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AUXILIARY ESTIMATING FUNCTIONS FOR 
DOUBLY TRUNCATED NORMAL SAMPLES 

BY 

J .  David L i f s e y  

George C.  Marshall Space F l i g h t  Center  

H u n t s v i l l e ,  Alabama 

ABSTRACT 

When sampling procedures  on a random v a r i a b l e  X a r e  such  tha t  t h e  
r e s u l t i n g  sample c o n s i s t s  of  N measured o b s e r v a t i o n s  f o r  which X, < X < Xg, 
and no in fo rma t ion  is know f o r  X < X, and X > Xg, t h e  sample is s a i d  t o  
be  doubly  t r u n c a t e d  a t  the known t e rmina l s  and Xp.  To c a l c u l a t e  maxi- 
mum l i k e l i h o o d  e s t i m a t e s  of t h e  mean and s t a n d a r d  d e v i a t i o n  of a normal ly  
d i s t r i b u t e d  p o p u l a t i o n  from doubly t r u n c a t e d  s a m p l e s ,  i t  is n e c e s s a r y  t o  
s o l v e  s i m u l t a n e o u s l y  a p a i r  of r a t h e r  complex n o n l i n e a r  e s t i m a t i n g  equa- 
t i o n s .  S ince  eve ry  e s t i m a t e  is a f u n c t i o n  of  t he  sample  v a l u e s  and must  
be  regarded  as an  observed v a l u e  of a c e r t a i n  random v a r i a b l e ,  t h e r e  a re  
no means of p r e d i c t i n g  i n  a g i v e n  c a s e ,  t h e  t r u e  p o p u l a t i o n  v a l u e  assumed 
by t h e  e s t i m a t e .  The “goodness” of a n  e s t i m a t e  cannot  be judged from 
i n d i v i d u a l  v a l u e s ,  b u t  on ly  from the d i s t r i b u t i o n  of t he  v a l u e s  which i t  
w i l l  assume i n  the long r u n ,  i . e . ,  from i t s  sampling d i s t r i b u t i o n .  .Some 
estimate of t h e  v a r i a n c e  of t h e s e  sample e s t i m a t e s  is needed. Values of  
a u x i l i a r y  f u n c t i o n s  r e q u i r e d  t o  o b t a i n ,  from doubly  t r u n c a t e d  normal 
samples ,  maximum l i k e l i h o o d  e s t ima tes  of  parameters  of t h e  p a r e n t  popula-  
t i o n  and the a sympto t i c  ( l a r g e  s a m p l e )  v a r i a n c e s  and cova r i ance  of t h e s e  
e s t i m a t e s  a r e  g iven .  
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AUXILIARY ESTIMATING FUNCTIONS FOR 
DOUBLY TRUNCATED NORMAL SAMPLES 

SUMMARY 

R e s t r i c t e d  s a m p l e s  a r e  those  s e l e c t e d  under c o n d i t i o n s  such  t h a t  
f u l l  o b s e r v a t i o n  is n o t  pe rmi t t ed  over  some p o r t i o n  of  t h e  popu la t ion  
range  of  v a l u e s .  The problem of  e s t i m a t i n g  popu la t ion  parameters  from 
samples ob ta ined  under  such  cond i t ions  is f r e q u e n t l y  encountered i n  
s c i e n t i f i c  i n v e s t i g a t i o n s  , w i t h  r e s t r i c t e d  samples a r i s i n g  q u i t e  n a t u r a l l y  
i n  such  f i e l d s  as l i f e  t e s t i n g ,  dosage and m o r t a l i t y  response  s t u d i e s ,  
b i o l o g i c a l  a s s a y s  , i n d u s t r i a l  p roduc t ion  of some measurable  i t e m ,  q u a l i t y  
c o n t r o l ,  and many areas o f  eng inee r ing .  When a sample of  a random 
v a r i a b l e  X r e s u l t s  i n  N measured obse rva t ions  f o r  which X, < X < X p  w i t h  
no in fo rma t ion  known abou t  X < X, o r  X > XB, t h e  sample is  d e s c r i b e d  as 
be ing  doubly t r u n c a t e d  a t  t h e  po in t s  Xa and XB. 
l i k e l i h o o d  estimates f o r  the mean and s t a n d a r d  d e v i a t i o n  o f  a normally 
d i s t r i b u t e d  popu la t ion  from doubly t r u n c a t e d  normal samples  , i t  is  
necessa ry  t o  s o l v e  s imul t aneous ly  a p a i r  o f  ra ther  complex n o n l i n e a r  
e s t i m a t i n g  equa t ions .  I n  1957, Cohen [2 ]  gave methods employing a g r a p h  
of  e s t i m a t i o n  curves  f o r  reducing  t h e  computa t iona l  l a b o r  r e q u i r e d  t o  
o b t a i n  t h e s e  s o l u t i o n s .  I n  t h i s  paper ,  a g raph  is  g iven  and a u x i l i a r y  
f u n c t i o n s  a r e  eva lua ted  t o  f u r t h e r  a i d  i n  o b t a i n i n g  s o l u t i o n s  t o  the 

To c a l c u l a t e  maximum 

e s t i m a t i n g  e q u a t i o n s .  The a sympto t i c  ( l a r g e  sample)  v a r i a n c e s  a 
cova r i ance  of  t h e s e  e s t i m a t e s  a r e  a l s o  eva lua ted .  

I. INTRODUCTION 

R e s t r i c t e d  samples a r e  those  s e l e c t e d  under cond i t ions  such  t h a t  
f u l l  o b s e r v a t i o n  is  no t  permi t ted  over  some p o r t i o n  of the p o p u l a t i o n  
range  of  v a l u e s .  R e s t r i c t e d  sampling w a s  d e a l t  w i t h  i n  s t a t i s t i c s  as 
e a r l y  as 1807 when S i r  F ranc i s  Gal ton [4]  encountered a s i n g l y  t r u n c a t e d  
sample i n  s t u d y i n g  the  d i s t r i b u t i o n  of  t h e  t i m e  t aken  by t r o t t i n g  ho r ses  
t o  r u n  a measured cour se .  Gal ton  w a s  on ly  a b l e  t o  s a m p l e  from the t i m e s  
of t he  h o r s e s  t h a t  had q u a l i f i e d ,  s i n c e  t h e  times of  ho r ses  f a i l i n g  t o  
q u a l i f y  were n o t  recorded .  The r e s u l t i n g  samples were thus  s i n g l y  t r u n -  
cated on t h e  r i g h t  a t  t h e  known terminus of t = 150 seconds ,  s i n c e  t o  
q u a l i f y  i t  was necessa ry  t o  b e t t e r  t h i s  t i m e  over  a one-mile cour se .  
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Gal ton  assumed his d i s t r i b u t i o n s  t o  be  normal and used sample modes 
as e s t i m a t e s  o f  t h e  p o p u l a t i o n  means. He s imply  p l o t t e d  f requency  polygons 
and l o c a t e d  t h e  r e q u i r e d  v a l u e s  by in spec t ion .  With modes equated  t o  
medians he  loca ted  s a m p l e  q u a r t i l e s  and used s e m i - i r i t e r q u a r t i l e  ranges  
t o  e s t i m a t e  popu la t ion  s t a n d a r d  d e v i a t i o n s .  

I n  1902 Karl Pearson [ 9 1 r e c a l c u l a t e d  G a l t o n ' s  estimates us ing  a 
procedure  f o r  e s t i m a t i n g  parameters of  a normal p o p u l a t i o n  by f i t t i n g  
l e a s t - s q u a r e  pa rabo las  t o  loga r i thms  of  t h e  t r u n c a t e d  s a m p l e  f r e q u e n c i e s .  
Karl Pearson and A l i c e  Lee [ l O i  i n  1908 used t h e  method of moments [7]  
t o  o b t a i n  e s t i m a t e s  of  t h e  mean and s t a n d a r d  d e v i a t i o n  f o r  a s i n g l y  
t r u n c a t e d  sample and gave t a b l e s  t o  a i d  i n  the  computat ion o f  t h e s e  
e s t i m a t e s .  

F u r t h e r  p u b l i c a t i o n s  on t h i s  problem d i d  n o t  appear u n t i l  1931, 
when R.  A .  F i s h e r  [3]  gave r e s u l t s  ob ta ined  us ing  t h e  method of  maximum 
l i k e l i h o o d  [ 7 ] ,  which he had in t roduced  t e n  y e a r s  e a r l i e r .  F i s h e r  con- 
s i d e r e d  samples of the  same type  as those  s t u d i e d  by Pearson and Lee and 
demonstrated t h a t ,  f o r  t h e  s i n g l y  t r u n c a t e d  normal case, t h e  method of  
maximum l i k e l i h o o d  g i v e s  estimates i d e n t i c a l  w i t h  those  ob ta ined  by t h e  
method of moments. He a l s o  gave a sympto t i c  v a r i a n c e s  and cova r i ances  o f  
t h e  maximum l i k e l i h o o d  e s t i m a t e s .  

The terms s i n g l y  t r u n c a t e d ,  doubly t r u n c a t e d ,  s i n g l y  censo red ,  e t c . ,  
used i n  connec t ion  w i t h  r e s t r i c t e d  sampling were n o t  used by t h e  e a r l y  
w r i t e r s  b u t  were in t roduced  r a t h e r  s lowly  i n t o  the  l i t e r a t u r e .  S tevens  
[111 i n  1937 w a s  t h e  f i r s t  t o  c o n s i d e r  t h e  doubly censored sample,  a l t h o u g h  
he d i d  n o t - u s e  t h i s  term. He pub l i shed  maximum l i k e l i h o o d  e s t i m a t i n g  equa- 
t i o n s  f o r  normal popu la t ion  s a m p l e s  of  t h e  type which a r e  now des igna ted  
as s i n g l y  and doubly censored samples w i t h  known t e r m i n a l s .  

Add i t iona l  r e s u l t s  on t h i s  t o p i c  have been publ i shed  by numerous 
a u t h o r s  inc lud ing  H a l d ,  Birnbaum, Ha lpe r in ,  Gupta,  Sampford, Des R a j ,  
B l i s s ,  Cohen and o t h e r s .  I n  1949 Cohen [l] de r ived  formulas  whereby 
c e r t a i n  s p e c i a l  f u n c t i o n s  r e q u i r e d  i n  s o l u t i o n  of  t he  problem as g i v e n  
by Pearson and Lee and by F i s h e r  might  be  r e a d i l y  e v a l u a t e d  us ing  on ly  
a n  o r d i n a r y  t a b l e  of  a r e a s  and o r d i n a t e s  of t h e  normal curve .  Thus, i t  
became p o s s i b l e  t o  o b t a i n  t h e  d e s i r e d  e s t i m a t e s  w i t h  a n  improvement i n  
accu racy  whether o r  n o t  t h e  s p e c i a l  t a b l e s  r e q u i r e d  by t h e  o t h e r  two 
methods were a v a i l a b l e .  

To e s t i m a t e  popu la t ion  parameters  from r e s t r i c t e d  samples ,  t h e  
techniques  most wide ly  used a r e  t h e  method of moments, t h e  method of  
maximum l i k e l i h o o d ,  and o rde r  s t a t i s t i c s .  F i s h e r  [3]  observed t h a t ,  
f o r  s i n g l y  t runca ted  normal s a m p l e s ,  t he  method of moments and t h e  
method of maximum l i k e l i h o o d  y i e l d  i d e n t i c a l  e s t i m a t e s  f o r  t h e  param-  
e t e r s .  H o t e l l i n g  [5] demonst ra ted  t h a t  t h e  two methods a l s o  lead t o  
i d e n t i c a l  e s t i m a t e s  i n  the  case  of  t r u n c a t e d  samples  from mul t inormal  
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d i s t r i b u t i o n s .  Subsequent ly ,  Tukey [14]  proved t h a t ,  i f  any  f a m i l y  of 
d i , s t r i b u t i o n s  a d m i t s  a s e t  of s u f f i c i e n t  s t a t i s t i c s  [ 7 ] ,  t h e  f ami ly  
ob ta ined  by t r u n c a t i o n  t o  a f i x e d  s e t  o r  by f i x e d  s e l e c t i o n  a l s o  admi ts  
t h e  same s e t  of s u f f i c i e n t  s t a t i s t i c s . .  S i n c e  t h e  mean and v a r i a n c e  a re  
s u f f i c i e n t  s t a t i s t i c s  f o r  a mult inormal  d i s t r i b u t i o n ,  t h e  above r e s u l t s  
g u a r a n t e e  t h a t  t h e  method of moments and t h e  method of maximum Like l ihood 
l e a d  t o  i d e n t i c a l  e s t i m a t e s  of t hese  parameters  from doubly t r u n c a t e d  
normal samples .  I n  t h i s  paper ,  the mean and s t a n d a r d  d e v i a t i o n  of a 
.normally d i s t r i b u t e d  popu la t ion  a r e  e s t i m a t e d  from doubly t r u n c a t e d  
normal samples  by t h e  method of maximum l i k e l i h o o d .  This cho ice  w a s  
governed by t h e  above p r o p e r t i e s  and by t h e  f a c t  t h a t  t he  method of 
o r d e r  s t a t i s t i c s  seemed t o  o f f e r  no p a r t i c u l a r  advantage .  F u r t h e r ,  
s imi l a r  r e s u l t s  have been obta ined  and a r e  a v a i l a b l e  t o  check t h e s e  
r e s u l t s  . 

Cohen [ 2 ]  gave g r a p h i c a l  a i d s  f o r  o b t a i n i n g  s o l u t i o n s  t o  maximum 
l i k e l i h o o d  e s t i m a t i n g  equa t ions  f o r  t h e  mean and s t a n d a r d  d e v i a t i o n  of ' 

doubly  t r u n c a t e d  normal samples ;  t h i s  w r i t e r  [ 6 ]  modif ied Cohen's r e s u l t s  
and a l s o  gave t a b u l a r  v a l u e s  of asymptot ic  ( l a r g e  sample)  v a r i a n c e  and 
cova r i ance  f a c t o r s  f o r  t h e s e  e s t i m a t e s .  The l a t t e r  work is  extended i n  
t h i s  r e p o r t .  

11. MAXIMUM LIKELIHOOD ESTIMATING EQUATIONS 

The p r o b a b i l i t y  d e n s i t y  f u n c t i o n  of a random v a r i a b l e  x t aken  
from a normal ly  d i s t r i b u t e d  popu la t ion  is g i v e n  by 

L e t  xo be a known f i x e d  v a l u e  of the random v a r i a b l e  x and d e s i g n a t e  
xo as t h e  l e f t  terminus o r  t r u n c a t i o n  p o i n t .  
knc?wn f i x e d  v a l u e  of t he  random v a r i a b l e  x and d e s i g n a t e  i t  as t h e  r i g h t  
te rminus  o r  t r u n c a t i o n  p o i n t ;  w i s  t h e  range  of t r u n c a t i o n .  Le t  n be 
t h e  number of measured obse rva t ions  such  t h a t  xo < x < xo + w .  I n  popu- 
l a t i o n  s t a n d a r d  u n i t s ,  t h e  l e f t  and r i g h t  t r u n c a t i o n  p o i n t s  become, 
r e s  p e c t i v e  1 y , 

Let  xo + w be a n o t h e r  

3 
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I f  F(E) denotes  the  d i s t r i b u t i o n  f u n c t i o n  of 5 ,  t he  p r o b a b i l i t y  t h a t  a 
s e l e c t e d  v a l u e  of  t he  random v a r i a b l e  E has t h e  r equ i r emen t s  f o r  i n c l u -  
s i o n  i n  a sample t h a t  i s  doubly t r u n c a t e d  a t  t1 and E2 becomes 

4 

where 

N E i )  = ,) cp(t) d t ,  i = 1 , 2  

-a3 

and 

the  s t anda rd ized  normal v a r i a t e .  Equat ion  ( 3 )  r e p r e s e n t s  t h e  area under 
t h e  normal curve  between o r d i n a t e s  e r e c t e d  a t  El and tj2. The p r o b a b i l i t y  
d e n s i t y  f u n c t i o n  f o r  t h i s  ca se  can be w r i t t e n  as 

where F i  = F ( E i ) y  i = 1 , 2 .  The l i k e l i h o o d  f u n c t i o n  f o r  ( 4 )  i s  

4 



Taking t h e  loga r i thm of (5) f o r  ease  of d i f f e r e n t i a t i o n  g i v e s  

L = I n  P = cons t .  - n I n  a - n I n  (F, - F1) - 1' (xi - p)2/202]. ( 6 )  
L L  
i= 1 

For the  l i k e l i h o o d  f u n c t i o n  t o  be a maximum, i t  is  necessa ry  t h a t  

Taking the  r e q u i r e d  f i r s t  p a r t i a l s  and equa t ing  t o  ze ro  y i e l d s  

n 

where 

a 

i= 1 

n 
a L  - = - n / a  - n(elZ1 - E;~z,)/u + (xi  - p)2/a3 =. 0, 
aa 1 

i= 1 

n 

d e s i g n a t e  the  kth sample moment about  xo. From ( 2 )  



. 

Equat ions  ( 7 )  and (8) may be w r i t t e n  as 

and 

Expanding t h e  l e f t -hand  s i d e  of (10) and s u b s t i t u t i n g  from (9)  r e s u l t s  
i n  

and consequent ly  

which i s  the  f i r s t  e s t i m a t i n g  equa t ion .  Squar ing  (10) and s u b t r a c t i n g  
t h e  r e s u l t  from (11) g i v e s  ' 

r -1 
n n 

rr- 

Expansion and s i m p l i f i c a t i o n  of t h e  l e f t - h a n d  s i d e  of ( 1 4 )  y i e l d s  

n 

xTIn - 22 = s 2 ,  c 
i= 1 

6 
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t h e  sample v a r i a n c e .  Fron ( 9 ) ,  

u2 = w 2 / ( { 2  - p. 

Hence, equa t ion  (14) reduces  t o  

which i s  the  second e s t i m a t i n g  equa t ion .  

For any g iven  sample of s i z e  n ,  t h e  q u a n t i t i e s  ml/w (ml = - xo) 
and s 2 / w 2  may be computed and the  e s t i m a t i n g  equa t ions  

A 

so lved  s imul t aneous ly  f o r  z1 and t2. 
determined ,  ^a and fo l low from (9) a s  

Consequent ly ,  w i t h  t h e s e  v a l u e s  

(The c a r e t  (") s e r v e s  t o  d i s t i n g u i s h  maximum l i k e l i h o o d  e s t i m a t o r s  o r  
e s t i m a t e s  from t h e  parameters  be ing  e s t i m a t e d . )  Except f o r  s l i g h t  changes 
i n  n o t a t i o n ,  equa t ions  (16) and ( 1 7 )  correspond t o  those  g iven  by Cohen [ 2 ] .  

. 
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111. SOLUTION OF THE ESTIMATING EQUATIONS 

The s imultaneous s o l u t i o n  of e q u a t i o n s  (16)  and ( 1 7 )  i s  o f t e n  a 

Hence, t h e i r  s o l u -  
l a b o r i o u s  t a s k  s i n c e  t h e y  a r e  n o n l i n e a r  and n e i t h e r  e q u a t i o n  can be 
expressed  e x p l i c i t l y  as a f u n c t i o n  of t h e  o t h e r .  
t i o n  may r e q u i r e  some type of i t e r a t i v e  procedure o r  Newton-Raphson 
method [15].  Employing t h e  n o t a t i o n  

e s t i m a t i n g  equat ions  (16)  and ( 1 7 )  have t h e  form 

. 

\ 

and,  hence,  r e p r e s e n t  two f a m i l i e s  of curves  f o r  v a r i o u s  values- of k, 
and k,. For a g iven  sample,  k, and k, a r e  c o n s t a n t s .  I f  t h e  s u b s t i t u -  
t i o n  El = - E 2  and E 2  = - E 1  is made, (18) becomes 

Adding and s u b t r a c t i n g  El i n  t h e  numerator and making a n  a l g e b r a i c  s i m p l i -  
f i c a t i o n  g ives  

8 
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1 

which shows t h e  graph  of Hl(El,E2) - k = 0 t o  be a r e f l e c t i o n  of  t h e  
graph  of H1(E1,E2) - (1 - k )  = 0 about  t he  l i n e  El + E, = 0 .  Thus, i n  
p l o t t i n g  H,(E,, E,), one-ha l f  t he  po in t s  may be  obta ined  by r e f l e c t i o n .  

which shows t h e  graph  of H2(E1,E2) - k = 0 t o  be  symmetric w i th  r e s p e c t  
t o  the  graph  of H2(-Ez,-El) - (1 - k )  = 0 abou t  t h e  l i n e  El + 5 ,  = 0. 
I n  p l o t t i n g  Hz(El,Ez), one-ha l f  t he  p o i n t s  may be obta ined  by symmetry. 

A s  a n  a i d  t o  s o l v i n g  (16) and ( 1 7 ) ,  Cohen [2 ]  graphed the  f a m i l i e s  
of curves  g iven  by ( 2 1 )  and ( 2 2 ) .  H i s  p rocedure  w a s  t o  compute 
H, = (Z - xo)/w and H, = s 2 / w 2  from sample da t a  and then  read  El and E, 
as  c o o r d i n a t e s  of t h e  i n t e r s e c t i o n  p o i n t  of t h e  two curves .  These 
i n i t i a l  estimates se rved  as f i r s t  approximations f o r  subsequent  improve- 
ment by a n  i t e r a t i v e  procedure .  
H2(E1, 5,) were ob ta ined  from abbrev ia t ed  t a b l e s  compiled by Thompson, 
Friedman and G a r e l i s  [13]  who t abu la t ed  t h e i r  v a l u e s  a t  i n t e r v a l s  of 0 .5  
f o r  t h e  arguments El and E,. An ex tens ion  of t h e s e  t a b l e s  [6]  was used 
t o  p l o t  curves  of E;, = cons t .  a g a i n s t  t h e  arguments H1(E1,E2) and Hz(E1,Ez>, 
t h e  i n v e r s e  of t h e  p r e s e n t a t i o n  used by Cohen [ 2 ] .  An improvement i n  
accu racy  of  t he  i n i t i a l  e s t i m a t e s  was obta ined  by t h i s  procedure .  

Cohen's v a l u e s  of H1(E1,Ez) and 

I n  an  e f f o r t  t o  f u r t h e r  improve t h e  accu racy  of t he  i n i t i a l  e s t i m a t e s  
of  s o l u t i o n s  t o  t h e  e s t i m a t i n g  equa t ions ,  new v a l u e s  of H1(E1,E2) and 
H2(E1,E2) were computed and rounded t o  1 0 D  f o r  t h e  arguments 

El = -5 .0(0 .1)  -0 .1  

and 

The computat ions were performed on an  IBM 1620 computer us ing  i n p u t  
v a l u e s  ( t o  l 5 D )  of t h e  normal curve o r d i n a t e s  and a r e a  [ 9 ] .  Func t iona l  
v a l u e s  of Z1(El , f ; , )  and 22(51,E2) were a l s o  computed and ,  t o g e t h e r  w i t h  
H1(El,Ez) and H2(E1,E2) v a l u e s ,  rounded t o  1 0 D  p r i o r  t o  computer o u t p u t  
on punched c a r d s ,  which were machine l i s t e d  f o r  i n c l u s i o n  i n  Table  I. For 
t h e  f a m i l y  of curves  El = c o n s t . ,  the t a b u l a t e d  v a l u e s  of H1(E1,E2) and 
H2(E1,E2) were p l o t t e d  and appear  as F igu re  1, which may be  used t o  
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o b t a i n  i n i t i a l  v a l u e s  of t h e  e s t ima tes  El and g,. El = (2 - xo)/w and H2 = s 2 / w 2  a r e  computed and used t o  e n t e r  F igure  1. 
(1 is read  a t  t h e  i n t e r s e c t i o n  po in t  of t h e s e  values.., and t2 = -E1 is  
read  a t  the  i n t e r s e c t i o n  p o i n t  of Hi = 1 - H, and H,. 
El and t2 ob ta ined  i n  t h i s  manner a r e  then  used t o  s o l v e  the  e s t i m a t i n g  
equa t ions  (18) o r ,  i f  g r e a t e r  accuracy i s  r e q u i r e d ,  they  may be used as 
f i r s t  approximations t o  be improved upon by a n  i t e r a t i v e  procedure .  

Sample v a l u e s  of 

The v a l u e s  of 

IV. VARIANCE OF TKE ESTIMATES 

The a sympto t i c  ( l a r g e  sample) va r i ance -cova r i ance  m a t r i x  of t h e  
e s t i m a t e s  G and ^a obta ined  from (18) ,  is  found by i n v e r t i n g  t h e  m a t r i x  
whose elements  a r e  n e g a t i v e s  of the expected va lue  of t he  second o r d e r  
p a r t i a l  d e r i v a t i v e s  of logar i thms of t he  l i k e l i h o o d  f u n c t i o n  (6) , i . e .  , 
by i n v e r t i n g  the  informat ion  m a t r i x  

c 

where E [  ] deno tes  t h e  expected va lue  of t h e  q u a n t i t y  i n  b r a c k e t s .  S ince ,  

( i  = 1 , 2 )  

1 3  



. . 

i t  fol lows from ( 7 )  and (8)  t h a t  

n 

I n s p e c t i o n  r e v e a l s  t h a t  t he  on ly  expected va lues  needed a r e  E[ (x i  - p)2/a2] 
i n  (27) and E [ ( x i -  p.)/a] i n  (28) ,  s i n c e  t h e s e  a r e  the  on ly  q u a n t i t i e s  which 
c o n t a i n  the v a r i a t e  x .  It can be shown t h a t  

and 

From these  r e s u l t s ,  t he  r e q u i r e d  n e g a t i v e s  of t he  expected v a l u e s  of t he  
second order  p a r t i a l  d e r i v a t i v e s  of the  l i k e l i h o o d  f u n c t i o n  (6)  a r e  
obta ined  as 

1 4  



where 

$11 = 1 + Z l Z l  - i2z2 - (z, - Z 2 ) 2  

Substitution in (25) gives 

The asymptotic (large sample) variance-covariance matrix is found by 
inverting (31). Hence, 

V ( P , 3 )  = (32) I 

1 5  



w i t h  
f 

The c o e f f i c i e n t  of c o r r e l a t i o n  between t h e  v a r i a n c e  e s t i m a t e s  may be 
expressed a s  

( 3 3 )  

A A 

I f  i n  (30) t h e  s u b s t i t u t i o n  2, = - E 2  and E 2  = -Il is made, i t  fo l lows  
t h a t  
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To s i m p l i f y  c a l c u l a t i o n  of the a sympto t i c  ( l a r g e  sample)  v a r i a n c e s  
and cova r i ance  of t h e  esti-mates and 3, t h e  a u x i l i a r y  f u n c t i o n s  p i j ( t l ,E2)  
i , j  = 1 , 2 ,  and p<p1,2,) were eva lua ted  on t h e  IBM 1620 computer and rounded 
t o  1 0 D  f o r  t h e  s a m e  arguments used t o  e v a l u a t e  t h e  f u n c t i o n s  of S e c t i o n  111. 
Likewise,  t h e s e  v a l u e s  were machine l i s t e d  from punched ca rds  and a r e  
inc luded  i n  Table  I. With t h e  excep t ion  o f  one e a r l i e r  b u t  less  e x t e n s i v e  
t a b l e  [6]  prev ious  t a b u l a t i o n  o f  these  v a r i a n c e  f a c t o r s  f o r  doubly t r u n -  
ca t ed  normal s a m p l e s  has n o t  been seen by t h i s  w r i t e r .  

For any  doubly t runca ted  sample, a f t e r  r e a d i n g  El and t2 from Fig-  
u r e  1, e n t e r  t h e  a p p r o p r i a t e  columns of  Table  I and i n t e r p o l a t e  t o  o b t a i n  
t h e  r e q u i r e d  v a l u e s  of p i j ( t l , t 2 )  i , j  = 1 , 2 .  The a sympto t i c  v a r i a n c e s  
and cova r i ance  may then  be approximated w i t h  ( 3 3 ) ,  t h e  e s t i m a t e  of  ;j2, 
and t h e  s a m p l e  s i z e  n .  S i m i l a r l y ,  ~ (6 , s )  may be  approximated from (35) .  

V. EFFICIENCY OF THE ESTIMATES 

The q u e s t i o n  of j o i n t  e f f i c i e n c y  of t he  e s t i m a t e s  6 and ^a ar i ses  
n a t u r a l l y  a t  t h i s  p o i n t .  Swamy [12] demonst ra tes  t h a t  t h e  j o i n t  
e f f i c i e n c y  of BAN ( b e s t  a s y m p t o t i c a l l y  normal) e s t i m a t e  [ 7 ]  of p and CJ 

based on incomple te  ( s i n g l y  o r  doubly t r u n c a t e d )  s a m p l e s  o f  s i z e  n 
depends on t h e  p o i n t s  of t r u n c a t i o n  E l  and t2, monoton ica l ly  i n c r e a s i n g  
t o  t h e  j o i n t  e f f i c i e n c y  of BAN e s t i m a t e s  of  p and a based on complete 
s a m p l e s  of t h e  same s i z e  as t h e  d i s t a n c e  between the p o i n t s  of  t r u n c a -  
t i o n  i n c r e a s e s .  S ince  maximum l i k e l i h o o d  e s t i m a t e s  a re  a l s o  BAN e s t i -  
mates,  i t  fo l lows  t h a t  t h e  maximum l i k e l i h o o d  estimates of  p and CJ based 
on a doubly t r u n c a t e d  s a m p l e  a r e  j o i n t l y  l e s s  e f f i c i e n t  than  those  based 
on t h e  complete  sample f o r  f i x e d  n. 

The j o i n t  e f f i c i e n c y  of  t h e  e s t ima tes  6 and a based on doubly t r u n -  
ca t ed  samples i s  de f ined  as . 

which is  t h e  r a t i o  of t h e  de t e rminan ta l  v a l u e  of  t h e  in fo rma t ion  mat r ix  
(25) f o r  a doubly  t runca ted  sample of  s i z e  n t o  t h e  d e t e r m i n a n t a l  v a l u e  
of  th i s  m a t r i x  f o r  a complete sample of s i z e  n .  
n o t a t i o n  of  S e c t i o n  I V ,  e f f i c i e n c y  may be expressed  as 

I n  terms of  t he  p i j  

b 
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where 

For a complete sample of s i z e  n ,  

Hence , 

and t h i s  q u a n t i t y  may be e v a l u a t e d  d i r e c t l y  from Table  I. 

V I .  ILLUSTRATIVE EXAMPLE 

To i l l u s t r a t e  e s t i m a t i o n  of IJ. and G from a doubly t r u n c a t e d  normal 
sample,  the methods developed h e r e  w i l l  be  a p p l i e d  t o  t h e  example g iven  
by Cohen [ 2 ] .  

The e n t i r e  p roduc t ion  of a c e r t a i n  bushing i s  s o r t e d  through go ,  
no-go gauges,  w i t h  the  r e s u l t  t h a t  i tems of d i ame te r  i n  excess  of 0.6015 
inches  and those  less than  0.5985 inches  a r e  d i s c a r d e d .  A random sample 
of 75 bushings s e l e c t e d  from t h e  screened  popu la t ion  r e s u l t e d  i n  

= 6.0014933 x s 2  = 3.71187 x 

x 0 = 5.985 x w = 3.0 10-3. 

Thus, 

H, = (2  - xo)/w = 5.49777 x 

H' = 1 - H, = 4.5022 x 

H, = s 2 / w z  = 4.1243 x 

I 

I S  

I 
m 



c 

c 

. 

7 

I n t e r p o l a t i o n  i n  F igure  1 g ives  

h h 

= -2.525 and E2 = 2.000 

as e s t i m a t e s  of and E2. S u b s t i t u t i n g  i n  ( 1 8 )  y i e l d s  

3 = w/& A - xl) = 0.0030/4 .525  = 6.62983 x 

Ah 

= 0.5985 - (6 .62983 x 1 0 - 4 ) ( - 2 . 5 2 5 )  = 6.0017403 x 10-l. A p = x - 051  
0 

From Table  I, v a r i a n c e  and covar iance  f a c t o r s  and the  c o r r e l a t i o n  between 
t h e  e s t i m a t e s  a r e  i n t e r p o l a t e d  as 

p11(zlYz2)  = 1.21710, pl2(Z1,Z2) = 0.17458, 

V 2 2 ( i l y i 2 )  = 0.93069, p($,a) = 0.16411. 

From (36) ,  t h e  j o i n t  e f f i c i e n c y  of t h e  e s t i m a t e s  $ and is 

e ( -2 .525 ,2 .000)  = 0.5/1.10226 = 0.4536. 
DT 

With ^a2 = 4.39546 x and = 7 5 ,  t h e  v a r i a n c e s  and cova r i ance  of 
t h e  e s t i m a t e s  and 3 a r e  approximated by ( 3 3 )  as 

V(G) - 7.13295 x lo” ,  V($) - 5.45441 x lo” ,  

Standard e r r o r s  of t he  e s t i m a t e s  follow a s  

c 

a(;) = m- 8.44568 x 

a($) = m-- 7.38540 x 
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VI1 . CONCLUSIONS 

The a u x i l i a r y  e s t i m a t i n g  f u n c t i o n s  g iven  i n  equa t ions  (19) and (20) 
cons ide rab ly  reduce the  computa t iona l  e f f o r t  r e q u i r e d  t o  e s t i m a t e  the  
parameters p and D of  a normal popu la t ion  from doubly t r u n c a t e d  s a m p l e s .  
F igu re  1 and  Table  I should  prove adequa te  f o r  o b t a i n i n g  t h e s e  maximum 
l i k e l i h o o d  e s t i m a t e s  i n  most p r a c t i c a l  s i t u a t i o n s .  R e l i a b i l i t y  of t h e s e  
estimates can be obta ined  from e q u a t i o n  ( 3 3 )  and t h e  a u x i l i a r y  e s t i m a t i n g  
f u n c t i o n s  ( 3 4 )  and ( 3 5 ) ,  a l s o  t a b u l a t e d  i n  Table  I. The j o i n t  e f f i c i e n c y  
of 6 and fo l lows  from ( 3 8 ) .  

t 

To e v a l u a t e  the  a u x i l i a r y  f u n c t i o n s  (19 ) ,  (20), ( 3 4 )  and ( 3 5 )  o n l y  
areas and o r d i n a t e s  of the normal curve  a re  r e q u i r e d .  Such t a b l e s  [8] 
a r e  r e a d i l y  a v a i l a b l e ;  however, i f  computer s u b r o u t i n e s  are  a v a i l a b l e  
t o  c a l c u l a t e  t h e  normal a r e a s  and o r d i n a t e s ,  e v a l u a t i o n  of  t he  a u x i l i a r y  
f u n c t i o n s  could be  reduced t o  s imply  s p e c i f y i n g  v a l u e s  of t h e  f u n c t i o n  
arguments and E 2  as i n p u t  t o  a computer program. Thus, t h e  e f f o r t  
r e q u i r e d  t o  o b t a i n  t h e  parameter e s t i m a t e s  would be f u r t h e r  reduced and , 
through i t e r a t i o n ,  t h e  accu racy  of  t he  e s t i m a t e s  could be  s p e c i f i e d  f o r  
any g iven  s i tua  t ion.  
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. 8 3 6 2 0 9 9 2 & 5  
- 8 3 1 7 1 7 1 2 5 5  
- 8 2 6 9 3 9 8 6 1 5  
.821  8739'1 79  
- 8 1 6 5 1 6 6 3 7 1  

. 0 1 2 5 6 2 3 6 2 0  

. 0 1 2 7 3 4 8 3 9 8  
~ 0 1 2 8 6 8 7 5 3 6  
. 0 1 3 0 5 3 2 8 5 2  
e 0 1 3 2 5 7 5 5 1 7  

1 .0687570608 
. 9 9 8 1 6 6 7 1 7 7  
a929416 '1813 
. 8 6 2 6 1 8 0 0 8 9  
. 7 9 7 8 8 5 0 1 8 2  

'19.2761103G62 
6 0 .  L720GI  8 3 66 
3 3 . 1 7 7 8 8 L 2 4 b t  
27 .1547278 '917  
22 .1976a76487 

1 8 r 1 3 1 5 3 6 5 1 9 3  
16 .3072183562 
32 .198335G27? 

9.8 9  8 37 1 6 Y 0 9  

.OuOUU275il 

.OUOOU25666 

. 0 0 0 0 0 2 4 0 6 0  

. 0 0 0 0 0 2 2 6 8 3  

.0000021501 

. 7 3 5 3 3 2 1 3 9 0  

. b 7 5 0 7 3 5 1 3 9  
e 6 1 7 2 2 1 1 3 9 9  
. 5 6 1 8 8 2 9 4 9 5  
. 5 0 9 1 6 0 6 4 4 9  

. 0 1 4 e 3 0 5 9 2 5  

.015135047* 

. 0 1 5 4 4 5 4 4 9 0  
- 0 1 5 7 5 8 7 6 4 7  
. 0 1 6 0 7 1 6 2 1 6  

.0000020485 

.0000019613 

.0000018864 

. 0 0 0 0 0 1 8 2 2 1  

.OO00017671 

. 4 5 9 1 4 7 3 1 8 0  
-41192 '19062 
A 6 7 5 6 1 5 5 8 6  
. 3 2 6 1 0 9 0 0 8 3  
. 2 8 7 6 0 0 0 6 8 9  

a 0 1 6 3 8 0 3 2 4 9  
. 0 1 6 6 8 0 8 9 4 0  
. 0 1 6 9 6 9 1 2 0 4  
.0172&06*59 
. 0 1 7 4 9 1 0 6 4 2  

6 .678679546E 
5 r 5 2 1 1 7 6 9 6 1 0  
4 .5926173375 
3 .8491193819 
3 .2558010320 

3 .237C274417 
? .7  197Y I Y 3!, 7 
2 . 2 8 1 I b h 5 L 7 1  
1 .Y097Ul"57L 
I .596223" t l i '  

. 0 0 0 0 0 1 7 2 0 1  

.OU00016800 
~ 0 0 0 0 0 1 b 4 6 1  
.OUOU016173 
.0000015932 

. 7 7 8 3 5 3 3 7 ? 8  . O l 7 7 l b 0 4 0 2  
.0179114*56 
. 0 1 8 0 7 3 5 0 3 7  
.01819893*9 
. 0 1 8 2 8 5 0 9 3 0  

. n i 8 3 3 0 0 8 3 7  

. n i 8 2 9 3 ~ ~ 0 6  
- 0 1 8 3 3 2 8 5 3 1  

. 0 1 8 2 1 1 9 8 7 8  

. 0 1 8 0 9 0 7 0 3 6  

e 0 1 7 9 3 1 7 8 6 2  
. 0 1 7 7 3 8 3 0 7 8  
. 0 1 7 5 1 3 8 7 0 9  
.0172624'172 
. 0 1 6 9 8 8 2 1 1 6  

. O l h 6 9 5 3 8 1 ~  

.0163880722 

. 0 1 6 ~ 7 0 1 7 6 7  

.0157452714 

.015416552* 

.0150867997 

.0147583662 

.01"&3?1887 

.013798*319 

e 0 1 9 4 9 0 9 2 7 5  
.0131909173 

~ 0 1 2 5 1 ~ 1 9 2 7  
.0123389779 

. 0 1 2 0 7 1 3 2 6 9  

. 0 1 I 8 1 1 7 3 2 0  

.0115600285 

.0113160120 

.0110794531 

.0141128131 

.0128987991 

.~ 

.219 ' r366170 

. I 8 9 7 3 5 0 9 5 6  
- 1 6 2 8 8 1 2 5 8 6  
- 1 3 8 7 0 9 7 9 3 1  

- 1 1 7 3 5 1 6 5 5 9  
.098Y359492 
. 0 8 1 8 9 2 6 0 9 4  
.Ob75558094 
. 0 5 5 2 4 7 8 7 8 9  

~ ~~ . 
. 7 7 1 0 5 8 8 8 1 1  
e 7 6 3 5 3 4 3 7 3 1  
. 7 5 5 8 0 0 0 5 6 0  
. 7 4 7 8 7 8 7 3 8 5  1 .6875150292 

. 0 0 0 0 0 1 5 1 3 8  

. 0 0 0 0 0 1 5 0 7 7  
.OU00015028 
.OU00014990 
.OUOOU1*9bO 

.04'-7836426 

.03597C7766 
.028634121* 
. 0 2 2 5 7 9 6 3 4 1  

7 8 3 0 6  

. 6 9 7 9 1 8 0 3 @ 0  
a 6 8 9 4 4 8 1 5 7 1  
. 6 8 1 0 0 9 2 3 0 3  
. 6 7 2 6 2 4 5 7 6 3  
.66'.315155Y 

1 . 1 2 3 6 5 3 1 2 4 4  
1 .096039149"  
1 .1743676169 
1.L5738'1070t 

1.114U1300744 
1. 'J3 37  3 5 ? 96P 
1. '12 5 6 779 b t  5 
1.119'126297L 
l .C1&6370665 

a 6 5 6 0 9 9 3 3 0 b  
. 6 4 7 9 9 2 7 6 6 1  
. 6 4 0 0 0 8 4 3 0 7  
. 6 3 2 1 5 6 6 8 7 1  
. L Z Y ' I I 5 & 5 C ,  

.0136&65824 

. 0 1 0 4 5 7 1 9 2 6  
- 0 0 7 9 3 5 7 3 0 7  
. 0 0 5 9 6 3 6 6 1 2  
.0!2%3784?? 

.003269984n 

.no123263e8 

- 0 0 2 3 8 5 7 2 8 2  
+ 0 0 1 7 2 3 4 0 2 6  

. 0 0 0 8 7 2 8 8 6 0  

e 5 8 4 7 8 7 6 5 4 1  
. J o 9 j i R 5 F C i  
.5567?*907* 
.5"53R5%'75 
. 5 3 6 7 3 7 9 9 8 5  

.0000014882 

.0000014877 

.0000014874 

.OU00014872 

. o o o o o i ~ 8 7 1  

- 6 1 6 8 8 0 4 3 2 6  

e 0 0 0 6 1 1 9 9 9 5  
. 0 0 0 4 2 4 8 2 6 2  
. 0 0 0 2 9 1 9 6 8 1  
. 0 0 0 1 9 8 6 6 5 1  
. 3 0 0 1 3 3 8 3 & 5  

e 5 8 1 3 2 4 3 5 9 0  . 0 0 1 3 ? 9 6 9 4 7  
. 5 7 4 6 b 3 9 8 4 0  
- 5 6 8 1 4 8 8 0 8 9  
~ 5 6 1 7 7 5 5 9 7 9  

.505900C?41 

.50 '3741570 

.0000014868 

.0000014868 

. 0 0 0 0 0 1 4 8 6 7  

.OCO0014867 

. 0 0 0 0 0 1 4 8 6 7  

. O C 0 0 0 1 ~ 8 6 7  

. 5 5 5 5 4 0 8 5 0 3  

. 0 0 0 0 8 9 2 6 3 5  

. 0 0 0 0 5 8 9 4 ? 9  

. 0 0 0 0 3 8 5 3 5 5  

. 0 0 0 0 2 4 9 4 2 6  

. 0 0 0 0 1 5 9 8 3 8  

.5494409037 

. 5 4 3 4 7 2 0 1 5 5  
e 5 3 7 6 3 0 4 2 4 9  
1 5 3 1 9 1 2 3 9 8 3  
- 5 2 6 3 1 4 2 6 3 5  

. 0 0 0 0 0 1 4 8 6 7  .0000101409 0 5 2 0 8 3 2 4 3 1 9  

.000001&867 . 0 0 0 0 0 6 3 6 9 8  .515Lb34141 
m0108501076 
.0106277246 

6.8 .OU00014867 . 0 0 0 0 0 3 9 6 1 3  . 5 1 0 2 0 3 8 2 9 1  .0104120528 ... ~. 
4.9 ~ 0 0 0 0 0 1 4 8 6 7  .0000024390 .505050C089 .0102028427 1.OGd0193851 . n o o o i 5 8 0 1 ~  
5.0 ~ 0 0 0 0 0 1 4 8 6 7  . 0 0 0 0 0 1 4 8 6 7  . 5 0 0 0 0 0 0 0 0 0  .0099998513 1 . 0 0 0 0 1 4 8 6 7 a  .50"0966556 . o m ~ n n o w  

2 3  
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TABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 

€,=-4.9 

.C9*3811994 5 .0558783668 .9P989910CC 

.3U2573*775 4 .7806136255 - 0 5 8 8 4 9 7 6 2 2  157ihY.cr&u02c1)!23 
.0533250&05 90826.84111.r00100 
. 0 4 8 1 6 9 7 & 7 5  572 '8 .1002hSibZE 
.043482028b , 3 8 5 8 1 . 3 0 h l 1 2 7 1 1 2  

-4.q 
- 6 . 3  
-6.2 
-4.1 
-9.0 

-3.9 
-3.8 
-3.7 
-3.6 
-3.5 

- 3 . 4  
- 3 . 3  
-3.2 
-3.1 
-3.0 

-2.9 
-2.8 
-2.7 
- 2 . 6  
-2 .5  

-2.6 
-2.3 
-2.2 
-2.1 
-2.0 

- 1 . Y  
-1.8 
-1.7 
-1.6 
-1.5 

-1.6 
-1.3 
-1.2 
-1.1 
-1.0 

-0.9 

-0.7 
-0.6 
-0.5 

-0.4 
-0 .3  
-0.2 
-0.1 

0.0 

0.1 
0.2 
0.3 
0.6 
0.5 

0.6 
0.7 
0.8 
0.9  
1.0 

1.1 
1.2 
1.3 
1.4 
1 .5  

1.6 
1 .7  

1.9 
2.0 

2 . 1  
2.7 
7 .3  
2.' 
2.5 

2.6 
2.7 

2.Y 
3 . 0  

3 . 1  
1.: 
4 . 1  

S.6 
1.5 

) . 6  
1 . 7  
3.8 
?.,? 

I/ . 

-0.8 

1.8 

2 .n  

( 3 . 1  

L . 7 
!I . 3 
1. . 4 
il . 5 

4.6 
4.7 
el . R 
I8.C 

. 9 9 m 5 0 0 3 8 5  

.9997892953 

. 9 9 9 7 1 6 6 5 4 6  
a 9 9 9 6 3 1 9 7 4 3  

. i n 9 5 5 8 0 2 1 6  
a1208703354 

4 .1719302096 
6 .0622172545 
3 .9500515565 
3 .857430612?  
3 .75913&55&8 

3.66241 3 C 3 8 2  
3.5bb8011785 
3 .4720131147 

3.204264LY'lh 
3 . ? i 7 8 6 9 8 0 2 7  

.0392978715 

.0356116860 
- 0 3 2 3 9 3 0 3 0 3  
a 0 2 9 5 9 8 7 9 6 6  
. 0 2 1 1 8 1 3 4 2 9  

.OS12202052 

.0339362656 

.0227259434 

.0123152110 

.0105059739 

.01)12491013 

.0050501837 
eOl.35519255 
e 0 0 2 5 2 1 8 6 9 1  

e 8 5 1 3 3 8 3 7 9 5  

. 8 5 5 0 8 6 4 1 2 0  
- 8 5 8 3 3 6 9 3 2 0  
. 8 6 1 1 4 3 4 0 8 5  
. 8 6 3 5 5 0 5 8 5 0  
.E655959003 

3 .1911346955 
3 .0981471566 
3 . 0 0 b l 8 8 0 8 2 b  
2 .9143569570 
2 .8229621381 

2 .7320208150 
2 .6415528629 
2 .55158*0937 
2 .4621439942 
2 .3732b55206 

2 . 2 8 4 9 8 5 0 I 6 2  
2 .1913423332 
2 .1103806135 
2 .0141166817 
1 .9386910721 

. 0 1 8 2 2 1 5 8 9 7  

a 0 1 6 5 9 5 h 9 9 8  
.015942786* 
- 0 1 5 3 7 8 7 1 2 4  

. o i 7 3 5 0 2 2 8 5  

. 8 6 7 3 1 0 6 5 8 1  

.E687209904 

. 8 6 9 8 1 8 6 4 2 1  

. 8 7 0 7 1 1 6 1 9 9  
r 8 7 1 3 2 4 7 2 0 0  

. 8 7 1 6 9 9 9 6 3 1  

. 8 7 1 0 ~ 6 9 5 1 0  

.87177316OY 

. 8 7 0 9 8 3 9 5 1 6  

. 8 7 1 4 8 4 1 8 8 7  

L2.9941939166 

35 .5594161777 
3 2 . 3 5 6 1 7 9 5 5 1 1  
2 Y . L 4 4 b R V 7 8 1 ?  

26.190720&526 
2 6 . 3 f 7 ? ? 5 0 6 3 7  
2 2 . 1 5 1 5 1 R h l 7 1  
2C.1213135525 
I 8 . 2 1 1 1 ? 6 1 6 2 ?  

?9 .08nn751707 

1 .8540682031 
1 .7103?65959 
1 .6875590523 
1 .60580284L0 
1 . 5 2 5 1 3 ~ 8 8 2 5  

1.4456468b20 
1. J 6 7 4 0 5 3 b 2 0  
1 .2905018957 

1 . 1 ~ 1 0 7 9 5 4 1 6  

1 .0187576580 

. 9 2 9 4 1 6 9 3 b b  

.862b18169R 

. 7 9 7 8 8 5 3 ? 5 5  

1 . 2 1 5 ~ ~ 7 8 8 3 2  

. ~ 9 8 1 6 7 z ~ d 7  

.0129"53539 

.01319754*3 

. 0 1 3 3 3 1 4 6 5 7  
- 0 1 3 4 8 8 2 5 9 5  
. 0 1 3 6 6 6 9 5 5 5  
. 0 1 3 8 5 6 5 5 7 6  

.851'887hU0 

.8448061 '169  

. n h n 2 2 5 ~ u * ~  

. n 3 7 1 6 7 2 5 5 6  

. 8 2 8 4 1 7 7 3 9 7  

. n 1 8 5 1 3 3 2 2 ~  

. H I 1 1 2 2 2 7 7 2  

. R3293*423'1 

$ 8 2 3 6  12041 3 

.8 1 3  1 I90260 

.0154295010,  

. 0 1 5 7 1 4 1 6 9 7  

.3675b16'181 

. 3 2 6 1 C Y O t i 5 3  

.2076co  I 3'17 

. b 9 1 h 0 2 1 9 0 1  

.68507G3225 

. b 7 6 5 7 8 9 ? 5 9  

. b o 8  I k D  1 176 

. 4 5 9 7 7 9 @ 0 7 7  

. I 9 7 h 7 v 1 64') 

. h L 3 3 :  I 2  I 7 5  . h 3 5 31 1 3  3 c> 3 

. 621*4080VIr  

. 6 1 9 6 9 1 7 2 1 7  

!4 



- 4 . 3  
-4.2 
-4.1 
-*.0 

-3.9 
-2.8 
-,.7 
- ? . 6  
-3.5 

-3.6 
-3.3 
-3.2 
- 3 . 1  
-3.0 

-2.9 
-2.b 
-2.7 
-2.6 
-2.5 

-2.4 
-2.3 
-2.2 
-2.1 
-2." 

-1.9 
-1.8 
- 1 . 1  
-1.6 
- 1 . 5  

-1.6 
-1.3 
-1.2 
-1.1 
-1.0 

-0.9 
-0.8 
-0.7 
-0.6 
-0.5 

-c.* 
- @ . 3  
-0.2 
-0.1 

0.0 

0.1 
0 .2  
c . 3  
0.6 
0.5 

0.6 
C.7 

0.9 
1.0 

1.1 
1.2 
1.3 
1." 
1.5 

1.6 
1.1 
1.8 
1 .9  
2.0 

2.1 
2.2 
2.3 
2.4 
2.5 

2.6 
2.7 

2.9 
3.0 

3.1 
3.2 
3.3 
3 . 4  
3.5 

3.6 
3.7 
3.8 
3.9 
4.0 

4.1 
6.2 
6 . 3  
4.6 
4.5 

6.6 
6.7 
4 .a 

3.8 

2.8 

. 6 7 3 7 6 1 6 8 1 5  

. t Y Y l l Z ~ O I I  

. 7 2 2 6 0 0 @ l t 5  . '1.2 b'rllP 5  5 5 

e 0 5 9 6 2 5 2 2 7 6  

. 7 h l l 1 8 ' 1 0 1 2  

. 7 7 5 1 3 8 9 1 4 5  

. 7 8 8 ~ 9 a n ~ 2 8  

.7919'7??12 

.P09891C45b 

. n i 8 5 3 + 9 1 ' 2  

. u ? 2 6 0 5 e i n i  
e 8 2 6 0 5 6 2 0 5 2  

.R383117159 

.OC3?816b?@ 

3.565835*<'7 
3 .5691234133 
3 .113bC22dd2 
? . 3 1 @ 9 b 7 ? 7 1 6  
~ . Z E ~ O Z ~ Z ~ Y ~  

. 8 & 1 6 0 6 2 3 3 &  
e 8 5 1  3612971 
.85LblC6?1L 
.85?*075391 
. e591961553 2.8231056691 

. 0 1 b l 3 0 5 4 2 7  

. 0 1 5 6 3 4 8 1 3 9  
. 0 1 5 2 1 0 & 3 8 6  
.OIL8497368 
e 0 1 4 5 4 6 2 3 3 3  

.01929LLb43 

. 0 1 4 0 8 9 8 1 4 0  
2 .2850101615 
2 .1973615453 
2.110?95'899 
2 .C241582886 
1 . 9 3 8 7 ~ 0 1 8 8 5  

. 8 6 1 5 8 2 9 0 2 2  

. 8 6 7 6 4 3 0 3 1 9  
r 8 6 1 4 7 3 1 2 5 0  
. 8 6 7 0 7 8 5 1 7 2  

. D l 3 6 7 2 6 9 6 8  

1 . 5 2 5 1 4 2 9 0 2 6  ! 1.1791673 '22  

.0138817**5 
.01*0052704 
. 0 1 4 1 5 3 2 8 9 1  
.01G3246709 
.GI45182721 

1 2 7 ~ 5 9 5 1 6 4 5 0 7 9  
106.033871093L 

E7.8902V8834q 
1 2 . b 6 9 2 b 4 6 5 6 1  
5 9 1 9 3 9 5 6 8 2 1 4 8  

1 .0687586324 

8 . 8  b2'i 16 3 312 

e 7 3 5 3 3 2 8 2 9 1  
. 6 7 5 0 ? 4 1 0 4 3  
. b 1 7 2 2 1 6 k b l  

.509161@1EO 

. 5 6 1 8 8 3 3 8 3 9  

.829525+1OO 

.82L9865Cb8 

.820153875* 

. 8 1 5 0 2 3 5 8 8 5  

. a 0 9 5 9 3 3 6 1 7  

.60386255Q2 
. 1 9 7 8 3 2 7 3 5 3  
. 7 9 1 5 0 ? 7 1 9 9  
. 7 8 & 8 9 3 9 7 2 b  
.7780007700 

. 0 1 6 0 6 5 3 0 2 6  

. 0 1 6 3 6 9 1 6 1 6  

.0166800*95 

. D l 6 9 9 3 7 6 8 1  

. 0 1 7 3 0 6 9 7 3 4  

1 8 . 1 4 0 3 9 2 ~ ? 7 4  
I ( l .813128C493 
1 2 ~ 1 0 2 6 ' l 5 2 5 7 6  

9 .9010171151 
8 .1185661659 2 . 4 1 1 1 2 5 2 5 1 9  

b.679861LB05 
5 .5221J29212 
4 . 5 9 3 0 1 6 3 9 4 4  
3.849579?6411 
3 .2560103498 

2 .7834b85583 
2.G018516108 
2.109Y*55857 
1.87102793U5 
1 .6875171136 

1 .5402581315 

. 4 1 1 9 2 5 1 8 1 5  
e3675617Y49 
. 3 2 b 1 @ 9 2 1 0 @  
.2876PO2&21 

.2520bbZ?RO 
e 2  19'13 b '42 7  
. 1 8 9 1 ? 5 2 0 2 1  
. 1 6 2 8 8 l i L 8 4  
.138789e68* 

.1173517189 

. 3 9 8 4 3 6 0 0 1 &  

. 0 8 1 8 9 2 6 5 2 4  

. 0 6 7 5 5 5 8 3 9 7  

.0552L79075 

.7708k03&b6 
. 7 6 3 4 2 7 0 5 5 6  
.1551818334 
. 1 1 7 9 ? 3 0 5 8 2  
. 7 3 9 8 7 5 2 9 7 8  

e 0 1 8 9 3 7 1 3 4 8  
. 0 1 9 1 2 5 1 0 8 4  
a 0 1 9 2 7 7 1 5 8 7  
. 0 1 9 3 9 1 6 8 8 3  
. 0 1 9 4 6 4 1 8 1 7  

1 .3319363565 
l . I 0 9 l u 5 0 ? 1 0  

.9217Y18297 . 164192815'1 
. 6 3 2 8 6 4 4 3 1 6  

1 .L031955562 
1 .28753169tY 
1.16674 1 8 4  7 1  
1 . 0 9 7 1 9 0 8 3 J 7  
110183555C87 

.9LP1631019 

.8@71rS19C91 

.83315RCILR 

. 1 @ 5 4 ? 9 5 7 6 9  

. 1 ~ 3 5 1 1 1 6 8 6  

.62991 '8271 

.5?306:1112 
a b 8 2 6 4 3 4 2 3 6  

. "3228331Ci  

.3 e 307  18576 

. ? 1 1 7 1 5 7 7 9 1  

. 2 7 1 3 ~ l l i O l  

.25O2hPOO'l 

e 2 1 2 8 8 9 8 7 3 7  
.1:93811157 
.lGY7*7365C 
. I 2 3 8 6 5 7 5 2 6  
. l o 1 5 2 5 9 1 5 3  

. 5 a 2 + a 3 a v 1 3  

.019*93327* 

. 0 1 9 4 7 8 1 0 8 1  

. 0 1 9 4 1 8 4 5 2 0  
a 0 1 9 3 1 5 2 3 9 2  
. 0 1 9 1 ? 0 2 6 0 5  

. 0 1 8 9 8 6 1 3 1 6  

. 0 1 8 7 6 b l b 8 8  
e 0 1 8 5 1 4 2 3 4 9  
- 0 1 8 2 3 4 5 6 8 3  
. 0 1 7 9 3 1 6 0 6 6  

1.12'1058U442 
1.33211 6 0  012 5  
1 . 2 6 0 3 0 3 9 6 6 7  
1 . 2 0 3 & 9 6 9 6 1 1  

. 0 4 4 7 8 ? 6 6 5 7  

. 0 2 8 6 3 4 1 3 b l  

. 0 2 2 5 7 9 6 4 5 7  

. 0 1 7 6 3 7 8 3 9 6  

. n 3 5 9 ? ~ 1 9 5 1  
r 6 8 9 1 6 2 1 7 2 1  
. b e 0 5 7 5 6 0 3 2  
. b 7 2 0 2 3 9 2 5 1  
. 6 6 3 5 3 1 1 5 9 5  
.6551181502 

a 5 6 9 1 8 1 3 3 4 5  
. 5 5 6 3 0 & 5 C 3 3  
e565115621J2 
. 5 3 6 4 1 ? 6 5 4 6  

~ ~ " " . . . ~ ~ .  . I j j  ; , * .  
. 5 ? 2 7 5 1 8 2 5 1  
.5177'033'7 
. 5 1 3 7 0 3 3 e 5 9  

.CC23857294 

.OD17234034 
e 0 0 1 2 3 2 6 3 5 5  
.300872886L 

. 0 0 0 b l ! 9 9 9 8  
. 0 0 0 4 2 4 1 2 6 4  
. 0 0 0 2 9 1 9 6 8 3  
. 0 0 0 1 9 8 6 6 5 ?  

1 . 0 0 2 2 6 3 9 b 4 3  
1 ~ 0 0 1 6 1 2 7 6 0 ~  
1.00113Y6995 
1 .0001994515 
1 . 0 ~ 0 5 5 7 0 6 7 8  

1 . 0 0 0 3 8 6 2 1 2 5  
1 . 0 0 0 2 b 7 1 5 8 1  
l .C0018*?683 
1 .0001?8PbL2 
i .n000909?98 

1 . 0 0 0 0 6 5 6 7 5 1  
1.00001189263 
1 .0000?803CC 

. 0 1 2 9 0 6 0 6 4 4  

. 0 1 2 6 1 9 8 0 8 1  
a 0 1 2 9 4 2 3 8 7 9  
. 0 1 2 0 7 3 6 0 5 6  
- 0 1 1 8 1 3 2 2 3 5  
. 0 1 1 5 6 0 9 7 8 8  

. 0 1 1 3 1 6 5 9 5 0  

. 0 1 1 0 1 9 7 9 0 0  

. 0 1 0 ~ 5 0 2 8 1 8  

e 5 0 0 3 1 2 9 8 9 h  
. 5 0 0 2 8 7 2 6 0 5  
.5Cr228656L 

L 
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rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) I 

€,=-4.7 1 
.h7"4RhOh9h .5288381970 

.329:759973 

.2U97311@91 

4 1 8 9 3 5 9 5 1 b 2 2  
4 .6114089127 
4.40b5951C14 

-9.2 
-4 .1  
-6.0 

-3.8 
-3.9 

- J . l  
-3.b 
-1.5 

- 3 . *  
- 3 . 3  
- 3 . 2  
-3.1 
- 3 . 3  

-2 .1  
-?.a 
- 2 . 1  
- ? . b  
-2.5 

- 2 . i  
-2 .3  
-2.2 
-2.1 
-2.u 

-1.9 

-1.7 
-l.b 
-1.5 

- I . *  
-1.3 
-1.2 
-1.1 
-1.2 

- L A  
- , . b  
- . . I  
-u .b  
- J .5  

-u.* 
- > . I  
-7.: 
-11.1 . <l  

U.l 
J.? 
J. 2 ".* 
u . 5  

? . b  
, l . l  

6.8 " . 'i 
1.0 
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I .b 
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2.5 
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2 . 1  
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I . ?  
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1 . 1  %." 
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I. . I 
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.03163'1'1599 
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. n 2 7 n z b 3 8 n ~  

. ' 3 8 b 7 5 i b l R  
1560683599 

e 1 1  1 2 2 3 8 0 9 8  
c 

3 0 L . 1 2 3 8 k ii 0 b ? 1 

2.313;512363 

e 0 1 5 3 2 0 3 4 4 5  

1 5  l.i 1 1 6 7 6 4  I 1  7 

3 .  hill6 I 9 H *  7 2 
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rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 
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. 6 6 7 1 7 9 0 3 8 8  . O b 6 4 5 3 2 9 8 1  2 6 2 I L 1 . 1 0 1 6 2 9 8 6 9 8  10375.h'rl7RL5'Y8 3 5 2 1 . 1 2 4 3 9 1 1 5 8 1  4.1 
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0.0 
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0.b 
0 . 7  
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1.7 
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2.0 
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1.7 
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4 .  1 
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4 . 3  
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4.6  

- 5 4 6 8 2 2 5 1 3 6  
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4 .32011C2463 
4 .156680808"  
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3 . 8 9 7 5 6 0 4 6 1 2  
3 .7857690202 

3 .6802786720 
3.5789G52773 
3 .4802912591 
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3 .1939112758 
3 .10C4293618 
3.0016051'140 
2 . 9 1 5 3 7 8 6 0 5 1  
2 . 8 2 3 7 0 5 3 8 8 8  

7 5 5 0 1 . 7 7 i i 4 3 6 2 9 7  
4 6 9 4 4 . 2 0 6 2 8 6 3 9 6 2  
3 1 1 9 0 . 8 9 9 6 8 3 b l 9 8  

15903.  I 3  5 14 1 2  6 5 L 
2 1 8 2 1 . 8 0 5 6 ~ 5 1 2 3 8  

90 28.2I  1 38 3'. 75 5 
5 7 0 9 . 1 3 7 1 8 5 3 8 6 8  
3 8 6 1 . 1 1 Y 0 6 r i ? 5 9  
2  7  5 1.9- 9 1 8  b 6 57 1  
2014.8655163C77 

l S 1 1 . 1 3 1 5 1 ? l 0 Z 8  
12LC.2852127177 
1300.8951129917 

h 8 5 . ~ 3 4 2 2 4 ~ 5 1 1 8  
8 2 7 . 3 ~ ~ 7 1 2 0 7 8 2  

lCSd.10C7921095 
b'li.171664225', 
4 78.33'32 3 3 5 1 5  : 
3 ~ 7 . 1 1 6 3 L 5 1 5 9 1  
2 6 ? . 2 8 6 4 1 2 3 5 1 8  
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! E ( . .  5 I 5 1  7 1 ? ?  5 
1?1.1R579%l6551 
1 1 5 ~ i ~ 2 1 1 6 5 1 C ?  

7 8 . 5 8 8 1 8 1 2 9 2 6  

, 2 2 0 5 3 0 5 & 2 7  
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.0302877625 
e 0 2 1 0 6 9 1 9 9 7  
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. ~ i r l n 0 3 6 1 2 9  
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.9997585 '35  
e 9 9 9 6 7 4 1 5 9 2  
- 9 9 9 5 7 6 7 6 5 6  
. 9 9 9 4 6 0 0 Y l l  
. 0 9 1 7 i ' 8 7 i 2  

. 9 7 Q 1 8 3 9 6 b z  

.770P?2?1'5 
-09RRr43299 
. 4 7 1 6 4 9 8 0 5 7  
.99R&37828C 

.99R7072071 i i e . 2 ~ 3 1 ~ 1 7 1 2 8  

ti 2 2 .i ~t 9 a 9  5  5063 
4Y2.3613815961 

?64 .6362 '1280?2 
316.1958159056 

8 5 . 2 2 1 7 6 0 5 7 8 2  

2 . 7 3 2 5 6 5 3 6 1 3  
2 .6b19552480 

2 . 4 b 2 3 6 9 1 2 ~ 1  
2 .3734359113 

2 .5518838199 

. 0 u 0 3 5 3 1 6 2 0  2 .2851150137 . 8 5 7 & 9 5 6 1 0 5  
e 8 5 8 1 5 7 1 5 3 7  
.8585C12615 
. 8 5 8 6 5 9 3 4 8 6  
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724.6359585168 
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5 2 0 . 3 3 9 1 1 9 5 3 5 4  
4 3 9 . 9 5 0 3 2 4 7 ? 9 6  
311.3113115407 

312.159G396773 
2 6 2 . 8 7 6 9 2 6 3 2 6 3  
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18Y.6383020081 
153.93&8282178 
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.9?191YiL11 

. 9 7 0 9 ? 9 1 3 2 6  
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7.538'603603 
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6.5 6 7 1 5 8  194 1  
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.0000128668 
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. -  

LOO 
628 .3010120532 

2 .7838324936 

1 . 8 7 a i 4 0 8 9 6 3  

2 . ~ 0 8 U 9 1 7 L 3 1  
2 .1100704130 

1 .6875916521 

1 . 3 3 2 5 1 1 1 4 7 0  
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. lb48112707 
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1.1095297885 

. o b o o i a i 2 8 8  

. o u o o i o 5 i 8 8  

.01)00106139 

.0000104&07 

.00001C3770 

+ 0 0 0 0 1 0 3 2 5 3  
.COO0102839 
.0000102508 
.0000102247 
.OUOOlU2042 
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.0;07337*05 
- 0 2 0 6 5 0 3 8 9 0  
. 0 2 0 5 2 1 4 9 8 5  

e25'2075991 

. 6 7 9 8 8 & 5 6 7 i  

. 6 7 1 1 8 1 6 8 2 5  

. 6 6 2 5 1 8 2 7 2 0  

. b 5 3 9 1 8 6 4 9 9  

. 6 4 5 4 0 4 5 5 5 1  

.0201359328 

. 0 1 9 8 8 5 6 9 6 1  

. 0 1 9 6 0 2 4 9 7 7  

. 0 1 9 2 9 0 8 6 4 6  

. 0 1 8 9 5 5 5 i a i  

. 0 1 8 b 0 1 1 9 6 0  

1 .1588007276 
1 .1236578614 
1 .0960483804 

1 .0571015357 

1 .0441212728 
1.0337598'716 

1 .0196560482 
1 .014638824 '  

1 .0763809779 

1 .0257008077 

.1926*81966 
~ 1 5 b 1 7 1 7 O O 3  
- 1 2 6 0 6 4 1 3 3 6  
. l o 1 2 8 5 1 9 2 7  
. 0 8 0 9 6 1 2 1 2 1  

.06'13534436 

. 0 5 0 8 4 1 3 9 2 6  

0 0 3 1 0 9 3 7 7 8 8  
.0399018812 

. n 2 1 & 5 1 3 ~ 2  

.707117316G 

. 6 7 5 1 9 1 2 2 4 1  
e 6 4 7 2 6 6 3 6 5 9  
. 6 2 3 1 6 4 7 3 8 0  
. 6 0 2 3 8 6 2 5 6 6  

. 5 8 & 5 6 3 3 0 9 ?  

. 5 6 9 3 6 2 0 1 7 1  

.556'17821C4 

.5 '156341250 

.%h=, ,L77hh  

- 2 1 2 8 2 2 6 7 7 6  
.1703090173 
. 1 4 9 6 1 0 1 3 8 1  
.1237849172 
. 1 0 1 4 & 2 4 7 2 9  

.o< o o i u i a 8 *  

. o u o o i o i 5 9 8  

.OUU0101762 
.OV00101669 

.00001U154b 

. 0 0 0 0 1 0 1 5 0 7  

.0000101478 

~ 6 3 6 9 9 6 9 h 1 8  
. 6 2 8 1 0 5 8 8 5 5  
0 6 2 0 5 5 0 5 9 7 5  
. 6 1 2 5 3 9 5 3 1 7  
.oO*e6056be 

1.0109121539 
1 .0081222076 
I . O " L 9 1 5 ~ 1 0 7  

1.0063778885 
1 . 0 0 3 1 7 8 2 8 2 i  

.0257113153 
e 0  1 9 3  123790 
. 0 1 & 6 3 2 2 6 5 9  
~ O l C 9 6 3 1 8 2 1  
. 0 0 ~ 1 i 8 3 7 1 1  

.0059317339 

.00478376bR 
.OO73rG5t2C 
.C0?126"575 
. o n i ~ i & n 5 7 +  

e01811424648 
a 0  1 LO2 1 8 3 7 9  
. n i n 5 h i 5 i i 6  .""""1"1458 

.OCOO1014&3 

.0000101&32 

. o ~ o o i n i 4 2 5  

. 0 0 0 0 1 0 1 4 2 0  

. 0 ~ 0 0 1 0 1 4 1 6  

.OU00101414 

.OUOO1OI'I12 

. 5 6 0 9 0 2 2 1 2 4  

. 5 5 4 1 6 6 9 0 5 4  
e 5 1 7 5 8 5 4 9 6 8  
.5'1115'+2913 
. 5 3 & 8 6 9 3 3 8 0  

. 0 1 4 8 3 8 6 3 4 4  

.01*15594% 

.013829*605 
, 0 1 3 5 1 2 9 5 2 9  

.0144923982 

. 0 0 0 0 8 9 2 6 3 7  a 5 2 8 7 2 6 5 3 7 6  1 . 0 0 0 4 1 3 7 6 2 8  

1 . 0 0 0 2 1 2 5 3 6 3  
1 .0001564608 

1 . 0 0 0 2 9 ~ 6 8 5 6  

i . o o o i i a 5 9 6 i  

.0006854168 
. 0 0 0 & 3 8 3 6 9 5  
. 0 0 0 2 6 3 7 8 8 9  

. 0 0 0 0 5 7 5 4 7 8  

.0001*18n98 
. 5 0 5 4 9 ? 8 6 3 4  

.50000000QO 1 . 0 0 0 0 9 3 3 0 4 9  .0000000000 .0000101*09 
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6.0 

3.9 
3.0 
3 . 1  
3.b 
3.5 

3.6 
3.3 
3.2 
3 .1  
3.0 

2.9 

2.7 
2.b 
2.5 

2." 
2.3 
2.2 
2.1 
2.0 

1.9 

1 . 1  
1 . b  
1.5 

1.4 
1.3 
1.2 
1.1 
1.0 

0.9 
U.8 
0.7 
11.6 
u.5 

0.4 
0.3 
11.2 
0.1 
0 .  0 

0.1 
U.2 
U.3  
U.* 
0.5 

U.6 
11.1 

0.9 
1.0 

1.1 
1.2 
1 .3  
I .* 
1.5 

1.6 
1.7 

1 .9  
2.0 

2.1 
2.2 
2 . 3  
2 .b  

2.a 

1.8 

0.8 

I r a  

2.5, 

2.a 

2.b 
2.1 

2.Y 
3 .11  

3.1 
3.2 
3.3 
1 . 4 
3.5 

3.6 
1 . '  

3 . r  
4.t I  

4.1 
i . 2  
'4 . 3 
*.a 
G . 5  

3.n 

4.4493?613R2 
'+.234160?*Z+b 
4.068b'?b 2" I G 
3.9297335375 
3.806'194471 7  

.bR87709919 

.710935&&70 

. 1 3 0 5 0 2 1 3 2 1  

. 7 & 1 6 0 1 5 1 3 2  
- 7 b 2 7 3 3 0 6 4 3  

. 0 3 9 8 9 8 & b 0 0  

. 0 3 b b b 3 0 2 l l  

. 0 3 3 0 1 1 2 3 6 4  

. 0 3 1 3 1 0 2 4 0 9  
1 0 2 9 1 2 4 2 7 5 1  

.azo2793217 . 0 2 1 2 1 7 0 3 3 9  
. 0 2 5 5 5 i & ~ i a  
.OZ* I IZEO~~ 
.022056721R 
- 0 2  1 7 6 5 5 0 5 1  

. 0 2 0 0 1 8 5 9 R b  
a 0 1 9 9 9 0 3 1 3 4  
.0192095072 
. 0 1 0 b 1 9 2 b 0 3  
. 0 1 8 1 5 b 5 7 1 1  

J. IO 19" 0 Y 3 4  5  
3 .0007211bb7 
2 . Y l b I 0 3 0 4 ? 0  
2 . ~ 2 4 2 ~ 0  I 3 7 ~  

2 .7329939536 
2 . 6 4 2 2 7 1 9 1 0 4  

2 . 4 6 2 5 a b 3 0 8 4  
2.3735700193 

2 . 5 5 2 1 1 ~ 8 3 ~ 8  

2 .28521729ba 
2 .1975208322 
2 . 1 1 0 5 i ~ a ~ a u  
2 .0242541930 
1 .9381157601 

.B2b04290GR 
- 0 3 1 0 5 2 0 2 3 3  
. t i353919855 

7 3 6 . 1 0 ' 3 4 6 6 3 4 6 0  
b23.2010811119bY 

' 52b.6'339378656 
4L*.52152hYO73 
374.59 9 1  1'17 1 1  I 

1 2 .  ? 0 1 'I68 1 12 H 
6 2 . 9 7 9 5 6 3 2 3 5 1  
5L .72664YZi75  
i l . ' 8 6 4 H  I?  ,iv 

. 0 1 6 2 8 1 0 1 b 5  

.01635918G5 

. 0 1 6 4 b B 1 5 3 4  

.036bOb1583 

.OIb711L l r47  

. 0 1 6 9 b 2 2 I 3 0  

. 0 1 7 1 7 b 5 1 0 0  

.O 174 1141695 

. 0 1 7 b b 7 6 l l I  
.017939bVC5 

. 
.Rb&70lhYC? 

. R 4 1 R R ? c 2 4  R 

.5091b?V357 

. & 5 ~ 1 ~ 9 2 n b 2  

.4119?659bR 

.3615b10095 

.32b1102>1 I 

. 2 0 7 b 0 1 1 ? 2 4  

. i 9 a i i ? 0 3 6 0  

.7Y1327Yb78 

. 7 8 b 1 1 ? 0 1 1 1  

. 7  1Y 1 O R Y  1 Y O  

.71?Y*C1737 
. 1 6 5 8 9 4 1 % 7 1  

.h75035125R 

.hb6?7LR2?7 

. 6 5 7 5 5 h 1 6 8 5  

.6'. 0 90 1 R  2 1 7  

. b k 0 3 3 " 1 6 2 6  

.. 
.5h'l5 1 b ' I  b I 
. 5 5 h 6 ? 7 ? 1 7 6  
. 5 * i  7 7 R I 7 '4 

. 5 9 9 4 1 0 4 ? 0 2  

.01291015'rb 

. 0 1 2 6 ? 2 3 1 5 0  
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=-4.4 (Continued) I 
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0.6 
3.5 

O.* 
d . 3  
u.2 
U.1 
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.~~ . . 
868. r r5b3343221 
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707.1511336'.6L 

488.766752CQb1 

3511 '1133158733 

5 8 4 . 3 7 ~ 0 4 3 7 0  

'r i  I .n 1 0 3 4  I 8 5 5 3  

I792 .2629733L82 
1200.3892 ' i13335 
1259.8859011686 
l i b 0 . 1 5 7 8 0 3 2 1 4 6  
8 ~ 3 . 2 5 0 2 5 7 5 8 2 6  

753.0866931613 
53?+.'1475P13982 
535.1097327175 
450.5926397106 
3 7 8 . 9 7 8 1 9 6 6 7 2 9  

318.280b79hUPb 
2 6 6 . 8 5 2 0 1 3 7 8 5 6  
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186.4Y52378874 
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a 9 9 6 5 1 5 7 6 5 2  
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.9725971200 
. 1 6 8 6 3 ? Y b 8 8  . 0 1 7 6 3 7 9 6 9 6  
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e 7 6 1 5 6 0 7 0 8 3  

. 7 s * i 7 ~ 3 5 a 7  

.7*65339818 

.7386'.762 1 7  
. 7 3 0 5 4 2 2 3 5 7  . I 2 2 2 4 3 4 1 9 1  
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. 5 1 4 1 6 9 9 k C l  

. 5 1 0 9 i 6 5 2 2 1  

.5081?"?589 

. 5 0 6 4 2 1 7 1 9 1  

.50'18930631 
- 5 0 3 7 2 8 1 3 8 7  
. !C?ai""Ro 

.5182133050 

.517639*917 

. 5 1 1 6 2 3 9 5 3 3  

.5057L55640 

1 . 0 0 0 4 7 6 5 5 1 1  
1 . 0 0 0 3 5 7 6 l e b  
1 . 0 0 0 2 7 5 5 5 1 8  

4.k . O b 0 0 2 4 9 ~ 2 7  .0000249'127 . 5 c o 0 0 0 0 0 0 0  . 0 1 2 9 1 0 3 8 8 7  1 .0002195443 .51111974*4 

E ,  -4.3 1 
I 

-3.8 .603VL29113 L.5753869783 . b 5 7 0 7 1 8 6 6 1  .Ob83006547 221538.0403556624 27575.282198960G 3 4 3 3 . 2 5 8 1 2 8 6 8 0 1  . 9 9 9 8 6 7 8 1 6 ~  

-3.6 . 2 5 5 9 3 1 0 1 7 9  '1.0639388687 .7028L59274 - 0 5 8 6 7 9 0 9 9 1  62303.1875157922 8015.152749779?  1 0 3 1 ~ 1 0 0 7 5 9 7 2 0 6  .9997?084q '  
-3.7 . 3 8 8 1 2 5 5 0 3 3  &.279!+7820'16 .681?C54987 .Ob36780812 110737.3020721636 1430'.017"8h6727 I l72 . '17755050n3 .09980?397* 

-3.5 . 1 1 1 9 6 3 6 1 0 2  3 .89435e5606 . 7 2 2 0 1 1 3 8 7 1  . 0 5 4 0 6 7 5 6 1 7  38?24.3597060*11 2005.630 '+33*941.  656.002980?51r4 . q 9 9 6 ? 1 9 i r c  

-3.4 . 1 1 7 3 4 6 0 5 1 5  3.7523116dbV . 7 3 8 9 2 7 3 0 0 7  .0497*97967 250**.858511?534 ~ 3 ' r l . 4 1 1 0 7 7 9 ~ 1 0  ' r a 6 . 2 * 3 3 5 6 9 6 8 2  . 9 ~ 9 5 0 ~ 5 5 ~  
-3.3 .0811'165063 3 .6273LI9510 , 7 5 3 6 0 1 5 5 5 4  . 0 4 5 7 8 4 9 5 2 3  1 7 2 7 1 . 2 0 0 5 5 8 ~ 0 4 1  234" .6371210719 320.0580055020 r Q 9 9 1 6 7 4 9 7 j  
-3.2 .056786*8&6 3 .5132523993 .7668464L12 . a 4 2 1 9 6 7 2 3 7  l Z ~ U I . 2 1 6 2 7 Y b b 3 2  1722.071826'1b21 279.4735523388 . 9 9 9 2 1 0 1 5 2 i  
-3.1 .UGUIBU0344 3 .40bZb00767 . 7 7 8 2 6 6 6 3 1 5  . 0 3 8 9 8 4 1 9 3 6  Y2U1.613lY36130 h O L . 9 4 8 2 4 4 1 ? Y ( r  185.423? ' i24R&8 .9990315761 
-3." .L281284924 3 . 3 0 & 0 0 0 8 6 7 1  . 7 8 8 2 5 2 0 1 9 5  .0361307*29 71 '08 .11239038Cl  1 0 1 6 ~ 0 3 ( 1 ? 3 7 5 ~ 9 1  lG'.bLY&Cb86?4 . 9 9 8 8 3 0 8 7 a l  

.99860702h(  -2.9 .0207'192b?V 3 . 2 0 4 9 8 4 4 8 7 5  . 7 9 6 9 7 4 1 2 5 3  . 0 3 3 6 1 0 7 9 0 4  5452.4889152965 808.80313371'12 1 2 0 . 3 0 9 9 7 0 7 9 1 9  
-2.8 . i ' l51320748 3 .1G82546708 . 8 0 1 5 8 1 9 3 6 0  .03139*5612 ~ 3 1 6 . 2 7 7 2 1 7 0 1 4 1  655.6260277201 99 .9147954824 . ~ q n 3 5 8 7 ? 9 (  
-2.7 . C I l 1 4 2 ? 8 3 5  3 .0131947358 . 8 1 1 ? 1 7 2 7 9 8  . 0 2 9 4 5 1 2 5 9 5  3ib5.173'.376778 539.*162655711 9 (1.2 92'1 3  8 5  3 9 3 .99808*?"": 
-2 .6  .OL82824223 2.91911060863 . 8 1 6 9 8 6 0 8 0 0  . 0 2 7 7 5 1 0 1 0 9  2813.64070R6481 449.2301836815 7i.OL4DL50655 .Q97181769< 
-2.5 . O U 6 2 1 ~ 2 2 b 3  2 . 8 2 6 6 3 2 1 5 2 3  .82199C0411 . 0 2 6 2 6 6 0 2 7 9  23O5.4911635354 377181119684363 62 .2L09735655 .997rrk87117' 

29 



rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 

4=-4.3 (Continued) 
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TABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 
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.0219958934 
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1.0025158981 
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.7523972166 
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1.Y115021254 
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1.e~24171822 
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rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 
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rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 
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rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 
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0.G 
0.3 
0.2 
0.1 
0.0 

0.1 
0.2 
0.3 
O.* 
0 .5  

0.6 
0.7 
0.8 
0.9 
1 .O 

1.1 
1.2 
1 .3  
1.4 
1.5 

1.6 
1.7 
1.8 
1.9 
2.0 

2.1 
2.2 
2.3 
2.4 
2.5 

2.6 
2.7 
2 .8  
2.9 
3.0 

3.1 
3.2 
3 . 3  
3.4 
3.5 

3.6  
3.7 

3 .7996940395 
3 .5680335596 

3 . 3 8 5 9 & ? 2 5 4 3  

. 6 5 7 5 8 0 6 7 0 8  

. 6 7 7 0 7 1 9 6 3 3  

. 6 9 4 6 0 3 6 0 4 5  

. 7 1 0 2 7 5 8 7 6 5  
. 7 2 & 2 2 2 5 2 1 1  
. 7 3 6 5 8 3 8 9 1 1  
. 7 4 7 5 0 1 2 3 3 5  

- 7 5 7 1 1 0 7 2 8 8  
- 7 6 5 5 3 9 7 5 6 2  
. 7 7 2 9 0 0 8 3 0 3  
. 7 7 9 3 1 0 7 6 9 9  
. 7 8 % 8 5 0 6 3 4 1  

. 1 8 9 6 0 6 1 9 9 9  

.7936187205 

. 7 9 7 0 3 9 8 2 6 9  

.799832 '1711 
a 8 0 2 0 7 1 8 7 0 7  

. 8 0 3 7 9 6 3 & 5 3  
.8050381580 
. 8 0 5 8 ? 4 2 0 9 7  
.8061766982 
. 8 0 b l l 3 b 8 5 9  

1 0 6 7 9 5 4 5 1 0 1  
.Ob60198276 

.Ob01396857 

. 0 5 6 1 0 9 b 5 5 2  

. 0 & 9 6 3 0 3 1 2 5  

.Ob66373712 

. a 5 2 8 9 3 8 0 5 6  

751 :2 .124235?640 
~ 1 2 ~ L . 5 3 1 1 4 8 7 1 5 1  

~ . . ~  ~ 

1 6 6 3 . 4  14 I I 0 2  b 97 
969.2 5 5 1 1  70  7 46 

590.81738aOfl42 
3 9 2 . 9 2 8 9 9 7 3 6 7 8  
2 7 5 . 2 8 7 3 3 2 2 3 1 6  
2 0 1 . 0 8 5 2 3 9 1 1 1 0  
1 5 1 . 9 5 7 1 5 2 5 7 4 5  

1 3 8 . 0 8 5 5 9 1 6 8 3 9  
9 3 . 9 1 6 7 3 5 9 0 5 1  
7 6 . 1 1 6 6 2 4 4 3 3 1  
62 .76?3829L86 
52.4361L7'153 

.,. ".I" 

.999777R?@, 

.9996134755 

-2 '116251379 24658.1992679269 
. I 7 3 5 6 8 8 1 6 6  
e 1 2 6 4 5 3 7 8 3 5  
.0932888310 
.0b9blY8193 

15722.7427L785<8 

7353.82Y28680b3 
5297.268832*765 

3 9 1 6 . 3 0 9 6 5 8 9 3 9 3  
2  Y 5 7.46'. 6 5  Y  6 1'1 7 
2272.5427&32Y33 
1771.31158b2127 
13Yb.8265959183 

~ 0 5 1 1 . ~ 0 8 1 3 2 5 7 ~ 8  

e0525085'142 
. 0 ~ 0 0 l Z O Y 3 6  
- 0 3 0 7 9 0 8 8 9 8  
1 0 2 3 9 2 2 3 5 9 7  
a0 I87604&bY 

.0148419091 

. 0 1 1 8 5 1 9 1 1 7  
.0U955471*3 
. 0 0 7 7 b 6 8 4 3 7  
. 0 0 6 3 6 8 5 7 6 9  

2 .7682bY5967 
2 .6682563878 
2.5114336'143 
2 .4775251279 
2 .384>1+3b90 

2 .2935567492 
2 .2039253427 
2 .115n750605 
2 .0781186468 
1 . 9 & 1 8 1 0 4 6 1 3  

1 .8565354372 
1 .7723115170 
1 . 6 8 9 1 3 4 4 4 2 2  
1 .6070711472 
1 .5261 722'176 

1.61164902741 
1 .3680986074 
1 .2910745395 
1 . 2 1 5 5 0 3 5 3 4 0  
1.1411765YOL 

.998?7811075 

. 9 9 5 9 1 5 6 8 3 6  

.996&76588 '1  

. 9 9 ? b l 1 8 8 L @  
0 9 9 2 6 3 1 3 1 7 7  

. 9 9 1 5 1 7 2 2 1 2  

.9907L85'01 

.98f l8004520 

. 9 9 5 2 & 0 2 9 0 6  

2 6 . 5 6 1 1 9 6 9 3 2 0  

.ou5267n338 
a11043930962 
.00369&9666 
. 0 0 3 1 3 3 5 6 2 &  
.Or26791996 

90 .5unf i5 io167 
76 .1350028500 
6 5  9 1 1 4 1  00 7 1 4  b 
55.37k9672031 
4 7.12 8 1  1  Y 98 6,. 

. 8 0 5 6 & 9 6 1 1 7  
180 '7957453 
. 8 0 3 5 6 0 5 9 9 0  
e 8 0 3 9 5 0 3 0 2 3  
n 7 9 9 9 6 8 9 5 1 6  

.02648'14697 
- 0 2 6 2 6 0 1 6 5 7  
. 0 2 6 1 0 1 3 6 7 1  
. 0 2 6 0 0 2 5 6 0 9  
. 0 2 5 9 5 8 5 5 2 4  

.02596*5557 

. 0 2 6 0 1 5 6 9 1 5  

. 0 2 6 1 0 7 2 9 0 9  

. 0 2 6 2 3 & 6 0 7 5  
. 0 ? 6 3 9 2 7 7 8 8  

GO.1346914165 
3 i .1R7736L316 
29 .120100L749 
? '1 .79533023lb  
2 i . 1 c n 9 4 8 9 1 7 1  

11 .913131012( ,  
15.24llr3532L11 
12 .9317571205 

- 7 9 7 6 1 8 9 4 1 8  
. 7 9 1 9 0 1 2 8 9 0  
a 7 9 1 8 1 5 9 4 9 1  
.7883621 '119  
. 7 8 1 5 3 8 6 8 1 7  

.0007810382 

.000733*522 

.OU06875652 

.Ob06482088 

.OuOb1*'.173 

- 0 0 0 5 8 5 3 8 7 8  
.0005604490 
. 0 0 0 5 3 9 0 3 6 1  
.0105206712 
.01105049472 

. 7 3 5 4 7 8 6 1 8 3  

. 6 7 5 1 9 8 8 3 3 7  
. b 1 7 3 2 8 5 5 1 7  
.56197513L0 
. 5 0 9 2 3 9 8 2 1 9  

.'.592153167 
e 9 1 1 9 8 3 3 3 8 2  
. 3 6 7 6 1 1 7 0 5 6  
. 3 2 6 1 5 1 9 8 6 1  
e 2 8 7 6 3 6 8 2 5 2  

.7803'1*3210 

. 7 7 5 7 7 8 1 0 7 3  

. 7 7 0 8 3 9 7 5 3 4  
. l b 5 5 3 0 0 1 8 2  
.759851093* 

~ 7 5 3 8 0 b Y 8 6 3  
. 7 & 7 4 0 3 8 8 8 8  
.74(16505179 
.733558'.102 
- 7 2 1 1 4 2 1 5 3 6  

' .851129618b 
6 .b2Y1401118 
' . 5 8 9 1 6 3 0 * 9 1  
1.7?59242515 
? . Q 5 6 1 4 7 6 9 8 9  

3.'?078&lPYir 
2 .7831601929 
7 .3289093726 
1.96566731'15 
1.622856'1555 

1.3512062267 
1r !230529*87 

- 9 3 1 6 6 5 1 3 7 3  
.'713'073C3 
e 6 3 7 2 2 3 3 7 7 7  

.525185L215 
rU317255619 
. 1 5 3 8 7 9 1 9 1 9  
. 2 8 9 1 ~ 2 0 0 9 7  
1 2 3 5 3 9 9 3 0 2 9  

. 7 1 8 1 1 9 5 3 5 3  
e 7  1 0 4  1 1 5 9 0 5  
. 7 0 2 1 4 2 5 3 5 7  
. 6 9 3 6 3 9 5 7 6 6  
- 6 8 4 9 3 2 5 8 8 1  

. 0 2 8 5 6 1 6 7 7 2  

e 0 2 8 6 2 9 7 9 9 2  
.02859836*0 
e 0 2 8 5 1 2 0 5 8 1  

. 0 2 8 6 n 9 5 0 2 1  
7.7'1'8130831 1 .1329&23687 

1 .3153351888 
1 . 2 1 1 1 8 8 3 2 7 1  
1.1195'63225 
1 .0376105840 

. 6 7 5 1 9 7 6 0 3 5  
a 6 3 0 1 6 3 9 0 7 6  
~ 5 8 2 2 6 7 2 3 2 6  
e 5 3 2 3 5 4 5 6 8 0  
. 1 8 1 5 1 2 7 6 2 ?  

. ..~ . 

.0U0*552428 

1.54111977180 
1.42'1C047515 
1.33132Y3*8b 
1 .2C72152153 
1 . 2 0 3 5 2 9 3 6 1 8  

.0U0**9*587 

. O U 0 4 L 4 6 & 4 0  

.111)04406609 

.OOOY373877 
, 0 0 0 4 3 4 7 1 7 0  

.000*3255&2 

, 
1.15899121b8 . 7 1 7 3 7 1 3 0 0 2  

- 6 8 4 3 2 8 3 6 0 2  
e 6 5 5 8 7 7 9 7 2 9  
e 6 3 1 2 5 2 9 7 4 5  
a b 1 0 0 3 2 9 5 1 9  

.2093712234 
e 1 7 5 6 5 4 2 8 3 1  
- 3 6 5 8 5 4 5 9 9 3  
.1198&66257 
. 0 5 7 4 0 6 8 9 6 6  

.078265088* 

.0621099662 

.0486166608 

.037464&000 

. 0 2 8 3 k 2 0 5 9 4  

- 0 2 4 8 1 8 4 8 8 9  

. 0 1 3 6 9 8 0 5 6 6  

. 0 1 0 4 5 8 3 2 0 9  

. 0 0 7 9 3 6 5 8 6 2  

. 0 0 5 9 6 4 3 0 3 6  

.0041*383181 

1 . 0 6 5 0 8 0 9 0 9 4  
1.03'18299097 
1.12686'11662 
1 . 9 2 0 6 9 8 7 5 3 6  
1 .9159L66427 

- 0 6 1 5 5 2 3 4 0 0  
- 0 4 7 9 6 5 1 7 0 8  
. 0 3 6 9 7 1 3 5 9 8  
.02812L.136L 
.0?1048P936 

. f l l 5 ' + 2 6 6 6 6 3  
. 0 1 0 9 9 3 0 2 4 6  
.00752'10401 
- 0 0 4 8 3 2 8 2 2 9  
. 0 0 2 7 6 3 7 6 7 9  

- 0 0 0 4 2 5 2 3 7 6  . 0 0 3 2 7 0 3 3 6 0  . 5 9 3 6 9 9 2 5 0 2  

. 0 2 0 2 5 9 9 5 6 3  

. 0 1 9 7 2 2 9 8 2 6  

. 0 1 9 2 0 0 8 5 1 6  

.000&268937 
, 0 0 0 4 2 6 8 7 1 9  

. 0 0 0 b l 2 O b 5 3  

.00042*8719 
. 5 0 6 8 2 3 6 7 5 1  
. 5 0 0 0 0 0 0 0 0 0  

1 . 0 0 3 7 9 2 1 3 2 8  
1 .0031534681 

. 5 1 3 8 4 1 2 8 6 3  

. 5 1 1 8 ? 2 0 6 7 9  
- 0 0 1 6 5 4 2 9 9 5  
.ooooooooni 

€I E- 3.6 I 
.3.1 .75684lOb32 4 .0406193969 . 6 3 2 & 4 3 3 3 2 7  . @ 7 2 3 6 8 6 3 2 6  1 6 3 d 3 ? . 5 1 3 8 6 8 1 7 0 0  2 1 6 4 1 . 2 2 1 7 0 3 0 1 0 6  3257.3946696320 . 9 9 9 ~ 0 i a ~ c 8  
.3.0 .513862*011J 3 . l L l i i 3 3 5 2 7  . o 5 3 4 8 1 7 5 1 3  . 3 6 8 5 1 & ? 3 5 9  7 W 1 0 - 9 8 5 5 5 Y 7 3 0 3  107 '0 .7824787087 lb'.7.3102007619 .9997113282 

.2.9 .3585282952 3 .1877342191 . 6 7 2 5 6 2 9 6 5 8  .06&8931804 38j29 .803**56385 59Vl.2123L3H577 9 3 7 . 2 3 6 7 4 9 0 5 6 3  . 9 9 9 5 8 9 6 7 5 6  

.2.8 .2553824616 3 .3032808690 . 6 8 9 7 5 1 9 9 0 7  .Ob11500632 22819.2532571567 36*0.4033525844 5 8 1 1 4 1 ? 2 2 2 5 6 9 9  .99941996711 
-2.7 .18*9839310 3 .150350G961 . 1 0 5 1 4 8 2 6 7 7  . 0 5 1 > 3 7 4 5 2 4  14485.6885196*51 23b0.79608665b2 385.3?00255633 . 9 9 9 ? 5 9 1 0 5 9  
-2 .6  . 1 3 5 9 1 5 4 0 0 7  3.0170113&C27 . 7 1 8 8 7 1 9 5 7 9  .05 '11187140 9666.745L52L17e  lb lC.928753566B 268.9h96812461 .9990L3777'1 
-2.5 .1011315085 2 . 8 9 6 9 7 3 1 6 6 5  .7310530*00 - 0 5 0 9 3 2 9 8 7 8  6711.939646C380 11 '1&.7~1*7655128 1 9 5 . 7 1 1 3 3 2 8 5 9 1  .99879051n5 

- 2 . 3  e 0 5 7 9 1 7 8 2 7 5  2 .6012147566 . 7 5 1 3 1 0 0 5 4 5  e 0 4 5 3 2 7 2 0 8 8  3519.551105?232 6 3 L . ~ l L 7 6 2 7 1 5 7  l l ' 1 . 0 5 8 7 9 9 7 0 4 2  , 9 9 8 1 5 4 2 3 3 7  
-2.4 . 0 7 6 1 2 2 0 9 5 1  2 .7859302833 . 7 4 1 8 2 3 1 7 6 5  . 0LS000*6bO ~ 8 1 1 . 3 8 0 0 2 ~ 8 6 2 2  8 ~ ? . 7 1 7 2 3 3 8 5 0 @  i b , . ? & n 5 1 2 n 7 @ 8  . 9 9 0 4 9 5 4 0 5 7  

-2.2 .0'1&5202882 2 .5810330380 . 7 5 9 6 3 3 7 5 0 2  . 0 4 2 9 0 9 5 4 9 1  2659.659b373158 LR9.!L113491"5 90 .36171 3RP57  . 9 9 7 1 6 2 2 0 5 9  . 9 9 7 ?  138  362 
-2.1 . 0 3 4 5 6 @ 3 5 8 6  2 . 6 8 4 2 0 3 3 8 7 6  . 7 6 6 9 0 4 6 4 7 3  .0*07312682 2b33.5121397236 38 ' . . ?33i867d23 7 2 . i P 7 7 9 1 0 7 9 3  
-2.0 .U270860651 2 . 3 8 9 9 3 0 0 9 1 1  . 7 7 3 2 2 2 4 8 3 7  . 0 3 8 7 9 6 2 7 2 1  1577.09873&1Y3'1 306 .4493072555 5U.9291022421 .U9680275*5 

1 2 3 7 . 5 0 m a 2 6 i ~ e  2 * 7 . 5 1 9 6 * 0 3 9 ~ 6  L9.88LI159911 .996221*Y23 
~ 8 0 . 3 3 3 3 3 6 6 3 2 2  2 0 2 . ~ 2 ~ 7 2 5 7 1 ~ 5  4 2 . 0 0 6 9 1 9 6 7 5 8  . 9 9 5 5 6 1 2 3 5 7  

-1.9 . 0 2 1 4 2 1 0 4 9 8  2 .2976715573 . 7 7 8 6 7 6 1 7 2 1  .037070"522 

7 8 2 . 6 3 9 0 0 3 6 0 9 1  l h b . 3 3 7 6 8 7 0 1 7 e  3 5 . 7 2 2 7 6 5 6 7 2 4  . 9 9 k 8 1 1 5 4 1 9  
-1.8 .0171059889 2 .2070865690 . 7 8 3 3 4 6 1 2 2 2  . 0 3 5 5 4 3 0 0 0 9  

628.7012409172 1 3 7 . 9 3 i o 9 q 1 4 1 7  3 0 . 6 3 0 9 9 1 3 1 7 0  . 9 9 3 9 6 0 0 1 1 1  
-1.7 . 0 1 3 7 7 9 6 0 3 0  2 .1119193660 .78729*862b a 0 3 4 1 9 7 2 8 9 3  

507.5297176862 115.0518166971 26 . ' r505101426 . 9 9 ? 9 9 1 9 0 3 5  
-1.6 - 0 1 1 1 9 8 7 5 3 3  2 .3300231143 . 7 9 0 5 8 7 8 1 9 5  ~ 0 3 3 0 1 7 ~ 1 7 6  
-1.5 . 0 0 9 1 8 1 0 8 6 9  1 .9433053589 .79327*1562 . 0 3 1 9 8 8 5 3 1 9  

-1.4 .01175920661 1 . 8 5 7 7 1 7 3 1 8 2  . 7 9 5 3 9 7 6 1 2 7  . 0 3 1 0 9 6 9 7 5 0  4 I 1.2 7  b 322 1 368 9 b - 4  2 1 5 8 9  1 8 1 7  22 .9?672L2171 .991Rfl96891 
. 9 q n h ? 2 5 1 1 9  -1.3 .OO63316765 1 + 7 7 3 2 4 2 & 6 7 7  - 7 9 6 9 9 5 3 0 8 2  . 0 3 @ 3 3 0 3 2 6 8  336.2358236416 8 1 . 1 1 5 1 1 4 9 1 0 1  20.0597ir5fl076 

-1.2 -0V53250218 1 . 6 8 9 8 8 8 6 5 9 1  . 1 9 e 0 9 8 * 8 6 7  a 0 2 9 6 7 7 3 7 1 8  2  72 .18  98843 3 28 68. (I L 19990 2 5 I 1 ' .5877113129 . 9 R o l Q 5 5 5 1 1  
-1.1 -0065156 '197  1 . 6 0 7 6 8 2 6 2 5 7  e 7 9 8 7 3 3 1 9 7 6  . 0 2 9 1 2 8 0 2 1 3  2 2 1 . 9 7 0 7 4 4 1 5 5 7  57.88071819CO 15.&758515OC3 .9R75L9?5*& .9856581.151 
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rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 

-0.8 
.0.7 
-0.b 
4 . 5  

.0.L 

.0.3 
-U.2 
-0.1 
U.0 

0.1 
0.2 
0 . 3  
0.4 
0.5 

0 .6  
0.7 
0.8 
0.9 
1.0 

1.1 
1.2 
1.3 
1.4 
1.5 

l o b  
1.7 
1.8 
1.9 
2.0 

2 .1  
2 . 2  
2.3 
2.6 
2.5 

2 .b  
2.7 
2.8 
2.9 
3.0 

3.1 
3.2 
3 . 3  
3.6 
3 .5  

3.b 

1 .2157310695 
I.I '-1bbb5L22 

1 .01924989bb 
- 9 9 8 5 8 1 7 9 6 4  
- 9 2 9 7 b 7 4 5 2 1  

- 7 9 8 1 3 8 5 4 2 2  

- 7 3 5 5 4 8 5 4 3 1  
a b 7 5 2 5 8 6 5 7 0  
mb173798253 
. 5 b 2 0 1 9 1 3 8 2  

.nb2915M323 

. 5 0 9 ~ 7 7 ~ z n 9  

. 4 5 9 2 4 7 8 1 9 5  

.*12CI1229R 

. 3 6 7 0 3 5 6 & 2 3  

.3263724*75 
- 2 8 7 6 5 k 3 6 9 9  

. 0 2 7 5 2 0 0 1 2 7  

. 0 2 7 5 3 3 3 7 1 @  
~ 0 2 7 5 9 0 9 7 4 3  
. 0 2 7 6 8 7 5 9 9 3  
. 0 2 1 8 1 7 9 3 & 0  

- 0 2 7 9 7 6 5 0 4 7  
. 0 2 8 1 5 7 b 1 7 8  
e 0 2 8 3 5 5 3 1 7 7  
. 0 2 8 5 6 3 3 b 5 1  
.0287752388 

. i i v , n z 5 1 4 5  

. 7 6 9 9 4 6 8 3 8 1  
- 7 6 5 0 2 8 3 8 5 7  
. 7 5 0 1 2 8 b 7 2 2  
. 1 5 6 0 5 0 h 1 5 0  

. 1 4 1 9 9 8 9 2 9 4  
.7G15805022 

. 7 2 l b R 3 9 0 7 5  

. i ) ~ n @ * 7 & 9 +  

. i 2 n 2 3 3 2 7 3 5  

7.95151.3LIL9 

I .  2 1 9  5 b 7 9 b54 

' 2.19807hC102 .717*713541 1 . 3 5 7 1 1 2 0 0 7 3  
I . 1 2 7 1 1 5 - n ~ l  

.Y3'lh2UT,77? 
. 7 0 4 4 1 9 9 1 3 8  
. b 9 6 1 0 3 9 0 5 &  
a b 8 7 5 5 1 2 1 3 7  

2. i 16 5 I 7  h 3 64 , 2 . 1 l b 7 7 8 1 1 2 5  
1.P7bC88Lh5" 
1 .h8856Ylb5"  

. 7  7 32" 3 1 ' I I 

. b 3  84 1 8 19 I 7  .h78792621R 

. 6 6 9 8 b 0 7 9 0 2  

. h b @ l 9 @ ? 3 ? 1  

. 6 5 1 b l b 4 2 7 6  

. 6 4 2 3 7 5 1 3 5 2  

. b 3 3 1 0 1 6 1 6 1  

.b2383021RM 

. h 1 4 5 9 3 1 1 2 *  . b 0 5 6 2 0 3 1 4  7 

. 5 9 6 3 3 8 9 b 8 0  

.58737297v* 

.5785'129202 

.569Rb59158 

. 5 h l 7 5 5 7 1 4 5  
. 5  5 3072 8 %  1 3  
.5,.IR7'n'llO 

.53bYlb7/"h  

. 1 1 7 ? 7 1 ? 7 7 8  
. 0 9 P 1 5 2 3 1 5 0  
. 0 8 1 V P b l 0 2 7  
.Ob756b8528 
. 0 5 5 2 5 5 8 5 9 2  

. c 4 4 1 9 n 8 8 5 8  
. 0 3 5 9 8 n 5 7 1 7  
. 0 2 8 b 3 8 7 1 9 2  
. 0 2 2 5 8 3 2 5 0 5  
a 0 1 7 b i O b 4 9 8  

. 0 1 3 b 1 5 7 6 0 3  

.O 104 5 88 59 5 

. 0 0 7 1 3 b 9 9 4 5  

.@P>Yb9b103 

.0041* 8 5 4  6 2  

-3.0 

-2.9 
-2.8 
-2.7 
-2.b 
-2 .5  

-2.* 
-2.3 
-2.2 
- 2 .  I 
- 2 . "  

-1.9 

-1.7 
-1.6 
-1.5 

-1." 
-1.3 
-1.1 
-1.1 
-1.0 

-0.9 
-0.R 
-u.7 
- " .6  
- " . 5  

-".* 
-u .3  
-u.1 
-0.1 
0. I1 

0.1 
0.)  
U.3 
U.* 
U.5 

U.6 
U. 1 
U." 
U.9 
1 .0  

1.1 
1.2 
1.3 
1.4 

- 1 . 8  

.Ob938115135 

.Ob 5 7 5 8  b9L b 

.Ob21560775 

.0'Rbh577@7 
. 1 1 3 1 9 8 5 6 2 3  

2 .3CJb381125 
.01444b4752 
.OI'IhB1. I Y  3Y 
.015YY296'14 
. O l 3 I U 8 3 4 8 5  

.O 108 3 7 5 6  3 1  

.OUYOIbV895 . OL' 1,993 I 3 7 

.O l I  5 508 5 7 3 b 

. o u w 4 3 6 2 8 3  

2 . 2 1 1 b 3 2 1 3 1 5  
2 . 1 2 I ' I 3 1 6 6 ~ 7  
2.011 1 7  58 2 b 95  
1 . ~ 4 5 G 5 1 4 1 4 Y  

1.85Y113*b14 
I.77'1C'I2*YY1 
I .b901705< '2  
I .bO8555391b 
I. 52 7 3 7ir I9 7 1  

. 0 3 ? 5 6 3 3 8 ~ 1  

. 0 3 2 6 7 b 5 5 5 3  

. C 3 1 1 1 * 6 1 " ?  

.0312666R'iZ 

.03"7228779 .79  I I 5  3 5 1 I1 5 

.0'3'2,V5 ' 3 5  ' 

1.5 .CJOP353912 
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4=-3.5 (Continued) 1 
1.5&U*2790Ef .52611278e02 1978575'1836 .4287666788 
l.n238,67'(19 .L?19603662 .9138167410 a3786792105 

.3307"1784? 1.33i1751554 .1533181516 

.?856118010 
1.2'l7b*Cah51 .2338'91017 .7+1742ObS7 .243974lVC5 

r188910890'~ .77~?&6?2P7 .206141509'1 1.1592711°1' 
1.12G45"2!53 

.6627r'~iil05 .1'23150521 .1213E67629 

.01771IS&3C .Il62kl?*85 1.3153321083 . C ?52@ 5 C 0  32 
.0937334385 .blbl3259E? lr3541302583 ,115 17 2 31 2 7 

1.6 .DL09235049 .1113835596 .Ob34398030 .030540'186 
1.7 .0Ub9136107 .098*598921 .6513160227 .030321~~0'l 
1.8 .Ui'UY054256 .081Y123534 .6*509303?1 .0301115090 
1.9 .OLU8986993 aCb7571Y685 .6358012465 .029610&OCB 
2.0 -0UU8932112 .0552610173 -626'1785867 .0292031692 

2.1 .OUU8887668 .0441°1239b ~6111591310 m028121'178k 
2.2 .GrU805195Y -0357d325i9 .SO73715315 .0282188883 
2.3 .OUU88235Uh .0286505480 .5'>86621282 .0216536C55 
2.4 .GI'b8801C21 .G2258192'9 .58'>5&15555 .0?701821"6 
2.5 .O"U8783'112 .0176+19552 a5805393971 .0?6b59&'.16 

.R569811101 
1.2601749231 -2883301152 .807"55551 

e15 15 3C 3 127 .5*17?75147 .17??67+?ni 
1 . ~ ~ 7 1 - 1 2 ~ n 3  

L 

1 
! El = - 3.4 

2.8 
2.7 
2.6 
2.5 

2.4 
2.3 
2.2 
2.1 
2.0 

1.9 
1-8 
1.7 
1.6 
1.5 

1.9 
1.3 
1.2 
1.1 
1 .o 

0.9 
0.8 
0.7 
0.6 
U.5 

0.4 
0.3 
0.2 
0.1 
0.0 

0.1 
0.2 
0.3 
0.4 
0.5 

0.6 
0.7 
0.8 
0.9 
1 .O 

1.1 
1.2 
1.3 
1.4 
1.5 

1 e6 
1.7 
1.8 
1.9 
2.0 

2.1 
2.2 
2.3 
2.6 
2.5 

2.6 
2.7 
2.8 
2.9 
3.0 

3.1 
3.2 
3.3 
3.6 

.999671&b58 

.909 5 3 4  i 50' 

.7 9 7 i b  18 2 18 

.7F11561191 

. 198 , )  J i 5 1 i 7 

.99861321bO 
-9982681253 
.9918661600 
.5971006650 

.28'1~550033 

.2C98202875 

.1567587R74 

.llHb2883bb 

.0900279594 

.0703020842 

2.9846906645 

2.8409569911 
2.72711512'16 
2.6148634600 
2.509'1062370 
2.408891191'1 

2.312U743118 
2.2181129316 
2.126'.3*4519 
2.0366511793 
1.94050&0720 

1.8618250235 
1.7165112584 
1.6925077651 
1.6097Y51293 
1.5283810325 

1'~*1.175272:133 
1 :I 15.5 5 1: 3 C 13 7 5 
739.3965116313 
5 2.92059 1 6 O b  b 

1?21697?957063 

.0*34191&0b 
oC346193261 
.0278602764 
.0226251509 
e0185370987 

.7562298858 

.760316rr965 

.lb55*~6026 
,7699855398 
.77370201&0 

.1767&86628 
-7791721031 
.7810146107 
.1023087910 
~7830842259 

.013786590'1 

.0418957979 

.0402:76327 

.038138&971 

.03738**383 

116.8271151276 
, 381.232P5Y8013 

30br;12912346$ 
, 246.3823162156 

198.8233671722 

e0362217299 
-0352072361 
.03&3206169 
.03357*4201 
e0329340961 

27.2LL3764285 
23r376313010C 
20.18il125137 
11.52056661!& 
15.2782259370 

e9927362652 

.DO67069333 
-01158255866 
.OU5099b808 
-0U44985263 
.0U39981075 

.0U35795213 

.0032278031 

.0029310402 

.002'.661001 

.on26796972 

1.6482962577 
1.3695804139 

1.2165202967 
1.1423252127 

1.2922988382 

.7033650701 . 7831712203 

.7814201963 

.7798872051 

.782518n3w 

-0323979592 
.0319571lb5 
.031603374b 
e0313291348 
.0311272821 

.98451:958& 

.9820?76701 .979165bL51 

.9750?65137 

.Y719?53283 

-1673093384 
.?b2Cb78114 
.9550259616 .CGR4?2'341 

r9398555223 

1.06980222b4 .7779257650 

-0369747867 

.0022040407 

.002128*690 
aOU19952559 
.0018810071 

19.369L97592b 
15.6820319117 
12.7127683109 
10.3265&05870 
8.4121865151 

.7357909866 

.615~661680 
ab175515099 
e5621716965 
.5091n86537 

.7618551583 

.7574062225 
e7525501235 
.1412919238 
.74163*42bl, 

L.317'10(16978 
3 . t 2 6 2 d 6 0 b b Y  
3125414116213 
2.92ibibC3b5 
2.6?41106Fi81 .OD17829166 

-9593603952 
.~121019221 
-3677186235 
.3262*36100 
e2077151909 

.73558456&2 

.72915081&9 

.7223441639 

.7151784179 

.7016104497 

.0318221296 6.8812158565 
5.6581kG5492 
4.6835213221 

3.293'1956169 
3.9085239312 

2.3171339994 
2.1557822231 
1.9i?1582158 
1.7711525173 

e8153278746 .8192&07057 

-7893'102119 
.755?610170 
.117270*304 

.6152195660 .b2?6007767 

.58105814111 

.530L636L10 

.478851&884 

.0014261845 1.1745140595 
1.351k861231 
1.2'128086590 
1.1'6810887& 
1.0622C81505 

.UU13929780 

.00136*7915 

.0013409626 

.0013209106 

-0013U41236 
.001290l500 
.0012785901 
.UulZ650907 
.DO12613398 

.1173934668 

.0984706449 

.0819212154 

.iioij7?227l 
-0552669172 

.6567821314 

.6676116677 
06383379567 
.b289980875 
-6196285968 

.6102647391 

.b009390139 

.59168*5047 
e5825260197 
.573Y90937b 

-0317703879 
e03 1'1 7902 13 
-0311276395 

.527079Bli0 

.431919&102 
-3527814'368 
.2873659622 
.23;;6:6'1: 

.?876708605 

.0307186731 
e0302558645 

.0(112550630 

.OU12500199 

.00124b0012 

.0012428260 

.GO12603392 

.001238&089 
-0012369241 
-0012357932 
aOU12349394 
.0U123*3012 

.01112330207 

.OU1233&823 

.0U12332309 

.DO12330501 

.0&47989962 
,0359870622 
.0286L38687 
.0225873008 
.Dl76638073 

e01 3651 1995 
.010*607264 
.GO79384099 
.OD59656733 
.COW393368 

.OD32710863 

.OD23865322 

.0011239832 

.0012330501 

1.1595230586 
1.1248532582 
1.0976937814 
1.076~5381f+O 
1.0598523911 

l.G4691)35486 
1.0368214005 
1.1.290399183 
1.0229613640 
1.0183163232 

1.0147552945 
1.0120445748 
1.00999G6482 

.5645978682 
05558649505 
.5*73060296 
.5389316295 
a5307492132 

.35b962bObl 

.0432921819 

.0?22103392 

.0233537931 

.0 1525 I G 16'1 

a5227634988 
.51497681Ub 
.5013894399 

.0233292618 

.0226052141 

.0220565300 

.02144*9667 1.0081556388 
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-ABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 

2.b 
2 .5  

2 .6  
2.3 
2.2 
2 .1  
2.0 

1.9 
1.0 
1 .7  
1.6 
1.5 

I .4 
1.3 
1.2 
1.1 
1 .0 

0.9  
0.8 
0.7 
0.6 
0.5 

O.* 
0.3 
0.2 
0.1 
0.0 

0. I 
0.2 
0.3 
0.4 
0.5 

0.b 
0 .7  
0.8 
0 .9  
1.0 

1.1 
1.2 
1.3 
I . +  
1 . 5  

1.6 
1.1 
1.8 
1.9 
2.0 

2.1 
2.2 
2.3 
2.4 
2 .5  

2.6 
2.1 
2.0 
2.9 
3.0 

3.1 
3.2 
3 . 3  

.919503365b .999319%022 
~ 3 0 0 0 2 0 1 8 6 2  

.2233010083 
16820835b3 

. I 2 8 3 5 0 1 1 1 1  

.C9YI06*550 

. n 7 7 3 6 0 i s i b  

.0b10123l IO 
.OLB595lb3Y 
.03Y0lb6355 
.0317139111 
.025912111b 

.0214580205 
.0178093595 

3 , 0 6 1 0 4 8 2 3 9 5  

2 ,9030bOl  2 ?% 
2.16b1?70032 
2.66J401bYUI 
2 .5305566415 
2 . 4 2 4 1 ~ ' 2 5 2 ~ 2  

.0b011b119C 

. 0 5 1 8 2 3 2 3 5 6  

. 0 5 4 9 0 7 1 5 1 &  

.0521991*15 
- 0 4 9 7 0 4 9 9 6 3  

2.32407110'3 

a03905 1 1  1 2 7  
- 0 3 7 9 1 9 8 3 3 5  
.03b91fibL5Y 
. 0 3 6 0 5 1 8 1 3 7  
. 0 3 5 3 9 8 5 5 3 1  

.0150329Gb8 

.0121425310 

.OlU090191? 

. 7 1 4 9 7 2 2 3 8 6  
a 7 7 5 0 6 1 9 3 7 0  
.17163'18302 

. 1 7 2 4 0 1 1 8 9 0  

. i i ) i + 8 * 3 5 %  

.03'.678&678 

. 0 3 4 1 5 2 1 2 2 Q  

. 0 3 3 1 2 0 6 9 0 7  
- 0 3 3 3 7 5 9 3 1 6  
. 0 3 3 1 1 0 0 9 4 8  

1 .3705294245 
I . 2 9 3 0 8 2 8 1 6 1  
1 .2171712599 
1 .1428b014b5 

. 1 5 9 0 ? 1 1 9 7 4  26.1'2 /n 1 0  I 28 1 

.7550591003 

. 7 5 0 b h 8 3 3 9 -  

.7458571bZ3 

.740630*547 . 73L9Y31596 

. 2 5 / 1 3 1 3 5 5  1 

. 2 1 Y 5 5 6 4 0 h l  

. IB983bLL?l  . Ib iV66VI  I 1  

.0?8211455 '  

.0233531*55 

. 0 2 2 6 9 5 5 9 3 3  

. l i . " " L > ' .  / '  I 



. 

e .  2 9 8  5 i" e 12 1 . V l l 5 2 3 * 9 3 2  

a b  
.7 

.9 

.J 

.1 

.2 

. 3  .* 

.5 

e 6  
.7 
. 8  
.9 

'.O 

'.l 
' . 2  
. 3  
.4 
.5 

-6  
.7 
.8 
.9 
.O 

1.1 
I.2 

.e 

.OU32881266 
..OU31479318 

.0U30275171 

.0L292*35*7  

.0L28359800 

.Or27604898 

.032696190b 

.CU26416127 
sOL25954734 
.0U25566474 

.Y592822696 

. 3 6 7 8 8 2 1 6 0 2  
. 3 2 6 3 8 3 1 5 5 5  
. 2 6 1 8 3 5 0 4 9 8  

.412298*870 

. 2 5 2 2 ~ 6 ~ ~ 0 7  

. 2 1 9 6 0 7 0 6 8 3  

. I 6 9 8 7 9 4 9 2 3  
.163003C532 
. I 3 8 8 9 2 0 2 0 8  

6 .9935118239 

.0352326316 

.0351649*73 

. 0 3 5 0 4 4 2 2 1 0  

. 0 3 ~ 8 6 5 1 6 6 5  
e 0 3 4 6 2 6 2 2 7 4  

2 .8173239553 

2 .1197735103 
1.8 7 8 2 4  1 1  4 5 9 
1.6885905794 

1.53985G7920 
1 . *231717191 
1 .3317990455 
1 .2602510C36 
1 .2CLZb99068 

I . 1 6 0 4 3 5 7 ? 3 1  
1 .1261731552 
1 .0993974105 
1 .078491698r  
1 .0621903803 

1 .0495310614 
1 . 0 3 9 6 ~ b O Y 8 3  
1 .03201*6468 
1 . 0 2 6 1 2 6 2 3 6 1  
1 .0216123268 

2.'1210098?69 
1 .397217228!  
1 .1553193988 

. 9 5 3 4 9 1 b 2 ? 9  
a 7 8 5 1 2 3 3 6 4 2  
.64 ' l85530?8 

.0025241'139 
. 0 0 2 4 9 7 0 8 7 9  
.r^O24147056 
.0024563129 
.OU24413057 

. 1 1 7 & 3 6 ? 9 4 2  

.0985067647 
. 6 4 ? 7 2 6 4 8 9 5  
. b 3 3 4 6 7 * 1 2 9  
. 6 2 4 1 0 4 7 4 2 1  
. 6 1 4 6 1 7 0 0 0 4  
1 6 0 5 2 2 2 0 3 2 5  

- 0 3 4 3 2 3 7 2 3 3  
.0?39579326 
.0335301068 
. 0 3 3 0 4 3 0 1 3 0  
.0325008028 

e5281254015 
. 1 3 1 0 9 6 3 ~ 3 0  
.350"4 iCZ2 
- 2 8 3 7 b 1 8 1 5 9  
e22 8'1860196 

.4:28284265 
.9&49325598 . 3 1 1 7 * 5 1 2 2 1  
.88513&90L?7 . 3 t ? R 7 9 1 5 9 6  
.832571b%b11 .211023?L29 . 2 a ~ 7 ~ ~ 0 3 i 9  
.7866752&46 

'02P18 . l o 6 3 9 9 2 8 3 8  
,80789 .16211RI5'15 

1 ~ 0 1 3 1 6 4 1 8 8 8  

OBi i l !  

. 0 8 1 9 5 0 9 9 5 4  

.Ob76036109 
. 0 5 5 2 8 6 7 3 6 7  

. @ 4 4 8 1 * 9 8 3 8  

. 0 2 8 6 5 4 0 1 5 8  

. 0 2 2 5 9 5 2 8 2 0  

. 0 1 7 6 5 0 0 2 9 3  

.0359998518 
- 0 0 2 4 2 9 1 5 2 8  
.Ob24193885 
.Ou24116077 
eOL2405L599 
.UU2400ba50 

- 5 9 5 7 7 6 2 5 8 3  
. 5 8 6 3 7 3 9 8 8 3  
. 5 7 7 0 4 6 8 3 * 9  
a 5 6 7 8 2 3 2 6 6 1  
~ 5 5 8 7 2 8 1 7 8 2  

. 1 8 2 8 ! 0 1 t 3 2  

. 1 4 5 1 4 * 7 1 6 1  
~ 1 1 4 1 5 7 6 ~ 0 0  
.0887341627 
.Ob79411083 

.0136560060 

.010464G051 

.OD794 1 1 9 9  1 

.DO59677678 

. 0 0 4 t h 0 8 9 4 1  

.5&978291*1  
. 5 4 1 0 0 5 0 2 1 7  
. 5 3 2 * 0 8 4 * 0 1  
.52'+0036758 
. 5 1 5 7 9 8 n i 4 2  

. 5 0 7 1 9 6 1 5 9 7  

. 5 0 0 0 0 0 0 0 0 0  

e 0 2 8 4 3 9 2 8 4 0  
- 0 2 7 6 9 3 7 6 8 1  
.0269466652 
- 0 2 6 2 0 3 4 9 5 4  
.025Ub90020 .00238895*6  

. 0 0 2 3 8 8 0 3 9 8  

.Ob23873691 

.561 

. 0 0 3 2 7 2 2 3 3 8  

. 0 0 2 3 8 7 3 6 9 1  
e 0 2 4 7 4 1 1 2 9 4  
. 0 2 b 0 4 1 0 3 6 1  

I 
. a 8 4 4 5 7 5 7 2 1  3.677468855'1 - 6 1 1 1 0 1 1 4 3 ~ 7  - 0 7 4 9 9 2 9 7 4 2  13C850.5004312427 11833.2952027798 3155.11761<2867 - 9 9 9 7 1 5 5 7 2 5  
. b 2 3 1 9 3 5 0 4 0  3 .9437796266 - 6 3 2 3 5 6 4 6 2 3  . 0 1 2 1 1 2 0 9 3 1  6 P 2 b l . 9 9 5 5 1 b b ~ 9 5  8716.8603189748 1575.6L69 'P0256 .9996OORI57 

.6 

.5 

.4 

. 3  

.2 

.1 

.O 

.9 

. 8  

.7 
- 6  
.5 

.4 

. 3  
..2 
..1 
. . U  

1.9 
J . 8  
j.7 
>.6 
1.5 

1.4 
1.3 
1.2 
1.1 
J.0 

1.1 
1.2 
1.3 
2 . 6  
1.5 

0.6 
0.7 
0.8 
0.9 
1.0 

1.1 
1 . 2  
1.3 
1.4 
1.5 

1.6 
1.7 
1.8 
1.9 
2.0 

2.1 
2.2 
2.3 
2.4 
2.5 

2.6 
2.7 
2.8 
2.9 
3.0 

3.1 

. 6 4 9 1 0 3 0 9 0 4  25891.9048496378 
15>96.8291118d5 '1  

Q375.23127323&5 
b l l 4 . 6 7 1 9 3 8 0 7 C 5  
4 1 4 6 r 3 1 0 6 1 5 9 1 0 5  

<181.21b991LP00 
2853.0181698706 
lR lk .996h?YOS9S 
1213.88102bLU53 

8Gb.9272930535 

.66*2941632 
. 6 7 7 9 9 0 6 6 7 5  
a 6 9 0 2 6 9 4 5 2 4  
.7012163416 

- 1 1 7 7 2 7 6 3 5 8  
- 0 9 3 4 3 7 2 2 2 3  
.07*93U7211 
e 0 6 0 6 8 5 7 9 9 5  
.0456178*b3 

2 .3646227753 
2 .2501242961 

2 .0605118992 
1 .9671686871 

1.8765'113843 
1 .1882024373 
1 .7018621276 
1 .6173323785 
1 .5344938137 

2 .15719ae338 

~ 1 1 0 9 2 0 1 1 7 0  
.719*71L801 
.12695*2052 
.733*492669 
. 7 3 9 0 3 0 7 2 4 5  

.7437657123 

.74771*59*5  

.750930*980 

.1534602267 

. 7 5 5 3 4 4 3 8 6 5  

2Y01.0'125654195 
2 2 8 2 . 1 5 3 8 6 2 3 9 2 2  
1525.94616&9637 
1137.70 !+6921840 

860.35'15329874 

658.2736678768 
508.53LboC4320 
395.9 75 Pb9 6 6 3  6 
310.3259426655 
2&*.L17&8129699 

127.7 i81a750GC 
9 7 . 1 0 9 8 2 9 i i 7 0  
75 .5&71@20631 
5 9 . 9 2 8 1 2 6 3 6 6 1  
&8.3291611G03 

.. ~ 

.0468501815 

.04094$1972 
.03*0887074 
. 0 2 8 6 3 0 6 7 3 8  

.Ob52641253 

.On38691525 
,0425968638 
.04149&8489 
. 0 4 0 5 3 3 0 7 7 1  

e 0 2 4 2 5 2 8 3 1 9  
.0207170253 

.0178624*94 

.015490792& 
- 0 1 3 5 5 5 h 8 8 0  
.0119538683 
.01Ub213862 

1 .4532830003 
1 .3736762350 
1 .2956807161 
1.2193277183 

. 0 3 9 7 0 1 1 4 3 0  

. 0 3 8 9 8 9 0 0 4 7  

- 0 3 7 8 8 6 0 8 4 1  
~ 0 3 7 4 7 7 3 3 1 9  

. 0 3 8 3 8 i 0 4 6 5  

193.4050691892 
153.5083612830 
122.1569325099 

37 .3993256350 
77 .7153689181 

.7573106771 
.7574478216 
.7570504600 

1 .1446675572 .7561360880 

6 2 . 1 1 r 6 3 9 2 2 0 7  
L19.14514iGBC8 
39.829"393224 
31 .9110852048 
25.58609811159 

20 .5345178668 
16 .5020580650 
13 .2858299105 
10 .7231614150 

8 .6847217682 

1 .0717657755 
1 .000700147b 

. 9 3 1 5 5 8 2 1 1 8  

. 6 6 4 4 3 5 1 1 7 8  
. . I 9 9 4 3 1 6 2 6 0  

. 0 3 7 1 5 2 3 4 3 6  
e 0 3 6 9 0 2 9 3 6 5  
.0361211072 
- 0 3 6 5 9 8 9 6 4 3  
a 0 3 6 5 2 8 5 4 5 2  

.0060624608 

.0056490812 

.00529516*6  

.0(119916699 

.OU47311273 

.0365019404 8 .9333291383 
7.G513991691 
6 .2226321495 
5 .1887086562 
' .3233L01156 

3 .5989815185 
2 . 9 9 2 8 i L 2 9 5 ~  
2.4858C03LOI 
2 .0619953837 
1 .7078994697 

G.h tR5133293 
3.97613350751 
3.5'1601966&7 
3 .1098955100 
2 . 8 4 0 4 1 8 4 3 2 5  

2 .5514192995 
2 .2977562087 

1.8789002'117 
2 . ~ 7 * 8 5 8 1 2 i i  

.1*?584?86.  

.92064718F. 
.10655729@ 
. 8  8 9 9  5 75Y9' 
.870463075 '  

. 0 3 6 5 1 1 0 3 0 8  

.036547543*  

.0366030100 
a 0 3 6 6 6 8 7 7 2 3  

.4597601125 

. 3 6 8 0 1 3 2 3 3 9  

. 3 2 6 6 9 6 0 7 7 5  
. 2 8 7 9 3 1 1 1 1 1  

. * i i * 5 1 2 2 a o  
.7147965&51 
.7083852266 
.7015735*10 
.6943781065 
.6868185887 

. 0 3 6 1 3 6 0 2 0 0  

.033*795862b 
e 0 3 6 8 3 9 4 3 8 3  
.0368580584 
.0368433854 

5 .7802631530 
&.76289822b2 
3 .9586271006 
3 .3238752343 1 .7065537986 

.0037838157 
e0036956525 
.OU36208197 
.Ob35515518 
.DO35043239 

.o i l34597591 

.OU3422663* 

.0013919759 

.0033667585 
.0033461829 

. 2 5 2 3 2 1 7 8 3 3  

. 2 1 9 6 7 6 7 4 5 6  

.1899385177 

. 1 6 3 0 5 2 8 3 8 6  

.1389338073 

l . ' i 12288Bb81 
1 .1656977385 

.9601700627 

.789C200001 

.6466315053 

1 .559?3+8567 
1.6?1537R91? 
1 .3041810221 
I.2C09bO'lbC5 
1 .1102122856 .0360299912 

.6353165708 . 0 3 5 6 8 6 1 8 0 5  
e 0 3 5 2 1 9 1 9 0 3  
e 0 3 4 8 0 8 6 1 5 4  

1 .5393541215 e 5 2 8 2 9 0 0 6 8 5  1 .0334801226 
e 9 6 0 4 8 7 5 7 5 6  
,89911115482 
. 8 4 5 3 7 6 7 6 2 0  
. 7 9 8 9 0 7 9 3 7 3  

.6260181152 

.6166157379 
. b Q l 1 4 8 7 2 1 4  

.4300409541 
.3485604674 
.28109Y6561 
. 2 2 5 3 0 8 5 3 3 1  

. I 7 9 2 5 3 4 3 1 6  

.1413105180 

. l l O l 2 2 8 l b 2  

.08'15563572 

.Ob36632819 

. 0 3 4 2 7 8 0 0 7 1  
e 0 3 3 6 9 1 7 3 8 7  .5976556007 

.5881734090 

.5787369873 

. 5 6 9 3 7 8 3 9 2 3  

.560126&289 

.5510063250 

- 5 4 2 0 3 9 5 5 3 3  
. 5 3 3 2 4 3 1 9 6 1  
. 5 2 4 6 3 3 0 3 9 6  
. 5 1 6 2 1 7 1 7 5 9  
.5080052892 

.5000000000 

. n 5 7 7  n 5?? 7 .003285311& 
-0G32813105 
aOU32783679 
.0"32761016 
.DO32744075 

. 0 1 3 6 5 9 8 5 1 7  

. 0 1 0 4 6 7 3 5 3 1  

.0019434342 

.0059694463 

- 0 2 9 3 6 8 7 9 8 8  . 0 4 6 6 5 0 8 9 4 3  
- 0 3 2 8 5 5 8 0 2 7  
.0217224034 
.0127850510 
.DO56533415 

.0285824691 

.0271958541 

.0270145955 

; o r l s 9 1 8 9 b  
. 0 2 7 1 9 3 0 2 1  
.016512185 

1 .03*3119193 
1 .0285332139 

. 0 0 1 4 4 2 1 4 3 1  

,0032731533 

. 5 6 8 7 0 ? 2 1 3 8  

e 5 6 0 4 5 2 1 6 3 0  

. 0 0 1 ~ 0 7 8 4 2  

.oooononoi e 0 0 3 2 1 3 1 5 3 3  1 .0207139091 
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rABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 

El=-3.0 I 
.911946b311 3 1 6 0 6 8 1 8 8 Y 3 3  . b I C 2 5 5 4 7 5 b  . 0 1 5 4 8 3 3 2 1 7  93358.535?L01173 1 7 1 0 8 . I 0 5 7 5 ' C ~ I 5  3 1 3 6 . 8 6 ~ 1 4 2 1 5 8 P  . 9 9 0 7 1 6 1 5 I S  -2.5 

.2.* 
-2 .3  
-2.2 
.2.1 
.2.0 

-1.9 

-1.7 
-1.6 
-1.5 

- 1 . 6  
-1.3 
-1.2 
-1.1 
-1.0 

-0.9 

-0.7 
.0.6 
- 5 . 5  

-1.8 

- 0 . 8  

-0.L 
-0 .3  
-0.2 
-0.1 
4.0 

0.1 
0.2 
0.3 
U . *  
0.5 

3 . 6  
0.7 

0.9 
I .O 

1.1 
1.2 
1 .3  
1.6 
1 . 5  

1.6 
1 . 7  
1.8 
1.9 
2.0 

2.1 
2.2 
2.3 
2.G 
2.5 

2.0 
2.7 

2.9 
3.0 

L.8 

2 .8  

3.270G022387 
3.021801bH8L 
2 .8258615239 
2.6b33283'161 
2 .52291G7833 

.4127702357 

.353035483b 
12683bLb749 
.2010934555 . b 8 4 1 7 8 6 7 3 3  

2 .3976550490 

2 .1762718151 
2.0752'196346 

2 .283088+01n 

1 .9786516785 

. 6 9 4 8 0 7 5 3 1 5  

. 7 0 4 2 2 6 8 5 3 5  

. 7 1 2 5 1 8 6 b l l  

. 7 1 9 7 6 2 2 2 3 9  

. 7 2 6 0 3 2 1 7 6 0  

12'1.11171160'1'1 
9 4 . 2 9 1 ? 1 2 9 7 0 8  
73 .1077h3C495 
5 7 . 7 9 8 7 9 P I L 4 9  

e 0 5 2 1 7 2 8 b 3 7  
e 0 5 0 2 8 0 9 5 6 8  

- 0 4 8 5 6 8 1 9 8 b  
. 0 4 1 0 2 8 5 2 2 0  
e 0 9 5 6 5 3 9 6 2 b  
.OC4135&233 

O i  3 36  3 )  2 b? 

. 0 4 2 & 2 1 6 9 2 1  

. C 4 1 6 1 R 3 9 1 &  

. 0 1 0 9 ? 6 2 8 & 5  

. 0 1 0 3 4 1 1 9 9 5  

. c 3 9 8 5 5 8 4 5 5  

1 .5382130512 

1 . 0 7 2 9 5 9 5 3 0 3  
1 . 0 0 1 7 0 4 9 3 7 6  

. 9 3 2 4 0 1 3 1 2 6  
. 8 6 5 1 5 5 3 1 2 8  
. 8 c o 0 ~ ~ 5 1 7 8  

. 9 l 0 R ? ' l 6 P 2 I  

. 9 b 5 6 5 2 b b 6 1  
e959551943L 
e 9 5 2 3 1 5 2 6 6 2  
.9 '38226dl l  

.732598&48L 

.72844133499 
'I. 6 7 6  1 H 1 9  1 6 3  
W . l i ~ Z h 0 0 0 L l  

3 . 2 1 0 1 1 1 8 7 3 6  
2 .94  l l l O R R 3 ( . /  

3 . 5 ~ ~ ~ 1 i 7 n c 3  

2 . 6 ' 0 7 6 6 ? 0 4 h  
?.37CI7b5097 
2 . 1 1 6 6 3 2 4 0 1 5  
I . '91 1 R6 2 7 11 I 
I .  1 5  2 I ,9966 76 

.5713C9UUl3 

. b b 3 1 5 > 3 3 1 3  

. h 5 ~ 6 2 6 7 1 1 7  

.h&58 '26212 . h 3 6  8 9 0  7 1 0 7  

. 0 1 1 1 0 5 5 3 5 h  

. 0 3 b b 5 2 9 b I b  

.03613b'1969 
- 0 3 5 5 5 9 2 8 8 8  

1 . 1 6 2 3 1 5 5 5 3 4  
1 . 1 2 8 7 6 2 3 2 1 5  
1 . 1 0 2 6 1 5 5 1 Z i  
I .1*8226Y9'>13 
l . O b b i 5 7 i Y I S  

.03602108116 
e 0 2 8 6 7 3 2 3 8 7  
. 0 2 2 6 1 0 4 0 1 6  
.O 1166 l 8 l b l  

El =-2.9 I 
. 6 ? 3 b 2 5 3 7 5 2  
. 5 3 9 3 1 3 8 9 1 5  
- 6 5 3 5 5 9 5 0 7 5  
.bbb '1?7188h 

2 . i + 3 7 ? * 4 i o n  
2 .3176663138 
2.2C 25 72 5 8  7 I 
2 .0151760207 
I . "9437b7714 

.Ob21388483 

.060267959U 

. 0 5 7 9 4 3 0 9 3 b  

. 0 5 5 1 l Y l l 1 5  

. 0 5 3 7 8 5 7 1 1 4  

.6179b5hi i26  

. b 8 8 2 5  1'1711 I 

. b V 7 l b d l 0 5 7  

.70536b'1649 

. 7 1 2 3 & 5 2 1 6 l  

-1.9 
-1.n . 
-1.7 
- 1 . 6  
-1.5 

-1 .6  
-1.3 
-1.2 
-1.1 
-1.0 

-0.9 

- . ' . I  
-11.6 
- " . 5  

-0.6 
- 2 . 3  
-,I.> 
- : , . I  

0." 

0.1 
(1. 2 
0.3 
ti.& 

,1.5 

0.6 
J . 7  
2 . 8  
0.9 
1.0 

- " .a  

1.897UCblO12 
I . "O51?12451 
1.71 516606R5 
I .  b2 8 18'1 h 19 Y 
1 . 5 4 3 2 R i 5 7 0 3  
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TABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 
El  I ZI(€I.€Z) 1 &(€i.€z) I HI(€I.€z) 1 H z ( C . E z )  I ~ I I ( E I , E z )  1 B12(C.E2) I P Z Z ( C . E 2 )  I p(+3 

El =-2.8 
.999070367 .9689645319 3.&676?47366 - 6 0 7 6 5 9 5 9 0 9  . 0 7 6 * ? 5 6 5 0 ?  7°'+v7.13357hlH5* 15690.2876677738 3102.5300q25750 

7602.5385348192 1531.171362h145 
2.3 
2.2 
2.1 
2.0 

1.9 

1.7 
1.6 
1.5 

1.6 
1.3 
1.2 
-1.1 
.1.0 

-0.9 
-u.8 

-d.b 
-0.5 

-0.4 
-3.3 
-0.2 
.0.1 
0.C 

0.1 
0.2 
0.3 
0.4 
0.5 

0.6 
0.7 

C.9 
1.0 

1.1 
1.2 
1.3 
1.4 
1.5 

1.6 
1.7 

1.9 
2.0 

2.1 
2.2 
2.3 
2.4 
2.5 

2.6 
7.7 

1.8 

-0.7 

0.8 

1.8 

2.8 

.6975000306 

.5170358301 

.3919510250 

. . . . . . 

.074015*593 

.0714931192 

.Ob89350051 

~ ~~~ 

857.0125471153 
519.353??2?324 

335.7765402327 
2?8.?142587358 
161.1754164123 

89.1591069933 
iia.435898u31 

.bb04990*91 

.6116313133 

.6815&8890b 

.Obb*028967 

.Ob394r16224 

.061595&751 

.0593800083 

.0573139309 

7U3k.1264939376 .3r25618913 
12371657471 
.188*!67805 

.1231937192 

.:515d88265 

4525.0021371809 
3U?4.0272623'.1€ 
2V85.6593665437 
1*7*.bY&88r4324 

.6903206598 

.6980158675 

1.91463601U2 
1.8183260267 
1.7258752n8~ 
1.6366112453 
1.5500095062 

.7047018495 

.710442&562 

.7152970431 
-7193199SU3 
.7275600128 

-7250610599 
.7268615862 
e7279952885 

e7283750197 

.7276677375 

.728'1913825 

.0554059124 

.05365919*7 

.0520729603 

.050643L514 

.0493648530 

.0&82299688 

.Ob72307211 

.Ob63585072 

.0*560L*39* 

.0*495949 73 

.0444146102 

.043960690b 
-0435886313 
.0432892799 
.043053'1015 

68.6814521695 
53.9588158216 
43.0981689607 
3G.916571.1298 

.0537075292 28.6367507018 

23.1?669€9571 
19.8571888840 
lb.?G65&536nO 
14.2236576819 
12.1563959597 

.0231430302 1.0767404602 73.2200732801 
57.5869359153 

35.8417909813 
2803555598011 

63.38835+7601 
11263879309 
.72&5513390 
.72?1715*23 
.7192604701 

.7158289155 

.7118870514 

.70744*9919 
a7025132496 
~6971033255 

.6912~ai76& 

.bBL9026952 

.6781441369 

.6709721.810 

.6634107087 

-9611 

e946318539 

.0147326516 
. U  1372 53 14 3 

.01212'11"83 

.ni28632009 

. o i i w m + i  

.0109451630 

.0104773638 

.0100758117 

.0d97314975 

.0U9436754& 

.7388287965 

.67806&1391 

.b197837261 

.5640817495 

.5110188900 

.4607693630 

.*I33179306 

.3687569188 

.3271333176 

.2~847cobi2 

.2527936111 

.220071977* 

.19027?3142 

.1633352147 

.1391708074 

10.1577657201 

5.928555Gb33 
5.7232133647 
9.7265083&70 

8.387~69219) 
5.2368538652 
4.6120906885 
4.C75131171S 
3.6121616749 
-.21187~'093 

-936269948 
-924326198 
.9101k2487 
.a93331518 .a731171786 

9.116113153@ 

3.9015312812 
3.2182590121 

2.1829698676 
1.1911682620 

2.6521286618 

1.e7200~7~78 2.ni.48588538 
2.4392887512 
2.1231919190 
1.8770303016 
1.685bbL1237 

1.5368856985 

1.3316257565 
1.2620190734 

i.ai329m07 

1.208026~190 

-669372064 
.b20214120 
.5618162&7 
a513205070 
.*5n920m 

.OY16395069 

.0409989203 

.0*05816768 

.0413503735 
l.ZC51287361 
.9841355091 
.801224L199 
-6G99207707 

.nu83970601 

.0083068765 
eOU82322764 
-0U81709717 

.0400969100 

.0395&46946 

.0389269051 

.0382471247 . 0 3  75 i 04 741 

.5248*830?9 

."215'r20279 
-3362937505 
.2660240677 
.2081760588 

1.1016921962 1.0298&703n5 

19618292896 

e85071'16162 

-8056952358 
.7666176090 

.9024605818 

.7327920788 

.7036iw888 
e6785332916 

.0553926931 

.5639142873 

.5543959368 
-5449634737 

.52647211140 

.5356*683&7 

.16571189C 

-099692911 

-049612051 

-03006815t 
.013651661 
.00"0000C 

.i30"~962? 

.n72641981 
.0176832909 

.517'1613*93 

.5086326067 
-0251229756 .6570814171 

1.0535052384 -0111994137 .6388257241 
1.ii~h?1~58? .ucoooonnoo .62338nmi~ 

-1.9 .&12717056* 2.5986187366 .b425353998 .Ob98463136 10416.3138858271 2309.?960695914 513.1171451570 .99892556' 
-1.8 .3110b61907 2.6319785145 .654'1751958 .Ob76573573 6355.1246256740 1Lk7.8R10535189 330.e061859132 .99855913, 
-1.7 .2532000476 2.2883826522 .6651771954 .Ob51348741 LUb9.4158082603 953.6hPC429116 224.??857711C7 .99aiii851 
-1.6 .2u3Ou9239rl 2.3608382268 .67&700922'1 .Ob29106423 2707.2890078696 653.3631037282 158.il481190358 .99757085 
-1.5 .1645231bb'l 2.0447920831 .6831092365 .06080859*9 1857.415'1801141 462.1311865b32 115.6916333812 .996921051 

1306.6659331114 335.53879'.1778 86.8312389246 .9961'1476 
938.3065357587 248.Y601252299 66.6922948661 -99522113' 
685.306*869312 188.0879579893 52.2361763710 .994125*7, 

38C.3597251246 112106E8386333 33.6024327969 e99129677 

-1.4 .13&8295bb9 1.937224G149 .6904655016 .05884447*? 
-1.3 .1116526607 1.8960885668 .h968314957 .057027*279 
-1.2 .0933752960 1.7999763135 .lo22659484 rO553bl4*03 
-1.1 .0788275853 1.6479098437 .TO68235885 so538465680 
-1.0 .U671502694 1.5292074628 .7105545921 .0524799540 

507.5923901149 14G.7655223691 41.5969638536 .99282838, 
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l 3 . 5 1 1 4 7 2 6 3 2 2  .978269905* 36 .1128721808 

".G . 0 3 0 5 ~ ? 9 5 ~ 2  1.0796187568 . 7 1 7 7 9 6 1 7 ~ 5  .0*70354019 7 8 . 5 0 0 6 0 7 3 6 2 5  29 .2957740575 11 .5228787882 .97&065075b 

0.2 .U2497 38 E2 6 a 9  37 13 8 0 2  9 9  a 7  I5 13*34 I I ~ 0 4 6 0  72  7 5 0  b  *7 .9875982286 
0.3 .0275233497 I.OO73UbUO53 . 7 1 6 7 5 7 2 2 6 8  . 0 & 6 5 1 1 2 3 3 5  6 1 . 2 9 3 2 3 7 6 8 2 5  23 .8511881672 ~ . 8 8 3 6 * * 0 7 9 5  . 9 6 9 0 1 2 ~ 4 1 1  

19 .9767197212 8 .5217131897 .9631365205 
0.1 .@2281769U5 . 8 6 9 1 6 5 8 3 6 3  . 7 1 2 9 4 3 0 0 1 6  . 0 4 5 7 1 0 6 0 4 4  3 1 . 6 6 1 4 L 5 b l l 7  15 - 9 4  I6LL2 1 7 1  7.3822589089 .9560106159 
I0.C eOZU9813951 e 8 0 3 6 5 5 6 8 0 4  . 7 1 0 l 9 6 9 3 l L  .045*152834 29 .6240840162 I 3 . 0 7 2 I 8 b l 1 7 3  b .&230L03676 - 9 4 7 6 5 1 8 9 3 0  

. 
5.6111355859 .9376161298 0.1 .91942e962J  . 7 4 0 0 8 4 8 & 6 8  .70690E6126 . 0 4 5 1 7 7 0 9 3 6  2 3 . 3 5 7 ~ 5 8 ? 5 3 2  10 .7140409694 

0.2 .0180984131 .6791379*28 . 7 0 3 0 8 9 8 1 7 3  . O W 9 8 6 1 3 9 9  i a . a ? + i 3 7 3 n 5  8 .8227206510 ~ . 9 2 0 6 0 8 5 9 2 5  ~ 9 2 5 6 5 3 9 1 7 7  
.911YOBCb9E 
.89k4774834 

4 .33nn218356 0.3 .0169599300 .6207C'4932 .6987521456 , 0 4 4 8 3 2 3 1 6 8  1 & . 6 3 5 9 1 9 ? 1 3 3  7 . 2 5 6 1 8 i 8 i o n  
0.4 .015Y811371 . 5 0 4 8 7 0 6 9 1 2  .693907563& .OL47053177 l l .bL348101137 5.967'1996592 i . e ~ 5 2 0 0 ~ 5 9 7  
U.5 .015l'168UbY .51172b215U .b885689350 .04459'.6685 9 . 3 0 3 2 1 7 9 l b l  4 .91186L1"16 3 .39ni171341 . 8 7 ~ ~ ? 1 ~ 6 7 ~  

1.1 . 0 1 2 1 0 5 l 6 2 9  .25306137*0 .6&71167865 . 0 4 3 6 9 0 3 & 9 9  2 .8516726062 1 .496801555 '1  1 .7688321325 . 6 6 6 & 5 5 3 8 9 6  . 6 1 6 1 3 8 ~ 0 1 7  

. 9 9 2 7 3 4 0 9 9 2  I .  4 6 7  3  5  397  1 9  .562&913336 
1.4 . 0 1 I 3 7 O 3 i L S  .163L97HCH4 . b ? 1 4 3 ~ 5 1 l 3  .0412bbl3851 1 .8755832317 . R O L S L ~ + ~ F , ~  1 . 3 ~ 1 ~ 7 5 9 7 8 1 ~  .5005952923 
1.5 .011208b101 . I 3 9 3 0 7 3 0 1 3  .612357*546 .0421976&88 1 . 6 8 4 0 1 5 G 0 4 5  .bL927L7758 1 .2377214771 . '1497215374 

1.2  .0118223120 .22C29c634?  a 6 3 8 8 5 1 9 6 8 6  .O43*09Y282 2 . 4 4 1 3 6 9 4 3 9 1  1 .2207107557 i . b n 7 8 1 2 8 n ~ 7  
1 . 3  . 0 1 1 5 8 2 ? 5 8 ~  .1904661487 .630?79027'. .0&3n701539 2 .1?2752?806 

.3912057839 1.14rr?h51&09 1.6 . 0 1 l 0 6 5 6 9 1 3  . 1 1 7 7 8 3 6 4 8 0  . b o 3 0 8 8 8 4 7 3  . 0 4 1 6 5 9 2 7 9 3  1 . 5 3 5 6 5 8 6 5 4 5  
1.7 . 0 1 0 9 ~ 4 7 3 3 1  . 0 9 8 7 9 4 4 1 3 8  . 5 9 3 6 7 0 9 8 1 7  . 0 4 1 0 5 2 4 8 4 6  1 . 4 2 ' i B " l R ? 5 7  . 4 1 5 7 1 5 6 1 6 5  1 . 0 6 2 b 8 l h ' . 1 4  

. 2 8 6 1 3 8 9 6 1 3  . 9 9 1 5 0 2 3 1 9 6  
1.9 .010767<700 .0677977671 .5745586267 .0396436'.74 1.263!652175 . 2 5 7 1 1 6 9 7 0 9  .929455661b . 2 3 7 5 1 4 9 1 0 5  
2.3 . O I U I L I L ~ ~ I  . 055*445625  . 5 6 ~ 9 & 8 ~ 8 * 0  . 0 3 8 8 5 0 8 3 ~ 5  1 . 2 1 0 / 9 5 2 c / 6  . 1 9 R 6 7 0 4 4 7 0  . 8 7 5 4 3 8 6 0 4 3  - 1 9 3 0 0 7 7 5 4 9  

2.1 . 0 l u 6 4 8 0 7 3 1  e 0 4 4 5 4 2 2 7 7 4  .5553553711 . 0 3 8 0 0 7 6 0 9 7  1.1692Y3?b56 . I 5  05 I 1 2 8'38 .828*91b281 .152920b572 
2.2 .0111605I50R . 0 3 b l O l 6 9 4 5  . 5 & 5 8 1 1 0 3 1 9  . 0 3 7 1 2 1 7 1 1 4  1 . 1 3 7 6 2 0 2 1 8 8  ~ L 1 1 0 1 6 6 8 6 7  .787777*235 . I 1 7 3 3 3 2 1 5 8  

.52 12 3 1 ' 1 ' ? 5  

.328837242h 
. 3 ~ 3 1 5 5 0 7 2  

1.8 .0108*83296 . 0 8 2 1 8 8 l 1 8 9  . 5#41Gb7UbE . 0 4 0 3 7 9 3 3 2 0  I .  3 320 308  115 i 

2.3 . ~ I b 5 7 1 1 Y L E u  .028734815V .53636722b* . 0 3 6 2 0 1 5 3 7 5  1 . 1 1 3 1 8 7 3 + 2 1  . 0 7 8 8 5 1 6 7 6 0  - 7 5 2 5 6 2 7 0 5 5  .08615nn3*4 
2.6 .0105&392*5 . 0 2 2 6 5 8 8 3 6 5  .5270362922 , 0 1 5 2 5 5 8 0 2 8  1 . 0 9 4 3 1 7 2 I 9 6  . 7 2 2 2 0 2 0 9 4 ~  . 0 5 9 1 + 9 8 i n &  . 0 5 2 5 8 ~ 5 ~ 2  

2 . 6  . C l ~ ' 5 0 6 3 3 2 0  . 0 1 3 6 Y L ? 7 8 5  . 5 0 C 8 3 ? 4 6 2 1  . 0 3 1 3 2 2 0 9 3 9  I .  C 6 8  b'**OLtl l l  . 0 1 3 O * , ? G q ,  .071R12856?  .016435988n 
2 .7  . c i n ' l 9 ~ 6 9 7 b  . O I O C Y ~ ~ ~ I ~  . 5 n u o o ~ 1 0 o u c  . n ? 2 3 5 0 2 7 5 5  I . I l h O i l h l R R 5 f l  .""i',l"rln"o" .65'.Rhh7957 . o n n n o a n o n ~  

2.5 r011 '5227593 a 0 1 7 6 9 9 5 7 2 9  . 5 1 1 8 5 0 b l 2 9  . 0 1 4 2 9 3 1 9 9 3  1 . 0 7 7 8 1 5 1 6 2 2  .03 12 l h Y C 8 I  . 6 9 0 1 ? 7 8 8 9 9  .U360287875 

2.u 

1 .Y 
1 . 8  

1.6 
1.5 

I .L 
1.3 
1.2 
1.1 
1 .t 

2 . "  
3 . R  
" . I  
J . 6  
u.5 

U.* 
L . 3  

d . 1  
0 . 3  

LJ.1 
u.2 
3.' 
0 . 
3.5 

U.b 
4. I  
U . 3  " . 1 

1 .li 

1.1 
I . .  
I . '  
1 .* 
1.5 

1.6 
1 . 7  
I . 1% 
1.'. 
2.i 

2.1 
2. 
2 . 3  
1.4 
2 . 5  

2.L 

1.7 

Ll . , 

. 0 7 2 9 8 8 6 ~ 0 1  

. 0 7 0 7 3 3 2 1 J 4  

.068&P15982 

.Ob63062701 

.Ob42093516 

I65O2.8h21631011 
9422.?5 '1713*57 
5723.U317Zihl  110 
3bC7.2b91715174 
24141.6291157212 

l b r 8 . 3 2 3 5 6 3 8 7 5 2  
11 5 3  a 6 2  3 i i i  3 2  M 6  3 

8 2 4.5 7 fi 4 3 J  0 I Y 0 
.9957'25013 
.99&7073522 
.9934739630 
.9920071127 

5 98.6  8 8 V 6 5 0 ? 0 0 
'.41.00'L?31611 

1 5 .  ' 1 5 6 5 7 1 1 0 0  

.blR*83"4*l 

.63021RYJY' 

. b 2 l b L U 1 l I ' r  . h 117851155% . tI 0 169 I 163  7 

- 
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r 

.O 

.9 

.l 

.6 

.5 

.* 
.3 
.2 

1  
.c 

'.9 
1.8 
1.7 
8.6 
'.5 

1.4 
1.3 
.2 

' . I  
, .O 

'. 1 
'.2 
. 3  

8 . i  

8.5 

.6 

.7 
'.a 
'.9 
. 3  

. I  

.? 

.U 

.5 

.b 

.l 

.0 

.9  

.O 

. I  

.2  

. 3  

.L 

.a 
. 7 1 8 7 9 6 9 3 1 1  
a58Y7683348 
.1.56VY22063 
.3bL1416192 
.28Y25764L2 

. 2 3 5 1 3 C 8 8 ~ 9  

. 1 ~ 3 a n i o i i  

. 1 6 l U l 6 8 9 9 7  

. I 3 5 3 9 9 2 6 2 5  

. l l498UlUt iO 

.0485563967 

. d e 5 2 3 5 1 2 0 2  

.07'+34996&2 

.Ob53935037 

.?519117852 

. b o 5 1 1 9 7 2 3 5  

. 6 1 9 0 8 7 3 5 5 1  
' .63L2186812 
. b ' l 2 l L 7 3 9 3 8  
a 6 5 1 9 1 6 6 8 3 9  

. 0 7 5 7 7 1 1 3 7 ?  

a 9 9 7 7 7 1 2 9 1 2  

. 0 6 5 & 8 7 3 6 3 3  
-063671059 '1  
. 0 6 1 8 ? 1 6 5 % 8  
.Ob02986097 
. 0 5 8 7 5 6 1 & 8 &  

. 0 5 1 3 9 1 2 7 9 b  .68902'.0646 
. 6 9 2 0 8 4 2 1 1 8  
. b 9 4 3 6 6 3 2 8 1  
. 6 9 5 9 0 5 0 9 6 3  
.bYb731L202 1  2  1.2 6 9  '544? 7 1 3  

.3 5 1  8 32  3 8 6 1 

. 3 1 b b 3 2 8 3 8 2  

.Cb22816936 

.0386117809 

.0)5'.91&55b 

.0328*80707 

1 .1883691178 
1 .0146560516 

.81"s110493 
. 8 0 7 ~ 1 8 3 6 b l  

. 9 4 3 3 3 8 & 8 9 8  

. 0 5 2 6 6 4 8 6 1 3  

. 0 5 1 8 0 6 9 1 7 0  

. 0 5 1 2 3 9 7 0 1 9  
~ 0 5 0 7 5 3 7 8 5 8  
- 0 5 0 3 3 9 5 6 7 7  

.0'.99810083 
e 0 1 9 6 8 5 7 2 0 7  
.01942*Y996 
.OL91938bG5 
a 0 6 8 9 8  1 1 2 2 4  

. b 9 1 0 3 1 6 3 5 8  7 . 6 6 5 2 5 2 2 2 5 0  

. 1 4 > 8 8 8 1 3 6 1  
. 6 8 2 3 8 8 3 8 4 1  
e 6 2 3 4 8 6 5 4 5 8  
. 5 6 7 2 5 1 0 1 0 2  
. 5 1 3 1 7 1 3 1 b l  

.4631C96141 

.*1532lCL71 

.370400380b 

. 3 2 8 6 0 9 7 6 0 2  
1 2 8 9 7 3 8 4 2 6 9  

2 5 .  "1 7 6 6  7 9 1 t 7 12 .139321928,  
9 .Y49137922J  
H.U9RU659201 
6 . 5  96 9 5  0 9 7 P h  

. 0'0 77  54 5 9 6  

e 2 5 3 8 1 0  1 9 5 4  .017467bb9D . ",'"11""6, - . . - - - 
. 0 4 6 6 3 2 2 0 5 3  
. 0 4 6 1 1 8 0 9 8 8  
.04553 '15735 

-01  Y1918666 
.018YC89746 

~51866116 ' .7  
.318Yb59Ogi 
- 0 1 8 2 9 9 4 3 8 5  
.018162653& 
. 0 1 0 0 5 1 0 5 5 4  

. 1 1 8 1 2 1 6 8 1 3  

. 0 9 9 0 1 9 8 1 0 5  

. 0 8 2 4 2 3 4 8 2 6  
.Ob79904651 
.055b011b50 

.Ob48801549 
. 0 4 & 1 5 5 3 7 6 2  
.0433621&?7 
. 0 4 2 5 0 6 6 4 6 3  
-04 I 5 9 3 0 0  74  

. 0 1 7 9 6 0 6 0 7 6  . 5 3 7 5 0 5 2 4 0 6  
. 5 2 0 0 1 8 1 5 8 1  
.51851'10436 
.509196&565 
. 50000UUOd0 

I 
1.0914032955 3 .1918039013 . 5 8 1 1 9 8 1 1 6 3  . 0 7 8 1 4 3 9 0 8 5  5 5 3 6 4 . L 5 3 C b ~ 8 Y 6 L  lZ ' i72 .1 i43( i393b l  3^u62.2Gb9780221 .PVS5?76178 

~ 8 0 1 5 1 1 I O 1 3  2 .8G681b9818 . b 0 1 1 5 6 8 5 5 8  . 0 7 6 3 2 0 6 5 5 9  2 5 U 1 8 . 9 8 0 0 2 6 4 i 1 5  6213.1b556821Y8 1 * 9 1 . 5 1 6 7 5 0 1 6 6 3  .9992PL1183 

. 4 8 0 5 5 1 2 1 3 6  2 . 3 8 0 1 8 5 7 4 2 1  . 6 2 5 4 5 6 8 3 8 1  .072442080b 7613.1071320557 l Y ~ 2 . 2 5 0 6 1 8 2 Y l h  

. 3 8 2 0 9 6 1 9 8 0  2 .2090333936 .6358'175605 . 0 1 0 4 8 8 8 3 8 3  1 5 6 1 . 5 1 1 1 5 0 5 3 5 5  1204.725bYb6C*2 

. b 1 5 1 1 6 9 2 8 9  2 .5860145058 . 6 1 3 9 0 3 & 6 1 5  .014401 '1 lOI  13*69.71655Y733L ?333.51r48Y59CQ 826.66B78393Ub .99R9R12 181  

.9 

.6 

. I  

.b  

.5 

.il 

. 3  

.2 

. I  

.a 

'.9 
'.8 
'.l 
- 6  

'.5 

-.9 
0.3 
0.2 
u.1 
0.0 

0.1 
0.2 
0.3 
0.r. 
0.5 

0.6 
0.7 
U.8 
u.9 
1.0 

1.1 
1.2 
1.3 
1.6 
1.5 

1.6 
1.7 
1.8 
1.9 
2.0 

2.1 
2.2 
2.3 
2.6 

4 Y  b e  25 9 7 5 3 8 2 4 0  
317.58492831SO 

- 3 d 8 6 3 8 3 8 0 3  2 .0635236316 

a 2 0 9 5 4 5 0 8 3 4  1 . 8 1 6 9 9 ~ 2 6 3 8  
. 1 7 5 6 8 6 l k 5 ?  1.709066'.303 
- 1 4 8 8 4 2 6 3 2 1  1 .6082301226 

. I 2 7 3 4 1 0 6 9 9  1 .5133292962 

. I 0 9 9 6 1 5 3 0 6  l.L22"G22115 
e 0 9 5 7 9 8 0 1 2 2  1 .3357536084 
.US41723153 1 . 2 5 2 4 6 2 3 6 3 7  
.01'15639218 1 . 1 7 2 2 2 2 5 5 9 4  

.Ob65149515 1 .0948015618 
- 0 5 9 8 9 5 8 7 2 8  I .020U501905 

.0L95482024 . 8 1 8 2 6 2 9 0 2 3  

. 2 5 2 7 5 1 5 2 3 ~  1 . ~ 3 4 1 1 8 3 8 5 ~  

. O S ~ Z B * I W O  . ~ ~ i ~ ~ m 2 5  

' .045535620* . 8 ? 1 1 8 3 9 8 0 ~  

.0'121242568 .74667021128 
e 0 3 9 2 1 5 5 7 2 9  .68'11631825 
e 0 3 6 7 2 9 5 7 2 3  . 6 2 5 5 1 9 3 1 9 9  
.03*6008850 .568999331* 
. 0 2 2 7 1 5 7 6 4 5  .5!52bY134b 

e 0 3 1 2 0 9 1 4 2 5  .+6*39259$9 
- 0 2 9 8 6 5 7 9 2 4  .416*280155 
-02871288 '19  .311&246333 
.U2772'18**0 .329'.18'.756 
1 3 2 6 8 7 9 4 3 9 6  . 2 9 0 & 2 9 1 3 6 3  

.0261516662 .25'14596588 

.U255*31649 . 2 2 1 6 8 8 2 9 8 8  

. 0 2 4 5 8 1 1 2 4 4  .1663*68032 

.02 '+2104270 . 1 4 0 0 1 9 1 3 9 ~  

.02390Ulb'.9 . 1 ? 8 3 1 8 2 9 1 5  

. 0 2 3 6 4 1 9 5 0 5  .099281199L 

.023*283142 . a 8 2 5 9 6 8 9 3 8  
a 0 2 3 2 5 2 8 8 9 7  . 0 b 8 1 3 0 0 0 1 1  
* 0 2 3 1 " 9 1 2 2 3  . e 5 5 7 1 5 2 2 2 1  

- 0 2 2 9 9 3 7 9 3 5  .C'i51bOZb88 
.01291106513 . . a362763355 
.022826Li l42  :028873369 '1  
.O22767810L . 0 2 2 1 6 1 8 1 0 2  

. n 2 5 0 2 i i 6 6 2  . 1 9 1 & 7 2 8 6 3 1  

28Y5.""30*39599 .Ob85781263 
.Ob67402642 
.Ob69914183 
- 0 6 3 3 5 5 9 9 1 9  
.Qb183L0906 

1.57.8'07111899 
328.112145bRJb 
262.11901121+11 
180.1465626666 
1 3 5 r l 3 3 6 6 2 5 6 1 2  

lUL.U5'16465Y19 
77.51*8263C81 
59 .16552605 ' l8  

34 .91L8176554 
' r 5 . 3 5 5 n z i 7 9 5 2  

.6762018*92 

. 6 1 9 6 9 9 5 3 7 0  
- 6 8 2 3 7 9 5 6 6 9  
. 6 8 4 2 8 3 3 3 9 8  . b 8 5 1 1  2 8 2 5 5  

. b 8 5 8 8 b b 9 & 9  

. 6 8 5 6 4 0 5 6 3 0  
. 6 8 0 7 2 7 3 1 8 9  
. 6 8 3 1 6 7 5 2 1 6  
e 6 8 0 9 7 9 8 5 0 0  

.61818158811 
. 6 7 4 7 8 9 1 5 0 2  
. b 7 0 8 1 8 6 1 2 0  
. 6 6 6 2 8 6 2 6 9 1  
. b D , I " l l 6 2 1  

1 ~ 5 . 5 ~ 7 6 8 6 6 6 1 8  
l 1 0 . 2 0 6 7 1 3 4 5 1 1  

65.LOO5678172 
51.210787Y5115 

8 i . 5 * 5 i 2 m i i n e  

- 0 5 5 2 2 2 6 9 4 8  
.05*5051788 
e 0 5 3 8 1 8 9 4 3 0  
- 0 5 3 3 3 5 0 7 5 7  
.05286*0790 

1 6 . 6 9 2 1 1 6 0 1 9 2  ~~ ~ 

1 3 . 1 5 1 6 3 3 5 0 5 1  

9 . 9 6 7 2 1 l Z L 2 1  
8 .5075868607 

I I. 75138 1 0 9 5 4  

.U524>59447 
.0521002030 
- 0 5 1 7 8 5 9 8 9 5  
.0515020974 
.651237Gb85 

. 6 5 5 6 0 5 7 1 5 9  

. b 4 Y 4 9 6 0 3 7 1  

. 6 3 5 8 5 0 4 1 4 7  

. b 2 8 3 6 1 5 5 9 9  

. 6 4 2 9 0 2 5 7 8 6  

a 0 5 0 9 1 9 2 9 7 5  
.05071717*5 
. 0 5 0 4 3 9 2 6 0 5  
.05013*4995 
.0491924110 

3 a b 7 2 9 9 2 4 5 8 k  
1 .2*51139792 
2 . 8 7 9 6 0 7 8 1 5 2  
2 . 5 6 6 3 2 7 1 5 8 7  
2 . 2 Q 7 1 1 6 3 3 0 1  

. 6 2 0 1 8 5 1 9 5 0  

. 6 1 2 2 3 7 4 6 2 0  

. 6 0 3 6 6 1 6 6 5 5  

. 5 9 4 7 9 0 5 0 5 6  

. 5 8 5 6 8 9 9 1 9 9  

. 5 7 6 3 8 0 4 6 8 3  
~ 5 6 6 9 1 5 6 4 6 6  
.5573Y13049 
. 5 4 1 1 0 2 0 1 1 2  
.5380*420*5 

.528*073833 

.0694036062 
-01189595641 
.0*84534018 
.Ob78798706 
. 0 4 7 2 3 5 6 0 6 1  

.0465192638 

. a 4 5 7 3 1 5 7 4 4  

.0**8153070 
- 0 4 3 9 5 5 1 3 8 7  
.042917*330 

rOG19&99425 
.04008145P4 
e 0 3 9 1 8 1 4 0 4 2  
~ 0 3 8 6 5 9 4 6 4 0  

1 .5316741294 
1 .4213751245 
1.33 74  I C 3 1  1 I 
1 .7735*83165 
1.22'11792537 

.095762'.17 . 1 0 0 3 7 6 3 L l l  
a 0 5 9 6 6 2 6 8 4 9  . 5 i E 8 3 1 3 7 * 3  

. 5 0 9 3 5 1 1 1 8 0  
.5000Cc'OD00 
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TABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 

-l.ti 
-1.1 
- 1 . b  
.1.5 

.I.,. 
- 1 . 3  
-1 .2  
-1.1 
. I . "  

-0.9 
.U.H 
-0.7 
- b . b  
-" .5  

.I).* 

-,J.5 
.b.2 
. U . l  
u.O 

0.1 
0.2 
0.3 
0.4 
0.5 

C.6 
0.1 
U . 8  
1 . 9  
I .U 

1.1 
1.2 
1 . 3  
1 . i  
1.5 

1 a 6  
1 . 7  
1.8 
1.9 
2.0 

1.1  
2 . 2  
2.3 

.9999??33405 

. 9 9 ~ n i 5 3 + 7 7  

.99R1933*59  
2 . 5 1 b b 2 7 Y b 2 9  
2 . 3 0 9 3 0 1 6 0 3 0  

. 0 1 1 4 4 6 4 8 5 1  

. 0 b 9 6 1 2 1 3 6 1  

. O b 1 9 6 3 5 5 2 1  

. 0 6 6 3 3 1 1 0 9 6  

. O b 4 8 1 2 1 0 3 5  

. 9 8 2 6 1 7 7 3 0 8  

€, =-2.2 
1.1 
1.b  
1.5 

1 .L 
1.3 
1 . 2  
1.1 
I ." 
0.9 
U.8 
u.1 
ii .6 
.d.5 

U . 4  
11.3 
u.2 
" . I  
u.O 

, > . I  
l i .2  
l.3 

51.4 
i.5 

51.0 
/ >  . 1 

d . 9 
I.,, 

1.1 
1.: 
1 . 3  
I .I+ 

1 . 5  

1.0 
1 . 7  
1.0 
1 . Y  

1.11 

2 . 1  
2 . )  

u.n 

. . . . . . . 
. 0 1 5 1 2 1 1 1 1 5  

. 6 l  3 1 1 6 2 1 6 7  

. b 2 2 Y C B l l V I  

. 6 3 1 1 8 1 2 r t i 6  

. 6 ? 8 1 5 / 1 ? 5 2  

. 6 4 ~ 5 ? 9 1 ? 0 8  

. 0 1 4 0 * 6 2 1 3 6  

. 0 1 2 ? 1 3 2 3 4 2  
. 0 7 0 7 3 3 8 3 1 0  
a 0 6 9 1 5 2 6 3 6 9  
. 0 6 7 6 * R 0 6 1 6  

. O b 6 2 3 3 1 3 9 5  

. 0 6 ' 1 9 1 6 2 b l I  

. O b 3 1 0 ? O B l 9  
e 0 6 2 5 9 1 9 9 2 3  
.U6158 '18351  

. O b 0 6 1 1 3 b 1 5  

. 0 5 9 8 6 $ 5 0 3 1  

. n 5 9 1 3 9 t i 8 5 3  

. 0 5 ~ * 9 5 8 5 0 2  

. 0 5 1 9 2 3 1 8 6 9  

. I L 11 I O  1 9 1  b . Il'ib J r  Y 8 1'1 J 

."8 I 1  YDI 1 b 1 
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I TABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 

, 

. r n ~ o o n c c ~ c  1 .1788963131 2.1 .0156133066 .0456133066 . 5 0 0 0 0 0 0 0 0 0  . 0 1 5 8 2 9 0 3 1 3  1 .23697k484e  .oooonrnoc'i? 

=-2.0 I 
-1.5 1.225G179391 2 .939768751 '  .571418375* e 0 7 9 6 1 7 0 3 9 2  361JI.GC23238U31 10367.23813b0013 2992.8221621587 .989-03 '32s  

-1.4 . 9 3 0 7 7 3 9 8 ~ 2  2 .5812175395 .58259907*5 .0783129380 1 6 5 5 1 . 0 3 1 ~ 6 0 8 5 5 2  i ~ i 6 . 8 ' r * a i i 1 8 9 2  1 4 6 3 . 7 9 2 9 5 a 9 7 5  .99892788llC 
-1.3 . 1 2 9 1 1 1 5 3 8 2  2 .31u2170961 .59?706? '158  a 0 1 6 9 3 7 7 9 3 6  8478.1Q38917060 2603.9299708636 802.2661018010 1998'13'14258 

-1.1 .47815190Lb 1 .9293331770 . 6 0 9 8 0 1 2 5 2 9  . 0 7 4 1 2 3 3 6 5 2  2711.63870G3'167 91&.5299755012 3 0 3 1 3 1 8 7 5 0 2 1 1 0  .996'3996085L 
-1.0 .397269549(1 1.780'1385956 - 6 1 6 8 3 0 9 5 3 4  . 0 1 2 7 4 2 8 8 6 1  1 7 1 4 . 1 8 8 2 5 8 5 I J 1  5 8 6 1 6 1 0 9 5 0 2 7 9 5  252.3665416928 .99598214k6 

-1.2 . 5 8 4 8 2 7 0 8 5 6  2 .1034123287 . b 0 1 7 6 8 4 4 6 2  .0155304*17 & 1 3 2 . 8 7 8 1 7 3 5 8 j >  169S.326900201b 417.B871800191 . 9 9 n 9 9 5 b o s  

-0.9 .3341031723 l . b k 9 5 2 7 3 7 L 5  . 6 2 2 8 8 7 0 8 8 9  .071*0959&8 lb98 .8293 '161192 39U.UC71399665 l & a . 5 & 4 q l ? l 3 9 9  .99C11985&4 
-3.8 . 2 8 5 5 n 7 4 i i e  1 . 5 3 1 9 0 6 3 1 8 2  .6280009610 .0701389073 725.5211805714 268.6818337127 100.877L126019 -9931531985 
- i . 7  .246293962* 1 . 4 2 6 4 2 6 2 6 5 5  .63220'.3860 .068941676 '1  L9C.67801'3032t IR9.L130L2L*P' 7 & r G 1 " 5 ? 9 h 5 9 6  .991215509 '  
-U.b .21*613262b 1 . 3 2 & 9 3 2 9 8 9 1  . 6 3 5 5 2 8 7 6 6 6  ~ 0 6 7 8 2 4 7 9 9 5  338.4L05759644 1 3 6 . 7 5 7 2 3 7 5 1 2 1  5+.1867535504 -9P882G253I  
-0.5 . 1 8 8 9 2 0 0 3 3 7  1 .2319133S78 .6380014*39 e 0 6 6 1 9 1 7 8 7 3  2 3 1 . 2 5 & & 2 5 5 5 9 1  99.88818241*09 k 3 . 2 6 ~ 1 6 2 5 3 9 5  19858769143 

7&.2C519q63*8 I -0.k . I 6 1 1 6 3 3 5 5 9  1.14'13Cbe832 . b 3 9 6 6 0 2 9 5 4  - 0 6 5 8 4 3 2 1 3 7  168.5775116816 

0.1 .1L19155761 .16768*2151 . 6 3 6 5 3 8 6 0 0 5  .Ob22391635 35 .113259827L 1 9 . 5 1 0 8 4 6 1 6 h l  i ? . n 9 6 * ? 5 5 0 ~ 2  - 9 6 6 6 9 9 9 6 5 ;  
2.2 . 0 9 1 0 1 7 1 3 8 1  . l O 2 b l 0 1 9 6 2  . 6 3 3 7 9 4 0 6 4 5  1 3 6 1 6 9 7 5 3 2 6  26.1969G55315 i 5 . ? 1 8 5 3 ~ 2 n o i  1 0 . 1 3 6 6 4 1 5 3 4 1  .933899887(  
0.3 . n 9 0 7 1 6 5 2 9 1  .6 '108142158 . 6 3 n 3 9 2 3 1 0 2  . n b i i 9 3 8 0 1 9  19 .5659119418 1 1 . 9 1 2 5 2 2 9 8 6 2  3.56'16528575 - 9 1  8106458f  
0.k .Ob53380580 .5820813"9C . 6 2 6 3 5 L L b l 9  . 3 6 0 1 1 6 8 5 5 2  l4.86C712C324 9 .3481592285 1 .2819816P15 1 8 9 8 6 5 9 8 6 9 '  
0.5 .OM07387035 . 5 2 6 4 8 2 4 8 1 8  . 6 2 1 7 0 2 4 8 8 7  .Ob02550138 i i . 3 1 3 i 8 3 n ~ v n  7 .3*79593?5n h.276282'1891 .8148"5352' 

2 .7923525366 .599039191 '  
2.LOL3152Y96 1 .2962125338 2 .191759&219 .52"619301 

? . 2 3 4 7 9 7 0 0 6 3  . 4 5 6 1 7 3 ~ 0 1 ,  
1 . 8 4 & 0 3 b b b b l  . i 3 ~ * 9 1 0 9 3 2  7 . 0 1 6 2 7 9 5 6 1 4  . 3 8 0 9 1 3 5 1 6  
! . % 1 P " L 5 ' I R A  .5319912685 1 . 8 2 9 1 5 9 3 2 5 6  .3 06  1 9 1  649' 

1 . 6 6 8 7 5 3 6 0 2 3  - 2 3 4 1 7 9 2 1 3  1.5'1'161185C30 .3151881'184 

1 .3782261635 . 1 ~ 6 1 1 0 3 3 0 5  1 . 9 1 i 6 5 2 0 ? 8 2  . I 0 1 7 1 3 5 9 6  
1.?28b54rr130 .3618058523 1 .31i 'S26?2&P .CIPlO9816 

1 .6871123157 2 . p h n 7 R i i i i i S  1.1 . 3 6 & 1 5 3 9 9 8 8  . 2 5 8 8 5 9 1 5 3 1  .582351YIL3 . 0 5 1 1 3 1 7 3 1 8  
1.2 . C 6 2 6 2 1 ~ I 1 1  . 2 2 5 2 2 6 1 6 2 9  . 5 7 & 1 8 5 8 3 7 0  . 0 5 6 & 4 9 6 5 9 3  
1.3 .0613220561 . 1 9 4 6 3 1 6 4 2 2  .565661943b -0556982 '168  
1.4 .06022*62*1 . 1 6 7 0 1 1 6 1 2 2  .55682647*1 a 0 5 4 8 7 2 5 0 8 1  
1.5 .0593i i18852 . 1 4 2 2 Z I t i L I j  . > * i l i ~ a i 3 i  -253107L:CL 

1.6 .0585299288 . 1 2 5 2 & 5 8 2 9 4  . 5 3 6 4 1 2 2 4 9 8  .3529890'.04 
1 .7  a 0 5 7 8 8 7 7 1 2 3  . I 0 0 8 3 6 2 7 8 6  . 5 2 8 9 3 2 6 3 0 1  1 0 5 1 9 3 2 5 5 3 8  

1.9 - 0 5 6 9 2 0 4 7 5 1  . 3 6 9 1 1 6 0 7 8 7  . 5 0 9 6 7 8 0 5 0 3  . tG9610*077 
2.0 .0565646711 . 0 5 6 5 6 r 1 6 7 ~ 1  .5000000000 . 0 4 8 3 5 8 8 3 1 5  

2 . . '818865335 .984nn42365 

1.&'161191836 .241918112L 1 .531??7? '56  . 1 6 6 6 z n 7 & i  

1 .292L216342 .C r iC~01 :0000  1.2?322116C3 . ~ n o o c n c n n ~  

1.8 . 0 5 7 3 5 6 6 8 2 5  .0838717829 . 5 1 9 3 3 8 1 2 8 8  .35080*3103 
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'ABLE I. ESTIMATING FUNCTIONS FOR DOUBLY TRUNCATED NORMAL SAMPLES (Continued) 
EO I ZI(€I.€Z) I ZZ(€ I~€Z)  I HI(€I.€z) I Hz(€I.€z) I PII(€I.€2 1 I Pl2(€1*€2) I P22(€1,€2) I p ( j 3  . 

I 

.57hh40321h . i n 1 7 9 1 9 8 6 1  

. 4 2 1 n 1 3 5 l R 6  

.1'?0$1'37' 
1.5 . 'JI25'.5b' i i ' i  . 1 4 3 1 9 6 2 3 9 0  . 5 3 8 O r ! 9 i 3 R  . 2 b ' l I  1.8866') 

-11.6 . I r l i I ,  
-" .5  . 2 l t i i b l  

- - . Y  

-u.r 
4 . 1  
-u.6 
-11.5 

-11.41 
- 4 . J  
- j J . l l  

-11.1 
0.L 

" . I  
d . 2  
".J 
i . j l  

0 . 3  

6 ,  . 6 
,>.I 
, I .  6 
J . Y  
1.0 

1.1 
1.2 
1.3 
1 .L 
1.5 

1.b 
1.7 - 

.Oh.',. 18" 5'r  .I 
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.998833'111)3 
' j 5 1 9 . 3 5 3 2 ~ 7 1 6 9 1  ? 6 9 2 . i i 0 C 2 J 6 1 C 3  1131.G981731'13c .99811331CR 

1.1 1 .31lb '191423 2 .6939641470 . 5 5 5 3 6 9 9 9 U l  .08C8198491 21?2'*.97(15380'61 l V ~ ~ 8 r B ' i 0 6 5 2 1 1 2 3  2 9 5 3 . 9 1 9 1 5 1 5 5 S 9  
1.0 I.Ob8025619Y 2 .9 ic1b683r9b  .5635Y54672 .0799451715 

1 . L  . 3 8 2 1 1 1 3 8 3 6  I . 2 7 3 8 0 5 5 6 e e  . 
j . 3  . 3 3 8 9 0 7 6 2 5 1  1 . 1 6 5 2 9 2 h i 8 l  . 
2.2 .31131112530 l.CbB5YLS2r.3 . 
J.1 . 2 1 3 6 1 6 6 8 4 5  .$lY228?1116 . I C 5  2 L L 1 7 6 1 7 J 5  6? .105C55"387 
J.0 .2491419295 .896055iLU7 .5956578CHC .011*1'5813 ~ 12:218223155?  '12. i i l L l l O 3 l l H  . 5 6 l i l 7 2 h 5 2  

i.1 . 2 2 8 6 8 9 2 9 2 0  . 8 1 8 4 1 3 6 9 1 7  . 5 9 i 2 8 1 5 2 ' 6  .C101559635 ~ 53.1936lC3287?  ?3 .5CJ20&?5l :L  
J.2 .2111951GYY .7456GY5'360 . 'Yi1586bb8 .OlO1258219 
1.3 .1YbY782370 . t 7 7 2 8 5 1 3 9 0  .58Y3118410 . 0 6 9 5 l b 2 8 8 b  2 i .  33 i ' 5 i  3 7 1 5  
J.4 .18667647.4  . 6 1 3 1 4 1 4 7 1 9  r 5 € 5  1644968 . C t 6 9 1 7 8 1 2 8  
2.5 . I 1 4 2 2 2 1 6 3 3  .55298522b!  . 5 ? 1 5 4 1 3 9 8 1  .Ch83198340 

0.6 . I 6 5 3 1 9 6 7 0 6  .49bb41137b . 5 7 6 6 5 9 0 6 0 5  .C577110131 7 . h 6 4  5 8 i 1 h 1 
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