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PREFACE 

Thie handbook is intended as a guide for determining 

reliability of functioning characteristics of weapon 

components by testing to failure. 

Component reliability of weapon systems is basically 

a function of engineering design. Margins 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 prin- 

ciples presented herein are final. Revisions «ill 

inevitably be made as the state of the art advances. 

The following tables have been used thru the Kind permission 

of the publishers and authorss 

Appendix 3* 

Mainland, Donald; Hsrrera, Lee; and Sutcliffe, M.I.; 

-ibles for Use With Binomial Samples", Dept of Medical Statistics, 

N»Y. Uni., College of Medicine, 550 7irst Ave, NYC l6, N.Y.Table It 

;.. • aimum Contrasts at the 5 pw c»nt Level, pages 1, 2, and 3» 

Table lit Mininum Contrasts for the 1 per cent Level, pages 5» &• 

and 7« 
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Appendix 3B Table I 

Lt'pow, M. and Riley, J., "Tables of Upper Confidence Limits 

on Failure Probability of 1, 2, and 3 Component Serial Systeme", 

Space Technology Laboratories, Inc., PO Box 95001, Los Angeles 45, 

Cal.; Volume I: Tables for k- 1 and/i «■ 5 thruh- 200; Volume II: 

Tables for k= 1 andr,- 210 thru/1 - 1000. 

Appendix 3C and 3F 

Fisher, R.A., Statistical Methods for Research Workers", 

Oliver and Boyd Ltd., Tweeddale Court, 14 High Street, Edinburgh 1, 

Scotland; Tables for Chl-Square Distribution, and t-Distribution. 

Appendix 3D 

Pearson, E.S., and Hartley, H.O., Biometrika Tables for 

Statisticians", Vol'j«e I, Biometrika Office, university College, 

London, Goever Street, London, WC1, Table 40: Confidence Limits 

for the Expectation of a Poisson Variable. 

Merrington, M, and Thompson, CM., "Tables of Percentage Points 

of the Inverted Beta (F) Distribution", Biometrika, Volume 33 (1946) 

pages.78 thru 87; Biometrika Office, University College, London. 

Appendix 4 (Multifactorials) 

Plackett, R.L. , and Buxwun, J.P., "The Design of Optimum 

Multifactorial Experiments", Biometrika Volume 33 (1946) Table of 

Designs, pags 323, Biometrika Office, University College, London. 
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Th« following tables have been taken from Government 

documents: 

Appendix 33 

Churchman, C.W., "Statistical Manual: Methods of Making 

Experimental Inferences", Frankford Arsenal, Philadelphia, 

Pa., Table I: Areas and Their Standard Sampling Errors for the 

Normal Curve, pages 152 thru 155. 

Appendix 3H 

Odell, P.L., "Tables and Graphs for Determining an Upper 

Confidence Bound on the Number of Defectives in a Finite Popula- 

tion", U.S. Naval Nuclear Ordnance Evaluation Unit, Albuquerque, 

N.M.; Table I, page 9; Table 2, page 10; Table 4, page 14} Table 9, 

page 33J Table II, page 43; Table 14, papr 62; Table 17, page 85; 

Table 19, page 103; and Table 24, page 156. 

Appendix L  (Fractional Factorials) 

U.S. Dept of Conmerce, National Bureau of Standards, "Fractional 

Factorial Experiment Designs for Factors at Two Levels", Applied 

Mathematics Series 46, Superintendent of Documents, U.S. Printing 

Office, Washington 25, D.C. 

Downloaded from http://www.everyspec.com



TABLE OF CONTENTS 

Page 

X PC X ci'-' *S c ■ .. « • o . • . • aeooosvoooootoaa • •»•»•ooooo»f»ooooooo«oooooooooo»»o    111 

ouiBflMiry" ■■" ■>"" ■■" ■'" '• • ■• * ■ ■ "° ° ° ° ° ° ° ■» • ° ° • • • • ° '■ • • °«° *> ° R o* ° ° ° ° ° °p °"ci '■■ ° °p' *j    i 

I Introduction.• •...••••••••■•..•...»••.« ....••«........  3 

I»  Reliability Concept,.....,,,...........,..,,,,..,..,..,,,,...,,  4 

2. Reliability Definition, a...,......,,............................  5 

jj o  ijimx x, Ö. i, i o n s oooooooo..........».«............'.«..«o...».»o«ocooo  o 

A, Laboratory Testing.   6 

B. Information.  7 

4<.  Safety Margins,   8 

5. Ultimate Reliability.  10 

6. Planned Experiments  10 

7. Testing Without Failure.  11 

6. Relation Between Test and Use Conditions  12 

9. Test Plans........  12 

A. Factorial Experiments.  12 

00 X ©S V lHß       llO      J* ftjLX IIT 6 OoOoo»«OOoor>oo(roO*roooooooOo    «••OBOPOOeOOo -L „/ 

II Modern Statistical Concepts  15 

1. Introduction  15 

2. Experimental Errors  16 

3. Population vs Sample  16 

Downloaded from http://www.everyspec.com



Page 

h. Prediction errors lo 

5. Frequer»*/ distribution 17 

C.    Norns«-1 dif-^ribulion - 17 

7- Probability . 18 

8. Parameters 19 

9• Properties of normal curve 20 

10. Randomization 21 

11. Sampling 22 

12. Estimates 23 

13. Predictions  .23 

III   Requirements for a Good Experiment 2? 

1. Predesign phase. 2y 

2. Design phase 31 

3. Analysis phase. 37 

IT   Planning Test Programs k<J, 

1. Statement of problem 1+1 

2. Background information 1+1 

3. Methods of development 2*1 

k.    Design of experiment '»-2 

5. Data collection 1+2 

6. Analysis of data < 1+3 

7. Interpretation of results 1+3 

:: 

Downloaded from http://www.everyspec.com



V  Component Reliability &3 

1. Introduction. .«. ,■'5 

2. Component testing > h$ 

3. Calculation..: 50 

A. Tests of increased severity • ,»» J 50 

B. Life tests - when the number of failures per unit 

cf time is constant i» M 52 

C. Binomial-type data « »M • 5-1 

(1) Binomial distribution • M H 53 

D. Variable-type data , i f»:'-'.'"' 

71   Systems Reliability ««(5'•' 

1. Introduction.•. • •. •♦« f 51* 

2. Calculation •»«5?- 

3. Safety M 59 

VII  Reliability Confidence Intervals » ,...»>6V 

1. Introduction «. £7 

A. Definition »»♦& 

B. Best estimate * ..«#»61 

2. Calculation for components • «*?3 

A. Tests of increased severity. ...fc 

B. Life tests « »*•</& 

rt± 

Downloaded from http://www.everyspec.com



C. At tribute-type data 64 

a. Binomial distribution 64 

b. fypergeometrxc distribution - '-> 

3. Calculation for systems t.... 68 

A. Poisson distribution 63 

B. Other methods . 69 

VIII  Sample Size 71 

1. Introduction 71 

2. Design of experiment techniques in sample size 

determination 72 

A. Purpose and objectives 72 

B. Precision of sampling procedure 72 

C. Precision of testing method 73 

D. Decision errors 74 

a. Type I errors 74 

b. Type H errors 74 

E. The difference that must be detected , 74 

?. Experimental design. j5 

a. Multi-variable experiments 75 

b. Test of increased severity 76 

c. Life test  77 

Tiii 

Downloaded from http://www.everyspec.com



Page 

0. Confidence intervals 77 

a. One-sided level ■ 78 

b* Two-sided level 78 

H. Testing hypotheses 79 

1. Other considerations 79 

a. lot size versus sample size SJQ 

b. Disposition of selected specimens $Q 

c. Purpose of testing 80 

3. Calculation 81 

A. Confidence intervals 81 

a. Variable data 81 

b. Attribute data 81 

(1) Binomial 81 

(2) Hypergeometric 82 

B. Testing hypotheses 82 

a. Variable , 82 

b. Attribute 83 

C. Storage tests , 84 

XX  Laboratory Test Methods for Components  35 

1. Introduction.. &*• • • • 85 

2. Factorial designs » . ...t-vj.... 85 

A. Advantages Ci> • • • 85 

B. Full factorials ...$9 

Downloaded from http://www.everyspec.com



C. Fractional factorials 90 

D. Treatment procedures 91 

E. Analyr' s  .92 

3« Tests of increased severity 92 

A. Introduction » 92 

B. Bruceton up-and-down method 93 

C. Churchman two-stimuli method .95 

D. Discussion of methods 96 

E. Method characteristics S7 

Appendices 99 

1. Examples 101 

A. Confidence intervals 101 

B. Factorial experiment 106 

a. Sample calculation 1C9 

b. Interpretation. 113 

C. Tests of increased severity 114 

a. Bruceton up-and-down method J1U 

b. Two-stimuli method 121 

2. Glossary of terms 123 

3. Tables 139 

A. Minimum contrasts for binomial proportions» J.39 

B. Binomial confidence intervals JA7 

C. Chi-square distribution .26X 

• 

Downloaded from http://www.everyspec.com



D. Confidence limits for the Poisson variable 263 

E. F-distrJ bution , 265 

F. t-distribution. , .273 

G. Areas under the normal curve 275 

H. Upper confidence limits of the number of defectives in a 

finite population. 281 

h. Factorial treatment procedure worksheets 291 

5 • References 339 

Downloaded from http://www.everyspec.com



SUMMARY 

1. The following are set forth: 

a. The concept of reliability of functioning characteristics of 

weapon components in terms of stress and strength. 

b. The operating engineering definition of reliability. 

c. The complex nature of reliability. 

d. Ultimate reliability in terms of safety margins. 

e. The relationship between test and use conditions. 

f. The limitations of reliability determinations imposed by 

testing facilities, information and cost. 

2k A two-phase testing procedure which meets the need for demonstrating 

high reliabilities with small sample sizes is described in a rational, 

objective manner. The first phase involves use of fractional-factorial 

experimentax '^signs to survey effects of important environments. The second 

phase is a test-to-failure procedure (using the environment found most severe 

in the first phase) 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 failure are emphasized. 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 termd, =ind a list of references are 

included. 
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This manual has be~~ prepared for those engineers and scientists 

conducting reliability P.xperiments vho vould like to use statistical 

t~cl:u1iques to improve the efficiency of their experiments. However, it is 

advisable, especially in the planning stages of testing programs, to supple

ment. the inl'ormation in this mauual by occasional consultations vith a 

st.ntisti ~ic..'1 ,, 

Plc.nning experiments. in the modern statiot:i.cal sense compels the ex

pcrir.lcnter cxrJic:a,J:/ to f'onnulate his objectives and the procedures re

quired to o.tta.in theru. This often leads to the recognition of fallacies 

n.nd other difficulties in advance of dat'a. collecting. 

The stat: Jti~a.l aspects of reliability are not uev. All of the neces'" 

sary concepts are adequately treated in modern statistical literature. The 

lack of information about measurable characteristics of' the missile system 

and. the 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 to mnximize the amount of information obtainable from a 

given sample size. Very high relia.bilities (0.9999 and higher if' they exist) 

can be demonotrated from very smaD. sc-.mple sizes ( 25 to 30 items. ) In a.ddi tion, 

3 
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these techniques are definitive enough to serve as standard procedures 

throughout the same or different organizations over extended periods of 

tine. 

Uniform application of these techniques is as important as their 

efficiency. A large part of the value of experimentally determined re- 

liability data is the scope of applicability. Reliability data collected 

by means of standardized procedures are cumulative in the mathematical sense. 

Hence, the precision with which reliability values are known can be improved 

with time as additional data are collected. This makes it possible to ac- 

cumulate a reference file of reliability data on a variety of standard 

components. 

For those readers not thoroughly familiar with statistical terms a 

glossary of these terms has been included in Appendix 2. 

1. RELIABILITr COHCEPT 

It is assumed that for every missile component there exists a true but 

unknown "strength" created by the particular (partj) design developed and 

used by the engineer in building the component. It is further assumed that 

the true "strength" is a constant 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 in very small, and the chance 

1 
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of success (reliability) is very high. It is in this sense that "high 

reliability" is defined. That is, high reliability means high probability 

of successful functioning under actual use conditions] it does not mean high 

reliability under the test conditions. 

2. RELIABILITY IEFIHITIOH 

The accepted statistical definition of reliability is that reliability 

is "the probability of successful functioning in use." This is a general 

definition that is applicable to any operating system. However, to define 

reliability from an operating engineering point of view, the general def- 

inition must be modified to include: 

a. The environmental conditions under which successful 

functioning is required. 

b. The characteristics that are required to function 

successfully. 

c. The length of time or the 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 reliability with respect to any environment can be deter- 

mined only if the test specimens are stressed by that environment until 
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I 
failure is obtained. This means that successively higher levels of severity 

must be used until failure is obtained.» as in the applications of succesi- 

sively 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 

required. This procedure generates the failure rate curve from which the 

average (ultimate) strength (the point at which the stress equals the strength) 

can be obtained by finding the stress at which 50 percent of the items fail. 

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 results. 

3- LIMITATIONS 

A. Laboratory Testing 

In laboratory testing, it is difficult to reproduce the conditions 

which components will experience operationally. In use, several environ- 

ments occur simultaneously; in the laboratory, the environments usually have 

to be applied in sequence. As a result, the environment experienced in use i6 

more severe than that applied at comparable levels of severity in the labora- 

tory. Furthermore, interactions among environments and among components raise 

the level of severity experienced in use by an additional amount. The extent 

to which the level of severity is increased in these cases is usually not known. 

To cope with unknowns of this kind, engineers use "margins (or factors) 

of safety" to assure successful functioning in use. As a rational consequence, 

testing procedures used to test components must, to be of any value, determine 

• 
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the actual margins of safety the engineers have succeeded in building into 

the nev item. To accomplish this, with the limitations imposed by cost 

considerations, careful planning prior to data collection is required. 

Useful and realistic component reliability values cannot be obtained by 

accident or as a by-product of a testing program designed for some other 

purpose, such as controlling quality. However, reliability values can 

supplement but not replace quality control and other engineering information. 

B. Information 

A complicated system of any kind cannot be fully characterized or de- 

scribed by :>  single -muwricel 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 lo character- 

ize 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 

b. Mathematically combined: 

(l) In accordance with the way the environmente 

occur (i.e., simultaneously, in combination, or in sequence)> 
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(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 over-all system. 

C.  Cost 

The cost of measuring the magnitude and interaction effects of ehe 

multitude of variables affecting performance of complex missile systems is 

prohibitive, as is the cost of determining all of an item's possible relia- 

bility values, or even a large number of these values. These costs will per- 

haps remain prohibitive as long as there is a reasonable alternative. 

k. SAFETY MftROIHS 

The use of safety margins to assure successful functioning under un- 

predictable 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, designing 

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 un- 

controlled sad indeterminate variations in environment, materials, and work- 

manship. This concept of "stress" and "strength" can be used as a corollary 

8 
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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 ex- 

ceed 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 withstand several times the 

load expected in use (for the above reasons), then evaluate the design by 

measuring the safety factor of a few representative 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 divided by the load expected in use. The 

"margin of safety" is the difference between those two loads divided by the 

expected load in use. Calculating either of these values is as far as con- 

struction engineers usually go; they do not calculate a numerical value for 

the probability of success in use (reliability) created by the safety factor. 

If the safety factor is large, they feel confident; in concluding (predicting) 

the item will not fail in use. 

Missile engineers also use safety margins. They design margins of safety 

into missile components in many subtle ways and for the same reasons: to 

assure successful performance in use under uucontrolled and unpredictable 

conditions. Here, 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.'* 
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5« ULTIMATE RELIABILITY 

The reliability obtained by testing to failure is the ultimate 

(maximum) reliability, whether a margin of safety Is used or not. This 

is the only unbiased measure of the true reliability created by the design 

of the item. 

Testing without failure demonstrates reliability 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 number of specimens without failure. 

6. PLAHHED EXFEKQCHTS 

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. lest plans must be specifically designed to assure, in 

advance of data collection, that specified objectives will be attained, for 

reliability can neither be tested, nor analyzed into an item. 

* See*Befexence 12 

10 
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Environmental conditions whiwh cause the poorest (minimum) reliabil- 

ities can be found most efficiently (with smallest sample sizes) by means 

of fractional-factorial designs or their optimized 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 environment is then 

used to determine the minimum ultimate reliability by testing to failure, 

using tests of Increased severity. 

7. TESTING WITHOUT FAILURE 

The margin of safety designed into a missile component can be deter- 

mined 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 dries 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, but may create other problems, f,uch as: 

misplaced center of gravity, overweight, and lack of space. 

Testing without failure, which entails large sample sizes, is costly. 

By this method, it takes h60 items to demonstrate a reliability of at least 

99*5 percent with 90 percent confidence. The same reliability can be demon- 

strated (if it exists in the item) with 25-30 items by testing to failure, 

using tests of increased severity. In addition the results of testinc 

11 
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I 
without failure cause difficulty in calculating system reliability from 

component reliability because zeros cannot be mathematically manlpvilated. 

Because testing without failure cannot measure ultimate reliability 

with small sample sizes, trends cannot be detected early enough for tak- 

ing timely corrective action. For example, if the ultimate reliability 

of an item actually exceeds that specified in the military characteristics 

(0.995 or higher), and only 25 items are tested at the use condition 

without failure during each testing period, no trend will be detected 

until ultimate reliability of the lot, or stockpile, drops below 0.91 

(at the 90 percent confidence level). 

8. RELATION BETWEEN TEST AND USE CONDITIONS 

To translate the reliability demonstrated under test conditions to 

a "reliabillty-in-use™ value, the relation between the "use" and "test" 

conditions 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 extrap- 

olation. . 

9. TEST PLANS 

Plans should be made to conduct experiments in two stages: 

A. Factorial experiments: 

For each type cf component, the separate effects of the 

critical environments can be determined most efficiently in one-integrated 

12 
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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 efficisnt. The effect 

of as many as 7 environments can be determined with 8 test specimens, or 

the effects of 15 environments with 16 test specimens. 

B. Testing to Failure 

Within the limitations imposed upon the experiment, determine the 

reliability with respect 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 cal- 

culated. 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 to 

failure with tests of increased severity. 

13 
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IV MODERN STATISTICAL CONCEPTS 

1. INTRODUCTION 

Because of the nature of reliability and because of the methods required 

to determine reliability, modern statistical concepts, such as probability, 

experimental error, population - sample relation, frequency distributions, confi- 

dence 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 demonstrating high reliabilities with email sample sizes can be 

solved. 

Modern statistical methods of experimentation contain a new ingredient 

rot 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 . e called confidence intervals. 

Included in the method of calculating these intervals is a means of con- 

trolling the proportion of the time that the true value is expected to fall 

within the interval. Thus the name. This proportion expresses our "confidence" 

of being right in our prediction that the true value will fall in the interval 

calculated.  Formulas for calculating confidence intervals are given below in 

Section IX: Reliability Confidence Intervals. 

15 
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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. 

As a matter of fact, the same result will seldom 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. 

3. POPULATION VS SAMPLE 

The family of values generated by repeated measurements of the same 

characteristic is called a population. A population is generally assumed 

to be infinite. Any sub-portion of a population is called a sample of that popu- 

lation. A sample is always finite. 

k. PREDICTION ERRORS 

The reasoning behind the new philosophy is as follows: The observa- 

tions or measurements made in any experiment are, in fact, finite samples of a 

much larger (infinite) body of data that could exist had thousands (infinite) 

of observations 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 measured. The objective is to infer from the sample 

something about the population. Experience has taught that prediction (an 

inference) cannot be made with certainty. There is always a chance of being 

wrong. Errors of this type are called the prediction errors. 

16 
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5. FREQUENCY DISTRIBUTION 

If all measurements referred to above are divided into small groups 

or cells having a range equal 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 

taksn 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 

relative frequency of occurrence of measurements (events) in that cell. If the 

total number of measurements available is very large (1,000 or more) and all 

values falling within the cell are counted, a very good estimate of the true 

frequency of occurrence of values in that cell for that particular population 

will result. Doing this for all the cells would give values that could be 

plotted on a bar 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 mdipoints with height proportional to the relative fre- 

quency 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 tliat 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. 
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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 bell- 

shaped.  The family of values forming this distribution is called the normal 

population. 

As the cell width in the bar graph decreases and approaches zero, the 

height of the bar represents the relative frequency for a single value on the 

abscissa. Thus there is a relative irequency for any value in the population 

of measurements. The sum of all the frequencies equals xhe  frequency of all the 

values in the population which is assigned the numerical value of one.  The 

equation for this function is known, but it is of no direct importance for the 

purpose of this discussion.  It can be found in any standard text on statistics. 

7. PROBABILITY 

From a practical point of view relative frequencies (proportions) 

are estimates of probabilities. By definition, if it is certain that an event 

will occur, it is said that the probability of occurrence is equal to unity. 

If it is certain that an event will not occur, it is said that the probability 

of occurrence is equal to zero. 

In the above example, if the cell width was equal to the range of the 

population (from the maximum to the minimum value in the population) 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 
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this "cell."  The number of values falling within this "cell" divided by the 

total number of values will equal 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 new cell is taken having a maximum limit less 

than the minimum of the above population, it is certain that the next value taken 

from the above population will not fall 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 

ths total number of values will equal zero. That is, the probability of a 

valuesfalling within the cell (the event) is equal to zero. 

The area under the normal frequency distribution is used to measure 

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 parameter is called the true or popu- 

lation mean and is measured by the arithmetic average of all the values in 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. 
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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 frequently 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: 

Z = (x - /i.)/ <r 

This is the linear 

measure of distance 

along the base of the 

curve in standard 

deviation units. 

Where: >* = The true population mean. 

a1 » The true population standard deviation. 

X = Any observed 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 devia- 

tions will include 95-^5 percent of the total area under the curve.  These 

values are used to make probability statements.  They mean either or both of 

the following: 
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A. In generating a normal  famly  of values, 68 percent of the 

total number of values will lie within plus or minus one standard deviation of 

the mean. This is especially true if the total number is very large—i.e., 

1,000 or more. 

B. Randomly chosen values from the normal population have a 68 

percent chance or a probability of 0.68 of falling within plus or minus one 

standard deviation of the mean. 

This distribution is unique in nature.  It is the curve of regression 

for the distribution of all small sample averages. 

10. RANDOMIZATION 

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 kind. This procedure is free of biases 

of all sorts.  It is the only procedure which will permit the free play of chance 

variations, which are 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 random numbers to determine which items to select and in whitt order to 

select them. Random selection is the process used in lotteries, all numbered 

tickets being deposited in a revolving drum and a single drawing made by a blind- 

folded 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 equal chance 

of being selected. The process of random selection then not only permits the laws 
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of chance to determine which item is to he chosen, hut also the order in which 

successive items are chosen.  This procedure relieves the experimenter completely 

of any responsibility concerning "which item" and "which order.  In the lottery, 

the operator wants to he "fair,"  In an experiment, the experimenter wants to 

be unbiased. 

11. SAMPLING 

In a lottery the relative frequency of occurrence of any particular 

number is equal to the relative frequency of occurrence of any other number in 

the drum (population).  Each number has an equal chance of being selected if the 

selection procedure is truly random and unbiased.  However, the relative 

frequency of occurrence of the values in a normal population is not equal. 

Theoretically, 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 are mixed well (i.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 trials (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 
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considered as representing the population in an unbiased manner.  Samples must 

correctly represent the population from which they are taken if valid inferences 

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 raridomty 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 is called a "point estimate" to dis- 

tinguish 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 observa- 

tions 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 

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. 
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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 popu- 

lation parameters might be or, given two 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 standard deviations are, for all 

practical purposes, equal to the population parameters and prediction becomes 

unnecessary.  In practice, however, such large samples are generally not avail- 

able.  They are too costly to obtain. The problem, 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 cannot be made with cer- 

tainty — there is 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 modern statis- 

tics 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 
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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 assumption of normality is quite valid» This it) true of 

attribute (counted) data only where they are transformed to variable data by 

some such process as the arc-sine transformation. 
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Ill IffiQUIREfrgNTS FOR A GOOD EXPERIMENT 

1.    FREDESICK 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 characteris- 

tics are of interest or must be determined. This should include: 

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 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 experiments. 
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b. Position of levels 

In using only two levels those used are usually the extremes, 

such as the presence and absence of an environmental treatment or extremely low 

and high temperatures. 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 U> detect differences among environmental effects when the 

levels of severity used are such that approximately 50 percent of the test 

specimens fail. 

E. Scope 

Consider the entire scope of the problem. Without regard to 

cost, time, or effort consider 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 systematical- 

ly planned approach. It also makes it possible to relate your test plan to cost 

and the amount of information required. 

F. Possible Outcomes 

Consider all possible outcomes and their physical interpretation. 

Results that have 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 
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to temperature 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 are expected to answer. To show conclusively that com- 

ponent 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 efficiency. Variable type data can vary from minus infinity 

to plus infinity and furnish the maximum information per observation. Attribute 

data are "success" "failure" type data and furnish the least information 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 uc .ng variable data to determine reliability (see below). 

J. Choice of Experimental Units 

a. Definition of Experimental Unit 

An experimental unit (test specimen) is the smallest 

sub-division of the experimental material that can receive different 

treatments. 
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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. 

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 changes are made on tha basis of experimental results, 

the items used to obtain the 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 any of the others. 

Using a separate iten for each treatment combination will usually assure inde- 

pendence . 

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 conditions expected in use. This is 
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an engineering decision that must be based on good judgement and intimate 

knowledge of the purpose of the experiment. 

L.  Sequential Approach 

The first experiment may have to be considered exploratory 

in nature. One or more ideas may be generated during the first experiment con- 

cerning parts design modifications or questions may be raised from the results 

of the first experiment concerning the exact effect of the environmental treat- 

ments. In either case additional experimentation would be required to: 

a. Confirm the validity of the modified parts design. 

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 the 

results of the first experiment are obtained and analyzed before the next ex- 

periment is designed. 

2. DESIGN PHASE 

A.  Choice of design 

The factorial design and its modifications described in this manual 

meet the requirements of environmental testing experiments better than any other 

known design.  The advantages of the recommended factorial designs for environ- 

mental testing are as follows: 

a.  Simple to use and analyze. 
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b. No control groups are required. 

c. The two levels of each treatment can be the presence and 

absence of the treatment, if desired. Alternatively, any two levels of the 

treatments cf\n be used. 

d. Each treatment effect can be determined independently of 

all the others. Unambiguous conclusions can be drawn about each treatment's 

effects. 

e. Complex experiments involving a large number of treat- 

ments can be easily handled. 

f. These are the only experimental designs with which the re- 

lationships among treatments can be measured. These designs can determine 

whether the effect of one treatment depends 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 (l/2, l/U, l/8, etc.) of the total number of combinations 

of-treatments and levels need be used. These designs are called fractional fac- 

torials and optimum multifactorials. 

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 other known procedure. 

k. The effective sample size is increased by making it possible 

to use each observation (or measurement) for more than one purpose. In fact, 
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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 number 

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 question is whether it is worthwhile to do the experiment at all. 

If the number of 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 required 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 least 

32 items for nine through thirteen treatments. With twice these numbers of 

items, the latter designs can also measure interactions. 

C. Orthogonality 

The property of these designs, known as orthogonality, must be 

preserved in order to simplify the analysis and interpretation of the results. 

This can be done by keeping the number of observations per treatment combination 

equal and constant throughout the entire design. Orthogonality insures that all 

the environmental effects and their interrelationships can be independently es- 

timated without entanglement. 
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D. Confounding 

Confounding is the converse of orthogonality.  It means confusing, 

entangling, or equating two or more factors or treatments so that their separate 

effects cannot be determined. For example, little can 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 the 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 confounding should be avoided. 

E. Interactions 

Interaction is said to be present when certain particular treatment 

combinations produce 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 (average) effects. Any statement about the average effect of a 

treatment must specify the level of the interacting treatment associated with 

that average. 
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However, determination of interaction effects may be the most important informa- 

tion obtained from an experiment.  It can explain what otherwise appear to be 

contradictions. This is the extra information furnished by factorials that 

cannot be obtained from other designs. Plans should be made to use factorials 

that can measur? interaction effects if there is a possibility that they exist. 

Higher order interactions can be used as estimates of the error term when 

multiple replication is not used. 

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 performed in sets, so that a complete repli- 

cation 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 control. Multiple replications are also used for the follow- 

ing purposes: 

a. Increase the precision with whichtreatment 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 con- 

tinuous scale in analysis of variance procedures. 
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3 
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 subtracted out of the system. 

That is, the object of blocking is to make it possible to conduct the experiment 

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 observa- 

tions in complete replication 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 re- 

quirement 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. 

36 

Downloaded from http://www.everyspec.com



b. Removes systematic error. 

c. Relieves the experimenter of the responsibility of choosing 

which item of test or which test to conduct. Each item or test is equally likely 

to be chosen.  In this sense the experiment 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. However, the use of randomization can be 

abused. Randomization should not be used to conceal large variations. This 

drastically reduces the sensitivity of the experiment to detect small differences. 

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 randomization 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 can determine how, when, and 

where to use randomization. 

3. ANALYSTS 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 variations, 

these differences are said to be non-significant.  This means that the observed 

results originated from the same source (population). When the observed 

differences ha-«assignable causes they are said to be significantly different. 
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This means that the observed results have originated from different sources 

(populations).  In a well planned experiment these sources can be identified. 

In the case of a non-significant difference, changing the treatment from its 

lower level to its highei level has not caused a detectable difference.  In 

the case of a significant difference, changing the treatment from its lower 

level to its higher level has caused a detectable difference. 

B.  Interpretat ion 

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  For- 

tunately the factorial designs are very helpful in avoiding ambiguity.  To 

conclude 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: 

a. The range of validity of the conclusions concerning the 

average (main) effects is extended by the inclusion of more than one variable 

in the experiment. 

b. Physical interpretation of interactions explain and clarify 

underlying mechanisms and relationships. 
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C. Qualitative Data (Success or Failure) 

When only one observation is taken for each treatment combination, 

analysis of the results from the factorial designs described in this manual is 

made very simple by using the tables 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 Exact Method for 

2^2 Contingency Tables. This test is valid even for 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 transforms 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 

interpretations 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 conducted on the observed data provided the 
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variances are homogeneous throughout the design.  Since this procedure is some- 

what 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 statis- 

tician be consulted for this analysis. 
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If PLANNING TEST PROGRAMS 1 

1. STATEMENT OF THE PROELSM 

A. Identify the new and important problem area. 

B. Outline the specific problem within current limitations. 

C. Define exact scope of the test program. 

D. Determine relationship of the particular problem to the 

whole research or developnent 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. Consider the effect of sampling variability and of 

precision of test methods. 

h. Consider possible inter-relationshipB (or "interactions") 

of the factors. 

a This outline was received in a private communication from Mr. Charles Bicking, 

Office, Chief of Ordnance. 
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j. Determine limitations of time, cost, materials, manpower, 

instrumentation and other facilities and of extraneous conditions, such as 

weather. 

k. Consider human relations angles of the program. 

k. 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 con- 

trolling, 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 COLIECTION 

A. Develop methods, materials, and equipment. 

B. Apply the methods or techniques. 

C. Attend to and check details; modify methods if necessary. 
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D. Record any Modifications of program design. 

K. Take precautions in collection of data« 

F. Record progress of the progran. 

6. AKAI3SI8 OF DATA 

A. Reduce recorded data, If necessary, to numerical form. 

B. Apply proper mathematical statistical techniques. 

7. IHTERPHBTATIOK OF BESUITS 

A. Consider all the observed data. 

B. Confine conclusions to strict deductions from the evidence 

at hand. 

C. Test questions suggested by the data by independent experiments. 

D. Arrive at concjusicns as to the technical meaning of results as 

veil as their statistical 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. 

43 

Downloaded from http://www.everyspec.com



T COMPOHERT PKT,TAPITJTr 

1. DTCRODUCTIOH 

Reliability Is the probability of the successful performance of a 

specified characteristic: 

A. Under a specified condition or set of conditions» 

B. For a specified length of time» 

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 vith age or storage life. This 

requirement involves the use of life-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 predictions 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 can also be used to determine the reliability 

of an item with respect to environments whose level of severity can only be in- 

creased by increasing the length of time of exposure. To do this, however, 

requires the establishment of a minimum length of exposure time for successful 

functioning. The difficulty here is that component reliabilities established 
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by tests of increased severity,  in which tine is the variable, are not comparable 

with component 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 

sane system to calculate the reliability of that system and have the result 

meaningful. 

The Ideal Test Condition 

The ideal condition for determining reliability is that condition found 

in tensile or compression testing. That is, the following conditions exist which 

make; possible the most efficient determination of the ultimate strength: 

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

2. The severity of the applied stress can be easily increased 

until failure occurs. 

3« The magnitude of the applied stress is continuously available 

BO that the load at the point of failure can be directly observed. 

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

5« The average of the observed results is an unbiased estimate of 

the ultimate strength. 

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 
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of the ultimate strength and therefore the margin of safety from vhich 

reliability-in-use can be calculated. 

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 505t point on the cumulative frequency curve estimates 

in the indirect methods described in Section XI 3: Tests of Increased 

Severity. This average value at the point of failure in the ideal test 

and the 50j6. point in the indirect methods is important since it is the 

only unbiased measure of the ultimate strength, the margin 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 disadvan- 

tages 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 (iTt)-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 information of this kind assumes that the 

margin of safety is equal to zero. 
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2. COMPONENT TESTING 

Component testing can be accomplished in either of two ways, 

controlled laboratory tests, or flight tests. Each of these has its ad- 

vantages 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 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 desired treatment. 

d. Results - unbiased estimates of reliability can be obtained 

by testing to failure in a predetermined manner so that the average reliabllity- 

in-use can be predicted from the test results. 

e. Efficiency - Tests of increased severity can be used to 

demonstrate high reliability with small bample 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. 
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B. Disadvantages of controlled laboratory testing are: 

a. Facility limitations - Environments must be applied in 

sequence instead of simultaneously as experienced in use. 

b. System reliability prediction - System reliabilities are 

riedicted with incomplete 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 components 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 predictions based on component values and other information. 

D. Disadvantages of flight tests are: 

a. Observation - The tested specimens are not available for 

examination. 
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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. 

E. From the above description of the relative merits of laboratory 

testing and flight testing the following conclusions can be dravro: 

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 pagell3 for curves) and which can 

be found by entering a table of areas under the standard normal curve (Appendix 

Q) with the following normal deviate: 

(Xl - X2) - (»1 - lfe) 
Z - 

•/'!♦ «1 

So 
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A failure can occur only when: 

Therefore the normal deviate becomes: 

M« - M, 
Z £ 

ess value Xj = any stress value 

Xg - any strength value 

Mj = True (but unknovn) mean of the stress distribution 

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

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

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

The above values can be estimated from sample results as follows: 

A   A 
R = 1-P 

Where: 

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 curvre (appendix 3G) 

with the following calculated value: 

■    ' 

Where: 

A 
T = The normal deviate listed in appendix 3G for each P value. 
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T. = Average in-use condition (in terms of the environmental stress level) 

established by experience or actual measurement of the handling, storage, or 

flight conditions. 

"X*g = Average 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. 

X|- Xg - Absolute difference between the two averages without regard to the 

algebraic sign, which is a measure of the margin of safety. 

S| = Standard deviation of the in-use conditions (in terms of the environ- 

mental stress level) established by actual measurement of handling, storage, and 

flight conditions. 

s2 = Standard deviation of the stress at the observed point of failure or 

standard deviation of the failure rate curve (in terms of the environmental stress 

level) established by a Bruceton-type test of increased severity when the environ- 

mental 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 the length of time (t^) is observed for each failure and the test 

terminated at the exact time (ta) of the last failure: 

R = e- t/m 

Where: 

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

failures in time (t). 
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e = 2.7183 

t, ♦ t» + — ♦ t« ♦ (n-a)to  v, 
m - —- ■ 5—- ■ —* = _ = Time per failure a a 

t* = 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. 

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 applicable when these conditions pertain: 

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

large or infinite. 

b. The sample size is less than 10 percent of the lot size. 

c. Each test specimen can fail in only one way. 

R = £ 
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. 

Ü. Variable-type data. By definition reliability is the probability 

that an item will perform successfully under a specified set of conditions which 

can include environments, or time, or both.  If it does not perform 

successfully, the item fails. By definition there are only 
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two possible outcomes; success or failure. There are no other alternatives 

In reliability testing.* Half of the test specimens used car perform suc- 

cessfully, but any particular specimen cannot "only half succeed" 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 counting 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 aro 

more efficient than attribute data because more information is obtained per 

observation. Bat this advantage of variable data does not pertain to reliability 

testing except in the direct method where the observed.values estimate the ultimate 

strength.  If variable data ^Q 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 calculating reliability. 

The probability of a measured valuejexceeding a given limit obtained 

from the average and standard deviation of a dependent variable (such as, ohms 

*Reliability testing means the stressing of a test specimen by an 

environment or time, to measure the margin of safety. 
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resistance, percent elongation, timing accuracy or hardness) at ambient 

static conditions does not measure reliability. There can never be a reliability 

vith respect to a dependent variable. Dependent variables are properties of 

an item or material the same as reliability is a property. 

An item or material cannot be stressed by, or subjected 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, S.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 

variable. The average and standard deviation of dependent variables at ambient 

static conditions can measure only the quality of material, the quality of the 

manufacturing process, or the effect of handling or storage on the measured 

properties - not reliability. Although there can be reliability with respect 

to storage conditions, this reliability must be measured using time as one of 

the independent variables in distributions such as the Poisson. Reliabilities 

of this kind are stated In terms of the probability of no failures in a given 

length of time, not as the probability of a value exceeding a given limit. 
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VI SYSTEMS RELIABILITY 

1. INTRODUCTION 

The advantages and disadvantages of laboratory and flight tests 

described above for components 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 complete systems is 

expensive and difficult even in the laboratory. As a result, it is concluded 

that component testing must be done during the development phase in order to 

obtain the required detailed information when it is needed.  In so doing, 

all of the shortcomings of the several methods of reliability testing which 

constitute the state of the art, 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 overestimate reliability. 

a. Applying environments in sequence instead of simultaneously. 

b. Estimating reliability with respect to only one environment. 

c. Calculating system reliabilities on the assumption that 

components function and react to environments independently. 

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

57 

Downloaded from http://www.everyspec.com



The one big advantage of testing complete cystems under use conditions 

after the R and D phase, such as flight tests during stockpile testing., is ehe 

higher reliability that can be demonstrated in series systems with a given sample 

Size. For example.if 15 adaption kits are flight tested without a failure, this 

demonstrates a system reliability of at least 85 percent at the 90 percent (one- 

sided) confidence level.  On the assumption that the adaption kit is made up of 

5 major components in series, it would be necessary that 70 of each of the 5 

major components be tested without a failure to demonstrate an equivalent 

system reliability calculated from the components.  In addition the difficulty 

of how to apply the environments to the components in the laboratory would be 

encountered. 

2. CALCULATION 

Obtaining point estimates of system reliabilities from component 

reliabilities requires the development of a probability equation based on the 

circuitry of the system and the laws of probability.  Since this procedure is 

treated extensively in readily available literature such as reference 15, it 

has not been included here. 

Wien each test specimen (such as a system) can fail in more than one 

way, the Foisson distribution can be used as follows (ref. Ik): 

4-e -x 

Where: 

R = Sample reliability under the test condition as the probability of 

no failures. 
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e - 2.7183 

X ■ 3/n the average number of failures. 

Ü " 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 characteristic can be obtained from the techniques described 

herein for reliability, with Blight modification. 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 complement. 

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

following diagram: 

PROBABILITIES 

Safe   +    Unsafe   ■ 1 

t .  )  (   ) 
GOOD + DUD + PREMATURE + LATE» 1 

L^JI „ 1 
Reliable   +     Unreliable - 1 
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VII RELIABILITY CONFIDENCE INTERVALS 

1.   Introduction 

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 probability 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 us •£. 

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 could be 

used. This means that the estimator should be precise. An estimator that is 

both unbiased (accurate) and efficienx (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. 
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In most engineering work the arithmetic average of variable 

date 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 sampxe average. 

In reliability testing the "best estimate" is the observed 

proportion of successes or failures. Anything else cannot qualify as a "best 

estimate,". For example, the various attempts that 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: 

(l) The lower 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. 

•; 
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2. CALCULATION FOH COMPONENTS 

A. For tests of increased severity 

Calculate the limits of the confidence interval for X^ as 

follows (ref. 3): 

X2 ±   
ts2 

Where: 

X2 = Average stress of the failure distribution, or the stress at the 50 

percent point on the failure rate curve generated by a test of in- 

creased severity, 

t = Coefficient by which the standard deviation is multiplied to control 

the confidence level. 

Sg = Standard deviation of the failure rate curve (generated by a test of 

increased severity) in terms of the stress. 

ri2 = Sample size used to obtain Xg. 

These adjusted values of X^g are then substituted for Xg 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 1he average (point estimate) reliability- 

in-use. 

B. Life tests 

When the length of time (t-jj 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 
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Where: 

R = True Reliability 

e = 2.7183 

U = Upper percentage point of the chi-square distribution obtained from 

Appendix 3c for half alpha and 2a degrees of freedom. 

L = Lower percentage point of the chi-square distribution obtained from 

Appendix 3c for one minus half alpha and 2a degrees of freedom 

t = Required failure-free time. 

t, + t2 + t3 +   + ta + (n-a)ta 
m = 

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 sample size is less than 10$ of ths lot size. 

(3) Sampling is done with replacement. 

Lower Limit (page 373 ref. 23): 

a  
*l " a + (n-a+1) F, 
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Where: 

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. 

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

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

V, = 2 (n-a+l) 

\  = 2a 

Upper Limit: 
(a+l) F2 

P? "  (n-a)  + (a+l)F2 

Where: 

P« = Upper limit of the confidence interval for defects or failures. One 

minus this proportion is the lower limit of the confidence interval 

for successes. 

a ■ Number of defects or failures. 

n =■ Sample size or total number of trials. 

Fg = Upper percentage point from a table of the F-distribution. 
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Enter the F-table in Appendix 3E with the following values: 

V, = 2 (a+l) 

V2 = 2 (n-a) 

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

b.  Hypergeometric distribution: 

This distribution is applicable when each test specimen can 

fail in only one way and when all of the following conditions pertain (page 

120 ref. 21): 

(l) The lot size is small (finite) but can be considered the 

population ar-ä not a random sample of a much larger volume of material. 

(2.) Sampling is done without replacement. 

(3) The sample size exceeds 10 percent of the lot size. 

The usual formula for the hypergeometric distribution calculates 

the probability that a given sample will contain exactly "x" defectives. 

This calculation is based on the size of the lot (population) when the lot 

fraction defective is known. However, the converse of this is usually required. 

Thus, knowing the observed fraction defective in the sample, the upper con- 

fidence bound of the fraction defective of the lot is required. Tables based 

on the "hypergeometric distribution have been prepared from which the desired 

information can be obtained directly (see Appendix 3H)•  In addition, the upper 

confidence bound of the fraction defective of a finite lot can be estimated by 

multiplying the upper confidence bound of the fraction defective of an infinite 

lot by the following factor: 

/ N-n 
(see page 121 ref. 21) 
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Where: 

H « The lot size. 

n ■ The sample size required to calculate a given upper confidence bound 

of the fraction defective in an infinite lot, using the binomial distribu- 

tion. 

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 

•amples. This comparison is shown in the following table for samples containing 

He defectives and for the 90 peroent one-sided confidence level: 

Sample        Lot  Proportion Defective 
Size Size 

2 1+0 

1+ 

8 

16 

32 

5 1QP 

10 

20 

1+0 

80 

* Finite lot size taken as the population. 

** Infinite population. 
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Hypergeometric* Binomial** 

.675 .681+ 

Aoo .1+38 

.225 .250 

.100 .131+ 

.025 .070 

.36 .369 

• 19 .206 

• 09 .109 

.01+ .056 

.01 .028 
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Sample 
Size 

Lot 
Size 

10 200 

20 

fco 

80 

i6o 

Proportion Defective  
Hypergeome trie* Binomial** 

.20 .206 

.10 .109 

.05 .056 

.02 .028 

.005 .Olfc 

* Finite lot size taken as the population. 

** Infinite population. 

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 and stockpile 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. ik): 

e-U/ngRje-L/n 
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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 3^. 

n = Number of test specimens (systems) used. 

B.  Other methods 

Wien the system reliability is calculated 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 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 little 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 (l-8) where (K) 

is the system sample reliability and (n) is the average sample size which equala 

the sum of the component sample sizes used to determine (R).divided by the number 

of component types (or kinds) that comprise the system. This procedure is quick 

and easy to calculate and is sufficiently accurate for most purposes. 

d. Because of the efficiency of testing entire systems 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 prediction procedure is required. 
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VIII SAMPLE SIZE 

1. INTRODUCTION 

Because of economic considerations, the question of how many specimens 

to test (or how large a sample size to use) is always given e. 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 coarse, if no testing is done there is no verification that the newly de- 

veloped item is useable and no information concerning the condition of a stored 

item. 

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 discarded. Only the precision with which the reliability is de- 

termined 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 information with minimum cost, effort, and material, 

essential information being defined as the minimum information required such 

that additional data will not change the conclusions; To accomplish this the 
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following design of experiment techniques must be considered, since the question 

of sample size cannot he answered out of this context: 

2.      IESIGM OF EXPERIMENT TECHNIQUES IN SAMPIE SIZE EEOERMINAIION 

A. Purpose and Objectives: 

The purpose of any testing program is to verify the hypothesis 

that objectives (including 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 minimum sample size 

these procedures must be highly efficient. By efficient is meant maximum 

precision 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 the remaining (usually larger) 

portion of items. To have these inferences valid the sample must "represent" 

the remaining portion of the lot or population. If the lot is homogeneous, a 

representative sample c&n be obtained by random selection.  That is, each in- 

dividual item in the lot must have equal chance of being selected.  If the lot 

is not homogeneous but stratified in some manner according to geographical 

location, weapon, or manufact ring 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 number of randomly selected specimens should be 

selected from each stratum.    The number selected should be apportioned ac- 

cording to the size or importance of each stratum.  If the number of strata is 

large, then specimens should be taken from only a part of the strata. If all 
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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 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 only 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.  Ob- 

viously this type of method is to be avoided. 
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It is important to have available the most precise methods possible, 

since, as can 'oe  ':'-en below from the formulas, the samy.le size varies directly 

as the square of the standard deviation. The only wf.y precise methods can he 

made available is via a continuous program of methods development. 

D. Decision Errors 

Because all testing is done on a sample basis, decisions (in- 

ferences) must be made about the lot haseci on the information gained from the 

sample. This in reality is a form of prediction  We all know that predictions 

cannot be made with certainty. However, "Ghere are oiu.y twr kinds of error that 

can be committed in drawing inferences about the lot: 

a. Type I error is rejecting good material. 

b. Type II error is accepting poor material. It is desirable 

to keep Doth of these errors small. Their magnitude can be controlled by the 

number of specimens (sample size) tested in any given situation as shown below. 

In practice^the magnitude of these errors chosen is based on the consequences 

of being wrong.  (For example, the consequences of rejecting good material 

(Type I error) can cost only dollars, but the consequences of accepting poor 

material (Type II error) can cost lives and lose wars,)  Then,the sample size 

required to maintain both errors at the selected levels is calculated. 

E. The Difference that Must be Detected 

In a testing program of any kind a decision raust be made about 

at least one of the following requirements before anything can be said about 

sample size: ' 'r\. 
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a. The maximum confidence interval that car be tolerated for 

&he particular purpose intended. 

b. The minimum difference (between two values) necessary to be 

detected for t.\e purpose intended. 

These requirements can be established only through knrt.ied.?3 

of the objectives ^nd purposes of the system under consideration.    For» 

tur*»t<aly, this kind off information is usually well knovm to ehe engineer. 

Saw; I»  sii.e varies inversely as the square of the difference to be detected. 

Tin ?Aiaple fj.Jjj'3 required to detect a difference of  (d/2) is four times that 

;*ec;vxi-;:d to detect a difference of(dj. 

F.    Experimental Design 

a.    Multi-variable Experiments 

If effect of more th?.n one variable  (such as effect of 

racpa than one environment) must be determined, experimental design is ex- 

tremely important in keeping sample size to a miniaunu    (By experimental 

dssign is meant the pattern or combination of the variables used to collect 

data.)    If these combinations are correctly chosen, efficiency of the ex- 

periment can be greatly enhanced.    In fact, the efficiency is improved by 

a factor equal to the nurifcer of variables included in the design.    For example, 

to obtain a given precision, a iactorial design for three variables requires 

only one-third the »lumber 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.) 
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At least one test specimen is required for each combination used. When this 

number becomes large, only a part of the total number of combinations need he used 

in designs called fractional factorial designs. These 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. However, these methods are highly efficient.  That is, 

nigh reliabilities (if they exist) can be demonstrated with small sample sizes. 

For example^a reliability of .995 at the 90$ (one-sided) confidence level can he 

demonstrated with kO  to 50 items with these methods. Higher reliabilities would 

require no larger sample size. In addition,these methods make it possihle to 

calculate the reliability under the use condition. 

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 condition only. It would not be possible to 

calculate the reliability under the tise condition. To demonstrate higher 

reliabilities (if they exist) would require larger sample sizes. 
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c.  Life Tes' 

When time is the variable instead of the environment as 

in storage during Stockpile programs, the Poisson distribution is applicable. 

In this case the sample size required to demonstrate 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 reliability above 0*90, 

G.  Confidence Intervals 

A confidence interval is defined as that interval around a 

sample value (such as the average) in which we expect the true (population) 

value estimated by the sample to lie.  The confidence 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»chere are two ways in which an area equal to alpha can 

be cut off: 

a.  By cutting off an area equal to alpha all in one cail of 

the curve. 
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b. TSy  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 dis- 

tinguish 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. 

The 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 

what 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-sided confidence levels for reliability 

are higher than two-sided levels is not a valid reason for choosing one-sided 

confidence levels. 

With these considerations in mindjthe sample size required for 

a given confidence interval can be calculated as shown below. Conversely, for 

a given sample size, the magnitude of the associated confidence interval can 

be calculated. However, for variable type data the standard deviation must be 

known. 
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H.  Testing Hypotheses 

Tests of hypotheses are used to compare two or more valuesj such 

as reliability 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 decide 

that the reliability value obtained during the second testing period is smaller 

than that obtained during the first testing period is very disconcerting if the 

value obtained in the third testing period is larger than the first reliability 

value obtained.  This is especially disturbing if the decision has led to more 

testing or replacement of parts$ bat  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 important in Ordnance work because 

of the consequences of being wrong. The only way that these errors can be con- 

trolled at predetermined values is to calculate the sample size required to do 

so in advance of data collection. Experience h&a  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 obtained the following additional considerations 

should be made: 
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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 must be taken into account.  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 other reason, this fact 

must be taken into account. 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. Purpose of Testing 

A decision should be made pr.^or *o data collection 

concerning the purpose of the testing.  If the purpose is to draw a conclusion 

about only those items in a small (finite) lot and if both of the two above 

conditions pertain, then the sample size can be reduced slightly through use of 

the hypergeometric distribution. This distribution finds its most frequent use 

in acceptance testing where the purpose is to predict the expected fraction 

defective of a particular small lot of items.  If such a lot is placed in stock- 

pile, however, then the hypergeometric assumption is no longer applicable since 

the purpose of testing is now different. Small lots of material in the stockpile 

represent larger lots of indefinite size. The characteristics of this material 
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are studied and recorded for their value in future applications. That is, the 

purpose of testing is to draw inferences about the larger volume of material 

represented by the small lot on hand.  In this latter case, only the binomial 

assumption concerning lots of infinite size is applicable. 

3, Calculation 

A.  Sample size required for a given confidence interval 

a.,  Variable data 

n= —^ " 

Where: 

n = Sample size 

t = Standard deviate associated with the alpha error used to control the 

c onfidene e level. 

s = Sample standard deviation. 

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

deviation. 

b. Attribute Data 

(l) Binomial Distribution 

There i s 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 existing tables for binomial confidence 

intervals to find the sample size required for a given interval.  Tables useful 

for this purpose are: 

One-Sided Limits: 

Appendix JB 
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Two-Sided Limits; 

Appendix 3B 

(2) Hypergeometric 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 this 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/(R+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 

ar fcr + f) ■   f 
d 

Where: 

n ■ Sample size 

t, - Standard deviate associated with the alpha error 

t2 ■ Standard deviate associated with the beta error. 
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s = Sample standard deviation 

d = Difference that must 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 for hypothesis 

testing using attribute data can best be determined from the tables for minimum 

contrasts in Appendix 3A.  These tables give values in the following format: 

Minimum Contrasts Required for Significance at the 95$ Level 

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

k 0/k 1/- 

5 oA     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: 

For a sample size of 5, the value in the first column 

of this row (OA) means that if no failures are obtained in the first sample of 

5, at least k  failures must occur in the second sample of 5 before the observed 

difference can be declared significant at the 95$ level of confidence.  This_,in 

turnjmeans 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. 
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C. Sample size required in storage programs vhere time is the 

variable; 

N =   a 
1-R 

Where: 

H = 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 con- 

ditions of interest in one integrated factorial experiment to select the 

environments causing the liighest 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-n^1 factorial designs or their optimized modifica- 

tions are the most efficient experimental methods known for selecting the treat- 

ments 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 environment which has been experimentally found to cause 

the highest failure rate. This results in predicting the minimum reliability 
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. 

with respect to the separate environment,» 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 reliabilities. 

See Appendix k for some of the more useful two-to-the^n"1 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 treat- 

ment procedure 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. 

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 n.'.ne 

through 13 treatments. With twioe these numbers of items, the latter type 

designs can also measure interactions, i.e., how the effect of any one environ- 

ment depends upon the others. Interactions among treatments cannot be measured 

except by factorially designed experiments. 
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Factorial designs permit a type of statistical analysis that distin- 

©lishes 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 

purpose. 

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 the 

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 test- 

ing 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 factorial procedures. 

d. This is the only experimental design in which the relationship 

among the treatments can be measured. The factorial design can determine 

whether the effect of one environmental treatment depends upon any of the 

others. These effects are called interactions. 
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e. The probability ui' being right or wrong can be controlled. 

f. When the number of treatments used becomes large (three or more)* 

only a fraction (l/2, l/k,  l/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 

variBnce 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 belov. 

Results of factorial experiments are used as a guide to select which 

environment to use for determining reliability prior to conducting the test of 

increased severity. The factorial experiment surveys all of the environmental 

treatments of interest (with a minimum number of test specimens) to determine 

the difference, if any, among the environmental effects. A decision is then 

made whether to redesign the item. If the item is considered acceptable at 

this time, reliability is determined using the environmental treatment or 

treatments found to be most severe. If no differences are found among the 

effects, reliability can be determined by using a combination Qf several 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. 
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B. Full factorial designs (ref. IB). 

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 down 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: 

C 

23 FACTOEIAL DESIGN 

Ai A2 

(l) b 
B4     E2 

a    ab 

c be ac   abc 

The lower case letters and the symbol (l) In the body of the table identify each 

of the eight (2-' = 8) treatment combinations that constitute this design. These 

combinations are derived from their position in the table. For example, the 

symbol (l) is located by A( B| C, which means that all three treatments are at 

their lower level. The lower case letters (ac) are located by Ag B| C% 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 V 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 each treat- 

ment combination are required for an independent estimate of experimental error. 
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An equal number of observations at each treatment combination is required to 

keep the design orthogonale 

C. Fractional factorials (ref. 6) 

As the number of treatment variables increases., the number of 

treatment combinations* and therefore the number of test specimens required 

for a complete replication, 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 situations: 

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

b. The information in the higher order interactions (three- 

factor interactions and above) is of little practical use. Fractional factorial 

designs were developed to avoid these situations and thereby improve the efficiency 

of designs for multi-factor experiments. 

When less than all of the possible combinations in a factorial 

design are used, the design is said to be a fractional factorial. For the two- 

to-the-n  series there can be half, quarter, eighth, sixteenth, etc. portions 

of the full factorial used. These portions are called fractional replicates, 

where a full 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 
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factorial are the least important. This fact is made use of by equating new 

treatments to the 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 2' factorial. Detailed procedure for designing fractional factorials can 

be found in reference 18. At least one observation for each treatment com- 

bination is required to keep these designs orthogonal. 

D. Treatment procedure 

The factorial designs described in Appendix k are those most 

frequently used in environmental experiments. They are described 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 correspond to the treatment com- 

binations 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 rust 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. 
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The blocks in which some of the designs are divided are for the 

primary purpose of 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 conditions whose effect 

it is desired to evaluate, such as, firing conditions, functioning conditions, 

temperature conditions, or different lots of material. Identifying the blocks 

with different conditions or 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. 

E. Analysis 

An example of one type of analysis that can be used with factorial 

designs is given in Appendix 1. This is the simplest possible analysis. The type 

of analysis that can be made depends upon the class of design used, the kind (at- 

tribute 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 ar^lysis 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. 

3. TESTS OF INCREASED SEVERITY 

A. Introduction 

These methods need be used only when one of the following situa- 

tions pertain*: 
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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 lover voltages). 

b. Applying two or more treatments simultaneously. 

c. Increasing the length of time the treatment is applied^as 

in storage tests. 

When variable (quantitative) data (such as resistance in ohms, 

elongation in percent or closing time in seconds) are obtained, it is necessary 

to compare each observed value with the required value in order to determine 

success or failure. 

B.  Bruceton up-and-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 
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(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. 

Then reverse the process by decreasing the stress one increment at a time and 

testing one new, unused item at each increment of 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 of severity at which 50$ of the specimens fail,and 

the associated standard deviation by the method described in Chapter 19 of ref. 3* 

using the number of failures for these calculations. 

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 i^ xn doubt, 

Chebyshev's inequality can be used. This technique is valid for any distribution 

without an assumption concerning its form. The inequality states that the amount 

of area under any distribution curve which is farther away from the mean than 

k standard deviation units is less than l/k . The reliability calculated by 

this procedure 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 

*This value can be estimated by dividing the difference between the 

maximum^and minimum in-use conditions by six. This is based on the assumption 

that the extreme in-use conditions are the 3-sigma limits. 
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probability paper, probability values 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 in- 

creasing 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 of severity causing the first failure, 

test 10 to 20 items to determine the proportion of failures it this point. 

Record this proportion and the level of severity used. Then change the stress 

by an amount equal to about two or three increments.  If the first proportion 

of failures exceeds 50 percent, decrease 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 

proportion 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 percent. From this information calculate the aver- 

*0ne sixth of the difference between the expected maximum and minimum 

use conditions. 
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age and standard deviation of the failure rate by the method described in Reference 

No. 10. Alternatively, the average and standard deviations can be obtained 

graphically 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 between the stress at the 

16 percent point, and the stress at the 50 percent point.fusing 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 characteristics.  Both methods are equally 

efficient, as they both require the same sample size for a given precision. 

The two-stimuli method should be used when either of the follow- 

ing physical conditions exists: 

a. The test results are not immediately available after each 

trial. This would cause undue delay in conducting the Bruceton method which 

requires that all trial results  be known before the condition for the next 

trial can ' 3 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. 
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£. 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 conducted concurrently. 

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

(c) 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. 

(2) Disadvantages! 

(a) The form of the strength distribution curve cannot 

be determined with only two points. 

(b) The assumption of normality is required when only 

two points are used. 
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APPENDIX I 

EXAMPLES 

A. Confidence Intervals 

a. Life tests. A sample of 20 components (n) which are 

required to operate for 2^0 hours (t), were subjected to a specified use 

condition for a period of 120 hrs. when the first component failed. The 

failure rate was assumed to be relatively constant and so the test was dis- 

continued at this point in time (120 hrs.). 

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

$ = •"*/« 

When:      e = 2.71Ö3 

1 x 120 + (20-1)120   2to0 
m        1 1 

t ■ 2^0 hours. 

fc = (2.7l83)-2to/^°° -.90 

Tliis is the point estimate of the probability of no failures in 2hO 

hours. The 90 percent two sided confidence interval for R can be calculated as 

follows: 

e- Ut/2am s R   < e-Lt/2am 

When: 

e = 2.7183 

U = 5«99 (from Appendix 3C for half alpha and 2a degrees of freedom) 

L ■ 0.103 (from Appendix 30 for one minus half alpha and 2a degrees 

of freedom) 

a = 1 (the number of failures) 

m = 2U0O 

t = 21+0 

alpha       = (1-0.9) = 0.1 
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(2>7l83)-(5.99)(2U0)/2xl (21*00)   s   R   s  (2>Ti83)-(0.103)(2l*0)/2xl (2400) 

(2.7183)"0*3 <  8   < (2.T183)"0*005 

Confidence interval: 

0.7k<H< 0.995 

b. Binomial type data.- A sample of 20 items was taken from a lot of 

100 components 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 Ap- 

pendix 3H which are based on the hypergeometric 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. Prom 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: (l) A group of 10 telemetered missiles were flight tested. 

The number of failures found in each missile is as follows: 
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Missile number   Number of failures 

1 0 

2 0 

3 0 

U 0 

5 0 

6 0 

7 0 

8 3 

9 0 

10 0 

Total   3 

The point estimate for reliability as the probability of no fail- 

ures under the test condition can be calculated as follows: 

R = e- * 

When: X = 3/10 

Point estimate: 

R = (2.7183)"0*3 = 0.74 

The 90 percent two sided confidence interval for the true reliabil- 

ity (R) can be calculated as follows: 

e-U/n ^R^e-Vn 

103 

Downloaded from http://www.everyspec.com



Üben: 

e = 2.7183 

U = 7.75 (from Appendix 3D). 

L s 0.818 (from Appendix 3D). 

n = 10 

(2.7183)-T'75/1°    <R<    (2.7183)-°-8l8/l° 

Confidence Interval: 

0.^6 ^R^-0.92 

The point estimate and 90 percent two sided confidence interval 

calculated from the above sample« using the binomial distribution is* 

Point estimate: 

R = 1 - l/LO = 0.90 

If^fT J^lülfr (for defectives); 

pr 
a + (n - a + 1) F, 

When: 

a = 1 (number of defective systems) 

n = 10 (number of systems) 
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Degrees of freedom; 

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

V2 = 2 x 1 = 2 

71 = 19.4 (from Appendix 3E Table 2B) 

P|  =  i- = 0.0051 
*1 + 10 x 19.4 

upper Ufljft (fr>r defectlvea) 

p„», (a t 1) F8  2 
(n - a) + (a + 1) F2 

When: 

a = 1 (number of defective systems) 

n = 10 (number of systems) 

pegrees of freedom; 

V, = 2 (1 + 1) = 4 

Vg = 2 (10 - 1) = 18 

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

P2 ,   
2 2 2-?? . 0#396 

9 + 2 x 2.9J 

Confidence interval; 

1 - (0.396) = 0.604 <> <1 - (0.0051) = 0.9949 
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(2) A system's reliability was calculated from a total of 200 test 

specimens and found to be H * 0.995» The 95 percent one sided lower confidence 

limit is: 

Upper limit (for defectives): 

(a + 1) F2 

When: 

(n - a) + (a + l) P2 

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

n = 200 

Degrees of freedom 

V, ■ 2 (l ♦ i) ■ k 

V2 = 2 (200-1) = 398 «00 

F2= 2.37 (From Appendix 3E Table 2A) 

P2=  2JL2137 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 experi- 

ments 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 

C High temperature 
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For purposes of the factorial design, each treatment is considered to 

have tve levels: 

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

subscript 1), 

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

subscript 2). 

The total number of possible combinations of throe treatments, each it 

two levels, is two cubed or 8. These 8 combinations can bo written in 

the following pattern: 

A, A2 

B| B2    Bj        Bg 

0,(1) b     a       (a + b) 

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

A minimum of 8 items would bo required for this plan, each receiving 

different treatment combinations as follows: 

Item number Treatment combinations 

1 None (1) 

2 B only 

3 A only 

A A + B 

5 C only 

6 B + C 

7 A + C 

8 A + B + C 
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:: 

By using the letters (a, b, and c) and symbol (l) *-.o represent the results 

obtained from testing the eight items, it can be shown symbolically that 

the treatment effects can be independently determined, using the total 

number of items in the ontire experiment for each treatment as follows: 

Effect of treatment A 

a + (a + b) + (a + c) + (a + b + c) - 
T(l) + b + c + (b + c)] = 4A 

Effect of treatment B 

b + (b + c) + (a + b) + (a + b + c) - 
[(1) + c + a + (a + cM  = 4B 

Effect of treatment C 

c + (b + c) + (a + c) + (a + b + c) - 
[(1) + b + a + (a + b)l = UC 

One -fourth of these differences equals the average effect of the respective 

treatments. Prom the above equations it can be seen that the results ob- 

tained from the eight items have been used three times - once for each 

treatment. This procedure oroduccs an effective sample size equal to 3 x 8, 

or 24 items. Each treatment effect has beer; determined independently of the 

others with a precision 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: 

A, A2 

A 3 Bj B2 

C| - b a — 

c2 c - - (a + b + c) 
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A minimum of four items is required in this design. As before, the 

separate effects can be determined 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 

Effoct of treatment C 

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

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

treatments. 

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 advantages of the factorial design (given 

previously) still pertain. The above differences, which will be binomial 

proportions in this case, can be compared by the Fisher exact method for 2x2 

contingency tables (ref. 7) to determine the treatment effects. A very con- 

venient 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 

*"See also Appendix 3A" 
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assumed that a knowledge of the item being tesbed has led to the decision that 

transportation vibration, flight shock, and high temperature in that order, 

are the three environmental conditions most likely to affect the important 

functioning characteristic of this item; this characteristic is waterproofness. 

The treatment procedure and worksheet (to record results) 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 •lumber 
Treatment 1-1» 5-8 9-12 13-16 17-20 21-24 25-28 29-32 

Transportation vibration (A) + + + + 

Flight shock (ß) + + + + 

High temperature (c) + + 4 + 

Results: Replication 1 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 

1* 1 1 0 1 0 0 1 1 

Totals 2 2 0 3 0 2 k k 

The results of one complete replication should be obtained under a single set of 

controlled conditions (e.g., in the same day, same operators, same instruments, 

etc.), before going to the next replication. This will make it possible to de- 

termine whether conditions changed significantly during the experiment. 
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Placing these results in the usual factorial matrix,   the following 

table would be obtained: 

A, 

B, B2 

1 0 

0 0 

0 1 

1 1 

A2 

JN 2l 
0 1 

0 0 

0 1 

0 1 

C2            0                      0 11 

0                      1 11 

0                      1 11 

0                      0 11 

0        2 k                     k 

In preparation for analyzing these results, the usual summing process would 

give the following series of two-factor tables: 

Summing over A: 

B, B2          Row Totals 

C,      2 5             7 

C2     _h_ _6_           10 

Column totals    6 11             17 
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Summing over B: 

A 

C| 1* 

c2 _2 

Column totals 6 

Summing over C: 

A 

B, 2 

B2 _h_ 

Column totals 6 

3 

_8_ 

ll 

h 

J_ 
ll 

Row Totals 

7 

10 

17 

Row Totals 

6 

11 

17 

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 th^ marginal totals is the sum of l6 observations.  The results 

can now be analyzed and interpreted as follows: 

Source Effects Test of Significance4 

Main Effects 

Transportation vibration (A) 

Flight shock (B) 

High temperature (c) 

Replication 

6/l6 vs ll/l6 Non-significant 

6/l6 vs ll/l6 Non-significant 

7/l6 vs 10/l6    Non-significant 

1. k/8 

2. 3/8 

3. 5/8 

k. 5/8 

Non-significant 
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Source Effects Test of Significance* 

Interactions 

A X B 

A X C 

B X C 

A X B x C 

8/16 vs 9/l6 

5/16 vs 12/l6 

8/l6 V3 9/l6 

6/l6 vs II/16 

Non-significant 

Significant 

Non-significant 

Non-significant 

* From Appendix 3A Table 1. 

b.  Interpretation (when the above order is used) 

(1) The replication effect is not 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 that the combination of transportation vibration and 

high temperature treatments has caused a larger difference in the number of 

failures than would be expected due to chance variations alone. 

(3) None of the treatments taken alone is significant, 

although the flight shock and transportation vibration effects approach sig- 

nificance.  These results suggest the need for additional flight-shock and 

transportation vibration tests if these treatments are considered important 

from an engineering poirt of view. 

These results show clearly that the combination of trans- 

portation vibration and high temperature is the most severe condition.  From 

this, reliability should be defined in terms of waterproofness after trans- 
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portation vibration and high temperature.  If this reliability is acceptable, 

the waterproofness reliabilities under all of the other conditions used will 

also be acceptable. 

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 (without 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 k  g's with a standard deviation of 2 g's, 

then using 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 reverse the process by decreasing 

the g-level one increment at a time and testing one new, unused item at each 

g-level until an item successfully passes the 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. 
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H 

bO 

Ordinarily the 3ruceton 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 con- 

ducted 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 failures 

1 

2 

5 

3 

1 

Total 12 

where: 
+ = Success. 
G = Failure. 

Calculate the average (x) and standard deviation (s) of the failure rate as 

follows (ref. 3) : 
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Where: 

—--x> 

fx; 
o 

k = Number of g-lcvels over which the failures are distributed, 

f = Observed frequency of failure. 

x = Code numbers used for ease of calculation. 

X = y1 + d (A/N - 1/2) 

.? 
S = 1.62 d f-^J-+  .029^ 

WLeret 

yl = Lowest level at which a failure is obtained, 

d = 2 g's. - the1 increment used. 

N = Total number of failures. 

This formula for the standard deviation is an approximation which is quite 

(NB - A^) accurate when —ii  L .  exceeds 0,3. 
V 

Using those formulas and the obsorved data, the average and 

standard deviation for the above example can bo calculated as follows: 

f            x                   fx fxa 

1 U                                              4 16 

2 3                   6 18 

5            2                  10 20 

3 1 3 3 

10                   0 0 

N = 12 A = 23 B = 57 
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X2 = U + 2(?J/12 - 1/2) = 16.8 g's 

s2 = 1.62 x ?.f 12 * 5? " (21# I 0.029 I  ».58 ,*'c 
L        (12)? 

=r + 0.029 1= 
)2       J 

The cumulative frequency of the observed failure distribution 

plotted on linear probability paper closely approximates a straight line. 

From this it can be concluded that the assumption of normality is suf- 

ficiently valid for use as a basis to predict the expected reliability- 

in-use. 

Therefore, the point estimate for the (waterproofness) reliability- 

in-use can be calculated as follows: 
A 
R = 1 - P 

Where: 

P = The probability of failure-in-use. 

The probability of failure-in-uso can bo measured by the area 

under the normal curve associated with the Z-value calculated as follows: 

(X, - X») - (Mi - M2) 

Whon: Xf £ X2 a failure is obtained. 

Z > Ma - Ml 

Whore: 

Xj = Any stress value. 

X2 = Any strength value. 

M| = True mean of the stress distribution. 
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Mg = True mean of the strength distribution. 

a,2 = True variance of the stress distribution. 

v?  = True variance of the strength distribution. 

Mg- Mt 

M 
= Safety margin. 

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 is divided by   / tr.2 j_ <r«2    » we ^avc a mQasure of probability - 

the standard deviate. 

<r,2 +- o-Z 

Graphically, the relationship between the test conditions and use 

condition can be depicted as follows: 

Diagram Number II 

Use condition 
Stress 

Test condition 
Strength 

loof; 

50f 
y 

i**""   X 

So = 

Xj X2 1\ X2 

VJhcre: 

The horizontal axis represents the g-forccs increasing to the 

right. The boll shaped curve represents the distribution of g-forccs 

under the use condition (the stress curve). 

The S-shaped curve represents the distribution of failures under 

the test condition obtained by the Bruccton method (the strength curve). 

118 

Downloaded from http://www.everyspec.com



When: 

X, = k  g's - an estimate of M. the true average stress. 

S| ■ 2 g's - an estimate of Of the true standard deviation of the stress. 

X2 ■ l6.8 g's - an estimate of M, the true average strength (the 50 

percent point on the strength curve.) 

s2 - 3-^8 g's - an estimate of (JT ,  the true standard deviation of the 

strength., 

X| = any stress value. 

Xg = any strength value. 

From the above, the average (point estimate) reliahility-in-use 

can he calculated as follows: 

X2 - X, 
T > 

■/' 

2 + s2 
I   S2 

T >     
l6-8 - ^° — * 3.12 

*/(3.5ö)Z *  (2)S 

Prom Appendix 30 the probability of a failure-in-use associated with this T-val\ 

A 
is: P, < 0.00090. 

Reliability Point Estimate: 

K > 1-0,00090 > 0.99910 

The lower confidence limit for the one sided 95 percent confidence level can 

be calculated as follows: 

The 95 percent single sided lower confidence limit of the average 

strength: 

X2 - —i^2  (see ref. 3) 
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Whore: 

Xg = 16.8 - the observed average strength. 

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

confidence level and eleven (n^-l) degrees of freedom found in Appendix 

3F. 

s2 -  3.58 - the standard deviation of the strength. 

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

Then the 95 percent single sided lower confidence limit for the 

strength is: 

16.8 - (l'goy.3.58?t . U.94 

The lower bound of the reliability in-usc can be calculated as follows: 

T2 > U.34 - *'° 

y(3.58)2+(2)
2 

T2>2,67 

The probability of a failure-in-use associated with thi3 T-value (appendix 

?G) is: 

P <  0.0038 

The lower bound of the reliability-in-usc is: 

R > 1 - 0.0038 > 0.9962 
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( 
These values are the predicted reliabilities-in-use. They 

have been demonstrated with a total of 62 items (32 in the factorial ex- 

periment 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 without a single failure. 

b. Two-stimuli method. The results of the factorial experiment 

described above can also be used to exemplify this method of predicting re- 

liability-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 l/lO 

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 - X, + d (H)1 

S.dS1 
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Where: 

X| = 12 g's the weaker stimulus. 

p. = 0.1G, the proportion of failures at 12 g's. 

p„ = 0.6o, the proportion of failures at l8g's. 

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

H' = O.835O, the factor associated with p. and p  in table II of 

ref. .10 for calculating the average. 

S1 ■ 0.6515J the factor associated with p and p  in table II of 

ref. 10 for calculating the standard deviation. 

ET = Average (50 percent point) of the failure distribution (strength) 

curve. 

S = Standard deviation of the failure distribution (strength) curve. 

When: 

if = 12.0 + 6.0 (0.8350) = 17.0 g's. 

S = (0.6515) = 3.9 g's. 

These same values can be obtained grapMcally by simply plotting 

the proportion of failures versus the corresponding g-forces on linear prob- 

ability 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 l6 and 50 per- 

cent points. 

Using these values for the average and standard deviation, the point 

estimate and lower confidence limit for the (waterproofness) reliability-ln-use 

can be calculated as in the examples for the Bruceton method. 
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APPENDIX 2 

GLOSSARY OF TEKMS 

Attribute 

A qualitative characteristic (such as acceptable or rejectionable, 

success or failure, rusted or not rusted, wet or dry, black or white, 

miss or hit), which can have two or more categories. 

Attribute data 

Data denoting a qualitative characteristic. This type of data 

can have only discrete values and is derived by countjjig the number 

of times each category occurs, such as, four failures and six successes» 

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 vord  "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 

Attribute data that has only two categories or only two possible 

outcomes such as success and failure. 

Blocking 

In experimental design, a block is a homogeneous group of items, 

all treated under controlled conditions such as by the same operator, 
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the same calibration of the measuring instrument, or the same short 

period of time. The purpose of blocking is to reduce the effect of the 

heterogeneity 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 deviation) is expected to lie. The confidence level 

associated with this interval is a probability statement expressing 

the proportion of the time the true value is expected to be within the 

interval. 

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. 

Confounding 

When certain comparisons can be made only for treatments in 

combination and not for separate treatments, those treatment effects 

are 3aid to bo confounded. Conclusions drawn about the separate effects 

in this case will bo ambiguous. Confounding is ofton a deliberate feature 

of the experimental design but may arise from inadvertent imperfections. 

Criterion 

The measurable characteristic used to evaluate the treatment 

effects. Criteria can also be considered as the dependent variables 

124 

Downloaded from http://www.everyspec.com



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-l) of the deviations from the 

th 
mean can be independent. The n  deviation has to be restricted in order 

to make the sum of all nnn deviation total zero. 

Effect 

In statistics the moaning of the word effect is synonomous with 

the word difference. A treatment effect is the difference caused by the 

treatment, such as the difference in the measured results bofore and after the 

treatment. 

Efficiency 

An estimator or an experimental design is said to be efficient 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. Deviations 

from the expected value, due to chance, form the familiar bell shaped 

normal curve. This is sometimes called the normal curve of error. Error 

in the statistical sense does not imply that a mistake has been made. 
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Error mean square 

The error mean square is the variance and is also the square of 

the standard deviation. 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. 

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 re- 

jected 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. 

b« The producer's risk. 

c. The risk of rejecting good material. 

The magnitude of this error should be established fron the consequences 

of being wrong and controlled 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 human mistakes. 

Error of second kind 

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: 
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a„  The beta error. 

b. The consumer's risk. 

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 

prjor material,, 

Estimate 

An estimate is the particular value obtained by an estimator in 

a given set of circumstances. 

Estimator 

An estimator is the method of estimating a constant of a parent 

population. It is usually expressed as a function of sample values (such 

as the average) and therefore is a variable. 

Experimental error 

Experimental error is the chance variation 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 

A factor is a quantity under examination (in an experiment) as 

a possible cause of variation. In practice the terms factor, treat- 

meirty and variable are loosely used interchangeably in this sense. 
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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 or 

more factors are used in a factorial experiment only a fractional part 

(1/2;, 1/Vf, 1/8) of the total number of possible combinations 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 factorial 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 experimentation. Natural "laws" 

are hypothesis which have been subjected to various tests and have been 

accepted. In statistical tests two hypothesis are used: 

a. The null hypothesis is a hypothesis of "no difference." 

This is the assumption that the contemplated changes will 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 that 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« Treat- 

ment effects are said to be independent if, in an orthogonal experiment, 

there is no interaction» 

Interaction 

Interaction is a measure of the extent tc which the effect of 

changing the level of one factor epends on the level of another 

factor»  Interaction is said to be present wher. a certain particular 

combination of treatments produces  unusual (unpredictable) results» 

Only factorial type experiments 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 vclts applied» 

Main effects 

A main effect is the average difference (s) between (or among) 

the levels of a variable or treatment when averaged over all of the other 

treatments 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» 
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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: 

a. Continuous. 

b. Symetrical. 

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. 

Parameter 

A parameter is a quantity such as the mean or standard deviation, 

calculated from a population. The population 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. Feint 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, 
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the difference between a point and an interval is not always clear. In 

interpretation they often amount to the same thing« 

Population 

A population is any set of individuals or objects having some common 

observable characteristic. The term population may refer either to 

the individuals measured or to the measurements themselves« 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 results« Precision 

should be distinguished from accuracy which refers to the magnitude 

of the difference between the observed values and the true value of 

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). 

Probability 

In applied statistics probability can be considered a relative 

frequency or a simple proportion« Probability is the relative frequency 

of events in a very long sequence of trials. For example« the 

probability of a particular coin falling heads up is the ratio of the 

number of heads occuring to the total number of trials in a sequence of 
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trials«  In somewhat similar fashion a normal distribution can be 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 

statisticso 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 it should be an objective impersonal procedure. 

Whether or not proper randomization has been Obtained should not be 

determined by an examination of the individuals randomized, but rather by 

examining the properties of the procedure by which randomization was 

accomplished. The objectives of randomizing are as follows: 

a. To give :he laws of chance free play. 

b. To give every possible sequence an equally likely chance of occur- 

ring. 

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 reliability is the probability of success 

in performing a specified function, 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. 

132 

Downloaded from http://www.everyspec.com



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 blocke 

Sample 

Any finite subset of a population is a sample of that population» 

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 distribution» It is the most 

efficient measure of precision and is designated by the lower case letter 

"s"c This value is large for large variations (poor precision) and 

small for small variations (good 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 
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that the term refers to the standard deviation of the individual sample 

measurements«  This value can be calculated from the sample data and is a 

variable. 

There are two additional kinds of standard deviations: 

1. The population standard deviation which is a con- 

stant and cannot be calculated from the sample data. This value 

is designated by the small Greek letter sigma and is usually considered 

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 sample averages. This value can be 

calculated from sample data and it is a variable. It is usually 

designated by the lower case letter "sn with the subscript X. If 

all 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 

samples. 

b. Calculation of the standard deviation for variable type 

data ; 

ß~=~ä /I = n      /i =_n \2 
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where: 

s = Sample standard deviation of the individual values, 

i = n 

y      m      This symbol means to add all of the Mn" quantities 

i = 1   designated by the parentheses.  It is read:  sum 

from i=l to i=n. 

X = Sample average. 

XJ = Any one of the "n" values that make up the sample, 

n = Sample size or the number of individual values that 

make up the sample. 

(n-l)= Number of degrees of freedom associated with the standard 

deviation. 

s2  = Sample variance of the individual values. 

s/yK = Sample standard deviation of the mean (s*j). 

Statistic 

A statistic is a summary value calculated from a sample of 

values. The sample mean is a statistic and as such is a variable, 

not a constant. 

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. 
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Statistics 

The subject of statistics 18 the science of collecting, analyzing, 

and interpreting numerical data. 

Treatment 

In experimentation, a treatment is a stimulus which if. applied 

in order to observe the effect on the experimental situation. A treatment 

may refer to a physical substance, a procedure,or anything 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, evidence 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. 

Variable 

A variable is any quantity or measurable characteristic which 

varies. More precisely in statistics a variable is any quantity which 

can have any one of a specified set of values. 
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Variable data 

Variable data is a term used to describe a type of data that can 

vary on a continuous scale fron: 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 variation in a sample, or dispersion in a 

frequency distribution. The variance is equal to the square of the 

standard deviation. 
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Appendix 3A 

Table I 

Minimum contrasts 9556 (two sided) Test 

N = total number of trials in each sample. 

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

4 0 A V- 

5 0/4 1/5 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 4/10 5/11 6/11 7/- 

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

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

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

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

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 3A0 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 jjll  5/12 6/13 7/14 8/15 9/16 10/17 11/17 12A8 

13/18 14/- 

19 0/5 1/7 2/9 3/10 4/11 5/12 6/H 7/14 8/15 9A6 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< 

No. of A's in Sample (l)/No. of A'a 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 14/20 15/20 16/- 

30     0/6 1/8 2/9 3/11 4/12 5/13 6/15 7/16 8/17 9A8 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/H 6/15 7/16 8/18 9/19 10/20 23/33 24/33 

27/36 28/36 30/38 31/38 33/4-0 34/40 35/- 

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

30/40 34/U 35/44 38/47 39/47 41/49 42/49 44/50 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/ll 4/13 5/14 6/16 7A7 8/18 9/20 10/21 11/22 12/23 

13/25 18/30 19/32 20/33 39/52 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 12/24 

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 

Table 1 (Continued) 

Minimun contrasts 95%  (two sided) Test 

N - total number of trials in each sample, 

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

90 0/6 1/8 2/10 3/11 4/13 5/14 6/l6 7/17 8/19 9/20 lC/21 11/23 12/24 

13/25 U/26 15/28 20/33 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 

82/89 83/90 84/90 85/- 

100 0/6 1/8 2/10 3/11 4/13 5/15 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 68/82 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 1/8 2/10 3/12 4/13 5/15 6/16 7/18 8/19 9/20 10/22 11/23 12/24 

13/26 14/27 15/28 16/30 19/33 20/35 25/40 26/42 32/48 33/50 41/58 

42/60 91/109 92/109 101/118 102/118 109/125 110/125 116/131 117/131 

121/135 122/135 125/138 126/138 129/141 130/141 133/144 134/144 

136/146 137/146 139/148 140/148 141/149 142/149 143/150 144/150 145/- 

200    0/6 1/8 2/10 3/12 4/13 5/15 6/16 7/18 8/19 9/21 10/22 11/23 12/25 

13/26 14/27 15/29 18/32 19/34 22/37 23/39 27/43 28/45 33/50 34/52 

41/59 42/61 51/70 52/72 65/85 66/87 114/135 115/135 129/149 130/149 

140/159 141/159 149/167 150/167 156/173 157/173 162/178 163/178 

167/182 168/182 172/186 173/186 176/189 177/189 180/192 181/192 

183/194 18V191* 186/196 187/196 1Ö9/198 19O/I9S 191/199 192/139 

193/200 19ty200 195/. 
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Appendix A 

Table 1 (Continued) 

Minimun contrasts 95$ (two sided) Test 

N = total number of trials in each sample. 

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

300 0/6 1/8 2/10 3/12 4/13 5/15 6/l6 7/18 8/19 9/21 10/22 11/24 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 35/53 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 

211/234 212/234 222/244 223/244 231/252 232/252 239/259 240/259 

246/265 247/265 253/271 254/271 259/276 260/276 264/280 265/280 

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

283/294 284/294 286/296 287/296 289/298 290/298 291/299 292/299 

293/300 294/300 295/- 
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Appendix 3A 

Table   2 

Minimum contrasts 9956 (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) 

5 0/5 1/- 

6 0/6 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 V- 

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

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

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

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

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

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

17 0/7 1/9 2/11 7/16 8/16 9/17 10/17 11/- 

18 0/7 1/9 2/11 8/17 9/17 10/18 11/18 12/- 

19 0/7 1/9 2/11 9/18 10/18 11/19 12/19 13/- 

20 0/7 1/9 2/11 4/13 5/15 6/16 7/l6 10/19 H/19 12/20 13/20 H/- 

30 0/8 1/10 2/12 3/13 4/15 10/21 16/27 17/27 18/28 19/29 20/29 

21/30 22/30 23/- 

40 0/8 1/10 2/12 3/14 4/15 5/17 8/20 9/22 19/32 20/32 24/36 25/36 

27/38 28/38 29/39 30/39 31/40 32/4C 33/- 

50 0/8 1/10 2/12 3/14 4/15 5/17 6/18 7/20 9/22 10/24 27/u 28/41 

31/44 32/44 34/46 35/46 37/48 38/48 39/49 40/49 41/50 42/50 43/- 
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Appendix 3A 

Table 2 (continued) 

Minimi» contrasts 99/t (two sided) Test 

N = total number of trials in each sample 

No. of A's in Sample (l)/lb. A's in Sample (2) 

60        0/8 1/10 2/12 3/U 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 

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 1/10 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 56/71 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 11/26 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 1/10 2/13 3/14 4/16 5/18 6/19 7/21 8/22 9/24 10/25 11/27 

14/30 15/32 18/35 19/37 23/41 24/43 33/52 34/54 47/67 48/67 

58/77 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 86/97 88/99 89/99 90/99 91/100 

92/100 93/- 
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Appendix 3A 

Table    2 (continned) 

Minimum contrasts 99^ (two sided) Test 

N = total nujnber of trials in each sample 

No, ofHT's in Sample  (D/NO,, of Acs in Sample   (2) 

150 0/8 1/11 2/13 3/15 4/16 5/18 6/20 7/21 8/23 9/24 10/26 

11/27    12/29 M/31 15/33 17/35 18/37 21/40 22/42 26/46 

27/48 31/52 32/54 39/61 40/63 51/74 52/76 75/99 76/99 

88/111 89/111 97/119 98/119 103/124 104/124 109/129 110/129 

114/133 115/133 118/136 119/136 122/139 123/139 125/141 126/141 

128/143 129/143 131/145 132/145 133/H6 134/146 136/148 137/148 

138/149 139/149 140/150 141/150 142/150 143/- 

200 0/8 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 20/40 23/43 24/45 26/47 

27/49 31/53 32/55 36/59 37/61 43/67 44/69 51/76 52/78 63/89 

64/91 110/137 111/131 J.23/149 124/149 132/157 133/157 I4O/I64 

141/164 146/169 147/169 152/174 153/174 156/177 157/177 

161/181 162/181 165/184 I66/I84 169/187 170/187 172/189 173/189 

175/191 176/191 178/193 179/193 181/195 182/195 183/196 184/196 

186/198 187/198 188/199 189/199 190/200 191/200 192/200 193/- 

300 0/8 1/11 2/13 3/15 4/17 5/18 6/20 7/22 8/23 9/25 10/26 11/28 

12/29 13/31 15/33 16/35 17/36 18/38 20/40 21/42 23/44 24/46 

27/49 28/51 31/54 32/56 35/59 36/61 40/65 41/67 45/71 46/73 51/78 

52/80 58/86 59/88 66/95 67/97 76/106 77/108 88/119 89/121 107/139 

108/141 160/193 161/193 180/212 181/212 193/224 194/224 204/234 

205/234 213/242 214/242 221/249 222/249 228/255 229/255 234/260 

235/260 240/265 241/265 245/269 246/269 250/273 251/273 255/277 

256/277 259/280 260/280 263/283 264/283    266/285 267/285 270/288 

271/288 273/290 274/290 276/292 
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Appendix 3B 

Table I 

Lower Haiti of ! Ineadsl    confidence Intervals 

(One Sided Limits) 

Where C ■ One sided confidence levels 

N a Sample size. 

F = Observed number of failures 
in a sample of N trials. 

ä F 
Ö 

C = .500 .800 .900 .950 .990 

0.129 0.275 0.369 0.450 0.6C1 
1 0.313 0.490 0.583 0.657 0.777 
2 0.500 0,673 0.753 C.81C 0.894 
3 0.686 0.831 0.8S7 0.923 0.967 

0 0.109 0.235 0.318 0.393 0.535 
1 0.26A 0.422 0.510 0.581 0.705 
2 0.421 0.585 0.666 0.728 0.826 
3 0.578 0.731 0.799 0.846 0.915 

G 0.094 0.205 0.26C 0.348 0.482 
1 0.228 0.370 0.452 0.520 0.643 
2 0.364 0.516 0.596 0.658 0.763 
3 0.500 0.649 0.721 0.774 0.857 
4 0.635 0.771 0.830 0.871 0.929 

0 0.082 0.182 0.250 0.312 0.437 
1 C.201 0.330 0.406 0.470 0.589 
2 0.320 0.462 0.538 0.599 0.706 
3 0.440 0.583 0.655 0.710 0.801 
4 0.559 0.696 0.760 0.807 0.879 

0 0.074 0.163 0.225 0.283 O.4C0 
1 0.179 0.297 0.368 0.429 0.544 
2 0.286 0.417 0.49G 0.549 0.656 
3 0.393 0.529 0.599 0.655 0.749 
4 0.500 0.633 0.699 0.748 0.829 
5 0.606 0.732 0.789 0.831 0.894 
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Appendix 3B 

Table 1  (continued) 

fi           F 
10      0 

C = .500 .800 .900 .950 .990 .995 

0.066 0.148 0.205 0.258 0.369 0.411 
1 0.162 0.270 0.336 0.394 0.504 0.544 
2 0.258 0.380 0.449 0.506 0.611 0.648 
3 0.355 0.483 0.551 0.606 0.702 0.735 
4 0./51 0.580 0.645 0.696 0.781 0.809 
5 0.548 0.673 0.732 0.777 0.849 0.871 
6 0.644 0.760 0.812 0.849 0.906 0.923 

11      0 0.061 0.136 0.188 0.238 0.342 0.382 
1 0.U7 0.248 0.310 0.364 0.469 0.508 
2 0.235 0.350 0.415 0.470 0.572 0.608 
3 0.323 0.445 0,510 0.564 0.660 0.693 
4 0.411 0.535 0.599 0.650 0.737 0.766 
5 0.500 0.622 0.682 0.728 0.806 0.830 
6 0.588 0.704 0.759 0.800 0.865 0.885 

12     0 0.056 0.125 0.174 0.220 0.318 0.356 
1 0.135 0.229 0.287 0.338 0.439 0.477 
2 0.216 0.323 0.385 0.438 0.537 0.572 
3 0.297 0.412 0.475 0.527 0.622 0.655 
A 0.378 0.496 0.559 0.609 0.697 0.727 
5 0.459 0.577 0.637 0.684 0.765 C.791 
6 0.540 0.655 0.711 0.754 0.825 0.847 
7 0.621 0.730 0.781 0.818 0.878 0.896 

13     0 0.051 0.116 0.162 0.205 0.298 0.334 
1 0.125 0.213 0.267 0.316 0.412 0.449 
2 0.200 0.301 0.359 0.410 0.506 0.541 
3 0.275 0.383 0.444 0.494 0.587 0.620 
4 0.350 0.463 0.523 0.572 0.660 0.691 
5 0.425 0.539 0.598 0.645 0.727 0.754 
6 0.500 0.613 0.669 0.712 0.787 0.811 
7 0.574 0.684 0.736 0.776 o.8a 0.861 

H     0 0.048 0.108 0.151 0.192 0.280 0.315 
1 0.117 0.199 0.250 0.296 0.389 0.424 
2 0.186 0.281 0.337 0.385 0.478 0.512 
3 0.256 0.359 0.416 0.465 0.556 0.589 
4 0.325 0.433 0.491 0.540 0.627 C.657 
5 0.395 0.505 0.563 0.609 0.692 0.720 
6 0.465 0.575 0.630 0.674 0.751 0.776 
7 0.534 0.642 0.695 C.736 0.805 0.827 
8 0.604 0.707 0.756 0.793 0.854 0.873 
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15  0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

16 0 
1 
2 
3 

5 
6 
7 
8 
9 

17 0 
1 
2 
3 

5 
6 
7 
8 
9 

10 

18 0 
1 
2 
3 

5 
6 
7 
8 
9 

10 

Appendix 3B 

Table I (continued) 

C = .500     .800      .900   .950   .99C    ,995 

0.045 0.101 
0.109 0.186 
0.174 0.264 
0.239 0.337 
0.304 0,407 
0.369 0.475 
0.434 0.541 
0.500 0.605 
0.565 0.667 
0.630 0.728 

0.042 0.095 
0.102 0.175 
0.163 0.248 
0,224 0.318 
0.285 0.384 
0.347 0.448 
0.408 0.511 
0.469 0.572 
0.530 0.631 
0,591 0.689 

0.039 0.090 
0.096 0.166 
0.154 0.235 
0.211 0.3CO 
0.269 0.363 
0.327 0.425 
0.384 0.484 
0.442 0.542 
0.5C0 0.599 
0.557 0.655 
0.615 0.709 

0.037 0.085 
0.091 0.157 
0.145 0.223 
0.200 0.285 
0.254 0.345 
0.309 0.403 
0.363 0.460 
0.418 0.515 
0.472 0.570 
0.527 0.623 
0.581 0.675 

0.142 0.181 0.264 0.297 
C235 0.279 0.367 C.4C1 
0.317 0.363 0.453 0.486 
0.392 0.439 0.528 0.560 
0.463 0.510 0.596 0.627 
0.531 0.577 0.659 0.688 
0.596 0.640 0.717 0.743 
0.658 0.700 0.771 C.794 
0.717 0.756 0.820 0.841 
0.774 0.809 0.865 0.883 

0.134 0.170 0.250 0.281 
C.222 0.263 0.348 0.381 
0.299 0.343 0.43C 0.462 
0,371 O.4I6 0.502 0.534 
0.438 0.484 0.568 0.599 
0.503 0.548 0.629 0.658 
C565 0.608 0.686 0.713 
0.624 0.666 0.739 0.763 
0.682 0.721 0.788 0.810 
0.737 0.773 0.833 0.852 

0.126 0.161 0.237 0.267 
0.210 0,250 0.331 0.363 
0.283 0.326 C4C9 0.441 
0.351 0.395 0.479 0.51C 
0.416 O.46O 0.543 0.573 
0.478 0.521 0.602 0.63C 
0.537 0.58C 0.657 0.684 
0.594 0.635 0.709 0.734 
0.649 C.689 0.757 0.780 
0.702 0.739 0.802 0.823 
0.753 0.788 0.844 0.862 

0.120 0.153 0.225 0.254 
0.199 0.237 0.316 0.346 
0.269 0.310 C.391 0.421 
0.334 0.376 0.458 O.488 
0.396 0.438 0.519 0.549 
0.455 0.497 0.577 O.6O5 
0.511 0.554 0.630 0.657 
0.566 0.6C7 0.681 0.706 
0.619 0.659 0,728 0.752 
0.671 0.708 0.773 0.795 
0.720 0.756 0.815 0.835 
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Appendix 3B 

Table I (continued) 

C = .500    .800       .900    .950    .990    .995 

!         1 
19       0 0.035 0.081 0.114 0.145 0.215 0.243 

1 0.086 0.149 0,189 0.226 0.301 0.331 
2 0.138 0.211 0.256 0.295 0.374 0.403 
3 0.189 0.271 0.318 0.359 0.438 O.468 
4 0.2a 0.328 0.377 0.419 0.498 0.527 
5 0.293 0.384 0.434 0.475 0.553 0.581 
6 0.344 0.438 O.488 0.529 0.606 0.632 
7 0.396 0.491 0.5a 0.581 0.655 0.680 
8 O.448 0.543 0.592 0.631 0.701 0.726 
9 0.50C 0.594 0.642 0.679 0.746 0.768 

10 0.551 0.644 0.690 0.726 0.787 0.808 
11 0.6C3 0.693 0.736 0.770 0.826 0.845 

20        0 0.034 0.077 0.108 0.139 0.205 0.232 
1 0.082 0.142 0.180 0.216 0.288 0.317 
2 0.131 0.202 Co 244 0.282 0.358 0.387 
3 0.180 0.258 0.304 0.343 0.420 0.449 
A 0.229 0.313 0.360 0.401 0.478 0.506 
5 0.278 0.366 0.414 0.455 0.532 0.559 
6 0.327 0.418 0.467 0.507 0.582 0.609 
7 0.377 0.469 0.518 0.558 0.630 0.656 
8 O.426 0.519 0.567 0.606 0.676 0.70C 
9 0.475 0.568 0.615 0.653 0.719 0.742 

10 0.524 0.616 0.661 0.698 0.761 0.782 
11 0.573 0.663 0.707 0.7a 0.799 0.819 
12 0.622 0.709 0.750 0.782 0.836 0.854 

21        0 0.032 0.073 0.103 0.132 0.196 0.222 
1 0.078 0.135 0.172 0.206 0.276 0.304 
2 0.125 0.192 0.234 0.270 0.343 0.371 
3 0.172 0.247 0.291 0.329 0.404 0.432 
A 0.218 0.299 0.345 0.384 0.459 0.487 
5 0.265 0.350 0.397 0.436 0.511 0.539 
6 0.312 0.400 0.447 0.487 0.561 0.587 
7 0.359 0.448 0.496 0.535 0.608 0.633 
8 O.406 0.496 0.544 0.582 0.652 0.677 
9 0.453 0.543 0.590 0.628 0.695 0.718 

10 0.500 0.590 0.635 0.671 0.735 0.757 
11 0.546 0KB35 0.679 0.714 0,774 0.794 
12 0.593 0;680 0.722 0.755 0.810 0.829 

: 
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Appendix 3B 

Table I (continued) 

C =    .500 .800 .900 .950 .990 .995 

ä      I 
22       0 0.031 0.070 0.099 0.127 C.1E8 0.214 

1 0.075 0.130 0.165 0.198 0.265 0.292 
2 0.119 0.184 0.224 0.259 0.330 0.357 
3 0.164 0.236 0.278 0.315 0.388 O.4I6 
4 0.209 0.286 0.331 0.369 0.442 0.469 
5 0.253 0.335 0.381 0.419 0.493 0.520 
6 0.298 0.383 0.429 0.468 0.5a 0.567 
7 0.343 0.430 0.476 0.515 0.586 0.612 
8 0.388 0.476 0.522 0.56c C.63O 0.654 
9 0.432 0.521 0.567 0.604 0.672 0.695 

10 0.477 0.566 0.611 0.647 0.711 0.734 
11 0.522 0.609 0.653 0.688 0.749 0.770 
12 0.567 0.652 0.695 0.728 0.766 0.605 
13 0.611 0.695 0.735 0.767 0.820 0.838 

23       0 0.029 0.067 0.095 0.122 0.181 0.205 
1 0.071 0.124 0.158 0.19C 0.255 0.281 
2 0.114 0.176 0.215 0.249 0.318 0.344 
3 0.157 0.226 0.267 0.303 0.374 0.401 
4 0.200 0.275 0.317 0.354 0.426 0.453 
5 0.242 0.323 0.366 0.403 0.475 0.502 
6 0.285 0.367 0.413 0.450 0.522 0.548 
7 0.328 0.412 0.458 0.496 0.566 0.592 
8 0.371 0.457 0.5Cr 0.540 0.609 0.633 
9 0.a4 0.500 0,546 0.583 C.65C 0.673 

10 0.457 0.543 0.588 0.624 0.669 0.711 
11 0.500 0.586 0.629 0.664 0.726 0.747 
12 0.542 0.627 0.670 0.703 0.762 0.782 
13 0.585 0.668 0.709 0.7a 0.796 C.815 

24       0 0.028 C.O64 O.09I 0.117 0.174 0.198 
1 0.068 0.119 0.152 0.182 0.246 0.271 
2 0.109 0.169 0.206 0.239 0.306 0.332 
3 O.luO 0.217 0.257 0.292 0.361 0.387 
4 0.191 0.264 0.305 0.3a 0.411 0.437 
5 0.232 0.309 0.352 0.389 0.459 0.485 
6 0.274 0.353 0.397 0.434 0.5C4 0.530 
7 0O15 0.397 0.441 0.478 0.548 0.573 
8 0.356 0.439 0.484 0.521 0.569 0.613 
9 0.397 0.481 0.526 0.562 0.629 0.653 

10 0.438 0.523 0.567 0.603 0.667 0.690 
11 0.479 O.564 0.607 0.642 0.704 0.726 
12 0.'520 0.604 O.646 0.680 0.740 0.76C 
13 0.561 0.6U 0.685 0.717 0.774 0.793 
14 0.602 0.683 0.722 0.753 0.806 0.824 
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Appendix 3B 

Table I (continued) 

■K» 

C =    .500 .800 .900 .950 .990 .995 

1 
25 

F 
0 0.027 0.062 0.087 0.112 C.168 C.190 
1 0.066 0.115 0.146 0.176 0.237 0.261 
2 0.105 0.163 0.199 0.231 0.295 0.321 
3 0.144 0.209 0.248 0.281 0.348 0.374 
4 0.184 0.254 0.294 0.329 0.397 0.423 
5 0.223 0.297 0.339 0.375 0.444 0.469 
6 0.263 0.340 0.383 O.419 0.488 0.513 
7 0.302 0.382 0.425 0.462 0.530 0.555 
8 0,342 0.423 0.467 0.5C3 0.571 0.595 
9 0.381 0.464 0.507 0.543 0.610 0.633 

10 0.421 0.504 0.547 0.583 0.647 0.670 
11 0.460 0.543 0.586 0.621 0.683 0.705 
12 0.5OO 0.582 0.624 0.658 0.718 0.739 
13 0.539 0.621 0.662 0.694 0.752 0.771 
14 0.578 0.659 0.698 0.730 0.784 0.8C2 
15 0.618 0.696 0.734 0.764 0.815 0.832 

26 0 0.026 0.060 0.084 0.108 0.162 0.184 
1 0.063 0.110 O.I4I 0.169 0.229 0.252 
2 0.101 0.157 0.191 0.222 0,285 0.310 
3 0.139 0.201 0.239 0.271 0.337 0.362 
A 0.177 0.245 0.284 0.318 0.384 0.409 
5 0.215 0.287 0.327 0.362 0.429 0.455 
6 0.253 0.328 C369 0.4C5 0.472 0.497 
7 0.291 0.368 0.411 0.446 0.514 0.538 
8 0.329 0.408 0.451 0.487 0.553 0.577 
9 0.367 0.447 0.490 0.526 0.591 0.615 

10 0.405 0.486 0.529 O.564 0.628 0.651 
11 0.443 0.524 0.567 0.601 0.663 0.685 
12 0.481 0.562 0.604 0.637 0.698 0.719 
13 0.518 0.599 C.64O 0.673 0.731 0.751 
U 0.556 0.636 0.676 0.707 0.763 0.781 
15 0.594 0.672 0.711 0.7a 0.793 0.811 

27 0 0.025 0.057 0.081 0.105 0.156 0.178 
1 0.061 0.106 0.13^ 0.163 0.221 0.244 
2 0.097 0.151 0.185 0.215 0.276 0.300 
3 0.134 0.194 0.230 0.262 0.326 0.350 
4 0.170 0.236 0.274 0.307 0.372 0.397 
5 0.207 0.277 0.316 0.350 0.416 O.44I 
6 0.243 0.316 0.357 0.392 0.458 0.482 
7 0.280 0.355 0.397 0.432 0.498 0.522 
8 0.317 0.394 0.436 0.471 0.537 0.560 
9 0.353 0.432 0.474 0.509 0.574 0.597 

10 0.390 0.469 0.512 0.546 0.610 0.632 
11 0.426 0.506 0.548 0.582 0.645 0.666 
12 0.463 0.543 0.584 0.618 0.678 0.699 
13 0.500 0.579 O.62O 0.653 0.711 0.731 
14 0.536 0.615 0.655 0.686 0.742 0.761 
15 0.573 0.650 0.689 0.719 0.773 0.791 
16 0.609 0.685 0.722 0.752 0.802 0.819 
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Appendix 3B 

Table I  (continued) 

N 
28 

29 

F 
Ü 
1 
2 
3 
-4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
H 
15 
16 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

C = .500 

0.024 
O.C59 
0.094 
0.129 
0.164 
0.200 
0.235 
0.270 
0.305 
0.341 
0.376 
0.411 
0.447 
0.482 
0.517 
0.552 
0.588 

0.023 
0.057 
0.091 
0.125 
0.159 
0.193 
0.227 
0.261 
0.295 
0.329 
0.363 
0.397 
0.431 
0.465 
0.500 
0.534 
0.568 
0.602 

.800 

0.055 
0.103 
0.146 
0.188 
0.22S 
0.267 
0.306 
0.344 
0.381 
0.418 
0.454 
0.490 
0.525 
0.560 
0.595 
0.629 
0.663 

0.053 
0.099 
0.141 
0.182 
0.220 
0.258 
0.296 
0.332 
0.369 
0.404 
0.439 
0.474 
0.509 
0.543 
0.577 
0.610 
0.643 
0.676 

.900 

0.078 
0.131 
0.179 
0.223 
0.265 
0.306 
0.345 
0.384 
0.422 
0.459 
C.495 
0.531 
0.566 
0.6C1 
0.635 
0.668 
0.701 

0.076 
0.127 
0.173 
0.216 
0.256 
0.296 
0.334 
0.372 
0.409 
0.445 
0.480 
0.515 
0.549 
0.583 
0.616 
0.648 
0.680 
0.712 

.950 

0.101 
0.158 
0.208 
0.254 
0.297 
0.339 
0.379 
0.418 
0.456 
0.493 
0.529 
0.565 
0.599 
0.633 
0.666 
0.699 
0.73C 

0.098 
0.153 
0.201 
0.246 
0.288 
0.32S 
0.368 
0.405 
O.442 
0.479 
0.514 
0.548 
0.582 
0.615 
0.648 
0.679 
0.710 
O.74I 

»990 .995 

0.151 0.172 
0.214 0.236 
0.267 0.291 
0.316 0.339 
0.361 0.385 
0.403 0.428 
O.444 C.468 
0.483 0.507 
0.521 0.544 
0.557 0.580 
0,593 0.615 
0.627 0.649 
0.660 0.681 
0.692 0.712 
0.723 O.742 
0.753 0.771 
0.782 0.799 

O.I46 0.166 
0.207 0.229 
0.259 0.282 
0.3C6 0.329 
0.350 0.374 
0.392 0.415 
0.431 0.455 
0.469 0.493 
0.506 0.529 
0.542 0.565 
0.576 0.599 
0.610 0.631 
0.642 0.663 
0.674 0.694 
0.704 0.724 
0.734 0.753 
0.763 0.780 
0.790 0.807 
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Appendix 3B 

Table I (continued) 

C = .500        „800               „900 „950          .990           .995 

3°   Ö        0.022   0.052     0.073 0.095 
1 0.055       0.096             0.123 0.148 
2 0.088       0.137             0.167 0.195 
3 0.121       0.176             0.209 0.238 
U                    0.153       0.213             0.248 0.279 
5 0.186       0.250             0.287 0.318 
6 0.219       0.286             0.32^ 0.357 
I                    0.252       0.322             0.36l 0.393 
8 0.285       0.357             0.396 0.429 
9 0.318       0.392             0.431 0,465 

10 0.351       0.426             0.466 0.499 
11 0.384       0.460             0.500 0.533 
12 0.417       0.493             0.533 0.566 
13 0.450       0.526             0.566 0.598 
14 0.483 0.559 0.598 0.630 
Jf 0.516 0.591 0.630 0.661 
16 0.549 0.624 0.661 0.691 
H °-582 0.655 0.692 0.721 
18                    0.615       0.687             0.722 0.750 

31       J                    °-°22       0.050             0.071 0.092       0.138         0.157 
1 0.053       0.093             0.119 0.144       0.195         0.216 
2 0.085       0.133             0.162 0.189       0.244         0.266 
3 0,117       0.170             0.202 0.231       0.289         0.311 
4 0.149       0.207             0.241 0.271       0.330         0.353 
5 0.180       0.243             0.278 0.309        0.370         0.392 
6 0.212       0.278             0.315 0.346       0.407         0.430 

8 £*?#        n'1%              °*35° °'382        °'*K          °«*67 
o                    2'SS       °'346             °°385 °'417       °-479         0.5C2 
9 0.308       0.380            0.419 0.451       0.513         0.535 
^                   n'^S       °*a3-             °'452 W       °-546         0.568 11                    0-3?2       5-U6             0.485 0.518       0.578         0.600 

0.630 
0.660 
0.689 
0.717 

0.142 0.161 
0.201 0.222 
0.251 0.274 
0.297 0.320 
0.340 0.363 
0.380 0.404 
0.419 0.442 
0.456 0.479 
0.492 0.515 
0.527 0.550 
0.561 0.583 
0.593 0.615 
0.625 O.646 
0.656 0.677 
0.686 0.706 
0.716 0.735 
0.744 0.762 
0.772 0.789 
0.798 0.814 

12 0.404 0.478 0.518 0.550 0.609 
13 0.436 0.511 0.550 0.582 O.64O 
14 0.468 Q.542 0.581 0.613 0.669 
\l 0.500 0.574 0.612 0.643 0.698 
JS 2'531 O-60* 0.643 0.673 0.726 0.745 

18 °n£l       £*££ °*673       °-702       °'753 «-™ 18 °»595       0.667 0.703       0.731       0.780 0.797 

154 

Downloaded from http://www.everyspec.com



32 

33 

Appendix 3E 

•Table I (continued) 

F 
5 

C = .500 .800 .900 o950 .990' ,995 

0.021 0.049 0.069 0.089 0.134 0.152 
i 0.051 0.090 0.116 0.139 0.190 0.210 
2 0.082 0.129 0.157 0.183 0.237 0,258 
3 0.113 0.165 0.196 0.224 0.281 0.302 
4 0.144 0.201 0.234 0.263 0.321 0.343 
5 0.175 0.235 0.270 0.300 0,360 0.362 
6 0.2C6 0.269 0.305 C.336 0.397 0.419 
7 0.237 0.303 0.340 0.371 0.432 0.454 
8 0.268 0.336 0.374 0.4C6 0.466 0.489 
9 0.299 0.369 0.407 0.439 0.500 0.522 

10 0.329 0.401 0.439 0.472 0.532 0.554 
11 0.360 0.433 0.472 0.504 0.563 0.585 
12 0,391 0.465 0.503 C535 0.594 0.615 
13 0.422 0.496 0.534 0.566 0.624 0.644 
14 0.453 0.527 0.565 0.596 0.653 0.673 
15 0.484 0.558 0.595 Co 626 0.681 0.701 
16 0.515 0.588 0.625 0.655 0.709 0.728 
17 0.546 0.618 C.655 C.684 0.736 0.754 
18 0.577 0.648 0.684 0.712 0.762 0.779 
19 0.608 0.678 0.712 0.74C 0.788 C.8C4 

0 0.020 0.047 0.067 0.086 0.130 0.148 
1 0.050 0.088 0.112 0.135 0.184 0.2C4 
2 0.080 0.125 0.153 0.178 0.231 0.251 
3 0.110 0.160 0.191 0.218 0.273 0.294 
A 0,140 0.195 0.227 0.256 0.313 0.334 
5 0.170 0.229 0.263 0.292 0.350 0.372 
6 0.200 0.262 0.297 0.327 0.386 0.408 
7 0.230 0.294 0.330 0.361 0.421 0.443 
£ 0.260 0.326 0.363 0.395 0.454 0.476 
9 0.290 0.358 0.396 0.427 0.487 0.509 

10 0.320 0.390 0.427 0.459 0.519 0.540 
11 0.350 0.421 0.459 0.490 0.549 0.571 
12 0.380 C.451 0.490 0.521 0.579 0.6C0 
13 0.410 0.482 0.520 0.551 0.609 0.629 
H 0.440 0.512 0.550 0.581 0.637 0,657 
15 0.470 0.542 0.580 C.610 0.665 0.685 
16 0.500 0.572 0.609 0.639 0.693 0.711 
17 0.530 0.601 0.638 0.667 0.719 0.737 
18 0.559 0.630 0.666 0.695 0.745 0.762 
19 0.589 0.659 0.694 0.722 0.770 0.787 
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35 

F 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0 
1 
2 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
20 
21 

C = .500 

0.020 
0.048 
0.077 
0.106 
0.136 
0.165 
0.194 
0.223 
0.252 
0.281 
0.310 
0.339 
0.368 
0.398 
0.427 
0.456 
0.485 
0.514 
0.543 
0.572 
0.601 

0.019 
0.047 
0.075 
0.103 
0.132 
0.160 
0.188 
0.217 
0.245 
0.273 
0.301 
0.330 
0.358 
0.386 
0.415 
0.443 
0.471 
0.500 
0.528 
0.556 
0.584 
0.613 

Appendix 3B 

Tabl« I (continued) 

.800      .900    .950 

0.046 
0.085 
0.121 
0.156 
0.189 
0.222 
0.254 
0.286 
0.317 
C.348 
0.379 
0.409 
0.439 
0.469 
0.498 
0.527 
0.556 
0.585 
0.614 
0.642 
0.670 

0.044 
0.083 
0.118 
0.151 
0.184 
0.216 
0.247 
0.278 
0.309 
0.339 
0.369 
0.398 
0.427 
0.456 
0.485 
0.513 
0.542 
0.570 
0.598 
0.625 
0.653 
0.680 

0.065 
0.109 
0.149 
0.186 
0.221 
0.255 
0.289 
0.321 
0.353 
0.385 
C.416 
0.447 
0.477 
0.506 
0.536 
0.565 
0.593 
0.621 
0.649 
0.677 
0.704 

C.063 
0.106 
0.144 
0.181 
0.215 
0.248 
0.281 
0.313 
0.344 
0.375 
0.405 
0.435 
O.464 
0.493 
0.522 
0.550 
0.578 
0.606 
C633 
0.660 
0.687 
0.713 

0.084 
0.132 
0.173 
0.212 
0.249 
0.284 
0.318 
0.352 
0.384 
0.416 
0.447 
0.478 
0.508 
0.537 
0.566 
0.595 
0.623 
0.651 
0.678 
0.704 
0.731 

0.082 
0.128 
0.169 
0.206 
0.242 
0.277 
C.310 
0.343 
0.374 
O.405 
0.436 
0.466 
0.495 
0.524 
0.552 
C.580 
0.608 
0.635 
0.662 
0.688 
0.714 
0.739 

.990 

0.126 
0.179 
0.225 
0.266 
0.304 
0.3a 
0.376 
0.410 
0.443 
C.475 
0.506 
0.536 
0.566 
0.594 
0.623 
0.650 
0.677 
0.703 
0.729 
0.754 
0.778 

0.123 
C.175 
0.219 
0.259 
0.297 
0.332 
0.367 
0.400 
0.432 
0„463 
0.494 
0.523 
0.552 
0.581 
0.608 
0.635 
0.662 
0.687 
0.713 
0.737 
0.761 
0.785 

.995 

0.144 
0.198 
0.245 
0.287 
0.326 
0.363 
0.398 
0.432 
0.465 
0.497 
0.527 
0.557 
0.586 
0.615 
O.643 
0.669 
0.696 
0.721 
0.746 
0.770 
0.794 

0.140 
0.193 
0.238 
0.279 
0.318 
C.354 
0.388 
C.42I 
0.454 
0.485 
C.515 
0.544 
0.573 
0.601 
0.628 
0.655 
0.681 
0.706 
0.731 
0.755 
C.77? 
C.801 
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37 

F 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
33 
H 
15 
16 
17 
18 
19 
20 
21 

0 
1 
2 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

C = .500 

Appendix 2B 

Table I  (continued) 

.800 .900 .950 .990 o995 

0.U19 0.043 C.061 0.079 0.120 0.136 
0.046 o.oec 0.103 0.125 0.170 0.188 
0.073 0.115 O.I4I 0.164 0.213 0.232 
0.1C1 0,147 C.176 0.201 0.252 0.272 
0.128 0.179 0.209 0.236 0.289 0.310 
0.156 0.210 0,242 0.270 0.324 0.345 
0.183 0.2U 0.274 0.302 0,358 0.379 
0.211 0.27] 0.305 0.334 0.390 0.412 
0.238 0.301 0.335 0.365 0.422 0.443 
0.266 0.330 C.365 0.395 0.452 0.474 
0.293 0.359 0.395 0.425 0.482 0.503 
0.321 0.388 0.424 0.454 0.511 0.532 
0.348 0.416 0.453 0.483 0.540 0.56C 
0.376 0.444 0.481 0,511 0.567 0.588 
0.403 0.472 0.509 0.539 0.595 0.614 
0.431 C.5CC 0.537 0.566 0.621 0.6a 
0.458 0.528 0.564 0.593 0.647 0.666 
0.486 0.555 0.591 0.620 0.673 0.691 
0.513 0.582 0.618 O.646 0.697 0.715 
0.5a 0.6C9 0.644 0.672 0.722 0.739 
0.568 0.636 0.670 0.697 0.746 0.762 
0.596 0.663 0.696 0.722 0.769 0.785 

0.018 0.042 0.060 0.077 0.117 0.133 
0.044 0.078 0.101 0.121 0.166 0.184 
0.071 0.112 0.137 0.160 0.208 0.227 
0.098 0.144 0.171 0.196 0.246 0.266 
0.125 0.174 0.204 0.230 0.282 0.302 
0.151 0.2C5 0.236 0.263 0.317 0.337 
0.178 0.235 0.267 0.295 0.349 0.370 
0.205 0.264 C.297 0.326 0.381 0.402 
0.232 0.293 0.327 0.356 IJ-.A1/ 0.433 
0.258 0.3a 0.356 0.386 0.442 0.463 
0.285 0.350 0.385 0.415 0.471 0,492 
0.312 0.378 0.413 0.443 0.500 0.520 
0.339 0.406 0.441 0.471 0.527 0.548 
0.366 0.433 0.469 0.499 0.555 0.575 
0.392 0.461 0.497 0.526 0.581 0.6G1 
C.419 0.48S 0.524 0.553 0.608 0.627 
0.446 0.515 0.550 0.580 0.633 0.652 
0.473 0.541 0.577 0.606 0.658 0.677 
0.500 0.568 0.603 0.631 0.683 0,701 
0.526 0.594 0.629 0.657 0.707 0.724 
0.553 0.620 0.654 0.682 0.730 0.747 
0.580 O.646 0.680 0.706 0.753 0.770 
0.607 0.672 0.705 0.730 0.776 0.791 
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39 

APIENDU 3B 

Table I (continued) 

F 

0 

C = .500 .800 .900 .950 .990 .995 

0.018 0.041 0.058 0.075 0.114 0.130 
1 0.043 0.076 0.098 0.118 0.162 0.179 
2 0.C69 0.109 0.134 0.156 0.203 0.221 
3 0.095 0.140 0.167 0.191 0.240 0.260 
4 0.121 0.170 0.199 0,224 0.276 0.295 
5 0.U7 0.2C0 0.230 0.256 0.309 0.329 
6 0.173 0.229 0.260 0.288 0.3a C.362 
7 0.200 0.257 0.290 0.318 0.372 0.393 
8 0.226 0.285 0.319 0.347 0.403 0.423 
9 0.252 0.313 0.347 0.376 0.432 0.452 

10 0.278 0.341 0.376 0.405 0.461 0.481 
11 0.304. 0.368 0.403 0.433 0.488 0.509 
12 0.330 0.396 0.431 0.460 0.516 0.536 
13 0.356 0.422 0.458 0.487 0.543 0.563 
u 0.382 0.449 0.485 0.514 0.569 0.589 
15 0.408 0.476 0.511 0.540 0.595 0.614 
16 0.434 0.502 0.537 0.566 0,620 C639 
17 0.460 0.528 0.563 0.592 0.644 0.663 
18 0.486 0.554 0.589 0.^17 0.669 0.687 
19 0.513 0.580 0.614 0.642 0.692 0.71C 
20 0.539 0.605 0.639 0.667 C.716 0.733 
21 0.565 0.631 C.664 0.691 0.736 0.755 
22 0.591 0.656 0.689 0.715 0.761 0.776 

0 0.017 0.040 0.057 0.073 0.111 0.127 
1 0.042 0.074 0.096 0.115 0.158 0.175 
2 0.067 0.106 0.130 0.152 0.198 0.216 
3 0.093 0.136 0.163 0.186 0.235 0.254 
4 0.118 0.166 0.194 0.219 0.269 0.289 
5 0.144 0.195 0.224 0.250 0.302 0.322 
6 0.169 0.223 0.254 0.281 0.334 0.354 
7 0.194 0.251 C.283 0.310 0.364 0.384 
8 0.220 0.278 0.311 0.339 0.394 0.414 
9 0.245 0.306 0.339 0.368 0.422 0.443 

10 0.271 0.333 0.367 0.396 0.450 0.471 
11 0.296 0.359 0.394 0.423 0.478 0.498 
12 0.322 0.386 0.421 0.450 0.505 0.525 
13 0.347 0.412 0.447 0.476 0.531 0.551 u 0.372 0.438 0.473 0.503 0.557 0.576 
15 0.398 0.464 0.499 C528 0.582 0.601 
16 0.423 0.49C 0.525 0.554 0.607 0.626 
17 0.449 0.516 0.550 0.579 0.631 0.650 
18 0.474 0.5a 0.576 0.604 0.655 0.673 
19 0.500 0.566 0.600 0.628 0.678 0.696 
20 0.525 0.591 0.625 0.652 0.701 0.719 
21 0.550 0.616 0.649 0.676 0.724 0.7a 
22 0.576 0.641 0.673 0.699 0.746 0.762 
23 0.601 0.665 0.697 0.723 0.768 0.783 
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APttJJDIX 3B 

Teb3 e I  (continued) 

I 

0 

C = .5C0 .800 .900 .950 .990 .995 

0.017 0.039 0.055 0.072 0.108 0.124 
1 0.041 0.073 CC93 0.113 0.154 0.171 
2 0.066 0.103 0.127 0.149 0.194 0.211 
3 0.091 0.133 0.159 0.182 0.229 0.248 
4 0.115 0.162 0.189 0.214 0.263 0.282 
5 0.H0 0.190 C.219 0.245 0.295 0.315 
6 0.165 0.218 0.248 0.274 0.326 0.346 
7 0.190 0.245 0.276 0.303 0.356 0.376 
8 0.214 0.272 0.304 C.332 0.385 0.405 
9 0.239 0.298 0.331 0.359 0.413 0.433 

10 0.264 0.325 0.358 0.387 0.441 0.461 
11 0.289 0.351 0.385 C413 0.468 0.488 
12 0.3U 0.377 0.411 0.440 . 0.494 0.514 
13 0.338 0.403 0.437 0.466 0.520 0.539 
U 0.363 0.428 0.463 0.491 0.545 0.565 
15 0.388 0.453 0.488 0.517 0.570 0.589 
16 0.413 0.479 0.513 0.542 0.594 0.613 
17 0.438 0.504 0.538 0.566 0.618 0.637 
18 0.462 0.528 0.563 0.593 0.642 0.660 
19 0.487 0.553 0.587 0.615 0.665 0.683 
20 0.512 0.578 0.611 0.638 0.686 0.705 
21 0.537 0.602 0.635 0.662 0.730 0.727 
22 0.561 0.626 0.659 C.6S5 0.732 0.748 
23 0.586 0.650 0.682 0.708 0.753 0.769 
24 0.611 0.674 0.705 0.730 0.774 0.789 
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F 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

C = .500 

Appendix 3B 

Table 1 (continued) 

.800 .900 .950 .990 .995 

0.016 0.038 0.054 0.070 0.106 0.121 
0.040 0.071 0.091 0.110 0.151 0.167 
C.O64 0,101 0.124 0.145 0.189 0.207 
0.088 0.130 0.155 0.178 0.224 0.242 
0.113 0.158 0.185 0.209 0.257 0.276 
0.137 0.185 0.214 0.239 0.289 0.308 
0.161 0.213 0.242 0.268 0.319 0.338 
0.185 0.239 0.270 0.296 0.348 0.368 
0.209 0.265 0.297 0.324 0.377 0.396 
0.233 0.291 0.324 0.351 0.404 0.424 0.258 0.317 0.350 0.378 0.431 0.451 0.282 0.343 0.376 0.404 0.458 0.478 
0.306 0.368 0.402 0.43C 0.484 0.503 0.330 0.393 0.427 O.456 0.509 0.529 
0.354 0.418 0.452 0.481 0.534 0.553 0.379 0.443 0.477 0.506 0.558 0.578 
0.403 O.468 0.502 0.530 0.582 0.601 
0.427 0.492 C.526 0.554 0.606 0.625 0.451 0.516 0.550 0.578 0.629 0.647 
0.475 0.541 0.574 0.602 0.652 0.670 0.500 0.565 0.598 0.625 0.674 0.692 
0.524 0.588 0.621 0.648 0.696 0.713 0.548 
0.572 

0.612 
0.636 

0.645 
0.668 

0.671 
0.693 

0.718 
0.739 

0.734 
0.755 0.596 0.659 0.690 0.715 0.760 0.775 
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< 
Appendix l 3B 

Table I  (continued) 

N 
42 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.016 0.037 0.053 0.068 0.103 0.118 
I 0.039 0.069 0.089 0.108 0.147 0.163 
2 0.063 0.099 0.121 0.142 0.185 0.202 
3 0.086 0.127 0.152 0.174 0.219 0.237 
4 0.110 0.154 C.181 0.204 0.252 0.Ü70 
5 0.133 0.181 0.209 0.234 0.283 0.301 
6 0.157 0.208 0.237 0.262 0.312 0.331 
7 0.181 0.234 0.264 0.290 0.341 0.360 
8 0.204 0.259 0.290 0.317 0.369 0.388 
9 0.228 0.285 0.317 0.344 0.396 0.415 

10 0.252 0.310 0.342 0.370 0.422 0.442 
11 0.275 0.335 0.368 0.396 0.448 0.468 
12 0.299 0.360 0.393 C.421 0.474 0.493 
13 0.322 0.384 0.418 0.446 0.499 0.518 
U 0.346 0.409 0.443 0.471 0.523 0.542 
15 0.370 C433 0.467 0.495 0.547 0.566 
16 0.393 0.457 C.491 0.519 0.571 0.590 
17 0.417 0.481 0.515 0.543 0.594 0.613 
18- 0.440 0.505 0.539 0.566 0.617 0.635 
19 0.464 0.529 0.562 0.589 0.639 0.657 
20 0.488 0.552 0.585 0.612 0.661 0.679 
21 0.511 0.575 0.608 0.635 0.683 0.700 
22 0.535 0.599 0.631 0.657 0.704 o.7a 
23 0.559 0.622 0.654 0.679 0.725 0.7a 
24 0.582 0.645 0.676 0.701 0.746 0.761 
25 0.606 C.667 0.698 0.723 0.766 0.781 

161 

Downloaded from http://www.everyspec.com



Appendix 3B 

43 
F 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 u 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

C = „500 

0.015 
0„038 
0."61 
0.084 
0.107 
0.130 
0.153 
0.176 
0.200 
0.223 
0.246 
0.269 
0.292 
0.315 
0.338 
0.361 
0.384 
0.407 
0.430 
0.453 
0.476 
0.500 
0.523 
0.546 
0.569 
0.592 

Ttbl« I (continutd) 

.800 .900 .950 

0.036 
0.068 
0.096 
0.124 
0.151 
0.177 
0.203 
0.228 
0.254 
0.279 
0.303 
0.328 
0.352 
0.376 
0.400 
0.424 
0.447 
0.471 
0.494 
0.517 
0.540 
0,563 
0.586 
0.608 
0.631 
0.653 

0.052 
0.087 
0.119 
0.148 
0.177 
0.205 
0.232 
0.258 
0.284 
0.310 
0.335 
0.360 
0.385 
0.409 
0.433 
0.457 
0.481 
0.504 
C527 
0.550 
0.573 
0.596 
0.618 
0.640 
0.662 
0.684 

0.067 
0.105 
0.139 
0.170 
0.200 
0.229 
0.256 
0.284 
0.310 
0.336 
0.362 
0.387 
0.412 
0.437 
0.461 
0.485 
0.508 
0.532 
0.555 
0.577 
0.600 
0.622 
0.644 
0.666 
0.688 
0.709 

.990 

0.101 
0.144 
0.181 
0.215 
0.246 
0.277 
0.306 
0.334 
0.361 
0.388 
0.414 
0.439 
O.464 
0.489 
0.513 
0.537 
0.560 
0.583 
0.605 
0.627 
0.649 
0.671 
0.692 
0.712 
0.733 
0.753 

.995 

0.115 
0.160 
0.198 
0.232 
0.264 
0.295 
0.324 
0.353 
0.380 
0.407 
0.433 
0.459 
O.48A 
0.508 
0.532 
0.555 
0.578 
0.601 
0.623 
0.645 
0.667 
0.688 
0.708 
0.728 
0.748 
0.768 
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Appendix 3B 

Table I (continued) 

N 
44 

F 
0 

C = .500 .800 .90C .950 .990 .995 

0.C15 0.035 0.050 0.065 0.099 0.113 
1 0.037 0.066 0.085 0.103 0.141 0.157 
2 0.060 0.094 0.116 0.136 0.177 0.194 
3 0.082 0.121 0.145 0.166 0.210 0.227 
4 0.105 0.148 0.173 0.196 0.241 0.259 
5 0.127 0.173 0.200 0.224 0.271 0.289 
6 0.150 0.199 0.227 0.251 0.299 0.318 
7 0.172 0.223 0.253 0.278 0.327 0.346 
8 0.195 0.248 0.278 0.304 0.354 0.373 
9 0.218 0.272 0.303 0.329 0.380 0.399 

10 0.240 0.297 0.328 0.354 0.406 0.425 
11 0.263 0.321 0.352 0.379 0.431 0.450 
12 0.285 0.344 0.376 0.404 0.455 0.474 
13 0.308 0.368 0.40C 0.428 0.479 0.498 
H 0.330 0.391 0.424 0.451 0.503 0.522 
15 0.353 0.415 0.447 0.475 0.526 0.545 
16 0.375 0.438 0.471 0.498 0.549 0.568 
17 0.398 0.461 0.494 0.521 0.572 0.590 
18 0.421 0.483 0.516 0.544 0.594 0.612 
19 0.443 0.506 0.539 0.566 0.616 0.633 
20 0.466 0.529 0.561 0.588 0.637 0.655 
21 0.488 0.551 0.584 0,610 0.658 0.675 
22 0.511 0.573 0.606 0.632 0.679 0.696 
23 0.533 0.596 0.627 C.653 0.699 0.716 
24 0.556 0.618 0.649 0.674 0.72C 0.735 
25 0.578 0.640 0.671 0.695 0.739 0.755 
26 0.601 0.661 0.692 0.716 0.759 0.774 
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N 
45 

F 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

C = .5C0 

0.015 
0.037 
0.058 
0.080 
0.103 
0.125 
0.H7 
0.169 
0.191 
0.213 
0.235 
0.257 
0.279 
0.301 
0.323 
0.345 
0.367 
0.389 
Ö.U1 
0.433 
0.455 
0.477 
0.500 
0.522 
0.544 
0.566 
0.588 
0.610 

Appendix 3B 

Tabl« I (continued) 

.800 .900 .950 

0.035 
0.065 
0.092 
0.119 
0.U4 
0.170 
0.194 
0.219 
0.243 
0.267 
0.290 
0.314 
0.337 
0.360 
0.383 
0.406 
0.428 
0.451 
0.473 
0.496 
C.518 
0.540 
0.562 
0.583 
0.605 
0.627 
0.648 
0.669 

0.049 
0.083 
0.113 
0.142 
0.169 
0.196 
0.222 
0.247 
0.272 
0.297 
0.321 
0.345 
0.369 
0.392 
0.415 
0.438 
0.461 
0.484 
0.506 
0.528 
0.550 
0.572 
0.594 
0.615 
0.636 
0.657 
0.678 
0.699 

0.064 
0.101 
0.133 
0.163 
0.191 
0.219 
0.246 
0.272 
0.297 
0.323 
0.347 
0.372 
0.395 
0.419 
0.442 
0.465 
0.^88 
0.511 
0.533 
0.555 
0.577 
0.598 
0.620 
0.641 
0.662 
0.682 
0.703 
0.723 

.990 

0.097 
0.138 
0.173 
0.206 
0.236 
0.265 
0.293 
0.321 
0.347 
0.373 
0.398 
0.422 
0.446 
0.470 
0.493 
0.516 
0.539 
0.561 
0.583 
0.604 
0.626 
0.646 
0.667 
0.687 
0.707 
0.727 
0.746 
0.765 

.995 

0.111 
0.153 
0.190 
0.223 
0.254 
0.283 
0.312 
0.339 
0.366 
0.391 
0.417 
0.441 
0.465 
0.489 
0.512 
0.535 
0.557 
0.579 
0.601 
0.622 
0.643 
0.663 
0.684 
0.703 
0.723 
0.742 
0.761 
0.779 
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Appendix 3B 

Table I (continued) 

-Ei 

C = .500 .800 .900 .950 .990 ,995 
N 

46 
r 
0 O.CH 0.034 C.048 C.063 0.095 0,108 
3 0.036 C.063 0.081 0.099 0.135 0.15C 
2 0.057 0.090 0.111 0.130 0.170 0.186 
3 0.079 0.116 0.139 0.160 0,202 0.218 
4 0.10C 0.141 0.166 0.188 0.232 0.249 
5 0.122 0.166 0.192 0.215 0,260 0.278 
6 0.343 0.190 0.217 0.241 0.288 0.306 
7 0.165 0.214 0.242 0.266 0.3H 0.332 
8 0,187 0.238 0.267 0,291 0.340 0.359 
9 0.208 0.261 0.291 C.316 0.365 0.384 

10 0.230 0.284 0.315 0.340 0.39C 0.409 
11 0.251 0.307 C.338 0.364 0.414 0.433 
12 0.273 0.330 C.361 0.388 0,438 0.457 
13 0.294 0.353 C.384 0.411 C.461 0.480 
14 0.316 0.375 0.407 0.434 C.484 0.503 
15 0.338 0.397 0.430 0.456 C.5C7 0.525 
16 0.359 0.420 0.452 C479 C529 C547 
17 0.381 0.442 Co 474 0,501 0.551 0.569 
18 0.402 0.464 C.496 0.523 0,572 0.590 
19 0.424 C.486 0.518 0.544 0,594 0.611 
20 0.446 0.507 0.539 0.566 0.614 0.632 
21 0.467 0.529 0.561 0.587 0,635 0.652 
22 0.489 0.550 C.582 0.608 0.655 0.672 
23 0.510 0.572 0.603 C.629 0.675 0,692 
24 0.532 0.593 0.624 0.649 0.695 0.711 
25 0.553 C.614 0.645 C.670 C.714 0.730 
26 C.575 0.635 0.665 0.690 0.733 0.748 
27 0.597 0.656 0.686 C.71C 0.752 0.767 
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H      P 
47   0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
H 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Appendix 3B 

T«bl« I (continued) 

= .500 .800 .900 .950 .990 .995 

0.014 0.033 0.047 0.061 0.093 0.106 
0.035 0.062 0.Ö80 0.097 0.133 0.147 
0.056 0.088 0.109 0.127 0.167 0.18? 
0.077 0.114 0.136 0.156 0.198 0.214 
0.098 0.138 0.162 0.184 0.227 0.244 
0.119 0.163 0.188 0.210 0.255 0/27? 
O.HO 0.186 0.213 0.236 0.282 0.300 
0.162 0.210 0.237 0.261 0.308 0.326 
0.183 0.233 0.261 0.286 0.334 0.352 
0.204 0.256 0.285 0.310 0.358 0.377 
0.225 0.278 0.308 0.334 0.383 C.401 
0.246 0.301 0.331 0.357 0.407 0.425 
0.267 0.323 0.354 0.380 0.430 0.448 
0.288 0.345 0.377 0.403 0.453 0.471 
0.309 0.368 0,399 0.425 0.475 0.494 
0.331 0.389 0.421 0.448 0.498 0.516 
0.352 0.411 0.443 0.470 0.519 0.538 
0.373 0.433 0.465 0.491 0.5a 0.559 
0.394 0.454 0.486 0.513 0.562 0.580 
0.415 0.476 0.508 0.534 0.583 0.601 
0.436 0.497 0.529 0.555 0.604 0.62i 
0.457 0.518 0.550 0.576 0.624 0.641 
0.478 0.539 0.571 0.597 0.644 0.661 
0.500 0.560 0.592 0.617 0.664 0.680 
0.521 0.581 0.612 0.637 0.683 0.699 
0.542 0.602 0.633 0.657 0.702 0.718 
0.563 0.623 0.653 0.677 0.721 0.736 
0.584 0.643 0.673 0.697 0.740 0.754 
0.605 0.664 0.693 0.716 0.758 0.772 
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48 

Appendix 3B 

Table I  (continued) 

F 
0 

C = .500 .800 .900 .95C .990 .995 

O.OK 0.032 0.046 0.060 0.091 0.104 
1 0.034 0.C61 0.078 0.095 0.130 0cl44 
2 0.055 0.087 0.107 0.125 0.163 0cl79 
3 0.075 0.111 0.133 0.153 0.194 0,210 
4 0.096 0.136 0.159 0.180 0.223 0.239 
5 0.117 0.159 0.184 0.206 0,250 0.267 
6 0.137 0.182 0.209 0.231 0.277 0.294 
7 0,158 0.205 0.233 0.256 0.302 0.320 
8 0.179 0.228 0.256 0.280 0.327 0.345 
9 0.200 0.251 0.279 0.304 0.352 0.370 

10 0.220 0.273 0.302 0.327 0.376 0,394 
11 0.2a 0.295 0.325 0.350 0.399 0.417 
12 0.262 0.317 0.347 0.373 0,422 0.440 
13 0.282 0.339 0.369 0.395 0.445 0.463 
14 0.303 0.360 0.391 0.437 0.467 0.485 
15 0.324 0.382 0.413 0.439 0.489 0.507 
16 0.344 0.403 0.435 0.461 0.510 0.528 
17 0.365 0.424 0.456 0.482 0.531 0.549 
18 0.386 0.445 0,477 0.5C3 0.552 0.570 
19 C.406 0.466 0.498 0.524 0.573 0.590 
20 0.427 0.487 0.519 0.545 0.593 C.610 
21 0.448 0.508 0.540 0.566 0.613 0.630 
22 O.468 0.529 0.560 0.586 0.633 0.650 
23 0.489 0.549 0.581 0.606 0.652 0.669 
24 0.510 0.570 0.60' 0.626 C.672 0.688 
25 0.531 0.590 0.621 O.646 0.690 0.706 
26 0.551 0.611 0.6a 0.665 0.7C9 0.725 
27 0.572 0.631 0.661 0.685 0.727 0.742 
28 0.593 0.651 0.680 0.704 0.746 0.760 
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49 

Appendix 3B 

Tabl« I  (continued) 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.014 0.032 0.045 0.059 0.089 0.102 
1 0.034 0.059 0.077 0.093 0.127 0.142 
2 0.054 0.085 0.104 0.122 0.160 0.175 
3 0.074 0.109 0.131 0.150 0.190 0.206 
4 0.094 0.133 0.156 0.177 0.219 0.235 
5 0.114 0.156 0.181 0.202 0.246 0.262 
6 0.135 0.179 0.205 0.227 0.272 0.289 
7 0.155 0.201 0.228 0.251 0.297 0.3H 
8 0.175 0.224 0.251 0.275 0.321 0.339 
9 0.195 0.246 0.274 0.298 0.345 0.363 

10 0.216 0.268 0.296 0.321 0.369 0.387 
11 0.236 C.289 0.319 0.344 0.392 O.UO 
12 0.256 0.311 0.341 0.366 0.a4 0.433 
13 0.277 0.332 0.362 0.388 0.437 0.455 
14 0.297 0.353 0.384 0.410 0.459 0.477 
15 0.317 0.374 0.405 0.431 0.480 0.^98 
16 0.337 0.395 0.426 0.452 0.501 0.519 
17 0.358 0.416 0.447 0.473 0.522 0.540 
18 0.378 0.437 O.468 0.494 0.543 0.560 
19 0.398 0.457 0.489 0.515 0.563 0.580 
20 0.418 C.478 0.509 0.535 0.583 0.600 
21 0.439 0.498 0.530 0.555 0.603 0.620 
22 0.459 0.519 0.550 0.575 0.622 0.639 
23 0.479 0.539 0.570 0.595 0.641 0.658 
24 0.500 0.559 0.590 0.615 0.660 0.677 
25 0.520 0.579 0.610 0.634 0.679 0.695 
26 0.540 0.599 0.629 0.654 0.698 0.713 
27 0.560 0.619 0.649 0.673 0.716 0.731 
28 6.581 0.639 0.668 0.691 0.734 0.748 
29 0.601 0.658 0.687 0.710 0.751 0.766 
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ApP« ?ndix 3B 

Table I  (continued) 

M 
50 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.013 0.031 0.045 0.058 0.087 0.100 
1 0.033 0.058 0.075 0.091 0.125 0.139 
2 0.053 0.083 0.102 0.120 0.157 0.172 
3 0.072 0.107 0.128 0.147 0.187 0.202 
4 0.092 0.130 0.153 0.173 0.215 C.231 
5 0.112 0.153 0.177 0.198 O.24I 0.258 
6 0.132 0.175 0.201 0.223 0.267 0.284 
7 0.152 0.197 0.224 0.246 0.291 0.309 
8 0.172 0.219 0.246 0.270 0.316 0.333 
9 0.192 0.2a 0.269 0.293 0.339 0.357 

10 0.211 0.262 0.291 0.315 C.362 0.380 
11 0.231 0.284 0.3X3 0.337 0.385 0.403 
12 0.251 0.305 C.334 0.359 0.407 0.425 
13 0.271 0.326 C.356 0.381 C.429 0.447 
H 0.291 0.346 C.377 0.402 0.451 0.468 
15 0.311 0.367 0.396 0.423 0.472 0.489 
16 0.331 0.388 0.418 0.444 0.493 0.510 
17 0.351 0.408 C.439 0.465 0.513 0.531 
18 0.370 C.429 0.460 0.4&5 0.533 0.551 
19 0.390 0.449 0.480 0.506 0.553 C.571 
20 o.ao 0.469 0.500 0.526 C.573 0.590 
21 0.430 0.489 0.520 0.546 0.593 0.610 
22 0.450 0.509 0.540 0.565 0.612 0.629 
23 0.470 0.529 0.560 0.585 0.631 0.647 
24 0.490 0.549 0.579 0.604 0.650 0.666 
25 0.509 0.568 0.599 0,623 C.668 C.684 
26 0.529 0.588 C..618 0.642 0.686 0.702 
27 0.549 0.607 0.637 0.661 0.7C4 0.720 
28 0.569 0.627 0.656 0.680 C-722 0.737 
29 0.589 O.646 0.675 0.698 0.740 0.754 
30 0.609 0.665 0.694 0,716 0.757 0.771 
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55 
F 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

C = .500 

0.012 
0.030 
0.048 
0.066 
0.084 
0.102 
0.120 
0.138 
0.156 
0.174 
0.192 
0.210 
0.228 
0.247 
0.265 
0.283 
0.301 
0.319 
0.337 
0.355 
0.373 
0.391 
0.409 
0.427 
0.445 
0.463 

.800 

0.028 
0.053 
0.076 
0.097 
0.119 
0.139 
0.160 
C.180 
0.200 
0.220 
0.239 
0.259 
0.278 
0.297 
0.316 
0.335 
0.354 
0.373 
0.391 
0.410 
0.429 
0.447 
0.465 
0.484 
0.502 
0.520 

Appendix 3E 

Table I (continued) 

.900    .950 

0.041 
0.068 
0.093 
0.117 
O.HO 
0.162 
0.183 
0.204 
0.225 
0.245 
0.266 
0.286 
0.306 
0.325 
0.345 
0.364 
0.383 
0.402 
0.421 
O.44O 
0.458 
0.477 
0.495 
0.513 
0.531 
0.549 

0.053 
0.083 
0.110 
0.134 
0.158 
0.181 
0.204 
0.225 
0.247 
0.268 
0.288 
0.309 
0.329 
0.349 
0.368 
0.388 
0.407 
0.426 
0.445 
O.464 
0.483 
0.501 
0.519 
0.537 
0.555 
0.573 

.990 

0.080 
0.0H 
0.144 
0.171 
0.196 
0.221 
0.244 
0.267 
0.289 
0.311 
0.333 
0.354 
0.374 
0.394 
0.414 
0.434 
0.453 
0.473 
0.491 
0.510 
0.529 
0.547 
0.565 
0.583 
0.600 
0.618 

.995 

0.091 
0.127 
0.157 
0.185 
0.211 
0.236 
0.260 
0.283 
0.306 
0.328 
0.349 
0.370 
0.391 
0.411 
0.431 
0.451 
0.470 
0.489 
0.508 
0.527 
0.545 
0.563 
0.581 
0.599 
0.616 
0.634 
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Appendix 3B 

Table 1  (continued) 

1 F 
0 

C =  .500 .800 .900 .950 .990 .995 

60 0.011 C.C26 0.C37 0.048 0.073 0.084 
1 0.027 0.049 0.063 0.076 0.105 0.117 
2 0.044 0.069 0.086 0.101 0.132 0.145 
3 0.060 0.090 0.107 0.124 0.157 0.171 
4 0.077 0.109 0.128 C.I46 0.181 0.195 
5 0.093 0.128 0.149 0.167 0.204 0.218 
6 0.110 0.147 0.168 0.187 0.225 0.240 
7 0.127 0.165 0.188 0.207 0.247 0.262 
8 0.143 0.184 0.207 0.227 0.267 0.283 
9 0.160 0.202 0.226 0.247 0.287 0.303 

10 0.176 0.220 0.245 0.266 0.307 0.323 
11 0.193 0.238 0.263 0.285 0.327 0.343 
12 0.209 0.256 0.281 0.303 0.346 0.362 
13 0.226 0.273 0.299 0.322 0.365 0.381 
H 0.2-43 0.291 0.317 0.340 0.383 0.400 
15 C259 0.308 0.335 0.358 0.402 O.4I8 
16 0.276 0.326 0.353 0.376 0.420 0.436 
17 0.292 0.343 0.371 0.394 0.438 0.454 
18 0.309 G.360 0.388 0.411 0.455 0.472 
19 0.325 0.377 0.405 0.429 0.473 0.489 
20 0.342 0.394 0.423 0.446 0.490 0.506 
21 0.359 0.411 0.440 0.463 0.507 0.523 
22 0.375 0.428 0.457 0.480 0.524 0.540 
23 0.392 0.445 0.474 0.497 0.5a 0.557 
24 0.408 0.462 0.490 0.514 0.557 0.573 
25 0.425 0.479 0.507 0.531 0.574 0.590 
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S      F 
65   0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Appendix 3B 

Table i I (continued) 

C = .500 .800 .900 .950 .990 .995 

0.010 C.024 0.034 0.045 0.068 0.078 
0.025 0.045 0.058 0.070 0.097 0.108 
0.040 0.064 0.079 0.093 0.123 0.134 
0.056 0.083 0.099 0.114 0.146 0.158 
0.071 0.101 0.119 0.135 0.168 0.181 
0.086 0.116 0.138 0.154 0.189 0.202 
0.102 0.136 0.156 0.174 0.209 0.223 
0.117 0.153 0.174 0.192 0.229 0.243 
0.132 0.170 0.192 0.211 0.248 0.263 
0.147 0.187 0.209 0.229 0.267 0.282 
0.163 0.204 0.227 0.246 0.286 0.300 
0.178 0.220 0.244 0.264 0.304 0.319 
0.193 0.237 0.261 0.281 0.322 0.337 
0.209 0.253 0.278 0.299 0.339 0.355 
0.224 0.269 0.294 0.316 0.357 0.372 
0.239 0.285 0.311 0.332 0.374 0.389 
0.255 0.302 0.327 0.349 0.391 0.406 
0.270 0.318 0.344 0.366 0.408 0.423 
0.285 0.334 0.360 0.382 0.424 0.440 
0.301 0.350 0.376 0.398 0.441 0.456 
0.316 0.365 0.392 0.414 0.457 0.472 
0.331 0.381 0.408 0.430 0.473 0.488 
0.346 0.397 0.424 0.446 0.489 0.504 
0.362 0.413 0.440 0.462 0.505 0.520 
0.377 0.428 0.455 0.478 0.520 0.536 
0.392 0.444 0.471 0.494 0.536 0.551 

172 

Downloaded from http://www.everyspec.com



Appendix 3B 

Table I (continued) 

a 
70 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.009 0.022 0.032 p.041 0.063 0.072 
1 0.023 0.042 0.054 0.065 0.091 0.101 
2 0.038 0.060 0.074 0.087 0.114 0.125 
3 0.052 0.077 0.092 0.107 0.136 0.148 
4 0.066 0.094 0.110 0.126 C.156 0,169 
5 0.080 0.110 0.128 0.144 0.176 0.189 
6 0.094 0.126 0.145 0.162 0.195 0.208 
7 0.109 0.142 0.162 0.179 0.214 0.227 
8 0.123 0.158 0.179 0.196 0.232 C.245 
9 0.137 0.174 0.195 0.213 0.249 0.263 

10 0.151 0.189 C.211 0.230 0.267 0.281 
11 0.165 0.205 C.227 0.246 0.284 0.298 
12 0.180 0.220 0.243 0.262 0.301 0.315 
13 0.194 0.235 0.259 C.278 0.317 0.332 
14 0.208 0.251 0.274 0.294 0.333 0.348 
15 0.222 0.266 0.290 0.310 0.350 0.364 
16 0.236 0.281 0.305 0.326 0.366 0.380 
17 0.251 0.296 C.320 0.3a 0.381 0.396 
18 0.265 0.311 C336 0.357 0.397 0.412 
19 0.279 0.325 C.351 0.372 0.412 0.427 
20 0.293 0.340 0.366 0.387 0.428 0.443 
21 0.308 0.355 C.381 0.402 0.443 0.458 
22 0.322 0.370 C395 0.417 0.458 0.473 
23 0.336 0.384 0.410 0.432 0.473 0.488 
24 0.350 0.399 0.425 0.447 C.487 0.502 
25 0.364 0.413 0.44C 0.461 0.502 0.517 
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Appendix 3B 

Table I (continued) 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.009 0.021 0.030 0.039 0.059 0.068 
1 0.022 0.039 0.050 0.061 0.085 0.094 
2 0.035 0.056 0.069 0.081 0.107 0.117 
3 0.048 0.072 0.086 0.100 0.127 0.138 
4 0.062 0.087 0.103 0.117 0.147 0.158 
5 0.075 0.103 0.120 0.135 0.165 0.177 
6 0.088 0.118 0.136 0.151 0.183 0.195 
7 0.101 0.133 0.151 0.168 0.200 0.213 
8 0.115 0.148 0.167 0.184 0.217 0.230 
9 0.128 0.162 0.182 0.200 0.234 0.247 

10 0.141 0.177 0.197 0.215 0.250 0.264 
11 0.154 0.191 0.212 0.231 0.266 0.280 
12 0.168 0.206 0.227 0.246 0.282 0.296 
13 0.181 0.220 0.242 0.261 0.298 0.312 
U 0.194 0.234 0.257 0.276 0.313 0.327 
15 0.207 0.249 0.271 0.291 0.328 0.342 
16 0.221 0.263 0.286 0.305 0.343 0.358 
17 0.234 0.277 0.300 0.320 0.358 0.372 
18 0.247 0.291 0.314 0.334 0.373 0.387 
19 0.261 0.305 0.328 0.349 0.387 0.402 
20 0.274 0.318 0.343 0.363 0.4C2 0.416 a 0.287 0.332 0.357 0.377 0.416 0.431 
22 0.300 0.346 0.371 0.391 0.430 0.445 
23 0.314 0.360 0.384 0.405 0.445 0.459 
24 0.327 0.373 0.398 0.419 0.459 0.473 
25 0.340 0.387 0.412 0.433 0.472 0.487 
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80 

Appendix 3B 

Table I (continued) 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.008 0.019 0.028 0.036 0.055 0.064 
1 0.020 0.036 0.047 0.057 0.080 0.089 
2 0.033 0.052 0.065 0.076 0.100 0.110 
3 0.045 0.067 0.081 0.094 0,120 0.130 
4 0.058 0.082 0.097 0.110 0.138 0.149 
5 0.070 0.097 0.112 0.126 0.155 0.166 
6 0.083 0.111 0.127 0.142 0.172 0.184 
7 0.095 0.125 0.1^2 0.158 0.188 0.200 
8 0.107 0.139 0.157 0.173 0.204 0.217 
9 0.120 0.153 0.171 0.188 0.220 0.233 

10 0.132 0.166 0.186 0.202 0.236 0.248 
11 0.H5 0.180 0.200 0.217 0.251 0.264 
12 0.157 0.193 0.214 0.231 0.266 0.279 
13 0.170 0.207 C.228 0.245 0.280 0.294 
14 0.182 0.220 0.241 0.259 0.295 0.308 
15 0.195 0.233 0.255 0.273 0.309 0.323 
16 0.207 0.247 0.269 0.287 0.324 0.337 
17 0.219 0.260 0.282 0.301 0.338 0.351 
16 0.232 0.273 0.296 0.315 0.352 0.365 
19 0.244 0.286 0.309 0.328 0.365 0.379 
20 0.257 0.299 0.322 0.342 0.379 0.393 
21 0.269 0.312 0.335 0.355 0.393 C.407 
22 0.282 0.325 0.349 C.368 0.406 0.420 
23 0.294 0.338 0.362 0.382 0.420 0.434 
24 0.307 0.351 0.375 0.395 0.433 0.447 
25 0.319 0.364 0.388 0.408 0.446 0.460 
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85 
F 
0 
1 

.2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

C = .500 

0.008 
0.019 
0,031 
0.043 
0.054 
C.066 
0.078 
0.089 
0.101 
0.113 
0.125 
0.136 
0.148 
0.160 
0.171 
0.183 
0.195 
0.207 
0.218 
"0.230 
0.242 
0.253 
0.265 
0.277 
0.289 
0.300 

Api-ondlx 3B 

Table I (continued) 

.800 .900 ,950 

0.018 
0.034 
0.049 
0.063 
0.077 
C.091 
0.104 
0.118 
0.131 
0.144 
0.157 
0.169 
0.182 
0.195 
C.207 
0.220 
0.233 
0.245 
0.257 
0.270 
0.282 
0.294 
0.307 
0.339 
0.331 
0.343 

0.026 
0.044 
0.061 
0.076 
0.091 
0.106 
0.120 
0.134 
0.148 
0.161 
0.175 
0.188 
0.202 
0.215 
0.228 
0.241 
0.253 
0.266 
C279 
C.292 
0.304 
C317 
0.329 
0.341 
0.354 
0.366 

0.034 
0.054 
0.072 
0.088 
0.104 
0.119 
0.134 
0.149 
0.163 
0.177 
C.191 
C.205 
0.218 
C.232 
0.245 
0.258 
0.271 
0.284 
0.297 
0310 
0.323 
C335 
0.348 
0.361 
0.373 
0.385 

.990 

0.052 
0.075 
0.095 
0.113 
0.130 
0.146 
0.162 
0.178 
0.193 
0.208 
0.223 
0.237 
0.251 
0.265 
0.279 
0.292 
0.306 
0.319 
0.333 
0.346 
0.359 
0.372 
0.384 
0.397 
0.410 
0.422 

.995 

0.060 
0.084 
0.104 
0.123 
0.140 
0.157 
0.173 
0.189 
0.205 
0.220 
0.235 
0.249 
0.264 
0.278 
0.292 
0.305 
0.319 
0.332 
0.346 
0.359 
0.372 
0.385 
0.398 
0.411 
0.423 
0.436 
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N      F 
90   0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Append1 x 3B 

Table i I  (continued) 

C = .500 .800 .900 .950 .990 .995 

0.007 0.017 O.C25 0.032 0.049 0.057 
0.C18 0.032 0.042 0.051 0.071 0.079 
0.029 0.046 0.058 0.068 0.090 0.098 
0.040 0.060 0.072 0.083 0.107 0J16 
0.051 0.073 0.086 0.098 0.123 0.133 
0.062 0.086 0.100 0.113 0.139 0.149 
0.073 0.099 0.114 0.127 0.154 0.164 
0.084 0.111 0.127 0.141 0.169 0.179 
0.095 0.124 0.140 0.154 0.183 0.194 
0.107 0.136 0.153 0.168 0.197 0.208 
0.118 0.148 0.166 0.181 0.211 0.222 
0.129 0.160 0.178 0.194 0.224 0.236 
0.H0 0.172 0.191 0.207 0.238 0.250 
0.151 0.184 0.203 0.219 0.251 0.263 
0.162 0.196 0.215 0.232 0.264 0.277 
0.173 0.208 C.228 0.244 0.277 0.290 
C.184 C.220 0.240 0.257 0.290 0.303 
0.195 0.232 C.252 0.269 0.303 0.316 
0.206 0.243 0.264 0.282 0.315 0.328 
0.217 0.255 0.276 0.294 0.328 0.3a 
0.228 0.267 0.28S 0.306 0.340 0.353 
0.239 0.278 0.300 0.316 0.353 0.366 
0.250 0.290 0.312 C.330 0.365 0.378 
0.262 0.302 0.323 0.342 0.377 0.390 
0.273 0.313 0.335 0.354 0.389 0.402 
0.284 0.325 0.347 0.365 0.401 0.414 
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95 
F 
0 
1 
2 
3 
A 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

C = .500 

Appendix 3B 

Table I (continued) 

.800 .900 .950 .990 

0.007 0.016 0.023 0.031 0.047 
0.017 0.031 CO4O 0.048 0.067 
0.028 0.044 0.055 O.O64 0.085 
0.038 0.057 0.068 0.079 0.101 
0.0^8 0.069 0.082 0.093 0.117 
0.059 0.081 0.095 0.107 0.132 
0.069 0.093 0.108 0.120 0.146 
0.080 0.105 0.120 0.133 0.160 
0.090 0.117 0.133 C.I46 0.174 0.101 0.129 0.145 0.159 0.187 0.111 0.140 0.157 0.172 0.200 
0.122 0.152 0.169 0.184 0.213 
0.132 0.163 0.181 0.196 n.226 
0.143 0.175 0.193 0.208 0.239 
0.153 0.186 0.204 0.220 0.251 
O.I64 0.197 0.216 0.232 0.264 
0.174 0.209 C.228 0.244 0.276 
0.185 0.220 0.239 0.256 0.288 
0.195 0.231 0.251 0.267 0.300 
0.206 0.242 0.262 0.279 0.312 
0.216 0.253 C.273 0.391 0.324 
0.227 0.264 0.285 0.302 0.335 0.237 0.275 0.296 0.313 0.347 
0.248 0.286 0.307 0.325 0.359 
0.258 0.297 0.318 0.336 0.370 
0.269 0.308 0.329 0.347 0.382 

.995 

0.054 
0.075 
0.093 
0.110 
0.126 
0J41 
0.156 
0.170 
0.184 
0.198 
0.211 
0.225 
0.238 
0.250 
0.263 
0.276 
0.288 
0.300 
0.312 
0.324 
0.336 
0.348 
0.360 
0.371 
0.383 
0.394 
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C = .500 

Appendix 3B 

Table I (continued) 

.800      .900    .950 .990 
N 
"100 

F 
U 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1.1 
12 
13 
H 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
a 
42 
43 
Ah 
45 
46 
Al 
AB 
49 
50 

0.006 0.015 0.022 0.029 0.045 
0.016 0.029 0.038 O.O46 0.064 
0.026 0.042 0.052 0.061 0.081 
0.036 0.054 0.065 0.075 0.096 
0.046 0.066 0.078 0.089 0.111 
0.056 0.077 0.090 0.102 0.125 
0.066 0.089 0.102 0.114 0.139 
0.076 0.100 0.114 0.127 0.152 
0.066 0.111 0.126 0.139 0.165 
0.096 0.122 0.138 0.151 0.178 
0.106 0.133 0.149 0.163 0.191 
0.116 0.144 0.161 C.175 0.203 
0.126 0.155 0.172 0.187 0.215 
0.136 0.366 0.183 0.198 0.228 
0.146 0.177 0.195 0.210 0.239 
0.156 C.188 0.206 0.221 0.251 
0.166 0.198 C.217 0.232 0.263 
0.176 0.209 0.228 0.244 0.275 
0.186 0.220 0.239 Ü.255 0.286 
0.196 0.230 0.249 0.266 C.297 
0.205 0.2/1 0.260 0.277 0.309 
0.215 0.251 0.271 0.288 0.320 
0.225 0.262 0.282 0.299 0.331 
0.235 0.272 0.292 0.309 0.342 
0.245 0.283 0.303 C.32C 0.353 
0.255 0.293 0.314 0.331 O.364 
0.265 0.303 0.324 0.341 0.375 
0.275 0.314 0.335 0.352 0.386 
0.285 C.324 0.345 0.363 0.396 
0.295 0.334 0.356 0.373 0.407 
0.305 0.345 0.366 0.384 0.418 
0.315 0.355 0.376 Ü.394 0.428 
0.325 0.365 0.387 0.4C5 0.439 
0.335 0.375 0.397 0.415 0.449 
0.345 0.386 0.407 0.425 0.459 
0.355 0.396 0.418 0.436 C.470 
0.365 0.406 0.428 O.446 0.480 
0.375 C.416 0.438 C.456 0.490 
0.385 0.426 0.44S O.466 C.5C0 
0.395 0.436 0.458 0.476 0.511 
0.405 0.446 C.468 0.487 0.521 
O.415 0.456 0.478 0.497 0.531 
0.425 0.467 0.489 0.507 0.541 
0.435 0.477 0.499 0.517 0.551 
0.445 0.487 0.509 0.527 0.560 
0.455 0.497 0.519 0.537 C.570 
0.465 0.507 0.529 0.547 0.580 
0.475 0.517 0.538 0.556 0.590 
0.485 0.527 0.548 0.566 C.60C 
0.495 0.536 0.558 0.576 0.609 
0.504 0.546 0.568 0.586 0.619 
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Appendix 3B 

Table I (continued) 

C = .5CC .800 .900 .950 .990 .995 
F 
0 0.006 0.014 0.020 0.026 0.041 0.047 
1 0.015 0.026 0.034 0.042 0.058 0.065 
2 0.024 0.038 0.047 0.056 0.074 0.081 
3 0.033 0.049 0.059 0.068 0.088 0.096 
4 0.042 0.060 0.071 0.081 0.101 0.110 
5 0.051 0.070 0.082 0.093 0.114 0.123 
6 0.060 0.081 0.093 0.104 0.127 0.136 
7 0.069 0.091 0.104 0.116 0.139 0.148 
8 0.078 0.101 0.115 0.127 0.151 0.160 
9 0.087 0.111 0.126 0.138 0.163 0-172 

10 0.096 0.122 0.136 C.I49 0.174 0.184 
11 0.105 0.132 Q.147 0.160 0.186 0.196 
12 0.114 0.141 0.157 0.170 0.197 0.207 
13 0.123 0.151 C.167 o.iei 0.208 0.218 
H 0.132 0.161 0.177 C.191 C.219 0.229 
15 0.142 0.171 0.187 0.202 0.230 0.240 
16 0.151 0.181 0.198 0.212 0.240 0.251 
17 0.160 0.190 0.208 0.222 0.251 C.262 
18 0.169 0.20C 0.218 C.232 0.262 0.273 
19 0.178 0.210 0.227 0.243 0.272 0.283 
20 0.187 0.219 0.237 0.253 0.282 0.294 
21 0.196 0.229 C.247 0.263 0.293 0.304 
22 0.205 0.238 C.257 0.273 0.303 0.314 
23 0.214 0.248 0.267 C.283 0.313 0.325 
24 0.223 0.258 0.276 C.292 0.323 0.335 
25 0.232 0.267 0.286 0.302 0.333 0.345 
26 0.241 0.277 0.296 0.312 0.343 0.355 
27 0.250 0.286 0.305 C.322 0.353 0.365 
28 0.259 0.295 C.315 0.331 0.363 0.375 
29 0.268 0.305 0.325 0.341 0.373 0.385 
30 0.277 C314 0.334 0.351 0.383 0.394 
31 0.287 0.324 C.344 0.360 0.392 0.404 
32 0.296 0.333 0.353 0.370 C.402 0.414 
33 0.305 0.342 0.363 C.379 0.412 C.424 
34 0.3H 0.352 C.372 C3£9 C.42I 0.433 
35 0.323 0.361 0.381 0.398 C.43I 0.443 
36 0.332 0.370 0.391 0,>08 n.440 0.452 
37 0.341 0.379 0.400 0.U7 0.450 O.462 
38 0.350 0.389 0.4C9 0.427 0.459 0.471 
39 0.359 0.398 0.419 0.436 O.468 0.480 
40 0.368 0.407 0.428 0.445 0.478 0.490 a 0.377 0.416 9,437 0.455 0.487 0.499 
42 0.386 0.426 0.446 O.464 0.496 0.508 
43 0.395 0.435 0.456 0.473 0.506 0.517 
44 0.404 0.444 0.465 0.482 C.515 0.527 
45 0.413 0.453 0.474 0.491 C.524 0.536 
46 0.422 0.462 0.483 0.501 0.533 0.545 
47 0.432 0.471 0.492 0.51C 0.542 0.554 
AS 0.441 0.481 0.501 0.519 0.551 0.563 
49 0.450 0.490 0.511 0.528 0.560 0.572 
50 0.459 0.499 0.520 0.537 0.569 0.581 
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N               F 
120        Ö 0.C05 

1 0.013 
2 0.022 
3 0.030 
4 0.03S 
5 0.047 
6 0.055 
7 0.063 
8 0.072 
9 0.080 

10 0.088 
11 0.096 
12 0.105 
13 0.113 
14 0.121 
15 0.130 
16 0.138 
17 0.H6 
18 0.155 
19 0.163 
20 0.171 
21 0.180 
22 0.188 
23 0.196 
24 0.204 
25 0.213 
26 0.221 
27 0.229 
28 0.238 
29 0.246 
30 0.254 
31 0.263 
32 0.271 
33 0.279 
34 0.288 
35 0.296 
36 0.304 
37 0.313 
38 0.321 
39 0.329 
'.0 0.337 a 0.346 
42 0.354 
-43 0.362 
44 0.371 
45 0.379 
46 0.387 
47 0.396 
48 C4O4 
49 0.412 
50 0.421 

Appendix 3B 

Table I  (continued) 

C = .500          .COO .900            .950             .990 .995 

COI3 0.019         0.C24           0.037 0.043 
0.024 0.032          0.038            0.054 0.060 
C.035 0.043          0.051            0.068 0.074 
0.045 0.054         0.063            C.C81 0.088 
0.055 0.065         0.C74           0.093 0.101 
0.065 0.075          0.085            0.105 0.113 
0.074 0,086         CX96           0.117 0 125 
C.084 0.096          0.1C6           0.128 0.136 
0.093 0.106         0.117           0.139 C.I48 
0.102 0.115          0.127            0.150 0.159 
0.112 0.125          0.137           0.160 0.169 

0.130 0.144         0.156           0.181 0.191 

r'^l H5*          C*166            C-191 °-201 0.146 0.163          0.276            0.201 0.211 

S*}2 HP    G-1E5     °-211 °-221 

0.175 0.191          0.204           0.231 0.241 
0.184 C.2C0          0.214           0.2a 0.251 
0.193 0.209         C.;23           0.251 0.261 
0.201 0.218          0.232            0.260 0.271 

S*ä2 S'236          °"2^ C.279 0.290 
0.^2« 0.245         0.260 C.289 0 299 
0.237 0.254         0.269 0.298 0.309 
C.245 C.263         0.278 0.307 0.316 
0.254 0.272          0.287 0.317 0.328 
0.263 0.281 0.296 0.326 0.337 
0.271 0.290 0.305 0.335 0.346 
0.^60 0.298 C.314 0.344 0.355 

Slf? 2-SZ S-5J °'353 oifll 
0.297 C.316 C.332 0.362 0.373 
0-306 0.325 0.341 0.371 0.5s2 
0.315 C.334 0.349 0.38C 0.391 
°'\il 0.342 0.358 0.389 0.4C0 

o'Sn MS C*367 °*398 °-°9 
S'H S'Jg 0-324 0.415 0.427 
0.366 0.385 C.402 0.433 0.2// 
0.374 0.394 0.410 0.441 0.453 
0.383 0.403 0.419 0.450 0.462 
0.391 0.411 0.428 0.459 0.470 
0.400 c.420 0.436 0.467 0.479 
0.408 0.428 0.445 0.476 0.487 
0.417 0.437 0.453 O.484 0.496 
n'T& °/U5 °'A62 °«*93 0.504 
0.433 0.453 0.470 0.501 0.513 
0.442 0.462 0.478 0.510 0.521 
0.450 c.470 0,487 0.518 0.529 
0.459 0.479 0.495 0.526 0.538 
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Appendix 3B 

N 
130 

F 
Ö 
1 
2 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
H 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

C = .500 

0.005 
0.012 
0,020 
0.028 
0.035 
0.043 
0.C51 
O.Ö58 
0.066 
0.074 
0.081 
0.089 
0.097 
0.1C4 
0.112 
C.120 
0.127 
0.135 
0.143 
0.150 
0.158 
0.166 
0.173 
0.181 
0.189 
0.196 
0.204 
0.212 
0.219 
0.227 
0.235 
0.242 
0.250 
0.258 
0.265 
0.273 
0.281 
0.289 
0.296 
0.304. 
0.312 
0.319 
0.327 
0.335 
0.342 
0.350 
0.358 
0.365 
0.373 
0.381 
0.388 

Table I (continued) 

.800 .900 .950 

0.012 
0.022 
0.C32 
0.C42 
0.051 
0.060 
0.068 
0.077 
0.086 
0.094 
0.103 
0.112 
0.12C 
0.128 
0.137 
0.145 
0.153 
0.162 
0.170 
0.178 
0.186 
0.194 
0.202 
0.211 
0.219 
0.227 
0.235 
0.243 
0.251 
0.259 
0.267 
0.275 
0.283 
0.291 
0.299 
0.307 
0.315 
0.323 
0.331 
0.338 
0.346 
0.354 
0.362 
0.370 
0.378 
0.386 
0.393 
0.401 
0.409 
0.417 
O.425 

182 

0.017 
0.029 
0.040 
0.050 
0.060 
0.070 
0.079 
0.088 
0.098 
C.1C7 
0.116 
0.124 
0.133 
0.142 
0.151 
C.159 
0.168 
0.176 
0.1£5 
C.193 
0.202 
0.210 
0,219 
0.227 
C.235 
C.243 
0.252 
C.26C 
0.268 
0.276 
0.284 
0.293 
0.301 
0.309 
C.317 
C.325 
0.333 
0.341 
0.349 
0.357 
C365 
0.373 
0.381 
0.389 
0.397 
0.404 
0.412 
0.420 
0.428 
0.436 
0.444 

0i022 
C.035 
0.047 
0.058 
0.069 
0.079 
0.089 
0.098 
0.108 
0.117 
0.126 
C.I36 
CI45 
0.154 
0.163 
0.172 
o.ieo 
0.189 
0.198 
0.207 
0.:i5 
0.224 
0.232 
0.241 
0.249 
C.258 
0.266 
0.k74 
C.2E3 
0.291 
0.299 
C.307 
0.316 
C.324 
0.332 
0.340 
0.348 
0.356 
0.364 
0.372 
0.3S0 
0.388 
0.396 
0.404 
0.412 
0.420 
0.428 
0.436 
0.444 
C.452 
0.460 

.990 

0.034 
0.049 
0.063 
0.075 
0.086 
0.097 
0.108 
0.118 
0.129 
0.139 
0.148 
0.158 
0.168 
0.177 
0.187 
0.196 
0.205 
C.214 
0.223 
C232 
O.24I 
0.25C 
0.259 
0.266 
0.276 
0.285 
0.294 
0.302 
0.311 
0.319 
0.328 
0.336 
0.344 
0.353 
0.361 
0.369 
0.378 
0.386 
0.394 
0.402 
0.410 
0.418 
0.426 
0.434 
0.442 
0.450 
0.458 
0.466 
0.474 
0.482 
0.490 

.995 

0.039 
0.055 
0.069 
0.081 
0.093 
0.105 
0.116 
0.126 
0.137 
0.147 
0.157 
0.167 
0.177 
0.186 
0.196 
0.205 
0.215 
0.224 
0.233 
0.242 
0.251 
0.260 
0.269 
0.278 
0.287 
0.295 
0.304 
0.313 
0.321 
0.330 
0.338 
0.347 
0.355 
0.363 
0.372 
0.380 
0.3£8 
0.397 
0.405 
0.413 
0.421 
0.429 
0.437 
0.445 
0.453 
O.46I 
0.469 
0.477 
0.485 
0.493 
0.501 
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Appendix 3B fc 

Table I  (continued) 

N 
" IAO 

F 
Ö 

C = .5C0 .800 .900 .950 .990 .995 

0.004 0.011 0.016 0.021 0.0.32 0.037 
1 o.oi:. 0.021 0.027 0.033 0.046 0.051 
2 0.019 0.030 0.037 0.044 0,058 0,064 
3 C.02Ö 0.039 0.047 0.054 0.069 0.076 
A 0.033 0.047 0.056 0.C64 0.080 ' 0,087 
5 0.040 0.055 0.065 0.073 0.09G \ 0 097 
6 0.0«? 0.064 0.074 0.082 o.ioo J 0,108 
7 0.054 0.07? 0.C82 0.091 0.1,1.0 / 0.118 

/  0JL27 8 0.0*1 0.080 0.091 0.100 0.120 
9 0.068 0.088 0.099 0.309 0.129 0037 

10 0.0r,6 0.096 0.107 0.118 0.138y r      0.146 
11 00l>3 0.104 0.116 0.126 0.147/ C.155 
12 0.0% 0.111 0.124 0.135 0.15« 0.165 
13 0.C97 0.119 0.132 0.143 0.16ß 0.174 
U 0.104 0.127 0.140 0.151 C3^4 0.182 
15 0.111 0.135 0.148 0.160 0.183 

0.A93 
0.191 

16 0.118 0.142 0.156 0.168 0.200 
17 0.125 0.150 0.164 0.176 0/200 0.209 
18 0.133 0.158 0.172 0.184 0.208 0.217 
19 0.14-0 0.165 0.180 0.192 >L?2? 0.226 
2C 0.147 0.173 0.188 0.20C 0.234 
21 0.154 C.181 0.196 0.208 / 0.233 

0,241 
0.243 

22 0.161 0.188 0.203 0.216 0.251 
23 o.:i6s 0.196 0.211 0.224 i    0*250 0.259 
24 o.r/.; 0.203 0.219 0.23i /'    0.258 0.267 
25 0.182 0.211 0.227 0.240 0.266 0.276 
26 0.190 0.218 0.234 0*2*i{! 0.274 0.284 
27 0.197 0.226 0.242 0.256 0.282 0.292 
28 0.204 0.233 0.250 0,263 0.290 0.300 
29 0.211 0.241 0.257 0.273/ 0.298 0.308 
30 0.218 0.248 0.265 0,27.9 0.306 0.316 
31 0.225 0.256 0.272 O.T'36 0.314 Co324 
32 0,232 0.263 C.280 0,294 0.321 0.332 
33 0..239 0.271 C287 0,302 0.329 0.359 
34 0,247 0.278 0.295 0.309 0.337 0.347 
35 0.254 0.285 0.303 0.317 0.345 0.355 
36 0.261 0.293 0.310 0.325 0.352 0.363 
37 0.268 0.30C 0.317 0.332 0.360 0.370 

0.275 0.307 0.325 0.340 0.36?. 0.378 
39 0.282 0.315 0.332 0.347 0.375 0.386 
40 0.289 0.322 0.3-v. 0.355 0.383 0.393 
41 0.296 0.330 0.347 0.362 0.390 0.401 
42 0.304 0.337 0.355 0.370 0.398 0.409 
43 0.311 0.344 0.362 0.377 0.406 0.416 
44 0.318 0.351 C.369 0.384 0.413 0.424 
45 0.325 0.359 0.377 0.392 0.420 0.431 
46 0.332 0.366 0.384 0.399 0.428 0 438 
47 0.3.39 0.373 0.391 0.40V C435 G.446 
48 0.346 0.^81 0o99 0.414 0.443 0.453 
49 0.353 0.388 0.406 0.421 0.450 0.461 
50 0.361 0.395 0.413 0.429 0.457 0.468 

183 
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Appendix 3B 

C = .500 

150 
F 
Ö O.CO4 0.010 
1 0.011 0.019 
2 0.017 0.028 
3 0.024 0.036 
4 0.031 0.044 
5 0.037 C.052 
6 C.044 0.059 
7 0.051 0.067 
8 0.057 0.075 
9 O.O64 0.082 

10 0.070 0.089 
11 0.077 0.097 
12 0.084 O.IO4 
13 0.09C 0.111 
U 0.097 0.119 
15 0.104 0.126 
16 0.110 0.133 
17 0.117 C.I40 
18 0.124 0.147 
19 0,130 0.155 
20 0.137 0.162 
21 0.144 0.169 
22 0.150 0.176 
23 0.157 0.183 
24 0.164 0.190 
25 0.170 0.197 
26 0.177 0.204 
27 0.184 0.211 
28 0.190 0.218 
29 0.197 0.225 
30 0.203 0.232 
31 0.210 0.239 
32 0.217 0.246 
33 0.223 0.253 
3-4 0.230 0.260 
35 0.237 0.267 
36 0.243 0.274 
37 0.250 0.281 
38 0.257 0.287 
39 0.263 0.294 
40 0.270 0.301 
41 0.277 0.3C8 
42 0.283 0.315 
43 0.290 0.322 
44 0.297 0.329 
45 0.303 0.335 
46 0.310 0.342 
47 0.317 0.349 
48 0.323 0.356 
49 0.330 0.363 
50 0.337 0.369 

Table I  (continued) 

.800 .900 .950 

0.015 
C.025 
0.035 
0.043 
0.052 
0.060 
0.069 
0.077 
0.085 
C.093 
O.IOC 
0,108 
0.116 
0.123 
0.131 
0.138 
O.I46 
0.153 
0.161 
0.168 
0.176 
0.183 
C.190 
0.197 
0.205 
C.212 
C.219 
0.226 
0.233 
C.24I 
0.248 
0.255 
0.262 
0.269 
0.276 
0.283 
0.290 
0.297 
0.304 
0.311 
0.318 
0.325 
0.332 
0.339 
0.346 
0.353 
0.360 
0.366 
0.373 
0.380 
0.387 

184 

0.019 
0.031 
0.041 
0.050 
0.059 
0.068 
0.077 
0.0S5 
0.094 
C.102 
0.110 
C.11S 
0.126 
0.134 
0.142 
0.149 
0.157 
0.165 
C172 
0.180 
0.187 
0.195 
C.202 
0.210 
0.217 
0,224 
0.232 
C.239 
0.246 
0.254 
0.261 
0.268 
0.275 
0.282 
0.290 
0.297 
C.3C4 
0.311 
0.318 
0.325 
0.332 
0.339 
0.346 
0.353 
0.360 
0.367 
0.374 
0.381 
0.38£ 
0.395 
0.402 

.990 

0.030 
C.043 
0.054 
0.065 
0.075 
0.085 
0.094 
0.103 
0.112 
0.121 
0.129 
0.138 
0.146 
0.154 
0.163 
0.171 
0.179 
0.187 
0.195 
0.203 
0.211 
0.218 
0.226 
0.234 
0.241 
0.249 
0.256 
0.264 
C272 
0.279 
0.286 
0.294 
0.301 
0.308 
0.316 
0.323 
0.330 
0.338 
0.345 
0.352 
0.359 
0.366 
C.373 
0.380 
0.3S7 
0.394 
O.40I 
0.408 
0.415 
0.422 
0.429 

.995 

0.034 
0.048 
0.06C 
0.071 
0.081 
0.091 
0.101 
0.110 
0.119 
0.128 
0.137 
0.145 
0.154 
0.162 
0.171 
0.179 
0.187 
0.195 
0.203 
0.211 
0.219 
0.227 
0.235 
0.243 
0.?50 
0.258 
0.266 
0.273 
0.281 
0.288 
0.296 
0.303 
0.317 

0.318 
0.326 
0.333 
0.340 
0.347 
0.355 
0.362 
0.369 
0.376 
0.383 
0.390 
0.397 
0.405 
0.412 
0.419 
0.426 
0.433 
0.439 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20- 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
A2 
43 
a 
45 
46 
47 
48 
49 
50 

Appendix 3B 

Table 1 (con tinued) 

C = .500 .800 .900 .950 .990 ,995 

0.0C4 0.01C 0.014 0.018 0.028 0„032 
0.010 0.01E C.C24 0.029 0.040 0,045 
0.016 0.026 0.032 0.038 0.051 0.056 
0.022 0.034 0.041 0.047 0.061 0.066 
0.029 0.041 0.049 O.O56 C.070 C.076 
0.035 0.048 C.C57 O.C64 0.079 0.085 
0.041 0.056 O.O64 C.072 0.088 0.094 
0.047 0.063 0.072 0.08C 0.097 0,103 
0.054 0.070 0.079 0.08S 0.105 0.112 
0.06C 0.C77 0.087 0.096 0.113 0.120 
0,066 0.084 0.094 0.103 0.121 0,129 
0.072 0.091 0.101 0.111 0.129 0.137 
0.079 0.098 0.109 0.118 0.137 0.145 
C.üß5 0.104 C.116 0.126 0.145 0,153 
0.091 0.111 0.123 0.133 0.153 0.161 
0.097 0.118 0.130 0.140 0.161 0.168 
0.103 0.125 0.137 0.147 0.168 0,176 
0.110 0.132 0.144 0.155 C.176 0.184 
0.166 0.138 0.151 0.162 0,163 0.191 
0.122 0.145 0.158 0.169 0.191 0.199 
0.128 0.152 0.165 0.176 0.19S 0.206 
0.135 0.158 0.172 0.183 0.205 0.214 
0.141 0.165 0.178 0.19C 0.213 0.221 
0.147 0.172 0.185 0.197 0.220 0.228 
0.153 0.178 0.192 0.204 0.227 0.236 
0.160 0.185 C.199 C.211 C.234 0.243 
0.166 0.192 0.206 0,218 O.24I 0.250 
0.172 0.198 0.212 0.225 0.24S 0.257 
0.178 0.205 0.219 C.23I 0,255 0.264 
0.185 0.211 0.22^ 0.238 0,262 0.271 
0.191 0.218 0.233 0.245 0.269 0.279 
0.197 0.224 0.239 0.252 0.276 0.286 
0.203 0.231 0.246 0.259 0.283 0.293 
0.209 0.237 0.253 0.265 0.290 0.300 
0.2.16 0.244 0.259 0.272 0.297 0.306 
0.222 0.250 0.266 0.279 0.304 0.313 
0.228 0.257 0.272 0.286 0.311 0.320 
0.234 0.263 0.279 0.292 0.318 0.327 
0.2U 0.270 0.286 0.299 0.324 0.334 
0.247 0.276 0.292 0.306 0.331 0.341 
0.253 0.283 0.299 0.312 0.338 0.348 
0.259 0.289 0.305 0.319 0.345 0.354 
0.266 0.296 0.312 0.325 0.351 0.361 
0.272 0.302 0.318 0.332 0.358 0.368 
0.278 0.308 0.325 C339 0.365 0.374 
0.284 0.315 0.331 0.345 0.371 0.381 
0.291 0.321 0.338 0.352 0.378 0.388 
0.297 0.328 0.344 0.358 0.385 0.394 
0.303 0.334 0.351 0.365 0.391 0.401 
0.309 0.341 0.357 0.371 0.398 0.408 
0.316 0.347 O.364 

185 
0.378 0.404 0.414 
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Appendix 3B 

Table I  (continued) 

X? 

C = .500 .600 .90C .950 .990 .995 
F 
Ö 0.004 0.0C9 0.013 0.017 0.026 0.030 
1 0.009 0.017 0.022 0.027 0.038 0.042 
2 0.015 0.025 0.031 0.036 0.048 0.053 
3 0.021 0.032 0.038 0.044 C.057 0.063 
4 0.027 0.039 0.046 0.053 0.066 0.072 
5 0.033 0.046 0.053 0.060 0.075 0.081 
6 0.039 0.052 0.061 0.068 0.083 0.089 
7 0.045 0.059 0.068 0.075 0.091 0.097 
8 0.050 0.066 0.075 0.083 0.099 0.105 
9 0.056 0.072 0.082 0.C90 0.107 0.113 

10 0.062 0.079 0.089 0.097 0.114 0.121 
11 C.068 0.085 0.096 0.104. 0.122 0.129 
12 0.074 0.092 0.102 0.111 0.129 0.136 
13 0.C80 0.09S 0.1C9 0.118 0.137 0.144 
H 0.086 0.105 0.116 0.115 0.144 0.151 
15 0.091 0.111 C.122 0.132 0.151 0.159 
16 0.097 0.118 0.129 0.139 0.159 0.166 
17 0.103 0.124 0.136 0.146 0.166 0.173 
18 0.109 0.130 C.U2 0.152 0.173 0.180 
19 0.115 0.137 0.149 0.159 0.180 0.188 
20 0.121 0.143 0.155 0.166 0.187 0.195 
21 0.127 0.149 0.162 0.172 0.194 0.202 
22 0.133 0.155 0.168 0.179 0.201 0.209 
23 0.138 0.162 0.175 0.186 0.207 0.216 
24 0.144 0.168 0.181 0.192 0.214 0.222 
25 0.150 0.174 0.187 0.199 0.221 0.229 
r6 0.156 0.180 0.194 0.205 0.228 0.236 
27 0.162 0.187 0.200 0.212 0.234 0.243 
28 0.168 0.193 0.207 0.218 0.2a 0.250 
29 0.174 0.199 0.213 0.225 0.24* 0.256 
30 0.160 0.205 0.219 0.231 0.254 0.263 
31 0.185 0.211 0.226 0.238 0.261 0.270 
32 0.191 0.217 0.232 0.244 0.267 0.276 
33 0.197 0.224 0.238 0.250 0.274 0.283 
34 0.203 0.230 0.244 0.257 0.281 0.289 
35 0.209 0.236 0.251 0.263 0.287 0.296 
36 0.215 0.242 0.257 0.269 0.293 0.303 
37 0.221 0.248 0.263 0.276 0.300 0.309 
38 0.227 0.254 0.269 0.282 0.3C6 0.315 
39 0.232 0.260 0.275 0.288 0.313 0.322 
40 0.238 0.266 0.282 0.295 0.319 0.328 
a 0.244 0.273 0.28£ 0.301 0.326 0.335 
42 0.250 0.279 0.294 0.307 0.332 0.341 
43 0.256 0.235 0.300 0.313 0.338 0.348 
44 0.262 0.291 0.306 0.319 0.345 0.354 
45 0.268 0.297 0.312 0.326 0.351 0.360 
46 0.273 0.303 0.319 0.332 0.357 0.366 
47 0.279 0.309 0.325 0.338 0.363 0.373 
48 0.285 0.315 0.331 0.344 0.370 0.379 
49 0.291 0.321 0.337 0.350 0.376 0.3ß5 
50 0.297 0.327 0.343 0.356 0.382 0.392 
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Appendix 3B 

Table I (continued) 

C = .500 .800 .900 .950 .990 

6 0.048 0.062 0.071 0.078 

.995 

180     0 0.003 0.008 0.012 0.016 0.025 0.029 
1 0.009 0-016 0.021 0.026 0.036 O.O40 
2 0.014 0.023 0.029 0,034 0,045 0.050 
3 0.020 0.C30 0.036 0.042 0.054 0.059 
4 0.025 0.037 0.043 0,050 0.063 0.068 
5 0.031 O.O43 0,050 0.057 0.071 0.076 
6 0.036 0.049 0.057 O.O64 0.079 0.084 
7 0.042 0.056 0.064 0.071 0.086 0.092 

0.C94 0.100 
9 0.053           0.068             0.077         0.085 0.101 0.107 

10 0.059           0.075             0.084         0.092 0.108 0.115 
11 O.C64           0.081             0.090         0.099 0.115 0.122 
12 0.070            0.087              0.097          0.105 0.122 0.129 
13 0.075           0.C93             0.103         0.112 0.129 O.I36 
H 0.081           0.099             0.109         0.118 0.136 O.I43 
15 0.086           0.105             0.116         0.125 0.143 0.150 
16 0.092           0.111             0.122         0.131 0.150 0.157 
17 0.097           0.117             C.128         0.138 0.157 0.164 
18 0.103           0.123             0.134         0.144 0.163 0.171 
19 0.109           0.129             0.141 0.151 0.170 0.178 
20 0.114           0.135             0.147 0.157 0.177 0.184 
21 0.120           0.141 0.153 0.163 0.183 0.191 
22 0.125           0.147 0.159 0.169 0.190 0.198 
23 0.131 0.153 0.165 0.176 0.196 0.2C4 
24 0.136 0.159 0.171 0.182 0.203 0.211 
25 0.142 0.165 0,177 0.188 0.209 0.217 
26 0.147 0.171 0.183 0.194 0.216 0.224 
27 0.153 0.176 0.189 0.200 0.222 0.230 
28 0.158 0.182 0.195 0.^07 0.228 0.236 
29 0.164 0.188 0.201 0.213 0.235 0.243 
30 0.170 0.194 0.207 0.219 0.241 0.249 
31 0.175 0,200 0.213 0.225 0.24" 0.255 
32 0.181 0.206 0.219 0.231 0.253 0.262 
33 0.186 0.211 0.225 0.237 0.259 0.268 
34 0.192 0.217 0.231 0.243 0.266 0.274 
35 0.197 0.223 0.237 0.249 0.272 0.280 
36 0.203 0.229 0.243 0.255 0.278 0.287 
37 0.208 0.235 0.249 0.261 0.284 0.293 
38 0.214 C24C 0.255 0.267 0.290 0.299 
39 0.219 0.246 0.261 0.273 0.296 0.305 
40 0.225 0.25? 0.266 0.279 0.302 0.311 
41 0-.231 0.258 0.272 0.285 0.308 0.317 
42 0.236 0.263 0.278 0.291 0,3H 0.323 
43 0.242 0,269 0,284 0.296 0.320 0.329 
44 0.247 0.275 0.290 0.302 0.326 0,335 
45 0.253 0,281 0,296 0,308 0.332 0,3a 
46 0.258 0.286 0,301 0.3H 0.338 0.347 
47 0.264 0.292 0.307 0.320 0.344 0.353 
48 0.269 0.298 0.313 0,326 0.350 0.359 
49 0,275 0.303 0.319 0.332 0.356 0.365 
50 0.280 0.3C9 0.325 0.337 0,362 0.371 
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i ppendix 3B 

Table 1 (continued) 

F 
C 

C = .500 .800 .900 .950 .990 .995 

0.003 0.008 0.012 0.015 0.023 0.027 
1 0.C08 0.015 0.020 0.024 0.034 0.038 
2 0.014 0.022 0.027 0.032 0.043 0.047 
3 0.019 0.028 0.034 0.040 0.051 0.056 

4 0.024 0.035 0.041 0.047 0.059 0.064 
5 0.029 0.041 0.048 0.054 0.067 0,072 
6 0.035 0.047 0.054 0.061 0.074 0.080 
7 0.040 0.053 0.061 0.068 0.082 0.0C7 
S 0.045 0.059 0.067 0.074 0.089 0.095 
9 0.050 C.065 0.073 0.081 0.096 0.102 

10 0.056 0.071 0.079 0.087 0.103 C.109 
11 0.061 0.076 0.086 0.094 0.110 0.136 
12 0.^66 0.082 0.092 0.1CO 0.116 0.123 
13 0.071 0.088 0.098 0.106 0.123 0.129 
U 0.077 0.094 0.104 0.112 0.129 0.136 
15 0.082 0.100 C.110 0.118 0.136 0.143 
16 0.087 0.105 0.116 0.125 0.142 0.149 
17 0.092 0.111 0.122 0.131 0.149 0.156 
18 0.098 0.117 0.127 0.137 0.155 0.162 
19 0.103 0.122 0.133 0.143 0.161 C.169 
20 0.108 0.128 0.139 0.149 0.168 0.175 
21 0.113 0.134 0.145 0.155 0.174 0.181 
22 0.119 0.139 9.151 C.161 0.18C 0.188 
23 0.124 0.145 0.157 0.167 0.186 0.194 
24 0.129 0.15C 0.162 0.173 0.192 0.200 
25 0.134 0.156 0.168 0.178 0.199 C.206 
26 0.14C 0.162 0.174 0.184 C.205 0.212 
27 0.145 0.167 CISC 0.19C 0.211 0.218 
28 0.150 0.173 0.185 0.196 0.217 0,k2* 
29 0.155 0.178 0.191 0.202 0.223 0.2:1 
30 0.161 0.184 0.197 C'.2C8 0.229 0.237 
31 0.166 0.189 0.2C2 0.213 0.235 0.243 
32 0.171 0.195 0.208 0.219 0.241 C.249 
33 0.176 0.200 0.214 0.225 0.246 0.255 
34 0.182 0.206 C.219 0.231 0.252 0.261 
35 0.187 0,211 0.225 0.236 0.258 0.266 
36 0.192 0.217 0.230 0.242 0.264 0.272 
37 C.197 0.222 0.236 0.248 0.270 0.278 
38 0.203 0.228 0.242 0.253 0.276 0.284 
39 0.20b 0.233 0.247 0.259 0.281 0.290 
40 0.213 0.239 C253 0.265 0.287 0.296 
41 0.218 0.244 0.;.58 0.27C 0.293 C.3OI 
ia 0.224 0.250 0.264 0.276 0.299 0.307 
43 0.229 0.255 0.269 0.281 0.304 0.313 u 0.234 0.261 0.275 0.287 0.310 0.319 
45 0.239 0.266 0.280 0.293 0.316 0.325 
46 0.245 0.272 C.286 0,298 0.322 0.330 
47 0.250 0.277 0.292 C304 0.327 0.336 
46 0.255 0.282 0.297 0.309 0.333 0.342 
49 0.260 0.288 0.303 0.315 0.338 0.347 
50 0.266 0.293 0.308 0.320 0.344 0.353 
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200 

C = .500 
F 
0 0.003 
1 0.008 
2 0.013 
3 0.018 
i 0.023 
5 0.028 
6 0.033 
7 0.038 
8 0.043 
9 0.048 

10 0.053 
11 0.058 
12 0.063 
13 0.068 
U 0.073 
15 0.078 
16 0.083 
17 0.088 
18 0.093 
19 0.098 
20 0.103 
21 0.108 
22 0.113 
23 0.118 
24 0.123 
25 0.128 
26 0.133 
27 0.138 
28 0.143 
29 0.148 
3C 0.153 
31 0.158 
32 0.163 
33 0.168 
34 0.173 
35 0.178 
36 0.183 
37 0.188 
38 0.193 
39 0.198 
40 0.203 
a 0.207 
42 0.212 
43 0.217 
44 0.222 
45 0.227 
46 0.232 
47 0.237 
48 0.242 
49 0.247 
50 0.252 

Appendix 3B 

Table 1 (continued) 

.800      .900    .950 .990 .995 

0.0G8 0.011 0.014 0.022 0.026 
0.014 0.019 0.023 0.032 0.036 
0.021 0.026 0.031 0.041 0.045 
O.027 0.033 0.038 0.049 0.053 
0.033 0.039 0.045 0.056 0.061 
0.039 0.045 0.051 0.C64 0.069 
0.045 0.052 0.058 0.071 0.076 
0.050 0.058 0.064 0.078 0.083 
0.056 0.064 0.071 0.084 0.090 
0.062 0.070 0.077 0.091 0.097 
0.067 0.075 0.083 0.098 0.103 
0.073 0.081 0.089 0.104 0.110 
0.078 0.087 0.095 0.111 0.117 
0.084 0.093 0.101 0.117 0.123 
0.089 0.099 0.107 0.123 0.129 
0.095 0.104 0.113 0.129 0.136 
0.100 0.110 0.118 0.135 0.142 
0.105 0.116 0.124 0.142 0.148 
0.111 0.121 0.130 0.148 0.154 
0.116 0.127 0.136 0.154 0.160 
0.122 0.132 0.141 0.160 0.166 
0.127 0.138 0.147 0.166 0.173 
0.132 0.143 0.153 0.171 0.179 
0.138 0.149 0.158 0.177 0.184 
0.143 0.154 0.164 0.183 0.190 
0.148 0.160 0.170 0.189 0.196 
0.154 0.165 0,175 0.195 0.202 
0.159 0.171 0.181 0.201 0.208 
0.164 0.176 0.186 0.206 0.214 
0.170 0.182 0.192 0.212 0.220 
0.175 0.187 0.197 0.218 0.225 
0.180 0.192 0.203 0.223 0.231 
0.185 0.198 0.208 0.229 0.237 
0.191 0.203 0.214 0.235 0.242 
0.196 0.209 0.219 0.240 0.248 
0.201 0.214 0.225 0.246 0.254 
0.206 C.219 0.230 0.251 0.259 
0.211 0.225 0.236 0.257 0.265 
0.217 0.230 0.241 0.262 0.271 
0 222 0.235 0.246 0.268 0.276 
0.227 0.24C 0.252 0.274 0.282 
0.232 0.246 0.257 0.279 0.287 
0.237 0.251 0.262 0.285 0.293 
0.243 0.256 0.268 0.290 0.298 
0 248 0.262 0.273 0.295 C.304 
0.253 0.267 0.278 0.301 0.309 
0.258 0.272 0.284 0.306 0.315 
0.263 0.277 0.289 0.312 0.320 
0.269 0.283 0.294 0.317 0.326 
0.274 0.288 0.3C0 0.322 0.331 
0.279 0.293 0.305 0.328 0.336 
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C = .500 

Appendix 3B 

Table I (continued) 

.800      .900    .950 o990 .995 

I 
0 0.003 0.007 0.010 0.014 0.021 0.024 
1 0.007 0.014 0.018 0.022 0.031 0.034 
2 0.012 0.020 0.025 0.029 0.039 0.043 
3 0.017 0.026 0.031 0.036 0.047 0.051 
4 0.022 0.031 0.037 0.043 0.054 0.058 
5 0.026 0.037 0.043 C.049 0.061 0.065 
6 0.031 0.042 0.049 0.055 0.067 0.072 
7 0.036 0.048 0.055 0.061 0.074 0.079 
8 0.041 0.053 0.061 0.067 0.081 0.086 
9 0.045 0.059 0.C66 0.073 0.087 0.092 

10 0.050 0.064 0.072 0.079 0.093 0.099 
11 0.055 0.069 0.077 0.085 0.099 0.105 
12 0.060 0.074 0.083 0.090 0.105 0.111 
13 0.064 0.080 0.088 0.096 oan 0.117 
H 0.069 0,085 0.094 0.102 0.117 0.123 
15 0.074 0.090 0.099 0.107 0.123 0.129 
16 0.079 0.095 0.105 0.113 0,129 0.135 
17 0.083 0.101 0=110 0.118 0.135 0.141 
18 0.088 0.106 0.115 0.124 0.141 0.147 
19 0.093 0.111 0.121 0.129 0.147 0.153 
20 0.098 0.116 0.126 0.135 0.152 0.159 
21 0.103 0.121 0.131 0.140 0.158 0.165 
22 0.107 0.126 0.137 0.146 0.164 0.170 
23 0.112 0.131 0.142 0.151 0.169 0.176 
24 0.117 0.136 0.147 0.156 0.175 0.182 
25 0.122 0.141 0.152 0.162 0.180 0.187 
26 0.126 0.146 0.158 0.167 0.186 0.193 
27 0.131 0.151 0.163 0.172 0.191 0.198 
28 0.136 0.156 C.168 0.178 0.197 0.204 
29 0.141 0.162 0.173 0.183 0.202 0.210 
30 0,145 0.167 0.178 0,188 0.208 0.215 
31 0.150 0.172 0.183 0.193 0.213 0.221 
32 0.155 0.177 C.189 0.199 0.219 0.226 
33 0.160 0.182 0.194 0.204 0.224 0.231 
34 0.164 0.187 0.199 0.209 0.229 0.237 
35 0.169 0.192 0.204 0.214 0.235 0.242 
36 0.174 0.197 0.209 0.220 0.240 0.248 
37 0.179 0.202 0.214 0.225 0.245 0.253 
38 0.183 0.206 0.219 0 230 0.251 0.258 
39 0.188 0.211 0.224 0.235 0.256 0.264 
40 0.193 0.216 0.229 0.240 0.261 0.269 
41 0.198 0.221 C.234 0.245 0.266 0.274 
42 0.202 0.226 0o239 0.250 0.272 0.279 
43 0.207 0.231 0.244 0.255 0.277 0.285 
44 0.212 0.236 0.249 0.261 0.282 0.290 
45 0.217 0.241 0.254 0.266 0.287 0.295 
46 0.221 0.246 0.259 0.271 0.292 0.300 
41 0.226 0.251 0.264 0.276 0.298 0.306 
46 0.231 0.256 0.269 0.281 0.303 0.311 
49 0.236 0.261 0.274 0.286 0.308 0.316 
50 0.240 0.266 0.279 0.291 0.313 0.321 
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1 F 
220     Ö" 0.003 

1 0.007 
2 0.012 
3 0.016 
4 0.021 
5 0.025 
6 0.030 
7 0.034 
8 0.039 
9 0.043 

10 0.048 
11 0.052 
12 0.057 
13 0.062 
H 0.066 
15 0.071 
16 0.075 
17 0.080 
18 0.084 
19 0.089 
20 0.093 
21 0.098 
22 0.102 
23 0.107 
24 0.111 
25 0.116 
26 0.121 
27 0.125 
28 0.130 
29 0.134 
30 0.139 
31 0.143 
32 0.148 
^ 0.152 
34 0.157 
35 0.161 
36 0.166 
37 0.170 
38 0.175 
39 0.180 
40 0.184 
41 0.169 
42 0.193 
43 0.198 
44 0.202 
45 0.207 
46 0.211 
47 0.216 
48 0.220 
49 0.225 
50 0.229 

Appendix 3B 

Table I  (continued) 

C = .500                    .800 .900 .950 .990 .995 

0.007 0.010 0.013 0.020 0.023 
0.013 0.017 0.021 0.029 0.033 
0.019 0.024 0.028 0.037 O.O4I 
0.024 0,030 0.034 0.044 0.049 
0.030 0.036 O.O4I 0.051 0.056 
0.035 O.O4I 0.047 0.058 0.062 
0.040 0.047 0.053 O.O64 0.069 
0.046 0.052 0.058 0.071 0.076 
0.051 0.058 0.064 0,077 0.082 
0.056 0.063 0.070 0,083 0.088 
0.061 0.069 0.075 0.089 0.094 
0.066 0.074 0.081 0.095 0.100 
0.071 C.079 0.086 0.101 0.106 
0.076 0.085 0.092 0.106 0.112 
0.081 0.090 0.097 0.112 0.118 
0.086 0.095 0.103 0.118 0.124 
0.091 0.100 0.108 0.123 0.129 
0.096 0.105 0.113 0.129 0.135 
0.101 C.110 0.118 0.135 0.141 
0.106 C.115 0.124 0.140 0,146 
0.111 0.120 0.129 0.145 0.152 
0.116 0.125 0.134 0.151 0.157 
0.120 0.131 0.139 0.156 0.163 
0.125 0.136 0.144 0.162 0.168 
0.130 0.141 0.149 0.167 0.174 
0.-35 0.146 0.155 0.172 0.179 
0.140 0.151 0.160 0.178 0.184 
0.145 0.155 0.165 0.183 0.190 
0.149 0.160 0.170 0.188 0 195 
0.154 0.165 0.175 0.193 0.200 
0.159 0.170 0.180 0.199 C2C6 
O.I64 0.175 0.185 0.204 0.211 
0.169 0.180 0.190 0.209 0.216 
0.173 0.185 0.195 0.214 0.221 
0.178 0.190 0.200 0.219 0.226 
0.183 0.195 0.205 0.224 0.232 
0.188 0.200 0.210 0.229 0.237 
0.192 0.205 0.215 0.235 0.242 
0.197 0.209 0.220 0.240 0.247 
0.202 0.214 0.225 0.245 0.252 
0.207 0.219 0.230 0.250 0.257 
0.211 0.224 0.234 0.255 0.262 
0.216 0.229 0.239 0.260 0.267 
0.221 0.234 O.244 0.265 0.272 
0.226 0.238 0.249 0.270 0.277 
0.230 0.243 0.254 0.275 0.282 
0.235 0.248 0.259 0.280 0.287 
0.240 0.253 0.264 0.285 0.292 
0.244 0.258 0.268 0.290 0.297 
0.249 0.262 0.273 0.295 0.302 
0.254 0.267 0.278 0.299 0.307 

191 

Downloaded from http://www.everyspec.com



Appendix 3B 

C = .500 

230 
F 
0 0.003 
1 0.007 
2 0.011 
3 0.015 
4 0.020 
5 0.024 
6 0.028 
7 0.033 s 0.C37 
9 0.041 

10 0.046 
11 0.050 
12 0.054 
13 0.059 
H 0.063 
15 0.068 
16 0.072 
17 0.076 
18 0.081 
19 0.085 
20 0.089 
21 0.094 
22 0.098 
23 0.102 
24 0.107 
25 0.111 
26 0.115 
27 0.120 
28 0.124 
29 0.128 
30 0.133 
31 0.137 
32 o.ia 
33 0.146 
34 0.150 
35 0.154 
36 0.159 
37 0.163 
38 0.167 
39 0.172 
40 0.176 u 0.160 
42 0.185 
43 0.189 u 0.193 
45 0.198 
46 0.202 
47 0.206 
48 0.211 
49 0.215 
50 0.219 

Table I  (continued) 
.800 .900 .950 .990 .995 

0.006 0.009 0.012 0.019 0.022 
0.016 0.020 0,028 0.031 

0.018 0.022 0.027 0.036 0.039 
0.023 0.C28 0.033 0.043 ,0.046 
0.029 0.034 0.039 0.049 0.053 
0.034 0*039 0.045 O.C55 0.060 
0.039 0,045 0.050 0.062 0,066 
0-.044 0.050 0.056 0.068 0.072 
0.049 0.055 0.061 0.074 0.078 
0.054 0.061 0.067 0.079 0.084 
0.058 0.066 0.072 0.085 0.090 
0.063 0,071 0.077 0.091 0.096 
0.068 0.076 0.083 0.096 0.102 
0.073 0.081 O.C86 0,102 0.107 
0.078 0.086 0.093 0.107 0.113 
0.082 0.091 0.098 0.113 0.118 
0.087 0.096 0.103 0.116 0.124 
0.092 0.101 0.108 0.124 0.129 
0.097 0.106 0.113 0.129 0.135 
0.101 0.110 0.118 0.134 0.140 
0.106 0.115 0.123 0.139 0.145 
0.111 0.120 0.128 0.145 0.151 
0.115 0.125 0.133 0.150 0.156 
0.120 0.130 0.138 0.155 0.161 
0.125 0.135 0.143 0.160 0.166 
0.129 0.139 0.148 0.165 0.172 
0.134 0.144 0,153 0.170 0.177 
0.138 0.149 0.158 0.175 0.182 
0.143 C.154 0.163 0.180 0.187 
0.148 C.158 0.167 0.185 0.192 
0.152 0.163 0.172 0.190 0.197 
0.157 0.168 0.177 0.195 0.202 
0.161 0,172 C.182 0.200 0.207 
0.166 0.177 0.167 0.205 0.212 
0.171 0.182 0.191 0.210 0.217 
0.175 0.186 0.196 0.215 0.222 
0.160 0.191 0.201 0.220 0.227 
0.184 0.196 0.206 0.225 0.232 
0.189 0.200 0.210 0.230 0.237 
0.193 0.205 0.215 0.234 0.242 
0.198 0.210 0.220 0.239 0 247 
0.202 0.214 0.224 0.244 0.251 
0.207 0.219 0.229 0.249 0.256 
0.211 0.224 0.234 0.254 0.261 
0.216 0.228 0.239 0.258 0.266 
0.220 0.233 0.243 0.263 0.271 
0.225 0.237 0.248 0.268 0.276 
0.229 0.242 0.253 0.273 0.280 
0.234 0.247 0.257 0.278 0.285 
0.238 0.251 0.262 0.262 0.290 
0.243 0.256 0.266 0.267 0.295 

. 
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240 
F 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
u 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
-40 
a 
42 
43 
u 
45 
46 
47 
48 
49 
50 

C = .500 

0.002 
0.006 
0.011 
0.015 
0.019 
0.023 
0.027 
0,031 
0.036 
0.040 
0.044 
0.048 
0.052 
0.056 
0.061 
0.065 
0.069 
0.073 
0.077 
0.081 
0.085 
0.090 
0.094 
0.098 
0.102 
0,106 
0.110 
0.115 
0.119 
0.123 
0.127 
0.131 
0.135 
0.140 
0.144 
0.148 
0.152 
0.156 
0.160 
0.165 
0.169 
0.173 
0.177 
0.181 
0.185 
0,190 
C194 
0.198 
0.202 
0.206 
0.210 

Appendix 3B 

Table I  (continued) 

,800 .900 ,950 .990 t( 

0.006 0.0C9 0.012 0.019 0 
0.012 0.016 0.019 0.0<7 0 
0.017 0.022 0.025 0,034 0 
0.022 0.027 0,033 0.041 0 
0.027 0.033 0.G37 0,047 0 
0.032 0.038 0.043 0.053 0 
0.037 0.043 0.048 0.059 0 
0.042 0.048 0.054 0.065 0 
0.047 0.033 0,059 0.071 0 
0.051 0.058 0.064 0.076 0 
0.056 0.063 0.069 0.082 0 
0.061 0.068 0.074 0.087 0 
0.065 0.073 0.079 0.092 0 
0.070 0.078 0.084 0,098 0 
0.074 0.082 0.089 0.103 0 
0.079 0,087 0.094 0.108 0 
0.083 0.092 0.099 0.113 0 
0.088 0.096 0.104 0,118 0 
0.093 0.101 0.109 0.124 0 
0.097 0.1C6 0.114 0.129 c 
0.102 0.111 0.118 0.134 0 
0.106 0.115 0.123 0.139 0 
0.110 C.L20 0.128 0 ■'44 0 
0.115 0.124 0.133 0.149 0 
0.119 0.129 0.137 0.153 0 
0.124 0.134 0.142 0.158 0 
0.128 0.138 0.147 0.163 0 
0.133 0.143 0.151 0.168 0 
0.137 0.147 0.156 0.173 0 
0.142 0.152 0.161 0.178 0 
0.146 0.156 0.165 0.183 0 
0.150 0.161 0.170 0.187 0 
0.155 0.165 0.174 0.192 0 
0.159 0.170 0.179 0.197 0 
0.163 0.174 0.184 0.202 0 
0.168 0.179 0.188 0.2C6 0 
0.172 0.183 0.193 C.211 0 
0.177 0.188 0.197 0.216 0 
0.18] 0.192 0.202 0.220 0 
0.185 0.197 0.206 0.225 0 
0.190 0.201 0.211 0.230 0 
0.194 0.206 0.215 0.234 0 
0.198 0.210 0.220 0.239 0 
0.203 0.214 0.224 0.244 0 
0.207 0.219 0.229 0.248 0 
0.211 0.223 0.233 0.253 c 
0.216 0.228 0.238 0.257 0 
0.220 0.232 0.242 0.262 0 
0.224 0.237 0.247 0.266 0 
0.229 0,241 0.251 0.271 0 
0.233 0.245 0.256 0.276 c 
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APPENDIX 3B 

Table I  (continued) 

C = .500                   .800               .900           .950 .990 .995 N             F 

250      Q           0.002                      0.006              0.009          0.011 0.018 0.020 
0.011              0.015          0.018 0.026 0.029 
0.017 0.021 0.024 0.C33 0.036 
0.021 0.026 0.03C 0.C39 0.043 
0.026 n.031 O.C*6 O.C45 0.C49 
0.031 0.036 0.041 0.C51 0.055 
0.036 0.041 0.046 0.057 0.061 
0.040 0.046 0.051 0.062 0.067 
0.045 0.051 0.056 0.068 0.072 
0.049 0.056 0.061 0.073 0.078 
0.054 0.060 0.066 0.078 0.083 
0.058 0.065 0.071 C.C84 0.088 
0.063 0.070 0.076 0.089 0.094 
0.067 0.074 0.C81 0.094 0.099 
0.071 0.079 0.086 0.099 0.104 
0.076 0.084 0.090 0.104 0.109 
0.080 0.088 0.095 0.109 0.114 
0.084 0.093 0.100 0.114 0.119 
0.089 0.097 0,104 0.119 0.124 
0.093 0.102 0.109 0.124 0.129 
0.097 0.106 0.114 0.128 0.134 
0.102 0.111 C.118 0.133 
0.?.06 0.115 0.123 0.138 
0.110 0.119 0.127 0.143 
0.115 0.124 0.132 0.148 v.±w 
0.119 0.128 0.136 0.152 0.158 
0.123 0.133 0.141 0.157 0.163 
0.127 0.137 0.145 0.162 0.168 
0.132 0.141 0.150 0.166 

F 
3  Ö 0.002 

1 0.006 
2 0.010 
3 0.014 
4 0.018 
5 0.022 
6 0.026 
7 0.030 
8 0.034 
9 0.038 

1C 0.042 
11 0.046 
12 0.050 
13 0.0i4 
H 0.058 
15 0.062 
16 0.066 
17 0.070 
18 0.074 
19 0.078 
20 0.082 
21 0.086 
22 0.090 
23 0.094 
24 0.098 
25 0.102 
26 0.106 
27 0.110 
28 0.114 
29 0.118 
30 0.122 
31 0.126 
32 0.130 
33 0.134 
34 0.138 
35 0.142 
36 0.146 
37 0.150 
38 0.154 
39 0.158 
40 0.162 
u 0.166 
42 0.170 
43 0.174 
44 0.178 
45 0.182 
46 0.186 
47 0.190 
48 0.194 
49 0.198 
50 0.202 

O.l^V 
0.144 
0.149 
0.153 

n ,./ ■ -~ '7 -»—«»»» uiiuD 0.172 
0.136 0.146 0.154 0.171 0.177 
0.140 0.150 0.159 0.175 0.182 

0.186 
0.191 
0.196 

0.144 0.155 0.163 0.180 
0.149 0.159 0.168 0.185 

0.161 0.172 0.181 0.198 0 205 
0.165 0.176 0.185 0.203 0209 
0.170 0.180 0.190 0 207 S'S? 
0.174 0.185 0.194 0 212 0*219 
0.178 0.189 0.198 0 216 oSl 
0.182 0.193 0.203 0 221 o'lffi 
0.186 0.198 0.207 J g ^232 
0.191 0.202 0.211 0.230 0 2V7 
HU jj-g* 0.216 o!234 0°:2 
030? n'o^ °'220 °'2^ 0.246 :| c°:3l S:g S2S Si- 
ll JS S» A 1 
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C = .500 
I F 

300 0 0.002 
1 0.005 
2 0.008 
3 0.012 
A 0.015 
5 0.018 
6 0.022 
7 0.025 
8 0.028 
9 0.032 

10 0.035 
11 0.038 
12 0.042 
13 0.045 
H 0.048 
15 0.052 
16 0.055 
17 0.058 
18 0.062 
19 0.065 
20 0.068 
21 0.072 
22 0.075 
23 0.078 
24 0.082 
25 0.085 
26 0.088 
27 0.092 
28 0.095 
29 0.098 
30 0.102 
31 0.105 
32 0.108 
33 0.112 
34 0.115 
35 0.118 
36 0.122 
37 0.125 
38 0.128 
39 0.132 
40 0.135 
41 0.138 
42 0.142 
43 0.3*5 
44 0.148 
45 0.152 
46 0.155 
47 0.158 
48 0.162 
49 0.165 
50 0.168 

Appendix 3B 

Table I  (continued) 

.800 .900 .950 .990 .995 

0.0C5 0.007 0.009 0.015 0.017 
0.009 0.012 0.015 0.021 0.024 
0.014 0.017 0.020 0.027 0.030 
0.018 0.0x2 0.025 0.033 0.036 
0,022 0.026 0.030 0.038 0.041 
0.026 0.030 0.034 0.043 0.046 
0.030 0.034 0.039 0.047 0.051 
0.033 0.038 0.C43 0.052 0.056 
0.037 0.042 0.047 0.057 0.060 
0.041 0.046 0.051 0.061 0.065 
0.045 0.050 0.055 0.066 0.069 
0.048 0.054 0.059 0.070 0.074 
0.052 0.058 0.064 0.074 0.078 
0.056 0.062 0,068 0.078 0.083 
0.059 0.066 0.071 0.083 0.087 
0.063 0.070 0.075 0.087 0.091 
0.067 0.074 0.079 0.091 0.096 
0.070 0.077 0.083 O.C95 0.100 
0.074 0.081 0.087 0.099 0.104 
0.078 0.085 0.091 0.103 0,108 
0.081 0.089 0.095 0.107 0.112 
0.085 0.092 C.C99 0.111 0.116 
0.088 0.096 0.103 0.115 0.120 
0.092 0.100 0.106 0.119 0.124 
0.096 0.103 0.110 0.123 0,129 
0.099 0.107 0.114 0.127 0.133 
0.103 0.111 0.118 0.131 0.137 
0.106 0.114 0.121 0.135 0.140 
0.110 0.118 0.125 0.139 0.144 
0.113 0.122 0.129 0.143 0.148 
0.117 0.125 0.133 0.147 0.152 
0.120 0.129 0.136 0.151 0.156 
0.124 0.133 0.140 0.155 0.160 
0.128 0.136 0.144 0.158 0.164 
0.131 0.140 0.148 0.162 0.168 
0.135 0.144 0.151 0.166 0.172 
0.138 0.147 0.155 0.170 0.176 
0.142 0.151 0.159 0.174 0.179 
0.145 0.154 0.162 0.173 0.183 
0.149 0.158 0.166 0,181 0.187 
0.152 0.162 0.170 0.185 0.191 
0.156 0.165 0.173 0.189 0.195 
0.159 0.169 0.177 0.193 0.199 
0.163 0.172 G.18C 0.196 0.202 
0.166 0.176 0.184 0.200 0.206 
0.170 0.179 0.188 0.2C4 0.210 
0.173 0.183 0.191 0.207 0.214 
0.176 0.186 0.195 0.211 0.217 
0.180 0.190 0.198 0.215 0.221 
0.183 0.194 0.202 0.219 0.225 
0.187 0.197 0.2G6 0.222 0.228 

1*5 
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Table I (continued) 

350 

C = .500 
F 
0 0.001 
1 0.004 
2 0.0C7 
3 0.010 
4 0.013 
5 0.016 
6 0.019 
7 0.021 
8 0.024 
9 0.027 

10 0.030 
11 C033 
12 0.036 
13 0.039 
14 0,041 
15 0.044 
16 0.047 
17 0.050 
16 0.053 
19 0.056 
20 0.058 
21 0.061 
22 0.064 
23 0.067 
24 0.070 
25 0.073 
26 0.076 
27 0.078 
28 0.081 
29 0.084 
30 0,087 
31 0.090 
32 0.093 
33 0.096 
34 0.098 
35 0.101 
36 0,104 
37 0.107 
38 0,110 
39 0.113 
40 0,116 
a 0,118 
42 0.121 
43 0.124 
44 0.127 
45 0.130 
46 0.133 
47 0.136 
48 0.138 
49 0.141 
50 0.144 

,8C0 .900 .950 .990 .995 

0.004 0.006 0.008 0.013 0.03*5 
0.0C8 0.011 0.013 0.018 0.C21 
0.012 0.015 0.017 0.023 0.026 
0.015 0.018 0.022 0.028 0.031 
0.019 0.022 0.025 0.032 0.035 
0.022 0.026 0.029 0.037 0.039 
0.025 0.029 0.032 0.041 0.044 
0.029 0.033 0.037 0.045 0.048 
0.C32 0.036 0.040 0.049 0.052 
0.035 0.040 0.044 0.052 0.056 
0.038 0.043 0.047 0.056 0.060 
0.041 0.047 0.051 0.060 0.063 
0.045 0.050 0.054 O.O64 0.067 
0.048 0.053 0.058 0.067 0.071 
0.051 0.057 0.061 0.071 0.075 
0.054 0.060 0.065 0.075 0.078 
0.057 0.063 0.068 0.078 0.082 
0.060 0.066 0.071 0.082 0.086 
0.063 0.070 0.075 0.085 0.089 
0.067 0.073 0.078 0.089 0.093 
0.070 0.076 0.081 0.092 0.096 
0.073 0.079 0.085 0.096 0.1C0 
0.076 0.082 0.088 0.099 0.104 
0.079 0.086 0.091 0.1G3 0.107 
0.082 0.089 0.095 0.106 0.111 
0.085 0.092 0.098 0.110 0.114 
0.088 0.095 0.101 0.113 0.117 
0.091 0.098 0.104 0.116 0.121 
0.094 0.101 0.108 0.120 0.124 
0.097 0.105 0.111 0.123 0.128 
0.1C0 0.108 Ö.114 0.126 0.131 
0.103 0.111 0.117 0.130 0.134 
0.106 0.114 0.120 0.133 0.138 
0.109 0.117 0.124 0.136 0.141 
0.112 0.120 0.127 0.140 0.145 
0,115 0.123 0.130 0.143 0.148 
0.118 0.126 0.133 0.146 0.151 
0.121 0.129 0.136 0.149 0.154 
0.124 0.133 0.139 0.153 0.158 
0.127 0.136 0.143 0.156 0.161 
0.130 0.139 0.146 0.159 0.164 
0.133 0.142 0.149 0.162 0.168 
0.136 0„145 0.152 0-166 0.171 
0.139 0.148 0.155 0.169 0.174 
0.142 0.151 0.158 0.172 0.177 
0.145 0.154 0.161 0.175 0.181 
0.148 0.157 0.164 0.179 0.184 
0.151 0.160 0.168 0.182 0.187 
0.154 0.163 0.171 0.185 0.190 
0.157 0.166 0.174 0.188 0.194 
0.160 0.169 0.177 0.191 0.197 

«6 
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Appendix 3B 

Table I  (continued) 

F 
Ö 

C = .500 .800 .900 .950 .990 .995 

0.001 0.004 0.005 0.0C7 0.011 0.013 
1 0.004 0.007 0.009 0.011 0.016 0.018 
2 0.006 0.010 0.013 0.015 0.020 0.022 
3 0.009 0.013 0.016 0.019 0.024 0.027 
4 0.011 0.016 0.019 0.022 0.028 0.031 
5 0.014 0.019 0.023 0.026 0.032 0.034 
6 0.016 0.022 0.026 0.029 0.036 0.038 
7 0.019 0.025 0.029 0.032 0.039 0.042 
8 0.021 0.028 0.032 0.035 0.042 0.045 
9 0.024 0.031 0.035 0.038 0.046 0.049 

10 0.026 0.033 0.038 0.042 0.049 0.052 
11 0.029 0.036 0.041 0.045 0.053 0.056 
12 0.031 0.039 0.044 0.048 0.056 0.059 
13 0.034 0.042 0.047 0.051 0.059 0.062 
14 0.036 0.045 0.049 0.054 0.062 0.066 
15 0.039 0.047 0.052 0.057 0.065 0.069 
16 0.041 0.050 0.055 0.060 0.069 0.072 
17 0.044 0.053 0.058 0.063 0.072 0.075 
18 0.046 0.056 0.061 0.066 0.075 0.078 
19 0.049 0.058 0.064 0.068 0.078 0.081 
20 0.051 0.061 0.Q67 0.071 0.081 0.085 
21 0.054 0.064 0.069 0.074 0.084 0.088 
22 0.056 0.066 0.072 0.077 0.087 0.091 
23 0.059 0.069 0.075 0.080 0.090 0.094 
24 0.061 0.072 0.078 0.083 0.093 0.097 
25 0.064 0.074 0.080 0.086 0.096 0.100 
26 0.066 0.077 0.083 0.089 0.099 0.103 
27 0.069 0.080 0.086 0.091 0.102 0.106 
28 0.071 0.082 0.089 0.094 0.105 0.109 
29 0.074 0.085 0.092 0.097 0.108 0+112 
30 0.076 0.088 0.094 0.100 0.111 0.115 
31 0.079 0.090 0.097 0.3-03 0,114 0.118 
32 0.081 0.C93 0.100 0U05 0.117 0.121 
33 0.084 0.096 0.102 0.108 0.120 0.124 
34 0.086 0.098 0.105 0.111 0.122 0.127 
35 0.089 0.101 0.108 0.114 0.125 0.130 
36 0.091 0.104 0.111 0.117 0.128 0.133 
37 0.094 0.106 0.113 0.119 0.131 0.136 
38 0.096 0.109 0.116 0.122 0.134 0.138 
39 0.099 0.112 0.119 0.125 0.137 0.141 
40 0.101 0.114 0.122 0.128 0.140 0.144 a 0.104 0.117 0.124 0.130 0.143 0.147 
42 0.106 0.120 0.127 0.133 0.145 0.150 
43 0.109 0.122 0.130 0.136 0.148 0.153 
44 0 111 0.125 0.132 0.139 0.151 0.156 
45 0.114 0.127 0.135 0.141 0.154 0.159 
46 0.116 0.130 0.138 0.144 0.157 0.162 
47 0.119 0.133 0.140 0.147 0.160 0.164 
48 0.121 0.135 0.143 0.150 0.162 0.167 
49 0.124 0.138 0.146 0.152 0.165 0.170 
50 0.126 0.140 0.148 0.155 0.168 0.173 
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N 
C = .500 

450 
F 
Ö 0.001 
1 0.003 
2 0.005 
3 0.008 
4 0.010 
5 0.012 
6 0.014 
7 0.017 
8 0.019 
9 0.021 

10 0.023 
11 0.025 
12 0.028 
13 0.03C 
14 0.032 
15 0.034 
16 0.037 
17 0.039 
18 0.041 
19 0.043 
20 0.045 
21 0.048 
22 0.050 
23 0.052 
24 0.054 
25 0.056 
26 0.059 
27 0.C61 
28 0.063 
29 0.065 
30 0.068 
31 0.070 
32 0.C72 
33 0.074 
34 0.076 
35 0.079 
36 0.081 
37 0.083 
38 0.085 
39 0.088 
40 0.090 
41 0.092 
42 0.094 
43 0,096 
44 0.099 
45 0.101 
46 0.103 
47 0.105 
48 0.108 
49 0.110 
50 0.112 

Table I  (continued) 

.£00 .900 .950 
., 

0.003 
0.0C6 
0.009 
0.012 
0.014 
0.017 
0.020 
0.022 
0.025 
0.027 
0.030 
0.032 
0,035 
0.037 
0.040 
0.042 
0.044 
0.047 
0.049 
0.052 
0.054 
0.057 
0.059 
0.061 
0.064 
0.066 
0.069 
0-.071 
0.073 
0.076 
0.078 
0.C80 
0.083 
0.085 
0.087 
0.090 
0.092 
0.095 
0.097 
0.099 
0.102 
0.104 
0.106 
0.109 
0.11] 
0.113 
0.116 
0.118 
0.120 
0.123 
0.125 

0.005 
0.008 
0.011 
0.014 
0.017 
0.020 
0.023 
0.026 
0.028 
0.031 
0.034 
0.036 
0.039 
0.041 
0.044 
0.046 
0.049 
0.052 
0.054 
0.057 
0.059 
0.062 
0.064 
0.067 
C.069 
0.072 
C.074 
0.076 
0.079 
0.081 
C.C84 
0.086 
0.089 
0.091 
0.094 
0.096 
0.098 
0.101 
0.103 
0.106 
0.108 
0.111 
0.113 
0.115 
0.118 
0.12C 
0.122 
0.125 
0.127 
0.130 
0.132 

198 

0.006 
0.010 
0.013 
0.017 
0.020 
0.023 
0.026 
0.029 
0.031 
0.034 
0.037 
0.040 
0.C42 
0.045 
0.048 
0.050 
0.053 
O.C56 
O.C58 
0.061 
0.063 
C066 
0.069 
0.071 
0.074 
0.C76 
0.079 
0.0S1 
0.084 
0.086 
0.089 
0.091 
0.C94 
0.C96 
0.099 
0.101 
0.104 
0.106 
0.109 
0.111 
0.114 
0.116 
0.119 
0.121 
0.123 
0.126 
0.128 
0.131 
0.133 
0.136 
0.138 

.990 

0.010 
0.034 
0.C18 
0.022 
0.025 
0.028 
0.032 
0.035 
0.038 
0.041 
0.044 
0.047 
0.050 
0.052 
0.055 
0.058 
0.061 
0.064 
0.067 
0.069 
0.072 
0.C75 
0.077 
0.08C 
0.C83 
0.C85 
0.088 
0.091 
0.093 
0.096 
0.099 
0.101 
0.104 
0.106 
0.109 
0.112 
0.114 
0.117 
0.119 
0.122 
0.124 
0.127 
0.130 
0.132 
0.135 
0.137 
0.140 
C142 
0.145 
0.147 
0.150 

.995 

0.011 
0.016 
0.020 
0.024 
0.027 
0.031 
0.034 
0.037 
0.040 
0.043 
0.046 
0.049 
0.052 
0.055 
0.058 
0.061 
0.064 
0.067 
0.070 
0.072 
0.075 
0.078 
0.081 
0.C84 
0.C86 
0,089 
0.C92 
0.094 
0.097 
0.1CC 
0.1C2 
0.105 
0.108 
0.110 
0.113 
0.116 
0.118 
0.121 
0.123 
0.126 
0.129 
0.131 
0.134 
0.136 
0.139 
0.141 
O.I44 
O.I46 
0.149 
0.152 
0.154 
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Table I  (continued) 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.001 0.C03 0.CC4 0.005 0.009 0.010 
1 0.003 0.0C5 0.0C7 0.009 0.013 0.014 
2 0.005 0.008 0.010 0.012 0.016 0.018 
3 0.007 0.011 0.013 0.015 0.019 0.021 
4 0.009 0.013 0.015 0.018 0,023 0.024 
5 0.011 0.015 0.018 0.020 0.026 0.028 
6 0.013 0.018 0.120 0,023 0.028 0.031 
7 0.015 0.020 0.023 0.026 0.031 0.033 
8 0.017 0.022 0.025 0.028 0.034 0.036 
9 0.019 0.024 0.C28 0.031 0.037 0.039 

10 0.021 0.027 0.030 0.033 0.039 0.042 
11 0.023 0.029 0.033 0.036 O.O42 0.045 
12 0,025 0.031 0.035 0.038 0.045 0.047 
13 0.027 0.033 0.037 0.041 0.047 0o050 
H 0.029 Ü.C36 0.040 0.C43 0.050 0.052 
15 0.031 0.038 O.042 0.045 0.052 0.055 
16 0.033 0.040 C.O44 0.048 0.055 0.058 
17 0.035 0.042 0.046 0.05C 0.057 0.060 
18 0.037 0.044 0.049 0.052 0.060 0.063 
19 0.039 0.047 0.051 0.055 0.C62 0.065 
20 0.041 0.049 0.053 0.057 0.065 0.068 
21 0.043 0.051 0.055 0.059 0.C67 0.070 
22 0.045 0.053 0.058 0.C62 0.C70 0.073 
23 0.047 0.055 0.060 0.064 0.072 0.075 
24 0.049 0.057 0.062 0.066 0.075 0.078 
25 0.051 0.060 0.064 0.069 0.077 0.080 
26 0.053 0.Q62 0.067 0.071 0.079 0.083 
27 0.055 0.064 0.069 0,073 0.082 0.085 
28 0.057 0.066 0.071 0.075 0.084 0.087 
29 0.059 0.068 0.073 0.078 0.087 0.090 
30 0.061 0.070 0.C75 0.080 0.089 0.092 
31 0.063 0.072 0.078 0.082 0.091 0.095 
32 0.065 0.074 0.080 0.085 0.094 0.097 
33 0.067 0.077 0.082 0.087 0.096 0.099 
34 0.069 0.079 0.084 0.089 0.098 0.102 
35 0.071 0.081 0.086 0.091 0.101 0.104 
36 0.073 0.083 0.089 0.093 0.103 0.107 
37 0.075 0.085 0.091 0.096 0.105 0.109 
38 0.077 0.087 0.093 0.098 0.108 0.111 
39 0.079 0.089 0.095 0.1C0 0.110 0.114 
40 0.081 0.091 0.097 0.102 0.112 0.116 
41 0.083 0.094 0.100 0.105 0.114 0.118 
42 0.085 0.096 0.102 0.107 0.117 0.121 
43 0.087 0.098 0.104 0.109 0.119 0.123 
44 0.089 0.100 0.106 0.111 0.121 0.125 
45 0.091 0.102 0.108 0.113 0.124 0,128 
46 0.093 0.104 0.110 0.116 0.126 0.130 
47 0.095 0.106 0.112 0.118 0.128 0.132 
48 0.097 0.108 0.115 0.120 0.130 0.134 
49 0.099 0.110 0.117 0.122 0.133 0.137 
50 0.101 0.112 0.119 0.124 0.135 0.139 
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C = .500 
F 

51 0.103 
52 0.105 
53 0,107 
54 0.109 
55 0.111 
56 0.113 
57 0.115 
58 0.117 
59 0.119 
60 0.121 
61 0.123 
62 0.125 
63 0.127 
64 0.129 
65 0.131 
66 0.133 
67 0.135 
68 0.137 
69 0.139 
70 0.141 
71 0.143 
72 0.145 
73 0.147 
74 0.149 
75 0.151 
76 0.153 
77 0.155 
78 0.157 
79 0.159 
80 C.161 
81 0.163 
82 0.165 
83 0.167 
84 0.169 
85 0.171 
86 0.173 
87 0.175 
88 0.177 
89 0.179 
90 0.181 
91 0.183 
92 0.185 
93 0.187 
94 0.189 
95 0.191 
96 0.193 
97 0.195 

Appendix 3B 

Table I (continued) 

.800      .900    .950 .990 .995 

0.115 0.121 0.127 0.137 0.1 J 
0.117 0.123 0.129 0.344 
0.119 0.125 0.13?- 0.142 0.146 
o.ia 0.127 0.133 0.144 0.148 
0.123 0.130 0.135 0.146 0.150 
0.125 0.132 0.137 0.148 0.153 
0.127 0.134 0.140 0.151 0.155 
0.129 0.136 0.142 0.153 0.157 
0.131 0.138 0.144 0.155 0.159 
0.133 0.140 0.146 0.157 0.16? 
0.135 0.142 0.148 0.160 0.164 
0.138 C.145 0.150 0.162 0.166 
0.140 0.147 0.153 0.164 0.168 
0.142 0.149 0.155 0.166 0.171 
0.144 0.151 C.I57 0.168 0.173 
0.146 0.153 0.159 0.171 0.175 
0.148 0.155 0.161 0.173 0.177 
0.150 0.157 0.163 C.175 0.179 
0.152 0.159 0.165 0.177 0.182 
0.154 0.161 0.168 0.179 0.184 
0.156 0.164 0.170 0.182 0.186 
0.158 0.166 C.172 0.184 0.188 
0.160 0.168 0.174 0.166 0.191 
0.162 0,170 0.176 0.188 0.193 
C.165 0.172 0.178 0.190 0.195 
0.167 0.174 0.180 0.193 0.197 
0.169 0.176 0.183 0.195 0.199 
0.171 0.178 0.185 0.197 0.202 
0.173 0.180 0.187 0.199 0.204 
0.175 0.183 0.189 0.201 0.206 
0.177 0.185 0.191 C.204 0.208 
0.179 0.187 0.193 0.206 0.230 
0.181 0.189 0.195 0.208 0.213 
0.183 0.191 0.197 0.210 0.215 
0.185 0.193 0.2C0 0.212 0.217 
0.187 0.195 0.202 0.214 0.219 
0.189 0.197 0.204 0.217 0.221 
0.191 0.199 0.206 0.219 0.223 
0.193 0.201 0.208 0.221 0.226 
0.196 0.203 0.210 0.223 0.228 
0.198 0.206 0.212 0.225 0.230 
0.200 0.208 0.214 0.227 0.232 
0.202 0.210 0.216 0.229 0.234 
0.204 0.212 0.219 0.232 0.236 
0.206 0.214 0.221 0.234 0.239 
0.208 0.216 0.223 0.236 0.2a 
0.210 0.218 0.225 0.238 0.243 
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Appendix 3B 

Table I  (continued) 

„800 .900 .950 .990 .995 
F 
0 0.001 0.002 0.004 C.005 0.008 0.0C9 
1 0.003 0.005 0.007 0.008 0.012 0.013 
2 0.004 0.007 0.C09 0.011 0.015 0.016 
3 0.CC6 0.010 0.012 0.014 0.018 0.019 
4 0.008 0.012 0.014 0.016 0.020 0.022 
5 0.010 0.014 0.016 0.019 0.023 0.025 
6 0.012 0.016 0.019 0.021 0.026 0.028 
7 0.013 0.018 0.021 0.023 0.028 0.030 
8 0.015 0.020 0.023 0.026 0.031 0.033 
9 0.017 0.022 0.025 0.028 0.033 0.035 

10 0.019 0.024 0.027 Oo030 0.036 0.038 
11 0.021 0.026 0.030 0.032 0.038 0.040 
12 0.023 0.028 0.032 0.035 O.04I O.O43 
13 0.024 0.030 0.034 0.037 0.043 0.045 
14 0.026 0.032 0.036 0.039 0.045 0.048 
15 0.028 0.034 0.038 0,041 0.048 0.050 
16 0.030 0.036 0.040 0.043 0.050 0.052 
17 0.032 0.038 0.042 O.C46 0.052 0.055 
18 0.033 0.040 0.044 0.048 0.054 0.057 
19 0.035 0.042 O.C46 0.050 0.057 0.059 
20 0.037 0.044 0.048 0.052 0.059 0.062 
21 0.039 0.046 0.050 0.054 0.061 0.064 
22 0.041 0.048 0.052 0.056 0.063 0.066 
23 0.043 0.050 0.054 0.058 0.066 0.068 
24 0.044 0.052 0.057 0.060 0.068 0.071 
25 0.046 0.054 0.059 0.062 0.C70 0.073 
26 0.048 0.056 0.061 C.O64 0.072 0.075 
27 0.050 0058 0.063 0.067 0.074 0.077 
28 0.052 0.060 0 065 0.069 0.077 0.080 
29 0.053 0.062 0.067 0.071 0.079 0.082 
30 0.055 0.064 0.069 0.073 0.081 0.084 
31 0,057 0.066 0.071 0.075 0.083 0.086 
32 0.059 0.068 0.073 0.077 0.085 0.088 
33 0.061 0.070 0.075 0.079 0.087 0.091 
34 0.062 0.072 0.077 0.081 0.089 0.093 
35 0.064 0.074 0.079 0.083 0.092 0.095 
36 0.066 0.075 0.081 0.085 0.094 0.097 
37 0.068 0.077 0.083 0.067 0.096 0.099 
38 0.070 0.079 0.085 0.089 0.098 0.101 
39 0.072 0.081 0.087 0.091 0.100 0.103 
40 0.073 0.083 0.089 0.093 0.102 0.106 
41 0.075 0.085 0.090 0.095 0.104 0.108 
42 0.077 0.087 0.092 0.097 0.106 0.110 
U3 0.079 0.089 0.094 0.099 0.108 0.112 
44 0.081 0.091 0.096 0.101 0.110 0.114 
45 0.082 0.093 0.098 0.103 0.113 0.116 
46 0.084 0.095 0.100 0.105 C.II5 0.118 
47 0.086 0.097 0.102 0.107 0.117 0.120 
48 0.088 0.098 0.104 0.109 0.119 0.122 
49 0.090 0.100 C.106 0.111 0.121 0.124 
50 0.092 0.102 0.108 0.113 0.123 Ü.127 
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C = .500 
F 

550    51 0.093 
52 C.095 
53 0.097 
54 0.099 
55 0.101 
56 0.102 
5? 0.104 
58 0.106 
59 0.108 
60 0.110 
61 0.112 
62 0.113 
63 0.115 
64 0.117 
65 0.119 
66 0.121 
67 0.122 
68 0.124 
69 0.126 
70 0.128 
71 Ö.I30 
72 0.132 
73 0.133 
74 0.135 
75 0.137 
76 0.139 
77 0.I4I 

Appendix 3B 

Table I (continued) 

.800 .900 .950 .990 .995 

0.104 0.110 0.115 0.125 0.129 
0.106 0.132 0.117 0.127 0.131 
0.108 0.114 0.119 0.119 0.133 
0.110 0.116 0.121 0.131 0„135 
0.112 0.118 0.123 0.133 0.137 
0.1H 0.120 0.125 0.135 0.139 
0.116 0.122 0.127 0.137 0.141 
0.118 0.124 0.129 0.139 0.143 
0.119 0.126 0.131 0.141 0.145 
0.121 0.128 0.133 0.143 0.147 
0.123 0.130 0.135 0.143 0.149 
0.125 0.131 0.137 0.147 0.151 
0.127 0.133 0.139 0.149 0.153 
0.129 0.135 0.141 0.151 0.155 
0.131 0.137 0.143 0.153 0.157 
0.133 0.139 0.145 0.155 0.159 
0.135 0.141 0.147 0.157 0.161 
0.136 0.143 0.149 0.159 0.164 
0.138 0.145 0.151 0.161 0.166 
O.UO 0.147 0.153 0.163 0.168 
0.142 0.149 0.155 0.165 0.170 
0.144 0.151 0.156 0.167 0.172 
0.146 0.153 0.158 0.169 0.174 
0.148 0.155 0.160 0.171 0.176 
0.150 0.157 0.162 0.173 0.178 
0.152 0.158 0.164 0.175 0.180 
0.153 0.160 0.166 0.177 0.182 
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Appendix 3B 

Table I  (continued) 

C = .500 .800 .900 .950 .990 .995 
N 

600 
Z 
0 0.001 0.002 0.003 0.004 0.007 0.008 
l 0.002 0.004 0.006 0.0C7 0.011 0.012 
2 0.004 0.007 0.008 0.010 0.013 0.015 
3 0.006 0.0C9 0.011 0.012 0.016 0.018 
4 0.007 0.011 0.013 0.015 0.019 0.020 
5 0.009 0.013 0.015 0.017 0.021 0.023 
6 0.011 0.015 0.017 0.019 0.024 0.025 
7 0.012 0.017 0.019 0.021 0.026 0.028 
8 0.014 0.018 C.021 0.023 0.028 0.030 
9 0.016 0.020 0 023 0.026 0.031 0.033 

10 0.017 0.022 0.025 0.028 0.033 0.035 
11 0.019 0.024 0.027 0.030 0.035 0.037 
12 0.021 0.026 0.029 0.032 0.037 0.039 
13 0.022 0.028 0.031 0.034 0.039 0.042 
14 0.024 0.030 0.033 0.036 0.042 0.044 
15 0.026 0.031 0.035 0.038 0.044 0.046 
16 0.027 0.033 0.037 0.040 0.046 0.048 
17 0.029 0.035 0.039 0.042 0.048 0.050 
18 0.031 0.037 0.041 0.044 0.050 0.052 
19 0.032 0.039 0.042 0.046 0.052 0.054 
20 0.034 0.041 0.044 0.048 0.054 0.057 
21 0.036 0.042 0.046 0.050 0.056 0.059 
22 0.037 0.044 0.048 0.051 0.058 0.061 
23 0.039 0.046 0.050 0.053 0.060 0.063 
24 0.041 0.048 0.052 0.055 0.062 0.065 
25 0.042 0.050 0.054 0.057 0.064 0.067 
26 0.044 0.051 0.056 0.059 0.066 0.069 
27 0.046 0.053 0.057 0.061 0.068 0.071 
28 0.047 0.055 0.059 0.063 0.070 0.073 
29 0.049 0.057 0.061 0.065 0.C72 0.075 
30 0.051 0.058 0.063 0.067 0.074 0.077 
31 0.052 0.060 0.065 0.069 O.076 0.079 
32 0.054 0.062 0.067 0.070 0.078 0.081 
33 0.056 0.064 0.068 0.072 0.080 0.083 
34 0.057 0.066 0.070 0.074 0.082 0.085 
35 0.059 0.067 0.072 0.076 0,084 0.087 
36 0.061 0.069 0.074 0.078 0.086 0.089 
37 0.062 0.071 0.076 0.080 0.088 0.091 
38 0.064 0.073 0.078 0.082 0.090 0.093 
39 0.066 0.074 0.079 0.084 0.092 0.095 
40 0.067 0.076 0.081 0.085 0.094 0.097 
41 0.069 0.078 0.083 0.087 0.096 0.099 
42 0.071 0.080 0.085 0.089 0.098 0.101 
43 0.072 0.081 0.087 0.091 0.099 0.103 
44 0.074 0.083 0.088 0.093 0.101 0.105 
45 0.076 0.085 0.090 0.095 0.103 0.107 
46 0.077 0.087 0.092 0.096 0.105 0.108 
47 0.079 0.089 0.094 0.098 0.107 0.110 
48 0.081 0.090 0.096 0.100 0.109 0.112 
49 0.082 0.092 0.097 0.102 0.111 0.114 
50 0.084 0.094 0.099 0.104 0.113 0.116 
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600 

C = .500 

Appendix 3B 

Table I (continued) 

.800 ,900 .950 .990 .995 
F 

51 0.086 0.096 0.101 0.106 0.115 0.118 
52 Ü.087 0.097 0.103 0.107 0,117 0.120 
53 0.089 0.099 0.105 0.109 0.118 0,122 
54 0.091 0.101 0.106 0.111 0.120 0.124 
55 0.092 0.103 0.108 0.113 0.122 0.126 
56 0.094 0.104 C.110 0.115 0.124 0.128 
57 0.096 0.106 0.112 0.117 0.126 0.129 
58 0.097 0.108 0.113 0.118 0.128 0.131 
59 0.099 0,109 0.115 0.120 0.130 0.133 
60 0.101 0.111 0.117 0.122 0.132 0.135 
61 0.102 0.113 0.119 0.124 0.133 0.137 
62 0.104 0.115 0.121 0.126 0.135 0.139 
63 0.106 0.116 0.122 0.127 0.137 0.141 
64 0.107 0.118 0.124 0.129 0.139 0.143 
65 0.109 0.120 0.126 0.131 o.iu 0.145 
66 0.111 0.122 0.128 0.133 0.143 0.146 
67 0.112 0.123 0.129 0.135 0.145 0.148 
68 0.114 0.125 0.131 0.136 0.146 0.150 
69 0.116 0.127 0.133 0.138 0.148 0.152 
70 0.117 0.129 0.135 0.140 0.150 0.154 
71 0.119 0.130 0.137 0.142 0.152 0.156 
72 0.121 0.132 0.138 0.144 0.154 0.158 
73 0.122 0.134 0.140 0.145 0.156 0.159 
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C = „500 
2             F 
650   Ö 0.001 

1 0.002 
2 0.004 
3 0.005 
4 0.007 
5 0.008 
6 0.010 
7 0.011 
8 0.013 
9 0.014 

10 0.016 
11 0.017 
12 0.019 
13 0.021 u 0.022 
15 0.024 
16 0.025 
17 0.027 
18 0.028 
19 0.030 
20 0.031 
21 0.033 
22 0.034 
23 0.036 
24 0.037 
25 0.039 
26 0.041 
27 O.O42 
28 0.044 
29 0.045 
30 0.047 
31 0.048 
32 0.050 
33 0.051 
34 0.053 
35 0.054 
36 0.056 
37 0.057 
38 0.059 
39 0.060 
40 0.062 
41 0.064 
42 0.065 
43 0.067 u 0.068 
45 0.070 
46 0.071 
47 0.073 
48 0.074 
49 0.076 
50 0.077 

0.013 0.016 0.018 0.022 
0.015 0.018 0.020 0.024 
0.017 0.019 0.022 0.026 
0.019 0.021 0.024 0.028 

Appendix 3B 

Table I (continued) 

.800      .900 .950 .990 .995 

0,002              0.003 0.004 0.007 0.008 
0.004             0.005 0.007 0.010 0.011 
0.006              0.008 0.009 0.012 0.014 
0.008             0.010 0.011 0.015 0.016 
0.010              0.012 0.014 0.017 0.019 
2*5?       ?*?M °"016 0.020 0.021 

0.023 
0.026 
0.0*8 

« „-,«  -.--.* 0.030 
0.020              0.023 0.025 0.030 0.032 
0.022              0,025 0.027 0.032 O.O34 
0,024             0.027 0.029 0.034 0.036 
0.026             0.029 0.031 0.036 0.038 
0.027             0.030 0.033 0.038 0.040 
0.029             0.032 0.035 0.040 0.042 
0.031             0.034 0.037 0.042 0.044 
0.032             0.036 0.038 0.044 O.O46 
0.034             0.037 0.040 0.046 0.048 
0.036             0.039 0.042 0.048 0.050 
0.037             0.04I 0.044 0.050 0.052 
0.039             0.043 O.046 0.052 0.054 
0.041             O.O44 0.047 0.054 0.056 
0.042             0.046 0.049 0.056 0.058 
0-044             0.048 0.051 0.057 0.060 
0.04*              0.050 0.053 0.059 0.062 
0.047             0.051 0.055 0.061 0.064 
0.049 0.053 0.056 0.063 0.066 
0.051 0.055 0.058 0.065 0.067 
0.052 0,056 0.060 0.067 0.069 
0.054 0.058 0.062 0.069 0.071 
0.056 0.060 0.063 0.070 0.073 
0.057 0.061 0.065 0.072 0.075 
0.059 0.063 0.067 0.074 0 077 
0.C61 0.065 0.069 0.076 c!o79 
0.062 0.067 0.070 0.078 0.080 
0.C64 0.068 0.072 0.079 0,082 
0.065 0.070 0.074 0.081 0.08*4 

nitl o°n72 °°°75 °"083 0.086 
0.069 0.073 0.077 0.085 C.088 
0.070 0.075 0.079 0.087 0 089 
0.072 0,077 0.081 0,088 0.091 
0.074 0.078 0.082 0.090 0 093 
0.075 0.080 0.084 0.092 0.095 
0.077 0.082 0.086 0.094 0.097 
0.078 0.083 0.087 0.095 0 098 
0.080 0.085 0.089 0,097 0.100 

0.083 0.088 0.092 0.101 0.104 
0.085 0.090 0.094 0.102 0.106 
0.087 0.092 0.096 0.104 0.107 
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650 

j appendix 3B 

Table 3B 

F 
51 

C = .500 .800 .900 .950 1990 .995 

0.079 0.088 0.093 0.098 0.106 0.109 
52 0.080 0.090 0.095 0.099 0.108 0.111 
53 0.082 0.091 0.097 0.101 0.109 0.113 
5L 0.084 0.093 0.098 0.103 0.111 0.114 
55 0.085 0.095 0.100 0.104 0.113 0.116 
56 0.087 0.096 0.102 0.106 0.115 0.118 
57 0.088 0.098 0.303 0,108 0.116 0.120 
58 0.090 0.099 0.105 0.109 0.118 0.121 
59 0.091 0.101 0.106 0.111 0.120 0.123 
60 0.093 0.103 0.108 0.113 0.122 0.125 
61 0.094 0.104 0.110 0.114 0.123 0.127 
62 0.096 0.106 0.111 0.116 0.125 0.128 
63 0.097 0.107 0.113 0.118 0.127 0.130 
64 0.099 0.109 0.115 0.119 0.128 0.132 
65 0.100 0.111 0.116 0.121 0.130 0.134 
66 0.102 0.112 0.118 0.123 0.132 0.135 
67 0.104 0.114 0.120 0.124 0.134 0.137 
68 0.105 0.116 0.121 0.126 0.135 0.139 
69 0.107 0.117 0.123 0.128 0.137 0.140 
70 0.108 0.119 0.124 0.129 0.139 0.142 
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C = „500 
N F 

700 0 0.000 
1 0.002 
2 0.003 
3 0.005 
4 0.006 
5 0.008 
6 O„009 
7 0.010 
8 0.012 
9 0.013 

10 0.015 
11 0.016 
12 0.018 
13 0.019 u 0.020 
15 0.022 
16 0.023 
17 0.025 
18 0.026 
19 0.028 
20 0.029 
21 0.030 
22 0.032 
23 0.033 
24 0.035 
25 0.036 
26 0.038 
27 0.039 
28 C.040 
29 0.042 
30 0.043 
31 0.045 
32 0.046 
33 0.048 
34 0.0/9 
35 0.050 
36 0.052 
37 0.053 
38 0.055 
39 0.056 
40 0.058 
41 0.059 
42 0.060 
43 0.062 
44 0.063 
45 0.065 
46 0.066 
47 0.068 
48 0.069 
49 0.070 
50 0.072 

Appendix 3B 

Table I (continued) 

,800      .900    .950     .990    „995 

0.002 0.003 0.004 0.006 0.007 
0.004 0.005 0.006 0.009 0,010 
0.006 COC 0.C00 0.011 0.013 
0.007 0.009 0.011 0.014 0.015 
0.009 0.011 0.013 0.016 0.017 
0.011 0.013 0.014 0.018 0.020 
0.012 0.014 0.016 0.020 0.022 
0.014 0.016 0.018 0.022 0.024 
0.016 0.018 0.020 0.024 0.026 
0.017 0.020 0.022 0.026 0.028 
0.019 0.021 0.024 0.028 0.030 
0.021 0.023 0.025 0.030 0.032 
0.022 0.025 0.027 0.032 0.034 
0.024 0.026 0.029 0.034 0.036 
0.025 0.028 0.031 0.036 0.037 
0.027 0.030 0.032 0.037 0.039 
0.028 0.031 0.034 0.039 0.041 
0.030 0.033 0.036 0.041 0.043 
0.032 0.035 0.037 0.043 0.045 
O.C33 0.036 0.039 0.045 0.047 
0.035 0.038 0.041 0.046 0.049 
0.036 0.040 0.042 0.048 0.050 
0.038 0.041 0.044 0.050 0.052 
0.039 0.043 0.046 0.052 0.054 
0.041 0.044 0.047 0.053 0.056 
0.042 0.046 0.049 0.055 0.057 
0.044 0.048 0.051 0.057 0.059 
0.046 0.049 0.052 0.059 0.061 
0.047 0.051 0.054 0.060 0,063 
0.049 0.052 0.056 0.062 0.064 
0.050 0.054 0.057 0.064 0.066 
0.052 0.055 0.059 0.065 0.068 
0.053 0.057 0.060 0.067 0.070 
0.055 0.059 0.062 0.069 0.071 
0.056 0.060 0.064 0.070 0.073 
0.058 0.062 0.065 0.072 0.075 
0.059 0.063 C.067 0.074 0.076 
0.061 0.065 0.068 0.075 0.078 
0.062 0.066 0.070 0.077 0.080 
0.064 0.068 0.072 0.079 0.081 
0.065 0.070 0.073 0.080 0.083 
0.067 0.071 0.075 0.082 0.085 
0.068 0.073 0.076 0.084 0.086 
0.070 0.074 0.078 0.085 0.088 
0.071 0.076 0.080 0.087 0.090 
0.073 0.077 0.081 0.089 0.091 
0.074 0.079 0.083 0.090 0.093 
0.076 0.080 0.084 0.092 0.095 
0.077 0.082 0.086 0.094 0.096 
0.079 0.084 0.087 0.095 0.098 
0.080 0.085 0.089 0.097 0.100 
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Appendix 3B 

C = .500 
N F 

700 51 0.073 
52 0.075 
53 0.076 
54 0.078 
55 0.079 
56 0.080 
57 0.082 
58 0.083 
59 0.085 
60 0.086 
61 0.088 
62 0.089 
63 0.090 
64 0.092 
65 0.093 
66 0.095 
67 0.096 

Table I  (continued) 

.800 .900 .950 .990 .995 

0.082 0.087 0.091 0.098 0.101 
0.083 0.088 0.092 OolOO 0.103 
0.085 0.090 0.094 0.102 0.105 
0.086 0.091 0.095 0.103 0.106 
0.088 0.093 0.097 0.105 0.108 
0.089 0.094 0.098 0.107 0.110 
0.091 0.096 0.100 0.108 0.111 
0.092 0.097 0.102 0.110 0.113 
0.094 0.099 0.103 0.111 0.114 
0.095 0.100 0.105 0.113 0.116 
0.097 0.102 0.106 0.115 0.118 
0.098 0.103 0.108 0.116 0.119 0.100 0.105 0.109 0.118 0.121 
0.101 0.1C6 0.111 0.119 0.123 0.1C3 0.108 0.112 0.121 0.124. 
0.104 o.uo 0.114 0.123 0.126 
0.106 0.111 0.116 0.124 0.127 
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750 

t tppendix 3B 

Table I  (continued) 

F 
0 

C = .500 .800 .900 .950 .990 .995 

0.000 0.002 0.003 0.003 0.006 0.007 
1 0.002 0.003 0.005 0,006 O.CC8 0.009 
2 0.0C3 0.005 0.007 0.008 0.011 0.012 
3 0.004 0.007 0.008 0.010 0.013 0.014 
4 0.006 0.008 0.010 0.012 0.015 0.016 
5 0.007 0.C10 0.012 0.013 0.017 0.018 
6 0.008 0.012 0.014 0.015 0.019 0.020 
7 0.010 0.013 0.015 0.017 0.021 0.022 
8 0.011 0.015 0.017 0.019 0,023 0.024 
9 0.012 0.016 0.018 0.020 0.024 0.026 

IC 0.014 0.018 0.020 0.022 0.026 0.028 
11 0.015 0.019 0.022 0.024 0.028 0.030 
12 0.016 0.021 0.023 0.025 0.030 0.031 
13 0.018 0.022 0.025 0.027 0.031 0.033 
14. 0.019 0.024 0.026 0.029 0.033 0.035 
15 0.020 0.025 0.028 0,030 0.035 0.037 
16 0.022 0.027 0.029 0.C32 0.037 0.038 
17 0.023 0.028 0.031 0.033 0.038 0.040 
18 0.024 0.029 0,032 0.C35 0.C40 0.042 
19 0.026 0.031 0.034 0.036 0.042 0.044 
20' 0.027 0.032 0.035 0.038 0.043 0.045 
21 0.028 0,034 0.037 0.040 0.045 0.047 
22 0.030 0.035 0.038 C.04I 0.047 0.049 
23 0.031 0.037 0.040 0.043 0.048 0.050 
24 0.032 O.C38 0.041 O.O44 0.050 0.052 
25 0.034 0.040 0.043 O.O46 0.051 0.054 
26 0.035 0.041 0.044 CC47 0.053 0.055 
2"> 0.036 0.042 0,046 0.049 0.055 0.057 
28 0.038 0.044 0,047 0.050 0,056 0.058 
29 0.039 0.045 0.049 0.052 0.058 0.060 
30 0.040 0.047 0.050 0.053 0.059 0.062 
31 0.042 0.048 0.052 0.055 0.C61 0.063 
32 0.043 0.050 0,053 0.056 0.063 0.065 
33 0.044 0.051 O.C55 0.058 O.O64 0.067 
34 0.046 0.052 0.056 0.059 0.066 0.068 
35 0.047 0.054 0.058 0.061 0.067 0,070 
36 0.048 0.055 0.059 0.062 0.069 0.071 
37 0.050 0.057 0.061 O.C64 0.070 0.073 
38 0.051 0.058 0.062 0.065 0.072 0.074 
39 0.052 0.060 0.063 0.067 0.074 0.076 
40 0.054 0.061 0.065 0.068 0.075 0.078 
a 0.055 0.062 0.066 0.070 0.077 0.079 
42 0.056 0.064 0.068 C.071 0 078 0.081 
43 0.058 0.065 0.069 0.073 C.08C 0.082 
44 0.059 0.067 0.071 0.074 0.081 0.084 
45 0.060 0.068 0.072 0.076 0.083 0.085 
46 0.062 0.069 0.074 0.077 0.084 0.0^7 
47 0.063 0.071 0.075 0.079 0.086 0.089 
48 0.064 0.072 0.077 0.080 0.087 0.090 
49 0.066 0.074 C 078 0.082 0.089 0.092 
50 0.067 0.075 0.079 0.083 0.090 0.093 
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N             £ 
750      51 0.068 

52 0.070 
53 0.071 
54 0.072 
55 0.074 
56 0.075 
57 0.076 
58 0.078 
59 0.079 
60 0.080 
61 0.082 
62 0.083 
63 0.084 
64 0.086 
65 0.087 

Apjendix 3B 

Table I (continued) 

C - .500       .800      .900    .950     .990    .995 

0.076 0.081 0.085 0.092 0.095 
0.078 0.082 0.086 0.093 0.096 
0.C79 0.084 0.088 0.095 0.098 
0.081 0.085 0.089 0.096 0.099 
0.082 0.087 0.C90 0.098 0.101 
0.083 0.088 0.092 0.099 0.1C2 
0.085 0.089 0.093 0.101 0.104 
0.086 0.091 0.095 0.103 0.105 
0.088 0.092 0.096 0.104 0.107 
0.089 0.094 0.098 0.106 0.108 
0.090 0.095 0.099 0.107 0.110 
0.092 0.097 0.101 0.109 0.111 
0.093 0.098 0.102 0.110 0.113 
0.095 0.099 0.104 0.111 0.114 
0.096 0.101 0.105 0.113 0.116 
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Appendix 3B 

Table I (continued) 

C = .500        .800 .900    .950     .990 .995 

800      0           0,000                      0.002 0.0C2          0.003            0.005 0.C06 
0.003 0.004         0.005           0.C08 0.009 
0.005 0.006          0.007           0.010 0.011 
0.006 0.0C8         0.009 0.012 0.013 
0.0C8 0.009         0.011 0.0H 0.015 
0.009 0.011         0.013 0.016 0.017 
0.011 0.013 0.014. 0.018 0.019 
0.012 0.014 0.016 0.019 0.021 
0.014 0.C16 0.C17 0.021 0.023 
0.015 0.017 0.019 0.023 0.024 
0.017 0.019 0.021 0.025 0.026 
0.018 0.020 0.C22 0.026 0.028 
0.019 0.022 0.024 0.028 0.029 
0.021 0.023 0.025 0.029 0.031 
0.C22 0.025 0.027 0.031 0.033 
0.023 0.026 0.02S 0.033 0.034 
0.025 0.C27 0.030 0.034 0.036 
0.026 0.029 0.C31 0.036 0.038 
0.028 0.030 0.033 0.037 0.039 
0.029 0.032 0.034 0.039 0.041 
0.030 0.033 0.036 0.041 0.042 
0.032 0.035 0.037 0.042 0.044 
0.033 0.036 0.039 0.044 0.046 
0.034 0.C37 O.O4C 0.045 0.047 
0.036 0.039 0.C41 0.047 0.049 
0.037 0.040 0.043 0.048 0.050 
0.038 0.042 0.044 0.050 0.052 
0.040 O.C43 O.O46 0.051 0.053 
0.041 0.044 0.047 0.053 0.055 
O.O42 0.046 C.O49 0.C54 0.056 
O.O44 0.047 0.050 0.056 0.058 
0.045 0.049 0.051 0.057 0.059 
O.O46 0.050 0.053 0.059 0.061 
0.048 0.051 0.054 0.060 0.C62 
0.049 0.053 O.C56 0.062 O.O64 
0.050 0.C54 0.057 0.063 0.065 
0.052 0.055 0.058 0.065 0.067 
0.053 0.057 0.060 0.C66 0.068 
0.054 0.058 0.061 0.067 0.070 
0.056 0.060 0.063 0.069 0.071 
0.057 0.061 0.064 0.070 0.073 
0.058 0.062 0.065 0.072 0.074 
0.060 0.064 0.067 0.073 0.076 
0.061 0.065 0.C68 0.075 0.077 
0.062 0.066 0.070 0.076 0.079 
0.064 0.068 0.071 0.078 0.080 
0.065 0.069 0.072 0.079 0.082 
0.C66 0.070 0.074 0.081 0.083 
0,068 0.072 O.C75 0.C82 0.084 
0.069 0.073 0.077 0.683 0.086 
0.070 0.074 0.078 0.085 0.087 

211 

F 
Ö 0,000 
1 0.002 
2 0.003 
3 0.004 
4 0.005 
5 0.007 
6 0.008 
7 0.009 
8 0.010 
9 0.012 

10 0.013 
11 0.014 
12 0.015 
13 0.017 
14 0.018 
15 0.019 
16 0.020 
17 0.022 
18 0.023 
19 0.024 
20 0.025 
21 0.027 
22 0.028 
23 0.029 
24 0.030 
25 0.032 
26 0.033 
27 0.034 
28 0.035 
29 0.037 
30 0.038 
31 0.039 
32 0.040 
33 0.042 
34 0.043 
35 O.O44 
36 0.045 
37 0.047 
38 0.048 
39 0.049 
40 0.050 
41 0.052 
42 0.053 
43 0.054 
44 0.055 
45 0.057 
46 0.058 
47 0.059 
48 0.060 
49 0.062 
50 0.063 
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N             F 
"800     51 0.064 

52 0.065 
53 0.067 
54 0.068 
55 0.069 
56 0.070 
57 0.C72 
58 0.073 
59 0.074 
60 0.075 
61 0.077 
62 0.078 
63 0.079 

Appendix 3B 
Table I  (continued) 

0 = .500 .800 .900 .950 .990 .995 

0.072 0.076 0.079 0.086 0.089 
0.073 0.077 0.081 0.088 0.090 
C.074 0.078 0.082 0.0,89 0.092 
0.076 0.C80 0.083 0.090 0.093 
0.077 0.081 0.085 0.092 0.095 
0.078 0.C83 0.086 0.093 0.096 
0.079 0.084 0.088 0.095 0.097 
0.081 0.085 0.089 C.096 0.099 
0.082 0.087 0.090 0.098 0.100 
0.083 0.088 0.092 0.099 0.102 
0.085 0.089 0.093 0.100 0.103 
0.086 0.091 0.C94 0.102 0.105 
0.087 0.092 0.096 0.103 0.106 
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N 
850 

C = .500 

Appendix 3B 

Table I  (continued) 

.800 .900 .950 .990 .995 
F 
0 0.000 0.001 0.002 0.003 0.005 0.006 

1 0.001 0.003 0.004 0.005 0.007 0.C08 
2 0.0C3 0.005 0.0C6 0.CC7 0.C09 0.010 

3 0.004 0.006 0.007 0.009 0.011 0.012 
4 0.005 0.007 0.009 0.010 0.013 0,014 
5 0.006 0.0C9 0.010 0.012 0.015 0,016 
6 0.007 0.010 0.012 0.013 0.017 0.018 
7 0.009 0.012 0.013 0.015 0.018 0.020 
8 0.101 0.013 0.015 0.016 0.020 0.021 
9 0.011 0.014 0.016 0.018 0.021 0.023 

10 0.012 0.016 0,018 0.C19 0.023 0.025 
11 0.013 0.017 0.019 0.021 0.025 0.026 
12 0.014 0.018 0.020 0.022 0.026 0.028 
13 0.016 0.019 0.022 0.G24 0.028 0.029 
14 0.017 0.021 0.023 0.025 0.029 0.031 
15 0.018 0.022 0.024 0.027 0.031 0.032 
16 0.019 0.023 0.026 0.028 0.032 0.034 
17 0.020 0.025 0.027 0.029 0.034 0.035 
18 0.021 0.026 0.C29 0.031 0.035 0.037 
19 0.023 0.C27 0.030 C.032 0.037 0.038 
20 0.024 0.029 0.031 0.034 0.038 0.C40 
21 0.025 0.030 0.033 O.C35 0.040 0.C41 
22 0.026 0.031 0.034 0.C36 0.041 0.043 
23 0.027 0.032 0.035 0.038 0.042 0.G44 
24 0.029 0.034 0.036 0.039 O.O44 0.046 
25 0.030 0.035 0.038 0.040 0.045 0.047 
26 0.031 0.036 0.039 0,042 0.047 0.049 
27 0.032 0.037 0.040 0.043 O.O48 0.050 
28 0.033 O.C39 0.042 0.C44 0.C50 0.052 
29 0.034 0.C4C 0.043 0.046 0.051 O.C53 
30 0.036 0.041 0.044 0.047 0.052 C.C54 
31 0.037 0.042 O.C46 0.048 0.054 0.056 
32 0.038 0.044 0.047 0.050 0.055 0.057 
33 0.039 0,045 0„048 0.051 0.05/ 0.059 
34 0.0-40 0.046 0.050 0.052 0.058 0.C60 
35 0.041 0.047 0.051 0.054 0.059 0.062 
36 C.043 0.049 0.052 0.055 0.061 0.C63 
37 o.ou 0.050 0.053 0.056 0.062 O.O64 
38 0.045 0.051 0.055 0.058 0.064 0.C66 
39 0.046 0.052 0.056 0.059 0.065 0.067 
40 0.047 0.054 0.057 0.C60 0.066 0.069 
a 0.049 O.C55 Co 059 0.062 0.068 0.070 
42 0.05° 0.056 0.060 0.063 0.069 0.071 
43 0.051 0.057 0.061 O.O64 0.070 0.073 
44 0.052 0.059 0.C62 0.066 0.072 0.074 
45 0.053 0.060 0.064 0.C67 0.073 Ö.075 
46 0.054 0.061 0.065 O.C68 0.074 0.077 
47 0.056 0.062 0.066 0.069 0.076 0.078 
48 0,057 0,064 0.C68 0.071 0.077 0.080 
49 J.058 0.065 0.069 0.072 0.078 0.C81 
50 0.059 0.066 0.07C 0.073 0.080 0.082 
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Appendix 3B 

Table I  (continued) 

F 
850      51 

C = .500 .800 .900 .950 .990 .995 

0.C60 0,-067 0.071 0.075 0.C81 0.084 
52 0.061 U.069 0.073 0.076 0.083 0.085 
53 0.063 0.070 0.C74 0.077 0.084 0.C86 
54 0.06^ 0.071 0.075 0.079 0.085 0.088 
55 0.065 0.072 0.076 0.080 0.087 0.089 
56 0.066 0.074 0.078 0.081 0.088 0.090 
57 0.067 0,075 0.079 0.082 0.089 0.092 
58 0.068 0.076 0.080 0.084 0.091 0.093 
59 0.070 0.077 0.081 0.085 0.092 0.094 
60 0.071 0.079 0.083 0.086 0.093 0.096 
6i 0.072 0.080 0.084 0.088 0.095 0.097 
62 0.073 0.081 0.085 0.089 0.096 0.098 
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Appendix 3B 

Table I (continued) 

900 
F 
Ö 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
a 
42 
43 
44 
45 
A6 
47 
48 
49 
50 

C = .500 

0.000 
0.001 
0.002 
0.004 
0.005 
0.006 
0.0C7 
0.008 
0.009 
0.010 
0.011 
0.012 
0.014 
0.015 
0.016 
0.017 
0.018 
0.019 
0.020 
0.021 
0.022 
0.024 
0.025 
0.026 
0.027 
0.028 
0.U29 
0.030 
0.031 
0.032 
0.034 
0.035 
0.036 
0.037 
0.038 
0.039 
0.040 
0.041 
0.042 
0.044 
0.045 
0.046 
0.047 
0.048 
0.049 
0.050 
0.051 
0.052 
0.054 
0.055 
0.056 

.800 

0.001 
0.003 
0.004 
0.0C6 
0.007 
0.008 
0.010 
0.011 
0.012 
0.013 
0.015 
0.016 
0.017 
0.018 
0.020 
0.021 
0.022 
0.023 
0.024 
0.026 
0.C27 
0.028 
0.029 
0.031 
0.032 
O.C33 
0.034 
0.035 
0.037 
0.038 
0.039 
0.040 
0.041 
0.042 
0.044 
0.045 
0.046 
0.047 
0.C48 
0.050 
0.051 
0.052 
0.053 
0.C54 
0.055 
0.057 
0.058 
0.059 
0.060 
0,061 
0.062 

.900 

0.C02 
0.004 
0.005 
0.0C7 
0.008 
0.010 
0.011 
C.013 
0.014 
0.015 
0.017 
0.C18 
0.019 
0.C20 
0.022 
0.023 
0.024 
0.C26 
0.027 
0.028 
0.029 
0.031 
O.C32 
C.C33 
0.034 
0.036 
0.037 
0.038 
0.039 
C.041 
0.C42 
0.043 
0.044 
0.C46 
0.C47 
0.048 
0.049 
0.C50 
0.052 
0.053 
0.054 
0.055 
0.057 
0.058 
0.059 
0.060 
0.061 
0.063 
0.064 
0.065 
0.066 

215 

.950 

0.003 
0.C05 
0.006 
0.008 
0.010 
0.011 
0.013 
0.014 
0.015 
0.017 
0.018 
0.020 
0.021 
0.022 
0.024 
0.025 
0.026 
0.028 
0.C29 
0.C30 
0.C32 
0.033 
O.C34 
0.036 
0.037 
0.038 
O.C39 
0.041 
0.C42 
O.C43 
0.044 
0.046 
0.047 
0.048 
0.049 
0.051 
0.052 
0.053 
0.054 
0.C56 
0.057 
0.058 
0.059 
0.061 
0.062 
0.063 
0.064 
0.066 
0.067 
0.068 
0.069 

.990 

0.005 
0.C07 
0.009 
0.011 
^.012 
0.014 
0.016 
0.017 
0.019 
0.020 
0.022 
0.C23 
0.025 
0.C26 
0.028 
0.029 
0.C30 
0.032 
O.C33 
0.035 
O.C36 
0.037 
0.039 
0.040 
0.C41 
0.043 
0.044 
0.046 
0.C47 
0.048 
0.050 
0,051 
0.052 
O.C53 
0.055 
0.056 
0.057 
0.059 
0.060 
0.C61 
O.C63 
0.064 
0.065 
0.066 
0.068 
0.069 
0.070 
0.072 
0.073 
0.074 
0.075 

.995 

0.005 
0.008 
0.010 
0.012 
0.013 
0.015 
0.017 
0.018 
0.020 
0.C22 
0.023 
0.025 
0.026 
0.C28 
0.029 
0.031 
0.032 
0.03? 
0.035 
0.036 
0.038 
0.039 
0.041 
0.C42 
C.C43 
0.045 
0.C46 
0.C47 
0.049 
0.C50 
0.051 
0.053 
0.054 
0.055 
0.057 
O.C58 
O.C59 
0.061 
0.062 
0.063 
0.065 
0.066 
0.067 
0.069 
0,070 
0.071 
0.C73 
0.074 
0.075 
0,076 
0.07* 
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Appendix 3B 

Table 1 (continued) 

C = .500       .800      .900    .950     .990    .995 
N             F 

900    51 0.057 0.064 0.067 0.071 0.077 0.079 
52 0.058 0.065 0.069 0.072 0.078 0.080 
53 0.059 0.066 0.C7C 0.073 0.079 0.082 
54 0.060 0.067 0.071 0.074 0.080 0.083 
55 0.061 0.068 0.072 0.075 0.082 0.084 
56 0.062 0.069 0.073 0.077 0.083 0.085 
57 0.06^ 0.071 0.075 0.078 0.084 0.087 
58 0.065 0.072 0.C76 0.079 0.086 0.088 
59 0.066 0.073 0.077 0.080 0.087 0.089 
60 0.067 0.074 0.078 0.081 0.088 0.091 
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950 

C = .500 

Appendix 3B 

Table I (continued) 

,800      „900    o950 •990 • 995 
F 
Ö o.oco cool 0.002 0.003 0.004 0.005 
1 0.001 0.003 0.004 0.004 0.OC6 0.007 
2 0.C02 0.004 0.005 0,006 0.008 0.009 
3 0oC03 0.005 0.C07 0.C08 0.010 0.011 
4 0.004 0.007 C.008 0.009 0.012 0.013 
5 0.005 0.008 0.C09 0.011 0.013 O.OI4 
6 0.007 0.C09 0.011 0.012 0.015 0.016 
7 0.008 C.010 0.012 0.013 0.016 0,017 
8 0.C09 OoOll 0.013 0.C15 o„oie 0.019 
9 0.010 0.C13 0.014 0,016 0.019 0,020 

10 0.011 0.014 0.016 0.C17 0.021 0,022 
11 0.012 0.015 0.017 0.019 0.022 0,023 
12 0.013 0.016 0.018 0.02C 0.023 0.025 
13 0.014 0.017 0.019 0.021 0.025 0,026 
H 0.015 0,019 0.021 0.022 0.026 0,028 
15 0.0x6 0.020 0.022 0.024 0.027 0,029 
16 0.017 0.021 0.023 0.025 0.029 0.030 
17 0.018 0.022 0.024 0.026 0.030 0.032 
18 0.019 0,023 0.025 0.027 0.031 0.033 
19 0.020 0.024 0.027 0.029 0.033 0.034 
20 0.021 0,025 0.028 0.030 0.034 0,036 
21 0.022 0.027 0.029 0.031 0.035 0.037 
22 0.023 0.028 0.030 0.C32 0.037 0.038 
23 0.024 0.029 0.031 0.034 0.038 0.040 
24 0.025 0.030 0.033 0.035 0.039 0.041 
25 0.027 0.031 0.034 0.036 0.041 0.042 
26 0.028 0.032 0.035 0.037 O.O42 0.044 
27 0.029 0.033 0.036 0.038 O.O43 0.045 
28 C.030 0.035 0.037 0.040 O.O44 0.046 
29 0.031 0.036 0.038 0.C41 0.046 0.047 
30 0.032 0.037 0.040 0.042 0.047 0.049 
31 0.033 O.C38 O.O4I 0.043 O.O48 0.050 
32 0.034 0.039 0.042 0.044 0 049 0,051 
33 0.035 0.040 0.043 O.O46 0.051 0.053 
34 0.036 O.O4I 0.044 0.047 0.052 0.054 
35 0.037 O.O42 0.045 O.C48 0.053 0.055 
36 0.038 0,044 0.047 0.049 0.054 0.056 
37 0.039 0.045 0.048 0.050 0.056 O.C58 
38 0.040 O.O46 0.049 0.052 CO 57 0.059 
39 0.041 0.047 0.050 0.053 0.058 0.060 
40 0.042 0.048 0.C51 0.054 0.059 0.061 u 0.043 0.049 0.052 0.055 0.061 0.063 
42 O.C44 0.050 0.054 O.C56 0.062 0.064 
43 0.045 0.051 O.C55 0.057 0.063 O.C65 
44 0.047 0.053 0.056 0.059 0.064 0.066 
45 0.048 0.054 0.057 0,060 0.065 0.068 
46 0.049 0.055 0.058 0.061 0.067 0.C69 
47 0.050 0.056 0.059 0.062 0.068 0.070 
48 0.051 0.057 0.060 0.063 0.069 0,071 
49 0.052 0.058 0.062 0.064 0.070 0,072 
50 0.053 0.059 0.063 0.066 0.071 0.074 
51 0,054 0.060 0.064 
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Appendix 3B 

c = .500 
M     F 
1000   Ö 0.000 

1 0.001 
2 0.002 
3 0.0C3 
4 0.0C4 
5 0.005 
6 0.006 
7 0.007 
8 0.008 
9 0.009 

10 0.01C 
11 0.011 
12 0.012 
13 0.013 u 0.014 
15 0.015 
16 0.016 
17 0.017 
18 0.018 
19 0.019 
20 0.020 
21 0.021 
22 0.C22 
23 0.023 
24 0.024 
25 0.025 
26 0.026 
27 0.027 
28 0.028 
29 0.029 
30 0.030 
31 0.031 
32 0.032 
33 0.033 
34 0.034 
35 0.035 
36 0.036 
37 0.037 
38 0.038 
39 0.039 
40 0.040 
a 0.041 
42 0.042 
A3 0.043 
44 0.044 
45 0.045 
46 0.046 
47 0.047 
48 0.048 
49 0.049 
50 0.050 

Table I (continued) 

.800      .900    .950 

0.001 
0.0C2 
0.00^ 
0.005 
0.006 
0.0C7 
0.009 
0.010 
0.011 
0.C12 
0.013 
0.014 
0.015 
0.016 
0.018 
0.019 
0.020 
0.021 
0.022 
0.023 
0.024 
0.025 
0.026 
0.027 
0.029 
0.030 
0.031 
0.032 
0.033 
0.034 
0.035 
0.036 
0.037 
0.038 
0.039 
0.040 
0.041 
0.C42 
0.043 
0.045 
C.046 
0.047 
0.048 
0.049 
0.050 
0.051 
0.052 
0.053 
0.054 
0.055 
0.056 

0.002 
0.003 
0.005 
0.006 
0.007 
0.C09 
0.C10 
0.011 
0.012 
0.C14 
0.015 
0.016 
0.017 
0.018 
0.020 
0.021 
0.C22 
0.023 
0.024 
0.02; 
0.026 
0.028 
0.029 
0.030 
0.031 
0.032 
0.033 
0.034 
0.035 
0.037 
0.038 
0.039 
0.040 
O.O4I 
0.042 
0.043 
O.C44 
O.C45 
0.046 
0.048 
O.649 
0.050 
0.051 
0.052 
0.053 
0.054 
0.055 
0.056 
0.057 
0.058 
0.060 

0.002 
0.004 
0.006 
0.0C7 
0.009 
0.010 
0.011 
0.013 
0.C14 
0.015 
0.016 
0.018 
0.019 
0.020 
0.C21 
0.023 
0.C24 
0.025 
0.026 
0.027 
C.028 
0.030 
0.031 
0.032 
C.O33 
0.034 
0.035 
0.037 
0.038 
0.039 
O.O4O 
0.041 
0.042 
0.043 
0.045 
0.046 
0.047 
0.048 
0.049 
0.050 
0.051 
0.052 
0.053 
0.055 
O.C56 
O.C57 
0.C58 
0.059 
0.060 
0.061 
0.062 

.990 

0.004 
0.006 
0.008 
0.010 
0.011 
0.013 
0.014 
0.015 
0.017 
0.018 
0.020 
0.021 
0.022 
0.024 
0.025 
0.026 
0.027 
0.029 
0.030 
O.C3I 
0.032 
0.034 
0.035 
0.036 
0.037 
0.039 
0.040 
0.041 
0.042 
O.O43 
0.045 
0.046 
O.C47 
0.048 
0.049 
0.050 
0.052 
0.053 
0.054 
0.055 
0.056 
0.058 
0.059 
0.06C 
0.061 
C.O62 
0.063 
0.064 
0.066 
0.067 
0.068 

.995 

0.005 
0.0C7 
0.009 
0.010 
0.012 
0.C14 
0.015 
0.017 
C.C18 
0.019 
0.021 
0.022 
0.023 
0.025 
0.026 
0.027 
0.029 
0.030 
0.031 
0.033 
0.034 
0.035 
0.036 
0.038 
0.039 
0.040 
O.O4I 
0.043 
0.044 
0.045 
0.046 
0.048 
0.049 
0.050 
0.051 
0.052 
0.054 
0.055 
0.056 
0.057 
0.058 
0.059 
0.061 
0.062 
0.063 
O.O64 
0.065 
0.067 
0.068 
0.069 
0.070 
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APPENDIX 3B 

Tabla 2 

TWO-SIDU) 222» CONFIDENCE LIMITS ON EXüCtflAL 

1 2 3 4 5 

0 
1 
2 
3 
4 
5 

.000  .950 

.050 1.000 
.000  .776 
.025  .975 
.224 1.000 

.000  .631 

.017  .865 

.135  .983 

.369 l.OOC 

.000  .527 

.013  .751 

.098  .902 

.249  .987 

.473 l.COO 

.000  .451 

.010  .658 

.076  .811 

.189  .924 

.342  .990 

.549 1.000 

^v.   n 6 7 8 9 10 

x ^-^ 
0 .000 .393 .OOC  .348 .000  .312 .OCO  .283 .000 .259 
1 .009 .582 .007  .521 .006  .470 .CC6  .429 .005 .394 
2 .063 .729 .053  .659 ,046  .600 .041  .550 .037 .507 
3 .153 .847 .129  .775 .111  .711 .098  .655 o087 .607 
4 .271 .937 .225  .871 .193  .607 .169  .749 .150 .696 
5 .418 .991 .341  .947 .289  .8£9 .251  .831 .223 .777 

6 .607 l.OCC .479  .993 .400  .954 .345  .902 .304 .65C 
7 .652 1.000 .530  .994 .450  .959 .393 .913 
8 .688 l.COO .571  .994 • 493 .963 
9 .717 l.COO .606 .995 

10 .741 1.000 
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APPENDIX 3B 

Table 2 (continued) 

V          n 

X    ^"^^ 11 12 13 14 15 

0 .000 .230 .000 .221 .000 .206 .000 .193 .000 .181 
1 .C0J> .365 .004 .339 .004 .317 .CC4 .297 .003 .279 
2 .033 • 470 .030 .438 .028 •410 .026 .386 .024 .363 
3 .079 .56^ .072 .527 .066 .495 .061 .466 .057 .440 
4 .135 .650 .123 .609 .113 .572 .104 .540 .097 .511 
5 .200 .729 .181 .684 .166 .645 .153 .609 .142 .578 

6 .271 .600 .245 .755 .224 .713 .206 .675 .191 .640 
7 .350 .865 .316 .819 .287 .776 .264 .736 .244 .70C 
8 .436 .921 .391 .877 .355 • 834 .325 .794 .300 .756 
9 .530 .967 .473 .928 .428 .887 .391 .847 .360 .809 

10 .635 .995 .562 .970 .505 .934 • 460 .696 .422 .858 

11 .762 1.00C .661 .996 .590 .972 .534 .939 .489 .903 
12 .779 1.000 .683 .996 .614 .974 .560 .943 
13 .794 1.000 .703 .996 .637 .976 
14 .807 1.000 .721 .997 
15 .819 1.000 

Example: Observed from sample 5/lC. The 90% confidence limits for the population 
are .223 and .777. 

/
 16 17 18 19 20 

0 .000 .171 .000 .162 .000 .153 .000 .146 • COO • 139 
1 .003 .264 .003 .250 .003 .238 .003 .226 .C03 .216 
2 .023 .344 .021 .326 .020 .310 .019 .296 .018 .282 
3 .053 .417 .050 •396 .047 .377 .044 .359 .042 .344 
4 .090 • 484 .085 • 461 .080 • 439 .075 .419 .071 .401 
5 .132 .549 .124 .522 .116 .498 .110 .476 .104 .455 

6 .178 .608 .166 .580 .156 •554 .147 .529 .139 .507 
7 .227 .667 .212 .636 .199 .608 .188 .582 .177 .558 
8 .279 .721 .260 .689 .244 .659 .229 .632 .217 .606 
9 .333 .773 .311 .740 .291 .709 .274 .679 .259 .653 

10 .392 .822 .364 .788 .341 .756 .321 .726 .302 .698 

11 .451 .868 .420 .834 
.876 

.392 .801 .368 .771 .347 .741 
12 .516 .910 .478 .446 .844 .418 .£12 .394 .783 
13 .583 .947 .539 .915 • 5C2 .884 .471 .653 .442 .823 
14 .656 .977 .604 .950 .561 .920 .524 .890 .493 .861 
15 .736 .997 .674 .979 .62; .953 .581 .925 .545 .696 

16 .829 1.000 .750 .997 .690 .980 .6a .956 .599 .929 
17 .838 1.000 .762 .997 .704 .981 .656 .958 
18 .847 1.000 .774 .997 .718 .982 

B .854 1.000 ■M iM 
Example: Observed from sample 10/20.The 90$ confidence limits for the population 

are .302 and .698. 220 
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AIFLMDIX 3B 

Table 2 (continued) 

n 

22 24 26 28 30 

0 .000 .127 .ooc .117 .000 .109 „000 .101 „OCO „095 

1 „002 .198 .002 .183 .002 .170 „002 .158 „0C2 „149 
2 .016 .260 .015 .240 .014 .223 .013 .208 .012 „196 
3 .038 .316 .035 .292 .032 .272 .030 .254 .028 „238 
4 .065 .370 .059 .342 .054 .318 .050 .297 .047 „280 
5 .094 .420 .086 .389 .079 .362 .073 .339 .068 „319 

6 .124 .468 .115 .435 .106 .406 „098 „379 „091 .357 
7 .160 .515 ,146 .479 .134 .447 „124 .419 „115 .394 
8 .196 .561 .178 .522 .163 „487 .151 .457 .140 „429 
9 .233 .605 .211 .563 .194 .526 .179 .493 „166 „466 

10 .271 .647 .246 .603 .226 „564 „208 .531 „193 „499 

11 .311 .689 .282 .643 .259 „602 „238 .565 .221 .533 
12 .353 .729 .319 ,6Q .292 „638 „270 .600 .249 „567 
13 .395 .767 .357 .718 .327 „673 .301 .633 .279 .597 
H .439 .804 .397 „754 .362 „708 .333 .667 „308 .630 
15 .485 .840 .437 .789 .398 .7a „367 „699 „339 .661 

16 .532 „876 .478 .822 .436 .774 .400 .730 „370 .692 
17 .580 .906 .521 .£54 .474 .806 .435 .762 „403 .721 
18 .630 .935 .565 ,885 .513 .837 .469 .792 .433 „751 
19 .684 .962 .611 .914 .553 „666 .507 .821 .467 „779 
20 .740 .984 .658 »941 .594 .894 .543 .849 .501 „807 

21 .802 .998 .708 .965 .638 „921 .5£1 .876 .534 „834 
22 .873 l.OCC .760 .985 „682 „946 .621 .902 .571 „860 
23 .S17 .998 .728 „968 .661 .927 .606 „285 
24 .883 1.000 .777 „986 .703 .950 „643 „909 
25 .830 „998 .746 .970 .681 „932 

26 .891 l.CCO .792 .987 „720 „953 
27 „842 „998 „762 „972 
28 .899 l.OCO .804 „988 
29 .851 .998 
30 .905 l.OCO 

Examples Observed from sample 6/30. The 90$ confidence limits for the population 
are .091 and .357. 
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Appendix ys 

Table 2 

TWO-SIDED 2Qg CONFIDENCE LIMITS ON BINOMIAL p 

^^   n 
x   ^*v. 35 40 

0 .000 .082 .000 .072 

1 .001 .128 .001 .113 
2 .010 .169 .009 .149 
3 .024 .206 .021 .183 
4 .040 .243 .035 .215 
5 .058 .277 .051 .245 

6 .078 .311 .067 .275 
7 .098 .343 .085 .304 
8 .119 .374 .103 .331 
9 .141 .405 .123 .360 

10 .163 .436 .142 .387 

11 .187 .467 .162 .414 
12 .211 .496 .184 .441 
13 .235 .524 .204 .466 
14 .261 .553 .226 .492 
15 .286 .581 .247 .518 

16 .311 .609 .269 .543 
17 .337 .636 .292 .567 
18 .364 .663 .314 .592 
19 .391 .689 .338 .615 
20 .419 .714 .362 .638 

21 .447 .739 •385 .662 
22 .476 .765 .408 .686 
23 .504 .789 .433 .708 
24 .533 .813 .457 .731 
25 .564 .837 .482 .753 

N^ n 
x   ^^\^ 35 40 

26 .595 .859 .508 .774 
27 .626 .881 .534 .796 
28 .657 .902 .559 .816 
29 .689 .922 .586 .838 
30 .723 .942 .613 .858 

31 .757 .960 .640 .877 
32 .794 .976 .669 .897 
33 .831 .990 .696 .915 
34 .872 .999 .725 .933 
35 .918 1.000 .755 .949 

36 .785 .965 
37 .817 .979 
38 .851 .991 
39 .887 .999 
40 .928 1.000 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

Example:    Observed from sample   35/50.    The 90£ confidence limits for 
the population are .576 and .805. 
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Appendix 3B 

Table 2 (continued) 

x ^v^ 45 50 

0 .000 .064 .000 .058 

1 .001 .101 .001 .091 
2 .008 • 133 .007 .120 
3 .018 .163 .017 .148 
4 .031 .192 .028 .174 
5 .045 .220 .040 ,199 

6 .060 .246 .054 .223 
7 .075 .2J3 .067 .247 
8 .092 .297 .082 .270 
9 .108 .323 •097 • 293 

10 .126 • 348 .113 .316 

11 .144 • 372 .129 • 337 
12 .162 • 397 • 145 • 359 
13 .180 .419 .161 .381 
14 • 199 .442 .178 .403 
15 .218 .467 .195 .424 

16 .238 .489 .212 .444 
17 .258 • 512 .229 .464 
18 .277 •533 .247 .436 
35 .296 • 555 .266 .506 
20 .317 .576 .282 .525 

21 • 337 .590 .302 .545 
22 • 359 .621 • 320 .565 
23 • 379 .641 • 338 .586 
24 .402 .663 • 357 .605 
25 .424 .683 • 375 .625 

>>X^s^ 45 50 

26 .445 •704 .395 .643 
27 .467 .723 .414 .662 
28 .488 .742 •435 .680 
29 .511 .762 •455 .698 
30 •533 .782 •475 .718 

31 • 558 .801 .494 •734 
32 .581 .820 .514 •753 
33 .603 .8.38 .536 •771 
34 .628 .856 .556 .788 
35 .652 .874 • 576 .805 

36 .677 .892 •597 .822 
37 .703 .908 .619 .839 
38 •727 .925 .641 =855 
39 .754 •940 .663 .871 
40 .780 .955 .684 .887 

4l .808 .969 .707 .903 
42 .837 .982 •730 .918 
43 .867 -99Z .753 •933 
44 .899 •999 •777 .946 
45 .936 1.000 .801 .960 

46 .826 .972 
47 .852 .983 
48 .880 »993 
49 .909 •999 
50 •942 1.000 

Example: Observed from sample 35/50. 
ulation are .576 and .805. 

The 903t confidence limits for the pop- 
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1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

.001 

.006 

.014 

.023 

.033 

.0^5 

.056 

.066 

.080 

.093 

11 .106 
12 .120 
13 .133 
14 J47 
15 .161 

AIPENDIX 3B 

Table 2 (continued) 

TWG-SIDLD 90| CONFIDENCE LIMITS CS BINOMIAL p 
n = 60 

.000      .049 

.076 

.101 

.124 

.146 

.167 

.187 

.208 

.228 

.248 

.266 

.285 

.304 

.323 

.341 

.358 

X 

16 .175 .376 
17 .189 .394 
18 .204 .412 
19 .218 .429 
20 .233 .445 

21 .248 • 463 
22 .263 .481 
23 .278 .498 
24 .292 .515 
25 .309 .530 

26 .323 • 547 
27 .340 .563 
28 .357 .581 
29 .372 .597 
30 .387 .613 

31 
32 
33 
34 
35 

36 
37 
31 
39 
40 

41 
42 
43 
44 
45 

.403 

.419 
•437 
.453 
.470 

• 485 
.502 
.519 
.537 
.555 

.571 

.588 

.606 

.624 
.642 

.628 

.643 

.660 

.677 

.691 

.708 

.72 

.737 

.752 

.767 

.782 

.796 

.811 

.825 

.839 

46 
47 
48 
49 
5C 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

.659 

.677 

.696 

.715 

.734 

.853 

.867 

.880 

.894 

.907 

752 .920 
772 .932 
792 .944 
813 .955 
833 .967 

.854 .977 

.876 .986 

.899 .994 

.924 .999 

.951 1.000 
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APPliNTDIX 3B 

Table 2  (continued) 

X 

0 .000 .037 

1 .001 .058 
2 .004- .077 
3 .010 .094 
4- .'017 .111 

1   5 .025 .127 

6 .033 .H3 
7 .042 .158 
8 .051 .173 
9 .060 .188 

10 .069 .203 

11 .079 .217 
12 .089 .232 
13 .099 .24-6 
14 .109 .259 
15 .119 .274 

16 .130 .283 
17 .14.0 .302 
18 .151 .315 
19 ,162 .328 
20 .172 .34-3 

n = £0 
X 

21 .183 .356 
22 .194 .368 
23 .205 .382 
24- .216 .395 
25 .228 .408 

26 .240 .422 
27 .250 .436 
28 .262 .447 
29 .274 .4-60 
30 .284 .472 

31 .297 .485 
32 .308 .497 
33 .320 .510 
34 .331 .523 
35 • 343 .535 

36 .356 .548 
37 .367 .560 
38 .379 .572 
39 .390 .586 
4-0 .402 .598 

X 

41 .414 .610 
42 .428 .621 
43 .440 • 633 
44 .452 .644 
45 .465 .657 

46 .477 
47 .490 .680 
48 .503 .692 
49 .515 .703 
50 .528 .716 

51 .540 .726 
52 .553 .738 
53 .564 .750 
54 .578 .760 
55 .592 .772 

56 .605 .784 
57 .618 .795 
58 .632 .806 
59 .644 .817 
60 .657 .828 

X 

61 .672 .838 
62 .685 .849 
63 .698 .860 
64 .7^2 .870 
65 .726 .881 

66 .741 .891 
67 .754 .901 
68 .768 .911 
69 .783 .921 
70 .797 .931 

71 .812 .940 
72 .827 .949 
73 .842 .958 
74 .857 .967 
75 .873 .975 

76 .8 9 .983 
77 .906 .990 
78 .923 .996 
79 .942 .999 
£0 .963 1.C00 

üäcamples    Observed from sample 50/8C.    The 90/6 confidence limits for the population 
are .528 and  .716. 
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1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

.000       .030 

.001 

.004. 

.008 

.014 

.02C 

.027 

.033 

.040 

.048 

.055 

.063 

.071 

.079 

.086 

.095 

.103 

.111 

.119 

.128 

.137 

.146 

.154 

.162 

.172 

.181 

AHLNDIX 3B 

Table 2  (continued) 

TWC-S1DID 221 OOHFIDiMCI LIMITS CK BINOMIAL p 

n = ICO 

.04-7 

.061 

.075 

.089 

.102 

.115 

.127 

.140 

.152 

.164 

.176 

.187 

.199 

.210 

.221 

.233 

.244 

.255 

.266 

.277 

.288 

.298 

.310 

.321 

.331 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

u 
42 
43 
44 
45 

46 
47 
48 
49 
50 

.190 

.198 

.207 

.215 

.224 

.234 

.244 

.252 

.262 

.271 

.281 

.289 

.296 

.308 

.317 

.326 

.335 

.346 

.355 

.365 

.374 

.385 

.395 

.404 

.414 

.343 

.353 

.364 
.373 
• 3£4 

.395 

.405 

.415 

.426 

.437 

.446 

.456 

.466 

.477 

.4£7 

.497 

.508 

.516 

.528 

.538 

.547 

.557 

.567 

.577 

.586 

X 

51 .423 .596 
52 .433 .605 
53 .443 .615 
54 .453 .626 
55 .462 .635 

56 .472 .645 
57 .462 .654 
58 .492 .665 
59 .503 .674 
60 .513 .683 

61 .523 .692 
62 .534 .702 
63 .544 .711 
64 .554 .719 
65 .563 .729 

66 .574 .738 
67 .585 .748 
68 .595 .756 
69 .605 .766 
70 .616 .776 

71 .627 .785 
72 .636 .793 
73 .647 .802 
74 .657 .810 
75 .669 .819 

76 
77 
78 
79 
80 

g] 
82 
£3 
64 
85 

86 
67 
£8 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 

100 

.679 

.690 

.702 

.712 

.723 

.734 

.745 

.756 
,767 
.779 

.790 

.601 

.813 

.824 

.836 

.848 

.860 

.873 

.885 

.898 

.628 

.838 

.846 

.854 

.863 

.872 

.881 

.889 

.897 

.905 

.914 

.921 

.929 

.937 

.945 

.952 

.960 

.967 

.973 

.980 

.911 .986 

.925 .992 

.939 .996 

.953 .999 

.970 1.000 

Examplex    Observed from sample 50/lCC.    The 90$ confidence limits for the population 
are .414 and  .586. 

226 

Downloaded from http://www.everyspec.com



Appendix 3B 

Table 2 (continued) 

95* CONFIDENCE INTERVAL FOR BINOMIAL MS TUITION 

The following lists the 95^ confidence interval for the binomial distribu- 
tion.    These tables are similar to the 90/6 tables. 

TWO-SIEED 251 CONFIDENCE LIMITS ON BINOMIAL p 

^\^ n 
x     ^»^^ 1 2 3 4 5 

I          ° 
1 
2 
3 
4 
5 

.000 

.025 

.975 

1.000 

.000      .842 

.013      .987 

.158   1.000 

.000      „708 

.008      .906 

.094      .992 

.292   1.000 

.000      .602 

.006      .306 

.068      .932 

.194      .994 

.398   1.000 

.000      .522 

.005      .716 

.053      .853 

.147      .947 

.284     .995 

.478    1.000 

x     v^v>ss^ 6 7 8 9 10 

0 .000 .459 .000 .410 .000 .369 .000 .336 .000 .308 

1 .004 .641 .004 .579 .003 .527 .003 .483 .003 .445 
2 .043 .777 .037 .710 .032 .651 .028 .600 .025 .556 
3 .118 .882 .099 .816 .085 .755 .075 .701 .067 .652 
4 .223 .957 .184 .901 .157 .843 .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 .590 1.000 .473 .997 .400 .972 .348 .933 
8 .631 1.000 .517 .997 .444 .975 
9 .664 1.000 .555 .997 

10 .692 1.000 
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Appendix 3B 

Table 2 (continued) 

ir^^n^ 11 12 13 14 15 

0 .000 .285 .000 .265 .000 .247 .000 .232 .000 .218 

1 .002 .413 .002 .385 .002 .360 .002 .339 .002 .319 
2 .023 .518 .021 .484 .019 .454 .018 .428 x017 .405 
3 .060 .610 .055 .572 .050 .538 .047 .508 .G43 .481 
4 .109 .692 .099 .651 .091 .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 
7 .308 .391 .277 .849 .251 .808 .230 .770 .213 .734 
8 .390 .940 .349 .901 .316 .861 .289 .823 .266 .787 
9 .432 .977 .428 .945 .386 .909 .351 .872 .323 .837 
10 .587 .998 .516 .979 .462 .950 .419 .916 .384 .882 

11 .715 1.000 .615 .998 .546 .981 .492 .953 • 449 .922 
12 .735 1.000 .640 .998 .572 .982 .519 .957 
13 .753 1.000 .661 .998 .595 .983 u .768 1.000 .681 .998 
15 .782 1.000 

Example: Observed from sample 5/10. The 9556 confidence limits for the pop- 
ulation are .187 and .813. 
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Appendix 3B 

Table 2 (continued) 

"x^-^n 16 17 18 19 20 

0 .000 .206 .000 .195 .000 .185 .000 .176 .000 .168 

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 .434 .036 .414 .034 .396 .032 .379 
4 .073 .524 .068 .499 .064 .476 .061 .456 .057 .437 
5 .110 .587 .103 .560 .097 .535 .091 .512 .037 .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 
U .617 .984 .566 .962 .524 .936 .388 .909 .457 .381 
15 .698 .998 .636 .985 .586 .964 .544 .939 .509 .913 

16 .794 1.000 .713 . ";9 .653 .986 .604 .966 .563 .943 
17 .805 1.000 .727 .999 .66.9 .987 .621 .968 
18 .815 1000 .740 .999 .683 0 /UO 

19 .824 L000 .751 .999 
20 .832 1.000 
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Appendix 3B 

T-J.ble 2 (jontinued) 

-x-^n^ 21 22 23 24 25 

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 .010 .270 
3 .030 .363 .029 .349 .028 .336 .027 .323 .025 .312 

4 .054 .419 .052 .403 .050 .388 .047 .374 
5 .082 .471 .078 .453 .075 .436 .071 .421 .068 .407 

6 .113 .522 .107 .502 .102 .484 .098 .467 .094 .451 
< .146 .570 .139 .549 .132 .529 .126 .512 .121 .494 
8 ,iei .616 .172 .593 .164 .573 .156 .553 .149 .535 
9 .218 .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 .651 
12 .340 .782 .322 .756 .306 .732 .291 .709 .278 .68? 
13 .384 .819 .364 .793 .345 .768 .328 .744 .313 .722 
14 .430 .854 .407 .828 .385 .803 .366 .779 .349 .756 
15 .478 .887 .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 
1 o .696 .988 .651 .971 .612 .950 .579 .929 .549 .906 
20 .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% confidence limits for the pop- 
ulation are .211 and .614. 
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Appendix 3B 

Table 2 (continued) 

^^\£ 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 
o m .009 .251 .009 .235 .008 .221 .007 .192 .006 .169 
3 .024 .301 .023 .282 .021 .265 .018 .230 .016 .204 
4 .044 .349 .040 .327 .038 „307 „032 „268 „028 .236 
5 .066 .393 .061 .369 .056 „343 .048 .303 .042 .268 

6 .090 ,436 .083 .410 .077 .386 .066 .336 .057 .293 
7 .116 .478 .107 .449 .099 .423 .084 .369 .073 .328 
8 .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 .439 
12 .266 .666 .245 .628 .227 .594 .192 .522 .166 .465 
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 .238 .634 .249 .567 
17 .443 .828 .406 .785 .374 .745 .3H .660 .271 .590 
18 .432 .857 .440 .814 .406 .773 .340 .686 .293 .615 
19 .522 .884 .476 .841 .439 .801 „366 .712 .315 .639 
20 .564 .910 .513 .868 .472 .827 .393 .737 .338 .662 

21 .607 .934 .551 .893 .506 .852 .422 .761 .361 .685 
22 .651 .956 .590 .917 .541 .877 .449 .785 .385 .707 
23 .699 .976 .631 .939 .577 .901 .478 .808 .410 .729 
24 .749 .991 .673 .960 .614 .923 .507 .331 .433 .751 
25 .803 .999 .718 .977 .652 .944 .537 .853 .453 .773 

26 .863 1.000 .765 .991 .693 „962 .567 .875 .483 .794 
27 .816 .999 .735 .979 .599 „896 .509 .815 
28 .877 1.000 .779 .992 .631 .916 .535 .834 
29 .828 .999 „664 .934 .561 .854 
30 .884 1.000 .697 .952 .588 .873 

31 .732 .968 .615 .891 
32 .770 „982 .643 .910 
33 „808 „993 .672 .927 
34 .851 .999 .702 .943 
35 .900 1.000 .732 .958 

36 .764 .972 
37 .796 .984 
38 .831 .994 
39 .868 .999 
40 .912 1.000 

Examp le:    Ob 3erved from sar aple 25/ '40.    T he 95% confidei ice limits for 
the population are .458 and .773« 
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X 

0 .000 .071 
1 .CC1 .106 
2 .005 .137 
3 .013 .165 
4 .022 .192 
5 .033 .213 

6 .045 .243 
7 .058 .267 
8 .072 .291 
9 .086 .314 

10 .100 .338 

11 .115 .360 
12 .131 .381 
13 .146 .404 
14 .163 .424 
15 .179 .446 

16 .195 .467 
17 .212 .488 
16 .229 .508 
19 .247 '.527 
20 .264 .548 

21 .282 .568 
22 .300 .588 
23 .318 .606 
24 .337 .626 1  25 

.356 .644 

Appendix 3B 

liable 2 (continued) 

n ■ 50 

X 

26 .374 .663 
27 .394 .632 
28 .412 .700 
29 .432 .718 
30 .452 .736 

31 .473 .753 
32 .492 .771 
33 .512 .788 
34 .533 .805 
35 .554 .821 

36 .576 .837 
37 .596 .854 
38 .619 .869 
39 .64c .885 
40 .662 .900 

41 .686 .914 
42 .709 .928 
43 .733 .942 
44 .757 .955 
45 .782 .967 

46 .3(8 .978 
47 .835 .987 
48 .863 .995 
49 .894 .999 
50 •929 1.000 

Example* Observed from sample 15/50. The 95# confidence limits for the 
population are .179 and .446. 
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Appendix 33 

Table 2 (continued) 

n = 100 

X 

0 .000 .036 

1 .000 .054 
2 .002 .070 
3 .006 .035 
4 .011 .099 
5 .016 .113 

6 „022 .126 
7 .029 .139 
8 .035 .152 
9 .042 .164 
10 .049 .176 

11 .056 ".188 
12 .064 .200 
13 .071 .212 

H .078 .223 
15 .086 .236 

16 .094 .247 
17 .102 .258 
18 .110 .269 
19 .119 .281 
20 .126 .292 

21 .135 .303 
22 .144 .314 
23 .152 .324 
24 .161 .336 
25 .169 .347 

X 

26 .177 „357 
27 .187 „368 
28 .195 .378 
29 .204 .390 
30 .213 .399 

31 .221 „410 
32 .230 .420 
33 „240 .431 
34 „248 .441 
35 .257 .452 

36 „266 .463 
37 „276 .472 
38 .284 „432 
39 .294 .493 
40 .303 .503 

41 .313 ,513 
42 .322 .523 
43 .332 „533 
44 „341 „543 
45 .350 .553 

46 .361 .563 
47 „370 .573 
48 .380 .582 
49 „389 „592 
50 .398 „602 

51 „408 .611 
52 „418 „620 
53 „427 „630 
54 .437 .639 
55 „447 .650 

56 .457 .659 
57 „467 „668 
58 .477 „678 
59 .437 .637 
60 .497 „697 

61 .507 .706 
62 „518 .716 
63 coo „P«-u .724 
64 .537 .734 
65 .548 .743 

66 „559 .752 
67 .569 .760 
68 „580 „770 
69 .590 „779 
70 .601 .737 

71 „610 .796 
72 .622 „805 
73 .632 .813 
74 .643 „823 
75 .653 .831 

X 

76 .664 .339 
77 .676 .o48 
78 .686 .856 
79 .697 .365 
80 .703 .874 

31 .719 .831 
32 .731 .390 
33 „742 .393 
84 .753 „906 
35 .764 .914 

36 „777 „922 
87 .738 .929 
8- .300 .936 
89 r\-\  5 .944 
90 „324 .951 

91 .836 .958 
92 .848 .965 
93 .861 .971 
94 .374 .973 
95 .387 .984 

96 .901 .939 
97 .915 .994 
98 .930 .998 
99 .946 1.000 
100 .964 1.000 

Example: Observed from sample 50/100. 
are .398 and „602. 

The 95% confidence limits for the population 
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Appendix 3B 

Table 2 (continued) 

99/6 CONFIDENCE INTERVAL FOR BINOMIAL DISTRIBUTION 

The following lists the 99^ confidence interval for the binomial distribu- 
tion.    These tables are similar to the 90$ tables. 

TWO-SIDED 99/5 CONFIDENCE LIMITS ON BINOMIAL _ 

X ^^»>^ 1 2 3 4 5 

0 .000 .995 .000 .929 .000 .829 .000 .734 .000      .653 

1 .005 1.000 .003 .997 .002 .959 .001 .889 .001      .815 
2 .071 1.000 .041 .998 .029 .971 .023      .917 
3 .171 1.000 .111 .999 .083      .977 
4 .266 1.000 .185      .999 
5 .347    1.000 

^^»^  n 
X    ^^^«.^ 6 7 8 9 10 

0 .000 .586 .000 .531 .000 .484 .000 .445 .000     .411 

1 .001 .746 .001 .685 .001 .632 .001 .585 .001      .544 
2 .019 .856 .016 .797 .014 .742 .012 .693 .011      .648 
3 .066 .934 .055 .882 .047 .830 .042 .731 .037      .735 
4 .144 .981 .118 .945 .100 .900 ,037 .854 .077      .809 
5 .254 .999 .203 .984 ..170 .953 .146 .913 .128      .872 

6 .414 1.000 .315 .999 .258 .986 .219 .958 .191      .923 
7 .469 1.000 .368 .999 .307 .988 .265      .963 
8 .516 1.000 .415 .999 .352      .989 
9 .555 1.000 .456      .999 

10 .589   1.000 
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Appendix 3B 

Table 2 (continued) 

V^n 
11 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 .512 .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 .744 
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 

11 .618 1.000 .523 1.000 .459 .992 .411 .974 .373 .951 
12 .643 1.000 .551 1.000 .488 .992 .439 .976 
13 .665 1.000 .576 1.000 .5U .993 
H .685 1.000 .598 1.000 
15 .702 1.000 

Example: Observed from sample 5/10. The 9956 confidence limits for the 
population are .128 and .872. 
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Appendix 3B 

^\* 16 17 18 19 20 

0 .000 .282 .000 .263 .000 .255 .000 .243 .000 .233 

1 .000 .381 .000 .363 .000 .346 ,000 • 331 .000 • 317 
2 .007 .463 .006 .441 .006 .422 .006 .404 .005 • 3Ö7 
3 .022 • 534 .021 .510 .020 .488 .019 .468 .018 .449 
4 .0^5 •599 .043 .573 .040 • 549 .038 .527 .036 •507 
5 • 075 .658 .070 .631 .065 .605 .062 .582 .058 .560 

6 .109 •714 .101 .685 .095 .658 .090 .633 .085 .610 
'      7 .147 .764 .137 •735 .128 .707 .121 .681 -ll4 .657 

8 .189 .811 .176 .781 .165 •753 • 155 .726 .146 .701 
9 .236 .853 .219 .824 .205 •795 .192 .768 .181 .743 

10 .286 .891 .265 .863 .247 •835 .232 .808 .218 .782 

11 • 3^2 .925 .315 -099 .293 .872 .274 .845 .257 .819 
12 .401 •955 .369 .930 .342 •905 .319 .879 .299 .854 

13 .466 .978 .427 .957 • 395 •935 .367 .910 .343 .886 
l4 .537 •993 A90 .979 .451 .960 .418 .938 .390 .915 
15 .619 1.000 •559 .994 • 512 *980 .473 .962 .440 .942 

16 .718 1.000 .637 1.000 • 578 •994 .532 .981 .493 .964 

17 .732 1.000 .654 1.000 .596 .994 .551 .982 
iß .745 1.000 .669 1.000 .613 •995 
19 •757 1.000 .683 1.000 
20 .767 1.000  1 

Example: Observed from sample 10/20. The 99$ confidence limits for the pop- 
ulation are .218 and .782. 
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Appendix 3B 

Table 2 (continued) 

X 22 24 26 28 30 

0 „000 .214 „000 „198 «000 .184 „000 „172 „000 „162 

l „000 .292 „000 .271 „000 „253 „COO „237 „000 „223 
2 „005 .358 .004 „332 „004 „310 „CC4 .291 „0C4 „274 
3 .016 .416 .015 „387 „013 .362 „012 „340 „012 „320 
4 „032 .470 „029 .438 „027 .410 „025 „385 „023 „363 
5 .053 .520 „048 „485 .044 „455 „041 „428 „038 „404 

6 „076 „567 „069 „531 „064 „498 .059 „469 „054 „443 
7 „102 .612 „093 «573 „085 „538 „C78 „508 „073 „480 
8 „131 .655 „119 „614 „109 „578 „100 „545 „093 „516 
9 „162 .695 „146 „653 »134 „615 „123 „581 „114 „550 

10 .195 „734 „176 „690 „161 „651 .148 „616 „137 „583 

11 „229 .771 „207 „726 „189 „686 „173 „649 „160 „616 
12 „266 .805 „240 „760 .218 „719 „200 „682 „185 „647 
13 .305 „838 «274 „793 „249 „751 „228 „713 „211 „678 
14 „345 „869 .310 „824 „281 c7S2 „257 „743 „237 „707 

1   W .388 „898 „347 „854 „314 „811 „287 „772 .265 „735 

16 .433 „924 „386 „881 „349 .839 „318 „800 .293 „763 
17 „480 .947 „427 „907 „385 „866 „351 „827 „322 „789 
18 .530 „968 .469 „931 „422 „891 „384 „852 .353 „815 
19 .584 „984 .515 „952 .462 „915 „419 „$77 „384 „840 
20 .642 .995 .562 „971 .502 „936 „455 „900 „417 „863 

21 .708 1,000 .613 „985 „545 «956 .492 „922 „450 „886 
22 .786 1.000 „668 „996 „590 .973 „531 „941 „484 „907 
23 „729 1.000 „638 „987 „572 „959 „520 „927 
24 „802 1.CC0 „690 „996 „615 „975 „557 „946 
25 .747 1„C00 .660 „988 „596 „962 

26 „816 1.000 „709 „996 „637 „977 
27 „763 1„C00 „680 „988 
28 8„28 1„000 „726 „996 
29 .777 1«000 
30 .838 1.000 

Example: Observed from sample 6/30„    The 99? confidence li-nits for the pop 
ulation are  „054 and .443« 

237 

Downloaded from http://www.everyspec.com



Apppndix 3B 

Table 2   (continued) 

""S^L 35 40 

0 .ÖÖÖ .140 .000 .124 

1 .000 .194 .coc .172 
2 .003 .239 .003 .212 
3 .010 .280 .009 .249 
4 .020 .318 .017 .283 
5 .032 .354 .028 .315 

6 .046 .389 .040 .346 
7 .062 .422 .054 .376 
8 .079 .455 .068 .406 
9 .097 .485 .084 .434 

10 .115 .516 .100 .461 

11 .135 .545 .117 .489 
12 .156 .574 .134 .515 
13 .177 .602 .153 .541 
14 .198 .629 .171 .566 
15 .222 .655 .191 .539 

16 .245 .681 .211 .614 
17 .269 .706 .231 .638 
18 .294 .731 .252 .661 
19 .319 .755 .273 .683 
20 .345 .778 .295 .705 

^^B^ 35 40 
21 .371 .802 .317 .727 
22 .398 .823 .339 .748 
23 .426 .844 .362 .769 
24 .455 .865 .386 .789 
25 .484 .885 .411 .809 

26 .515 .903 .434 .829 
27 .545 .921 .459 .847 
28 .578 .938 .485 .866 
29 .611 .954 .511 .883 
30 .646 .968 .539 .900 

31 .682 .980 .566 .916 
32 .720 .990 .594 .932 
33 .761 .997 .624 .946 
34 .806 l.OOC .654 .960 
35 .860 1.000 .685 .972 

36 .717 .983 
37 .751 .991 
38 .788 .997 
39 .828 1.000 
40 .876 1.000 
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Table 2 (continued) 

^r^p 45 50 
0 .occ .111 .000 .101 

1 .000 .154 .000 .139 
2 .002 .190 .002 .173 
3 .008 .223 .007 .203 
4 .015 .254 .014 .231 
5 .025 .284 .022 .258 

6 .036 .312 .032 .285 
7 .047 .339 .042 .309 
8 ,060 .366 .054 .334 
9 .074 .392 .066 .357 
10 .088 .418 .079 .381 

11 .103 .442 .092 .404 
12 .118 .465 .106 .425 
13 .134 .490 .120 .447 
14 .150 .513 .134 .469 
15 .167 .536 .149 .490 

16 .184 .558 .164 .511 
17 .202 .580 .180 .532 
18 .221 .601 .196 .551 
19 .239 .623 .213 .572 
20 .257 .644 .229 .591 

^3t^° 4 5 50 
21 .276 .664 .246 .610 
22 .296 .684 .263 .629 
23 .316 .704 .280 .648 
24 .336 .724 .298 .666 
25 .356 .743 .315 .685 

26 .377 .761 .334 .702 
27 .399 .779 .352 .720 
28 .420 .798 .371 .737 
29 .442 .816 .390 .754 
30 .464 .833 .409 .771 

31 .487 .850 .428 .787 
32 .510 .866 .449 .804 
33 .535 .882 .468 .820 
34 .558 .897 .1*89 .836 
35 .582 .912 .510 .851 

36 .608 .926 .531 .866 
37 .634 .940 .553 .880 
38 .661 .953 .575 .894 
39 .688 .964 .596 .908 
40 .716 .975 .619 .921 

41 .746 .985 .643 .934 
42 .777 .992 .666 .946 
43 .810 .998 .691 .958 
44 .846 1.000 .715 .968 
45 .889 1.000 .742 .978 

46 .769 .986 
47 .797 .993 
48 .827 .998 
49 .861 1.000 
50 .899 1.000 

Example 1 Observed from sample 35/50.    The 99% confidence limits 
for the population are  .510 and .851. 
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Appendix 3B 

Table 2   (continued) 

n = 60 

X 

0 .000 .085 

1 oOOO .117 
2 .002 .146 
3 ,CC6 .172 
4 .011 .195 
5 .018 .218 

6 .026 .241 
7 .035 .263 
8 .045 .283 
9 .055 .304 
10 .065 .324 

11 .076 .343 
12 .087 .363 
13 .098 .381 
14 .110 .399 
15 .123 .418 

16 .135 .437 
17 .148 .454 
18 .160 .472 
19 .174 .489 
20 .187 .507 

21 .201 .524 
22 .215 .540 
23 .228 .557 
24 .243 .574 
25 .257 .590 

26 .272 .606 
27 .286 .622 
28 .301 .637 
29 .316 .654 

| 30 .331 .669 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

.346 

.363 

.378 

.394 

.410 

.426 

.443 

.460 

.476 

.493 

.696 

.717 

.737 

.759 

.782 

.805 

.828 

.854 

.883 

.915 

.684 

.699 

.714 

.728 

.743 

.757 

.772 

.785 

.799 

.813 

.511 .826 

.528 .840 

.546 .852 

.563 .865 

.582 .877 

.601 .890 

.619 .902 

.637 .913 

.657 .924 

.676 .935 

.945 

.955 

.965 

.974 

.982 

.989 
•994 
.998 

1.000 
1.000 
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Appendix 3B 

Table 2 (continued) 

n = 80 
X 

0 .000 .064 

1 .oco .089 
2 .001 .111 
3 .004 .131 
4 .009 .149 
5 .014 .167 

6 .020 .184 
7 .026 .201 
8 .033 .217 
9 .040 .233 

10 .048 .249 

11 .056 .264 
12 .064 .280 
13 .073 .295 
14 .082 .309 
15 .090 .323 

16 .099 .338 
17 .109 .352 
18 .118 .366 
19 .128 .379 
20 .137 .394 

21 .147 .407 
22 .156 .421 
23 .167 .434 
24 .178 .447 
25 .188 .46l| 

X 

26 .198 .474 
27 .208 .486 
28    1 .219 .500 
29    ! .230 .513 
30 .241 .525 

31 .251 .538 
32 .262 .550 
33 .273 .561 
34 .284 -574 
35 .296 .587 

36 .307 .598 
37 .318 .611 
38 .331 .623 
39 .342 .635 
40 .354 .646 

41 .365 .658 
42 .377 .669 
43 .389 .682 
44 .402 .693 
45 .413 .704 

46 .426 .716 
47 .439 .727 
48 .450 .738 
49 .462 .749 
50 .475 .759 

51 .487 .770 
52 .500 .781 
53 .514 .792 
54 .526 .802 
55 .539 .812 

X 

56 .553 .822 
57 .566 .833 
58 .579 .844 
59 .593 .853 
60 .606 .863 

61 .621 .872 
62 .634 .882 
63 .648 .891 
64 .662 .901 
65 .677 .910 

66 .691 .918 
67 .705 .927 
68 .720 .936 
69 .736 .944 
70 .751 .952 

71 .767 .960 
72 .783 .967 
73 .799 .974 
74 .816 .980 
75 .833 .986 

76 ,851 .991 
77 .869 .996 
78 .889 .999 
79 .911 1.00c 
80 .936 1.000I 

Example: Observed from 3ample 50/80.    The 99% confidence limits for the 
population are .475 and .759. 
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Table 2 (continued) 

n = 100 

X 

0 .000 .052 

1 oOOO .072 
2 .001 .089 
3 .003 .105 
4 .007 .120 
5 .011 .135 

6 .016 .149 
7 .021 .163 
8 .026 .176 
9 .032 .189 

lc .038 .202 

li .044 .214 
12 .051 .227 
13 .058 .240 
14 .065 .251 
15 .072 .263 

16 .079 .275 
17 .086 .286 
16 .093 .298 
19 .101 .310 
20 .109 .321 

21 .116 .333 
22 .124 .344 
23 .132 .356 
24 .140 .367 
25 .148 .378 

26 .156 .388 
27 .164 .399 
2B .172 .409 
29 .180 .419 
30 .189 .431 

31 .197 .441 
32 .206 .452 
33 .214 .462 
34 .223 o473 
}•? .-32 .482 

X 

36 .240 .493 
37 .249 .503 
38 .259 .514 
39 .268 .523 
40 .276 .534 

41 .286 .543 
42 .294 .553 
43 .304 .563 
44 .312 .573 
45 .322 .583 

46 .331 .592 
47 .341 .602 
48 • 350 .611 
49 .359 .622 
50 .369 .631 

51 .378 .641 
52 .389 .650 
53 .398 .659 
54 .408 .669 
55 .417 .678 

56 .427 .688 
57 .437 .696 
58 .447 .706 
59 .457 .714 
60 .466 .724 

61 .477 .732 
62 .486 .7a 
63 .497 .751 
64 .507 .760 
65 .518 .768 

X 

66 .527 .777 
67 .538 .786 
68 .548 .794 
69 .559 .803 
70 .569 .811 

71 .581 .820 
72 .591 .828 
73 .601 .836 
74 .612 .844 
75 .622 .852 

76 .633 .860 
77 .644 .868 
78 .656 .876 
79 .667 .8b4 
80 .679 .891 

81 .690 .899 
82 .702 .907 
83 .714 .914 
84 .725 .921 
85 .737 .928 

86 .749 .935 
87 .760 .942 
88 .773 .949 
89 .786 .956 
90 .798 .962 

91 .811 .968 
92 .824 .974 
93 .837 .979 
94 .851 .984 
95 .865 .989 

96 .880 .993 
97 .895 .997 
98 .911 .999 
99 .928 1.000 

100 .948 1.0C0 

Example: Observed from sample 50/100. 
population are  .369 and  .631. 

The 99$ confidence limits for the 
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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 
inferring that 90% < p for a binomial distribution. 

These tables are useful for answering such questions as Bi? (x) units out of 
a sample of size (n) are observed to have some particular attribute, what confidence 
can bo 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 many different situations, then the table 
entry lists the percentage of situations in which p is actually greater than 90& 

Thus, the tables list for each sample size, n, and each observed number, x, 
a value for P such that 

P (90% <p) = table entry 

Examples are given on each table. 

PERCENTAGE CONFIDENCE IN INFERRING 90%*pi£100% 

x"^ n 1 2 3 4 5 6 7 8 9 10 

0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
1 10 1 <1 <1 <1 <1 <1 <1 <1 <1 
2 19 3 <1 <1 <1 <1 <1 <1 <1 
3 27 5 <1 <1 <1 <1 <1 <1 
4 34 8 2 <1 <1 <1 <1 
5 41 11 3 <1 <1 <1 

6 47 15 4 <1 <1 
7 52 19 5 1 
8 57 23 7 
9 61 26 

10 i 65 

1 
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Table 3 (Continued) 

"*>-^     n 
11 12 13 M 15 16 17 18 19 20 

7 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
6 2 <1 <1 <1 <1 <1 <1 <1 <1 <1 
9 9 3 <1 <1 <1 <1 <1 <1 <1 <1 

10 30 11 3 <1 <1 <1 «1 <1 <1 <1 

11 69 3A 13 U 1 <1 <1 <1 <L <1 
12 72 38 16 6 2 «1 <1 <1 <1 
13 75 42 18 7 2 <1 <1 <1 
14 77 A5 21 8 3 <1 <1 
15 79 A9 2U 10 A 1 

16 81 52 27 11 U 
17 83 55 29 13 
18 85 58 32 
19 86 61 
20 88 

Example: Observed from sample 16/17 
Confidence in inferring 90j6<p S   lOOjC is 52JS 
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Appendix 3B 

Table 3 (Continued) 

"^^     n 
x   «s. 21 22 23 24 25 26 27 28 29 30 

115 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

16 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
17 5 2 <1 <1 <1 <1 <1 <1 <1 <1 
18 15 6 2 <1 <1 <1 <1 <1 <1 <1 
19 35 17 7 3 <1 <1 <1 <1 <1 <1 
20 64 38 19 9 3 1 <1 <1 <1 <1 

21 89 66 a 21 1.0 4 1 <1 <1 <1 
22 90 63 44 24 11 5 2 <1 <1 
23 91 71 46 26 13 6 2 <1 
24 92 73 49 28 14 6 3 
25 93 75 52 31 16 7 

26 94 77 54 33 18 
27 94 78 57 35 
28 95 80 59 
29 95 82 
30 96 

Example: Observed from sample 21/24 
Confidence in inferring 90% <p £ 100% is 21% 

2£5 
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Appendix 3B 

Table 3 (Continued) 

:: 

^v^ 31 32 33 34 35 36 37 38 39 40 

£23 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
24 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
25 3 1 <1 <1 <1 <1 <1 <1 <1 <1 

26 8 4 1 <1 <1 <1 <1 <1 <1 «a 
27 19 9 4 2 1 <1 <1 <L <1 <1 
28 38 21 11 5 2 <1 <1 <1 <1 <1 
29 61 40 23 12 6 2 «1 <1 <1 <1 
30 83 63 42 25 13 6 3 1 <1 «1 

31 96 84 65 45 27 15 7 3 1 <1 
32 97 86 67 47 29 16 8 4 2 
33 97 87 69 49 31 17 9 i 

34 97 88 71 51 33 19 10 
35 97 89 73 54 35 21 

36 98 90 75 56 37 
37 98 90 76 58 
38 98 91 78 
39 98 92 
40 99 

Example: Observed from sample 34/36 
Confidence in inferring 90$ <p S lOOJf is 71$ 
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Table 3  (Continued) 

<35 

36 
37 
38 
39 
40 

a 
42 
43 
44 
45 

46 
47 
48 
49 
50 

<1 

1 
3 
8 

16 
29 

47 
67 
84 
95 
99 

<1 

<1 
<1 
<1 
<1 

2 

6 
12 
23 
33 
38 

57 
75 
89 
97 

>99 

"^S^^ n 
55 60 

S44 <1 <1 
45 2 <1 

46 4 <1 
47 9 <1 
48 18 <1 
49 31 1 
50 48 3 

51 65 7 
52 81 14 
53 92 25 
54 98 39 
55 >99 56 

56 73 
57 86 
58 94 
59 99 
60 >99 

65 70 

<52 <1 <1 
53 1 <1 
54 3 <1 
55 6 <1 

56 11 <1 
57 20 <1 
58 32 2 
59 48 4 
60 64 9 

61 79 16 
62 90 26 
63 96 40 
64 99 56 
65 >99 71 

66 84 
67 93 
68 98 
69 >99 
70 >99 

m 
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Table 3 (Continued) 

v^n 75 80 x\n^ 85 90 >\^ 95 100 

£61 <l <l 569 <1 <1 578 <1 <1 
62 2 <1 70 1 <1 79 1 <1 
63 if <1 80 3 <1 
6k 7 <L 71 2 <1 
65 13 <1 72 4 <1 81 5 <1 

73 8 <1 82 9 <1 
66 21 1 74 Ik <l 83 15 1 
61 33 3 75 23 2 84 24 2 
68 48 5 85 35 k 
6S 63 10 76 34 3 
70 77 17 77 48 6 86 48 1 

78 62 ll 87 62 12 
71 88 28 79 76 19 88 75 20 
72 95 41 80 86 29 89 85 30 
73 98 55 90 92 42 
74 >99 70 81 94 4l 
75 >99 82 82 98 55 91 91 55 

83 99 69 92 99 68 
76 91 84 >99 81 93 >99 79 
77 96 85 >99 90 94 >99 88 
78 99 95 >99 94 
79 >99 86 95 
80 >99 87 

88 
9& 

>99 
96 
91 

98 
99 

89 >99 98 >99 
90 >99 99 

100 
>99 
>99 

Example: Observed from sample 76/85 
Confidence in inferring 90#$p $10056 is 3456 
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Table 3 (continued) 

Confidence in Inferring (95%<p)  for Binomial Distribution 

The following tables li3t the confidence value in the body 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 somo particular attribute, what confidence 
can be put in the statement that the true proportion of the population having this 
attribute is greater than 95/6." 

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. 

>-s^ 1 2 3 4 5 6 7 8 9 10 

0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

1 5 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2 10 1 <L <1 <1 <1 <1 <1 <1 
3 U 1 <1 <1 <1 <1 <1 <1 
4 19 2 <1 <1 <1 <1 <1 
5 23 3 <1 <1 <1 <1 

6 26 4 1 <1 <1 
7 30 6 1 <1 
8 34 7 1 
9 37 9 
10 40 
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Appendix 3B 

Table 3 (Continued) 

1 

3^-^ 11 12 13 14 15 16 17 18 19 20 

<8 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
9 2 <1 <1 <1 <1 <1 <1 <1 <1 <1 
10 10 2 <1 <1 <1 <1 <1 <1 <1 <1 

11 43 12 2 <1 <1 <1 <1 <1 <1 <1 

12 46 H 3 1 <1 <1 <1 <1 <1 
13 49 15 4 1 <1 <1 <1 <1 
14 51 17 4 1 <1 <1 <1 
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 64 

Example: Observed from sample 14/15 
Confidence in inferring 9536 S P S 100% is 17% 

21 22 23 24 25 26 27 28 29 30 

S17 <1 <3. <1 <1 <1 <1 <1 <1 <1 <1 
1C 2 <1 <1 <1 <1 <1 <1 <1 <1 <L 
19 8 2 <1 <1 <1 <L <1 <L <1 <1 
20 28 9 3 1 <1 <1 <L <L <1 <1 

21 66 30 11 3 1 <1 <1 <1 <1 <1 
22 67 32 12 3 <L <1 <1 <1 <1 
23 69 34 13 4 1 <L <1 <1 
24 71 36 u 4 1 <1 <1 
25 72 38 15 5 1 <1 

26 74 39 16 5 2 
27 75 41 18 6 
28 76 43 19 
29 77 45 
30 79 
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Table 3 (Continued) 

T^^Q_ 31 32 33 34 35 36 37 38 39 40 

<26 <1 <1 <1 <1 <1 <1 <1 <1 <1 <i 
27 2 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2g 7 2 <1 <1 <1 <1 <1 <1 <1 <1 
29 20 7 2 <1 <1 <1 <1 <1 <1 <1 

30 46 21 8 3 <1 <1 <1 <1 <1 <1 
31 80 48 23 9 3 <1 <1 <1 <1 <1 
32 81 50 24 10 3 1 <1 <1 <1 
33 82 51 25 10 4 1 <1 <1 
34 83 53 27 11 4 1 <1 
35 83 54 28 12 4 1 

36 84 56 30 13 5 
37 85 57 31 H 
38 86 59 32 
39 86 60 
40 87 

Example: Observed from sample 26/29 
Confidence in inferring 95J6 Sp & 100£ is 5% 

^ 
45 50 "x^o^ 55 60 v«^ 65 70 

<38 <1 <1 S47 <1 <1 $57 <1 «1 
39 1 <1 48 1 <1 58 2 <1 
40 2 <1 49 2 <L 59 4 <1 

50 6 <1 60 11 <1 a 7 <1 
42 19 <1 51 14 <1 61 22 <1 
43 39 <1 52 30 <1 62 a 1 
44 67 1 53 52 1 63 64 2 
45 90 4 54 77 3 64 84 6 

55 94 8 65 96 14 
46 10 
47 24 56 18 66 27 
48 46 57 35 67 47 
49 72 58 58 68 69 
50 92 59 

60 
81 
95 

69 
70 

87 
97 

» 
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Table 3 (Continued) 

^E^-^J 85~ 

U 

Example: Observed from sample 90/90 
Confidence in inferring 95% SP S 100* is 99* 

86 2 <1 
87 5 <1 
88 10 <1 
89 20 <1 
90 34 1 

91 52 3 
92 71 6 
93 86 13 
94 95 23 
95 99 38 

96 56 
97 n 
98 88 
99 
100 

96 
99 
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Table 3 (Continued) 

Confidence in Inferring (97£ < p) for Binomial Distribution 

The following tables list the confidence value in the body of the table in 
inferring that 97Jo<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 some particular attribute, what confidence 
can be put in the statement that the true proportion of the population having this 
attribute is greater than 97£." 

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 the 
97*. 

Thus, the tables list for each sample size, n, and each observed number, x, 
a value for F such that 

P (97Jf < p) * table entry. 

Examples are given on each table. 

X   ^«-v^ 1 2 3 U 5 6 7 8 9 10 

0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <L 

1 3 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2 6 <L <1 <1 <1 <1 <1 <1 <1 
3 9 <1 <1 <1 <1 <1 <1 <1 
A 11 <1 <1 <1 <1 <1 <1 
5 H <1 <1 <1 <1 <1 

6 17 2 <1 <1 <1 
7 19 2 <1 <1 
8 22 3 <1 
9 24 3 
10 26 
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Table 3 (Continued) 

^^ U 12 13 14 15 16 17 18 19 20 

<9 <1 <1 <1 <1 <1 <1 <L <1 <1 <L 
10 4 <1 <1 <1 <1 <L <1 <L <1 <L 

11 28 5 <1 <1 <a <1 <1 <1 <1 <1 
12 31 6 <1 *L <1 <1 <1 <1 <1 
13 33 6 <1 <1 <1 <1 <1 <1 
14 35 7 <1 <1 <1 <1 <1 
15 37 8 1 <1 <1 <1 

16 39 9 2 <1 <1 
17 40 10 2 <1 
18 42 11 2 
19 44 12 
20 

_, 
46 

Kxamplet Observed from sample 19/20 
Confidence in inferring 97% < p < 100$ is 12% 

21 22 23 24 25 26 27 28 29 30 

<18 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
19 2 <1 <1 <1 <1 <1 <1 <1 <1 <1 
20 13 3 <1 <1 <1 <1 <1 <1 <1 <1 

21 47 14 3 <1 <1 <1 <1 <1 <1 <1 
22 49 15 3 <1 <1 <1 <1 <1 <1 
23 50 16 4 <1 <1 <1 <1 <1 
24 52 17 4 <1 <1 <L <1 
25 53 18 5 <1 <1 <1 

26 55 19 5 1 <1 
27 56 20 6 1 
28 57 22 6 
29 59 23 
30 60 
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Table 3 (Continued) 

ac—-i^ 31 32 33 34 35 36 37 38 39 40 

527 <1 *\ <1 <1 <1 <1 <1 <1 <1 <1 
28 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
29 7 1 <1 <1 <1 <1 <1 <1 <L <1 
30 24 7 2 <1 <1 <1 <1 <1 <1 <1 

31 61 25 8 2 <1 <1 <1 <1 <1 <1 
32 62 26 8 2 <1 <1 <1 <1 <1 
33 63 27 9 <1 <1 <1 <i <1 
34 64 23 7 2 <i <1 <1 
35 66 29 10 3 <1 <1 

36 67 31 11 3 <1 
37 68 32 11 3 
38 69 33 12 
39 70 34 
40 70 

Example: Observed from sample 35/36 
Confidence in inferring 97j65p51005& is 29Jt 

^^-^ 45 50 ^5^!L 55 60 >^n 65 70 

540 <1 <1 550 <1 <1 559 <1 <1 
60 1 <1 

41 1 <1 51 2 <1 
42 5 <1 52 6 <1 61 5 <1 
43 15 <1 53 23 <1 62 13 <1 
44 39 <1 54 49 <1 63 31 <1 
45 75 <1 55 81 <1 64 

65 
58 
86 

<1 
2 

46 2 56 3 
47 6 57 11 66 6 
48 19 58 27 67 16 
49 44 59 54 68 35 
50 78 60 84 69 

70 
62 
88 
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Appendix 3B 

Tablo 3 (Continued) 

:: 

Example: Observed from sample 93/95 
Confidence in inferring 97* Sp 5 100* 

<1 91 
<1 92 
<1 93 
2 94 
5 95 

13 96 
28 97 
51 98 
76 99 
94 100 

16 
32 

<1 
<1 

55 1 1 
78 3 
94 8 

18^ 
35 
58 
81 
95 

ia 55* 
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Table 3 (Continued) 

~x^!L 31 32 33 34 35 36 37 38 39 40 

527 <1 <L <1 <1 <1 <1 <1 <1 <1 <1 
28 1 <1 <1 <1 <1 <1 <1 <l <1 <1 
29 7 1 <1 <1 <1 <1 <1 <1 <L <1 
30 24 7 2 <1 <1 <1 <1 <1 <1 <1 

31 61 25 8 2 <1 <1 <1 <1 <1 <1 
32 62 26 8 2 <1 <1 <1 <1 <1 
33 63 27 9 <1 <1 <1 <x <1 
34 U 28 9 2 <1 <1 <1 
35 66 29 10 3 <1 <1 

36 67 31 11 3 <1 
37 68 32 11 3 
38 69 33 12 
39 70 34 
40 70 

Example:    Observed from sample 35/36 
Confidence in inferring 97jt<p!100£ is 29* 

3c---^iL 45 50 ^\IL 55 60 ^x\^ 65 70 

<4o <1 <1 S50 <1 <1 S59 <1 <1 
60 1 <1 

41 1 <1 51 2 <1 
42 5 <1 52 8 <1 61 5 <1 
43 15 <1 53 23 <1 62 13 <1 
44 39 <1 54 49 <1 63 31 <1 
45 75 <1 55 81 <1 64 

65 
58 
86 

<1 
2 

46 2 56 3 
47 6 57 11 66 6 
48 19 58 27 67 16 
49 44 59 54 68 35 
50 78 60 84 69 

70 
62 
88 
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Appendix 3B 

Table 3 (continued) 

Confidence in Inferring (99#<p) for Binomial Distribution 

The following tables list the confidence value in the body of the table in 
inferring that 99%<  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 attribute, what 
confidence can be put in the statement that the true proportion of the population 
having this attribute is greater than 99^." 

If 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 value for P such that 

P (99£ < p) = table entry 

Examples are given on each table. 

3?"-»«0 1 2 3 A 5 6 7 8 9 10 

0 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2 2 <1 <1 <1 <1 <1 <1 <1 <1 
3 3 <1 <1 <1 <1 <1 <1 <1 
U U <1 <1 <1 <1 <1 <1 
5 5 <1 <L <L <1 <L 

6 6 «1 <1 «1 «1 
7 7 <1 <1 <1 
8 8 «1 «1 
9 9 <i 
10 10 
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Table 3 (Continued) 

"***«>_   n 11 12 13 H 15 16 17 18 19 20 

sio <1 <1 <1 <1 <L <1 <1 <1 <1 <1 
11 10 <1 <1 <1 <1 <1 <1 <1 <1 <1 
12 11 <1 <1 <1 <1 <1 <1 <1 <1 
13 12 <1 <1 <1 <1 <L <1 <1 
14 13 1 <1 <1 <1 <1 <1 
15 14 1 <1 <1 <1 <1 

16 15 1 <1 <1 <1 
17 16 1 <1 <1 
18 17 2 <1 
19 17 2 
20 18 

Example: Observed from sample 16/16 
Confidence in inferring 99$ £p $ 100£ is 15jt 

"""l—-^J1 21 22 23 24 25 26 27 28 29 30 

S19 <1 <1 <1 <1 <1 <1 <1 <L <1 <1 
20 2 <1 <1 <1 <1 <1 <1 <L <L <1 

21 19 2 <1 <1 <1 <1 <1 <1 <1 <1 
22 20 2 <1 <1 <1 <L <1 <1 <1 
23 21 2 <1 <1 <1 <1 <L <1 
24 21 3 <1 <1 <L <1 <1 
25 22 3 <1 <1 <L <1 

26 23 3 <1 <1 <1 
27 24 3 < <1 
28 24 3 <1 
29 25 4 
30 26 
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Table 3    (Continued) 

^3r-^ 31 32 33 34 35 36 37 38 39 40 

$29 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
30 4 <1 <1 <1 <1 <1 <1 <1 <1 <1 

31 27 4 <1 <1 <1 <1 <1 <1 <1 <1 
32 28 4 <1 <1 <1 <1 <1 <1 <1 
33 28 5 <1 <1 <1 <1 <1 <1 
34 29 5 <1 <1 <1 <1 <1 
35 30 5 <1 <1 <1 <1 

36 30 5 <1 <L <1 
37 31 6 <1 <1 
38 32 6 <1 
39 32 6 

I       40 33 

Example:    Observed from sample 27/ 28 
Confidence in inferring 9956 £ p & 100$ is % 

S42 
43 
44 
45 

46 
47 
48 
49 
50 

45 

<1 
1 
7 

36 

50 

<1 
<1 
<1 
<1 

<1 
<1 

1 
9 

39 

^"*^L 55 60 

552 <1 <1 
53 2 <1 
54 11 <1 
55 42 <1 

56 <1 
57 <1 
58 2 
59 12 
60 45 

• 

"Ir^iL 65 70 

2» 62 <1 <1 
63 3 <1 
64 H <1 
65 48 <1 

66 <1 
67 <1 
68 3 
69 16 
70 51 

^x-^5_ 75 80 

5 72 <1 <1 
73 4 <a 
74 17 <i 
75 53 <i 

76 <i 
77 <i 
78 5 
79 19 
80 55 

259 

Downloaded from http://www.everyspec.com



Appendix 3B 

Table 3 (Continued) 

^"*—5^ 85 90 

581 <1 <1 
82 1 <1 
83 5 <1 
8* 21 <1 
85 57 <1 

86 <1 
87 1 
88 6 
89 23 
90 60 

^■^j^n 95 100 

591 <1 <1 
92 2 <1 
93 7 <1 
94 25 «1 
95 62 <1 

96 <1 
97 2 
98 8 
99 26 
100 63 

Example: Observed from sample 74/75 
Confidence in inferring 99?» S P S lOOJt is 17% 
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Appendix 3D 

Table 1 

Confidence Linits for the Expectation of a Fbisson Variable 

l-2a 0.998 0.99 0.98 C.95 0.90 l-2o 

a 0.CO1 0.005 C.01 0.C25 0.05 a 

c Lower Upper Lower Upper Lower Upper lower Upper lower Upper c 

0 0.00000 6.91 0,00000 5.30 O.OOOC 4.61 0.0000 3.69 0.0000 3.00 0 
1 ,00100 9.23 .00501 7.43 .0101 6.64 0.253 5.57 .0513 4.74 1 
2 .0454 11.23 .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 
4 .429 14.79 .672 12.59 .823 11.60 1.09 10.24 1.37 9.15 4 
5 0.739 16.45 1.08 14.15 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 13.06 2.61 11.84 6 
7 1.52 19.63 2.04 17.13 2.33 16.00 2.81 14.42 3,29 13.15 7 
8 1.97 21.16 2.57 18,58 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 17.03 4.70 15.71 c, 

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.i-9 4.32 22.78 4.77 21.49 5.49 19*68 6.17 18.21 11 
12 4.04 27.03 4.94 24.14 5.43 22.82 6.20 20.96 6.92 19.44 12 
13 4.61 28.45 5.58 25.50 6.10 24.14 6.92 22.23 7.69 20.67 13 
14 5.20 29.85 6.23 26.84 6C 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 
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 
18 7.66 35.35 8.94 32.09 9.62 30.58 10.67 28.45 11.63 26.69 18 
19 8.31 36.70 9.64 33.38 10.35 31.85 11.44 29.67 12.44 27.88 19 
20 8.96 38.04 10.35 34.67 11.08 33.10 12.22 30.89 13.25 29.06 20 
21 9.62 39.38 11.07 35.95 11.82 34.36 13. CO 32.10 14.07 30.24 21 
22 10.29 40.70 11.79 37.22 12.57 35.60 13.79 33.31 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 14.00 41.00 14.85 39.31 16.18 36.90 17.38 34.92 25 
26 13.03 45.94 14.74 42.25 15.62 40.53 16.98 38.10 18.22 36.08 26 
27 13.73 47.23 15.49 43.50 16,40 41.76 17.79 39.28 1 c.    A -1. > 1 \J\J 37.23 27 
28 14.44 48.52 16.24 44.74 17.17 42.93 18.61 40.47 19.90 38.39 28 
29 15.15 49.80 17. CC 45.98 17.96 44.19 19.42 41.65 20.75 39.54 29 
30 15.87 51. C8 17.77 47.21 18.74 45.40 20.24 42.83 21.59 40.69 30 
35 19.52 57.42 21.64 53.32 22.72 51.41 24.38 48.68 25.37 46.4C 35 
4C 23.26 63.66 25.59 59.36 26.77 57.35 28.53 54.47 3C20 52.07 40 
45 27.08 69.83 29.60 65.34 30.£8 63.23 32.82 60.21 34.56 57.69 45 
50 30.96 75.94 33.66 71.27 35. C3 69.07 37.11 65.92 38.96 63.29 50 

If c is the observed frequency or count and m , rn are the lower    and upper 
confidence limits for its expectation, m, then     *     " 

Pr(ra < m<m_)< l-2a 
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Appendix 3£ 

Table 1A 

F Distribution: Upper 10 Per Cenl / Points 

v^ 1 2 3 4 5 6 7 8 9 

1 39.864 49.500 53.593 55.833 57.2a 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 5.4624 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 3.7797 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.O546 3.0145 2.9830 2.9577 
7 3.5894 3.2574 3.O74I 2.9605 2.S833 2.8274 2.7849 2.7516 2.7247 
8 3.4579 3.1131 2.9238 2.8064 2.7265 2.6683 2.624I 2.5893 2.5612 
9 3.3603 3.0065 2.8129 2.6927 2.6106 2.5509 2.5053 2.4694 2.4403 
10 3.2850 2.9245 2.7277 2.6053 2.5216 2.4606 2.4U0 2.3772 2.3473 
11 3.2252 2.8595 2.6602 2,5362 2.4512 2.3891 2.34I6 2.3040 2.2735 
12 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 2.234I 2.1953 2.1638 
H 3.1022 2.7265 2.5222 2.3947 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 2.0862 
16 3.O4SI 2.6682 2.4618 2.3327 2.2438 2.1783 2.12S0 2.0880 2.0553 
17 3.0262 2.6446 2.4374 2.3077 2.21S3 -.1524 2.1017 2.0613 2.0284 
18 3.0070 2.6239 2.4160 2.2858 2.1958 2.1296 2.0785 2.0379 2.0047 
19 2.9899 2.6056 2.3970 2.2663 2.1760 2.1094 2.0580 2.0171 1.9836 
20 2.9747 2.5893 2.3803 2.2489 2.1582 2.0913 2.0397 1.9985 1.9649 
21 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 2.0084 1.9668 1.9327 
23 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 1.9826 1.9407 I.9O63 
25 2.9177 2.5283 2.3170 2.1843 2.0922 2.0241 1.9714 1.9292 1.8947 
26 2.9091 2.5191 2.3075 2.1745 2.0822 2.0139 1.9610 1.9188 1.8841 
27 2.9012 2.5106 2.2987 2.1655 2.073c 2.OO45 1.9515 1.9091 1.8743 
28 2.8939 2.5028 2,2906 2.1571 2.0645 1.9959 1.9427 1.9001 1.8652 
29 2.8871 2.4955 2.2831 2.1494 2.0566 1.9878 1.9345 1.8918 1.8568 

30 2.8807 2.4887 2.2761 2.1422 2.0492 1.9803 1.9269 I.884I 1.8490 
uo 2.8354 2 V04 2.2261 2.0909 1.9968 1.9269 1.8725 1.8289 1.7929 
60 2.7914 -.,232 2.1774 2.O4IO 1.9457 1.8747 1.8194 1.7748 1.7380 
120 2.7478 2.3473 2.1300 1.9923 1.8959 1.8238 1.7675 1.7220 1.6843 
CD 2=7055 2.3026 2.0838 1.9449 1.8473 I.774I 1.7167 1.6702 1.6315 

This tablo gives the values of F for which I_ (V| , v8) = 0.10 

One-sided 90 porcont test. 

Tvo-sided 80 percent test. 

*5 
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Appendix 3E 

Table IB 

F Distribution: upper 10 Percent Points 

:: 

10 12 15 20 24 30 40 60 120 00 

l SO.195 60.705 61.220 61.740 62,002 62.265 62.529 62.794 63.061 63.328 
2 ?.3916 9.4081 9.4247 9.4413 9.4496 9.4579 9.4663 9.4746 9.4829 9.4913 
3 5.2304 5.2156 5.2003 5.1845 5.1764 5.1681 5.1597 5.1512 5.1425 5.1337 
4 3.9199 3.8955 3.8689 3.8443 3.8310 3.8174 3.8036 3.7896 3.7753 3*7607 
5 3.2974 3.2682 3.2380 3.2067 3.1905 3.17a 3.1573 3.1402 3.1228 3.1050 
6 2.9369 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 2.3614 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   1 
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 1.9119 1.8852 1.8572 1.8280 1.7973 
15 2.0593 2.0171 1.9722 1.9243 1.8990 1.8728 1•84>4 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 1.9102 
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 1.8868 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 1.7667 1.7382 1.7083 1.6768 1.6433 1.6074 
21 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 1.8550 1.8090 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 1.6852 1.6560 1.6252 1.5925 1.5575 1.5198 1.4784 
29 1.8274 1.7808 1.7306 1.6759 1.6465 1.6155 1.5825 1.5472 1.5090 1.4670 
30 1.8195 1.7727 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 1.5741 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 1.5450 1.4821 1.4472 1.4094 1.3676 1.3203 1.2646 1.1926 
0 1.5987 1.5458 1.4871 1.4206 1.3832 1.3419 1.2951 1.2400 1.1686 1.0000 

F*4- = 3^ a|      v,Si 
One-sided 90 percent test. 

Two-sided 80 percent test. 
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Table 2A 

7 Distribution« Upper 5 Per Cent Points 

v2\ 
1 2 3 4 5 6 7 8 9 

1 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 
2 18.513 19.000 19.164 19.247 19.296 19.330 19.353 19.371 19.385 
3 10.128 9.5521 9.2766 9.1172 9.0135 8.94O6 8.8868 8.845: 8.8123 
4 7.7C86 6.9443 6.5914 6.3883 6.2560 6.1631 6.0942 6.C41C 5.9983 
5 6.6079 5.78cl 5.4095 5.1922 5.0503 4.9503 4.8759 4.818.3 4.7725 
6 5.9874 5.1433 4.7571 4.5337 4.3874 4.2839 4.2066 4.1463 4.0990 
7 5.59H 4.7374 4.3468 4.1203 3.9715 3.8660 3.7870 3.7257 3.6767 
8 5.3177 4.4590 4.0662 3.8378 3.6875 3.5806 3.5C05 3.4381 3.3831 
9 5.1174 4.2565 3.8626 3.6331 3.4817 3.3738 3.2927 3.2296 3.1789 

10 4.9646 4.1028 3.7083 3.4780 3.3258 3.2172 3.1355 3.0717 3.0204 
11 4.8U3 3.9823 3.5874 3.3567 3.2039 3.0946 3.0123 2.9480 2.8962 
12 4.7472 3.8853 3.4903 3.2592 3.1059 2.9961 2.9134 2.8486 2.7964 
13 4.6672 3.8056 3.4105 3.1791 3.0254 2.9153 2.8321 2.7669 2.7144 
H 4.6001 3.7389 3.3439 3.1122 2.9582 2.8477 2.7642 2.6987 2.6458 
15 4.5431 3.6823 3.2874 3.0556 2.9C13 2.7905 2.7066 2.6408 2.5876 
16 4.4940 3.6337 3.2389 3.0069 2.8524 2.7413 2.6572 2.5911 2.5377 
17 4.4513 3.5915 3.1968 2.9647 2.8100 2.6987 2.6143 2.5480 2.4943 
18 4.4139 3.5546 3.1599 2.9277 2.7729 2.6613 2.5767 2.5102 2.4563 
19 4.3803 3.5219 3.1274 2.8951 2.7401" 2.6283 2.5435 2.4768 2.4227 
20 4.3513 3.4928 3.0984 2.8661 2.7109 2.5990 2.5140 2.4471 2.3928 
21 4.3248 3.4668 3.0725 2.8401 2.6848 2.5727 2.4876 2.4205 2.3661 
22 4.3009 3.4434 3.0491 2.8167 2.6613 2.5491 2.4638 2.3965 2.3419 
23 4.2793 3.4221 3.0280 2.7955 2.6400 2.5277 2.4422 2.3748 2.3201 
24 4.2597 3.4028 3.0088 2.7763 2.6207 2.5C82 2.4226 2.3551 2.3002 
25 4.2417 3.3852 2.9912 2,7587 2.6030 2.4904 2.4047 2.3371 2.2821 
26 4.2252 3.3690 2.9751 2.7426 2.5868 2.47a 2.3883 2.3205 2.2655 
27 4.2100 3.3541 2.9604 2.7278 2.5719 2.4591 2.3732 2.3053 2.2501 
28 4=1960 3 »3404 2o9467 2.7341 2.5581 2.4453 2.3593 2.2913 2.2360 
29 4.1830 3.3277 2.9340 2.7C14 2.5454 2.4324 2.3463 2.2782 2.2229 
30 4.1709 3,3158 2.9223 2.6896 2.5336 2.4205 2.3343 2.2662 2.2107 
40 4.0848 3.2317 2.8387 2.6060 2.4495 2.3359 2.2490 2.1802 2.1240 
60 4.0012 3.1504 2.7581 2.5252 2.3683 2.2540 201665 2.0970 2.0401 

120 3.9201 3.0718 2.6802 2.4472 2.2900 2.1750 2.0867 2.0164 1.9588 
00 3.8415 2.9957 2.6049 2.3719 2.2141 2.0986 2.0096 1.9384 1.8799 

This table gives the values of F for which IF(V( ,V"2)=0.05. 

One-sided 95 percent  test. 

Two-sided 90 percent  test. 
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Table 2B 

F Distributions Upper 5 Per C ent Points 

v*^ 
10 12 15 20 24 30 40 60 120 CO 

1 241.88 243.91 245.95 248.01 249.05 250.09 251.14 252.20 253.25 2^4.3*2 
2 19.396 19.413 19.429 19.446 19.454 19.462 19.471 19.479 19.487 19.496 
3 8.7855 8.7446 8.7029 8.6602 8.6385 8.6166 8.5944 8.5720 8.5494 8.5265 
4 5.9644 5.9117 5.8578 5.8025 5.7744 5.7459 5.7170 5.^878 5.6581 5.628.1 
5 4.7351 4.6777 4.6188 4.5581 4.5272 4.4957 4.4638 4.4314 4.3984 4.3650 
6 4.0600 3.9999 3.9381 3.8742 3.8415 3.8082 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 
8 3.3472 3.2840 3.2184 3.1503 3.1152 3.0794 3.0428 3.C053 2.9669 2.9276 
9 3.1373 3.0729 3.0061 2.9365 2.9C05 2.8637 2.8259 2.7872 2.7473 2.7067 

10 2.9782 2.9130 2.8450 2.7740 2.7372 2.6996 2.6609 2,6211 2.5801 2.5379 
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 2.6169 2.5436 2.5055 2.4663 2.4259 2.3842 2.3410 2.2962 
13 2.6710 2.6037 2.5331 2.4589 2.4202 2.3803 2.3392 2.2966 2.2524 2.2064 
U 2.6021 2.5342 2.4630 2.3879 2.3487 2.3082 2.2664 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 
16 2.4935 2.4247 2.3522 2.2756 2.2354 2.1938 2.1507 2.1058 ,2.0589 2.OO96 
17 2.4^9 2.3807 2.3077 2.2304 2.1898 2.H7? 2.1040 2.0584 2.0107 1.9604 
18 2.4117 2.3421 2.2686 2.1906 2.1497 2.1071 2.C629 2.0166 1.9681 1.9168 
19 2.3779 2.308C 2.2341 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 2.0102 1.9645 1.9165 1.8657 1.8117 
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 1.96C5 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 2J2365 2.1649 2.0889 2.0075 1.9643 1.9192 1.8718 1.8217 1.7684 1.7110 
26 2.2197 2.1479 2.0716 1.9898 1.9464 1.9010 1.8533 1.8C27 1.7488 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.C411 1.9586 1.9147 1.8687 T.8203 1.7689 1.713P 1.6541 
29 2.1768 2.1045 2.0275 1.9446 1.9005 1.8543 1.8C55 1.7537 1.6981 1.6377 
30 2.1646 2.0921 2.0148 1.9317 1.8874 1.8409 1.7918 1.7396 1.6835 1.6223 
40 2.0772 2.0035 1.9245 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 

120 1.9105 1.8337 1.7505 1.6587 1.6084 1.5543 1.4952 1.4290 1.3519 1.2539 
GO 1.8307 1.7522 1.6664 1.5705 1 1.5173 1.4591 1.3940 [1.3180 1,2214   1.O0C0 

One-sided 95 percent test. 

Two-sided 90 percent test. 
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Appendix 3E 

Table 3k 

¥ Distribution:    Upper 2.5 Per Cent Points 

^^ V| 1 2 3 4 5 6 7 8 9 
v*\ 
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 14.540 14*473 
4 12.218 10.649 9.9792 9.6045 9.3645 9.1973 9.0741 8.9796 8.9047 
5 10.007 8.4336 7.7636 7.3879 7.1464 6.9777 6.8531 6.7572 5,6810 
6 8.8131 7.2598 6.5988 6.2272 5.9876 5.8197 5.6955 5,5996 5.5234 
7 8.0727 6.5415 5.8898 5.522b 5.2852 5.1186 4.9949 4.8994 4.8232 
8 7.5709 6.0595 5.4160 5.0526 4.8173 4.6517 4.5286 4.4332 4.3572 
9 7.2093 5.7147 5.0781 4.7181 4.4844 4.3197 4.1971 4.1020 4.0260 
10 6.9367 5.4564 4.8256 4.4683 4.2361 4.0721 3.9498 3.8549 3.7790 
11 6.7241 5.2559 4.6300 4.2751 4.O440 3.8807 3.7586 3.6638 3.5879 
12 6.5538 5.0959 4.4742 4.1212 3.8911 3.7283 3.6065 3.5118 3.4358 
13 6.4143 4»9653 4-3472 3.9959 3.7667 3.6043 3.4827 3.3880 3.3120 

14 6.2979 4.8567 4.2417 3.8919 3.6634 3.5014 3.3799 3.2853 3.2093 
15 6.1995 4.7650 4.1528 3.8043 3.5764 3.4147 3.2934 3.1987 3.1227 
16 6.1151 4.6867 4.0768 3.7294 3.5021 3.3406 3.2194 3.1248 3.0488 
17 6.0420 4.6189 4.0112 3.6648 3.4379 3.2767 3.1556 3.0610 2.9849 
IS 5.9781 4.5597 3.9539 3.6083 3.3820 3.2209 3.0999 3.0053 2.9291 
19 5.9216 4.5075 3.9034 3.5587 3.3327 3.1718 3.0509 2.9563 2.8800 
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 3.2501 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 2.8077 2.7313 
24 5.7167 4.3187 3.7211 3.3794 3.1548 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 2.6106 
29 5.5878 4.2006 3.6072 3.2674 3.0438 2.8840 2.7633 2.6686 2.591° 
30 5.5675 4.1821 3.5894 3.2499 3.0265 2.8667 2.7460 2.6513 2.5746 
40 5.4239 4.0510 3.4633 3.1261 2.9037 2.7444 2.6238 2.5289 2.4519 
60 5.2857 3.9253 3.3425 3.0077 2.7863 2.6274 2.5068 2.4117 2.3344 

120 5.1524 3.8046 3.2270 2.8943 2.6740 2.5154 2.3948 2,2994 2.2217 
00 5.0239 3.6889 3.1161 2.7858 2.5665 2.4082 2.2875 2.1918 2.1136 

This table gives the values of F for which Ij. (v, >,v2) = 0.025. 

One-sided 97.5 percent test. 
Two-sided 95.0 percent test. 
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Appendix 3E 

Table 3B 

F Distribution; upper 2.5 Per Cent Points 

\ v, 
10 12 15 20 24 30 40 60 120 CO 

1 968.63 976.71 984087 993.10 997.25 1001.4 1005.6 1009.8 1014.0 1018.3 
2 39.398 39.415 39.431 39.448 39.456 39.465 39.473 39.481 39.490 39.498 

3 14.419 14.337 14.253 14.167 14.124 14.081 14.037 13.992 13.947 13.902 

4 8o8439 8=7512 8.6565 8.5599 8.5109 8.4613 8.4111 8.3604 8.3092 8.2573 

5 6o6l92 6.5246 6.4277 6.3285 6.2780 6.2269 6.1751 6.1225 6.0693 6.0153 
6 5.4613 5.3662 5.2687 5.1684 5.1172 5.0652 5.0125 4.9589 4.9045 4.8491 
7 4.7611 4.6658 4.5678 4.4667 4.4150 4.3624 4.3089 4.2544 4.1989 4.1423 
8 4.2951 4.1997 4.1012 3.9995 3.9472 3.8940 3.8398 3.7844 3.7279 3.6702 

9 3.9639 3.8682 3.7694 3.6669 3.6142 3.5604 3.5055 3.4493 3.391S 3.3329 
10 3.7168 3.6209 3.5217 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 3.0613 3.0035 2.9441 2.8828 
12 3.3736 3.2773 3.1772 3.0728 3.0187 2.9633 2.9063 2.8478 2.7874 2.7249 
13 3.2497 3.1532 3.0527 2.9477 2.8932 2.8373 2.7797 2.7204 2.6590 2.5955 
H 3.1/69 3.0501 2.9493 2.8437 2.7888 2.7324 2.6742 2.6142 2.5519 2.4872 
15 3.0602 2.9633 2.8621 2.7559 2.7006 2.6437 2.5850 2.5242 2.4611 2.3953 
16 2.9862 2.8890 2.7875 2.6808 2.6252 2.5678 2.5085 2.4471 2.3831 2.3163 
17 2.9222 2.8249 2.7230 2.6158 2.5593 2.5021 2.4422 2.3801 2.3153 2.2474 
18 2.8664 2.7689 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 2.3329 2.2695 2.2032 2.1333 
20 2.7737 2.6758 2.5731 2.4645 2.4076 2.3486 2.2873 2.2234 2.1562 2.0853 
21 2.7348 2.6368 2.5338 2.4247 2.3675 2.3082 2.2465 2.1819 2.1141 2.0422 
22 2.6998 2.6017 2.4984 2.3890 2.3315 2.2718 2.2097 2.1446 2.0760 2.0032 
23 2.6682 2.5699 2.4665 2.3567 j 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 1.9353 
25 2.6135 2.5149 2.4110 2.3005 2.2422 2.1816 2.1183 2.0517 1.9811 1.9055 
26 2.5895 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 2.0018 1.9299 1.8527 
28 2.5473 2.4484 2.3438 2.2324 2.1735 2.1121 2.0477 1.9796 1.9072 1.8291 
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 2.0089 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 

120 2.1570 2.0548 1.9450 1.8249 1.7597 1.6899 1.6141 1.5299 1.4327 1.3104 
CD 2.0483 1.9447 1.8326 1.7085 1.6402 1.5660 1.4835 1.3883 1.2684 1.0000 

F = 2L = a§L_ 

One-sided 97.5 percent test. 
Two-sided 95.0 percent test. 
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Appendix 3E 

Table 4A 

F Distribution:    upper 1 Per Cent Points 

v2\ 
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 6022.5 
2 98.503 99.000 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 18.000 16.694 15.977 15.522 15.207 14.976 14.799 14.659 
5 16.258 13.274 12.060 11.392 10.967 10.672 10.456 10.289 10.158 
6 13.745 10.925 9.7795 9.1483 8.7459 8.4661 8.2600 8.1016 7.9761 
i 12,246 9.5466 8.4513 7.8467 7.4604 7.1914 6.9928 6.8401 6.7188 
8 11.259 8.6491 7.5910 7.0060 6.6318 6.3707 6.1776 6.0289 5.9106 

9 10.561 8.0215 6.9919 6.4221 6.0569 5.8018 5.6129 5.4671 5.3511 
10 10.044 7.5594 6,5523 5.9943 5.6363 5.3858 5.20C1 5.0567 4.94?4 
11 9.6460 7.2057 6.2167 5o6683 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 4.4410 4.3021 4.1911 
14 8.8616 6.5149 5.5639 5.0354 4.6950 4.4558 4.2779 4o1399 4.0297 

15 8.6831 6.3589 5.4170 4.8932 4.5556 4.3183 4.1415 4.0045 3.8948 
16 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 
18 8.2854 6.0129 5.0919 4.5790 4.2479 4.0146 3.8406 3.7054 3.5971 
19 8.1850 5.9259 5.0103 4.5003 4.1708 3.9386 3.7653 3.6305 3.5225 
20 8.0960 5.8489 4.9382 4.4307 4.1027 3.8714 3.6987 3.5644 3.4567 
a 8.0166 5.7804 4.8740 4.3688 4.0421 3.8117 3.6396 3.5056 3.3961 
22 7.9454 5.7190 4.8166 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 3.5290 3.4057 3.2986 

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 3.2172 
26 7.7213 5.5263 4.6366 4.1400 3.8183 3,5911 3.4210 3.2884 3.1818 
27 7.6767 5.4881 4.0C09 4.1056 3.7848 3.5580 3.3882 3.2558 3.1494 
28 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 3.3302 3.1982 3.0920 
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 2.8876 
60 7.0771 4.9774 4.1259 3.6491 3.3389 3.1187 2.9530 2.8233 2.7185 

120 6.8510 4.7865 3.9493 3.4796 3.1735 2.9559 2.7918 2.6629 2.5586 
O 6.6349 4.6052 3.7816 3.3192 3.0173 2.8020 2.6393 2.5113 2.4073 

This table gives the values of F for which Ij,(v. ,v2) = 0.01. 

One-sided 99 percent test. 

Two-sided 98 percent test. 
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Appendix 3E 

Table 4B 

F'Diet ribut ion i upper 1 Per Cent Points 

10 12 15 20 24 30 40 60 120 00 

l 6055.8 6106.3 6157.3 6208.7 6234.6 6260.7 6286.8 6313.0 6339.4 6366.0 
2 99.399 99.416 99.432 99.449 99.458 99.466 99.474 99.483 99.491 99.501 
3 27.229 27.052 26.872 26.690 26.598 26.505 26.411 26.316 26.221 26.125 
4 14.546 14.374 14.198 14.020 13.929 13.838 13.745 13.652 13.558 13.463 
5 10.051 9.8883 9.7222 9.5527 9.4665 9.3793 9.2912 9.2020 9.1118 9.0204 
6 7.8741 7.7183 7.5590 7.3958 7.3127 7.2285 7.1432 7.0568 6.9690 6.8801 
7 6.6201 6.4691 6.3143 6.1554 6.0743 5.9921 5.9084 5.8326 5*7572 5.6495 
8 5.8143 5.6663 5.5151 5.3591 5.2793 5.1981 5.1156 5.0316 4.9460 4.8588 
9 5.2565 5.1114 4.9621 4.8080 4.7290 4.6486 4.5667 4.4831 4.3978 4.3105 
10 4.8492 4.7059 4.5582 4.4054 4.3269 4.2469 4.1653 /.0819 3.9965 3.9090 
11 4.5393 4.3974 4.2509 4.0990 4.0209 3.9411 3.8596 3.7761 3.6904 3.6025 
12 4.2961 4.1553 4.0C96 3.8584 3.7805 3.7008 3.6192 3.5355 3.4494 3.3608 
13 4.1003 3.9603 3.8154 3.6646 3.5868 3.5070 3.4253 3.3413 3.2548 3.1654 
14 3.9394 3.8001 3.6557 3.5052 3.4274 3.3476 3.2656 3.1813 3.0942 3.0040 
15 3.8049 3.6662 3.5222 3.37i9 3.2940 3.2141 3.1319 3.0471 2.9595 2.8684 
16 3.6909 3.5527 3.4089 3.2588 3.1808 3.1007 3.0182 2.9330 2.8447 2.7528 
17 3.5931 3.4552 3.3117 3.1615 3.0835 3.0032 2.9205 2.8348 2.7459 2.6530 
18 3.5082 3.3706 3.2273 3.0771 2.9990 2.9185 2.8354 2.7493 2.6597 2.5660 
19 3.4338 3.2965 3.1533 3.0031 2.92^9 2.8442 2.7608 2.6742 2.5839 2.4893 
20 3.3682 3.2311 3.0880 2.9377 2.8594 2.7785 2.6947 2.6077 2.5168 2.4212 
21 3.3098 3.1729 3.0299 2.8796 2.8011 2.7200 2.6359 2.5484 2.4568 2.3603 
22 3.2576 3.1209 2.9780 2.8274 2.7488 2.6675 2.5831 2.4951 2.4029 2.3055 
23 3.2106 3.0740 2.9311 2.7805 2.7017 2.6202 2.5355 2.4471 2.3542 2.2559 
24 3.1681 3.0316 2.8887 2.7380 2.6591 2.5773 2.4923 2.4035 2.3099 2.2107 
25 3.1294 2.9931 2.8502 2.6993 2.6203 2.5383 2.4530 2.3637 2.2695 2.1694 
26 3.09a 2.9579 2.8150 2.6640 2.5848 2.5026 2.4170 2.3273 2.2325 2.1315 
27 3.0618 2.9256 2.7827 2.6316 2.5522 2.4699 2.3840 2.2938 2.1984 2.0965 
28 3.0320 2.8959 2.7530 2.6017 2.5223 2,4397 2.3535 2.2629 2.1670 2,0642 
29 3.0045 2.8685 2.7256 2.5742 2.4946 2.4118 2.3253 2.2344 2.1378 2.0342 
30 2.9791 2,8431 2.7002 2.5487 2.4689 2.3860 2.2992 2.2079 2,1107 2.0062 
40 2.80C5 2.6648 2.5216 2.3689 2.2880 2.2034 2.1142 2.0194 1.9172 1.8047 
60 2.6318 2.4961 2.3523 2.1978 2.1154 2.0285 1.9360 1.8363 1.7263 1.6006 

120 2.4721 2.3363 2.1915 2.0346 1.9500 1.8600 1.7628 1.6557 1.5330 1.3805 
CO 2.3209 | 2.1848 2.0385 1.8783 1.7908 1.6964 1.5923 1.4730   1.3246 1.0000 

8|      vl s2 

One-sided 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 
2 .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 5.8U 
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 
£ .265 .553 .906 1.440 1.943 2.447 3.H3 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 .883 1.383 1.833 2,262 2.821 3.250 

10 .260 .542 .879 1.372 1.812 2.228 2.764 3.169 
11 .260 .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 3.012 
U .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 2.110 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 2.093 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 2.508 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 „851 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 
00 .253 .524 „842 1.282 1.645 1.960 2.326 2.576 

df 
_______ 

m 
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D APPBMDII 22 

Areas Under the Standard 

Normal Curve to the Right 
of the Ordinate 1 

_T A T 

.22 

A _T 

• 44 

A T 

.66 

A 
.00 .5000000 .4129356 .3299686 .2546269 
.01 .4960106 .23 •4090459 .45 .3263552 .67 .2514289 
.02 .4920217 .24 .4051651 .46 .3227581 .68 .2482522 
.03 •4S80335 .25 .4012937 .47 .3191775 .69 .2450971 
.04 .4840466 .26 .3974319 .48 .3156137 .70 .2419637 
.05 .4800612 .27 .3935801 .49 .3120669 .71 .2388521 
.06 .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 .a47639 
•H .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 .3372427 .64 .2610863 .86 .1948945 
.21 .4168338 .43 .3335978 .65 .2578461 .87 .1921502 

*lb 
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AH-ENDIX 3,G (continued) 

JL A T 

1.16 

A T A T 

1.72 

A 

.88 .189^297 .1230244 1.44 .0749337 .0427162 

.89 .1867329 1.17 .1210005 1.45 .0735293 1.73 .0418 ol 

.90 .1840601 1.18 .1190001 1.46 .0721450 1.74 .0409295 

.91 .1814113 1.19 .1170232 1.47 .0707809 1.75 .0400592 

.92 .1787864 1.20 .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 .0630084 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 .03288a 

1.Ö1 .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 .0536989 1.89 .0293790 

1.06 .1445723 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 .0464572 1.94 .0261898 

1.11 .1334995 1.39 .0822644 1.67 .0474597 1.95 .0255881 

1.12 .1313569 1.40 .0807567 1.68 .0464787 1.96 .0249979 

1.13 .1292381 1.41 .0792698 1.69 .0^55140 1.97 .0244192 

x.U .1271432 1.42 .0778038 1.70 .0445655 1.98 .0238518 

1.15 .1250719 1.43 .0763585 1.71 .0436329 1.99 .0232955 
Zf£ 
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APPENDI3 I 3ü (continued) 

:   -*- A T 

2.26 

A T A 

2.78 

A 

2.00 .0227501 .0119106 2.52 .0058677 .0027179 

2.C. .0222156 2.27 .0116038 2.53 .0057031 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 .0052336 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 .0022557 

2.07 .0192262 2.33 .0099031 2.59 .0047988 2.85 .0021860 

2.08 .0167628 2.34 .0096419 2.60 .0046612 2.86 .0021182 

2.09 .0163089 2.35 .0093867 2.61 .0045271 2.87 .0020524 

2.10 .0178644 2.36 .0091375 2.62 .0043965 2.88 .0019884 

2.11 .0174292 2.37 .0088940 2.63 .0042692 2.89 .0019262 

2.12 .0170030 2.38 .0086563 2.64 .0041453 2.90 .0018658 

2.13 .0165858 2.39 .0084242 2.65 .0040246 2.91 .0018071 

2.L4 .0161774 2.40 .0081975 2.66 .0039070 2.92 .0017502 

2.15 .0157776 2.41 .0079763 2.67 .0037926 2.93 .0016948 

2.16 .0153863 2.42 .0077603 2.68 .0036811 2.94 .0016411 

2.17 .0150034 2.43 .0075494 2.69 .0035726 2.95 .0015889 

2.18 .0146267 2.44 .0073436 2.70 .0034670 2.96 .0015382 

2.19 .0142621 2.45 .0071428 2.71 .0033642 2.97 .0014890 

2.20 .0139034 2.46 .0069469 2.72 .00326a 2.98 .0014412 

2.21 .0135526 2.47 .0067557 2.73 .0031667 2.99 .0013949 

2.22 .0132094 2.48 .0065691 2.74 .0030720 3.00 .0013449 

2.23 .0128737 2.49 .0063872 2.75 .0029708 3.01 .0013062 

2.24 .0125455 2.5C .C062097 2.76 .0028901 3.02 .0012639 

2.25 .0122245 2.51 .0060366 2.77 .0028028 3.03 .C012228 

277 

Downloaded from http://www.everyspec.com



APnaiDIX 2£ (continued) 

T A T 

3.2B 

A T A T 

3.7b 

A 

3.04 .0011829 .ooc519c 3.52 .0002158 .0000850 

3.05 .0011442 3.29 .0005009 3.53 .0002078 3.77 .0000816 

3.06 .0011067 3.30 .00C4O4 3.54 .0002001 3.78 .0000784 

3.07 .0C10703 3.31 .0004665 3.55 .0001926 3.79 .0000753 

3.08 .0010350 3.32 .0004501 3.56 .0001854 3.80 .0000723 

3.09 .0010C08 3.33 .0004342 3.57 .0001785 3.81 .0000695 

3.10 .0009676 3.34 .OCO4IS9 3.58 .0001718 3.S2 .0000667 

3.11 .0009354 3.35 .C0C4041 3.59 .0001653 3.83 .0000641 

3.12 .0009043 3.36 .0003897 3.60 .0001591 3.84 .0000615 

3.13 .0008740 3.37 .0003758 3.61 .0001531 3.85 .0000591 

3.14 .0008447 3.38 .00(3624 3.62 .0001473 3.86 .00CC567 

3.15 .000816/4 3.39 .0003495 3.63 .0001417 3.87 .0000544 

3.16 .0007888 3.40 .0003369 3.64 .0001363 3.68 .0000522 

3.17 .0007622 3.41 .0003248 3.65 .0001311 3.89 .0000501 

3.18 •CCC7364 3.42 .0003131 3.66 .0001261 3.90 .0000481 

3.19 .0007114 3.1*3 .0003018 3.67 .0001213 3.91 .0000461 

3.20 .0006871 3.U .00029C9 3.68 .0001166 3.92 .0000443 

3.21 .0006637 3.-45 .0002803 3.69 .0001121 3.93 .OOCO425 

3.22 .0006410 3.46 .0002701 3.70 .0001078 3.94 .0000407 

3.23 .0006190 3-47 .0002602 3.71 .0001036 3.95 .0000391 

3.24 .0005976 3-48 .0002507 3.72 .0000996 3.96 .0000375 

3.25 .0005770 3.-49 .0002415 3.73 .0000957 3.97 .0000359 

3.26 .0005571 3-50 .0002326 3.74 .0000920 3.98 .0000345 

3.27 .0005377 3 51 .00022a 3.75 .0000884 3.99 .0000330 

878 
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APPENDIX 2fi (continued) 

T A T 

4.27 

A T A 

4.00 .0000317 .C00C098 4.54 .0000028 

4.01 .0000304 4.28 .0000093 4.55 .0000027 

4.02 .00)00291 4.29 .CC000E9 4.56 .0000026 

4.03 .000C279 4.3C .0000085 4.57 .0000024 

4.04 .0000267 4.31 .0000082 4.58 .000CC23 

4.05 .0000256 4.32 .0000078 4.59 .0000022 

4.06 .0000245 4.33 .0000075 4.60 .0000021 

4.07 .0000235 4.34 «OC00071 4.61 .0000020 

4.08 .0C0C225 4.35 .0000068 4.63 .0000019 

4.09 .0000216 4.36 .0000065 4.63 .0000018 

4.10 .0000207 4.37 .0000062 4.64 .0000017 

4.11 .000C198 4.38 .O0OC059 4.65 .0000017 

4.12 .0000189 4.39 .C0COO57 4.66 .CC00016 

4.13 .C0C0181 4.40 .0000054 4.67 .CC00015 

4.H .00C0174 4.41 .0000052 

4.15 .0000166 4.42 .0000049 

4.16 .0000159 4.43 .0000047 

4.17 .0000152 4.U .0000045 

4.18 .0000146 4.45 .0000043 

4.19 .0000139 4.46 .ocooou 
4.20 .0000133 4-47 .0000039 

4.21 .0000128 4.48 .0000037 

4.22 .0000122 4.49 .CC00C36 

4.23 .0000117 4.50 .000C034 

4.24 .0000112 4.51 .0000032 

4.25 .0000107 4.52 .0000031 

4.26 .0000102 4-53 .0000030 
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Appendix 3H 

Table I 

Upper 90- and 95-Percent Confidence Bounds for the Number cf Defectives 

in a Finite Fopulation 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 26 30 16 20 9 11 4 5 1 1 
1 37 38 26 29 15 17 7 8 2 3 
2 40 40 33 35 20 22 10 11 4 4 
3 38 39 25 27 13 14 5 6 
4 40 40 29 31 16 17 7 7 
5 33 34 18 20 8 9 

6 36 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 

11 32 33 16 16 
12 34 35 17 18 
13 36 37 18 19 
14 38 38 20 20 
15 39 39 21 21 

16 40 40 22 23 
17 23 24 
18 25 25 
19 26 26 
20 27 27 

21 28 29 
22 29 30 
23 31 31 
24 32 32 
25 33 33 

26 34 34 
27 35 35 
28 36 36 
29 37 37 
30 38 38 

31 39 39 
32 40 40 
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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. 

Number of Sample Size 

Observed 3 6 12 24 48 

Defectives 90 95 90 95 90 95 90 95 90 95 

0 31 37 18 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 44 22 23 10 10 
7 46 48 24 26 11 12 
8 50 51 27 29 12 13 
9 53 54 29 31 14 M 
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 22 

16 46 47 23 23 
17 48 49 24 25 
18 50 51 25 26 
19 52 53 26 27 
20 1 54 55 28 28 
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Appendix 3H 

Table 2 (Continued) 

Upper 90- and 95-Percent Confidence Bounds for the Number of Defect i-vea 

in A Finite Population of 6C Members. 

Nunber of Sample Size 

Observed 3 6 12 24 48 

Defectives 90 95 9C 95 90 95 90 95 90 95 

a 56 57 29 30 
22 58 58 3D 31 
23 59 59 31 32 
24 60 60 33 33 
25 34 34 

26 35 36 
27 36 37 
28 37 38 
29 39 39 
30 40 40 

31 41 42 
32 42 43 
33 44 44 
34 45 45 
35 46 46 
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Appendix 3H 

Table 3 

Upper 90- and 95-Percent Confidence Bounds for the Number of Defectives 

in a Finite Population of 100 Members. 

:: 

Number of Sample Size 

Observed 5 10 20 40 80 

Defectives 90 95 90 95 90 95 90 95 90 95 

0 36 a 19 24 9 12 4 5 1 1 
1 57 64 32 38 16 19 7 9 3 3 
2 74 80 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 100 72 76 39 43 19 21 8 9 

6 80 84 45 48 22 U 10 10 
7 87 90 50 53 25 27 11 12 
8 94 95 55 58 28 30 12 13 
9 98 99 60 63 30 33 14 14 

10 100 100 U 68 33 35 15 16 

11 69 72 36 38 16 17 
12 73 76 38 a 18 18 
13 78 80 a 43 19 20 
U 82 £4 44 46 20 21 
15 86 88 46 48 22 22 

16 90 91 49 51 23 24 
17 93 95 51 53 24 25 
18 97 97 54 56 25 26 
19 99 99 56 58 27 28 
20 100 100 58 61 28 29 

21 61 63 29 30 
22 63 65 31 32 
23 66 68 32 33 
24 68 70 33 34 
25 70 72 34 35 

26 73 75 36 37 
27 75 77 37 38 
28 77 79 38 39 
29 80 81 40 40 
3C 82 83 a 42 

31 84 85 42 43 
32 86 87 43 U 
^ 88 89 45 45 
U 90 91 46 47 
35 92 93 47 48 
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Appendix 3H 

Table 4 

Upper 90- and 95-Percent Confidence Bounds for the Number of Defectives 

in a Finite Population of 200 Members. 

Number of Sample Size 

Observed 10 20 40 80 160 

Defectives 90 95 90 95 90 95 90 95 90 95 

0 40 50 20 26 10 12 4 5 1 1 
1 66 77 34 41 J.7 20 8 9 3 3 
2 88 1C0 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 10 
7 176 181 102 109 53 58 ; 26 28 11 12 
8 188 192 112 119 58 63 29 31 12 13 
9 197 198 121 128 64 69 31 34 14 15 

10 200 200 131 137 69 74 34 37 15 16 

11 HO 146 74 80 37 40 16 17 
12 149 155 80 85 40 42 18 19 
13 157 163 85 90 i 42 45 19 20 
14 165 170 90 95 45 48 20 21 
15 173 178 95 100 48 51 22 23 

16 181 184 100 105 50 53 23 24 
17 188 190 105 11C 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 31 
22 129 134 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 

26 148 152 77 80 36 37 
27 153 157 79 82 37 39 
28 157 161 82 85 39 40 
29 161 165 84 87 40 41 
30 166 169 87 90 41 43 

31 170 173 89 92 43 44 
32 174 177 92 95 44 45 
33 178 181 94 97 45 46 
34 182 185 97 100 47 48 
35 1 186 188 99 102 48 49 
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Appendix 3H 

Table 5 

Upper 90- and 95- Percent Confidence Bounds for the Number of Defects 

in a Finite Population of 240 Members. 

:: 

Number of Sample Size 

Ob served 12 24 48 96 192 

Defectives 90 95 90 95 90 95 90 95 90 95 

0 40 51 20 26 10 13 4 5 1 1 
1 67 79 35 42 17 21 8 9 3 3 
2 91 103 48 55 24 28 11 13 4 5 
3 112 125 60 68 30 34 14 16 5 6 
4 133 144 71 80 36 41 17 19 7 8 
5 152 163 83 91 42 47 20 22 8 9 

6 169 179 93 102 4S 53 23 25 10 10 
7 186 195 104 112 53 58 26 28 11 12 
8 202 209 114 123 59 64 29 31 12 13 
9 216 222 124 133 ! 64 70 31 34 14 15 
1C 228 232 134 142 I   70 75 34 37 15 16 

11 237 239 144 152 75 81 37 ' 40 16 17 
12 240 240 153 161 81 86 40 43 18 19 
13 163 170 86 92 43 45 19 20 
14 172 179 91 97 45 48 20 21 
15 180 137 96 102 43 51 22 23 

16 189 195 102 107 51 54 23 23 
17 198 203 107 112 53 56 24 25 
18 206 211 112 117 56 59 26 27 
19 213 218 117 122 59 62 27 28 
20 221 224 122 127 61 65 28 29 

21 228 230 127 132 64 67 30 31 
22 234 236 132 137 67 7C 31 32 
23 239 239 137 142 69 73 32 33 
24 240 240 142 147 72 75 34 35 
25 146 152 74 78 35 36 

26 151 156 77 30 36 37 
27 156 161 80 83 38 39 
28 161 166 82 86 39 40 
29 165 170 85 88 40 41 
30 170 175 87 91 41 43 

31 175 179 90 93 43 44 
32 179 184 93 96 44 45 
33 184 188 95 99 45 47 
34 188 193 98 101 47 48 
35 193 197 100 104 48 49 
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Appendix 3H 

Table 6 

Upper 90- and 95- Percent Confidence Bounds for the Number of Defectives 

in a Finite Population of 30C Members. 

Ntmber of Sample Size 

Observed 15 30 60 12C 240 

Defectives 90 95 90 95 90 | 95 90 95 90 95 

0 a 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 ir 5 
3 116 13C 61 69 30 34 14 16 5 6 
4 137 151 73 81 ; 36 41 17 19 7 8 
• 158 171 84 93 42 47 2C 22 8 9 

6 177 190 95 104 48 \ 53 23 25 10 1C 
7 196 208 1C6 115 54 59 26 28 11 12 
8 214 225 117 126 60 65 29 31 12 13 
9 231 241 127 137 65 71 32 34 14 15 
10 247 256 138 147 71 76 34 37 15 16 

11 262 271 143 157 76 82 37 40 16 17 
12 276 282 158 167 82 88 40 43 18 19 
13 288 292 168 177 87 93 43 46 19 2C 
U 297 299 177 186 92 98 45 49 21 21 
15 300 3 CO 187 196 98 104 48 51 22 23 

16 196 205 103 109 51 54 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 30 

21 241 248 129 135 64 68 30 31 
22 250 256 134 140 67 70 31 32 
23 285 264 139 145 70 73 32 34 
24 266 271 144 150 72 76 34 35 
25 274 278 149 155 75 79 35 36 

26 281 285 ! 154 160 78 81 36 37 
27 288 291 159 I65 80 84 38 39 
28 294 296 164 170 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 1C0 45 47 
34 193 199 99 102 47 ! 48 
35 198 204 101 105 48 49 

2tf 

Downloaded from http://www.everyspec.com



Appendix 3H 

Table 7 

Upper 90- and 95- Percent Confidence Bounds for the Number of Defectives 

in a Finite Population of 360 Members. 

Number of Sample Size 

Observed 18 36 72 144 288 

Defectives 90 95 90 95 90 95 90 95 90 95 

0 42 53 21 27 10 13 4 5 1 1 
1 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 16 5 6 
4 141 156 73 82 36 41 17 19 7 8 
5 162 177 85 94 42 47 20 22 8 9 

6 182 197 96 106 48 54 23 25 10 10 
7 202 217 108 117 54 60 26 28 11 12 
8 221 235 118 129 60 66 29 31 12 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 83 37 40 17 17 
12 292 302 161 171 82 88 40 43 18 19 
13 308 317 171 181 88 94 43 46 19 20 
U 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 23 24 
17 357 359 211 220 109 116 54 57 25 26 
18 360 360 220 230 115 ia 57 60 26 27 
19 230 239 120 127 59 63 27 28 
20 239 248 125 132 62 65 28 30 

21 248 257 130 137 65 68 30 31 
22 258 266 135 342 67 71 31 32 
23 267 275 141 148 70 74 32 34 
24 276 284 146 153 73 76 34 35 
25 285 292 151 158 75 79 35 36 

26 293 300 156 163 78 82 36 38 
27 302 308 161 168 81 84 38 39 
28 310 316 166 173 83 87 39 40 
29 318 324 171 178 86 90 40 42 
30 326 331 176 183 89 92 42 43 

31 334 338 181 188 91 95 43 44 
32 341 345 186 193 94 98 44 45 
33 348 351 191 198 96 100 45 47 
34 354 356 196 203 99 103 47 48 
35 359 359 201 208 102 106 48 49 
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Appendix 3H 

Table 8 

Upper 90- and 95-Percent Confidence Bounds for the Number of 

Defectives in a Finite Population of 400 Members. 

Number of Sample Size 

Observed 20 40 80 160 320 

Defectives 90 95 90 95 90 95 90 95 90 95 

0 -42 54 ! 21 27 10 13 4 5 1 1 
1 71 84 36 43 17 a 8 9 3 3 
2 96 111 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 u 17 19 7 8 
5 164 180 86 95 43 48 20 22 8 9 

6 185 201 97 107 49 54 23 26 10 10 
7 205 221 108 319 54 60 26 29 11 12 
8 225 240 119 130 60 66 29 32 12 13 
9 244 259 130 141 66 72 32 34 14 15 

10 263 277 143. 152 71 77 35 37 15 16 

11 281 294 152 162 : 77 83 37 40 17 17 
12 299 311 162 173 83 89 40 43 18 19 
13 316 327 172 183 88 94 1 43 46 19 20 
14 332 342 183 194 ! 94 100 46 49 21 22 
15 348 357 193 204 99 106 48 52 22 23 

16 363 370 203 21^ 104 111 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 
19 397 399 233 243 120 127 59 63 27 28 
20 400 400 242 253 126 133 62 66 29 30 

21 252 262 131 138 65 68 30 31 
22 261 271 136 143 68 71 31 32 
23 271 280 141 149 70 74 32 34 
24 280 289 147 154 73 77 34 35 
25 289 298 152 159 76 79 35 36 

26 298 307 157 164 78 82 36 38 
27 3C7 316 162 169 81 85 38 39 
28 316 324 167 174 84 87 ! 39 40 
29 325 333 172 180 86 90 40 42 
30 333 341 177 185 89 93 42 43 

31 342 349 183 190 91 95 43 44 
32 350 357 188 195 94 98 44 46 
33 358 364 193 200 97 101 46 47 
34 366 371 198 205 99 103 47 48 
35 374 378 203 210 102 106 48 49 
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Appendix 3H 

Table 9 

Upper 90- and 95-Percent Confidence Bounds for the »umber of 

Defectives in a Finite Population of 5CC Members. 

Number of Sample Si ze 

Observed 25 50 100 200 400 

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 19 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 
9 252 269 132 143 66 72 32 35 14 15 
10 272 289 143 155 72 78 35 38 15 16 

u 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 89 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 
17 400 413 217 229 111 118 54 58 25 26 
16 417 428 227 239 116 123 57 60 26 27 
19 433 443 237 250 121 129 60 63 27 28 
20 448 457 247 260 127 134 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 
24 497 499 287 299 148 156 73 77 34 35 
25 500 500 297 309 153 161 76 80 35 36 

26 307 318 159 166 79 82 36 38 
27 316 327 164 172 81 85 38 39 
28 326 337 169 177 84 88 39 4C 
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 
34 381 391 200 208 100 104 47 48 
35 390 4C0 205 213 102 107 48 50 
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Appendix U 

FACTORIAL TREATMENT PROCEDURE WORKSHEETS 

Table 1 

L TREATMENTS AKD 8 ITEMS 

Design: 1/2 X 24 (Ref. 15, page l&U) 

Treatments 

A 

B 

C 

D 

Result s 

Remarks: 

Item numbers 

1 2 3 4 5 6 7 8 

+ + + + 

o 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + + 

1. All main effects are clear of two-factor interactions. 

2. Two-factor interactions are confused with    one another 
and are not measurable. 

3. Three-factor and higher order interactions are assumed 
negligible. 

« 
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Table 2 

5 TREATMENTS AND    8 HBg 

Designt l/U X 25    (Ref. 15,  page 484) 

Item numbers 

Treatment s 1 2 3 A 5 6 7 8 

A + + + + 

B + + + + 

C 8 
+ + + + 

D + + + + 

E + + + + 

Results 

Remarks t 

1. All main effects are confused with two-factor inter- 
actions. 

2. All interactions are assumed negligible. 
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Table 3 

6 TREATMENTS AMD 8 ITSS 

Designs 1/8 X 2*    (Ref. 15, page 485) 

Item numbers 

Treatments 1 2 ? 4 5 6 7 8 

A + + + + 

B + + + + 

C + + + + 

D g + + + + 

E + + + + 

F + + + + 

Results 

Remarksi 

1. All main effects are confused with two-factor inter- 
actions. 

2. All interactions are assumed negligible. 
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Table 4 

7 TREATMENTS AND 8 ITEMS 

Designs 1/16 X 27    (Ref. 15, page 485) 

Treatments 

A 

B 

C 

D 

E 

F 

G 

Result s 

Remarksi 

Item nunbers 

1 2 3 4 5 6 7 8 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1. All main effects are confused with two-factor inter- 
act ions. 

2. All interactions are assumed negligible. 
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Table 5 

7 TREATMENTS AHD 8 ITEMS 

Design: Mult ifactorial (Ref. 5, page 323) 

Treatment s 

A 

B 

C 

D 

E 

F 

G 

Results 

Remarks» 

Item numbers 

1 2 3 _Jt_ 5 6 7 8 

i 
5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1. All main effects are confused with interactions, 

2. All interactions are assumed negligible. 
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Table 6 

8 TREATMENTS AND 12 ITEMS 

Design: Multifactorial (Ref.  5, page 323) 

:: 

Item ntmbers 

Treatments 1 2 3 4 5 6 7 8 9 10 11 12 

A + + + + + + 

B + + + + + + 

C + + + + + + 

D 

E 

| o ss 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

F + + + + + + 

G f + + + + + 

H + + + + 
I 

+ + 

Results 

Remarks: 

1. All main effects are confused with interactions. 

2. All interactions are assumed negigible. 
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Table 1 

9 TREATMENTS AND 12 ITEMS 

Design« Multifactorial (Ref. 5, page 323) 

Treatments 

B 

C 

D 

E 

F 

G 

H 

I 

Results 

Remarksi 

Item numbers 

1 2 3 4 J 6 7 3 9 10 11 12 

o 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

+ 

+ 

+ 

1. AU main effects are confused with interactions. 

2. All interactions are assumed negligible. 

J 
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Table 8 

10 TREATMENTS AMD 12 ITEMS 

Designs Multifactorial  (Ref. 5,  page 323) 

Treatments 

Results 

Remarksi 

Item numbers. 

1 2 3 4 5 6 7 8 ? 10 U U 
+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + ■f + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

1. All main effects are confused with interactions. 

2. All interactions are assumed negligible. 
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Table 9 

11 TREATMENTS AND 12 ITEMS 

Designi Multifactorial (Ref. 5, page 323) 

Item numbers 

Treatment s 1 2 ? 4 p 6 7 8 ? 10 11 12 

A + + + + + + 

B + + + + + + 

C + + + + + + 

D + + + + + + 

E 

F + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

G + + 4 + + + 

H + + + + + + 

I + + + + + + 

J + + + + + + 

I + + + + + + 

Results 

Remarkst   J 

1. AU main effects are confused with interactions. 

2. All interactions are assumed negligible. 
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Treatment s 

A 

B 

C 

D 

E 

Blocks 

Results 

Remarks: 

Appendix U 

Table 10 

5 TREATMENTS AND 16 ITEMS 

Design: 1/2 X 28    (Ref. 6, page 5) 

Item numbers 

1 2 3 4 5 6 7 8 9 10 ii 12 13 H i? 16 

+ + + + + + + + 

+ + + + + + + + 

8 + + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

I ii 
i 

1 
1. All main effects are clear of two-factor interactions. 

2. When blocks are not used all two-factor interactions 
are measurable.    When blocks are used the AB inter- 
action is not measurable. 

3. All three-factor and higher order interactions are as- 
sumed    negligible. 
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Table 11 

5 TREATMENTS AMD 16 ITEMS 

Design» 1/2 X 25 (Ref. 6, page 5) 

Treatments 

A 

B 

C 

D 

E 

Blocks 

Results 

Remarks| 

Item numbers 

1 2 3 4 5 6 7 8 ? 10 11 12 1? U IS 16 

+ + + + + + + + 

+ + + + + + + + 

g 
+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

I              i ii III IV 

1. All main effects are clear of two-factor interactions. 

2. When blocks are not used, all two-factor interactions 
are measurable. 

When blocks are used, interactions AB, AC, and BC are 
not measurable. 

3. All three-factor and higher order interactions are con- 
sidered negligible. 

301 

Downloaded from http://www.everyspec.com



Appendix 4 

Table 12 

6 TREATMENTS AMD 16 ITEM3 

Design: 1/4 X 26 (Factorial (Ref. 6,  page 18) 

Treatments 

Blocks 

Results 

Remarks: 

Item numbers 

1 2 3 4 5 6 7 8 9 1C 11 12 13 14 15 16 

+ + + + + + + + 

+ + + + + + . + + 

g 
+ + + + + + + + 

S + + + + + + + 4. 

+ + +• + + + + + 

+ + + + + + + + 

I II 

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 interactionsATU- 
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Table 13 

6 TREATMENTS AND 16 HIMS 

Design? l/U X 26 Factorial (Ref. 6, page 18) 

Item numbers 

Treatments 1 2 3 5 6 7 8 9 10 11 12 13 U 15 16 

A + + + + + + + + 

B + + + + + + + + 

C + + + + + + + + 
£ 

D U + + + + + + + + 

E + + + + + + + + 

F + + + + + + + + 

Blocks i 11 III IV 

Result s 

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. 
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Table H 

6 TREATMENTS AND 16 ITEMS 

Designs l/A  X 26 Factorial (Ref. 6, page 18) 

:: 

Treatments 

A 

B 

C 

D 

E 

F 

Blocks 

Results 

Remarks: 

Item numbers 

1 2 3 4   5 6 7 8 9 10 11 12 Iß 14 i? 16 

+ + + + + + + + 

+ 
' 

+ 
+ + + + + 

S + + + + + + + + 

% 
+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

I II ill IV V VI VII VIII 

| 

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 as- 
sumed negligible. 
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Table 15 

7 TREATMENTS AND 16 ITEMS 

Design: 1/8 X 27 Factorial (Ref. 6, page 30) 

Item numbers 

Treatments 1 2 3 A 5 6 7 8 9 10 ii 12 13 H 15 16 

A + + + + + + + + 

B + + + + + + + + 

C + + + + + + + + 

D + + + + + + + + 

E + + + + + + + + 

F + + + + + + + + 

G + + + + + + + + 

Blocks I ii 

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. 
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Table 16 

7 TREATMENTS AND 16 TTOfS 

Design: 1/3 X 27 Factorial  (Ref. 6, page 30) 

"" 

Treatments 

Blocks 

Results 

Remarks I 

Item numbers 

1 2 3 A 5 6 7 8 9 10 11 12 13 U 15 16 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

1 + + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

I II III IV 

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 as- 
sumed negligible. 
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Treatments 

Blocks 

Results 

Remarks; 

A 

B 

C 

D 

£ 

¥ 

G 

H 

Appendix 4 

Table 17 

8 TREATMENTS AND 16 ITEMS 

Design: 1/16 X 28 Factorial (Ref. 6, page U2) 

Item numbers 

1 2 3 A 5 6 7 8 9 10 11 12 13 14 15 16 

+ + + + + + 4 4 

+ + 4 + + + 4 4 

+ 4 + + + 4 4 4 

+ + 4 + + + 4 4 

I 
+ 

+ 

4 

+ 

+ 

4 

+ 

+ 4 

+ 

+ 

+ 4 

4 

4 

4 

+ + 4 4 + 4 + 4 

+ + + + 4 -f 4 4 

I II 

. .. 

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. 
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Table 18 

8 TREATMENTS AMD 16 ITEMS 

Designt 1/16 X ^Factorial (Esf. 6, page 41) 

Treatments 

Blocks 

Results 

Remarkst 

A 

6 

C 

D 

£ 

F 

G 

H 

Item numbers 

1 2 3 4 •? 6 7 8 I9 10 11 12 13 U 15 16 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

I 
4 

+ 

+ 

+ + + 

+ + + 

+ 

+ 

+ 

+ + 

+ + 

+ + + + + + + + 

+ + + + + + + + 

I II III IV 

1. All main effects are clear of two-factor interactions. 

2. All two-factör interactions are confused with one another and 

are not measurable. 

3. All three-factor and higher order interactions are assumed 

negligible. 

,308 

Downloaded from http://www.everyspec.com



Appendix U 

Table 19 

9 TREATMENTS AMD 16 ITEMS 

Design; Multifactorial (Ref. 5, page 323) 

Treatments 

Results 

Remarks: 

A 

B 

r\ 
M 

D 

E 

F 

G 

H 

I 

Item numbers 
  

1 2 3 4 ? 6 7 8 9 10 11 12 Iß H 1? 16 

+ + + + + + + + 

+ + + + + + 4 + 

+ + + + + + + + 

+ + + + + + + + 

1 
+ + + + + + + + 

+ j. + + + ■i + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

1. All main effects are confused with interactions» 

2. All interactions are assumed negligible. 
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Table 20 

10 TREATMENTS AND 16 ITEMS 

Design: Multlfactorial (Ref. 5, page 323) 

Treatments 

Results 

Remarks: 

A 

B 

C 

D 

E 

¥ 

G 

H 

I 

J 

Item numbers 

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

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

g + + + + + + + + 

B + + + + + + + + 

+ + + + + + 4 + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

1. All main effects are confused with interactions, 

2. All interactions are assumed negligible. 
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Table 21 

11 TREATMENTS AND 16 ITEMS 

Designs Multifactorial (Ref„ 5, page 323) 

Treatments 

Results 

Remarks: 

A 

B 

C 

D 

E 

¥ 

G 

H 

I 

J 

E 

Item numbers 

1 2 3 4 5 7 8 9 10 11 12 1? 14 15 36 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + •+ j. + 

+ + + + + + + + 

+ + + + + + + + 

1 
+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + + + + + + 

4 + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

1, All main effects are confused with interactions. 

2. All interactions are assumed negligible. 
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Table 22 

12 TREATMENTS AND 16 ITEMS 

Design: Multifactorial (Ref. 5, page 323) 

Treatments 

A 

B 

C 

D 

E 

F 

Ü 

H 

I 

J 

K 

L 

Results 

Remarks» 

Item numbers 

i 2 ? 4 5 6 7 8 ? 10 11 12 13 U i? 16 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

» 
+ + + + + + + + 

+ + + + + + + + 

+ + + + + 4 + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

1. All main effects are confused with interactions. 

2. All interactions are assumed negligible. 
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Table 23 

13 TREATMENTS AND 16 Bflgj 

Design: Mult ifactorial  (Ref\ 5, page 323) 

Treatments 

A 

B 

C 

D 

5 

F 

G 

II 

I 

J 

K 

L 

M 

Results 

Remarksi 

Item numbers 

1 2 3 4 5 6 7 8 9 10 11 12 13 H i? 16 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + f 

+ + + + + + + + 

1 + + + + + + + + 

+ + + + + + f + 

+ + + + + + + t 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

1. All main effects are confused with interactions. 

2. All interactions are assumed    negligible. 
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Table 24 

U TREATMENTS AND 16 JTEKS 

Designj Multifactorial (Ref. 5, page 323) 

Treatments 

Results 

Remarkei 

A 

B 

C 

D 

E 

r 

G 

H 

I 

J 

K 

L 

M 

N 

Item numbers 

1 2 3 4 5 6 7 8 9 10 11 12 1? ^ i? 16 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

| + + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

4 + + + + + + + 

+ + + + + + 4 + 

1. All main effects are confused with interactions. 

2. All interactions are assumed negligible. 
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Table 25 

15 TREATMENTS AND 16 ITEMS 

Design: Multlfactorial (Ref. 5, page    323) 

Treatments 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

Results 

Remarks: 

Item number« 

1 2 3 4 5 6 7 8 ? 10 11 12 1? u 15 16 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + V + + + + 

+ + + + + + + + 

+ + + + + + + + 

1 + + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

+ + + + + + + + 

» 

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, up 
to and including 15 treatments. 
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Table 26 

19 Treatments and 20 Items 

Design: Multifactorial (Hof. 5, page 323) 

Treatments 

Item numbers 

1 2 3 A 5 6 7 8 9 10 11 12 13 u 15 16 17 18 19 2C 

A 4 + + A + + + + 4 4 

B + + + + + + 4 + 4 4 

C 4 + + i •t + 4 4 4 4 

D + + + + + + + 4 4 4 

E + + + + + + •f 4 4 4 

F 4 4 + + + 4 + + 4 4 

G 4 + + + 4 + -f + 4 4 

H 4 + 4 + + + + + + 4 

I + -i + + + + + + + 4 

J 4 4 + + + + + + + 4 

K + 4 + + + + + + 4 4 

L 4 + + + + + 4 + 4 4 

M + + + + + + + 4 4 4 

N 4 4 + + ■f + + 4 4 4 

0 4 + + + + + 4 4 4 4 

F + + + + + + 4 4 4 4 

Q + + + + + + 4 4 4 4 

R + + + + + + + 4 4 4 

S 4 4 4 + + + •i 4 4 4 

Results 1 -    i 

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, up to and in- 
cluding 19 treatments. 
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