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TEE PROBLEM

~~~~~~~~~~~~~~ ~~~
Develop analytical techniques for treatment of target detec-
tion and classification processes . In particular, derive
probability models required for analysis of automatic detec-
tion procedures in the Lorad system

RESULTS

\
I. Th~ sIug~e-p1ri,~ faise a are~ ee i I ’O rmance of the b rad.
s~istem has been a~~ zed. Formulas are presented which

~~~~ the fat se  alarm rates ~esu~~~tn~ :rum speciI~~ed detec-
t ion ci~i t er i a .  The treatment ei~compasses anaiog  prucesses
as ;qell as ~imputer programs .

2. A probability model has been developed which is applicable
to a wide variety of search systems which process data in
sampled form . In addition, these techniques are applicable
to automatic target classification processes.

RECO!v~~~NDATIONS

1. Apply the techniques to other sonar systems: SQ$-23
modified for use with Small Ship Combat Data System (SSCDS);
SQ~-26.

2. Apply the methods to target classification processes in
Lorad. .

3. Develop detection probabilities for the Lorad. system and.
couple these with false alarm characteristics derived in
this report .

I s document con t ai ns information affecting the Nationa l Defen se of the
United S t thi n a eani the go 10 e 18 . C ctio
793 an 94. h tr ans iss or t v et atio i t s co nte in any manner
an unouthorize person , i prohibited by law .

Extracts fro m thi s publicat ion may be made to facilitate the preparation of
ot her Department of Defense Publicat ions. It is forbidden to make extracts for any
ot her purpose w it hou ! t he specif ic approval of the Chief of the ~uyeau of Shi ps ,
exce pt at provided fo r in the U. S. Navy Security Manual for Clatsif led Matter.
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S-FOOl 03 03, Task 8132 (EEL El-ll). This report covers
work from March 1960 to September 1960 and. was approved for
publication 15 February 1961.

The analysis reported here was generated. by discussions
between the author and R. D. Isaak of the Acoustics Division
concerning the characteristics of the information which must
be handled by the tJSQ-20 computer in the Lorad system .
G. P. Schumacher proposed, prograrmed, and analyzed the
Monte Carlo experiments described. in Appendix B. L. P.
Mulcahy and J. A. Hammond performed the computer and manual
calculations associated with the range-rate confidence level.

The author is indebted to S. D. Isaak, C. J. Ve~ Vliet,
and. G. P. Schumacher for their critical review of the
manuscript .
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INTRODUCTLI :

As part of the design of an operational noise-correi’~.tion
Lorad. system, a set of test pro porno for the AU/USQ-2C
computer is being prepared. to investi ate the reauiremento
for automatic detection (and ultimately classificatior.) of
possible taroet echoes.~- (See lJst of’ references, ~~~~In the absence of substantial enpirica data on the charac-
teristics of random noise, reverberation , and submar ine
echoes at the output of such a noise-correlation o:js te:~ , the
detection criteria beiri. : used are based on issi.uIiptisns about
the complex statistical properties of the -icktr ound and
signals . Many of the mathematical consiJer-~t i u n: appl~riri~
to automatic detection hauc also entered into :t ud ie s  of
Lorad display systems. Some theoretical in-Testi~ atiorrn ha1e
therefore been undertaken in this area . The initial results ,
dealing with the effects of random back ~ roundc on automatic
single-ping detection , -i .re presented here .

In broad term s , the computer program to be considered
examines U~ returns f rom a region of the ocean co ns ist in  of
a 32° sector in bearing and three convergence zones in ran•~e .
On a sm ote-ping basis , this program attempts to detec t and
retain in memory possible submarine tar~et echoes. These
potential target echoes from a sequence of pin slay then ~e
presented on a visual display with which an operator may
detect taryets  on the basis of track infors:ation. The foJ  l ow-
ing paragraphs will re~nLew the pertinent features of Lorad
operation , des cr ibe in more detail the computcr rroL’ram of
interest , and pose the theoretical questions which  are to be
discussed.

The processing of returns prior to enter !no data into the
computer will be described first. The transmitted s nat i:
a pulse with a nominal duration of 5 seconds, obtained by
filtering a 100_c/s band from the output of a rseuci -rol:dorL-
noise generator. The pulse is transmitted in a 3Q 0 sector
which is processed in the receilrer in the forn of sixteen

‘Reference 1 contains a more detailed. description of Lorad
and of the computer pro -~raris . Aa tbou rh much of th e material
in the ThLtr o d oct  ~or is taken. 1/1th only m i n D s  modi f ica t  ion s .
tson the reference , it is repeated here for the sake of
somp }c teico s.
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2° beams . The ~a - c - i a e r  Is open for 70 seconds, correspond ing
to a tot H c n n  cj,’Lra n~ of 56,000 yards . Each heosr is
s uripled c t ~1.l ,r 5 milli seconds , Dr c t-c ry 14. y a rJ s  in ranre .
I’Ia su~r . l~~s ar c otorILi i~ 16 si 1n el deltics, each of which
co r t t , L t r t o , say, 1000 samples c rresponding to the transmitted
pulse d c r i ~: i o i .  of 5 seconds . Each delt~c is upd.aLid, then ,
e n e i y  5 mi Loeconds : i.e., tb oldest SamO ! e is discarded
rId the new Jam p~ e is added. Durinc hi- 5—ncr-c i nt e r -n t

en twc-t  s c~s~ sn. s , the contents of all iC s Lynal delt icc are
.D:rrL . ited . - a i n st  the cj n t , e rt s  of eight ranye- ra te  reference
de~ Lics. ( fe iL t !  ~i , there L i e  2L~ references, s in c e  three
t rncjpel cy iands are employed to achieve a higher data rate
:~~r’ the system . Howener , this need not enter into the
discussion h e r e . )  These references correspond to 6-knot
rtmnye-rate 1nter-i ~~i - s between minus 21 knots and plus 27 knots .
(l’ nrre it i o us  are thus performed at the rate of 25, 600 per
sc- co r d , t ed 1 ,792 ,000 correlations are performed per n~ n c .
The correlations are performed in a “ s e r i e s -p a r t I L e l  f a sh ion :
the f t r s t  beam is correlafed with all e i T h t  re feren ces  SL’outt a-
neously, then the second beam , and so on .
Each o .sseeator output is passed thrs t a c Li C: . t ~~ for
s - .a -~~~~ - . . : cc rat io improvement,  and ti - c t e et h  of the comb
am record- m ed in an OR circ i t . 2 The Cocre  a t~~r o t n . t s .
wh cn have a center fceqi enc ,r : the l:.ecac , D - reline as a
s s i t  of the t ime compress i on  p r oense  t . ~. are tb n ccc’i d  l swnas.: f i l t e r e d  to the band ~-2 c S. The e

IL -a ues fo r  a s: en beam art  tb n y _ 0  c: it
L ) snsse -J  so that  u n t y  the la r .~est ~all e .s r e t a i n e d . This

the lata  r~~a to ~~~~~~~~~ cr e l a t s o n  vali:es per sr-in tL .
ic 2214 , 000 ~r sc at t a m  va l es ocr  f l i e s . Thc :e c i c m e ~~a.ti w.
values am 1 :: , I .itted t o  an ~ s: ~sdc- t hr e s L i . :  (ana s m ) .
called 7’, wk . oh r r-c ’idec r Li r n: o’ aOrn l e,t n t  da ta
to th~ computer .  A d a t  no ~a 1e  exc€-e  L e t  2’ is c

~- O :  to iiri tal firv . assemt .lLd into a ~ . —~ t wore aL ’no
n’ it the appropria te  i:. . coat ~~~ and sa n t e - r a t e  informa-

u s .  and Li then entered into the TDH ( ten r irary data
I ist in computer u eri o ry . Jerrelat ion n am es exceedis .

2 ’.  a d  sometimes the t or r e spcn di . eH  data ~e rds w i  I t  h er e a f t e r
be referred to as “e--ent s .“ The TIll I l o t  has. a canaL ity  of
iL l .  2’ is ad. iusted a tornat c al ly  t the comp ter  t o  keep
tie a -e r i s ’  In rit rate si ck that tie computer is always
u rk i nc near its m a x i m i m c a p a bi l it y . T h i s  i s  ‘o .ch ly c q i .L i -
ale t t fi l Un d  TDS nec per p in ’ with 2’ f’ xed to se l e c t .
on the a~ era a . 1.8 per cent of t .Lr c rrelation ‘a~ ie s .
(1. - per cent of 22L~,OOO is ~4 H l t .  lea ing a litt l e leevay to
a’’o i u e r l ’ i i w i ri;~ TDS . The . -- e r fliw pr. blem will I’e di ;c .ssed

i c r )  2’ w ill be assumed fixed (at the 1.1 p~~~ ce .t sett ec
c i  ess ithc- r~i i s - c  noted) thro 1h . t th  S t’c po~~
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r i  to ent  i v  [nto TD II . c- rr’ c- la f, ’ i r - a l i e s  j,., 3 ’ ’ t~~~~ ‘1
a ; s i i d  L1 ri-~ h Li ( a r a l o r )  . c a l  i n k  “P , “ Li s~ t h ’ -} c t’
than 2’. P is the ‘r’1te r ’ t !  f o r  i n  i i - - - i n~ t h at  a nri r t : l c r i a r ’
event wh ich has CX ’CCi ~- 1  2’ (ae~i w i  11 tb’ s i t — e-~ tc-red nt
TDS ) shot  Id be s n~~l ~d i t t .  f or  f’ - rt.I c r ’ a l a  1 i s  ~s . F c- t t c
exceeding P are d ic t i n ~p tshed ky havin~ an indicator 1

~- it.
which will be called the “F- Lit,” set to On . p i s  ad . ’ t ; s t e i
automatically by the i .’u r n i l . t e r  and it Li expected that m e  or
two per cent of the words in TDS will bat e a P - i - - i t  of ’ m e .

The entering of data into ttn TDS l i s t  in the c - r i m i te-- r ma;,’
be su.nij sarized. as fo l lows . On the a~ era :e , )4 c t t 2  €- ‘eI!tS are
entered into TDS per p in1’ . An event may ha ‘e a P - Li t of
zero or one , one of sixteen bearings , and one of’ eicht raroc-
rates . For the purposes of this report . it  Li asp -reed that
the ranges entered are i l l  14-yard increments and are ci: al
ranges of the returns beiny correlated . (Since thr 0 1 - t i - c
edge of the third zone o c c l . r ’s nominally at ~YH Sc 1’ ~~~~
2140.000 yards , there are 6u .000 cai ne I cc r i  i n t e r n  a i d  6 i i  t~~
would be required  to en t er  the ra.r .ge- r .  Act  a I 

~~
. .  o n ly 

.
15

bi ts  are used and the cannes a r c  en te red  i i  -yat ’d~~~iicr ’amn .ts
This d i f f e r en c e  w i l l  n i t  af’ i’cct  t in  ina lys s he w a d  w i l l
therefore be rot s I e ~~t e d .)  Since 2’ i S  set t : ‘ i - ’ ’  c t  I . ’ - s
cent of the correlation values , one s - t a r t  iS entered i nt o
TDS for each 56 c o r r e l a ti on  va l  es • on the ott r ice .
is a non—decreas tn ~ ril al t ‘ty ~r in th e  i n  ~ nr : ’ i . ’ to ti c- c c i
of the l i s t , thoi~~h several c-r ents  c a;, hc e : .t l  ‘~ - -e a k. t b .
same canoe : however , the beams w i l l  nc nc r t t i l ;  h-t s O t - p I
through several times between c--i ~t,s . and t is  -“  - a s o t a c I c
to expect that the bear i nns of ’  the c- tents i. TDS ir ’ HI i c ’
in e ssen t ia l ly  random o r d e r .

The computer program wi l l  1151 i c -  d e s cr H n  ii I ’  - at .  ‘ dc- i.e ‘

The basic  concept underlyinc th is  or  - r t  Li ~L ‘ cl i i’ . ’

In general , i t  i s  expected tb -at  a s i . l m a r L i e ’ a ’ n
perhaps some nor is i hmar !ne  oh . cc l  ) W i  I r t - t  ‘s ii se t  i C
events which are dr l pe- d ( c  li ; - -st e red)  i ri r an ’i . ear ’ 1’ a .
range—rate . This expectatsi or 15 I .itn d on tic “ - c ass ‘opt ‘ c :
( i )  that echoes from s t c o r i ~’ f a c e ts will fL n ‘~ i i - ~ i c on tw
or more beams cea se st’ cent: i ” in l :  beam overlap : ( 2 )  t t : r i t
an extended target such as a ;i .l m a t ’ 1 r I r -  w ’ l i  r t i - r n  ‘1 . . - -

-

at several ranges . S ince  ‘ ‘‘c at - ins ‘ire n c i ’  . t te - s “C
14 yards : and. (3) that a spa t i a l  c tue t i-S I ca uS e  ‘ii i I e a r L s
produced by a real taroet w i l l  x h i b i t  mo re ‘~~t ~. “ - - i -

rate cons is tency than a ej e c t o r p r o d  r i d  P p - nd- u .  a ’ - -

~r und . A p re l iminary  per ’ sal i f ’  the fai  cli;. - ar c  Sc L ~- t ’

submarine e choes obta i r i d  w i t h  a l ’ nd t i - I  f l O i S C — - ’ , i r ’ t  a ’
system r l r i r i n s  the most t e en  f . t r i a l s  w i t h  th e  USS BAYA
( s i mm e r  eru Pt ’ - . J u l y  and A~~~~st C i )  app -ar e:  ‘ -

U CONFIDENTIAL 
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I n - c :  i - i .; er  t ‘ 
r n  . A tin-ta i I rd stat ist ical aria ’ ir° i~s f ’ these

data ‘ r ’n i i t l t l y . r i d c - cwa:’ . The uster c ameept is of cor d
e r - t ie  i n t e r e s t  ‘ ii r e l a t io n  to b itt  detection and class fir- a-
t - i o n ,  and it i s  the r a i s o n  d ‘e t  re of’ t i c  an a ly s i s  I c  p o r n - i
here . It sho t Id be kept in mind that the cluster, as i t  i s
discussed in this report , is a st n ~ l e -p in g  cie tec t on c r I t e r i o n .

The pr’ J r  car t proceeds as follows . The TDS list is searched
un t i l  an event with  a P-bit of one is found . This event
( c a l l  it e v e n t A )  is submitted to a third threshold (d~~:itai ),
called “N ,” which is set quite h igh . H is the criterion f-o r
retainir li.i. an event on the basis of corr elat ion amplitude
alone . This is necessary been -se a beam aspect target in
the center of a cc-ce ‘r ing beam may produce only one or two
events , but these are likely to be of particularly high ampli-
tude . If event A exceeds N, all events in a range interval
-of about 100 yards and a bearing interval of four beams
(called a “cluster-s ized region ” hereafter) about event A
are stored as a cluster in the PTS (possfi . le target storage)
list in computer memory. The exact manner in which the
100-yard i nterva l and the four beams are selected is not of
importance here .

If event A does not exceed N , it is considered as a member
of a p o s s ib l e  c lus te r .  The TDS l ist  is searched to deterrr ir~e
whether a set of events meeting the necessary cluster criteria
is present in a cluster-sized redion centered in some way
about event A . If such a cluster is found, it is entered
into PTS. If not , event A is discarded and TDS is searched
for a new event I-rith P-bit of one . Then the above procedure
is repeated. After T~ S has been completely searched in the
manner described for  a sequence of p i n ~ s .  PTS contains the
c-rents needed f i r  the visua l  t rack-detect ion display men-
tioned earlier.

The present criteria for selecting a set of events as a
cluster for entry into PTS will now Ire described. The first
step is to set up the appropriate canoe and bearing limits
around eventA : i.e., to delic:it the cluster-siznd region
to be studied . Then the number of events (including event
A) in the m e d i an  is counted . Four bearing confidence let-els
(BCL ’s) are assigned on the basis of this count as follows:
If the count is 1,2, or 3, BCL 0 is assidned: if the c o t i r t
is 14- . 5, or 6 , ~CL 1 is assinr:ecl : it’ the count is 7 or 8,

~CL 2 is ass i-~ncd : and i f  the c r u n t  is 9 or greater. BCL 0
s ass i rned . The cr i teria t-’i’~en here for BCL ass it ’nrient

oi persede , ter :tat . i’a- l~~. those shown in i ’i 1otr c  B of reference 1.
These two setss of cr ’ f c r i a i.r” - - cou~,pa red ’:n the sec t ion  on
“ i f - n t c n r  of Pa.Ise A l r r n r  Rate , ” to f - h o w . If BCL is 0 , the

CONFIDENTIAl.
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c l ust e r  i s  -l 1 . rctirded . If BCL is b , the cluster is c o h e r e d
‘ r:f.~ PTS w i t h o u t  f u r t h e r  tests .

If BCL i s  1 or 2, the events a te  tested fo r ’  mar . n e- rat e
sort s  L i t .er r c ; i  and a r ’at ide-rate  cor ~f I dc-~iCn level (RRCL) is
ass L~ r rcd .  At present , a sequential  -D c c c i  f or e  for  ass i~ ni n
RRCL is be ir i~ considered arid t h i s  in ’ cc-iI i.rc i the one that
will be described and analyzed c- I s’s. (An alternate proce-
dure , whick may well be adopted in the fu t t r ’c - , i c - - ic - s er lbed
and analyzed i n  Appendix A . )  Fi at, a count is made of the
nr-mber of events ( including ev ent  A )ha’rin~ the same r’ntn~ c —

r at e  as event A .  If the count. is 1. a eL icit is made ~f the
n oiber of events in the 6-knot rar±.-e -rate I ei’ecen ’c al:.a’e
that of evecit A. If this count i5 0 or 1. a count is made
for the 6-b ru i t  lncrement below that of event A. If this
fina l count is 0 or 1, RRCL 0 is ass i ned and the cluster
is discarded. Now , suppose a count  of 2 or Creater S
obta ined d u n T n ~ the procedure outline . In this case. the
procedure is halted and a range-rate confidence ic-rd is
assigned.. as follows : If the count is 2 , RRCL 1 Is ass it ln ed :
if the count is 3, RRCL 2 is ass igned: and if the count iS 14
orrlmeater , RRCL 3 is assigned. If RRCL is 3, thc- cluster
iS entered into PTS without further tests .

Thus far iii. the program, the f’ailawin~ decis iOci5 La-re been
made : (1) clusters with BCL 0 have been discarded; (2)
clusters with BCL 3 have been entered into PTS: (3 )  c lus ters
with BCL 1 or 2 and RRCL 0 ha”e been discarded: and ( 24)
clusters with BCL 1 or 2 and RRCL 3 ha-re been entered into
PTS. The clusters still to be sorted. are t,k- se e-ulth BCL 1 sir
2 and RRCL 1 or 2. The decisions for these are : ( 5 )  clusters
whose confidence levels sum to less than 3 are discarded. :
and (6) clusters whose confidence l evels sun: to 3 ir creater
are entered into PTS . These six decisions ha --c been presented
roughly -in the order they are made in the i_ c’ n r u’.an . It is
noted that decision (6) actually subs’tmes -cli the others , so
that the selection of clusters may be derc r ’i- -:J iii ter’c.s of
this single decision or criterion (BCL + RRCL ~ 3) .

The above discussion of confidence ie—rcls and decisions may
be summarized with the aid -of table 1.

Table 1. Matrix of Confidence Level Coud inations .

RRCL
0 1 2 3

0 1 2 3 14
IBCL 1 5 6 7 8

2 9 10 II 12
3 13 114- 15 16

8 CONFIDENTIAL
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24 i s  i r r r p o c s i i l e . D e c i s i o n  ( i )  iL -i -t a r t S  Co!t~i- . - ~~—

I JUS 1, 2 arid 3. De~ isioo (2) ne’ - ’ - ~~~ c’-n cr .~~.-atIou.s :3 — I L .

D e c i s i o n  ( 3 )  discards e - O I r r U i n a t i - : r ~n 5 a d  
~~~

. Deci s~ r~ (
~

)
accept c’ ir :tl ii flal: ~~~~ 8 and 12. P t -n’ i Jns (

~
) and (6) di ~car ’d

e’ r i b inatlon 6 and accept conch i n t l .  i -~ns ~(, 10 and 11 . The
cor r u ’ ete c i Lt e - r i o n  BCL + RHCL~~ ~. ef c - i n e r t-- . in t e n t s  all
possible  s:nch i .nations on or be l-a-r th e  c oc ou ~dac ’y dine irr a l of
the m a  tm i

The centra l qu e s t i o n  raised by the- s I - c Li r c n n s e P t ,  a s c l s r , i n r
hal: the c l irstem mode ] is appropriate to sr ,bma i’irte echoes .

iS t li’it of Ca se ninri rl probability: Ho’s likely is it that
a sl u st c r  meeting the cr i t e ri a  de-rc ’c ’ Lied above will be
nt ’ :d ;c ed by noise , reveri ~e r a t t — n n .  or fa l se  tttr o tt s?  T h i s
quest ion  must e-’entually be ansi-~ered ‘-r i.th a reasonable dep irc-e
of confidence i1’ we are tn  spec ify  comn p et em information r a t e s .
thresh-old se t tlncr s , and display techniques which are , in some
sense , o t : : i me .s. .* This repor t  ranches an ir .:itiai contr ibut ion
i - wai ’d that no d by ia ’:est idat in f  ii , de n n i n  rit e e f f ec t s  of’ mair -

dorm bacuef c-ren d . It is fel t  tha t thi s  anabysis  covers the e f f e c t s
of bath randan. noise and rand on re -c r ’h c - r a t i n r c .  Irldepende ::t
analysis pertinent speci f i co t  ly tn- re- .’erberation has also
been under t aken . 3

The foli  a~-T i r t  - - t on i c s  ur ~ 1 1 be discussed here :

1. The p r o b ab i l i t y  of ni ser”iru r exactly k events in a t ime
l ic te - r-:n - t if the events oec -r  at m elon instants in time .
The resul ts  - - i ’ ”  aup] ic- if to:

*
The companion quest ion to be answered i s .  of c - c a s e ,  that of

detection uro :rab i lity :  How l ikely is it that a s i b mar l u e
target which ventures wi th in  the ocean volume being searched
by -the Lorad system will be detected.? The false alarm contrite -
tions of no i se and reverberation are, for the most part. s’rtnce p-
tible to ana lytical treatment . On the other hand, the primary
questions ass-iciated with real and false targets must ultimatel y
be answered. on an empirical ‘oasis: they are in timately connected
‘.-L th the picys ica i properties of ftc target . the medium . and the
propagation path , as well as with the pno-ness inC-fain of the
Lorad syctc-n and the appropriateness of the detection model (tile
cluster mode], in this c -ice ) hem ’ u sed . It is hepe .i that art
ti n t t l y s  ii of the data c-c l l ec t e d  ]itr’ mn~r the recer:t - sea t r i a l s
rn-n t . aned e a r l i e r  w i l l  pro’.- Tdc t e n t a t i- - e  answers to some sit ’

Ire-se  ques t ions
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a .  [‘Li m r ’~ Iabiii ty distr ihirti- o of 1 1-i rr ab -r o f ’  c ents i r~
TDS . The p r o b a bi l i t y  of o--c r ’ l ’ l o w i r r r TDS .

In .  The probability of’ a faloc ala rm I c i n g  !‘odi ced by
- .- -i da noise -nt the c’ - ‘relator outputs . False - t a ’ , rates

fo r  the Lo c id system .

2. The met ’- n f n i e i u i t y  d i s t r i b u t i o n  of the t im e  i nt e r - m i s
between events which n i c e r  at r’ -end i n  i n s  t ant i r  in t tree- . The
resu l ts  are applied to the t ime intervals i etu-~eeu r  eve -r i t e
e r . t e r i n r  TDS .

These resu l t s  are presented in the follow i rir section , Theor’;:
and Applications . Monte Carlo experiments -r e r i fy in .2  the
basic probability d i s t r ibu t ions  used below ‘are described in
Appendix B.

THEORY AI~D APPLICATIONS

1. ASSUIv~~TI0NS

The starting point of this analysis is the sequence of
correlation values presented to threshold 1’. These car’relat ice.
values are considered. to be produced as the result C i  c’aodc -me
noise at the inputs of ti-it- s i r n r n i  d e i tie s .  It is assumed
that the correlation -,ralues may then be treater as samples of
-a stationary random pr ocess .  It Is further ‘i ssr :r r tc - d that con-
secr t i -me c-nr r e  la t ion  va lues  ( i . e  • , ccr ’relat tar: values separated
by one 14-yard rninio e increment in a single bc-cia ) are I ndepencler :t.
Although this latter assumption rn-i -it Ire c—mi c- u -rb a l: s one-cl: S I flee
the tru e canoe r e so lu t ion  of the L-cr ’acl s;rs ten i 5  3 yards ra ther
than 14- yards , the assumption is ‘i s t i f i e d  for the p -rposes of
this report . If the two assumptiorr s  s ta ted.  above are accepted.
along with a fixed (percentaire ) settIng of t . the q -es t ions
posed in the In t roduc ti t ir t  can be completely an swered without
any information concerning the ampi itude distribution of the
correlation values: therefore , this distribut ion ‘m ilL not be
discussed except in Appendix B on the i’Iom:te Oc t10 experiments .
This feature lends a cons I derable amount of generalit; to the
analyses presented below .

2. TFW POISSON DISTRIBUTION

Consider a sequen ce  of events w h i c h  occur at random times and.

10 CONFIDENTIAL
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i- s b obey the etationari t;,- - and ir0ie- o-e~~J’:-r:c’e assempt~ ens
stated above . The pmob a l:  I l it y  p (~r : it  ) of 1 3 1  r’te oa t],,

k events  Lit  ar  interval or ’ l e r r ~ tI’. ~ is i ’ren I: ;,’ the Poisson
dist r ibut iorr 24

p (~~; A t )  ~~~~~~~~~~~
- exp (-  A t) (1)

If S denotes the number of events obse ’-:e-d . (1) ~mIves the
probabil i ty tho t S - k , a stater rerit w h i c h  w i l l  be w r i tt en

P r  ~
) P (~~: x t )  (2)

The mean , second. moment , and ‘m ’cr i an o ’e (second centra l nuance. ’: )
of the Poisson distribution are, resirectively,5

( e ~~

~,t (;t t + 1)

- — ~2 = At  ( L)

Li ’ - :: . ( 3 ) ,  nrc see ubiL A Li t ir e  neat, n nt-er it ’ e - - en ts per
-n ’ t t i m e .

3 . N’U!’-mER IF t~T1iTTT, ’ IN Tim

TI:c- P Lss  i i .  distribution will be used to determine the prob-
a b i l i t y  d i s t r i b u t i o n  of the number of e ’ents entered L i t ,
TDS for a single ping . The probability of o’cr’fiswing Tim
wi~,h a s ingle ping will also be deri ’ed.

F-a r conv en ience , we divide time Into ir :terc’ ai s  of length t 0
(5 mi l li s econds ) corresponding to the 14-yard range increments

4 l’~) n ’ a tho ro : ;i p r e s e n t a t i o n  of it ~ Poisson di s  u c l  n ot i on  iq Itt:
numerous app l t a t  ions . see Chapter rj of t’e-I ’ cr ’ er cc 4.
~T Irt -  roomer I. no t a t i o n s  ,r r tp loye d lie na- ar e -  those usud in
Chapte r’ 5 of m u  f e  rer cc

CONFIDENTIAL 11
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I e t c - n - c - n i  c ’ ’ e  l o t i o n s . In a SI : ‘ I f -  l ’ e i n i , the- urc -~ r ’ f cv’ r t s
e l - i- : e-- ,~ i n . - ’  ~~~~- per’ I r i t er ” ’ tl t 0 is e ’t~’ ’c- r ’ 0 or 1. ‘

~~e- me- n
number’ of  - ‘-e 0~~ e - ’  i a - r u m  ri m’ i r t,er ’- , -’ t ]  t 0 i. 0.010 (s ’ ~‘r

S i’ P~~’(’ft , , ! . ]  i s  as,r n r t - - : S~~t to S f - I c t I .  - _ 

be-” ‘r e t  -
. of the

c’ ,’t ” - l a t i o m  va i ues)  . From ( 3 ) .  t I e r , ,  the- nr o- - ’n r ea r o r ’  of ’
ever ,  to per bc-cur: per uni t  t bee

A 0 = 0 .O ;8 j t 0 ( 6 )

For the full 56 .000 ,- ,a rds of t ” ar ’C cove- ma -c ,  the to ta l t im e
inten~’a ’: i s  t =  114 . 001’ t (~L and 10 t = 252. T hu s .  the pr - rb -ac  i i-
ity of en te r ing  exactly It events per p i e . - L t t ~ ~~S free. a
s into le  beam is

(2 ~ 2) k
P ( k :  252) = ~~~

— exp( -  252) ( 7 )

For all 16 beams , the mean number of events per unit t ime i s

= l6~ o = o. s’I” 1t 0 
( n ~

and XTt= 14032. Finally, the probabilit;,’ of emrter’ir.o ex a cn , n
k events per p in g  into TDS is

(4 o32) k
p ( I t :  4032) = — 

~ 
exp ( -  24-1-32) (1)

From (3) and ( 5 ) ’  the mean number of events per ping is Li1132
and the starrda m’d deviation ( 

~
) s it  tt:e n c r ’. - :  - ‘ r ’

p ing is ( d i d ~~) � ~~u 3 .5 .

It is seen that the size 14-096 chosen for TDS is approx imately
one standard deviation greater than the mean or expected
number of events . The probability of ’ o’crerflowinm TDS on a
s m o t e  p ing  is

Pr ~S > 1409-1) = o ( i ~~ l i d ’~’i t . 
( 10)

It ~
- 14001
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~io d i r e s t  e~’a 1 r - a l  I - t m ’ - - f’ ( i o) - ,-i , r t l ’ ]  t e  q u i t c ; i t e ’f ’ ’ ° I t .

For ’L r na i ,n  I t ’ , t I e ’  Po sson d s t r i h u t l o n  n a n  1 e iLpp r ” ’.X mr e t~t - .I -

~ 
a

j a r  55 r r l r r  ( a m ’  ruo ninal ) pr’ al’-ai- U t- ,’ ib m’s ‘ 
~r I r e  I; on ed en.  t]a-

‘ a l  r e  S A t a r t

TI: , st’ -i m t l a r ’ i ( z t ’- r ’ o  mean and “ t n r 1 ~;m s t a r t - t a c O  ‘ie - i a t ’ on)  la ss Ia : .
I . , : “ r~~’~ I on i s

2
~ (x) (2s) exp (- x ‘2) (11)

and. the corresponding (cumulative) distribution function is

~
(
~) = 
I: Ø ( y ) d y  ( 12)

For a Poisson process with parameter In . where -~ is lam e , we
can make the f ol l ow in g  approximation: the probability that

the number of events observed in am-. interval of’ ]~~~ -: ‘. ‘d: t w ’ U

fall between a and b is
b

P r i a  < S  < b ) =  

k~~~~o 

P ( k :  -- t )

- A~~+ ~ — [a - A t -
- _ 

L (
~~t )~ ~ 

‘

~~~~~ ( ; ,t )- ~ 
J ( 13 )

In the case b =~~~~~~~. as in (10). (13) reduces tc-

F

Pr~~ > a) ~~~~~~~~~~ 
A t 1 a 1 ( I t )

— 
- (xt)° ~

Return i ri m now to the ov erflow problem . (1 14) allows us to wr m te
the overflow probabilit;-i in (io) in the form

?rr ~ > ~
) — 

14032.~ (ib~
— — 3 .5

~Ic-c- re-I . 4, Con ner i
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c-rh ’ ’’ a i s  one -- r ’’ -’r ’ ’- n ’  t r im , is’ s l o e ’  acr U m r - cl a -  ~ Tt ” ~l~~~~+ :,

115 ,- i yes i ’, p r ’ ct -cr1’~ i 111 Li- ‘ I ’ - m ’ ! ’ j O W l t o  a 75- ’ 1 i cr~ of s ‘ on-
m i -  (a  = 24c r - l i ) as 0. i 5 ,

~~re c- It ,, : ’ s i t ’  i n - .’ r ’ t t - : i r ,  t i e -  s i z e  of ’ ~~S (~i e o m s m~~r. ii T
mJ’.: ’es i :oL -J  s t i l l  f i x e d  r,t t ~I~c- i. ’t c m ’ -rc ’. ’ ’.r c t r n i m . , - )  or r ; ~ ,-
a r ab ic Itty 0 ’ - - ac-r i or-i i s  I , ‘m ‘r - ,ted ‘Iom:re - ’ . A sea e
t a ’  1’ has 1a - c-mr I n c  i de- i a t  the m l  it c t  ~ of ‘, I i s  : 1  --

Pt :  i c r  sca l e- i c - i  i::-i ’tes t_ I :e - t - ’ ‘ I ’ c- _’t ~n f ’  - t C - t r ” - , tS m , 7 nr ’ ‘0. ‘ i . e
s i z e  of TDS 0 xed at lb -me- , T I c t  e >ni m ’n - esed U , ‘o’ - t o ’
i ty fo rm :: (T = ~ .0l-i ‘or’ ” s e a m - di m to e ].3 : r ’ ” t ‘ :r ’,n ’ . ’ n g ) .

!r .  CUIFIDF SCE LEVEL PIL TIAFILITT EC

In th ur sect tm on . c-re c c l i ]  -i.e- n e - l o p  ‘ai r’ :’ p m ’s: ci ‘ I U,
assoc iated wi ti. the t c-ar’ ‘ no a rid. m” :, ‘e — m ’ a ’ i- ‘ of I -len ‘~~

of a c]us t e r .  Ti c-se w i  1] i- c- err ip I o;.’e-d ‘ t l í -  :‘ - ‘ or : --i

Ce- tc- rr n imrc- the probac I ‘ ty of’ a f als e  a l a r m . 1-Ic- cc m .  by
Ca i cu la t  m n 1r tI re- pr ’oba’e ‘i i  1- .~ dl s t,  u t i o n  c m l ’  the n c . : ‘ - ‘ c- f
events  in a clr ,iste r— sircc- ’r i c ,  ‘icr, R La’n I n r - ‘-a m a st X c c - t , t
1010 ;.-arr is and a bean n i  c o L i c  t of  ‘s - ’ : 2 ’ t

Sc-c’ 103 n o r - I s , t = 27t 1. For a c r l m t c l e  l earnt . ‘-o - a t i c r ,  6
c i t - es  A 1 t O.24°6. The- p m ’~:: a t  l i t ,1 of f I r  ci. Li - “ - x a ’ ’ I;: ~
eu - emi ts  i ’: a ] s ” — ; g ard ran -c I ’ , t e m ’~-ai  l c r ’ a s i r -  ~i,e ‘ ‘- - ‘ann I s

P ( k :  0 . 2 4 0 6 )  ~‘ It ! exp (— 0.4:36)

a
~ ‘ 3 . -~ ’c ~ / —

- - 0~~c-~ I t ’  
—

For I c - m r  r ’ m e-amr m :r . In 0 t . it t I~ an d the pr’s :  a m  i I t , -~ c - n  ‘ ‘ m.d Inc
e o n -n t : It e’mc- nmts i n ’: R is

( tH I ”
P( I t :  1. 1 2 4 2 4 )  = O . L 4 3  1J’ ’~ (ii)

P rol — at i i  U cc ca l  cm ( a r c-mi. ‘ .s n o (16) aid ( is’) ar r m l a t c ’d
m n tI :e’ :ni ’c ’ ’m ’~m n and I’ o i i r’ r ’ , i .  column s of tal I c~ 2 a r , J a r e -  p lo
us i r i s ’  f ’ i l e d  c t r ” m l e s  a m - -C tr am : - i . e -s ‘ n t ’’ ’ur ’ ~ 2 .  Ti :c: i- ’- .- : - t e
Carlo data wi  ] be 3 i o c m n - : s c - ’( ms ’,e r .
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Figure 2. Spatial cluster probabilities .
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Table 2. :lpat ia r c lus ter  m ’ m : : L - ci , l l i t i e s .
!-lontte Carlo

It P (k : 0.b u ii) Data P(k: i.o2424 ) P(k)

0 0.6i.1 0.6142 0.143 0

1 0.20) 0.293 0.270 0.324

2 7.26 x l0~~ 5.68 x l0~~ O.2 ’T~ 0 .3 17

3 1.13 x io
_ 2 

0.8 x io
_ 2 

0.l7~ 0.20 14

24 i.143 x l0~~ 0.5 x l0~~ C.5l x l0~~ 9.93 x l0~~

5 1.39 x lO~~ 1.0 x 10 ’ 3.30 x l0~~ 3.05 x 10 °

6 1.13 x ~~~~ 0 1.07 x io
_ 2 

1.25 x 10 2

7 2.97 x 10~~ 3.147 x i - 1

8 7.224 x i0~~ 8.14~ x 10~~

9 1.56 x l0~~ 1.82 x

10 3.03 x l0~~ 3.524 x l0~~

The uroLlo b ’ it ~ e.: P(~ : 1. n41) raty be used to Cetera i,n.e the
p c ’ohmuin i l i t ie  s o f  ol ta i n . i n m g  c-aol: of the 14 l - -c -au ’ i m . c confidence
levels for’ a ci ’n erm s l u n t e r .  Iior-re’,’er , p (i~ 1.92424) cannot be
used direct. . ;n because a .o Luster r ::ust have at least one event
in it (i .  e . ,  the It ‘ 0 case- does r iot occur ) .  To account for
this s i U m - i t L i m , ,  we define a spatial cluster probability ~~k)
as follows :

0, It = 0 (18)

1
1 — p (0: 1.944) J P (k ;  1.91414)

, = 1.167 P(k; 1.944), It > 1

These probabilities are listed in the final column of table 2.
The confidence level probabilities P(BCL) are now given by
sums of the P ( k ) t s

Pr(BCL=0) Pr( k = u )  + p r ( k = 2 )  + Pr [k ’-’3) (19)

CONFIDENTIAL 17
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~rt

I . ’ ( I , 1) =- P r’ ~ i i  ÷ Fr- ~ ~ ÷ Fr ~ -6j  (20 )
‘1
-I

Pr~ flCL 2) ‘-- P r i k - Tj  + F r I t  i i  (2 1)

= Fr ,~~> 9)  = 1 —  ) P r : ?L j
~ (22 )

and iCe presented i n :  t :th k 3.

Table 3. Be- ru i ns O i n : ’ l I e m , c u  Ic -ne - i pr : t :i -Li ’l l u  T e n .

BCL Ff 22 )
1,1,3 0 1.

14,5,6 1

7,’ 2 14.315 x 10

>9  3 3.05 :-: TO

The next Step is to c omnirc u t e  t i te - :ca,r tte i l im:  c 5  st, ‘~Iie- c’ s:. —

r ite confidence levels .  ‘1 Lic ’,- RRCL l e a  fej , c  t i o n - , o f  It , b ite
number of events in the r’e - lc: : R, c-re Li Li. by cc i: ins
the In , ii t ional prabae-i 1i”: 1I - ~ ?(RRCL - ‘): ‘i . e . .  the  nu r i T hat i  -

ity of RRCL ~-iven the 
,0i1L r m , ~ ~ f

i/c- re -cm - I ,) that l , 2 or 3 of the e i . ’lot r’am c ’ c — r ’- te n h - ,mr : n c  m c
-are ‘:x- rsn l nsed in assi~-:n imsc RBCL . It wil l  be ‘issumed . that ‘an
event pr- :idi :cncl by r ’r rt da cn noise may h — c~ c -my sc’ the e ‘ ‘ Ic r :
possible r’-an . 1e — r ’- i i :e s  wi th  ca ima  I m S - 

~~ I , I us ’.  She fa l l  :c-ri. n cc
probability model is c t p p l  Ic - - - - , e  1 . r e .  C u n s l i e n ’  It In :  s ac - -n -
dent ‘:r i -u, i s  of an expes imu ,r - 

- hmi - n s n : -  e 1 i t  pc-ss Lile mutual  J.y
exclus i-ic e a r m u t  I s’ pr ab- - t lc - e outcome s . :‘ :h ’coe urLi
3 spec f ’ i, c ones (call  h e - m m  o i rt c o c i e r  1, 2. and 3) - c

~r t L e - r r - s t .  The prol:-:ibilit,u i l ” t - - r i n .  ‘
~ 

c’ I - t m - - c l  t I .
outcome 

~2 t m ‘ cm ;-r i, tb , nlrtc smrr- ’- 2 and k’i b I :
.i r r t,c oy~e 3 is l iv e n  ‘by the rnsl ’ Li ~m : Ia - b ’ - ’  r o r  -
f i r  the- present case , ‘nay he r. ’- r ’ i t m ’

- :  1 It~~ + Y n— +~~
_.

P (k 1 , k 2, k
3
:k) - 

It !~1 2 3 4
(2’~

I (~ cc- f’ . 14, ~ nap ,‘ — r ’ 6 .
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It ÷ ~, ÷ ~~ , -
~~ ~ 1+ 

( i-24 )

- i n ,  I It Is Li’- - -
. 

- ~: ‘ t , : t:1:e m , a m ’-s:,c c ,: ,- - ‘ ‘ t , ~ m , :t r ’ ’ : :i ’ I a n . . fL-:
- ‘ i  ai’Ii ‘ L U - s  g I c i - ’r ~ :j  (~~‘t , )  l:u , ‘ m e -n.  s e m i - t e d  c a ’  d l  ‘ n h - I  n e - u

tr~~. ont O It , I -nc ’ - . i i . , . . ,  u .  fOe ’- ‘c m ’- L J D O
m } ” .me b - ,m . mj ” cch ’ cl: i ’ , ’, : ’ - d ’ u m . r  (L i ’, : ’- ‘

~~ s ’~c’ m o n o -
:~~i : . : ’  It . It , a : . :  - , j cn - J I s ’: ’ : n ’ l s i c c :  c - a ”  ‘o r aS

( t °~~
; . - s . - ) . °

I’l:c:se- m : : - m t c c ’r-s m m u c .  ‘c ’ ta i ’ l r t e-S ; m : p .  n -c - ‘ -s ir Li ‘ onrt u ’ c ‘I s  
: ‘ L j I t ’ . ll cce ’; ’ :m ’ . I. , :’-n - rc s a i n

‘.0. ‘-is~~s m :na ’ l :enm. o I - i inc - -dc I ::s- s t be mm . i - LI  f I~~c . In. Li
Lie- - i r e  ~ B locs n : - - ; t s i : m ’ r .  A L -  san e- .: i n - ,,’t . l O . It ~~D
‘ t f C . Lie:” ‘ - ‘ . o s s i c ce l  a m m ’  m d i  ‘l i t  sf 0 and ‘ It - r ’- m ’ c -, - ’,t ’,c ’ I —

l t ’ es f n m ’ ni-, , em :rri n : i , i: l sas,s t : c  ‘ t u r n ’ m - , ’ c t t c - L c  a l ’  s’c s.

- ‘ c ’ : ’ sponit ’ ’ t o  th- :- m m 1 o d I f ’  ,‘a t i o m  I i  ( cc ) ‘ or  1: t

“ Lit, :-, leve l :nu,ide l .  11. c ’n . ’ai : l i u c S  P ( R R I I L I I t )  b~~a ’ r . i, I
e s t e e m - s n  i:’i ed m m . ’. I~: In-nm :, lia l m -: ’ ,,t’ - a l - I I itle ,n a:’~ c l-str : 

-

LaIn- Ic -+ .  I ‘ c , . : ,  to - . c- c-cl, n I  l i i- 711 5 “:, ‘tt nom n a i  ‘ ‘  . -

TriPle — . Cor id ’ t ’ ama  c a r  -aP I I P -s P100CT , It I
0 Li’ ‘ 5

It 
— 

~~~~~~ ? ( I T sCT It ) It 11025 P ( R R C L ] k)
— 

C 2 0
1 3 1 0 .6~~2 x 1 0 ’
2 3 2 0
O IL) ‘. C

0 0.71 ’S
1. 15)2  3 . 2 5 ” :

2 ~~~~~~~~~~~~ :‘: i . ’ l ”~ 2 2. I i 2Lt c:
‘3 2 5. 9 7 x

0 t .( .~3-2 6 9
1 .2422 1

I L, .57 2 x 1~~~1 2 ~.6)3 x 
Li’1

3 2 . - - ’ 6 x J D ~’ l .3t C x

0 0. 30 5 2 )
1 (- .,., 1’Li 1 2. 13- ~’
- 5 ‘ I S ,)

. L L , C  . 0 k,

x 1 0”  3 2 .0 t 6  x Li’

o ~ . I t , 2 10 0 0 . l ” t °
i .5°°[ 1

2 ~~~. 32 2 0.11-Li -

3 . 1,77 x ]D~ - 
- .~~ 1 cm i~
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,~~t . t ~~5. ’ -~ ’~ ’~~j n t } ~’ ‘ ,~~~- m ’ r - ” o ’.i i’f i ’ J  ( I t  :5,. ’ : . :’ ‘ ‘l e t - i l
1:- m 5 n (  ‘ of e’.’e--mn t~,m Ito ’ l u g  t l , e  -c- c r : . r u t  ‘ c— c a 1 ’  mis t’v~’n i. A :

I t , , }~, -  c-n. m m l a ’  ns tl -~i- n i -xt  h’ ’ls r ’ r i m , 5’ — : 0 ’ s • ~o r  It . 1, 0 ,

1. -c r , , ’ k hr  n ” - ::’ swi m i ’~ m st_ be). ‘ i m , . ,t ‘, I ,e p : m a :  Li I t  l i - s
a i u - m m  It arid :~l0’Tf n-c - n ’ 1: ’ m :~ I

The c ind it lo rn a ! p cii i l i l i c ;  i n  ~al  c- 14 misc ,’ 1 r - ::c to s-onm.i : ’
the s i r — i !  - I ’ I r ’ ) b a P . l iL . :es  5r f’ th e  i i:, , 1 — c i t ’ ‘ - m m ’ m e n ,  “ Je” e l s
nrc t ’ cJ , 1

10

F(RRCL)”~ / 
P(RRCL j A ) P ( It ) ,  (25)

I t = !

‘sI’.~-ri P ( I t )  I.: g i ven I r :  the l a S t  mm - i i .ilt t ,  of Lii le 2. ll’l-:’-::c
t i c - S  it’ ’- presented in t’_iLile 5.

Table  5. R:inge—r- tte c im ~o d-u:c ’ e- Level pr~ c - t m - I ]  I t  I c - s
f or ’ :.m eclr :enti,uij m ic e- cm “e .

RRCL P(RR CL )

0 O . - L i m 3
1 0.1001
2
3 14.2]! x 10

The products  w it h i n  the ,c m mcsn ,m - a t io n n ‘a (25) ‘ cc ’s , of m , ,-c ’ne,
b lat p r o b ab i l i t i e s ;  i . e . ,  the ~ roi -aIn !Il ity —of ::l: t a i n u i m c  a

given RRCL ~~~d a  - ‘ i - - c - n  It ic n ”  tten

P(RRCL,It) = P(RRCL~ k)  P ( It )  ( d u )

Equation 25 is written as an :apcc r ’ s x imn it o m t ,  since values of
It b r ect e r  than 10 have I c-en neg bee fe d -in the al ’ s-ce cci I cc: I ci, -
t ions . Subtracting the sum of the probab ilit ies in the
f ina l column of table 2 fc ’orm , g i’-es the p rLi’ab i l I l a  tha t  It
wi l l  exceed 10 as 1.676 x J ’ . so the ’ r ’ m’ m or i r m t r ’ o , I - ced b y
this  approximation is s ] i -h t .
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FALCFI ALAR -I PR : PAT ITLI TI

I’ - t ’ t I. e c : - r ’ n : - -ses o f ’  11:15 ‘ c r : i , . ’ .: ’ s ,  a ia ! : - ; ’ , a - c- ’:: I s  Li Lie
a ‘L i s L e: ’ c-cO ol: i s  0: 71- ccl i m - am. st’m:. m : l i S ’ c : tm. , 1  n il ,

, 
‘1,

~ c i  s ’ ’  Ic- - ‘ m ’ ’ ’ - ‘ I c  f - t ’  ‘ m m c i . i i , t : :  PT. ’ . O c r ’  C l ::s ‘ n t , ’ . ‘ 1:’ ,
F ‘ I:: ’ -: ‘1 d w I l l  i-n nec . ‘ -: ‘ ,~~ i ( i i ’ . I _ i  is r - xm , m oar : .- n .  P .  a ; .  :‘ . —

ii’ ‘a “i- m i  Li ~~~~~~ 1 P m , ’ ;‘ m V !  ‘ i n _ n  n-ic “ “ 1  ‘~s ’ m e th a t  ‘a l l
C c c l  L-y l I e  ; - m ’n f l l t c - m c’:’ i-

n ’, . - . sed ccbo’.’e. 1”I,e ‘ m a  ‘] ity on ’ a m a i n ,  a rc :’:,- , P-~A
t h e m , ,  -, 1 ef I :~e:i ‘cc ti c- ~ r ’ L a b  I l i t : ’  ‘ 1cc ’, ci n ’ . C ’ e - n ’ , . 0 :  :“ ci - o n ,
ci a 1 ’ . ’ C t ~ i- c :. ” ul ‘ “1’ i- x o e e - J c - i i  1. - P “ h t ’,~~ h ’i i d ,  ::.i c ’:in ‘ I . -

I i  1 “ r I  :‘ I ~ ~~
‘ e m , ur ; Im P 5  0111

Pe m: - , : ’ ; i r,,- c c c  to the d .:’. ” -s~~I o r n  s m iLe ~~~~~‘
‘ ‘  n o  mm -a-Ir e- 1- s’ L i e

n omr : n r m ’ c : ’ (c e. icho c c - c  ‘ c - r u m ’ i’ - r . ca l n l m , ’ ta~ I c  I n  ‘ 0’:
t o r t ) ,  we see t h a t  n-ce can wr I te

= P r t I  ‘IS + ROuT, > 3) (27)

An - p -  - a e - m:t  s tat er r orr o t is tha t a l l  oc-c’1:~- ; , ,’e e’:el
Ions on’, c ’ b e ]  sc-c the sec ndcsc’, , - ’ a l -c ’ iomc I of the tan , - - In

t : : im ii ’ 1 ‘t e - ,cd to acs enu ta n ’ce - of  the c t l : si :s r ( i  a f a l e c
- c c c : . ) ,  ‘. 1 :- ru - - -. .: all c o m b i n a t i o n s  ai .ove cIte : 1 - -a :.-Li l ea-I to

rc- , ’ -1cu ioc - c  of the -c luster. 1-fe rn’oo ee-i . L i e  n i - f  - c ” : • t n  dete m ’::, Lie
‘cite ir , c ,  ~ t c -- tP I l i tt ’ , d e - r -mc t ’c ’ d P( P- -BL, 000L) .  ‘~ . : : . s  l - ~ ’ e.i  c -c i t L
1-~~1 of the 16 c mm. : i n at i e m c s  in laIn ’ e I .  l U r e  that  P ( S  1i. .000L)

p (BCL) p~ P , O C L ) ,  s Ince  P-lI, crm , c ]  000L ‘ cc”T not In :depe nl en :t
- Sic .::e iciven I s’

s( O. - )  pr ’L RRC L - . . ~~- l or 2 -or 3) (2 °)

P r (.RRCL- ’ C , It i)  + P rLRF ICI . It Il) ÷

P r ( R R C L  C , k 3 )

Pr : - - ”~~ 1 .  It - i or 2 ot’ 3) ( 2 0 )

p
~1. ) p rc lLi’, . It o r ’  5 or 6 )  ( 3 - ’ )
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so art . Tlti , ,:o i r t c  rcn ’ m - a L I 1 i t I , - ~ ln , : ’~~au ’t ; , c R oiL an,a It : ; .
u i , , ,_ mi-  t in;; . 10, : a t e -  0~ ; e1t mc ,. :,j  O t i - J i t  cc .  TL~ m n . a t n ’Ix -,~m ’

c’:’ m - c i m i l t l t i e o  is f ien! i L :oa~~- , ,  ~~~ .

Tab ’e a .  I c i t r ’ l , -: -sc ~ ii~t pr -s c-a n - I l  l ic-s P( : :3t . n’!c-CL) ~‘u i ~~s~~~- , , n t l s ,_  ‘ m a c s o  - c ’ ,

O L 2 3

O O.(::5 ~.33r n-. iu~~
’1 i .o~~L X  0 1’ 

I ‘ ‘ ~~ ‘

0.~ou.,, 14.143o -c 10 ° 4 .L i  ,-. c - U 1  O .s~~ x .te~~~ 14. 5. acc ..,c, - -

- .u3~ x 10 2 .Oso  x [0 1 5.113 ;-, ILU~~~ o.,(~ nc so~~ 7.

3 ~.~ -~3x i 0 ’ c - .~~u2 x 10 ~~.L c j~~~~~i1° . . -~~~L x -

IL)- -eno.s. :  t ine  ~ i’-a,an - I - Lies on cm ’  bc -l;t -c ‘Lic, .~~~,

u,cosc’o;:a j  it ’ ‘this ;;tat :’ I , : .  :1,, omi ts, l i t

= 3 .Ob i  x ic-~~~ (3’)

U 0  Icc ~j e  -0 , 051:, ~ i ’-JLab1 i 1ty Ir ,  ( 3 i )  Lao be en , uu ’:ccIc-c-ct l o s  a
s : e s I I I s  se tn I n . l  j i’ uL~ T 0 Ln ’c~~h , ,d  ( i . e . ,  J.s ~~~~~ se rnt ) a~ ct
1st’ soo . I t ’ LC - suinI ’ide; sc ,ce’:e I o i l  tei’ici . This : .-o ’st ccr ;. i~~it ’;

- i , e m .t~. p L . e d  I: .  the next sest I “n ’ to c-t a ;, an :  e u o h ;a t e  of
c.i,e i -mi, - 5€- Ii, : ‘cc ’nt . rate n o t ’ t [te a , o uemm ~, ci a,,;. O ur ’ ‘,tc-se 55-cc 1,115
.:,Li l t i a m , u

~~. 1-AhI x Abc-il- . t i lL

‘ -a c  ~~ -oc ’: r an ,, Li - be Jlo-s ~ s’ue-d h e - c ’s 1;, ‘a;’.:. ,n j~~ the  mean,
-on ’ c~-;, -c n :.eo :. .n , u i , S o~’ La  - SC a i c i n’n: S 7 1 ; ’ c t , , ’ . A ~ ;.s’-,a eCOC 31’

‘,Lc LInmic- Ss-ci i s  ccSJo-s late- a :,‘Lin .  a ~ I ; , . ’ — s .  ‘ e ’,he;, t -  ;‘n ;, ltu
5u ’, : ’ -. t ’3~~~ 1. to L ” c 5 e -  c c : o c’;;s: p si’ ., c-s ir ,d . l’ ci , s a . cc ’mc ,i p en ’ ~~~~~~~
ce -s o ZOr ,e lie;’ - n e - s u I s t .  ‘ac-i  ~~3 i s.

The t ’c t , u c -alarm ;, b - : ’~~ aL. L ,~1’,. ,; i n ,  (3,) l s :icc - s i t a r - I ,  I ’ ,, tic-c t
ci, c~,j : s t;c - ; ’ , m e t t L e - r c a ol ,  ma 3 li ~~t t s o c - S  c-ch s t,  e:-: .’~ c lad t i ;s  P

‘, l:t ’cs L- — - a ,  mee c Lu ‘ihe  55111’ l v,- 0 .c :c 1 c r 1  be t ’ Ia  ~1, ‘. ‘.1’,; Isto
CII . b ccc a I so tr n ,c-w m~l nc c, ;: c-s Led, t , m . t m n b e n ’ cmi ,’ e’:en ,s ‘~ .-a’i,, 1—
I n , , ’ p ~cr p - ~~. no s o r t .d ‘e . , -  Ic the c, ;’:t C-sbecc ; -5,5-ct ’ 31’
i’i~ j 5~ 0 . c i t I t , , t  :,.~~~;‘ i~I m, ’. 9r an ~~~c “o,~ ass nm,s t ic - i t P Is _:c- i. i:a
r t e . c - u m t I .tc kIL L ’ ‘t c -L S t  ‘iii e’nc- nbs c : ’ :n- .cu111 oi f ine : . .  I ron
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( 3 ) .  n- i c r ;.,,a,, mt c o o t ’ u i  e c—c - m. : , s  c c ’ccs -cas ’,. P - .- r n
I !, t In;, ’::- Is

.~~~~ U. -j t  
~~~~~ ~~.ua .: (32 )

cc ; ,s 
~~~~~ ~ ‘-~ ‘ 

, ,~ I.

j Oe : : ‘ , ,, a c i . ! l t /  a ; ’ e m , ’ o c ’ I , t . ’ ir; t~ ‘ill jco c ’ I 1 ”  C . . 0 ’ , , ,
e ’n c m m n t s  i,cc’cring a P-m ‘ t of Is

P ( I t :  ‘t , 3o )  ~~“~~~~~~~~~“ c:’::, ( - ~~ : .32 ) .  (3)

j i t ’_ 5t , (31)  a;:Ij ( 2 .  th e  ;n c -nan ,  m . - . : .uc r - , i’ ‘ci~~~~ a rc ;;:, .: c c ’t lr:. c - Is

no 1u 1p~ ~~~
. ~0fbi t ’ . .’~

O FA t -

L’kc c ni ’- I L c c , - i t / ui  n , c t ; I t n ~ e :’;astc: It l’c c . .Li a ‘or ’::..: € 0 ’ cc-;,u _ ir

P ( I t :  0 . 3 2 1)  - ‘~~ 
It 

C:-: ;

- - 
-0. ‘ , ‘ ‘ . Lii- )

The e.’:;-,, s : c d ,  n t - - ;; , r , c c ’ u i  i ’ci .Sc-  a: :a I ’;:,s- j € ! ’ m i - l u g .  ‘ -t h I s I .  c c i ,  - i-s
, re;t, ,m:c- d ‘i

~~~ 
ar td  ‘ ‘i c - ed i.I, c- ;‘a L i e  a 1 ’ , i , ’;n, ;‘a ’ .c- . Is : l c n

‘3. ~~~~~
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:‘,c,. . ,,..t ’ . .U  ~ .U c - . o .’i - i ’,~ i ,~~ii

c’,-,’ ,.cc~. 1 5 , : . L c i ’ . c- c O O ’ I m i i t , c -’ ’ ,!,c- l i  !~i e rc1ccr’ ;; . j~e fL ’oc ’;:.cc!,ne si
‘ i.e L~ u ’a . ; s ,.’.~ ’ c;;~~(t- :l ’ .i. ’c - s , i ’er ’a, -: : o ~’3 c ’ a;,d 3 c ; .t c i ’ ’€ -m, s s
s-, i n t c - s )  i s t L  m o e ; .  - s t c c i ;t c l  i’ t ’-~ n: . C i t e  aL ’.t ’e cc ;,a I , s ; S :  ( )  ‘ 1. ’
m a ss 0 . - c m ’:: . . r ’ . :  a s .  I i ’ , . l i t  ( i , i ) :  c-n.j (c) tIc- .‘ccl s e a  cc!’;:.
t o t e -  I n ,  (j a ) .  ‘11cc- :U: ’.,. - i ’ Is dc tc- r ’mn , i t . cd  : , tO,, T ‘.i,r’.sn,-..cc

~€ Ur .Iog ( t .  ~ - i - r  - sss ’ I n  this  -sase) , nc-, the :t’ i t c c ’ ia -sea  I ;,.
ass ;.oi , , ’ t h e  c - c ,:Iut~;.sc- ~e’;e.a IICL ccr .u ,c;- , J t .  c-nd -. ,,

url t e r ’ l ’rt - a ; .m . : l e - d  :.~ tin€- -s ,nn.’las;.se .,eure . sc- ; .:. I : s t —
. rc - (LIL + ~icCL > Ut m ,~~~ ,n s a S e- ) .  Ti.-. ~att e : ’ I.: c- -u - .; ’-

f r:,,.,, san;.e los ;“; anal . it, aac, i tL ir , . a ‘J,e P 
a s e t t l n ’  ( , c -  os- c ’ -s- m . t  0 ’ t he c-”e ’a ’ 1 s ;-; ’ce:; l ; . ’ S

I t .  ; . Imc s c i s s)  . i n , ’. :. : :t c s n ’ .n 1 ; .  (Li) ccc.d ( t o,) cc- n- , ;  ~: . , ,  i’ s: ’
fIn Se t  .1’ sc-,J. - I ,... : c-st c.ec-t s a s t i o r;  ic i-c- .

- 5 t t ”a t ,e ~~~~~~ c - : ’ ;~ . -s . ; .  . fc i iar c a 0;’;:. t’a t& .c-’ ‘:ac’i- 0rn.: the
T -1 . t ’ -s O ; ,  .0  5~~~t t t . ’ 5 .  SIt ’ s5,,fl-jt.;,t:s’ , e- ie . st ’ite-:’Icc a;.j a1.stec’
.r ioi ’, s r ’ ,n -

~. .

mm ; .: ‘ ;.-e c-s:. i - I t  ;n. ’ cd ( - “ . :‘a c m t ; .u ’ce .  p .  ~ 
) ‘cLot f a l s e

0 ; ’: .. na~c:e- I s  !. , t, cc m s c n a n I ; .~~:’ i :; - c; .; ,- c : ’ - ,, I t s e l f .  A ss-.c la :e -il,
-cl i. e, ~~~l

’ L : .  :‘-.t.se cc .cc:’;:. :’cct e I s a  i-c- ’cc- st lj m r  ,, c . ; , r.a m~~~~~t v .
a;. a th ea ’. tw s .j a;. : : I t l e o  ccc ’,,- je;.ei”a “ :n ’cc de- - I f ” cci ’ l c-Lies.
if m i r i t e  a0t e i ’s t he - ‘a; ’asoi t ’cc ’S ‘1’ th e  s Ine;:. i O ’ cc5 to Ic,cc”c,ccSe-
01.5- or ’ . - ;  ccc I I , ,  Cf ‘Sb .’ ~~s t~~~~ C ._ ~~ 5 ,i- , -C ; :, cct ’ _ i , s S . ui ,,, - t O .  -

CO s ; . . : o , . : . t Cc ’ ;;,.r ’s L O Se ao ’a:’.;,S ps: [ c-cl .  if .o ,t, cc ,, m .cc- ’S C e

:- a ; ’ct ;;., : i c r ’ “on e-s to  a~~:;”, -cSC th~ n ot e  a t  n-ch i Li :‘c~~ se c,.a:’n;..i

~cs c - r .  one sh orn -a ex ;sc a. c - Ins (t ’- c I  - detest) m c. ;s, s : —

;:.o.:’ ,:, r1e ‘ aS se ts . ~~~~~~~~~~~~ the rca ~ts p-rssem.tad k .s :’e

.St ’ ;:,a t e- i. . r e  c 5 e d t-J ’ Oc da ta or :i,€ a , s : , . a : ’ ; ,e d 0 t c n t o i - n :
- c ’;,,ast”~ 01’ 51. ’,: Lu : ’ c,i si - s  t~en :, In” , si de”  to a:’;’ I. - c at a

um cmL l. L et c  -chr5 n ;’I~~t
’. .’ , . L i l s  Js-5-s ;’l o t l u; .  :c I ,,J pn ’r.c”Idst a

[s’cis :’lu  te-oJ, I’ a’ ic -nt ’ 
~ nof i-va - at  lm ~~ S ‘:e::. nLi’i’-Jr ’;;. —

c-;.-se -n or’. r cc u ’ccr i d — ’ 01 s - ; .d ItI c-ta . a;.d :‘ ;-r c-it  Is.Is I
. c : 3 ’ .e;r . ; .‘. t’i ’-o t ’::.:-a: .:~ n.h ’ . : s~~c : I c ’ l c  ss; . d I o I ’ . - n . s .

C !fTtc- ,L ~1F Sc-LIe AL ini l -  tIlL

l t n . I s  u e ’ ,, r , , :u; js ’ .~ ,.c’, n t I. ’ s f : c n t ~ on .  1” ,. se- c a;’::. ra ’.c ‘51 ’
‘nat ’, - . Iu ~~ the  -oon , 1 ’l ’ac-m ,se - :e’:e I C: ’ , ’,t € t ’ : U ,  the - ‘

~~ S Cci ’ .‘rI Cs: ’ l o n c .
-cc;.ci c-j ;’: .  h o d  J e t t i: . . S amn.p i c - U  I;. ‘. i . L i” I:’sc. a
‘I’ I ’ I ’s’ro ; . t  set ’  Li .‘ ;‘i, t~~1’ ’ - a I - s  ass ’.c mt ’ 515 Is  t ro’-a ce.:; :
nc _ u . s .  se- e r a !  a i .c.’t . i . t~ - s .  - s r ,: - c n i ’ ’ ’.’c- ’ ’ a o n e  s-x a ;m ,L ; c-d:  .~;.o
Chi c ’s,  the nt ’_ t ’ .- n c - ’,,ioc-- .0’ f a L Se- a , s , ;’:.i t ’ci~~e c-. t t ,rc~~;. . 13
s e m . t m r t - ’ ,  l~ jI s’ -c-c e- -I .
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Ls : -s a ss . ; mt c ‘ n a t  I’lL I. :  ass i-pee d  “~~~ t o L l  -s.c (c ’. t i te -  n i - o -

ct ‘ i Sc c - i’ I L L  I I n m 1~s I t .  .t ’ - -nt . t  -s m )  : i n ’ t l , c  ii  -m : ,mi c - r c-I ’ e- u _ m . I . t

. m .  the s .st e ;’ — L n c S e d  mc - ’ ’ .;. R Is I a; ’ 2 .  oIL a I s  m a n S
I L ’ t i t e  ‘ -c-i t Is 3. OIL L Is ass ’ .i;.s -J : I : ’ .1.~ Ss o.I , t  iS C .
OIL ii 15 ass . . L . c ’ d :  a ; .~t II’ t l t -  c s  - u S  I s  

~. 
i , r c ’c m ,c -r.  h-I L 3

I s  ass ’ , . -. ; .  S I s  -ass - ;:,s-ci 1’I ;. ;~~u a t  :J,c- . .  c: c e n t  se-’. tI n , :
: i i: i iP a t, ti. ,. 0 . . c- i ’ ,m0 ;c- s c - m t l ; i s ’ . b i t e -  a st  i’ d;,;. ~~I ’

tac ns~ 2 :1c c-s cc I s , , - se- b u L  ~‘t ’ .lc-.u t l : . l € s  P ( i ~~2 L )  c’i ’ .’ec r . or .
Las I s  ‘7. iiij.. m a t i a r t s  fcc . - . t a n .c  ( a ;  -n’ t i .e  ;“ ;:.c c I i , I r .~ 3
o-1~ a t O m s  t c - a J I t , ’ to .ar Il- a )  i - - s t  cc ::. - a l  i’i s c-  So ‘ i , c c t
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c-iC C U .  TLi a -on. .ot ~ .Ic p c ’ - c c c r , i cI t i e s  or , c- n. s-

s c s_ -r;da t ’,. d I-cc.c --ua i u: c h I s ;.ria -: ~II :es a : ‘  . ,  n o s e  a c ; ’;:.
: 5  r- cu i - I l L s ’  Li i ~~~~ ~~~~ .-

~ l O L i  oh , ’ .’ ;.c n~’ ‘ a u ’ .  s I P  , coils
c-: S n t ,  b - s  a i.~- ’ ,’ cc-ste -s te -u i-C l~~e O s; ’: . : “ ite  .‘.

‘
~ u :  3. - .

p O ;~~ . IA see t i - a t t i , ’, a l t e r c a t e  . :r ’ ’ Cec ’ Ia 1 1  o-~~~i- f n . I m . f  505
Uis ;’c _c.:e- t in e -  i- m a n s e  ;a lan ’;m t c-’-..- t , os- l I t .  ansi ,,.c- . - s m .,, j

c ci ; ’ ::. ;“at e  n . ;  a i ’coc ’.- - c ’ c-I’ :a c s 5t  b U . i - .

e f c ’sst s  ;;.a ,; s-c obac -  .1 Ii ’ cl,cc.as .n cc: ’-, c-ant -0 I ; .  ‘c-v
51sL ’ c r ’it i - :’ l  . ;~ app lied to ui~e c.ini ’ ’.den . - ne c-e’;e. c- c - s i - i c c -—

t i - sc- s .  1 c: e.-:ci;;o ’ m e .  Ci te  -_ic ’ i -j ’ i r la_ lo ft  ci ’I ’.- et - I a  ;-c I :c h cc
5 .  5 s S  s r l m c e : ’ ’ :.  BOL + i-cOOL > 2 c r - o s - n e  a c a se c - c c -’;;.

‘ru : aLit ’ ; o f 5. 1,2 co lLi’° ( : s l c -~ t ai .- : e  a)  a;.d a f a , s e -  a l a ; ’;;,
of 2 . u~ . c l m m . I c r l f .  the a tt e n ’ :. -ate SOS s r I  c c c l ’ s r i t h  cc

; .,,t’ I t  - St e - i ’  s’:’ l  -c :‘ I . o .  5-- ,I L ÷  ARCS > 5 i,.iO ci 5- . ci i ’a c-& a_ a : ’;:.

~ t t . u a s l i l t 5 si ’ 3 . ( U  :o ~~~~~~~~ ( . . s l .  t a t , ’ .  Li o;snt a Ic-se c-ar’:;,
t a t e- if 5.:. ‘c-,’ .

‘I n n , .  -s .c -c bat I.jr:s In; s ec t i o n s  Li 
~~~

. and a Il-solo - : ts the
“a ! S e - ’a,,, :Ot’r ;, rate :an.d the cc i a t  ‘ n o a h ’ s se- steen ; ca 5’.- a ar ’;;,
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( 1.01 and 0.~~lo .  x ’eapc-ct ive i i- , l o t ’ t l,c s ’ : , d l  t I u r . ~ L.S eh Co
o b : c c i n  (31) c - m d  ( 3 a ) ) .  P :,. (T )  is  W r ’ it t e - i .  1,Lr ’e- to ‘, : a i l c c - t €
tha t 
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o t t  1 ,0 c n ; c - ’d US lii, ’ ’  h r  -or ’ I I m a  - -s -~;. 1 1 1t - :. ‘ -, c - :
c ; ’ I L ec’l:c ( I . e . ,  t1t~s5e- sect t i  ub mca i r. ec~~.a I, -;,.s 31. cc ; ..i I l ) .

) .  10-Ic i - . . L i . ’,T AL,,I - n 10-il-I I ’O::, ..:I

tl,~ ~t ’-S c. ’~ c l c i t , ”  a t ’ c ’l . .oI ., s
I i ,  cci , Ic .te c ’ n.a c -s t  er ., ’ m .h 0 .  l’h, ;,

- v . -:p ( -~ .t) (3.,’

Is t1.~ pt ’Sisi t i-I l  ‘ - i  r ’ ; ‘ ii~dI.c.i- :,. c ’, ’e-t:t 5 I, . ‘c.. I;. ’ ‘

‘. 1  ;cor,’ a t at e  m ;h5~ Inc  cc i , ,  CL-or.’ ‘ , .,
~ 

- i - a  .ers.
c -j ,~ C I u t n  3-. ti- i c, .; tic- ., i - t ’ ,.s’ : r.iilt . ‘, m ,’a t  ti-c,, I;. r- ,::’ ” .,1 ;.e n c r .

cc- c’;ents cx c J e - c - .n  0 .

it  0.Is u-s i m , b: . I t  cc-u : ci be- et s e f ’ sJ t0. :‘ - .- :1. ’:; s- , t i ’  c~. - 
-

. 1 :  -
. n ’ :’ , ;.ne - .cL’ e’ne;.’.s 1 ;, tIc- .

e’ vn , ’.s .c m ,I;: - .-s sL ~J ’ ~n c c  ‘Un. c - l : . C v - c ” ’c- 0 ( ‘ :‘ :‘ -. s r s ; t - a ’ ,. a
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- ; ‘ La -c -~m;,s . — i .s.1 , t cc ;.ci
1

.‘)
T

( ir  t ,5 ) - o .  ~~~~ s .-nt - - (  - . - r:) -, n I .  ( ‘~ i - )

a;  I on 141 gisc-s t i ,  ;‘ : - ‘ cm .- I n . I t f  -s i .nti ’ I i  .~ . i s 1 : of t h . s-  ‘.I;n.s

l n , t - c m ’ ’ ~ S i,e- tn. ’Is’s; , c t , , r O s  ‘ :ent ’, m . s tile’ ti,i ’c-shu ~~~ . L nt -, .u ’~ l .- n .a
‘and Li. a n t  p l a t te-a I t ,  f l s, . ;’s-

IL Is l n . t e - :’s- st i i,I  to n i - C c  c-ct  (3j) ::ia f ac-s  be ..Lt a c-s U

cc : :‘ ,‘ i - s i r l ril : 1~~ ;,;‘ ,L iL ; ; , , ’ c ’ ;:. cc : 0 ’ s fe- t i e r ’ s :  i - o l ; . C si - Is , - 1 .

It  is n. cn.  ,c ,n ;c C 
t h at  11 .1,’. t I : ; , , ,  i r nt e - c”u a i  Lc ’,’, -: sc ; ,  c ’a;.u,; : , :  o c I c-’—

s l m , ~’ e ; s n ;t s  15 al o-t e -u  to t ’ahe- ui .  c u r  c-can s’S ( I . c . .  I t ’ t iS a

-5 cc- Isi s - s ;“ct i ,e-I’ t han ,  a s i S s ; ’c t e -  a m c e - ) .  ‘.1.,,- -r’~~sa; . _ . —

I C .  j e m ,s I ’ , . :‘,-;.stion -si the Intervals Is

o ( t )  - a c .’:j s( - .t ) .  (
~

,.)

i s i s  is s’ c s  0 tOo- e.’o- ., ; ,c-m ,tc a r crc- n I t ,, :‘ - .;. ct l . s r ,  cc;.ci the-
;: ,;;.s-;. tS aft

(~ 3)
-/

m m  - b 1.0 (.
~‘.)

(u ;)

‘ - ‘ c ;;.cc . i, .scn obtul rm (3)) If i ; ;Cef : ”at nx d (42)

( t  ,) = 
1n0 

n (t)dt
° (n-ut

- ex p ( - ’0n t  )[e:’;p (~~t ) - L~~~. n >1.
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Figure 3. T l r r i e — i r , t e - r ” a i t r ’ n ’r - a i , ’ l i I t I e s .
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I . , I b U, I IU U

I.;. u s m : C i , ; , :c i- , i’.-L’ ai . l i lt ,, c - I s , :’ I c-mU n or and ‘.‘.‘s l ,n. i ~j  -c- .
cck~i - ’ t s : i u : s  r. o I . : .’ ;’-. t e-  ; “ c; .ci .;:. ‘a c- at i e s  ::.cc,, be c; :4- . s fea  to

i - cu :a ‘0 ~~5 -c-h ant - c ;t l  ‘, m ’s’cc t m ; , enr t  sI’ a t - t - sn;iatls c-v
I n, bit e Li “cd 5~~ 5 - a - ;;. . i’r . I S  tc ’s a t; m.e ;:t c- ; .sJm; .j i-aiaeS

t i c’. as’ - c ’ ‘ , l .t ’v- . ;i , . - c-.n f .’c ’ cc;:lp I it i -de  ac~~e ot~~,,t ,  an .a CS m:np ..tc  1’
; ; ‘., . ‘ c ”,c;or. l i - i’ t n t - s t e - ;  ~~~~~~ p .OsaI ;.  c Cccr ’,c€St S uas~~O. s it  s lr , s l e —

~ itc f c m l  Ic -a)  ~ e’i e s ’t I s n ,.

If  the tk ic ’es h-,.. id a e t t i; , c-s cc;.d c J . . s ts-s a c i- ’ . s t ls, sc ’I teo ’I r,
a:”.- Sp es ’. f  I -  s. tl,s I ’sc sc it .ccr ;n. pi ’ or ,a r i - I  n I C

~ 
a;.nl L a ,  Se ccc-:’;;.

c’at e  oL ’ the s , s t e - m m ,  c m i i ,  r ~ :,i ’cct l 5Cc -n t .

3. Sl ; ,ce mc i .e -s c  t e- sl cn .I nt s.n dcc’s- beem , de’’c . .~ m . .eu in ,  a n m ;.
c-n it 1 ‘.1, m;,afea the am. a I ,,’a I s  c - n ’ a . ,cn ten; e-asc-;,tia, ,,
of the mc :::c-t i t - b .; ’ dl.; t i  I n ,, t l ,c,s Im , c ol’’ -..s. the , .ii:~O - t ,  te-
a j~~fI C a L . s  t-.s -a W I O s  , ‘ eC  01’ ;:.sc-c - t’t , St ’s S s i .  s te- ;m.~ . f-c-i-.

‘c; ,as, ..’ ansi s i_ f  c tc- pl ’ ssesse-s ’ac’a sUsC’eptor._’. to C;.Is t~ ps s:~
an i a l f s .:.3 . Tin e on] ; LaS alt ,L ,j c_ t at ,.sc, Is tl,a t  CIT e a ,,c-te ;n,
t ic -t at  pr ess-as its i;.n’ ,,c ’;;,a t I .;. ir~ a 5cc-poe -ct 1- .,:’ ; ’  e ’ncnn ts ic -st
be pc ’, ,sented  to this’ a. tun:,atIc detec’t i-5n : I ,;. si’ the
a is let;, at ‘ntiscc’e-te- tln;.€s.

~~. The am. a o fmcle  t .  u h ; . I - ~~ s- s ds ’ue- : ‘ u - c - nt at-c-ne sI ,~ . s a : . : . - ;
W e t  0 Li at - t sn; .atic tarfe t c ~c-sIn’I cc-i- or . :‘.‘ce-s se-a

i U .~lC-il~~ATI0I f

1. Ac .pn i - i - the- tesh ;,_ ’1oss to other  5- .’n-a n ’ t3 fsCe- :;~s :
“ t c - ’ Tie-nt  l’.sr se c-clth f ;mi a : ; Sh I n ’ Co:;nbat Data 2,, .ntetm , (LIODO);

-fa .

2. A t - : -  i- the me- t,1;ss .n Li tco .n ’, c  C c - ass lL’Is.c m: ic-, i - .n ’c-~~SiC5 ii’,

I - i - c -cd .

3. Dc-’ue si-i- c- b c s ’t l -- s tn  :~r ’ . , m ,-cc s - I l It I e o r  i c r  C~~t Ic ’r ~ct1 5f S t C~h cc ;,d
cu -p Ic CI.ese c-c l ‘.lt  l ’s, ‘a a:’;:, c’t c an ’ci ,.’ t s r ’ 1 s t  I s a  tj . ; ’ I  ce - c -
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~~ PEI~~IX A: ,rI’l ’LmIUTIm. i-c-c.’I ]..DUt-,L IUR thUti fI ll  m ’ , Ic : .I L

A Se cj t i e it t l a l  ; r ’., s e d, ,r ’c’ l’u~ as.; ic-’r : Im , . ; dOlL c-c -as tlt s -.; ;’I m i - c  c- I t ,
Cite Ir t b r ’ud ,i . c t i - s n , and, t i ’e:.ited m a mn a t ; ’t i sa  1ff _ n .  .;s st _ s;. 4
above . Tin] a m : r ’ s’- ;c , d t , n ’s- e-xcci ;. I t , . ;-~ ni -it s- na l t t lm ;, c . t r t  nt ’om ,L c :‘ —‘1’ i a n ; .  ‘s —

t a t e ch cr n t t t c c  a , a u n-s e It  ass I c - s  Ri -n IL as su i t .  ;aa I t er ’t c u c n . n e - m ’~,:
a chan im me l c - o n t b a i - r~ I mm 1i - tw o ut  ;:, - . : m ’ c c ’c ’cntt s . ,cC -m ;te - onc -~~,n L t _ i - m ,
has cr l ier .  La th is  pc ’occ- ii t . r ’c s ’eca ,-ae  it ;;,:a,, ball to ~,,:-ccc;:.lr. ’.
a cinan ;t ,ct l c-il: ci; has marif In to ne - t i ’ . nc-a in i t  t i s in.  th . -.. :;.cc;.;.s -

spo ni c-cit i- si ; RRCL c-iris na sed ’, ti~ Is c-c - - ci c’esu lt  in ass
a] .’ at,  mubi-] ., - ,-il -,lsl,  1.5 too sinai] . a n .;]., I t .  ci.dcclt l .‘;., c i . :  . . cn. - sos
to an in .cuc ’r’cct ciSc :SIOn e’Snt cc ’ c ’ n . ir .g -Is’ apnsr ac’ l a t e  ;‘cc n ,, :e—
r’ate to be attached to the c .. i. s Ccl ’ c _ _ i’ c-iaj.’ a;-’ .

The tn ,oot oUt ’ :01 ,5 cci b e-sc-ate  no se-ct c e .  c-nh I c i ;  a ’ns id a  ‘.1. ’. s’.
oL s .c t cun ia  e m n t c r ’e , . ;  , iS to c’xan;, I ne c l i  tj .r ’tie r an  .f e- c .c, a
c1~am irne -  i s  of in t t s’c ’e-st for each e’ ncnn . t  a t ,d  to ass I c c -  :ci-t ’CL on ,
the oasis oi ’ the ‘sh c -ntn .s . L s ut ,L a  I ;t Ing  the . a; ’ . ’est
There are, of ‘nul: t’ ,.t i , other’ procc-di .ne-s c-nh I at. ii- n .e-Cc -s-c ; .
these tics In.  t cc ’mm ,s of the e ;’ :te-ntt ‘no c-ni . IsO: :_ i - ;t f Ut, m ’ s
tin,, s t a t ed  uL , e - c t l o m t a  and in ; Ce-i’m:..; of the a;;,o - ;,t  01’ .u-s ; :.p Ca-
t ion t Int s- r e - c l S I c’e-d , b u t  ‘the ; m.e c cc t  ;.u C m , e- s O ’ s  cis’ ’Cci 1.c c’ s

The n;;ost itntpuc ’t a l rt  c~ , . e st Ion  wh ich ;  c- lie-s I s :  1:-sc-I n : , c - -s;, ci s-s
the ic-LUtist  cu um tt proced— -i ’e- raise :.,i,u nc c-as-I I It ,, 01 ’ a Ia I s ’.
a . at ’n :.l f~ e- rcc ’ .f i t  will  i n c re a s e  P , Sin ’rSs Cite- RRCL
ass i~~n~ea Uf t i re kn i fe- a t  cu -nt  p:’.;ss~ fe  Ia 5cc-citec’ tI.act or
ecj’ .a :  to ti n—c- c ass iffled If tine se1~’,.e nn . t a1 fcc -ce c iL - f t c . c-c
compu ta t i o n .  of for  cite - ar ’fc-at  c’.c.c:’n pc’ace-d . .c-- icc-
ot- s- ;l c-a c’ r ’ie-d am :  LY l e  ‘ , cci;,I ;c . : tine- scc-~c- T thresh’s ; ci Sc- Ct  I o n
arts] . BCL -sr i -bc - c i a  -sea to oljtaln : ( 3 m ) .  The oa s I s  ;;. . L t Io ,n n ; , Ic - :
n ;rodc- st l  .1 an r i , I e s , S ln m cc -  c-ce r i c e  s t il l  inn ’t ec’e-ated In t hr e e
of the e ifh t  ;‘an t fe - r ’ccte ‘s han,;,els . Ta b- es 14,  7.  a n U s - a
c e - ,  Ic ised is; tabies  11, 11, cncd 12.

J- .uu ;,In. f ti -r e’ I - c c - a l.. l lit le s  -oc- or below ‘:1 - n e - -n s;:d: r r’;’ ci ic - :~ m.c-

‘i-i ’ the nr .ccC rI. : ’ ;  (sir e- Cci ;. .  ti 2) Ii~ as.uu : ’ -Ic- ;.sc- ;-c ICi c (n’;) . c-n e os- ta lc-

?., , t . lt b  n.; lO~~ (~~e)

for thc a rfo at  .i C’ Unt t  fr ’.Se-d l.mre . Comparison of (~~d) and (3)
Ir nu l c at e s  tha t ‘ F ’c 

is , for practi  ccl purposes, un ca l ’ : ’s st c n t  bf
proccthnra . ; n . o i l : ’1~ a t l O m -rs of the type sons l Os - Sc -S h e r e .
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‘i- in  :~~- 10. ‘I- - Itd: L I~~~~1 j-n ’~’isal ’ i li t ies  P ( R R C L I  k )
tot’ tai ’55’s S count j .rocedc :re.

k j i l l - I l ,  P ( i i r c -’i.~ k) k RRCL

1 0 1 2 0 21 0 1 s.LI ,c~~~lO
0 2 0

‘3 0 3 0

3 0 0.c’301 ~ 0
1 0 .i’,i- ,)2 ~ 1 0. s-c-~2 ~ .Lid x 10 ’ 2 c , a ~. x 1O~~
3 0 3 5.1)7 x

5 0 0.u032 6 0
1 c. 31~1fs- 2 1 O .4 s ’,; 2
5 Le ,,’ x ii) S d .2 32  x 10 2
3 L. c’-I’-e x lO~~ 3 1 . 3 f .  x l0~

7 0 ..- ,3j~,2 -t 0 O . l i i 3
i 0,4Li-O 1 0 4-cbs -
S s: , d S ~,l ~~.,  2 0.1721 

-
-

3 t . (u )  x [ ‘ .1 3 3. , x lo

0 , ,5 1t12 10 0 0 , , : ’ ..,
1 0. .~”4; 1 O .bc ’:L
2 .lio3 2
3 5.34.. x io

_2 
3 8 , n - ’ ,- x

T ab l e  11. Range-rate confidence level ~ rc -b-aLi1lt i es
i c r  largest count procedure .

RRCL P (RRCL)

0 0.8913
1 9.987 x io 2

2 6.777 x l0~~
3 4.~ 29 x iO~~

Table 12. Matrix of joint probabilities P(BCL, RRCL)

— 
for largest count procedure .

RRCL
— u 1 2 3 ___________

0 :~~1d,-n d 5.357 x io~~ 1.201 x ~~~ 0 I .  2 .  3

BCL ~ o.iooo ~~~~ x io 2 
~~~~ x 10~~ 3 . . . l c  x ~~4 

~~. ~~. s

2 l .u34 x io 3 2.012 x 5.(’,’, x 10~~ 5 . - c t - m n  x 10~~ 7. 8

3 5 . i - b~ x ,-.-~~~~ 1.u~l’- x ~ L )c- x l ’~~ 1.2’,) x 10~~ > )
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s-i l-En ,Dd ’l 8: I - I ~~I . iL .  f.1nc- ~~~~~~~~~~~~~~

1~l. c I -u i I - s l i t , ’ I m i t e  Car lo ‘ .-: p’ m ’ I m , r e ; . C , n  ilti ’e ~..c - z ’1
’-’i ’;:.., o sIc tl ,c

I Till - - t i l l  cu t ;np b t i c ’ Lu s i r s - - n i ;  ;l m n ’, c- i t  c - i s  i ’ I u s  C -1r 5 - n ; . :  .

‘ 0 ti,5 ‘c-c cc amn cc ; , .n Is : ( I )  ‘s i r ’  na te cc am ’s st- C 01’ ‘ c-. ., . .  I n . —
d ist i l r. ’ . t e d san ; !-  t , , a :  ( 2 )  t l t L ’s-a i :  - I i  bins- san;.i-. ~~~~~ Lu S eJ c ct  1 .5
en ’ -cc n t :  ( 3 )  s im s - c’ ;  the 1- c- I sson d i s c - I  - C i  c-tn i n ,  ( I c - )  an. o (~

)
ciic-c1 C1 ,L e ; ’ : n ’ , ’ n . e t t n . I ’ c !  d l s t m ’ I c - - . t l ’ s t t  ii ( b . ) .

i .  f -I.!-L0TUDEI DIf’].’ncihl .n li’ c-11l , ,‘F -.1 -n ct clt h- ,T± .1, V,rLlJLf

l b  h;.c.n be e m ,  Os;:. -t ;s t r ’a s-c- ct at-sc-c ti,at a i, - . m ’ ‘ L i .  a m . a ,i ,, t -

r ’eat m ;n e nc t 01’ ‘cIa detect l e t .  a n t d  I ’olas- a :  cm ’::. pc i’; ’ n ’;msi ; . s- — i i ’  a
si -c - cm ; ,  s :ich -as L0 m c c c i  ( lit  ;a st ,  a n . ,  si-’s ’..em ,, ,- I i . ich Ir a rn as 0 ’..;
f t ’ .5 : 5 5~ - c; a-i n p tn 5 .4  e:,.,’cS c - I  c-u 1 t .dcs  - ‘c c  c -n d , , ’ cc l  ci I S . n t ’ ~~’ e
t Is-es) scIn. s-s c a rr i e d  u t  W l C h c ~ ,t du tailes ,- : ;. . - c-n . ec- ’s- k — I’ tl .c
pnc -L ’c t s i l  I t; d l a t s  ILc .tjutm of t l tc sc  anm ~~I.i t~~us-s . 1’ i I.e p - n ’ ; 5e5
,l ’ I l un . t e Car lo  s Inn s - r a I l  o r .  i, .’ss ‘ s no O c ’tt lC ci;mr f t I ‘.- -d5 d l . ; ’ ;‘ I b u —
t i - o n m  had to be se n e st e d .  Tirc s’u1’ ”~ sa t l ’o t  ‘- ,‘al us -s  at : 1.’. i -nj ,  -

C ,) : ,he’ T tht’e-she ci were :aas- ,i;,ed L’s tie- da ,;le l i. — d l s t i ’ l - C c c i .
an ; aas -n m ,p n . lo n  n-i : . ‘;. mi n i -pc - an’ s  to a c - i c c  t ’sc a - - ; . a :  , ,  :-n’. l.l w i - t i .
s -x p c ’r ln ;r u t . t a  data .

The c-a , Ic  sf1 j~- c ’~ - m ccc’ I l i t,,’ c-c :5  0 c~, ; ’ ; . .‘ t len ,  ‘5 1 c : i S  51.1 1 Cc- n
i-fl mj,s-. i -  ‘i ’nr ,

p ( r)  - ‘ ~~ c-:c: (-r~~,O), r >0, (~~7)
TI,c cmt s ) m m , e t r t . n  - i t ’  ii I s  c i i - ’s m .i’ l u , , t i o t m  at ’~

- 
7 - -

U - — ‘.  - ‘- ‘.—, U -J : -“ (~~ )

p = ~~~~ 
)
~ (4 ) )

-i ’ = (50)
2

2 (14-~~U = &l~~~~~~~~ (51)

O~ is. Ct,ett the ilJ’C le nd of the threshold m m : ! ’  Cs.
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EllEc-bl I t il ii” IUt7LIi I ill C~~.11i-LL C

S m ’ ‘~‘ t” .cnn , .n to c-’c t i - c  rate a amnrpi e - a  i nc -tn , ‘nai l - cs dl.; m .n i - L , i - t l u n ; s  La’:c
s- tic -n. t-/ c ’ I t C s - t t  l a m ’ the 1,111)1 t , c - it  c sim. i , - te-~’ . r S a ; , L  san;ri-. ce - s I ’ m ’,,;;,
tIc l u] .  c-Sing L o l L’ d i s t r ib - c C i ’s t n a  c-a -n e- 0s - e - m .  . n - -sc c-s.n n ’ - -

sc -m r s - r a t e d  to dabs : the m ’c’c’ tarm fn . lar dcm .s I lc-~ c ’ . n . c b l , s r ,  ( .nc m. ;m .j . l e a
L ’c’ u ; ,  th Is  dli CL ’ l b - b  I-sri arc- called t: ic L sr ’n :, c-c b .c-s )

1 1’, 0 < U < i.
p

2 1 U1 - — — ( ‘,.e)
LU, ci Se-wire r’s-

the s tattdard la ss Ian dc-;,s I li n ” - c - c  t l in t  (sam ;rp i c -s are sa t  ,cci
;.sc~;ia de-’iIs-’ts-s) i - r n (ii): the da;Le ish den s It ,,’ T- . n : s t l . s n ,  I ; ,
( I ~ ;) w i - t I m  8 = 2

p 1( r )  - r eq (-r
2

. 2 ) :  (~3)

am . -o CI r e - e x p u m . e m .C la l  0cc-s It ;  1’ ,r r c  t i - o n ,  i n ,  ( 4 2 )  s I  Ci. ~ -

p(t) - exp (- t ,- ’ 2 )  ( l i)

Tc-m cit ‘i-a l ,~s n ’s : . s c  :‘ ;. In ’ t ine s -mn er a t i o n  tech 1 4 .55 e’tmjs t c -e -a
n- i l l] .  s-s- t ’e n . ’sm’t ed scpar’ccte- l , ,’ . The ~s c l . m .  .4 s s ’ .-cil l s-c a s sc rl s s-c -
‘ ‘en , is n e  I i  i.e m ’s .

T},( ;“ , s C a:, - a n  d i s C s ’ I L ~ - t n - n i .  was ferieratca 1’ m t .  .5 1’ n . g  ttie-
ca ’n , , m ’ .c m , b 1 a  - 

“ nm , s t in . a .  I l l s - m r .  ;:ut’nn,c , dc-r ates Were c l e n . e1’aLe d
acid I n . .  ten sI ’ - i.e m ’s m c -  . ja r .. . — ci J at i ’  I s - c .  Ccc- m , - n n~L ers ( C l  e

I n s - I t  lie ,c ’e ;n , :a~ p -n’ a ch ) .  Ra id ;. — , n l s tn i s - L , ’.cd
- smi te - t a  c e - i c  , , c ; ,, nc - Cc -r i  m , tam-: I t o ’ lw’. i -n ;U c n c n . O s n , t  sets a] .’

: . i - :’n;,a . de ’j laCc; ’ . , n. ’ . ;: ’ , ,’:: - si ‘n i , I d ,  ccm’ c c-enote -d  x ‘ r ; . c-

arid ‘s.-nc - . t i n , s  r ~~~. An ,j, I l t ia l , .  e:-:; 5 ; . e n ,t I a . ., l c-j

c - I~~t , n ’ I :  ‘ ted : n :. : . ;:  ‘r I Ch ~ ~ we s t -  . ‘e ; . c n ’a s,t  U 5.] a : ’ l n . . l l , ’c
dcc, , n e - I ‘}.— ,n lsCi’ in i - :,te d i , .n n , L- c-n ’s .

I t  t-z . I be n - c - e d  CIa t I lt c  dcc;  Le 1,  ‘I, —s n cmcn , .; a n ” . ’ m : .a I ts
‘I. ~ or i’I ~~s’ 01’ a - ‘ s 551cc’ a I J ~i ’ s’; m t a t .  c-c. Tin- - s .  m , c s c

.I a ; ; t j . c . n  W I l l  c-it t:c ’rc- ‘a i- e r i e- c t  c-a,, I c - I f 8  J l~~t m ’ - 
‘ 1 . I:,

sat’ ’ i - c’ - 1 c m ’ . CI t e  wsi’s t dc~~ I m t b I ur ,s l’rom tic- ‘ .1.c~~set cci .  ca , . . c  i i ,
dens I t ,, I nc L I - i t ,  ‘a r c  to - e ‘ :‘nlses ,~ d 1’- ‘i ’ t m ; ’ c -a , ‘es a : ’ r

I ’ m c c ’ - ; ’;- mal ‘Ic - ; a b c s  c, m , ’ t ’O m . ,n i n t1.~ ;n a m , n . c s s~ . 5 ’ m sc t  5- ’ Ii, ’ ’
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a c - L e e  c t ’; ic-li ‘r i - l i .  ( 11)  i ’ si ’ , ar ’. e -  t ad ’ s - t n c-I’ X . i t . ’ r e  arc
ulic a ’ n .  ~m ;m a i—d c’c i a t c - — ’e n ,c -i ’ ab l i ,C  tc - sI .~. I . j . m ~.n ni l. I s i .  n ’ , .. - - t I n .
a L m c t C s - c ’ l i t  UI ’ thc .nan:.~.- L e s  to (11) . 

-
- fu;;,s of t I r c s e -  n i h ].

be p ;O- fc ”S nI; .c d and c’I : .  c,;c-d lit  t i re  t . c - am ’ i n .  C m ’s- .

‘line tl,t ’ -~’r ’c b i-cai c-a,,’ IC i c-dr de-n.~ C;’ l C - n i c t l - ’ , n ;  Iii (53) is i- l o t t ed
In l’ i- fh r e  ~~~~ aloof  w i u l ;  an ; :c,  i t , t c -e  d l a t n i n . ’ , t l o m s  c-ctm,r -. i -L t a l n t e - cc
t i c - n m ,  is- ,000 s..- n m ~~s. bec’ — f c - n~ci’ated Saintp t s.n . The t i r e - O t e  C I  cal
moments 1.5 ’ (

~ 3) -as’s fl ’, ’em ~ U ,,’ (‘n) :si;d (~~l) wIth 6

I
/
it ” ~

LI = ‘ l .c~i- f ( l i - li- )

= O . i~2jf (~c)

‘ -c I rce-as  the e-otp i-r i cal  fli5 t ir L’i ,b5~ den , s te’d ~ a;.ci Ic-i’ ti.e
Ic- . c-US smcs nt ] .n I es 1-ce-se found t .’ tie -

F = 1.252 (~~ )

= Q , c,~~~~~~. ( 5 1)

It w i - i t  be see-rn tha t the- af c ’ec ,mi , e ; ,t  15 relati’ne l ,j fO c -d .  -ccn ,d
a ll- test I n a i l r ”ates Citat the afr ’in e - tn t em . t  is sCat  I s tl c a  1 t i-
cccep- mca lnle  at t ine 5 per cent cec ’e-l of s i fm . I n l c ’a t . c ’e.

3. THP,ESHCU ED mcA Y LJiIc-H l~”C-2’LJi.i -

The thne-.nl;,ld ‘,ralue r
~ 

2.334 slc-. ’ .ld se L ec t  1.3 c-en - n ’ . n ; t  - - C
the R a y I e - I s-’I’n sa n s - i - i - i c - a: that is,

I r e xp ( - r ,’ i lp r  - U .dl-:  ( 5~~)r 0

The ‘‘ Cci !!” 01’ the  da ,c-e I. ’l, 4c c-s ‘ I ; “ - m . c ’ n , I o n  l ii’ r > r
~ 

I s
p lot ter!  I : .  ‘lU n ’s- ~~ aJ ami d wi Ci. .an n im - I t  .d .  . i , . ’ i’ib : t l i n  data
f i - i’ 10. - com ;,j c . - e n ’  — c - e n . e - r ” s ’ c d  a:~~m n i -  es - :1 , 1-s in c c-ceded r ,

a r c _ n ,  l i e -  cc~~ ’c c - ; ; . s -m.b  U s:,t U i , ,  :tO t’,. . c- n t C1,e pr ’c d c ’.e -d
- lab l i t ,  i nc-i ;, the m ,i . ’.’s m” ;b Icc I -ds;,..: I C , . 1’ ;tc  ion  I n c -  a c - f e -
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:a .c’a ut  r :5 c -u s c  ic-sd . I i i  s - a n t I s - - i - m a t’ , t he i-iu~r ts- f a i ls ciata
fail rab im c- n s c- ir S  j s C c - n , C , , ,  O s - :  ‘c-i c-ins theiS m ” -, I ‘s .. .c :e . It c-as
foLtrid, In l a s t,  Cha t  tk ,e  m ,1,s ’,~.n i ; , , ci ‘.‘ms,i ~ -c .;‘ 2. 3’. sc- Ic ..’ Cs-U
only as-u : , 1 1.1) ) [icr ’ c e - i t t  i - I ’  t ic-,- i-icc , I c - m i. s a m n . n m e s  In ;s :,cad -.i-l ’
1. -U per cent . ‘line s-I’ L’ec: bs 01 ’ C i , I s  c c l i  t i.e s e e n .  inn t l,c ;.s.’; ’~
two sect iut is .

~~~ . IPATLcL CLU fI’ ni .c I.tsLtd;ILII’~

The E’u l s s a nr  o h s  Cr I . umc -  1 . ; m t  I r i ( - e)  cia..: sits -c cc ci U~ . n e m . e - t ’at a t r f
10 , - c - -: se-t a  si ’ 2 ’( ha;-’ I c  I f i t  sccn;rp s-s an.d c u : - n r t i i n f  the ; . .a , l . en  ui
samn tj n ic.; c - a ss - sd  in . . .i ,;‘sSl . - :d . i - n ,  ea ci.  set. 27 1.; t im e n. .n:, ;i-cc’
of 4- , a ;” .; m ’a;t fe I m n ’, e m ’ . ’a cS In .. t ime I c- i -car d  lm ;t e s ”.’a n  C sn ’ t e S :’s ;, ’s-
m d  to a 5 l ..SCe a’ I m .  cc S J , n t t Lc’ n .c-an :, . This ji- n ‘ce --nc re let. dcci
IU ,’sud PO i s S o n . scc;n .p LU S , tl.s a l st r l c . e t i om ’. lot  n- cm n d l  I s  t-a ;t. .iat ca
In table ci -an.c.n c C  Ce-c- Iii  i 1 c -  n c  2. The tm ;e .’t ’s-t I.cal nn .un nten , t s
ass

= 
2 

- - s.4c- ( c i c -)

sins-re-as the n;,on:,c-n.ts l’ si’ the is , UQU aans -J. J c-S ‘is Se I’ ‘.a to ‘be

= U . ’~2~i (c i t . )

2 
= O .4 i u  ( s - a )

In th is case , the a fr e-e-n: .e-n .t  is a u l ’ m ’ i c i e m . C i ,,, foO d to n. ean ’ u et
the use of a P t . i s a on  d ls t r ic, ’:t l s c- .  ‘Tics discrepan.s;  s - s - a c e s..

he- data ccr td ( i d )  Is a t t r ’ I n n ’ .table to the ds- ’ni~~b I  or. s - s - t I / c c ; .
the arnip ,L l ’ :. dc dl l ;t i ’ ib’ -t i - O t r  ‘si the n Ic-r’esh.s lcic-d ha ,. iel c-. sa;:.s-c-ea
and tin t Cl .eorc t lcai dc-t.ni i -C ;  f u n c t I o n , . I t .  s ic -i -n i - c - -n t  of’ ‘,i’, I s
rat ionaj  lza t ion , It  is it’s Ccci tha t ic tine a .3 i~s-~ ’ ce; . t II c’s-
used I m. ( G )  we -re - re-pi .cc -.’s-ci bin j .  ~p t i-c r ’ c’s-;.C .  t i ns -  con ..;  ta;.t

t = 0 .4 t u  in (i6) and (Ga ) would be n ’ € s - , cc - ’ s r t  n - , 0 - . , - .

c- i .  st.  ccfa ’e- cS w i th  (61).

5. TIdE ih1’T E 1IVAL2 Blc ’i’;Ji - Ic- , l VL’fT.b

To s i c  :c.; (4 ’. ) . 1Cc; t . c - I , 1 ,  S atm.p n e - s  w e r e  - ‘c n . e i ’r cb cd  u t . t  ii .1 .001.
i.ad eats--i, t ie -cl Cli’s t n i . o ld .  In each s:ssc . the n i -r ;tte c’ ‘ 1’ s’c~~p
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~e m .e: ’cL cci  m, ‘.s- - ” bu fee  :w 5 w s - [ ’ : L  c i , c c m - : - : ’ - ’ ; ’ , d , ! .m ’ , .n l i ’j .d
cr.n ‘ s - - i t :  s- f ,  ‘I’ t c ci I s :  s ’ mm: t ‘ c - m i  I ’ t . C 5  S ‘l . a  ‘ .1 p ‘ ‘, ‘.s ’S as open ’

: m ’s m e ’ S  I t t  1f f : ‘ - 
~~~. n - i ’ m ‘n : , ; -cc , ’ ’ s . :  . . ‘ ‘ ‘ .1. ‘.n ~~- - : i - r” - e  i-a ’ P~~~n t ) .

‘Ti ne s -i t s -U t’s s - i d a  , mm. ’ , : :ic n , t ; i  i t ’ ~~ s)  an ’s- . 1  r sn c c c - - n ,- ; ’ ; Im r ; a t s  U .
‘ t rc . ’ n ’ s ’i I c ~s- t Im ~’m s- en , cs  c - i’ (4a) - c i  .1 , 

~~ U . s  -

I’ .1 ),, .t ( e3)

, - ,‘I ,er’e ’as t. ite- mm , . - : : t s - n. ,s C s- lit - , 000 :a;:.m .c -a -/ s - m t .  j ’~ ~~~ t .. be

- c3.s- , (c-r~)

s - ~~ - . (65)

A Ch u , - f l t  m .I .c ac i ’ sc , :m , c ;. i , I C- t i les; . .I .e t.ta m ,a a m _ c -  t ine tldCc,i’s’’ I c c i .
c - i - s n ‘ ;‘ cn t l i - m i t  Is  c ’ c t a t ! c’ , .  f i-c- d n ,c m ’e .  ;-i , m , ’ , te that  if 1.6
pci ’ r . t ,  Is c i a  i - n ,  l’s:’ - ni c e-LI  c .  . - ‘ S r - -s -~ ’ s’~ ; m t .  Cit e :~ -n m r m - s - s ’
5,i - . s -  I t t  ( c - f )  is n c : . ’ -asci i  : ; s-2.~~ , :in .I - c m .  ‘ . ;“ - e s  n / e l ’s  w I t h
( e 4 ) .

_____________________________________________________________ -~~~~~~~ -~~~~~~~~ - i- ~~~~~~~~~~~~ l. 1crri . u.. iir r .. ir~~~~
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~~nt

,‘c-, l:ui. . .D , l bi - f ;

‘iCc- : ‘ i t ’ ,;s rm;  s c - f  s_ I - a l ’, l ’ m , i , e : ’ a.n ’ m s , .l’ ;t n .  s .  a - s - n ’s- Icr —
C c-os . a n d  mro tatl o ns ,. ; : , , .  sl I m :  : . i .i-a a ’ss-~~m t .  I c r  am. ; n

s. . rcs- ’ !’€ , r n ’a ; ,c ’ c

Ac-n , ‘ thn ’ ’ - .n l . i cm :-im . I cl; s e , c s C s  C r c - n c - s  Ui ’ C - i t t : ’,, I : . ’.--

‘1102 (a~~so mi-i.e ~ t ’- .im m a ; i - i L i : , . . ir a t  an; n : . ’’ e l .t  ,-cI ’s ‘ - .‘c-s- e n ; T )

mc- sc- c- n c - s  _ =~~ m c- te

ri c- tOc- .i.rssi. - o il. si. se s--c s-s .c-s ,as ’fest e :tri ’.s
i - .’: .’ s s -cn I , ; . .~ I” I : , c ’ C - . r ’ m i-l re’. amca i- .n ’ S ( c i c 5 -i- m~ tC ji -t’ . : a  ~~~I -

‘ -h a t  am:  c ’ .e - c , t c-/ ’ , c-i-s-see-c ! k )

-4 A : h i ’ ’ ’ ’ d a n ’ c - c -n .  d . c - n m.  ci- . ,’ - c t.r . P

JI.) ’
~~ I t a .  i- in: ’ s . n l m u . t i s-u . i ’.:: . Seae - n to r .c . t a m ’- n e St  e er.t s

sn ’:-ss-cdlnt~ -P f u n  Sc t e -m :t  i-Ui, a ;,nn d h . ;~. a , . Oii  ‘:rre s-as I s  on ’
cml :,: . ‘ ti-’ .cie a I t )n ,e

si-If FoSS I s - e Ic- m r  c s t o m a ’  - h a t  I;. t ;ns son: .s- Cci ’
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