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SUMMARY

There 1s frequent need to obtain 1nformation as to the attnioutes, charactenstics, reliabilities,
and capabilities of production items. Such information 1s required for logistic planning, tactical
operations, and alternative uses and to determine that the supplier has met contractual specifica-
tions. The normal procedure invclves the testing of @ number of items that have been randomly

chosen from a production lot.

In one type of acceptance sample testing, 1t 1s assumed that each item will be either a suc-
cess or 4 failure, and no allowaace 1s made for varying degrees of success. Upon completion of
the testing, 1t 1s desired to determine, at a certain level of confidence, limits on the rehiabilaty
of the entire ot from which the sample was selected.

Graphs are given here that may be used to determine esther one-sided or two-sided reliability
limits at any desired confioence level, based on the success ratio for the tested items. The sam-
ple 1s assumed iv have been drawn from a population with unknown reliabibty p (percentage of
good items). The graphs are for sumple sizes from 1to 100 and also from 100to 1,000 1n multiples

of 15.

Two basic assumptions are possible in random sample ‘esting: that of the binomial cistribu-
tion and that of the hypergeometric distribution. The theory and the graphs of this report ate based
upon the binomial distributica. The binomial distribution is usually sufficiently accurate, but
formulas for approximating the hypergeometric distribution from the binomial distribution values
are given in the appendix.
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INTRODUCTION

A common contract provision for acceptance of production items is a given probability of suc-
cessful perfformance under specified conditions. An associated confidence level is usually either
implied or stated. An accepted factor in any estimate of the quality of the produced item is this
performance probability, often called reliability.
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in 10C-percent testing, kow many units passed and now many failed is known, and thus the

. reliability is known. In sample testing, only the success and failure ratios for that sample and

that test are known. This success ratic for a given test is the best estimate of the probability of
1 successful performance on that test of an individual item of the remainder of the group of items.
. The probability of a randomly selected iter: of the untested items passing o: failing the test s
; between 0 and 1, but any value between these limits has an associated upper and lower confidence
ievel based on the sample test results. Correspondingly, for a given confidence level, there is an
associated one-sided or two-sided popul ation reliability limit. The definition of these confidence
leveis, as used here, together with their adequacy, is discussed iz the section entitled ‘“Theory.”’
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i This refort presents graghs of the entire spectrum of confidence levels and the associuted

religbilities determined by the sample testing results. The graphs are based on the binomal dis-
tribution theory. There are 190 grnphs given, one for each sample size from 1 to 100, and trom
100 to 1,000 in multiples of 10.

From thesc grapas and the actual number of successes, upper reliability bounds and associ-
ated confidence levels, and lower reliubility bounds and associated confidence levels can be read.
Reliability intervals for given ievels of confidence can also be read. Conversely, the number of
successes required for a particular sample to meet a steted reliability at stated confidence levels

- cais be determined. The graphs can also be used to determine whether the saciple falls within pre-
determined risk levels.
N The binomial distribution theory assumes that the reliability of the items in the population

remains unchanged as the sample is selected. For a finite population or a nonreplacement sam-
pling plan, the exact theory is that of the hypergeometric distribution. Since the population size
is usually large compared to the sample size, the binomial result is a good approximation to the
hypergeometric. Hypergeometric distribution tables are given in reference 1. Formulas for ap-
proximating the hypergeometric distribution from binonial distribution values ere discussed in the

appendix. ;
|

SYMBOLS %

a Sample size :

s Nuwber of items in a sample the  ss a given test

P Population reliability

Pe Lower reliability limit

Ce(pg; 8.n) Confideace level that p > py, given s and n

Pa Upger reliability limit

C. b, s.0) Confidence level that p < p_, given s and n

1-Cylpg: s,n) Risk that p < py
1-C.(p, s.0) Risk that p > p




THEORY

Consider the determination of an unknown population reliability p, based on the testing of a
sampie of n items randomly drawn from the population. The probability ¢(j) of obtaining exactly
j successes within the n i‘ems tested is given by the binomial distribution

)« —2_ pi(1-p) D
éG P pP’(d-p) (
s-1
The probability of obt ining at most s ~ 1 successes in the sample of n is Zé(j). This
=0

probability is used by many authors as the definition of the confidence leve} that the reliability is
at least pg. given s and n (see references 2 and 3); that is,

Celpg: 3.Y) = 2¢(i) = 1- 33606) @
=0

1t should be noted that, because of the discrete nature of the distribution, the probability that the
reliability is at least py is, in general, greater than Cp(py; s,n). This is also pointed out in ref-

erence 3. In other words, the definition used for the level of confidence is conservative, and 1s
most conservative when the size of the sample is smali.

Conversely, the confidence level that the reliability is at most P, given s and n, is defined
by

Culpyi 3} = 2 oG =1- 2¢G) 3)

jTs ¢l j=0

Agaia, C (p; s.,0) is conservative.

Note that, for s = 0, Cf(_ol; s,n) = 0 for any Pp reater than 0. For s =q, Cu(pu;‘ s,.n) =0 for
any p_ less than 1. Note also that, if P, = Pp C“ i S - 1av=1- cf("[; s,n). This fact makes
it possible to combine graphs for pg and p .

THE GRAPHS

The graphs are given in figvres 1 through 190. A separate graph is given for each sample size,
n, from 1 to 100 and from 100 to 1,000 in multiples of 10. The vertical scale cn the left side of
esch graph is for Cy(py; 5,n) and that on the right side is for C.(p,; s:n). The graphs for n from
1 to 50 give separate curves for all possible number of successes, s, from 1 to n for py, and from
Oton-1 for Po- For n > S0, the values of s for which curves are actually plotted are eatered

on the apg opriute carves. These values were chosen so that linear interpolation in the horizontal
direction will give three-decimal accuracy. in most cases, if the graphs are glotted and read pre-
cisely, the ertor in linear interpolation in the horizontal direction will be considersbly iess than
0.001.




EXAMPLES

For the following examples, assume that n = 10 and s = 5. Ther the graph of figure 10 is
used, the fifth curve being used for pp and the sixth curve for p .

Example 1
Determine a 90-percent confidence interval for the population reliability.

In general, to determine the C% confidence level (two-sided symmetric interval) use
Cu = (1 + C) 2 to determine P, and Cf = (1 + C)/2 to determine Pe- ““he reliability interval for

the C% confidence level is then
PPSPIP,
For this problem,

cp=1 +2°-9 0.95

and

c - 1209 _gg5

Then from the graph of figure 10, py is determined to be €.22, and p_ is determined

to be 0.78. Thus at the 90-percent confidence level. the required reliability interval is given by
0.22< p < 0.78.

Example 2
For
Cy(pp. 5.10) = 0.8, pp = 0.33
For
C.p,: 5.10) = 0.8, p, = 0.675
Thus for a 60-percent confidence interval,
0.33 < p < 0.675
Exomple 3
For
Celpg: 5.10) = 0.9, pp = 0.265
For

C.lpy; 5.10) = 0.9, p, = 0.735

-

-
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Thus for an 80-percent confidence interval,

0.265 < p > 0.735

NUMERICAL ANALYSIS

Fot computational purposes, using equation (1), it is convenieat to write equation (2) in the

form

bgi 8.0 = — B f ettt @
Celpg: s.0) = (s-1) (n-s)
Py

i Then
Kylpgs sm) n! 8-1(1 = pe)°-* 5
 Gna-w 't R ®

and

-1
02?1@'; s.n) - dCy(pe: 3,0) g L l)("l' :_ 1)

(6)
apg dpe pe(1 - pg)

For 0 < pp < 1, the only point of inflection is at py = (s - 1)/(n - 1). Equations (1), (2), «nd
(5) in logarithmic form were used to evaluate Cy(py; s.n) and [3Co(py; 5,0))/(dpg) ot pg = (s - 1)/
(n-1)

For (s - 1)/(n - 1) < pg < 1, Cy(py; 8,n) was evaluated by numerical integration. The formula
that was used is

Celpg + b 5.8) = Celpy: =.0)

[ac,(p,a;’h; 50 ac,(?;ls.n)]

[PV

+2

2

_h a’cz(pvh; s,n) . ic,q;,; s,n)
K ]

The first derivative was calculsted by the equation (derived from equation (5)}

Lylpy: s.0) fl(Pl‘); s.0) £ =1 ()
9y dpy pe, -9

The second derivative was calculsted by equation (6).

é
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For 0 < pp < (s - 1)/(n ~ 1), Cpipg; s,n) was calculated by the equation (derived from equa-

tions (1) and (2)) :

Cf(p'; sn)=1- Cg(l -ppin+ 1 -s,n)

Fers = 1, Cp{pg; 1,n) was calculated by the equation (denved from equations (1) and (2))
f\Pg

LR

Celpyg: 1.n) =(1 - pp)°
An estimate of the error in the method can be obtained at p; = 1, since

Cf(l; s,n)=0

The maximum deviation of the calculated value of Cg(1; s.n® from 0 was less than 2 10°S.
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s. (s-13210;21.32 .., 6262
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Clp,) 'S DETERMINED FROM s, (s - 1) CURVE

C(Du\ IS DETERMINED FROY (s ¢ 1). s CURVE

KISK THAT RELIADILITY IS LESS THAN P = 1-Cp,)
RI5K THAT RELJABILITY IS MORE THAN p_ * 1- C()n?

Figure 63. Reliobility Curves for n = 63. (s numbers on curves; o p_, values ove 1 less.)
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(s+1).s=1.0,21 32 ;6483

C(p') IS DETERMINED FROM s, (3 - 1) CURVE
C(p‘)ISDEmFROl(t’I).ICURVE

RISK THAT RELIABILITY IS LESS THRAN P * 1- C(a')
RISK THAT RELIABILITY IS MORE THAN ¢ _ = C\p')

Figure 54 Reliobility Curvas for n = 64. (s numbers on curves; for p ,, values are 1 less.)
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p. RELIABILITY

s, (c-113109,21;32 .. 6564
{3¢i1).s=210;2,1,3,2 ...;65.64
C(p') IS DETERMINED FROM s, (s - 1) CURVE
Cip,) IS DETERMINED FROM (s *+ 1), s CURVE

RISK THAT RELIABR.ITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN y_ = 1 - Clp_}

Figure 5. Relichility Curves for n = 65. Iz numbers on curves; for Py values cre 1 less.)
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5. 3-13%10,213.2, ..6663

(s*1,s=10;21 3.2 ..., 66,65

Clp, + IS DETERMINED FROM 3. (s - 1) CURVE

C(p, ' IS DETERMINED FROM (s ¢ 1). s CURVE

RISK THAT RELIABILITY IS LESS THAN P, * 1-Clpp)
RISK THAT RELIABILITY 1S MOR: THAN p, = 1 - C(p,)
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Figure 66. Reliability Curves for n = 66. (s numbsrs on curves; for P, values are 1 less.)
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C(p') 1S DETERMINED FROM s, (s - 1) CURVE

C(Pu) 1S DETERMINED FRCM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P * 1- C(p')
RISK THAT RELIABILITY IS MORE THAN g = 1- C(P“\

Figure 67. Reliobility Curves for n = 67. (s numbers en curves; for Py values ore ! less.)
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p. RELIABILITY

s. (s-1=10 2132, ..6867
(s+1),s=10;,21;32 ..,6867

C(p’) 1S DETERMINED FROM ¢, (s - 1) CURVE

Clp,) IS DETERWMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P = 1- C(p')
RISK THAT RELIABILITY IS MORE THAX p_ = 1 - C(p,)

Figure 68. Reliotility Curves for n = 68. (3 numbers on curves; for ’ vaolues ere 1 less.)
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i s.(s-112 1,0,2.1, 5.2, - 69.65

(s+15.s=10;, 21 3.2 . 5968
Cip,) IS DETERMINED FRON s, (s -~ 1) CURVE
C(p_1 1S DETERMINED FROM (s *+ 1,, s CURVE
RISK THAT RELIABILITY IS LESS THAN p, = i - C(p,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p,)

Figuee 69. Reliobility Curves for n = 69. (3 numbers on curves; for Py volues ore 1 less.)
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s.(s-1)%10,21.32 .;70.69

8+1),s*1¢2,1 32 ..;7069

C(p,) 15 DETEKMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P = 1-Clp,)
RISK THAT RELIABILITY IS MORE THAK p_ = 1 - C(p)

Figure 70. Reliability Curves for n = 70. (s numbers on curves; fer Py valves ore 1 less.)
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p. RELIABILITY

s, s-1)%10,21,32..,71.70
s+1),5210,2132..;71.70

C(y,) IS DETERMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s + 1), s CUR' 'E

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THA™ p_* 1 - C(p.)

Figure 71. Reliabitity Curves for n = 71. (s numbers on curves; for Py vaolues are | less.)
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p. RELIABILITY

s, (s-13%10,21,32 ..,72.71
(s*+1).s2102132..72,71

Cip,) IS DETERMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN pp=1- Clp,)
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - C(p,)
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;igun 72. Reliobilisy Curves for n = 72. (s numbers on curves; for Ry volues ore 1 less.)
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Figure 73. Reliability Curves for n = 73. (s numbers on curves; for Py volues are | less.)

p. RELIABLLITY

5.6-D=102,L32. ;737
(341,85 1.0:2,:3,2. ;3.2
C(p,) IS DETERMINED FROM s. (s - 13 CURVE
C(p,) IS DETERMINED FROM (s + 1), s CURVE
RISK THAT RELIABILITY IS LESS THAK 5, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p,)
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Cip,} IS DETERIINED FROM =. & - 1) CURVE
Cip,) IS DETERMINED FROM (s + 1). s CURVE
RISK THAT RELIABILITY IS LESS THAN 7, * 1 - C(p,)
REK THAT RELIABILITY IS MORE THAN p_ = 1 - C(z,)

Figurs 75. Relicbility Cucves for n = 75. (s numbers on curves; for Py values are | less.)
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Figwe 76. Reliability Curves for n = 76, (s numbers on curves; for P, volues ore 1 less.)
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Figure 77. Reliobility Curves for n = 77. (s numbers on curves; for p . vaives are 1 less.)
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C(pa) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P 1 -C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - C(p,)
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p. RELIABILITY

s.s-1=1021 32 . 79.78
(s*+1),s=102132.,79.7%

C(p') IS DETERMINED FROM ¢, (s - 1) CURVE

C(o“) IS DETERMINED FROM (s ¢+ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P * 1-¢ Pg)
RISK THAT RELIABILITY IS MORE THAN p,*1-Clp)

Figwe 79. Rcliabiiity Curves for n = 79. (s numbers on curves; for o voives ore | less.)

C(p,). UPPER CONFIDENCE LIMIT (PERCENT)

e 8 s




v . - wr—
K
=
f¥
3

100 % q -y L = o -;—:0 ;

i

t 3 : :

% I ; {10 ;

o q34 M

1 B e
X 3k ] g
80 i 1 ‘q‘ - 20
! 118 @Y AR » :
- = - - p4
— H_ N 3 -~
Z 0 s | B i3 &
g 1 1 1 g t 8
& N; SH
w ] ’ $ 4 w
e L &
60 P 40
'é 1 i1 o 1 £
5 1 3] s° j 5
) - [
¢ v +° ¥
Z 50 >0 o 59 2
a =~ 1 i | i
8 g 8
i o -
& B * 1t =}
bt i o
o 40 a ped 50 o
w | =
z ; ' Ch H &
] || a 3 + b=
) ~ =
5 soff LAE nas L n
< H - (5
- . _“ I
. s » [} -4
|| y o 1 * 1 i ;
- i

) 20 b= x 3 x 0

i > H v H 4

; y t I - L 1) AR AL -

3 10*'—- ix ' KA et 920

; - ARt ! u A\ B vy

i B\ ¥ 4

: H X\ )

! 0 9 3 » 100

i i} 01 3.2 03 0.4 0s 0.6 0.7 08 0.3 1.0

§ p RELIABILITY

H

: s--)Ti®2nC2 L, 8Te

% (s+1.s5=10.2132 . .80

SN T BB AN A LI MY P L1 AP I P, VTR IS TIPS s S corsss 8y e
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RISK THAT RELIABILITY IS LESS THAN 5, * 1 - Cipp)
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Figure 80. Religbility Curves for n = 80. (s numbers on curves; fof p_, volues ore | lasa.)
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RISK THAT RELIABILITY IS LESS THAN -, * 1 - C(p,)
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Figure 81. Reilability Curves for n = 81, (s numbters on curves; for Py volues are | less.)
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Figure 82, Reliability Cirves for n = 82. (s numbers on curves; for Py veivas ore ! less.)

s+ 1),5%10,21,32. ,.82%
Clp, : IS DETFFMINED FROX 5. (s - 1) CURVE
Cip,) IS DETERMINED FROM (s + 1} s CURVE
RISX THAT RELIABILITY IS LESS THAN p, = 1 - Clp,?
RISK THAT RELIABILITY IS MORE THAN p_ =

1-C@)
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C(p,) IS DETERMINED FROK 5. (3 - 1) CURVE
Cip,) IS DETERMINED FROM {s ¢ i), s CURVE
RISK THAT RELIABILITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ * 1 - C(p)

Figure 83. Retiability Curves for n = 83, (s numbers on curves; for Py vaolues are 1 less.)




ﬁmm DRI AMATH 128 i iptcna 0n 1

100 '\W \q q &K > . n\rg‘ ’: "l'\'\ .. 0
Y N, N NN i
A28 0 h :
A AN 1 -
a0 - 10
3 +hiasd ' -
Ty \ .. 1 -
{
JLNA Y A L . 20
8 1 1 } 4 | -
1188 BB NN !
: jafishnunaang ] : 2 i»
~ 1 \ 118 8 RAE i _
’2 70 +t T rg_ * 30 ;
5 X it ! 1118 A \ ¢
»
g ' ! W 8 ) ¢ g
- 1 > H =
B 60 b 1 Y .~ \ 40 =
-3 s ! 2
- %7 bgu + ' 5
Y 1 » . g w
o -4 - v P - '8 9]
z 1 ‘ ‘.‘h’- M- Fa
& SO 18 i ¥ ':,:— ] 50 a
= it i ll‘ 5 4 ; 8
! 1 ¥ -
g i 12 0 B \ IR t ' g
bt i z l“ o
j+ 4 40 8 H n s ‘ ‘60 x
l W~ — w
= il [ | a a.
[¢] [ A 1 a.
- . - ~ b=
- '..f‘ ~
& 39 ] |‘ 70 3’
[ 11 88 ] o
- + __: 4+
2 ’ %
3. 4] 1
g L t 1 1
’..u 1 Y
1ot 1 - 1 %
. - i
\ X
¢ 100
G 0.1 0.2 3 04 0.5 0.6 0.7 0.8 0.9 1.0
p. RELIABILITY
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Clp,) 1S DETERMINED FROM 2. (s - 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1). s CURVE

RISK THAT RELIABILITY IS LESS THAN p = 1 - Cp,)
RISK THAT RELIABILITY IS MORE THAN ¢_ = 1 - C(p))

Figure 84. Relliobility Curves for . = 84. (s numbers on curves; for P, valves are } less.)
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p. RELIABILITY

s.3-D=1,0:21,3,2,..,8584

(s+1),s=10, 21, 32 ;8584

C(p') IS DETERMINED FROM 5. (s - 1) CURVE

C(pa) 1S DETERMINED FROM (x ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P = 1- C(p,)
RISK THAT RELIABILITY iS MORE THAN p. =1~ C(pd)

Figure 85. Reliability Curves for n = 85. (s r.umbers on curves; for P, values are 1 less.}
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f. RELIABILITY

s (s-1)=10 21,32, .., 8685

(s+1).s=10 21 32 . ,8685

Cip,) 'S DETEQSINED FROM s, (s - 1) CUPVE

Cip,) IS DETERMINED FROM (s + 1). s CURVE

RISK THAT RELIABILI.Y IS LESS THAN p, * 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ = 1 -C(p))

Figure 86. Relicbility Curves for n = 86. {3 numbers on curves; for P, vaives ore 1 less.)
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s.(s-1)= 102132 ..,8° 86
{s+1),s=10;2132.., 87566
C(y‘) IS DETERMINED FROM s, (s - 1) CURVE
C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE
RISK THAT RELIABILITY IS LESS TEAN g, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ * 1 - C(p,)}

Figure 87. Reilability Curves for n = 87. (s numbers on curves; for P, volves cre 1 less.)
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C(p') IS DETERMINED FROM s, (s - 1) CURVE
Cl(p,) >S DETERMINED FROM (s ¢ 1), s CURVE
RISX THAT RELIABILITY IS LESS THAN Py * - C(p')
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Figure 88. Reliability Curves for n = 88, (s numbers on curves; for Py vaolues ore | less.)
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s, (s-1)%1,0; 21,32, ..; 89,88

(s+1), 83192132 ...;898

C(p') IS DETERMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1). s CURVE

RiSK THAT RELIABILITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE TRAN p_ = 1 - Cip,,

Figuwe 89. Reliability Curves for n = 89. (s numbers on curves; for p,: volues ore 1 less.)
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C(p‘) IS DETERMINED FROM (s ¢+ 1) s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - Clp,)
RISK THAT RELIABILITY IS MORE THAN p, = ! - C(p,)

Figure 9. Reliobility Curves for n = 94, (s numbers on curves; ior Py valves ore | less.)
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Figure 95. Reliability Curves for n = 95. (s numbers on curves; for p , vaives are 1 less.)
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Figure 97. Retlobility Curves for n = 97. (s numbers on curves; for Py volves cre 1 less.)
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(21, 5% 10,21 32 ;9398

Cip, + 1S DETERMINED FROM s, (s - 1) CURVE

Ctp_j IS DETERMINED FROM (s ¢ 1). s CURVE

RISK THAT RELJABELITY §S LESS THAN p, = 1 - C(p,)
RISK THAT RELIAHILITY IS MORE THANp_* 1 - C(Pa)

Figure 99. Ralichility Curves for n = 93. {s numbers on curves; for p , volues are 1 less.)
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p. RELIABILTY

s.(s-1)=10 21,32, ...110.109
(34352102132 .,110109

C(p,) IS DETERMINED FRGM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAX p = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p = 1 - C(p)

Figure 101. Reliobility Curves for n = 110. (s numbers or curves; for Py velues are | less.)
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C(p, ) IS DETERMINED FROM s, (s ~ 1) CURVE

Cip,) IS DETERMINED FROM (s + 1). s CURVE

RISK THAT RELIABILITY IS LESS THAN p, * 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - C(p,)

Figure 102. Reiiobility Curves for n = 120. {s numbers on curves; for p , values ore 1 less.)
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C(p') IS DETERMINED FROM s, (s - 1) CURVE

Cip,) IS DETERMINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P = 1~Copp)
RISK THAT RELIABILITY IS MORE THAN P, 1-C0)

Figure 103. Reliakility Curves for n = 130. (s numbers on curves; for Py values are 1 less.)
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Figure 104. Reliability Curves for n = 140. {s numbers on curves; for P, volues cre 1 less.}
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C(p‘} IS DETERMINED FROM s, (s - 1) CURVE
Cip,) IS DETERMINED FROM (s + 1). s CURVE

RISK THAT RELIABILITY IS LESS THAR p, = 1 - C(p,)
RISK THAT RELIABILITY 1S MORE THAN p_ = 1 - C(p)
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C(p,) IS DETLRMINED FROM (s + I), s CURVE
RISK THAT RELIABILITY IS LESS THAN p, = 1 - C{»)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p)

Figure 105. Reliobiiity Curves for n = 150. (s numbers on curves; for oy voives are 1 less.)
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Figure 106 Rel:ability Curves for n = 160 (s numbers on curves; for Py vaives are 1 less.)
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Figure 107. Reiiabifity Cusves for n = 170. (s numbers on curves; for P, values are 1 less.)
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C(p,) IS DETERMINED FROM (s ¢ 3). s CURVE
RISK THAT RELIABILITY IS LESS THAN 5, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN 5, * 1- C(,)

Figure 108. Reliobility Curves for n = 180. (s numbers on curves; for P, values are 1 less.}
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Cip, 1 IS DETERMINED FROM 3., s - 1) CURVE
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RISK THAT RELIABILITY IS LESS THAN B, = 1- C(P' »
RISK THAT RELIABILITY IS MORE THANp, = 1-C(p )

Figure 109. Reliobility Curves for n = 190. (s numbers on curves; for Py volues are 1 less.)
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C(p,» iS DETERMINED FROM 3, (s - 1) CURVE
Cip,1 IS DETERMINED FROM (s ¢ 1). s CURVE

RISK THAT RELIABILITY IS LESS THAN 5, * 1= C{5,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p_)

Figure 111. Reliability Curves for n = 210. (s numbers on curves; for ko vaives are 1 less.)
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s.6-D*10:21,32.., 220219
(41, 8210;2,1;32 22029

C(p, ) 1S DETERMINED FROM 5. (s - 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ = | - C(p,)

Figure 112. Reliobility Curves ror n == 220. (s numbers on curves; for L3 values are | less.)
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s.(s-1)=10; 21,32, .230.229

(s*+1).s=10; 21 3,2 ..; 250229

C(p') IS DETERMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN .= 1- C(p_)

Figure 113, Reliability Curves for n = 230. (3 numbers on curves; for P, voives ore 1 less.)
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p. RELIABILITY
s (3-1)=1,0,2,i.3,2, ;240239
(s+1),s=10, 21,32 ., 240230
C(p') IS DETERMINED FROM s, (s - 1' « IRVE
Ci{p,) I5 DETERMINED FROM (s + 1), s CURVE
RISK THAT RELIABILITY IS LESS THAN P 1- C(p')
RISK THAT RELIABILITY IS MORE THANp = 1 - Cip,)
Figure 114, Reliability Curves for n = 240. (s numbers on curves; for Py volues are | l=s5.)
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p. RELIABILITY

s.(3~1;=10 2132 . 250249
(s+1) s=1021 32 25028
C(p‘) 1S DETERMINED FROM s. (s ~ 1) CURVE
Cip ) 1S DETERMINED FROM (s ¢ 1), s CURVE
- RISK THAT RELIABILITY IS LESS THAN P, * 1- C(p')
RISK THAT RELIABILITY 1S MORE THAN p_ = 1 - C(p,)

Figure 115. Reliobility Curves for n = 250. (s numbers or curves; for Py voluws ore 1 lass.)
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p. RELIABILITY
s, (s-1y=102,1,3,2, ., 260259
(s*1) a=10;21 3,2, 260250

Cip,) IS DETERMINED FROM s, (s - 1) CURVE
C(p,) iS DETERMINED FROM (s + 1), s CURVE
RISK THAT RELIABILITY IS LESS THAN p, = 1 - C{p,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p,)

Figure 116. Reliability Curves for n = 260. (s numbers on curves; for Py volves ore 1 less.)
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| (s+1) 3= 10:2.1.32 . . 270269

: Cip, ) IS DETERMINED FROM 3. (s - 1) CURVE

{ Ctp,) IS DETERMINED FROM (s + 1), s CURVE

i RISK THAT RELIABILITY IS LESS THAN p, = 1- C(p,s
i RISK THAT RELIABILITY IS MORE THAN p_ = 1 - C(p_}

: Figure 117. Reliobility Curves for n = 270. (s numbers on curves; for P, valves ore 1 less.)
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Figure 118. Reliability Curves for n = 280. (s numbers cn curves; for P values ore 1 iess.)
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p. RELIABILITY

s.(x-1)= 1,6 2,1; 3,2, .. 29¢.289
(#+1),8=1%21, 2.2 ... 250,289

C(p, ) IS DETERMINED FROM 5. (s - 1) CURVE

C(p,) 1S DETERMINED FROM (= + 1). s CURYF

RISK THAT RELIABILITY IS LESS THAN p, = 1 - Zip,}
RISK THAT RELIABILITY 15 MORE THAN 5, = 1 - C%n)

Retiability Curves for n = 290. (s numbers on curves; for P values ore 1 less.)
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. 300,299

= ix~-1}%1.0;2.1 3,2;.

;300,299

i).210,2 22, ..

ISDETEMINED FRCi ¢, (s - 1) CURVE

ST ZTERMINED FROM (s ¢ 1). s CURVE
RISk THAT RELIABILITY ISL .SSTHAN p, ® 1 - C(p,)

RIZXK THAT RELIABILITY IS #GRE THAN p, = 1 - C(p)

T

Figure 128. Reliobility Curver for n = 300. (3 numbers on curves; for P, volues ore 1 lass.)
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». RELIABILITY

s.(s-1;=102.1 3.2 . 320319

(s+h,s=10 2,132,303

C(p,) 1S DETERMINED FROM s, (s ~ 1) CURVE

C(p‘_) IS DETERMINED FROM (s + 1), s CURVE

RIGK THAT RELIABILITY IS LESS THAN P = 1- C(p')
RISK THAT RELIABI_ITY IS MORE THAN p_ < 1- C(p“)

Figure 122. Religbility Curves for n = 320. (s numbers on curves; for P values are 1 lcss.)
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p. RELIABILITY

s. (s-1=10 2132 .. 3302329
(s+1)s=1021 3,2, ...:330.329

C(p') 1S DETERMINED FROM s, (s - 1) CURVE

C(pu) IS DETERMINED FROM (s ¢+ 1), s CURVE

RISA THAT RELIABILITY IS LESS THAN P = 1- Clp,)
RiSK THAT RELIABILITY IS MORE THANp = 1- Cip,)

Figure 123. Reliobility Curves for n = 330. (s numbers on curves; for p,, values ore 1 less.}
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p. RECIABILITY

s, (s-1=1224L32 . 346,339

(s+1), 571021 3,2 ...; 340 339

C(p,) 1S DETERKINED FROXM s, (s - 1) CURVE

C(Pu) IS DETERMINED FFOM (s ¢ 1), s CULVE

RISK THAT RELIABILITY IS LESS THAN e z ) - CQ')
RISK THAT RELIABILITY IS MORE THANp = - - C(’u)

Figure 124, Reliability Curves for n = 340. (s numbers on curves; for P, volues are 1 less.)
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s. (s- 133 1,00 2,1; 3,2, ..., 350,349

(s*+1).s=10 21:; 32 .., 350349

Cip, 7 IS DETERMINED FROM s, (s - 1) CURVE

C(p,) Is DETERMINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1-Clp,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p))

Fijure 125, Relicbility Curves for n = 350. (s numbers on curves; for Py volues are 1 less.)
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p. RELIABILITY

2. (s~ 1)=1,0 21 3,2;..; 360 359

(s+1i) s=10; 2,1 3.2, ...; 560,359

C(p') IS CETERMINED FROM s, (s ~ 1) C.'RVE

C(p,) IS DETERNINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P 1. <lpy)
RISK THAT REL!ABILITY IS MORE THAN p, = 1 - C(p))

Figure 126. Reliability Curves for n = 360. /s numbers on curves; for Py values ore 1 less.)
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p. RELIABILITY

s (s-13310;21,32, .3020

(s*+1 s=1¢ 21,32 37036

Cip,) IS DETERMINED FROM s (s - 1: CURVE

Cip,) iS DETERMLIED FROM (s ¢ 1} s CURVE

RISK THAT REJ IABILITY IS LESS THAN p, = 1 - C(p}
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - Cip

Figure 127. Reliobility Curves for n = 370. (s numbers on curves; for 2y values ore 1 less.)
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p. RELIABLLITY

s.(s-1=1,02132 . 530529

(s+1), 8= 1.0;2,1; 3.2 ...; 330529

Clp,} IS DETERMINED FROM s, (s - 1) CURVE

C(p,) 1S DETERMINED FROM (s + 1) s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - Clp,)
RISK THAT RELIABILITY iS MORE THAN p_ = 1 - C(p,)

Figure 143. Reliobility Curves for n = 530. (s numbers on curves; for Py volues cre 1 less.)
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p. RELIABILITY

s. (s -1)= 1021 3.2, , 340339

(s+1) s=210,21 32 . ,5430330

C(p') 1S DETERMINED FROM s, (s - 13 CURVE

C(pu) 1S DETERMINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P = 1- Clpy)
RISK THAT RELIABILITY IS MORE THAN p_ = 1- C(p“)

Figure 144. Re'iubrlity Curves for n = 540. (s numbers on curves; for Py volues ore 1 less.)
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p. RELIABLLITY

30 549

Cip, ) IS DETERMINEL FROM = & ~ 13 CURVE

Cip ;IS DETERMINED FROM {s ¢ i3 » CURV

RISK THAT RELIABILITY ISLESS THAN p, = i - C{p}
RISK THAT RELIABILITY iS MORE THAN p_ = 1~ Cip*

Figure 145. Reliability Curves for n = 550. (s numbers oo curves; for B, volues ore 1 less.}
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p. RELIABILITY

s, {s~-1)=10,213,2 . ,570569

(s+1)s=10, 2L 3,2 ..:570569

Clp,) IS DETERMINED FROM s (s ~ 1) CURVE

C(p,) IS DETERNINED FROM (s + 1). s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1-Cep,)
RISK THAT RELIABILITY 15 MORE THAN p_ = 1 - C(p))

Figure 147. Relicbility Curves for n = 570. (s numbers on curves; for P, volues are 1 less.)
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p. RELIABILITY
s.(s-1;=12%2,1 3.2 . 389579
(s+1).s=10,2132 580579

C(p,) 1S DETERKINED FROM s, (s - 1) CURVE
C(p;\ 1S DETERMINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C(p)

RISE THAT RELIABILITY IS MORE THAN p, = 1 - C(p,)}

Figure 148. Reliability Curves for n = 580. (s numbers on curves; for P, values

——

cre 1 lcss.)
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p. RELIABILITY

=, (s-1=10 2132 . 590389

s+, s=102132 395389

C(p') 1S DETERMINEL FROM s, {s - 1) CURVE

C(pu) 1S DETERMINED FROM (s + 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P = 1 C(p')
RISK THAT RELIABILITY 1S MORE THAN P = i- C(p“)

Figure 149. Reliability Cuzves for n = 590. (s numbers on curves; for Py volues ore 1 less.)
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p. RELIABILITY

s, (s-1)=1,0 21 3.2, .600599
(s+1),s=10,2132 . 600,59

C(p') 1S DETERKINED FROX 3. {s - 1) CURVE

C(pu) IS DETERMINED FRO# (s + !}, s CURVE

RISK THAT RELIABILITY IS LESS THAN P, LA C(p')
RISK THAT RELIABILITY 1S MORE THAXN p_ = i~ C(p‘)

Figure 150. Reliobility Curves for n = 600. (s rumbers on curves; for P, valuez ore 1 less.}
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p RELIABILITY
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C(p') IS DETERMINED FROM s (s - 1) CURVE
Cip, IS DETERMINED FROM (s ¢+ 1) s CURVE
RISk THAT RELIABILITY IS LE3S THAN p, = 1 - C(p)
RISK THAT RELIABILITY IS MORE THAN p = 1 -Clp )

Figure 151. Reliso:bity Curves for a - 610. (s numbers on curves, for P, vaiues ore 1 less.)
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p RELIABILITY
s £=-1,%10,2132 s
s+l 710,211,312 |, ~2aa
Cip, IS DLTERMINED FROV ¢ (s - 1) CURVE
C‘p_: IS DETERMINED FROM (s + 1) s CURVE
RISK THAT RELIABILITY IS LESS THAN P, =)= C\p'}
RISK THAT PELIABILITY iS MORE THAXN P, ° i- C(9_7

Figure 152 Reliobricty Curves for n = 620. (s numbers on curves, for °, volues ore 1 less.)
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p. RELIABILITY

s (s -1¥= 10, 21,32 6308629

(s*+1); =10, 2132 .630629

C(p' +1S DETERMINED FROM s, s -~ 1) CURVE

C(pu) 1S DETERMINED FROM (s ¢ ). s CURVE

RISK THAT RELIABILITY IS LESS THAN P * 1- C(p')
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - C(p)

Figure 153, Reliabdity Curves for n = 630. (s numbers on curves, for P voives are | less.)
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p. RELIABLITY

s.(s-1)= 102132 ,6400639

(s+1).s=10 232 . 063

Cip) 1S DETERMINED FROM ¢, (s - 1) CURVE

C{p,) IS DETEKYINED FROK (s + 1). s CURVE

RISK THAT FELIABILITY IS LESS THAN p, * 1 - C(p;)
RISK THAT RELIABILITY IS MORE THAN p = 1 - Clp )

Figure 154, Reliobility Curves for n = 649, (s numbers on curves, for Py voluec are 1 less.)
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p. RELIABILITY

s.(s-1)=1%2132 850649
(s+1),s=>10,21i, 3,2, , 650649

Clp,) IS DETERMINED FROM s, (s - 1) CURVL

Cip,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C{p,)
RISK THAT RELIABILITY IS MORE THAN p_ = I - C(p )

Figure 155. Reliability Cusves for n = 650. (s numbers on curves; for Py volues ore 1 less.)
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p. RELIABILITY

e (s-1)=1,0 21 3.2, .. 660632

s*1).s=10 2132 0660639

C(p": 1S DETERMINED FROM s, (s - 1) CURVE

Cip,) IS DETERNXINED FROM (¢ 4 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN Py * 1- C(p')
RiSK THAT RELIABILITY IS MORE THAN P = 1- Cf.p“‘;

Figure 156, Reliability Curves for n = 660. (s numbers on curves; forp . velves are 1 less.)
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RISK TRAT RELIABILITY IS LESS THAN p, 7 1 -Clppd
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - Cip )

Figure 157. Reliobility Curves for n = 670. (s numbers or curves, for Py volues ore 1 less.)
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Figure 158. Religbility Curves for n = 689. (s numbers on curves; for Py vaiues ore } less.)
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p. RELIABILITY

s =~1)=10 2132 , 690689
(++1),s=19,21 32 690689

Clp3 15 DETERMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED SROM (s + 1), s CURVE

RIS¥ THAT RELIASBILITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - C(p,)

Figure 159. Relicbility Curves for n = 690. (s numbers on curves; for p, volues ore 1 less.)
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Figure 160. Rcliability Cu-ves for n = 700. (s numbers on curves; for P volues are 1 less.)
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R DETERNMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = i - Cp,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p,)

Figure 151, Reliobility Curves for n =710, (s numbers on curves; for Py volues are 1 less.)
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Ctp ) IS DETERMINED FRON {s + 1) s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - Clp,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p)

Figure 163. Reliability Curves for n = 730, (s numbers on curves; for By

vaolyes are 1 less.}
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C«p_! IS DETERMINED FRON (s + 1, s CURVE

RISK THAT RELIABILITY IS LESS THAN P = 1- C\'p!)
RISK TH#/T RELIABILITY IS MGRE THAN [ 1- C(_oh)

F.gure "64. Reliobility Curves for n = 740. (s nunibers or curves; for p, . values are 1 less.)
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p. RELIABILITY

s (s-1=10 2132 . 30"
(s+1) $=10,21,32 .750749

Cz,) IS DETERMINED ¢ XOM s, (s - 1) CURVE

Tip_' 1S DETERM'SED FROM (s + 1), s CURVE

RISK THAT PELIABIL{1Y IS LESS THAN p, = 1 - C(p)
RISK THAT RELIABILITY 1S MORE THAN p_ = 1 - C(p)

Figure 165. Reliability Curves tor n = 750. (s numbers on curves; for p , velues are 1 less.)
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C(_p“) IS DFTERMINED FROC¥ (3 ¢+ 1), s CURVE

RISK THAT RELIABILITY IS LESE THAN | A 1~ C(,p,?
RISK THAT RELIABILITY IS MORE THAN n_= 1 - Cip}

Figure 166. Reliability Curvas for n = 760, {5 «wumbsrs on curves; for R, volues are 1 less.)
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C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT KELIABILITY IS LESSTHAN p, = 1 - C(p»
RISK THAT RELIABILITY IS MORE THAN p = 1-C(p,)

Figure 167. Reliability Curves for n = 770. (s numbers on curves; for p , volues aze 1 less.)
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C(p,) IS DETERMINED FROM s, (s - 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C{p,)
RISK THAT RELIABILITY iS MORE THAN p_*= 1 - C(p)

Figure 168. Reliability Curves for n = 780. (s numbers on curves; for Py volues are ! less.)
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C(pu} 1S DETERMINED FROM (~ ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P 1- C(D,)
RISK THAT RELIABILITY IS MORE THAN p, 1~ Clp.)

Figure 169. Reliobility Curves for n = 790. (s numbers on curves; for 5y valueg ore 1 less.)
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Figure 170. Reliability Curves for n = B0D. {s numnbers on curves; for P+ voives ore 1 less,)
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p. RELIABILITY

s.(s-1)= 102132 8080
(s+1)s=1021 22 .. 810809

C(p‘) IS DETERMINED FROM 3, (s - 1) CURVE

C(p_‘) 15 DETERMINED FROM (s ¢ 1), s CURVE

RIS¥ THAT RELIABILITY IS LESS THAN ? = 1« C(pl)
RISK THAT RELIABILITY IS MORE THAN Po * 1- C(pu)

Figure 171. Reliobility Curves for n = 810. (s aumbers on cu-ves; for P, volues are 1 les-.)
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s (s-1y=10 21,32 .. 820819
(s+1).2=10 2,1 3.2, .., 82081%
C(p') 1S DETERMINED FROM ¢, (s - 1) CURVE
C(p,) IS DETERMINED FROM (s + 1), s CURVE
RISK. THAT RELIABILITY IS LESS THAN P, = 1- C(p')
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p))
Figure 172, Reliability Curves for n = 820, (s numbers on curves; for Fyr volues ore | less.)
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p. RELIABILITY

s, -1)%51,0, 21 3.2; ., 830829

(s+1),s=10C 21 32, .., 830829

Cip) 15 DETERMINED FROM s, (s ~ 1) CURVE

C(p,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY IS LESS THAN P, = 1-Cipgp)
RISK THAT RELIABILITY IS MORE THAX p = 1 - C{p

Figure 173, Reiiobility Curves for n - 830. (s numbers on curves, forp , values ore 1 tess.)
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p. RELIABILITY
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(s+1),s=10, 21, 32 . 840.839

Clp,} 1S DETERMINED FROM 3, (s ~ 1) CURVE

Cip,) IS DETERMINED FROM (s ¢ 1), s CURVE

RISK THAT RELIABILITY iS LESS THAN 3, = 1 - C(3,)
RISK THAT RELIABILITY IS MORE THAN p_ = 1 - Cp))

AP e ey

Figure 174. Reliability Curves for n = B40. (s numbers on curves, for p_, voiuves cre 1 loss.)
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p. RELIABILITY

s (s-1)=10,21,3.2 850,849

s+, 5216 21 32 ,83CRG

Cip,* IS DETERMINED FROM s (s - 1) CURVE

Cip, 1S DETERMINED FROX (s ¢+ 1) s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = | - Clrp)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - (X ')

Figure i75. Reliobil:ty Curves for n = 859 (s numbers o curves, for P, volues ore 1 less )
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F ;ure '76 Reliobility Curves forn B&0 !5 rumters on cu-ves, for o, valves ore § less.)
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p. RELIABILITY

s.is-13= L0 2L 3.2 ., 87C869

541 s=10,21.32 .B70,869

C(p,) IS DETERMINED FROM s, (s - 1) CURVE

Cfp ) IS DETERMINED FROM (s * 1}, s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C(p,
RISK THAT RELIABILITY IS MORE THAN _= * - Clp)

Figure 177. Rechiobslity Curves for n = 870. (s numbers on curves; for . values cre 1 lesy.)
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p. RELIABILITY
. s.(6-1=10;21.32 ,£80870

(s+1),s%210,21, 32 880879

C(»,) Is DETERMINED FRCM 3, (s ~ 1) CURVE

C(p_) IS DETERMINED FROM (s + 1) s CTURVE

RISK THAT RELIABILITY IS LESS THAN P, = 1- C(p",
RISK THAT RELIABILITY IS MORE THAN p, = 1 - Cip_®

Figure 178. Reiisb-lity Cerves for n B80. (s numbers on curves, for p , volues ore ! less.)
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p. RELIABILITY

s, {s-1=10 21 320 ., 290,889
(s+1)s=10.21 32 89889

C(p') IS DETERMINED FROM ¢ (g - 1) CURVE

Cip 1S DETERMINED FROM (s ¢ 1). s CURVE

RISK THAT RELIABILITY IS LESS THAN P, = 1- C(p')
RISK THAT RELIABILITY IS MORE THAH Py = 1- C(pu)

Figure i79 Reliobiiity Curves for n - 890. (s numbers on zurves; for e, volues are 1 less.)
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. RELIABILITY

s.(s-1=102132 . %089

(s+1)y s=10 2,132 ,9%G89%9

C(P') IS DETERMINI D FROM 5, (s - 1) CURVE

C(p,) IS DETERMINI D FROM (s ¢ 1), s CURVE

RISK THAT RELIAB LITY IS LESS THAN p, = 1-Clpy)
RISK THAT RELIAB LITY IS NORE THAN p_, = i - C(p))

Fig.-2 180. Rel.ooility Curves for n = 700. (s numbers on curves; fcr Py volues ore | iess.)
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p. RELIABILITY

s 3-132310213.2 910 %8
is+1)s=10,21 22 .9:5%¢

C(p'\ ISDETLRMINED FROM s (s - }) CURVE

C(pu) IS DETERMINED FROM (s ¢ 1) s CURVE

RISK THAT RELIABILITY IS LLESS THAN p, = 1~ Cipph
RISK THAT RELIABILITY IS MORE THAN v, = HE C(?._\

Figure 181, Relizbil.ty Curves for n . 910 (s numbers or curves, for o, values ore | tess )
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Figure 162.

p RELIABILITY

s (s-1"=10 21,32, .92099

(s+31) s=1C 21.32 9200919

Cip,) IS DETERMINED FROX s. (s - 1) CURVE

Ctp_) Is DETERMINED FROM {s v i), 3 CURVE

RISK THAT RELIABILITY IS LESS THAN 3, = 1 - C(p,)
RISK THAT RELIABILITY IS MORL THAN _ = i - Cp)

Reliobility Curver for = 92C. {s numbers on curves; for Py ralues are 1 less.)
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p. RELIABILITY

s.(s-1v= 10 2L 3.2, . 930329

(s+1).s=10 2132 ,930929

C(p,} IS CETERMINED FROM s, (s - 1) CURVE

C(p,) 1S DETERMINED FROM (s + 1), « CURVE

RiSK THAT RELIABILITY IS LESS THAN P, = 1-Clpp)
RISK THAT RELIABILITY IS MORE THAN p, = 1 -C()

Figure 183, Relicbility Curves for n = 930. (s numbers on curves, for P, volues are 1 less.)
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p. RELIABILITY
s (s-1)=1,021 3.2, ..940939
(s+ 1y s> 192152 ..:940.939
C(p') IS DETERMINED FROM s, (s - 1) CURYE
Clp,) IS DETERMINED FROM (s + 1), s CURVE
RISK THAT RELIABILITY IS LESS THAN P = 1- C(p()
RISK THAT REL!ABILITY IS #ORE THAN p_ * 1-Ckp,)
Figure 184, Relicbility Curves for n - 940. (3 numbers on curves; for Py values ore 1 less.)
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p. RELIABILITY

s, (s-1=102132 950949

s*l) 3=10:21,32 . 950946

Cp, ) 18 DETERMINED FROM s, (2 - 1) CURVE

C(p,} IS DETERMINED FROM (s + 1). 3 CURVE

RISK TrAT RELIABILITY IS LESS THAN » = 1-Cip,)
RISK THAT RELIABILITY IS MORE THAN p, = 1 - C(p)

Figure 185. Reliobility Curves for n = 950. (s numbers on curves; for Py values are 1 less.)
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) p. RELIABILITY
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{ (s+1)s=10;21,32 990,95
+ C(p() IS DETERNINED FROM s {s - 1) CURVE
., Cep) I8 DETERMINED FROM (s ¢ 1). s CURVE
% RISK THAT RELIABILITY IS LESS THAN P = i- C(p')
f; RISK THAT RELIABILITY IS MORE THANp, * | - C(p“)
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¢ Figure 186. Religbility Curves for n - 980 (s numbers an curves. for P, vaolues are 1 less.)
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p. RELIABILITY

s. (s-1)=10 2132 .. 970969

(s*1).s=10 2132 ..; 970962

C(p,) 1S DETERMINED FROM s, (s - 1) CURVE

C(p,) 1S DETERMINED FROM (s ¢ 1). s CURVE

RISK THAT RELIABILITY IS LESS THAN p, = 1 - C(p,)
RISK THAT RELIABILITY IS MORE THAN p_ = 1- C(pu)

Figure 187. Relicbility Curves for n = 970. (s numbers on curves; for Py volues ore 1 less.)
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s.(s=-1v=10;2132 ..98099

(s+1),c=10:21 32 .. 99379

C(p') IS DETERMINED 7FROM s, (s - i} CURVE

C(pu) 1S DETERMWINED FROR (s ¢+ 1), 5 CURVE

RISE THAT RELIABILITY IS LESS THAN Py 1= C(y()
RISK THAT RELIABILITY IS MGRE THAN Py = 1- C(pl)

Figure 188. Reliobility Curves for n = 980. (s numbers on curves; for o, values vre 1 less }
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p. RELIABILITY

s. (s -1)= 10,21, 3.2, ..:990,982
(s+1),s=1%21; 3.2 ...; 990,985

C(p,) Is DETERMINED FROK 3, (s - 1) CURVE

Cip,) IS DETERMINED FROM fc ¢ 1). s CURVE

RISK THAT RELIABILITY iS5 LESS THAN p, = 1 - C(p,
RiSK THAT RELIABILITY IS MORE THAN p_ * 1 - C(g))

Figure 189. Reliability Curves far n = 990. (s numbers on zucves; fo- P, values are 1 iess.)
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APPENDIX
CONYERSION FROM BINOMIAL TO HYPERGEOMETRIC DISTRIBUTION

Reference 1, page 19, gives formulas for approximating the hypergeomeiric distrnbuticn if
results for the binomal distnibution {such as the graphs of the present report) are given.

Let
N = ot size
n = sample size
1 ¥
s = number of ‘*successful’’ items in sample

C¢(p¢. s.n) = confidence level
pfc = lower reliability for the binomial distributien (provided by the graphs)

Py = lower reliability for the hypergeometnic distribution

Then, from refererce 1,

sz?—i[ pr 3 (s - o2
where
m=~N-1,.1
2 2
ana

s 1 2 1\.2
6 = —_.—-l*pf)(n—S*l) +(pi- —._.>s
1- 0 0
1 P[’o Pgo

-(2pf —1)[(5-1)(n-s)-1]-.L- 1
9 Pr l-pyo

As an example, consider N = 25, n = 20, s = 13, and Cg(pg; s,n) = 0.7. From figure 20,

py = 0.565. Then
[})

< 1 c cpe 1 1 1
5 . {1 __0.435) (64 -(ous - ) 169) - (0.13)(83) - —L_ - _1 _
(n.435 °)‘ ) - (0565 - 55z ) (169) - Q1N @) - S - T3%

and

Pr = & [(15.5) (0.565) « 6 - (2—4—)%3] - 0.508

I & 1s taken as zero, calculations give pg = 0.590. From the tables of reference 1, the true value
of pg 1s 0.600.
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Again, considet N 25, n 10, s - 8. and Cy(py, s.n) - 0.6. From figure 10, py = 0.705.
Then 0

5 - (_‘_ - 0295) ©) - (0.705 - _L_) 64) . 041)(i3y . L - _1
0 295 0.705 0.705  0.295

and

1 205y - 3.2 5 ;
Pr~ [(20.5) ©.705) - 3.% - (71)(2_0.5)] - 0.719

If 5 is taken as zero, calculations give pg = 0.718. From the tabies of reference 1, the trye valce
of pyp is 0.720.

According to reference 1, § can usually be taken as zero 1f 1 < 0.4N.

The corresponding formula fo: p is

~l M 0-1.5—..5_\.
p"‘~N(p“o 35 2am)
where
H:N-.l..no.l.
2 2
and
8 = 1 -1.p (n-s? . p S (s - 1)?
(l-puo “0) Yo pu0
s (2, -1 [sta-s-n-1j - o 1
‘o P 1-p
uo Ug

Consider N = 25, n = 20, s = 14, and C,(p,; s.n) - 0.78. Figure 20 gives P“o 2 0.792. Then

5 - (_1_ - o.zos) (36) - (0.792 - 1_) (225) - (0.584) (69) - L _ - _1_
0.208 0.792 0792 0208

and

1 o ma - 5 )
Pu o [(15.5) ©.792) - 7 - m] - 0761

If & is taken as zero, calculations give P, = 0.771. From the tables of reference 1, the true value
of p, is 0.760.

Again, consider N = 25, n = 16, s = 6, and Cylp,; s.n>= 0.74. Figure 10 gives p“0 = 0.735.
Then

s-{_1_ -0.265) 16) - {0.735 - __1 )'49 L04nan - 1L -1
(0.265 (16) ( o735) 9 - CANAD - oo - 26

L N
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If & 15 taken as zero, calculations give p, = 0723 From the tables of reference 1, the true value
of p, 159 720.
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