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OPERATING CIHARACTERISITC CURVES AHD OTHER FEATUAiES OF

ThUNCATED LIFE TESTS VITF PEPLACUENTMf

Benjamin Epstein

Deparbnent of Mathematics
Wayne Universit

In [1] we considered the properties of trunted life tests undor

the assuxption that the underlying life distribution is exponential. The

purpose of this report is to fanish some tables and graphs for the replaco-

mant case when items which fail are replaced at once by new. items,

The underlying probability density function of life is assumed

throughout to be

(1) (;O) x>o, o

The test is started with n items drawn at random from (1)o Any item thich

fails is replaced at once by a ne item drawn from (1). The experiment is

Struncated at time T - min(X aT) were is the time (meaured

from the beginning of the experiment) when the rolth failure occurs and To

is a truncation time beyond which the experiment is not permitted to run0



2, jiapi. ,lation of Necessary Formulae

IY, recall certain results proved in [1] concerning the truncated

replacemerfc situation. Brief2yit was shown that Pr(rokJ ), the probability

of reaching a decision which requires exactly k failures is given by

(2) Pr(r-kl) - p(kj Aq), k 0,1,2,..,r 0 -1

and

(3) Pr(r-roJO) 1 - ii.p(kj

kei
where p(kl; ) A0 e I and ;k, A To/0.

00'..hile Bge(r) , the expected number of observations required to reach a decision

can be written dovm at once from the definition of expectation, it is useful

for computational reasons to use the formula

(4) E(r) ;k ',[rfIp(k;g) rol 1 p (k; I~ ]

In this form one can use LEolina's tables on the Poisson distribution [2].

Fu-thUr EG(T), the expected waiting time to reach a decision, is related to

Ea(r) , by the formula

(5) e,9(T) E. W

A useful quantity to tabulate is the ratio E9 (T)/T 0  (this must obviously be

- 1). From the definition of A, and (5) it follows at once that

(6) E0 (T)/T o - Ee(r)/A eo

.L.
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Supposq vie use the following rule of actions

(i) If min(X neT) Xr. n (i.e., r0 failures occur before time T )

reject the hypothesis that e w e 0
0

(ii) if umin(Xo , To) =To (ioe., the r o~1h failure occurs after time To)

accept the hypothesis that 0 - 1 Thala L(0) (I), the probability of accepting

* when 0 is the true value, is simply

(7) .()p(k;
knO

It is convenient to express various featuros of the test procedures

!a temms of the dimensionless parameter nT0/o In Table 1 we give

L(A )., E A(r), and E 7(T)iT for r - 1(1)20(5)100. Graphs of each of these
0 0

functions are given for r - 1(1)10(5)25 in Figures 1,2, and 3. The tables
0

and figures aiva useful in all cases where r , T , and n are preassigned.

The erltensitn of the tables beyond the values tabulated can be easLty per

formed since for sufficiently small ;, E (r)~? -md E A(T)/T ° -Q.

For sufficiently large ;k' E A(r) -r, and E (T)/T0 (ro/0

It often happens in practice that it is important to preassign the

truncation tme T o This involves finding a truncated replacement test

(ioe., a suitable r and n) whose operating characteristic curve is such that

L(1) a and L(e) 'C P(Ge > 01). Nov it can easily be shovn that the

(1) L(O) is the ordinate of the operating characteristic curve of the testpro cdva o ai



best ( 2 ) acceptance region (of size a) for Ho based on the first r out of n

failures is for preassigned r and n, given by ( 3 )

2

(8) x > c % 1_(2r)/2n.

In order that the test based on this acceptance region have an op.rating

characteristic curve for which L(O) * 1-a and L() B3 we need to choose0( 3

r suitably. The appropriate values for r (which Yve call r) are given in
0

Table 2. A decision rule based on (8) is clearly truncated with tuncation

time C. In order to truncate experimentation at min[Xr ,*To] it is
0

necessary to choose n suitably For all practical purposes one can choose

n as

2]
9)rn a (2r)/2T0

where [x] means the greatest integer 1i x If this value of n is used, it

is easy to verify that using Xrn as the acceptance region for H° will

result in having L(1 0 ) >l-a, but L( 1 ) might in sane cases be slightly

It is interesting to note that the appropriate n (for fixed a and P) is

(2) In the sense of Neyman and Poarson

(3) Wie denote a chi-square variable vith n degrees of freedom as (12 and
define - such that Pr > 7t) "y as n = 2

(4) This could be avoided easily by giving the experimenter the freedom to use

instead of To, the slightly larger truncation time T" -0 ^ ( ) n ,
0 1-a

where n is given by (9). The test based on using X )T" as
ro 9n o

acceptance region for H ill have L(O) - a-a and L(S ) :L p. If one
uses n+1 items throughout the teat, then onec could use instead of To, the

slightly smaller truncation time T' - 0. 1( 2 r  )n + ) . The test

based on using X T' as acceptance region for Ho will have

L(eo) - 1-a and L( 1 )1 Po
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inversely proportional to the tire of truncation, T . Thus, e.g., to reduceO

the truncation time by a factor of two requires doublIng no

30 o merical Examples

. Problem 1. A sample of 20 tubes is drawn at random from a lot

whose life is assumed to follow the exponential density (1). Tubes that fail

are replaced at once by new tubes drawn from the lot. The following rule of

action is followedt If 2 failures occur before 500 hours have elapsed, the

test is stopped as soon as the second failure has occurred and the lot isI
rejected. If, however, 500 hours have elapsed before 2 failures have occurred,,8

the test is stopped at 500 hours and the lot is accepted.

. etion 1: What is the probability of accepting a lot whose mean

life 0 - 2000 hours? W1.hat is the expected number of hours required to make

the decision if 0 - 2000? How mar items will be failed on the average if

0 - 2000? U.Lng Table I and noting that n a 20, re - 2, and To - 500, it is

clear that A = nT0 /G - 5. Hence the probability of accepting a lot with

a 2000 is )04. The expected waiting time to reach a decision is 185 hours

and the expected number of failures is 1,950

Question 2.: Same as question 1 for 0 1 10,000 hours. In this

case ?= 1. The probability of accepting the lot is .736, the expected

waiting time is 48 hours, and the expected number of items failed before

reaching a decision is .896.

Question 3: How large should 0 be in order that there be a

probability that a lot with mean life 0 is accepted 95% of the time? It is

easy to compute that this requires - .355. Hence from the relation

- nTO/0, it follows that 0 - 10,0001.355 a 28,170. Hence a lot vdth a

mean life of 28,170 is accepted 95% of the time tV this plan.



giption h: Same as 3, except that we want the lot rejected 95%

of the time. This requires ? * 4.75 and 0 a 2105 hours. Hence a lot

having a mean life of 2105 hours will be rejected by this plan 95% of the

time,

Problem 2. Find a truncated replacement plan for which T° - 200,

and which will accept a lot with a mean life of 3000 hours, 9% of the time,

and reject a lot with a mean life of 1000 hours, 90% of the time. In this

ease 0o - 3000, 01 - 1000, - p- .1. Since o0/0 -3, it follows from

Table 2 that r e -6. Consequently n o (12)/400 _(-

Thus the following truncated replacement plan should be used: Start with

n a h? items. As soon as any item fails, replace it by anew one. Accept

the lot if m t x, 2001 a200 and reject the lot if

min lX 6 ,47 $ 200 - X 6 If the lot is rejected experimentation is stopped

at X6 ,47, the time of occurrence of the sixth failure. It is readily

verified that this plan meets the conditions specified.

.1 tl
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Table I

Characteristics of Truncated Replacer,:.-it Procedures
in the Erxponential Case. -

L( ;) E ;k(r) BA()T

-005 .995 .005 .998

001 .990 0010 °995

.05 .951. .049 .975

.° .905 .095 .952

.2 .819 .181 °906

.3 .7la .259 .864

.4 .670 .330 0824

.5 .607 .393 .787

.7 .497 .503 .719

1.0 .368 .632 .632

1o5 .223 .777 .518

2.0 - 0133 .865 .32

3,0 .050 .950 .317

400 .018 .982 .245

5.0 .007 .993 .199

10.0 .000 1.o000 .100

X The description of the test procedure is given in Sections 1 and 2
of this report. The definitions of ro, To, k , and formulae for L(A),

EX(r), and EA (T)A O are given in Section 2. A more detailed development
of the underlying mathematics is 6iven in [1],

_,



0

n~~o/o L(?Q E Ar) E()T

.01 1.000 o010 1o000

oi .995 .100 .998

.2 .982 .199 °994

.3 .963 .296 °987

.4 .938 .391 .978

.5 0910 .484 .967

.7 .844 .659 .942

.0 .736 .896 .896

1 .5 558 1.230 .820

2*0 .406 1.459 .729

2.5 .287 1.631 .652

3,.0 .199 1.751 o584

4.o .092 1.890 .473
5 0 1.953 .391

10.0 .000 1.999 .200



r 3
~0

-nTI 0/0 
1 (r E 7g T)/T0

o1 1.000 o100 1.000
.3 .996 .3oo .999
5 986 o49 a 996
°7 .966 693 0996

1°0 .920 0977 °977

1o5 .809 1 .41o .940
200 .677 1.782
25 544 20o87 .835
3.0 423 2,328 0776

3.5 321 2,53 .718

4.0 o238 2.652 .663

5.o0 .225 2.828 °566
7.0 .030 2.962 566

10.0 .003 2.997 .300

LJ

I!
:I



ro 4

A nTo/G L(-) E (r)

.2 1.000 .200 1.000

.5 .998 .500 1.000

.7 .994 .699 .999

1.0 .981 .996 .996

1o5 .934 1o476 .981t

2.0 0857 1.925 .962

2.5 .758 2.329 .932

310 obJ47 2o6ia1 .891

3o5 .537 2.976 .850

1.0 33 3.219 .805

4.5 U312 3o.2 758

5.0 0265 3.563 .713

6.0 0153. 3.767 .628

7,0 .082 3.880 o55

8.0 .042 3.91 .493

910 .021 3.971

10.0 o010 3.986 .399

12.0 .002 3°997 .333

15.0 o000 4000 .267

-V



-- S
1J,

2 = nT /1, L(7) E (r) E;4(T)/T 0

.5 1.000 °500 1O000

1.0 .997 .999 0999

1.5 .981 1.1494 .996

2.0 .91 1.983 .991

2.5 .891 2.438 .975

3,0 .835 2.864 .955

3.5 .725 3.251 .929

4.0 .629 3.590 .897

4.5 .532 3.880 .862

5.0 .1440 4.123 .825

5.5 .358 4.322 .786

6.o0 285 4.482 .747

7.0 .173 4.707 .672

8.0 .100 4.84. .605

9.0 .055 4.916 .546

10.0 .029 4.957 .1496

1550 0(. 5.000 °333

20.0 .000 5.000 .25o



i' -6

nTo/e L(-) E (r) E (T)/TA

.5 1100 0500 1o00

1o0 °999 io000 1o000

2o0 o983 1994 .997

3,0 .916 2.949 °983

3.5 .858 3°393 ,970

4oO 785 3°805 .951

h.5 °703 Ito17? .928

5o06 16 4.507 .90a

5.5 .529 4-793 o871

60 Wi.6 5.036 .839

6°5 .369 5.240 8o6

7,0 .301 5o07 .772

8o .191 5.650 06

9.0 n6* 5°801 .645

10.0 .067 5.890 589

15oO .003 5.998 °00

20,0 0000 600o .300



rw7

nT09L(A) E E j (r)T

10 1.000 1000 1.000

2,0 .995 1.999 .999
3.o .966 2.983 .994
4o0 .889 3.915 .979
5°0 762 4,745 o949
5.5 .686 5.107 .929

60 .606 5:430 :905
6.5 .527 5.713 .879
7.0 .450 5.957 .851
8o0 .313 6.336 .792
9.0 .207 6594 .733

10.0 .130 6.760 .676
12o0 ,04 6  6o923 .577

15.0 . .008 6,990 .466
20,0 .000 7.000 .350

|
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I.

r 8r0

- nTo /(, E A(r) E;N(T)/T o

1o0 1000 1.000 10000

2, .O 999 2,0O00 1 00.0

3,0O .988 24,995 .998

4o0 .949 3.966 o992

5B0 °867 4°877 .975

6.o °744 5.821 .970

6.5 .673 5.98o .920

70 .599 6°358 .908

75 .525 6.639 0885

8o0 °453 6.883 .860

9.0 .324 7,270

10.0 °220 7-540 o754

11o0 .143 7o719 .702

1200 .090 7.834 ~ .653

13.0 .O 7o904 .608

4o0 .032 7.946 .568

.0 018 7.972 °531

17o0 °005 7.992 °470

20.0 001 7.999 .400

25.0 o00u 81o000 0320



to9

- nr 0  L(1tA) E ~)()

2,0 1.000 2,000 10000

3o0 .996 2.999 1.000

4.o .979 3.988 .997

5.0 .932 4.946 .989

610 .847 5.839 .973

675 792 6.249 .961

7.0 .729 6.629 o947

7,5 .662 6,977 .930

8.0 .593 7.293. .911

8.5 .523 7.570 .891

9.0 .456 7.818 .869

10,0 0333 8.207 .821

11o o232 8,487 .772

12.o .155 8,679 .723

13.0 .100 8°805 .677

14.0 .062 8°884 .635

15.0 .037 8o933 .596

17o0 .013 8.979 -528

20,0 .002 8.997 .450

25.0 o000 9°000 .360



r 10
0

-nT /0 L(A) E (r)

2,0 1o000 2.000 1.000
3oO .999 3.0o0 1.000
4.o .992 3.996 .999
5.0 .968 L °978 .996
6.0 .916 5.923 .987
7.0 .830 6.799 .971
8.o .717 7.574 .947
8.5 .653 7.917 .931
9.0 .587 8.227 o914

10.0 .408 8.749 875
Ii.0 .31aL 9.14 7 .832
12.0 .242 9.436 .786
13.0 .166 9.639 o741
14.0 .109 9.775 .698
15.o .070 9.863 .658
17o0 .o6 9.953 .585
20.0 .005 9.992 .500
25.0 .000 10.000 o400

I



r -l

A nTI8A EL(A E EA (T)/'P

20 1o0co 2.000 1000

3.o 1.000 3.0OO 100o

4.o 0997 3.999 1,000

50 .986 L.992 .998

6.o 957 5.965 6994

7,0 .901 6.897 .985

8.0 .816 7763 970

9.c .706 8.521 947

10OO .583 9.166 ,917

1..0 .460 9.687 1881

12.0 3147 10.089 81

13,.0 .252 10-387 .799

14.o .176 10.599 .757

15oO .118 1o745 .716

17,0 .049 10,904 .6 1

20,0 .0.l 1o.98. .549
25,0 .001 10-999 .440

30.0 000 11.000 .367



r 120

A nT 0/0 L(A)E~r E (T)/T

3.0 1.000 3000 1oOO0

4.0 .999 4.000 1.000

5.o °995 4o997 .999

6.0 .980 5°985 .998

7,o0 .9474 6.951 .993

8.0 .888 7.870 .984

9.0 .803 8,718 .969

10.0 .697 94 69 .947

IioO °579 10,108 .919

12.0 .462 io.6d 886

13.0 353 11.o34 819

.j4.oo .260 11-339 .810

15oO o185 11o560 o771

170 .085 n1.817 .695

2010 .o021 1960 .598

25,,0 .0. n.998 .48o

30.0 .000 12.000 .400

• - -"
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r' "13
0

/-1- /O E(, 2?(1 E (T)/T o
I

4 1.000 4.000 1,000

5 .998 4.999 .o000

6 .991 5o994 .999

7 .973 6.978 .99

8 .936 7.934 .992

9 .876 882 .982

10 .792 9.678 .968

11 .689 10°19 .947

12 .576 11.052 .921

13 .463 11.571 .890

14 .358 11.982 .856

15 .268 12.292 .819

17 .135 12.684 .746

20 .039 12.921 .646

25 .003 32.995 .520

30 .000 13.ooo .433

I:



r* 314

AnT/O E(~ E(r) E jT)/T0

41000 400o 1.ooo

5 .999 5o000 1.000

6 .996 50998 1000

7 .987 -4 6.990 .999

8 .966 7°9r)3 .996

9 .926 8.916 .991

10 ..864 9.813 .981

1! .781 10o.638 .967

12 .682 1n.370 .948

13 .573 11998 .923

-15 .363 12.929 .862

16 .275 13.247 .828

17 02M1 13.1483 .793

18 W1k 13.654 .759

19 .098 13.773 .725

20 .066 13854 .693

25 .006 13o988 .560

30 .000 13.999 .1467



r -150

5 1000 50000 1.000

6 .999 5.999 1.000

7 .994 6.996 o999

8 .983 7.985 .998

9 .959 8.957 °995

10 .917 9.897 .990

1 8 10o784 .980

12 .772 11.598 .967

13 .615 12.323 .948

14 .570 12.946 .925

15 .466 13.463 .898

16 .368 13.879 .867

17 281 14.202 .835

18 .208 14 4. 6 .803

19 .150 14.623 .770

20 .105 14.750 .737

22 048 14.896 .677

25 .012 14-974 .599

30 .001 14.998 .500

35 .000 15,000 h29



ro - 1

A nTo/1 L(/ ) E A (r) E (T)/T 0

5 1o000 5°000 1.000

6 .999 6.000 i.doo

7 .998 6.998 1,000

8 .992 7.99b .999

9 .978 8.979 .998

10 9951. 9.945 0995

.1. .907 1o.876 .989

12 0814 11°754 .979

13 .764 12.559 .966

14 .669 13.276 .934

15 .568 13.895 .926

16 .1467 141413 .901

17 .373. 14.831 0872

18 .287 15.1,59. .842

19 .2i5 15.409 .831

20 .157 15°593 °780

22 .077 15.819 .719

25 .22 15.953 .638

27 .009 15°983 .592

30 .002 15o996 .533

35 o000 16.000 .457



2' .17

" nT /0 E (r) E 2 (T)/T O

6 1.000 6°000 1.000

7 .999 6.999 1000

8 °996 7°997 1.000

9 .989 8°990 .999

10 °973 9.972 .997

31 .944 10.932 .994

12 .899 1.856 .988

13 .835 12.724 .979

14 756 13-520 .966

15 .666 14°197 .946

16 .566 1.87 .928

17 .468 15,363 .904

18 .375 15.784 .877

19 .292 16.117 o848

20 .221 16.372 .819

22 117 16,702 .759

25 .038 16.916 0677

27 Alf6 16.967 .628

30 .0h. 16.993 0566

35 .000 17,00' oD86



z' -18

=nT 0/0 ()BBr E2 (T)ITo  I

7 1,000 7,000 1000

8 .998 7.91 1.000

9 .995 8.996 1.000

10 .986 9.987 .999

32 .968 10.964 .997

12 .937 11.918 .993

13 1890 12.832 .987

14 o827 13.693 .978

15 .79 14.512 .967

16 .659 15o187 .949

17 .564 15.799 .929

18 .469 16,315 °906

19 .378 16o738 81

20 .297 17-075 ,854

21 .227 17o336 .826

22 .169 17o533 .797

23 .123 17-678 .769

24 oO87 17-782 .741

25 060 17.930 .717

27 .027 17o939 .664

30 o007 17.985 .600

35 o0O1 17.999 .514

4o .000 18.000 .450

IT4



1 -*190

7 1o000 70000 1o000

8 o999 8 o00 1.000

9 .998 8.998 1o000

10 .993 9.994 0999

11 0982 10.982 .998

12 .963 11-955 .996

13 .930 12.903 .993

V4 0883 13 811 .986

15 .819 1)4o6.3 o978

16 .7 15o145 .965
17 -. 655 16-3o4 .950

18 .562 16o753 ,931

23 .469 17.269 .909

20 .381 17o694 .885

21 .3JC2 18.034 .859

22 .232 18°300 .832

23 175 18,503 °804

24 .128 18,o654 .777

25 .092 18°763 .751

27 .o4 18o895 .700

30 oM..3 18.972 .632

35 .001 18.998 .543

40 .000 19.000 O475



20

n.OL(A) %(r) E (T)/T 0

8 1.00o 8o 19000oOO

9 .999 8o999 1 .000

10 .997 9.997 1oO0O

11 .991 10.991 .999

12 .979 11917 .998

13 0057 12.946 o996

l/ .923 13887 .992

15 0875 14o788 .96

16 o812 15o633 o977

17 o736 16o408 o965

18 .651 17o102 .950

19 .561 17°708 .932

20 o470 18°223 o9n

21 .384 18.650 .888

22 -306 18-994 .863

23 .238 19.265 .838

24 .180 19o-74 832

' 25 o1311 19 630 .785

27 069 19,826 0734

30 ,022 19o951 .665

35 OY 199o ,571

40 .o0O 20.o00 0oo



2anT /0 L(flo) E.A)r)

:1 1oO.0 11,000 1.000

32 .999 11.999 1.000

13 .998 12.998 1o000

3/h .995 13995 1.000

15 1989 14987 999

16 .978 15971 .998

17 .959 16.940 .996

18 932 17,887 .994

19 .893 18.800 989

20 .843 19.669 .983

21 .782 20.483 0975

22 .712 21.230 .965

23 .635 21.904 .952

24 554 22.498 .937

25 .473 23.012 .920

26 .396 23.1446 .902

27 .324 23.806 .882

28 .26o 24097 .861

29 .204 24-328 .839

30 .357 24.5o8 .817

35 .032 211.918 .712

ho0 .004 24-990 .625

15 0OO 24. 9 .556

- - - - - -- - - - -



15 1oO0O ,$.0oo 1ooo

16 0999 15-999 1.000

17 .997 16.997 1000

18 0994 17-993 1.000

19 .988 18.984 °999

20 .,978 19o968 .998

21 .963 20,939 .997

22 .940 21.891 0995

23 .908 22.81.5 992

21 ,868 23o70. .988

25 .818 24 °548 .982

26 .759 25°337 0975

27 ,693 26.064 .965

28 .623 26°723 .954

29 .549 27-309 .942

30 .476 27.821 .927

.31 o405 28.261 .912

32 .338 28.632 .895

.33 ;A 2 7 28.939 .8w7

34 0224 29.189 .858

35 olrF 29-388 .831

37 3,06 29.666 .802

40 .043 29,878 .747

45 .007 29.982 .666

50 .001 29.998 .600

6o .000 30°o0o -500

V



A,, :. .,,LT(A )E ; r) E'7 (T)1"4

20 .999 19.998 1O000

22 .994 21,993. L.000

25 .966 249o40 .998

26 .947 25 897 .996

27 .921 26.832 .994

28 .888 27.738 .991

29 .847 28.598 .986

30 .797 29.428 0981

31 .71a. 30197 .974

32 .679 30908 .966

33 .613 31.555 .956

34 ,1 32.134 .945

35 .478 32.645 .933

36 00-3. 33°090 .919

37 o34 33.470 .905

38 .291 33.789 .889

39 .240 34.o54 .873

40 .194 34.270 .857

42 .121 34.582 .823

45 .014 314834 .774

50 .Ml. 3h.972 .699

60 .000 35.000 .583



404
r =40

A nT,,/O BE (r)/T0

25 .997 24.995 1.00O

27 .989 26.982 .999

'3 .954 29905 .997

32 °904 31767 .993

35 .780 31.309 .980

36 .726 35o063 o974

37 .668 35-760 .966
38 .606 36.39'7 .958

39 o542 36o971 °948

40 .479 37°482 -937

41 .417 37-930 .925

42 .358 38.317 .912

43 .303 38647 .899

44 0253 38o925 .885

45 .208 39-155 .870

46 .169 39.344 .855

47 .136 39°496 .840

t8 .107 39.617 .825

49 .084 39.712 .810

50 .065 39°786 .796

55 oaM5 39.958 .727

60 .003 39°994 .667

70 .000 40,000 .573



r '45

A r.:0 O L( ,) EA(r) EA (T)/To

30 o994 29.990 1o000

35 .941 34o864 .996

37 .889 36°698 .992

40 °766 39o193 °980

42 .658 4o.62O °967

44 .540 la.819 .950

46 .422 i2,780 .930

48 .313 43-512 .907

50 .221 IoO4 3 o88

52.148 44c.LIUY .854

54 .o95 44,650 .827

56 .058 Ut).8oo .800

58 -o34 44-891 ,774

60 .019 o44942 .749

65 .004 41990 .692

70 .001 44-o999 .613

80 0000 45o000 .563



50

A ~nT./O E (1)T

30 .999 2 9.9"9 1.000
35 .990 34.982 .999

40 .930 39,818 .995

42 o875 41.626 .991

44 .799 43.3o4 .984

46 .703 44°808 .974

48 .595 46.108 .961

50 .1181 47.-184 .4

52 .372 48.036 .924

54 .275 48.680 .9ca

56 .94 49-146 .878

58 o13X. 49o468 0853

60 .084 490680 .828

65 .024 h9.924 .768

70 .005 h2.985 .714

80 .000 50ooo0 ,625

1.



ro -55

= ~/0 L(C E r)E (T),/T 0

35 .999 34°998 1.000

40 .986 39o972 .999

45 .918 h4 769 .995

47 .862 46.552 .990

50 48.969 .979

52 .643 5o.357 .968

511 .536 510537 9.54

.1429 52.501 938

58 .329 53.258 .918

60 9242 53,827 .897

62 .173 54237 .875

64 ,:i16 54.'.21 .852

66 075 54-709 .829

68 .047 54°829 .806

70 .028 54-903 .784

75 .007 54-979 .733

80 oO0.. a54.996 .687

90 OO 55o000 .6n1

1. o



r -60

-unT /IDQ~ E -1(T)/T

35 1.000 35.o)O 1.o000

40 .998 39o997 1.000

I. o981 U-L958 .999

50 o90 49,.3.6 o991,

52 .85i 51478 .990

514 .776 53o107 .983

56 .686 54-571 .974

58 .586 55,845 .963

60 .483 56o914 .949

62 .383 57o779 .932

64 292 58451 .3

66232 58955 0893

68 o151 S9o317 872

70 .o0 59°568 o35

72 .067 59-735 ,8330

75 .033 59-880 .798

80 o009 59-972 .750

90 .000 .9J * 0667



r =65

4. ~ nT 0/0 Lr.() 65 BAr E(T)/T0

110 1.000 )40,000 1.000

45 .997 4/i.995 Io00

50 .976 49o942 .999

55 .898 54.662 .994

60 -724 58.757 .979

62 .632 601114 .970

64 .533 61.279 .957

66 .435 62 247 .943

68 .342 62.427 .918

70 .259 63.620 .909

72 .189 64o067 .890

714 .134 64.388 .870

76 .091 64.610 .850

78 .060 64o759 .830

80 .038 64.855 8n

85 oAn1 64.964 .764

90 .002 64.993 .722

100 .00o 65.000 .650

i .



ro -70

2 nT /0 (7)E(r) E()T

hO 1.000 hOo000 1000

45 .000 44o90 1.000

50 .996 49-991 1o000

55 .971 5h924 .999

60 0B88 59.606 .993

62 .830 61.327 °989

64 .758 62.917 .983

66 .673 64-349 o975

68 .580 65.602 .965

70 .484 66.666 .952

72 .391 67.S41 .938

74 .305 68.235 .922

76 .231 68-769 .905

78 .168 69.166 .887

80 On9 690450 .868

85 .043 69 829 .822

90 o013 69.955 .777

95 .003 69.990 0737

100 1001 69°908 .700



Sr "750

71 - nT /0 L,(A r E (T)/T °

45 1o000 45-O0o 1.000

50 .999 49.999 1o000

55 ,994 54987 110oo

60 .. 966 59,903 .998

65 .879 64-548 .993

70 o 681454 .978

172 .623 69.887 .971

714 .531 .. 041 .960

76 .439 72,010 .948

78 .352 72.800 .933

80 .273 73,424 .O918

82 .205 73.900 .901

8h4 0150 74.253 .884

86 105 74o506 .866

88 072 74.682 .849

90 .048 74,801 .831

95 .015 714o9115 .789

100 .O04 749987 .75o

1o .000 75-00v .682



,, r m30

~~ cX1X /0LQ)Eor

50 1,0ooo 50,0ooo .1oo

55 1999 549,8 1OOOo

6o O992 59o981 1o000

65 o901. 64.86o o998

70 o871 69o490 .993

72 o833 71o176 .989

71 .7h2 720733 198

76 662 74138 .976

78 ,575 75,376 964)

30 z 6 7.,3 6 .955

13.39P 77.3i.8 9)

813 o317 78o031 ,929

V' C43 ?9.016.

. ,79,331 e8a

1(M), .,- i'; 9>j<-;

It ICA 93.

Ir~l (X



rI
0

A nT0/e L(A~) E (r) E (T)/T 0

55 1.000 55.00 1.000

60 .999 59,.997 1.000

65 .990 64°975 1.000

70 .955 69.855 .998

74 o887 73 °555 .994

76 .836 75.280 .99.

78 .772 76.889 .986

80 .697 78-360 .980

82 .615 79.674 .972

84 .529 80.818 .962

86 .443 81,790 .951

88 .360 82°592 .939

90 .285 83.236 .925

92 .219 83.738 .910

94 ~ . i1a 84.3.19 .895

96 1U9 84-00o .879

98 .o8 84.6o1 .863

100 .058 84o741 .847

105 .023 8L.953 .80

110 .008 8b .99h .773

125 .000 84 .991 .680



r 090~0

unT/1 E (T/T)

6o 1O00o 6OOooo 1o000

65 .998 6h.996 1000

70 .988 69.967 1.000

75 950 74.829 .998

80 .856 79.371 -952

82 .798 81.026 .988

84 .730 82,555 0983

86 .653 83.939 .976

88 .570 85-162 .968

90 486 86.219 .958%.

92 o403 87 1o8 .947

94 .326 87-836 .934

96 °257 8817 .921

98 .196 88.869 .907

100 .146 89.210 .892

105 .065 89,773 o85

110 .025 89o941 .818

12 5 .001 901000 .720



r 95

? nT 0/0e (, E() E (T)AT0

65 1.000 65.000 1.000

70 .997 69o994 1.000

75 .985 74o958 .999

80 94 79.801 .998

82 a91I 81.661 .996

84 .873 83.419 .993

86 .821 85o1116 .990

88 .759 86-727 .986

90 .687 88o174 .980

92 .609 89-471 .973

94 .527 .9608 .96

96 o446 91o581 .954

98 .367 92.393 .9b

100 .295 93-o55 .931

105 .153 94.229 .897

1.o .071 94.66o4 .861.

125 .003 95.000 .760

150 .000 95,000 .633

,--~ 
i



r 100
0

7~nT /0 L(A) E (r) ()/

70 1.000 69.999 1.030

75 .997 7.992 1000

80 .983 79°948 .999

85 .939 84-771 .997

90 o842 89.250 .992

92 4785 90878 .988

94 .719 92°383 .983

I 96 .645 93448 o977
98 .567 94o961 .969

100 o487 96o015 .960

105 .296 98o035 .934

110 .158 99.169 .902

125 0011 99-983 .800

150 0000 100.000 .667



Table 2

Values of ro needed to meet the condition that the test based on using

X 2 C as acceptance region in the replacement case vill have the
property that L(9) 1--a and L(el ) 

0

c o01 a 05

012 136 10 83 3/2 95 67 55

2 46 35 30 2 33 23 19

5/2 21 21 18 5/2 19 14 11

3 19 15 13 3 13 10 8

4 12 10 9 4 9 7 6

5 9 8 7 5 7 5 4

10 5 4 4 10 4 3 3

a .10

0/9 =._I_ - .05 P - .10

3/2 77 52 41

2 26 18 15

5/2 15 11 9

3 11 8 6

4 7. 5 4

5 5 4 3

10 3 2 2


