.307 3.398 4.480 5.493 6.430 7.292 8.086 8.818 
1.76 2.341 3.462 4.577 5.624 6.593 7.488 8.312 9.074 
1.78 2.375 3.526 4. 675 5.757 6.760 7.687 8.544 9.336 
1.Bo 2.409 3.591 4.775 5.892 6.930 7.891 8. 781 9.605 

1. 82 2.444 3.657 4. 876 6. 029 7 .103 8. 100 9. 023 9,879 
1.84 2.478 3.724 4.978 6.169 7.280 8.312 9.270 10.160 
1.86 2.513 3. 791 5.o82 6.311 7.460 8.529 9.523 1o. 447 
1.88 2.548 3.859 5.1 88 6.455 7.643 8,750 9. 781 10,741 
1. 90 2.583 3.928 5.295 6.602 7. 830 8.976 10.045 11.041 
1.92 2.619 3.997 5.403 6.751 8.020 9.207 10.31 4 11. 349 
1.94 2.654 4.067 5.51 4 6.903 8.214 9. 442 10.590 11. 663 
1.96 2.690 4.138 5,625 7.057 8.411 9,682 1o. 871 11 . 984 
1.98 2.726 4.210 5.738 7.214 8.612 9. 926 11. 158 12. 313 
2.00 2.762 4.283 5.853 7.373 8.816 10.176 11. 452 12.649 

2,02 2.799 4.356 5.969 7,535 9.025 10.430 11. 752 12.993 
2.04 2. 835 4.430 6. o87 7,700 9,237 10. 690 12.058 13. 344 
2.06 2.872 4.505 6.207 7,867 9.453 10. 954 12. 370 13. 704 
2.08 2.909 4. 581 6. 328 8. 038 9,673 11.224 12.689 14. 071 
2. 10 2.946 4.657 6. 451 8.210 9. 897 11. 500 13.01 5 14. 446 
2.12 2.983 4.734 6.576 8. 386 10.125 11. 78o 13. 348 14.830 
2.14 3.021 4.812 6.702 8, 565 10.357 12.066 13.688 15.222 
2.16 3.059 4.891 6.831 8. 746 10. 594 12. 358 14. 034 15.623 
2. 18 3.097 4. 971 6.960 8.930 10. 834 12.656 14.388 16.033 
2.20 3.135 5.051 7,092 9.117 11.079 12. 959 14.750 16.451 

2.22 3. 173 5.133 7.225 9.308 11. 329 13.268 15. 118 16. 879 
2,24 3.212 5.215 7. 361 9,501 11.582 13. 583 15. 495 17.316 
2.26 3.250 5.298 7,498 9,697 11. 840 13.904 15.879 17.762 
2.28 3.289 5.382 7.636 9. 896 12. 103 14. 231 16. 271 18. 218 
2.30 3.329 5.466 7. 777 10.099 12. 370 14. 565 16.671 18.684 
2.32 3.368 5.552 7.920 10. 305 12.642 14.905 17,079 19. 160 
2.34 3.408 5.638 8.064 10. 513 12.919 15.251 17.495 19. 646 
2.36 3.447 5.726 8. 211 10.726 13,201 15.604 17.920 20.1 43 
2.38 3.487 5.814 8, 359 10.941 13. 487 15.964 18.354 20. 650 
2.40 3.527 5.903 8.509 11.160 13. 779 16.330 18.796 21.168 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------10 11 12 13 14 15 20 25 

1. 62 7.928 8.415 8.864 9.28o 9.667 10.028 11.518 12.631 
1.64 8. 174 8.682 9.151 9.587 9,992 10. 370 11,934 13.105 
1.66 8.426 8,956 9.446 9,902 10.326 10.722 12. 362 13. 594 
1.68 8.683 9.237 9. 749 10.226 10.669 11.o84 12.8o4 14.099 
1. 70 8.947 9,525 10.060 10.558 11.022 11. 456 13.260 14.620 
1.72 9.218 9.820 10.379 10.900 11. 385 11 .839 13. 729 15.158 
1.74 9.496 10.123 10.707 11. 250 11.758 12. 233 14.213 15.714 
1. 76 9. 78o 10.434 11. 043 11.610 12.141 12.637 14.712 16.288 
1.78 10.071 10.753 11.388 11, 98o 12.534 13.053 15.226 16.880 
1 .8o 10.369 11 .079 11. 742 12. 360 12.939 13. 481 15. 756 17.491 

1,82 10.674 11,414 12. 105 12. 750 13. 354 13. 921 16. 302 18.121 
1 .811 10. 987 11.758 12,477 13. 150 13. 781 14.373 16.864 18. 772 
1.86 11. 307 12. 109 12.859 13. 561 14.219 14.837 17.443 19. 443 
1.88 11. 635 12.470 13,251 13.982 14.669 15.315 18.039 20.136 
1. 90 11.971 12.839 13.653 14.415 15.131 15.8o5 18.654 20.851 
1. 92 12.315 13.218 14.o65 14.859 15.606 16.309 19.286 21.588 
1. 94 12.666 13.6o6 14.487 15,315 16.094 16.827 19.938 22.348 
1.96 13. 027 14.004 14. 921 15. 783 16,594 17.359 20.609 23.132 
1.98 13.395 14.411 15.365 16.263 17. 108 17.906 21.300 23.941 
2.00 13.773 14.828 15.821 16. 755 17.636 18. 467 22.011 24.776 

2,02 14.159 15.256 16.288 17.260 18.177 19.044 22. 744 25.636 
2.04 14.555 15.693 16.766 17.778 18. 733 19.636 23.498 26.523 
2.06 14.959 16.142 17.257 18. 309 19.304 20.245 24.274 27. 437 
2.08 15,373 16.601 17,760 18.854 19.889 20.869 25.073 28.38o 
2. 10 15. 797 17.071 18.275 19.413 20.490 21. 511 25.895 29.352 
2,12 16.230 17.553 18.8o4 19. 987 21. 107 22.169 26.741 30.354 
2.14 16.673 18. 046 19.345 20.575 21. 740 22.846 27.612 31.387 
2. 16 17.127 18.551 19.900 21. 177 22.389 23.540 28.508 32.452 
2. 18 17.591 19.068 20.468 21. 796 23.056 24.253 29.430 33.549 
2.20 18.066 19.597 21.050 22.429 23.739 24.984 30.378 34.68o 

2.22 18. 551 20.139 21.647 23.079 24.440 25.735 31.354 35.845 
2.24 19.047 20.693 22.258 23.745 25.160 26.5o6 32.358 37.046 
2.26 19.555 21.261 22.884 24.428 25.897 27.297 33,391 38.283 
2.28 20.074 21.842 23.525 25.127 26.654 28. 109 34,453 39.558 
2.30 20.605 22.437 24.182 25.845 27.430 28,942 35 , 546 40.872 
2.32 21.148 23.045 24,854 26.58o 28.226 29.797 36,670 42.225 
2.34 21.703 23.668 25.543 27.333 29.042 30.674 37,825 43.618 
2.36 22.271 24.305 26.248 28. 105 29.879 31.574 39.014 45.054 
2.38 22.851 24.957 26.971 28.896 30.737 32.497 40.236 46.533 
2,40 23.444 25.624 27.710 29. 7o6 31.616 33,444 41.493 48.056 
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TABLE B-2, - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUE D 

SAMPLE SIZE 
T 

30 40 50 100 200 500 1000 

1.62 13.496 14,754 15.626 17. 720 18. 997 19.859 20.165 20.481 
1,64 14.016 15.344 16.265 18.484 19. 841 20.758 21.084 21.421 
1.66 14,554 15.954 16.928 19.279 20.720 21.696 22.042 22.401 
1.68 15. 109 16.586 17.615 20.105 21.634 22.672 23 .042 23.424 
1.70 15.684 17.241 18,328 20. 963 22.587 23.691 24 .083 24.490 
1. 72 16.278 17.919 19.067 21.855 23.579 24.751 25.170 25.602 
1, 74 16. 891 18,621 19.832 22.783 24.611 25.857 26.302 26.762 
1. 76 17.526 19.348 20.626 23.746 25.685 27.009 27.482 27. 972 
1. 78 18. 181 20. 100 21.448 24.748 26. 803 28.209 28.712 29.233 
1.8o 18.858 20.878 22.300 25.789 27.967 29. 460 29.994 30. 51~9 

1.82 19. 558 21.684 23.183 26.870 29.178 30. 763 31. 331 31. 920 
1.84 20.281 22.518 24.098 27.993 30. 439 32. 121 32.724 33. 350 
1.86 21.028 23.381 25.046 29.160 31.751 33.535 34. 175 34.841 
1.88 21.8oo 24.275 26.029 30.373 33.115 35.008 35.688 36. 395 
1. 90 22.597 25.199 27.046 31.632 34.536 36.543 37,265 38.01 5 
1.92 23,420 26.155 28. 100 32. 941 36.013 38.142 38.907 39. 705 
1. 94 24.270 27.144 29.191 34.299 37.551 39.8o7 40.619 41.465 
1. 96 25.148 28.167 30.322 35.711 39.150 41.541 42.403 43. 301 
1. 98 26.055 29.226 31.493 37 . 177 40.814 43.347 44.262 45.215 
2,00 26,991 30,321 32.7o6 38. 699 42.546 45 .229 46.1 98 47 . 209 

2.02 27.957 31.453 33. 961 40.28o 44.346 47.188 48.216 49.288 
2.04 28.955 32.625 35.262 41. 921 46.219 49.228 50.31 8 51.455 
2.06 29.985 33.836 36 .6o8 43. 626 48. 168 51.353 52. 507 53.71 3 
2.o8 31.049 35.089 38. 002 45. 395 50.1 94 53 .566 54,789 56.067 
2.10 32.147 36. 384 39.445 47.233 52. 302 55.870 57.165 58.520 
2.12 33.279 37,723 40.939 49.140 54. 494 58.269 59.641 61.077 
2.14 34.449 39.107 42.485 51. 121 56.773 60.767 62.220 63.741 
2.16 35.655 40.539 44.o85 53.176 59.144 63.368 64.906 66.517 
2. 18 36.900 42.019 45.742 55, 310 61. 609 66.075 67,704 69.411 
2.20 38.185 43. 548 47.457 57. 525 64.172 68.895 70.618 72.426 

2,22 39. 511 45 .129 49.231 59. 825 66.838 71.830 73.654 75. 568 
2,24 40. 879 46.764 51.o68 62. 211 69.609 74.885 76.815 78.841 
2.26 42.290 48. 453 52. 968 64.687 72.491 78.067 8o. 108 82.252 
2.28 43.746 50.1 98 54. 934 67.258 75.487 81.378 83.537 85.8o7 
2.30 45.248 52.002 56. 969 69.925 78.602 84.825 87. 108 89.510 
2.32 46. 797 53.866 59.074 72.693 81 .84o 88,413 90.828 93,369 
2. 34 48.394 55.792 61. 251 75. 565 85 .207 92.149 94.701 97,389 
2. 36 50.042 57,782 63.504 78. 545 88.706 96.036 98.734 101. 577 
2.38 51.741 59 .839 65. 835 81.638 92. 344 100. o83 102.935 105.941 
2.40 53.494 61. 963 68.246 84.846 96.126 104.295 107. 308 11 o. 487 
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TABL E B-2. - MULTIPLYI NG FACTOR FOR THE VA RIANCE --CONTI NUE D 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------2 3 4 5 6 7 8 9 

2. 42 3.568 5.993 8.662 11. 382 14.075 16. 704 19. 247 21. 697 
2,44 3.609 6.084 8.816 11. 608 14. 377 17.084 19. 707 22.237 
2. 46 3.649 6.175 8.972 11. 837 14.684 17.471 20.177 22. 789 
2. 118 3.690 6.268 9. 131 12.069 14.996 17. 866 20.655 23.352 
2.50 3.732 6. 362 9.291 12. 306 15. 314 18.268 21. 143 23 . 927 
2. 52 3. 773 6.456 9. 1153 12.545 15.636 18.677 21.641 24.514 
2.54 3,815 6.552 9. 618 12.789 15.965 19.095 22.149 25. 113 
2.56 3.857 6. 648 9.785 13. 036 16.299 19.519 22.667 25.725 
2. 58 3. 899 6. 746 9. 954 13.287 16. 638 19.952 23. 195 26. 349 
2.60 3.941 6. 844 10.125 13. 541 16. 984 20.392 23.733 26.987 

2. 62 3. 984 6.943 10.298 13.Boo 17. 335 20. 8111 24.282 27. 637 
2.64 4.026 7.044 10. 473 14.062 17.692 21.298 24.842 28.302 
2.66 4.069 7.145 10. 651 14.328 18.055 21. 763 25 .412 28. 979 
2. 68 4. 113 7.247 10.831 14.599 18. 424 22.237 25 . 994 29. 671 
2.70 4. 156 7.350 11.013 14. 873 18.799 22.719 26.587 30.377 
2.72 4.200 7.454 11.198 15. 151 19. 181 23.210 27. 191 31.097 
2.74 4. 244 7.560 11. 385 15. !134 19. 569 23.709 27.8o7 31. 832 
2.76 4. 288 7.666 11. 574 15.720 19.963 24.218 28. 435 32 . 582 
2.78 4. 332 7.773 11. 765 16. 011 20. 364 24.7 36 29.075 33. 347 
2.8o 4. 377 7.881 11.959 16. 3o6 20.771 25.263 29. 728 34.128 

2.82 4.421 7. 991 12.1 56 16.606 21. 185 25.8oo 30.392 34 . 924 
2.84 4. 466 8. 101 12. 354 16. 910 21.606 26. 346 31 . 070 35.737 
2.86 4.512 8.212 12.556 17.218 22.034 26. 902 31.760 36 . 565 
2.88 4.557 8.325 12.760 17. 531 22 . 468 27.468 32 . 463 37.411 
2.90 4. 603 8. 438 12. 966 17.848 22.910 28.044 33. 18o 38.273 
2.92 4. 649 8. 553 13.175 18.170 23.359 28. 630 33 . 911 39.153 
2.94 4.695 8.669 13.386 18. 497 23. 815 29.226 34 . 655 110 .050 
2.96 4. 741 8. 786 13.600 18. 828 24.279 29. 833 35 . 41 3 40. 965 
2.98 4. 788 8.903 13.817 19. 164 24.750 30 . 450 36 . 185 41. 898 
3.00 4. 834 9.022 14.036 19.505 25 . 228 31 . 079 36. 972 !12. 850 

3. 02 4.881 9.1 42 14.258 19. 851 25.71 4 31. 718 37 . 77 3 43. 820 
3.04 4.929 9.264 14.483 20.202 26 . 208 32.368 38 .590 44 . 8o9 
3.06 4. 976 9. 386 14.710 20. 557 26.710 33 . 030 39.421 45.818 
3. o8 5.024 9.509 14.940 20.91 8 27.220 33.703 40 .268 46 . 847 
3. 10 5.072 9,634 15. 173 21 . 284 27.738 311 . 388 41. 131 47. 896 
3. 12 5.120 9. 760 15.409 21. 655 28.265 35 .085 42.010 48.966 
3.1 4 5. 169 9. 887 15.647 22.031 28.799 35 .793 42 .905 50.056 
3. 16 5.217 10.015 15. 889 22.413 29. 342 36. 5111 43 .816 51.1 67 
3. 18 5.266 10.144 16.133 22 . 800 29.894 37 , 247 44 .744 52.301 
3.20 5. 315 10.274 16.38o 23.1 93 30.454 37.993 45 . 689 53.456 



--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

111 

TABLE B-2. - MULTIPLY ING FACTOR FOR THE VARIANCE--CONTI NUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

10 11 12 13 14 15 20 25 

2.42 24.050 26 . 306 28.467 30.537 32 . 518 34 . 416 42 . 785 49.625 
2. 44 24.670 27.004 29.242 31. 388 33.443 35 . 412 44.113 51.240 
2.46 25 . 303 27.718 30.036 32 . 259 34 . 391 36 .434 45 . 479 52.904 
2. 48 25 . 950 28.449 30. 848 33.152 35 . 362 37. 483 46.883 54 .617 
2.50 26.612 29.196 31.68o 34.066 36 . 358 38. 558 48. 326 56.380 
2. 52 27.288 29.960 32. 531 35 . 003 37 . 378 39. 661 49.810 58.1 97 
2.54 27. 978 30 .742 33. 403 35 . 963 38. !124 4o. 791 51.334 60.066 
2.56 28. 684 31.541 34.294 36.945 39. 496 4l. 951 52 . 901 61. 991 
2.58 29.405 32. 358 35 .207 37 . 952 40. 595 43. 140 54 . 512 63 . 972 
2.60 30.142 33. 194 36 . 141 38.982 41 . 720 44.359 56 . 167 66.012 

2.62 30. 895 34 .049 37 .096 40.037 42. 874 45 .608 57.868 68.112 
2.64 31.664 34. 923 38.074 41.11 8 44 .056 46 . 889 59. 615 70.273 
2.66 32.450 35.816 39. 074 42 . 224 h5 . 266 48.203 61. 411 72. 497 
2.68 33.252 36. 729 40.098 43. 357 116.507 49. 549 63 .256 74 . 786 
2.70 34.072 37 . 663 41. 145 44 . 517 47 . 777 50. 929 65 .1 51 77. 141 
2. 72 34 .909 38. 618 42.217 45 . 704 49.079 52. 343 67.099 79.565 
2.74 35 . 765 39. 594 43 .313 46 . 919 50.412 53. 793 69.099 82.060 
2. 76 36 .638 40. 591 44 . 4 3l1 48. 163 51 .778 55 . 279 71. 154 84 . 626 
2. 78 37.530 41. 610 45 . 581 49 . 1137 53 .177 56 . 8o1 73.265 87 .267 
2.8o 38.441 42 . 652 46 . 754 50.740 54 . 609 58. 361 75 . 433 89.984 

2.82 39. 371 43.717 47 . 953 52 . 074 56 . 076 59. 960 77 .660 92 . 78o 
2.84 40. 321 44. 8o6 49 .1 80 53 . 439 57 . 579 61. 598 79. 947 95.655 
2.86 41. 291 45 . 918 50. 435 54 .836 59.11 8 63.277 82.295 98. 614 
2.88 42.281 47 . 054 51. 719 56 . 266 60.693 64 . 997 84 . 707 101. 657 
2. 90 43. 292 48.215 53 .031 57 . 729 62-306 66.759 87 .1 84 104. 787 
2.92 44. 324 49. 402 54.373 59 . 226 63. 958 68. 564 89.727 108. 006 
2.94 45.378 50.614 55.745 60.758 65 . 649 70. 413 92 . 339 111.318 
2. 96 46 . 453 51. 853 57 . 147 62 . 325 67 . 380 72.307 95 .020 11 4.723 
2. 98 47 . 551 53 . 118 58. 582 63. 929 69 .1 52 74 .248 97 .773 118.226 
3.00 48. 672 54 . 41 1 60. 048 65.569 70.967 76 . 235 100. 599 121. 828 

3.02 49.816 55.732 61.547 67 . 247 72 .824 78. 271 103.500 125. 531 
3.04 50 .984 57 . 081 63.079 68. 964 74.725 80. 355 106.478 129.340 
3. 06 52.175 58. 459 64.646 70. 720 76.671 82. 490 109.536 133.256 
3. 08 53. 391 59.866 66. 247 72 . 516 78.662 84.677 112.674 137.283 
3. 1O 54.633 61.304 67.884 74.354 8o. 701 86. 916 l 15.895 141. 423 
3.12 55. 899 62.772 69.556 76.233 82. 787 89.209 11 9. 201 145. 679 
3.14 57.192 64.272 71.266 78.154 84. 922 91. 557 122.594 150.055 
3. 16 58.511 65 . 803 73.013 8o. 120 87.106 93. 961 126. 076 154 . 553 
3.1 8 59.856 67 . 367 74.799 82 . 130 89. 342 96 . 422 129. 649 159.178 
3.20 61.229 68. 964 76 . 624 84.185 91 . 629 98. 942 133.316 163. 931 
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TABL E B-2, - MULTIPLYING FACTOR FOR THE VARIANC E--CONTI NUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

30 40 50 100 200 500 1000 

2, 42 55,301 64 .1 58 70.739 88,175 100. 057 108.679 111. 863 115.223 
2, 44 57. 165 66. 425 73 , 319 91. 628 104 . 143 11 3.241 11 6. 605 120.1 58 
2.46 59.086 68. 766 75 , 986 95.210 108, 390 117. 990 121. 543 125.298 
2. 48 61.067 71,1 85 78. 745 98, 927 112. 8o4 122. 932 126. 684 130. 652 
2.50 63.109 73,684 81. 598 102. 782 117. 391 128.075 132.037 136. 231 
2. 52 65.215 76.264 84 . 549 106. 781 122.1 59 133. 427 137 . 611 142 .041 
2.54 67, 385 78, 929 87 .600 110, 929 127. 114 138. 997 143 . 414 148.094 
2. 56 69.623 81. 681 90.755 115 . 232 132. 263 144.793 149.456 154. 400 
2. 58 71. 929 84 . 522 94. 017 11 9. 694 137 . 614 150.824 155, 746 160. 967 
2. 60 74. 3o6 87,457 97.389 124. 322 143.1 75 157. 100 162 .295 167. 8o8 

2.62 76.756 90.487 100.876 129. 122 148. 953 163. 631 169.11 3 174. 934 
2.64 79.280 93 ,61 5 104. 481 134. 099 154 . 958 170. 427 176.210 182. 357 
2.66 81 .882 96 . 845 108.208 139. 261 161.1 97 177. 497 183 . 599 190.088 
2.68 84 . 563 100.1 80 112.060 144.61 4 167. 679 184 . 855 191. 291 198.140 
2.70 87. 326 103. 623 11 6.042 150.1 65 174 . 415 192. 509 199.298 206. 527 
2. 72 90. 173 107. 176 120.1 58 155. 921 181. 413 200. 47 4 207.633 215.262 
2. 74 93 .106 110. 845 124 . 412 161 . 889 188. 684 208. 761 21 6. 310 224. 360 
2. 76 96.1 28 11 4. 631 128. 809 168. 076 196. 238 217. 382 225. 342 233. 835 
2. 78 99.241 11 8. 540 133. 354 174 . 492 204. 086 226. 352 234 . 7l14 243. 704 
2. 8o 102 . 449 122 . 573 138. 050 181.1 43 212 . 239 235. 683 244 . 530 253 .982 

2.82 105. 753 126 . 737 142. 904 188. 039 220.709 245 . 391 25l1 , 717 264 .686 
2. 84 109.1 56 131.033 147. 919 195 . 188 229.508 255. 491 265 . 320 275.834 
2.86 112.662 135.467 153.1 02 202. 599 238.648 265 . 998 276 . 356 287 . 443 
2, 88 116.272 140.043 158. 457 210.282 248.1 43 276. 928 287 . 843 299. 534 
2. 90 119. 991 144. 764 163 . 990 21 8. 246 258. 006 288.299 299. 799 312.125 
2. 92 123. 821 149. 636 169. 707 226 . 501 268. 251 300.1 27 312.243 325.238 
2. 911 127.766 154.663 175 .613 235. 058 278.892 312. 431 325 .1 95 338. 893 
2. 96 131. 828 159. 8119 181.71 6 243 . 927 289. 945 325 .230 338. 675 353 . 114 
2. 98 136 . 011 165. 200 188.020 253 .11 9 301. 1126 338. 5l14 352.704 367 . 922 
3.00 140.31 8 170.721 194 . 532 262. 647 313. 349 352. 392 367 . 305 383 .343 

3.02 144.753 176,416 201.259 272 . 521 325 .733 366. 797 382. 501 399. 402 
3.04 149. 319 182 . 291 208.209 282 . 755 338. 595 381. 781 398.31 6 416.124 
3.06 154.021 188. 351 215. 386 293. 361 351. 953 397 . 365 414.775 433. 537 
3. o8 158.861 194 . 602. 222 . 8oo 304. 352 365.826 413.575 431. 904 451. 669 
3. 10 163,844 201. 050 230. 458 315.742 380. 233 430. 435 449. 729 470, 551 
3.1 2 168.974 207,700 238.366 327 . 544 395. 195 447. 971 468.280 490.212 
3.1 4 174. 255 214,559 246 . 534 339, 774 410.732 466. 209 487 . 584 510. 685 
3.1 6 179. 691 221 . 633 254 .969 352. 447 426.867 485 . 178 507 . 674 532.002 
3. 18 185. 286 228. 929 263.68o 365. 578 443.621 504. 907 528. 580 554.1 99 
3.20 191 . 045 236 . 453 272.675 379. 184 461. 019 525 . 425 550. 335 577. 312 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

2 3 4 5 6 7 8 9 

3.22 5.365 10.406 16.631 23. 590 31.023 38.752 46.652 54.633 
3.24 5.415 10.539 16.884 23.994 31. 601 39,523 47.632 55.833 
3.26 5.464 10.673 17.140 24.403 32. 188 40.308 48.629 57.057 
3.28 5.515 10.8o8 17.399 24.818 32.784 41.105 49.645 58.304 
3.30 5.565 10.945 17,661 25.238 33,389 41.917 50.68o 59.574 
3.32 5.616 11 .082 17,927 25.665 34.004 42.742 51. 733 60.869 
3,34 5.667 11. 221 18. 195 26.097 34.628 43.581 52.8o5 62.189 
3.36 5.718 11. 362 18. 467 26.535 35.262 44.434 53,897 63,534 
3.38 5,769 11.503 18. 741 26.98o 35.906 45.302 55.008 64.905 
3.40 5.821 11.646 19.019 27.430 36.559 46. 184 56.139 66.302 

3.42 5.872 11,790 19. 301 27.887 37,223 47 .o81 57.290 67,725 
3,44 5.925 11. 935 19.585 28,349 37,897 47.992 58.462 69.175 
3.46 5.977 12.o82 19.873 28.818 38,581 48.919 59.655 70.652 
3.48 6.030 12. 230 20.164 29.294 39.275 49.862 60.869 72.158 
3.50 6.o82 12,379 20.459 29,776 39.98o 50.820 62.105 73,691 
3.52 6.136 12.529 20.756 30.264 4o. 696 51. 794 63.363 75.254 
3.54 6.189 12.681 21.058 30.759 41.423 52,784 64.643 76.846 
3.56 6.243 12.834 21.362 31.261 42.161 53,790 65,945 78.467 
3.58 6.297 12.989 21.671 31.770 42.909 54.813 67.271 8o. 119 
3.60 6,351 13. 145 21.983 32.285 43.669 55,853 68,620 81 .8o2 

3.62 6.405 13.302 22.298 32.8o7 44.441 56.910 69.992 83.516 
3,64 6.460 13. 461 22.617 33.337 45.224 57,984 71.389 85.262 
3.66 6.515 13. 621 22.939 33.873 46.019 59.076 72.810 87.040 
3.68 6.570 13.782 23.266 34.417 46.826 60. 185 74.256 88.851 
3. 70 6,625 13.945 23. 596 34,967 47,644 61,313 75,727 90,695 
3.72 6,681 14. 109 23,929 35,525 48,475 62.458 77,224 92.574 
3, 74 6,737 14.275 24.267 36,091 49. 319 63.623 78,747 94.487 
3.76 6.793 14.442 24.6o8 36.664 50. 174 64.8o6 8o.296 96.435 
3, 78 6,850 14,611 24. 953 37,244 51.043 66.009 81.873 98.420 
3.8o 6,907 14. 781 25.302 37,833 51.924 67 . 231 83.476 100.440 

3.82 6,964 14. 952 25.655 38.429 52.819 68.472 85. 107 102.497 
3,84 7.021 15. 125 26.012 39,032 53,726 69. 734 86.766 104.592 
3.86 7.078 15,300 26. 372 39,644 54.647 71.015 88.454 106.725 
3.88 7.136 15,476 26,737 40.264 55.582 72.317 90. 171 108.897 
3,90 7,194 15.653 27. 1o6 40,891 56,530 73.641 91,917 111.108 
3,92 7,253 15,832 27 .479 41.527 57.492 74,985 93.693 113. 359 
3.94 7,311 16.012 27.856 42.172 58.468 76.350 95 , 499 115.651 
3,96 7,370 16.194 28.237 42,824 59.458 77.738 97.336 117.984 
3,98 7.429 16.378 28.622 43.485 60.462 79. 147 99,205 120. 360 
4.oo 7.489 16.563 29.012 44.155 61.482 8o.578 101.105 122.778 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

10 11 12 13 14 15 20 25 

3.22 62.630 70.594 78.489 86.287 93.969 101.522 137 .079 168.817 
3.24 64.o6o 72.259 8o.394 88,436 96,364 104. 163 140.940 173.839 
3.26 65.518 73.959 82.341 90.633 98.814 1o6.867 144.902 179. 001 
3.28 67.005 75.695 84.330 92.88o 101. 321 109.635 148.967 184. 305 
3.30 68.523 77.467 86.363 95.177 103. 885 112.468 153. 137 189,757 
3.32 70.071 79.276 88.439 97. 526 1o6.5o8 115.367 157.416 195,360 
3.34 71.650 81.123 90.561 99.926 109.192 118. 336 161 .8o5 201.118 

3.36 73.260 83.008 92.728 102. 381 111. 937 121. 373 166.3o8 207,035 
3.38 74.903 84.933 94.942 104.890 114. 744 124.482 170. 927 213.114 
3.40 76.578 86.897 97.204 107.454 117.616 127.664 175.665 219.361 

3.42 78.287 88.903 99.514 110.076 120.553 130.920 18o.525 225.78o 
3.44 8o.030 90.949 101.873 112. 755 123.557 134.252 185.510 232.374 
3.46 81.8o7 93.038 104.284 115.493 126.630 137.662 190.623 239.150 
3.48 83.619 95.170 1o6.745 118.292 129.771 141.151 195.867 246.110 
3.50 85.468 97.346 109.259 121.153 132.984 144.721 201.244 253.261 
3.52 87.352 99.567 111 .827 124.076 136.270 148.374 206.759 260.607 
3.54 89.274 101.833 114.449 127.o63 139.630 152.111 212.415 268.153 
3.56 91.233 104.145 117. 127 130. 116 143.o65 155.934 218.215 275.904 
3.58 93.231 1o6.505 119.861 133.236 146.577 159.846 224.161 283.866 
3.60 95.268 108.912 122.653 136.423 150.169 163.848 230.259 292.044 

3.62 97.344 111,369 125.504 139.68o 153.841 167.941 236.512 300.443 
3.64 99.461 113.876 128.415 143.oo8 157.594 172. 129 242.922 309.070 
3.66 101 .619 116.433 131.388 146.408 161.432 176.412 249.495 317.929 
3.68 103.820 119.042 134.422 149.881 165.355 18o. 794 256.233 327.028 
3.70 1o6.o62 121.704 137 .521 153.430 169.366 185.275 263.141 336.371 
3. 72 108.349 124.420 140.684 157.055 173. 466 189.859 270.223 345.966 
3. 74 110.679 127. 190 143.913 160.759 177.656 194. 547 277. 482 355,819 
3. 76 113.054 130.016 147.209 164.542 181.940 199. 341 284.924 365.936 
3. 78 115.475 132.899 150.574 168.406 186. 318 204.244 292.552 376. 325 
3.8o 117. 943 135.839 154.009 172.354 190. 793 209.259 300.371 386. 991 

3.82 120.458 138.838 157.515 176.386 195.366 214.386 3o8.385 397.942 
3.84 123.021 141,897 161.094 18o.504 200.040 219.630 316.598 409. 186 
3.86 125.633 145.017 164.746 184.710 204.817 224.992 325.017 420. 729 
3.88 128.295 148.200 168.474 189.005 209,698 230.474 333.644 432.58o 
3.90 131. 007 151.445 172.279 193.392 214.687 236.08o 342. 486 444.745 
3.92 133.772 154.755 176. 162 197.873 219.784 241. 811 351, 547 457.234 
3.94 136.588 158.130 18o.125 202.448 224.993 247.671 360. 833 470.054 
3.96 139.458 161.572 184. 169 207. 120 230.315 253.662 370. 348 483. 213 
3.98 142.383 165.082 188.296 211.891 235.753 259. 787 38o. 098 496.720 
4.oo 145.363 168.661 192. 508 216.763 241.310 266.048 390.088 510.584 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

30 40 50 100 200 500 1000 

3.22 196.973 244.211 281.964 393.281 479.085 546.765 572.974 601.378 
3.24 203.074 252.211 291.555 407.886 497.844 568.957 596. 531 626. 437 
3.26 209.352 260.461 301.458 423.018 517.322 592.037 621.045 652.529 
3.28 215.813 268.967 311.684 438.696 537.546 616.040 646.554 679.696 
3.30 222.462 277.737 322. 241 454.937 558.545 641.001 673.097 707.982 
3.32 229.304 286.779 333.141 471. 762 58o.348 666.960 700.716 737.434 
3.34 236.345 296.102 344.393 489.192 602.985 693.954 729.456 768.100 
3.36 243.589 305,713 356.010 507.248 626.488 722.027 759.360 8oo.028 
3.38 251.043 315.621 368.003 525.952 650.888 751.219 790.476 833.271 
3.40 258.712 325.835 38o.382 545.326 676.221 781.575 822.853 867.883 

3.42 266.602 336. 364 393.161 565.395 702.520 813.142 856.540 903.919 
3.44 274.720 347.218 406.352 586.181 729.824 845 . 967 891.592 941. 439 
3.46 283.070 358.405 419. 967 607.712 758.168 88o. 100 928.062 98o.502 
3.48 291.661 369.936 434.020 630.011 787.593 915.593 966.009 1021.17 
3.50 300.498 381. 821 448.524 653.108 818.139 952.499 1005.49 1063.52 
3.52 309.588 394.070 463.493 677.029 849.848 990.874 1046.57 1107. 60 
3.54 318.938 406.694 478.943 701.8o2 882.764 1030.78 1089.31 1153.50 
3.56 328.556 419.705 494 .886 727.459 916.932 1072.27 1133. 78 1201.29 
3.58 338.447 433.112 511-340 754.029 952.400 1115.41 118o.04 1251.04 
3.60 348.621 446.929 528.320 781.545 989.215 1160. 26 1228.18 1302.83 

3.62 359.084 461. 167 545.841 810.040 1027. 4 3 1206.90 1278.26 1356. 76 
3.64 369.844 475.839 563. 921 839.547 1067.09 1255.39 1330.36 1412.90 
3.66 38o.910 490.956 582.576 870. 102 1108. 26 1305.81 1384.57 1471. 311 
3.68 392.289 506.533 601.826 901.741 1150.99 1358.23 1440.96 1532.19 
3. 70 403. 991 522.582 621.687 934.501 1195. 35 1412.73 1499.64 1595.54 
3.72 416.023 539.118 642. 178 968.423 1241. 38 1469.39 1560.68 1661.48 
3.74 428.395 556.154 663.320 1003.55 1289.15 1528. 31 1624. 18 1730.14 
3.76 441.117 573.705 685.132 1039. 91 1338. 74 1589.56 1690.24 18o1 .62 
3.78 454.196 591. 787 707.634 1077.56 1390.20 1653.23 1758.97 1876.03 
3.8o 467.644 610.414 730.848 1116.55 1443.61 1719.44 1830. 48 1953.49 

3.82 481.469 629.602 754.795 1156. 90 1499.03 1788.26 1904. 86 2034 .14 
3.84 495.682 649.368 779.498 1198. 69 1556.56 1859.82 1982. 24 2118.09 
3.86 510.294 669.729 8o4.98o 1241.94 1616.25 1934. 21 2062.74 2205. 49 
3.88 525.315 690. 701 831.264 1286.73 1678.20 2011. 511 2146.49 2296.48 
3.90 540.756 712.303 858.376 1333.08 1742.48 2091.94 2233.61 2391.20 
3.92 556.628 734.552 886.340 1381.07 18o9.20 2175.52 2324.24 2489.8o 
3.94 572.942 757.467 915.183 1430.75 1878. 42 2262.41 2418.52 2592.45 
3.96 589.712 781 .o67 944.931 1482.17 1950. 26 2352.73 2516.59 2699.31 
3.98 6o6.948 8o5.373 975.611 1535.40 2024.8o 2446.63 2618.61 2810. 55 
4.oo 624.663 830.405 1007.25 1590.50 2102.15 2544.24 2724.74 2926.36 
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TABLE B-2, - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

2 3 4 5 6 7 8 9 

4,02 7,549 16.750 29.406 44.833 62.516 82.033 103.037 125.240 
4.o4 7,609 16,938 29.804 45.520 63,565 83.510 105.002 127,745 
4.o6 7,669 17,128 30.207 46.216 64.629 85.010 107.000 130.296 
4.08 7.730 17.319 30.614 46. 921 65,708 86.535 109.032 132. 892 
4. 10 7.790 17.512 31.025 47.635 66.8o3 88.083 111.099 135.535 
4.12 7.852 17,707 31.441 48.358 67.914 89.655 113.200 138. 224 
4.14 7,913 17,903 31. 862 49. 090 69.040 91.252 115.336 140.962 
4.16 7.975 18. 101 32.287 49.832 70.183 92,874 117. 508 143.748 
4. 18 8,037 18. 300 32.716 50.583 71,342 94.521 119.716 146.583 
4.20 8.099 18.502 33. 151 51.343 72,518 96.194 121.961 149.469 

4.22 8.162 18. 705 33. 590 52.114 73.710 97.893 124.244 152.406 
4.24 8.224 18. 909 34.033 52.894 74.919 99.618 126.565 155.394 
4.26 8,287 19.115 34.482 53 ,683 76.146 101. 370 128.924 158.435 
4.28 8.351 19. 323 34,935 54,483 77,389 103.149 131.322 161. 530 
4,30 8.415 19. 533 35,393 55.293 78.651 104.955 133. 761 164.679 
4.32 8.479 19. 744 35.856 56.113 79,930 106.789 136.239 167.883 
4.34 8.543 19.958 36.324 56,944 81.227 108.652 138. 759 171. 143 
4.36 8.607 20,172 36. 797 57,784 82.543 110.543 141.319 174.460 
4.38 8.672 20.389 37.275 58.636 83.876 112,463 143,923 177.836 
4. 40 8. 737 20.607 37.758 59. 498 85 ,229 114.413 146.568 181.269 

4.42 8,803 20.828 38.246 60,371 86.601 116.392 149.258 184.763 
4.44 8.869 21.050 38.739 61.254 87. 991 118. 402 151.991 188.317 
4.46 8.935 21. 273 39.238 62.149 89.402 120.442 154.769 191. 933 
4.48 9.001 21. 499 39.742 63.054 90.831 122.514 157.593 195.612 
4.50 9.068 21.727 4o. 251 63 . 971 92.281 124.616 160.462 199.354 
4.52 9.135 21.956 40.765 64.899 93,751 126.751 163.378 203.161 
4.54 9.202 22.187 41.285 65.839 95.241 128.91 8 166.3112 207.033 
4.56 9.269 22.420 41.810 66. 790 96.752 131.118 169.354 210.972 
4.58 9,337 22.655 42.341 67.753 98.284 133.351 172.414 214.979 
4,60 9.405 22.892 42.878 68. 728 99,837 135.618 175.524 219.055 

4.62 9,474 23.130 43.419 69.715 101.411 137.918 178,685 223.200 
4.64 9.5113 23,371 43.967 70,714 103.007 140.254 181, 896 227.416 
4.66 9,612 23,613 44.520 71. 725 104.625 142.624 185. 159 231.704 
4.68 9. 681 23.858 45.079 72.749 106.265 145.030 188.474 236.066 
4.70 9. 751 24.104 45 . 6l14 73. 785 107.927 147.472 191. 8113 240.502 
4.72 9.821 24 . 353 46.215 74.833 109.612 149.950 195.266 245.013 
4,74 9,891 24 . 603 46 . 791 75.894 111.320 152.466 198.744 249.601 
4.76 9.962 24 . 855 47 . 374 76.969 113.052 155.01 8 202.277 254.266 
4.78 10.032 25.110 47.962 78,056 114.8o7 157.609 205. 866 259.011 
4.8o 10,104 25.366 48.557 79.156 116.586 160.238 209.513 263.836 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

10 11 12 13 14 15 20 25 

4.02 148.398 172.310 196.8o5 221.738 246.987 272.449 400.324 524.814 
4.04 151.491 176.032 201.1 90 226. 817 252.787 278.993 l110.812 539.419 
4.06 154.643 179.826 205.664 232.003 258.712 285.681 421.558 554.408 
4.08 157. 853 183. 694 210.229 237 .298 264 .766 292. 518 432.567 569. 791 
4.10 161.123 187 .638 214.886 242.703 270.950 299.507 443. 846 585.578 
4.12 164.455 191.659 219.638 248.222 277.267 306.649 l155. 400 601. 778 
4. 14 167. 849 195.758 224.486 253.856 283.720 31 3.950 467.237 618.403 
4.16 171. 306 199. 938 229. 431 259.608 290.312 321. 411 479. 363 635.463 
4.18 174. 828 204.198 234.477 265 . 479 297.045 329.037 491.784 652.968 
4.20 178.415 208.541 239.624 271.472 303.922 336 .831 504 . 507 670.930 

4.22 182. 069 212.968 244.874 277.590 310. 946 34l1 . 795 517.539 689. 360 
4.211 185 . 790 217.480 250.230 283.835 318.120 352. 93l+ 530 .887 708.269 
4.26 189.580 222.08o 255.693 290.209 325.448 361. 252 544.559 727. 670 
4.28 193.441 226.768 261 . 265 296.715 332. 931 369.751 558. 562 747 . 575 
4.30 197. 372 231.547 266 . 948 303 . 355 340. 573 378. 1135 572. 903 767.995 
4.32 201. 376 236.417 272.745 310.1 32 348. 377 387. 309 587. 591 788.945 
4.34 205.454 2111. 381 278. 658 317.048 356.347 396. 376 602. 632 810.437 
4.36 209.606 246. 4110 284 . 688 324 .1 07 364 . 486 405.640 618.036 832. 1184 
4.38 213.834 251. 596 290. 837 331. 310 372.796 415. 106 633. 810 855 . 099 
4.40 218.140 256.850 297. 109 338. 661 381.282 424. 776 649. 963 878.298 

4. 42 222. 525 262.205 303 . 505 346 .1 62 389.947 434 . 656 666. 503 902.094 
4,114 226.990 267.661 310.027 353.817 398.794 444 . 749 683.440 926 . 503 
4. 46 231.535 273. 221 316. 678 361. 628 407.827 455 .060 700.782 951 . 538 
11 . 48 236.164 278.887 323 . 460 369.598 417.050 465 . 594 716. 538 977.215 
11 . 50 240.877 284 . 660 330 . 376 377 . 730 426 . 466 476 . 354 736.718 1003 . 55 
4. 52 245.675 290. 543 337.427 386 . 028 436 .079 487, 345 755 . 331 1030. 56 
4. 54 250.560 296,537 344 . 617 394.494 445.894 1198. 573 774 . 387 1058. 26 
4. 56 255.534 302 . 6114 351. 9118 1103.131 455 .913 510.041 793 .897 1086.67 
4.58 260.597 308.866 359. 422 11 11 . 943 466.140 521.755 813. 870 1115. 80 
4. 60 265.752 315 .205 367 , ol13 420.934 476 . 581 533 .720 834.316 11 45 . 67 

11 . 62 271.000 321. 663 374.812 430.106 487 .239 545 .940 855.2117 1176. 31 
4. 64 276.341 328.243 382.733 439.462 498.11 8 558. 420 676 . 673 1207 . 72 
11 . 66 281. 779 334 . 946 390.807 449. 007 509.223 571.1 67 898. 606 1239 . 94 
4.68 287.315 341.774 399 . 039 458.744 520.558 584. 184 921 . 056 1272, 96 
4.70 292. 949 348. 730 407.431 468.676 532. 127 597 . 478 944.036 1306. 83 
4. 72 298.681+ 355 . 816 415 . 985 478.8o7 543 , 935 611 .055 967 . 557 13111. 55 
4.74 304.522 363 .034 424 .705 489 .1 41 555 . 986 624.918 991. 631 1377. 15 
4.76 310. 463 370.386 11 33- 593 1199. 681 568. 286 639.076 1016.27 1413 . 65 
4. 78 316. 511 377.875 1142 .653 510.432 58o .839 653, 532 1041. 49 1451. 07 
4.8o 322 . 666 385 . 503 451.887 521. 398 593 . 650 668. 2911 1067 . 30 1489.44 
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TABLE B-2, - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T 

30 40 50 100 200 500 1000 

4,02 642 , 870 856.182 1039,88 1647,53 2182.41 2645.71 2835 , 15 3046. 91 
4.o4 661.581 882. 728 1073,53 17o6,56 2265.69 2751.19 2949.99 3172,40 
4.06 68o. 811 910.063 1108.24 1767.66 2352.1 1 2860.83 3o69,45 3303.04 
4,o8 700.573 938. 211 1144,02 1830.89 2441.77 2974.81 3193,72 3439.04 
4,10 720.881 967,195 118o. 92 1896,34 2534,8o 3093.29 3322.99 358o.61 
4,1 2 741 ,750 997,039 1218,97 1964.08 2631.33 3216.45 3457,45 3727. 98 
4.14 763.194 1027.77 1258, 21 2034.19 2731,48 3344.47 3597, 32 3881,39 
4, 16 785.228 1059,40 1298,66 2106.74 2835,39 3477,55 3742.81 4041.09 
4. 18 8o7,869 1091,98 1340. 37 2181 ,82 2943,19 3615.87 3894.15 4207,33 
4, 20 831.131 1125,51 1383. 37 2259,53 3055,04 3759.65 4051.57 438o.38 

4,22 855 ,032 1160.04 1427,71 2339,94 3171.09 3909.10 4215.32 4560.52 
4. 24 879,588 1195. 58 1473.42 2423.15 3291. 48 4064,45 4385,64 4748.04 
4. 26 904,816 1232,17 1520.55 2509.26 3416.38 4225,92 4562.8o 4943,24 
4.28 930,734 1269.84 1569,13 2598,36 3545.96 4393,75 4747.08 5146.44 
4,30 957.360 1308. 61 1619.21 2690.56 368o.38 4568,20 4938.76 5357,96 
4.32 984. 71 3 1348,52 1670.84 2785. 97 3819.84 4749,52 5138.14 5578,14 
4.34 1012,81 1389.61 1724.06 2884.69 3964. 51 4937. 98 5345,51 58o7,33 
4.36 1041.68 1431.89 1778,92 2986.83 4114,59 5133,86 5561.21 6045,92 
4,38 1071,32 1475,42 1835,47 3092.52 4270.27 5337.45 5785,57 6294,27 
4.40 1101.78 1520.22 1893,76 3201.87 4431. 77 5549.06 6018.93 6552. 79 

4.42 1133.06 1566.33 1953,84 3315.01 4599,30 5769.00 6261 . 65 6821.89 
4.44 1165. 19 1613.78 2015.76 3432,07 4773.09 5997 .59 6514.10 7102.01 
4,46 1198. 19 1662.62 2079, 58 3553,17 4953,35 6235. 17 6776,69 7393.60 
4.48 1232,08 1712.88 2145.36 3678.47 5140.34 6482.09 7049.8o 7697. 12 
4.50 1266.88 1764,60 2213.16 3808,09 5334.30 6738. 73 7333.86 8o13,06 
4,52 1302,63 1817.83 2283,02 3942.19 5535.49 7005.45 7629.31 8341.93 
4.54 1339,34 1872.61 2355,02 4o8o.92 5744.17 7282.65 7936,60 8684. 27 
4,56 1377,04 1928. 97 2429.23 4224.43 5960.63 7570.75 8256.21 9040.61 
4.58 1415.75 1986. 97 2505.69 4372,89 6185.13 7870. 17 8588.62 9411.53 
4,60 1455,51 2046.65 2584.49 4526.47 6418.00 8181.35 8934.36 9797,64 

4. 62 1496,33 2108.06 2665,69 4685.33 6659. 52 8504.74 9293,95 10199,5 
4,64 1538.24 2171.24 2749,35 4849.67 6910.03 8840.84 9667.94 10617. 9 
4,66 1581.28 2236.25 2835,57 5019.65 7169,84 9190,13 10056.9 11053.3 
4,68 1625.47 2303.13 2924.40 5195,48 7439.31 9553.13 10461. 5 115o6.6 
4. 70 1670.84 2371.94 3015.93 5377.35 7718.78 9930.38 10882.2 11978. 4 
4.72 1717.43 2442.74 3110.24 5565.47 8oo8.63 10322.4 11319.8 12469. 5 
4. 74 1765.25 2515.57 3207.40 5760.03 8309.24 10729.8 11774.9 1298o.7 
4. 76 1814.36 2590.50 3307.51 5961.28 8621.00 11153,2 12248,2 13512.9 
4. 78 1864. 76 2667.58 3410.65 6169.42 8944.32 11593.2 12740.5 14066.7 
4.8o 1916,51 2746.88 3516.90 6384.69 9279.63 12050.5 13252.5 14643.3 
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TABLE B-2. - MULTIPLYING FACTOR FOR THE VARIANCE--CONTINUED 

SAMPLE SIZE 
T -----------------------------------------------------------------------------------

2 3 4 5 6 7 8 9 
------4.82 ------------

1 o. 175 
-----------25.624 ----------49.158 -----------8o.270 -----------118. 389 -----------162.906 -----------213.218 ---------268.742 

4.84 10.247 25.885 49.764 81.397 120.216 165.614 216.982 273. 731 
4.86 10.319 26.147 50.377 82.537 122.o68 168.362 220.8o5 278.8o4 
4.88 10.392 26.412 50.997 83.692 123.945 171 .150 224.689 283.962 
4.90 10.465 26.678 51. 622 84.860 125.848 173.979 228.635 289.207 
4.92 10.538 26.947 52.254 86.042 127.776 176.850 232.643 294.540 
4.94 10.611 27.218 52.893 87.239 129.730 179.763 236.714 299.962 
4.96 10.685 27. 491 53.537 88.449 131. 710 182. 719 240.849 305.475 
4.98 10.759 27.766 54. 189 89.674 133.716 185. 718 245.050 311.o80 

5.00 10.833 28.043 54.847 90.914 135.750 188.761 249.316 316.778 

--------------------------------------------------
SAMPLE 

------------------------------------------
SIZE 

T -----------------------------------------------------------------------------------10 11 12 13 14 15 20 25 

------4.82 -----------328.930 -----------393.272 -----------461.300 -----------532.581 -----------6o6.723 -----------683.367 -----------1093.71 ---------1528.77 
4.84 335.305 401. 186 470. 893 543.987 620.065 698.757 1120.74 1569.09 
4.86 341.793 409.245 48o.671 555.620 633.679 714.471 1148.40 1610.42 
4.88 348.396 417.453 490.636 567.483 647.572 730.515 1176. 71 1652.78 
4.90 355.115 425.813 500.792 579. 581 661.748 746.895 1205.68 1696.21 
4.92 361.953 434.326 511.142 591.919 676.213 763.619 1235.32 1740.73 
4.94 368.911 442.997 521.690 604.500 690. 973 78o.692 1265.65 1786. 36 
4.96 375.992 451.826 532.439 617. 329 706.033 798.123 1296.68 1833.13 
4.98 383.197 460.817 543-392 630.411 721.399 815.917 1328. 43 1881 .07 
5.00 390.528 469. 973 554.555 643.751 737 .076 834.081 1360. 92 1930.20 

-------------------------------------------------
SAMPLE 

-------------------------------------------
SIZE 

T -----------------------------------------------------------------------------------30 4o 50 100 200 500 1000 

4.82 1969.64 2828.44 3626.37 6607.33 9627.36 12525.7 13784. 9 15243.4 
4.84 2024.17 2912.35 3739. 14 6837.59 9987.97 13019.5 14338. 7 15868.0 
4.86 208o.15 2998.65 3855. 31 7075.73 10361.9 13532.6 14914.6 16518.2 
4.88 2137.62 3o87.43 3974.98 7322.00 10749.8 14o65.9 15513.6 17195.0 
4.90 2196.60 3178. 74 4098.25 7576.69 11151. 9 14620.0 16136.5 17899.4 
4.92 2257.15 3272.66 4225.24 7840.07 11568.9 15195.8 16784.3 18632. 7 
4.94 2319.29 3369. 26 4356.04 8112.44 12001. 4 15794.2 17458.0 19395. 9 
4.96 2383.07 3468.61 4490. 77 8394.10 12449.9 16416.0 18158.6 20190.4 
4.98 2448.54 3570.79 4629.54 8685.36 12914.9 17o62. 1 18887,3 21017.3 
5.00 2515.72 3675.88 4772.48 8986.54 13397. 1 17733.5 19645. 1 21878. 0 
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TABLE B-3. - EXPONENTIAL FUNCTION 

X X X X 
X e X e X e X e 

0.01 1.0101 0-36 1.4333 0.71 2.0340 1.06 2.8864 
0.02 1.0202 0.37 1.4477 0.72 2.0544 1.07 2.9154 
0.03 1.0305 0.38 1.4623 0.73 2.0751 1.08 2.9447 
0,04 1.04o8 0.39 1.4770 0.74 2.0959 1.09 2.9743 
0.05 1. 051 3 o.4o 1. 4918 0.75 2. 1170 1. 10 3.0042 

0.06 1.0618 o.41 1.5068 0.76 2.1383 1. 11 3.0344 
0.07 1. 0725 o.42 1.5220 0.77 2.1598 1. 12 3.0649 
o.o8 1. 0833 o.43 1. 5373 0.78 2. 1815 1. 13 3.0957 
0.09 1.0942 o.44 1.5527 0.79 2.2034 1. 14 3.1268 
o. 10 1. 1052 o.45 1. 5683 0.80 2.2255 1. 15 3.1582 

o. 11 1. 1163 o.46 1. 5841 0.81 2.2479 1. 16 3.1899 
0.12 1. 1275 o.47 1.6000 0.82 2.2705 ,. 17 3.2220 
0.13 ,. , 388 o.48 1.6161 0.83 2.2933 1. 18 3.2544 
0.14 1.1503 o.49 1.6323 o.84 2.3164 1. 19 3.2871 
0.15 1.1618 0.50 1,6487 0.85 2.3396 1. 20 3,3201 

o. 16 1. 1735 0.51 1.6653 o.86 2.3632 1. 21 3.3535 
o. 17 1. 1853 0.52 1.6820 0.87 2. 3869 1 ,22 3.3872 
o. 18 1. 1972 0.53 1.6989 o.88 2.4109 1 .23 3.4212 
o. 19 1.2092 0.54 1. 7160 0.89 2.4351 1. 24 3,4556 
0,20 1.2214 0.55 1, 7333 0.90 2.4596 1. 25 3,4903 

0,21 1, 2337 0.56 1. 7507 0.91 2.4843 1. 26 3.5254 
0,22 1.2461 0.57 1. 7683 0.92 2.5093 1.27 3.5609 
0.23 1.2586 0,58 1,7860 0.93 2.5345 1 .28 3. 5966 
0.24 1.2712 0.59 1,8040 0.94 2.5600 1, 29 3,6328 
0.25 1,2840 0.60 1. 8221 0,95 2.5857 1.30 3,6693 

0.26 1. 2969 o. 61 1.8404 0.96 2.6117 1. 31 3. 7062 
0,27 1. 3100 0.62 1.8589 0.97 2.6379 1, 32 3. 74 34 
0.28 1. 3231 0.63 1.8776 0.98 2.6645 1. 33 3. 7810 
0.29 1.3364 o.64 1.8965 0.99 2.6912 ,. 34 3. 8190 
0.30 1. 3499 0.65 1.9155 1.00 2.7183 1.35 3.8574 

o. 31 1. 3634 o.66 1, 9348 1.01 2.7456 1, 36 3.8962 
0.32 1.3771 0.67 1, 9542 1.02 2. 7732 1.37 3,9354 
0,33 l. 391 O o.68 1. 9739 1.03 2. 8011 1. 38 3.9749 
0.34 1. 4049 0.69 1, 9937 1 .o4 2.8292 1.39 4.0149 
0. 35 1. 4191 0.70 2.0138 1 .05 2. 8577 1. 4o 4.0552 
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TABLE B-3. - EXPONENTIAL FUNCTION--CONTINUED 

X X X X 
X e X e X e X e 

1.41 4.0960 1.76 5.8124 2. 11 8.2482 2.46 11. 705 
1. 42 4.1371 1.77 5.8709 2.12 8.3311 2.47 11.822 
1.43 4. 1787 1.78 5.9299 2.13 8.4149 2.48 11. 941 
1.44 4.2207 1. 79 5.9895 2.14 8.4994 2.49 12. 061 
1.45 4. 2631 1 . 8o 6.0496 2.15 8.5849 2.50 12. 182 

1.46 4.3o60 1.81 6.1104 2.16 8. 6711 2.51 12.305 
1.47 4.3492 1 .82 6.1719 2.17 8.7583 2. 52 12.429 
1.48 4.3929 1.83 6.2339 2. 18 8.8463 2.53 12.554 
1.49 4.4371 1.84 6.2965 2.19 8.9352 2.54 12.680 
1.50 4.4817 1 .85 6.3598 2.20 9.0250 2.55 12.8o7 

, • 51 4.5267 1.86 6.4237 2.21 9.1157 2.56 12.936 
1. 52 4.5722 1.87 6.4883 2.22 9. 207 3 2.57 13.066 
1. 53 4.6182 1.88 6.5535 2.23 9.2999 2.58 13.1 97 
1.54 4.6646 1.89 6.6194 2.24 9. 3933 2.59 13.330 
1.55 4.7115 ,. 90 6.6859 2.25 9. 4877 2.60 13. 464 

1.56 4.7588 1. 91 6.7531 2.26 9.5831 2.61 13.599 
1. 57 4.8066 1.92 6.8210 2.27 9. 6794 2.62 13.736 
1.58 4.8550 1. 93 6.8895 2.28 9.7767 2.63 13.874 
1.59 4.9037 1.94 6.9588 2. 29 9.8749 2.611 14.013 
1.60 11. 9530 1.95 7.0287 2.30 9.9742 2.65 14. 154 

1. 61 5.0028 1.96 7.0993 2. 31 10.074 2.66 14.296 
1 .62 5.0531 1.97 7.1707 2.32 10.176 2.67 14.440 
1.63 5.1039 1.98 7.2427 2.33 10.278 2.68 14.585 
1 .64 5.1552 1.99 7.3155 2.34 10.381 2.69 14. 732 
1.65 5.2070 2.00 7. 3891 2.35 10.1186 2.70 14. 880 

1.66 5.2593 2.01 7.4633 2.36 10.591 2.71 15.029 
1.67 5.3122 2.02 7.5383 2.37 10.697 2.72 15. 18o 
1.68 5.3656 2.03 7.6141 2.38 10.8o5 2.73 15.333 
1.69 5.4195 2.04 7.6906 2.39 10.913 2.74 15. 487 
1. 70 5.4739 2.05 7.7679 2.40 11.023 2.75 15.643 

1.71 5.5290 2.06 7.8460 2.41 11.134 2.76 15.800 
1. 72 5.5845 2.07 7.9248 2.42 11. 246 2.77 15. 959 
1.73 5.6407 2.08 8.0045 2.43 11.359 2.78 16.119 
1.74 5.6973 2.09 8.0849 2. 114 11. 473 2.79 16.281 
1. 75 5.7546 2. 10 8.1662 2.45 11.588 2.8o 16.445 
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TABLE B-3. - EXPONENTIAL FUNCT ION--CONTI NUED 

X X X X 
X e X e X e X e 

2.81 16.610 3.16 23.571 3. 51 33 .448 3. 86 47. 465 
2.82 16.777 3.17 23.8o7 3. 52 33.784 3. 87 47. 942 
2.83 16.945 3. 18 24.047 3. 53 34.124 3. 88 48. 424 
2.84 17. 116 3. 19 24.288 3.54 34 .467 3.89 48. 911 
2.85 17.288 3.20 24. 533 3. 55 34 .813 3. 90 49. 402 

2.86 17.462 3. 21 24. 779 3. 56 35.1 63 3. 91 49. 899 
2.87 17.637 3.22 25.028 3. 57 35 . 517 3. 92 50. 400 
2.88 17.814 3.23 25.280 3. 58 35 . 874 3. 93 50.907 
2.89 17.993 3.24 25. 534 3. 59 36 .234 3. 94 51.419 
2.90 18. 174 3.25 25 . 790 3. 60 36 . 598 3. 95 51. 935 

2. 91 18. 357 3. 26 26 .050 3. 61 36. 966 3. 96 52. 457 
2.92 18. 541 3.27 26 . 311 3.62 37 .338 3. 97 52. 985 
2.93 18.728 3. 28 26. 576 3.63 37 .713 3. 98 53. 517 
2. 94 18.916 3. 29 26 . 843 3. 64 38.092 3. 99 54 .055 
2. 95 19. 106 3. 30 27.113 3. 65 38.475 4.oo 54 . 598 

2.96 19.298 3. 31 27 . 385 3.66 38.861 4. 01 55 .1 47 
2. 97 19. 492 3. 32 27. 660 3. 67 39.252 4.02 55 .701 
2. 98 19. 688 3-33 27. 938 3. 68 39.646 4.03 56. 261 
2. 99 19. 886 3. 34 28.219 3.69 40.045 4.04 56 . 826 
3.00 20.086 3. 35 28. 503 3.70 40. 447 4.05 57. 397 

3.01 20.287 3. 36 28. 789 3.71 40.854 4.06 57. 974 
3.02 20. 491 3. 37 29.079 3.72 41. 264 4.07 58.557 
3.03 20.697 3. 38 29.371 3.73 41.679 4.08 59.1 45 
3.04 20.905 3.39 29.666 3. 74 42.098 4.09 59.740 
3.05 21. 115 3.40 29.964 3.75 42.521 4. 10 60.340 

3.06 21. 328 3. 41 30.265 3.76 42.948 4.11 60.947 
3.07 21.542 3.42 30.569 3. 77 43.38o 4.12 61. 559 
3.08 21 .758 3.43 30.877 3.78 43.816 4.13 62. 178 
3.09 21. 977 3.44 31. 187 3.79 44.256 4.14 62.8o3 
3.10 22.198 3.45 31.500 3.8o 44.701 4.15 63. 434 

3. 11 22. 421 3.46 31.817 3. 81 45.150 4.16 64 .072 
3.12 22. 646 3.47 32.137 3.82 45.604 4. 17 64.715 
3.1 3 22. 874 3. 48 32.460 3.83 46.063 4.1 8 65 . 366 
3.14 23.104 3.49 32.786 3.84 46.525 4.19 66.023 
3.15 23.336 3.50 33. 115 3,85 46.993 4.20 66. 686 
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TABLE B-3. - EXPONENTIAL FUNCTION--CONTI NUED 

X X X X 
X e X e X e X e 

4.21 67.357 4.56 95.583 4. 91 135. 64 5.26 192. 48 
4.22 68.033 4.57 96.544 4.92 137 .oo 5.27 194 . 42 
4.23 68.717 4.58 97.514 4.93 138. 38 5.28 196. 37 
4.24 69.408 4. 59 98.494 4. 94 139.77 5. 29 198. 34 
4.25 70. 105 4.60 99.484 4.95 141.17 5. 30 200.34 

4.26 70.810 4.61 100.48 4. 96 142. 59 5. 31 202. 35 
4.27 71.522 4.62 101. 49 4. 97 144. 03 5. 32 204. 38 
4.28 72.240 4.63 102. 51 4.98 145 . 47 5. 33 206. 44 
4.29 72.966 4.64 103.54 4.99 146. 94 5. 34 208.51 
4.30 73.700 4.65 104.58 5.00 148. 41 5. 35 210. 61 

4.31 74.440 4.66 105.64 5.01 149. 90 5. 36 212.72 
4.32 75.189 4.67 106.70 5.02 151.41 5.37 214. 86 
4.33 75.944 4.68 107. 77 5.03 152.93 5. 38 217.02 
4.34 76.708 4. 69 108. 85 5.04 154. 47 5. 39 21 9.20 
11. 35 77. 478 4.70 109.95 5.05 156.02 5. 40 221.41 

4. 36 78.257 4.71 111 .05 5.06 157. 59 5.41 223.63 
4.37 79.044 4.72 112. 17 5.07 159.17 5.42 225. 88 
4.38 79.838 4.73 113. 30 5.08 160. 77 5.43 228.15 
4.39 8o.64o 4.74 114.43 5.09 162.39 5.44 230.44 
4.40 81. 451 4.75 115. 58 5.10 164.02 5.45 232.76 

4. 41 82.269 4.76 11 6. 75 5.11 165.67 5.46 235.10 
4. 112 83.096 4.77 117. 92 5.12 167.34 5.47 237.46 
4.43 83.931 4.78 119. 10 5.13 169.02 5.48 239.85 
4.44 84.775 4. 79 120.30 5.14 170.72 5.49 242.26 
4.45 85.627 4.8o 121.51 5.15 172.43 5.50 244.69 

4.46 86.488 4.81 122.73 5. 16 174. 16 5.51 247.15 
4.47 87.357 4.82 123.97 5. 17 175. 91 5.52 249.64 
4.48 88.235 4.83 125.21 5. 18 177.68 5.53 252.14 
4.49 89.121 4.84 126.47 5.19 179.47 5.54 254.68 
4.50 90.017 4.85 127.74 5.20 181. 27 5.55 257.24 

4.51 90,922 4.86 129.02 5.21 183.09 5.56 259.82 
4.52 91.836 4.87 130.32 5.22 184.93 5.57 262.43 
4.53 92.759 4.88 131.63 5.23 186.79 5.58 265.07 
4.54 93.691 4.89 132. 95 5.24 188.67 5.59 267.74 
4. 55 94.632 4.90 134.29 5.25 190. 57 5.60 270.43 
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TABLE B-3. - EXPONENTIAL FUNCTION--CONTINUED 

X X X X 
X e X e X e X e 

5.61 273.14 5.96 387.61 6. 31 550.04 6.66 78o.55 
5.62 275.89 5.97 391. 51 6.32 555.57 6.67 788.40 
5.63 278.66 5.98 395.44 6.33 561.16 6.68 796.32 
5.64 281.46 5.99 399.41 6.34 566.Bo 6.69 8o4.32 
5.65 284.29 6.oo 403.43 6.35 572.49 6.70 812.41 

5.66 287.15 6.01 407.48 6.36 578. 25 6.71 820.57 
5.67 290.03 6.02 411.58 6.37 584.o6 6.72 828.82 
5.68 292.95 6.03 415.72 6.38 589.93 6.73 837.15 
5.69 295.89 6.04 419.89 6.39 595.86 6.74 845.56 
5.70 298.87 6.05 424.11 6.40 601.85 6.75 854.06 

5.71 301.87 6.06 428.38 6.41 607.89 6.76 862.64 
5.72 304.90 6.07 432.68 6.42 614.oo 6.77 871. 31 
5.73 307.97 6.08 437.03 6.43 620.17 6.78 88o.07 
5.74 311. 06 6.09 441.42 6.44 626.41 6.79 888. 91 
5.75 314.19 6. 10 445.86 6.45 632.70 6.8o 897.85 

5.76 317.35 6. 11 450.34 6.46 639.06 6.81 906.87 
5.77 320.54 6. 12 454.86 6.47 645.48 6.82 915.99 
5.78 323.76 6.13 459.44 6.48 651.97 6.83 925.19 
5. 79 327.01 6.14 464.05 6.49 658.52 6.84 934.49 
5.8o 330.30 6. 15 468.72 6.50 665.14 6.85 943.88 

5.81 333.62 6. 16 473.43 6.51 671.83 6.86 953. 37 
5.82 336.97 6. 17 478.19 6.52 678.58 6.87 962.95 
5.83 340.36 6. 18 482.99 6.53 685.40 6.88 972.63 
5.84 343.78 6.19 487 .85 6.54 692.29 6.89 982.40 
5.85 347.23 6.20 492.75 6.55 699.24 6.90 992.27 

5.86 350.72 6.21 497. 70 6.56 706.27 6. 91 1002.2 
5.87 354.25 6.22 502.70 6.57 713. 37 6.92 1012.3 
5.88 357.81 6.23 507.76 6.58 720.54 6.93 1022.5 
5.89 361.41 6.24 512.86 6.59 727.78 6.94 1032.8 
5.90 365.04 6.25 518.01 6.60 735.10 6.95 1043. 1 

5.91 368.71 6.26 523.22 6.61 742.48 6.96 1053.6 
5.92 372. 41 6.27 528.48 6.62 749.95 6. 97 1064.2 
5.93 376. 15 6.28 533.79 6.63 757.48 6.98 1074. 9 
5.94 379.93 6.29 539.15 6.64 765.09 6.99 1085.7 
5.95 383.75 6.30 544.57 6.65 772.78 7.00 1096.6 
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TABLE B-3• - EXPONENTIAL FUNCTION--CONTINUED 

------------------- ----------------------- ----------------------- -------------------
X 

X e 
-------------------
7.01 1107. 7 
7.02 1118.8 
7.03 11 30. 0 
7.04 1141.4 
7.05 1152. 9 

X 
X e 

-----------------------
7.36 1571. 8 
7.37 1587. 6 
7.38 1603.6 
7.39 1619.7 
7.40 1636.0 

X 
X e 

-----------------------
7.71 2230.5 
7.72 2253.0 
7.73 2275.6 
7.74 2298.5 
7.75 2321.6 

X 
X e 

-------------------8.06 3165.3 
8.07 3197. 1 
8.08 3229.2 
8.09 3261. 7 
8. 10 3294.5 

• 7.06 
7.07 
7.08 
7.09 
7 .10 

1164.4 
1176. 1 
1188.0 
1199. 9 
1212.0 

7.41 
7.42 
7.43 
7. 44 
7.45 

1652.4 
1669.0 
1685.8 
1702.8 
1719.9 

7.76 
7. 77 
7.78 
7.79 
7.80 

2344.9 
2368.5 
2392.3 
2416.3 
2440.6 

8. 11 
8.12 
8.13 
8.14 
8.15 

3327.6 
3361.0 
3394.8 
3428.9 
3463.4 

7. 11 
7.12 
7.13 
7.14 
7.15 

1224. 1 
1236.5 
1248.9 
1261.4 
1274. 1 

7.46 
7.47 
7.48 
7.49 
7.50 

1737.1 
1754.6 
1772.2 
1790.1 
1808.0 

7.81 
7.82 
7.83 
7.84 
7.85 

2465.1 
2489.9 
2514.9 
2540.2 
2565.7 

8.16 
8.17 
8.18 
8.19 
8.20 

3498.2 
35 33.3 
3568.9 
3604. 7 
3641.0 

7 .16 
7. 17 
7. 18 
7.19 
7.20 

1286. 9 
1299.8 
1312.9 
1326. 1 
1339. 4 

7.51 
7.52 
7.53 
7.54 
7.55 

1826.2 
1844.6 
1863.1 
1881. 8 
1900. 7 

7.86 
7.87 
7.88 
7.89 
7.90 

2591.5 
2617.6 
2643.9 
2670.4 
2697.3 

8.21 
8.22 
8.23 
8.211 
8.25 

3677.5 
3714.5 
3751. 8 
3789.5 
3827.6 

7.21 
7.22 
7.23 
7.24 
7.25 

1352.9 
1366. 5 
1380.2 
1394. 1 
1408. 1 

7.56 
7.57 
7.58 
7.59 
7.60 

1919.8 
1939. 1 
1958.6 
1978. 3 
1998. 2 

7. 91 
7.92 
7.93 
7.94 
7.95 

2724.4 
2751.8 
2779. 4 
2807.4 
2835.6 

8.26 
8.27 
8.28 
8.29 
8.30 

3866. 1 
3904.9 
3944.2 
3983.8 
4023.9 

~ 

7.26 
7.27 
7.28 
7.29 
7.30 

1422.3 
1436.6 
1451. O 

1465.6 
1480.3 

7.61 
7.62 
7.63 
7.64 
7.65 

2018.3 
2038.6 
2059. 1 
2079. 7 
2100.6 

7.96 
7.97 
7.98 
7.99 
8.oo 

2864. 1 
2892.9 
2921.9 
2951.3 
2981.0 

8. 31 
8.32 
8.33 
8.34 
8.35 

4064.3 
4105. 2 
4146.4 
4188. 1 
4230.2 

7. 31 
7.32 
7.33 
7.34 
7.35 

1495.2 
1510.2 
1525.4 
1540.7 
1556.2 

7.66 
7.67 
7,68 
7,69 
7.70 

2121. 8 
2143.1 
2164.6 
2186.4 
2208.3 

8.01 
8.02 
8.03 
8.04 
8.05 

3010.9 
3041.2 
3071.7 
3102.6 
3133.8 

8.36 
8.37 
8.38 
8,39 
8,40 

4272.7 
4315.6 
4359.0 
4402.8 
4447. 1 
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TABLE B-3. ~ EXPONENTIAL FUNCTION--CONTINUED 

X X X X
X e X e X e X e 

8.41 4491.8 8.76 6374. 1 9. 11 9045.3 9.46 12836 
8.42 4536.9 8.77 6438.2 9.12 9136.2 9.47 12965 
8.43 4582.5 8.78 6502.9 9.13 9228.0 9.48 13095 
8.44 4628.6 8.79 6568.2 9.14 9320.8 9.49 13227 
8.45 4675.1 8.80 6634.2 9. 15 9414.4 9.50 13360 

8.46 4722. 1 8.81 6700.9 9, 16 9509.1 9.51 13494 
8.47 4769.5 8.82 6768.3 9. 17 9604.6 9.52 13630 
8,48 4817.4 8,83 6836. 3 9. 18 9701. 2 9.53 13767 
8.49 4865.9 8.84 6905.0 9. 19 9798.7 9.54 13905 
8.50 4914.8 8.85 6974.4 9.20 9897. 1 9.55 14045 

8.51 4964.2 8.86 7044.5 9.21 9996.6 9.56 14186 
8.52 5014.1 8.87 7115.3 9.22 10097 9.57 14328 
8.53 5064.4 8.88 7186.8 9. 23 10199 9.58 1l+472 
8.54 5115.3 8.89 7259.0 9.24 10301 9.59 1461 8 
8.55 5166.8 8.90 7332.0 9.25 10405 9.60 14765 

8.56 5218.7 8.91 7405.7 9.26 10509 9.61 14913 
8.57 5271.1 8.92 7480. 1 9.27 10615 9.62 15063 
8.58 5324.1 8.93 7555.3 9.28 10721 9.63 15214 
8.59 5377.6 8.94 7631.2 9.29 10829 9.64 15367 
8.60 5431. 7 8.95 7707.9 9.30 10938 9.65 15522 

8.61 5486.2 8.96 7785.4 9.31 11048 9.66 15678 
8.62 554,. 4 8.97 7863.6 9-32 11159 9.67 15835 
8.63 5597. 1 8.98 7942.6 9.33 11271 9.68 159911 
8.64 5653.3 8.99 8o22.5 9.34 11384 9.69 16155 
8.65 5710.1 9.00 8103. 1 9.35 11499 9. 70 16318 

8.66 5767.5 9.01 8184.5 9. 36 11614 9.71 16482 
8. 67 5825.5 9.02 8266.8 9. 37 11731 9.72 16647 
8.68 5884.o 9.03 8349.9 9.38 11849 9,73 16815 
8.69 5943.2 9.04 8433.8 9.39 11968 9.74 16984 
8.70 6002.9 9.05 8518.5 9.40 12088 9,75 17154 

8.71 6o63.2 9.06 8604.2 9.41 12210 9.76 17327 
8.72 6124.2 9.07 8690.6 9.42 12333 9.77 17501 
8.73 6185.7 9.08 8778.0 9.43 12457 9. 78 17677 
8.74 6247.9 9.09 8866.2 9.44 12582 9, 79 17854 
8.75 6310.7 9.10 8955.3 9.45 12708 9.80 18034 

------------------- ----------------------- ---------------------~- -------------------
------------------- ----------------------- -------------⇒-------- -------------------

X X X X 
X e X e X e X e 

9.81 18215 9.86 19149 9. 91 20131 9.96 21163 
9.82 18398 9.87 19341 9.92 20333 9,97 21375 
9.83 18583 9.88 19536 9,93 20537 9.98 21590 
9.84 18770 9.89 19732 9.94 20744 9.99 218o7 
9.85 18958 9.90 19930 9.95 20952 10.00 22026 
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TABLE B-4. - COEFFICIENT OF VARIATION 

cr y cr y cr y 

---------·------------- --------------------·--------- ----------------------0.05 0.05 1.8o 4.95 3.55 545.25 
0.10 0.10 1.85 5.44 3.60 651.97 
0.15 0.15 1.90 6.oo 3.65 781.53 
0.20 0.20 1. 95 6.62 3.70 939.17 
0.25 0.25 2.00 7.32 3.75 1131.44 

• 
0.30 0.31 2.05 8.12 3.8o 1366.49 
0.35 0.36 2. 10 9.01 3.85 1654.49 
o.4o o.42 2.15 10.04 3.90 2008.21 
o.45 o.47 2.20 11. 20 3.95 2443.65 
0.50 0.53 2.25 12. 53 4.oo 298o.96 

0.55 0.59 2.30 14.05 4.05 3645. 50 
0.60 o.66 2.35 15.79 4.10 4469.36 
0.65 0.73 2.40 17.79 4.15 5493.11 
0.70 o.8o 2.45 20.09 4,20 6768.26 
0.75 0.87 2.50 22.74 4.25 8360. 30 

0.80 0.95 2.55 25.8o 4.30 10352.67 
0.85 1.03 2.60 29.35 4.35 12851. 94 
0.90 1. 12 2.65 33.48 4.40 15994.50 
0.95 1. 21 2.70 38.27 4.45 19955.30 
1.00 1. 31 2.75 43.86 4.50 24959. 26 

1.05 1. 42 2.8o 50.39 4.55 31296.14 
1. 10 1.53 2.85 58.04 4.60 39340.11 
1. 15 1.66 2.90 67.01 4.65 49575.40 
1 .20 1.79 2.95 77.57 4.70 62630.02 
1.25 1.94 3.00 90.01 4.75 79320.35 

" 
1. 30 2.10 3.05 104.71 4.8o 100709.96 
1.35 2.28 3.10 122. 12 4.85 128187.59 
1. 40 2.47 3.15 142.77 4.90 163570.60 
1. 45 2.68 3.20 167.33 4.95 209242.68 
1.50 2. 91 3.25 196.61 5.00 268337.29 

1.55 3. 17 3.30 231.60 5.05 344982.85 
1.60 3.45 3.35 273.48 5. 10 444631.00 
1.65 3.77 3.40 323.76 5.15 574496. 91 
1. 70 4.12 3.45 384.23 5.20 744151.57 
1. 75 4.51 3.50 457.14 5.25 966319.69 
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