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}~u l s ( - ~)~: iotjtt unjca tion ~‘1cde1 ~ I - - I I H t I ~ 
c i ’ i I i I) ’~~~,l Tfl  tb - it c p ~iit I u j i u ,

he R~~S( i1F f luc  t e a t ’  p I t t ’ t r ~~n a ’ i t u d 1 t u t ’ , ’~ i t id  I1t’ 0 I l ~ t i n t  n io t hn  I c - s  ~‘ i Ii  - I  P° k . i ~~’ c ’

i r a !  s j oin I at  ‘~~; a ‘timm li nl I at i on 1 i n k  an t i  cc c i i i  - i t  I n c  ap i  c i t  i i ’ I i  o u r

‘.p t s ot  d i g i t  a1 inodu I - i t i o n i  . h - - - ’ m u  . -  : i i i  i i  V I r c ’ t l I l c - ; l t  ‘ ‘  a i m i I k c - ~ ’ l u g

FS K ) b i t t  Ii t o m ’ r’t n I - i r t d  n i u ) f l —  l i - t i - n t  , i i i ) h I no n v  1 , 1 0 -  sI n  I t t ~‘ i’ - .‘ l u n g

I’ SK ) , hot  ii u t H u  r en t  and H it I i - r fl I I - i I I v t i - h i - I  - I I I  . I b -  ~~
- t o u r  w ; -  F ;

~i ’It ’cted h ei m u a t ’ ( I i i - ’,’ I r e  a p p !  i~~~i h ! t ’  t o  a I m r C i  I t u n m h c ! r o t  ‘- i l l  c - l i  i t t ’  ~ om—

m ni n  l i n t  ion  a v c t  ems , b o t h c ’ u r r c - n t  m i i i I t n t  l i F t - , j u l1 h i t  h is ;  a l t  i m t ’m a t i c - i l

iCu l d i - i s  c i t  I hose  p r o c u ast a t i r e  i i i ’ ! l v  o v a l  l ; i hlc’ m u  L i i ; ’ i i  t t r . i t i i r i - .

In  add i t  i on  to  t h i’ elm ) I t  ol mod im lo t i o n , t i i i ’  s i r  h i - -; a w i d e  r i l u C i

op t  io n s  i t t  set  t i ng rip t h e  1 I n k  p a r a m e t era . 1k’ may s c !  c i t  a n t  ennui

t y p e s , he ’am pa tt erns and gains , RP freq uencies , bandwid ths , transmi tt er

p~ wi rs , re ce iver n o ise  I , m ’ t t c r s , 1 liii’ l i i ~~’-i ; s , and h i t  r i I  i ’ s .  lie r n - I - .’

sel ec t e i t h e r  p lai n amp !  i t  i t . u t  l u l l  o r r t ’ g t ’ r l i ’ r . I t i ( I f l  ( i . e . ,  ui&’rno d &ni ,ii inn

and r et  r an sm is s  i o n )  i i )  I mt s I~~u i . I  I a t  t i n t  s i t  i i  I i t o  transponder. The

“g rt ) I nn d ’  s t a t  ions  in ;n’ .’ h u ’ i t i i i ’r s t a t  i o n a r v  u i r  inoh i I t ’ , and may be m i  r —

b o r n e .  I t  (as  i s  c m s i m ; m  I l v  t i l L ’  t , l s u ) t i n t ’  r u - i  v t ’r  i I I t e rs  are  no t  p e r —

t e a t I v  m a t ch e d  L i )  t h e  5 i l ’ ,n i is , the a p p r o p r i t i t  c ’  r n i s m ; n t i - i t  l o s . i i s ~~i I I  he

I ; !  li -c u at oH. I f on ;’  or -  mu ‘r i’  o 1 1 l i t ’  - mi t t c ’nr laS are phased - m r  r t i  vs . l int ’ o f  I —

hu ’ res ig l i t  s c a n n i n g  lo s - ;  ~- i I i  Fit c o n i r p u n N ’ u l .  - \ !  I o f  I I i i ’ ; ; ; ’ ti re ap p i l u - a b le

i r id I ‘.‘ i d u n a  I I v  tu ~ t he im p 11 nk  and down I i u k  and s i ’ p u r a t  i, I v  t i c  p i t h t i n t  cur i a

t r a n s m i t t e r, a n d  r i ’ - ;’ i v er  i n  t i r e ’  sy s t em .

‘flit’ e n vi  r o n im en t a  I ; t I  c a t s  w h i c h  i r e  mo d e l  I i i  i n t ’ l  w it ’  !n s s c ’s d i n e  u

ah so r p t  i o n  ( b o t h  n u c l e a r — i  n d i n c e d  ;m nd amh l e n t  I • i c - I  r a t  ly e  h e ’ a m— s p r e . i d  i n g,

and d i s p c ’r s  l ou t  ( add  i t  i o na l I i i t  u - i  n u i s m a t i - I t  m t  t i i ; ’  i’ l l- c i v e n ’ s )  , ex t e r n a l

n o i s e  l i nt ’  to  n u c l e a r  s o i n r i ’eS , - m t m o s p I R ’ r i e  ;i h s o r p t  ly e  i ’ l l  o u t s , g a l n - t  i t ’

so u r l - c’a , t i r e’ i ’ ; i r t I i , and t i m ’ s un . Also m u ’ l u i d e d  t i r e  c or r u ’ l a t  i’d amp ! i L i n d e

and phase si - J u t  I 1 1 at  i o ns  du e  t i i  st r I a t  i 1 1 1 1 5 .  t h e  amp l i t  tide se i n  t i 1 1 a t  i o n s

(fades) mI t  c i t  a l l  t y p e s  of s i g n i l  m o d t i l n t  ion I l u r ou g l i  t h e  s i g n t t u l — t t c — n t o i s e ’

r a t  l o s  t n t  t h e  r c’ i - e ’ i v c n ’ s~ t i n e  
~ i °~

’ i t  L u  i t t  ( ‘c t a u t  ti ne ph ase  i - u c i n t  i t  tat lout s
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cii i  d t ’t ’ i a i u l . i t o n  p e r t u t r m ; u n c ’ c ’  t i n  i ’ u ) u i : ’ ~ i u l c ’ F u ’ i l  i i i  u i i ’ t : j j 1 tor t i n t ’ P51< mod~i 1 ; i —

I l o u t s .  Tine ’ litc)~~ t c u t m p  l u t e  mode I i s  ova l I . i 1  I ; ’  t or  t i r e ’  t i s o  of (JPS1 < , ~ ine ’r t

t i n e -  u s e ?  u t l i )  a l s o  e lnoo s ; ’  c - I t  h er  I i ’ ’ u ’ u ’ . l t u ’  I i i . ’  ‘ I  I c u  t ot  t he ’ i n s t a n t a ne o u s

Pu l se ’ su ’ l n t  I i  l ; i t  inn s  i ) v u r t h e  e u u a c ’ m h l c -  c c l  p 0- . ;  i b i c ’  p h i s u ’  e r r o r s  or I n

se I t - u  I a ( u u i r  Fe ’ 1 ;nt  i ’d) r and  in s u m p  I t ’  I i u i l I i  I I i  u-nisc’mh 1;’ at  c ’ ;~~’h c a l  c m l  a t  i o n .

‘l ’iu I a m em o r a n d u m  brie’ t I y cIt’s; r i hc ‘ -;  t he rn i t  ama  t i t o  I mode I s  c o n  t a l  ned

in t h ~’ ROSCOE Commun n i c a t  i o n ~ >t u ml i  I . A l t  i uu un C l i t i u c ’  s O u l t u o s  t i r e  i n d i c a t e d

wh ent ’ve  r p o s si  b I c  • no ; m t t e m p t  i u ; i  a been made t i  He ’ r I vt’ or j u s t  i I v t lu e s e

t o r m u n i t n e  ou t! a l g o r i t h m s .  ‘I’m ) do sci w uin ni d h ay;’ mmmi t ip lied t in e l e n g t h  of

t h i s H cit’ umen  t several old
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‘t he t m u m i d a n n ’ n i t m l  p~iramo t i n  w i m I u -h  i - a r t  he m i s e d  t o de’ t e ’rm I no t i m e ’  I ) r c ) —

p e ’r t  I c c  o l  -i  d i g  I to  I u ’ c c m l u r m u m n n t  l i - i t  I in I I u k  i s  • t i m e  ra t i c u  c i t  t lie total

.1 ye  rage ’  r e c ’ u I y e - u i  one ’ r g v  p e r  a i g u m  1 01 emen i t t o  t i n t ’  n o i s e  powe r pe r  tin it

b a n dw  lil t i i :

= F/ N ui 
( 1 )

t h i s  - t i n  t i t a n  bc e’xpr t’i-ua& uI in t ci ’nua of o t h e r  i m p o r t a n t  p r o p u ’r t  los  of t i n ’

l i n k  by n o t i n g  t h a t

= (~~) ‘ B  = I u c C ~~~l ( 2 )

where (
~) = r o u t’ ived signal—t o—no iso ratio

I = 1 e u i g t i m  ii I a s i gna I e l e m e n t  , 4L’ i’OndS

B = r u e  e I V r I i  h a nd w  i H t i t , l iz

d a t a  t r a n s m i ss i o n  r a t i ’ , b i t s / s econd

‘1 = n r m n m h c ’ r  c i t  p o s s i b l e  w a v t ’ f u c n ’ ms pc’ n- t r a n s m i s s i o n: t o r  t i n

M — : i r v s~’s t i ’ m ,

log ~M
I -  —

~~~~~~~~~

The dependenc e  of u on t i n e  b a s ic  ‘;vs t em and p r opaga  t 1)11 l ) ar tn n l—

e’te rs ‘an t  he made ’ exp i j o l t  by r t ’c ;i l  I l u g  t h a t

~ ~ 
2

— 
t t r

‘N! 
- 

2 2 ~~~ 
- ( 4 )

( 4 ” )  R 1.1. l~ kB ( ’r + ‘1’
1 2  n x

5

_ _ _ _ _ _ _- -~~‘ - - — -DR - - - — ‘ ‘ - 
.‘ ‘ , “,



c,,,’ i i c ’ t e ’ P = t o t a l  , l \ ’ u ’ t ’ m g c ’  r a d i a l  ii  C I  l i s t m t  I r m n s m i I t  l u n g  ;u n t  c ; u u u h

( = u~.i Ii1 i d  t m , m u u - - . u n i t  I i i r ~~ , m n u t c n m ; u , i
t

( = ~,,i 1t t  i t  r ou t’ L v i  u~ t i n t  c i u m u m

= wtn v t ’  1 o u pt  ii  a t  t t -  I i i  Oi l  I t t oil u - - n  r I i i ’

H = u i i s t t i n ; u ’ l r t ’ t~~’ c ’c iu t r a n s n t n i t  t i i u ~ . - t u rd  r e ’c - c i v i n~’ : m n t  enu - m a

I. = t c t t a l  p n ( i l u . m I~~u t  i on  l u s s  b i ’ t w c ’ u u i  t r a n r s m i  t t i n g  awl r e u - e ’ i v —

I r ig  a n t  t ’ nn as

1.
1 

= -. v a t  em l o s s  b e t w e e n  t r t n n s m  i t t  u ’r  and t r t insm i t t I ng mutt t’l)fltl

= I I n c  l oss  b e t w e e n  t ’ & ’ i u :  l y i n g ; m n t e ’ n n t i  and rta ’u-i v e r

k = ho I t  znm an n ‘ a u ’ o f l at  t i n t

Ft = r i ’ c c - i v t ’n  I F  b a n d w i d t h

‘1 = n o m i  no I sy s t e m  no 1st ’ t e mp e r a t u u r o
n)

1 = r e m . c i v u ’  r no m c ’  t e m p t ’  r ;m t u m  r e d u n e  t ci i l l  ex t  e’ m a  I n o i se ’
x

sO r t ru  h ’ s

l ir e  two t empe r a t  m i r e ’ s  . lp p e ’ t l  r i n g  i n  thu  1 s eq r i o t  i on art ’ I u r  t I t e r  c l o t  i t i ed

by

I~ T
R 

+ (L 7
_ 

1) (~/~ - t ) ’ I ’  + (i . 2
_ 

~)T~ ( 5 )

anti

T ---
~~ ( 6 )

X

where T
R 

= r e c e i v e r  no i s e  t e m p e r at ur e

T = phy s I (‘a I t e m p e r a  t i n r e  01 a n t  c u r i a

-~~~~~~~~~~ ~~~~~~~~~~~~ :____
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Ni ” = r e - u i  v e r  rio i - t i -  I I ~‘ u u  i i -

- i  = r u t  c ’ r c r i u e’ I c ’ n u r p u  u u t  u fl (‘ I ,~ Il)
(P

= tl n i t e i l n i ; m  m i u c i s t  t t ’ m p t ’ r t m t  u l r u  b i n d ’  I u c  i l l  &‘> I i - r n ; i I  u f l c j a e ’

soil  r i  -

I” Ir m a i i  ~
‘ , i t  I a t i  s i -a n n ut ci I i u t m t h o t  h I j u L  n u t  c u r i o s  t m ri - - I c r  - i i i  I ’

i i  I Ito ’ t u i r s  p o i n t  i ng d i  r u e  t Iv t n t  o u u u -  t n n o t l i e ’ u  . Ii e i t  i c r  c i t  t he t i n t  c ’ f l u l t l s

i s  ~m p hased i i r ; m ’ t , t l r m . ’ n [q .  - c n ; i u c t  hm. ’ - m l L t ’ u ’ - ; I  c v  r u ’ p I ; i u - i i u ~ t i n e  m p p r i c ~

pr n t e  g a i n  t t m u ’ t u r , g 
* h ’ 

~~i c  
‘ i d a  0 win d ( is t u e  hu ~~’ t ’ s i g i m t  g a i n

of tile phased a r r ay  t i n t o u i n ; m  011(1 0 i s  t i e  ; ‘ i u r r u ’ n t  c l  l — l i o r u ’ s i gh t  h u - a n ;

p o i n t i n g ang lu’ .

A l l  of t h i s  t ’x e  r u e  l ot  in g ,  d e t a i l  i n s  h u ’ u ’ u i  g i v u t i  h u r t ’  ti ~ ’t ’ a t m s t ’  t i n  i s

s e t  of equ at  loris do term i n i t ’ s  h o w  t li t ’  u ’ o m m u n t i  1 m t  i o n  sy s t e m  and t h e  p r  u p ; i —

got  ion env I r o n men t  m t  ~ r a t  t i  I 
~ 

r o d i m - t t I r u -  I c n r ld ; m m t ’r l t a t  m r ime t i  r . A 11

p r o p a g a t i o n  e f f e c t s  can bc ’ d e s c r i b e d  b~ a t  u t  l u g  j u i c y  t i l t - V  t i C  I eu ’t  u ’ i t i u e r

I. or “
A 

and ti ny  add i t  t o n a l  t o a st ’s  e ; m u r ’ ; c d by d e m u i d u n l m t o r  p t ’r ’ I u c r r n t n n - c

in an im per I c u t  env i ronnn en t t i re ’  f u n n e l  i o n s  ot  t u t ’  r u t  j v c ‘H va l i l t ’ o f

b e f o r e  d e m t i o d m u l ;m t i o n .

‘rite p resen t  v e r s i m m i  of t i m e  R t ) S i ~~u l - ’ C o m m u u n  I - a t  ion  M ode l u - m i s  i der s

b i n a r y  sys tems  on l y .  t h u s  M 2 an i d ii 1/ i  . F t u m t  he rmor m. ’  • i t

m i g h t  he wo r t in  no t  l u g  t ht i  t t h e  t I uu ue— i -m t m n d w  j il t  ii p r o d t n c  t I s g e n e r a  I I v a

number  of t ime ’  u m r d e r  o l  m i n i  t v : - it “
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I i~R l t i t A h t  I - I - li Il” El I MI N [ ERR~~R

ICuu ‘ t t l i -  .l’ .iti c ’  u t  u i V ( ’ ! , u I  I ; ‘ v ; - t  em ic - r l c c m i n m i u -  c’ in ~ ‘d i n  t h u t ’  R I ) ~~i ’ i ) F ( om —

n iti rn j ’ l t  1 c m  ‘ic c u l e  I I a P 
* 

t I r e ’  p n c i c u i i  I I i t  v i i  c I c c i t t  o r  r o r  . R ’ u ’ ; m  I I I I u t n

t i  c i i  g I I i 1 5 i t ’ u u t i  I i ‘ i i i  i S  I St  S i~ I t I Sc ‘ d i l l c l i i ’ c ‘ ct t vrnlc c c I a , c - u i  - h i f  igj ~ i c - I n  I s mad

l ip  c d t  .1 su ’ j l u u - u u c ’  u c t  u - I c - P a n t s ,  i i i  c ’ ,~~’h I u i ’ ’  l i m b  el em e n t  ( n n u l u n t l i n g

‘-, u i , l u  0 - .  I i n  t i n t  ‘ m c - i - . - t , i t ’ ’ - t i u t -  Fm ’ u i v u ’ r  m ;ik e s  . m ~r n d p m e u r t  
* 

b a s i c !  u , t i  I

w h i - h  t m r c ’  c I i c ’ t I i  it ’ I c  the i c t i r t  i u ’ u r t , i r  s t~~n tu  I u p - Itolhc’ being unst ’d , as 1 uu

win l u - i n i l  efliettt was t u - :m rnanu it t i i i  . - l i i i ’  p roh .uh 1 1 it v that the r i -m e ivm. ’r w i l l

make’ -n wro uu p j un gmu’n t on a p i ve n t  u - I cmi ’ ? )  t i s  1 . T I  M 2 i’ mcli e’ i t ’ —

m in t u i ’ l l \ S ’ VS  fll u i rc ’ t Ii t i t t (cult’ h i t  m u  j u t  u c r m t m t  i o n , so i n  genc ’ral P is not

t u e  s ins ’ t h ng as t hi- p r ic h a h  ii it  ‘,- cit h it or u sc r . i-or M = 2 t h~ diat I n c —

t i o n  v ,mr i i a i u  i - s .

01 c o n i r a t ’ , ap p r op r  i - i t ; -  m u c H  I r i~ ( ‘t in he trs ; ’d to  r e d u c e  the inc j d e ’ n t m . ’

of m l ’s stn pe  e r r o r s  even w he n  P i s  n ot  i u u c i p n i I i c a n t  
* 

h m n t  - o d i n g  i s  a

I ’ ( c ml i  I ox i-nih t’c t w i t  ii win I c  ii  we’ ci u i  11 no t  bc  m ’ once rmied Inert’ , Th e’ e le ’men t

u ’ r n ’ m ’r  p r o b a h i l  i t v , P 
* 

l u-i t h e ’  1 i n u n l i n u t  p i n t  m u !  u ’ ; n u ’h m.’ t n l e t i l t n t i n m n  in t h e

( : o m m u n n  i (‘at I au M m c i i & ’  I.

For t ’ a & ’ h  c i t  t i n e ’  Il i n t l  i’ ’, (lIp i t  ii 1 m o d u n  I a t  i m i n i  I m u u 5 i u ’ s  e on t  a T  ned in t i l t ’

p r - c ’’ - - . t ’ nt  Ru P- p ( n i - ;  mod e l 
* 

t i n - r i ’  i s  ; m s i m p le  i ’ I u i c i ’ m ! — t  d r i p  e ’ x p r e - a s i u ) u t  b r  I’

t15 .1 I u n n c ’t  iou )  c i t  t i l d i T l u ’ , w h i u ’ i u  - ;mn  he f o u r t d  j u l  s t t i n d t ;r d  t u ’ x t s  on u ’om—

mum j c . m t  i o n  t h e o ry  s m n c ’ h  as R e f .  I .  ‘t’I nesu ’ t i r e :

( c u i u e- rc ’nt I c i ct l sc , ~~i uI I t  K u ’ v  l u g  ( u : i c ~~K)

= ;-r I (‘ c 
‘

~ (7a)

Di I t  orent ia II y Co h er e n t  t ’h a s e ’— SIn  i t t  Key lu g  (D P SK)

1’ = e’Xp (- ,) (7h)
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t— ’ i , o t u t u u c - ’ ,’ —~t l l t t I  i - :c ’\~ ; l u i ’  ( F - i )

p I c ’r i i ’ F / u ’)

‘u , i l — F u u i l m i u ’ I i t  i - r ~~-~~ ; u c - u u u ’V ~~~ t l ; i  : - ~.- - , ~~, i - v

~~~~~ ( - (ud)

‘ i t  u t - ; ) 1 — c t ’t F ” ; )

c ’ t i n  - r ;p h i -  i ’ z p m d ’ s t - ; i i c n a ’H l ’ , - d d h ’ : i -  t i l l - , t i u i - c .’ i c h y l u c u u ’ - l c ,’

- 5 , 5 - I t t , at  l i l t  C u u  1’ ‘- i t  u ’_’ ~co~-. a i F ~ I t’ m i c - j  - c 1 -  , - ui  - u - i i  I P t it i c t i n ’  - m v :m u ’ I ;mh li -s

a -u - t I r e  I t t h i m - v  t r - a! r i ci 1 y v - I I j u t  in I - r I s i t  I t t  t t ’ i n  p I c - e lI d - nt a in tin

- u t  , u 1 I u ’ l u  1 a t - t i l l ; ’ I u p - ‘c ‘ I  V — I - c 1 ,~’ I c, F t  i F  1 0 I S t i  I I ) r i  I i t  I - a-  t o

- c - I t a ’  - u t  I c -r i g  i u . F’ c r ma r-  - F t  
~~ 

1 m b - t i  - I I I i - tu I I I i ’ cu t  I v a i l ls’ , u r i c  I

t c n d u ’ - ,- m r I i i liii;- -. (si ~~us’ l i i i  i n ~’, ) l b  ,i l i t ’  im u u u d  I I  I t - H  I ’ ,- l u i t i - g r a t  i n g  i ’ v i - r

I n c - t i -  l a m b  I I i t  ‘,‘ c i i  a t  r I H I  I n u l l  I u t r r u ’ t I ‘ I i  lii c i t I- i i tts ’ ; u  , H , - ‘m a n  It I lip

c - - , , l i ’pc yi d l I ui lb - in re - - - r u t  -~ tu ‘ r -  u p ’  - P i c ‘!m’ F a I I Li jt i - r I m c d  en—

t - ucm i ut m ss j uip t i n y  i m l c s, u u a l  s’ u c u n l m l  i - - t c l ; p u ’r i-- ~‘ u m i ç t r i . - it c - I u d r  a (t m-I o r —

Pt I ii l I I c  a i n g l i - — p l u l s u ’  iii ’ C m . ’ l , .\‘ I t  t ’ i l , t c (  I i - ’ t  u~~ u F  - ‘ i l ’ ;  li u ’ t i ci l i -  5 1 t ’ I l l t  I c , uu; t

- i t ,  I a i c ,  in _ I I I v n f l u  i - use s l u m  ‘ u i  p n ’ u u p i t ’ - c - I t  m h Fu l l u ; t m - i ~t t  r i - u t -c I  ml ‘H I (nm t i e u  - u n r a

e’ V u ?u I n m i r u -  u ’ t ulp t c l  I m ’; n t  u - t i  ; ‘ iu u -i i t  I u ’ , i I  I i t  u l u u - t ’ - ’ ; ; ; j -  s,’ , F r  PS K u- ’~- s t  ems t hu ~

- I p~ c i - u I ;m t 0 !,i cii i F l u - u t  i i  c~ - - F t , u  ~~i i i  - - I i  u n n u n d  I - t itt I I I c - r i t  m u  I - a oH I r u e  i c r  —

r u n t  c ‘ i t  t -~~ m u  I i i i  - t i  P - I  i i  numm d c - I , r I H C  , at :- i u i i i  c i t  I I I - - - u t I m u m i s  l u - n y c  l i t  c i  l u m en

v - u u  I - t I  I c ’  1 nil :u ru u tu ’ ! I ic  I i  nu , u -

I t  a i n o n n  Id  I ’  c ’ m h u h i m i - i  i t  - h u m  t C 1 s . 7 u I’m ’  u n i t ; ’ Iii I ci - i  01 I t u g  
~ 

d i l l  t S F u i r

I n n  ot  h - r a urn I v a I a , - - m lit F p ru cu ’ j u l  c - u c c u l  b~ a - i i n  , - oi ’ i F c u l t  i t  I oi l s  c - \‘ u - I I  I ?) 1 1 1 1 1 1  it I i  —

I Ic- cl C c u - r h .
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I i (  - ‘  i i , i i t< i-u I c : H R u  C i  iN

u ‘ I I u I ‘ - t , 1Ifll I i  r I  I ’  - ‘ t l i c  I t  1 $ h u t ’  - 
- 

u I ~i I i i r e -  a I i i  o F  i I i  H -

i l l  ‘ C , - m i  tI s - it l u u i — i  c i i )  ( c m  u r u  i i  I u  m u  I - - r u ;  i u~~a - t l i m i t  F u r  Ii , a’’ i c, F ,

i-ou t t I  l i t , - s i~ n I  i c R n — i  l i l t  - t i l t ’  I I i ! ;  u I i  p 1 5  m i t  t n c t l u l l u d i l u l c  i t I

c - n  • I n v , c I ~d ; 5 h u t u  t I n  i l l  1 5 -  I u i l u  c - i tOo l I F :  - , , i i  - m l  I i ‘~ Ii H Ii ’; in tl I —

‘,‘ I t i ; u  i F  I i t o l c , m d . u t  i o n  t ’ i i ’ ,u l u i i l i p , i I t ,  u H , u n k  t I  - i
_ c _ F  t i n -  w i  I I  u - u c a - r~

‘ - i l i u e - c~~ P 
- 

I s- i l l , t t c c w , - v u ’ n ’ . l i a r ’ -  c l i  I V  u - ‘ I  u ’ r u t  i t m i  ‘ - x i  ‘ I  m l i i i -  l i m I t  a s

H, a l u ’u ;,u l j - c 5 t h  l v  t t d ’ f l t t S t u i l , i ?  c - u i  ‘ i ~~’ - i t I i c ’ t i i i ?  i ’ l l  , t t  ic  I l u r k  t~ - e ; ’ : I r i c t

I l i e  Cu l~~ I i ) F  ( i ’ I l u t l l I t t I  I - u t l i l f i  • l ~ i t ’  I I I e c u  t u ’s t itt - v :u I ( n i - s  c t  F ’ 
, 

C i i

I I c  l i d !  luik i r i u l  l i i i -  h u s h ! I l k  i l l - I  tI; tm i I i u r  I i~’ t i u t , u I  I n I — u I l d ~~~ l i i V f l  e u u m m u m n i i i  a —

I on 1 i : u  t i .  ‘liii ’ w~~y I u r  -,,‘ I i  I - i u  l i i  - I m i t  - i I p 
- 

‘F  I hm. - ru ’ iv H -~ i l i u m I i s

- ‘ - ‘ , ‘ r n u  I r i c H  - I c  j i ’’ i i i  a u ci) ui  ii- , I ic i :~ i it k a ~~I l u n I t s t u  n m c e  u ’ s a u ‘ii a I F b I t ’  s at  c - I I I l

m u r c ’ I c t  l t ii;iiiiisSi uiul I c - - , u r t  I i ,  I F u c ’ r m. ’ u i -  I I t I l - I i i I i c ’i~~t t i 1  I y t w u u  a u - s  d l i i

i i i  C 1 , 5 ’ ’  I c  - : t i l u l l i  I I I I m i t  I , ‘ u t  i r u i  - ,~~ i - u u u  - r , n  I I u u ll , l u Ri I~~t I I I  - l I lt i l l c ’ 1 p c ’r f l t  I t 5

I i  - I I  - c I t i c  :um ~ I u - u  t i i i  - i u  r I I i  - i t  i i  - F u t  I ui -  - d  - t I I c - r u s  F i c, ’ c - S 1 F l u  - V - u I i ’ , , i

e u c i l u s i - , t ’ u t u n . t l I y c ’ :  F i u : u I ’ ,m ’ I i i  i i i  p i t ,’ i i  (u , m u i i u i u i s a i o u l .

I t ; , - s u n  i - I  I i t ; ’  I u l i s t - -  l I - I  u - r ~u I i  t uuli l u I I I , t t s l  ‘ct 15 1 1 ,151 t time’ I lie ill I r i g

S i gu ~ - m I a - i l  I i i  u n t  m ’ v u- r i i  u - t h u  F l u  I , m t  I i i  p i t  . I i i  t i t ,  i t  - u - o , ui - i t  h r  I i i i  P u t  t ’ul

t i a 1 P ( i n h i  ) I i  t I I  - I t  - I c -lit I I i c  F ( I t  tO ’ i I ) l u - u v u ’  t i n  - mu I u - i I u > :  I u t  u n  u - u ill I Y

ti ri F ( t u u t  - m l  F c :’: i - i t s  i t !  Ia  i i i  l e t u  l u  F m m l  I i ’, Il l; - it S - i t  i l l . i l u p r t l l t r  1 , 1 1 0  t ’ c i l u t n

I on ( i , p .  * 
i’,u h t$ . / ) Is , i  I u n i t  I I u i I I  m i t  c ( l o t  - n  I F . I u t  t l a g  t in 

i l l

ti c’ I h u e ’  I in  oH - m l i i  ‘ n u t  t u  I ~~~ r - u i : ’ - I c - r a I c i t h i t -  i t ;  - I i i i  - turd m i t  ia- t i  I I u k  * n t  ‘ l u ; ’  - I i vu - I i-~ *

i t  in t i c  i t  ( i l l  I l i - u n I t  t o  H i s  I h u t

1 u t  : m I )  = 
‘

l u u m  I 
+ ( 5  F

d ‘ en

who r i  I-I ‘ - i rid R n r c ’  t l i t ’  t i j i i ’i I I Pu s I I Ph i’ — h , m  t idw l i l t  h P Fu i , t I  u - t i - u
n u n  m i d

I t )

- - ‘  ~~- ——A- “-A~ -- ‘_, ,,_‘ - ‘ - - 
— — A — , - — — ‘ ‘- — ‘ -A—’,..



Ou t t Ire ’ c i t i uu ’r h i ; u n u l , i t I’ c - p c ’ n e t  m t  i u c u m  Ia u i - F , t l m c ’ n  ( lie s u n t e l  I i t t ’

n’tinspu cnde’i I i u - a l  u he nr n u d u u  I i l  u I ;  t i n e -  I n t ’ou ru I i u - - , : _ i ~ ’ u u u I 
* 

t lion i u r 1 p c i ; t m ’ : ~ an eq u n 1—

va le ’mit mod ui Ea t i out on - i  new a ign a  I wI r  I t  I n  i s  t I , m u m s i u u  i t  I t ’d  dc iwn t cc e a r t h

Now , bo t i n  I’ ( i m p  I a r id  P (c lown ) h n ; u  vt ’ u ’ u n i t  r c  ‘ I  e c - x I a t  c ’ n m  i u , u r a l  me’ani I ng

and t i ne ’  v , n l r n e ’  i l  P ( t u c t t i l )  c i  u ,  u ’ , u l i l i l : i t c ,’(h liv u - t i r e’! n n f l p ’  i - u c t r n h i i n i n g

t hem iii p i’ i ipe r I tish i on . ‘F l ue ’ c i i i  I u ’  t u - on uh i i n - n t  I on dt ’pe ’nd s inn t h e ’  VS l i n t ’  ( I t

~I t a r  t lie’ sy s t e m ;  ~s int ’ c we’ ar e  e u u i e e - r r r e ’ uh ~m I pre sent inn I ‘m’ wi Ui bin a ry

s vs t  ems , I t is  e’as l i v  i - u t -e l I I n s t

P ( t  ott i I) = I ’ ( u p )  + I’ ( d own)  — HI’ (nip ) 1’ (do~~i) (9)
e cc cc e
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I l u i N  \ \ ‘ I u  I H E  F’ ~N~ ’ l  I~c u N ” t l  N I

i n n i t ’ ;  a - n p -  I i i ’’” I t  m r i u - u m i I  I c u ’  I t ,  I ’ - - ‘ - I , ’ l’ F t i c -  a j l c ; l , m l  is i t  t c ’ m ’t e ’u i  or

, i i t u ’d upon i c y  I I t o  u ’n v i  U ’hlfll c i t  I h t i i t p ii wl u i u ’h n I t i r i , I d ,l g ,m(c’S . h l m t ’ a c ’  c ’ I I c ’  I n-u

np  - i ,  h i  cs — t I ii I ‘‘I - I t ‘ F cc - ‘ rh i u  i t I p I I , - : I l t l  - - , - a o ut tu na t e’mpe’ r a —

I ilF c ’ c t o  be’ h I t c h  I a T ,
~ 

• C is F it i t m  F I m u - I  u ml i o n s  w h i  in a t  I u - u t sl im ; ’

I V p u - S  u t  i ’ t ’ P ; l l : I n m )  l i - m t  I o u  a ’, a t  c - i l ’  i n  l I Fe t i m p  I I - ; m t  c - i l  W ; m y a . ~u c me a rc’ a l u e - —

u ’ I f h’ u m l l ’ ;  F ’ ’ I m l c  F t o  I t ; , - n i n c l c ’ m u  h u n - - t a  o u t  - i ~~ a m u e j ~~t e c I  p h e n o m e n a :  s m u u u , t l m l ’ ; --

v - m r - r i m’ - m C i  i ’ r p t  i ,c u I : 1 -  I r i u u i ’  m a  m h i s s  u i - H u n  I ) ,  t I m n e t r u a t i n g  : i l i i ’ u n ) r p —

I i o u  u r n ; ’  ( c c  a t  u - I _ m i  I , i l l S  ( n i t l c c : u r  i n i p  t i n , - m r u u ’ , ’ I  1 - H I t i u i ; ’ s  c h a n g i n g  t h e  v , i h r n c -

ot  ) , t u c - t i ’ ; _ c h i ! u  u - h ug  I~ c— - ’-t 
~ H~~~’ d i ’ --p’ - rs i~ - u l uca s I i rm’ ha Il noi sm’

(I
f
). , t l : 5  p h i l - - u  s c u m  i l l - i t  I t i n t a u n i c  v : n r i , i u i e ’ t :

2 
and m I t ’ e i , r r c ’ I ; i t b u n  tir :: c

- 

I ) 
f l u  ‘I l l ,  - tl I c r c I - i t ‘ - m c F t i c  - l i l t  u I : i  I c - I I ’ . ’ I r ’u iu lnn e ’rn F I I’ p . c 

~_ I u I u i - F  I c ’ - m h i  -i i  u r p —

I i o n  ( H. * 
F e t t i ’ ~t 1 c F i c  - r I c  u I - ,i F l i t  I i n  F t i n ’  I h i t ,  u l at  ‘ - m r  I i i  I I, ) , l i i i  I —to ih i n e ’  t i i

t i t m c i i - p I n e ’r  I i ’ m c I ’ : , ’ , - I I  I l l -  0’ t ’ - r ’ P - t m  F it ’ c F I~~, + ‘,u i I - u  u r t m d  I t n t  I mc ii ( I~~ ) , g u m  l ; n c ’(  j u ’

rtid I ,ut ion (‘I~ ) . u nt il l i t - c - - i  rt i u ’ -i et  I i - i t I vc ’  n a d  I - u t  I u ig  t u ’ r n h u e ’r ’tl t l u r e ’  (‘F

A l l  u t  t Fuu’s t ’ w i l l  ii - I i  - - i r i t t i - t I  u r i c - I  I - u’ m u  t ht- lu ’ l  lowin g auhi -uu ’t ’ t i u c u ’u’ -; .

5 .1 NUCLEAR ANI ) I O N u t N I ’ i h E R  I C  Eb t I - ’ I’CFH

A s l m c u - I i t i - , t  I m ’ u ’ t m l m ’ c n l t i t h u n  u , I  t h e  c t  I c - i  I s  u t  ( I n ; -  i u n n u i s p ht ’ r c’ and :mn~’

n u t - lear I i r m - -h ,’i 1 I s or  d c ’ h r ’  I ‘ - I i  I i o u -  il l si I!, n n . m  I n  p r o h c ; m y n t  I up  t h r o u g h t h e m

may be- tho ught c i t  as t i m , -  [ u n i t  m l  e ’ h c ’ r n m ’u l t  i n  t I n -  R u ) S F ’ I u b - l ( i i l t : p ; u n u u j u - t m l  I on

~l u c m I o 1  
* 

m ompr  i s  i n g  m a  i t  u t i c t - s  t i l t ’ rne ’e ’t I ng  P I ; i u  cc i t  I it nuur  I e ’, m r  phie- ’nouim e ’u e —

l op’,’ , signal p r u i j u t m u ’ l I  l u i n  , am id  s v ’; t  e’m ; m a j u ; ’ t  E s  o f  t h u t -  mc i t hc ’ I . ‘I i i  i s  i - u  n o t

the p l ace , hluwe ’ver  * 
t mu H i ‘ t i l l S -; t i r e ’  H e ’  I, ;u I l i t  i t  t F i t ’~~i ’ m , m I m u  I m t  I a r ia  • v Im F m ’ Ii

may  h e f o u u u i e l  c - I a ; - w l u e - r u - . RO Si ’ I ) I -  u ’ o nt  - u  i n s  u l h i c i t i u l u ’ s  t l m t n t c , n l e u n l , m t  us ti n t ’

t’l o u t  ron d e n - i  i t  V : m I u ’tp’ t i n t ’  Plit i n ;  t Itt’ Iou ’:mn I i n s , d i  I t ’ , t I u c n a  
* s i  ‘u ’ , i n i d

dens it p dist r I h u n t  i u u t m ~-i , and mei t tunis ill ;tt r I - r i  - F  u’ e’p i u i u i s ;  - m md n e - I  F l i t IVu ’

p r o p ;u g a t  ion  t h r o u g h s m t u u u t h  c m ’ a t n a t e - H  tuied i - m .  u ’ i d u u u i ) i u ’n i n i g  I ru se ’ da l i w i t  ii

t lie ’ I an ti t 1 u n  ~; , proper I It’ i- i  
* 

such flit) t t r i l l  S u i t  F h u u’ I rtnnts nr I t t i r ig autH re ’, c, l v i  r i g

ant e • n n n a s  , It is puss  11 ) 1 e ’ t o  m ’oum np u t o  vs liii’s I ucn ’ t lie a imp Ic .ubnuurpt I tin

• beam—spr ead lug loss (L
B
) , RMS phase  Sc 111 1 11 1st Ions ( I - )  

* 
so iu f l  ill s —

t ion mI ; ’e cur r e’ I tnt I u u n i  t ime’ ( ! ) , in tl b u t  e ’g rt n t oH e’ I c u t  ron d e n s I t y  ( 1  
F~ 

a l o n g

t h i m ’  p a t h  bc twue ’ui tint’ so an t I ,  u ’n n a s  t l t  t i f l  V ~~1 ye n) t I me . It shiom u I d be’ not lcd
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I h i t  I h i ’ ;  i , m  I e c u  l i t  I u rn  I n c  I u nc R ’ s  t I c  - u i  I ‘ ‘  I S c c l  “ c l  ,~ I s~’~’ r - - i ‘‘ c -  I 1 m m ’  ‘ 1 , 1 - i ’ , - -

- m u n c h  i t  i i ~ — i t  ‘p ct~c u l  i i’ - m l  i n —c i ’ l l  t in ; - p l u i ;  - c - c - t i i i  cc  ml I - i n I - i n ’  , , - i u h ’  I I h i m  - r c I t i c ’  d i  I —

I t ’  r’ a I ru m nu ’,t ’r;c - i t  t t i c  - I I I ’~ i I ‘‘n — l i i i  u t ~ u ’ I -u t c c u l n l u i  i n n  I u i -  I n t c ‘ i i t  i n  r c  - 
* wh I ’ ’

i mit ’ I l l -  C u  i ’ l l  I \ ‘ l i n u -  I i  - r’iiit ’i’

\ l i i c t  li en u n  I e c u  l m t  I m c : u  u i - - i - i  u c u  I ! ’  n i n u - I - - u n  ‘ I l c -u l ,irli I h i ’ l i i t ’ ’ ,’ I i l , t ’ , d l i l c  -

l i t , - I un t H , - e t  t u c t  I ‘,‘ m ’ l u l l  c p  F m  I c ’ u I I I n - H ,, I I F - I
_ i l l _ n  I t i c ’  I - c ’  I o n l h c u ’ r ; n t  m i r e

( ‘ I’~, ) u s  s u c h  l iv  I i u u  u’ i ’ i u ’ I v l u i p  - m a I c ’ ; l l l . u  t u i r  I I n ’  - g i v c’u n 1 I u i ’~ . i h i s  m o d e l

I u u y , i l v m ’ a  t l i t ’  i - u i : , - - ; , St  i~~c i - - ~~, t u ’ i n F d c - u , i t u u t u ’ n - ; , e ’ ; i i I s~~I v i t I c ’ s , nu u c t  I u c m i s , a r i d  I c i i ’ t i —

I i i c n , ~ c t  a l  I c - , u u n t  r l l t u n t  I l l , ’ , l i t  i - l i - m i  15 , t i l t ’  ; t t  I t - n i u a t  t u t u  t i l i c i l i ’  l ine ’  I 1 _ m t i n s  ( ‘oh ’—

h u g  t i ro nu to l i i i ’ r - - m ’ i p ’ i’r ’-c , - i n t l  I t u c ’  m h i p r i i l i u  1 : 1 1 , ’ b c , ’ t i n t — I i l l  i r i g t t m u - t c u r s

n ,  I , m t c - ui  t i c  h i ’  a I ,- i 
* 

s i t ,  i ; u, - 
* 

t i l t l i i i  - i t  l i u t u  i t  I F c i i ll ( ‘ l ul l _ i h e ’ t i n u .

5. H P1 NI }’P’~ I ~
‘i: I, F~~Hi ’.i-t

- I l  ~~I ’ t ~~~~ u’ I t  I l u g  l i i i  i l l  O I l  - I l l  I m i l l  I - ‘ i- mi i t t ’  - i i i  r u n t  
* 

, m I l in t ’— i i m i t  ‘uI s i  g l l u i  I
u ’ X b h i - F  I ‘ ‘fl u c ’s H i s j c ~~- na I i c r ) , w iu I e i u  - i  I I c ’ns it ~ ~~~ ‘ t  r u  I u - a n t  ‘ l i t  . It suii’h a

s i g n a l  i — u t i u t ’ n  i l l ?  t h l n i ” I g I l  1 n c ,  t - i ’ c u ’ r  I 1 1 1 c r  p~i u I u ’l m is ui i ;it t ’Ine ’cl tuu t h e  o n —

p i u i ; u l t r ; i r i a m i t  t c -i t  I m c u t’; , I t i c _ u , - a - i l l  be i l ’ u I s l t l , u t  t i n  m u d  u ’ u i u t - c ’ b I u n ; ’ r i t  e ’u t c ’r g V

m l e ’ e r c - - m a e ’  w h n i e h u  a c ’  e : u i t  i ‘:pr i ’ ss  t is t u i t l s l i t ’ F - i v c - l u c a s .  s i c  H i — i t i n i e t  l e a - a - a

i t t  t h i s  t~~~n i i -  s r i -  i i u i ’ l u n u i c ’ u I  b u t  RIFHu i tl- Ic ’,’ means of n - t i l l 1 i t  i c - I  i u u n t  t t c - u u u - r , m I  l v

- H u n t i l  t- m u c , t i  - 1  s .

1 H i -  i ‘r I i’, i u t t n  1 s i  p u n - i  I ;-  I ; ‘nh ’t i  t i a I m l e ’ ; m  I I ‘ ‘ci as  - m u - c ’  I - m u t t ’  u 1.u r p i n  I at ’ ci  I

l e n g t h  * 
;m n til t l i c -  F , -  t ’j v e ’r  I i  I t u - r  i s  i l - - i l  i c u ’ c I  i s  . u r m . i ’ t . t l l u ’ h u l , n i ’  h u n r id—

h i - i s a  I I l t c - r  c c i  t l , mrndw i dl i i  H . Hp ’ u ’ t i  i t  I h i d ’  i s  r u m ’ d i s p e ’ r a i t ’n , S I f i  F u  t i

I 1 1 1 c r  i s  n o t  r ’ c ’ , m l i v  ; m t t l ; i t m - h u  t o  t ! i c - s i p u u , u I , - i c t h u - r u -  w i l l  , u l ’ ,~’ - i v s  Ice . , i t t ; i ~

urn isma t eh u I c a s , h
I
. . F u n  I’SK nu u u u h u m i , m t  lu st ; ; t h i s  pu imtu r ’.-~~~i i ’ - n i m t m ’ h u  lass is

roprt - se ’rttt’d In ’ , -  I. - - t 1/ ’  * w i u c ’ t - c - ’  I n - , ~i , t  inu ~ d I c ’ ,’ E q .  20’ in Sec . 6.1.
I- ci u)

‘Fi ne ’ tins I ys is 1 e’:ul I t i c , i m p  t i i  tI n t ’ uie ’ I I l i l t  I i c r )  m i t  p I u - a u ’ u u t  e’d inn I h u n t  -t u ’ i ’ I, i o u t

i s  ~i r c ’ t  I t  u ’ ump l I t ’; m t i ’ i l . Euu r I”C~K t t u u i d r n l t u t  I u i u u ; , :1 s i u t i j i l c ’ i ’  l’m c r m  i d t m n i t u l v ai’;

i s m a c c d  whh’hn in u ’ t t c’ c t u u c u u ~ ; i u I u ’ r - , I a u c l ; m t u ’ u F  s l u i g l c -  a i g u n i l  c ’ I c ’ r u a ’ i i t a  , i n m l

I g n u u  r e ’s t i n — t i l t  e r - i t  I u rns d i u c ’ I i ’ i - m i n I ) 1 lop , c t  i l l  u n - ;  1— u’ ;u u n c l u rni t u- u i i us u u t s n u m ’ii

p r nl a c’ a I m i  i c - m i  s i g n u t m l s. ‘h u e’ pn - i r n a r y  m l  s r r u t u t  u’h h iss  u m u m  t h o r n  he’ shown to

he gi ve - iu liv
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‘n x
I

I : —; — - , (1 01
- I H i  ~~~ I

wIt , -

( 1 1 )

I t i a we’ 11 k 1 ‘iou t l i s t  t I c  - I u s a  I u u u e l  I nun at i -u i  - I u h u m : ,  a h n ; , m m i  m i n i  mum :11

x H .  H I ; ‘qun I vs I cut t o  u B 1 • !~ ) 
* 

a I wIn l u - l i p~tm i n i t  F l i t ’  nm I suns t c i i  I m u s s  i s

t i p p n u i x  I Ins t c l v  I~~, I . H ( ( 1 . 8 ml H I . I f  ( I I , ’  i i l l u ’ r h t m n d w  i d t  h H i t  I c - n - -u I’ ru i run

FI t 1 s o p t  i mum V s III ’ F l i t ’  I m i s s  I , u  e t u u  r w I I I I;, ’ uI e , c n ’ I i  r i g  I v p u ’;- I c r .

I t  i n  ;idd i I- ion F l i t ’  s i g n - n i  c ’ x I l u - r i m ’ n t e’a m l i ’ - ; I u u - n i u i u c n l  t h r o u gh t n t i v c _ ’ r a u u l

of an l m w u b ’i,t ’d reg ion charac te r i zed  by a total  integrated electron density

~~~ , thenì t h e r e’ i s  an ;ndd it iucn al d is h u ; ’ r t - ti v cc loss. By making a qua-

d r a t i c  t i p p r o x i m u i t  ion  t i c  t h e  ( I i s I ) t ’r s l o n  t c n f l u - t i o t t , it is no t  d i f f i c u l t  t i c

f i n d  an ; ‘xpre ’as ioni  b r  t h i s  d i s p t ’ m ’a l v i ’ loss  I tu t o r ;  i t  t u r n s  c u r t  to be

1 - 
x I 

- ( 1 _ d )
‘I) 

— 
2 i,

~
, 1; ( c i , x )

wh e r e

f  s i n  
-
‘ 

e’XP
(i 

m~~~
2)  I~~ ( 1 3 )

and

0.061
ci = ( 1 4)

‘ii
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F I ”  - iii I h ut’ - m r  m I c - r I i - l I l t ’  c,- i i i . ’ I , ‘l ’ I u I a - i ‘p r ’:’: I un uu t I ;  in I a I r ’~i s i  I l l  I t i c  -

-~i i~’,t ’ i n ~ - ‘;i c , ~~, I

I p I u i d u ~~ b c i l l . k I i  :,‘~:; ‘ 1:1 1 ‘ l ’ I _ \! I I  b ’ F -H ’ IH

,\~ I I ; ,  a I p u t - u I n - - i - - ‘ - I - u - - I - I r u , ; u u ’  ; - I i 
* I I Is 5 i i i ’  p - - I I a , u I a - ’, a

I. , , tn u c - I ii ml ’ ; c i it ii Ii , i i  ~u -
‘ - - c i i  c h I t  5’ i t  u r n - u i ’  ‘n , 1 l i i -  ‘b un I I I I ”  I n t l  c n u l l _ I

, i i ~~ uc n - i i - - u- s m u n , ’ i - ~c ’ t i ; h 1 t i i l i i ~ i i I  , bc - - l g n i ~u t i - u i  by  F .~ * dci ’ ’ t i c  nc u i ’ l l - i t  i n n

Ii ’.’ i cxvg t’ ui mu d a - i  t i - n  ‘n, m i te r . i t t , - i , u  I ‘ ‘ in 1 tn t I un c t  I - i - c t S F t c - - t —; is h i — c d

cm m - m m r P ’ ’’ F i t s  l u  i ’unj c iri u ’- m I  u l , t t - u  ccli C c i  ‘i t w i u H l c ’ t n u m n l c ’ l u n , is t r o t - I  i c _ n a  u t

suit u - u n : t , i  ci ‘ v u  I It ’l l  I i  I - - m n u i  u , m r r  I - n  I i c ’ H i . ‘ i l ’  . I’Inc - i  - m i i i ,  - I 5 ’ ,;c i c - I u I ~~t ’ u t

m~~I F i - - t i v  I r u m  I - u , - H -U i e~ dc,’, m ush w i l l  - i i i  h c ’  t c ’p F i t l t i  i’d i c r , ’ .

‘h ’ I n e ’ r c  i r e ’  - u  I si c mi m i l a m ’  - t i 1 ’ i ~~ i ’ I I c ’ f l  1 5 , i n  1m m ’  n t i r e ’  ‘ ‘ I  h u n  r c c c i v  i n p

ant (‘‘tuna * 
u b n rc’ t , c ‘i ’; ’ I c - - t I i - c l ’’ ac i t t  r - 

* 
n u t  mc - I ‘, F h u e - a i n n ]  • I In u - ;~, m Iso I I e h ,m ’ k —

p r i i i u u i d , arid t l n c ’  , - u m r l h m  , u  - t r ; m c l b , u t  Sr . I- cr i :u,u a t I r c ’ i l u u c ’ u l i  ‘ ‘s i ’  F I n u t c ’ u c - at

F e  Su i t c ’ l  l i t  c i t ’lr I l , b t I l  i~~ i t  l t u u n  - ‘:- - t c_ nti s C u t - s c ’  i n -  t i h u n t  1 cm’I c,’ _ t i , i  I I  t ( ‘ m h u u - r u t  I t , ’

i n c  r c ,- rn u ’ n  I - , ,m nii t lu ’ I r ‘n. i  linu s u i n  c c i i i  ‘,‘ I , ’  - q ip  n u c : <  I m a t  c _ m i  s i  u r i c ’  e u ’ n i c l  it i u i n i a

‘ , ‘u u u ’ ’, w i t h  t hm e’ timid l u c u  m l m m .  ~ c - ’ : c - i t ! u c ’ l c -  - - - - , - ‘ j ’ i ’  t i x I u ’ l , m t  i o ns  t i c  I I , - ’ , -  t f l iu ’c

, u u i t u - u l u l - u  t c ’ S i i u ’ i  i i  ‘ u r i s u i ’ , ’ , ’ I i i  c M  i n t c l u u u t c - , t i i i R(~~c l II- in Fl u ,  1 : 1 1  t ’r c ’-I m i t

I u ’ I  c i t ,  - I - - ‘

F l u ;- np I I i u ~~ r i - i  ‘ ‘ l v i  ng  - u i l l  c ’ I l n ) , m  
* I ic c~~ In c i t ,  un  i n p o n i  I i c  c i  r t  I n , H u  ‘u ’S

not - c o  t I , ,  : ‘ t u n n  t i n  t h e p u m l i ; ’ ; - . I I  - -a u’ s t l i c ’  ‘ ‘ - m I l l ’ S -~~iI i e i’ , r, m i t i , u I  bri g

u i ’ l ’~c -  w i h i d ’ , ,’  ;c u w c - r  c ’ , m u i  c c ’  n c - j u t  c - it  t u ’  n u t  , I i l t ’ ’ ; ; I i - u  t t ’ u u i p c ’ n . m F  u r n  • ‘I’ . T h i s

m c c i  - ‘ - , w i n I m ’ b n  t ‘il. ’ ’ ’ c i r i g i u u. m I i  F l’u ilii F I c ’  stunt i ‘ -  t i n t  i s  I n , u i i ’ , t t ’ r r i ’d t o  F I c ’

S m I u ’ 1 1 i t ,  - - m ill c - H I i  ‘ c v  a - I ’ - i c I  u i - na ci  i - i t I ot t  I I n n ,  ‘ i n  ~‘, l u  I he  - it l I nu s  1 , t l ~ - r ,  - 
* sho rn 1 H

hi - m I m u n l i I i o n  m c I  t t c ’’~ t i c  - u i  p I . i i i  ‘a- - ‘ ‘ ‘ - F  , Wi ’ I , i ’ , - nc) I t c u ’ c ri , m I ~ I t ’  F i ‘ I I r id

m l t i  t , i u c n i  I hr  i s  I u ; c - ; u ’ ’ n - ’ -  u l t i r n  , -cc I m l I Ii; p
~ 

i ‘ ‘ i - l i t  R i ) Hi  u it - i ui c itle’ 1 we ’ I m p ’ , ’ ~‘ i h i t ’ ~ I i —

1 W ’  ‘ I ( H i t e  I m I t t I i Sli d u  - u ’ u t r ’ - , u l u F i F c u x l l ’ i , m I  t i ’ ,’ th at i d t i c - ln ;l [le’ r I t h i d  H u t l m ’ F u ’ ,

ru in I y i~, Hr,(l’ , F F - m  m u i r  u - i c - i  I I i it’ u i u m c d t -  I s h i m u c n  I d  c ’ c cuuue ’ t i c  c c c i r  - I t  t e li—

I I r c u  i t  t i nt c’ i sl l v  he’ - - ‘ i L - I i l u t  c i t  inn ’ I I n l ~ ’t , l i i l u r o x i l u u ; u t  l u - r u , w h u i c i n  b u t  t h e ’

r m m t ’ ; m n n w h u  I l c ’  a’, - r u t  t i  I n .
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l In e i i i  s i ,  I I u k  i c i c ‘ I ~- i  r ig  n u n  I e - r n r m t m  , I i  i h u g  m u  , I c ’ c ‘ I c,c ; ’ ; ;  i i i  Is t l i n t  f r i  cu t;

I tt ’ nt m - rt c r - u I -
_ 

- u I a, - I 1 ~
‘ I i  m t ‘ i i i ’  l i l t ’, ,  t i  u t  I F, i n n  t h i t ’  - u t u t u I I ‘ti ‘i -b c - 

~ 
c r 1  i i  cr1 i c i  ( i n ’ ’

ti n t I c - u u u u , I  ‘ a r i m  b u t  I ‘‘H j u t  I c - F - ,u ’ , I s ‘ Ii  - a ’’  I a F m l I ak . I , ’ 1 il-i tu mu cd t’ I a I c c  r

I i c  c t t u c i u i : ’ ; c t u l m u ,  C - c ~~c ’ m )  l i ii’: - u ‘~ i i’ c r l i v  I l i i t t ; ~ u ;  I ‘i i ’ ; I u i n m l

l ine ’ i’ , ‘ j’,’u ’ui i i ’ 5 i i I,  u 1 o is~ ’ ron l i i i - ) ‘ S h m ’-H’ , l h u l d c ’ m r ” - m s  I r u cm ,i  u - u c u u l  i n —

u n t ’ u n s  : ; i ’ u u r e c ’  eu uv ;- r b ut g a i t m n c ’. c u , n ; ’ , m  u t  t i n t ’  ni v , t i t uF li ;mv h u r t  ant hut ti m - u  I t  v

w h i t -h  p a n i c - a  a ’ i t h t  , m u i p u u i m r  i l b s l , t u i -  i ’  I r i c h , t l i c ’ t - - n I , n r t  b e  u ’ n ’n t t ’ r  t u a  w o l I  m a

w i t i n  I i i , , -  u - t n r n i ,  F I r u ’ t j i u e ’ I t e v .  F i , c r u ’  a r c , ’ m i n i ’ , ‘ i t  , u i u n r - ; , ’ , Ii ’ - m I i z ; ’ui c - m c n - c u n i e

s u i u m r e u ’s ( r , u u h i i u  n - u t ; u r S , ( ] I i ; I 5 m r s , c t , , ) , b ’ u nt i n  w ounlu l l i t  t i c- I r ; m e t  li - - m i  t , u

j ut e  lin de ’ a Ilutip u t  t I n c - i t ’  I u i u , i I  list s I ml F i c ’  R’iu c ( ( H  ii u , l dI u ’ 1 
* 

— d i  I l O P ’ - I r e ’  I g n u ) n i - t

S i m i l a r l y , F l u e -  v .- I n ’ L n t  l ou i s i i i  p a l  t I  u u c c b  ui  t t ’ i ; p c ’ F m I  i n n _ c ’ w i t h ,  i , I c ’ s t  m l

h i t  i t~ n d e  m u t t I oni g i t u m u l t ’  i t i v c i l  V u -  m u u r t ’ u t  h , ’ u u l , , t  i i c t t , n l  u OInp Ii’xi Iv than I s

warr an ted by  t hc_’ imp n unt l ilt i -  m c I  t i n ; ’  r e s u n l t , l i i i - ;  i s  t’ e ’ I u l i c u ’ m i l iv t I n t  a p p r i u x —

I m c m l  o : l \ - c ’r t l pe ’ I e ’mp ; ’ u - ui  t h i r e ’  w h u  I i b m  i s  u n  I u n u t u - I i c u r t  m u m  1 v mu I tint’ f u’ t ’ q c n e - n u - V

142 . (i I F) , -—r F (IS )

I m e’ u u c i  - ; c  I c -I ’i j ut -n’ ; i t n r c -  a t  t ime ’  s un r i  d i ’ 1 d i ’ l l J ’ S  , i i i l i u ’ W t i _ I t  inn t I t o  I i me ’ w i  t i n i n i

I t i c ’  - t u n l r a p i u t  eV e  I c ’ , m s a- c - I l  :1;; l a m ’ . m I  I n t ’ l  ~~i ui ’ I t t d i l h i ’ I t . i  n - t m n ; - h  as I h i r e s .  I g n o u r —

I nig t his , we’ w 1 1 1 cm —Ic’ F l i t ’  utme ’sr i t e m p t ,’ ra t mm Fm ’ c t  t I r e -  q m n i  et  sm ut 
* 

wii I c it  I n - -  un

un ti l lout u c ut Iv o t  I r e ’ q u n e ’ n n t - ~ . i- nup  I r li i i  uh a t cm - m i t ’  wi_ I  I I i t  t ; ’ u i  by  F l u , ’  ( c c l  I uc w—

I ng - m b d l c r u c x  imu i  t limits:

I- ic r I ‘ 1St )  I’III’,. or I > 35 ( 1h z

T,~ 
2 ‘

~ ( I  t c t m )
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- I ~~‘u i I  ~1 l i i ,  ‘ I IS PII z

- c  i l ) ~ 
‘ I — Hr . ‘~ I , s l u t  2 i  l u g  ,‘ . h ( t  I )  - ( 1.  i t )  (16h)

H I u c , ‘ - - - I I - v I - i  i n - . - p i von j ut I I

t’uil c ’ s  I It s u c Itii ~ cii ak u uc m p l c ’ I  c - i  v I I I li - b tIme ’ l . u t u r  t m ’  i t ; ; , t t t ’ w c ’ v i ’ r ’ ,

I t i s i ’-~ I t i c  , I u t t ’ ’ M h l - t  I i l P ~ l c  u~~i I  ‘ I I , ’  Si t u ’ h’, I i ; , ~ ru- t i - ive ’r. In i a c l m - t ’ t o

C I ud r , it i s  O c  - , rv I u c m m m l  I l i d  ‘,‘ I~ hv u h i - - i n n—b ’ 1 1 1 1  l I ~~ f m  t a r  w h i ch

I ,  ‘c - i t H a  t int  I h c - i-i I It .~ t i, j h i’i ,It I mcml  u c I t I : ’  . u u ; l u - : i c u , u  bc - u t : ;  r i  1 n t  I Vt’ t u u  t he sun .

I F but ’ - . 1  cr  c l i  ak I a e t u u t , i u  I ‘ - 
~ ‘ I ‘ i ’ ’  I t  a I i i , ’ I hu e  u - u  I n t l m u l u c  , t ito Iic ’ ,il:l — I i l l  m u g

I n ’ t m i r  i s  m~c p n c : ~u ims i c - u t  I c y  nc , - r uc~ OF 1 , - r u  i -to , I t  I : ;  e i t : p b l t  c_ -H by  m s t r u m  I gu t  —

f u n  n ’ ,,, u ’iF ‘;;l c ’ m cm p l i e - u t ; c i  l i t  I 1 -  u m i p i u r i t  br im w h u l ’  in : ; i c F  u i , u t  1cc ’ m’ c ’ 1u r t d u u ’ t ’d

lie’ r i -
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I 1 1 I  \ F I i  ‘NH -U’H ) S I X  I -‘u ’I ’J ;

I I i c  I I ’ , I n - i c  h ull ;  - r i I t i  ‘ni l ,  I i u u ’ , i m ’ u i ~ , F  - u n i t  ‘ u  P - i i  I — I i  w I  ‘, ml um - , l ’ ~’ ‘ c t  h

m i n i  I c  - i , n hc - u i  uitl l uir I - I t I u r i s  - I I i ‘ - - ci ’,’ t i e - s i ’ I i l  i C c  I mu c - - - , c n t  I I i  - I c - m l  I I i c u ’ h m i l l  i 1 ‘ ‘ I  ‘ -

h im ’ n;t ’,t , - 1 . I ’ I uc - t i ’ , - - , ,  ‘ I l - i - u u l  SI u ’ I - m t  I s u n  - niH I Ii ’ - - ml I ‘n u t - m u  t ‘t i  I nit I I I u t  I ’  ‘ u i ,

i n t l  n ’ m c , I c t , - ; ’’ - t m ’s’ d l i  I F I - I I  I I I c ’: ’ t ;~ h 1 , 1 ,  ‘‘ - i t -  I I,, - i , ’ ,  h I a i t  h u . n _ i i i i • i  p. - m l  I i  c i i

I h ur ’ ii nn pl u , i  m i ’ - ’  h c t t  t c b  F I;’ I - I — .n I I i n t ’m i st  i- j u t  i - H - - , k u i u i c ’,’ni t i c  b u n t  r u , n h u  n t - c ’

I l u n d  u - m t  l u c i u s , ‘‘I  t e r n  u t  i ’ ii u u s i u l c ’ u , m h l u ’  n u ; m ) _ u IIIt ‘ t i l t - , “ 1 ~m - - i ll I ’ I o l t ’ m i t  d i a t - m i , ’ ’ ’

I F ’ c i ; . I I me’  a t  i I - it ed Fe -p I on F ‘‘ i i i ,  - i - c at  - I , - , 1 ’’) I h ’ c o - m u - m i i i  I n p  t i i  i c r , F u n ’

a i g in it I t ’ air t u m i t u h u  I it rum Ii- t lint - t i  u . i t  I i  i n n s  - I - - a ’ ’  1 1 , u m 1 1 bum uiigI i I t I a mc I u n f l u  u l i - f l i t  ‘ I I

I I u im i  I i t t  I c t i n ’ n m c  t n u i ~~n I i t  n i l - I I t t ,  I m u m I I ccu l - m l  cm I I I ,  t’ w i um ru t lu ; i ’ i u m  — c  -

i s a, - I n i t  I I  1s t I uig u - c - - IF I

‘I ’h l i t  i s  h i d  I m u ’  p 1 u ,  1 m m  p ’ j u t ’ ’  I b u m ,- c - ‘ : 1 e n s  I ~~ ‘ - I i t , -  rci t i n  F m  ‘it t br e ’

uc r I g i r l s  and p r u c h c e r t  I ; ’ ’ ~ ‘ ‘F 1 u - - I ’  a t  I mu I I I 1 - u t  I c c n u s  . I n  m n ’ , -  O t - ; c -  n I r e ’ r , ’  i s

not  v u ’t  t i  ge’ nc ’r ;n  I , u d t l ’ , c ’ l l ’ _ u n s  m i m i  t I l l s  snub j u t  , -m rul I Ii , - dc ’h ;n t c - i n  t I , - I i t  c r - i—

t n i r e ’  ‘ ‘ m i n t  n t i u t ; u Ia l i t -  S in-c -I I i ’ ;’ - - l i c ’ u n t c - - t  , ‘,~L . , n  i s  ru ’ m ’ n l e - n b  I u ur R0SC0h~ h a  a

mod el whuIu ’ i n i s m i  t l m i u u m l  ; ip i ’ u ’ c ’ l I l i - l u t  a l t  h c ’ u ~~ c t ’ l l l h t ’ h i t . I I  d a l I cur t i m e - m i n t - I  j m H n l

f i n d i n g s  f u r  ‘ t u n t i n i u m i - ; ; ’ a  u m - ’-u u m u ’ ;’ a l u m -  i v  h i m ’  p t . m h l c ’ l iv  t i n t ’  u ’ uin nrnu n r n i t v , w h n i m ’ i n

p r o d u ces  r e ’ c m i ’ t o n t m b l e ’  r c ’ a m n I  I s  I c r ’  c - s  a l l - u , ’  n u , t c - n s I  , n u u , i  i n g  ru- I l i um i n n s  , c b c a - t t r e ’ ,

and wit i cl i  h i t i  s a c ’  a - s i , ’  c t  Ft 1 y I u s cli; t i l t ’  - I c - t ’ b I l l ’  I i ‘ I C u ’  - ‘‘ I l t u ’r , I t i ‘ . I c ; ,  l i t m  h 1 t-

Ic ) mak e’ u i s  t’ e ’a ’ au hoc ’ ; i a s n n m h u t  l i i i — , n -  po st i t ’  F ’ - .

i t t  us , - u c u m a 1 ulc - F in ’s- tim e ’ t i ’ c u b , -  1 i n n - ’ , ‘ ‘ I  I icc  c t  C c m l  S ‘ ‘F I ~~ , - m ’ ~~- smi t h on-ic I i —

t m i d t ’  au ’ i n t i  1 h i t  i m c n s  d i n  t i m e ’  c I i , ’ , I t , m l  u - u cnm r n rul mili u I  I u c i u  a v ; , t c ’ ’ ’, , ,

6 .1 PHASE H)’ i N’! 1 1 . 1  A I it)NL

1 1mm- RUSC n ) b :  icr c~ u . - l g , m  1 I mi ni lIb , sic - I  p u  i F  c u t  c ‘, - I i c  - - c i  i p1 I u n  a t  j n b i u s e ’  am ’ b u t —

t i l l u i t ion s  w li  l u - l u  is at ni h - m a t Ic n - u t  I m m’ r t h , i u i  , l c - l m - r m i n n i  - I  I c .  ‘I re ’ t ’ m d l ’ l i ’—

l u n t e ’ ; I  jm l n u i s u ’  I i m n u ’ t n i u i t  l o u i s  c i t  I I i ; ’  i c - u  c ’ I V I  nip unit  ounl-l are u ’u- I m n c ’ac ’un t c’ t l liv a

z e r o— m e a n , a t  at  i o nar v  t , , m c n ; ; s  I t u u i  j i r m ’  c a ; ,  w i  t i n  V , u n  1 ,11101 ’ c i . m n i u i  t ie ’u ’ m c r r e ’ I ; n —

t ~~~~~ 1) ‘ h’ t’m c ii- t I ~~- ~t ’ 1w ’ , ‘ t ’  i - i n n  F i t  l u ’ l ,  1i(i55 l b  It I u c  hum j i  H up a

p I t -  t u n r u ’  u c t  h o w  ‘ m P5K ca ctu imm i n i I c - u  I I ,  ‘ i i  n-t \ ’n -’ I ‘ i t t  w i  I I l i t ’  m l  I e ’u ’ I  cml  i i ’,’ t but’ p l m , i a u ’

Sn ’ i n t l  1 1st l n c n a .  ‘I l u I s  t i n t s  I vs  i s  I i i ; ,  1 1 , - c - I l  v e r y  we ’ I I tle ’se ’r ih e d  in t wet ESI ,
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u - F c i c u t ~~~~~~ t u p u c u l  w b u i t ’ l n  t i n s p ant i t  t i c  ROSI .uuL ; n , m c u I m ’l is p r i m a r i l y  based .

c ’ u n t _ u F ’  s o a - l i  I d m 0 1  , - t t u c -  i t o ’ ’ ’ c u t  n ’; ’ a c m l  t a  i n  t h i s  : ; m n h n - u ; ’ m ’ t, i o n , the ’ r eade r

Ic -; c c ’  l o t  I m ’ t F  I i ’  t I m , ’  , u n I t ’ I u ’n , i I  i c ’ j i c c r t s  i cr H e ’ t - i I  I s .

i a~ - F T  , - , ‘ u”t- ’-- m n i -  u ’ b i u t u ’ . c ’ t v a I  c- rI ’ , I t ’ ’ i - u i i rc -u ’rn c_ ’d , we have no in—

C u ’rfl; , it I ,cm i ‘n i  ;utu; ’~ ii ’ F m  ‘ 1  I c ’e t  S c t  l i b u t u a m ’ se mit  I I 1 - it  1,1115 on t l n c _ ’m , amid the’

H , u - - , , u I  u- a i I m - I  , t ’ ’ , - - I m u c t  , i c n t , n i n  , l f l V  511d m o F  C t o t s .

R et  m n r u i  I u p  I , c  ! I d ’ a t  m t  i s l  i u ’; m 1 mod ; ’  I p r  c - - t n t  e d  in tIre’ ES !. r e p o r t s ,

It I’ . .i ni - ur n - i t-ti t h it i t t i n ’ H i  Sm m t  i i  h t m F  t i l l  ; untui i ’a;~ i s r t ’p r e ’ a e ’u t t e - u i  l iv

C i r s t — c ’r d u ’ r  B u m t t u - n t , - - ’ n t h  1 iiia’ i- r sp ot rtu l H e - u t s i t ’, (h’Sf)) li un ot ion:

~ ~~~~~ = 
I) 

- -
n- 

( 17 )
+ (l / ;~~)~

i i i  r r u ’ sp t c m t d  j u g  c - I ll e’xpom ie ’ttt i tm I - m u t t  ,‘c’or Fe ’ 1 -  i t  I u c n  t nun ’ F I on a t  t lie’ torm

— t
R ( F )  = p~~~- ( 1 8 )

‘ l i ne ’ t w o — s  IHe ’uI P H I )  u t  t F , , - ‘HE t n t u c u h i l ; m t m ’ u I  s ign s  I w i t h  the ’  r andom

I c l t tus c - s t i n t  I I  l i t  m ini-c l u t t l c u i ’ c u ’ u t  on it is c al  I t ’d  S ( I  I .nn d  is  g ive ’ n liv u n

‘oni p l l u - a l  ‘ui e ’x p r c ’ s s  i on  w h m l t ’h We ’ s l t cn l 1 not .11 t e m p t  t o  r e ’p rod uuce ’  i ue ’ r e .

When t i m e ’  s i g n a l  b - ~ i~. m s n -~ ’ mI t h r ; i t m g ii t h e ’  r , ’ , u ’ i v e ’ r ’ a b~c u i H — p t m s s  I I 11 _ er (of

I ’ . mn dw I d t li B ) 
* 

it i - umu i lit ’ a Iu r c s’n t that t lie a I pus F — I m c— mc 1st ’ r u n t  in ti I I c ’  r t 11 —

to r I n ig Is re’ thii c ’ m’c h i n -  i L i , ’  I i c r ‘ t u s  c ’omptl  n i t  t m u  I t  a PH i  lue’ pr  ion to the

I I  I t c ’ r. ‘lim e C i i  t o r  ‘i is dc l  m e d  I c y

f +B/2

, ( i B  / l~~)
* F t )  c f  s

~
(f) df  ( 1 9 )

I — hl /~1
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sl i t - n c ’ -\ i t  t I, , imp i i t  m i t l c ’  a n t  I I t , ’ ’  I u c - t i m n u - u u i  c, u il F hc  ‘ - u p i n , u  I i - - m r r i m - n ’ .

h u l a  t. t u ’ Ii ’ r i i  is i p u i l c ’ i m u i l c m i r l u n f l l  L i i  F i t ; ’  F c ’ a t  u I  I t t h - u in  mlv ’ ; l ”t . hr

- I t  I ‘ I m cm i I u c c ’  ‘~~‘ 
, ‘ ‘  cc lung I Ii; ’ HN 1< I ,u s ’i c i ’ , ’  t , m  II ” I i I t C’ I i n  Fl i ’ d  t i c  n I ii ‘ 1c m, ‘c i i —

F - n t  I ‘ i i  , a , ’ Sin , i F I ,m I So ‘ ; c ’ m ’  I I  - m i 1 t u  ;m r In) I Ii ’ - - m ii i I c, - ;  j - ‘ 
, , t  I , ’  - t c . F t u i  rr i, tm lu u u -

m c I  , m ‘ ‘i T  ul , - t’;u u , lc ul ct d i r .

II It .1 e ’ i ’ I u s  i d e ’ r . m l i  i t ’  mtn oi n ni I it1 c l )  icr I , I l it’ b u n t  cpu um I jim b -i j . L i  ‘ m i t  I i ’ ’

ru -ti ’ ; ui1 I c c  ‘t  ac ’r l t ’ S  ~‘l u c c ;,c C u druFu , c a - v u - n , ii - ; m i t  p t F t  I o , n l , c u  ‘i 1 u m n ’ -, p t r c ’ n I

It u s:
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“5 i t t ’ ,  ~S ,  I !  ~~ j lil,~~, ’ t H i  ‘ 1 , t I m ’ ’  - n ’  1 jt ’lt u it ,t - , c l l l l u i , I o r  - - ; c n l ; n , m r t j i m ’ ’ I i i

u n i t ’ - t ; - j s F ; t , n e l  I - ; u  — v - i a  , u  r u t h - i  - t i - I  h t m l ’ -  I n s t I l .

i t  ci ,, ‘ i i  h i ,  n o t - -:  l u l l  ~ ‘ i ; c - r i  I l - I c -  u i ; ’  lit’ su b m i t  I I  F , u t  l i c t i s  ( ,  C)

1 I ‘ ‘ ‘ ‘ ‘cc ‘ ‘ i i  ; - ‘, ci - F d c - i ’ u n it’ u n u n  I F a , I ‘ ,F I , ,  < u ’  t n  1 1cc’ c,’ui I cu t ’

— c , u—: F I! )
K - F , ’ )) ’

a u I ;

- :  I sc - c u t ‘ t u , m t  s l i m  - u l I P  , ‘;, u t  i t  I m l  I m i n I  I - m c ’  I n i p  c n - - i  - i t  I I t o  a I p n , m  I —

1 — ut m u l - - - F i t  I u ’ . , mimml b uon i ’ u - , m l a u m  I l mu’ c , 1 1 1 , t t c i t ’ t l l , i I  j u t t r . m ; t ; c F , ’ r  , p r i o r  I m i

, lu’t’ i , ’ u t m n l , n t  I ii; I- -’ nc ’ u h i no e ’u i liv I i c -  l ac ’ti ’ n - l u c r e  li m o , wh en r , ’ , ’ ,- l l c - n - u F  ion

i s  I -  l u g  c n -p  1 c ’ v c ’ i I  * 
l i t ; -  v;u h c , c - a  i t  ‘ m u  

i n c h  ‘ iF 
F I lit ’ ;auhs t ’r I t~ t - a t  turd I mig

‘ c r  ‘‘i n l u l  I ur ~’ ’’ t u t i l  I I  u a u n l  l n ; ~ , ‘ ‘  rc i u i - i - t h u  I v )  l u t i r a t  Icc  n i - i  l i e - i t  l iv ~~~~~~ ;nnc i

H ‘
ml 

W t c i t  c - P u i t  ‘ I  I nip I I c  m - I I - ‘I p u ~~u t i - m I ’  I 1 it  i - a  I’ (enp) timi d (P ca l l )

- - - c i i i  - I - i t  b u c u n  i a n - i l  i - c  b i t e . t’m~u I , c v ;  ‘ ci 
* 

a’, - m i t ; t  I I I F a F  du - F u ’ r ntu j u l ’

I t 1 ’  ‘‘ - u r n ’ s  oF  - mut t 
D i  

C i ii I It ; ’ F , c i , m I  m - , i n i l l c , i s i t u ’ !c~m l i i  e t u , t a I a t  i n g  u c t

im p I ink , im d t a - ic I I u k  F I tm’ subs, ’ r j h u t  I’ u-i t : 1 - I  l u g  F n “ 1 c t .1 I ” ) . i - i u r  F bi t ’

v ; l r b , m i l i  c - 
-- 

t I l t ’  d u n n ’ I f m m n i - n - i l u m t  j , ’ u , Is u u l u v i i c u u ’ u :

- 
‘ ,.

‘ (21 )
u r ci

For 1 , , - ‘ ‘etc r i t ’ ! ml I ’ll I I n , ’ , hi- a- c ’’:,’ r , I l i t ’  , D ’  ‘ I t i m  m ’ l i t  o ‘ u c u -~ , I i i ,  m l  1, c u t  d u l l )  i ’ l l  1~ ’

- - - I II ’ ; - , t m ’ i L  s c ’ - - ‘  - I , c  - mp ~i n u  d x .  n i _ i _ i t  c i

- ( . ‘ 2 )
D l I) u I ) t i

‘,‘.‘ c ’  u - a n t  it , ‘a’ c u — - c ’  t l i t  c,’ 1  I t ; ’ ’ , I i t  c ’d )fltpn il c ’  I t i c -  I m u - t m c i  ~~~ 1 1 c m ’ ( lie ’  , u c f l u h  I mie ’ ci

wi — a u - .- ‘ .1 1 Im , F’ I n l ; i  I I v • i n  c tint I c c  - ‘ ; i m u c w ni I i n - i t  I I, ’ - l u l l  a l  m i - u  u’ I y O u  I’, ‘It )  n e ’

, i t - r t m i c c l c i  I - t  ‘ u r n  ~~ l i t ’  - i  t c n n - C  u c i c - I’’ , u i i - ,  g i n - c - i n  hv
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in d r  ‘ ml
,

a l t  I e li r:t m ’; lit’ ot cnrptn r~c m I  t i c Eq H ~‘ iu m ’ u i t t e  - : I i t  u u  I I I t o  luc a s tie C i u n

an - m a ul ’ Vt’ C Put ,ca’ ui . I In , ’ p n I h  I I I I P ‘ I  i - I 1 : - i - n t  r r u u  n P ( I F  tm I ) , i s

i oil u i  I n  p 1 ii I s

‘ t h e  e m  I in  I - ‘I j icr ‘it I’ , H u ’-.’ - ‘ i n 
* 

I a tu tu  t r t u u w  i i ,  t i c ’  h’: n - I d - u  iS u ‘F I- - t i ~

‘ui m i n t fl u Im i r I’ t - F I ‘ i i ’ c i m n l , i t  i l ’n s .  ‘l ’ b i ’ ’ - ~ u ’ h r ,  r u - p i t t - i - u I  liv n t u u r c ’  - t n - p h I  u u t e ’ c I

t i  rn - i s t ,uk i i i , - , I nt t - - u , e m ui n ut I I Inc ‘ l i m i t  a mc F i H ’  ‘ i l - I  - I’ so in t I I I t u t I uun s m cml F l i t .’

d~ - n - li ’u l u l  I II or h u t - I ’ l l  u ’ :- t i l t  0 , , \ i ’t i  i u t , I l ie ’  o i u 1 u i ~ u I t - I  ‘ -  i n n  I ‘‘am’s u nm tmc i nnc i in t hu e

b - H i ,  ,I , ’ei ul :ic ’ nt ~ p r t ’ c : i i c u n ; l ’ ’  n d l  u n ’  t i ’ u’d~ l i - c c -  ‘ nil’ , II ,, ’ u-s r i Is - u n -  5 1 _ m t  c ’ , F .

F r  1) 1 5K a’, ’ I i r St  ‘ l u - I  i n , ’  II , t n - I t ’  I i t  n i l , ’  F u r  1 1 : 1  1 or ,

. 1  ( . 1- ’; )

ti u t ci  t h e ’  n-’ , m r b , m u t m ’ i ’ of t lu t ’ u l m , m ’ - t u -  t i l t [ ‘ n i - t i e , ’ l i - C  s,- -ni s t u e t ’ c - s s I ’ , i ’ e ’ l u - u i i c - u i t a ,

2, ” - t’:’:I~ 

~~~

. 

)1 

(,‘ u F

I- rui n ’ I it I a p i c  j i l t  I lit ’ n i’ 1 ru F Si c a’ I V i - t  Sc ’ 0 Sri gu i  I l i e ’  R F ) I ~u 1 ) 1  - i i i  i i i ,  - I e u uut I um I miS

h c u i  ti u m ni l i l  l i sa t h u o  u u s d ’ r  I t ’  a s - l c d  t I m e ’  c ’ u m o hum’ I drt ’ t c’ r i - t . II I t c ’  m , u l o i n l . i —

I f , m u u  i s  d c t b  r i - u i  I n  In -  as t i c - i  c ’ r un u u i l a t  I m  - u  um ;’~ I h I m - , smnu ’u ’ u ’as lv , - n’s Ii i c - - ut

, m  ro m i i i  i - t m - l i  I nu t-i I 1 m m  - ‘ , - ni ‘— i n ’  - - m n  ( H i s  a I - u i  ci I : ;  I n 11 ~~~1 I c m n t  m c I v ;u r i a n m - - -

,inttl - < t I l t s  I it m l  utI di r u e  t I V b u l l 0 1 lie ’  I u c r t u i i u  I , m I ‘i n I’ 
, 

, a’lu I e l i  now Isis t Ire ’

I a r m

I’ = F’ (-c .-!- ) ( , ‘ i c u
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F’ F • 
‘ I — ( i ‘ m d i - ;  

,

‘
, , i slit ) i i c ( c 5 111 , , ‘ ‘ u i ’ ~

(21mb)

I . t  , hi  F F it i t  ~~: M . m u  - - lint ’ ‘ u , ’— I-’ u n  - t 1 , 1 1 1  . ‘‘ 
/

F li t’ a i m , : - u I n ’ c -  nc , u l i u , - - i d t  ‘ liS&’ mi Iii 1 _ h i l t - :  m n’t~ ’ u  , ‘ s s i ’ c t i  u m u ’ , ’ u ’ m m uin j u n n t t ’ d

l i t  ‘,i ue i m i i  a -  I’: - n - - I t u  n -  - ni tc m b u t  t n p p n  ‘a i : ’ : ~ i t  u - I  a eon ‘c- I , , t  i - i t  
* 

w i t  h a uI ,’ , - u c rr , ’ 1 tn t ion

I i n - i c - — ‘lI m b s  Is du ut u t ’ h’. 1 _ li e u ni — t u t u I s m u — i t i l t i t  t m 1 u p n m c x i m t l t  1 m m , u u t ;  m l  It uw s:

I d l  t u i  - I j I ~~ v u ,  I i i ,  - i n  I I I  I ‘.i au~ i t i m ‘ t i d e ’ * • F r , ’  u i - - m i I m l  I m ,  - - F I a I i’ ‘ti n I hue’

(;tl m ns a i an u P 151  n I l i u c t  I i i ,  ‘lI re ’ a m - e c u u t u l  - : ‘ - , - l r l b c u - r  m l  I I i , -  ‘ u c - q i c u - I n u  o a F t u m i d  Ii ’-,

c ’ l n a i ’a i up  in - s - Y I n ’ u ’ n - t  t it , ’ u i  i nc -u  a I ii , H I a t  r l i i i  i t  1 , 1 1 1  tit i d m c  im~c t n I m l  p F l i e ’

- u i l _ i t ,  lit , i t  I ’ ‘m l

I = 
I ~ ~~ l - l”~ :‘ ( 2 7 )

a~ t ;~ r o

_ ‘ t/
I) ( 214 )

lii ’ liii’ , C H I b i n , ’  I n t l ‘ i  - - u I i c ‘ F  ‘,~
- c - u - n i ’ -, ,  u i n ~ ‘ 1~ - I - u rut - , t i n ~ u Ic’ . Hi t , ’ , c - c - eb b t i ~~

n - n I mit ’s ‘ m l  I a r c  - I o u n m i  cv I I c - n u t  I up F in is hi i n - ’ ’ ccliii

= 4 V I  - I ’ : ‘ ( 2 7 ’ )
mi m n — i

w i t  I r i um os ‘ ( a n t i  I- ’ it l i u ’ u - m ’ ’ - - ,s a i ’ \ ) c m l ,  I l ust’

I I i r  i ‘< ‘F aa  I — i c - I  c’ n url I n 1 st  l u  -: , ‘t h c -  I i s  n r n t  t i -q um I rd -d , u m m i te- t i nt  v i  l u u u ’

I m u m I’ , mn l i t ’  ‘ - m i t -u  1. - i l  ‘ii I u S I c  mc i  I i — ’  I n i l  c ’ p u : i t  I u p  I hm c ’ u u n u i  i t  i u u u l u m  1

2 3

1’.—~
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, ‘ ‘ i’ - u t c l l i l a at  o n ’ t ’ I , I ’  F - ) • a n - u  t’ I Ito t ’ I d . c ’ m i l t u i u ’  c i t  - m l  I ‘ ‘ c a s i h l m ’  ‘,‘ , t l m m c ’ - ,

C u - i n  u p ; ’ n u c i c r c  n t t ’ n c l u t l u h h l l l c ’ - , l . o , ,

- 
= 

I 
, : ‘ - -

~

, - - [ -] 
1- :  ( _ _ l )

l m c i  ( ‘I ’S  K a , ’S l t uni s i n ’  ‘ ‘ ‘oh I c -n i :  C s n - u i  u - - i - u c m i i  I i i  - m F ‘ P ‘i  - - i i i  - ., - i t  I a

- i t - a  sul r ’ , t i i u O n t  S i u l u ’r  I t o  - p i t .  m ’s  — l i c e - i l  I i ’ , ’  p ( 1’ II.) i n  I Ii ; ’ ci ous t cd t  n I - i t ’ ’

l i u c  - l u l u .  t - - c  - c ’  I n u ’ r n - m u ’ I m i t t  ~0 ‘ t  t I , ,  - cle ’mm ich i i  I I ’  r I a I I t ’ ’ , u t t i t  m l  t as u F o rn - i

— - • ‘- F I I ) )
: u i  : a

H - n c ’ ’ ’ b s t i i , - ’,’ , u r  I m n e c ’ c l i m e -  I i ,  nu i  is;’ ,n l ilt i mu t l i t ’  I’l l , ,  n ui F 1 iS

Ito ’ v . t  u ’ I u m n n u  u -  i l i u m ’  1 _ i ’  I I t ,  - d u n - i a t ’ I u l t I I 1 - m t  I t i n t s  i n  t b u t ’  Ph i . . I t e:in l it ’  i - i ! l t i W i i

t u . i t

1
2 

l i

_ i R
I
; ( i K ) ( I F )

a’l n c ’ r i  - II
I 

I a I I t ,  - n ,i  i Se’ h ;i uiclw liF t  1 m d l  I h i d ’ I i 1 , 1

l’h I a 1 ‘“‘i’ n o i s e ’  I , u m u t t h a -  I dl I u d ,t !t I - ~~~ I i~~~i t t  i j n u i t  I i t  a , lum p jt i s  - u  I a m u

Pu ss j u l  m ’  1_ c ’  t t~~i P i u l  i t  u - i t  S Vt ! I c I i  - Ifl I c - n u t - u c i  ‘‘ I l i a r  i t  ‘it ‘ i t _ I l l  t s w i n  I tIn the’ I i t t ’

t i t ’  - - H - - I n i- il opt- r :m t I u p  , ‘ I u u u  n u t  ‘ r 151 le n ; i i i  I l i t ’ e m i t i i f l i l u u l  I t’~ ml I i ’ l l  1 Ink , i ins

sn qu ~ i u c ~h re’ I i n k  i i ’ - l i d  l n ;m ’,’c ’ a i’ i u d I i , i ) d I  I 1 1 _ v  ‘F i I u - u i t u ’ u l t  c ’ r n u ’ n  g i v c ’ mn cv  I’

u m n cl t - u t  t l i t  l -:’l I u I i m a o  e r  r u u r  I n  t i n c ’ I c m  p c l i m e ’  ( m u  t i c  I si t i i  om i t ’  e , m u i t t a t  lit’

r. ‘u n i t  ‘ c - i l  li - I m c a ’ ( t ’ .’p I s  m I I v ~ “ — I D ” ) F i t  t m n  I l~~i i )  t’niV I r O u l i u t c ’ l l  I • F h i ’

‘ 1 1 1 t h  - u n - u  - h I m  I i’ ~~ 
tin s - I i l , , 

- 

au ~ e l i  S’~ ‘ t u  I d  I c ,  n c ’, 1 , 1  j u t  c c  n t I c - n  F i i  m t - Ii I tn’ a

b u m  - p1 ‘,‘ c ’ u u  i ’  r r ’’  r r , m u ’  m ’ m u u n  I d  I i i ’  - - t I “ c m 1s t i ‘ I  I ,n- I u n v u  ‘Ft I t~ ’ E q .  J u m  i n  I ire ’ t “ru In

I’ 
~, 

i - m F o 12 )
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‘I I c c ’ t u  ~s
’ u ’ t ’ , i t n  d n l4e’ b ’ ~ IL t u  I i i i t I t i c  - t i c  - a i m - - i i i  p 1 m m  c i  a m ’  l u - n u m m i w  i u l I Eu .

ib
i 

= 

‘
~~~~m n 

~~ 

(3 ’3)

where  ‘ Is t lie’ vti li n e’ c f ‘ - (II , / - 
• ,, a i n c  it I n u t ’  re m n -  u t u c  ‘ < u - i  m i t  i I Iti—

I)

t ions , i . a .  , t u a  - -  
) )  tum id I

I

N i u w  we’ m nnst t’ i nd ‘

~~~~ 

, whi i oh u , ‘ ; m m t  Icc u ’ xp  n u t ,  s c - u i  m a  su m i m t t c ’ g r a l  i n

t h e  fe rm

= 

~~~~

- f  I - iI ( 1 . )  I
5 ( ‘H  ci - ,-

where H(s) is t l m e ’ I r an,a I  u ’ r  t m z n m u ’ u  ion  ni I Ii ’’ Ph i. ui niut S ( - ) is tine J’SJ)

of the random phase m odunl a t i o n  p r m c e t ’ s s .  ‘ l t c ’ I c u r u t u  m c I  h i ( s )  , and t i t u s  01
14

depends  on t h e n  n c r e l e ’r  u u ’ th u I’l l, . 
- 

I n  I h i m ’  I U u H ) m ) i -  n i od e l  t I n e ’  r i s e r  may

s p e c i f y  e ’ i t h e ’ r  a i’ I r n - u F — m c r c i t ’ n ’  I m c m i 1 i  c i i  t i ’ c u P — m n - I c r ~~~~~ s ’ i t I n  damp i n g

f a c t o r  - ‘ - It t’,~in tiit ’u lit’ aI,,’a’u, th u - m t  I ‘i i  ,i I i n t  — , u r m i e ’ r  I ’l l ,

= 
I + 

( 3 4 )

and I or a ,se’c ’ u , n d — m c r d e r  P h I ,  w i t In damp i ~~~ I m o l t )  n

+ t m h b
1 l )~= - ‘ 

- ‘ ( 3 5 )
‘~~~ 1 + bib

1 
I
I) 
+ tub (B

1
u
1)
)’
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( F~i , m J
‘4 . 

. 
+ F

- , rid

Li ~~,~~~~~-- - --  ( F l u ! )

+ 1

i t  t c~m g l n t  t o  lit’ mont l u a u ; ’ , I  t i n t i t  l i n t ’  l i n u c a t  u ’ u c m m l n m u u i l v  u ’ m l c i u u ’ ,’ c i l i ’ c mllt p r ’ i i i l l i S t ’  l i t ’—

Iwe’t’u st u b  l i l t  a t in i t i  spe’e’ui t i f  re ’spuum lst’ i i i  ci a ; - ’ , , I n , I — u ’ r u l i ’ r  I ’ I , I ,  i s t o  : t u , m k m ’

t i m e ’  d m urnj ’  i nip fume I dcr

I / u P

h a v i n g  I m i n n u t c i  I l u d w  t i r e - 1 _ m c I  al n’ u l r i  a m i n e’ u u !  t l ie ’  I’ll. plsis~ t ’ r m ’m u n ’ , 5;’ 1 : 1 1 1

r c ’ l ; i t  a I t  t o  t i n e ’  p r m i b a h i  l i t  a c c l  u ’ I e ’ m t ’u n ’. u ’ r r i d r  i n n  l i m e ’  I c c l  l o w i ng  w ; m ’,’ . i t

ru in  lie ’ a l mown that the p robab i l i t y  densi t y dis t r ibu t ion  for  the phase error

‘ I  ci P1 , 1, I a

~ cccs
p ( : )  = L’ m )

wi ne ’ r a

( b i b )

and 1
0

( x )  i s  t h o  n u c m l i f  l ad  K m ’ s - -a l  f n nn e t io u m m c i  t h e ’  f i r s t  k i u ; t l  t i m i d  ‘ a F ’

orde’r. Thi s &‘cluat ion is <1 r i m - I I v  u u cr r t ’u ’t uc n i l v  l i i i ’ , i  I l m ’ s t — m ’ m m l c ’ n  I’ l l ,  w l n o m n

t i ne’ i n p u i t  i s  wi n i I a  urn l i-u t ’ 1) 1 i ns a s in e ’  wtnv t ’  w i t  Ii ),; tm n n-<si ,m n randm cm p lm t u sr

mm n (I(u l al ion having t h~ PSI ) s i n t c w u n  I m l Eq. 1 7 .  Iic cw e ’v e ’ r , I , i n i e i n u u ’ v
4 

i n c i s  a u i g g e ’SI i ’ m1
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I b m , i I  l i i  n-m u n i d l d u c ,  I I i t  a t i c - m i s i I V ‘ ; In c imn I c 1  he oh, ‘p - ‘ ‘ c - 1 c m  i m ’ j n r m ’  ‘ - n u t  c ’, ‘ ‘ m m c l —

- I c  u’ I c i u c ~ c : . , m I s c ’ , l i t  l i i ’  i c - u ’ h u t  s ’hm c’r m ’ I l u -v , u m m -  i u ’ - , i c . m I  Iv - I c - u  - i i  ‘ i t , - m u t ’ i

i n s t - S  u~~. I t a r  I h u c - I ’ll, c l c ’ I ’ i u c ’ t ’ c u t - l o t ’ ; si a l u , u i  I di ’ I

\ , ia Wa , - tu nn F m i m i  t i ’ -  i , - , ’ !i . u i i i I i ’ ~ .’ c ’ t  i !‘ - u - c - r ~ c - r r d m r ti ’. u u c u l t ’ i l m t i r i p  I l u l a

~ I t  i t  t - , ,  C u c r n t i m l , m  F u n  I’ , ‘ u ‘i F I R  an- ’ - - ’ u : , , , m ’ , n i o t h l 1 i m s i  t o  t , i i ’ c l~ 1l

u u m ’ o m ’ u u : u t  , u  ~‘ l i , i ’ , c , - r n m ’ n , : , n t u o  o h ’ ,’

I I ‘~

i ’ (  ) = c - u - I n ’ ‘ m u : . ’ I 
) 

( 1-14 1

u~m ’~’ e ’ msugt ’n l  u ’ ’~’ t - t ’ 1 i i  u - i n  - ‘  -:- ~F~ 1~~’ i t  u _
~~a l i i i  - l i l t ‘,m u n  n i t ’ ’ - , I i t .  - n - c c ’ , m l i  m ’ ! c i ~nt ut t

‘r r o  m’ l m r i c h t , u h i  t I i t  a i s ’’. i n - -n  I , ,

= 
~~~~~ ui ~ J u - r I  a (

~. e as  
- : ), - ‘ ~~ ‘‘~~~ ‘ 

~l 
‘ ( 19 )

If ci quas  i — H e ’  t c-run t  i ml I sI I t -  
* 

a i up I; - —m - I e ’ m i t t ’ r u t  n- - I In - wu - ru - tic - ‘u I u ’e ’mi * 
Si  - i - c ‘ m i l d

t ake’ ‘ - m c r r ’ ’ I a t e ’u I  s u i t u n l u l e ’ s  I n ’ i ’ i u i  I n c ’  d i s t  r i b m u l  i ’ u r i  , i I  Ft 1 . (7 t m c r  ; i u h m s t  j t u n t  j u m u n

int o Eq . I F-b . ‘iii i c-u o j u l  I m i n t  I i - ,  u n c u t  t I n - i I I t i l t  I , ’ I u  t l i t ’  P~
’ ’ - i - - u t  ‘‘ c r 5  i on , h u n t

u t ill h o  , m t i d e ’ d  w i t  I , ,  i d i  I minim ii  ul  I I C l i - t n  I t a .

6 . 2 AN PI ,  I T IlDE Sc I N F I h , l , A i I ,  i N 5

W i t i n  rc -s l d c - i - I I , ’  I I , ; ’  i i c : p I i t  i i i  , - u u ’ ’ l u u l i i  I~~t ici nn a t ’ , u t rs c ’eI i’ n-’ - i u-i t r i ,i t t’ m l

unedi mui n , t i nnno r t ’  h u e ’ u r  i — i t I c ’ lp ~ c n ’ , c u ’  it I a d m 1 1 1  , i r n  i m f l , i I  e l i - ’  i l , - u ’ c ’ ’ - . ’ u , u u n - ’ , lim ,- i l i — i c ’ h O

s i n g le  t l u m - t c n ’ .’ o r d - X I c I m u l , m I  i u c u n  i s  i t - ‘ ‘ p t  c - u t  - m u ~ m m c i  c u t  m cc i i  t I r e ’  w h i c u l t ’  I’ i u )’ m ’

of ax p t c u l  c m i  , t m u t d  I I  i , i t t ’ . . ~Ii m l s- c ’  m r  u i-ic c’ k I m t p ,  I i c r  I l i e K F ) S ( ’ F ) l ’  u i m u i t i e ’ I , I n—u tu

s i m p le  t ’ o m p m i t a t  Ion ; i I u l u y i n  1 1 1 m m  ‘s’1 t l i  I i  y i u ’ I t ! i - u  n’ m ’ , u c _ t m c n u m h l t ’  a l t u t i s t  i i ’s l i i i

t i n t ’  I I  i nc  [ u n t i l  I m ip si gin a  I t r ump I i t  n u d e ’  a t  , n  I I t i I a t  m u m -u ’ s  I ront t  I l i e ’  u t m ’ t n  r I’ l u - I  ci I i i

the ía r I f o l d  ( re lu m t I ye’ I i ’  I ‘ - ‘ “ t  r l u i l  c u I  r c ’- - I c u l t )  , ,l u tel i’or a l 1 v u  I m m c ’ s  o l

t h e p l i c i s e  c ’ r ro r  v a r  i c i m l o ; ’  m m . b - ” I I n t l  t l u s t  t u p r t ’ , m I  m n m n n n h e ’ r u c t ’ r e se ’t nr e - i n

p ;lp€’rs m a y a  bt’o mu pu n t I I ul ic u I m i n t  t l s i m c ’ u  - t s ‘ ‘ I  t h u  I -u  pn’ u m h t  I aiim di n - i ’ r tI nt’ i c t u  a F 20
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‘ ; o , t i s .  I l u ; ’ a  , m n ’ t -  vu - r a  u l e ’ F  m i l l ’  1 ’ .- n m , ’t  i i i  t u i t p i l m  I c -  , m F ’ u c  ‘ ‘ l u - C u t , i i i  l i - I t  S r i ’

t ’ c ’ t t t r - m , I i i  l u c n n ’ . Y e - I  ‘ - c ’r t - m i u  u t i l l ’ -. , v u m l  h I  , , u u m l u ’ r  - - ‘ F ” ”  l i l t ’ t i l l  C c - r i - n i t  c u m i n —

h i t  l u c i u s . c l i  au - t n - :  1 m m  I I n t l  gu ’ruon ’ . m l a- - c- I F , miue c - . 1’.’- l t , t v m Ii r i o ’ -  ‘ui I r u r m

I li e -ac ,- !‘c -cue IiIn - .i n k  t i c  I i m u l u t -  - c t i n t  , m 1 m u  r i t  1mm w I n  I i  Ii - u p  nc - c - ’ ~ ‘ s I  I I i  I i m i ’ u i t  w h u  - r~ - I i n c ’ v

u r e  ‘,‘t i l I d  and p r c c m h n t  i - — n c ’ , m - - , c i i : n h h c ’  I c - n t  I t s  w l n e ’ m i  t ’ t’u t e ’ u i u l t ’ m l  t o  n’ c ’ ; ’ , I i ’ u u s  w h u c ’ r m ’

t l it -v  . m r u  i n t v u l  I i i i .  ‘ l I t - i is m l; , u cu n t ‘ ‘n u t I m ini I , ,  n c  - I I i i  I t i r e ’  - m I i~u ’ r  I t  1m m i s

~‘r u - m i l d bc r i u ~u u r i ’ I t - : 1 a ~u i 5 t  i t  l i i i , ‘ n u l a  I l n , i I  I t  I - , n u - u m - , i c n i a b l m -

. m m i d  I n u i s  t h u t ’  r i p h i t  n - - u  I lie’s I n i 1 i uuu i I l u n g  0 , 1 S t - s .  S i  un c - t I n e  m :.:~ ‘c’ u I tu t t ’ u l  t u i l  uu uc ’ u m —

a n n r e ’ i n u t - i m t  ‘— It n t-uit a e ’ln ’ c ’ a lu ,, ’,’, n o t  t~c ’ u u t - r ; i I  I n - ’  h i - c - m i ’,’ , ’  r n -  I c r c c ’ i ’ u ’ - , W (’ -i c’; ’ flI t

m e~c~ , ! ,  I t l I m i t - ; ’, in ’  I ’ ’  I t ’’,- h u n ’ ‘ i i i- ,’ u t u d i n c - n ’ l ’ c- I i c l ’; c m m i -- I t u r m i m l n I  l out .

I t i c -  I n e ’ i n r  I a t  i , I u n t h u n o  I I m u m u  
~ ‘ n i u u - c - ’ .s , w h u  I I ; -  I t n t  c - i c ’s I I i t t ’, ,  dam’ c r u d  h m ’  I c i n g

t ci t I n  i s  r n e ’ m u u r c n n u l u n r i  - m n u l  aD I I 1101 l i ’  m u - ’ ’, - r i h ;’iI I i ,  - m m  . b5’ m ’ w i  I I p c - - c - m i t  d i n  I n--

t h e  i t ; ’  u - a a , l r v  p r o l  I ”  i n ; u r i i ’s , u u t m l  qm n r i t o  I I , - ‘i s  l i n s i ’ ’ i n ’ - . I t  ‘ i - m v m c ~- wi ’ r I l n

I t t d i m ,’ - i t  l u g ,  hi ’s-o n - c - u  • t l m c u l  t i n ; ’  au jtnr ’ i - ;  anti! - -,l m r l l~ r u’ . p h - , -  c - s  - m r  t i u l a  w m c r k

are ’ t o  he’ I i u u r t d  j ut 11 c c ’ r a  h a  n -t t ’ m  c ’ l i i , 
1 I 

b r  I t ’ , ’, a t inu i t i ’ u t~~ i n . 
I 2 

I m a - I o u t d O

l b  i - c  I -
‘ Vu

I _ i t t  I t ’ , cinch (It  i n - u - n  , S I ng 1 e ton i , H I n c  tind I n’e ’ i ’ u ,  115 
* 

I i , !  \‘, m  I l i -n-

(Pc~is i c l u ’ r , lit’ S ’ , fl ‘n-’,;’t cni u_’t n ’ ’- w h i e ’r u ’ t h ’  t r t u n a r t n i I. I c r  i - — l u c ~- t i l  ad ‘ c ut  u n;’

stil e’ of m - i t  r i t u t c  i t r ’ i ’p i m ) n  F -u c clti; ’I l In t ’ s  n c ’p r e i - a ’u i t  . u b h c ’  h i ’ ,’ ‘ n  ‘‘ p hu m - t i - ae rm ’u ’ mi ” )

at a di :-u t a u iu ’ c ’ H
1 

I ’  ciii I t , - l i i i F l i t ’  rca - i - i n - l u  i s  h i u m u i l c ’ - I c u r l  [ l i t ’  u t  liar

i’d He ’ um t u m d i  c - c t  - u ut ’ c - P , . Wu ’ ek’ I I n c  um nm ’s’ n -u i m c m l i  I t ’

~+ R ,, 
( - ‘c F F )

We a! n-a u He’ I I rut’ -i p a r m u n m t ’I or

(-+ 1 )
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w ! u c ’ u m - r Is I I u m ’  t r u unns v c ’ r _ t c ’ se ,ml t ’ sh e’ i d  t int’ ‘, F r i , u l i u c n u s .  ‘I’I n i s  7, Is

. u p l c r m c x t l t , u l  c l v  c ’ m~~’ i , u i  I c c  I t , , ’ “ }“ r t ’ a n i c ’ l  l I s t  m u m , ,  h u n  [ 1 m m - i - ; . ’  s t r i a t  l u c i u s . W l u c ’ i u

I i i , -  ‘.1 r j u t  i u c n l s  l i t ’  u c ’ I c m ’ e ’ s t ’ m n t t ’ d I  m a I m , i n ’lnn h ,’, (l uc - su nn i t ‘a ‘m l u’ c ’ ti I c - ; t rii ) nm t l i c u m w i t I m

u t , i u i n l  ‘.u i o u. ’  I c-n • 1 I n c - m i  i t  m imi  I c c  - s l i c m w n t  I Int u r 
, 

.‘ 
-

l i n e ’  q u u - m u t t  I t  a

x I m P )

tie - I ermin es s’ine’t lne’ r S c ’  - u ru In I In . ’ I I n - f l u - I d  1 :.; - I I , I i . ’  m m - m n ’  F I c - I  ‘ I

— -  I ) , icr as i s  n-- c m ’  m m i l e ’ mi t h u  ‘ ‘ m a ; ’ , 1 1 m m ’  t n , m i u - , i t i u c u t  r c - g i u c i u .  m t  ‘ c i  c - i

t i c  mtttl ~: ; - t hr 1 s I rtuui a it I m cii j u t  - u sn - i t  ‘ m i t  In 1 , - n un  t i c - u  a’ - i n n  I I’ ’ cu t i i i  c - I lie’ C I I  l u - I i i

(unit to  lit ’ u ’om i l nnseei wit In ~l. uu - c - rm m ’ s ‘c
u _ i l” t t t t m t I cu t ’’ I

Q ( )  
~~

- 
- 

x 
-u ( “ 4 1 1

I + x ’

N m c w  su p p c c a u ’  I , i n u i l  i n n  l ine ’  ab s e n t ,  c ’ i i i  at m i n t  j c c n n s  thu slp u u , u I  wmcnm ld l c , u n c c

ln ad ui h t i n i d t r nut e ’nt  c i i  p a r a n n t c ’ t  o r  = c I 
n t  I l i i  i~ i I n c  t D i ~~ i i  I i c ’ a t  r l u —

ions ar e pr c ’’_ tu ’ unl tint’ va l it c ’ u t  s i l l  h u m ’  m u - i ’ m , i ’ c d ’ u i  aunmi tl u’ e - r , - , m ’u c ’ ul iii - m

F i u u u u - — i - u ’ r r c ’ I a t t ’ d  m t t u n u ’ r  i t  l i m e  I l u n u ’  01 --dpl m t c~c i n ’ c a - Ii  i ’ m u s a  t i le , a t  m i m I  l t c n u

It , h i m , ’;’, I mn t bn u’ c ’u un u j cmn t a t  I onn i ‘ F  we I c ‘ F  i u n ’  , u  mncdr n n ;i I / c - m t  , muuul c I i t  m m c i , ’

R ~
l2 c i 

( ‘c - c )
() n lb

in the absence  of at ,  r I t u t  i o n s .

g i v e n  t Inc i  t t l i e ’ at r I a I I ons  p r n d uu’e  p li tn u e ’  Sm ’ i n t l  1 1 1st i out s  wit In v.u r I t i u l u ’e’
2

i. , we u l ox t  def lu t e ’  t he ’ p t i r an ne t e ’r

A — -~ Q (x ) u
~

’J (45)
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I i  ‘~ is ~~ “ ‘ i i F ‘ I  t a  t i c  - m r  1s t 10 . 1  i~ - ’ ’ t  t t I a -  , h i i e  st re ’n i gt in m c I  t he’  se i n —

t I I ‘ t i - i t s  I ‘ i c  - , u t  n - n I I ‘,‘ u , , u i l  , i  I i i , -  n n i ‘ H C - m ,  t i m  r ‘ 
, wIn  i I c -  t li e ’ t n ’  - I ’ ’  r

a I x i  t u ~’ c - s  t m u ’  ‘ ‘ I  I F  i c - t i c -  l mu ’ui d l cfl - , -  u - i t  i t  , i n C  m c  j u l / F - m u - — I i c - I n I  m l l - - , I , n u u u  c - . W u ’

t I C  I ‘ ‘m b c  - * 
- i y 1  t i n __ u I u _ ‘ , ‘ I  - i i t i~ c I n I i t t ,  - a

(- ~~~a)
ii

- 

I 
- 

~~~~ H (- ‘4~ h)

I t ’  n c - 
• ‘ 1’; l 1 i ,  - - u n - p  I i t  ‘ il c c c l  t I r a  I ) cucr I l i m i t  ‘ c I  t h u m -  i’d pus I w i n  he l m r— e mncn 1 us

itt i c - s ;’m - i t  I a n  c ’ e , c u u I j c , c n l , ’ l l t  t u n n e l  ‘ ‘I 
l ’ e j u  Fe c - n i l  - - - I m c -  “ ii I I I r u e  t i - c l ”  ; ‘l tmp u i —

u i . ’ f l t  in I P ’ - c - S a c ’  I a m l  ‘ i s  I l i e ’ n . m  r j , u i u u  . -  u i l  I In is i t n t  , - r l  u - m I - u n  a t~~’ rm .

It a’ u I I ‘ - i n , u I ‘ - m l  I I :  i F c ‘ii - i  i’ - - m l I t c h  ‘‘F i ‘ a u ’ gy I a c - o u t  l u  I I c-cl , a i n ,  - u -

- )  ‘
P -A 

~ t ’ R .

‘S m i i i  I im ’ r i ,‘~ii j c I  e’x mt  a u-rn l i - n ’ - I lut ’ h I  - I m i t t - . 11 i n - i peru ’  rum I I n-

- I  ‘ c ’ ) t . - i t  I I i , , !  u n  t I r e ’  I m i ’ I l a i d  tInt ’ i u— p lrt ua ‘ u nIu ) u uuulc ’ nu I ( ‘ ) tumid t lie’ qu nn c i —

r u l t u m r e -  i ’ i c r u u j u i u i l c - n n i  ( i i  I ,c I l i nt ’ ‘ ‘ ‘ ‘ i n n t  i i  l u l l  h i l t  m u i r - c - ’ i n ;  t ’ q u i u u l 
* 

i . e . , 15

x

= = 
I

x n- P I

and Ri o I an ‘ al  ci t I a t  l e a  m r u  Vcl I I H . . \ t  0 i c c - - c- r ci 1s t , i l m u  C ’s , t i n e ’  re’ i s  c v  I —

t i m - m i ,  a t h a t  m d c l ’ . ’  l i t  tIn e ’ c ’ n n c ’n ’ gv  gu i ’s  I n t l u c  I I n ’ -  i l u l ; i u l  r a t  m i r e ’  u ’ enn p t i u ne ’n t  ,it I It t ’
‘n-

e - x l c ; ’ m n i ’ m e ’  m c I  t ine ’ i n — p li c i se ’  u ( c n ’ n t p u c m i u ’ t t t 
* 

1 .t’ . , I mci ’ x 1 , ii ‘ -
n- x

‘ I c c  r ep r e’sc’n I t i n  i s  I ) i le u to m&’n i d ) u t  we’ nu nci k e ’ m i s t ’  mcI u m rt- m u l l  due’ to V m I l u - v  I h

I, ’t It hi’ ~;I  ; m t  oil - i t  t ine u n i t  a c t  thn , mt W c ’  mb n u t  s im p p o s t ’  [ l i l a  t i u e ’ m c m n - ’  I m c he ’

u i ‘‘ u’ c c r r . ’ m t ‘‘ r t ’p r ’ m ’ ’ a ’ i m l  cit Ion uct tint’ mm- u I s i t  uni t l out , hi nt o n ly  that It i r un —

v i m le ’ s ci i - o n v c ’ n l t ’ m n t  uipprox lmc il l i l t  wlu l i i i  , u c t ’Ourn t S  fo r  t ine ’ t r u ins !  t tout timid

I s  p ru m li i i m I n- i s  ~unuctI cia t lie’ u - i i i  m c  - l i t  -ml  .u 1 e ’ oh 1 , i t  .i  mt ’ cis m i  r c’mt ’ni t Wa r ratt t a
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i- c ’  I I ow i t t ; ’  ‘e’ , u 1 F m  - n- , I h u m  - i i  • se’ si It

- ‘ . 1 I (  .. ( A J t m
x I

umm’u t l

‘

~~ 

“I - H (  x )  - 

-r (4 7h )

wite ’  me ’

11 (x) )(f(x) (- ‘i l l )

and

f ( x )  f  ~~~ dt (49)

T h i s I un t ’ t i d c tt 1( x )  i s  r c,’I a t e ’d  I c c  t I n e ’  S i n c -  aut H ( u i s i u i e ’  I n u t e g r a l s , cn n d i t s

p rope r t  I c ’s a re  d i s c ’ u n s a u ’ c I  i n  Sec.  5 .2  u u f  t i r e ’  i l u i m u m l b o o k  c i i  M u n t l i e m a t i c t i l
18

Func t i o n s .

F I na I I v , u i s  lug t l i e ’  so v u l  1 nit’s ~c f I’ , i t  
* 

I) , We’ d’unl lp u t  e ’ tine no runt a 1—
x n-

I z e d  uni t  p u t  c imp l i t  m dc’ H t i m i d  h u n - c ’  t l i t ’  u c i m t  l i m I t  1 u m m i d a m c ’ u t t a  I pa ru i m e t e’r

I f  we t a u n t  i p u n u  c r c ’  t I n t ’  t l mt ’ t o  r ru ‘ 1st out  m c  I ad m u ’ u ’ e’Ss I n-’e au nnimp 1 C’ s , t I n  i s

Is ass I ly done cia I m c !  l m c w ’ u  : am’ Ic ’ u  rcind ccnt nmnminl )e’rs S ;nuuel S from
- 

-
‘ 

x - i n-c

zero—mean P a n j a s f u i n  m i l i - i t r i b m i t  i u c n t s  w i l  In vum r’ i .- i nnc ’ i’u — , , and ‘
~~~ , r e s p e c t  i v e ’ l v .

Then - ompni t e ’

1(
2 

— (P + S
~~

Y + 5 ’ (50)
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ti nt ci

HR
= , ( f l )

In m u rd e r I t ’  l ut e - l i d ; ’  I t m c -I I t - u t  n- u m i t  I ins ’  d i n ’  u’ c ’ I , m t  i o m ’u , we ’ I u rucm ’eod as p r o —

V b u s  I n ’  de’sm ’r i’ ) ’ u ’  ~I I t in ’  I h u e ’ c’ u i r r e l a t e t d  p l i t i s t ’ a t n - u p  l u ’ s  (page 2 3 ) .  ‘I ’lne ’ f i r s t

samp I c- a , 5 , 5 , um it’ u - i d - I c _ i _ I  ‘ ‘cl u n s  u u h u o v u ’  . ~c c n u ’ i ’ t’e’d i n i p  s iump I t ’s , S
x l  n - - i  ‘ xn

S , un r c ’  m ’murn p mml e’d I mom t lie ’ tm c m m i t n u itt
n- 0

S = FS 4 V~ - I-~ 5 ’ ( 5 2 )
xni x (mt—1 ) x

wher e ’  S ‘ = I he nle ’w stump be ’ I’ rum lie’ F a u r a s  i cnn d i a l r i h u t  I u n
x

S = I lit,’ p1’ j a r  u’i iu’n t p en  It ’d vs l i m e ’
x ( n — l )

and

I” t,’xp(— t IE 1) )

and i t s  c o u n t e r p a r t  f o r  S
yn
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-; I ~u i m l ” F S

I In c a l l .  - F 1 I t  u’ t i c u u t u t i t  n u t  l u _ u t  I m i t t s i i i  c i i ,  - I I ‘u i un i c  - t , i u t  I c ’ , - ,, I I l i l t ’ , l i l t  t I n c

p n u c p d  F I ” i , i ’X R I ’ l F  ‘‘ t m a - i ’ ’’ u I  t’ i t u ’ t i n m ’ ;’ i n n  1 1 m m -  c n n l u u i l  a t  n - n u n - . F I i  u - u n - c - u ’ u t l u i r’ t s  Inn -’

p m n F  l u g  ,i t t m r n n t n m n t j t ’ , u t  i , c u t  i - n c - n u t  m I n t - I  - tm - I  ‘ ‘ i t  I li i ‘S u i t I 1 s F , t u n u m b  t t n i - u n a - m t  i s —

l i t ’s t ine ’  u I , m t , m  i u n ; ’ i u l  r e q u i i n t ’ u u u c ’ u u l  S I i l _ m i  ‘ ‘ ‘ , , i u t - i t c -  I r , ’~u ; I l n i s  m I u l t i l ,-, u ’ t  t c n ’

i n ; ’ u i l  I i m t y  I I n - c ’  I u m n ’ t h;’r , I:uI , u’ —,;’ts : (1) lIt , -  ap I j ut s t F , u t , u s ; ’ t , wl n l t ’I t dc- F in c a

t ire ’ pu u r.m n - u ;’ t t’Fs F u c i t Ine ’ ‘t ; u i i n k  I i ’ , m c n - ~u u i l F m  u — i  i n - - ’m i ,n i r ;  ( P )  l i n e ’  i l m u w m u i  i u t ~’

i i i  I .1 ac - I * ~‘ ln  I t li  i ’ i l l  I - i  I t t a  s l int I i , m r  ~ t I mun l num - I u - n a  I ’ ’  n ’ I I i . ’  down 1 I ink ; (‘1 ) 1 I i i ’

I m’ uiu s~uu i t t  e r  p l u u t I ‘nan- mium t m a c ’  I , wh u i m ’ l u  p h ‘.- c ’ -~ t mm - p u’- . it  I ’ n t i d
’ I h u e ’  p r c c n n u u d

t r - l i n a u : u i t l m - u ’ ; F ’,) Ih , - ’ ,,m t e ’ l I  l I e ’  p l u u t l i c n u u i  H u l a - t e l , wh n iehu t ’, I v u ’ a  l I m o  s , u l t ’ i

l i t e ’ ’a st .mrt l u g  posit I n  - m u t t  o r h u l t , m I  j u - m n m u u u c ’ I ;- r ’ ; ( i t  , u p p r t u l i r i t n l c - ) ;  m u m 1  (5)

I lie ’ m c i ’ , - I n - c u  p 1  I t  I m i n ’ n i u cli t , t a ~ -~ , sIt n eli l vi ’— , t lie 1~~cs I t m i n i t n t  t i m e ’  p r u u m m n d

m m - , u ’ i v e r .  l i m e ’  u i c ~ t F i ’ f l t 5  c l  t l r e ’ s c ’  d u m t , u — u c - I i - u  m u ’ , ’  d , - i  i m’nc ’ i I  i n n  t i e ’ t t i j l  in

.‘ucp p c ’ n t l  i x  ~-\

,- \mn  ;‘x un ip le’ u I - i t s  de ’i ’k  I ’ m  t he ’ t - , cl uilu i diuu iu ’ u m F  lion m o t l e ’ l Sn - ms  set up to tes t  th e

u ’ m ’ t b e ’ . I t  was ge’rne’ r u l l  c u b  l i —  mom ! IF n - I  t u g t h e ’  m i d i m i n i nuu I I I  I P I I A I . ’I ’ H t m l uu de ’m ’k d c -a-

t - u -  i l i ad  i n n  ~‘ i c i m n m & ’  I . ‘I ’he ’ I I a t  i n g  h e ’g i  nut l u g  ‘ n t  1 I nc  u u ’x t  j) ’lgi’ sh u i iw s I lu e ’ a c t

i i i  t I I ’ I )AT E o i u c nu i ge ’  u I i n c - i  I In - c ’s i n s t - i l  m i tt I I t ; ’  R m H F  Fl l )A ’l ’I ) E K I’ i l e ’  I i i  p r t c d n i o e ’  t i n t ’

c ’ x . n r n i u l  e i n p u t l i - o k

C a r d  ‘c in’ ~i~ r u n - d i n t - t i -, , 1 ne’s su , u I c  t u u m - I m i r l c r  u ’ i u m u v e ’r I  i n g  i n p u t  a i u  a , m t  l i - -

t o  the i n te r n a l I n - ’  u i s e ’ t I  e r g s / s t ’u - m i u m c l  , ( ‘ , m n ’ m l - -; i i — n - -  , m r m ’  I 1 m g u u  f o r  ci i m g u u u ’ a t  I i ’

m) nmt p u t in t int’ new t ’ u i m m n n m n u i i ’ c n t i o ns  i - n c - i t t  ‘ n , - n ’  h i n t , , t I ne1 ‘ - m r c l s  I F F — I P  dc -no t

c v , ’  r l ui v niumli t ’ r ma - I I mimic ’ I j u n  ‘ i t  c’n - ’ , - rc  I n i n m n t u h u t  -

‘flit ’ e’i n c u n n ; ’ t ’ a  l i i i ’ Inicled I mu , ‘ u t r u l  a I I —  I .’ e a t  - m l ’  I I sIn t l ie ’  t ’omntunn i c - a t  l o u t s

o u tp u t s  t i m i d  t h ~’ I r I o r r n n c u t  a , i l l  au ’in s se ’ d j u n  S u m ’ . . Cu irm i 14 Is - m uI , i t u u s c ’t

p0 In t e r  t i c  t i n , ’  u - dc mx n nn m t I m u t t  i o n s  e ’V e ’u u t , wi n l i i i  i c l i i i’s t i r e ’  I i r a t  c ’ u ) m n m nin I o a t  i o n s

t ’ve ’mit em t he  l m n p u i t  ev en t  l i s t .  S u n h i s c ’ q u n e ’ m u t  m ’ m u t t m m m n i a , n t  I e c u n s  e ’ v u ’m u t s  s - i l l  he

g e n e rat e d  b y t i m e  p r o g r a m  * 
us I nip t h i n ’  t I me ’ s t  e ’p i n  t I n e  e’ t c m mmmm ’n i i - u t  I i on s  even t

d at a se t  (Card  4 4 )
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- c ‘I -, u 1 I ‘ 
- ‘ ‘ a n t  , I u F - - i i n n  - c n 

~
5 i F  - i i ,  ‘ u i i c t I , c  - I cr c -il I , ’; mm ’ , ‘ u i  —

in  t i - ‘ ‘ i n  n ‘ ‘ n u t  I :  a , F m  n Is F I - - ‘ ‘ ‘ ‘ u n - I j i ‘ i  t c ’  i i i i ’  ‘ ‘ i n - n - u i  i n n  It - i i t ’ l l  c

>-, 
‘ ‘ -1 r ’ - ~ l i l . ,  c F , ,“,.‘ _ _ I t i ; , F t  u ’  l u — _i - u I  u t u c -  i i  I - c - I . l i l ~ , _

~ l

I - c ~~r - - - t u u - !  ‘ i , , h t — , ’’u t  ‘ c I u F m l  I I  u i - m i  ‘— c - I . I I I  F t  F I ‘ - i ’ m ’  n u m b u ’ ’  i _ c - n

H m E l - - u ” , t m l , m - c - ’ , u u i ~~ 1 1 , — l u i u mc ’ ’u ,, c , l l i F , - ‘ l i l t ”  m i - n t , m ’ -o t .  c i~ I I l

i t ’ - ’ ‘ u s ’ - I i t c ’ u . e  m u  ‘ t i l t ,  m u  I , ’ , ’ t i n - ’ , - ’  F l ie tu I t n t d t i ’ n I  l u a u  St uc
~
) I

‘ t C  “(“S ~lQ  S* ,a I’ - E CC ’ - ’” “ t C A ~~ ’~ ’~ C * 3 ~

•l ~, t ’ ~~ C ’~C,, 5 ,’
• r - — e ~~i_~ .~t c ,— a _ 1

0 •T “ IC— ” T .~~’
,. . , * T , g  ‘~~~~~~ s , s Ic . * T ~~~5 t O 0 C ~~0 n - C - . S t A L e
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Figure 1h2. Flow Diagram for Program COMLINK--Cominunications Event Program
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= 9.068580 b 2 = 7 .157433

0.5772156649

Figure B ,4. Flow l)fagram for Function HF1JN
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Figure B.5 . Flow Diagram for Program LNKLOS—-Computes Absorption and
Noise Losses
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C_ENTEfl)

1 _,, -
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TO CURRENT TIME

1
CALL REFRCT TO COMPUTE
RMS PHASE SCINTILLATION , p,
PHASE SCINTILLATION
DECORRELATION TIME , t 0,

AND INTEGRATED ELECTRON
DENSITY ,

RETURN

Figure B.6 . Flow Diagram for Program LNKSCNT——Computes Scintillation
Effects
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ENTER

~~~2 1 n ~~P/~~~~

C~~
+ t(C 1 

+ C2 
t)

x = t - _ _ _ _ _

1 + t (d 1 
+ t (d 2 + d3t ) )

[
INVERC = x

p /IY
j

CRETURN D
CONSTANTS

C0 = 2 .5155 17  d1 
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C 1 
= 0.802853 d2 = 0. 189269

C2 
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= 0.001308

Source : Abramowitz & Stegun , 26 .2 .23 .

Figure B .8. Flow Diagram for Function INVERC- -Inverts the Error Function

ERFC (Z)
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Figure 8.11. Flow Diagram for Subroutine X L D — — C o m p u t e s  Dispersive Loss
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