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PREFACE

This handbook is intended as a guide for dexermining reliaoility of funcioning characteris-
tics of weapon components by testing to failure.

Component reliability of weapon systems is basically a function of engineerir. 'k-sign.
Margins of safety used in engineering design to create high reliabilities must be me&4u'e-d by test.;ng
to failure techniques to obtain unbiased estimates of reliability.

The author does not hold that the concepts and principles presented herein are final. 6
Revisions will inevitably be made as the state of the art advances.
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SUMMARY 0

1..-The following are set forth:

a. The concept of reliability of functioning characteristics of weapon components in terms 0
of stress and strength.

b,. The operating engineering definition of reliability;

c. The complex nature of reliability,;

di Ultir'-+e reliability in terms of safety mzrgins-

e. The relatiar.ship between test and ,ise conditions:

f) The limitations of reliability determinations imposed by testing facilities, information
and iost.

2. A two-phase testing procedure which meets the need for demonstrating high reliabilities with
small sample sizes is describ',ý- in a rational, objective manner. The first phase involves use of
fractional-factorial experimenta; designs to 1urvey effects of important environments. The second .
phase is a test-to-failura procedure (using the environment found most severe in the first phase) 0
so conducted that reliability-in-use can be calculated from test results.

3. The need to plan experiments in advance of data collection and, to test to failureafnd empha- " -"

sized. The requirements of a good experiment are treated.

4. Several useful fractional-factorial test plans are completely laid out in the form of treatment
procedures. Tests of increased severity most useful in testing to failure are described. Examples
are given for applying these methods.

5. -Useful statistical tables,, a glossary of terms, and a list of references are included.
e

9.• ".:

o a°'.'-

I"% -

• _
...............................................

. . . .. ~. . . . . - - - - - - - - - - - - - -
- *. - . S. - - --- . -- -. . . . . . - . . . .
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INTRODUCTICN 0

This handbook hes been prepared for those engineers and scie-tists conducting reliability
experiments who would like to use statistical techniques to improve ilhe efficiency of their experi-
ments. However, it is advisable, especially in the planning stages of testing programs, to supple-
ment the information in this manual by oc-asional consultations with a statistician. ,

Planning exceriments in the modern A..'tis ;cal sense compels the experimenter explicitly to
formulate his objectives and the procedures i•.4uired to attain n1nem. This often leads to the
recognition of tallacies and other difficulties in advance cf data collecting.

The statistical aspects of reliability 3re not new. All of the necessary concepts 3re S
adequately treated in modern statistical literature. The lack of information about measurable
characteristics of the missile system and th' environment it experiences in use, as well as the
high cost of test specimens, have created the current problems.

The techniques described in this manual are the most efficient known.They are designed g
to maximize the amount of information obtainable from a given sample size. Very high reliatili-'
ties (0.9999 and higher if they exist) can be demonstrated from very small sample sizes (25 to 30
items). In addition, these tnchniques are definitive enough to serve as standard procedures through-
out the same or different organizations over extended periods of time.

Uniform application of these techniques is as important as their efficiency. A large part of
the value of experim•ntally determinei I eliability data is the scope of applicab'lity. Reliability
data collected by means of standardized procedures are cumulative in the mathermtical sense.
Hence, the precision with which reliability values are known can be improved with time as addi-
tional data are collected. This makes it possible to accumulate a reference file of re/iabitity data
on a 'ariety of standard components.

For those readers not thoroughly familiar with statistical term• a glossary of these terms has
been included in Appendix 2.

1. RELIABiLITY CONCEPT S

It is assumed that for every missile component there exists a true but unknown "strength"
created by the particular (parts) design developed and used by the engineer in building the corn-
ponent. It is further assumed that the truc "strength" is a constdnt and not a random variable for
any particular design over short periods of time.

An item will not fail until the applied stress exceeds the items "strength." If the "strength"
is much greater than the stress expected to be experienced in use, the chance (probability) of failure
in use is very small, and the chance of success (reliability) is very high. It is in this sense that "high
reliability" is defined. That is, high reliability meamn high probability Of successful functioning .
under actual use conditions: it does not mean high reliability under the test conditions.

S.... . ... . •.. .... •............. :. -S .. .")-••
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2. RELiARILILITY DEFINITION

The accepted statistical definitior of reliability ;s that reliability is "the probability of suc
cessful functioning in use." This is a general definition that is applicablc ., ny operatin%,sy'tem.
However, to define reliability from an operating engineering point of view, the general definition
must be modified to include:

a. The enironmental conditions under which succes-ful functioning is required.

b. The characteristics that are req, ired to function successfully

c. The ':ngth of time or tha number of times successful functioning is required.

d. When successful functioning is required.

This means that every component can have as many reliabilities as a number equal to the
possible combinations of environmental conditions, measurable characteristics and functioning
times.

Under the definition that an item cannot fail until the stress exceeds its strength, the re-
liability with respect to any environment can be determined only if the test specimens are stressed
by that environment until failure is obtained. This means that successively higher levels of severity
must be used until failure is obtained, as in the applications of successively greater loads until failure
is obtained in a tensile test. When the magnitude of the stress at the point of failure cannot be
directly observed, then an exploratory type test such as the Bruceton up-and-down method is re-
quimed. This procedure generates the failure rate curve from which the average (ultimate) strength
(the point at wnich the stress equals the strength) can be obtained by finding.the stress at which
50 perceat of the itams fai!. In any case the ultimate strength of an item is determined in such a
manner that the reliability-in-use can be predicted from the test resu!ts. S

3. LIMITATIONS

A. Laboratory Testing

In laboratory testing, it is difficult to reproduce the conditions which components will
experience operationally. In use, several environments occur simultaneously; in the laboratory,
the environments usualtV have to be applied in sequence. As a result, the environment experienced
in use is more severe than that applied at comparable levels of severity in the laboratory. Further- _ .
more, interactions among environments and among components raise the level of severity ex-
perienced in use by an additional amount. The extent to which the level of severity is increased:-: -.

in these cases is usually not known.

3 . . -.

S. ~ ~. . .. . .......... .................... =i"÷ i •
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S

To ropc. with unknowns of this kind. enoineers use "margins (or factors) of safety~' 'o ass,, re

successful functioning in use. As a rational consequence, test;ng procedures used to test compoi,-
ents must. ,a be of ary value, determine the actual margins of sa'ety the engineers have sucleeded -

in buildirg into the new item. To accomplish this, with the.;imitatiois imposed by cost considera-
tions, cr, reful Inlnnirg prior to data collection is required. Useful and realistic component reuiabi-
lity va:ues cannot be_ obtained by accident or as a by-praduct of a testing program designtl for
somr. other pirpo*e, such as controlling quality. However. reliability values qan suopiement but not
reriace quality control and other engineering information.

0

B. Infcrmation

A complicated s' .,:em of any kind cannot be fully characterized ordercbed by 3 single
numerical value. Just as the "whole man* cannot be fully described by an intelligence quotient,
a whole missile system cannot be fully described or characterized by a single reliability value.
Fully to chara-terize the expected performance of a missile, all possible reliabilities should be:

a. Determined and weighted in accordance with:

(1) Their engineering importance,

(2) Probability of occurrence of the various environments,

(3) Duration and intensity of the environment,

(4) Presence of interaction among environments and among components, and --.- a
S

b. Mathematically combined:'

(1) In acccrdance with the way the environments occur (i.e., simultaneously, in -

combination, or in sequence),

m,2) In various ways to predict the probability of successful functioning of the .major and minor subassemblies,,,-"•

(3) In accordance with the system circuitry to' predict the reliabilities of the .

civer-all system.

C. Cost

The cost of measuring ihe magnitude and interaction effects of the multitude of variables
affecting peiformance of complex missile systems is prohibitive, as in the cost of determining
all of an item's possible reliability values, br even a large number of these vdlues. These costs will
perhaps remain prohibitive as long as there is a reasonable alternative.

4

. . . . . . . . . . . . . . .. . . . . . . . . . . . . .
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4. SAFETY MARGINS

The use of safety margins to assure successful functioning under unpredictable conditions is
not new. Currently, reliance is placed on the "safety factor" or the "margin of safety" as an
alternative for information. If the expected nominal "stress" (or load) in use is 100 units, de-
signing an item with the"strength" to withstand several times this "stress" gives intuitive assurance
that the item will function successfully without failure (i.e., be reliable). Such an item Will surely
withstand 100 units of "stress" (be highly reliable under this condition) and has a good chance
of functioning successfully even when the applied "stress" varies widely, the quality of the material
is substandard, or the workmanship is poor. A large margin of safety, then, is a means of assuring
successful functioning in the presence of uncontrolled and indeterminate variations in environ-
mcnt, materials, and workmanship. This concept of "stress" and "strength" can be used as a

Y#1 corollary to the definition of reliability given above: An item cannot fail until the stress exceeds
its strength. The point at which the stress equals the strength measures the average (ultimate)
strength. At this point the reliability equals 50 percent. To raise the reliability above this level, the
strength must exceed the expected in-use stress. High strength relative to the stress means high
reliability, since the higher the strength, the less likely a ,failure is to occur.[ Construction engineers design an item to with.tand several times the load expected in use
(for the above reasons), then evaluate the design by ieasuring the safety factor of a few representa-
tive specimens. This can only be done by applying a load Until the specimens break, or fail in some
other manner. The breaking load is a measure of the ultimate strength. The "safety factor" is the
ultimate strength dividend by the load expected'in use. The "margin of safety" is the difference be-
"tween those two loads divided by the expected load in use. Calculating either of these values is
as far as construction engineers usually go; they do not calculate a numerical value for the probabi-
lity of success in use (reliabilityl created by the safetv factor. If the safety factor is large, they
feel confident in concluding (predicting) the item-w not .iil in use.

Missile engineer! also use safkty margins. They design margins of safety into missile com-
ponents in many subtle ways and for the same reasons: to assure successful performance in use
under uncontroiled and unpredictable conditions. "lere, too, the "margin of safety" designed
into an item can only be determined by testing to failure. The "stress" required to cause failure
can also be termed ultimate "strength."

.5. ULTIMATE RELIABILITY

The reliabiiiy obtained by testing to failure is the ultimate 'maximum) reliability, whether
a margin, of nafety is used or not. Ths is the only unbiased measure of the true reliability created
by the design of the item.

"Testing without failure demonstrates rei;ability only in proportion to the number of
test specimens used. This is a biased estimate of the ultimate reliability. This means that the
ultimate reliability cannot be determined by testing a finite nun.ber of specimens without failure.

.5
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6. PLANNED EXPERIMENTS

When only one of the possible total number of reliabilities can be determined, the logical
choice is to determine the minimum reliability. If the latter is satisfactory, all other possible
reliabilities with respect to separate environments will also be satisfactory. Without a knowledge
of the values of all reliabilities, meaningful and realistic system reliabilities can only be predicted
from component reliabilities on the basis of the minimum reliabilities.

Experiments must be designed*. This requires planning in advance of data collection. Test
plans must be specifically designed to assure, in advance of data collection, that specified objec-'
tives will be attained, for reliability can neither be tested, nor analyzed into an item.

Environmental conditions which cause the poorest (minimum) reliabillties can he found
most efficiently (with smallest sample sizes) by means of fractional-factorial designs or their opti-
mized modifications. The object here is to survey environments considered most important to
the functioning of the item and to find the environment having the most severe effect (i.e., causing

* the lowest reliability). This environmont is then used to determine the minimum ultimate reliabi-
lity by testing to failure, using tests of increased severity.

* 7.. TESTING WITHOUT FAILURE

The margin of safety designed into a missile component can be determined only by testing
to failure. To do otherwise, practically nullifies the value of test results and makes the engineer's
effort to use safety margins ineffective. If the test procedure does not measure safety margins,
the engineer has no evidence that they exist, 'and may conclude that other means of increasing
reliability (e.g., redundancy) must be used. This line of action is not only costly, bu may create
other problems, such ts: misplaced center of gravity, overweight, and lack of space.

- -- Testing without failure, which entails large sample sizes, is costly.. By this method, it takes
4600items to demonstrate a reliability of at least 99.5 percent with 90 percent confidence. The
-same reliability can be demonstrated (if it exists i i the item) with 25-30 items by testing to fail-
ure, using tests of increased severity.. In addition the results of testing without failure causes
difficulty in calculating system reliability from component reliability because zeros cannot be
mathematically mcnipulated.

Because testing without failure cannot me re ultinate reliability with small samplesizes,
*D •trends cannot be detected early enough for takin I timely corrective action. For example, if'

the ultimate reliability of an item actually exem s that specified in~the military characteristics
(0.995 or higher)., and only 25 items are tested ai the use condition without failure during each
testing period, no-trend will be detected until ult mate reliability of the lot, or stockpile, drops
below 0.91 (at the 90 percent confidence 'level).

"See Reference 12
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8. RELATION BETWEEN TEST AND USE CONDITIONS

To translate the reliability demonstrated under test conditions to a "reliability-in-use"
value, the relation between the "use" and "test" conditiorns must be established. Experience has
shown that this relationship can be adequately represented by frequency distributions. This places
the relationship on a probabilistic basis, and also makes possible the use of the laws of'probability.
If then, the test results are properly collected (see Lab Test Methods), the reliability-in-use can be
calculated by extrapolation.

9. TEST PLANS

Plans should be made to conduct experiments in two stages:

A. Factorial experiments:

For each type of component, the separate effects ofthe critical environments can
be determined most efficiently in one integrated factorial experiment. From these results, the
environments having the most severe effects should be selected. When only attribute data can be
obtained the optimum condition for conducting this experiment is at a level of severity at which
approximately 50 percent of the test specimens can be expected to fail. This type of experiment
is highly efficient. The effect of as many as 7 environments can be determined with 8 test speci-
mens, or the effercts of 15 environments with 16 test specimens.

B. Testing to Failure

Within the limitations imposed upon the experiment, determine the reliability with
respedt to as many as possible of the environments having the most severe effects. This can be
accomplished most efficiently using a test of increased severity such as the Bruceton up-and-down
method. It is only with this type of test that the ultimate "strength" can be determined when the
occurrence of a failure cannot be detected by inspection or when the magnitude of the stress at
the point of failure cannot be directly observed. From this information the predicted ultimate
"reliability-in-use" can be calculated. Ultimate "reliability-in-use" of any magnitude that exists
in an item can be demonstrated with as few as 25 to 30 test specimens by testing the failure with
tests of inc,-eased severity.

7
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I I MODERN STATISTICAL CONCEPTS

1. INTRODUCTION

Because of the nature of reliability and because of the metl.ads required to determine reli-
ability, modern statistical concepts, such as probability, experimental error, population - sample
relation, frequency distritut tons, confidence intervals, sample size, and design of experiment
techniques must be understood, if reliability experiments are to be conducted and reliability values
calculated and interpreted. It is only with these concepts that the vexing problem of demonstrat-
irg high reliabilities with small sample sizes can be solved.

Modern statistical methods of experimentation contain a new ingredient not explicit in
mathematics: Error. The new philosophy assumes that there is an error in every measurement made
and as a consequence, the true values of measurable characteristics can never be known exactly.
To cope with this deficiency of measuring processes, repeated measurements are. made. Then from
this data an interval is calculated which we believe includes the true value represented by the data.
Intervals of this kind are called confidence intervals.

Included in the method of calculating these intervals is a means of controlling the propor-
- tion of the time that the true value is expected to fall within the interval. Thu' the name. This
-- proportion expresses our "confidence" of being right in our prediction that the true value will
- fall in the intervel calculated. Formulas for calculating confidence intervals are given below in

Section IX: Reliability Confidence intervals.

S 2. EXPERIMENTAL ERRORS

° . If the same characteristic is repeatedly measured with an "accurate" device under constant
conditions, the same result will not always be obtained. AM a matter of fact',the same result willseldom be repeated. However, it will be noticed that most of the values will cluster rather closely.

..'- Only a few very small and very-large values will be obtained. It is assumed that these observed

- deviations are, due to chance errors in the measuring process. They are called experimental errors.
O

3. POPULATION VS SAM.IPE

The family of values generated by repeated measurients of the same characteristic is
calIed a population. A population is generally assumed to be infinite. Any sub-portion of a popu-
lation is called a sample of that population. A sample is always finite.

"4. PREDICTION ERRORS

I0 The reasoning behind the new philosophy is as follows The observations or measurements
made in any experiment are, in fact, finite samples of a much larger (infinite) body of data that

8
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could exist had thousands (infinite) of observf"tions been made of the same characteristic under
the same constant conditions, it is assumed that unless an infinite number of observations is
made, the true value of the characteristic measured will never be exactly known. This reasoning
requires focus of attention not on the observed values but on what these values represent -- the
larger family of all possible values of the characteristic being measurerd The objective is to infer
from the sample something about the population. Experience has ta ght that prediction (an in-
ference) cannot be made with certaintv. There is always a chance ot being wrong. Errors of this
type are called the prediction errors.

5. FREQUENCY DISTRIBUTION

if all measurements referred to above are divided into small groups or cells having a range
equai to about one-tenth the total range (from maximum to minimum) of all values, there will
be about ten cells. Then if a count is taken of the number of values falling within the range of a
particular cell, the ratio of this number to the total number of measurements available is the rela-
tive frequency of occurrence of measurements (events) in that cell. If the total number of meas-
ilrements available is very large (1,000 or more) and all values falling within the cell are counted,

a vy ry good estimate of the true frequency of occurrence of values in that cell -for that particu-
lar population will result. Doing this for all the cells would give values that could be plotted on a
bur graph as follows: Arrange the cells along the abscissa in ascending order according to the
magnitude of the midpoints of their range; erect bars over these midpoints with height propor-
tional to the relative frequency in each cell and widths equal to the cell width. This bar graph is
known as a histogram.

6. NORMAL DISTRIBUTION

As the total- number of values used is increased and the cell width (range) decreased, the
step-wise form of the bar graph fades into a smooth curve that is called a frequency distribution.
In practice, this is actually how a frequency distribution is formed. It means what the name
implies, It is a distribution of (relative) frequencies. .--.

Experience has shown that the families of values generated by repeated measurements of
the same characteristic under controlled conditions have' definite forms. The most common of
these forms and the most useful is called the normal frequency distribution. This is the smooth
curve described above. It is bellshaped. The family of values forming this distribution is called the
normal population.

As the cell width'in the bar graph decreases and approaches zpro, the height of the bar re-
presents the relative frequency for a single value on the abscissa. Thus there is a relatve frequency
for any. value in the population of measurements. The sum of all the frequencies equals the fre-'
quency of all the values in the population which is, assigned the numerical value of one. The equa-
tion for this function is known, but it is of no direct importance for the purpose of Nhis discussion.
It can be found in any standard text on statistics.

........- '.-o,...-
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7. PROBABILITY

From a practical point of view relative frequencies (proportions) are estimates of probabili-
ties. By definition, if it is certain that an event will occur, it is 3aid that the probability of occur-
rence is equal to unity. If it is certain that an event will not occur, it is said that the probability of
occurrence is ecual to zero.

In the above exomple, if the cell width was equal to the range of the population (from the
maximum to the minimum value in the populaLion) it would be certain that the next value taken
would fall within this "cell." As a result of taking repeated measurements, all of the values would
fall within this "cell." The number of values falling within this "cel'" divided by the total number
of values will equcl unity. That is, the probability of a value's falling within the "cell" (the event)
is equal to one.

If, on the other hand, a hew cell is taken having a maximum limit less than theminimum of
the above population, it is certain that the next value taken from the above population will not fell
within the new cell. If repeated measurements are taken from the above population, none of the
values will fall within the new cell. The number of values falling within the cell divided by the total
number of values will equal zero. That is, the probability of a vahue's falling within the cell (the
event) is equal to zero.

The area under the normal frequency distribution is used tomeasure probabilities. As shown
above, the. magnitude of the ordinate associated with any value on the abscissa is a measure of the
relative frequency of occurrence (or probability of occurrence) of that value. The summation of
all the ordinates below any particular value on the abscissa is, of course, equal to the area under the
curve below that ordinate. This area is then a measure of the probability of occurrence of all
values in the population below the given value.

8. PARAMETERS

Just two parameters or characteristics of the normal frequency distribution are required to
define this curve completely. The first parameter is the central value around which most of the
values belonging to a particular population will naturally cluster. This param,.;s, is called the true
or population mean and is measured by the arithmetic averace of all the values hi the population.
The other parameter required is the dispersion of values around the central value. This parameter
is measured by, the root mean square of the deviations from the'true mean and is called the true or

population standard deviation.

"10
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9. PROPERTIES OF NORMAL CURVE

Graphically, the mean is the ordinate that passes through the center of gravity of the area
under the curve, since this curve is symmetrical. The mean is equal to the mode (the most fre-
quently occurring value) and the median (the middle value).

Also, graphically, the standard deviation is equal to the horizontal distance between the
ordinate of the mean and the inflection point on the curve on either side of the mean ordinate.

The Normal Deviate: 0
Z = Z (x - 141a

This is the linear measure
of distance along the base i
of the curve in standard
deviation units.

Where: ju The true popu!ation mean.

a The true population standard deviation.

SAny ob ed value.

The true mean plus or minus one standard deviation includes 68.27 percent of the total
area under the curve. The mean plus or minus two standard deviations wili include 95.45 percent
of the'total area undr the curve. These values are used to make probability statements. They
mean either o" both of the following: ,

A. In generating a normal family of values, 68 percent of the total number of values will lie
within plus o minus one standard deviation of the mean. This is especially true if the total number
is very large i.e., 1,000 or more.

S. Ra doomly chosen values from the normal population have a 68 percent chance or a .
probability o 0.68 of falling within plus or minus one standard deviation of the mean.

This di tribution is unique in nature. It is the curve of regression for the distribution of all
small iample erages.

-.-
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10. RAN!XOMIZATION

The meaning of the word random as used in modern statistics can be better described than
defined. The phrase "randomly chosen values" describes a selection procedure of a very special S
kind. Tt is procedure is free of biases of all sorts. It is the only procedure which will permit the
free play of chance variations, which 3re the theoretical basis for all modern statistical techniques.

Random selection or random sampling can be accomplished by physically mixing the items
before sampling, or by numbering all of the items and then using a table'of randcra numbers to
determine which items to select and in what order to select them. Random selection is the pro-
cess used in lotteries, all numbered tickets being deposited in a revolving drum and a single drawing
made by a blindfolded person. It is assumed that such a procedure is completely unbiased, that
chance alone is at play, and that each ticket in the drum has an equai chance of being selected.
The process of random selection then, not only permits the laws of chanre to determine which
item is to be chosen, but also the order in which successive items are chosen. This procedure re- S
lieves the experimenter completely of any responsibility concerning "which item" and "which
order." In the lottery, the operator wants to be "fair." In an experiment, the experimenter wv'nts
to be unbiased.

11. SAMPLING

In a lottery the r.:ltive frequency of occurrence of any particular number is lquzl o th"
relative frequency of occurrence of any other. number in the drum (population). Each numbte: !,as
an equal chance of being selected if the selection procedure is truly random and unbiased. However, -
the r6lative frequency of occurrence of the values in a normal population is not equal. Theoreti-
cally, all are different. A little reflection will show, however, that random selection will be "fair"
and unbiased here, also. If in a bowl, 900 white beads and 100 red beads awe mixed well fi.e.,
randomized), and a handful of beads selected by a blindfolded person, the ratio of red to white
beads in that or any other handful will be close to 1 to 9. The average ratio of a large number of
tria!s (handfuls) will be 1 to 9 -- the relative frequencies of the two colored beads in the bowl, the
population. This same relation between sample and population holds true in selecting (sampling)
values from a normal distribution if sampling is done in a random fashion. That is, every value
(or item) in the population has a chance (probability) of being selected equal to the frequency,
with which it actually exists in the population. Only samples that can reflect these actual relative
frequencies in the population can be considered as representing the population in an unbiased S
manner. Samples must correctly represent the population from which they are taken if valid in-
ferences are to be made about the population, from the sample. Of course, successive samples
drawn from the same population will not be identical, but if randomly selected, the difference
between them will be due to chance errors only. Under these circumstances modern statistical
techniques will identify them as having come from the same population, which, in fact, they did,

12. ESTIMATES

In practice, to make a measurement (or observation) is to estimate the true population
mean. The more observations made and averaged together, the better the estimate. This estimate

12"--"

_%,A

.-.- ".- •.• ' . .. . . . . . . . . . . ..o. ...- ' . •', . ' ."• •" • .. . . . .. - .° * -. ". .. .. ,". .'.. °.

Downloaded from http://www.everyspec.com



is called a "point estimate" to distinguish it from an "interval estimate." However, it is assumed
that the true mean is never known exactly unless an infinite number of observations is made.

If the root mean square of the deviations of the individual observations is calculated from
the average of all observations, the true population standard deviation can be estimated. As with
the mean, however, it is assumed that this true parameter is never known exactly unless an infinite
number of observations is made.

13. PREDICTIONS
S

The two predictions made most often in modern statistics are the following:

A. The magnitude of the true parameters. These predictions are based on interval estimates
which are called confidence intervals.

B. Whether two or more values belong to the same population. These predictions are called
tests of significance.

The prediction problem in modern statistics is to estimate first the population mean and
standard deviation and then predict what these two population parameters might be or, given two S
or more estimates, to predict whether they came from the same population. If there are thousands
of observations in each of the samples, the sample means and rtz,,aard deviations are, for all practi-
cal purposes, equal to the population parameters and prediction becomes unnecessary. In practice,
however, such large samples are generally not available. They are too costly to obtain. The prob-
lem, then, is to predict from small samples what the parameters might be or whether the samples
came from the same population.

Intuitively, it is known that predictions cannrot be made with certainty - there ih always
a possibility of being wrong. As a result, to be right as often as possible, reliance is placed on
planning. 'In modern statistics,this possibility is maximized, and chances of being right are actually'
controlled.. "

To place this on a mathematical basis the assumption' is made that the data have a normal
frequency distribution. The normal distribution is then used to calculate the probability of being.
right in making predictions. This is called the confidence level of predictions. The techniques of'.
modem statistics have been developed to make predictions. The assumption that the distribution
is normal for variable (measured) data is a reasonable one. Experience has shown that the numerical
values of measurable characteristics of products manufactured under controlled conditions are
normally distributed (Ref. 11). In addition, the central limit'theorem states that the distribution
of averages of variable data is normal. So, when comparing averages or calculating confidence
intervals of measured data, the assumotion of normality is quite-valid. This is true of attribute
(counted) data only where they are t,,nsformed to variable data by some such process as the
arc-sine transformation.

13
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III REQUIREMENTS FOR A GOOD EXPERIMENT

1. PREDESIGN PHASE

A. Common Sense

Experimental plans and experimental results that violate common sense are discarded,
not the common sense.

B. Past Experience

Use all available knowledge and information from past experience.

C. Choice of Variables

Make a comprehensive list of all the variables (factors or environmental treatments)
whose effects on the components' functioning characteristics are of interest or must be determined. -.
This should include: S

a. Factors of direct interest.

b. Factors which may help show how the main factors work.

c. Factors required to determine the effect of experimental technique. In addition 0
*to choosing the variables to be used, their order of use must also be established. The order chosen
should be the one most likely to be experienced in use or the one considered most severe. The
order selected must be held constant throughout the experiment.

D. Choice of Factor Levels

a. Number of levels,

The number of levels used in the designs described in this manual has been limited
to two. These designs are the simplest and the most versatile for conducting multi-factor experi-
ments.

b. Position of levels

In using only two, levels those used are usually the extemes, such as the presence
and absence of an environmental treatment or extremely low a:nd high temp res. The choice
of levels used must be arrived at through the use of good judgement, common sense, and detailed
knowledge of the purpose and probable outcome of the investigation. Factorial experiments'are
most efficient in their ability to detect differences among environmental effects when the levels
of severity used are such that approximately 50 percent of the test specimens fail.

14
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-E. 'con)0

Consider the entire scope of the Droblent. Without regdrd to cost, time, or effort con-
sider what it is that must be known eventually. If this turns out to be a very large experiment,
the cost of which is prohibitive, divide the whole problem into rational parts. This makes possible
a systematically planned approach. It also makes it possible to relate your test plan to cost and the .
amount of information required.

F. Possibi Outcomes

Consider all possible outcomes and their physical interpretation. Results that have 0
no physical interpretation have no practical value.

G. Choice of Criteria

Choose carefully the criteria on which conclusions will be based. To insist that a
component have a reliability of 0.999 with respect to temperatu're shock is of little value when it
has a reliability of only 0.80 with respect to transportation vibration.

H. Formulation of Hypothesis

Develop the right hypothesis by asking the right questions the experimental results 6
are expected to answer. To show conclusively that component A has a much higher reliability than
component B has solved nothing if component A cannot be mass produced.

I. Type of Measurement

The type of measurement to be used should be considered for the sake of efficiancy. , .
Variable type data can vary from minus infinity to plus infinity and furnish the maximum informa-
tion per observation. Attribute data are "success" "failure" tipe data and furnish the least informa-
tiot, per observation. From this it is clear that variable type data should be used wherever possible -. . -

in factorial experiments; care should be exercised, however, in using variable data to determinereliability (see below).=".O -

J. Choice of Experimental Units

a. Definition of Experimental Unit

An experimental unit (test specimen) is the smallest sub-division of the experi-
mental material that can receive different treatments.

b. Size of experimental unit

Sufficient homogeneous or uniform material should be available to conduct a
complete set of treatment combinations (required by the experimental design) during a single
period of time (such as a day) by a single instrument condition (such as calibration) and by a single
operator or group of operators. Material produced during a particular period of time by a single
.process and by a single manufacturer can be considered homogeneous.

15 "'""
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0
c. Representative nature of experimental units

The experimental units used should not differ in any important respect from the
best known (parts) design to which the conclusions are to apply. If design changeý are made on the
basis of experimental results, tht ;tems used to obtain t' results are, of course, not representative -
of the modified design.

d. Independence of Experimental Unit

Experimental units should respond independently of one another. Obtaining a
failure on one should not affect inm of the others. Using a separate item for each treatment com- 6

bination will usually assure independence.

K. Choice of Treatments

Treatments are chosen to give as direct an indication as possible of the functioning
characteristics of the components and to include as many as possible of the environmental condi-
tions expected in ,:se. This is an engineering decision that must be based on good judgement and
intimate knowledgo of the purpose of the experiment.

L. Sequential. Approach

The first experiment may hare to be considered exploratory in nature. One or more
ideas may be generated during the first experiment concerning parts design modifications or ques-
tions may be raised from the results of the first experiment concerning the exact effect of the
environmental treatments. In either case additional experimentation would be required to:

a. Confirm the validity of the modified parts design. 0

b. Clarify the effects of the environments which produced the questionable results.

c. Include other treatments.

Committing oneself to a large experiment at the beginning of a new investigation may not be
feasible. Small exploratory experiments may indicate a much more promising approach in a short
time and with little cost. In this procedure th; results of the first experiment are obtained and
analyzed before the next experiment is designed.

2. DESIGN PHASE

A. Choice of design

0-
The factorial design and its modifications described in this manual meet the require.

ments of environmental testing experiments better than any other known design. The advantages -

of the recommended factorial designs for environmental testing are as follows:

a. Simple to use and analyze.

b. Nocontrol groups are required. •

16
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c. The two levels of each treatment can be the presence and absence of the treat-
ment, if desired. Alternatively, an", two levels of the treatments can be used.

d. Each treatment effect can bp determined independently of all the others.
Unambiguous conclusions can be drawn about each treatment's effects. g

e. Complex experiments involving a large number of treatments can be easily
handled.

f. These are the only experimental designs with which the relationships among treat-'
ments can be measured. These designs can determine whether the effect of one treatment depends 0
upon any of the others. These relationships are called interactions.

g. The probability of being right or wrong can be controlled.

h. When the number of treatments used becomes large (three or more), only a
fraction (1/2, 1/4, 1/8, etc.) of 'the total number of combinations of treatments and levels need be
used. These designs are called fractional factorials and optimum multifactcrials.

i. A type of statistical analysis can be used that distinguishes between variations
due to chance and variations having assignable causes.

j. More information can be obtained from a given number of test specimens than; any
othcr known procedure.

k. The effective sample size is increased by making it possible to use each observa-
tion (or measurement) for more than one purpose. In fi;ct, each treatment effect is determined as
though the entire experiment is conducted to determine that particular treatment effect alone.
As a result, the precision with which each treatment effect is determined can be based on the total
ntumber of test specimens used in the experiment.

B. Sample Size

In any experimental situation a reasonable balance must be established between using
too few test specimens thus obtaining poor precision, and wasting time and material in attaining
unnecessarily high precision by using too many test specimens. When there is a preassigned number
of test specimens available, the quPstion is whether' it is worthwhile to do the experiment at all.
If the number OT test specimens available is flexible and adequate, the number required for a given
precision or reliability can be calculated in advance. The minimum number of test specimens re-
quired in the optimized designs is only one more than the total number of treatments used. The
more versatile factorial designs require at least 16 items for five through eight treatments and at
!east 32 items for nine through thirteen treatments. With twice these numbers of items, the
latter designs can also measure interactions.

17
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C. Orthogonality

The property of these designs, known as orthrogonality, must be preserved in order
to simplify the analysis and interpretation of the -eults. This can be done by keeping the number
of observations per treatment combination equal and constant throughout the entire desiqn.
Orthogonality assures that all the environmental effects and their interrelationships can be in-
dependently estimated -_vithout entanglement.

D. Confounding

Confounding is the converse of orthogonality. It means confucing, entangling, or S
equating two or more factors or treatments so that their separate effects cannot be determined.
For example, little cadi be concluded about the separate effects of the environmental treatments
if all of the treatments are applied to each item. If a failure is obtained after an item has received

,two or more treatments, the cause of the failure is ambiguous; it could be the result of any of tihe
following:

a. The last treatment.

b. The last two treatments.

c. All of the treatments.

d. Any of the other possible combinations.

The exact cause cannot be determined because the treatments are confounded. This type of con- -

founding should be avoided,

E. Interactions

Interaction is said to be present when certain particular treatment combinations pro-
duce unusual results. This is the non-additive or unpredictable portion of the experiment; as such, -

interaction effects are considered discoveries by the U.S. Patent Office and as such are the only •
patentable portion of the experiment. When appreciable interaction effects are present, care must
be taken 'in quoting main (avrage) effects. Any statement about the average effect of a treatment
iust specify the level of the interacting treatment associated with that average.

However, determination of interaction effects may be the most important information
obtained from an experiment. It can exp!ain what otherwise appear to be contradictions. This is
the extra information furnisted by factorials that cannot be obtained from other designs. Plans
should be made to use factorials that can measure interaction effects if there is a possibility that
they exist. Higher order interactions can be usprl a es:imates of the error term when multiple --El - -

replication is not used.-
9--4

18&

.....................................................

...........................................-. -. ... _...
-. . . . ... . .- . .. . . . . . . . . . . . . . . . . . . . . . . .

Downloaded from http://www.everyspec.com



F. Replication

By replication is meant repetition. One complete replication consists of a single

observation for each of the treatment combinations in the design. If the observations are perforrmed

in sets, so that a complete replication is done in a continuous period of time (such as a day), with

a single measuring system (or instrument), by a single operator, the difference among replications

can be used to determine whether the external experimental conditions have remained under con-
trol. Multiple replications are also used for the followng purposes:

a. Increase the precision with which treatment effects are determined.

b. Furnish an independent measure of the error term.

c. As a basis for calculating the failure rate observed for each treatment combination

in preparation for transforming attribute data to a continuous scale in analysis of variance proce-
dures.

G. Blocking

In general, blocking means dividing the entire design into orthogonal sub-groups.
"this reduces the number of observations that need be taken in one continuous period of time and

reduces the amount of homogenous material required in one batch. Differences among blocks due

to uncontrolled changes with time and due to changes in material can be mathematically subtract-

ed out of the system. That is, the object of blocking is to make it possible to conduct the experi-
ment in reasonably small portions. Plans should be made to block any large experiment or any

experiment expected to extend over a long period of time. Taking observations in complete re-
plication sets is one form of blocking.

H. Randomization

"Randomization can be accomplished by means of a table of random numbers or by
drawing well shuffled numbered cards from a hat. The important characteristic of randomization
is that it be an objective impersonal procedure. Proper randomization is determined by examining
the procedure producing it, not by examining the results. To randomize does not mean to arrange

* in an order that looks haphazard. The object of randomization is to permit the laws of chance
* (probability) to have free play. Proper randomization is the most important requirement for a

good experiment because it:

a. Prevents biased results of all kinds due to such things as, human prejudice, weather

cycles, trends in time, heterogeneity of experimental material, etc.

b. Removes systematic error.

c. Relieves the experimenter of the responsibilit% of choosing which item to test
or which test to conduct. Each item or test is equally likely to be chosen. in this sense the experi.

ment is "fair' and unbiased.

d. Assures the validity of statistical techniques, such as the analysis of variance and

associated tests of significance which depend for their validity upon the laws of probability.
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However, the use of randomization can be abused. Randomization shculd not be used to conceal
large variations. This drastically reduces the sensitivity of the experiment to detect small differ-
ences. All variables known to have, or suspected of having, significant effects on the outcome of
an experiment must be either controlled or designed into the experiment. The use of randomiza-
tion should be considered as an expression of ignorance and used only to remove the effects of
"small variations after every other source of variation has been included in the design, or controlled.

"- Only the use of good engineering judgment and a knowledge of the system r'an determine how,
when, and where to use randomization.

3. ANALYSIS PHASE

A. Statistical Significance

The word significance has a special technical meaning in statistics. Its meaning must
be understood in order statistically to analyze and interpret experimental results. One of the most
important contributions of statistics is that it has established a means of distinguishing between
chance variations and assignable causes. When the observed differences are due to chance varia-
tions, these differences are said to be non-significant. This means that the observed results origi-

*0 nated from the same source (population). When the observed differences have assignable causes they
are said to be significantly different. This means that the observed results have originated from dif-

,.-- ferent sources (populations). In a well planned experiment these sources can be icentified. In the
case of a non-significant difference, changing the treatment from its lower level to its higher level
has not caused a detectable difference. In the case of a significant difference, changing the treat-
ment from its lower level to its higher level has caused a detectable difference.

B. Interpretation

-. '"In a good experiment each treatment effect should have a unique interpretation. If
• two or more interpretations are possible, additional work is required to clarify the ambiguities.

One of the most important requirements of a good experimental design is that the conclusions be
unambiguous. Fortunately the factorial designs are very helpful in avoiding ambiguity. To con-

* .clude that an effect is not significant is not the same as saying~that the'effect does not exist. We
can only say that there is insufficient data to detect the effect. However, if the conclusions are that
the effects' are significant (from the test of significance), we can, be assured that the effect is real to
the extent of the confidence level associated with the test of significance. Further advantages of

. factorial designs are as follows:

extended a. The range of validity of the conclusions concerning the average (main) effects is

extended bythe inclusion of more than one variable in the experiment.

*° b. Physical interpretation of interactions explain and clarify underlying mechanisms
and relationships.

"* C. Qualitative Data (Success or Failure)

When only one observation is taken for each treatmant combination, analysis of the
results from the factorial designs described in this manual is made very simple by using the tables
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of minimum contrasts in Appendix 3A. These tables are based on the binomial distribution. The
test of significance that uses the values in these tables is known as Fisher's Exa'.n Method for 2 x 2

1 Contingency Tables. This test is valid even tor small sample sizes and will determine not only the
main effects but also the two-factor interaction effects when the proper designs are used (see

* example described below). When multiple (but equal number of) observations are taken for each
treatment combination, the Fisher method can still be used. However, an alternate method which is
slightly more efficient, but which requires more calculating can also be used. This method trans-
forms the qualitative data to a continuous scale through the use of the arc sine of the proportion,
or percentage of failures found for each treatment combination. The transformed data can be
analyzed by the usual analysis of variance techniques. The tests of significance and their interpre-
tations are both made using the transformed data. If the arc sine transformation is considered

* desirable, it is suggested that a statistician be consulted to conduct the analysis of variance.

D. Quantitative Data

For quantitative data (such as g - values, voltages, or time) the usual analysis of
variance can be cond~ucted on the observed data provided the variances are homogeneous through-
out the design. Since this procedure is sumewhat involved, lengthy to describe, and is adequately

- covered in the literature (see ref. 18 and 19), an attempt will not be made to include the analysis
* of variance techniques in this manual., It is suggested that a statistician be consulted for this
* analysis.
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IV PLANNING TEST PROGRAMS!-

'I '.STATEMENT OF THE PROBLEM

A. Identify the new and important problem area.

B.. Outline the specific problcm within cu~rrent limitations.

I C. Define exact scope of the test program.

D. Determine, relationship of the particular problem to the whole research or develop-
ment program.

2. BACKGROUND INFORMATION

A. Investigate all available sources of information.

B. Tabulate data pertinent to planning new program.

3. METHODS DEVELOPMENT

A. Hold a conference of all parties concerned.

a. State the propositions to be proved.

* b. Agree on magnitude of differences considered worthwhile.

c. Outline the possible alternative outcomes.

d. Choose the factors to be studied.

* e. Determine the practical range of these factors and the specific levels at which
tests will be made.

f. Choose the end measurements which are to be made.

* ~g. Co'ns-der the effect of sampling variability and of precision of test metho~ds.

h. Consider possible inter-relationships (or "interactions") of, the factors.

i. Determine limitations of time, cost, materials, manpower, instrumentation and
* other facilities and of extraneous conditions, such as weather.

j.Con'qider human relations angles of the program.

-!This outline was received in a private communication from Mr. Charles Bicking Office, Chief of
Ordnance.
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4. DESIGN OF EXPERIMENT

A. Design the program in preliminary form.

a. Prepare a systematic and inclusive schedule.

b. Provide for step-wise performance or adaptation of schedule if necessary.

c. Eliminate effect of variables not under study by controlling, balancing, or,
randomizing them.

d. Minimize the number of experimental runs.

e. Choose the method of statistical analysis.

f. Arrange for orderly accumulation of data.

B. Review the design with all concerned.

a. Adjust the program in line with comments.

b. Spell out the steps to be followed in unmistakable terms.

5. DATA COLLECTION

A. Develop methods, materials, and equipment.

B. Apply the methods or techniques.

C. Attend to and check details; modify methods if necessary.

D. Record any modifications of program design.

E. Take precautions in collection of data.

F. Record progress of the program.

6. ANALYSIS OF DATA

A- Reduce recorded data, if necessary, to numierical formn.

B. Apply proper mathematical statistical techniques.

7. INTERPRETATION OF RESULTS

A. Consider all the observed data.

B. Confine conclusions to strict deductions fro m the evidence at hand."
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C. Test questions suggested by the data by independent experimients.

D. Arrive at conclusions as to the technical meaning of resuilts as well as their statisti-

cal significance.

E. Point out implications of the findings for application and for further work.

F. Account for any limitations imposed by the methods used.

G. State results in terms of verifiable probabilities.

24
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V. COMPONENT RELIABILITY

1. INTRODUCTION

Reliability is the probability of the successful performance of a specified characteris-
tic:

A. Under a specified condition or set of conditions,

B. For a specified length of time, 0

C. After a specified period of storage.

The "length of time" requirement can usually be included as part of the specified
conditions.

The storage requirement has to do with age or storage life. This requirement involves
the use of iife-testing techniques. To be useful these techniques must be able to predict storage
life from short-term (a few days or weeks) accelerated laboratory tests. In order for these pre-
dictions to be valid, the laboratory test results must be correlated with storage life results by actual
long-term storage tests. At present this kind of information is not available.

Life-testing techniques rcan also be used to determine the reliability of an item with
respect to environments whose lev 3l of severity can; only be increased by increasing the length of
time of exposure. To do this, however, requires the establishment of a minimum length of ex-
posure time for successful functioning. The difficulty here is that component reliabilities estab-
lished by tests of increased severity, in which time is the variable, are not comparable with com-
ponent reliabilities established, by tests of increased severity in which the level of the environment
is the.variable.

These two kinds of component reliability cannot both be used in the same system to
calculate the reliability of that system andhave the result meaningful.

The Ideal Test Condition ,

The ideal condition for determining reliability is th3t condition found, in tensile or ore-
pression testing. That is, the following conditions exist which make possible the most efficie t
determination of the ultimate strength:

1. The observed results are in the form of variable-type data. I

2. The severity of the a-)plicd stress can be easily increased until failure occurs.

3. The magnitude of the applied stress is continuously available so that the load a the
point of failure can be directly observed.

4. The occurrence of failure can be detected by inspection.

5. The average of the observed results is an unbiased estimate of the ultimate stre gth.

With this combination of conditions and information the greatest precision and
accuracy can be obtained with the smallest sample size. Aside from being convenient and easy

* to conduct, this method gives a direct measure of the ultimate strength and therefore the ma gin
of safety from which reliability-in-use can be calculated-.
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The efficiency of variable-type data can be fully exploited here since each observed
value is at the point of failure. This is the value of the stress that the 50% point on the cumula-
tive frequency curve estimates in the indirect methods described in Section Xl 3: Tests of In-
creased Severity. This average value at the point of failure in the ideal test and the 50% point
in the indirect methods is important since it is the only unbiased measure of the ultimate .. .
strength, the mirgin of safety, and the reliability-in-use.

In all reliability testing the characteristics of the ideal testing condition should be kept
in mind as a guide in more complicated situations where indirect methods must be used. In this
way the disadvantages of testing without failure and collecting variable-type data at a single stress
level can be seen in better perspective. For example, measuring the resistance of the circuits of
several similar test specimens at a single voltage cannot measure reliability. This procedure gives - -.

only one point on the (I2 R)-strength curve. Where the point at which 50% of the items fail or
what the margin of safety is cannot be determined using a single voltage value. Calculating the
probability of obtaining resistance values outside given limits with infonnation of this kind as- -

sumes that the margin of safety is equal to zero. 0

2. COMPONENT TESTING

Component testing can be accomplished in either of two ways, controlled laboratory -

tests, or flight tests. Each of these has its advantages and disadvantages:

A. Advantages of controlled laboratory testing are:

a. Cost -- This is the cheapest method both from the cost of test facilities and from .-. -L

the cost of test specimens for determining reliability with respect to separate environments during •
the development phase. ,-.--

b. Information. - Complete information can be obtained since the test specimens are '
available for complete instrumentation and visual examination. -,,:

c. Controlled conditions - Each test specimen can be subjected to precisely the de-
sired treatment.

d. Results - Unbiased estimates of reliability can be obtained by testing to failure in
a predetermined manner so that the average reliability-in-use can be predicted from the test re-
suits. 0

e. Efficiency - Tests of increased severity can be used to demonstrate high reliability
with small sample sizes.

f. System reliability prediction - Information can be furnished on a current basis
during the development phase of an item which can be used as a guide during development and
which can be used to predict the expected system reliability.

B. Disadvantages of controlled laboratory testing are:

a. Facility limitations - Environments must be applied in sequence instead of
simultaneously as experienced in used.

26
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b. System reliability prediction - System reliabilities are predicted with incom-

plete information. The extent of component interaction and independence is not known. The

degree to which the human factor, during assembly, reduces reliability is also not known.

c. Sample size - Larger sample sizes are required for laboratory testing of com-

ponents under use - conditions than for testing systems in flight to demonstrate a given systems

reliability.

C. Advantages of flight tests are:

a. Environment - Test specimens are subjected to actual use conditions; all of the,

environments are applied simultaneously and at the correct level of intensity and duration.

b. Verification - Flight testing is a means of verifying all of the oredictions based

on component values and other information.

D. Disadvantages of flight tests are:

a. Observation - The tested specimens are not available fc. examination.

b. Measuring system - Measurement by telemetry is not precise or reliable. -

c. Cost - The cost of flying a test vehicle is excessive.

d. Storage characteristics - Storage characteristics cannot be determined by flight

tests. S

E. From the above description of the relative merits of laboratory testing and flight

testing the following conclusions can be drawn:

a. Laboratory testing furnishes the most information.

b. Efforts to improve testing methods should be directed to improving laboratory

methods.

_ 3. CALCULATION

A. Tests of increased severity

R =1 -P

Where:

R Mean reliability over the range of in-use conditions

P = Probability of failure-in-use measured by the overlapping areas under the stress and

strength curves (see page 112 for curves) and which can be found by entering a table of areas

under the standard normal curve (Appendix 3G) with the following normal deviate:

. X -xl x2)- (Ml -M2z ~2 2 ...
0 1 + 2' .i-..
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A failure can occur only when:

X1 >X 2

Therefore the normal deviate becomes:

2 22
X= any stress value

X2= any strength value

M= True (but unknown) mean of the stress distribution

M2 = True (but unknown) mean of the strength (failure) distribution

*2 = True (but unknown) variance of the stress distribution

* 2 = True (but unknown) variance of the strength (failure) distribution.

The above values canbe estimated from sample results as follows:

A A

R =1-P

Where: S

A
R = An estimate of the true reliability (R)

A
P = An estimate of the trUe probability (P) of failure-in-use which can be found by

entering a table of areas under the standard normal curve (appendix 3G) with the following •--
calculated value:

T [15 2 -xiI
/2 2

11i 12

Where:

T = The normal deviate listed in appendix 3G for each AP value.

Average in-use condition (in terms of the environmental stress level) established
by experience or actual measurement of the handling, storage, or flight conditions.

28
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"X2= Averaqe stress at the observed point of failure, or the stress at the point 50-
percent point on the failure rate-curve established by a test of increased failure when the
occurrence of a failure cannot be determined by inspection.

I "X'2 1 = Absolute difference between the two averages without regard to the
algebraic sign, which is a measure of the margin of safety.

s1 = Standard deviation of the in-use conditicns (in terms of the environmental . .*'..' -

stress level) established by a'!tual measurement of handling, storage, and flight conditions.

s2 = Standard deviation of the stress at the observed point of failure or standard
deviati( - of the failure rate curve (in' erms of the environmental stress level) established by a
Bruccton-type test of increased severity when the environmental stress levels at the point of failure
cannot be observed directly.

B. Life tests. When time is the variable rather than the level of the environment and 0
the length of time (ti) is observed'for each failure and the test terminated at the exact time (ta)
of the last failure:

A /R e-tim

Where:

= Sample reliability under the test condition as the probability of no faiiures"
in time (t).

e = 2.7183 . .

m tl+t2+ +ta +(na)ta =h=Time perfailure
a a

ti Time to failure of individual components.

h = Time during which "a" failures occurred.

a Number of components that failed in time (h)

n = Number of components tested. 7 0

t = Required failure-free time.

This formula is not applicable during infant mortality or wear-out periods.

C. Binomial-type data (binomial distribution). The following technique is aplicable --
when these conditions pertain:

a. The lot or population represented by the sample is very large or infinite.

b. The sample siie is less than 10 percent of the lot. size, _J .
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c. Each test specimen can fail in only one way.

n

Where:

A
R =Sample reliability. The probability of success under the test condition.

k =Number of successes.

n =Number of test specimens or number of trials.

D. Variable-type data. By definition reliability is the probability that an item will per-
form successfully under a specified set of conditions which can include envir'onments, or time, or
both. If it does not perfor-m successfully, the item fails. By definition there are only two possible
outcomes; success or failure. There are no other alternatives in reliability testing.* Half of the
test specimens used can perform successfully, but any particular specimen cannot "only half suc-
ceed' or "succeed half way." Just as when tossing coins, heads can occur on half of the coins,
but on any one coin there cannot be a "half of a head."

By definition then, there are only two possible outcomes in reliability testing. Data of
this type - called attribute data - have only discrete values - are obtained by a cou~iting process. *

Variable data, as the name implies, can vary on a continuous scale-from zero to infinity. * -

This type of data is obtained by a measuring process.

Text books on the subject of statistics state that variable data are more efficient than
attribute data because more information is obtained per observation. But this advantage of vari--*.
able data does not pertain to reliability testing except in the direct method where the observed
values estimate the ultimate strength. If variable data be used for reliability testing in other cases,
they can only be for the purpose of measuring a characteristic of the test specimen to determine
the number of successes or failures. In this application, the "text book" efficiency of variable
data is lost - the results obtained in this manner can be used in the formulas given above for cal-
culating reliability.

The probability of a measured value's exceeding a given limit obtained from 'the average
and standard deviation of a dependent variable (such as, ohms resistance, percent elongation,-
timing accuracy or hardness) at ambient static conditions does not measure reliability. There can,
never be a reliability with respect to a dependent variable. Dependent variables are properties of ':-
an item or material the same as reliability is a property.

Reliability testing means the stressing of a test specimen hy an environment or time, to measure
the margin of !safety.

7-
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An item or material r'annot be stressed by, or sucjected to, its own properties. In failure
testing an item's properties can be used to determine only the number of successes or failures when
the item or material is being stressed by or subjected to an independent variable such as, F M.F. -

in volts, tensile load in pounds, or vibration in g's. In cases of this 'kind the observed proportion of
successes measures the reliability with respect to the independent v:riable. -ha average and standard
deviation of dependent variables at ambient static conditions can measure only the quality *Zf
material, the quality of the manufacturing process, or the effect of handling ur storag •n the measured
properites - not reliability. Although there can be reliability with respect to st-•-rage conditions,
this reliability must be measured usin• t 'me as one of the independent vs-iables in distributions
such as the Poisson. Reliabilities of th's kind are stated in termse '. tihe probability of no failures
in a given length of time, not as the probability of a vahn exceeding a given limit.

It
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VI SYS TEMS RELIABILITY

1. INTRODUCTION

The =dvantages and disadvantages of laboratory and flight tests described above for com- r

ponents also pertain to testing complete systems; however, testing complete systems cannot be used .
as a prediction procedure during R and D since it is testing after the fact. In addition testing ccfm-
plete systems is expensive and difficult even in the laboratory. As a result, it is concluded that com-
ponent testing must be done during the development phase in order to obtain the required detaile-d -.--
information when it is needed. In so doing, all of the shortcomings of the several methods of re~i- j
ability testing which constitute the state of the ar., culminate in the estimate of system reliability.
Some of the errors are compensatory, as:

A. Errors that underestimate reliability. . '

a. Testing without failure. ,

b. Estimating reliability under extreme use conditions only.

B. Errors that overestim3te - Niability.

a. Applying environments in sequence instead of simultaneously.

b. Estimating reliability with respect to only one environment.

c. Calculating system relabilities on the assumption that components function and
react to environments independently.

To what extent these errors compensate one another is not known.

The one hig advantage of testing compl te systtms under use conditions after the R and D
phase, such as flight tests during stockpile testing, is the higher reliability that can be demonstrated
in series systems with a given sample size. For ex4 mple, if 15 adaption kits are flight tr ;ted without .
a failure, this demonstrates a system reliability of 3t least 85 percent at the 90 percent (one-sided)
confidence level. On the assumpticn that the adai tion kit is made up-of 5 major cormponents in
series, it would benecessary that 70 of rach of thi 5 major components be tested without a failure
to demonstrate an equivalent system reliability ca culated from the components. In addition the --

difficulty of how to apply the environments to the components in the laboratory would be en- . .
countered.

.~~~ .. .°. .
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2. CALCULATION

Obtaining point estimates of system reliabilities from component reiiabilities requires the
development of a probability equation based on the circuitry of the system and the laws of probabi-
lity. Since this procedure is treated extensively in readily available literature, such as reference 15,
it has not been inc .-Jed here.

When each test specimen (such as a system) can fail in more than one way, the Poisson
distribution can be used as follows (ref. 14):

A
R =eX

Where:

A
R= Sample reliability under the test condition as the probability of no failures.

e = 2.7183

X = a/n the average number of failLres.

a = Number of failures.

n = Number of test specimens.

.3. SAFETY

Safety. can be defined as the probability of a catastrophic failure. A measure of this char-
"acteristic can be obtained from the techniques described herein for reliability, with slight modifica-
tion. For the determination of safety, only catastrophic failures can be counted and used. In this
case, of course, the objective is to calculate the probability of a failure-in-use - not its comple-
ment.

The relation between safety and reliability can best be seen from the following diagram:

PROBABILITIES

Safe Unsafe 1

-GOOD+ DUD + ,REMATLIRE + LATE 1.

*• Reliable + Unreliable = 1

33
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VII RELIABILITY CONFIDENCE INTERVALS

1. I ntroductir i

A. Definition

A confidence interval is a range of values within which the true population parameter-
such as reliability-is expected to lie. The confidence level associated with this interval is a prob-
ability statement expressing the proportion of the time the true value is expected to be within the
interval or, is the probability of being right in predicting that the true value will be within the
calculated interval.

B. Best Estimate

In order to calculate- a valid confidence interval the "best point estimate" of the true
population parameter must first be obtained. Whether an estimator is the "best" depends on how
it is determined and how it is used. On the assumption that the estimator used is the correct one

* for the intended purpose, it is considered an unbiased point estimate if the mean of all the possible
sample values equals the true population parameter.' This also means that the estimator is accurate.
In addition to being unbiased the estimator Used should also be efficient. That is, the unbiased

- estimator chosen for use should have the minimum variance of all the possible unbiased estimators
* ~that -..uld be used. This means that the estimator should be precise. An estimator that is both

unbiased (accurate) amid efficient (precise) is said to give the "best estimate" of the true population
parameter. It is this kind of estimator that' is required to calculate valid confidence intervals or

* . confidence limits.

- - In most engineering work the arithmetic average of variable data is the "best estimate"
of the true mean of the population represented by the data. That is, the arithmetic mean meets
the requirements of a "best estimate" since:

(1) The mean of all the possible sample (arithmetic) averages equals the true mean and is
- * therefore unbiased.

* (2) The variance of the arithmetic mean is smaller than those of other possible estimators,
such as the median,'mode, or mid-range.

What has been said above for variable data is also true for attribute data. This means that
in both cases the, "best estimate" of the true population mean is the observed or sample average.

S ~In reliability testing the "best estimate" is the obseved proportion of suc'cesses or
failures. Anything else cannot qualify as a "best estimate." For example, the various attempts that

.34
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have been made to avoid the dilemma created by obtaining no failures in a test sample' include the

use of.the lower limit of the 50% confidence level as the "best estimate." This value cannot qualify
as a "best estimate" since:

(1) The rower limit of a confidence interval can rarely be an unbiased estimate of the

"true value" the interval is expected to encompass; (2) any lower confidence limit which equals or

exceeds 50% has a larger variance than the observed value.

In summary, then, the observed sample average (or proportion) is the only value around

which a confidence interval should be placed.

2. CALCULATION FOR COMPONENTS

A. For tests of increased severity

Calculate the limits of the confidence interval for X2 as follows (ref. 3):

X2 + ts2

,Vn

Where:

= Average stress of the failure distribution, or the stress at the 50 percent point on
the failure rate curve generated by a test of increased severity.

t = Coefficienit by which the standard deviation is multiplied to control the confi-
dence level.

s2= Standard deviation of the failure rate curve (generated by a test of increased
severity) in terms of the stress.

n2= Sample size used to obtained X2.

These adjusted values of X2 are then substituted for X2 in the above formula for reliability from
tests of increased severity and the reliability recalculated for both limits. These recalculated values
can be taken as the upper and lower limits of the confidence interval for the average (point

4 , estimate) reliability-in-use.

t'.. Life tests

When the length of time (ti) is observed for each failure and the test terminated at the
exact time (ta) of the last failure.

e"Ut/2am .< R < e"Lt/2am

Where:

R True Reliability.

e =2.7183

U Upper percentage point of the chi-square distribution obtained from Appendix 3c
for hatf alpha and 2a degress of freedom.

.35
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L = Lower percentage point of the chi-square distibution obtained from Appendix 3c
for one minus half alpha and 2a degrees of freedom

t = Required failure-free time.

m = t1 + t2 + t3 + + ta + (na)ta

a

n = Number of components tested.

C. Attribute-type data

a. Binomial distribution:

The following technique is applicable when each test specimen can fail in
only one way and when any one of these conditions pertain (page 120 ref 21):

(1) The lot or population represented by the sample is very large or infinite.

(2) The sampe size is less than 10% of the lot size.

(3) Sampling is done with replacement.

..Lower Limit (page 373 ref. 23):

P1= a
a+ (n-a+1) F1

Where:

1 P, Lower limit of the confidence interval for defects or failures. One minus this
proportion is the upper limit of the confidence interval for successes.

a = Number of defects or failures.

n = Sample size or the total number of trials.,

F1  Upper percentage point from a table of the F-distribution.

Enter the F-table in Appendix 3E with the following values:

V1 = 2 (n-a+1)

V2 = 2a

"36
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Upper Limit:

(P.+1) F9
1-P2 n(n<-, +.(a+l) F2

Where:

P2 =Upper limit of the confidence interval for defects or failures. One'minus this
proportion is the lower limit of the confidence interval for successes.

I
a Number of defects or failures.

n Sample size or total number of trials.

F2  Upper percentage ooint from a table of the F-distribution.

Enter the F-table in Appendix 3E with the following values:

V 1, 2 (a+1)

V2  2 (n-a)

These limits can also be obtained directly from the tables in Appendix 3B.

b. Hypergeometric distribution:

This distribution is applicab!e when each test specimen can fail in only one way
and when all of the following conditions pertain (page 120 ref. 21):

(1) The lot size is small (finite) but can be considered the population and not a ran-
dom sample of a much larger volume of material.

'(2) Sampling is done without replacement.

(3) The sample size excbedss10 percent of the lot size.

The usual formula for the hypergeometric distribution calculates the probability
that given sample will contain exactly "x" defectives. This calculation is based on the size of the
lot ( opulation) when the lot fraction defective is known. However, the converse of this is
usual y required. Thus, knowing the observed fraction defective in the sample, the upper confi-
dence bound of the fraction defective of the lot is required. Tables based on the hypergeometric
distri )ution have been prepared from which the desired information can ,be obtained directly*
(see ppendix 3H). In addition, the upper confidence bound of the fraction defective of a finite
lot c n be estimated by multiplying the upper confidence bound of the fraction defective of an in-
finite lot by the following factor:

N-i " "(see page 121 ref. 21) .-. '-
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Where:

N = The lot size. S

n = The sample size required to calculate a given upper confidence bound of the
fraction defective in an infinite lot, using the binomial distribution.

Care should be taken in the use of the hypergeometric distribution. The upper confidence limit of
the fraction defective of a finite lot is less than that for an infinite population when each is predicted .
from equivalent or identical samples. This comparison is shown in the following table for samples
containing no defectives and for the 90 percent one-sided confidence level:

Sample Lot Proportion Defective

Size Size Hyperemetric* Binomial"* g

2 40 .675 .684

4 .400 .438

8 .225 .250

16 .100 .134

32 .025 .070

5 100 .36 .369

10 .19 .206

20 .09 .109 "-I
40 .04 .056

.80 .01 .028

10 200 .20. .206

20 .10 .109

40 .05 .056

80 .02 .028,

160 .006 .014

* Finite lot size taken as the population.

"Infinite population.
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The hypergeometric distribution is useful in acceptance testing where decisions must
be made about specific lots of finite size. However, it should not be used in the development stock-
pile phases of a missile life cycle. In the development phase, decisions must be made about lots of
indefinite size. In the stockpile phase, decisions cannot be limited to the small quantity in storage;
at this stage of the life cycle, there is interest, also, in what the small stored quantity represents.
That is, small quantities are placed in the stockpile to further the state of the art, not to win a war.
For this purpose decisions must be made about the larger indefinite quantities represented by the
stockpile. Predictions in this case require the use of the binomial rather than the hypergeometric
distribution.

3. CALCULATION FOR SYSTEMS

A. Poisson Distribution

When each test specimen (such as a system) can fail in more than one way (ref. 14):

e <e -Lin

Where:

R = True reliability under the test condition, as the probability of zero failures.

e 2.7183

U Upper confidence limit of "c" (the counted number of failures) obtained from .
Appendix 3D.

L = Lower confidence limit of "c" (the counted number of failures) obtained from
Appendix 3D.

n = Number of test specimens (systems) used. -

B. 'Other methods

When the system reliability is calculate', from component reliabilities, the'lower bound
of the confidence interval can be obtained by either of two methods recently developed at
Picatinny Arsenal: One based on the propagation of errors method to calculate the variance (ref.
16) and one based on the Monte Carlo method of sampling (ref. 17). Both of these procedures are
lengthy and involved. An electronic computer may be needed to make the calculations required by
either of these methods..

However, before calculating.a confidence limit for a system reliability the following, - 0
should be considered:

a. Confidence limits based on biased estimates are also biased. The confidence
level associated with such limits is not valid. Reliability values obtained under conditions that .

produce less than 50% failures are biased estimates of the true or ultimate reliability.
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b. The magnitude of the differences between the nominal values (point estimate) of high
reliabilities and the lower confidence limits based On their variances is always very small and of li;-tle _
practical importance.

c. If the lower confidence limit of a system reliability is to be determined, the method
given above for the binomial distribution for components can be used. In this case the number of
failures (a) equals n (1-'4) where (14) is the system sample reliability and (n) is the average sample size
which equals the sum of the component sample sizes used to determine (A) divided by the number
of component types (or kinds) that comprise the system. This procedure is quick and easy to calcu- U

late and is sufficiently accurate for most purposes.

d. Because of the efficiency of testing entire cystems as a unit, pointed out above (Section
VIII Systems Reliability), every effort should be made to test in this manner. This procedure also
avoids the difficult problem of calculating the lower confidence limit of a system reliability derived
from component reliabilities. Since the system is the experimental unit (or test specimen) in this
case, the confidence limits can be easily calculated by either of the following methods given above:

(1) -the binomial distribution when the system can fail in only one way.

(2) The Poisson distribution when the system can fail in more than one way.

The one exception to the rule of testing systems as a unit is in the development phase where a pre-
diction procedure is required.

400
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VIII SAMPLE SIZE

1. INTRODUCTION
0

Because of economic considerations, the question of how many specimens to test (or how
large a sample size to use) is always given a prominent part in planning any testing program. It is
the question most often asked by engineers concerning testing programs. To answer this question
from only the economic point of view is not enough. The cheapest testing program is none at all!
Of course, if no testing is done there is no verification that the newly developed item is useable and
no information concerning the condition of a stored item. 0

Before the question of sample size can be answered, the following related points must be
taken into consideration:

A. The notion that reliability is related to the number of specimens tested must be dis-
carded. Only the precision with Nhich the reliability is determined is related to the sample size.

B. There is no one single sample size that is applicable to all reliability testing programs.
Each program must be considered individually.

C. A valid sample size cannot be stated without first knowing the purpose of the testing
program. It is very easy to get the right answer to the wrong problem.

The purpose of planning the sample size prior to data collection is to obtain essential in-
formation with minimum cost, effort, and material, essential information being defined as the mini- . -

mum information required such that additional data will not change the conclusions. To accomplish
this the following design of experiment techniques must be considered, since the question of sample
s;ze cannot be answered out of this context:

2. DESIGN OF EXPERIMENT TECHNIQUES IN SAMPLE SIZE DETERMINATION

A. Purpose and Objectives: -

The purpose of any testing program is to verify the hypothesis that objectives iinclud-
ing requirements) have been achieved or maintained. To do so in any valid quantitative way, the
characteristics of the sampling and testing procedures must be adequate, and to do so with the mini-
mum sample size, these procedures must be highly efficient. By efficient is meant maximum pre-
cision with minimum' sample size.

B. Precision of Sampling Procedures

In all practical testing programs, especially those in which the testing is destructive,
something less than all of the existing items should be tested and from this an inference made about S

the remaining (usually larger) portitin of items. To have these inferences valid the sample must "re-
present" the remaining portion of the lot or population. If the lot is homogeneous, a representative
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sample can be obtained by random selection. That is, each individual item in the lot must have equal
change of being selected. If the lot is not homogenous but stratified in some manner according to
geographical location, weapon, or manufacturing process, then the sampling plan must be designed
to cope with this characteristic of the lot. If the strata are only few in number, then an equal num-
ber of randomly selected specimens should be selected from each stratum. The number selected 0
should be apportioned according to the size or importance of each stratum. If the number of strata
•s large, then specimens should be taken from only a part of the strata.- If all strata are equivalent,
then a sample of the total number of strata should be randomly selected before the specimens within
them are randomly selected. If'all of the strata are not equivalent, then the most important or
largest strata should be used. In any case, the actual selection of strata or specimens must be done in -

a random manner either by physical mixing and selection, or by numbering and determining which 0
numbers to select by means of a table of random numbers.

It is important that the sample be stratified correctly to parallel that of the lot. It is
Gnly in this way that the heterogeneity of the sample can be kept to a minimum. Any increase in
the heterogeneity of the material due to sampling, results in an inflation of the overall variation as
measured by the standard deviation of the testing method. As shown below, the magnitude of the
standard deviation is of prime importance in calculating sample size.

C. Precision of Testing Method'

The testing method is in reality a measuring system or device. It "measures" the .
characteristic of the item being used as a basis for evaluation and decision. As any measuring device,
the testing method must be precise and accurate. By precise is meant that characteristic of the
method that produces estimates (numerical results) from repeated trials that are close together when
in fact there has been little or no variation in the system. Methods which produce estimates close
together and do not reflect variations that actually occur in the system are called insensitive rather
than precise methods. Obviously this type of method is to be avoided.

It is important to haveavailable the most precise methods possible, since, as can be,
seen below from the formulas, the sample size varies directly as the square of the standard devia-
tion. The only way precise methods can be made available is via a continuous program -f methods As-... -

development. -

D. Decision Errors

Because alJ testing is done on a sample basis, decisions (inferences) must be made ab,•ut i "
the lot-based on the information gained from the samo Ie. This in reality is a formf of prediction.
We all know that predictions cannot be made with certainty. However, there are only two kit ýis of
error that can be committed in drawing inferences about the lot:

a. Type I error is rejecting gjood material.

b. Type II error is accepting poor material. It is desirable to keep both of these .
errors small. Their magnitude can be controlled by the number of specimens (sample size) tested..
in any given situation, as shown be!,.w. In practice, the magnitude of these errors chosen is
based on the consequences of being wrong. For examplo, the consequences of rejecting good mate-
rial (Type I error) can cost only d r , , . - . .. , .
error) can cost lives and lose wars.) .,n, J. sampie ':.:e required to r,;, ,idctw 1th ,iro:i t;
the selected levels is calculated,

12
................... o" ...-

,.o. .• °

Downloaded from http://www.everyspec.com



E. The Difference that Must be Detected

In a testing program of any kind a decision must be made about at least one of the
following requirements before anything can be said about sample size:

a. The maximum confidence interval that can be tolerated for the particular
purpose intended.

b. The minimum difference (between two values) necessary to be detected for
the purpose intended.

These requirements can be established only through knowledge-of the objectives and
purposes of the system under consideration. Fortunately, this kind of information is usually well
known to the engineer. Sample size varies inversely as the square of the difference to be detected.
The sample size required to detect a difference of (d/2) is four times that required to detect a
difference of (d).

F. Experimental Design

a. Multi-variable Experiments

If effect of more than one variable (such as effect of more than one environment) ,
must be determined, experimental design is extremely important in keeping sample sizc to a mini-
mum. (By experimental desiren is meant the pattern or combination of the variables used to collect
data.) If these combinations are correctly chosen, efficiency of the experiment can be greatly en-
hanced. In fact, the efficiency is improved by a factor equal to the number of variables included in
the design. For example, to obtain a given precision, a factorial design for three variabies requires - S
only one-third the nunmber of test specimens required by the classical one-at-a-time procedure. ...-. . .
Factorial design for seven variables requires only one-seventh the number of test specimens required
by the classical one-at-a-time procedure. (A factorial design is an experimental one in which all
possible combinations of the variable levels are included in the experiment.) At least one test speci-
men is required for each combination used. When this number becomes large, only a' part of the
total number of combinations need be used in designs called fractional factorial designs. These --.S
fractional designs have the same high efficiency as the full factorial designs. These designs should be.
used to screen all of the variables of interest to find the most important ones - such as the most
severe environment.

b. Test of 'Increased Severity

Because of the exploratory nature of this test, an overall sample size cannot be
precisely predetermined. The number of test specimens required to obtain the first failure depends . -

upon the magnitude of the existing safety margin and the magnitude of the increments of stress '

used. After the first failure is obtained, the effective sample size is equal to only one-half the total
number of test specimens used in the Bruceton up-and-down and the Two-Stimuli methods. How- -A-

ever, these methods are highly efficient. That is, high reliabilities (if they exist) can be demon.
strated with 'small sample sizes. For example, a reliability of .995 at the 90% (one-sided) con-
fidence level can be demonstrated with 40 to 50 items, with these methods. Higher reliabilities , .
would require no larger sample size., In addition, these methods make it possible to calculate
the reliability under the use condition.

43

• , .. . . . . ..
. • • • • ~~~~~~~~~~~~~~. "-.o.. .. '.=. . . ......... o°...... ..-. . -.. .,.--. - ..-. .. . '= .

°.°.. ,=. •~~~~~~~~~~~~~~~~~~.. - ... .. • . ........ •°. . ... . .°. .. ".. "-" ... ° .- -". °.=.•-,°z•°=,'•.''.

Downloaded from http://www.everyspec.com



Without these methods the above reliability would require at least 500 items
tested without a failure. The reliability demonstrated in this manner would be under the test con-
dition only. It would not be possible to calculate the reliability under the use condition. To demon-
strate higher reliabilities (if they exist) would require larger sample sizes.

c. Life Test

When time is the variable instead of the environment, as in storage during Stock-
pile programs, the Poisson distribution is applicable. In this case, the sample size required to demon--.
strate a given reliability is directly proportional to the ratio of the required shelf life to the length -

of storage at the time of testing. If this length of storage is short compared to the expected shelf
life, very large sample sizes with very few failures are required to demonstrate a reliabiiity above
0.90.

G. Confidence Intervals

A confidence interval is defined as that interval arourd a sample value (such as the
average) in which we expect the true (population) value estimated by the sample to lie. The con-
fidence level is a probability statement expressing the proportion of the time the true value can be
expected to be within the stated interval. The confidence level is the complement of the Type I "
error. That is, one minus alpha equals the confidence level. Where alpha is the probability of being
wrong (in error), the confidence level is the probability of being right in our predictions. These
probabilities can be measured by the area under a frequency distribution curve, such as the normal
curve. As a consequence, there are two ways in which an area equal to alpha can be cut off.

a. By cuttingoff an area equal to alpha all in one taii of the curve. -

b. By cutting off an area equal to one half of alpha in both tails of the curve.

Either way, the confidence level is the same for a given alpha value. To distinguish between these
two ways the first is called a "one-sided" or "one-tail" level, and the second way is called a "two-
sided" or "two-tail" level'.

Tiie one-and two-sided confidence levels have distinctly different uses:

a. If there is interest in only one confidence limit, the one-sided level should -

be used.

b. If there is interest in both confidence limits, the two-sided level should be
used.

The decision concerning which type of confidence level and wh•at magnitude of -. -

confidence level to use in any given situation must be made prior to obtaining the data. The
type of level must be based on the need for one- or two-limit intervals, and the magnitude of level
must be based on the consequences of being wrong. To make these decisions after seeing the data ,""'''

affects the value of the confidence level associated with a given confidence interval. Probability
statements'derived from a set of data are not applicable to that set of data. The fact that one-
3ided confidence levels for reliability are higher than two-sided levels is not a valid reason for
choosing one-sided confidence levels.
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With these considerations in mind, tne sample size required for a given confider,~e in-Iterval can be calculated as shown below. Conversely, for a given sample size, the magnitude cf the
associated confidence interval can be calculated. However, for variable type data the starsdAid devi-
ation must be known.

H. Testing Hypotheses

Tests of hypotheses are used to compare two or more values, such as reliabiiity values.
The purpose of tests of this kind is to determine whether observed differences are due to chance
variations or whether they are due to assignable causes. This is important in decision making. To 0

decide that the reliability value obtained during the second testing period is smaller than that ob-
tained during the first testing period is very disconcerting if the value obtained in the third testing
period islarger than the first reliability value obtained. This is especially disturbing if the decision
has led to more testing or replacement of parts, but this is exactly what can happen if the observed
differences are due to chance variations. Only through use of statistical tests of significance can this
difficulty be avoided.

In hypotheses testing both the alpha (Type I) error and the beta (Type II) error should
be controlled to prevent difficulties of the kind described above. The beta error is especially im-'
portant in Ordnance work because of the consequences of being wrong. The only way that these
errors can be controlled at predetermined values is to calculate the sample size required to do so in S
advance of data collection. Experiemce has'shown that when these two kinds of errors are kept at
5% or below, the risk of making a wrong decision is sufficiently low for most purposes. To reduce
these errors below 1% requires very large sample sizes.

I. Other Considerations

For lots made up of discrete items from which only attribute (success or failure) data
can be ootained the following additional considerations should be made:

a. Lot Size vs Sample Size

If the lot is finite in size and less than ten times the size of the sample
selected then this fact , be taken into ac=ount. The action taken in this regard depends upon the - .
purpose of the testing and the scope of the conclusions drawn as described below.

b. Disposition of Selected Specimens

If the testing done destroys the specimens selected or if the specimens are not
returned to the lot for any othef reason, this fact must be taken intoaccount. Again the action
taken in this regard'depends upon the purpose of the testing and the scope of the conclusions drawn
as described below.

c. Purpos of Testin2

A decision should be made prior to data collection concerning the purpose of
the testing. If the purpose is to draw a conclusion about only those items in a small (f% iite) lot
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and if both of the L'wo above conditions pertain, then the sample size can be reduced slight,
through use of the hypergeometric distribution. This distribution firids its most frequent use in
acceptance testing where the purpose is to predict the expectea frac*+; "-fective of a pprcocular
small lot of items. If such a lot is placed in stockpile, however, then the hyoergeometr.z assimp-
tion is no longer applicable since the purpose of testing is now different. Smi! lots of material
in the stockpile represent larger lots of indefinite size. The characteristics of ti -aterial are
studied and_ recorded fcr their value in future applications. That is, the purpose c :esting is to
draw inferences about the larger volume of material represented by the small tot on hand. In this
latter case, only the binomial assumption concerning lots of infinite size ;s applicable. - -

3. CALCULATION

A. Sample size required for a given confidence interval

a. Variable data

2S(ts)2 '
n= d2..-.

Where:

n Sample size
t Standard deviate associated with the alpha error used to control the confider.ce

level.

s Sample standard deviation.

d = Magnitude of the confidence interval in the same units as the standard deviation.

b. Attribute Data

(1) Binomial Distribution

There is no easy, practical way accurately to calculate the sample size required
for attribute data. The accurate methods are difficult to calculate and the simple, easy methods are
not accurate. The most practical method is to refer to one of the existirn tables for binomial con-
fidence intervals to find the sample size required for a given interval. Tables useful for this
purpose are:

One-Sided Limits:

Appendix 3B

Two-Sided Limits-
Appendix 313
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(2) Hypergecmetric Distribution

As with the binomial distribution, there is no easy, direct way to calculate the
sample size for the hypergeometric distribution. The most practical way to arrive at a sample size in
this case is to refer to one of the existing tables for the hypergeometric confidence intervals. From
these tables the sample size for a given interval and confidence level can be read directly. Tables
useful for tI';s purpose can be found in Appendix 3H.

Alternatively, the sample size required in a hypergeometric distribution can
be estimated by multiplying the sample size for the binomial distribution by N/(N+n)

Where:

N = Lot size

n = Sample size required in the binomial distribution.

B. The sample size required to detect a given difference between two sample values in
testing a hypothesis:

a. Variable Data

n=2 I~l+ 2)

Where:

n = Sample size

=Standard deviate associated with the alpha error

t2 = Standard deviate associated with the beta error.

s = Sample standard deviation

d b Difference that mu"t be detected.'

b. Attribute Data

As mentioned above there is no easy practical way to calculate the sample size for
attribute data. The sample size Tor hypothesis testing using attribute data can best be determined

o from the tables for minimum contrasts in Appendix 3A. These tables give values in the following
* format:
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Minimum Contrasts Required for Significance at the 95% Level

N No. of A's in sample (1)/No. of A's in Sample (2)

4 0/4 1/-

5 0/4 1/5 2/-

-10 0/5 1/7 2/8 3/9, etc.

20 0/5 1/7 2/9 3/10, etc.

In this table N is~the sample size. The values in the body of the table that appear

to. be proportions are written in a short-hand method which mean the following:

tha ifno ailresareFor a sample size of 5, the value in the first column of this row .(0/4) means
tha ifno ailresareobtained in the first sample of 5, at least 4 failures must occur in the second

sample of 5 before the observed difference can be declared significant at the 95% level of confi-
dence. This, in turn, means that a sample size of 5 can only detect differences of 80% or greater.
Larger sample sizes can detect smaller proportional differences. The use of these tables can, of

- course, be reversed to find the sample size required to detect a given difference.

C. Sample size required in storage programs where time is the variable:

N a

* . 1-13

* Where:

N =Sample size,

a =Number of failures in time (h)

h = Length of storage

R Required reliability'
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IX LABORATORY TEST METHODS FOR COMPONENTS

1. INTRODUCTION

It is assumed in these methods that the test item can fail in but one way. That is, the
binomial distribution is applicable.

Plans should be made to conduct the laboratory experiments in two stages:

A. Survey the separate effects of the several environmental conditions of interest in
one integrated factorial experiment to select the environments causing the highest failure rates.

B. Determine the ultimate reliability by means of a test of increased severity (testing to
failure) using the treatment (environment) found most severe in the factorial experiment.

2. FACTORIAL DESIGNS

A. Advantages

The two-to-the-nth factorial designs or their optimized modifications are the most
efficient experimental methods known for selecting the treatments causing the highest failure rates.
This approach will reduce the magnitude and complexity of the experiments required to determine

*. reliability. More important, all component reliabilities obtained in this manner will have a common
basis of determination because the reliability of each component is defined in terms of the environ-
"ment which has been experimentally found to cause the highest failure rate. This results in pre-
dicting the minimum reliability with respect to the separate environments for each component. If
all these reliabilities are acceptable the reliabilities associated with all the other environments will
also be acceptable. Only in this way can valid and realistic system reliabilities be derived from
component relia'-ilities.

See Appe.ndix 4 for some of the'more useful two-to-the-nth factorial designs in the form
of worksheets. These designs are the most efficient known. Experiments based on these designs
may be conducted without changing the treatmentprocedure except to arrange for the test.
specimens to receive the number and kind of treatments required by the particular design used.
However, the best, differentiation among treatments is obtained when the level of severity used will
cause 50 percent of the test. specimens to fail. This may cause some adjustment of the levels of the
treatments used.

For the purpose of this application, the two levels of each treatment can be the presence
and absence of the treatment. Alternatively, any two levels of the treatment can be used.
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The number of test specimens required in the optimized designs is one more than the total
number of treatments used (ref. 5). The more versatile fractional factorial designs (ref. 6) require
at least 16 items for experiments containing from five through eight treatments, and at least 32
items for nine through 13 treatments. With twice these numbers of items, the latter type designs "
can also measure interactions, i.e., how the effect of any one environment depends upon the
othecs. Interactions among treatments cannot be measured except by factorially designed experi-
ments.

Factorial designs permit a type of' statistical analysis that distinguishes between variations
due to chance and variations having assignable causes, thereby producing more information from a
given number of items than any other known procedure. These designs actually increase the effective
sample size by making it possible to use each observation (or measurement) for more than one pur-
pose.

In fact, each treatment effect is determined as though the entire experiment is conducted
to determine that particular treatment effect alone. As a result, each treatment effect is determined
with a precision equal to th? total number of items used in the experiment. The three-treatment-
design example described below demonstrates this point.

Further advantages in using factorial designs in environmental testing experiments follows:

a. No control groups are required.

- b. Each treatment effect can be determined independently of all others. Thus, unambiguous
conclusions can be drawn about each treatment effect.

c. Complex experiments involving a large number of treatments can be easily handled with
: factor;al procedures.

d. This is the only experimental design in which the relationship amongthe treatments can
be measured. The factorial design can determine whether the effect of one environmental treatment

I depends upon any of the others. These effects are callbd interactions. -

e. The probability of being ri.;r v, rong can be controlled.

f. When the number of treatme.,I 1 ed becomes large (three or more), only a fraction
(1/2, 1/4, 1/8, etc.) of the total number of combinations in a factorial design need be used.

When multiple replications cannot be used and only attribute (go, no-go) data are
available, these designs can still be used to take advantage of their efficiency. However, in cases of
this kind the usual analysis of variance cannot be made. Instead, the usual summations are made to

"" obtain and compare two binomial proportions (by the Fisher exact method) to determine the effect.
of each treatment. See example No. 1 below.

Resuts of factorial experiments are used as a guide to select whch environment to use
for determining reliability prior to cnducting the test of increased severity., The factorial experi-
ment surveys all of the environmen.ai treatments of interest (with a minimum number of test
specimensl to determine -the difference, if any, amrong the environmental effects. A~decision is then
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made whether to redesign the item. If the item is considered acceptable at this time, reliability is
determined using the environmental treatment or treatm.nts found to be most severe. If no dif-
ferences are found among the effects, reliability can be determined by using a combination of seve-
ral of the treatments considered most important from an engineering point of view. If reliability
is determined by using the most severe treatments, the reliability values obtained will be lower than
those obtained with the other treatments. This is a necessary condition if the system's reliability
derived from the component's reliabilities is to be useful.

B. Full factorial decigns (ref. 18). 6

These designs require more specimens per treatment than do the fractional factorial
designs, but they are the only class of designs that can measure all of the interaction effects. A full
factorial can be formed by writing dcwn all of the combinations of "n" treatments, each at two

levels in a multi-entry table. For example, a full two-cubed factorial can be written as follows:

23 FACTORIAL DESIGN

A1  A2

B1 B1 82 1 !1
CI 11) b a ab

C2  c bc ac abc

The lower case letters and the symbol (1) in the body of the table identify each of the eight (23= 8)
treatment combinations that constitute this design. These combinations are derived from their . S
position in the table. For example, the symbol (1) is located by Al B1 C1 which means that all
three treatments are at their lower level. The lower case letters (ac) are located by A2 B1 C2
which means that treatments A and C are at their higher levels and that treatment B is at its lower
level. In this code the lower case of the treatment letter appears in the combination only when the
treatment is at its higher level. This results in the formation of all possible combinations of "n"
things (treatments) taken 0, 1, 2, ... and n at a time. At least one test specimen or observation is
required for each of the treatment combinations. Two or more observations at ,ach'treatment
combination are required for an independentestimate of experimental error. A equal number of
observations at each treatment combination is required to keep the design orthc gonal.

C. Fractional factorials (ref. 6) l

As the number of treatment variables increases, the number of trea ment combina-
tions, and therefore the number of test specimens required for a complete repli ation, increases
very rapidly. At the same time the number of higher order interactions that can be measured also
increases very rapidly. This results in two undesirable situatio-1:

a. The number of test specimens required is too large.

b. The information in the higher order interactions (three-factor i teractions and
above) is of little practical use. Fractional factorial designs were developed to void these situa-
tions and thereby improve the efficiency of designs for multi-factor experimenh -
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When less than all of the possible combinations in a factorial aesign are used, the design
is said to be a fractional factorial. For the two-to-the-nth series there can be half, quarter, eighth,
sixteenth, etc. portions of the full factorial used. These portions are called fractional replicates, 0

where a ful; factorial is one replicate.

Fractional factorials cannot be used without losing or giving up some information that is
available in the full factorial. However.it is planned in designing a fractional factorial to lose only the
least important part of the information. Experience has shown that the higher order interactions
in a full factorial are the least important. This fact is made use of by equating new treatments to the 0
higher order interactions. To equate one such interaction to a new variable in a full 26 factorial,
for example, creates a half replicate of a 27 factorial. Detailed procedure for designing fractional
factorials can be found in reference 18. At least one observation for each treatment combination is
required to keep these designs orthogonal.

D. Treatment procedure

The factorial designs described in Appendix 4 are those most frequently used in environ-
mental experiments. They are descr'ibed in the form of treatment procedure worksheets to
facilitate their use. These worksheets show, in an easy-to-follow manner, how to treat each test
specimen in the various fractional factorial designs represented. They can also be used to record -
and analyze the test results. A blank space in the item column means that the item does not receive
the corresponding treatment. A plus mark in the -item column means that the item receives the
corresponding treatment. The combinations of blank spaces and plus marks in the worksheets corre-
spond to the treatment combinations in the respective fractional factorial designs. The choice of
these designs should be based on the following considerations:

a. The number of treatment effects that must be determined.

b. Whether interactions can be expected to be present.

c. The precision required.

d. The number of test specimens available or that can be made available.

These considerations should be made in the order named.

The blocks in which some of the designs are divided are for the primary purpose of 0
breaking the experiment into homogeneous parts with respect to testing equipment used, operators
conducting the experiment, or climatic conditions, such as season of the year, etc. If all such
things can be considered constant, then these blocks can be identified with other conaitions whose
effect it is desired to evaluate, such as, firing conditions, functioning conditions, temperature
crnnditione, or different lots of material. Identifying the blocks with different conditions or - 9
material does not affect the determination of the treatment effects. The important consideration
is that conditions be held constant and materials be homogeneous within the block.

52..............

, . . .... ~~...... .. •.....- ....-. • .. ..-..' .-,- ,. ."•

Downloaded from http://www.everyspec.com



S

E. Analysis

An example of one type of analysis that can be used with factorial designs is given in a
Appendix 1. This is the simplest possible analysis. The type of analysis that can be made depends

-pon the class of design used, the kind (attribute or variable) and amount (number of replications)
of data, and the way (at random or in blocks) data were collected. Some types of analysis, such as
the analysis of variance, are quite complicated. As a result, the subject of the analysis of variance
(ref. 18) is not included here. It is recommended that statistical analysis of this kind be conducted by
statisticians. 0

3. TESTS OF INCREASED SEVERITY

A. Introduction

These methods need be used only when one of the following situations pertains:

a. The occurrence of a failure cannot be detected by visual inspection at the time
of occurrence, as it is in a tensile test.

b. The magnitude of the stress at the time of failure is not observable, as it is in
the tensile test.

The intended use of these methods is to determine the magnitude of the stress at the point of
failure (where the stress equals the strength), when this value is not directly observable, as in the
case of the effect of vibration on timing accuracy.

The level of severity can be increased in a variety of ways, such as the following:

a. Using more extreme levels of treatment (e.g., higher or lower temperatures,
higher or lower G-values, or higher or lower voltages).

b. Applying two or moretreatments simultaneously.

c. Increasing the length oftimee the treatment is applied, as in storage tests.

When variable (quantitative) data (such as resistance in ohms, elongation in nercent or
closing time in seconds) are ootained, it is necessary to compare each observed value with the re-
quired value in order to determine success or failure.

B. Bruceton upand-down method (ref. 3) . ..

Starting with the most severe condition expected in use, test one new, unused item.
If the item does not fail, increase the level of severity (the stress) one increment* and again test one

'This value can be estimated by didiving the difference between the maximum, and minimum in-,ise
conditions by six. This is based on the assumption that the extreme in-use conditions are the
3-sigma limits.
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new, unused item. Continue this process of increasing the stress one increment at a time and testing
one new, unused item at each increment of stress until the first failure is obtained. Then reverse
the process by decreasing the stress one increment at a time and testing one new, unused item at
each increment o' stress until a success is obtained. Repeat the process of increasing the stress to
failure and decreasing the stress to success until at least 25 test specimens are used after the first failure.
Calculate the level o4 severity at which 50% of the specimans fail, and the associated standard devia-
tion by the method described in Chapter 19 of ref. 3, using the number of failures for these calcula-
tions.

With this information the "reliability-in-use" can be predicted. See the examples in
Appendix 1 for details of the calculations.

When the form of the distribution curve is not known or is in doubt, Chebyshev's inequality.
can be used. This technique is valid for any distribution without an assumption concerning its
fornm. The inequality states that the amount of area under any distribution curve which is farther away
froro the mean than k standard deviation units is less than 1/k 2 . The reliability calculated by this
proc.,Jure will always be less than the true value.

When the form of the failure distribution curve is practically normal, as shown by its
cumulative frequency approximating a straight line on linear probability paper, probability values S
can be found by entering a table of areas under a standard normal curve with calculated normal
deviates, which equals the difference between any two levels of severity divided by the standard
deviations.

C. Churchman two-stimuli method (ref. 10) -

Test one new, unused item at the most severe condition in use. If the item does not
fail, increase the level of severity (the stress) one increment* and, again, test one new, unused item. -.- -.-
Continue this process of increasing the stress one increment at a time and testing one new, unused -.-
item at each increment of stress until the first failure is obtained. This procedure should cause the
first failure within 5 to 10 trials, depending on the magnitude of the safety margin. Using the level S
of severity causing the first failure, test 10 to 20 items to determine the proportion of failures at
this point. Record this proportion and the level of severity used. Then change the stressby an amount
equal to about two or three increments. If the first Proportion of failures exceeds 50 percent, de-
crease the stress, and if the first proportion is less than 50 percent, increase the stress to find a second
point on the curve. Determine the proportion of failures at this point as before and record this pro-
portion and the level of severity used.

The object is to find two levels of severity such that the proportion of failures differ
by at least 20 percent, and yet have the proportions more than zero percent and less than 100 per-
cent. From this information calculate the average and standard deviation of the failure rate by the
method described in Reference No. 10. Alternatively, the average and standard deviations can be ,
obtained gl'aphically by plotting the proportion of failures against the corresponding stress level
on linear probability paper. Draw a straight line through the two points. The average stress is
that stress corresponding to 50 percent failures. The standard deviation is equal to the difference

*One sixth of the difference between the expected maximum and minimum use conditions. -
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between the stress at the 16 percent point, and the stress at the 50 percent point. By using these
values, the reliability-in-use can be calculated as described in Appendix 1.

D. Discussion of methods.

Which of these methods will be suitable for use in any particular situation depends upon
the intended purpose of the experiment. The choice can be based upon the distinguishing charac-
teristics. Both methods are equally efficient, as they both require the same sample size for a given
precision, 0

The two-stimuli method should be used when either of the following physical condi-
tions exists:

a. The test results are not immediately available after each trial. This would cause un-
due delay in conducting the Bruceton method which requires that all trail results be known before .
the condition for the next trial can be determined.

b. The physical changing of the test conditions is difficult. This would cause undue
work in conducting the Bruceton method which requires changing the test condition after each
trial. S

E. Method characteristics

a. Bruceton method

(1) Advantage:

This method leads directly to the 50 percent point with the greatest efficiency. -"

(2) Disadvantages:

(a) The standard deviation should be known in advance.

(b) Tests must be conducted in sequence, as the results of each test must be
known before the next is conducted.

(c) Test conditions must be changed after each trial. .

b. Two-stimuli method.

(1) Advantages:

(a) A number of trials can be conductcd concurrently.

(b) Only two points on the curve are required.

(0) This method can be'extended so that more than two points are determined.
If this is done the form of the distribution can be determined. ._

55.,."'.--.
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(2) Disadvantages:

(a) The form of the strength distribution curve cannot be determined with o~ly9
two points.

(b) The assumption of normality is required when only two points are used.
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IO

APPENDIX I •.

EXAMPLES

A. Confidence Interval,,-

a. Life tests. A sample of 20 components (n) 'hich are required to operate for 240
hours t, were subjected to a specified use condition for a period of 120 hrs. when the first com-
ponent failed. The failure rate was assumed to be relatively constant and so the test was discon-
tinued at this point in time (120 hrs.).

The sample point estimate for reliability can be caluclated as follows:

e't/m

When: e=2.7183

m 1 x 120 +( 2 0-1)120 = 240Q-

t 240 hours.

A
R = (2.7183)"40/2400 = .90

This is the point estimate of the probability of no failures in 240 hours. The 90 percent
two sided confidence interval for R can be calculated as follows:

e"Ut/ 2am < R > e"Lt/ 2am O

When:

e = 2.7183

U = 5.99 (from Appendix 3C or half alpha and 2a degrees of freedom).

L 0.103 (from Appendix 3C for one minus half alpha and 2a degrees of freedom.")

a I (the number of failures)

Mr 2400 ,

t = 240

alpha 0-(1-0. 0.11".
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(2.7183-(5.9 9 ) (240)/2xl (2400) < R > (2.7183)(0,103) (240)/2xl (2400)

(2.7183)0.3 < R > (2.7183)0.005,

Confidence interval:

0.74< R > 0.995

b. Binomial type data. - A sample of 20 items was taken from a lot of 100 components 0
and tested under the use condition. No failures were obtained.

To accept this specific lot the lower limit of the 90 percent one sided confidence limit for
the reliability should be taken from the tables in Appendix 3H which are based on the hypergeo-
metric distribution. The value found in these tables is 9 defectives in the original lot of 100 items.
From this then the lower limit for the true reliability of the lot is:

R (lower limit) = 1 - 9/100 0.91

On the assumption that this value is acceptable and the lot is placed in the stockpile for
further testing, the reliability of the items that this lot represents should now be determined from
the tables in Appendix 3B which are based on the binomial distribution. From these tables, the
lower limit of the true reliability of the items the lot represents is',

R (lower limit) = 1.000 - 0.109 0.881

c. Systems: (1) A group of 10 telemetered missiles were flight tested. The number of "
failures found in each missile is as follows:

"•',=-. .%'.

Missile number Number of failures .-..

10 0A

2 0

3 0

4 0

5 0

6 0

7

8 3

10 0

Total3
1o o..
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The point estimate for reliability as the probability of no failures under the test condi-
ion can be calculated as follows:

R e-X 0

When: X 3/10

Point estimate:

R =(2.7 183)-0.3 0.74

The 90 percent two sided confidence interval for the true reliability (R) can be calculated
s follows:

e'U/'n R e- Un

When:

e = 2.7183

U =7.75 (from Appendix 30).

L 0.818 (from Appendix 3D.

n =1

(2.718,1)V- 7. 5 /1 O< R < (2.7183) -0 .8 1 8/10

Confidence Interval:

0.46< R <0.92

The point estimate arnd 90 percent two sided confidence interval calculated from the above

imple, using the binomial distribution is:

Point estimate:

R= 1 -1/10=0.90

Lower limit (for defectives):

a.+ (n- a +1) F1

When:~

a =1 (number of defective systeis)
n a10 (number of systems)

60.
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Degrees of freedom:

V1 =2 (10-1 +1) =20

V2 =2x1=2

F1 = 19.4 (from Appendix 3E Table 2B)

P1 0.0051

1 + 10 x 19.4
Upper Limit (for defectives)

(a +1) F2

(n-a)+(a+1) F2 )

When:

"a = 1 (number of defective systems)

n = 10 (number of systems)

Degrees of freedom:

V1 = 2(1+1)=4

V2 = 2(10-1)=18

* F2 = 2.93 (from Appendix 3E table 2A)

2 x 2.93 =0396
"9 + 2 x 2.93

Confidence interval:

, 1 =(0.396) 0.604 < R • 1 - (0.0051) =0.9949

"0°

0'

. - •r1
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Downloaded from http://www.everyspec.com



- A (2) A system's reliability was calculated from a total of 200 test specimens and found

to be R 0.995. Tne 95 percent one sided lower confidence limit is:

i1 Upper Limit (for defectives):
"(a+ 1) F2

P2 (
(n - a) + (a + 1) F2'

When:
a = 0.005 x 200 = 1 (average number of defectives)

n = 200

Degrees of freedom

V1 =2(1 +1)=4

V2 = 2 (200-1) 398 oo

"* "F 2 = 2.37 (Wrom Appendix 3E Table 2A)

SP2 = 2 x 2.37 = 0.0233

(200-1) + 2 x 2.37

Lower confidence limit:

R = 0.995 - 0.023 = 0.972

B. Factorial Experiment

This example demonstrates how factorially designed environmental experiments can
be used in combination with tests of increased severity. A simple three-treatment-experiment

* - example is given below. The treatments used in this example are identified and defined as follows:

Identification Treatment

A Transportation vibration

B Flight shock

O C High temperature

. * . . . . ..-
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For purposes of the factorial design, each treatment is considered to have two levels:

a. Lower level is the absence of the treatment (designated by subscript 11.

b. Higher level is the presence of the treatment (designated by subscript 2).

The total number of possible combinations of three treatments, each at two levels, is two cubed
or 8. These 8 combinations can be written in the following pattern:

A1  A2

BI B12 ' B B2

C1  (1) b a (a+b)

C2  c (b+c) (a+c) (a+b+c)

A minimum of 8 items would be required for this plan, each receiving different treatment combina-
tions as follows:

Item Number Treatment combinations

1 None (1)

2 B only

3 A only

4 A+1B

5 C only
I

6 B+C

7 A+C

8 A+B +C-

By using the letters (a, b, and c) and symbol (1) to represent the results obtained from testing the
eight items, it can be shown symbolically that the treatment effects can be independently deotr-
mined, using the total number of items in the entire experiment for each treatment as follows:

Effect of treatment A

a + (a + b) + (a + c) + (a + b + c) -

"((i)+b+c+(b+c)] =4A
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I

Effect of treatment B

b+(b+c)+ ia+b)+(a+b+c) -

[(1)+c+a+(a+c)] =4B1

Effect of treatment C

c + (b + c) + (a + c) + (a + b + c) -

[(1) +b +a + (a + b)j =4C

One-fourth of these differen-es equals the average effect of the respective treatments. From the
above equations it can be seen that the results obtained from the eight items have been used three
times - once for each treatment, This procedure produces an effective sample size equal to 3 x 8,
or 24 items. Each treatment effect has been determined independently of the others with a preci-
sion equal to the total number of items used in the experiment.

The above three-factor factorial can be used as an example of a fractional factorial design
as follows:

A1  A2

B1  B2 Bj 82

C1  b a -

C2  'c -(a+b+c)

A minimum of four items is required in this design. As before, the separate effects can be deter-
mined by a process of summation and subtraction as follows:

Effect of treatment A

a+(a+b+c) - (b+c)=2A

Effect of treatment B

b+(a+b+c) -(a+c)2B-

Effect of treatment C

c + (a +b +c) - (a +b) 2C

One-half of these differences equals the average effect of the respective treatments.

64
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When there is only one item available for each treatment combination, and only success
and failure data are available, the usual analysis of variance cannot be used but the remaining ad-
vantages of the factorial design (given previously) still pertain. The above differences, which will 0

be binomial proportions in this case, can be compared by-the Fisher exact method for 2 x 2 contin-
gency tables (ref. 7) to determine the treatment effects. A very convenient set of tables for this .

purpose can be found in ref. 8,* which contains tables of minimum contrasts based on Fisher's
exact method.

a. Sample calculations. The full three-factor-experiment used above might give the
following typical set of results, when the figure "one" is entered as a "failure" and a "zero" is
entered as a "success." It is assumed that a knowledge of the item being tested has led to the deci-
sion that transportation vibration, flight shock, and high temperature in that order, are the three
environmental conditions most likelv to affect the important functioning characteristic of this
item; this characteristic ;s waterproofness. The treatment procedure and worksheet (to record re- •
suits) for this experiment would be the following two-entry table. A plus-mark in the item column
means that the item received the corresponding treatment, while a "blank" means that the item did
not receive the treatment.

Treatment procedure.

Order of Item Number

Treatment 1-4 5-8 9-12 13-16 17-20 21-24 25-28 29-32 -.-.

Transportation vibration (A) + + + +

Flight shock (B) + + + +

High temperature (C) + + + + .

Results: Replication I 1 0 0 1 0 0 1 1

2 0 0 0 0 0 1 1 1

3 0 1 0 1 0 1. 1 1

4 1 1 0 1 0 0 1 1

Totals ,2 2 0 3 0 2 4 4

The results of one complete replication should be obtained under a single set of controlled condi-
tions (e.g., in the same day, same operators, same instruments, etc.), before going -to the next -
replication. This will make it possible to determine whether conditions changed significantly during
the experiment.

"See also Appendix 3A" .

,.,.... . . . . . . . . . . . . . . ... , ,. . .::::::-
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Placing these results in the usual factorial matrix, the following table would be obtained:

Al A2

B2  B, B2

C1  0 01

0 0 ,0 0

10 01

2 2 03

C2  0 ~0 1

0 2 4 4

In preparation for analyzing these results, the usual summing process would give the following
series of two-factor tables:

Summing over A:

61 82 Raw Totals'

*C 1  2 57

C2 4 6 10

Column totals 6 1117
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Summing over B:

A1  A2  Row Totals.

C1  4 3 7.

C2  2 8 10

Column
Totals 6 11 17 0

Summing Over C:

A1  A2 Row Totals

B1 2 .4 6 0

B2 4 7' 11

Column
Totals 6 ,11 17

"0.

Note that approximately 50 percent (17/32) failures were obtained. This is the condition under
which the greatest resolution of effects is obtained. Each one of the marginal totals is the sum of
16 observations. The results can now be analyzed and interpreted as follows:

Source Effects Test of Significance*

Main Effects

Transportation vibration (A) 6/16 vs 11/16 Non-significant

Flight shock (B) 6/16 vs 11/16 Non-significant

High temperature (C) 7/16 vs 10/16 Non-significant -

Replication 1. 4/8 Non-Aignificant,

2.3/8

3. 5/8

4.5/8

*From Appendix 3A Table 1.
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Source Effects Test of Sinnificance*

Interactions

"A x B 8/16 vs 9/16 Non-significant

"A x C 5/16 vs 12/16 Significant

B x C 8/16 vs 9/16 Non-significant

A x B x C 6/16 vs 11/16 Non-significant

*From Appendix 3A Table 1.

b. Interpretation (when the above order is used)

(1) The replication effect istnot significant. This means that the conditions of'
the experiment did not change significantly from the beginning to the end. Therefore, the results.
can be accepted as valid from this standpoint.

(2) None of the effects is significant except the A x C interaction.' This means U
that the combination of transportation vibration and high temperature treatments has caused
a larger difference in the number of failures than would be expocted due to chance variations alone.

(3) None of the treatments taken alone is significant, although the flight shock and
transportation vibration effects approach significance. These results suggest the need for additional
flight-shock and transportation vibration tests if these treatments are considered important from an •
engineering point of view.

These results show clearly that the combination of transportation vibration and . -

high temperature is the most severe condition. From this, reliability should be defined in terms
of waterproofncss after transportation vibration and high temperature. If this reliability is .
acceptable, the waterproofness reliabilities under all of the nther conditions used will ,also be'
.,ceptable.

C. Tests of Increased Severity

a. Bruceton method (ref. 3). The results from the factorial experiment described
above show that the Bruceton "up-and-down" procedure can be conducted, by varying the severity - .
(g-force level) of the transportation vibration treatment and using the same high temperature (with- -

out variation) as that used in the factorial experiment. This can be done since the high temperature .
main effect (difference in the number of failures between the presence and absence of this treatment) -
is not significant. ,Assuming that the average g-force expected in use is 4 g's with a standard deviation
of 2 g's, then ,'sing increments of 2 g's and starting'at 6 g's, apply the vibration and temperature
treatments and conduct the waterproofness test on one new, unused item. If the item does not .
fail, increase the g-level one increment and again test one new, unused item. Continue this process
of increasing the g-level one increment at a.time and testing one new, unused item at each g-level
until the first failure is obtained. Then reversethe process by decreasing the g-level one increment
:'* a time and testing, onernew, unused item at each g-level until an item successfully passes the
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waterproofness test. Repeat the process of increasing the g-level to failure and decreasing the g-level
to success, until at least 12 items have been made to fail in this manner.

Ordinarily the Bruceton method would not be used for this test. Since the result of •.
each test must be known before the next test can be run, this method would consume far too much
time. It is used here for demonstration purposes only. In practice the Two-stimuli method should
be used for a test of this kind, since several of the tests could be conducted concurrently with a
considerable saving of time.

Record the results in graphic form for convenience and count the number of failures
obtained at each g-level. The following can be used as an example of the type of observed data that
could be obtained:

Diagram Number I Distribution of fail, -.

22

2
20-

18

16

14-" 1

12 Total 12 -

10 where:

*8 + =Success.

"6-.................................."= Failure..

Calculate the average (X) and standard deviation (s) of the failure rate as follows (ref. 3):

Where: ,

x k x k

AZ fx; B j f(x)2

k Number of g-levels over which the failures aredistnbuted.

f - Observed frequency of failure.
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x = Code numbers used for ease of calculation.

X = .y'+d(A/N - 1/2)

S 1.62d (NB- -A2)N" +.029 
-.. '

Where:

yl = Lowest level at which a failure is obtained.

d = 2 g's. - the increment used.

N = Total number of failures.

This formula for the standard deviation is an approximation which is quite accurate when (NB -A)

exceeds 0.3. N

Usingthese formulas and the observed data, the average and standard deviation for the

above example can be calculated as follows:

f x fx fx2

4 4 16

2 3 6 18

5 2 10 20

3 1 3 3

1 01 0 0 .

N=12 A=23 B-57

X2 =14 + 2(21/12- 1/2) 16.8 g's

s2  1.62x L x 12)2( + 0.2 9 3.58 g's
(12)2

The cumulative frequency of the observed failure distribution plotted on linear probabi-
lity paper closely approximates a straight line. From this it can be concluded that the assumption of
normality is sufficiently valid for use as a basis to predict the expected reliability-in-use.
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Therefore, the point estimate for the (waterproofness) reliability-in-use can be

calculated as follows:

- -P

Where:

P = The probability of failure-in-use.

The probability of failure-in-use can be measured by the area under the normal
curve associated with the Z-value calculated as follows:

Z = (X1 X2 )- (M1 "M2 )

,V 2 2
01+ 2 02

When: X1 >.X2 a failure is-obtained.

Z• M2"M1

2--2
AVa1 +2

Where:

X, =Any stress value.

X2= Any strength value.

M1 = True mean of the stress distribution.,

M2= True mean of the strength distribution. .

2
a 1.- True variance of the stress distribution.

0 2 =True variance of the strength distribution.

M2 -M1 Iii:ii::

* aety margin.
M1

The relation between the safety margin and a measure of probability is shown above.

If the product of the safety margin and the average stress In use is1divided by a +

we have a measure of probability - the standard deviate.

. . . . . . . .. . . . . . . . . . . . .. -. . . . . .
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Graphically, the relationship between the test conditions and use condition can be
depicted as follows:

Diagram Number II

Use condition Test condition
'Stress Strength

100% - -. -

50% x
Y S2

I SXI y

x 1 X2  X1  X2

Where:

The hot izontal axis represents the g-forces increasing to the right. The bell shaped
curve represents the distribution of g-forces under the use condition (the stress curve). ,

The S-shaped curve represents the distribution of failures under the test condition
obtained by the Bruceton method (the strength curve).

When:

X= 4 g's-an estimate of M1 the true average stress.

s =2 g's, - an estimate of 01 the true standard deviation of the stress.

X2 = 16.8 g's - an estimate of M1 the true average strength (the 50 percent point on ,
the 'strength curve.)

s2 = 3.48 g's - an estimateof (2, the true standard deviation of the strength.

X, =any stress value.

X2= any strength value.

From the'above, the aven.ige (point estimate) reliability-in-use can -be calculated as follows:

X2jX12

16.8- 4.0 "3..2T; .... > 3.12"

%/,3.68)2 + (2)2
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From Appendix 3G the probability of a failure-in-use associated with this T-value is: P1 < 0.00090.

.Reliability Point Estimate:'

>1-0.00090 0.99910

The !ower confidence limit for the one sided 95 percent confidence level can be calculated as follows:

The 95 percent singlk sided lower confidence limit of the average strength: .-

- ts2  e.
X2 (see ret. 3)

"V2

Where:

2= 16.8 - the observed average strength.

t =1.80 - the t-value associated with the single sided 95 percent confidence level

and eleven (n2 -1) degrees of freedom found in Appendix 3F.

s2 = 3.58 - the standard deviation of the strength.

n2= 12 - the sample size used to determine the strength.

Then the 95 percent single sided lower confidence limit for the strength is:

16.8- 11.80) (3.58) = 14.94 0

712..
The lower bound of the reliability-in-use can be calculated as follows:

14.94 - 4.0
T2~

(3.58)2+12)2

T2 > 2.67

The probability of • failure-in-use associated with this T-value (appendix 3G) is:

P0.0038

The lower bound of the reliability-in-use is:.

R>1 - 0.0038 0.9962

These values are the predicted reliabilitie--in-use. They have been demonstrated with a
total of 62 items (32 in the factorial experiment and 30 in the Bruceton up-and-down method). To
demonstrate this reliability by doing all of the testing at the use condition, would require that 786
items be tested withou. a single failure.
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b.. Two stimuli method. The results of the factorial experiment described above can
also be used to exemplify this method of predicting reliability-in-use. Beginning at one increment
(one standard deviation) above the average use-condition, the g-level can be increased one increment
at a time (as in the Bruceton method) until the first failure is obtained. The proportions of failures
at this point and at a point three increments above this point are as follows:

Proportions
g-level of failures "-'.'-

12.0 1/10

18.0 6/10

This method (under these conditions) required a total of 23 test specimens - 3, before obtaining
the first failure and 10 at each of the two points on the curve.

_ Calculate the average (H) and the standard deviation (S) of the failure rate as follows
(ref. 10): H X1 +d (H)'

S=d S1

Where:

X= 12 g's the weaker stimulus.

P1 = 0.10, the proportion of failures at 12 g's.

P2 = 0.60, the proportion of failures at 18 g's.

d 6 g's (18 - 12 g's) the increment used.

H- 0.8350, the factor associated with P, and P2 in table II oi ref. 10 for

calculating the average.

S1  0.6515, the factor associated with P 1 and P2 in table II, of ref. 10 for
calculating the standard deviation.

H" =Average (50 percent point) of the failure distribution (strength) curve.

S Standard deviation of the failure distribution (strength) -cume.

When:

H 12.0 + 6.0 (0.8350) 17.0 g'-,.

S (0,6515) 3.9 g's.

-,.. . . . ..-. .....-
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These same values can be obtained graphically by simply plotting the proportion of
failures versus the correspcndinq g-forces on linear probability paper. The average is the g-force
corresponding to the 50 percent point, and the standard deviation is the slope of the line thru the
two points, or is the difference between the g-forces corresponding to the 16 and 50 percent
points.

Using these values for the average and standard deviation, the point estimate and lower
confidence limit for the (waterproofness) reliability-in-use can be calculated as in the examples for
the Bruceton method.

0
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APPENDIX 2

r1 GLOSSARY OF TERMS

Attribute

A qualitative characteristic (such as acceptable or rejectionable, success or failure,
rusted or not rusted, wet or dry, black or white, miss or h~t), which can have two or more categories.

Attribute data

Data denoting a qualitative characteristic. This type of data can have only discrete
r*A values and is derived by counting the number of times each category occurs, such as, four failures

and six successas.

Best Estimate

* An estimator is said to give the "best Estimate" of the true population parameter if it,
• "complies with the following requirements which are taken as the definition of the word "best":

"A. The average of all possible values of the estimator equals the true population
parameter.

B. In any particular case the deviation of the estimator from the true population

. parameter is less than any other possible estimator.

Binomial data

SAttribute data that has only two categories or only two possible outcomes such as
success and failure.

Blocking

" ctl In experimental design, a block is a homogeneous group of items, all treated under
*controlled conditions such as by the same operator, the same calibration of the measuring instru-

ment, or the same short period of time. The purpose of blocking is to reduce the effect of the hetero-
-geneity of material and changing conditions by dividing the experiment into rational subdivisions.

Confidence interval

The range of values within which the true population parameter (mean or standard devia-
"-- tion) is expected to lie. The confidence level associated with this interval is a probability statement

expressing the p'roportiofn of the time the true value is expected to be within the interval.
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Confidence level

The confidence level is the probability of being right in our predictions or conclusions.
This value is equal to one minus the error of the first kind. The magnitude of this error that can be
tolerated should be established during the planning stage of the experiment (prior to data collecting)
based on the consequences of being wrong and thereby establish the confidence level.

Confouonding

When certain comparisons can be made only for treatmeni in combination and not for
separate treatments, those treatment effects are said to be confounded. Conclusions drawn about
the separate effects in this case will be ambiguous. Confounding is often a deliberate feature of
the experimental design but may arise from inadvertent imperfections.

Criterion

The measu. able characteristic used to eva!uate the treatment effects. Criteria can also
be considered as the dependent variables used as a standard of reference to distinguish between the
independent variable effects. Velocity, functioning time, voltage, rate of detonation, etc., can be
criteria.

Degrees of freedom

The number of degrees of freedom is equal to the number of independent observations
minus the number of parameters (such as the mean) estimated. That is, degrees of freedom usually
equal the sample size minus one. In computing the variance for example, only (n-i) of the devia-
tions from the mean can be independent. The nth deviation has to be restricted in order to make
the sum of all "n' deviation total zero.

Effect

In statistics the meaning of the word effect is synonomous with the word difference.
A treatment effect is the difference causecd by the treatment, such as the difference in the measured
results before and after the treatment.

Efficiency

An estimator or an experimental design is said to be effici nt if a given precision can be
obtained with a smaller sample size or with less time and cost.'.

Error

Chance variations are considered errors in statistics. Devi tions from the expected value,
due to chance, form the familiar bell shaped normal curve. This is sometimes called the'normral
curve of error. Error in the 'statistical sense does not imply that a mistake has been made.

-77
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Error mean square

The error mean square is the variance and is also the square of the standard deviat-- ,.
It is calculated by finding the sum of the squares of the deviations of the individual sample values
from their mean and dividing by the number of degrees of freedom. I

Error of estimate

The difference between an estimated value and the true value.

Error of first kind

If, as a result of a statistical test, the null hypothesis is rejected when it is true, then it
is said that an error of the first kind is committed. This type of error is also called:

a. The alpha error. 4

b. The producer's risk.

c. The risk of rejecting, good material.

I
The magnitude of this error should be established from the consequences of being wrong and con-
trolled at that level by calculating the required sample size.

Error of observation

An error of observation arises from imperfections in the method of measurement or
from iuman mistakes.

Error ofsecond k;nd

If, as a result of a statistical test, the null hypothesis is accepted when ,it is false, then it -

is said that an error of the second kind is committed. This type of error is also called:

a. The beta error.,

b. The consumer's risk.
.4

c. The risk of accepting poor material.

After-the error of the first kind has been established, the error of the second kind is controlled by the
sample size., This error is very important in Ordnance work because it controls the probability of
accepting poor material.

Estimate

An estimate is the particular value obtained by an estimator in a given set of circumstances.

-I
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Estimator

An estimator is the method of estimating a constant of a parent population. It is usually
expressed as a function of sample vaues (such as the average) and therefore is a variable.

Experimental error

Experimental error is the chance "iriation -to be expected under controlled conditions.
It is not the result of mistakes in experimental design or avoidable imperfections in technique.

Experimental unit

An experimental unit is the smallest subdivision of the experimental material that can
receive different. treatments in the actual experiment. It is also known as a test specimen.

Factor 0

A factor is a quantity under examination (in an experiment) as a possible cause of
variation. In practice tne terms factor, treatment, and variable are loosely used interchangeably in
this sense.

Factorial experiment

An experiment which investigates all of *the possible treatment combinations that may
be formed from the factor versions under investigation.

Fractional factorial experiment

This is a fractional part of a factorial experiment. When three 0r more factors are used
in a factorial experiment only a fractional part (1/2, 1/4, 1/8) of the total number of possible corn-
binations need be used if certain of the interactions can be considered negligible. This device can
be resorted to without loss of efficiency when the number of factors to be investigated makes the
full fattorial so large that it is impractical to use.

Hypothesis

A hypothesis is a contention based on preliminary observation of what appears to be. -

fact. It is the prediction derived from past experience that is to be verified or rejected by experimen-
tation. Natural "laws" are hypothesis which have been subjected to various tests and have been7
accepted. In statistical tests two hypothesis are used: .

a. The null hvpothesis is a hypothesis of "no difference." This is the assumption-
that the contemplated changes wiil make no difference. This hypothesis is formulated for the
express purpose of being rejected in the process of controlling the error of the first kind.

b.' The alternative hypothesis is the operational statement of the experimenter's
prediction. It is the positive statement ýthat the changes will make a detectable difference. If the
resultant data reject the null hypothesis the alternative hypothesis will be accepted.
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Independence

Measurements are independent if the taking of one does not effect any of the others. That
is, there is no correlation among them. Treatment effects are said to be independent if, in an ortho-
gonal experiment, there is no interaction.

Interaction

Interaction is a measure of the extent to which the effect of changing the level of one
factor depends on the level of another factor. Interaction is said to be present when a certain parti-
cular combination of treatn'ents produces unusual (unpredictable) results. Only factorial type ex-
periments can measure interaction effects.

Levels

The level of a factor (or treatment) denotes the intensity with which it is used or applied.
Levels of a factor may be either qualitative, such as presence and absence of the treatment, or the
levels may be quantitative, such as the number of volts applied.

Main effects

A main effect is the average difference(s) bet, -een (or among) the levels of a variable o- 0
treatment when averaged over all of the other treatmens which form a part of the same orthogonal
experiment. If significant interaction effects are present, care must be taken in stating the main
effects. In such cases the level of the interacting treatment associated with the stated main effect
must also be stated.

Normal distribution

The 'physical appearance of a normal distribution is the familiar bell-shaped curve.
A normal distribution can not, be represented by only a single curve. It is actually a family of
curves whose areas under them are distributed in a very specific manner. A normal curve has the
following properties: S

a. Continuous.

b. Symmetrical.

c. Unimodal.

d. Asymptotic to x-axis.

e. Completely described by the mean and standard deviation.

f. The distance between the ordinate of the mean and the inflection point on either
half of the curve is equal to the standard deviation.

g. The area included between the ordinates drawn thru the two inflection points equals
68.27 percent of the total area under the curve.

Go
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Parameter

A parameter is a quantity such as the mean or standard deviation, calculated from a popula- S

tion. The populatio," mean and standard deviation are parameters and as such are constants. In actual

practice parameters are usually unknown. -"- '•"

Point estimate

This is' one of the two principal bases of estimation in statistical analysis. Point estimation

endeavors to give the best single estimated value of'a parameter, as compared with interval estimation

which specifies a range of values. Since a point estimate includes an error of measurement, the

difference between a point and an interval is not always clear, In interpretation they often amount

to the same thing.
S

Population

A population is any set of individuals or objects having some common observable character-
istic. The term population may refer either to the individuals measured or to the measurements them-
selves. A population is usually considered to consist of an infinite number of individuals. The curve

of the normal distribution graphically represents a population.

Precision

Precision is a property of the-measuring system and refers to the ability of the system to

reproduce previous resufts. Precision should be distinguished from accuracy which refers to the mag-
nitude of the difference between the observed values and the true value o' the characteristic being

measured. Precision should also be distinguished from the sensitivity of the measuring system which
is the ability of the system to detect actual variations that occur. An insensitive system will give
the false impression of high precision (small variation).

Probabi'lity .

In applied statistics probability can beconsidered a relative frequency or a simple proportion.
Probability is the relative frequency of events in a ve-y long sequence of trials. For example, the "- . . -

probability of a particular coin falling heads up is the ratio of the number of heads occurring to the
total number of trials in a stquence of trials. In somewhat similar fashion a normal distribution can be 0
formed from a very large body of. data. As a result, the area under the normal curve is used as a
measure of probability.

Randomization

The word randomization has a very special technical meaning in statistics. It means rearranging
a group of items or numbers into a series or sequence having no recognizable pattern. The essential

* feature of randomization is that is should be an objective impersonal procedure. Whether or not.
proper randomization has been obtained should not be d~etermined by an examination of the indivi-
duals randbmized, but rather by examining the properties of the procedure by which randomization was .. ".-.-.
accomplished. The objectives of randomizing are as ;ollows:

a. To give the laws of chance free play.

b. 'To give every possible sequence an equally likely chance of occurring. . .. .
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c. To assure that adjacent individuals are completely independent.

d. To remove biases of any kind.

e. To prevent systematic error.

Reliability

In missile technology reliabi!ity is the probability of success in performing a specified 0
(unction, under a specified condition, for a specified length of time, and after a specified period of
time. From this it is clear that any particular component can have many reliability values
simultaneously-one for every possible combination of function, condition, and time.

Replication

Replication is the performance of an experiment in its entirety one or more times. Two
or more replications are usually for the purpose of obtaining an independent measure of the sampling
or experimental error Replication should be distinguished from repetition, in that, replication means
repetition carried out under the same conditions, at the same time, by the same operators, with the
same instruments, and with the same homogeneous material. A replication is sometimes considered
a block.

S -mple

Any finite subset of a population is a sample of that population. 0

Sample size

The sample size is the number of items or individual values in the sample.

Standard deviation

a. Definition. The standard deviation is a measure of the variation among the individual
values in a sample and a measure of the dispersion among the individual values in a frequency dis-
tribution. It is the most efficient measure of precision and is designated by the lower case letter
"s". This value is large for large variations (poor precision) and small for small variations (good 0
precision). Although the word "error", is sometimes used in referring to the standard deviation
or its square (the variance) these values can measure only precision in the true sense of the word.
They do not measure accuracy.

If the term standard deviation is stated alone and not modified or otherwise qualified by
an accompanying word or phrase, it is understood that the term refers to the standard deviation of
the Individual samole measurements. This value can be calculated from, the sample data and is a
variable.
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There are two addixional kinds of standard deviations:

1. The population standard deviation which is a constant and cannot be calculated
from the sample data. This value is designated by the small Greek letter sigma and is usually con-
sidered unknown unless a very large body of data is collected to measure it or unless it is assigned
a value as in a specification requirement.

2. The standard deviation of the mean is a measure of'the variation among several -2
sample averages. This value can be calculated from sample data and it is a variable. It is usually 0
designated by the lower case letter "s" with the subscript X. If a!l of the sample sizes are equal this
value can be calculated by dividing the standard deviation of the individual sample values by the
square root of the number of individual values in each of the samplez.

b. Calculation of the standard deviation for variable type data:

i n _ in _ _- n_ 2.-___ _ _ _:.-

sS

(X 'xi12 x.)2 \i=1 x 7" :::::::'

Sn-= n-1

where:

s = Sample standard deviation of the individual values.

nS

This symbol means to add all of the "n" quantities

i 1 designated by the paienthesci. It is read: sum from i = 1 to i = n.

X = Sample average.

xi= Any one of the "n" values that make up the sample.

n = Si.. ,.,- size or the number of individual values that make up the sample.

(n-i) Number of degrees of freedom associated with the standard deviation. j
S2 Sample variance of the individual values.

s/ • " Sample standard deviation of the mean (s,,,. 9-_

Statistic ...-.

A statistic is a summary value calculated from a sample of values. The sample mean is
a stadistic and as such is a variable, not a constant.
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Statistical significance

A difference or an effect is said to be statistically significant if it is greater than that
expected due to chance alone. If the probability (chance) is very small that a value came from a
particular population, the difference between that value and the mean of the population is said
to be statistically significant.

Statistics'

The subject of statistics is the science of collecting, analyzing, and interpreting numerical

data.

Treatment.

In experimentation, a treatment is a stimulus which is applied in order to observe the effect
on the experimental situation. A treatment may refer to a physical substance, a procedure, or-any-
thing which is capable of controlled application. In statistical parlance a treatment is the variable,
being studied or the experimental condition.

True Value ,

The true value is another expression for a population parameter such as the population
mean or standard deviation. The true value can also be the expected value or the theoretical value.

Validation

Validation is a procedure which provides, by reference to independent sources, evideni.
that an inquiry is free from bias, or otherwise conforms to its declared purpose. In statistics it is
usually applied to a sample investigation with. the object of showing that the sample is reasonably - -

representative of the population and that the information collected is accurate.
•

Variabie

A variable is any quantity (or meastirable characteristic which varies. More precisely in
statistics a variable is any quantity w ich can have any one of a specified set of values. " "

Variable data .

Variable data is a term u to describe a type of data tnat can vary on a continuous scale
from zero to infinity. Weight in pounds, length in feet, E.M.F. in volts, and temperature in degrees
are variable type data..

Variance

Variance is a measure of v riation in a sample, or dispersion in a frequency distribution. .

The variance is equal to the square of the standard deviation.

'84
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APPENDIX 3A

Table I

MINIMUM CONTRASTS 95% (TWO SIDED) TEST

N = TOTAL NUMBER OF TRIALS IN EACH SAMPLE

N No, of A*s in Sample (1)/No. of A's in Sample (2)

4 0/4 1/-

5 0/4 115 2/-

6 0/5 1/6 2/-

7 0/5 1/6 2/7 3/-

8 0/5 1/6 2/7 3/8.4/-

9 0/5 1/6 2/8 3/8 4/9 5/-

10 0/5 1/7 2/8 3/9'4/10 5/10 6/-

11 0/5 1/7 2/8 3/9 4/1o 5/11 6/11 7/-. _

12 0/5 1/7 2/8 3/9 4/10 5/11 6/12 7/12 8/-

13 015 1/7 2/8 3/9 4/10 /11 6/12 7/13 8/13 9/-

14 0/5 1/7 2/8 3110 4/u 5/12 6/12 7/13 8/14 9/14 10/-

15 0/5 1/7 2/9 3/10 4/11 5/12 6/13 7/14 8/14 9/15 10/I1 3-1/-

16 0/5 1/7 2/9 3/10 4/11, 5/12 6/13 7/14 8/15 9/15 10/16 11/16 12/-

" 17 0/5 1/7 2/9 3/10 4/11 5/12 6/13 7/14 8/15 9/16 10/16 11/17 12/17

13/-

18 0/5 1/7 2/9 3/10'4/1u 5/12 6/13 7/14 8/15 9/16 10/17 11/17 12 A:

13/18 14/-

19 0/5 1/7 2/9 3/10 4/n. 5/12 6/14 7/"4 8/15 9/16 10/17 11/18 12/18

13/'19 14/19 15/-
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APPENDIX 3A

Table 1 (Continued)

MINIMUM-CONTRASTS 95% (TWO SIDED) TEST

N = TOTAL NUMBER OF TRIALS IN EACH SAMPLE 0

N No. of A's in Sample (1)/No. of A's in Sample (2)

20 0/5 1/7 2/9 3/10 4/11 5/13 6/14 7/15 8/16 9/16 10/17 11/18 12/19

13/19 10/20 15/20 16/-

30 0/6 1/8 2/9 3/11 4/12 5/13 6/15 7/16 8/17 9/18 10/19 16/25 17/25

20/28 21/28 23/30 24/30 25/-

40 0/6 1/8 2/9 3/11 4/12 5/14 6/15 7/16 8/18 9/19 10/20 23/33 24/33

27/36 28/36 30/38 31/38 33/40 34/40 35/-

50 0/6 1/8 2/10 3/11 4/13 5/14 6/15 7/17 8/18 9/19 10/20 11/22 29/40

30/40 34/44 35/44 38/47 39/47 41/49 42/49 "4/50 45/-

60 0/6 1/8 2/10 3/11 4/13 5/14 6/16 7/17 8/18 9/20 10/21 11/22 12/23

13/24 14/26 35/47 36/47 41/52 42/52 45/55 46/55 48/57 49/57 51/59

52/59 53/60 54/60 55/-

70 0/6 1/8 2/10 3/11 4/13 5/14 6/16 7/17 8/18 9/20 10/21 11/22 12/23

13/25 18/30 19/32 20/33 39/b2 40/52 46/58 47/58 51/62 52/62 55/65

56/65 58/67 59/67 61/69 62/69 63/70 64/70 65/-

80 0/6 1/8.2/10 3/11 4'13 5/14 6/16 7/17 8/19 9/20 10/21 11/22 12/214

13/25 14/26 15/27 16/29 23/36 24/38 43/57 44/57 52/65 53/65 57/69

58/69 62/73 63/73 65/75 66/75 68/77 69/77 71/79 72/79 73/80 74/80

75/-.
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APPENDIX 3A 0

Table 1 (Continued)

MINIMUM CONTRASTS 95% (TWO SIDED) TEST

N = TOTAL NUMBER OF TRIALS IN EACH SAMPLE

N No. of A's in Sample (1)/ No, of A's in Sample (2)

9' 0/6 1/8.2/10 3/11 4/13 5/14 6/16 7/17 8/19 9/20 1c/21 11/23 12/24

13/25 14/26 15/28 2C/33 21/35 31/45 32/47 44/59 45/59 56/70 57/70

63/76 64/76 68/80 69/80 72/83 73/83 75/85 76/85 78/87 79/87 81/89

8.2/89 33/90 84/90 85/-

1o0 0/6 1/8 Ž/1C 3/11 4/13 ý/15 6/16 7/17 8/19 9/20 10/21 11/23 12/24

13/25 14/27 18/31 19/33 25/39 26/41 60/75 61/75 69/82 69/82 74/87?

75/87 78/90 79/90 82/93 83/93 86/96 87/96 88/97 89/97 91/99 92/99

93/100 94/100 95/-

150 0/6 1/82/10 3/12 4/13 5115 6/16 7/18 8/19 9/20 10/22 11/23 12• '

13/26 14/27 15/28 16/30 19/33 2c/35 25/40 Z6/42 32/48 33/50 41/58

412/60 91/109 t2/l9 icl/U8 102/118 109/125 110/105 116/131 117/1l31 -

121/135 122/135 125/138 lZ6/138 129/141 130c/41 133/14.4 134/1..

136/146 13.7/146 139/148 14C/148 1i-/149 142/149 14.3/150 144/150 145::.r

2CC /0/.61/8 2/10 3112 4/13 5/15- 6/16 1/18 8/19 9/2110/22 11/23 12/-5

13/26 14/27 15/29 18/3l 19/34 22/37 23/39 z4143 28/•5 3W/50 34/5,2

41/59 42/61 51/7C 52/72 65/85 66/87 114/135 115/13$ 129/149 L%0/149

140/159 141/159 149/167 15C/167 156/173 157/173 162/178 163/17_

167/182 168/182 172/186 173/186 176/189 177/189 18C/192 181/192

-183/194 181&/19'4 186/196 187/196, 1839/198,190/198 191/199 192/199

193/200. 14 /2W0 !W-
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APPENDIX 3A

Table I (Continued)

MINIMUM CONTRASTS 95% (TWO SIDED) TEST

N TOTAL NUMBER OF TRIALS IN EACH SAMPLE 0

N ND, of A's in Sample (1)/ No. of A's in Sample (2)

300 0/6 1/s 2/10 3/12 4/U 5/15.6/16 7/18 8/19 9/21 10/22 1t/24 12/25

13/26 14/28 15/29 16/30 17/31 18/33 19/34 20/35 21/37 24/40 -25/42

29/46 30/48 35153 36/55 41/60 42/62 48/68 49/70 56/77 57/79 66/88

67/90 78/101 79/103 95/119 96/121 180/205 181/205 198/222 199/222

211/234 212/234 222/244 223/244 231/252 232/252 23q/259 240/259

246/265 247/265 253/271 254/271 259/276 26G/276 264/280 265/280

268/283 269/283 273/287 274/287 277/290 278/290 280/292 281/292

283/2c)4 284/294 286/296 .287/296 289/298 290/298 291/299 292/299

299/300 294./300 295/-
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APPEND',X 3A

Table 2

MINIMUM CONTRASTS 99% (TWO &IDED) TEST

N = TOTAL NUMEER OF TRIALS IN Ed"CH SAMPLE

SN of A's in- Sazple (1)/ 'o, -f A's in Sa.p,...

5 0/5 i/-

6 o./6 1/-

7 0/6 1/7 2/-

8 0/6 1/8 2/8 3/-

9 0/6 1/8 2/9 3/9 4/-

10 0/7 1/8 2/9 3/10 4/-

11 C/7 1/8 2/9 3/10 4/11 51-

12 0/7 1/8 2/10 3/11 4/11 5/12 6/-

13 0/7 1/9 5/13 6/13 7/-

14 0/7 1/9 6/14 7/14 8/-

15 C/7 1/9 7/15 8/15 9/-

16 0/7 1/9 2/10 3/12 4/13 5/14 6/14 8/16 9/16 10/-

' 17 0/7 1/9 2/11 71,6 8/16 9/17 10/17 11/-

18 0/7 1/9 2/11. 8117 9/17 10/18 11/18 12/-

19 0/7 1/9 2111 9/13 10/1.8 11/19 12/19 13'-,

* 20 0/7 1/9 2/1:. 4/3 51•$. 6/16 7/16 0.o/15 11/19 12/20 13/20 U1/-

30 '0/ I/1c 2/12 3113 4/15 10/21 16/27 17/27 18/28 19/29 20/29

21/30 22/30 2,y/.

40 0/8 1/ti 2/12 )/14 4/15 5/17'$/•o 9/22 .19/)2 2/32 24//36 2l/36

27/38 28/38 29/39 309 31/40 32C 33/t-

50 0/8 1/10 2/j2 3/1h. 4/5 5/1,7 6/18 7/2C 9/22 2.0/24 V/41 28/41

31/41. 32/44 34/46 35/46 37/4,8 38/48 )19/49 40/49 41/0042/50 43/-
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APPENDIX 3A

Table 2 (Continued)

MINIMUM CONTRASTS 99% (TWO SIDED) TEST

N = TOTAL NUMBER OF TRAILS IN EACH SAMPLE

N No. of A's in Cample (1)/Noo A's in Sample (2)

60 0/8 1/10 2/12 3/14 4/16 5/17 6/19 8/21 9/23 11/25 12/27,

19/34 20,/36 24/40 25/41 26/41 34/49 35/49 38/52 39/52

42/55 43/55 45/57 46/57 47/58 48/58 49/59 50/59 51/60

52/60 53/-

70 0/8 1/10 2/12 3/14 4/16 5/17 6/19 7/20 8/22 10/24 11/26

*e 14/29 15/31 21/37 22/39 32/49 33/49 34/50 40/56,41/56

45/60 46/60 49/63 50/63 52/65 53/65 55/67 56/67 57/68

" 58/68 59/69 60/69 61/70 62/70 63/-

80 0/8 1/1o 2/12 3/14 4/16 5/18 6/19 7/21 9/23 10/25 12/27

13/29 16/32 17/34 24/41 25/43 38/56 39/56 47/64 48/64

52/68 53/68 561 57/71 60/74 61/74 63/76 64/76 65/77 66/77

67/78 68/78 69/79 70/79 71/80 72/80 73/-

: 90 0/8 1/10 2/12 3/14 4/16 5/18 6/19 7/21 8/22 9/24 1/26 12/28

15/31 16/33 19/36 20/38 28/46 29/48 43/62 44/62 53/71 54/71

- 58/75 59/75 63/79 64/79 67/82 68/82 70/84 71/84 73/86 74/86

75/87 76/87 77/88 78/88 79/89 80/89 81/90 82/90 83/-.

. 100 0/8 1/1a 2/1U 3/34 4/16 5/18 6/19 7/21 8/22 9/24 10/25 11/27

14/30 15/3-2 18135 19/37 2341 24/43 33/52 34/54 47/67 48/67

58/7,7 59/77 64/82 65/82 69/86 70/86 74/90 75/90 77/92 78/92

80/94 81/94 83/96 84/96 85/97 86/v7 88/99 89/99 90/99 91/100

0 92/100 93/.1

90.
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APPENDIX 3A

Table 2 (Continued)

MINIMUM CONTRASTS 99% (TWO SIDED) TEST

N = TOTAL NUMBER OF TRIALS IN EACH SAMPLE

N No of A's in Sample (1)/Ne of A s in Sa7ple (2)

150 C/8 1/11 2/13 3115 4/16 5/18 6/20 7121 8/23 9/24 1G/26

11/27 12/29 '14/31 15/33 17/35 18/37 21/4C 22/42 26/46

27/48 31152 32/54 391/Cl 41/63 51/74 52/76 75/99 76/99

88/111 89/111 97/119 98/11) 103/124 1C4/124 1C9/129 1"0/129

114/133 115/133 113/136 119/136 122/139 123/139 14/11 126/141

128/143 129/143 131/145 132/145 133/146 134/146 13c/148 137/1-48

138/149 139/149 14C/150 141/150 142/150 143/-

20C C/8 1/11 2/13 3/15 4/16 5/18 6/20 7/21 8/23 9/24 10/26 11/27

12/29 13/30 14/32 16/34 17/36 19/38 2/40 23/43 24/45 26/471*<
27/49 31/53 32/55 36/59 37/61 43/67 44/69 51/76 52/78 63/89

64/91 110/137 111/137 123/149 124/149 132/157 133/157 140/164

141/16-4 14/1C9 17/169 152/174 153/174 156/177 1,7/177

161/181 162/181 165/184 166/184 169/187 170/167 172/189 173/189

175/191 176/191 178/193 179/193 181/195 182/195 183/1I.6 184/196

186/198 187/198 188/199 189/199 190/2CC 191/20C 192/2CC 193/-

300 C/8 1/11 2/13 3/15 4/17 5/18,6/2C 7/22.8/23 9/25 1C/26 11/28

12/29 13/31 15/33 16/35 17/36 18/38 2c/40 21/4 23/44 2I/46

27/49 28/51 31/54'32/56 35/59 36/61 4C/65 41/07 45/71 46/73 51/7C,

52/SC 58/'36 59/88 66/95 07/97 76/106 77/108 88/119 89/1ý21 1,-7/.6X

IC8/141 16C/193 161/193 18C/212 181/;12 193/224 194/224 2C4/234

2C5/234 213/242 214/242 221/249 222/249 228/255 2Z9/2ý1 234/26C

235/260 24./265 241/265 "45/269' 246/269 25V/273 251/273 25512707

256/277 259/280 26C/28C 263/283 264/283 266/285 267/285 27C/2'8-

27V/288 273/290 274/29C 276/292
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size

V•". F = Observed number of failures in a sample of N trials

c .5oo .8oo o .950 .990 .995
1 0 .500 .800 .900 .950 .990 .995

2 0 .129 .581 .684 .776' .900 .929
1 .198 .912 .•949 .975 .995 .995

3 0 .206 .430 .536' .632 .785 .829
1 .500 .733 .8o4 .865 .941 .959
2 793 .941 .966 .980 •.997 .998

4 0 .159 .349 .438 .527 .684 •.733
1 .386 .604 .680 .751 .859 .889
2 .614 .803 .857 .902. .958 .971
3 .841 .948 .974 .987 .997 1.000

0 0.129 0.275 0.369 0.451 o.602 o.653
1 0.314 0.490 0.584 0.657 0. 778 0.815
2 O.500 0.673 0.753 0.811 o.894 0.917
3 0.686 0.831 o.888 0.924 0.967 0.977

6 0 0.i09 0.235 0.3-9 0.393 0.516 o.586
"1 0 . 264 0. 422 O. 510 D.0582 0. 7o6 o. 746
""•2 0. 421 0. 58"5 o. 667 0. 729 0. 827 o. 856

S3 o. 579 0. 731 0. 799 --0.847 o. 915 0. 934

7 0 0.094 0.205 0.280' 0.348 o.482 0.531
1 0.228 0.371 o.453 o. 521 o.643 o.685
"2 o.364 0.517 o.596 o.659 0.764 0.797
3 O.500 O.650 0.721 0.775 o.858 0.882
4 o.636 0.772 0.830 0.871 0.929 0. 945

8 0 - 0.083 o. 182 0.250 0.312 O. 438' O.484
.1 0.201 0.330 dk406 0.471 O.590 0.632

2 0.321, o.462 o0.538 .o600 0. 707 0.742
3 0.4o0 0.584 0.655 0.711 0.802 0.830
_ O.560 0.697 0.760 0.807 0.879 0.900
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed dumber of failures in a sample of N trials

N C .500 .800 .900 . 99

9 0 0.074 O.164 0.226 0.283 O.401 o.445
1 o.18o 0.298 0.368 0.429 o.544 o.585
2 0.286 o.418 O.490 O.550 o.656 0.693

3 0.393 o.529 o.599 0.655 0.750 0.781

4 O.500 0.634 0.699 0.749 0.829 0.854
5 o.607. 0.732 0.790 0.831 0.895 0.913

10 0 O.067 0.149 0.206 0.259 0.369 O.411
"1 o.162 0.271 0.337 0.394 O.504 o. 544
2 0.259 0.381 O.450 0.507 0.612 0.648
3 0.355 o.484 o.552 o.607 .0.703 0.735
4 o.452 o.581 o.646 0.696 0.782 0.809
5 o.548 o.673 0.733 0.778 O.850 0.872
6 0.645 0.761 o.812 O.850 0.907 0.923

11 0 .061 0.136 0.189 0.238 0.342 0.382

1 o.148 0.249 0.310 0.364 o.470 O.509
2 0. 236 0.350 O.415 0.470 0.572 o.6o8
3 0.0324 o.445 0. 511 0.564 0.660 0.693
4 o.412 o.536 0.599 o.650 0.738 0.767

5 0.500 0.622 0.682 0.729 0.806 0.831
6 o.588 0.705 0.759 O.800 o.866 o.886

12 0 O.056 0.126 0.175 0.221 0.319 0.357
1 0.136 0.230 0.288 0.339 O.44O 0.477
2 0.217 0.324 0.386 0.438 0.537 o.573
3 o.298 o.412 o.475 0.527 0.622 0.655

S4 0.379 0.497 o.559 0.609 o.698 0.728
5 0.460 0.578 0.638 0.685 0.765 0.791
6 O.540 o.656 0.712 0.755 0.825 o.848

7 o.621 0.731 0.781 0.819 0.879 0.897

13 0 O.052 0.116 0.162 0.206 0.298 0.334
1. 0.126 0.213 0.268 0.316 0.413 o.449

0.200 0.301 0.360 0.410 0.506 0.541

3 0.275 0.384 04I 0.495 o.588 0.621S4 0. 350 o.463 O.15123 0.573 o.661 o.691

5 0.425 0.539 0.598- 0.645 0.727 o.755
6 0. 500 0.613 o.669 0.713 0.787 0.811
7 o.575' o.684 0.736 0.776 0.841 0.862 7.
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size

= Observed number of failures in a sample of N trials

F C .oo .800 950 .-990 o

".14 0 o.o48 O.109 o.152 0.193 0.280 o. 315
1 0.117 0.199 b.251 0.297 0.389 0.424
2 o.186 0.281 0.337 0.385 0.478 o. 512
3 O. 256 0.359 O.417 o.466 O.,57 o.589
4 0.326 0.434 0.492 o-54o 0.527 o.655
5 o.395 O.506 o.563 o.61o 0.692 0.720
6 o.465 0.575 0.631 0.675 0.751 0.777
7 o.535 o.643 0.695 0.736 o.805 0.828

S8 O.605 0.708 0.757 0.794 0.854 0.873

15 0 o.o45 0. 102 0.142 0.181 0.264 0.298
1 0.109 o. 187 0.236 0.279 0.368 o.402
.2 0.174 0.264 0.317 0.363 0.453 o.486

S3 0.239 0.337 0.393 0.44o 0.529 0.561
-4 0.305 0.407 o.464 0.511 0.597 0.627

5 0.370 0.476 0.532 0.577 0.660 0.688
6 o.435 o.542 o.596 o.64o 0o.718 0.744
7 O.500 O.606 o.658 0.700 0.771 0.795

S8 o.565 o.668 0.718 o.756 '0.821 o.841
- 9 o.630 0.728 0.774 0.809 o.865 0.883

16 0 o.042 o.096 o.134 0.170 0.250 0.282
1 0.103 0.176 0.222 0. 264 0.349 0.381
2 o.164 0.249 0.300 0.344 0.430 0.463

' 3 0.225 0.318 0.371 0.417 0.503 0.534
% 4 0.286 .0.385 0.439 0.484 0.569 o.599
S5 0.347 o.449 o.0504 o.548 0.630 o.658

6 ,o.k48 0.512 o.565 0.609 0.687 0.713
7 o.469 o. 573 o. 625 o.667 0. 739 0.764

S8 o.531 o.632 0.682 0.721 . 0788 0.810
" 9 o.592 O.690 0.737 0. 773 0.834 0.853

17 0 o.o4o 0.090 0.127 0.162 0.237 0.268
1 0.097 0.166 0.210 o.95o 0.332 0.363
2 0.154 0.235 0.284 0.326 0.410 o.441

*. 3 0.212 0.'301 O.352 .0.396 O.480 0.510
k4 0.269 0.364 o.416 0.,461 0.543 0.573
.5 0.327 o.425 0.478 0.522 0.603 o.631
-6 0.385 d.485 0.537 0.580 0.658. 0.685

.7 O.442 o.543 o.594 o.0636 0. 709 0.734
8 o.500 .o600 o.65o 0.689 0. 758 0.781
9 o.558 0.655 0.703 0.740 0.803 0.824
10 0.615 0.709 o.754 0.788 o.845 o.863
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UPPER. LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence leve:
N = Sample size
F = Observed number of failures in a sample of N trials

N F C .500 .800 .900 .9•50 99

18 0 0.038 O.086 0.120 o.153 0.226 0.255
1 0.092 o.157 0.199 0.238 0.316 0.346
2 o. 14 6  0.223 0.269 0.310 0.391 0.422
3 0.200 0.285 0.334 0.377 o.458 o.488
4 0.255 0.345 0.396 0.439 o.520 0.5499
5 0.309 0.404 0.455 0.498 0.577 o.6o5
6 0.364 o.46o 0.512 o.554 o.631 o.658
'7 0.418 0.516 0.567 O.608 o.681 0.707
8 o.473 o.570 o.620 o.659 0.729 0.753
9 0.527 o.623 o.671 0.709 0.774 0.795
10 o.582 0.675 C.721 0.756 o.816 o.835

19 0 0.036 o.081 O.114 O.146 0.215 0.243
1 0.087 0.150 0.190 0.226 0.302 0.331
2 0.138 0.212 0.257 0.296 0.374 O.404
3 0.190 0.271 0.0319 0.359 o.439 o.468
4 0.242 0.325 0.378 0.419 0..498 0.527
5 0.293 0.384 0.434 o.476 0.554 o.582
6 O.345 O.438 o.489 o.530 O.606 0.633
7 0.397 0.491 o.541 0.582 0.655 0.681
8 o.448 O,543 o.592 0.632 0.702 0.726
9 Moo o.594 o.642 O.680 0.746 0.768
10 o.551 o.644 O.690 0.726 0.788 o.808
11 0.603 0.693 0.737 0.770 0.827 0.845

20 0 0,034 0.077 0.109 0.139 0.206 0.233
1 O.083 O.142 0.181 0.216 0.289 0.317
2 0.131 0.202 0.245 0.283 0.358 0.387
3 O.181 0.259 0.304k 0.'344 0.421 o. 449
4 0.230 0.313 o.361 O.4ol o.478 o.507
5 0.279 0.366 o.415 O.456 0.532 O.560.
6 0.328 o.418 0.467 0.508 0.583 0.610
7 0.377 0.469 0.518 .0.558 0.631 0.,657

o 0.1426 0.519 0.567 O.606 0.677 0.701
9 o.475 o.568 o.615 0.653 0.720 o.'743
10 0.525 0.616 0.662 0,698. 0.761 0.782
11 a.574 0.663 0.707 o.741 0.800 0.819
12 o.623 0.709 0.751 0.783 0.837 0.854

21 0 0.032 0.074 0.104 0.133 0.197 0.223
1 0.079 0.136 0.173 0,207 0.277 0.304
2 0.125 0.193 0.234 0.271 0.344 0.372
3 0.172 0.247 0.291 0.329 0.404 0.432
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = Or--sided confidence level
N = Sample size
F = Observed number of failures in a samole of N trials

N F c .5o0 .8oo .900 90 .

4 0.219 0.299 0.345 0.384 O.046o D.488

5 0.266 0.350 0.397 0.437 0.512 0.539

6 0.313 o.4oo O. 448 o.487 o.561 0.588

7 0.359 o. 4 49 o.497 0.536 o.608 o.634

8 o.4o6 0.497 0.54.4 0.583 0.653 0.677

9 0.453 o.544 0.590 0.628 0.695 0.718

10 0.500 0.590 0.636 0.672 0.736 0.753

11 0.547 0.635 0.679 O.714 0.774 0. (795

12 0.594 0.680 0.722 0.755 0.810 o. 829
hi

22 0 0.031 0.071 0.099 0.127 O.189 0.214

1 0.075 0.130 0.166 0.198 0.266 2.292

2 0.120 O.185 0. 2214 0.259 0.331 0.358

3 o.164 0.237 0.279 0.316 0.389 0.416

4 0. 2C9 0.287 0.331 0.369 o.1443 0.1470

i 5 0.254 0.336 0.381 0.420 0.493 0.520

6 O.299 0. 3e3 0.430 o.468 o.541 o.567

"7 0.343 0. 430 0.477 0.515 0.587 0.612

"8 0.388 o.-476 o.523 o.561 o.630 o.655

9 0.1433 0.521 o.568 O.605 0.672 0.695

"10 o.1478 0.566 0. 611 o.647 0.712 0. 734'

i11 o.522 O.610 o.654 o.689 0.750 0.771

12 o.567 o.653 0.695 0.729 0.786 0.8O5

13 0.612 o.695 0.736 0.767 0. 821 0.838

"23 0 0.030 o.o68 0.095 0.122 0.181 0.206

1 0.072 0.125 0.159 o.190 0.256 0.281

2 0.115 0.177 0.215 0.249 0.318 0.345

3 o.157 0.227 0.268 0.304 0.374 0.1401

14 0.200 0.275. 0.318 0.355 0.427 0.453

5 0.243 0. 322 0.366 O.1404 0.1476 0.502

6 o.286 0.368 O.J413 o.-451 0.522 0.548

7 0.329 0.413 0.459 0.496 0.567 0.592

8 0.371 0.1657 o.503 o. 540 o. 609 o.634

9 o.1414 0.501 o.546 0. 583 O.650 0.674

10 o..45,7 o.5414 0.589 0.625 0.689 0.712

11 O.500 0.586 0.630 O.665 0.727 0.748

12 o.543 o.628 0.670 0.704 0.763 0.782

13 0.586 o.669 0.710 0.7742 0.797 o.815
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number c failures in a sample of N trials

F C _0 .800 .900 o.2L0 .2.9 22.

24 0 0.028 0.065 0.091 0.117 o.175 o.198
1 O.069 0.120 o.153 o.183 0. 246 0. 271
2 0.110 0.170 0.207 0.240 O.307 0,332
3 0.151 0.218 0.258 0.292 0.361 0.387
4 0.192 0.26h 0.306 0.342 0.1411 0.o438
5 0.233 0.309 0.352 0.389 0.459 0.485
6 0.274 0.354 0.398 o.435 o.5o04 0.530
7 0.315 0.397 o.1412 o.479 o.548 o.573
8 0.0356 o.144o o.1484 o.521 o.589 0.614
9 0.397 0.1482 0.526 o.563 0.6291 0.653
10 0.438 0.523 0.567 0.603 0.667 0.690
11 0.479 0.5t,4 0.608 0.642 0.70o4 0.726
12 0.521 o.604 0.647 o.681 0.740 0.760
13 o.562 o.6144 o.685 0.718 01774 0.793
14 0.603 O.(-83 0.723 0.754 O.80.6 0.824

25 0 0.027 O.062 0.088 0.113 O.168 0.191
1 .066 0.115 0.14- 0.176 0o2 237 0.262
2 0.16, 0.163, 0.199 0.231 0.296 0.321
3 O.145 0.210 0.248 0.282 0.349 0.374
4 o.184 0.254 0.295 0.330 0.398 o.1424"
5 0.224 0.298 0.340 o.375 O. o444 o.470
6 0.263 0.340 0.383 0.420 o.488 o.514
7 0.303 0.382 o.1426 o.1462 0.531 0.555
8 0.342 0.423 0.467 0.504 0.571 0.595
9 0.382 0.464 0.508 0.544 o.61o 0.633
10 0.1421 O.5014 o.548 0.o583 o.648 o.670
.11 i0.461 o.5544 o.587 o.621 O.684 O.705
12 0.500 0.583 0.625 0.659 0.71ý, 0.739
13 0.539 0.621 0.662 0.695 0.752 0.772
14 0.579 0.659 0.699 0.730 0. 7814 0.803
15 0.,618 0.697 0.735 0. 764 o.815 0.832

26 0 0.026 O.o060 0. 085 0.109 0.162 0.1884
1 O.o064 O.i11 0.142 0.170 0.229 0.253
2 0.102 0.157 .0.192 0.223 0.286 0.310
3 0139 0.202 0 239 0.272 0.337' 0.362
4 0.177 ,0.245 0.284 0.318 0.385 0.410
5 0.215 0.287 0.328 0.363 0.1430 0. 455
6 0.253 0.328 o0370 O.1405 0.1473 0. 498
7 0.291 0.369 0.411 0.447 0.514 0.538
8 0.329 o.1408 o.1451 o.1487 o.554 o.578
9 0.767 0.14148 0.491 0.526 0.592 0.615
10 O.h4c5 0.486 0.529 0.564 o.628 0.651
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N C .500 .80. .900 .9 50 JLO .995

11 0.443 0.525 0.567 0.602 0.664 o.686
12 o.481 o.562 o.604 o.638 o.698 0.719
13 0.519 0.600 o.641 0.673 0.731 0.751
14 o.557 0.637 o.676 0. 7o)8 0.763 0.782
15 o.595 o.673 0.711 0.742 0.794 0.811

27 0 0.025 O.058 0.082 O. 105 :.157 0.178
1 O. o61 0.107 0.137 o.164 J,222 0.245
2 0.098 0.152 o.185 0.215 C,.277 0. 300
3 0.134 o.195 0.231 0.263 0.326 0. 351
4 0.171 0.236 0.2775 0.308 0.373 0. 397
5 0.207 0.277 0.317 0.351 0.417 0.441
6 0. 244 0.317 0.358 0.392 o.458 O. 483
7 O.281 0.356 0. 397 0.432 O.k98 0.523
8 0.317 0.394 0.436 0.471 0.537 o 3E7
9 0.354 0.432 0.475 0.509 0.574 0.597
10 0.390 0.470 0.512 0.517 0.610 0.633
11 0.427 0.507 0.549 0.583 o.645 0.667
12 o.463 o.35I44 '0.585 o.618 0.679 0.1700 -
13 o.59o o.53o o. 620 0.653 0.711 0.731
14 0.537 o.615 0.655 0.687 0.743 0. 762 2
15 o.0573 o.651 0.689 0.720 0.773 0.791
16 O.610 o.686 0. 723 0.752 0.802 0.819

28 0 0.024 o.056 0.079 0.101 0.152 0.172
1 0.039 0.103 0.132 0.159 0.2).5 0.237
2 0.09h o.147 0.179 0.208 o. 268 C. 291
3 0. 130 0.188 0.223 0.254 0.1316 0. 340 ,
4 o.165 0.228 0.265 0.298 0.361 0. 385
5 0.200 0.268 0.306 0.339 o.4o4 O.428
6 0.235 0.306 0.346 0.380 O. 1h5 o.469
7 0. 271 0.344 C. 385 O.419 o.484 o. 508
8 0.306 0.381 0.422 0.457 0.521 0.545
9 0. 34i G.418 0.459 o.494 0,558 0.581
10 0.0377 0.454 0.496 0.530 0.593 0.616
11 0.412 0.490 0.532 0.565 0.627 0.649
12 o.k47 0.526 0.567 0.600 0.66o o.681
13 0.482 0.561 0.601 0.634 0.692 0.713
1L o.518 0. 596 0.635 o. 667 0.723 0.743k3
15 0.553 0.630 0.669 0.699 0.753' 0.772
16 o.588 0.664 0.701 0.731 0.782 0.800
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4

UPPER LIMITS OF E61NOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sai,.-le of N trials

N F c .500 .800 .900 .950 .990 9

29 0 0.024 0.054 0.076 o. 098 o.147 o.167
1 0.057 0.100 0.128 0.1353 0.208 0.230
2 0.091 O.142 0.173 0.202 0.260 0.282
3 0.125 0.182 0.216 O.246 0.307 0.330
4 o.-159 0.221 o.257 0.288 0.350 0.374
5 0.193 0.259 0.297 0.329 0.392 O.416
6 0.227 0.296 0.335 0.368 0.432 0.455
7 0. 261 0.333 0.372 o.406 o.k470 .4935
8 0.296 0.369 0. b, 0.443 0.507 0.530

0.330 O.405 o.445 0.079 o.,542 0.565
.10 0.364 o.44o 0.481 o.514 0.577 0.599
11 0.398 o.1475 0.515 o.549 O.610 0.632
12 0.432 0.509 0.550 0.583 0.643 0.664
13 o.466 O.543 0.583 o.6616 0. 6774 o.695
14 0.500 0.577 o.616 o.648 0.705 0.724
15 0.534 O.610 0.649 O.680 0.705 0.724
16 o.568 o.643 0.681 0.711 0.763 0.781
17 o.602 o.676 0.712 0.741 0.791 0..808

30 0 C.023 O.052 0.074 O.095 o.142 o.162
1 m.055, 0.097 0.124 o.149 0.202 0.223
2 0.088 0.137 0.168 0.195 0.252 0.274
3 0.121 0.176 0.209 0.239 0.298 0.320
4 o.154 0.214 0.249 0.280 O.340 0.363
5 0.187 0.251 0.287 0.319 0.381 0.W404
6 0.220 0.287 0.324 0.357 0.420 0.443
7 0.253 0.322 0.361 0.394 o. 457 0.480
8 0.286 0.358 0.397 0.430 0.493 .516
9 0.319 0. 392 o.432 o.465 o.527 ).550.
10 O.35k O.426 O.466 0.,499 0.561 ).583
ii 0.385 o.46o o.5oo 0.533 0.594 ).616
12 o.418 o.494 o.533 o.566 0.626 ).647
13 o.451 0.527 0.566 0.598 0.657 0.67.7
14 0.484 k 0.559 0.599 C.630, 0.687 O.707
15 o.516 o.592 0.630, o.661 0.716 O.735
16 o.549 o.624 . .662 o.695 0.745 O.763
17 o.582 o.656 0. 692 0.721 0.772 0.789
18 o.615 0.687 0.723 0.750 .0799 o.815
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UPPER LIMITS OF BINOMIALCONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided coifidence level
N = Sample size
F = Observed numbe, of failures in a sample of N trials

N F C .500 .800 9(0 .950 .9902 .99

31 0 0.022 o.051 0.072 0.092 0.138 0.157
1 O.054 O.094 0.120 o.144 0.196 0.216
2 O.085 0.133 0.163 0. 189 0.245 0.266
3 0.117 0.171 0.203 0.232 0.289 0.311
4 0.149 0.207 0.242 0.271 0.330 0.353
5 0.181 0.243 0.279 0.310 0.370 0.393
6 0.213 0.278 0.315 0.347 0.408 0.431
7 0.245 0.317 0.350 0.383 0.444 0.467
8 0.277 0.347 0.385 0.418 0.479 0.502
9 0. 309 0.380 0.419 0.452 0.513 0.536
10 0.340 0.413 0.453 0.485 6.546 0.569 6
11 0.372 o.4 4 6 o.486 O.518 0.579 o,600
12 o.4o4 0. 479 o.518 0.550 o.61o o.631
13 0*436 0.511 0.550 0.582 o..64o 0.661
124 O.468 o.543 o.582 o.613 O.610 O.690
15 O.500. o.575 6.613 o. 643 0.699 0.718
16 0.532 0.606 o.643 0.673 0.727. 0.745
17 0 564 0.637 o.0673 0.703 0. 754 0.772
18 0. 596 0.667 0.703 0.731 0.780 0.797

32 0 0.021 0.049 0.069 0.089 0.134 0.153
1 0.052 0.091 o.116 0.0139 0.190 0.210 -

2 0.083 0.129 o.158 0.183 0.238 0.259
3 0.114 o.166 0.197 0.,224 0.281 0.303
4 o.]44 o0.201 0.234 0.263 0. 322 0.344k-
5 0.0175 O.6 0.271 0.300 0. 360 0.383
6 0.206 0. 2,rV 0.306 0.336 0.397 o.419
7 0.237 0.303 0.340 0.371 0.L33 o.455
8 0.268 0.336 0.374 O 406 o.467 Q. 489.
9 0.299 0.369 0.407 0.439 0.500 0.522
.2 o0.330 0o. O.440 0.472 0.532 0.554
11 0.361 O. 433 0.472 0.504 0.564 o.585
12 0.392 o.465 0.504 0.535 . 0.595 .0.616
13 0.423 0. 496 0.535 o.566 o.624 o.645
14 0.454 0.527 0.566 0.596 0.654 0.674 -6
15 o.485 o.558 0.596 o.626 o.682 0.701
16 o.515 o.589 o.626 o.655 0.710 0.728
17 o.546 o.619 o.655 .0.684 O.736 0.754
18 o0577 0.649 0.684 0.712 0.763 0.780
19 0.608 0.678 0.713 0.740 0.788 0.804
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UPPER LIMITS OF BiNOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level

* N = Sample size
F = Observed number of failures in a sample of "4 trials

N .500 .800 .900 .90 .2.90 2
S33 o0 0.021 0.048 ).067 0.087 0.130 0.2148

1 O.050 O.088 0.112 0.136 0.135 0.204
2 0.o8o 0.125 0.153 0.179 0.231 0.252
3. 0.110 0.161 0.191 0.219 0.273 0.295
4 O.140 0.195 0.228 0.256 0.313 0.335
5 0.170 0.229 0.263 0.293 0. 351 0.373
6 0.200 0.262 0.297 0.328 0.387 O.k409
7 0.230 0.295 0.331 0.362 0.1421 0. 443
8 0.260 0.327 0.364 0.395 0.455 0.477
9 0.290 0.359 0.396 0.428 o.487 O.509
10 0.320 0.'390 o.428 o.460o o.519 o.541
11 o. 350 0.421 0.459 o.491 0.550 o.571
12 0.380 o.452 O.490 0.522 O.530 O.601
13 0.410 0.482 0.521 0.552 0.609 o.630
14 o.44o .0.513 0.551 o.581 0.638 0.658
15 0.470 0. 543 O.580 0.611 0.666 0.685
"16 o.5oo o.572 O.610 0.632 0.693 0.712
17 o.530 0.602 o.638 o.667 0.720 0.738
18 0.560 0.631 O.666 o.695 0.746 0.763
19 O.590 0.660 o.695 0.722 0.771 0.787

.34 0 0.020 o.o46 0.065 0.084 0.127 0.14'I
1 o0.049 o.086 0.110 0.132 0.180 0.199
2 0.078 0.122 0.149 0.174 0.225 0.245
"3 0.107 0.156 0.186 0.213 0.266 0.287
14 o.136 0.190 0.221 0.249 0.305 0.326
5 o.165 0.223 0.256 0.285 0.3142 0.3636 0.194 0.255 0.289 0.319 0.377 0.398
7 0.223 0.286 0.322 0.352 0.411 0.432
, •08 O.252 0.318 0.354 0.385 o..443 0.1465
"9 0.282 0.349 0.385 0.1416 o.1475 0.1497
10 0.311 0.379 o.416 0.1448 0.506 0.528
11 0.340 0o.410 0.14147 0.478 0.537 0.558
12 0.369 0,440 0.477 0.508 0.566 0.587

* 13 0.398 0.469 0.507 0.538 o.595 0.615,
14 o0.27 0.499 0.536 0.567 0.623 o.643
15 o. 456 0.528 0.565 0.595 o.650 o.670
16 0.485 0.557 0.594 0.623 0.677 0.696
17 0.515 0.586 0.622 0.651 0.704 0.722
18 0.5144 0.614 0.650 0.678 0.729 0.747
19 0.573 .0.642 0.677 0.705 0.7 0.771
20 0.602 0.670 0.704 0.731 0.778 0.79

I1.1
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

" " .500 .8OO .900 .99 99._
35 0 0.020 0.045 o..64 0.082 0.123 o,14o

1 0.0o47 0.083 0.107 0.129 0.175 0.194
2 0.076 0.118 O.i145 0.169 0.219 0.239
3 0.104 0.152 0.181 0.207 0.259 0.280
4 0.132 o.185 0.216 0.243 0.297 0.318
5 0.160 0.217 0.249 0.277 0.333 0.354
6 o.189 0.248 0.282 0.311 0. 367 0.389
7 0. 217 0.279 0.313 0.343 0.:400 0.1422

08 0.245 0.309 0.345 0.375 .0.433 o.1454
9 0.274 0.339 0.375 O.1•06 o.1464, o. 485
10 0.302 0.369 O.1406 o.1436 o.1494 o.515
11 0.330 0.399 o.1435 o.1466 o.524 o.545
12 0.359 0.428 0.465 0.496 0.553 0.574
13 0.387 0.1457 0.1494 o.524 o.581 O.601
114 0.1415 0.1485 o.522 o.553 O.609 o.629
15 o.-443 0.514 0.551 o.581 o.636 0.655
16 0.1472 0.542 0.579 O.608 o.662 o.681
17 0.500 0.570 0.606 0.635 0.688 0.706
18 o.528 o.598 0.634 o.662 0.713 0.731,
19 o.557 o.626 0.660 0.688 0.738 0.755
20 0.1585 0.653 o.687 0.714 0.762 0.1778
21 0.613 O.680 0.713 0.740 0.785 0.801

36 0 0.019 0.0044 O.062 O.080 0.120 0.137
1 O.o046 0.,081 O.104 0.125 :0.171 0.189
2 0.074 o. 115 o.141 o.165 0.214 0.233
3 0. 101 0.148 0.176 0.202 0.253 0.273
4 0.129 0.180 0.210 0.236 0.290 0.310

o.156 0.211 0.242 0.270 0.325 0.346
"6 o.184 0.241 0.274 0.303 0.358 0.379
7 0.211 0.271 O.305 0.0334 0.391 o.1412
8 o.239 0.301 0.336 0.365 o.1422 o.443
9 0.266 0.330 0.366 0.396 0.1453 o.1474

. 10 0.294 0.359 0.395 0.4?5 0.483 o.5o4
11 b. 321 0.388 0.1424 0.455 0.512 0.533
12 0.349 0.417 0o453 0.483 0.540 o.561
13 0.376 0.445 0.481 0.51-2 0.568 0.588
114 0.404 0.473 0.509 0.5'0 0.595 0.615
15 0.431 0.501 0.537 0.567 0.622 0.641

. 16 0.459 0.528 0.564 0.594 0.648 067
17 0.486 0.556 0.591 0.620 0.673 0.692
18 o.514 0.583 o.618 0.647 0.698 0.716
19 o.541 O.610 0. 645 0.672 0.722 0.740
20 0.569 0.637 0.671 0.698 0.746 0.763
21 0.596 0.663 o.696 0.723 0.769 0.785
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

_ . .500 .800 .9o 90 .990

37 0 0.019 o.o43 o.o60 0.078 0.117 0.133
1 o.o45 0.079 0.101 0.122 0.166 o.184
2 0.072 0.112 0.138 o.161 0.208 0.227
30.098 0.1144. 0.172 0.196 0.247 0.266

4 0.125 0.175 0.205 0.231 0.283 0.303

5 O.152 0.205 0.236 0.263 0.317 0.337
6 0.179 0.235 0.267 0.295 O.350 0371
7 0.205 0.264 0.298 0.326 0.382 o.402
8 0.232 0.293 0.327 0.356 0.412 0.433

9 0.259 O.j322 0.357 0.386 o.442 o.463
10 0.286 0.350 0.385 o.415 0.472 0.492
11 0.313 0.378 0.414 0.444 0.500 0.521
12 0.339 o.406 0.442 0.472 o.528 o.548
13 0.366 o.434 0.470 0.500 o.555 o.575
14 0.393 0.461 0.497 0.527 o.582 0.602
15 0.420 o.488 o.524 o.554 o.608 0.627

16 o.446 o.515 o.551 0.580 o.634 0.653
17 0.473 0.542 0.577 o.6o6 0.659 0.677
18 O.500 o.568 o.604 0.632 o.683 0.701

19 0.527 0.595 0.629 0.657 0.707 0.725

20 0. 554 0.621 0.655 o.682 0.731 0.748
21 O.580 o.647 O.680 0.707 o.754 0.770

22 o.607 0.673 J.705 0.730 0.776 0.792

38 0 0.018 0.041 0.059 0.076 o.114 0.130
1 O.044 o.077 0.099 0.119 0.162 O.180

2 0.070 0.109 0.134 0.157 0.203 0.222

3 O.096 O.140 0.167 0.192 0.241 0.260

4 0.122 0.171 0.199 0.225 0.276 0.296

5 o.148 0.200 0,230 0.257 0.310 0.330
6 o.174 0.229 0.261 0.288 o.342 0.362

7 0.200 0.258 0.290 0.318 0.373 0.393
08 0226 0.286 0.319, 0.348 0.403 0.424

9 0.252, o.314' O.348 0.377 0.432 o.453
1 10 0.278 O.342 0.376 o.4o5 o.461 0.482

11 O.304 0.369 0.404 0.433 0.489 0.509
12 0.330 0.396 0.431 0.461 o.516 0.537
13 0.357 0.423 o.458 0.488 0.543 o0563
14 0.383 o.45o 0,485 0.515 o.569 0.589
15 0.409 0.476 0.512 0. 541 0.595 o.614

0 16 0.435 o.503 0. 538 0.567 0.620 0.639
17 o.461 0.529 o.564 o.593 0.645 o.0663
18 o.487 0.556 o.589 0.618 0.669 0.687
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of fai!ures i,' a sample of N trials

S.500_ .8OO .9 .990 .995

19 o.513 0. 580 o.615 O.643 0.693 0.710
20 o.539 O.606 o.64o o.667 0.716 0.733
21 o.565 o.631 o.665 0.691 0.739 0.755
22 0.591 0.657 0.689 0.715 0.761 0.777

39 0 O.0i8 O.o040 O.057 0.074 0.111 0.127
* 1 O.043 0.075 0.096 0.116 o.158 0.176

2 0.068 0.107 0.131 0.153 0.199 0.217
3 0.093 0.137 0.163 0.187, 0.235 0.254
4 0.119 0.166 0.195 0.220 0.270 0.289

- 5 o. 144 o.195 0. 225 0.251 0.303 0.322
6 0.170 0.223 0.254 0.281 0.334 0.354
7 0.195 0.251 0.283 0.311 0.364 0.385
8 0.220 0.279 0.312 0.340 0.394 0.414
9 0.246 0. 306 O.340 0.368 o.423 o.-443
10 0. 271 0.333 0.367 0.396 o.451 0.471
"11 0. 297 0.360 0.0394 o.423 0.478 O.499
12 0.322 0.386 o.421 0.1450 o.5o5 o.525
13 0.347 0.413 0.448 0.477 0.531 0.551
14 0.373 0.439 0.474 0.503 0.557 0.577
15 0.398 0.465 0.500 0.529 0.583 0.602
16 o.1424 o.1491 0.526 0.554 o.607 o.626
17 0.1449 0.516 o.551 0.579 o.632 O.650
"18 o.1475 0.541 o.576 o.604 o.655 0.674
"19 0.500 0.567 O.601 o.629 0.679 0. 697
"20 o.525 o.592 o.625 0.653 0.702 0.719
21 0.551 0.617 0.650 0.677 0.724 0.741
22 o.576 o.641 o.674 O.700 0.746 0.762
23 0.602 0.666 o.698 0.723 0.768 0.783

""40 0 0.017 0.039 o. 056 O.072 0.109 0.124
"1 0.0142 0.073 0.094 0.313 0.155 0.172

S2 O.066 0.104 0.128 0.1149 o.194 0.212
3 0.091 0.134 o.159 0.183 , 0.230 0.248

.4 0.116 0.162. 0.190 0.214 o.264 0.283
"" 0.1141 0. 190 0o.220 o0.245 0.296 0.315
6 0.165 6.218 0,248 0.275 O.327 o. 346
7 0.190 0O. 245 0.277 0.304 0.356 O.376
8 o.0215 0.272 O.305 0.332 0.385 0.1405
9 O.240 O.299 0.332 0.360 0.1414 0.)643
10 0.265 0.325 0.359 0.387 o.441 0.461
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C - One-sided confidence levelN = Sample size

F = Observed number of failures in a sample of N trials

5 00 C .oo .800 o90 .990 .995

11 0.289 0.351 0.385 0.1414 o.1468 o.148812 0.314 0.377 o.412 0.440 o.h494 ,o.5i54
13 0.339 o.1403 o.1438 0.1466 o.520 0.5140
114 0.364 o.-429 o.1463 o.1492 o.546 o. 565
15 0.388 0.454 0.489 0.517 0.570 0.590
16 o.1413 0.1479 o. 514 o.542 o. 595 o.614
17 0.438 0.504 0.539 0.567 0,619 0.637
18 o.1463 o.529 0.563 o.591 0.642 o.661
19 o.1488 o.554 o.588 o.615 o.665 0.683
20 0.512 0.578 o.612 0.639 o.688 0.705
21 0.537 o.602 o.636 o.0662 0.710 0.727
22 o.562 0.627 0.659 o.685 0.732 0.748
23 0.587 0.651 0.683 0.708 0.754 0.769
24 0.612 0.674 0.706 0.731 0.774 O.790

,0 141 0 0.017 0.038 0.055 0.070 0.106 0.121
1 o.o041 0.071 0.092 0.111 0.2151 o.168

.-. 2 O.065 0.101 0.125 0.146 0.190 0.207
- 3 0.089 0.130 0.156 0.178 0.,225 0.243

44 0.113 o.159 o.186 0.210 0.258 0.276
5 0.137 o.186 0.215 0. 239 0.289 0.308
6 o.161 0.213 0.243 0.269 0.320 0.339
7 o.186 0.240 0.270 0.297 o.349 o.368
8 0.210 0.266 0.298 0.325 0.377 0.397
9 .0.234 0.292 0.324 0.352 o,4o5 o.1424
10 0.258 0.313 0.351 0.379 0.1432 o.1452
11 0.282 0.343 0.377 O.W405 o.1458 o.1478* 12 0.3o6 o.369 o.1402 0.1431 0.1484 0.504
13 0'. 331 0.394 o.1428 o.1456 0.510 0.529
14 o.355 0.1419 0.1453 0.1481 o. 534 o.554
15 0.379 o.4h4 o.0478 o.506 o.559 o.578* 16 o.1403 o.1468 o.502 o.531 o.'583 0.602
17 0. 427 0. 0.527 o.555 0,607 0.625
18 0. 452' 0.517 o.551 o.579 0.630 0.'64819 0.476 0.541 0.575 0.602 0.652 0.6?0
20 M.5oo 0.565 0.598 0.626 0.675 0.692

""21 o.524 o.589 0.622 0. 649 0.697 0.714
22 o.549 0.613 0.645 0.671 0.718 0.735
23 0.573 0.636 0.668 0.694 0.740 0.755
24 0.597 0.659. 0.691 0.716 0.760 0.776
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L UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

V-N F C .500 .800 .900 -90 .9 2

42 0 O.016 0.038 0.053 O.068 0.104 o.119
1 O.040 0.070 O.089 O.108 O.148 o.164
2 0.063 0.099 0.122 0.142 o.185 0.203
3 0.087 0.127 0.152 0.174 0.220 0.238
4 0.110 o.155 0.181 0.204 0.252 0.271I 5 0.134 o.182 0.210 0.234 0.283 0.302
6 O.158 0.206 0.237 0.262 0.313 0.332
"7 0.!81 0.234 0.264 0.290 0.341, 0.361
8 0.205 0.260 0.291 0.317 0.369 0.389
9 0.228 0.285 0.317 0.344• 0.396 o.416
10 0.252 0.311 ).343 0.370 0o.423 0.443h11 0.276 0.336 o.368 0.,396 O.449 o.468
12 0.299 0.360 0.394 0.421 0.474 0.494
13 0.323 0.385 o.h18 0.446 o.499 0.519
14 0.346 O.k409 O.43 0.471 0.524 O.543
15 0.370 0.434 o.467 0.495 o.548 o.567
16 0.394 o.458 0.492 0.519 0.571 0.590

* 17 0.417 0.482 0.515 0.543 0.595 0.613
18 o..441 o.5o5 0.539 .0.566 o.617 0.636
19 0.465 0.529 o.563 o.589 o.64o o.658
20 O.488 o.553 0.586 o.612 o.662 0.679
21 0.519 0.576 0.609 0.635 0.684 0.701
22 0.535 0.599 0.632 0.657 0. 705 0.722
23 0.559 0.622 0.654 0.679 0.726 0.742
24 o.583 o.645 o.677 0.701 0.746 0. 762
"25 0.606 0.668 0.699 0.723 o.767 0.782

* 43, 0 O.016 0.037 0.052 O.067 0.102 0.116
l . 0.039 O.068 0.087 0.106 o.145 O.160
2 O.062 0.097 0.119 0.139 0.181 0.198
3 o.085 0.125 0.149 0.171 0.215 0.2,33
4.108 0.151, 0.177 0.200- 0.247 0.265
5 0.131 0.178 0.205 0.229 0.277. 0.291

.-. 6 .o.154 .203 0.232 0. 257 O.306 0.325
7 0.177 0.229 0.259 0.284 0.334 0.353

* 8 0.200 0.254 0.285 0.311 0.362 0.381
9 0.223 0.279 0.310 0.337 0.388 o.4o8
1. 10 0.246 0.304 0.335 0.362 0.L414 0. 434
11 0.269 .328 0.360 0.388 O.1440 Q.459

* 12 0.292 0.352 0.385 o.413 O.465 O.484
13 0. 315 ).376 o.409 0.437 0.489 0.509

* 14 0.338 .4oo o.434 o.461 0.513 0.532
"15 0.362 0.424 o.458 0.485 0.537 o.556
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number cf failures in a sample of N trials

N F .5o .8o0o .900 -950 .990 .995

16 0.385 0.448 o.481 0.509 0.560 0.579
17 0.408 0.471 0.505 0.532 0.583 0.602
18 0.431 o.494 o.528 o.555 O.606 o.624
19 o.454 0.518 0.551 0.578 0.628 0.646
20 0.477 0.''41 0.574 0.601 0.650 0.667
21 0.500 0.564 0.596 0.623 0.671 0.688
22 0.523 0.586 0.619 0.645 0.692 0.709
23 o.546 0.609 o.641 o.667 0.713 0.729
24 o.569 o.631 0.663 o.688 0.733 0.749
25 0.592 o.654 o.685 0.709 0.753 0.768

4.4 O.016 0.036 0.051 O.066 0.099 0.113
1 0.038 0.067 0.086 0.103 0.142 0.157
2 O.060 O.095 o.116 0.136 0.178 0.194
3 O.083 0.122 o.146 o.167 0.211 0.228
4 O.105 0.148 0.174 0.196 0.242 0.259

U 5 0.128 0.174 0.201 0.224 0.271 0.290
6 0.150 0.199 0.227 0.252 0.300 0.318
7 0.173 0.224 0.253 0.278 0.328 0.346
8 0.196 0.249 0.279 0.304 0.354 0.373
9 0. 218 0.273 0.304 0.330 0.381 0.400
10 0.241 0.297, 0.328 0.355 O.406 0.425 -,

£11 0.263 0.321 0.353 0.380 o.431 0.450
12 0.286 0.345 0.377 O.404 o.456 0.475
13 0.308 0.368 0.401 o.428 o.48o 0.499
14 0.331 0. 392 0.425 o.452 O.504 0.522
15 0.353 0.415 0.448 o.475 0.527 0.546
16 0.376 O.438 o.471 0.499 O.550 0.568
17 0.399 o.461 0.494 0.521 0.572 0.590
18 O.421 0.484 0.517 o.544 o.594 0.612
19 O.444, O.507 o.540o o.567 o.616 0.634
20 o.466 0.529 0.'562 0.589 o.638 0.655
21 o.489 0.552 0.584 o.611 o.659 0.676
22 0.511 0.574 0.606 0.632 0.680 0.696
2. 53 0.596 O.628 o.654 0.700 0.716
24 0.556 0.618 0.650 0.675 0.720 0.736

S25 0.579 0.640 0.671 0.696 0.740 0.755
26 O.601 o.662 o.692 o.716 0.759 0.774

1

.................

. .. . ..

Downloaded from http://www.everyspec.com



I

UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

* C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N F.50 .8o0 .90 .9509

45 0 O.m15 O.035 0.050 O.o064 0.097 0.111
1 0.037 O.065 O.o084 0.101 0.139 o.154
2 0.059 0.093 0.114 0.133 0.174 0.190
3 0.081 0."19 0.142? 0.163 0.206 0.223

0. 103 0.1),5 0.17 0.192 0. 237 0. 254
5 0.125 0o170 o.196 0.220 0.266 0.284
6 0.147 0. 195 0.222 0.2246 0.294 0.312
7 0.169 0.219 0.248 0.272 0.321 0.339
8 0.1.91 0.243 0.273 0.298 0.347 0.366
9 0.213 0.267 0.297 0.323 0.373 0. 392
10 0.235 0.291 0.322 0.3348 0.398 0.417
11 0.257 0.314 o.346 0.372 0.423 0.1442
12 0.279 0.337 0.369 0.396 0.447 o.466
13 0.301 0.361 0.393 o. 420 0.471 o.489
14 0.324 0.384 o.416 0.443 0.494 o.513-
15 0.346 o.406 0.439 o.466 o.517 o.0>35
16 0.368 0.429 0.462 0.489 0.539 0.558
17 0.390 o.451 0.484 o.511 0.562 0.580

'18 0.412 0.474 0.507 0.533 0.583 0.601
19 o.434 o.496 0. 529 0.555 O.605 o.623
20 o.456 0.518 0.551 0.57? 0.626 0.643
21 0.478 0.540 0.573 0.599, 0.647 0.664
22 0.500 0.562 0.594 0.620 0.667 0.684
23 o.522 o,584 o.616 0. 641 0.688 0.704
"24 o.54)4 o.6c6 o.637 0.662 0.708 0. 723
25 0.566 0.627 o.658 0.683 0.727 0.743
26 0.588 0.648 o.679 0.7?03 0.746 0.761

S27 O.610 o.670 0.699 0.723 0.765 0.780

46 0 0.015 0.034 0.049 0.063 0.095 0.109
1 0.036 O. 0o64 O.082 0.099 0.136 o.151
2 o.058 0.091 0. 112 o0.131 0.170 o.186

S3 0.079 0.117. 0.140 0.160 0.202 0.219
* 4 0.101 0.142 o.166 0.188 0.232 0.249

5 0.122 0.166 0.192 0.215 0.261 0.278
6 0.1144 0.191 0.218 0.241 0.288 O.3O6
7 0.166 0.215, 0.243 0.267 0.315 , 0.333
8 0.10I 0.238 0.267 0.292 0.341 o.359

.9 0.209 0.262 0.291 0.317 0.366 0.'384
1 10 0.230 0.2$5 0.315 0.341 0.391 0.409
11 0.252 0.308 0.339 0.365 o. 415 0.433
12 0.273 0.331) 0.362 0.388 0.439 0,457.
13 0.295 0.353 0.385 o.4n o.462 o.480
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N 500 .800o .goo 5 .99 .22.--

14 0.317 0.376 0.408 0.434 0.485 0.50315 0.338 0.398 O.1430 0.1457 o. 507 o. 526
16 0.360 0.1420 0.1452 o.1479 0.529 o.548
17 0.381 0.442 0.475 0.501 0.551 0.56918 0.403 0.464 0.497 0.523 0.573 0.591
19 0.1424 o..486 0.518 0.545 o.594 0.612
20 o.4146 O.508 o.54o o.566 0.615 o.632
21 0.1468 0.529 0.561 0.587 o.635 o.65322 0.489 0.551 0.583 0.'608 0.656 0.672
23 0.511 0.'572 O.604 0.629 0.676 o.692
24 O.532 0.593 o.625 0.650 o.695 0.71125 0.554 o.615 o.645 o.670 o.715 0.730
26 0.576 0.636 0.666 O.690 0.734 d.749
27 0.597 o.656 o.686 0.710 0.752 0.767

147 0 O.015 O.o034 o.c148 0.062 0.093 0.107
1 o.035 o.062 0.080 0.097 0.133 0.148
2 0.056 0.089 0.109 0.128 0.167 0.183
3 0.078 o.114 0.137 0.157 0.198 0.215
14 0.099 0.139 0.163 0.184 0.228 0.24145 0.120 0.163 o.188 0.211 0.256 0.2736 0 i)2 0.187 0.213 0.237 0.283 0.300
7 O. 0.210 0.238 0.262 0.309 0.327
8 0.183 0. 2-3 0.262 o.286 0.334 o.3529 0.204 o. 2,6 0.285 0 .310 0.359 0.377
10 0.225 0.279 0.309 0. 334 0.383 o.1402
11 0.247 0. 301 0.332 0.358 0.1407 0.1425
12 0.268 0:.324 0.355 0.381 0.1430 0.1414913 0.289 0.346 0.377 0.1403 0.1453 0.147214 0.310 0.368 0.399 0.1426 0.1476 0.1494
15 0.331 0.390 0.1422 0. 448 0.1498 o.516
1 16 0.352 0.1412 o.444 0.470 0.520 0.538
17 0.373 0.1433 o.1465 0.1492 0.l541 0.559
13 0.394 0.1455 0.1437 0.513 0.563 O.580
19 0.416 0.476 0.508 0.535 0.583 0.60120 0.1437 o.1498 0.,530 0.556 0.60O4 0.621
-213 0.458 0.519 o. 551. 0.577 0.624 0.641

o22 0.479 0.540 0.57. 0.597 0.644 0o66123 0.5cc o.561 o.592 0.618 0.664 o.681.
24' 0.521 0.582 0.613 0.638 0.683 0.70025 o.542 o. 602 0.633 o.658 0.703 0.718 -
26 0.563 0,623 o.653 0.678 0.721 0.0737
27 o.585 o.6644 0.673 O, 697 0.740 0.755
28 O.606 o.664 0.693 0.717 0.758 0.773

S~10g o
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sampe of N trials

9_ _F c .800 o200 .09

48 0 0.014 0.033 o.o47 O.061 0.091 o, 1o5
1 o0.035 0.061. 0.079 0.095 0.130 o.145
2 0.055 0.08 7 0.107 0.125 0.164 0.179
3 0.076 0.112 0.134 o.154 o.194 0.210
4 0.097 0.136 0.160 0.181 0.223 O.240
5 0.117 O.160 o.185 0.207 0.251 0.268
6 0.138 0.183 0.209 0.232 0.277 0.295
7 0.1e9 0.206 0.233 0.257 0.303 0.321
8 0.179 0.229 o.257 0.281 o.328 0.346
9 0.200 0.251 0.280 0.304 0.352 0.370
10 0.221 0.273 0.303 0.328 0.376 '0.394
11 0.241 0.295 0.325 0.351 O.k400 Ok18

12 0.262 0.317 0.348 0.373 0.423 o.1441
13 0.283 0.339 0.370 0.396 0..445 o.463
14 0.303 0.361 0.392 0.1418 O.467 0.485
15 0.324 0.382 o.k414 o.W40o o.489 o.507.
16 O.345 O.404 O.435 o.461 0.511 o.529
17 0.366 0.425 o.456 0.483 0.532 0.550
18 0.386 0.446 o.478 0.504 0.553 0.570
19 0.407. 0.467 o.499 0.525 0.573 0.591
20 o.428 O.488 o.519 o.545 o.594 o.611
21 o. 448 o.509 o.54o 0.566 0.614 0.631
22 o.469 0.529 0.561 0.586 0.633 0.650
23 0.490 0.550 0.581 0.606 0.653 0.669
24 O,51c o.570 0.601 o. 626 o.672 O.688
"25 0.531 o.591 O.621 o.646 0.691 0.707
26 O.552 0.611 o.641 0.666 0.710 0.725
27 0.572 0.631 0.661 0.685 0.728 0.743 :
28 0.593 o. 651 o.681 0.704 o.746 0.761

49 0 0.01 0.032 o.046 o.059 0.090 0.102
1 0.034 0.060 0.077 0.093 0.128 o.142
2 O.054 O.085 0.105 0.123 0.161 0.476
3 0.074 0.110 0.131 0o.i5i 0.191 0.207,
4 0o095 0.133 0.157 0.177 0.219 0.235
5 0.115 o.157 0.181 0.203 0.246 0.263
6 0.135 0.179 0.205 0.227 0.272 0.289
7 0.155 0.202 0.229 0.252 0.297 0.315
8 0.176 0.224 0.252 0.275 0.322 0.340
9 0,196 0.246' .0.274 0.299 0.346 0.364
10 0.216 0.268 0.297 0.322 0.369 0.387
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITF

C = One-sided confidence level
N = Sample size
F = Observed number of failures'in a sample of N trials,

f500 .80_0 00 .950 990L

11 0.237 0.290 0.319 0.344 0.392 0.410
12 0.257 0.311 0.341 0.366 o.415 0.433
13 0.277 0.333 0.363 0.388 0.437 o.455
14 0.297 o.354 0.384 O.410 o.459 o.477
15 0.318 0.375 O.4o6 o.432 o.481 o.498
16 0.338 0.396 0.427 0.453 0.502 0.520
17 0.358 0.417 o.I"8 0.474 0.523 0.540
18 0.378 0.437 o.469 o.495 o.543 o.561
19 0.399 o.458 o.489 o.515 o.563 0.581
20 o.419 0.479 0.510 o.536 o.583 O.601
21 0.439 0.499 0.530 0.556 0.603 0.620
22 0.459 0.519 0.550 0.576 0.623 0.639
23 O.48o o.539 o.570 o.596 o.642 o.658
24 O.500 0.560 O.590 o.615 o.661 0.677
25 o.520 o.580 o.61o o.635 O.680 o.695
26 o.541 O.600 O. 630 o.654 0.698 0.714
27 0.561 0.619 0.649 0.673 o.716 0.731
28 0.581 0.639 0.668 0.692 0.734 0.749
29 O.601 o.659 o.688 0.711 0.752 0.766

5o 0 0.014 0.032 o.045- 0.058 o.088 0.101
1 0.033 O.o059 0.076 0.091 0.126 0.139
2 O.053 O.084 0.103 0.121 o.158 0.173
3 0.073 0.108 0.129 o.148 0.187 0.203
4 0.093 0.131 0.154 0.174 0.215 0.231
5 0.113 o.154 0.178 0.199 0.2b,2 0.258
6 0.133 0.176 0.201 0.223 0.267 O.2ck4
7 0.152 0.198 0.224 0.247 0.292 0.309
8 0.172 '0.220 0.247 0.270 0.316 0.2•.3 3
9 0.192 0.241 0.269 0.293 0.340 0.357
10 0.212 0.263 0.291 0.316 0.363 0.380
11 0.232 0.284 0.3313 0.338 0.385 o,403
12 0.252 0.305 0.335 0.360 o.4o8 o.425
13 0.272 0.326. 0.356 0.-381 0.430 O. :47
14 0.291 0.347 0.377 0.403 0.451 o.469.
15 0.311 0. 368 0.398 o.k424 o.472 o.490
16 0.331 0.388 0.419 0.445 0.493 0.511.
17 0.351 0.409 O.4ho O.465 0.514 o.531
18 0.371 0.429 o.46o 0.486 . 0.534 o.551
19 0.391 0.449 o.48o 0.506 0.o54 0.571
20 o.411 0.469 0.501 0.526 0.574 0.591
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence ievel
N = Sample size
F = Observed number of failures in a sample of N trials

I

N 5o .800 .20' .5 90 2

21 0.430 o.49o 0.521 o.546 0.593 O.610 o
22 o.45o o.51o o.540o o.566 o.612 0.629
23 0.470 0.529 0.560 0.585 0.631 o.648
24 o.490 o.549 o. 580 o.6o5 o.650 o.666
25 0.510 o.561 o.599 o.624 0o669 o.684
26 0.530 o.588 o.618 o.643 o.687 0.702
27 o.550 o .608 o.638 o.662 c. 705 0.720
28 o.570 o.627 o.657 0.680 C.723 0.737
29 0.589 0.647 o.6675 o.699 o.740 C.755
30 0.609 o.666 o.694 o. 717 o.757 0.771

55 0 0.013 0.029 0.041 0.053 0.080 0.092
1 0.030 0.053 0,069 0.083 0.015 0.127
2 0.048 0.076 0.094 0.110 o.144. 0.158
3 0.066 0.098 0.117 0.135 0.171. 0.186
4 o.o84 0.119 o.14o 0.159 0.197 0.212
5 0.102 0.140 0.162 0.182 0. 221 0.237
6 0.121 o.16o o.184 0.204 0.245 0.261
7 0.139 0.181 0.205. 0.226 0.268 0.284
8 o.157 0.200 0.226 0.247 0.290 0.3o6
9 0.-175 ..220 O.246 0.268 0.312 0.328

.10 0.193 0.240 0.266 0.289 0.333 0.350 o
Ii 0.211 0.259 0.286 0.309 0.354 0.371
12 0.229 0.279 0.306 0.329 0.375 0.391
13 0.247 0.298 0.326 0.349 0.395 o.412
14 0.265 0.317 0.345 0.369 o.415 O.432.
15 0.233 0,336 0.364 0.388 o.434 o.451
16. 0.301 o.355 0.383 0.408 o.454 o.471
17 0.319 0,373 0.402 0.427 0o473 0.490
18 0.337 0.392 0.421 o.446 O..492 O.509
19 0.355 o.411 o044,o o.465 o.511 0.527
20 0.373 o.429 0.459 0.483- 0.529 0.546
21 0.391 0.447 o.477 0.502 o.547 0.564
22 0.409 o.466 o.495 o.520 o.565, o.582
23 0.420 0.484 0.514 o.538 0.583 0.599
24 0.1446 o.502 o.532 .0o.556 o.6o0. 0.617
25 0.464 0.520 0.550. 0.574 0.618 0.634
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N = Sample size
F Observed numwer of failures in a sample of N trials

N .500 .800 goo .90 .99
21 0.430 0.490 0.521 0.546 0.593 o.61o
22 o.450 o.510o o.540o . 566 0.612 o.629
23 0,470 0.529 0.560 0.585 0.631 0.648
24 O.49o o.549 O.580 0.605 0.650 o.666
25 0.510 o.561 0.599 o.624 o.669 o.684
26 0.530 o0.588 0.618 ý. 643 0.687 0.702
27 0.550 0.608 -0.638 0.662 0.705 0.720
28 o.57o 0.627 0.657 0.680 0.723 0.737
29 o.589 0.647 0.675 o.699 0.740 0.755 a
30 O.609 o.666 o.694 0.717 0.757 0.771

55 0 0.013 0.029 o.041 0.053 0.080 0.092
1 0.030 0.053 0.069 0.083 0.015 0.127
2 o.o48 0.076 0.094 0.110 O.144 o.158
3 0.066 0.098 0.117 0.135 0.171 0.186 a
4 o.o84 0.119 0.140 0.159 0.197 0.212
5 0.102 0.140 o.162 o.182 0.221 0,2376 0.121 0.160 o.184 0.204 0.245 0.261
7 0.139 0.181 0.205 0.226 0.268 0.2848 0.157 0.200 0.226 0.247 0.290 0.306
9 0.175 0.220 0.246 0.268 0.312 0.328
10 0.193 0.240 0.266 0-.289 0.333 0.350
11 0.211 0ý259 0.286 0.309 0.35k 0.371.12 0.229 0.279 0.306 0.329 0.375 0.391
13 0.247 0.298 0.326 0.349 0.395 0. 41.2
14 0.265 0.317 0.345 0.369 0. 415 0.432'
15 0.283 0.336 0.364 0.388 0.434 o.45116 0.301 0.355 0.383 0.408 0.454 o.471
17 0.319 0.373 0.402 0.427 0.473 0.490
18 0.337 0.392 0.421 o.446 0.492 *c.509

19 0.355 o.411 o'.44o 0.465 o.511 0.527
20 0.373 0.429 0.459 0.433 0.529 0.546
21 0.391 0.447 0.477 O.502 0.547 0.564
22 o.4o9 0.466 0.495 0.5?0 0.565 0.582
23 o..428 o.484 0o.514 o.' 5 0.583 0.599
24 0o.!6 0.502 0.532 0. 56 0.601 0.617
25 o.464 0.520 0.550 0.574 0.618 o.0.34
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = sample size
F = Observed number of failures in a sample of N trials

N C .500 .8o0o 9 95 -.9 . 99

11 0. 179 0.221 0.244 0.265 0.304 0.319
12 o.194 0.237 0.261 0.282 0.322 0.337
13 0. 209 0.253 0.278 0.299 0.340 O.355
14 0.225 0.270 0.285 0,316 o.357 0.373 0

15 0.240 0.286 0.311 0.333 0.374 0.390
16 0.255 0.302 0.328 O.350 0.391 o.407
17 0.270 0.318 0.344 C.166 0.408 0. U,+
18 0.286 0.334 0.360 0.382 o.425 o.44o

19 0.301 0.350 0.377 0.399 0.441 o.457
20 0.316 0.366 0.393 o.415 0.457 0.473
21 0. 332 0.382 0.409 0.431 0.473 0.489
22 0.347 0.397 0.424 o.447 0.489 0.50o5.
23 0.362 0.413 0.44o o.463 0.505 0.521
24 0.378 0.429 o.456 0.478 0.521 0.536

0.393 0.444 0.472 0.494 0.536 0.552

70 0 0.010 0.023 0.032. 0.042 o.o64 0.073
1 0.024 0. 042 0.054 o.066 ).091 0.101
2 0.038 O.060 0.074 0.087 o. 115 0.126
3 0.052 0.077 0.093 0.107 0.136 o.IlU8
4 0.066 O.094 0.111 0.126 0.157 0.169.
5 o.o81 0.111 0.128 0.1414. 0.T77 0.189
6 0.095 0.127 0.146 0.162 o.196 0.209
7 0.109 o.143 0.162 O.180 0.214 0.227
8 0.123 o.159 0.179 0-197 0. 232 0.246
9 .0.137 0.174 0.195 0.214 0.250 0.264
10 0.152 0.190 0.212 0.230 0.267 0.2".
11 o.166 0.205 .228 O.247 0. 28h 0.299 -

12 0.180 0. 221 0.243 0.263 0.301 o.32.5
13 0.194 0.236 0.259 0.279 0.318 0.332
14 0.209 0.251 0. 275 0.295 0.334 0.349
15 0.223 0.266 0.290 0.311 0.350
16 0.237 0.281 0.306 .0. 326 0..366 0.381
17 0.251 0.296 0.321 0.342 0.382 0.397
18 0.265 0.311 0.336 0.357 0.397 o.k412
19 0.280 0.326 0.351 0.0372 0.413 o.428
20 0.294 o.3k,. .366 o.388 O.428 0.443
21 0.308 0,356 0.381 o. 403 o.443 o.458
22 b. 322 0.370 0.396 o.418 O.458 O.473
23 0.337 0.385 O.411 0.432 0.473 O.488 -
24 0.351 0.399 o.425 o.447 o.488 o.503
25 0.365 o.414 o.44k o.462 o.502 o.518
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONESIDED LIMITS
C = One-sided confidence levelt. N = Sample size
F = Observed number of failures in a sample of N trials

N C 500 .8. .oo .9w 95990
75 0 Q.009 0.021 0.030 0.039 O.060 o. 0681 0.02 0.039 0.051 0.062 O.085 0.095

2 0.035 O.O56 O.O69 0.082 0.107 0.118
3 O.o049 0.072 O.087 0.100 0. 128 0.139
4 o.062 o.088 0.10O4 o.118 0.147 0.159
5 0.075 0.103 0.120 0.135 0.166 0.177
6 O.089 0.119 0.136 o.152 o.183 o.196ix7 0. 102 0. 133 -o.152 o. 168 0. 201 0. 213

8 O.j115 o. 1 48 o.167 O.184 0.218 .231
9 0.128 0.163 0.183 0.200 0.234 0.2471 0 o. 142 0. 177 o. 198 0. 216 0. 251 0. 264

SIIo. 155 b. 192 0. 213 0. 231' 0.267 0. 28o
S12 o. 168 0. 2o6 0. 228 0. 246 0. 283 0. 296

L 13 0.181 0.221 0.243 0.261 0.298 0.312
114 0.195 0.235 0.257 0.276 0.314 0.328

* 15 0.208 0.249 0.272 0.291 0.329 0.343
16 0.221 0.263 0.286 0.306 0.3344 o.358
17 0.235 0.277 0.300 0.320 0.359 0.373
18 0.2248 0.291 0.315 0.335 0.373 0.388
19 0.261 0.305 0.329 0.349 0.388 0.1402
20 0.274 0.319 0.343 0.363 o.1402 o.1417
21 0.288 0.332 0.357 0.378 0.1417 0.1431[ 22 0.301 o.346 0.371 0.392 0.1431 o.1446
23 0.314 0.360 0.385 O.1406 0.445 O.1460S . 24 0.327 0.374 0.399 O.420 0.o459 0.474
25 0.341 0.388 0.412 0.433 0.473 0.487

80 0 0.009 0.020 0.028 0.037 0.056 0.64
1 0.021 0.037 o.o048 O.058 o8o 0O.89
2 0.033 0.053 0.065 0.077 0.101 0.111
3 o.o046 O.068 0.082 O.o094 0.120 0.13114 O.058 0.083 0.097 O.111 0.138 o.1495 0.071 0.097 0.113 0.127 0.156 o.167
6 o.o83 0.111 0.128 0.143 0.173 0.184
7 O.095 0.125 0.143 -..... O158 0.189 0.201
8 o.108 0.139 0.157 0.173 0.,205 0.217
9 0.120 o.153 0.172 o.188 0.221 0. 23310 0.133 0.167 o.186 0.203 0.236 0.249
U1 o.145 o.18o 0.200 0.217 0.251 0.264

* 12 0.158 0.194 0.214 0.232 0.266 0.279
13 0.170 0.207 0.228 o.2146 0.281 0.294
114 0.183 0.221 0.242 0.260 0.295 6.309.
15 0.195 0.233 0.256 0.2774 o.31o 0.323

Ill
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

. c .500 .8oo .900 .950 .2ý

"16 0.207 0.247 0.269 0.288 0.324 0.338
17 0.220 -0.260 0.283 0.302 0.338 0.352
18 0.232 0.273 0.296 o.315 o.352 o.366
19 0.245 0.287 0.309 0.329 0.366 0.380
20 0.257 0.300 0.323 0.342 0.380 0.394
21 0.270 0.313 0.336 0.356 0.393 0.407
22 0.282 0.326 0.349 0.369 0.407 o.421
23 0.295 0.338 o.362 0.382 0.420 o.k434
24 0.307 o.351 0.375 0.395 O.433 o.447
25 0.320 o.364 0.388 o.4o8 .k446 O.461

85 0 0.008 0.019 0.027 O.035 O.053 O.060
1 0.020 0.035 C.045 0,055 0.076 0.084
2 0.031 O.050 O.061 0.072 O.o095 O.105

* 3 0.043 O.064 0.077 0.089 0.113 0.123
"4 O.055 0.079 0.092 O.0104 0.131 o.141
5 O.066 O.o091 0.106 0.120 o.147 o.158
6 0.078 o.105 0.121 0.135 0.163 0.174
7 0.090 0.118 0.135 0.149 0.178 0.190
8 0.102 0.131 0.148 o.163 0.194 0.205
9 0.113 o.144 0.162 0.177 0.208 0.220
10 0.125 0.157 0.175 0.191 0.223 0.235
11 0.137 0.170 0.189 0.205 0.237 0.250
"12 o.148 0.183 0.202 0.219 0.252 0.264
13 0.160 0.195 0.215 0.232 0.266 0.278
14 0.172 0.208 0.228 0.245 0.279 0.292
15 o.184 0.221 0.241 0.259 0.293 b.3o6

- . 16 o.195 0.233 0.254 0.272 o.306 0.320
17 0.207 0.245 0.267 0.285 0. 320 0,.333
18 0.219 0.258 0.279 0.298 0.333 o.346
"19 0.230 0.270 0.292 0.311 0.346 0.360
20 0.242 0.283 0.305 0.323 0.359 0.373

* 21 0.254 o.295 0.317 0.336 0.372 o.386
22. 0.266 0.307 0.330 0.349 0.385 0.398
23 0.277 0.319 o.342 0.361 0.398 o.411

"-"2- 2k 0.289 0.331 o.354 0.374 o. 410 o.424
25 0.301 0.3414 0.367 0.386 o.423 6.436

. . . . . . .... . . .
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N .5o0 .800 .900 .950 -9229_

90 0 O.O08 0.018 0. 025 0.033 0.050 0.057
1 0.019 0.033 0. 043 O.052 0.071 0.080
2 0.030 0.047 O.058 O.068 0.090 0.099
3 O.04O. 0.060 0.073 0.084 0.107 0.117
4 0.052 0.074 0.087 0.099 0.124 0.133
5 0.063 O.086 0.101 0.113 0.139 0.149
'6 0.074 0.099 0.114 0.127 O.154 o.165
7 0.085 0.112 0.127. 0.141 0.169 0.180
8 O.096 0.124 0. 140 o.155 o.183 0.195
9 0.107 0.136 0.153 o.168 0.198 0.209

.0 O.118 0.149 o.166 0.181 0.211 0.223
11 0.129 0.161 0.179 0.194 0.225 0.237
12 O.140 0.173 0.191 0.207 0.238 0.250
13 0.151 o.185 0.204 0.220 0.252 0.264
14 0.162 0,197 0.216 0.232 0.265 0.277

S 15 0.173 0.209 0.028 0.245 0.278 0.290
16 o.185 0.220 0.440 o.257 0.291 0.303
17 0.196 0.232 0.25? 0.270 0.303 0.316
18 0.207 0.244 0.265 0.282 0.316 0.329
19 0.218 0.256 0.276 0.294 0.328 0.341
20 0.229 0.267 0.288 0.306 0.341 o.354
21 0.240 0.279 0.300 0.318 0.353 0.366
22 0.251 0.290 0.312 0.330 o.365 0.378
23 0.262 0.302 0.324 0.342 0.377 0.391
24 b.273 0.314 0.336 0.354 0.389 0.403
25 0.284 0.325 o.347 0.366 O.401 o.415

95 0 0.007 0.017 0.024 0.031 O.047 O.054
1 o.o18 0.031 o.040 o.049 o.068 0.076
2 0.028 0.045 o.055 o.065 0.086 0.094
"3 0.039 0.057 O.069 O.080 0.102 0.111
4 0.0119 0.070 0.082 0.094 0.117 0.127

O 5 0.059 '0.082 '0.095 0.107 0.132 0.142
6 0.070 0.094 0.108 0.121 0.147 0.157
7 0.080 0.106 0.121 0.134 0.161 0.171
"8 0.091 0.118 0.133 0.147 0.174 0.185

9 0.101 0.129 o.145 0.159 0.188 0.199
10 0.112 0.141 o. 158 0.172 0.201 0.212
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r UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N .500 .800 .900 -950L ..

n 0.122 0.152 O.170 o.184 0.214 Q. 225

"12 0.133 0.164 0.181 0.197 0.227 0.238-i 13 0.143 0.175 0.193 0.209 0.239 0.251
14 0.154 0.187 0.205 0.221 0.252 0.264

15 o. 164 0.198 0.217 0.233 0.264 0.276

16 0.175 0.209 0.228 0.245 0.276 0.288

17 0.185 0.220 0.240 0.256 0.289 0.301
18 o.196 0.231 0.251 0.268 0.301 0.313

19 0.206 0.243 0.263 0.280 o.312 0.325

20 0.217 0.254 0. 27 74 0.391 0.324 0.337

21 0.227 0.265 0.285 0.302 0.336 0.349
22 0.238 0. 275 0.296 0.314 0.348 0.360

23 0.248 0.287 0.308 0.325 o.359 0.3724 24 0.259 0.298 0.319 0.337 0.371 0.383

25 0.269 0.309 0.330 O.348 0.382 0.395

L 100 0 0.007 o.o16 0.023 0.030 o.o45 o.052

"1 0.017 0.030 0.038 O.047 0.065 0.072

2 0.027 0.042 0.052 O.062 o.o81 0.089

3 0.037 o.o54 O.066 0.076 0.097 O.105

4 O.047 o.o66 0.078 0.089 0.112 0.121

5 0.057 0.078 0.091 0.102 0.126 0.135

6 o:o66 o0o89 0.103 0.15 o.1ko o.149,
7 0.076 0.101 o.115 0.127 o.153 o.163
8 O.086 0.112 0.127 O.140 o.3166 0.176

" 9 0.096 0.123 0.138 0.152 0.179 0.189
10 O.106 0.134 O.150 o.164 0.191 0.202

11 0.116 o.145 0.161 0.176 0.204 0.215

12 0.126 0.156 0.173 0.187 0.216 0.227

13 0.136 0.167 0.184 0.199 0.228 0.239
14 o.146 0.177 o.,195 0.210 0.240 0.251

15 o.156 o.188 0.206 0.222 0.252 0.263

* 16 o.166 0.199 0.217 0.233 0.263 0.275

17 0.176 0.210 0.228 0.244 0.275 0.287
18 0.186 0.220 0.239 0.255 0.287 0.298

"19 0.196 0.231 0.250 0.266 0.298 0.310
20 0. 206 0.241 0.261 0.277 0.309 0.321

21 0.216 0.252 O,271 0.288 0.320 0.333
* 22 0. 226 0.262 0.282 0.299 0.332 0.

23 0.236 0.273 0.293 0.310 0.343 0.355
'. 24 4.2k6 0.283 0.303 0.321. o.354 0.366

"25 0.4256 0.294 0.314 0.0331 o.365 0.377

118,

-. Z.A..6.. . 3. . '.

.. .. . ....." 11.. .. .. .

Downloaded from http://www.everyspec.com



UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

: N F ._oo .8oo .o .99o

26 0.266 0.304 0.325 O.342 0.375 0.388
27 0.276 0. 314 0. 335 o.353 0.386 0.399
28 0.286 0.325 O.346 0.363 0.397 O.409
29 0.296 0.335 0.356 0.374 o.4o8 O.420
30 0.306 0.345 0.366 0.384 O.L418 0.k431
31 0.316 0.355 0. 377 0.395 0.429 O. 441
32 0.326 0.366 0.387 0.405 o.439 o.452
33 0.336 0.376 0.397 0.415 o.45o o.462
34 0.346 0.386 O.408 0.426 O.46o 0.472
35 0.355 0.396 o.418 0.436 0.470 o.483
36 0.365 0.406 0.428 O..446  o. 481 0.493
37 0.375 0.417 0.438 0.457 0.491 0.503
38 .0.385 o.1427 0.14149 0.1467 0.501 0.513
39 0.395 0.437 0.459 0.477 0.511 0.523
40 0.405 0.447 0.469 0.487 0.521 0.:534
-41 0.415 0.457 0.479 0.497 0.531 0.544
-42 0.425 0.467 0.489 0.507 0.541 0.553
143 0.1435 0.1477 0.1499 0.517 o.551 0.563
•44 0.445 0.487 0.509 0.527 0.561 0.573
45 0.1455 0.497 0.519 0.537 o.571 0.583
46 O.465 o.507 0.529 0.547 0.581 0.593
47 0.475 0.517 0.539 0.557 0.590 0.602
148 o.485 o.527 0.549 0.567 o.6oO o.612
.49 0.495 0.537 0.559 0.577 0.610 0.622
5o o.5o5 0.547 0.569 o.586 o.619 o.631

110 0 o.oo6 0.015 0.021 0.027 0.0o41 0.0o47
1 0.015 0.027 0.035 0.042 0.059 0.066
2 0.024 0.038 0.048 0.O056 0.074 0.082
3 0.033 -.0050 0.060 0.069 0.088 0.096
.4 o.o042 .0.060 0.071 0.081 0.102 0.110
5 0.051 0.071 0.083 0.093 0.115 0.123
6 0.060 0.081 0.094 0.105 0.127 0.136
7 0.070 0.092 o.1o5 o.116 o.14 o 0.1149
8 0.079 0.102 0.115 0.127. o.152 O.161
9 - 0.087 0.112 0.126 0.138 0.163 0.17310 0.097 0.122 0.137 0. 149 0.175 0.185
11 0.106 0.132 0.147 0.160 o.186 0.196
12 0.115 0.142 0.157 0.171 0.197 0.208 .

13 0.124 o.152 o.168 0.181 0.208 0.219
114 0.133 0.162 0,178 0.192 0.219 0.230

"" 15 0.142 0.171 0.138 0.202 0.230 0.241k

I
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N = Sample size
F = Observed numbe. of failures in a sample of N triak

N F Q .50 .8oo .900 95 990 22ý

"16 0.151 0.181 0.198 0.213 0.241 0.252
17 0.160 0.191 0.208 0.223 0.252 0.262

i 18 0.169 0.201 0.218' 0.233 0.262 0.273
19 0.178 0.210 0.228 0.2243 0.273 0.284
20 o.187 0.220 0.238 o.253 0.283 0.294
21 0. 196 0.229 0.248 0.263 0.293 0.305
22 0.205 0.239 0.257 0.273 0.303 0. 315
23 0.215 0.249 0.267 0.283 0.314 0.325
24 0.224 0.258 0.277 0.293 0.324 0. 335
25 0.233 0.268 0.287 0.303 0.334 0.345
26 0.242 0.277 0.296 0.313 0.3414 o.355
27 0.251 0.286 0.306 0.322 o.354 0.365
28 0.260 0.296 0.315 0.332 0. 364 0.375
29 0.269 0.305 0.325 0.342 0.373 0.385
30 0.278 0.315 0.335 0.351 0.383 0.395
31 0.287 0.324 0.344 0.361 0.393 0.405
32 0.296 0.333 0.354 0.370 o.k45 o. 4i4
33 0.305 0.343 0.363 0. 38b o.412 o.424
34 0.314 0.352 0.372 0.389 o.422 0.434
35 0.323 0.361 0.382 0.399 o.431 o.443
36 0.332 0.371 0.391 o.k408 o.44- o453
37 0.341 0.380 o. 40 O..418 O. 450 o.462
38 0.350 0.389 o.41o 0.i427 o.46o o.472
39 O. 360 0.398 o.419 0.436 o.469 O.481
40 0.369 o.408 o.428 o.146 0.478 o.490
41 0.378 0.417 9,438 o.455 o.488 O. 500
42 0.387 0.426 o.447 0.464 O.497 O.509
43 0.396 O.435 o.456 O.k474 O.506 o.51844 0.405 o.444 o.465 0,483 o. 515 0.527
45 0.414 0.454 o.475 o.492 o.524 o. 536
46 0.423 o.463 'o. 484 o.5Ol o.533 0.545
47 0.432 0.472 0.493 o.51o o.543 0.554
48 0.441 o.481 0.502 0.519 0.552 0.563
49 O.k4o 0.490 0.511 0.528 o.561 0.572
50 o.459 0.499 o.520 0.537 o.569 0.581.

120 0 0.006 0.013 0 019 0.025 0.038 0.043
1 1. 014' 0.025 0.032 0.039 0.054 0.060
2 0.022 0.035 O.O44 0.052 0.068 0.075

.. 3 0.031 0.045 0.055 0.063 o.o81 0.088
4 0.038 0.055 0.066 o.o75 0.094 0.101
5 0.047 0.065 0.076 0.086 0.106 0.113
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N F C oo 8o 2Q .Q

6 0.055 0.075 O.086 O.096 0.117 0.125
7 o.064 o.084 o.096 0.107 0.128 0.137
8 0.072 0.093 0.107 0.117 0.139 o.148
9 O.080 0.103 o.116 0.127 0.150 o.159
10 0.089 0.112 0.125 0.137 0.161 0.170
11 0.097 0.121 0.135 o.147 0.171 0.181
12 o.lO5 o.13o 0.145 o.157 0.182 0.191
13 0.114 0.139 o.154 0.167 0.192 0.202
14 0.122 0.148 o.163 0.176 0.202 0.212
15 0.130 0.157 0.173 0.186 0.212 0.222
16 0.139 o.166 0.182 0.195 0.222 0.232
17 0.147 0.175 0.191 0.205 0.232 0.242
18, 0.155 0.184 0.200 0.214 0.241 0.252
19 o.163 0.193 0.210 0.224 0.251 0.262
20 0.172 0.202 0.219 0.233 0.261 0.271
21 0.180 0.211 0.228 0.242 0.270 0.281
22 0.188 0.220 0.237 0.251 0.280 0.290
23 0.197 0.228 0.246 0.260 0.289 0.300
24 0.205 0.237 0.255 0.270 0.298 0.309
25 0.213 0.246 0.264 0.279 O. 308 0.319
26 0.222 0.254 0.272 0.288 0.317 0.328
27 0.230 0.263 0.281 0.297 0.326 0.337
28 0.238 0.272 O.290 O.306 0.335 0.346
29 0.247 0.281 0.299 0.315 0.344 0.356
30 0.255 0.289 0.308 0.323 0.354 0.365
31 0.263 0.298 0.317 0.332 0.363 0.374

* 32 0.271 o.306 0.325 0.341 0.372 0.383
33 0.280 0.315 0.334 O.350 0.380 0.392
34 0.288 0.324 0.343 0.359 0.389 O.401
35 0.296 0.332 0.351 0.368 O.398 O.410
36 0.305 0.341 0.360 0.376 0.407 o.418
37 0.'313 o.349 0.369 0.385 o.416 0.427
38 0.321 0.358 0.377 0.394 0.425 0.436
39 0.330 0.366 0.386 0.402 o.433 o.445
40 0.338 0.375 0.394 0.11 0.U 2 0.453
41 0.346 0.0333 0.403 0.419 0.451 0.462
42 0.355 0. 392 0.412 o0.428 0.459 0.471
43 0.363 0.400 0.420 0.437 0.468 0.479
44 0.371 0.409 0.429 0.445 0.476 0.488
145 0.380 0.417 0.437 0.454 0.485 0.496
"46 0.388 0.426 0.446 0.462 0.493 O.505

"" 47 0,396 0.434 0. 454 o.471 0.502 0.513
-48 .. 4 *.442 0.462 0.479 0.510 0.522

S49 r.4]12 O.,51 0.'471 O. 487 0. 519 o.530
50 0.421 0.459 0.479 0.496 0.527 0.538
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N 5 C . .8oo .900 .950 .99229

130 0 0.005 0.012 0.018 0.023 0.035 o.o4o

1 0.013 0.023 0.030 0.036 0.05o o.o56

2 0.021 0.033 o.o4o 0.048 0.063 0.069

3 0.028 O.042 o. 051 O.059 0.075 O.082

4 0.036 0.051 o.061 O.069 O.087 O.094

5 o.ok o..060 0.070 0.079 o.098 o.io5
6 0.051 o.o069 o.o80 o.089 o.1o8 o.116

7 0.059 0.078 0.089 0.099 0.119 0.127
8 0.067 o.o86 0.098 0.108 0.129 0.137

9 0.074 0,095 0.107 0.118 o 0.139 o.147
10 0.082 0.0104 0.116 0,127 o.149 0.157

11, 0.090 0.112 0.125 o.136 0.159 o.167

12 0.097 0.120 0.134 O.4h5 o.168 0.177

13 0.105 0.129 0.142 0.154 .0.178 0.187
14 0.113 0.137 o.151 0.163 o.187 o.196

15 0.120 o.146 0.160 0.172 0.196 0.206
16 0.128 o. 154 o.168 0.181 0.206 0.215

17 0.136 0.162 0.177 0.190 0.215 0. ý21.

18 o.143 0.170 o.185 0.198 0.224 0.234
19 0.151 0.178 o.194 0.207 0.233 0.243

20 o.159 0.187 0.202 0.216 0.242 0.252
21 o.166 o.195 0.211 0.224 0.251 0.261

22 0.174 0.203 0.219 0.233 0.259 0.269
23 o.18ý 0.211 0.227 0.241 0.268 0.278
24 0.189 0.219 0.236 0.250 0.277 0.287
25 0.197, 0.227 0.244 0.258 0.286 0.296
26 0.205 0.235 0.252 .0.267 0.294 0.305
27 0.212 0.243 0.260 0.275 0.303 0.313 "

28 0.220 0.251 0.269, 0.283 0.311 0.322

29 0.228 0.259 0.277 0.291 0.320 0.330

30 0.235 0.267 0.285 0.300 0.328 0.338

31 0.243 0.275 0.293 0.308 0.337 0.347

32 0.251 0.283 0.301 0.316 0.345 0.355
33 )0.258 0.291 0. 309 0.324 0.353 0.363

34 0.266 0.299 0.317 0.333 0.362 0.372

"35 0.274 0.307 0.325. 0.341 0.370 0.380

36 0.281 0.315 0.333 o.349 0.378 0.388

37 0.289 0.323 *.0341 0.357 0.386 0.397

38 0.297 0.331 o.349 o.365 0.394 O.405
39 0.304 0.339 o.357 0.373 0.1403 0.1413

40 0.312 0.347 o.365 0.381 0.1411 o.1421
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

I

N F C .5oo .80o .900 .950 .990 .995

41 0.320 0.355 0.373 0.389 O. 419 0.429
42 0.327, 0.363 0.381 0.397 o.427 0.437
43 0.335 0.370 0.389 0.405 o.435 O.445
44 0.343 0.378 0.397 o.413 0.443 0.453
45 0.350 0.386 o.4o5 o.421' o.451 o.461

06 O.358 0.394 o.413 0.429 b.459 O.0469
47 0.366 0.402 0.421 0.437 0.467 0.477

08 0.373 O.409 0.429 o.444 o.474 o.485
49 0.381 0.417 o.436 0.452 0.482 0.493
5o 0.389 0.425 o.444 o.460 O.490 o.5o0

140 0 0.005 0.011 0.016 0.021 0.032 0.037
1 0.012 0.021 0.027 0.033 0.046 0.052
2 0.019 0.030 0.038 O.0O44 0.059 0.065
3 0.026 0.039 0.047 0.05k 0.070 0.076
4 0.033 o.o48 o.o56 O.064 o.o81 O. 087
5 o.nk4o 0.056 O.o065 0.074 o.091 0.098
6 O. 0h8 O.064 0.074 O.083 0.101 o.108
7 O.055 0.072 0.083 0.092 0.111 0.118 " -

8 0.062 O.080 0.091 0.101 0.120 0.128
9 O.069 0.088 0.100 0.110 0.130 0.137
10 0.076 O.096 0.108 0.118 0.139 O.0147
11 O.083 0.104 o.116 0.127 o.148 o.156
12 0.090 0.112 0.124 0.135 0.157 0.165
13 0.097 O.120 0.133 0.144 o.166 0.174
14 0.105 0.128 O.141 o. 152 0.174 o.183
15 0.112 0.135 O.1149 0.160 0.183 0.192
16 0.119 0.143 0.157 0.168 0.192 0.200
17 0.126 0.0151 0.165 0.177 0.200. 0.209
18 0.133 0.158 o.173 0.185 0. 209 0.218
19 o.14o 0.166 0.180 0.192 0.217 0.226
20 0.1 4 7 0.174 0.188 0.201 0.225 0.235
21 0.154 0. 181 0.196 0.209 0.234 0.243
22 0.162 0.189 0.204 0.217 0.242 o. ;251
23 0.169 0.196 0.212 0.225 0.250 0.260
24 0.176. 0.204 0.219 0.233 0.258, 0.268
25 0.183 0.211 0.227 0.240 0.266 0.276
26 0.90o 0.219 0.235 0.248 0.274 0.284
27 0.197 0.226 0.242h 0.256 0.282' 0.292
28 0.204 0.234 0.250 0.264 0.290 0.300
29 0.211 0.241 0.258 0.272 0.298 0.308
30 0.219 0. 249 0.265 0.279 0.306 o.316
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I
UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

I
N F Q 50 .800 --2-0 99

31 0.226 0.256 0.273 0.287 0.314 0.324
32 0.233 0.264 0.280 0.295 0.322 0.332
33 0.240 0.271 0.288 0.302 0.330 Cd340 --4
34 0.247 0.278 0.296 0.310 0.337 0.348
35 0.254 0.286 0.303 0.317 0.345 o.355
36 0,261 0.293 0.311 0.325 0.353 0.363
37 0.268 0.301 0.318 0.333 0.361 0.371
38 0.276 0.308 0.325 0.340 0.368 0.379
39 0.283 0.315 0.333 0.348 0.376 0.386
4o 0Q.290 0.323 0.34o0 0.355- 0.383 0.394
41 o.297 0.330 0.348 0.363 0.391 0.o0i
42 0.304 0.337 0.355 0.370 0.398 o.409
43 0.311 0.345 0.363 0.378 o.406 0.417
44 0.318 0.352 0.370 0.385 o.414 o.424
45 0.325 0.359 0.377 0.392 o.k421 o. 432
46 0.333 0.367 0.385 o.400 o.428 o.k439
47 0.340 0.374 0.392 0.407 0.436 o.k446
48 0.347 0.381 0.399 o.41h 0.4i3 o.454
49 0.354 0.388 o.407 0.422 o.451 o.461
5o 0.361 0.396 47 14 o.429 o.458 o.469

15o o 0.o5 C. 011 o. 15 o.C20 0.030' 0.035 0
1 0.011 0. 020 0.026 0.031 0.043 O.048
2 0.018 0.028 0.035 0.0o41 0.055 0.060
3 0.024 0.036 0.044 0.051 O.065 0.071
4 0.031 o.o44 0.053 0.060 0.075 0.082
5 0.038 0.052 0.061 0.069 o.o85 0.091
6 0.044 0.060 0.069 0.077 0.094 b. 1ý i
7 0.051 0.067 0.077 0.086 0.104 0. ik,
8 o.058 0.075 o.o85 0.094 0.112 0.120
9 O.064 o.082 0.093 0.102 0.121 0.128I0 , 0.071 0.090 0.101 O I( 0.16 0 30 , .137 -
11 0.078 0.097 0.109 0.118 0.138 o.146
12 o.084 O.105 o.116 0.126 0.147 6. i!5 •
13 0.091 0.112 0.124 0.134 0.155 0.163
14 0.098 0.119 0.131 0.142 0.163 0.171
15 O.104 0.126 0.139 .0.150 0.171 O.180
16 0.111 0.134 0.146 0.157 0.179 o.188
.17 0.118 0.141 o.154 6.165 0.187 0.196
18 0.124 0.148 0.161 0.173 0.195 0.20k
19 0.131 0.155 o.169 o.18o 0.203 0.212
20 0.137 0.162 0.176 0.188 0.211 0.220
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N - Sample size
F - Observed number of failures in a sample of N trials

N ~ c.80o .90 .95099

21 0.11444 0.169 0. 183 o.195 O.21.9 0.228
22 o.15i 0.176 0.191 0.203 0.227 0.236
23 0.157 0.183 0. 198 0. 210 0.234 0. 243
24 0.164 0.191 0.205 0.218 0.242 0.251
25 0.171 0.198 0.212 0.225 0.249 0.259
26 0.177 0.205 0.220 0.232 0.257 0.266
27 0.1814 0.212 0.227 0.240 0.265 0.274
28 0.191 0. 219 0.234 0.247 0. 2 72 0.281
29 0.197 0.226 0.241 0.254 0.279 0.289
30 0.20o4 0.233 0.248 o. 261 0.287 0.296 S
31 0.211 0.239 0.255 0.269 0.294 0.3034
32 0.217 0. 246 0.262 0.276 0.302 0.311
33 0.224 0.253 0.269 0.283 0.309 0.319
34 0.231 0.260 0.276 0.290 0.316 0.326
35 0.237 0.267 0.283 0.297 0.3214 0.333
36 0.2244 0.274 0.291 0.30o4 0.331 0.341 0
37 0.251 0.281 0.298 0.311 0.338 0.348
38 0.257 0.288 0.305 0.318 0.345 0. 355
39 0.264 0.295 0.311 0.326 1,352 0.362
40 0.271 0.302 0.318 0.333 0.360 0.370
41 0.277 0.309 0.325 0.340 0.367 0.377
42 0.2284 0.315 0.332 0.347 0.374 0.384
43 0.290 0.322 0.339 0.354 0.381 0.391
414 0.297 0.329 0.346 0.361 0.388 0.398
45 0.304 0.336 .0.353 0.368 0.395 O.1405
46 0. 310 0.343 0.360 0.374, 0.402 0.1412
4-7 0.317 O.350 0.367 0.381 O,1409 0.419
48 0.324 0.356 0.373 0.388 01416 O.1426
149 0.330 0.363 0.381 0.395 C 423 0.433
50 0.337 0.370 0.387 0.1402 4 130 0.14140

160 0 O.o 04 0.010 014 0.019 0 028 0.033
1 0.010 0.019 0.024 0.029 0 0141 0.0o46
2 0.017 0.027 0.033 0.039 0 051 0.057 0
3 0.023 0.034 0.041 0.048 0 061 0.06714 0.029 0.0429 0.056 0 071 0.077'
5 0.035 0.049 0.057 0.065 0 080 0.086

1 2. . . . . .
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UPPER LIMITS OF BINOMIAL CON FIDENhCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITF
C = One-sided confidence level
N = Sample size

F= Observed number of failures in a sample of N trials

N F Q .500 .800 .900 -950 L22
6 0.042 0.056 0.065 0.073 0.089 0.095
7 0.048 0.063 0.072 0.081 0.097 0.104
a 0.054 0.070 0.080 0.088 o.106 0.112
9 0.060 0.077 0.087 0.096 o.114 0.121
10 0.067 o.084 0.095 0.104 0.122 0.129
11 0.073 0.091 0.102 0.111 0.130 0.137
12 0.079 0.098 0.109 0.119 0.138 o.1145
13 0.085 M.15 o.116 0.126 0.14.6 0.153
114 0. 091 0.112 0.123 0.133 0.153 0.161
15 0.o98 0.119 0.130 0.114 0.161 0.169
16 0.1i04 0.125 0.137 o.i148 0.169 0.177
17 0.110 0.1T32 0.144. o.155 0.176 0.184
18 o.166 0.139 0..151 0.162 0.18k 0.192
19 0. 123 o. 146 0. 158 0. 169 0.191 0. 199
20 0. 129 0.152 o.165 0.176 o.198 0.207
21 0.135 o.159 0.172 0.183 0.206 0.214
22 0.1141 0.166 0.179 0.190 0.213 0.222
23 o18 0.172 0.1 -86 0.197 0.220 0.229
24 0.154 0.3.79 0.19 0.204 0.227 0.236
25 o. 16 o.185 0.199 0.211 0.235 0.214)
26 0. 1( 0.192 0.206 0.218 0.242 0.251
27 0.113 0.1i99 0.213 0.225 0.249 0.258
28 0.179 0 .20 5 0.220 0.232 0.256 0.265
29 o.185 0212 0.226 0.239 0.263 0.272
30 0.191 0.218 0.233 0.246 0.2.70 0.279
31 0.198 0.225 0.2140 0.252 0.277 0.286
32 0.204 0.231 0.246 0.259 0.284 0.293
33 0. 210 0.238 0.253 0.266 0.291 0.3c"C
34 0.216 0.2414 0.260 0.2ý73 0.298 0.3()7
35, 0.222 0.251 0.266 0. 279 .0.304 0.314
.36 0.229 027 0.273 026 0.311 032
37 0.235 02k 0.280 0.293 0.318 0.329
38 0.2141 0.270 0.286 0.299 -0.325 0.33k
39 0.2147. 0.277 0.293 0.3n6 0. 332 0. 302
140 0.25k, 0.283 0.299 0.313 0.338 0.3148
41 0.260 0.290 0.306 0.319 0.3145 0.355
142 0.266 0.296 0.312 0.326 .0.352 0.362
143 , 0.272 0.303 .0. 319 0.332 0.359 0.368
1414,'7 0.309 0.325 0.339 0. 365' 0.375
45 0.285 0.315, 0.3ý32 0.346 0.372 0.382
4t6 0.291 0.322 0.338 0.352 0.378 0.388
147 0.297 0.328 0.3145 0.359 0.385 0.395
h48 0.30k 0.335 0.351 0.365 0.392 0.401
149 0.310 0.3141 0.358 0.372. 0.398 o.W48
5o 0.316 03414 0.3614 0.378 o.boS 0.1415
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Ohserved number of failures in a sample of N trials

N F C .800 .900 -. 9

170 0 O.004 0.009 0.013 0.017 0.027 0.031
1o 0.010 0.018 0.023 0.028 0.038 0.043
2 O.016 0.025 0.031 0.037 O.o49 O.053
3 0.-022 0.032 0.039 o.o45 O.058 O.063 0
4 0.027 0.039 o.046 0.053 0.069 0.072
5 0.033 o.o46. o.o54 0.061 o.075 0.081
6 0.039 0.053 0.M61 0.068 o.o84' 0.090
7 o.o45 0.06o 0.068 0.076 0.092 0.098
8 o.o51 o.o066 0.075 o.083 0.100 O.106
9 0.57 0.073 0.082 0.091 0.107 o.114 0
10 0.063 0.079 0.089 0.098 0.115 0.122
11 O.069 O.086 O.096 O.105 0.123 0.129
12 0.074 0.092 0.103 0.112 0.130 0.137
13 0.080 0.099 0.110 0. 119 0.137 o.145
14 o.086 o.lO5 0,116 0.126 o. "' o.2$0 152
15 0.092 '0.112 0.123 0.133 0.15,: o.159 •
16 0.098 o.118 0.13"0 0.139 o.159 o.167
17 0.104 0.124~ 0.136 o.ih6 o.166 0.174
18 0.110 0.131 o.143 o.153 0.173 0.181
19 o.115 0.137 0.149 O.160 0.180 0.188
20 0.121 0.143 0.156 0.166 0.187 0.195
21 0.127 0.150 0.162 0.173 0.194 0.202
22 0.133 o.156 0ý.169 0.180 0.201, 0.209
23 0.139 0.162 0.175 o.186 0.2o8 0.216
21+ 0.145 o.168 0.182 0.193 0.215 0.223
25 0.151 0.175 o.188 0.199 0.221 0.230
26 o.157 0.181 o.194 0.206 0.228 0.237
27 0.162. 0.187 0.201 0.212 0.235 0.243 S
28 o.168 0.193 0.207 0.219 0.242 0.250
29 0.174 0.199 0.213 0.225 0.248 0.257
30 0.180 0.206 0.220 0.232 0.255, 0.264
31 0. 186 0.212 0.226 0.238 0.261 0.270
32 0.192 0.218 0.232 0.244 0.268 0.277
33 0.198 0.224 0.239 0.251 0.275 0.-83 •
34 0.204 0.230 0.245 0.257 0.281 0.290
35 0.209 0.236 0.251 o.264 0. 288 0'.296
36 0.215, 0.243 0.257 0.270 0.294 0.303
37 0.221 0.249 0.264 0.276 0.300 0.310
38 0.227 0.255 0.270 0.282 0.307 0.316
39 0.233 0.261 0.276 0.269 0.313 0.322 .
40 0.239 0.267 0.282 0.295 0.320 0.329
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UPPER L:MITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-6Y-f•d confidence level
N = Snrmpie Sizs
F = Observed number of failures in a sample of N trials

SF C. .5_ .800 .900 .950990 ._9

41 0.245 0.273 0.288 0.301 0.0326 0.335
42 0.250 0.279 0.295 0.,08 0.332 0.342
43 0.256 C. 285 0.301 0..314 0. 339 0.348
44 0.262 0.291 0. 307 0.320 o.345 0. 354
45 0.268 0.297 ( .313 0.326 0.351 0.361
46 0. 2774 0.303 0. 319 0. ?32 0.358 0.367

047 0.280 0.309 0.325 C. 3X9 0. 364 0.373
48 O. 28u 0.315 0.33). o.345 0.370 0.380
49 0.292 0.321 0.337 o.351 0.376 0.386
50 0.297 0.327 0.344) 0.357 0.383 0.392 0

180 o 0.004 0.009 0.013 0.017 0.025 0.029
1 0.009 0.017 0.021 0.026 0.036 0.041.
2 O.015 0. 024 0.029 O.035 o.046 0.050
3 0.020 0.030 0.037 0.043 0.054 0.060
4 .0.026 0.037 o.o44 0.050 O.063 O.068 0
5 0.031 o.o44 0o051 0.058 U,071 0.077
6 0.037 0.050 0.058 o.o65 0.079 0.085
7 0.o43 0.056 0.065 0.072 0m087 0.093
8 o.048 O.063 0.071 0.079 c 'o94 0.100
9 0.054 o.069 0.078 o.o86 0.102 o.108
10 O.059 0.075 O.084 0.092 0.109 o.115 .
11 0.065 o.081 0.091 0.099 0.116 0.122
12 0.070 O.087 0.097 O.106 0.123 0.130
13 '0.076 0.093 0.104 0.112 0. 1.30 0.137
14 0.081 0.100 0.110 0.119 0.137 o.144
15 0.087 0.106 0.116 O, 125 O. 144 o.151
16 0.092 0. 112 0.122 0.132 0. 151 o.158
17 0.098 0.118 0.129 0.138 O.157 o.165
18 0.104 0.124 0.135 o.1]45 o.164 0. 171
19, 0.1109 0.130 o.141 0.151. 0.171 0.178
20 0.115 0.136 o.147 o.157 0.177 0 -:_5)
21 0.120. 0.141 0.153 o.164 0.184 0. 191
22 0.126 O.147 0.160 0.170 0.190 0.199 _
23 0.131 0.153 o.166 0.176 0.197 0.205
24 0.137 o.159 0.172 0.182 0.203 0.211
25 0). 0.165 0.178 0,189 0;210 0.218
26 o'. Ii.8 0.171 0.184 o.195 0.216 0.224
27 0.153 0.177 0.19) 0.201 0.222 0.231
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lFL UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

*! C = One-sided confidence level
SN = Sample size

F = Observed number of failures in a sample of N trials

N F C .2oo .8o.__.0o .950, .990

*. 28 6.159 0.183 0.196 0.207 0.229 0.237
29 o.165 0.189 0.202 0.213 0.235 0.243
30 0.170 0.194 .0.208 0.219 O.241 0.250

31 0.176 0.200 o.214 0.225 0.248 0.256
32 0.181 0.206 0.220 .0.231 0.254 0.262

"33 o.187 0.212 0.226 0.237 0.260 0.268
34 0.192 0.218 0.232 0.243 0.266 0.275

35 0.198 0.224 0.238 0.249 0.272 0.281
36 0.203 0.229 0.243 0.255 0.278 0.287
37 0.209 0.235 0.249 0.261 0.285 0.293
38 0.214 0.241 0.255 O.26? 0.291 0.299

39 0.220 0.247 0. 261 0.273 0.297 0.306

40 0.226 0.252 0.267 0.279 0.303 0.312
41 0.231 0.258 0.273 0.285 0.309 0.318
42 0.237 0.264 0.279 0.291 0.315 0.324

* 43 0.242 0.270 0.284 0.297 0.321 0.330
44 0.248 0.275 0.290 0.303 0.327 0.336
45 O.2?3 0.281 0.296 0.309 0.333 0.342
46 0.2.:.9 0.287 0.302 0.315 0.339 0.348
47 0.26, 0.293 .3308 0.320 0.345 0.354

- 48 0.270 0.298 0.3].1t 0.326 0.351 0.360

49 0.275 0.304 0.319 0.332 0.357 o.366
50 0.281 0.310 0.325 0.338 0.363 0.372

190 0 0.004 0.008 0.012 O.016 0.024 0.028

.1 0.009 O.016 0.020 0.025 0.034 0.038
2 O.014 0.022 0.028 0.033 O.044 0.048
3 0.019 0.029 0.035 0.040 0.052 O.057
4 0.025 0.035 0.042 0.048 0.060 o.o65
"5 0.030 0,041 o.648 u.o55 o.068 0.073
6 0.035 0.047 o.o55 0.061 0.075 0.080
7 o.o4o 0.053 O.061 0.068 0.082 o.o88
8 o.o46 0.059, o.o67 0.o75 0.089 0.095

0 9 0.051' o,.o65 0.074 0.081 0.096 0.109
. 0o 0.056 0.071 0.080 0.088 0.103 0.109
ill O.061 0.077 O.086 O.094 0.110 0. 116
12 0.067 0.083 0.092 0.100 0.117 0.123

" 13 0.072 0.089 0.098 0.107 0.123 0.130
14 0.077 o0og9 0.104 0.113 0.130 o.136
15 - 0.082 0.100 0.110 0.119 o.136 O.143
16 0.088 o.106 0.116 0.125 0.143 O.150
17 0.093 0.112 ).122 0.131 0.149 0.156

0.098 0.117 0.128 0.137 0.156 0.163
19, 0.103 0..23 0.134 0.143 0.162 0.169
20 0.109 0.129 0.140 0.149 0.168 0.175
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; UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failuresin a sample of N trials

_ .5oo .800o..00 .950 9. .99

"21 0.114 0.134 o.146 0.155 0.174 0.182
22 0.119 0.140 9.151 o.161 o.181 o.188
23 0.124 0.145 0.157 0.167 0.187 0.194
24 0.130 o i51 o.163 0.173 0.193 0.200
25 0.135 o.157 0.169 0.179 0.199 0.207
26 o. 140 o. 162 0.174 o.185 0.205 0.213
27 o.145 o.167 0.180 0.191 0.211 0.21928o18 O.196 o. 211 O.21
28 o.151 0.173 0.186 ..196 0.217 0.225

29 o.156 0.179 0.191 0.202 0.223 0.231
30 0.161 o.184 0.197 0.208 0.229 0.237
31 0.166 0.190 0.203 0.214 0.235 0.243
32 0.172 0.195 0.208 0.220 2.41 0.249
33 0.177 0.201 0.214 0.225 0.247 0.255
34 o.182 0.206 0.220 0. 231 0.253 0.261
35 0.187 0.212 0.225 0.237 0.259 0.267
36 0.193 0.217 0.231 0.242 0.265 0.273
37 0.198 0.223 o.237 0.248 0.270 0.279
38 0.203 0.228 -0.242 0.254 0.276 0.285
39 0.208 0.234 0.248 0.259 0.282 0.290
40 0.214 o.239 0.253 0.265 0.288 0.296
41 0.219 0.245 0.259 0. 271 0.293 0.302
42 0.224 0.250 0.264 0.276 0.299 0.308
43 0.229 0.256 0.270 0.282 0.305 0.314
44 0.235 0.261 0.275 0.288 0.311 0.319
45 0.240 0.267 0.281 0.293 0.316 0.325
46 0.245 0.272 0.287 0.299 0.322 0.33!,
47 0.250 0.277 0.292 0.304 0.328 0.336
48 0.256 0.283 0.298 0.310 0.333 0. 312
49 0.261 0.288 0.303 .0.315 0.339 0.348
5o 0.266 0.294 0.309 0.321 0. 345 0.353

, 200 0 0.003 0.008 0.011 O.015 0..023 o..026
1 0.008 o.o15 0.019 0.023 0.033 0.0.37
2 0.013 0.021 0.026 0.031 O.041. 0.046

* 3 0.018 0.027 0.033 0.038 0.049 0.054
"" 4 0.023 0.033 0.040 0.045 0.057 0.062

5 0.028 0.039. O.046 O.052 O.064 0.069
6 0,033 O.045 O. 052 0.058 Oi 071 0.076
7 . 0.038 0.051 o.058 o.065 0.078 0.084
8 O.043 o.o56 o.o64 o. on o.o85 0.090
9 o.o48 0.062 0.070 '0.077 0.092 0.097
"10,:z o0.053 .0068 0.076 0.083 0. 098 0.104
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
"N = Sample size
F = Observed number of failures in a sample of N trials

N F c .500 .8oo0 ._225.
11 O.058 0.073 0.082 0.089 O.205 0.121"12 0.063 0.079 0.088 0.095 0.11] 0.11713 O.068 O.o084 0.093 0.101 0.11Y '0.12414 0.073 0.090 0.099 0.107 0.124 0.13015 0.078 O.095 o.lo5 0.113 0.130 0.,13616 0.083 0.101 0.110 0;119 0.136 0.14217 0.088 0.106 0.116 0.125 0.142 0.24918 0.093 0.111 0.122 0.131 0.148 o.15519 0.098 0.117 0.127 O.136 0.154 0.16120 0.103 0.122 0.133 0.142 O.160 o.16721 0.108 0.128 0.138 o.148 0.166 0.17322 0.113 0.133 0.144 0.153 0.172 0.17923 0.118 0.138 0.:149 0.159 0.178 0.18524 0.123 0.144 0.155 o.164 0.184 0.19125 0.128 0.149 O.160 0.170 0.189 0.19726 0.133 o.154 o.166 0.176 P.0195 0.20327 0.138 0.159 0.171 0.181 0.201 0.208* 28 0.143 0.165 0.177 0.187 0.207 0.214"29 o.148 0.170 o.182 0.192 0.212 0.22030 O.153 o.175 0.188 0.198 0M218 0.22631 0.158 0.181 0.193 0.203 0.224 0.23232 0.163 O.186 0.198 0.209 0.229 0.237S33 0.168 0.191 0.204 0.214 0.235 0.243"" 34 0.173 o.196 0.209 0. 20 0.241 0.24935 0.178 0.202 0;214 0.225 0.246 0.25436 0.183' 0.207 0.220 0.231 0M252 0.26037' 0.188 0.212 0.225 0.236 0.257 0.26538 0.193 0.217 0.230 0.241 0.263 0.27139 0.198 0.222 0.236 0.247 0.269 0.27740 0.203 0.228. 0.240 -0.252 0.2714 0.28241. 0.208 0.233 0.246 0.258 0.280 0,28842 0.213 0.238 0 252 0.263 0.285 0 29343 0.218 0.243 0.257 0.268 0.290 0.299* 44 0. 223 0.248 0.262 0.274 0 O.296 0.304S45 04228 0.254 0.267, 0.279 6.301 0.31046 0.233 0.259 0.273 0.284 0.307 0.315"47 0.238 0.264 0.278 0.290 0.312 0.32148 0.243 0.269 0.283 0.295 0.318 o.326

49 0.248 0.27L4 0.288 0.300 0.323 0.331.50 0.253 0.279 0.294 0.305 0.328 0.337
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

___50 80 0 950 ~.990 _2

210 0 0.003 O.008 0.011 o. o0 0.022 0.025
1 o.oo8 o.o14 o.o18 0.022 0.031 0.035
2 0.013 0.020 0.025 0.0V0 0.039 0.043
3 0.017 0.026 0.032 0.037 O.047 o.051
4 0.022 0.032 0.038 0.043 0.054 0.059
5 0.027 0.037 O.044 O.049 O.061 o.066
6 0.032 O.043 o.o5o o.o56 o.068 0.073
7 0.036 O.048 0. 055 O.062 O.075 0.080
8 o.o41 o.o054 0.061 o.o68 o.o81 o.086
9 0.046 0.059 0.067 0.074 0.087 0.091
10 0.051 O.064 0.072 0.079 O.094 0.099
11 o.o55 0.070 0,078 o.o85 0.100 o.1o5
12 O.060 0.075 O.084 o.091 0.106 0.112
13 o.o65 0.080 o.o89 o.c 7 0.112 0.118
14 0.070 oo85 O.094 0.102 0.118 0.124
15 0.074 0.091 0.100 0.108 0.124. 0.130
16 0.079 O.096 O.105 0.113 0.130 0.136
17 O.084 0.101 0.111 O.U19 o.135 0.142
.18 0.o89 o.o o. n6 o.124 0.141 o.148
" 19 0.094 0.111 0.121 0.1'3o0.147 0.154
20 0.098 0.116 0.127 0.135 0.153 0.159
21 0.103 0.122 0.132 o.141 o.158 o.165

. 22 0.108 0.127 0.137 o.146 0.164 0.171
" 23 0.113 0. 132 o.142 o.152 0.170 0.176

24 0.117 0.137 0.147 0.157 0.175 0.182
"25 0.122 o.142 o.153 o.162 0.181 o.188
26 0.127 0.147 0.158 o.168 0.186 0.193
27 0.132 0.152 0.163 0.173 0.192 0.199
28 0.136 O.157 O.168 0.178 07197 0.204

. 29 0.141 0.162 0.174 0.183 0.203 0.210
30 0.146 0.167 0.179 0.189 0.208 0.216
31 0.151 0.172 o.184 o.194 0.214 0.221
32 0.155 0.177 0.189 0.199 0.219 0.226
33 O.160 0. 182 0.194 0.204 0.224 0.232
34 0.165 0.187 0.199 0.210 0.230 0.237
35 9.170 0.192 0.204 0.215 0.235 0.243
36 0.174 0.197 0.209 0.220 0.240 0.248
37 0.179 0.1202 0.215 0.225 0.246 0.253 "
38 o.184 0.207 0.220 0.230 o.251 0.259
39 0.189 0.212 0.225 'o.235 0.256 0.264

.40 0.193 0.217 0.230 O.24i o.262 0.269.
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

-500 .8W 900~ 950Q 99 2
41 0.198 0.222 0.235 0.246 0.267 0;27542 0.203 0.227 0.240 0.251 0.272 0.28043 0.208 0.232 0.245 0.256 0.277 0,285
4 0.212 0.237 0.250 '0.261 0,282 0.29145 0.217 0.242 0.255 0.266 0.288 0.29646 O.M222 0.247 0.260 0.271 0.293 0.30147 0.227 0.252 0.265 0.276 0.298 0.306148 0.231 0.256 0.270 0.281 0.303 0.31149 0.236 0.261 0.275 0.286 0.308 0.31750 0.241 0.266 0.280 0.291 0.313 0.322

220 0 0.003 0.007 0.010 0.014 0.021 0.0241 0.008 0.013 0.018 0.021 0.030 0.0332 0.012 0.019 0.024 0.028 0.038 O.o0413 0.017 0.025 0.030 0.035 0.045 0.0494 0.021 0.030' 0.036 0.041 0.052 O.0565 0.026 0.036 0.0042 o.o047 0.058 o.0636 0.030 0.0o41 0.047 0.053 0.065 0.070 -,-7 0.035 0.046 0.053 0.059 0.071 0.0768 0.039 o.05o1 0.058 0.065 0.077 '0;082
9 0.014O4 0.056 0.064 0.070 0.083 0.08910 0.048 0.062 0.069 0.076 0.089 0.09511 O.053 0.067 0.074 0.081 O.095 O.!01 i12 0.057 0.072 0.080, 0.087 0.101 0.10713 0.062 0.077 0.085 0.092 0.107 0.11314 0.067 0.082 0.090 0.098 0.113 0.11815 0.071 0.087 0.095 0.103 0.118 0.12416 0.076 0.092 0.101 0.108 0. 124 0.130-17 .0.080 O.096 0.106 0.114 O.130 o.13618 0.085 O.101 0.111 0.119 0.135 O.14119 0.089 0.106 0.116 0.124 0.141 0.14720 0.094 O.1ii 0.121 0.129 0.146 0.15221 0.098 0.116 0.126 0.135 0.151 0.15822 0.103 0.121 0.131 0.1140 0;157 0.16323 0-.107 0.126 o.136 0.145 0.162 0.16924 0.112 0.131 0.1 4I 0.150 0.168 0.17425 0.116 0.135 0.1].6 0.155 0.173 0.18026 0.121 0. 140' 0.151 O.160 0.178 0.18527 0.126 0.145 0.156 o.165 0.183 0.190
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

U
N 5 c .00 .800 .9 0o Z.990 -95:

28 0.130 0.150 0.161 0.170 0.189 0.19629 0.135 o.155 0.166 0.175 o.194 0.20130 0.139 O.160 0.171 0.180 0.199 0.20631 o.1144 o.164 O. 176 0.185 0.204 0.21132 o.148 0.169 0.181 0.190 0.209 0.217
33 0.153 0,174 0.186 0.195 0.215 0. 22234 0.157 0.179 0.190 0.200 0.220 0.22735 0.162 0.183 0.195 0.205 0.225 0.232"36 0.166 0.188 0.200 0.210 0.230 0.23737 0.171 0.193 o. 205 0.215 0.235 0.24238 0.175 0.198 0.210 0.220 0.240 0.248
39 0.180 0.202 0.215 0.225 0.2145 0.253
4o o.185 0.207 0.220 0.230 0.250 0.25841 o.189 0.212 0.224 0.235 0.255 0.26342 0.194 0.217 0.229 0.240 0.260 0.268
43 0.198 0.221 0.234 0.245 0, 265 0.27344 0.203 0.226 0.239 0.250 0.270 0.278,45 0.207 0.231 0.244 0.254 0.275 0.28346 0.212 o.236 0.248 0.259 0.280 0.288
47 0.216 0.240 0.253 0.264 0.285 0.29348 0.221 0.245 0.258 0.269 0.290 0.29849 0.225 0.250 0.263 .0.274 0.295 0.3035o 0.230 0.254 0.268 0.279 0.300 0.308

230 'o 0.003 0.007 0.010 0.013, 0.020 0.0231 0.007 0.013 0.017. 0.020 0.029 0.032
2 0.012 0.019 0.023 0.027 O.036 0.0403 o. 016 0.024 .0.029 0.033 0.043 O.o0474 0.020 0.029 0.034 0.039 0.050 O.o0545 0.025 0.034 0.040 0.045 0.056 0.06o6 0.029 0. 09 o.o045 0.051 0.062 o.o677 0.033 O.o044 o. 051 o. 056 0.068 0.0738 0.038 0.049 o.o56 o.o62 o.o14, 0.079
9 0.042 0.054 0.061 o0.o67 0.030 0.08510 0.o046 O.059 0.066 0.073 0.086 0.09111 0.051 0.064 O.O7i 0.078 0.091 0.09712 0.055 0.069 0.076 0.083 0.097 0.10213 0.059 0-073 o.o81 0.088 0.102 0.10814. 0.064 0.078 o.086 o.o094 0.108 - 0.11315 o.068 0.083 0.091 0.099 0. 113 0.11916 0.072 0.088 o.096 o.1lo4 o.19 0. 12417 0.077 0.092 0.101 0.109 0.124 0.13018 0.081 0.097 0.106 0.114 o0.129 0.135
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S

UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

C £5 0 0 .800 .2o 9 990

19 O.085 0.102 0.3111 0.119 0.135 0.14120 0. 090 O. 106 o.116 0. 124 O. 140 o. 146

21 O.094 0.111 0.121 0.129 o.145 0.151
22 0.098 0.116 0.125 0.134 o.15o o.156 0
23. 0.103 0.120 0.130 0.139 o.155 0.162
24 0.107 0.125 o.135 o.1144 0.160 0.167
25 0.111 0.130 O.1140 o.145 o.166 0.172
26 0.116 0.134 o.1145 0.153 0.171 0.177
27 0.120 0.139 0.149 0.158 0.176 0.182
28 0.124 0.144 0.154 0.163 0.181 0.187 0
29 0.129 0.148 0.159 o.168 0.186 0.192
30 0.133 o.153 o.164 0.173 0.191 0.198
31 0.137 0.157 0.168 0.178 o.196 0.203
32 o.142 o.162 0.173 0.182 0.201 0.208
33 o.146 o.166 0.178 0.187 0.206 0.213
34 0.151 0.17. 0.182 0.192 0.211 0.218 0
35 o.155 0.176 0.187 0.197 0.215 0.223
36 o.159 O.180 0.192 0.201 0.220 0.227
37 0.164 0.185 0.196 0.206 0.225 0.232
38 o.168 0.189 0.201 0.211 0.230 0.237
39 '0.172 0.194 0.206 0.216 0.235 0.242
40 0.177 o.198 0.210 0.220 0.240 0.247
41 0.181 0.203 0.215 0.225 0.245 0.252
142 0.185 0.207 0.219 0.230 0.249 0.257
43 0.190 0.212 0.224 0.234 0.254 0.262
1414 o.194 0.216 0.229 0.239 o.259 o.266"- -

45 o.198 0.221 0.233 o. 244 0.264 0.271
46 0.203 0.225 0.238 0.248 0.269 0.276 . 0
47 0.207 0.230 0.242 0.253 0.273 0.281
48 O.211 0.234 0.247 0.258 0.278 0.286
149 0.216 0.239 0.252 0.262 0.283 0.290

*50 0.220 0.243 0.256 0.267 0.287 0.295

240 0 0.003 0.007 0.010 0.012 0.019 0.022 -
1 0.007 0.012, 0.016 0.020 0.02.7 0.031
2. 0.011 0.018 0.022 0.026 0.035 0.038
3 0.O15 0.023 0.028 0.032 O.OkV O.O145
4 0.019 0.028 0.033 0.038 ,o.o48 0.052
5 0.024 0.033 0.038 0.043 O.o54 0.058
6 o.028 0.038 0.043- 0.049 0.060 0.064 -
7. 0.032 0.042 O.O49 0.054 0.065 0.070
8 0.036 0.047 0.054 0.059 O.O07 0.076
9 0.040 0.052 0.059 O.O65 0.077 0.081
10 o.0o44 0.056 0.063 o.o7o 0.082 0.087
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sarnp!e of N trials

N F _C .500 .8oo .9o .0 990 .2:

11 O.049 o.061 O.068 0.075 0.088 0.093
12 O.053 0.066 0.073 0.080 0.093 0.098
13 O.057 0.070 0.078 0.085 0.098 0.103

14 o.061 0. 075 0.053 0.090 O.104 0.109 0

15 O.065 0.079 O.088 O.095 0.109 0.114
16 O.069 o.084 0.092 0.099 o.114 0.119

17 0.074 O.088 0.097 O.lO4 0.119 0.125

18 0.078 0.093 0.102 0.109 0.124 0.130
19 0.082 0.098 0.106 0.114 0.129 0.135

20 O.086 0.102 0.111 0.119 o. 1i4 o.14o
21 0.090 O.106 0.116 0.124 0.139 o.145

22 0.094 0. 111 0.120 0.128 o.144 O.150
23 0.098 0.115 0.125 0.133 0.149 0.155
24 0.103 0.120 0.129 0.138 o.154 O.160

25 0.107 0.124 0.134 0.142 0.159 o.165

26 0.111 0.129 0.139 0.147 0.164 0.170
27 0.115 0.133 0.143 0.152 0.169 0.175
28 0.119 0.138 o.148 o.156 0.173 O.180
29 0.123 0.142 0.152 0.161 0.178 0.185
30 0.,128 o.146 0.157 0.167 0.183 0.190
31 0.132 O.150 0.161 0.170 o.188 o.194
32 0.136 0.155 0.166 0.175 0.193 0.199
33 0.140 o. 16o 0.170 o.18o 0.197 0.204

34 o.144 0.164 0.175 0.184 0.202 0.209

35 o.148 o.168 0.179 0.189 0.207 0.214
36 0.153 0.173 o.184 0.193 0.211 0.218

37 0.157 0.177 0.188 0.198 0.216 0.223
38 0.161 0.181 0.193 0.202 0.221 0.228

39 0.165 0.186 0.197 0.207 0.226 0.233
40 0.169 0.190 0.202 0.211 0.230 0.237

41 0.173 0.195, 0.206 0.216 0.235 0.242 " '
42 0.178 0.199 0.211 0.220 0.239 0.247
43 0.182 0.203 0.215 0.225 O.244 0.251

44 o.186 0.208 0.219 0.229 0.249 0,256
45 0.190 0.212 0.224 0.234 0.253 04260

06 0.194 0.216 0.228 0.238 0.258 0.265

47 0.198 0.221 0.233 0.243 0.262 0.270
48 0.203 0.225 0.237 0.247 0.267 0.274,
49 0.207 0.229 0.241 0.252 0.271 0.279
50 0.211 0.234 0.'246 0.256 0.276 0.283

250 0 0.003 O.006 0.009 0.012 0.018 0.021

1 0.007 0.012 O.015 0.019 0.026 0.029
2 0.011 0.017 0.021 0.025 0.033 0.037
3 0.015 0.022 0.027 0.031 0.040 o.o43
4 0.019 0.027 0.032 0.036 o.o46 o.o5o _t

*,136 '" '
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS 0
C = One-sided confidence level
N = Sample size
F Observed number of failures in a sample of N trials
N F c . .80o ... o ...

10-0~~o. 
-90 

-90 _90 -
65 0.023 0.031 0.037 O.o042 O.052 O.056
6 0.027 0.036 O.042 0.04? O.057 0.0617 0.031 O.o041 O.o04? O.052 O.063 O.0678 0.035 o.04 OL5 '-0.051 0.057 0.068 0.073 S9 0.039 0.050 0.056 0.062 0.074 0.07810 0.043 o. Q54 o. 061 O.067 0.079 O.o08411 O.047 0.059 O. o66 0.072 O.084 0.08912 o.051 O.063 0.070 0.077 0.089 0.09413 0.055 0.068 0.075 o.081 0.o094 0.09904 0.059 0.072 0.080 O.086 0.099 O.10515 0.063 0.076 0.084 0.091 O.104 0.11016 0.067 o.081 0.089 O.096 0.109 0.11517 0.071 O.085 0.093 0.100 o.1134 0,12018 0.075 0.089 0.098 0.105 0.119 0.12519 0.079 0.094 0.102 0.110 0.124 0.13020 0.083 0.098 0.107 0.114 0.129 0.135 021 0.087 0.102 0.111 0.119 0.134 0.13922 0.091 0.107 o.116 0.123 0.139 o.114423 0.095 0.111 0.120 0.128 0.143 o.114924 0.099 0.115 0.124 0.132 o.148 0.154

25 0.103 0.119 0.129 0.137 o.153 0.159 "26 0.107 0.124 0.133 0.1141 0.157 0.16327 0.111 0.128 0.138 0.146 0.162 0.16828 0.115 0.132 0.1142 O.150 0.167 0.17329 0.119 0.136 0.1146 o.155 o.17n 0.17830 0.123 0.141 o.151 0.159 0.176 0.18231 0.127 0.1145 o.155 o.164 0.181 0.18732 0.130 O.149 0.159 O.168 o.185 0.19233 0.134 0.153 o.164 0.173 0. 190, o.19634 0.138 o0.158 o.168 0.177 0.194 0.20135 0.142 0.162 0.172 0.181 0.199 0.205-36 o.146 o.166 .0.177 0.186 0.203 0.21037 0.150 0.170 o.181 0.190 0.208 0. 215'38 0.154 0.174 0.1 i 0.194 0,212 0.219 039 0.158 0.179 0.109 0.199 0.217 0.224k40 0.162 0.183 0.194 0.203 0.221 0.22840.2166 o0.187 , 0.198 0.207 0.226 0.23342 0.170 0.191 0.202 0.212 0.230 0.23-'.43 0.174 0.195 0.207 0.216 0.235 0,2142W4 0.178 0.199 0.211 0.220 0.239 0.246 .45 0.182 0.204 0.215 0.225 0.2144 0.25146 0.186 0.208 0.219 0.229 0.248 0.25547 0.190 0.212 0.224 0.233 0.252 0.25948 0.194 0o216 0.228 0.238 0.257 0.26449 0.198 0.220 0.232 0.242 0.261 0.26850 0.202 0.22k4 0.236 0.246. 0.265 0.273 5
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0
UPPER LIMITS OF BINOMIAL CONFMDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

300 0 0.002 0.005 0.008 0.010 o.o15 0.018I 0.006 O.010 0.013 O.016 0.022 0.0252 O.009 O.014 O.018 0.021 0.028 0.031 0
3 0.012 O.018 0.022 0.026 0.033 0.036S0.016 0.022 0.026 0.030 0.038 0,041
5 0.019 0.026 0.031 0.035 0.043 o.o466 0.022 0.030 0.035 0.039 0.048 o.051
7 0.026 0.034 0.039 0.0043 O.053 O.0568 0.029 0.038 0.043 0.o048 0.057 0.061
9 0.032 o.ohi 0.047 0.052 0.062 0.06510 0.036 O.045 oo 051 O.056 O.066 0.070
11 0.039 0.049 0,055 0.060 0.070 0.O7412 O.042 O.053 O.059 O.064 0.075 0.079
13 o.o46 0.056. 0.063 0.068 0.079 0.08314 0.049 0.060 0.066 0.072 0.083 0.08815 0.052 0.064 0.070 0.076 '0.o87 0.09216 o.055 0.067 O.074 O.080 0.092 o.096
17 o.o59 0.071 0.078 0.084 0.096 0.100i3 o.062 o.075 o.082 0.088 0.100 0.10419 O.065 0.078 o.085 0.092 0.104 0.10920 0.069 0. 082 O.089 O.095 O.108 0.113 021 0.072 O.085 0.093 0.099 0.112 0.11722 0.075 0.089 0.097 0.103 0.116 0.12123 0.079 0.093 0.100 0.107 0.120 0.12524 0.082 O.096 O.104 0.111 0.124 0.129
25 O.085 0.100 0.108 o.114 0.128 0.13326 0.089 0.103 0.111 0.118 0.132 0.13727 0.092 0.107 0.115 0.122 0.136 0.141k28 0.095 0.110 0.119 0.126 o.14o 0.o.1429 0.099 0.114 0.122 0.129 0.144 0.10930 0.102 0.117 0.126 0.133 .0.147 0-.15331 O.105 0.121 0.129 0.137 O. 151 0.15732 0.109 0..124 0. 153 0.141 o.155 0.16133 0,112 0.128 0.137 o.144 o.159 o,165.
34 0.115 0.132 0.1h0 0.1-48 '0.163 0.16835 0.119 0.135 0.144 0.152 0.167 0.172
36 0,122 0.139 o.148 0.155 0.170 0.176
37 0.0125 o.142 0.o151 o.159 0 4174 0.18038 O.9 o.1i46 0. 155 0. 163 0. 178 o.' 184•
39 0.132 o.149 o.,158 o.166 0.182 O.188
40 0.135 0.153 0.162 0.170 0.186 0.19141 0:139 0.156 0.166 0.174 0.189 0.19542 0.142 0.160 0.169 0.177 0.193 0.199
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

£ c .800 9 .95o S :
43 0.145 0.163 0.173 0.181 0.197 0.20344 0.149 o.167 0.176 0.185 0.201 0.20745 0.152 0.170 o.18o o.188 0.204 0.21046 0.155 0.174 0.183 .0.192 0.208 0.21447 0.159 0.177 0.187 0.195 0.212 0.21848 o.162 0.180 0.190 0.199 0.215 0.22249 o.165 o.184 o.194 0.203 0.219 0.2255o 0.169 0,187 0.198 0.206 0.223 0.229

350 0 0.002 0.005 0.007 0.009 0.*013 0.015 01 0.005 0.009 0.011 0.013 0.019 0.0212 0.008 0.012 O.015 0.018 0.024 0.0263 0.010 o. o06 0.019 0.022 0.028 0.031.4 0.013 0.019 0.023 0.026 0.033 0.0365 0.016 '0.022 0.026 0.030 0.037 0.0406 0.019 0.026 0.030 0.034 0.041 0.044"7 0.022 0.029 0.033 0.037 O.045 O.0488 0.025 0.032 0.037 o.041 0.049 0.0529 0.028 0.036 0.040 0.044 0.053 O.05610 0.030 0.039 0.044 0.048 0.057 0.06011 0.033 0.042 0.047 o.051 0.060 O.064
12 0.036 0.045 O.050 o.o55 O.064 o.o6813 0.039 0.048 ox%04 0.058 0.068 0.072 .14 o.o42 0.051 o.o57 0.062 0.072 o.o7515 6.o45 0.055 0.00 0.065 0.075 0.07916 O.048 0.058 O.064 O.069 0.079 0.08317 O.050 0.0061 0.067 0.072 0.083 0.08618 0.053 0.064 0.070 o.o75 o.086 o.0o9 . 019 o.056 0.667 0.073 0.079 0.089 0.09320 0. 059 0.070 0.076 0.082 0.093 0.09721 0.062 0.073 0.080 0.085 0.0096 0.10122 0.065 0.076 0.083 0.089 0.100 0.10423 0.068 0.079 0.086 0.092 0.103 0.10824 0.070 0.082 0.089 0.095 0.107 0.11125 0.073 O.0•86 0.092 0.098 0.110 0.11426 0.076 0.1089 0.096 0.102 0.113 0.11827 0.079 0.092' 0.099 0.105 0.117 0.12128 0.082 0.095 0.102 0. 108 0.120 0.12529 0o085 0.098 0.105 0.111 0.124 0.128 -30 0.088 0.101 0.108 0.1 0.127 0.132 •31 0.090 0204 .0-111 o0.118 0.130 0.135
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sidec confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N _ 500 .800 .. 990 995.

32 0.093 0.107 o.114 0.121 o. 134 0.138
33 o.096 0.110 0.118 o.124 0.137 o.142
34 0.099 0.113 0.121 0.127 o.14o o.145
35 0.102 0.116 0.124 0.130 o.143 o.148

0.105 0.119 0.L27 0.134 0.147 0.152
37 0.108 0.122 0.130 0.137 0.150 0.155
38 0.110 0.125 0.133 o.14o o.153 o.158
39 0.113 0.128 o.136 o.143 o.156 o.162
h40 0.116 0.131 0.139 O. 146 O.160 o.165
41 0.119 0.134 0.;142 0.149 0.163 0.168
42 0.122 0.137 o.145 0.152 0.166 0.171
43 0.125 O.140 O.148 O. 156 0.169 0.175
44 0.128 0.1143 0.151 o.159 o.1673 0.178
45 0.130 o. 146 o.155 o.162 0. 176 0.181
46 0.133 0.149 o.158 0.165 0.179 o.184
47 0.136 0.152 0.161 o.168 o. 182 o-.188
48 0.139 0.155 0.164 0.171 0.185 0.J91-
49 0.142 o.158 Q.167 o.174 o. 189 0.194
5o 0.145 0.161 0.110 0.177 0.192 o.197

4o0 0 0.002 0.004 0.006 0.007 0.011 0.013
1 0.004 0.007 0.010 O. 012 O.016 O. 018
2 0.007 0.011 0.013 o.o16 0.021 0.023
3 0.009 0.014 0.017 0.019 0.025 0.027
4 0.012 0.017 0.020 0.023 0.029 0.031
5 0.014 0.020 0.023 0.026 0.032 0.035
6 0.017 0.023 0.026 0.029 0.036 0.039
7 0.019 0.025 0.029 0.033 0.040 o.o42 A0
8 0.022 0.028 0.032 0.036 o. c43 o.046
9 0.024 0.031 0.035 0.039 O.046 O.049
10 0.027 0.034 0.038 o.o42 O.050 0.053
11 0.029 0.037 o.okl o.o,5 0.0o3 o.o56
12 0.032 0.040 O.044 0.048 o.o56 0 059
13 0.034 O.042 0.047 0.051 O.060 O.063
14 0,.037 0.045 0.050 o.054 0.063 o.o66
15 0.039 o. c43 O.053 O.057 O.066 0.069 --
16 o.o42 o.o51 o.056 O.060 0.069 o0.072
17 0.044 0.053 0.059 0.063 0.072 0.076
18 0.047 0.056 0.061 0.066 0.075 0.079
19 •o.o049 0.059 0.064 0.069 0.078 0.082
20 0.052 0.061 O.067 O.072 O.o081 o.o85
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UPPER LIMITS CF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided cvifidence level
N = Sample s-ze
F = Observed number of failures in a sample of N trials

z5o .800 90 90 90 .95

21 o.o54 0.064 0.070 0.075 o.048 o0o88
22 0.057 0.067 0.073 0.078 0.087 0.091

23 0.059 0.070 0.075 0.080 0.091 0.094
24 O.062 0.072 0.078 0.083 O.094 0.097

25 o.o64 0.075 o.o81 o.o86 0.097 0.100

26 0.067 0.078 0.084 0.089 0.099 0.103
27 O.069 O.080 0.087 0.092 0.102 o.106

28 0.072 0.083 0.089 0.095 o.lO5 0.110

29 0.074 O.086 0.092 0.098 o.108 0.112

30 o.077 o.o88 O. 095 0.100 0.111 o.115

31 0.079 0.091 0.098 0.103 O.114 O.3118 S

32 0.082 O.094 O.100 O.106 0. 117 0.121

33 0.084 O.096 0.103 0.109 0.120 0,124

34 0.087 0.099 0.106 0.112 0.123 0.127

35 0.099 0.102 0.108 o.114 0.126 0.130

36. 0.092 O.104 0. 11 0.117 0.129 0.133

37 0.094 0.107 0.13J, 0.120 0.132 0.136 0

38 0.097 0.109 0.117 0.123 0.135 0.139

39 0.099 0.112 0.119 O.1I25 0. 137 o.142

40 0.102 o.115 0.122 0.128 o.lijo 0.145
k1 o.1o4 o.117 o.125 0.131 o.143 o.l148

42 0.107 0.120 0.127 o.134 o.146 0.150

43 0.109 0.123 0.130 0. 136 o.1149 o.153
04 o.112 0.125 0.133 0.139 o.152 0.156

1.6 O.11 0. 12'8 0.135 0.Wk o.154 0.1-59
46 0.117 0.131 0.138 0.145 0.157 0.162

47 0.119 0.133 0.141 O. 147 O.io O .165

48 0.122 0.136 0.144k o.15o o.163 o.168.
49 0.124 0.138 o.146 0.153 0.166 0.171 - S

50 0.127 0.IW. 0..19 o.156 0.168 0.173

14 0 o 0.002 0.004 0.0o5 o.007 o.010 c.012

S0.004 0.007 J-.009-- 0.010 0.015 0.016
2 O.006 0.009 0.012 o.M014 q.019 o0.020

3 0.008 0.012 o.015 0.017 0.022 0.02k '

4 0.010 O.015 O.018 0.020 0.026 0.028

5 0.013 0.018 O. 021 0.023 0.029 0.031
6 O.m15 0.020 0.023 0.026 0. 032 0.034
7 0.017 0.023 0.026 0.029 0.035 0.038

8 0.019 0.025 0.029 0.032 0.038 o.o0.-

9 0.021 0.028 0.031 0.035 o.0ok] o.044 . o.-

10 0.024 0.030 0.034 0.037 o.o44 o.o47
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,UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS S

C = One-sided confidence level
N, = Sample size
F = Observed number of failures in a sample of N trials

N F C .50o .800 1.900 .0 990 -

11 0.026 0.033 0.037 0.040 0.047 0.050.
12 0.028 0.035 0.039 0.043. 0.05'C 0.053
13 0.030 0.038 O.042 O.o46 0.053 O.056
14 0.033 O.o040 o.o0 o.o48 o. o56 O.059
15 O.035 O.043 O.047 0.051 O.059 0.062
16 0.037 O.0h5 0.05o 0.p54 0.061 o.o65
17 0.'039 0.047 O.052 O.056 O.o06. O.06?
18 0.041 o.o5o o.o55 o.059 0.067 0.070
19 o.o44 0.052 0.057 0.061 0.070 0.073
20 O.o46 O.055 O.060 O.064 0.072 0.076
21 o0o48 0.057 0.062 0.067 0.075 0.079
22 O.050 O.059 0.065 O.069 0.078 0.081.
23 0.053 0.062 0.067 0.072 0.081 o.o84
24 0.055 0.064 0.070 0.074 0.083 0.087
25 0.057 0.067 0.072 0.077 0.086 0.089
26 O.059 O.069 0.075 0.079 0.089, 0.092
27 0.061 0.071 0.077 0.082 0.091 0.095
28 O.064 0.-074 0.079 .:084 0.094 0.098
29 0.066 0.076 0.082 0.087 0.097 0.10 icy
30 O.068 0.079 O.084 0.089 0.099 0.103
31 0.070 0.081 O.087 0.092 0.102 O.106
32 0.073 O.083 O.089 O.094 0.104 0.108
33 0.075 0.086 0.092 0.097 0.107 0.111
34 0.077 O.088 O.094 0.099 0.110 0.113
35 0.079 0.090 0.097 0.102 0.112 0.116
36 0.081 0.093 0.099 O.104 0.115 0 119
37 O.084 O.095 0.101 0.107 0.117 0.121
38 O.086 0.097 O.104 0.109 0.120 0.124
""9 o.o88 0.100 O.106 0.112 0.122 0.126
40 0.090 0.102 0.109 o.114 0.125 0.129
41 0.093 0.104 0.111 0.117 0,128 0.132
42 0.095 0.107 Q-113 0.119 0.1.30 0.134 :

43 0.097 0.109 0.116 0.121 0.133 0.137 -" -

44 0.099 0.111 0.118 0.124 0.135 o.2139
45 0.101 0.114 0.121 0.126 0.138 O.112 •
46 0.104 0.116 0.123 0.129 0.14o 'o,144
47 0.106 0.118 0.125 0.131: 0.143 o.147
48 0.108 0.121 0.128 o.134 0.145 o.150
49 0.110 0.123 0.130 o.136 0.148 0.152
50 0.113 o.125 0.133 0.139 0.150 o.155

500 0 0.001 0.003 0.005. 0.006 0.009 0.011-
1 0.003 0.006 0.008 0.009 0.013 0.015
2 0.005 O.009 0.011 0.013 0.017 0.018
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uri-l:i LIMI I b UI- WlNUMIAL (;UNI-IUt:NL;h IN I -HVAL FUR DEPI-Fr It: UNI-bIJtIU LIMI 1S:
C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

.-800 9002. -= 90 22
3 0.007 0.011 0.013 o.015 0.020 0.022
4 0.009 0.013 0.016 O. o18 0.023 0.025

' 5 O. 011 0.016 O.018 0.021 0.026 0.028
6 0.013 O.018 0.121 0.024 0.029 0.031
7 O.015 0.020 0.023 0.026 0.032 O.034
8 0.017 0.023 0.026 0.029 0.034 0.037
9 0.019 0.025 0.028 0.031 0.037 o.o04o
10 0.021 0.027 0.031 0.034 O.040 o.o42
11 0.023 0.029 0.033 O.036 O.043 O.045
12 0.025 0.032 0.035 0.039 O.o45 o.o48
13 0.027 0.034 o.o38 o.o04 0.048 o.o5o14 0.029 0.036 o.o4o o.o43 0.050 0.053

j 15 0.031 0.038 .0-042 0.046 0.053 O.056
16 0.033 o.o4o O.045 O.048 O.055 O.058
17 0.035 0.043 O.047 o.051 O.058 o.061
18 0.037 o.045 o.o49 o.053 o.o6o o.063
19 0.039 O.0k7 O.051 O.055 O.063 O.066
20 o.o41 o.049 o.o54 o.o58 o.o65 o.068
"21 O.043 o.051 O.056 0.060 O.068 0.071
22 O.045 o.o54 O.058 O.062 0.070 0.073

* 23 O.047 O.056 O.060 O.065 0.073 O.076
24 0.049 0.058 0.063 0.067 0.075 0.078
25 0.051 0.060 0.065 0.069 0.077 o.081
26 0.053 0.062 0.067 0.071 0.080 0.083
27 O.055 O.064 0.069 0.074 0.082 O.086
28 o.057 o.o66 0.072 0.076 0.085 0.088

I 29 o.o59 0.069 0.074 0.078 0.087 0.090
30 o.061 0.071 0.076 0.081 0.089 0.093
31 0.063 O.073 0.078 0.083 0.092 O.095
32 O.065 O.075 O.080 O.085 0.094 0.098* 33 0.067 0.077 0.083 0.087 0.096 0.100
34 o.o69 0.079 o.o85 0.090 o0.099 0.102
35 0. O7 0.081 0.087 0.092 0.101 O.105
36 0.073 0.083 0.089 0.094 0.103 0.107
37 0.075 o.o086 0.091 O.096 O.106 0.109

* . 38 0.077 0.088 0.093 0.098 O.108 0.112
39 0.079 0.090 0.096, 0.01 O.lO o.11M
... l0. 0.081 0.092 O.098 0.103 0.113 0.116

41 0.083 0.094 0.100 0.105 0.115 0.119
"42 o.o85 0.096 0.102 0.107 . 0.117 0.121
43 0.087 0.098 0.104. 0.11o 0.120 0.12344 0.089 0.100 0.107 0.112 0.122 0.126
45 0.0091 0.102 0.109 o. 114 o.124 0.128

:,:!::..: ..... .......... ............ . . .......
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SUPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

ri IF C .800Ag .900~ .9502 -9922Q2

- 46 0.093 o.io5 0.111 0.116 0.126 0.130
147 0.095 0.107 0.113 0.118 0.129 .0.133
48 0.097 O.109 o.115 0.120 0.131 0.135
49 0.099 0.I11 0.117 0.123 0.133 0.137
50 0.101 0.113 0. 119 0.125 o.135 0.139
"51 0.103 0.115 0.122 0.127 0.138 0.142
52 0.105 0.117 0.124 0.129 0.140 o..11414
53 0.107 0.119 0.126 0.131 0.1342 0.146
54 0.109 0.121 0.128 0.134 0.1144 0.1149
55 0.111 0.123 0.130 0.136 0.147 0.151
56 0.113 0.126 0.132 0.138 0.149 0.153
57 0.115 0.128 o.13 0.1W4 0.151 o..!
58 0.117 0.130 0.137 o.142 o.153 o.158
' 59 0. 119 0.132 0..139 O.1144 0.156 0.160

60 0.121 0.134 o.141 o.147 o.158 0.162
61 0.123 0.136 0.143 o.149 O.160 o.164

S62 0.125 0.138 0.145 o.151 0.162 0.167
63 0.127 O.1140 0.147 o.153 o.165 0.169

" 64 0.129 o.142 o.149 o.155 0.167 0.171
. 65 0.131 o.1144 0.151 0.157 o.169 0.173

66 0.133 o.146 o.154 O.160 0.171 0.176
67 0.135 o.1148 o.156 o.162 0.173 O.178
68 0.137 o.151 0.158 o.164 0.176 o.18o

S69 0.139 o.153 O.160 o.166 0.178 0.182
S70 0.141 o. 155 o.162 o.168 0.180 o.184

71 0.143 0.157 0.164 0.170 0.182 0.187
72 0.i145 0.159 o.166 o0.1172 o.184 0.189
73 0.147 0.161 o.168 o.175 o.187 0.191
74 o.149 0.163 0.170 0.177 o.188 0.0193
75 0.151 0.165 0.173 0.179 0.191 0.195

" 76 o.153' o.167 0.175 0.181 0.193 0.198
77 O.155 0.169 0.177 0.183 o.195 0.200
78 o.157 0.171 0.179 o.185 0. 197 0.202
79 o.159 0.173 o.181 o.187 0.200 o.2014

S80 .0.161 0.175 0.183 0.189 0.202 0.206
.81 0.163 O.177 o.185 0.192 0.204 o.209

S. 82 o.165 0.180 0.187 0.194 0.206 0.211
83 0.167 0.182 0.189 0.196 0.208 0.213

* 84 o.169 o.184 0.191 0.198 0.211 0.215
85 0.171 0.186 0.194 0.200, 0.213 0.217
86 0.173 o.188 0.196 0.202 0.215 0.220
87 0.175 0.190 0.198 0.204 0.217 0.222

S88 0.177 0.192 0.200 0.206 0.219 0. 224
"" 89 0.179 0.194 0.202 0.209 0.221 0.226
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS,

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

11 Z 'q .0 .800 .90 -:60

90 0.181 o.196 0.204 0.211 0.223 0.228
91 0.183 o.198 0.206 0.213 0.226 0.230
92 o.185 0.200 0.208 0.215 0.228 0.233
93 0.187 0.202 0.210 0.217 0.230 0.235
94 0.189 0.204 0.212 0.219 0.232 0.237
95 0.191 0.206 0.214 0.221 0.234 0.239
96 0.193 0.208 0.216 0.223 0.236 0.241
97 o.195 0.210 0.219 0.225 0.239 P.243

550 o 0.001 0.003 0.004 o.o05 0.008 0.010
1 0.003 0.005 0.007 0.009 0.012 0.013
2 0.oo5 o.0o8 0.010 0.011 o.o15 0.017
3 0.007 0.010 0. 012 0.014 0.0i8 0.020
4 o0.o8 0.012 0.014 0.017 0.021 0.023
5 0.010 o.o14 0.017 0.019 0.024 0.026
6 0.012 O.016 0.019 0.021 0.026 0.028
7 O.014 0.019 0.021 0.024 0.029 0.031

- 8 O.016 0.021 0.024 0.026 0.031 0.033
9 0.018 0.023 0.026 0.028 0.034 0.036
1 0 0.019 0.025 0.028 0.031 0.036 0.039
11 0.021 0.027 0.030 0.033 0.039 O.o04k
12 0.023 0.029 0.032 M.035 0.0o41 oo43
13 0.025 0.031 0.034 0.037 0.043 O.046
14 0.027 0.033 0.036 0.0"40 o.o46 o.o48
.15 0.028 0. 035 0.038 o.o42 O.048 o.051
16 0.030 0.037 0.04i o.o 44 O.050 . 053.
17 0.032 0. 039 O.043 o.046 O.053 O.055
18 o.034 0.0o41 o.o45 o.o48 0.055 o.058
19 0.036 0.043 0.047 0.050 0.057 0.060
20 0.038 o.o45 o.ok9 0.052 0.059 o.062
21 0.039 O.047 O.051 O.055 O.062 o.o064
22 0.0o4 0.049 0.053 0.057 0.o64 o.o67
23 o.o43 0.051 0.055 0.059 0.066 0.069
24 o.o45 0.053 0.057 0.o61 0.068 0.071
25 0.o47 0.055 0.059 o.o63 0.071 0.073
26 o.o48 0.057 o.o61 0.o65 0.073 0.076
27 0. 050 O.058 O.063 O.067 0.075 O.078
28 0.052 0.060 0.065 0.069 0.077 O.080
29 0.054 0.062 0.067 0.071 0.079 O.082

* 30 O.056 0.064 O.O69 0.073 o.o08. O.O84
U 0.058 o.o66 0.071 o.o75 0.084 0.087
32 o0o059 0o.o68 0.073 0.077 0.086 0.089

* 33 o.0o61 0.070 0075 0.079 0.088 0.091

I

145

" ... ... . .... . . .. ....... ...;..i".'.'-..'.'.-..'....'.'.."-..... i ./-•.••..... .---..-.... ".> ... i; ..-

Downloaded from http://www.everyspec.com



UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N.500 .800 9502~ 99022 _22L
.34 O.063 0.072 0.077 O.081 0.090 0.093
35 O.065 0.074 0.079 0.083 0.092 O.095
36 O.067 0.076 o.081 O.086 O.094 O.097
37 O.068 0.078 O.083 0.088 O.096 0. l00o
38 0.070 o.08o 0.085 0.090 o.098 0.102
39 0.072 O.082 O.087 0.092 0.101 0. io0
40 0.074 o.084 o.089 o.094 0.103 o.1O6
41 0.076 O.086 0.091 O.096 O.105 O.108
42 0.078 0.087 0.093 0.098 0.107 0.10
43 0.079 o.089 o,o95 0.100 0.109 0.112
44 o.081 0.091 0.097 0.102 o.111 o.114
45 o.083 0.093 0.099 o.104 0.113 0. 17
46 O.085 0. 095 0.101 O.106 o.115 o. 119
47 0.087 0.097 0.103 0.108 0.117 0.121
48 o.088 0.099 0.105 0. 10 o.119 0.123
49 0.090 0.101 0.107 0.112 0.121 0.125
5o 0.092 0.103 0.109 o.114 0.123 0.127
51 0.093 o.1O5 0. 11 o.116 0.125 0.129
52 o.096 0.107 0.3113 0.3118 0.127 0.131
53 O.098 0.109 O. U5 0.120 0.130 0.133
54 0.1099 0. 10 O.116 0.122 0.132 0.135
55 0.101 0,112 0.118 o.124 0.134 0.137
56 0.103 0.114 0.120 0.126 o.136 0.139
57 0.105 0.116, 0.122 0.128 0.138 0.142
58 0.107 o.118 o.124 0.130o o,14o o.144
59 O.108 0.120 0.126 0.131 o. 142 o.146
60 0.110 0.122 0.128 0.133 0. 1" o. 148
61 0.112 0.124 0.130 0.135 o.146 O.150
62 0.114 0.126 o.'132 0.137 O.148 o.152 .j
63 o.116 0.127 0.134 0.139 O.150 o.154
64 o.118 0.129 0.136 o.141 o.152 o.156
65 0.119 0.131 0.138 O. 143 0.154 p. 158
66 0.121 6.133 O.140 o.145 o.156 0.160
67 0.123 o.135 o. 1I2 O, 147 0.158 0.162
68 0.125 0. 137 O. 144 o.149 O.160 0.164
69 0.127 0.139 o.145 o.151 0.162 0.166
70 0.128 0.141 o.147 0.153 o. 16k o.168
71 0.130 0.143 0.149 0.155- 0.166 0.170
72 0.132 0.145 o.151 o.157, 0.168 0.172
73 0.134 o.146 o.153 0.159 0.170 o.174
74 0.136 o.148 o.155 0.161 0.172 0.176 _
75 0.137 0.150 0.157 0.161 0.174 0.178
76 0.139 0.152 0.159 0.165 0.176 0.180
77 o.141 0.154 0.161 0.167 0.178 o.182
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS -

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

5~00 .800 .900 950~ 990 -22

600 o 0.001 0.003 0.004 0.005 o. 008 0.009
1 0.003 0.o05 0.006 o.0o8 0.011 0.012
2 o.0oo04 0.007 0.009 0.010 0.014 o.o15
3 o.0o6 0.009 0.011 0.013 0.017 0.018
4 o.008 0.011 0.013 O.015 O.019 0.021
5 0.009 0.013 o.o15 0.017 0.022 0.023
6 O.011 O.015 0.017 0.020 0.0214 0.026
7 0.013 0.017 0.020 0.022 0.026 0. 028
8 O.014 O. 0.019 0.022 0.024 0.029 0.031
9 o.o16 0.021 0.024 0.026 0.031 0.033
10 O.018 0.023 0.026 0.028 0.033 0.035
11 0.019 0.025 0.028 0.030 0.036 0.038
12 0.021 0.026 0.029 0.032 0.038 O.o04o
13 0.023 0.028 0.031 0.034 o.o4o o.o42
14 0.024 o.030 0.033 0.036 O.04? o.o044
15 0.026 O. 032 O.035 0.038 o.ou O.o046
16 0.028 0.034 0.037 0.040 O.046 O.049
17 0.029 0.036 0. 039 0,0142 o.o48 o.051
18 0.031 0.037 O.0io4 O.o044 0.050 0.053
19 0.033 0.039 O.043 O.o046 0.053 0.055
20 0.034 O.o041 o.o45 O.048 0.055 O.057
21 0.036 0.043 0.047 0.050 0.057 0.059
22 0.038 O.o045 O.o049 0.052 O.059 O.O61
23 0.039 0.046 0.050 0.054 0.061 0.063
24 o. o4: o 0.048 o.052 0.056 0.063 o.o65
25 0.043 0.050 0.054 0.058 0.065 0.067
26 0.044 0.052 0.056 0.06O 0.067 0.069
27 0.046 0.o54 0.058 0.062 0.069 0.071
28 0.048 o.o55 0.06o 0.063 o.o71 0.074 - 0
29 o.o49 P.057 0.062 0.065 0.073 0.076
30 0.051 0.059 0.063 0.067 0.075 0.078
31 0.053 0.061 0.065 0.069 0.077 0.080
32 0.054 0.063 0.067 0.071 0.079 0.082
,33 O.056 O.064 C.069 0.073 0.081 0.084
34 o.058 o.066 o.o71 o.o75 0.083 o.086 . e
35 0.059 0.068 0.073 o0o077 0.085 0.088
36 .06 0.070 0.07k 0.078 0.086 0.089
37 O.063 0. 07n 0.076 O.080 O.088 0.091
38 0.064 0.073 0.078 0.082 0.090 0.093
39 0.066 0.075 0.080 0.084 0.092 0.095 =

4o o.o68 .0.077 0.082 O.086 O.094 0.097
41 0.069 0.078 0.083 0.088 0.096 0.099
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS S

C - One-sided confidence level
N = Sample size
F - Observed number of failures in a sample of N trials

., L • .500 .800. .20-0 9 -o

S0.071 o.o8o 0.085 0.090 0.098 0.101
43 0.073 0.082 0.087 .0.091 0.100 0.103
44 0.074 O.084 O.089 0.093 0.102 O.105
45 0.076 0.086 o.o91 0.095 o.zo4 0.107
46 0.078 0.087 0.093 0.097 O.106 0.109
47 0.079 0.089 0.094 0.099 0.108 0.111
48 0.081 0.091 0.096 0.101 0.109 0.113
49 0.083 0.093 0.098 0.102 0.U11 0.115
5o 0.084 o.094 o.1oo o0.1o .0.113 0.3117
51 O.086 O.096 0.101 O.106 o. 115 0.119
52 0.088 0.098 0.103 0.108 0.117 0.120
53 0.089 0.100 0.105 0.110 0.119 0.122
54 0.091 0.101 0.107 0.112 0.121 0.124
55 0.093 0.103 0.109 0. 113 0.123 0.126
56 o.094 o.105 0.110 o.115 0.125 o.128
57 0.096 o. 106 0.112 0.117 0.126 0.130
58 O.098 O.108 o.114 0.3119 0.128 0.132
59 0.099 0.110 0.116 0.121 0.130 o.134
60 0.101 0.112 0.118 0.122 0.132 o.136
61 0.103 0.113 0.119 0.124 0.134 0.138
62 0.104 0.115 0.121 0.126 0.136 0.139
63 0.106 0.117 0.123 0.128 0.138 o.141
64 0.108 0.1.9 0.125 0.130 0.139 o.143
65 0.109 0.120 0.126 0.131 o.141 o.0.W
66 0.111 0.122 0.128 0.133 o.1143 o.147
670.113 0.113 0.124 0.130 0.135 o.145 0.149
68 0.114 0.126 0.132 0.137 0.147 0.151
69 0.116 0.127 0.133 0.138 o.149 0.152
70 o. 18 o.129 o.135 O. 140 o.151 o. 15l.
71 0.119 0.131 0.137 0.142 0.152 0.156
72 0.121 0.133' 0.139 0.144 0.15k -0.158
73 0.123 0.134 O.141 o.146 0.156 0.160

650, 0 o.001 .002 0.00k o05 0.00? 0.008
1- - 0.003 o.oo5 0.006 0.007 0.010 0.011
2 O.D04 0.007 0.008 0.010 0. 013 0.014
3 o.oo6 o.o08, 0.0,10 0.012 o.o15 0.017
k 0.007 0.010 0.012 0.014 0.018 o0.019
5 0.009 0.012 0.014 0.016 0.020 0.022
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Ob,!-ved number of failures in a sample of N trials•

F _. .500 .800 .990. 9.. 0

6 o. 010 O.o014 o. 016 0. 018 0.022 0.024
7 0.012 O.016 0.018 0.020 0.024 0.026
8 0.013 0.017 0.019 0.022 0.027 0.028
9 0.015 0.019 0.022 0.024 0.029 0.031
10 0.016 0.021 0.024 0.026 0.031 0.033,
11 0.018 0.023 0.025 0.028 0.033 0.035
12 0.019 0.024 0.027 0.030 0.035 0.037
13 0.021 0.026 0.029 0.032 0.037 0.039
14 0.023 0.028 0.031 0.033 0.039 0.041 "
15 0.024 0.029 0.033 0.035 0.041 0.043
16 0.026 0.031 O.034 0.037 0 043 O.045
17 0.027 0.033 0.C36 0.039 o.o45 0.047
18 0.029 O.035 0.038 o.o041 O.o047 0.049
19 0.030 O.036 o.o4o o.o43 0.049 0.051
20 0.032 0.038 o.o.4 0.okk O.050 0.053
21 0.033 O.o4o o.o43 .. o.046 0.052 0.055
22 0.035 O.041 O.045 O.048 O.054 0.057 0
23 0.036 o.o43 0.047 o.o5o 0.056 0.059
24 0.038 'o.o45 o.o48 0.052 O.058 O0.0w
25 0.039 o.o46 0.050 0.053 0.060 0.062
26 O.o041 o.o48 0.052 0.055 O.062 0.064
27 0.043 0.050 0.053 0.057 0.064 0.066
28 o.o44 o.o51 o.055 o.059 O.065 G.068 .
29 0.046 0.053 0.057 o.o6o 0.067 0.070
30 0.047 0.054 0.059 0.062 0.069 0.072
31 o.o49 o. 056 o.060 0.064 o.o71 0o.074
32 O.050 0.058 O.o62 O.066 0.073 0.075
33 0.052 0.059 0.064 0.067 0.074 0.077
34 0.053 0.061 0.065 0.069 0.076 0.079 0
35 0.055 0.063 0.067 0.071 0.078 0.081
36 O.056 o.o64 0o.69 . 0072 0.080 0.083
37 O.058 O.066 O.070 0.074 0.082, 0.085
38 0.059 0.068 0.072 0.076 0.083 0.086
•39 0.061 0.069 O.074 0.078 O.085 0.088
40 0.063 0.071 0.075 0.079 0.087 0.090
41 o.064 o0.072 .0.077 0.081 O.089 0.092-
42 0.065 0.074 0.079 0.083 0.091 0.094k
43 0.067 0.076 0.080 0.08k 0.092' 0.095
44 0.069 0.077 0.082 o.086 o.094 0.097
45 0.070 0.079 0.084 o.088 o.096 0.099.
46 0.072 0,o81 0.085 0.090 .0.098 0.101
47 0.073 0.082 0.087 0.091 0.099 0.103
48 o.075 O.084 0.089 0.093 0.101 o.1o449 0.076 0.085 0.090 0.095 0.103 0.106
50 0.078 0.087 0.092 0.096 0.105 0.108.
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS .

C m One-sided confidence level
N = Sample size
F - Observed number of failures in a sample of N trials

N .5o .8oo goo 950 990 _2

51 0.079 0.089 o.094 0 098 o.IO6 0.110 I
52 o.o81 0.090 o.095 0.100 0.108 0.111
53 o.o83 0.092 0.097 0.101 0.110 0.3113
54 O.084 O.094 0.099 0.103 0.112 0.115
55 O.086 O.095 0.100 0.105 0. 113 0.117
56 0.087 0.097 0.102 o.1o6 o.115 0.118

57 0.089 0.098 O.lO4 0.108 0.227 0.120
58 0.090 0.100 o. l05 0.-10 0.-119 0.122
59 0.092 0.102 0.107 0.111 0.120 0.124
60 0.093 0.103 0.109 0.113 0.122 0.125
61 o.o95 0.105 0.110 o.115 0.124 0.127
62 O.096 O.106 0.112 0.117 0.125 0.129
63 0.097 0.108 0.114 0.18 0.127 0.131 0

64 0.099 0.110 o.115 0.120 '0.129 0.132

65 0.101 0.211 o.1-17 0.122 0.131 o.134
66 0.103 O0.113 O.118 0.123 0,132 o.136
67 0.104 0.114 0.120 0.125 0.134 0.138
68 o.1o6 o.3-16 0.122 o. 126 0.136 0.139
69 0.107 0.118 0.123 0.128 0.137 0.141k
70 0.109 0.119 0.125 0.130 0.139 0.143

700 0 0.001 0.002 0.003 0.004 0.007 0.008
1 0.002 0.0004 o.o6 0.007 0.009 0.011
2 0.003 0.006 0.008 0.009 0.012 0.013
3 o.005 O.0o8 0.010 O.O11 O.1O4 O.O16 .
4 0.007 0.010 0.011 0.013 o.o16 0.018
5 0.008 0.011 0.013 o.015 0.019 0.020
6 0.010 0.013 O.015 0.017 0.021 0.022
7 O.011 O.015 0.017 0.019 0.023 0.024
8 0.012 O.016 o.o18 0.021 0.025 0.026
9 0.014 0.018 0.020 0.022 0.027 0.028 0

10 0.015 0.010 0.022 0.024 0.029 0.030
11 0.017 0.021 0.024 0.026 0.030, 0.032-
12 O.018 0.023 0.025 0.028 0.032 0.034

13 0.020 0.024 0.027 0.029 0.03k 0,036
14 0.021 0.026 0.029 0.031 0.036 0.038
15 0.022 0.027 0.030 0.033 0.038 o.o40o
16 0.024 0.029 0.032 O.035 o.o4o o.042

17- 0.025 0.031 0.0o3 0.036 0.o42 o.0..
18 0.027 0. 032 0.035 0.o38 0.0k43 .045
19 0.028 0.034 0.037 0.040 0.045 0.047k
20 0.030 0.035 0.638 0.0o4 0.047 o.0o49
21 0.031 0.037 o.o4o 0.043 0.049 P. 0 - 9
22 0.032 0.038 o.o42 0.045 0.050 .,

23 0.034 o.o4o o.043 0.046 0.052 0., .,-
24 0.035 o.oki O.O16 O.048 0.054 O.056 " "
25 0.037 o.o43 o.o46 0.050 0.056 0.058
26 0.038- o.o44 0.o48 o.o51 0.057 o.o6o
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C - One-sided confidence level
N - Sample size
F - Observed number of failures in a sample of N trials

27 O.040o O.o46 O.050 0.053 O.059 o.061
28 0. 041 0.048 0.051 O.054 o.061 O.063
29 0.042 0.049 O.053 O.056 O.062 O.065
30 o.o44 o.o51 0.054 o.058 o.064 o.067
31 O.045 0.052 O.056 O.059 O.066 0.068
32 O.047 0.054 o.o58 o.061 o.063 0.070
33 o.o048 0.055 O.059 0.063 0.069 0.072
34 0.050 0.057 o.061 0.064 0.071 0.073
35 0.051 0.058 0.062 0.066 0.073 0.075
36 0.052 0.060 0.064 0.067 0.074 0.077
37 0.054 O.061 O.065 O.069 0.076 0.079
38 O.055 0.063 0.067 0.071 0.078 O.080
39 0.057 0.064 0.069 0.072 0.079 0.082
4o 0.058 0.066 0.070 0.074 0.081 0.084
41 0.059 0.067 0.072 0.075 0.083 o.o85
42 0.061 0.069 0.073 0.077 0.084 0.087
43 o.062 0.070 0.075 0.079 O.086 o.089
S0.064 0.072 0.076 0.080 0.088 0.090
45 0.065 0.073 0.078 0.082 0.089 0.092
46 0.067 0.075 0.079 0.083 0.091 0.094
47 0.068 0.076 o.081 0.085 0.092 0.095
48 0.069 0.078 0.082 0.086 0.094 0.097
49 0.071 0.079 0.084 0.088 O.096 O.099
50 0.072 0.081 0.086 0.090 0.097 0.100
51 0.074 0.082 0.087 0.091 0.099 0.10252 0.075 0.084 0.089 0.093 0.101 0.104 -2"
53 ,0.077 O.085 0.090 0. 094 0.102 0.105 -54 0.078 0.087 0.092 0.096 0.104 0.107 "
55 0.079 O.088 0.093 0.097 0.105 O.108.56 o.o81 .0.090' 0.095 0.099 0.107 0.110
57 0. 082 0.091 O.096 0.100 0.109 0.112.58 0.084 0.093 0.098 0.102 0.110 0.113"'
59 O.085 0.094 0.099 O.10k 0.112 0.115
60 0.087 0.096 0.101 0.105 0.3-13 0.117 061 0.o88 0..097 0.'102 0.107 0.115 o. 18
62 O.089 0.099 O.10k 0.108 0.117 0.120
63 0.091 0.100 O.105 0.110 0.11 0.121
64 .0.092 o.102 0.107 0.111 0.120 0.12365 0.094 o.lO3 0.109 o. n3 0.121 0.3125
66 0.095 0.105 0.110 0.114 0.123 0.126
67 0.097 0.106 0.112 0.116 0.125 0.128 -

. . .. . . . . . . . . .,
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C - One-sided confidence level
N - Sample size
F = Observed number of failures in a sample of N trials

N Z .500 .800 goo .950 .990 -22

75o o 0.001 0.002 0.003 0.004 o.0o6 0.007
1 0.002 0.004 0.005 0.0o6 0.009 0.010
2 0.004 0.006 0.007 0.008 0.011 0.012
3 0.005 0.007 0.009 0.010 0.013 0. 0150

.4 0.006 0.009 0.011 0.012 0.015 0.017
5 0.008 0.011 0.012 0.014 0.017 0.019
6 0.009 0.012 0.6014 0.016 0.019 0.021
7 0.010 0.014 0.016 0.017 0.021 0.023
8 0.012 O.015 0.017 0.019 0.023 0.025
9 0.013 0.017 0.019 0.021 0.025 0.026
10 0.014 O.018 0.020 0.023 0.027 0.028 0
11 0.016 0.020 0.022 0.024 0.028 0.030
12 0.017 0.021 0.024 0.026 0.030 0.032
13 0.018 0.023 0.025 0.027 0.032 0.034
14 0.020 0.024 0.027 0.029 0.034 O.035
15 0.021 0.026 0.028 0.031 0.035 0.03716 0.022 0.027 0.030 0.032 0.037 0.039
17 0.02. 0029 0.031 0.034 0.039 O.04--
18 0.025 0.030 0.033 0.035 0.040 0.042
19 0.026 0.031 0.034 0.037 0.042 0.o44
20 0.028 0.033 0.036 0.039 0.044 o.o46
21 0.029 0.034 0.037 O.o40 o.o45 O.047
22 0.030 0.036 0.039 O.042 0.047 O.049"
23 0.032 0.037 0.040 0.043 0.049 0.051
24 0.033 0.039 0.042 0.045 0.050 0.052
25 o.o034 O.040 o.03 O.o46 0.052 O.054 ""
26 0.036 o.o42 O.o45 0.048 0.054 0.05627 0.037 0.043 0.o46 0.049 0.055 0.057
28 0.038 o.044 o.048 0.051 o.057 o.059
29 o.o4o o.o46 o.o49 0.052 0.058 0.061
30 o.o4i 0.047 0.051 0.054 0.060O 0.062
31 0.042 0.049 0.052 0.055 0.061 0.064
32 0.044 oo5o 0. 054 0.057 0.063 0.,065
33 O.o45 0.052 0.055 0.058 0,o65 O.067
34k o.o46 o0053 0.057 0.060 0.066 0.069 ..
35 0..048 0.054 0.058 0.061 0.068 0.070
36 O0.49 O.056 O.060 0.063 0.069 0.072
37 O.050 O.057 0.061 0.064 0.071 0.0073 -.- -
38 O.052 O.059 0.063 0.066 .0.072 0.075
39 0.053 0.060 0.064 0.061 0.07k 0.077
4o O.o54 0.061 0. 065 o.o69 O.o76 0.078
41 0.056 0.063 0.067 0.070 0.077 0.080
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C - One-sided confidence level
N - Sample size
F - Observed number of failures in a sample of N trials

Z .. 0 .800 .900 .9950 a221
42 0.057 0.064 O.068 0.072 0.079 0.08143 o.o58 O.066 0.070 0.073 0.080 0.083 04 o0.060 0.067 0.071 0.075 0.082 0.08445 0.061 O.068 0.073 0.076 O.083 0.08646 0.062 0.070 0.074 0.078 0.085 0.087
47 o.o6L 0.071 0.076 0.079 0.086 0.089
48 0.065 0.073 0.0077 0.081 o.088 0.0910.066 0.074 0.078 0.082 o.089 0.092
50 o 0.68 0.076 o.080 0.084 0.091 0.094 S51 0.069 0.077 0.081 0.085 0.092 0.09552 0.070 0.078 0.083 0.087 0.094 0.09753 0.072 O.080 0.084 0.088 O.095 O.09854 0.073 0.081 0.086 0.089 0.097 0.10055 0.074 0.083 0.087 0.091 0.098 0.101 S56 0.076 0.084 0.088 0.092 0.100 0.10357 0.077 0.086 0.090 0.094 0.102 0.10458 0.078 0.087 0.091 0.095 0.103 0.10659 O. C2O 0.089 0.093 0.097 0.105 0.10760 0.081 0.089 0.094 0.098 0.106 0.10951 O.082 0.091 0096 0.100 0.108 0.11062 O.084 0.092 0.097 0.101 0.109 0.11263 O.085 0.094 0.098 0.103 0.110 0. 11364- 0.086 0.095 0.100 0.104 0.112 0.115 : "65 o.o88 o.096 0.101 0.1o5 0. 113 0.117

800 o 0.001 0.002 0.003 0.004 o.0o6 0.0071 0.002 0.004 0.005 0.006 0.008 0.009
2 0.003 0.005 0.007 0.008 0.010 0.0123 0.005 0.007 0.008 0.010 0.013 o.0144 o.0o6 0.008 0o.o0o 0o011 o.0 4  0.0165 0,007 0.010 0.012 0.013 0.016 0.,01806 o,008 0.011 0.013 0.015 0.018 0.019
7 0.010 0.013 0.015 0.016 0.020 0.0218 0011 0.014 0.016 0.018 0.021 0.0239 0.012 0.016 0.018 0.020 0.023 O,02510 0.013 0.017 0.019 0.021 0.025 0.02711 0m015 0.018 0.021 0.023 0.026 0.,o8k12 0.016 0.020 0.022 0.024 O.028 O.03013 0.017 0.021 0.024 0.026 0.029 0.032 - .14 0.018 0.023 0.025 0.027 0,031 0.033
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UPPER LIMITS OF BINOMIAL CONFIDEF ;E INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N .- 00 .800 .9.O905.025

15 0.020 0.024 0.027 0.029 0.033 O.035
16 0.021 3.025 0.028 0.030 0.034 0.037
17 0.022 0.027 0.029 0.032 0.036 0.038
18 0.023 0.028 0.031 0.033 0.037 o.o4O 0
19 0.025 0.029 0.032 0.035 0.039 0.041
20 0.026 0.031 0.034 0.036 0.041 o.o43
21 0.027 0.032 0.035 0.038 o.042 o.o45
22 0.028 0.034 0.036 0.0309 0.044 0.o46
23 0.030 O.035 0.038 O.040 O.045 o. 48
24 0.031 0.036 C.039 0.042 0.047 o.049 0
25 0.032 0.038 O.O41 0.043 0.048 o.o51
26 0.033 0.039 O.042 O. c45 'o. 050 O.052
27 0.035 o.o4o 0.043 0.046 0.051 0.054
28 0.036 0.042 o.o45 o.o48 O.053 O.055
29 0.037 0.043 o.o46 0.049 0.054 0.059
30 0.038 O.o044 o.o48 O.051 O.056 O.058
31 O.o4o o.o46 o.o49 O.052 O.057 O.060
32 o.o41 O.047 o.o5o O.053 0.059 o.061
33 O.042 o.o48 0.052 0.055 0.060 O.063
34 O.043 0.050 O.053 O.056 O.062 O.064
35 O.o45 o.o51 0.055 O.058 O.063 O.066
36 o.o46 O.052 O.056 O.058 O.065 O.067
37 0.047 0.054 0.057 o.o6o 0.066 0.069
38 o.o48 0.055 0.052 0.062 0.067 0.070
39 0.050 0.056 0.060 0.063 0.069 0.072
4o Q. 051 O.058 o. o61 O.065 .0-070 0.073
41 0.052 O.059 0.063 0.066 0.072 0.075
42 0.053 0.060 0.064 0.067 0.073 0o076 . .
43 0.055 0.062 0.065 0.069 0.075 0.078
44 0. 056 O.063 O.067 0.070 0.076 0.079
45 o.057 o.064 o.068 0.072 0.078 o.o81
46 0.058 0.066 0.070 0.072 0.079 0.082
47 0,060 0.067 0.,071 0.074 0.081 0.084
48 0.061 0.068 0.072 0.076 0.082 0o085 - 0
49 O.062 O.069 0.073 0.0077 00083 O.086
5o O.063 0.071 0.075 0.078 O.085 O.088
51 0.065 0.072 0.076 0.080 0.087 0.089
52 0.066 0.073 0.078 0.081 0.088 0.091
53. 0.067 0.075 0.079 0.083 0.090 0.092
5k4 o.068 0.076 0.080 0.084 0.091 o.o094 _ •.
55 0.070 0.077 0.082 0.085 0.092 0.09.-"
56 0.070 0.079 0.083 0.037 0.094 0.097
57 0.072 0.080 0.08k 0.088 o.o95 0.098
58 0.073 0.081 0.086 0.089 0.097 0.099
59 0.075 0.083 O.087 0.091 0 098 0.101
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C One-sided confidence level
N - Sample size
F - Observed number of failures in a sample of N trials

.500 .-800 .90, 950 -

15 o. 00 0.024 0.027 0.029 0.033 0.035

16 0.021 0.025 0.028 0.030 0.034 0.037 -1

17 0.022 0.027 0.029 0.032 0.036 0.038

18 0.023 0.028 0.031 0.033 0.037 o.0k0

19 0.025 0.029 0.032 O.035 0.039 o. 041

20 0.026 0.031 O.034 0.036 o.o041 o.o043

21 0.027 0.032 0.035 0.038 o.O42 0.045

22 0.028 0.034 O.036 0.039 o.o44 O.046
23 0.030 0.035 0.038- 0.040 O. o.o048

24 0.031 0.036 0.039 0.042 o.047 0.049

25 0.032 O.038 6.041 O.o43 0.048 o.051

26 0.033 0.039 O.02 O.05 0.050 0.052•
27 0.035 o.oo 0O.043 o.o46 o.051 O.054

28 0.036 O.042 O.045 o.o48 O.053 O.055

29 0.037 O.043' O.046 o.o49 O.054 O.059

30 0.038 o.o44 o.048 'o.o51 o.o56 0.058

31 O.o40 o.o46 o.049 o.052 O.057 O.060

32 o.o41 0.047 0.050 c.053 0.059 0.o61.

33 0.o042 O.048 0.052 O.055 O.060 O.063

34 o.o43 O.050 O.053 O.056 0.062 O.o06"

35 O.045 o.051 O.055 O.058 0. 063 o.o66 . e ....

36. o.o46 0.052 0.056 0.058 O.065 o 067

37 0.0k? 0.05k 0.057 0.060 o.o66 0.:069

38 o.o48 O.055 0. 059 0.062 O.067 0.070

39 O.050 O.o56 O.o6o O.063 O.069 o.072

40 v.o51 o.058 m.o61 o.o65 0.070 0.073

41 0.052 0.059 0.063 o.o66 0.072 0.075

42 0o053 0.060 0.064 0.o67 0.073 0.076

43 0.055 0.062 0.065 0.069 0.075 0.078

44 0.056 0.063 0.067 0.070 0.076 0.079

45 0.057 o.o0614 0.068 0.072 0.078 0.081

46 0.058 o.o66 0.070 0.072 0.079 0.082-

4,7 o.o60 o.o6 0.071 0.074 o.o81 0.084

48 o.o6:, o.068 0.072 0.076 0.082 o.085 6

49 0.062 0.069 0.073 0.077 0.083 0.086
5o 0.063 0.071 0.075 0.078 0.085 0.088-

51 0.065 0.072 0.076 0.080 0.087 0.089

52 o.o66. 0.073 0.078 0.081. 0.088 0.091

53 0.06l 0.075 0.079 0.083 0.090 0.092

54 . 0.68 0.076 0.080 O.084 0.091 O.094

55 0.070 O.077 0.082 o.o85 0.092 0.095

56 0.070 0.079 0.083 0.087 0.094 0.097

57 0.072 o0.080 0.084 o.088 o.095 o, 098

58 0.073 0.081 0.086 0.089 o.097 0.099

59 0.075 0.083 0.087 0.091 0.098 0.101
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS
C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N Z c .500 .800 .900 ....
42 o.o5o 0.057 o.o6o 0.063 0.070 0.072 "Q
43 0.051 0.058 0.062 0.065 0.071 0.073
44 0.053 0.059 O.063, O.066 0.072 O.075
45 O.054 O.060 0.064 O.067 0.074 0.076
46 O.055 o.062 o.065 O.069 0.075 0.077
47 O.056 O.063 0.067 0.070 0.076 0.079
48 0.05? o.o64 o.o68 0.071 0.078 0.080
09 0.058 O.065 6.069 0.073 0.0079 0.081
50 0.060 0.067 0.071 0.074 0.080 0.083
51 0.061 0.068 0.072 0.075 0.082 0.084
52 0.062 0.069 0.073 0.076 0.083 0.086
53 0.063 0.070 0.074 0.078 0.084 0.087
54 0.064 0.071 0.076 0.079 0.086 0.088
55 0.065 0.072 0.077 0.080 0.087 0.090
56 o.o67 0.074 0.078 o.082 0.088 0.091
57 0.068 0.075 0.079 0.083 0.090 0.092 058 0.069 0.077 0.081 0.084 0.091 o.o94
59 0.070 0.078 O.082 O.085 0.092 0.095
60 0.071 0.079 0.083 0.087 0.094 0.096
61 0.073 0.080 o0.084 O.088 0.095 0.098 '""""
62 0.074 '0.081 O.086 0.089 0.096 0.099

900 0 0.00! 0.002 0.003 0.003 0.005 O.006,
1 0.002 0.003 0.004 0,005 0.007 0.008
2 0.003 0.004 0.006 0.007 0.009 0.010
3 0.004 0.006 0.007 0.009 0.011 0.012 " "-.
4 .005 0.007 0.009 0.010 0.013 O. 0145 0.006 0.009 0.010 0.01.2 0.014 0.016 0
6 0.007 0.o10 0.012 0.013 0.016 0.017
7 0.009 0.011 0.013 o.o15 0.018 0.019-
8 0.0i0 0.013 0.014 0.16 O.019 0.021-
9 0.011 0.014 0.016 0.017 0.021 0.022 . . .-
10 0.012 'o. 015 0.017 0.019 0.022 0.024
11 0.013 o.o16 o.o18 0.020 0.024 0.025
12 0.014 0.018 0.020 0.022 0.025 0.027
13 0.015 0.019 0.021 0.023 0.027 0.028
14 0.0o6. 0.020 0.022 0.024 .0.028 o.o0..-
15 0.017 0.021 0.024k 0.026 0.030 0.031
16 0.019 0.023 0.025 0.027 0.0t1 0,033
17 0.020 0.024 0.026 0.028 0, 2 C 0Il 0.034
18 0.021 0.025 0.027 0.030 O.03L . 0.035
19 0.022 0.026 0.029 0.031 0.035 0.037
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

N Aoo .800 990 .2.o

20 0.023 0.027 0.030 0.032 3.037 0.038
21 0.024 0.029 0.031 0.033 0.038 0.040
22 0.025 0.030 0.032 0.035 0.039 0.041
23 0.026 0.031 0.034 0.036 o.o41 0.042
24 0.027 0.032 0.034 0.037 0.042 0.043
25 0.029 0.033 0.036 0.039 0.043 0.045
26 0.030 .0.035 0.037 O.040 o.045 O.047
27 0.031 0.036 0.039 o.o41 O.046 O.048
28 0.032 0.037 0.04o 0.042 0.047 0.049
29 0.033 0.038 0.041 0.044 O.049 0.051
30 0.034 b.039 0.042 o.o45 O.050 0.052
"31 0.035 o.041 O.044 O.046 o.051 O.053
32 0.036 O.042 0.045 O.047 O.0•3 0.055
33 0.037 0.043 0.046 0.049 o.o54 0.056
34 0.039 O.044 O.047 0.050 o.o55 O.057

b 35 0.040 0.045 0.049 0.051 0.057 0.059
36 b.041 O.047 O.050 O.052 o.o58 O.060
37 0.042 0.048 0.051 0.054 0.059 0.061
38 0.043 O.049 o.052 O.055 o.061 O.063
"39 O.C044 O.050 O.053 O.05o O.062 o.o064
4o 0.045 O.051 O.055 O.057 o.o63 o.065
41 O.046 0.052 O.056 O.o059 O. 064 O.067
"42 O.047 O.054 O.057 O.060 o.o66 O.068

""43 O.049 o.o55 O.058 o.061 O.067 O.069
4 '-.•O.050 O. 056 O.059 O. 062 O. 068 0 . 070

45 o.051 O.057 0.061 O.064 0.070 b.072
46 0.052 0.058 0.062 0.065 0.071 0.073
48 O.054 o.o61 o.064 o.067 0.073 0.076

49 0.055. 0.062 0.065 0.069 0.075 0.077
"50 0.056 0.063 0.067 0.070 0.076 0.078
"51 0.057 0.064 o.o68 0.071 0.077, 0.080
52 o,058 o.o65 O.069 0.072 0.078 0.081
53 0. 060 o.066 0.070 0.073 0.080 0.082
54 0.061 0.O68 0.071 0.075 0.081 0.083
"55 0.062 0.069 0.073 0.076 0.082 o0.85
56 0.063 0.070 0.074 0.077 0.084 0.086
57 o.064 0.071 0.075 0.078 o.085 0.087
58 O.065 0.072 0.076 0.080 o.086 0.088
59 0.066 0.073 0.077 0.081 0.087 0.090
"60 0.067 o.o75 0.079 0.082 0.089 0.091
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

"C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

2.N c .50 .800 .0 .950 990o_22k

950 o 0.001 0.002 0.002 0.003 0.005 o.006
1 0.002 0.003 0.004 0.005 0.007 0.008

: 2 0.003 o.004 o.006 0.007 0.009 0.010
3 0.004 0.006 0.007 0.008 0.011 0.012
4 0.o05 0.007 0.008 0.010 0.012 0.013
5 0.0o6 o.008 o.0OO o.01 0.014 O.015
6 0.007 0.010 O.Oll 0.012 o.o15 0.016
7 0.008 0.011 0.012 0.014 0.017 0.018
8 0.009 0.012 O.014 O.015 0.018 0.019
9 0.010 0.013 0.015 0.016 0.020 0.021
10 0.011 O.014 O.016 0.018 0.021 0.022
11 0.012 O.016 0.017 0.019 0.022 0.024
12 0.013 0.017 0.019 0.020 0.024 0.025
13 0.014 0.018 0.020 0.022 0.025 0.027

S14 0.015 0.019 0.021 0.023 0.027 0.028
* 15 O.016 0.020 0.022 0.024 0.028 0.029

16 0.018 0.021 0.024 0.025 0.029 0.031
17 0.019 0.023 0.025 0.027 0.031 0.032
18 0.020 0.024 .0.026 0.028 0.032 0. 034
19 0.021 0.025 0.027 0.029 0.033 0.035
20 0.022 0.026 '0. 028 0.030 0.035 0.036
21 0.023 0.027 0.030 0.032 0.036 0.038
22 0.024 0.028 0.031 0.033, 0.037 0.039
23 0. 025 0.029 0.032 0.034 0.038 o.o4o
24. 0.026 0.031 0.033 0.035 o.o4o 0o.o4
25 0.027 0.032 0.034 0.037 0.041 o.o43
26 0.028 0.033 0.035 0.038 0.042 0.0o4
27 0.029 0.034 0.037 0.039 0.o4 o.o045
28 0.0030 0.035 0.038 o.oo 0O.045 o.o47
29 0.031 0.036 0.039 O.041 O.046 0.048.
30 0.032 0.037 o.o4o O.043 O.047 O.049
31 0.033 0.038 O.o41 O.044 o.o49 o.051

S32 0.034 o.o4o o.o42 .o045 O.05o O.052
* 33 0. 035 o.o.0. O.o044 . 046 O.051 O.053

34 0.036 o.042 o.045 0.047 o.052 0.054
35 0.038 o.o43 O.046 0.ok49 O.o054 o.o56
36 0.039 0.044 O.047 O.050 O.055 O.057
37 0.040 o.o45 0.o08 0.M51 0.056 0.058
38 o.o41 o.o46 o.049 O.052 O.057 O.059
39 0.0k2 0.047, 0.051 0.053 0.059' 0.061
40 O.043 O.049 0.052 0.054 o.06o O.062
41. O.044 0.050 0.053 0.056 O6J. 0 .O063
42 O.045 0.051 0.054 0.057 O.062 O.064
43 o.o46 O.052 0.055 0.058 O.063 O.066
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample oi N trials

N F _0 .800 .90_0 _=0 990 21
4 o o47 o.053 o.o56 o.o59 o.065 0.067

o.048 o.054 o.057 0.060 o.066 o.068
46 o.049 O.055 O.o059 o.o61 0.067 O.069
47 O.050 O.056 O.060 O.063 O.068 0.071 -

48 0.051 o.057 0.061 0.064 0.070 0.072
49 O.052 O.059 O.062 O.065 0.071 0.073
50 0.053 O.060 O.063 O.066 0.072 O.o074
51 o.o54 0.061 0.064 0.067 0.073 0.075

1000 0 0.001 0.002 0.002 0.003 O.005 o.0o5
1 0.002 0.003' 0.004 O.005 0.007 0.007
2 0.003 0.004 O.005 O.006 O.008 0.009
3 O.004 O.006 0.007 O.008 0.010 0.011
4 o.0o5 0.007 0.008 0.009 0.012 0.0135 o.006 o.oc 0.009 0.010 0.013 0.014
6 0.007 0.009 0.011 0.012 0.015 o.o16
7 o.008 0.010 0.012 0.013 o.o16 0.017.
8 0.009 0.011 0.013 0.014 0.017 0.018
9 0.010 0.012 0.014 0.016 0.019 0.020
10 0.011 0.014 0.015 0.017 0,020 0.02111 0.012 0.015 0.017 0.018 0.021 0.023
12 0.013 0.016 0.018 0.019 0.023 0.024
13 O.014 0.017 .0.019 0.021 0.024 0.025
14 o.o15 0.018 0.020 0.022 0.025 0.027
15 0.016 0.019 0.021 0.023 0.027 0.028
16 O.017 0.020 0.022 0.024 0.C28 0.029
17 o.018 .0.021 0.024 0.025 0.029 0.031
18 0.019 0.022 0.025 0.027 0.030 0.032
19 0.020 0.024 0.026 0.028 0,032 0.033
20 0.021 0.025 0.027 0.029 0.033 0.034
21 0.022 0.026 0.028 0.0030 0.034 0.036
22 0.023 0.027 0.029 0.031 0.035 0.037
23 0.024 0.028 0.030 0.032 .0.037 0.038
24 0.025 0.029 0.031 0.034 0.038 0.039
25 0.026 0.030 0.033 0.035 0.039 O.041
26 0.027 0.031 0.034 0.036 0.0c40 o.o42
27 .0.028 0. 032 0.035 0.037 O.041- 0.o43
28 0.029 0.033 0.036 0.038 0.0143 O.o044
29 0.030 0.034 0.037 0.039 o.o44 0.046
30 0.031 O.035 O.038 O.040 o.o045 o.47
31 0.032 0.037 0.039 0.0142 o.046 O.o048
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UPPER LIMITS OF BINOMIAL CONFIDENCE INTERVAL FOR DEFECTS: ONE-SIDED LIMITS

C = One-sided confidence level
N = Sample size
F = Observed number of failures in a sample of N trials

.500 .800 .0 .5 99 2
32 0.033 0.038 O.040 0.043 O.047 0.049
33 O.o034 0.039 O.041 O.o44 O.049 0.050
34 O.035 0.040 0.043 O.045 Oo5o 0 O.052
35 0.036 0.041 0.044L O.046 o0.51 0.053 5
36 0.037 O.042 0.045 O.047 0o.052 O.054
37 '0.038 O.043 O.046 o.048 O.053 0.055
38 0.039 0.044 O.047 0.050 O.055 o.o56
39 0.040 0.045 o.048 o.o51 o.056 0.058
40 o.o04 0.046 O.o049 o.052 0.057 O.059
41 0.042 o 047 0.050 O.053 O.058 0.060
42 O.043 0.048 O.051 0.054 0.059 0.061
43 O.O1•4 0.049 o.052 o. 055 o.o6o .062
44 O.045 o.050 o.o54 'o.056 o.o61 o.064
45 o.046 0.o51 o.055 o.057 o.063 o.065
46 o.047 0.052 o.056 o.058 o.064 o.066
47 0.048 0.054 0.057 '0.060 0.065 0.067
48 O.049 0.055 O.058 O.061 O.066 m.068'
49 O.050 0.056 o.059 0.062 0.067 o.069 . -

5o 0.051 0.057 0.060 0.063 0.068 0.071

'i-
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APPENDIX 38

Table 2

TWO-SIDED 90% CONFIDENCE LIMITS ON BINOMIAL CONFIDENCE LIMITS FOR DEFECTS

1 2 3 45

0 .000 .950 .OO0 .776 .oo0 .631 .000 .527 .000 .451
1 .050 1.000 .025 .975 .017 .865 .013 .751 .010 .658 0
2 .224 1.000 .135 .983 .098 .902 .076 .811
3 .369 i.OC .249 .987 .189 .924
4 .473 1.CO0 .342 .990
5 _ .549 1.000

n 6 7 8 9 10

0 .COO .393 .000 .348 .000 .312 00O .263 .0CC) .259
1 .009 .582 .007 .521 .006 .470 CC06 .429 .005 .394S

2.063 .729 .053 .659 .046 .600 .041 .550 .037 .507
3 .153 .847 .129 .775 .111 .711 .098 .655 .087 .607
4 .271 .937 .225 .8M1 .193 E,07 .169 .749 .150 .696
5 .4.18 .991 .341 .947 .289 .&E9 .251 .831 .223 .777

6 .607 1.00 .479 .993 -4()0 -954 .345 .902 .304 .85C
7 .652 1.000 .530 .994 .4,50 .959 .393 .913
8 . 688 1.00 .571 .994 .493 .963
9 .717 LCcoo .606 .99510 __________ _____ .741 1.000O
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APPENDIX 3B

Table 2 (Continued)

x11 12 13 14 15

0. .CCI .231 .CCC .ý-I .0Cc .206 GC0 .193 00C II
1 .05 .365 .C(4 .339 .0ýC 4 .317 .((4 .297 .0031 .279

2 033 ./.70 .030 .4.38 .C;_ .4.1 U .CZ6 .386 .C;4 .363'
3 .079 .564 .07Z .11:27 .06C .495 .061 .466 .057 .440

.135 .650 .123 .609 .113 .57k .104 .5`40 .07 .512
.5 .200 .729 .M18 .6E4 .166 .645 .153 -.6C9 .142 .578

6.271 COG 4 .5 .224 .713 .206 .675 .19' .640
7.350 .865 .316 .829 .287 .776 .264 .736 .244 .7ICC

8 * .436 .9'1 .391 .877 .355 E834. .325, .794 .3C0 .756.
9 .53C .967 .473 .928 .428 L.80_7 .301 .8F47 .360 E809

10 .635- .9c5 .562 .970 .505 .934 .460 .896 .422 Elpl

11.762 l.CLC .661 .996 .590 .972 .534 .939 .489 .cC03
12 .779 1.000 .-6E3 .996 .614, .974 .560 . /3
13 .794 1.00C .703 C996 .637 .976
14 .E07 1.COO .721 .997

15 _________ __________ _________.819 1L0CO

Lxamrple: Observed from sampl2e 5/2C. The 90% confidence limits for the population
are .Za3 and .777.

x16 17 18 19 20

r.GC0 .171 .000 .162 .000 .153 0COC- .246 .COO .)39,
1.003 .z64 :003 -25C .003 .238 .003 .2Z6 .003 ".16
2 023 .344 .021 .3Ž6 0.020 .310 .019 .2096C .018 .2E2

3 03 .47 .50 .36 .047 .377 .044 .359 .042 .3"4
4 .C090 .484 .065 .461 .080 .439 .075 .4109 .071 .401
5 -132 .549 .124 .52Z .116 .498 .110 .476, .104 .455

.6 .178 .608 .166 .580 .156 .554 .147. -529- I3 .507
7 .22 '7 .667; ."12 .636 .199 .608 .188 .582 .177 .558
8 .279 .721. .260 .609 .244 .659 .229 .632 .217 .606
9 .333 .773 .312' .740 .291. .709 .274 .679 .259 .653

10 .392 .822 .364 .7e8 .341. .756 .321 .,726 .302 .698

11 .451 -.868 .420 . F34 .392 .'Sol .368 .771 .347 .741
12 .516 .910 .478 .876 .4.46 .844 -.41B E~22 .394' .783
13 .503 .947 .539 .915 -5C2 .884 .471. -E53 .44.2 .23
14 .656 .977 .604 .950 .561 .920 .524 .890 .493 .E61
15 .736 .997 .674 .979 .6Z- .953 .581 .925 .545 Er96

16 . 6.29 LOCI%) .750 .997 .690 .980 .641 .956 .599 .929
17#88 .00 .72 .997 .704 .981 .656 .958

18s .6,47 1.0W0 .774 .997. .718 .982
,854 1.000 7 :~

Lxamples Observed from sample 1G/20. The 90% confidence lim~its for the poplva1tion
are J302 and .698.
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APPENDIX 3B

Table 2 (Continued)

7K ___n

22 24 26 28 30

0 .000 .127, .Gc .117 .000 .109 .0CC .101 .0Co o095

1 .002 .198 .002 .163 .002 .170 .002 .158 C0C2 .149
2 .016 .260 .015 .240 .014 .223 .013 .208 .012 o196
3 .038 .316 .035 .292 .032 .272 .03C .254 .028 .238 g
4 .065 .370 .059 .342 .054 .318 .050 .297 .047 .280-
5 .094 .420 .0o6 .389 .079 .362 .073 .339 .06E .319

6 .124 .468 .115 .435 .106 .406 .098 .379 .091 .357
7 .16C .515 .146 .479 .134 .447 .124 .419 .115 .394
8 .196 .561 .178 .522 .163 .487 .151 .457 .14C .429
9 .233 .605 .211 .563 .194 .526 .179 .493 .166 .466

10 .271 .647 .246 .603 .226 .564 .20E .531 •193 .499

11 .311 ' .669 .282 .643 .259 .602 .238 .565 .221 .533
12 ,353 .729 .319 .611 .292 .636 .270 .600 .249 .567
13 .395 .767 .357 .71C .327 .673 .301 .633 .279 .597
14 .439 E804 .397 .754 .362 .708 .333 .667 .308 .630
.15 .465 .840 .437 .789 '.398 .741 .367 .699 .339 .661

16 .532 .876 .478 .622 .436 .774 .400 .730 .370 .692
17 .580 .906 .521 -E54 .474 E806 .435 .762 .403 .722"
18 .630 .935 .565 .885 .513 .837 .469 .792 .433 .751 ,
19 .664 .962 .611 .914 .353 .E66 .507 .821 .467 .779
20 .7!,0 .984 .658 .941 .594 .E94 .543 .E49 .501 .F07

21 .802 .998 .708 .965 .638 .921 .5CI .876 .534 .834
22 .873 1.0CC .76, .985 .682 .946 .621 .902 .571 .86C
23 .817 .998 .728 .968 .661 .927 .606 .E85 o
24 .883 2.000 .777 .9W6 .703 .950 .643 .909
25 .830 .998 .746, .970 .6E1 .932

26 .691 1,CCO .792 .987 .720 .953
27 .842 .998 .762 .972
26 .M99 l.OO .804 .988 -
29 .C51 .999
30 .905 1.CO-

Examples Observed from sample 6/30. The 90% eotfidence liz.its for the population
are .091 and .357.
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APPENDIX 3B

Table 2

TWO-SIDED 90% CONFIDENCE LIMITS ON BINOMIAL p

35 40 x 35 40

0 .000 .082 .000 .072

1 .001 .128 .001 .113 26 .595 .859 .508 .774
.010 .169 .009 .149 27 .626 .881 .534 .796

3 .024 .206 .021 .183 28 .657 .902 .559 .816
4 .040 .243 .035 .215 29 .689 .922 .586 .338
5 .058 .277 .051 .245 30 .723 .942 .613 .858

6 .078 .311 .067 .275 31 .757 .960 .640 .877
7 .098 .343 .085 .304 32 .794 .976 .669 .897

U .119 .374 .103 .331 33 .831 .990 .696 .915
9 .141 .405 .123 .360 34 .372 .999 .725 .933
10 .163 .436 .142 .387 35 .918 1.000 .755 .949

11 .187 .467 .162 .414 36 .785 .965
12 .211 .496 .184 .441 37 .817 .979 ...
13 .235 .524 .204 .466 38 .851 .991
14 .261 .553 .226 .492 39 .887 .999
15 .286 .581 .247 .518 40 .928 1.000

16 .311 .609 .269 .543 41
17 .337 .636 .292 .567 42
18 .364 .663 .314 .592 43
19 .391. .689 .338 .615 44
20 .4J.9 .714 .362 .638 45

21 .447 .739 .385 .662 46
22 .476 .765 .408 .686 47
23 .504 .789. .433 .708 48
24 .533 .813 .457 .731 49
25 .564 .837 .482 .753 50

Example: Observed from sample 35/50. The 90% confidence limits for
the population nre .576 and .805.
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APPENDIX 3B8
Table 2 (Continued)

455 45 50

1 _001 .10i .001 .091 26 .445 .704 .35i

2~~~~~ .00 -13 I7 .2 6:

2 .00 .1 3-0 1 02 467 -723 .41.4 .6623 01B .163 .017 .148 28 .4W8 .742 .435 .66o5 .0345 . 122 .040 ..1 74 -). 1 . . 6 455 .6965 04 .. 2 o~ .. 9 30 -.53.3 .78.2 .475 .7186 .060 .246 x54 -223 31 .558 .80. .494 .7347 C75 -273 .067 .247 321 2.8 0092 .27 .082 .270 335810 .8206 .516 .733

.PP0DI 33 .60 'a.•

10 .126 -323 .097 .293 34 .6 8 .6 .556 .78810-2 348 -U3~ .316 35 .652 :874 .576 .0
:2129 .33 36 .677 .892 .597 .822012o 162 .o37 .145 .359 3T . 0 -6.9 8-13 .18 .419 .z62 .o31 38 .727 .925 .364 .8-t .147 .19 4 - 13 7 .403 39 J754 .940 .663 .87115 .018 .467 .195 .4241 .780 .955 .684 .80

16 .. 8 .489 .212 .444 41 .83 .969 .77 903S17 .258 .512 .229 .464- 42 .421 .62 -0 .I91 q

982- -'.3 .. -

18 Z(7 .533 .247 639
9 .296 .555 .266 .506 44 .899 .999 .777 ."946"

20 .317 .576 .282 .525 453 .936 1.000 .801 .960

21 .337' -598 .0 .543 .. .856 .97222 . .6359 .132 .0 -565 4 . .562 .897223 .37 .6 .338 .586 48 .880 .993 '2 .42 .63 .35 -65 4. .90639 .395 -23 .. 30 .675 .625 50 .942 1.'000

£xamp10: Obzserved from sample 3.5/5o. The. 90% conadnc, J4J~ita for thie pqp1ga.199 .W.2 .1576 .Od W3.8 
-

185

z.....2 .•7 .95.....................7o.• .a .....-.......- ,

Downloaded from http://www.everyspec.com



APPENDIX 38

Table 2 (Continued)

TWO-SIDED'90% CONFIDENCE LIMITS ON BINOMIAL p
_________~ n60 ____ ____

x _x x x -
c .C0O .c49,

1 ,CO1 .076 16 , .i75 .376 31 -403 ,626 46 .659 .853
2 .006 .;01 17 .389 .394 32 .419 .643 47 .677 .867 0
3 .C14 .124 1F .204 .412 33 .437 .660 4r .696 .EF0
4 .23 .-146 19 .- 16 .429 34 .453 .677 49 .715 .994
5 .C33 .167 2C .233 .445 35 .470 .691 5C. .734 .907

6 .C45 .17. 21 .24E .463 36, .4c5 .700 51 .752 .92C
7 .056 .206 22 .263 .481 37 .5C2 .722 52 .772 .932 -6
F .06E .228 23 .278 .49E 38 .51 .73? 53 .792 ,. .4
9 .c£ .24.6 24 .292 .5) 5 39 .537 .752 54 .E13 .755

10 .C93 .266 25 .309 .530 4C .555 .767 55 .E33 .67

11 .106 .285 26 .323 .5,17 4. .572 .7E 2 5 .56 -4 .,77 -

12 .12C .3C4 Z27 .34.0 .563 42 -r .E6F .796 57 .E76 .c'"-
13 .133 .323 28 .357 .5E1 43 .606 .811 5F .899 .994
14 .147 .341 29 .37•. .597 44 .624 .825 59 .924 .999
15 .161 .35 30 .387 .13 45 .612 .f39 60 1 951 !.(C.

- --35E

1

. .i -%,] i '.-:.-

S i"•i.?i
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APPENDIX 3B

Table 2 (Continued) -

- - n EO0

x x x x

0 .C0o .037

1 .001 .058 21 .183, .356 41 .414 .610 61 .672 ,F3E
2 .004 .077 22 .194 .368 42 .428 .621 62 .6F5 .849 0
3 .01c .094 23 .205 .382 43 .440 .633 63 .69E E.60
4 ,017 .11i 24 .216 .395 44 .452 .644 64 .712 .E70
5 .C25 .127 25 .228 .4C8 45 .465 .657 65 .726 .E81

6 .033 .143 26 .24C .422 46 .477 .669 66 .741 .91 -E

7 .042 .158 27 .250 .436 47 .490 .6EO 67 .754 .901 0
8 .051 .173 28 .262 .447 48 .503 .692 6E .768 .911 -

9 .060 .188 29 .274 .460 49 .515 .703 69 .783 .9ý1
10 .069 .203 30 .284 .472 50 .52E .716 7W .7W7 .931

11 .079 .217 31 .297 .4E5 51 .54C .726 71 .E12 .o940
12 .089 .232 32 .30J .497 52 .553 .73C 72 .C27 .949 -

13 .099 .246 33 .32C .510 53 .564 .75C 73 .42 .-S-58
14 .109 .259 34 .331 .523 54 .107E .76C, 74 F857 .967
15 .119 .274 35 .343' .535 55 .592 .772 75 .F73 .9175

16 .130 .288 36 .356 .54E 56 .605 .7E4 76 ., 9 .903
17 .140 .3C2 37 .367 .560 57 .61E .795 77 .906 .990
18 .151 .315 3E .379 .572 58 .632 .EC61 78 .923 .q96
19 .162 .328 39 .39C .5E6 59 .644 .E17 79 .0942 .c,99.
20 .172 .343 40 .402 .598 60 .657 .82C EC .,63 1.CC.

Eoamples Observed from sample 50/2C. The 94% confidence limits f'or the pcpulation
are .528 and .716. 0
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APPENDIX 3B

Table 2 (Continued)

n K iO

x x x x

.CL .030 .-

C,'C/

.

1cl .1 .C47 .26 .290 .343 511 .423 .5c6 76 .079 E828
.C'L4 .061. 2 7 .19& .3 53' 52 .43, .605 77 .690. E38
aF.0 .G75 28 .207 .364 5 3 .44.3 .65 7E .702 .846

EC1DI 3E9 29 .15 73 .6 79 .712

5n.{ 1c 30 .2;14 3E4 55 .46" .635 80 .7;3 .863

5 31' 234 56 .47x .645- .734
! .Ki4 .127 32 .241 .405 57 .4E2 .654. 72 .745 .- 3I"I
8 .040 .140 33 .252 .4:5 53 .44 .615 78 .75 .r46

.4 .1 4 .25 ., 59 03 .674 4 .767 J97
1.16 35 .7 3 U -.513 .6f6 79 .77 9 .905

1 .C-.3 .176 36 .2E1 .3446 61 .623 .692 F6 .70/ .514
.. ..72 .727 31 .2E- .4rc 62 .534 .7C Z Eo7 E. 90 22 1

.72 .936 .29E .4U-' 63 .544 .712 E 8 E813 .9Z9
6 c 39 .3C. .477 64 .554 .719 E9 .24 .937

15 .095 .221 40 .317 .4057 65 .563 .759 90 .346 .945 "

16 .103 .233 41 .326 .497 66 .574 .73E 91 .848 .952.
17 .111 .244 4; .335 .506 67 .5E5 .74E 92 .E67 .96C
28 .119 .255 43 .3476 .517 68 .595 .756 93 F.73 .967
19 .1;_( .266 .35 .s. 69 .655 .766 '3/ .865 .973
4C .137 .277 45 .365 .53E 7C U616 .776 F5.98 .98C

• O0

.1 .146 46 .274 .547 71 .6,27 .78 96 .011 .;66
22 .156 ..490 47 .347 .W477 64 .636 .79. 67 .925 .99Z
Z3 .162 .201 40 .395 .417 73 .647 .C2U 9F .939 .94 6
;1. .172 .232 49 .4C.2 .477 74 .657 .E81 99 .953 .995
213 ..171 .334C .4 .53 7 c 75 .616 .176 Oi, .7, 1.800025 .I~i •331 5C .414 .586( 75 .669 .1' lC . 7 .O

L.x~arlpl E. s OLservcd frorn'sanmple 1C/100. noe 5,0% confidence liznite for the population
,ar .414 and .5,6.

168 _ *1
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APPENDIX 3B

Table 2 (Continued)

TWO-SIDED 95% CONFIDENCE INTERVALS FOR BINOMIAL ',STRIBUTION

The following lists the 95% confidence interval for the binomial distribution. These tables are
similar to the 90% tables.

TWO-SIDED 95% CONFIDENCE LIMITS FOR DEFECTS

1 2 3 5 _ __

0 .000 .975 .000 .842 .000 .703 .000 .602 .000 .522

1 .025 1.000 .013 .987 .008 .906 .006 .306 .005 .716
2 .158 1.000 .094 .992 .068 .932 .053 .853
3 .292 1.000 .194 .994 .147 .947
4 .398 1.000 .234 .9955 _____________________.478 1.000

6 7 8 9 o10

0 .000 .459 .000 .410 .000 .369 .000 .336 .000 .308

1 .004 .641 .004 .579 .003 .527 .03 .43 .003 .445
2 .043 .777 .037 .710 .032 .651 .028 .6oo .025 .556
3.118 .882 .099 .816 .085 .755 .0Y75 .701 .067 .5

4 .223 .957 .184 .901 .157 .80 .137 .788 .122 .738
5 .359 .996 .290 .963 .245 .915 .212 .863 .187 .813

6 1..000 .421 .996 .349 .968 .299 .925 .262 .878
7 .530 1.000 .473 .997, .400 .972 .346 '.933
8 .631 1.000 .7 .7 . .975
9 1.000 .57 .997 . .7

10 .692 1.000"

S•" " i

." S:i:i" .
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APPENDIX 3B

Table 2 (Continued)

11 12 13 14 15

0 .000 .235. .000 .265 .000 .247 .000 .232 .000 .218

1 .002 .413 .002 .385 .002 .360 .002 .339 .002 .319 e
2 .023 .518 .021 .484 .019 .454 .018 .428 .017 .405
3 .060 .610 .055 .572 .050 .538 .047 .508 .043 .481
4 .109 .692 .099 .651 .C91 .614 .084 .581 .078 .551
5 .167 .766 .151 .723 .139 .684 .128 .649 .118 .616

6 .234 .833 .211 .789 .192 .749 .177 .711 .163 .677 0
7 .308 .391 .277 .349 .251 .808 .230 .770 .213 .734
8 .390 .940 .349 .901 .316 .861 .289 .823 .266 .787.
9 .482 .977 .428 .945 .386 .909 .351 .872 .323 .837
10 .587 .998 .516 .979 .462 .950 .419 .916 .384 8•82

.. 715 1.000 .615 998 .546 .981 .492 .953 .449 .922
.735 l.OO0 .640' .998 .572 .982 .519 .957

13 .753 1.000 .661 .998 .595 .903 -

14 .768 1.000 . (1 .998
15 .782 1.000OO

Example: Observed from sample 5/10. The 95% confidonce limit3 for the pop- "
ulation are .187 and .813.

1.-.

-- 0.L .
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4 APPENDIX 38

"Table 2 (Continued)

16 17 i1 19 20

*0 .000 .206 .M00 .195 .000 .185 .000 .176 .000 .it

1 .002 .302 .001 .287 .001 .273 .001 .260 .001 .249
2 .016 .383 .015 .364 .014 .347 .013 .331 .012 .317
3 .040 .456 .038 .4134 .036 .41-4 .034 .396 .032 .379
4 .073 .524 .068 .499 .064 .476 .061 .456 .057 .4.37
5 .110 .587 .103 .560 .097 .535 .091 .512 .o3M7 .491

6 .152 .646 .142 .617 .133 .590 .126 .565 .119 .543
"7 .198 .701 .184 .671 .173 .643 .163 .616 .154 .592
8 .247 .753 .230 .722 .215 .692 .203 .665 .191 .639

* 9 .299 .802 .278 .770 .260 .740 .244 .711 .231 .685
- 10, .354 .848 .329 .816 .308 .785 .289 .756 .272 .728

11 .413 .890 .383 .858 .357 .827 .335 .797 .315 .769
* 12 .476 .927 .440 .897 .410 .867 .384 .837 .361 .809

13 .544 .960 .501 .932 .465 .903 .435 .874 .408 .846
14 .617 .984 .566 .962 .524 .936 .308 .909 .457 .881

* 15 .698 .998 .636 -. 985 .586 .964 .544 .939 .509 .913

16 .794 1.000 .713 .>- .653 .986 .604 .966 .563 .943
'" 17 .805 .LUOO .727 .999 .669 .987 •621 .06:
18 .815 .000 .740 .999. .083 .:

19 .824 LO00 .751 .;'99
20 ' .832 1000

171
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APPENDIX 38

Table 2 (Continued)

21 22 23 24 25 r
0 .000 .161 .000 .154 .000 .148 .000 .142 .000 .137

1 .001 .238 .001 .229 .001 .219 .001 .211 .001 .203
2 .012 .304 .011 .292 .011 .281 .CIO .270
3.030 .363 .029 .349 .028 .336 .027 .323 .C25 .312
4 .054 .419 .052 .403 .050 .388 .047 .374
5 .082 .471 .078 e453 .075 .1.36 .071 .421 .068 .407

6 .113 .522 .107 .502 .102 .484 .098 .467 .094 .451
7 .146 .570 .139 .549 .132 .529 .126 .512 .121 .494
8 .1`1 .616 .172 .593 .164 .573 .156 .553 .149 .535
9 .2-8 .660 .207 .636 .197 .615 .188 .594 .180 .575
10 .257 .702 .244 .678 .232 .655 .221 .634 .211 .614

11 .298 .743 .282 .718 .268 .694 .256 .672 .244 .c51
12 .340 .782 .322 .756 .306 .732 .291 .709 .278 .687
13 .384 .819 .364 .793 .345 .768 .328 .744 .313 .722
14 .430 .854 .407 .828 .385 .803 .366 .779 .349 .756
15 .478 .867 .451 .861 .427 .836 .406 .812 .386 .789

16 .529 .918 .498 .893 .471 .868 .447 .844 .425 .820
17 .581 .946 .547 .922 .516 .898 .488 .874 .465 .851
18 .637 .970 .597 .948 .564 .925 .533 .902 .506 .879

.696 .988 .651 .971 .612 .M50 .579 .929 .549 .90620 .762 .999 .708 .989 .664 .972 .626 .953 .593 .932

21 .839 1.000 .771 .999 .719 .989 .677 .973
22 .846 1.000 .781 .999 .730 .990 .688 .975
23 .852 1.000 .789 .999
24 .858 1.000 .797 .999
25 .863 1.000

Example: Observed from sample 10/25. The 95% donf1donce limits for the pop-
ulation are .211 and .614.
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APPENDIX 3B

Table 2 (Conthiued)

26 28 30 35 40

0 .000 .132 .000 .123 .000 .116 .000 .100 .000 .088

1 .001 .197 .001 .184 .001 .172 .001 .149 .001 .132
2 .009 .251 .009 .235 .008 .221 ,007 .192 .006 .169
3 .024 .301 .023 .282 .021 .265 .018 .230 .016 .2041
4 .044 .349 .040 .327 .038 .307 .032 .268 .028 .236
5 .066 .393 .061 .369 .056 .348 .048 .303 .042 .268

6 .090 .436 .083 .410 .077 .386 .066 .336 .057 .298
7 .116 .478 .107 .449 .099 .423 .084 .369 .073, .3288 .143 .518 .132 .487 .123 .459 .104 .401 .090 .357
9 .172 .557 .159 .524 .148 .494 .125 .433 .109 .385
10 .202 .595 .186 .560 .173 .528 .147 .463 .127 .412

11 .234 .631 .215 .594 .199 .561 .169 .493 .146 .43912 .266 .666 .245 .628 .227 .594 .192 .522 .166 .4465
13 .299 .701 .275 .661 .255 .626 .215 .551 .185 .491
14 .334 .734 .306 .694 .283 .657 .239 .578 .206 .517
15 .369 .766 .339 .725. .313 .687 .263 .607 .227 .542

16 .405 .798 .372 .755 .343 .717 .288 .634 .249 .1567
17 .44.3 .828 .406 .785 .374 .745 ,314 .660 .271 .590
18 .482 .857 .440 .814 .406 .773 .340 .686 .293 .61519 .522 .884 .476 .341 .439 .801 .366 .712 .315 .63920 .564 .910 .513 .868 .472 .827 .393 .737 .338 .662

21 .607 .934 .551 .893 .506 .352 .422 .761 .361 .685
22 .651 .956 .590 .917 .541 .877 .4/49 .785 .385 2707
23 .699 .976 .631 .939 •577 •901 .478 .308 .o410 .729
24 .749 .991 .673 .960 .614 .923 .507 .331 .433 .751
25 .803 .999 .718 .977 .652 .944 .537 .853 .45 .773

26 .863 1.060 .765 .991 .693 .- 62 .567 .875 .423 .794
27 .316 .999 '.735 .979 .599 .896 .5CG) .. 815
2- .877 1.000 .779 .992 .631 .916 .535 .834 '29 .828 .999 .664 .934 .561 .85430 .884 1.000 .697 .952 .588. .87?

31 .732 .968 .615 .891"32 .770 .982 .643 .910
33 .808 ,993 .672 .92734 .851 .999 .702 .943
35 .900 1.000 .732 .958
36 ,76.* .972
,37 .796 .98438 .831 .9943,9 .868 .999

S.... . 40.912 1.000 ""
Example: Obuerved from 'sampe25/40 T'ho §5, conf denco limits fdr
th. population are .458 and .773.'
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Table 2 (Continued)

n = 50 .__ _'--__ ___

n 50

X X -

0 .000 .071
1 ,COl ,iC6 26 .374 .663
2 . C05 .137 27 .394 .682
3 .013 .165 28 .412 .700
4 .022 .192 29 .432 .718
5 .C33 .218 30 .452 .736

6 .045 .243 31 .473 .753
7 .058 .267 32 .492 .771
8 .072 .291 33 .512 .788
9 .086 .314 34 .533 .805

10 .1C0 .338 35 .554 .821

i1 .115 .360 36 ,576 .837
12 .131 .381 37 .596 .854
13 .146 .404 38 .619 .869
14 .In'3 .424 39 .64C .885
15 ..179 .446 40 .662 .900

16 .195 .467 41 .686 .914
17 .212 .488 42 .709 .928
i8 .229 .5C8 4.3 .733 .942
.19 .247 5.27 44.757 .955
20 04-64- .548 45 .782 .967

21 .282 .568 46 .8C8 .978
22 .3C0 .588 47 .835' .987
23--- .318 .606 48 .863 .995
24 .337 .626 49 .894 .999 S
25 .356 .644 50 .929 1.000

Exmples Observed from sample 15/50. The 95% confidence limits for the
populatioin are .179 and .446.
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. . ..-

• . - • . . ". .- , " . .'• .'. . . .. - .,'.. . .. ... - .-.. " .. .-..... .. . - ., ,- ..

Downloaded from http://www.everyspec.com



S

APPENDIX 3B 0

Table 2 (Continued)

n= 100

X x X

0 .000 .036

1 .000 .054 26 .177 .357 51 .408 .611 76 .664 .- 39
2 .002 .070 27 .187 0368 52 .418 .620 77 .676 .4848
3 .006 .085 28 .195 .378 53 .427 .630 78 .686 .856
4 .011 .099 29 .204 .390 54 .437 .639 79 .697 .865
5 .016 .123 - .213 .399 55 .447 .650 80 .703 .874/.

6 .022. .126 31 .221 .410 56 .457 .659 31 .719 .831
7 .029 .139 .230 .420 57 .467 .668 32 .731 .390j
8 .035 .152 . .240 .431 58 .477 .678 33 .742 .9,3
9 .042 .164 34 .248 .41+1 59 .487 .687 84 .753 °906!

10 .049 .176 35 .257 .452 60 .497 .697 35 .764 .914

11. .056 '.188 36 .266 .463 61 .507 .706 836 .777 .922
12 .064 .200 37 .276 .472 62 .518 .716 87 .708 .929 0
13 .071 .212 38 .284 °482 63 .520 .724 8" .800 .936
14 .078 .223 39 .294 .493 64 .537 .734 89 .312 .944
15 .086 .236 40 .303 .503 65 .548 .743 90 .024 :951

16 .094 .247 41 .313 .513 66 .559, .752 91 .T36 .958
17 .102 .258 42 .322 .523 67 .569 .760 92 .848 .965 0
18 .10 .269 43 .332 .533 68 .580 .770 93 0`61 .971
19 .119 .281 44 .341 .543. 69 -59,0 .779 94 • 74 .973^
20 .126 .292 45 .350 .553 70 .601 .787 95 .387 .984

21 .135 .303 46 .361 .563 71 .610 .796 ,o 96 .- 01 .9 3n
22 .144 .314 47 .370 .573 72 .622 .805 97 .915 .9914
23 .152 .324 48 .380 .582 73 .632 .813 98 .930 .99--
24 .161 .336 49 .389 .592 74 .643 .823 99 o946 1.000
25 .169 .347 50 .398 .602 75 .653 .831 100 .364 1.000

Example: Observed from. sample 50/i00. The 95` confidence limitz for the population
are .398 and .602.
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Table 2 (Continued)

99% CONFIDENCE INTERFVAL FOR BINOMIAL DISTRIBUTION

The following lists the 99% confidence interval for the binomial distribution. These tables are ,
similar to the 90% tables.

TWO-SIDED 99% CONFIDENCE LIMITS FOR DEFECTS

x n
x 1 2 3 4 5 .

0 .000 .9995 .000 .929 .000 .829 .000 .734 .000 .653

1 .005 1.000 .003 .997 .002 .959 .001 .889 .001 .3315
2 .071 1.000 .041 .998 .029 .971 .023 .917
3 .171 1.000 .111 .999 ;083 .9-f .
. .266 1.000 .185 .999
5 • 347 1.000

..6 7 9 10

0 .000 .586 .000 .531 .000 .484 .000 .445 .000 411

1 .001 .746 .001 .6•85 .001 .632 .P01 .585 .001 .544
2 .019 .856 .016 .797 .014 .742 .012 .693 .011 .648
3 .066 .934 .05ý .882 .047 .830 .042 .7ý1 .037 .735
4 .144 .981 .118 .945 .100 .900 .087 .854 o077 .809
5 .254 .999 .203 .984 .. 170 .953 .1U6 .913 .128 .872

6 .414 1.000 .315 .939 .258 .986 .219 .958 .191 .923
7 .469 1.= .368 .999 .307 .988 .265 .963
8 .516 1.000 .415 ".999 .352 .989

9 .555 1.000 .456 .999 0
10 _ .589 1.000

1786
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Table 2 (Continued) --

3.1 12 13 14 15

0 .000 .382 .000 .357 .000 .335 .000 .315 .000 .298

1 .000 .509 .000 .477 .000 .449 .000 .424 .000 .402
2 .010 .608 .009 .573 .008 .541 .008 .:12 .007 .486
3 .033 .693 .030 .655 .028 .621 .026 .589 '.024 .561
4 .069 .767 .062 .728 .057 .691 .053 .658 .049 .627
5 .114 .831 .103 .791 .094 .755 .087 .720 .080 .688

6 .169 .886 .152 .848 .138 .811 .127 .777 .117 .714
7 .233 .931 .209 .897 .189 .862 .172 .828 .159 .795
8 .307 .967 .272 .938 .245 .906 .223 .873 .205 .841
9 .392 .990 .345 .970 .309 .943 .280 .913 .256 .883
10 .491 1.000 .427 .991 .379 .972 .342 .947 .312 .920 0

.1 .618 1.000 .523 1.000 .459 .992 .411 .974 .373 .951 ""
12 .643 1.000 .551 1.000 .488 .992 .439 .97613 .665 1.000 .576 1.000 .514 .993
14 .685 1.000 .598 1.000 •
15 .702 1.000

Example: Observed from sample 5/10. The 99% confidence limits for the
population are .128 and .872.

7..
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APPENDIX 3B

Table 2 (Continued)

S170 18 1.9 20
0 .000 .282 .000 .268 .000 .255 .000 .243 .000 .233

1 .000 .3z 202 .363 .00 .3)6 .0oo .331 .o0o .337

2 .o07 .463 .006 .441 .o06 .422 .006 .401 .005 .387
3 .022 .534 .021 .510 .020 .488 .o09 .468 .018 .449
4 .045 .599 .043 .573 .o40 .549 .038 .527 .036 .507
5 ,475 .658 .C70' .631 .065 .605 .062 .582 .058 .560o

6 .109 .7 14 .10 .685 .095 .658 .090 .633 .085 .610 o -

7 .147 .764 .137. .735 .128 .7a7 .121 .681 .u4 .657
8 .189 .811 .176 .78). .165 .753 -155 .726 .146 .701
9 .236 .853 .219 .824 .205 .795 .19;2 .768 .181 .743

10 .286 .891 .-265 .863 .247 .335 .232 .8-8 .218 .782

1! .342 .925 .315 .89) .293 .872 .274 .845 .25T .819
12 .4oi '.955 .369 .930 .342 .905 .319 .879 .299 .854
13 .166 .978 .427 .957 .395 .935 .367 .910 .343 .886
14 .537 .993 .490 .979 .451 .960 .418 .938 .390 .915
15 .619 1.000 .559 .994 .512 .980 .473 .g96 .440 .942

16 .718 1.ooo .637 1.000 .578 .994 .532 .981 .493 .964
17 .732 1.000 .654 1.000 .596 .994. .551 .982 . •

18 .745 1.000 .669 1.000 .613 .995
19 .757 1.000 .683 ooo " 0
20 •767 1.000

Example: Observed from sample 10/20. The 99% confidence limits for the pop-
*ulation are .218 end .782.
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Table 2 (Continued)

{2. 2 24 26 28 30

.c 24 .00C .198 .000 .184 .000 .172 .00 6

1 .000 .292 .00O .271 .000 .253 ,COO .237 Cr.C .223
2 .005 .358 .C04 .332 .CO4 .310 .004 .291 OC.0C .274

3 Gi6 .416' .015 .387. C13 .362 ,C12) .340 .012 .320
4 .032 .470 .C29 .438 C0271 .41C .025 .385 -023 .363

5 .053 .520 .08 .485 .044 .455 .041 .428 .038 .404

6 C,76 .567 .069 .531 .064 .498 .059 .4-69 C054 .443
7 .102 .612 ,C93 .573 C085 .538 .C78 .508 .073 ..480
8 .131 -655 .119 614 .109 .578 100 -541c .093 .516

9 .162 .b95 .146 ~653 .134 .615 .123 .581 .114 .550
10 .195 .734 d176 c9QO .161 .651 .148' ,616 ..137 .583

11 .229 .771 .2C7 .726 .189 .686 .173 ~649 .160 .616
12 .266 .8C5 .240 ,760 .218 .719 '200 ..622 .185 6.,47
13 .305 .838 .274 .793 .249 ,.751 .228 .713 .211 .678
14 .345 .869 .310 .924 .21 .8, .257 .743 .237 .707
15 .388 .898 .347 .854 .314 .811 .287 .772 .265 .735

16 .433 .924 .386 .381 .349 .839 .318 .800 .293 .763
17 .480 .947 .4,27 .9C7 .385 .866 .351 .827. .J22 .789
18 .530 .968 .469 .931 .422 .891 .384 .852 .353 .815
19 .594 .984 :515 .952 .462 .915 .419 .877 .384 .840
20 .642 .995 .562 .971 .502 .936 .455 .900 .417 .863

.21 .708 1.000 .613 .985' -.945 .9516 .492 .922 .1450 .886
22 .786 1.OCO, -.668 .996 .590 .973 .531 .941 .484 -.907
.23 .729 1.000 .638 .987 .1:72 *.959 .520 .927
24 .. 802 1..C:0 .6190 .996 .615 .97c .557 .946
25 .747 1.000 .660 .988 .596 ..962

26 .816 1.000 .70~9 .996 '.637 .9-77
27 .761 1.C00 .680 .988
28 8.28 1.000 .726 .996
29 ' .777 1.000

30 .838 1.000

Examnples Observed from'samnple 6/30. The 99% confidence li&'itz for the pop
ulati'an are .054 and .443.
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APPENDIX 3B

Table 2 (Continued)

355 3
0 .W0 .140 '.COO .12 1,371 .902 .317 .727 ""•

22 .398 .823 .339 .748 0
1 .COO .194 . CCC .172 23 .426 .e,4 .362 .769
2 .CC3 .239 .C03 .212 24 455 .865 .386 789
3 .010 .280 .Cr9 .249 25 .484 .885 .411 .809
4 .020 .318 .C17 .283
5 .032 .354 ,28 .315 26 .515 .903 .434 .829

.7 ,545 .921 .459 .847
6 .046 .389 .,40 .346 28 .578 .938 .485 .866
7 .C62 .422 .054 .376 29 .6.1 .954 .511 .883
8 ,C79 .455 .C68 .4C6 30 .646 .968 .539 .900
9 .097 .485 .084 .434
10 .115 .516 .1.00 ,461 31 .682 .980 .566 .916

32 .720 .990 .594 .932
11 .135 .545 .117 .489 33 .761 .997 .624 .946
12 .156 .574 .134 .515 34 .806 1.000 .654 .960
13 .177 .602 .153 .541 35 .8CC 1.000 .685 .972
1.4 .198 .629 .17? .566
15 .222 .655 .191 .589 36 .717 .983

37 .751 .991
16 .245 .681 .211 .614 38 .788 .997
S.269 .706 .231 .638 39 .828 1.000 -..

S.294 .731 .252 661 40 .876 1.000
19 .319 .755 .273 .CO
20 .345 .778 .295 .705
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APPENDIX 3B

Table 2 (Continued)

__5_ 5C x 45 *50 71
0 0CC .11 co C00 .10 21 .276 .664 .2146 .6010

22 .296 .684 .263 .629
J .000 .154 .^Cc .139 23 .316 .7C4 .280 .648
2 .0C2 .190 .CC2 .173 24 .336 .724 .298 .666
3 .008 .223 .C07 .203 25 .356 .743 .315 .6585
4 .015 .254 .C14 .231
5 .025 .284 .022 .258 26 .377 .761 .334 .702

27 .399 .779 .352 .720
6 .036 .312 .032 .e85 28 .420 .798 .371 .737
7 .C47 .339 .Q42 .309 29 .442 .816 .390 .754
8 .060 .366 .054 .334 30 .464 .833 .4C9 .771
9 .074 .392 .066 .357

I .r88 .418 .079 .381 8.1 .487 .850 .428 .787
32 .510 .866 .449 .8•4

11 .103 .442 .092 .404 33 .535 .882 .468 .820
12 •118 .465 .1C6 .425 34 .558 .897 .489 .836
13 .134 '.490 .120 .447 35 .582 .912 .510 .851
14 .150 .513 .134 .469
15 .167 .536 .149 .490 36 .608 .926 .531 .866

37 .634 .940 .553 .88C.
.184 .758 .164 .511 38 .661 .953 .575 .894

17 .202 .580 .18C .532 39 .688 .964 .596 .90-
18 .221 .601 .196 .551 40 .716 .975 .619 .921
19 •039 .623 .213 .572
20 0 .257 .644 .229 .591 41 .746 .985 .643 .934

42 .777 .992 .t66 .946
43 .810 .998 .C91 .958
44 .846 1.000 .715 .968
45 .889 1.0C0 .742 .978

46 .769 .986
47 .797 .993
48 .827 .998
49 .861 i.o00
50 . 1.000"

Examples Observ.d from sample 35/50. The 99% confidence limits
for the population are .510 and .851.
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Table 2 (Continued) .

n 60

x

C.cCC 085 31 .346 .684 a
32 .363 .699

1 COG .117 33 .378 .714
2 .CC2 .146 34 .394 .728
3 .CC6 .172 35 .410 .743
4 C11 .195
5 .,1- .218 36 .1.426 .757 0

37 .443 .772
6 .C26 .241 38 .460 .785
7 .C35 .263 39 .476 .799
8 .C45 .Z83' 40 .493 .813
9 .055 .304

IC .C65 .324 41 .511 .826
42 .528 .840

11 .C76 .343 43 .546 .852
_02 ,,8"1 .363 44 .563 .865
13 .098 .381 45 .582 .877
14 .110 399 t
15 .123 .418 46 .601 .890

47 .619 .902
16 .135 .437 48 .637 .913
17 .148 .454 49 .657 .924
18 .160 .472 5C .676 .935
19 '.174 .489
2C .187. .5C'7 51 .696 .945

52 .717 .955
21 .2c1 .524 53 .737 .965
22 .215 .5,0 54 .759 .974
23 .228 • 557 55 .782 .982
"" .243 .574 0
25 .257 .59C 56 .85 .989

57 .828 .994
26 .272 .4o6 58' .854.' .998
27 .286 '.622 59 .883 1.000
28 .3C1 .637 60 .915 1. COO
29 .316 .654
30 .331 .669
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Table 2 (Continued)
n = 80 --- ' -,

x x1 •OCO .064 26 ,198 .474 56 .553 .822
27 .208 .486 57 .566 .833

1 .O.C .C89 28 .219 .500 58 .579 .844
2 .0c0 .111 29 .230 .513 59 .593 .853
3 .004 .131 30 .241 .525 60 .(C6 .863
4 .c'9 .1.49
5 .C14 .167 31 .251 .538 61 .621 .872

32 .262 .55C 62 .634 .882
6 .020 .184 33 .273 .561 63 .648 .891
7 .026 .201 34 .284 .574 64 .662 .9C1
8 .033 .217 35 .296 .587 65 .677 .91C
9 .C40 .233

10 .C48 .249 36 .307 .598 66 .691 .918
37 .318 .611 67 .7C5 .927

11 .056 .264 38 .331 .623 68 .720 .936
12 .064 .280 39 .342 .635 69 .736 .944
13 .073 .295 40 .354 .646 70 .751 .952
14 .082 .309 .•
15 .-r9 .323 41 .365 .E58 71 .767 .960

"42 .377 .669 72 .783 .967
16 .099 .338 43 .389 .682 73 .799 .974
17 .-129 .352 44 .402 .693 74 .816 .98C
18 .118 .366 45 .413 .704 75 .833 .986
19 .128 .379
20 .137. .394 46 .426 .716 76 .851 .991

47 .439 .727 77 . .869 .996
21 .147 .407 48 .450 .738 78 .8C9 .999
22 .15" .421 49 .462 .749 79 .911 1.0CC
23 .167 .434 50 .475 .759 18 .936 1.OC0-
24 .178 .447

125 .188 .461 51 .487 .770
52 .5CO .731
53 .514 .792
54 .526 .802
55 .539 .812

Examples Observed from sample 50/80. The 99% oonfidence llmits for the
population are .475 and .759.
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Table 2 (Contirued)

n = CC" .-

x x x

C .CCC C5; 36 ;,e4C .,93 66 .527 .777

37 "-9 .50 6 .543S .9
CCC 72 37 9 5C3 67 .533 .7869

2 '£C: ,,,9 39 .,, .53 69 .5559 .9
.3 .-C3 .C5 42C .276 .531, 7C .569 .;11

1.1 .r,7 .12C
= CiI .135 41 286 = • 71 .581 .820

442 294 .553 72 .591 ,S28

6 .t • 1 49 43 .3-4 .5,3 73 , C 1 836
1 C;! .163A 43 .312 .573 74 .612 .3.4 S
8,-2L .176 4r5 ."22 .583 75 .622 352

9 C32 .i89
iC .038 .2C2 46 .331 .592 76 .633 .'6C.

47 .341 .6C2 77 .644 .868

C1 .044 .214 43 .350, .611 78 .656 .•76

12. 'C51 .227 49 .359 .622 79 .6U7 ,.8J4 0

13 .C58 .24C 50 .369 .631 80 .679 .891

14 .CC5 .251
15 •C72 .203 51 .378 .641 81 .'-9C .899

512 .389 .65C 82 .7C2. .9C7

16 .C79 .275 .398 .659 83 .714 .914
.7 C86 .286 : .4cC .669 84 .725 .921

18 093 .298 55 .417 .678 85 .737 .928

i 9 .Ii .310
Ic .109 .321 56 .427 .688 86 .749 .935

57 .437 ,.696 87 .'60 ,942

21 .116 .333 58 .447 .706 88 .773 .949

22 .1214 .344 59 .457 .714 89 ..786 .956

0332 .356 60 .466 .724 90 .798 .962

24 .14C .3.67
25 .148 .378 61 .477 .732 91 .811 96810

62 .486 .741 92 .824 .974

26 .156 .388 63' .497 .751 W9 .837 .979

27 .164 399 64 . 507 .760 94 .851 .984

28 .172 .4C9 65 .518 .768 95 .865 .989

29 .18V .419
30' .189 .431 96 .880 .993

97 .895 .997

31 .197 .441 98 .91i .9_9
32 .206 .452 99 , .9?8 1.000

33 .214 .46zL ICC .948 1.0CC-

34  .223 .473"
35 2.3•2 48 1
Example: 0b. ervcd from smple 50/10'). The 99% confiden e limits for the

popfilat ion, .are .369 and .631.
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APPENDIX 3B

Table 3

CONFIDENCE IN INFERRING (90% < p) FOR bINOMIAL DISTRIBUTION

The following tables list the confidence value in the body of the table in
inferrirg that 90% < p for a binomial distribution.

Those tables are useful for answcring such questions as "if Wx) u-nits out of
a sample of size (n) are observed to have some particular attribute, wymt confidence
can be put in the statement that the true proportion of the population having this
attribute is greater than 90%."

If the above question is asked about mrrny different situa-iins, then the table
entry lists the percentage of situations i: which p is actu311 gicater than 90•

Thus, the tables list for each sample size, n, an'i eact. crerved numbcr, x,
a value for P such that

P (90%,<p) table entry

i Exaxiples are given on each table.

SFMCE;TAGE COFIDE:;CE N; 2ERRI;G 90"A n -lO0%

Sn 1 2 .3 4 5 16 7 8 9 10

10 <1 <1 <1 <1i <1 <1'1" ci ci c i ci;1 10 .1 <1 <1 ! 41 <1 ,1 <1 <1• •S2 i9 .3 <1 ji <1 <1 <1 <1 <1
"t 3 27. 5 '1. ,. ,I <i <1 <i

4 [ 3L 8 2 .' <1 <1 <l
5 41 1 3 <i <i <I

6 47 1t; 4 <1 <' 7 i•52 19 5 1
S, . 57 23 7

.9, ii i ' 61 26

185
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Table 3 (Continued)

11 12 13 14 15 16 17 18 19 20
.7 I |1 <] 1< < 1 <1 < 1 <: 1 l < 1 < 1
7 2 1 < 1I < i < Ii 1i

9I 9i 1. I 1 <I <i
10 '30 ii 3 <1 <1 (1 <I <1 <1 <1

U 69 34 13 4 1 <i <1 j 1 41 <1
12 72 38 16 6 2 1i 1i (1 <i
13 75 42 18 7 2 <1 <l <1
14 77 45 21 8 3 41 <l
15 79 49 24 IC 4 1

16 81 52 27 ii 4
17 83 55 29 13
18 85 58 32
19 86 61
20 88

Example: Observed from sample 16/17
Confidence in inferring 90% Sp S 100% is 52% .

186
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Table 3 (Continued)

__ 21 22 23 24 25 26 27 '28 29 30

'15 iI i < i < J. ti <1 I -I <1 i <1 i

16 1 Il Ci ci cI ci cI ci ci cI
17 2 ci ci <i c<i < <ci ci <i
18 15 6 2 <i -I ci <i I <1 <i
-, 135 ill 7 3 cI )i . I ci <1 <I
20 64 i9 9 3 1 <i <1 <1 <i

2 1 89 66 41 2r i0 4 1 <i <i <1I
22 90 68 44 24 11 5 2 <1 41

3 91 71 46 26 13 6 2 <1
24 92 73 49 28 14 6 3
25 93 75 52 2. 16 7

26 94 77 5i, 33 18
27 94 $R 57 35
28 5 80 5
29 95 82

Example: Observed from samj lc 21/24
Confidence in inferring 90%_ :p S 100% is 21%
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Table 3 (Continued)

32. 32 33 34 35 36 37 38 39 401
<2 < < < 1 < 1 <-C <1 -C 1 c

2ý4 1 -C1 4d 41 <1 Cl 41 'd. '2. 4C
25 3 1 2. 1 4 -C 42. 41 4. 41
26 8 4 1 'C 41 .41 42. .41 41
27 19 9 4 2 1 <21 42. 42. 41. -41
28 38 21 91 5 2 .41 41 -2. "42
29 61 40 23 12 6 2 42. 4 4 . 4
30 83 63 .2 25 13 6 3 2 .99 41

32. 96 84 65 45 .,27 15 7 3 1 41.
32 97 86 67 47 29 2.6 8.4 .26
33 97 87 69 49 31 2.7 9 -
34 97 88 72. 51 33 19 10
35 97 89 73 54 31 2

36 98 90 '75 56 37
37 90 76 58
38 91 78

39_ 9L8j92
Examples Obsorred from smaple 34/36

Confidence in inferring 90% Sp S 100% ia 71%

I~ .

I

- I2

SIs.,::;

J4

I -
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Table 3 (Continued)

= : 45 50 55 60 ~ 65 70

535 <i <i 544. <I <I S52 <i <1
45 2 <i 53 1 <136 1 <I 54 3 <1

37 3 Ic 1 46 4 <1 55 6 <i138 8 <I '47 9 <1
39 16 <i1 48 18 ci 56 11 <i
40 29 2 49 31 1 57 20 < 1

50 48 3 58 32 241' 47 6 59 48 4
42 67 12 52. 65 7 6o, 64 9
43 84 23 52 81 14
44 95 33 53 92 25 61 79 16
45 99 38 54 98 39 62 90 26

55 >99 56 63 A 96 4046 57 6/+ ' 99 56'47 75 56 73 65 N99 71
48 89 57 86
49 97 58 94 66 84
50 >99 59 99 67 93

- - 60 >99 68 98
69 :1.99
70 91A

189
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Table 3 (Continued)

75 80 n:~ 85 90 z 95 100

S61 c1 <1 :569 <1 <1. :78 <1 <1
62 2 J.70 1 41 79 1 <1
63 4 ~c.80 3 <1
64- 7 71 2 <1
65 13 Ci1 72 4 <1. 81 5 Ci1

73 8 <1 82 9 <1
66 21 1 74 .14 <1. 83 15 1

6Y 33 3 75 23 2 34 24 2
68 48 5 85 35 4
69 63 10 76, 34 3
70 77 17 77 48 6 86 48 0

"I8 62 11 87 62 12
71 88 28 79 76 19 88 75 20
72 95 41. 30 86 29 89 85 30
73 98 55 90 92 42
14 >99 70 81 94 41
75 >99 82 82 98 55 91 97 55

83 99 69 92 99 68
76 91 34 >99 81 93 -399 79
77 96 85 >99 90 94 -wgq 88

*78 99 95 *099 94
79 >99 86 9659
80 *...>99 87 98968

88 9997 99
89 >99 98 >99
90 >99 99. >99

100 ->99'

Example:, Observed from sample 76/85
Confidence in inferring 90% Sp S100% is 34%
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Table 3 (Continued)

CONFIDENCE IN INFERRING (95% < p) FOR BINOMIAL DISTRIBUTION

The following tables list the confidence value in the bod.vr of the table in
inferring that 95%<p for a binomial distribution.

These tables are useful for answering such questions as "if %x) units out of
a sample of size (n) are observed to have some particular aLribute, what confidence
can be put in the statement that the true proportion of the population having this
attribute is greater than 95%."

If the above question is asked about many different situations, then the table
entry lists the percentage of situations in which p is actually greater than 95%.

"Thus, the tables list for each sample size, n, and each observed number, x,

a value for P such that

P(95%,p) = table entry

Examples are given on each table.
-,,,-- - - - - - - - - - - - - - Y

1 1 2 3 4 5 6 7 8 9 010
-,- --- - - -.

0 <I <I <1 <I <1 <1 <i e.1 <I <i

<i <1 <1 <i- <1 <1 < I <1 1<'
2 10 1 4 <1 41 <1 4 <1'
3 14 I <I <1 <1 <1 <1 1-

19 2 <1. <1 <1 <i <1
5 23 3 <1 <1i -l <i

6 26 4 1 <1 <1
7 30 6 1 <1
.8 34~ 7 1j
9 .37 9
10 1. 0i

-0
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Table 3 (Continued)

3"---, i, 12 13 14 - 5 -6 17 18 19 20

8 <1 <1 <1 <1i <1 i <1i <1 41 <1"
9 2 -i <1 1 I i <<1. <1 < 1 <i1
10 10 2 :1 <1i <1. -I <1 <1 <1 ci 1

II 43 12 2 41 <1 <1 <I <I <I <1
12 46 14 3 1 <I 1 i 1i <1 <I
13 4+9 15 4 1 <I (I <1 <1
14 51 17 4 1 <1 <1 <i1
15 54 19 5 1 <1 <1

16 56 21 6 1 <1
17 58 23 7 2
18[ 60 25 8
19 62 26
20 641, . -

Example: Observed from sample 14/15
Confidence in inferring 95% S p S 100% is 17%

' n 21 22 23 24 25 26 27 .28, 29 30

S17 <1 4l < 1 41i < 1 1 41 <1 <1 <1 .-.
2 <i i <i i i <i 41 I 1 1 -

19 8 2 <1 <1 <1 <1 <1 < <2i <i
20 28 .9 3 1 <1 <1 <1 <1 41 <1

21 66 30 11 3 1 <1 <i <i <c ci
22 67 32 12 3 <1 <1 41 1i <1I
23 69 34 13 4 1 -a <41 <1.
24- . .71 36 14 4 1 41 41
25 72 38 1 5 1 <1

26 74 39 16 5 2
27 75 43. 18 6
28 76 43 19
29 77 45
30 '79

19--2 .-.-

192 "+"
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Table 3 (Continued)

75 80 85 90 x 95 100
-<66 <1 < 176 <- <1 -585' <- --

67 1 <il 77 3 < 1
68 3 <1 78 6 <i1 86 ,2 <I 0
69 8 <1 79 13 <i 87 5 i-
70 17 <1 80 25 C .88 10 <i

89 20 <I
71 32 < 1 81 .42 1 90 34 1
72 52 1 82 62 4
73 73 .4 83 80 8. 91 52 3
74 89 10 84 9) 16 92 71 6
75 98 21 85 .99 29 93 86 13-

94 95 2376 37 86 ..47 95 99 38
77 57 87 66
78 77 88 83 96 56 0
79 91 89 194 97 74
80 98 90 99 98 8899 96

100 99

Example: Observed from sample 90/90 0
Confidence in inferring 95% : p 5 100% is 99%

193,

..............., ,
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Table 3 (Continued)

05 So. 85 90 10095 1002 L - - -:::

S 66 <I < 1 S76 <I <1 <85 <1 <1
67 1 <I 77 3 <I
68 3 <1 78 6 <1 86 2 <1
69 8 <1 79 13 <1 87 5 <1
70 17 <1 80 25 4. 88 10 <1i

89 20 <1 - -

71 32 <1 81 42 1 90 34 1.
72 52 1 82 62 4
73 73 4 83 80 8 91 52 3
74 89 10 34, 93 16 , 92 71 6
75 98 21 85 99 29 93 86 13

94 95 23
76 37 86 47 9$ 99 30
77 57 87 66
78 77 88 83 96 56
79 91 89 94, 97. 74
80 98 90 99 98 88

)9 96
_00 99

Example: Observed from sample 90/90
Confidence in inferring 95% : p -5 100% is 99%

-194-

..................... . - ... ... ... ... ... . /'
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Table 3 (Continued)

CONFIDENCE IN INFERRING (97% -< p) FOR BINOMIAL DISTRIBUTION

The following tables list thu confidence value in the body of the table in
inferring that 97%<p for a binomial distribution.

Those tables are useful for answering such questions as "if x units out of
a sample of size n are observed to have scme particular attribute, what confiden,,e
can be put in tho statement that the true proportion of the pupulation having this
attribute is greater than 97%."

If the above question is asked about mar'y different situations, 'then the .
table entry lists the percentage of situations in which p is actually greater the
97%.

Thus, the tables list for each sample size, n, and each observed number, x,
a value for P such that

P (97% ,, r = table entry.

Examples are given on each table.

x 1 2 3 4 5 6 7 S 9 10

0 <i <1 <1 <1 Cl <1 < Cl <I <.

2 6 <1 <l <l ,<l 4cl <. -i <1l
3 9 <1 <i <i <i <1 <1 <1-

5 14 <1 -Cl <1 -Ci .C-

6 17 2 <1 <1 <1
7 I19 2 <1i <18 22 3 -<

9 10 26
-O - - I

- -195.

........................................

. .- . ..°....
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Table 3 (Continued)

x"Z- 11 12 13 11. 15 16 1? 18 19 20
I- --.- - .

S9 (1 41 <1 <1 <1 <1 <1 <1 -ci -- -:
10 4 <1 <i <i <I 1 i <i <i <1 <L A-

11 28 5 <1 <1 <1 <1 <1 <1 <1 <1'C12 31 6 <1 <I <i < 1 <i <I <1-13 33 6 <1 I <1 cl <1i <1.

14 35 7 <11 <J <1 <1
15 37 8 1 1i 'i <I

16 39 9 .2 <1 i1
17 140 -10 2 4,
18 2+2 2. 2
19 44 12
20 i 46

Example: Observed from sample 19/20
Confidence in inferring 97% S p < 100% is 12%

- -...- - - --
'21 22 23 24 25 26 27 28 29 30 -

<18 <1 <1 <I <I <i i <i < i i <1
19 2 <1 <1 <i <i <i <i ci <I <I20 13 3 <1 <1 ,<1 -c1 "<1 <1 <1 <1"•""' -

21 47 14 3 <ci ci < I I i < < <
22 49 15 3 <1 < ci I <i l , ..
23 50 16 4 <i <i < i ' i ci<1
24 52 17 4 1 <I c<I <1I
25 53. 18 5 <1 <1 <1

2u 55 19 5 1 -i
27 56 20 6 1 ,
28 57 22 6
29 59 23
30 60

196
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table 3 (Continued)

""3 i 32 I 35 36 37 3 39

527 ci <. <I <1 ci i 1 <i <1
<28 1 1 <1 <1 <1 <1 <1 <1 <1 <1

29 7 1 <i <I <1 1i <1 <1 <I
A 30 24 7 2 <1 <1 '<1 <I1 <1 <.. <1

31 61 25 8 2 <1 <1 <i <i <1 <I
32 62 26 8 2 <1 <1, <1 <1 <1.
33. 63 27 9 <I <1 cI << 1I
34 64 28 9 2 <1. <1 <1
35 66 29 10 3 1I <1

36 b7 31 1i 3 <1
37 68 32 ii 3
38 69 33 12

- 39 70 34
40 70

Examplo: Observed from sample 35/36
Confidence in inferring 97% _p 5100% is 29%

ý:R n 45 T50 x ý -5 6 65 70
S-40 i <i S50 1 I ,S59 <1 <i

!•60 1 <i

41 1 I<1 ~ 51 2 1: 0 1
I42 <1 52 8 <1 61 5 <I,

43 15 <1 53 23 <i 62 13 <1
44 39 <i 54 49 <I 63 31 <1
45 75 <1 55 81 <1 64 58 <1

65 86 2

46 2 56 3
47 6 57 11 66 6
48 19 58 27. 67 16
.49 44, 59 54 68 35
"50 j 78 60 84 69 62.

70 88

"197

Downloaded from http://www.everyspec.com



APPENDIX 3B

Table 3 (Continued)

S69 <1 <1 $78 .<i S88 <1 <1
70 3 <I 79 i <I 89 2 (1

80 4 <1 90 7 <i
71 8 <I
72 19 <i 81, l <i 91 16 <I
73 39 1i 82 25 <1 92 32 <i

74 66 1 83 47 1i 93 55 1

75 90 3 84 73 2 94 78 3
85 92 5 95 94 8

76 9
77 22 86 13 96 18

78 43 87 28 07 35

79 70 88 51 98 58
80 91 89 76 99 81

0 -94 10 95

Example: Observed from samplo 93/95
Confidonco in infoa-rng 97% S p S 100% is 55%

1

S~108

9.
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APPENDIX 3B

Table 3 (Continued)

CONFIDENCE IN INFERRING (99% < p) FOR BINOMIAL DISTRIBUTION

The followring tables list the confidence value In the body of the table in
inferring that 99% < p for a binomial distribution.

SThese tables are useful for answering such questions as "if (x) units out
of a sample of sizc (n) are observed to have some particular attribute, what
confidence can be put in the statement that the true proportion of the populatior
having this attribute is greater than 99%."

MI the above question is asked about many different situations, then the
table entry lists the percentage of situations in which p is acutally greater

: than 99%.

Thus, the tables list for each sample size, n, and each observed number, x,
a valuo for P such that

P (99'& p) = table entry

Examplcs are given on each table.

71 2 3 . 5 6 7 8 9 10
0 <1 <1 <1 41 41 41 1 1 <1 <U- 1 1 1 41 <1 <41 41 <i 41 <1 41
2 2 <1 41 <1 <1 41 <1 <1 <1
3 3 4I < -1 4C 1 <41 4 <1

"" 4 4 <I 41 4C1 A. <41 <1
5 5 41 41 41 1< 41j

* 6 6 41 41 4141
7 7 -41 ' 1 41
8 8 41 41

S9 9 <i
IO4io10 1 -A - -- 1 10

199
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APPENDIX 3B

Table 3 (Continued)

""13 12 '13 14 15 16 17 18 19 20

I10 <1 <1 <1 <1 41 <1 <1 <1. <1 <1
11 101 <1 - < i -41 41 <I 41 41
12 <l 41 <I <1 < Ii <I <1 41
13 12 <i <i c1 <i 41 41 41
14 13 1 <i <I ci 1 i i
15 14 1 < <I 41 41

16 15 1 <1 41 <1
17 16 1 <1 41
18 17 2 <1
19 17 2
20 _ 18

Example: Observed from sample 16/16
Confidence in inferring 99% 5p 5 100% is 15%

21 22 23 24, 25 26 27 28 29 30

":19 <1 4c1 .41, 4:1 41 41 41 c. 41 1i
20 '2 <1 <41 41 4I l1ci 41 4i 1 4

21 19 2 (1 4c1 1 41 1 41 42. 41
22 20 2 41 <c1 41 41 <1 1i 41
23 21 2 <1 41 41 1 Aa 41

j 24 21 3 <1, <41 41 < 1 41
25 22 3 -1 41 <1 41

26 23 3 41 41 1ci
27 24 3 I . 1
28 24 3 41
29 • 25 4
S30 - j - - 26
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APPENDIX 3B

Table 3 (Continued)
- ..-.-.- ,-. .-.- -I -

j• 31 32 33 34 35 36 37 38, 39 40

529 <I i <1 <I i <1 i i <1 <1 <1i
30 4 <1 i i1 <1i '1s1 <1 <
31 27 4 ci <1 i <1 <1 Ii <1 1c 1 <i

32 28 4 <1i <I <1i < <1 <i 1ci
33 28 5 1i -ci 'i I 1 < 1-
34 29 5 < I <I < 1 <i i-c

35 30 5 <1i 'i <1 <i

36 30 5 <1i . <i1
37 31 6 1i <1I
38 32 6 <I
39 I 32 6.
40_ 33.

Example: Observcd from sample 27/ 28
Conficencc in inferring 99% 5p S 100% is 3%

n 45 50 55160

5/2 <1 < 1i 5,52 <1 <1i.
43 1 'I 53 2 <i
44 7' -i 54 U 1-
45 36 <i 55 42 <i1

46 <i 56 <1I

47 -c1 57 'ci
48 1 58 2
49 9 59 12
50 39 '60 , +5

562 <1 i ,S 72 <1 <17.c c
63 ,3 '<I 73 4 1i
64 14 < 1 74 17 < 1
65 48 <1I 53 . I

66 <I 76 ;i"

67 41 77 <I
68 3 78 5
69 16 79 19
70 51 80 55

'201 -""

Downloaded from http://www.everyspec.com



APPENDIX 38

Table 3 (Continued)

85 90 95 iOO

S81 <i <i S91 <I <1

82 1 <1 92 2 €l
83 5 -c 93 7 41
84 21 <1 94 25 4a

85 57 <i 95. 62 .?

86 ci 96 <1
87 1 97 2
88 6 98 8
89 23 99 26
90 60 100 63

xampiet Observed from smpie 74/t5
Confidence in inferring 94.% : p 1 100% is 17%

0 .

0

•. -

0
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APPENDIX 3D

Table 1

CCNFIDENCE LIMITS FOR THE EXPECTATION OF A POISSON VARIABLE

1-2a 0.998 C.99 0.98 0.95 C.90 l-2e

a 0. 001 0.005 C. C1 0.C25 0.05 a

Lower Upper lower Upper lower Upper Lower Upper lower Upper c

C 000CO 6.91 C.COC 5.30 OO-00C 4.6! 0.0000 3.69 0.0000 3ý00 0
1 .CC1CO 9.23 , CC5C1 7.43 .0101 6.64 0.253 5.57 .0513 4..74 1
2 .C454 11.23 .103 9.27 o149 8.41 .2j,2 7.22 .355 6,30 2
3 .191 13.06 .338 10.98 .436 10.05 .619 8.77 .818 7.75 3 0
4 .429 14.79 .672 12.59 .823 11.60 1.09 10.24 1.37 9.15 4
5 Co739 16.45 1,08 14.15 1.28 13.11 1.62 11.67 1.97 1C051 5
6 1.11 18.06 1.54 15.66 1.79 14.57 2.20 13.06 2.61 21 ",84 6
7 1.52 19.63 2.04 17.13 2.33 16.00 2.81 14.42 3.29 13..7 7
8 1.97 21.16 2.57 18.58 2.91 17.40 3.45 15.76 3.98 14, -. 8
9 2.45 22.66 3.13 20.00 3.51 18.78 4.12 170C8 4.70 15."i. 9

10 2,96 24.13 3;72 21.40 4.13 20.14 4.8SC 18.39 5.43 16.91 10
11 3.49 25.'9 4.32 22.78 4.77 21.49 5.49 19,68 6.17 •8,2 11
12 4.04 27.03 4,94 24.14 5.43 22.82 6.20 2C.96 6.92 19)44 12
13 4o61 28,45 5.58 25,50 6.10 24.14 6.92 2-.23 7.69 C.267 13
J4 5.20 29.85 6.23 26.84 6.78 25.45 7.65 23.49 8.46 2.89 14
15 5.79 31.24 6.89 28.16 7,48 26.74 8.4/ 24.74 9.25 2.1C 15
16 5.41 32.62 7.57 29.48 8.18 28.03 9.15 25.98 1C.04 24.3 C 16
17 7o03 33.99 8.25 30.79 8.89 29.31 9.90 27.22 10.83 25.5C 17
18 7,66 35.35 8.94 32.09' 9.62 3C.58 1C.67 28.45 11.63 2669 18;
19 8.31 36.70 9.64 33.38 1C.35 31.85 11.44 29.67 12.44 27.88 19
2C 8.96 38.04 10.35 34.67 11.08 33.1C 12.22 30.39 13.25 29.0' 20
21 9°62 39.38 11-07 35.95 11.82 34.36 13.CC 3..1C 14.0C7 JC.. 21
22 1C.29 40.70 11.79 37.22 12.57 35.60 13.79 33,31 14.89 31.4 22.
23 10.96 42.02 12.52 38.48 13.33 36.84 14.58 34.51 15.72 32.59 23
411.65 43.33 13.25 39.74 14.0C9 38.08 15.38 35.71 16.55 33.75 24 -. -

25 12.34 44.64 14.00 41.00 14.85 39.31 16.18 36.9C 17.38 34.92 251
26 13.03 45.94 14.74 42.25 15.62 40.53 16.98 38.1A% 18.2Z 36 0C 26
27 13.73 47.23 15.49 43.50 16.40 41.76 17.79 39,-8 :;.1 6 37.2.3 27
28 14.14 48M52 16,24 h4474 17.17 42.93 18.61 40.47 19.90 38.39 28
29 15.15 49.80 17.00 45.98 17.96 4.19 19.42 41.65 20.75 39.541 29
3C 15.87 51.CS 17.77 47.21 16.74 45.40 20.24 42.83 21.59 4C.-,9 30
35 19.52 57.42 21.64 53.32 22.72 51.41 24.38 48.68 2527 46.4C 35
40 23.26 63.66 25.59 59.36 26.77 57.35 21.53 54.47 3C.20 5 .071 40
45 27.08 69.83 29.60 65.34 3c.1:3 63.23 32.82 6C.21 34.56 57V 9 45
50 3C.96 75.94 133.(6 71.27 35.,3 69.07 37.11 65.92 38.96 63. 29 50.

If c is the observed frequency or count and m , e are thr lower and upper
confidence limits for its expectation, r, then A .
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APPENDIX 3D

Table 1

CONFIDENCE LIMITS FOR THE EXPECTATION OF A POISSON VARIABLE 0

1-2a 0.998 C.99 0.98 '0.95 0.90 -2a'

a 0CCI .0.005 C. C1 O.C25 0.05 a

c Lower Upper lower Upper Lower Upper lower Upper lower Upper c

0 0C00000 6.91 OCOCOC 5.30 0,0C0C 4o61 .0o0000 3°69 0.0000 3.00 0
1 C00100 9,23 .0C501 7.43 .0101 6.64 0.253 5.57 .0513 4°74 1
2 .0454 11i23 .103 9.27 .149 8.41 .242 7.22 .355 6.30 2
3 - .191 13.06 .338 10.98 .436 10.05 .619 8.77 .818 7.75 3
4 .429 14.79 .672 12.59 .823 11.60 1.09 10.24 1.37 9.15 4
5 0C,739 16.45 1,08 14a15 1.28 13.11 1.62 11.67 1.97 10.51 5
6 1.11 18.06 1.54 15.66 1.79 14,57 2.20 13oC6 2.61 11i84 6
7 1.52 19.63 2.04 17.13 2.33 16.00 2.81 14.42 3.29 1.U15 7
8 1.97 21.16 2.57 18o58 2.91 17,40 3.45 15,76 3.98 .14-43 8
9 2.45 22.66 3.13 20,00 3-51 18.78 4.12 170C8 4.70 15.71 9 0

10 2.96 24.13 3.72 21.40 4.13 20.14 4.80 18.39 5.43 16.96 10
11 3.49 25.•9. 4.32 22.78 4.77 21.49 5.49 19,.6S 6.17 18,21 11
12 4 04 27.03 4,,94 24.14 5.43 22.82 6.20 2Co96 6,92 19.44 12
13 4.61 28.45 5.58 25,50 6.10 24.14 6.92 2',- 3 7.69 20.67 13
14 5.20 29.85 6.23 26-84 6.78 25.45 7.65 23.49 8,46 21.89 14
15 5.79 31.24 6.89 28.16 7.48 26,74 8.40 24.74 9,25 23.1C 15 S
16 5.41 32.62 7.57 29.48 8.18 28,03 9.15 25,98 10.04 24.3C 16
17 7.03 33.99 8.25 30.79 8.89, 29.31 9.90 27.22 10.83 25.5C 17
13 7.66 35,.35 8.94 32.09 9.62 30.58 10.67 28.45 11,63 26.69 18
19 8.31 36.7,( 9.64 33.38 1C.35 31.85 11.44 29.67 12.44 27.88 19
20 8.96 38.C4 10o35 34.67 11.08 33.10 12.22 30.39 13.25 29.!- 20
21 9.62 39.38 1107 35.95 11.82 34.36 13o.0 32.10 14.07 30.24 21

122 10.29 4,0.70 11.79 37.22 12.57 35.60 13.7ý 33J31 14.89 31.42 22
23 10.96 42,02 12.52 38,48 13,33 36.84 14.58 34.51 15.72 32.59 23
24 11.65 43.33 13.25 39.74 14.09 38.08 15,38 35.71 16.55 33.75 24
25 12-34 44.64 14.CO 41.00 14.85 39.31 i6.•'8 36.90 .17.38 34.92 25
26 13.03 45.94 14.74 42.25 15,62 40,53 16.9S 38.1C 18.22 36.0 26
27 13.73, 47.23 15.49 43.50 16.40 41.76 17.79 39,28 1 .6 37.23 27 _

28 14.44 485,52 16.24 44.74 17.17 42.93 18.61 40.47 19.90 38.39 28'
29 15.15 49.80 17.C0 45.98 17.96 44.19 19.42 41.65 20.75 39.54, 29
30 15.87 51.C8 17.77 47.23 18.74 45.40 20.24 42.83 21.59 40.Q9 30
35 19.52 57.42 21.64 53.32 22.72 51.41'- 4.38 48.68 25.o7 46.4C 35
4C 23.26 63.66 25.59 59.36 26.77 57.35 28.58. 54.,'7 3C.20 5r.0M 40
45 27,08 69.83 29.60 65.34 30.,- 63.23 32.82 60.21 34.56 57.09 45 S
50 30.96 75.94 33.C6 71.27 35./3 69.07 .37.11 65.92L 38.96 63.29 50

If c is the' observed freqciency or count and mA, rrare the lower and upper
confidrnce limits for its expectation, n, then A ."

Pr ImA_5, M:5 mB)• S -2e a
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APPENDIX 3E

Table 1A

F DISTRIBUTION: UPPER 10 PERCENT POINTS

1 2 3 4 5 6 7 89 """
1 39.864 49.500 53.593 55.833 57.241 58.204 58.906 59.439 59.858

2 8.5263 9.0000 9.1618 9.2434 9.2926 9.3255 9.3491 9.3668 9.3805
3 5.5383 ;.4624 5.3908 5.3427 5.3092 5.2847 5.2662 5.2517 5.2400
4 4.5448 4.3246 4.1908 4.1073 4.0506 4.0098 3.9790 3.9549 3.9357
5 4.0604 3.7791 3.6195 3.5202 3.4530 3.4045 3.3679 3.3393 3.3163
6 3.7760 3.4633 3.2888 3.1808 3.1075 3.0546 '3.0145 2.9830 2.9577
7 3.5"94 3.2574 3.0741 2.9605 2.2833 2.8274 2.7849 2.7516 2.7247
8 3.4579 3.1131 2.9238 2.8064 2.7265 2.6683 2.6241 2.5893 2.56129 3.3603 3.0065 2.812? 2.6927 2.6106 2.5509 2.5053 2.4694 2.4403
i0 3.2850 2.9245 2.7277 2.6053 2.5216 2.4606 2.4140 2.3772 2.3473
11 3.2252 2.8595 2.6602 2.5362 2.4512 2.3891 2.3416 2.3040 2.273512 3.1765 2.8068 2.6055 2.4801 2.3940 2.3310 2.2828 2.2446 2.2135
13 3.1362 2.7632 2.5603 2.4337 2.3467 2.2830 2.2341 2.1953 2.163u-
14 3.1022 2.7265 2.5222 2.394*7 2.3069 2.2426 2.1931 2.1539 2.1220
15 3.0732 2.6952 2.4898 2.3614 2.2730 2.2081 2.1582 2.1185 2.0X62
16 3.0431 2.6682 2.4618 2.3327 2.2438 2.1783 2.1230 2.0380 2.0553
17 3.0262 2.6446 2.4374 2.3077 2.2183 2.1524 2.1017 2.0613 2.0284
10 3.0070 2.6239 2.4160 2.2858- 2.1958 2.1296 2.0785 2.0379 2.004719 2.9899 2.6056 2.397C 2.2663 2.1760 2.1094 2.0580 2.0171 1.9836
20 2.9747 2.5893 2.3801 2.2489 2.1582 2.0913 2.0397 1.9985 1.964921 2.9609 2.5746 2.3649 2.2333 2.1423 2.0751 2.0232 1.9819 1.9480
22' 2.9486 2.5613 2.3512 2.2193 2.1279 2.0605 2.0004 1.9668 1.932723 2.9374 2.5493 2.3387 2.2065 2.1149 2.0472 1.9949 1.9531 1.9189 .
24 2.9271 2.5383 2.3274 2.1949 2.1030 2.0351 1.9-26 1.9407 1.9063
25 2.9177 2.5283 2.3170 2.1843 2.0922 2.0241 1.9714 1.9292 1.8947
26 2.?091 2.5191 2.3075 2.1745 2.0822 2.0139 1.9610 1.)138 1.3841
27 2.9012 2.5106 2.229U7 2.1655 2.073C 2.0045 1.9515 1.90/. 1.8743
2o 2.8939 2.5028 2.2906 2.,1571 2.0645 1.9959 1.427 1.--9001 1.8652
29 2.8871 2.4955 2.2831 2.1494 2.0566 1.9878 1.9345 1.8918 1.8568
30 t 2.8807 2.4897 2.2761 2.1422 2.0492 1.9803 1..9269 1.8841 1.490W
40 2.8354 2.4404 2.2261 2.0909 1.9968 1.9269 1.8725 1.8289 1.7929.60 2.7914 2.3932 2.1774 2.0410 1.9457 1.8747 1.8194, 1.7748 1.7380120 2.7478 2.3473 2.1300 1.9923 1.8959 1.8238 1.7675 1.7220 1.6843

0 2,7055 2.3.026 2.0838, 1.94491 1.3473 1.7741 1.7167 1.6702 1.6315

This tableo ivnz the valuos of F for which F (vI, vS) 0.o0

*no-sidod 90 porcont test.

Two-sided 80 porcent toot.
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APPENDIX 3E

Table 1B

___ F DISTRIBUTION: UPPER 10 PERCENT POINTS "
V, 10 12 15 20 24 30 40 60 120 -

1 60.195 60-705 b1.220 61.740 62.002 62.265 62.529 62.794 63.061 63.328
2 .3916 9.4081 9.4247 9o4413 9.4496 9.4579 9,4663 9.4746 9'4829 9.4913
3 .2304 5.2156 5.2003 5.1845 5.1764 5,1681 5.1597 5.1512 5.1425 5.1337
4 .9199 3.8955 3.8689 3.8443 3.8310 3.8174 3,8036 3.7896 3.7753 3.7607
5 .2974 3.2682 3.2380 3.2067 3.1905 3.1741 3.1573 3.1402 3.1228 3.1050
6 .9369 2,9047 2.8712 2.8363 2.8183 2.8000 2.7812 2.7620 2.7423 2.7222
7 2.7025 2.6681 2.6322 2.5947 2.5753 2.5555 2.5351 2.5142 2.4928 2.4708
8 2.5380 2.5020 2.4642 2.4246 2.4041 2.3830 2.36)4 2.3391 2.3162 2.2926
9 2.4163 2.3789 2.3396 2.2983 2.2768 2.2547 2.2320 2.2085 2.1843 2.1592
10 2.3226 2.2841 2.2435 2.2007 2.1784 2.1554 2.1317 2.1072 2.0818 2.0554
11 2.2482 2.2087 2.1671 2.1230 2.1000 2.0762 2.0516 2.0261 1.9997 1.9721
12 2.1878 2.1474 2.1049 2.0597 2.0360 2.0115 1.9861 1.9597 1.9323 1.9036
13 2.1376 2.0966 2.0532 2.0070 1.9827 .1.9576 1.9315 1.9043 1.8759 1.8462
14 2.0954 2.0537 2.0095 1.9625 1.9377 11.9119 1.8852 1.85ý72 1.8280 1.7973
15 2.0593 2.0171 1.9722 1.9243 1.8990 1.872.8 1.8454 1.8168 1.7867 1.7551
16 2.0281 1.9854 1.9399 1.8913 1.8656 1.8388 1.8108 1.7816 1.7507 1.7182
17 2.0009 1.9577 1.9117 1.8624 1.8362 1.8090 1.7805 1.7506 1.7191 1.6856
18 1.9770 1.9333 !.C1868 1.8368 1.8103 1.7827 1.7537 1.7232 1.6910 1.6567
19 1.9557 1.9117 1.8647 1.8142 1.7873 1.7592 1.7298 1.6988 1.6659 1.6308
20 1.9367 1.8924 1.8449 1.7938 1.7667j 1.7382 1.7083 1.6768 1.6433 1.6074
2± 1.9197 1.8750 1.8272 1.7756 1.7481 1.7193 1.6890 1.6569 1.6228 1.5862
22 1.9043 1.8593 1.8111 1.7590 1.7312 1.7021 1.6714 1.6389 1.6042 1.5668
23 1.8903 1.8450 1.7964 1.7439 1.7159 1.6864 1.6554 1.6224 1.5871 1.5490
24 1.8775 1.8319 1.7831 1.7302 1.7019 1.6721 1.6407 1.6073 1.5715 1.5327
25 1.8658 1.8200 1.7708 1.7175 1.6890 1.6589 1.6272 1.5934 1.5570 1.5176
26 .8550 1.809o 1.7596 1.7059 1.6771 1.6468 1.6147 1.5805 1.5437 1.5036
27 1.8451 1.7989 1.7492 1.6951 1.6662 1.6356 1.6032 1.5686 '1.5313 1.4906
28 1.8359 1.7895 1.7395 1.6$52 1.6560 1.6252 1.5925 1.5575 1.5198 1.4784
29 1.8274 1.78C8 1.7306 1.6759 1.6465 1.6155 1.5825 1.5472 1.5090 1.4670
30 1.8195 1.77,27 1.7223 1.6673 1.6377 1.6065 1.5732 1.5376 1.4989 1.4564
40 1.7627 1.7146 1.6624 1.6052- 1.574 1.5411 1.5056 1.4672 1.4248 1.3769
60 1.7070 1.6574 1.6034. 1.5435 1.5107 1.4755 1.4373 1.3952 1.3476 1.2915

120 1.6524 1.6012 105450 1.4821 1.4472 1.4094 1.3676 1.3203 1.2646 1.1926
* 1.5987 1.5458 1.4871 1.4206 1.3832 1.3419 1.2951 1.2400 1.1686 1.0000

Sf vits ".I-.7aT
Ore-eddied 90 percent test.

,,o-',ded 80 percent test. _
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APPENDIX 3E

Table 2A

F DISTRIBUTVON: UPPER 5 PERCENT POINTS

1 2 3 4 5 6 7

1 161.45 199.50 215,71 224.58 230.16 233.9S, 236.77 238.88 240.542 18.513 19.000 19.164 19.247 19.296 19.330 19.353 19.371 19.3853 1C.128 9.'.521 9.2766 9.1172 9.0135 .9406 8.8868 8.845: 8,d1234 7.7C86 6.9443 6.5914 6.3883 6.2560 6.1631 6.0942 6.C41C, 5.99d85 6.6C79 5.78t1 5.4095- 5.1922 5.0503 4.9503 4.8759 4.818) 4.77256 5.9874 5.1433 4.7571 4.5337 4.3874 4.2839 4.2066 4.1468 4.09907 5.5914 4.7374 4.3468 4.1203 3.9715 3.8660 3.7870 3.7257 3.67678 5.3177 4.4590 4.0662 3.8378 3.68°/5 3.5806. 3.5C05 3.4381 3.38S1
9 5.1174 4.2565 3.8626 3.6331 3.4817 3.3738 3.2927 3.2296 3.178910 4.9646 4.1C28 3.7083 3.4780 3.3258 3.2172 3.1355 3.0717 3.020411 4.8443 3.9823 3.5874 3.3567 3.2039 3.0946 3.0123 2.9480 2.896212 4.7472 3.8853 3.4903 3.2592 3.1059 2.9961 2.9134 2.8486 2.796413 4.6672 3.8056 3.4105 3.1791 3.0254 2.9153 2-8321 2.7(69 2.714414 4.6001 3.7389 3.3439 3.1122 2.9582 2.8477 2.7642 2.6987 2.645815 4.5431 3.6823 3.2874 3.0556 2.9013 2.7905 2.7066 2.6408 2.587616 4.4940 3.6337 3.2389 3.0069 2.8524 2.7413 2.6572 2.5911 2.537717 4.4513 3.5915 3.1968 2.9647 2.8100 2.6937 2.6143 2.5480 2.4943i18 4.4139 3.5546 3.1599 2.9277 2.7720, 2.6613 2.5767 2.5102 2.456319 4.3803 3.5219 3.1274 2.8951 2.7401 2.6283 2.5435 2.4768 2.422720 4.3513 3.4928 3.0984 2.8661 2.7109 2.5990 2.5140 2.4471 2.392821 4.3248 3.4668 3.0725 2.8401 2.6848 2.5727 2.4876 2.4205 2.366122 4.3009, 3.4434 3.0491 2.8167 2.6613 2.5491 2.4638 2.3965 2.341923 4.2793 3.4221 3.0280 2.7955 2.6400 2.5277 2.4422 2.3748 2.320124 4.2597 3.4028 3.0088 2.7763 2.62C7 2.5082 2.4226 2.3551 2.300225 4.2417 -3.3852 2.9912 2.7587 2.6030 2.49C4 2.401+7 2.3371 2.282126 4.2252 3.3690 2.9751 2.7426 2.5868 2.4741 2.3883 2.3205 2.2655•27 4.2100 3.3541 249604 2.7278 2.5719 2.4591 2.3732 2.3053 2.250128 4.1960 3.3404 2.9467 2.7141 2.5581 2.4453 2.3593 2.2913 2.236029 4.1830 3.3277. 2.9340 2.7C14 2.5454 2.4324 2.3463 2.2782 2.222930 4.1709 3.3158 2.9223 2.6896 2.5336 2.4205 2.3343 2.2662 2.210740 4.0848 3.2317 2.8387 2.6060 2.4495 2.3359 2.2490 2.1802 2.124060 4.0012 3.2504 2.7581 2.5252 2.3683 2.2%4C 2.1665 2.0970 2,0401120 3,9201 3.0718 2.6802 2.4472 2.2900 2.1750 2.0867 2.0164 1.9588co _.8415 2.9957 2.6049 2.3719 2.2141 2.0986 2.0,196 1.9384 1.8799- .. .. ... -.. 

_ 0- .. ...

J - 1 0'This table gives tho values of F for which Io7 V1 V2 )-q.05.

0ne-sided 95 percent test.

Two-sided 90 percent test..

208
, . . - . • -9

Downloaded from http://www.everyspec.com



APPENDIX 3E

Table 2B

F DISTRIBUTION: UPPER 5 PERCENT POINTS
- - 9 -- - -J - -

10 12 15 20 24 30 40 60 120 co . -

1 241.88 243.91 245.95 248-01 29.0C5 250,09 251.14 252.20 253.25 254.2

2 19.396 19o413 19.429 19.446 19'.454 19.462 19.471 19.479 19.487 19,496 - ..

3 8.7855 8,7446 8.7C29 8.66C2 8.6385 8 6166 8.5944 8o572C 8.5494 3,5265 S

4 5.9644 5.9117 5.8578 5.8025 5.7744 5.7459 5.7170 5."-878 5.6531 5.6281
5 4.7351 4.6777 4.6188 4.5581 4.5272 4,4057 4.4638 4.4314 4. 984 4.3650
6 4.ý'0C 3,9999 3.9381 3.8742 3.8415 3.3082 3.7743 3.7398 3.7047 3"6688
7 3.6365 3.5747 3.5108 3.4445 3,4105 3.3758 3.3404 3.3043 3,2674 3,2298
9 321472 3.,28--0 3ý2184 3.1503 3.1152 3,07)4 3.0428 3.0053 2,9669, 2.9276
9 3.1373 3 :'729 3oCC61 2.9365 2.9005 2.8637 2.1259 2.7872 2.7473 2.7C67

i0 2.9782 2o9130 2,8450 2.7740 2.7372 2,6996 2.6609 2.6211 2.5801 2.537-)
11 2,8536 2.7876 2.7186 2,6464 2.6090 2.5705 2.5309 2.4901 2.4480 2'4045
12 2.7534 2,6866 2.,169 2.5436 2.5055 2.4663 2.4259 2.3842 2.3410 2.k962 ;."
13 2.6710 2°6037 .o5331 2.4589 2.4202 2.3803 2.3392 2,2966 2.2524 2.206-,.
14 2.6021 2.5342 2.4630 2.3879 2.3487 2.3082 2.2(k4 2.2230 2,1778 2.1307
15 2.5437 2.4753 2.4035 2,3275 2.2878 2.2468 2.2043 2.1601 2.1141 2.0658 "t
16 2.4935 2.4247 2.3522 2.2756 2.2354 2.1933 2.1507 2.1C58 2,0589 2.'0096
17 2.ý4499 2.3807 2.3077 2.2304 2.1898 2.1477 2.1040 2.0584 2.01C7 1.96C4/'
18 2.4117 2.3421 2.;686 2,1906 2.1497 2.1C07 2.0629 2.C166 1.9681 1,9168
19 2.3779 2-308C 2.234 2.1555 2.1141 2.0712 2.0264 1.9796, 1.9302 1.8780
20 2.3479 2.2776 2.2033 2.1242 2.0825 2.0391 1.9938 1.9464 1.8963 1,8432
21 2.3210 2.2504 2.1757 2.0960 2.0540 2.C102 1.9645 1.9165 1.8657 1.8117 v -
22 2.2967 2.2258 2.1508 2.0707 2.0283 1.9842 1.9380 1.8895 1.8380 1.7831
23 2.2747 2.2036 2.1282 2,0476 2.0050 1.9605 1.9139 1.8649 1.8128 1.7570
24 2.2547 2.1834 2.1077 2.0267 1.9838 1.9390 1.8920 1.84/4 1.7897 1.7331
25 2.2365 2.1649 2.0889 2.0075 1,9643 1.9192 1.8718 1.8217 1.7684 1.7110
46 2.2197 2.1479 2.0716 1.9898 1.94"4 1.9010 1.8533 1.8C27 1.7486 1.6906 -
27 2.2043 2.1323 2.0558 1.9736 1.9299 1.8842 1.8361 1.7851 1.7307 .1.6717 "
28 2.1900 2.1179 2.0411 1.9586 1.9147 1.8687 1.8203 1.7689 1.71-6 1.6541
29 2.1768 2.1045 2.0275 1.94V6 1.90C5 1.8543 1.8055 1.7537 1.6981 1.6377
30 2.1646 2.0921 2.C148 1.9317 1.8874 1.8409' 1.7918 1.7396 1.6835 1.6223
40 2.0772 2.0035 1.9W45 1.8389 1.7929 1.7444 1.6928 1.6373 1.5766 1.5089
60 1.9926 1.9174 1.8364 1.7480 1.7001 1.6491 1.5943 1.5343 1.4673 1.3893

L20 1.9105 1.8337 1.75C5 1.6587 1.6084 1.5543 1.4952 1./1290 1.3519 1,2539 -
CO 1.8307 1.7522 1.6664 1.5705 1.5173 1.4594 1.3940 1.3180 1.2214 l.OOCO

= v S,

One-sided 95 percent test. .

Two-sided 90 percent test.
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APPENDIX 3E

Table 3A

F DISTRIBUTION: UPPER 2.5 PERCENT POINTS

1 2 3 4 5 6 7 8 I
- - - ---- •-"--

1 647.79 799.50 864.16 899.58 921.85 937.11 948.22 956.66 963.28
2 38.506 39.000 39.165 39.248 39.298 39.331 39.355 39-373 39-387
3 17.443 16.044 15.439 15.101 14.885 14.735 14-624 145.40 14-473
4 12.2'1q 10.649 9.9792 9.6045 9.3645 9.1973 9.0741 8.9796 8.9047
5 7 8.4336 7.7636 7.3879 7.1464 6.9777 6.8531 6.7572 &6810 S
6 'b.U.jl 7.2598 6.5988 6.2272 5.9876 5.8197 5.6955 5.5996 5.5234
7 8.0727 6.5415 5.8898 5.5226' 5.2852 5,1186 4.9949 4.8994 4 -32-
8 7.5709 6.0595 5.460 5.0526 4.8173 4.6517 4.5286 4°-431, 2 4-35 721
9 7.2093 5.7147 5.0781 4.7181 4-.4S41 4,..37 4.1971 4.102C 4.026 -6.1
10 6.9367 5.4564 4.8256 4-.4683 4.2361 4.0721 3.9498 3.8549 3 -77.00 .

11 6.724. 51.2559 4.6300 4.2751 4.0440 3. 8807 31.7586 -4.6638 3.58-79 9
12 6.5538 5.0959 4.4742 4.1212 3.8911 3.7283 3.60651 3.511. 3.4358
13 6.4143 4.9653 4.34724 3.9959 3.7667 3.6043 3.4827 3.38F0' 3.3120 '"
14 6.2979 4.8567 4.2417 3.8919 3.6634 3.5014 3.3799 3o2853 3,2093
15 6.199 4.7650 4.1528 3.8043 3.5764 3.4147 32934 3.1987! 3 3127
16 6.1151 4.6867 4.0768 3.7294 3.5021 3.34*06 3•.2194 3.1248 o3.0488 :
17 6.01420 46189 4.0112 3.6648 3.4379 3.2767 J.1556 3.-0610 2 ...8491 911
18- 5.9781 4.5597 3.9539 3.6083 3.3820 3.2209 3.09990 3.0053 2.9291.
19 5.9216 4.5075 3.9034 3.5587 3.3327 3.1718 3.0509 2.9563 2.°800
20 5.8715 4.4613 3.8587 3.5147 3.2891 3.1283 3.0074, 2.9128 2.8365
21 5.8266 4.4199 3,8188 3.4754 3 .2,.501 3.0895 2.9686 2.8740 2.7977
22 5.7863 4.3828 3.7829 3.4401 3.2151 3.0546 2.9338 2.8392- 2.7628
23 5.7498 4.3492 3.7505 3.4083 3.1835 3.0232 2.9024 2.8077I 2.7313 3
24 5.7167 4.3187 3.7211 3.3794 3.154S 2.9946 2.8738 2.7791 2.7027
25 5.6864 4.2909 3.6943 3.3530 3.1287 2.9685 2.8478 2.7531 2.6766
26 5.6586 4.2655 3.6697 3.3289 3.1048 2.9447 2.8240 2.7293 2.6528 - -
27 5.6331 4.2421. 3.6472 3.3067 3.0828 2.9228 2.8021 2.7074 2.6309
28 5.6096 4.2205 3.6264 3.2863 3.0625 2.9027 2.7820 2.6872 2.610(-
29 5.5878 4.2006 3.6072 3.2674 3,0438 2.8840 2.7633 2.6686 2.5919 - _.
30 5.5675 4.1821 3.5894 3.2499 3.0265 2.8667 24460 2.6513, 2.5746 -
40 5.4239 4.0510 3.4633 3.1261 2,.9037 2.7444 2.6238 2.5289 2.45.9 ' - -
60 5.2857 3.9253 3.3425 3.0077 2.7L63 2.6274 2.5068 2.4117 2.3? ."

120 5.1524 3.8046 •3.2270 2.8943 2.6740 2.5154 2.3948 2.2994 2.22. 0 -

co 5.0239 3.6889 3.1161 2.7858 2.5665 2.4082 2.2875 2.1918 Z.1131

This table gives the values of F for 'aiih Ic . (v! ,v2,)= 0.025.

Oae-sided 97.5 percent test.
Two-sided 95.0 percent test.
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APPENDIX 3E

Table 3B

F DISTRIBUTION: UPPER 2.5 PERCENT POINTS

10 12 15 2CI 24 30 40 &C 120 -0

1 968.63 976.71 984.87 993.10 997,25 1CO14 1C05.6 1C09o8 1014o0 1018.3
2 39o398 39o415 39-431 39.448 39.456 39.465 39.473 39.481 39e490 39.498

3 14.4-19 14-337 14,253 14.167 14o124 14o08 14.C37 13.992 13.947 13.9C2

4 8.8439 8.7512 E.6565 8.5599 8.51C9 8,4613 P-4111 6.3604 8.3C92 8.2573

5 6.6192 6.52_46 6.4277 6.3285 6.2780 6.2269 6.1751 6.1225 6.C693 6.0153
I• 6 5o4613 5.3662 5.2687 5o1684 5.1.72 5-0652 5.0125 4.9589 4°9045 4.8491
• 7 4.7611 4o6658 4.5678 4.4667 4.4150 4.3624 4.3009 4.255+4 4.1989 4.1423
8 4.2951 4.1997 4.1012 3.9995 3.9472 3.894C 3.8398 3.7844 3.7279 3.6702

.9 39639 3,E682 3.7694 3.6669 3.6142 3.56C4 3.5055 3.4493 3.3918 3.3329

10 3.7168 3.6209 3o5217 3.4186 3.3654 3.3110 3.2554 3,1984 3.1399 3.0798

11 3.5257 3.4296 3.3299 3.2261 3.1725 3.1176 3.C613 3.0C35 2.9441 2.8828

0 12 3o3736 3.2773 3.1772 3.0728 3,G187 2.9633 2.9C63 2.8478 2.7874 2.7249
13 3.2497 3.1•32 3°0527 29477 2.8932 2.8373 .2.7797 2.7204 2.6590 2.5955

14 3o/A9 3.0501 2.9493 2.8437 2,7888 2.7324 2.6742 2.6142 2.5519 2.4872

15 3o86L2 2.9633 2.8621 2,7'7,9 2.70C6 2.6437 2.585. 2.5242 2.4611 2.3953
16 2.9862 2.8890 2.7875 2.6868 2.6252 2.5678 2.50F5 2.4471 2.3831 2.3163
17 2.9222 2.8249 2.7230 2.'158 2o559'i 2.5021 2.4422 2.3801 2.3153 2.2474
18 2.8664 2.76E9 2.6667 2.5590 2.5027 2.4445 2.3842 2.3214 2.2558 2.1869

19 2,8173 2.7196 2,6171 2.5089 2.4523 2,3937 ,.3320 2.2695 2.2032 2.1333
* 20 2,7737 2.6758 2.5731 2.46415 2.4076 2.3486 2.2E73 2.2234 2.1562 2.0853

21 2.7348 2.6368 2.5338 2.4247 2.3675 2.3082 2.2465 2.1C19 2.1141 2.0422
22 2.6998 2.6017 2.4984 2.3890 2.3325 2.2718 2.2C97 2.1446 2.0760 2.0032

23 2.66F2 2.5699 2.4665 2.3567 2.2989 2.2389 2.1763 2.1107 2.0415 1.9677
24 2.6396 2.5412 2.4374 2.3273 2.2693 2.2090 2.1460 2.0799 2.0099 1.93r1
25 2.6135 2.5149 2.4110 2.3005 2.2422 2.1816 2.11r3 2.0517 1.9811 1.9C,5

S26 -5895 2.4909 2.3867 2.2759 2.2174 2.1565 2.0928 2.0257 1.9545 1.8781
* 27 2.5676 2.4688 2.3644 2.2533 2.1946 2.1334 2.C693 2.0C18 1.9299 1.8527

28 2.5473 2.4484 2.3438 2.2324 2.1735 2.1121 2.0477 1.9796 1.9072 I.3291
21 29 2.5286 2.4295, 2.3248 2.2131 2.1540 2.0923 2.0276 1.9591 1.8861 1.8072
30 2.5112 2.4120 2.3072 2.1952 2.1359 2.0739 2.0M89 1.9400 1.8664 1.7867
40 2.3882 2.2882 2.1819 2.0677 2.0069 1.9429 1.8752 1.8028 1.7242 1.6371
60 2.2702 2.1692 2.0613 1.9445 1.8817 1.8152 1.7440 1.6668 1.5810 1.4822

S120 2.1570 2.0548 1.9450 1.8249 1.7597 1.6899 1.6141 1.5299 1.4327 1.3104
D0 2.0483 1.94.47 1.8326 1.7085 1.6402 1.5660 2.4835 1.3F83 1.2684 1.0000

"0 =

One-sided 97.5 percent teat.
Two-sided 95.0 percent test.
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APPENDIX 3E

Table 4A

F DIS'TRiBUTION: UPPER 1 PERCENT POINTS

v 1 1 2 3 4 5 6 7 8 9

1 4052.2 4999.5 5403.3 5624.6 5763.7 5859.0 5928.3 5981.6
2 98.503 99.CC0 99.166 99.249 99.299 99.332 99.356 99.374 99.388
3 34.116 30.817 29.457 28.710 28.237 27.911 27.672 27.489 27,345
4 21.198 18.CO0 16.694 15-977 15.522 15.207 14.976 14.799 14.659

16,258 13.274 12.06P 11.392 10.967 10.672 i0,456 10.289 IC.1581
13.745 10.925 9.7795 9.1483 8.7459 8.4661 8.2600 8.1016 7,9761

,12.246 9.5466 8.4513 7.84,67 7.4604 71914 6.9928 6. 84 6.7180i
11.259 6.6491 7.5910 7.0060 6.6318 6,3707 6.1776 6.0289 5,91C61
10.561 8.0`215 6.9919 6.4221 6.0569 5.8018 5.6129 5.4671 5-3511IG 10.044 7.5594 6.5523 5°9943 5.6363 5.3858 5.20C1 5.0567 4.9424w

i1 9.6460 7.2057 6.2167 5.6683 5.3160 5.0692 4.8861 4.7445 4.6315
12 9.3302 6,9266 5.9526 5.4119 5.0643 4.8206 4.6395 4.4994 4.3875
13 9.0738 6.7010 5.7394 5.2053 4.8616 4.6204 4.4110 4.3021 4.1911
14 8.8616 66.5149 5.5639 5.0354 4.6950 4.4558 4.2779 4.1399 4°0297
i15 8.6831 6.3589 5.4170 4.8932 4.5556 4.3183 4.1435 4.0045 3,8948
.1 6 8.5310 6.2262 5.2922 4.7726 4.4374 4.2016 4.0259 3.8896 3.7804
17 8.3997 6.1121 5.1850 4.6690 4.3359 4.1015 3.9267 3.7910 3.6822
1E 8.2854 6.0129 5.0919 4.5790 4.2479 4.0146 3,81406 3.7054 3.5971
19 8.1850 5.9259 5.0103 4.5003 4.1708 3.9386 3.7653 3,6305 3.5224
20 8.0960 5.8489 4.9382 4.4307 4.1C27 3.8714 3.6987 3.5644 3.4561
21 8.0166 5.7804 4.8740 4.3688 4.0421 3.8117 3.6396 3.5056 3.3961
22 7.9454 5.7190 4. E166 4.3134 3.9880 3.7583 3.5867 3.4530 3 .3458
23 7.8811 5.6637 4.7649 4.2635 3.9392 3.7102 3.529C 3.4057 3,;.'g6
24 7.8229 5.6136 4.7181 4.2184 3.8951 3.6667 3 .4959 3.3629 3.2560
25 7.7698 5.5680 4.6755 4.1774 3.8550 3.6272 3.4568 3.3239 3. '172
Z6 7.7213 5.5263 4.6366 4.1400 3.8183 3.5911 3.4210 3.2F84 3.181
27 7.6767 5.4881 4.CCC9 4.1056 3.7848 3.5580 3.38F2 3.2558 3.11.)4
2s 7.6356 5.4529 4.5681 4.0740 3.7539 3.5276 3.3581 3.2259 3.1195
29 7.5976 5.4205 4.5378 4.0449 3.7254 3.4995 3.,33CZ 3.1982 3.092C
30 7.5625 5.3904 4.5097 4.0179. 3.6990 3.4735 3.3045. 3.1726 3.0665
40 7.3141 5.1785 4.3126 3.8283 3.5138 3.2910 3.1238 2.9930 2.887
60 7.0771 4.9774 4.1259 3.6491 3.3389 3.1187 2.9530 2.8233 2.718

120 6.8510 4.7865 3.9493 3.4796 3.1735 2.9559 2.7918 2.6629 2.558
_6.6349 4.6052 3.7816 3.3192 L 3.0173 2 2.8020 2.6393 2.5113 2.4071

This table gives the values of F for which IF(v,,v2 ) = 0.01.

One-sided 99 percent test.

Two-sided 98 percent teat.
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APPENDIX 3E

Table 4B

F DISTRIBUTION: UPPER 1 PERCENT POINTS

10 12 15 20 2.4 30 .40 601120 c

1 6C55,8 6106.3 6157.3 6208.7 6234 6, 6260.7 6286.8 6313.0 63394 636.6,
2 99,3993 99.46 99.432 99,449 99,1458 99-466 99474 99-483. 99.491 994501
3 27•229 2751052 26.872 26.69C 26598 26.'505 26.41 26.316 26.221 26.125
4 48546 14° 194.14198 14.400 13.929 13.638 9 3.745 13.652 13.556 13.463
5 1C.051 93 E83 9.7222 9.5527 9.42665 9.3793 9.2912 9.2020 9.1118 9.0204
6 7,8744 1 5 7183 7.5590 7.3958 7.3127 732285 7.1432 37.0568 6.9690 63.30
7 6.6200 6.4691 9 603143 631554 60746 3 5.9921 5.9CF4 2 538326 3.7572 .6195
8 5.8143 5.6668 3.5151 5.3591 5.2793 5.1981 5.1156 5.0316 4.9460 4.W868
9 5,2565 5.1114 4.9621 4.8060 4.7290 4.64F6 4.5667 4.4831 4.3978 4.3105
10 4.6492 4.7059 435582 4.454 4J3269 4.24690 41653 4.019 33.9965 3A.090
11 .5393 43974 4.25109 4.,0990 4.02C9 3,0411 3.8596 3.7761 3.69045 3,b25
12 4.2961 4-1553 4-0C96 3.8584 3,7805 3,700& 31.6192 -3-5355 3."494 3.3(,08
13 4.1003' 339603 3.8154 3.6616 3.5869 3,507 3.4253 3.37413 3.2548 3 .554

14 3.9394 3290C1 3,6557 3,052 31.4274 343476 3.2656 3.1213 3'.0942 3,2C49
15 338049 3.6662 3.5222 3.3719 3.2940 3.214 3.1319 3.0471 2.9595 2.8684
16 3.69C9 3-5527 3.1.089. 3.2588 3-180F 3,1007 3.02f2 2.9330 2.P4.:? 2.7528
17 3.5931 3.4512 3.3117 3.161.5 3.0835 32.32 2.9205 2.5348 2.7456 2.6530

1E 3.5082 3,3706 3.2Z73 3.0771 2.999C 2M65 2.8354 2.7493 2.-597 2.5660
i9 3.4338 3.2965 .391533 3.'0031 2.9249 2.8442 2.7608 2.6742 2.5839 2.4593
;0 323682 3.2311 3.0880 2.9377 2.8594 2.7785 2-9047 2.6077 2.5168 2,4"212

S21 3.3098 3.1729 3.0299 2.8796 2.6911 2,7200 2.6359 2.5484 2.4568 2.3603
* 22. 3.2576239579 2.3.50 2.6274 2.748 2.6675 2.5831 2.4951 2.4029 2.3055

23 3.2106 3.0740 2.9311 2,7305 2.7017 2.62C2 2.5355 2.4971 2.3542 2.:159
*24 3,16F1 3M316 2.88F7 2.7380 259 2.5773 2.932.4035 2.3099 2.-C7

258 331294 2.9931 2.8502 2.6993 2,'263 2.5383 2.4535 2.3637 2.2695 2.16 4
26 3X941 2.9579 2.8156C, 2.6640 2.5848 2.5026 2.4170 2.3273 2.2325 2.1315
2 .9 3,0618 2.9256 2.7227 26316 ý-.5522 2.4699 2.3940 2.2938 2.39E4 2.0965
28 3,0320 Z.F959 12.7530 2,6017 2.5203 2.4397 2.3535 2.2629 2.1670 2.C642
29 3-,Q045 2.e685 2.74256 2.57142 2..4',146 2.4116 2.3253 2.23"4 2.1378 2.0342
30 .2.9791, 2.8431 2.7002 2.r4e6' 2,4689 2.3860 2.2992 2.2079 2.1107. 2.0062
40 2.80(5 2.6648 2.5216 2,2689 2.2880 2.2034 2.1242 2.0194 1.9172 1.8047
60 2.6318 2.4961 2.3523 2U1978 2.1154 2.0285, 2.9360 1.8363 1.7263 1.6(06

120 2,4721 2.3363 2.19Wt 2.0346 1.9500 1.8600 1.7628 1.6557 1.5330 1.3805
C 2 .3209 j 2 .18 4 8 2.0385. 1.8783 1.7908 1.6964 1.5923 1.4730 1,3246 I.CCO0

.
F . vz it

One-aided 99 percent test.

"Two-sided 98 percent test.
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APPENDIX 3F

STUDENT'S t-DISTRIBUTION

df .60 .70 .80 .90 .95 .975 .99 .995

1 .325 .727 1.376 3.078 6.314 12,706 31.821 63.657

.289 .617 1.061 1.886 2.920 4.303 6.965 9.925

3 .277 .584 .978 1.638 2.353 3.182 4.541 5.841

4 .271 .569 .941 1.533 2.132 2,776 3.747 4.604

5 .267 .559 .920 1.476 2.015 2.571 3,365 4.032

6 .265 .553 .906 1.440 1.943 2.447 3.143 3.707

7 .263 .549 .896 1.415 1.895 2.365 2.998 3.499
8 .262 .546 .889 1.397 1.860 2.306 2.896 3.355
9 .261 .543 .803 1.383 1.833 2.262 2.821 3.250
10 .260 .542 .879 1.372 L812 2.228 2.764 3.169
II .26C .540 .876 1.363 1.796 2.201 2.718 3.106
12 .259 .539 .873 1.356 1.782 2.179 2.681 3.055
13 .259 .538 .870 1.350 1.771 2.160 2.650 3M012

14 .258 .537 .868 1.345 1.761 2.145 2,624 2.977

15 .258 .536 .866 1.341 1.753 2.131 2.602 2.947
16 .258 .535 .865 1.337 1.746 2.120 2.583 2.921
17 .257 .534 .863 1.333 1.740 2.10 2.567 2.898
18 .257 .534 .862 1.330 1.734 2.101 2.552 2.878
19 .257 .533 .861 1.328 1.729 2.C93 2.539 2.861
20 .257 .533 .860 1.325 1.725 2.086 2.528 2.845
21 .257 .532 .859 1.323 1.721 2.080 2.518 2.831

22 .256 .532 .858 1.321 1.717 2.074 2.5C8 2.819
23 .256 .532 .858 1.319 1.714 2.069 2.500 2.807
24 .256 .531 .857 1.318 1.711. 2.064 2,492 2.797
25 .256 .531 .856 1.316 1.708 2.060 2.485 2.787
26 .256 .531 .856. 1.315 1.706 2.056 2.479 2.779
27 .256 .531 .855 1.314 1.703 2.052 2.473 2.771

28 .256 .530 .855 1.313 1.701 2.048 2.467 2.763

29 .256 .530 .854 1.311 1.699 2.045 2.462' 2.756
30 .256 .530 .854 1.310 1.697 2.042 2.457 2.750
40 .255 .529 .e51 1.303 1.684 2.021 2.423 2.704
60 .254 .527 .848 1.296 1.671 2.000 2.390 2.660

120 .254 .526 .845 1.289 1.658 1.980 2.358 2.617,

.2,-)3 .52;4 .842 1.282 1.645 1.960 2.326 2.576

*df 77
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APPENDIX 3G

AREAS UNDER THE STANDARD

NORMAL CURVE TO THE RIGHT OF THE ORDINATE

T A T A T A T A

.00 .500000C .22 .4129356 .44 .3299686 .66 .2546269
S

.01 .4960106 .23 .4090459 .45 .3263552 .67 .2514289

.02 .4920217 .24 .4051651 .46 .3227581 .68 .2482522

.03 .4880335 .25 .4012937 .47 .3191775 .69 .2450971

.04 .4840466 .26 .3974319 .48 .3156137 .70 .2419637

.05 .4800612 .27 .3935801 .49 .3120669 .71 .2388521

.0c .4760778 .28 .3897388 .50 .3085375 .72 .2357625

.07 .4720968 .29 .3859081 .51 .3050257 .73 .2326951

.08 .4681186 .30 .3820886 .52 .3015318 .74 .2296500

.09 .4641436 .31 .3782805 .53 .2980560 .75 .2266274

.10 .4601722 .32 .3744842 .54 .2945985 .76 .2236273

.11 .4562047 .33 .3707000 .55 .2911597 .77 .2206499

.12 .4522416 .34 .3669283 .56 .2877397 .78 .2176954

.13 .4482832 .35 .3631693 .57 .2843388 .79 o2147639

o14 .4443300 .36 .3594236 .58 .2809573 .80 .2118554

.15 .4403823 .37 .3556912 .59 .2775953 .81 .2089701

.16 .4364405 .38 .3519727 .60 .2742531 .82 .2061081

.17 .4325051 .39 .3482683 .61 .2709309 .83 .2032694

.18 .4285763 .40 .3445783 .62 .2676289 .84 .2004542

.19 .4246546 .41 .3409030 .63 .2643473 .85 .1976625

.20 .4207403 .42 .3)72427 .64 .2610863 .86 .1948945

.21 .4168338 .43 .3335978 .65 .257861 .87 .1921502
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APPENDIX 3G (Continued) S
_.•A T . ,- _L _T-_, A

.88 .1894297 1.1.6 .1230244 1.44 .0749337 1.72 .0427162

.99 .1867329 1.17 .1210005 1.45 .0735293 1.73 .0418151 -

.90 .1840601 1.18 .1190001 1.46 .0721450 1.74 .0409295

.91 •1814113 1.19 .1170232 1.47 .07C7809 1.75 .0400592

.92 .1787864 1 '0 .1150697 1.48 .0694366 1.76 .0392039

.93 .1761855 1.21 .1131394 1.49 .0681121 1.77 .0383636

.94 .1736088 1.22 .1112324 1.50 .0668072 1.78 .0375380

.95 .1710561 1.23 .1093486 1.51 .0655217 1.79 .0367270

.96 .1685276 1.24 .1074877 1.52 .0642555 1.80 .0359303

.97 .1660203 1.25 .1056498 1.53 .0630C84 1.81 .0351479

.98 .1635431 1.26 .1038347 1.54 .0617802 1.82 .0343795

.99 .1610871 1.27 .1020423 1.55 .0605708 1.83 .0336250

1.00 .1586553 1.28 .1002726 1.56 .0593799 1.84 .0328841

1.01 .1562476 1.29 .0985253 1.57 .0582076 1.85 .0321568

1.02 .1538642 1.30 .0968005 1.58 .0570534 1.86 .0314428

1.03 .1515050 1.31 .0950979 1.59 .0559174 1.87 .0307419

1.04 .1491700 1.32 .0934175 1.60 .0547993 1.88 .0300540

1.05 .1468591 1.33 .•0917591 1.61 o0536989 1.89 .0293790

1.06 .145723 1.34 .0901227 1.62 .0526161 1.90 .0287166

1.07 .1423097 1.35 .0885080 1.63 .0515507 1.91 .0280666

1.08 .1400711 1.36 .0869150 1.64 .0505026 1.92 .0274289

1.09 .1378566 1.37 .0853435 1.65 .0494715 1.93 .0268034

1,10 .1356661 1.38 .0837933 1.66 .0484572 1.94 .0261898

1.11 .1.334995 1.39 .08226" 1.67 .0474597 1.95 .0255881

1.12 .1313569 1.40 .0807567 1.68 .0464787 1.96 .0249979

1.'3 .1292381 1.41 .0792698 1.69 .0455140 1.97. .0244192

A.14 .1271432 1.42 .0778038 1.70 .0445655 1.98 .0238518

1.15 .1250719 1.43 .0763585 1.71 .0436329 1.99 .0232955
21C
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APPENDIX 3G (Continued)

T A T A T A T A

2.00 .0227501 2.26 .0119106 2.52 .0058677 2.78 .0027179

2.01 .0222156 2.27 .0116038 2.53 .0o57031 2.79 .0026354

2.02 .0216917 2.28 .0113038 2.54 .0055426 2.80 .0025551

2.03 .0211783 2.29 .0110107 2.55 .0053861 2.81 .0024771 •

2.04 .0206752 2.30 .0107241 2.56 .C052336 2.82 .0024012

2.05 .0201822 2.31 .0104441 2.57 .0050849 2.83 .0023274

2.06 .0196993 2.32 .0101704 2.58 .0049400 2.84 .OC42557 S

2.07 .0192262 2.33 .0099031 2.59 .0047988 2.85 .0621860

2.08 .0187628 2.34 .0096419 2.60 .0046622 2.86 .0021182

2..C9 .0163089 .2.35 .C093867 2.61 .0045271 2.87 .0020524 S

2.10 .0178644 2.36 .0091375 2.62 .0043965 2.88 .0019884

2.11 .0174292 2.37 .0088940 2.63 C.C42602 2.89 .0019262

2.12 .0170030 2.38 .0C86563 2.64 .0041453 2.90 .0018658 .

2.13 .0165M58 2.39 .0084242 2.65 .0040246 2.91 .0018C71

2.14 .0161774 2.40 .0081975 2.66 .0039070 2.92 .0017502

2.15 .0157776 2.41 .0C79763 2.67 .0037926 2.93 .0016948

2.16 .0153863 2.42 .0077603 2.68 .0036811 2.94 .0016411

.2.17 .015C'34 2.43 .0075494 2.69 .0035726 2.95 .0015869

2.18 .0146267 2.44 .0073436 2.70 .0034670 2.96 .0015382 0

2.19 .0142621 2.45 .0071428 2.71 .0033642 2.97 .0014890

2.20 .0139034 2.46 .0069469 2.72 .0032641 2.98 X0014412

2.21 .0135526 2.47 . .C67557 2.73 .0031667 2.99 .0013949 -

2.22 .0132094 2.48 .o065601 2.74 .0030720 3.00 .oc13449

2.23 .o018737 2.49 .0L63872 2.75 .0029708 3.01 .0013062

2.24 .0125455 2.5C .(062097 2.76 .0028901 3.02 .0012639

2.25 .0122245 2.51 .0060366 2.77 .0028028 3.03 .C012228
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APPENDIX 3G (Continued)

T A T A T A T A

3 .C4 .0011829 3.28 .OOC 519C 3.52 .0002158 3.76 .C000850

3.05 .0011442 3.29 .CL05009 3.53 .C002078 3.77 .C000816

3.06 .0011067 3.30 .00C4£34 3.54 .OCCi2001 3.78. .0000784 0

3.07 .C0107C3 3.31 .0004665 3.55 .C001926 3.79 .000753

3.08 .0010350 3.32 .0004501 3.56 .L001S54 3.80 .4000723

3.09 .001OL08 3.33 .0(004342 3.57 .00C1785 3.81 .00C0695 0

3.10 .0009676 3.34 .0C04189 3.58 .C001718 3.82 .0000667

3.11 .0009354 3.35 .0(C4041 3.59 .0001653 3.83 .0000641

3.12 .0009043 3.36 .0003697 3.60 .0001591 3.84 .C080615

3.13 .00C8740 3.37 .0CC3758 3.61 .0C.1531 3.85 .0000591

3.14 .0008447 3.36 .00(3624 3.62 .C001473 3.86 .000C567

3.15 .0008164 3.39 .COC3495 3.63 .C-=1417 3.87 .0000544 0

3.16 .0007888 3.40 .C003369 3.64 .OC01363 3.88 .000C 522

3.17 .0007622 3.41 .000`3248 3.65 .0001311 3.89 .C00C501
0

3.18 .CCC7364 3.42 .0C03131 3.66 .CC01261 3.90 .G0CC4S1

3.19 .0007114 3.43 .0C03018 3.67 .CL001213 3.91 .0000461

3-.20 .0.06871 3.44 .00029C9 3.68 .0C(1166 3.92 .000L43

3.21 •.006637 3.45 .002eC3 3.69 .000121 3.93 .0(C00425

3.22 .0006410 3.46 .0002701 3.70 .,0C1078 3.94 .0000407

3.23 .000619C 3.47 .0002602 3.71 •0001136 3.95 .0000391

3.24 •0005976 3.48 .0002507 3.72 .0000996 3.96 .000C375

3.25 .0005-70 3.49' •0002415 3.73 .0000957 3.97 .0000359

3.26 .0C05571 3.50 .0002326 3-.4 .0000920 3.98 .00C0345

3.27 .0005377 3.51' .0002241 3.75 .;006884 3.99 .000(330

218........ •
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APPENDIX 3G (Continued)

T_ A T A T A A

4.00 .0000317 4.27 .C00C098 4.54 .C000028

4.01 .0000304 4.28 .0000093 4.55. .0000027,

4.02 .00{CC291 4.29 .0000089 4.56 .C00CC26

4.03 .000(279 4.3 o -0 85 4.57 -GCCC24

4.04 .0000267 4.31 .0000082 4.58 .COOCC23

4.C5 .C000256 4.32 .CCOCC78 4.59 .0000022

4.06 .0000245 4.33 .000C075 4.60 .C000021

4.07 .0000235 4.34 .0000071 4.61 C00C0020

4.08 .0COC225 4.35 .0COU68 4.63 .0000C19

4.09 .C000216 4.36 .00C0065 . 4.63 .C000018

4.10 .C0,0207 4.37 .0000062 4.64 .CCCCO17

4.11 .C00C198 4.38 .000(059 4.65 .C000017

4.12 .0000189 4.39 .C000057 4.66 .CCOCO16

4.13 .G0C0181 4.40 .COCCO54 4.67 .CC00015

4.14 .00C0074 4.42 C0000052

4.15 .0(0C166 4.42 .0C00049. -

4.16 .CC00159 4.43 .000C047,.

4.17 .0000152 4.44 .0000045

4.18 .000C146 4.45 .00C0043

4.19 .0000139 4.46 .OCOO041 .

4.20 .L0C0133 4.47 .000C039

4.21 .0000128 4.48 .COCCC37

4.2.2 .000012.2 4.49 .CC00036

4.23 .0co17 4.50 .CO34

4.24 .000f112 4.51 .cGC0032

4.25 .0000107 4.52 .coo0031

4.26 .C'Ut0.102 4.53 .4000030

.219
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APPENDIX 3H

Table 1

Upper 90- and 95-Percent Confidence Bounds fcr the Number d Defecti•

in a Finite lopulation of 40 Members. '-

Number of " Sample Size

Observed 2 4 8 16 32

Defectives 90 95 90 95 90 95 90 95 90 95

0 263016 209 11 45 1 1
1 37 3826 29 15 17 7 8 2 3
2 4) 40 33 35 20 22 1C 31 4 4
3 38 39 25 27 14 5 6
4 40 40 29 31 16 17 7 7
5 33 34 18 20 8 9

036 37 21. 22 9 10
7 39 39 23 24 11 11
8 .40 40 25 27 12 13
9 28 29 13 14

10 30 31 15 15

.1 32 33 16 16
12 34 35 17 18
13 36 37 18 19
111 38 38 20 20
15 39 39 21- 21

16 40 40 22 23
17. 23 24
18 2 2525' 2
19 26
20 V 27

21 28 29
22 29 30
23 31 31
24 32 32
25 33. 33 --

26 34 34 e
27 35 35
28 36 36
29 37, 37
30 38 38

3i 39 39 .
32 4 1' ,40

220'
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APPENDIX 3H

Table 2 •

Upper 90- and 95-Percent Confidence Bounds for the Number of Defectives

in a Finite Population of 60 Members.

Nuaber of Sample Size

Observed 3 .6 12 24 48

Defectives 90 95 90 95. 90 95 90 95 90 95

0 31 37 IS 22 9 11 4 5 1 1
1 47 51 29 33 16 18 7 9 2 3
2 57 58 39 42 21 24 10 12 4 4
3 60 60 47 50 27 30 13 15 5 6
4 54 55 32 35 16 18 7 7
5 58 59 37 39 19 21 '8 9

6 60 60 41 -22 23 10 10
7 4+6 4+8 24 26, 11 12
S50 51 27 12 13

9 53 54 29 31 14 14
10 56 57 32 33 15 16

11 59 59 34 36 16, 17
12. 60 60 37 38 17 18
13 39 41 19 19
14 41 43 20 21
15 44 45 21 .

.16 46 47 23 23
17 48 49 24 25
18 50 51 25 26
19 52 53 26 27
20 55 28 28

221
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APPENDIX 3H

Table 2 (Continued)

Upper 90- and 95-Fercent Confidence Bounds for the Number of Defect ives

in A Finite Population of 60 Members.

Number of Sample Size ____________

Observed 3 6 12 24 4-8

De Ifectives 90 9 9C 95 -90 95 90 9'5 90 95

21 56 57 29 30
22 58 58 3D 31
23' 59 59 31 32
2.4 600 60 33 33
25 34 34

26 35 36
27 36 37
2 8 37 38
.29 39 39
30 /40 40,

31 41 42
32 12+3
33 44 4
,34 I45 45
35 J46 4+6

222
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Table 3

Upper 90- and 95-Percent Confidence Bounds for the Number of Def3ctives

in a Finite Fopulation of 100 Members.

Number of Sample Size

Cbscrved 5 10 2¢ 40 g0

Defectives 90 95 95 90 95 90 95

3 36 44 19 2 9 12 9 5 1 1 3

.1 57. 64 -218 1 12 7 59 31
2 74 ?0 43 49 23 26 11 12 4 5 .
3 88 91 54 59 28 32 14 15 5 6
4 97 98 63 68 34 .38 17 19 7 7
5 iCo ICC 72 76 39 43 19 21 8 9

6 80 84 45 48 22 24 10 1C
7 87 90 50 53 25 27 11 12 q ;.
8 94 95 55 58 28 30 12 13
9 98 99 60 63 30 33 14 14

10 100 lC0 64 68 33 35 15 16

11 69 72 36 38 16 17
12 73 76 '38 41 18 18
13 78. 80 41 43 19 20
14 E2 E4 44 46 20 21
15 86 88 46 48 22 22

16 90 91- 49 51' 23 2"
17 93 95 51 53 24 253
18 97 97 54 56 25 26 -
19 99 99 56 5 . 27 28
20 ,100 100 5E 61 28 29

61 63 29 '30
22 63 65 31 3225 66 68 32 33

24 68 70 33 34
2' 70 72 34 35

26 73 75 '36 37
27 75 77 37 38

78 77 79 38 39
29 80 81 40 '40
3C 82 83 .41 42

31 E4 C. 5 42 43
32 86 87 43 44
33 88 89 45 4,5
34 90 91 46 .47'

35 92 93 4'7 48
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Tabl4 4.

Upper 90- anC 95-Percent Confidence dounds for the Number of Defectives

La a Finite po.: ,-tion of 200 Members.

Number of 5;.mple Size

Observed 10 20 40 8o 160 0

Defectives 90 95 90 95 90 95 90 95 90 95

0 40 50 20 26 10 12 41 5 1
1 66 77 34 41 .17 20 8 9 3 3
2 88 1CC 47 54 23 27 11 13 4 5
3 109 120 59 66 30 34 14 16 5, 6
4 128 138 70 78 36 40' 17 19 7 8
5 145 154 81 89 42 46 20 22 8 9

6 161 169 91 99 47 52 23 25 10 13
7 176 181102 109 53 58 26 28 U 12
8 188 192 112 119 58 63 29 31 12 13
9 197 198121 128 64 69 31 34 14 15
10 200 200 131 137 69 74 34 37 15 16

0 140 146 74 •0 37 40"
12 149 155 80 65 40 42) 18 19
13 157 .163 85 90 42 45 19 20
14 165 170 90 95- 45 48 20 21
15 173 178 95 100 48 51 22 23

16 j181 284 .100 105 50 53 2-3 24
17 '168 190 105 110 53 56 22 23
18 194 196 110 115 56 59 26 27
19 198 199 115 120 58 61 27 28
20 2C0 200 120 125 61 64 28 29
21 125 129 -64 67 30 3
22. .e129 134 66 69 31 32
23 134 .139 69 72 32 33
24 *139 143 71' 74 34 35
25 143 148 74 77 35 36

26 I 1.8 152 77 80 36 37
27 15 1,7 79 82 37 390
28 161 82 85 39 40-
29 1,61 165 a 8 4 41
30 it>b 1 169 87 90 41 43

31 i7% 173 69 92 43 "4
32 . ?" 177 9Z 95 44 45
33 178 181 94 97 45 46
34 182. 185 97 .C -..- 4...

35 186 188 102 49L
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Table 5

Upp9r 0C- ar•d - ýc:-cer.t C3nfi-iicc Loins -or the N~nber of Defects

In -a Finite P: '1-t. -on of 2kC '. cý'crs.

. ....t, r of Srample Size

LL se.-ed 12 241 96 192

fLeiectivcs 9C0 I? f 3 9. 5 9C 95

21 13-' 4 5 1k 1.

-. "* 9 •.9

11 . 9 35 , 9 3 3
2 .15. 13 5 5

:" -'' 3' 16 5 I
-I3 144 I71 317 9

'1-2- 3 2. '7 20 22 135 5 3 C' 10 i
153 So 234 i t 12

L,~ 4 Ž9 3-1 12 13
9 216, 133 4 7C 3 1 15'

11 75" 4 52 7 1 3 15 1-2,C 2> 4' C1 6 A 437 1 19

3- i1 Q4 17.C 925 45: 1 2 19S13 1-2 15 2C

117 172 4' 51 2'

[-.5 35!1 5 2.7

"16 159 1 1(97 55 4 2315. 170 1373 102 4 51 25
" "169 9 102 117. 5 54 2 2317 123 203 17 112 53 56 24 2

LC6 211 112 117 56 53 2C 27'
2)13 ;1e 117 12Ž 59 72 27

20 ý122. 12. 127 Cl1 ( 23 29

2.-. 230 127 132 6 07 3C 31
..22 -334 13Z 137 7 7C 31 3

k39 239 137 142 69 73 32 .33

Z-4 Ž40 10 2 147 '7o 75' 34 35
25 152 78 36',

26 151 156 77 30 36 37
27 15 161c C 33 38 39
Z' 161 1U6 82 36 39 40

105 170 65 88 40 41
*30 17C 175 87 91 41 43

31 175 179 90 93 43 44
32 179 184 93 96 45
33 184 188 95 99 45 47

* 34' 188 193 98 101 47 48
35 193 197 jCO 104 48 49
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Table 6

Upper 90-- and 95- Percent Confidence Bounds for the Nn-:br of Defectives

in a Finite Population of 30C Members.

"Number of Sample Size

Observed 15 3C 60 12C 240

Defectives 90 95 90 95 90 95 90 95 9C 95

0 41 53 21 27 10 13 4 5 1 1
1 69 82 35 42 17 21 8 9 3 3
2 93 107 48 56 24 28 11 13 4 5
3 116 130 61 69 3C 34 14 16 5 6
4 137 151 73 81 36 41 17 19 7 8
5 158 171 84 93 42 47 22 8 9

6 177 190 95 1C4 48 53 23 25 10 IC
7 196 28 106 115 54 59 26 28 11 12
8 214 225 117 126 60 6> 29 31 12 13
9 '231 241 127 137 65 71 3;- 34 14 15

10 247 256 138 147 71 76 34 37 .15 16

11 262 270 148 157 76 82 37 40 16 17
12 276 282 1058 167 82 88 40 43 1s 19
1.3 288 292 168 177 87 93 43 46 19 2C
.14 ' 297 299 177 186 92 98 45 .49 21 21
15 300O 300 187 196 98 104 48 51 2; 23

16 196 205 103 109 51 23 24
17 206 214 108 114 54 57 24 26
18 215 223 113 120 56 60 26 27

,19 224 231 119 125 59 62 27 28
20 233 240 124 130 62 65 28' 3C

21 241 248 129 135 64 68 30 31
22, 250 256 134 U4 67 70 31 32
23 285 264 139 145 70 73 32 34
24 ý6b 271 144 150 72 76 34 35
25 274 278 149 155 75 79 35 36

"26 281 285 154 160 78 Si 30 37
27 288 291 159 165 80 84 38 39
28 294 29( 164 170 83 87 39 40
29 298 299 169 175 86 89 40 41
30 300 300 174 180 88 92 42 43

31 179 185 91 94' 43 44
32 184 190 93 97 44 45
33 189 194 96: iCO 45 47
34 193 199 102 47 48
35 198 204 10 105 48 '49
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Table 7

Upper 9C- and 95- Percent ConriCence Bounds for the Number of Defectives

in a FiL,...e Population of 360 Members.

Number of Sanple Size

Observed 18 36 72 144 288

Defectives 90 95+ 0 95. 90 95 90 95 90- 95

0 42 53 21 27 10 13 514 5 1 1
S1 70 84 36 43 17 21 8 9 3 3

2 95 110 49 57 24 28 11 13 4 5
3 119 133 61 70 30 35 14 1635 6
4 2 141 1 356 82 36 41 17 19 7 8
5 162 177 85 94 42 47 20 22 8 9

6 182 197 96 106 1 54 23 25
7 202 217 108 117 54 60 26 28 11 12
8 221 235 118 129 60 66 29 31 410 13
9 240 253 129 139 66 71 32 34 14 15

10 258 270 140 150 71 77 35 37 15 16

11 275 287 150 161 77 03 37 40 17 17
12 292 302 161 171 V 88 40 43 14 19
"13 308 317 171 1 88 94 43 46 19 20
14 323 330 181 191 93 100 46 49 21 22
15 336 342 191 201 99 105 48 52 22 23

*16 348 352 201 211 ' 104 110 51 54 1 23 24
17 357 359 211 220 109 116 54 57 25 26
8 36C 360 220 230 1115 121 57 60 26 27
19 230 239 120 127 59 63 27' 28

*2C 239 248 1.25 132 62 65 128 30

21 24e 257 130 137 65 68 1 30 31
22' 258 266 135 342 67 71.' 31' 32
23.' 267 275 141' '148 '70 74 321 34
24 276 284 146 153 73 76 34.j35

*25 285 292* 151' 158' 75 79 35136'
*26 293' 300 156 163 78 82 36 38

*27 3C2 308 161 168 e1 84 3 '3

8'310 316 166 173 83 87 39 40
29' 318 324, 171 178 86 .90 4C 42 '

30 326 331 176, 183 89 92 42 43

31 331.4 338 181 1e8 91 95 43 -44
32 '34.1 345 186 193 94 944 45
33 34F 351 191 198 f96 1CC 45 47

34p5 356 '96 203 '99+ 303 47 48
35 j359 )59 201 2081102. 1C6 48149
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Table 8

Uppei- 90- and 95-Percent Confidence Bounds for the Number of

Defectives in a Finite Popiulation of 400 Members.

Number of Sample Size

Observed 20 40 80 160 320

Pefectives 90 95 9C 95 90 95 90 95 90 95

0 42 54 21 27 10 L), 4 5 1 1
1 71 84 36 413 17 21 8 9 3 3
2 96 1l1 49 57 24 28 11 13 4 5
3 120 135 62 70 30 35 14 16 5 6

4 142 158 74 83 37 41 17 19 7 8

5 164 18C F6 95 43 48 2C 22- 8 9

6 185 2C1 97 107 49 510 23 236 10 10
7 205 222 108 219 54 60 26 29 11 12
8 225 2,10 19 130 60 66 29 32 12 13
9 244 259 13 141 66 72 32 34 1 15
10 263 277 141 152 71 77 35 37 15 16

12. 281 294 216 77 83 37 40 17 17
12 299 31. 162 173 83 89 40 43 18 19

13 316 327 172 13 88. 94 43 46 19 20
14 332 342 1 33 194 94 100 46 49 21 22
15 348 357 193 204 99 106 48 52 22 23 .

16 363 370 203 214 104 1i1 51 54 23 24
17 376 382 213 224 110 117 54 57 25 26
18 388 392 223 233 115 122 57 60 26 27

4019 397 399 233 243 120 127 59 63 27 28.
400 4LO 242 25",3 126 133 62 66 29- 30

252 262 131 138 65 68 30 31
2 261 271 136 143 68 71, 31 32
3 280 141 149 70 74 32 34
24. 280 289 14.7 154 73 77 34 35
25 289 298' .152 159 76 79 35 36

26 2298 307 1571 164 78 82 36 .38
27 -3C7 316 162 169 8. 85 38 39
28 316 324 167 174 84, 17 39 4C
29 325 333 172 180' 86 90 4.0 42
30 333 341 177 185 89 93 423 43

31 34.2 349 183 190 91 95 43 144
32- 350 357 188 195 94 98 4. 46
33 358 -364 193 200 97 101 46 .47
34 366 3711, 198 205 .99 103 .47 48
35 374 378 20 210 102' 106 48 49
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Table 9

Uppeir 90- and 95-Percent Confidence Bounds for the Number of

Defectives in a Finite Population of 5CC Members. l

Number of Sample Size

Cbserved 25 50 100 2C0 400

Defectives 90 95 90 95 90 95 90 95 90 95

0 42 55 21 27 10 13 4 5 1 1
1 72 86 36 43 17 21 8 9 3 3
2 98 113 49 58 24 28 11 13 4 5
3 122 138 62 71 30 35 14' 16 5 6
4 145 162 74 84 37 42 17 i9 7 8
5 168 185 86 96 43 48 20 22 8 9

6 190 207 98 109 49 54 23 26 10 10

7 211 229 110 120, 55 60 26 29 11 12
8 232 249 121 132, 60 66 29 32 12 13 0
9 252 269 132 143 66 72 32 35 14 '15

10 272 289 143 155 72 78 35 38 15 16

11 291 308 154 166 78 84 37 40 17 17
12 ' 310 327 165 176 83 90 40 43 18 19
13 329 345 175 187 29 95 43 46 19 20
14 348 363 186 198 94 101 46 49 21 22
15 366 380 196 208 100 107 49 52 22 23

16 383 397 207 219 105 112 51 '55 23 24
17 400 413 217 229 Ill 118 54 58 25 26
18 417 428 227 239 116 123 57 60 26 27
19 433 443 237 250 121 129 60 63 27 28
20' 448 457 247 260 12? 134 62 66 29 30

21 463 470 257 270 132 140 65 69 30 31
22 477 482 267 279 137 145 68 71 31 32
23 489 492 277 289 143 150 70 74 32 34 -
2-4 497 499 287 299 148 156 73 77 34 .35
25 500.500 297 309 153 161 76 80 35 36

26, 307 318 159 166 79- 82 36 38
27 ;16 327 164 172 81 85 38 39
28 326 337 '169 177 84 88 39 40 '
29 335 346 174 182 87 91 40 42
30 345 355 179 187 89 93 42 43

31 354 364 185 193 92 96 43 44
32 363 373 190 198 94 99 44 46
33 372 382 195 203 97 101 46 47 .
"34 381- 391 200 208, 00 104 47 48
35 390 205 213 102 107 40 50

. 229. -
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FACTORIAL TREATMENT PROCEDURE WO'RKSHEETS

Table 1

4 TSATY-!YTS A',ND 8 ITEYS

Design: 1/2 X 24 (Ref. 15, page 484)

Item numbers

Treatments 1 2 3 4 5 0 7 8

A + + + +

B + + + +

C * + + + S

D + + + +

Result s

Ren.arks:

1. All main effects are clear of two-factor interactions.

2. Two-factor interactions are confused with cne another
and are not measurable.

3. Three-factor and higher order interactions are assumed
negligible.'

230
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Table 2

5 TRFATMh'TS AM 8 ITIS

Designs 1/4 X 25 (Re1f. 15, page 484)

Item rnumbers

Treatmerts 1 2 3 j,6 7 8

A + + + +

B+ + + +

C+ + + +

D + + + 0

+ + + +

Results

Remarks:

1. All main effects are confused with two-factor inter-
actions.

2. All interactions are assumed negligible.

231
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Table 3

6 TP.EAV=§~' A~ 8 T

Designs 1/8 1 24 (Ref. 15, page 4.85)

Item numbers

Treatments 1 2 3 4 5 6 7 8

A + + + +

B + + + +

C + + + +

D + + + +,

+ +. + +

F + + + +

Result s S

Remarks! t...

1. All main effects are confused with two-factor Idnter-
actions.

2. All interactions are assumed negligible.

232
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Table 4

7 TRUMMEiT AAD 8 f~

Designs 1/16 X 27 (Ref. 15j, page 485)

- - ~Item ntuibers

Treatments 1 2 3 4 5 6 7 8

A+ + + +

B++ + +

C + + + +

D + + + +

E + + + +

+ +. 4

GQ + + +

Results

-ekk -s

1. All main effects are confused with two-factor inter-
act ions .

2. All interactions are assumed negligible.

233'
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Table 5

7 TREATIVENTS AMD 8 1TE2S

Design: Multifactoria]. (Ref. 5, page 323)

Item ntzbers

Treatments 1 2 3 6 5 8

A .-.

B+ + + + .

+ + 4.+

G + . 4

Remarks:

1. All main effects are confused with interactions.

2. All interactions are assumned negligible.

7
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Table 6

8 TREATMEWrS AMD 12 1Tfrf

DesigntiMultifactorial (Ref. 5,, page 323)

I ~Item numnbers

Treatments if 2, 3 45 6 7 8 9 10 U 1

A + . . . + +

B + + + +

B + + + + + +

E+ + + + + +

F + + + +.+ +

G + + + + + +

H + + + + + +

Re sult s

&-marks:s

1. All main effects are confused with interactions.

2. All Interactionse are assum~ed negigible.

236
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Table 7

9 TRF.ATITOS AND 12 1TEM

Design: Multifactorial (Ref. 5, page 323)

Item niumbers

Treatments 1 2 3 6  7 8 9 10 11 12

+ +

B + . .4. + +

4. + + + + +

+ . .+ + +.

F + + 4 + + . +

H + +4 +. + 4. +

I+ +. 4 + +. +

Res'i1ts

- - -- - - - -

1. All main effects are confused with interactions.

2. A ll interactions are assumed negligible.

238
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Table 8

10 TREATFMENrS AMD 12 -TEM~

Designs Hultifactorial (Ref. 5v page 323)

- - ~Item numbers. - -

Tre~tmets 1  12 34,j 89 1

B + + + +
A .4 + + 4

D+ + + + + +

D+ + + + + +

S+ +. + + 4

0 + + + . +. + . +

Results I

Rec'iarks: s .-- - -

1. All, main ef fects are confused with interactions..

2. All interactivna are assumed negligible.

237.
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Table 9

11 TREATNMEN AMD 12 MM~

Designs Multifactorial (Ref. 5,, page 323)

Item ntmibers

Treatments 1 2 3 4 6 7 8 9 10 U 12

A + I+ + + + 4

B + . . . + +

C +K : + + + +*
+D + +

E F + + +. +

G + + + +

G + 4 + + +1
J+ + + +

+++ + + 4+1
1 + + . . + +

Result s

1. AUl main effects are confused with interactions.

2. All interactions are assumed negligible.
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TablIe 10

5 TFRkjzA't AND 16IE

Design: 1/2 1 29 (Ref. 6, page 5)

Itemi nmjbers

A + + + +. + + + +

B t + + + + + +

+) + + + + + + o +

*E +:iL +
BlocksI I

Resull t

RemArks

*1. All m~ain effects are clear of twio-factor interactions.

2. When blocks are not lised all twao-factor interactions
are measurable. When blacks are used the AB inter-
action is not measurable.

3. All three-factor and higher order interactions aer as-
ruted negligible.

2n9
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Table 11

5TRr-ArMENS AND 16 MM~

Designt 1/2 1 25 (Ref. 6, page 5)

Item numbers

Treatments 1 2 3 41 6 7 8 9 2 0 . 11 12 113 14 15 161

A + + + + + + +

B + + + +o + + + +

C ,+ + + + + + + +

D + +++ .

+ + + + + + +

BlocksI II III IV

*Results ]II IIE ILI Ii I I LE ,
Renarks 2

S1. All main effects are clear of two-factor interactions.

2. When blocks are, not used, all two-factor interactions
9 are measurable.

When blocks are used, interactions AB, AC, and BC 'are
not measurable.

3. All three-factor and higher order Interactions are con-
*- usdered negligible.

240S~i
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Table 12

6 TRBAT1n_,'TS AND 16 ITIrM

Design: 1/4 X 26 (Factorial (Ref. 6, pace 18)

Item nbnhers

Treatnents 1 2 5 61 7 8 19 iC I1i2 i3 !141 15 16

IA + + + + + + + +

B + + + + + + + +

C + + + + + + + +

0
D = + + + + + + + +

E + + + .+ + + + +

F + + + 4 + + + +

I Blocks I1I ZEE I I I L I I II
Remarks,

i 1. All maln effects are clear of two-factor interactions.

2. All two-factor interactions are confused with one another
and are not measurable.

3. All three-factor and higher order interactions are assume

negligible.
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Table 13

6 ThATENTTS AND 16 IIm¶S

Design: 1/4 X 26 F.ctcrial (Ref. 6, page 18)

Item nznbers

Treatments -.1~ '7~ i 3 4-1 16 7- 9 1 1111 4 111
A + + + + + ,. +

B + + + + + + + +

C + + + + + + +

D + + + + + + + +

E ,. -4. 4. +

+ + + + + ÷ + +
F _

Blocks I II IZI IV -.

Results Ja ] II II
Remarks:

1. All main effects are clear of two-factor interactions. -

2. All two-factor interactions are confused with o arnothrr and
are not measurable.

3.' All three-factor and higher order interactions a e ass,'med
negligible.

1142
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Table 14

6 TRFATYQTS AYD 16 =,S

Design: 1/4 X 26 Factorial (Ref. 6, page 18)

Item nt.wbers

Treatment3 12 A 5 67 8 9 1C 11 12 1 1

A + + + + +

B + + + + + +

C + + ÷ + + + + + +

D + + + + + + + I S

E + ÷ + + + + + +.

F + + + + + + + +

Blocks I 1I I IV V VI. VII VIII S

Resultsa

Remarks:

1. All main effects &re clear of two-factor interactions. - S

2. All two-factor interactions are confused with one another
and are not measurable.

3. All three-factor and highur order interactions are as-
sumed negligible. 0
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Table 15

7 ThRET S AN~D 16 ITEMS

Design: 1/8 X 2" Factorial (Ref. 6, page .30)

Itm numbers

Treatrents 1 2 3 4 5 6 7 8 9 10 1 1 14 15 16

A + + + + + + +

B + + + + + + + +

C + + + + + 4 + +

+ + + + + + + +4

E + + + + + + + +

F + + + + + + + +

G 1 +1 1 + I+ 1 4 + + 1 1+ I I I + -1 -1

Blocks I . .

Results

Remarks: .

1. All main effects are clear of two-factor interactions.

2. All two-factor'interactions are confused with one
another and are not measurable.

3. All three-factor and higher order interactions are
assumed negligible.

244
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Table 16

7 TRPSATMI-ETS AND 16 ITrrIS

Design: 1/8 X 2T Factorial (Ref. 6, page 30)

Item nmv.bers

Treatments 1 213 4 5 167 1J 9 1C I 2 1. 13 2 1516

A + + + + + + +
+ ++

C + + + + + + + +

C + + + + + + + +-.

E + + + + + + +

F + + + + + + + +

G + + + + + 4. + +

Blocks I II Iii 1V

Result s ..fit.TTF ..jjj

Remarks-

1. All main effects are clear of two-factor interactions.

2. All two-factor .interactionc are corfused with one another
and arc not measurable.

3. All three-factor and higher order interactions are as- 0
sumed negligible. '

'.45
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Table 17

8 TREAThEMTS ARD 16 IT"4S

Desin: 1/16 l 28 Factorial (Ref. 6, page 42)

Item numbers

Treatments 11 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A +. . + + + +

4+ +++ +. + +

C + + + + + + +

D + + + + + + +

E + + + + + + + +

F ++ + . + + + + +

G + 4+ 4+ + + +

H +- + + U+ - + +

Blocks I1111111 I IIIIIIIIIJ is"

Remarku:

1. All main effects are clear of two-factor interactions.

*2. All two-factor interactions are confused with one another and

aaýe not measurable.

3. All three-factor and'higher order interactions are assued

negligible.
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fable 18

8 TREATYSNTS AND 16 ITEMS

Design: 1/16 1 28Factorlal (Ref. 6, page 41)

Item numbers

4reatMets 15 1 6 7 8 9 10 11 12 13 14 15 16

A ++ + + + + + + +

B + + + + + + + +

C ++ + ++ + + +

D + + + + + + 4 +

S+4 +.. + +

F + + + + + + +

G ++4+ 4 4 + 4 ..

H + + + + + + + +

Blocks III IV -

Results f ij
&pmerkst

1. All main effects are clear of tvo-factor interactions.

2. All twvo-factor interactions are confused with one another and .

are not measurable.

. All tht es-factor and higher order interactions are assamsd

negligible. -

247
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Table 19

9 TREAThENS AND 16 ITEM4S

Design: Multifactorial (Ref. 5, page 323)

Item numbers

Treatments 2 1 112j_1 1 6

A+ ++

B + + + + + + +

C + ++ + + + + +

D + ++ + + + + +

E + + + + + + + +

+ 0 ++ + +4- + +

G + + + .+-t . . +

H ~ + + +4 +4 + +

Flesulte F

Remarkas:

1. All .main effe(,Is are confused w~ith interactions^,

2. All int era~ f -,ons are assumed negligible.

248
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Table 20

10 TREATMENTS AND 16 nMG~

Design: Multifactorial (Tief. 5, page 323)0

Item numbersI-

Treatments 1 213145 6178910 102 1213.314 1516

A + + + + + + + S

F + + + +

+ + +

H+ + + +

F ~ ++ + + + + +

H + + + + 4+

Resultsa

Remarks:

1. All minn effects are confused with interactions,

2. All interactions are assumed'negligible.
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Table 21

2.3. TRFATMENTS ANT, 16 ITEMS

Design: Multifactorial (Ref. 5., page 323)

- - - - Item numbers

Treatments 12 314.'51617 8 9 110 111 12 1131415I 16

A + + + + + + + +

B + ++ +

B + + + + + .+ + +

D + + + + + + +

+ +++ + + + + +

H 9 + + + + I +

H+ + + ++ + + +

+I + I++I++ + + +

Masults

Remarks-

1. All main-effects are confused with interactions.

2. All interactions- are aasumed,.negligible.
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APPENDIX 4

Table 21.

12 TRF~ATnl'rS AND 16 1TYS

Design: Multifactorial (Ref. 5, page 323)

Item numbers

Treatments 12 3 4 6 7 8 9 iC 1i12113 14 1516J

A + ++

B + ++++ + -

C+ ++ + + + + 0

.D + + + + ++

E ++ + + + + .+

F. + + + + + + ++

G o+ + + + + +

H + + +++ + +

L + I+ I I L+

Results

Remarks:,

1. All main effects are confused with interactions.,

2. All interactions are assumed negligible.
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Table 23

13 TRF.ATMNrS AND 16 rrrMS

Design: Multifactorial (Ref. 5, page,323)

- -. ~Item ni-cibers- - - - - -

Treatments 1 23-145 6 7 819 1C 11 12 ~ 1
A~I 14 15 +_L6_+

BA + + + + + +

CB + + + 1 + +

D + + +

D + + + +

F + + ++ + +

G + + + +

I 0+ + . + . + + + -

+ + ++ + +

+ ++ + +

L + + + + +

M . .+ . + +

Results --- 1
1. Aln main effects are confused with interact Ions.

2. KUl interactions are assumled negligible.-
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Table 24

14 A mWS N 16 IT-D

*sign; Miltifactorial (Ref. 5, page 323)

Item nm~rbers

T reatmcnts 1 2 14 5 6 18 9 iC 11 12 13 14 15 16

A + + + + + + + +

B + + + + + + + +

i" C + + + + + + + +

D + , + + + + +

E +4 + + + + + +

F + + + + + + + +

G + + + + + + + +

"H N + + + + + +

+ + + + + + +
-+ + +4 + +

J + +4+ + + +
L +44+ + + + +

L 44+ + + + + +

N ÷+ + + + 1+ 4 +

Results- I I
Rearks i

"1. A;". Imain effects are confused with interactions.

S2. All Interactions are apeumed negligible.
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Table 25

15 TpREAT1S ZD 16 I=EIS

i Designs Multifactorial (Ref. 5, page 323)

Item nimbers

Treatments 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16

A + + + + + + +

B + + + + + + 4- +

C + +I+ + + + + +

D + 4 + + + + + +

F + + + + + + + +

+ + + + + + + +

G ++ + + ++ + +

H + . . .+ .+ + +

"1 4++++ + + +

SJ 4 + '+++'I+ + + ++

K + ++ + + + +

L 14.+ + + + 4

1M +÷+ 4 + ÷. + + 4

N + + + + +

o ++ 4 , + 1 + + + +
0 +

Fesults
Remarks t

1. All main effects are confused with interactions.

2. All interactions are assumed negligible.

3. The treatment combinations in the individual rows of this
design can be used in any combination of two or more, Lp
to and. including 15 treatments.
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Table 26

19 Treatments and 20 Items

Design: Multifactorial (Ref. 5, page 323)

Item numbers

Areetments 1 2 3 4.5 6 9 1 O 1 12 13 14 15 16 17 18 19 2C

B I ++ ++ +4 + 4 + + +

C +4 + + + + +

D + + + + + + + +

S++ + + + + -+ + +

JF ÷. !+ + + + + .+

G + ++ + ++ + +

H + + + + + + + + +

+ . +**+ +~ + +

N -+ + ,+ + + +" +

0 ÷ .4+ 4 4 + + + + + +

L + + 4 : + +: +

K + + + + + '+ + "+ + +:

N + + + + + + +I + + "-

0 + + + + + + + + +".

N+.+÷ + + + + ++

0 + + 44R +,+ + + + +

R + + + + + .+ + + +_..4.. .. .4

1markgi 1. All main effects aie confused with interactions.

2. All Interactions are assumd negligible.

3. The treatment combinations in the individual rows. of this design
"can be used in any combination of two or more, up to and in-
ccluding ,19 treatments.
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PREFACE

This handbook is intended as a guide for detarm~ning reliability of functioning charact- istics
of weapon components by testing to ;aiture.

Component reliability of weapon systems is basically a function of engineering design. Margli
of safety used in engineering design to create high reliabilities must be measured by testing to failure
techniques to obtain unbiased estimates of reliability.

The author does not hold that the concepts and principles presented herein are final. Revisions
will inevitably be made as the state of the art advances.
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