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I INT R OI)UCT ION

Eva l uation of the expected performance of communications s V st ( i : i s ,

such as  the  W o r l d — W i d e  M i l i t a r y  Command and  C o n t r o l  Sy s t e m s  ( WWMCCS ) , in

the highly stre ssed environments associated with nuclear warfare is an

i m p o r t a n t  aspect of the development and deployment of communicat ions

s t  ( - i l l s . In  a ddit ion to being subject to the physical d a m a g e  p r o d u c e d

h nuc i f - a r  de tona  t ions  , c o m m u n i c a t i o n  sy st ems a re  a ddi  1 j olla 1 lY sc- li i — i t  i ye

to d e g r a d a t i o n  of the  p r o p a g a t i o n  med ium t h r o u g h  w h i c h  t h e i r  signa is a re

t r a n s m i t t e d .  An e x t e ns i v e  c o m p u t a t i o n a l c a p a b il i ty  h a s  been d e v e l o p ed

in  response  to  the  c o n s e q u e n t  need to  d e t e r m i n e  t he  c h a r a c t e r i s t i c s  of

p r o p ag a t  ion d e g ra d a t i o n  and  i t s  e f fe c t s  on c o m m u n i c a t i o n s  s y s t e m s . The

work reported here a d d r t - s s c - s  one a s p e c t  of t h i s  c R -g r a d a t i o n  t h a t  h a d

5 3  ( i - I (  i l  , w it  i i  j e c en  I lv , of s-c ia  t i v~ iv  n i  n o r  i m p or t  a lice . 1~ec -o g n  i t  ion  of

ci r e u m i — t a  ncr - s u n d e r  svli i cl i  p ropa  gI l t ion d e g ra d f i  t i n n  in s  I I  - I I I . ( - C  s i g n  i f  i c a  nca -

t h a n  f o r m e r ly  t h o u g h t  p rompted  t h i s  e x f l m i n a t  i o n  of i t s  c h a t - a c t  c r 1  s t ie s

i~ pet- i f i c a l i v  r we cons  ic ie r  t h e  p r o p aga  t l O n  01 v e t -v  — l  o’.. — I

( V I I- , c c - n t - r n  l i v  N to  N I )  k H z  h u t  here  l i m i t e d  t- o f I h I s u t  I t )  t o  30 R I t z )  aw l

I n - — f  t x - q u e t t c v  ( I F , c - I a - r n  l i v  30 t o  N O t )  R i t z  h i l t  h e re  l i l I l i t e d  t o  f I I I I ) u t

N I )  1 ,  101) R i t z )  I l i d i ’ )  s i g n I l  ls t h r o u g h  l e g i o ns  l l i s t t l t h ( ’ d  hv  t i e  d I - t on a  t i0 f l

of  : f a l i y  l a i - g e — v i e l d , n e f , 1 — s t i t I f i l l  n u c le a r  v~ - : pons . i-~n ch  e n s - i i l i I f - i e n t  5

t y p i c a l l y  a t i f — ( -  i n  t h e  c o n t e x t  o f  l a l - g e — s c a l e  a t t a c k  ~~~~~ n o n ’ ’ —  t h a t  a l — n

I ii c I t o h ’  h i  n i l  —a I t i 1 11 11 ‘l e t  o l i n )  i on .-  - T h e  s~ s’~ - I - i l  y of  VI I- 1 . 1  p 1- o p I l g I l  I i on

I l l  - g l a I L l  t 11) 11 a s s l x  UI  I I l l  l i t  Ii i J f . h i — I l  I 1 1 1 n I l e  i i i  t o l t ~i t I on s  a -  n e ra l  l v  i s

s I l l  I j ( j ( i l t l V  Li r r - i i t  t I i ~’ t  r a t - - m i  C O I I - i I I ( r I t t j o l t o I  f I t i V  a d d i t i ou l l l 3 !

f l 5 — O ( j , l t ( I I  w i t h  n e l I ~~~~~i l l ’ I 1 t I r  - I , - I ’ ’ l i i l t l ’ s i I s h i l l s i n  t h e  P a s t  1 ) 3 3 - t i  J J - I f r , r - — i - — f t I ’ .

I l l ’ , . ‘ ( - C  , 2 1 1  ~r l !  I f i I  ha  y r  C’ ‘ t i l t  1 v co n  i ’ I r  i l l !  - I I  ia  t i  1~~-. i i  c i i  I I I

t i n i  I ) ( l ~~~~ ’ ‘ I I a  c — V i ’ i  i i  • 
1( 21 t — ’ — n t f  I I I  i hi t ‘ ‘i ~ . I t  I ‘ ‘ f I ’ -~~~ )cc  l i t I i i  2 1 1 ( 2 1 5 11111 t l ix-

I , - s , i i d  f I t j a l l — I I  I I t i f ! r  d r t u t l a t i r r i l i — . F I I l l h i e l J f I , 3 l t - , i i n t r - f I i - . i l l g V I I -  I I -

s S - I e i f  i f l f I t c i i i i -  l i l t  i a k i n g  h i s s  i - , - I t n i n  t i n -  l o S l i - l I l J l i c f l t  i 015 I h I s i l I b l i  l ’ ) i i  

---
~~~~~~--~~~~- --- -~~~
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caused  by h i g h — a l t i t u d e  d e t o n a t i o n s  a lone , w h i c h  make s i t  i m p o r t a n t  t o

include in the a n a l y s i s  a l l  s i g n i f i c a n t  c on t n i h u t o i - s to  t h e  pr o p a g a t  i on

d isturbance .

The basic mechanism through which  n u c l e a r  ( I l - t O n a t  j o t S : )  a I f e c  t VIA- 1.1-

propa gation is the same for b o t h  high — and l o w — a  lt it u c l e  c ie t o n a t  ions

i o n iz a t i on  of th e a t m o s p h e r e  in  t h e  v i c i n i ty  of t h e  d e t on a t ion . T h i s

i o n i z a t i o n  is producc-cl  t h r o u g h  the i n t e r a c t i o n  of t h e  a t m osphere  w i t h

energe t i c  r a d i a t i o n s  f ro tn  the  d e t o n a t i o n  a nd  fr ot i i  i t s  d e b r i s . h i g h —

a l t i t u d e  de tona  t ions tend  to  i l l u m i n a t e  the  a t m o s p h e r e  f r o m  above  heca  ui — i -

t h e  a tmosphere  ab ou t  t h e  b ur st  i s  too t h i t i  f o r  a p p r e c i a b l e  i n t e r a c t i o n

lvi th i t  to occur . The rod Ia t ions  f r o m  l ien  r — s u r f a  Ci - d e l  01111 t I on ~ ho ( - 5 1  - 1 -

t e n d  to he c o n ta  m e d  Dv t h i - - a t m osp h e r e  s u r r o u n d  i n c  1 hr  cl e I ’ i l a  I ion . lie

r a d i a t i o n — c a u s e d  i o ni z e d  r e g i o n s  c o n s e q u e n t l y  ( h f  I t - i  s u h i s t a t i t  j a l  lv  i l l

fo rm f o r  the  two d e t o tia  t j o ts  typ e s

The i on i z a t  ion a s s o c iat e d  w i t h  a h i g h — I l  i t  i t u d e  ( 11 10110 t i o n  C d ’l i s i  st  s

of  a r e l a t  ive l s- (1(1 1 fo r m  1 2 1 k - c t  ll i l i C h  ex t e n d s O l ( - 1  :1 L I r g I  2 1 1 1 1 . h h e

sl o w  l a t e r a l  v l i r i a t  ion ol  t h i s  m e n  pe t - f l i t s  l r e r i t m t t i t  I I I  i t s  p t - n p l l g a t i n

( - f l i - c t s  i t i  1 ( 1 1 : 1 5 t)I p i o p l I ) i I l t i O t i  beneat h l z I t i - r l l l l v  ( W i  101111 , Or s t r a ti f  i t - I l ,

i O l i i 7 l l t i O n  l ay e r s , h o -  t h t - o t - v  of  — 1 1 d b p r o p a g a t i o n  h a s  be e n  t h i o l - o l i g h i v

Ihe seloped . I t  i s  t h i s  ~ip p rO ~i C h i  1112( 1 I l l ld e r l i e s  p r e s t - t i t i  2 i 3 . a i i I I h l e  VI.) I I -

p r o pll g a  1 1011 ( 0 1  hi - S

l iit j o t i j / i - 1 h  t i - g  i on p l - o d i l c i - r h  Dv a i e : i t — - — i i t - I  l C t - - h  l o i i a t i on  i s , i i i

c o l it  ra i - - t  , m l )  ill  11 V ( - 1 1 1 1 1  j i l l - I l  ( 1 1 1 — 3  1 . I l h o I l t  I he h l i  I -s i  , 1*1-ti t ho ng - l i  t h e

i 0 1111-0- il  r e g i o n  P t e a l l S  l l ~~ \Vil t -d 1 1 1 1 ( 1  l i i )  M i l  j d  a s  I i l l  - tl t ti n i  5 I I  i-n - s , t lie la I .  l a  1

5 2 1  t I l l  I i Oi l  1) 1  1 l i t  - j  1)11 1 7 2 1 1  l O l l  g -i l e  ra 11 v p i t  - li II h i - s  a n  a ih t  -q (10 t e 1 VI - I t i - l i  - i l l  o f

i t s  p i c p ~~g~i 1 1011  i l  f t - c - I  s i n  t i - l o s  o f  p r op a ga  I i o t i  h I - i l l  - : t  Ii i - I  t a t  I I led  l y r l — - .

l i i -  i pp r o l lc - h l i d l i p t  r ‘ I  l i t  l i i i — s t d l d V  t r ,  1 i t - a t  t h i i s  el l ’, i  i , l i n r 11) i s  I I )  ( , l f j —

5 1 1 1 3 1 1 u t -  h I l l  i t t i l i o h ’  I f - - p h i  Il 2 1 1 1 ( 1  t hit  I l d I b i  1 1 11121 1 i t i l t  I / I l l  I o i l  p l - ’ l ( h I l c e d  l i v

1 113 ‘ 13  - t  01) 11 1 1 I l i l  - - . 15  a I I  f l ig h  I I,  1 1 1 1 1 ( 1 0  rv  , I I I  I svh i c - l i  t h e  t I I I  I f  — f M  I t ’ ’ !  5 1  f I l l  a I

~— C 2 l t t i n s . 1 1 r  \ r  I . ~~p r  l i t  , i  t i l l s  I f l O I h e l  i Y - q i l i r ’ - s  i - o n s j d r  I - I l l i o n  r i  - r - 4 M - t  I i

( a  c t I l l- -- 



In Section II of this report we examine the cha racteristics of the

ionization produced by near—surface detonations more closely and develop

a statistica l model of the environment produced by ma ny such d e t o n a ti o n s .

In t h i s  model , the environment is characterized by the average number of

detonations of a given type tha t have occurred per unit area . In Section

I I I , we appl y the model to determine the perturbation to the coherentl y

reflected component of the signal as a result of the detonations. In

Section IV , we examine the characteristics of the energy incoherently

scattered by the rough ionospheric reflector . Our conclusions and recr,nt-

mendations are given in Section V .
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I I PItOPAGAT I ON I-~N V I ttOY\IFNT

A . Phy sical Characteristics

.\ neai- — surface nuclear detonation , even of l a r g e  y i e l d , i n i t i a l ly

c a u ses s i g n i f i c a n t  i o n i z a t i o n  w i t h i n  o n ly  a s-d a t  iv e iv  s m a l l  v o l u m e .

The most p e n e t r a t i n g  r a d i a t i o n s  i m m ed i a t e ly  produced  by the  d e t on a t i o n

are  n e u t r o n s  and prompt—gamm a photon s, iv ith ranges of a few hundred

of me te r s  a t sea leve l . Thu s, the initiall y ionized region about the

vi e t o n a  t i o n  has  a r a d i u s  of , a t  m o s t , a f e w  kilometeis . Such r e g i o n s

are  too s m a l l  fo r  a s i n g l e  d e t o n a t i o n  (or  even m a ny  d e t o n a t i o n s  sepa r a t e d

by distances appreciably exceeding the size of the ionized 1- egions) to

a f f e c t  m a r k e d ly  V I h / I F s i g n a l s  u n l e s s  e i t h e r  the  I r a n sn i i t tt ’r  Or tile C d —

ce iver is located directly adjacent to , os- within , such  a r e g i o n .

— I s a consequence  of i t s  r a c i i o a c t  i v i t y  , however , th e debs- i s f roln t hie -

t i c - a r — su r f a c e  che tona  t i n t s  is a iso a si g n i f i c a n t  l o n i z a t  ion soul-ce . Th is

debt -i s  r i ses  to s u b s t a n t i a l  n l t i t u c t es  i f  the  i e l d  is suf  f i c ic ’n t l y  I a  t -g-

The ra i l gc -  of ionizing r a d i a t i o n  f r o m  the debi- is  g et i er a l lv  is g t - e a t e r  in

t h e  l o w e r — d e n s i ty  a u -  of higher altitudes; f u r t h e r m o r e, r a d i a t i o n  d i re c t e d

upward encounter s decreasitig air density , ntsd thu s il)c I- ( - I I  s i n g  r a n g e , a s

i t  progres 5 ( 5  . l b  -si f f 1  cI ors so ft ice for I he g am n l a  r a d i a t i o n  f r o n t  dehi-  is

I I  I alt itudes above about 20 km to  pt -oc luc - a l l  i o n i z e d  col u in n  c- i -  I e liding

i l p ’ l l l rd f r o m  the  d t - h i - i s  to  t h e  an ib i e n t  lower iot ios p h itte . l i t  i t i t d e s  of

t his o r d e r  a re  attn m e d  Dv debris from nea r — s u r f  a ce  det on a  t i ons  w i t h

y i e l d s  are  1 1 1 - 1 -  11121 0 about 1 \IT . The latera l e x t l- t i t o f  the  debi -i s  10 115 1 1 —

l i o n  a 1 so g i o \ ’. s W ith ic t e -a si tig alt I tIlde si lice t he jot e n s  it v of t lie j  on i —

7 11111 i~ed iat ion va t- O s  I i -Ss  a n d  l t s s  r a p i d ly  w i t h  latei-a 1 c h i s l  In C e  as  t h e

he ight ilhlOSe t h e (led)1i5 iti d ’ i’eli i-o-S

T h i s  hehavioi- i s  l u t i s t  r a ti- Il in I ig lli - e 1 by cotitottri-i in a vertical

C i r i s s - c  tint s I hro it gh i  t h e  h r  - t o i l a  1 1011 point of a enlist 21 1)1 elect ron the-ti sit v

o f it) cm 
- r  

Il l ( I l  V i l) i i - I jfliCS I~~ 11 owl ng ~i 2— Il l det Olill 1 jots at 2.5 Rat a l t  i t I I l b t

6
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T h i s  i o n i z a t i o n  l e v e l  p r o v i d e s  a r o t t g h  i l i d i c a t  ion  01 0 l e g i l l i l  s u f f i c i e n t  l v

io ti i ze  ‘ to a f fr -c t  VLF h F  s i g n a l s  . h - v -n  3 t t i i t iu t  c-s 1111 1 owl  ng t l i t  de t  1 1 1 1 : 1  1 ion

t h e  top of  t h e  d e b r i s  cI ouch h a s  r i s e n  sit f f i c i e n t  lv ( a h b o u t  1 1—ki n  I l l  t I t u c i e  I

t o  prod uce sig~ii f i c a n t  i on i z a t  ion ab os-e i t  . 1 he b - b n i s  co tit  in u es  t o  r i s t - ,

w i t h  some l a t e l - a l  s p r e ad i n g , u n t i l  abou t  20 m i n u t i - s  f o l l o w i n g  the I l l - t , I l l I f —

t i o n . [3y t h i s  Utne  i t  h a s  s t a b i l i z e d, w i t b i  i t s  t r i p  l I t  Il lS l I l t  itude ( I I

ab ol - I t  2 t km . The size of t h e  i oni  zech l I 1 1 f ’ . no- ’. w it  i 1 t I I I -  lI d- hi-is has

s t a b i l i z e d ; su b s e q u e n t ly , t h e  s i- ’e of t i l l -  i i - a l l I i l  C o n t a i n i n g  s i g l l i  I i c a n t

ionization may c ont i n u e  t o  g r o w  as  t h e  d e l h i - i s  s i l i s s l y  ~pr l 1 f i h S  l a t e r a l ly .

The io n i z a t  ion j i l t  ~~i l i — l 1 g I -  a d ua  l iv  s u h S ih h i s , 1 1 .0 S r - C , 2 1 5  I ~e (I(hiis

l - a d h i o a c t  i v i ty  t h i m i n i s b i c - s  .

Cal culatiot i of t h e  c - h f - c t s  of ( h I h n i s  : o t i i z l l t i u V  011 II s i g n a l i i l V I l l . r  —

c on s i d e r a t i o ti  of  b o t h  t h e  c i t - c t  ions at ivl t lw- Ill- a vi ~ 
- p I l si t  i s -  l l n d h  n t - g a l  i s - c

ions  ss i t  b i n  the j o nj 7 e( I  r e g i o n  . -I t i l l mh e i -  o f  5 i - p  l i l y  g I P1) t ON 1 11121 1 10115

a 11 pu s s-  iDle f o r  the alt it (Idle ra ngx 01 b i l i llI l  I V  i l l  t I - 1 1 -  -t ill  l i i i  5 i -t  (I l l

.\ t a l t  i t u d es  i t s  t he  a tm o sp l i c ’r t -  Del  051 a b o u t  7 ( 1  Rn , co i l i s  i v i i i —  I l l  I 1- c l  I I  I l i i  -

iofliyed S p e c i e s  l lnd h  i l e t lt r a l a t b : 1 I I i — p h l e l i c s i I ’ l l - l - l i I l - s  l I ( - c l i l - - - . I t h  ~ u f f i - i e l I t

r I l  p idh it y t i l l )  t I In - p t .op ag~I t lo t s  t -  l i ’, j r o t U - I l  - Ct i s  50 -11 I I  - ~c i 1  ho - I I  Dv a n  i I I  rop  1 C

condu r ti t - it v , S . Thu i - i - f l - a c t i v e  ilil h i X o f  t h u  I - l i - I l i u m , I) , 15 f I i V I -  Il l I s  Il

f u n c t  l ot i  o l  t h e  (-otidllc I j vj t y  h

Ii -~~ 1 — 1 , I ) )
1)

hi -n - ‘I is  the pt-~ ’t i  i t t  ~ ti  tv r h  I I I  - s~~llC ~ 21 11(1 - i s  I bit ’ \va Ve I I  i l g i l  I l l  1

f i - 1) L Ie  W V  - 

-

In 1 1 1 5 1 . — I I I  t h it ( l I l t  non  21011 i l l  i l 1 - l i f l h I - n  (letlsjt i l l — , n U l l  N Cr - p r - c  —

t ~~ - , h i t -  c o nd l l r  t i~ - i t  v , i n  t 1 1 1 1 1  , i s  g i  s € - n  l i v

- ‘~ — 
- 

- 
( ~ I l i t -  1 1 1 j t i -  — 1 1 1 1 1  l I t - I l  i — i  I V I I 1 111 - s i ll s  I l l  t I n -  l O t  I t - c-

11 1111 pos i t  i V i - t I l l  I - I I I  h r  r i ht- u ~ it it-s . T he ill -~~~i I  t I V r  - 111111 P l i - i t  I V i  I I l i 1 ~~ I I

I S - I l : e I  I t o  h a y ’  I l p p I - r i x i l i i l l t r - l v  1 1 ) 1 1 1 1 ) l f i l i s s i 5 21101 t I r I l — I l l - I l t  t I l l ( I I I  l j i - j , r n

L 
C~~i l ( ~~~



N N
2 2 t I

C C , ( 2 )
in

t -  t -  1 1

where  e is t h e  t n a gn i t u d e  of t h e  e l e c t r o n  chi n  I g e , j a n d  a ar e , i c - s p e c —

1 i v ely  , the elect rots— a nd  i o n —i s e u t  ra 1 coil is iou 1 2 1  t i - s  21 15 (1 fli Ii Isd m a t -e
- e 1

t h e i r  I- t - sp e c t  ive masse s . -\ useful conductivit y p a l - l l l f l e t ( - s -  is the quantit y

~. 
w a - s  - (3 )

i. 0

This paramete s- has been used to charact tl ize thu ionization envii-onntent

in  mos t  o f  t he  c a l c u l a t i o ns to be descr ibed .

R e f l e c t i o n  f rom the i o n o s p h el e  i n V l ) l V ( - s  p e i se t r a t ion  of the  i n c i c h e t i t

s tave  i n t o  a m e d h i u m  1511051- p r o p e r t i e s  do no t  c h a n g e  slI ffiCie li t lv  a b r u p t  iv

to define a prec ise refiectitig s u r f a c e . I t  is p o s s i b l e , h o -se v e r , t o

determine the  r eg ion  in w h i c h  r e f l e c t  ion ot  the  w-av - p1~L l - l a r i I y  o c c u r s .

T h i s  r e g i o n  i s  c h a r a c t e r i z e d, f o r  a l t i t u d e s  be low 1 1 1 1 1 1 1 1  7u km , Dy s a i n t - - -

of 2 t h a  t a pprox ima I e t he wa s-c- a n g tt  in r req i l l  - l i t  V , lot Ii Wa ve I iic i ‘ h I  - I t

at a n angle S from the s t - l t  ica 1 , foi e x an i p i  e - , i - l i  - 1(1 a n d  I - i l ’g e  - 1  f i n c h

CI 
r 

= -~~~~2 I I l l s -  -l

provi d e s  a use f il l y e It - r ence  5(11-faCe si i l l s  i i i  l I t  i s  I I  - g i o l i .

T b i t -  p r e c i s - r -  l o c a t i o n  of  s itchi  a s u C h  ~ ce i5 iiol c r i t i c a l  i t  t h e  s i l n l l l c e

iS  ~~C 0 p e I 1 ’r u s e d ;  s- c -  h a s - i -  s u p p r e sso -d  t h e -  l i t i g u l a n  I h r - p e l l l l r - I l d r -  i ll  h d I  . ( - 1)

to sinph ifv m a t t e l —  ‘s I n - t i  c o t l s i ( i ( ’r i  011 21 1 : 1 01 1 1 - I l l  i n c l d h e l l c l  a n gl e s .  lw-

f f (  ne-rail v I l l - i s ’e us s - I

1~ 
•

-
~

to I l l  l i n e  Ii r e f e i r  I l I r -  S l I t - b lU e z i t  11 1 111 1 1 1 1 1 5 i t e l 1 151 f i b o l I t  7)1 kIll .

I) 
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~~-- -~~~~~ - - - -—~~ - - - - - - - -

I n  F i g u r e  2 , vertical Cross sect ions t h i - o u g h  such sot-faces , as

diefitsed i)y E~~. ( 5 )  f o r  a f r eq uency of 20 R I tz  (-  = - I -  y i0
1
s

1 
a n d  t h 1 i I ~

= 2 -  y 10
1
5 

1
) , are  shown f o r  v a r i o u s  t i m e s  a f t e r  a 2—lIT dc-tonal jo ts

a t  2 . 5 k m — a l t i t u d e . The correspond ing surfaces of constant (-lectl-r )us

Jensit were illust rated its I i gure 1 - The constatst—con cluctivi tv surf act -

-j ca rs be seen gene ra l1~’ to h ave  less e x t r e m e  s a t i a t i o n  in a l t i t u d e  w i t h
3

chi stance from the detonation point than do those for 10 el -cii - T hj s

d i f f e r e n c e  r e s u l t s  from the red uced contributiots of the electrons 1 1 )  the

c o n c h u c t i v i t , a t  t h e  lowe r a l t i t t c l e s , svhere e l e c t r on  c o i i i s i ot s  i - a t e  w i t h

n e u t  sai l molecu les  becomes vc-i-y h ighs .

If the curva ture of the conductivity stratificat ions w i t h i n  the

7 in flections region is sufficiently small , the relat ion of reflectedi to

i n c  id e t i t  wave  cats be clesc ribech by t h e refll-c t j on  coe I f i c i et s t s  fo r  an

cd l i i i VI) l e n t  p l a n e — s tr a t i f i e c h  n ied h ium . The p l a n a r  s t r a t i f i c a t i o n s  of t i le

lat t - r  a re  assunted  to Dc- t a n g e n t  to th se curved sti-at ificat ions  of the

a e t n a  i med ium in the l e g  ion of itsteies l - Sped lien lly , to usc t h i s

a p pr o x in t a t i o n  i t  is  n e cc- ss a r  t h a t

k ( r ) = 2- - (1 ) / - ‘. ~~- - I : ( 6 )
I 

mm ~ m m

I Isa I is , the product of the Ininimum i-adull s of curvat (It’d- of I he sui - fllct -

( t -  
- 
I , li lsd ti ll- 51- il venuniher , k , must exceeil uni t v  -

Ifl ill

To t - s-a b u n  te Eq . ( 6) , sve n o t e  11121 t t b i t  - p CodDle t of  t he I l l ’  ~~~~ liC 1 1)21 1

(minimum) r lidh i i of e r a i - v l l t t l r e  of a sIll-facE’ , l i i -  l - x : l l - l p l e  1
~~ 

11 11(1 C0. 1 1 —

O it s - t i  IC - I I I  - ra 1 lv his-

( I  i.~
1

1 
n ., I , ( 7 )

/
~~~ 

Z
yy  

—

s t n - r e  ‘I — / . t x  - s I i s t I l l  - — 1 1 1 1  I d -  l i e -  i g h i  t l i-i a f i l t s c t  1 1 1 1 1  l i t  t lie h o n  - I l - t a

( 0 1  I t - c l  i 112111- s x a nch s - I h u  - s i l l )  c i-  i t t - — l~ - i l l I r  - pa Ct I a  I ( h i  I I r I I  - 1st ~~ I 1 1) 11  5¼ i t hi

t i  - -— p ~ -r t ( (1  ( i t t -  11 1( 1 ld f l  t e l l  i l l  t i n  h i l t  0 C ( I I  C i a  1) 11 - s - I I I  1 1 1 1 1  c a s e -  - I l I t  - l i e  - b i t  s
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of the  c o n s t a n t — c o n d u c t i v i ty  strata de p e n d  o n ly  ots the horizontal ( I i  s tl l i i ce-, ~ 1/ 2
r = (x  + v )  f rom the det o n a t i o n  poi n t . Ils t e n n I s  of r , Eq .  ( 7 )

becomes

r ( 1  - z
2

)

2

‘ 1 
1 ) 1 = -

~~~~~~~~ - (14 )
- 

Iz , .  ~~I t  I

To e v a l u a t e  1
1 

a n d  r 9 s e p a r a t e ly , w e -  n o t e -  t h a t  l i l t -  I l l  t h t -  p n i t i d i p i c -

r a d i i  of curva tore  f o r  an  a-~si iuu t t sa  i 1’~ 5-vl l I l I l (  ti-ic i - S I l l ~~( i -  5 5 1 1 1  t~~- t o t t t s d

a lo t sg  t h e  r a d i a l  d i r e c t i o n . The c u r v a t u r e  f o r  this di I-ct -I IOU is gi se - l i

s i m p ly  by tha t of a cu rve  in one d h i i l 5 - i l s - - t , l n  f o r  7. = 7 ( 1- ) s e  have

( i  -
r - ( 9)

1 7.
1-i-

t I n -  o the r p r i n c i p l e  i - a d h i u s  i s  t h e n , f r n t n  I - q s . ( 1 4 )  ~t n c l  ( 9 ) ,

- )  1 / 2
i - ( l  -

— . ( 1 0 1
- 

l Z 1~I

l a h l c -  1 i~ is’ es s l l l u l - s  o h  r
1 

a n d  r 0 c a l e i t l a  t e c h  h I s- lu h - q s _ ( I I )  11 11(1 ( I l l )

1 1 ) 1  t h e -  :t , , 21 11( 1 i t )  lii i t iit t t- cr 11 1 st a t i t — c o t i c i u c t  j v i  Iv  d - o n t  ours  sh i o wl i  i t s

h - i g u t i -  2 .  l h l ( ’ s i -  co n d u c t i vi ty  i — i l l l a c e s  ( I t b i n e  C l - l i - l i -  ilc e S i l r t l l c t - s  f o t -  11

W 1 i 5 e -  f r e q u e ncy  (If 2(1 Ritz , or  - - = I t  kni . i bs i t s , h - q .  ( ( I )  is s I l t  i s h i e l b  i t s

l i i i  5 (II ‘— I  - 1 (11 t l l l I l I - s  Il l  I c r  1 1 1 1 1 1 1  2 1 1 ) 0 ( 1 1  2 . 1 k m .  \ I I  b l o l l g h  —0511

s - c - f i t I c  - t ts- - 0 1 t s i n  I in - CII I t  It’s I l l  I Ii usc h r 
- I ~~ T I  b i l l  - I as  a c on ~~I -q u t - n c  I - I I

( h o -  t i  - l I l t s -Is 1 1111 r i-- I - ( h i  - t I  il l - i l id I I  l I l t  5 lI t l I hi  i c - l i  t l ie  (- I ll i lbu d t i s - i t  i c - s

5Cr i , - , b r -  i i  i•~ i j i l I ll , ( h i  I vIl 1 11 1 - s  I I  lit - 1 1 1  I I s t a  ti Il l - i — I - e li — se i t hi t bit  p l l s  s ib  I I -

- i - l i  P~ loll O f  t I l l I It s - I —~~s I ‘ 1 1 1 1 1 -  I l l  i _ I  - , 1 , 1  l t pp o  I t  ( l i i  - 1 15 — c - of 1)121 1111 I- I I  I h I t  I 011

U I  I I I  01 5 - \‘ III I I 1 ( 1 1 1  t I 05 III ) l I n t  i d - i p i l e - I l  III I i i  - J i r  I I i l  - l (ut - llc i e - s , I I l l

i l l i c h i  1 111 l 1 1 , l s - r I h  c u i s a b  i l l s -  IS 1 5 1 1 5  g I l  i b i t , hI l t n e  1 1111 11)11 15 I t l ’ h I d f l I I  ‘ I

I t )  a r  br  lil t I I12 t it i I l  I i  I ~i I l is a  r r I h r  I t 1 1 1 1 1  1~ I r e  - I I i c I I I  I — I I )  I - t i l l  I I I  II I I - - I I l l S ’  —

a I b i i i l l  — ‘ l i - i  O l i l i  t I Oh I - I I r e  I — 1 I I I I  1 I l l i ~ l I t  I I  5 b ,  Il l s- C I I  k i i i  —
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Table  1

Principal R a d i i  of Curvature of Constant—Conductivity
Surface for 20—kHz Signa l

D i s t a n c e  R a d i i  of C u r v a t u r e
from -

- ~\ t  3 mm ,\t 5 mm St 10 m m
Detonation

( km )  ~~l ~ 2 ~ l

____________ 

( km)  (km )  (km ) (km ) (k - n )  ( R n )

2 2 .5 6 .5 50 . 67 . 151. :ts .

5 10.4 8 .3  14 5  -18. 600 . 78 .

10 138 . -10 . 33. 29. 22 . 56 .

20 580 . 97 . 94 . -16 . 126 . 57 .

50 600 . 320 . 2- l U . 250 . 251) . :111) .

More complex expressions for the refract ive itsclex than h-q. (1) a rc’

necessa ry  to c h a r a c t e r i z e  the  a m b i e n t , or near—ambient , ti ighttime iotso—

sphe re , f o r  w h i c h  i ot i i z a t i o n  l e v e l s  a re  too low below 70—km altitude to

r e f l e c t  VLF / h h- s i g n a l s . I ) e f i n i t i o n  of a u s e f u l  r e f e r e n c e  Ise ight  is  a l s o

h e s s  s t r a i gh t f o r w a r d . The s i g n a l ’ s i n t e r a c t  j ots w i t h  the  i onosphe re  cats

s t i l l  he cl t- scr ibed  a d e q u a t e ly , Isowever , in t e sm s  of p l a t sa r  r e f l e c t i o n

c o e f f i c i e n t s, aisd t h i c ’ s i -  c o e f f i c i e ti t s  can  be r e a ch i l  c a l c u l a t e d  f o r  t h i s

e t i v i  l Otltlle tst as well as 1 lie simpler d ay t i m e  a tid st i-otsglv d i  s t u r h e d  etsvi r on—

tite lit 5 to wh jcli 1 (1s . ( 1 )  a lid ( 2 )  app  lv -

lIl - Isa ye ca l  c (lla ted (-led t ron and jots (he-lis t I i e s  f o r  de lo ins  t ~ otss cc —

p t i ’ s t - l i l i l I  is - t -  of thost’ of  i n t e r e s t  u s i n g  p r i t l s a n i lv  t I n -  w(-llp otis— elbi ’(’ts

p h i e n o n i t - n o l o g y  c , i d e -  WEP I! V , w h i t - h was  t h e  mos t  i - t - c - e t s t  s- e n s - i o u  of this

--‘slit itsually c-vol s-jug codie a s-a i laDle to Its a t  t bte c )t )si-h of 0111 —I t t d v .

Sr i l li ’ n e - s u i t  S Oht l i flit-Oh \5~~ t h  Its slt c- ct-ss lir , tVi -P hi VI , w i l l  a l so  be I I e - s - n l i h l t dh

h 1 1 i e  f l y .  ‘1 1w-so- l l i t t I l  n i - I l l  ( 5  S I e l i  I i b l t a i t s e d i  i t s  l i p p l i c - l l t j o is of t h e  l I l I l I h i  1

I n  a p21 r t  i c u l a  r 1-u s - i n o n n i c - t i t  - u t - r e t i t  l v  he i isg st il d i t e l l  t i i i u h e r  a i s ot  l u - i  h l ’s .\

coti l r a c t  . t-; I - : h ~ht  \~ I i Ic 111th i l l l p I - 0 5 - c ’ l i  nioc 1t~ls  of l a t e - — t  i P I  l I eb n i  s s p l - e l l l l

( l i n t  C I I  t t~-11\ fl0 I — 7 7 — ( — t t O l  8~
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s- hich are po ten t  j I l l lv i-eleva t i t  to  loll- —a l i i  t u d e — d et  ona tion ens’i j-otsmen t s

Iloweve s- , these ilnprovenselst  s do not gs-ea t i  y ~sf fect th e clebs- js beha vioi-

chuniisg the specific time pe iod to wlsicls the greatc-st attetstion has D c n -u i

d i r e c t e d  in  t h i s  s t u dy , namely the few tell s of t l I j n u t t - s  d t t n i t s g  w h i d i s  t h e

propagat ion effects are expected to peak as the dhebris stabilizes.

B .  S t a t i st i c a l  Model s

Given the means for ~a lculatitsg -lec t rot s 1usd tori c le t s si t i e s  its  t h e -

di  st urbech elsvir olstst e 1st , the ca lcula I ioti cats be vt ’  i -v l abo r iou s i f  a ~ p -oa d ied

s in sp ly  as  a n l a t t or  of addiis g up thse contnibutiots s to t h e  total io n i z a t ion

prOduCt io t s  th sa  t r esu l  I li-otis e a c h  c D - I  o tsat  ioti - Sn a 1 tei’na t i \’l  a pps oachi bia s

Dec’15 adhoptecl iieie to  a v o i d  the  t a s k  of p s-oduc ing  a cIt-ta ilech chescsipt ion

of t Ise iotsizatiots disti-ibutioti , and cotssequetst propaga tioti effects ,

d l  ( l l - t - d  Dy di  f f e  s-t ’tst d e t o ti a t  j ots p laee t ise is t s  . The li st-rage c-f fec I on propa  —

gal ion csf Il ls t - n sc m bl e  of i- a t i domly  p l a c e d  c i e t ot s a t i o t i s  w i l l  i n s t e ad  t)e

oh e t e r m i r ie d  t h e  e n s e m b l e  i s  c i s a r a c t e ni z e c t  Dv I l t -  a s-e l-age (he l ss i  t y  of

c h e t o n a t i o r t s pci- t in i t  s u r f a c e  a t-c-I l - S l t h o u g h  some c lu s t e r i t ig  of  d h e t o n l i l i015

l o c a t i o n s  m i g h t  bc a i st i c  I p a t e d t , we Ises-e adl ohi -ess  o i s l v  the  s imp l e i  a . - o h l t - i ~i

of  uis i f on n l ly  rand lom d l e t O l i a t i ot s  p l ac e tu e l I t s  -

h - o r  s u f f i c i e n t ly  lost d e t o n a t i o n  c i e n s i  t i es , t i le  r eg i o n s  a f h - c t e < h  D y

t 1st- j t s d i v i du a  1 che to t sa  I iois s se idons nyc in p - I f 71 CO os-c - n i l )  P iS  II s su t i se ’( h

1 l 5 s - i ’ I l  54t’ s ove 1~ t hit ’ e t i s emh )  I t -  of Dcli’ s t 1 O C 2I t i  O h S  (1111 Dc- e v al u a  t e c h  t Is glili d

II  pp s-ox m a  I i ots iii t e CIII s of an Ii V~~ ra gt - l I v e r  I I I  - i - l- g 11 0 a f fec I (‘ci Dv a si tigle

ID - 1 0021 t ion a tsd l Ist ’ I I ’ l l  CI iO li  ci f I lie I o t a  1 scI l- Ia cc’ fi t-en tlill t a 11 - n o - h i  1-eg i olss

cotis lit ut c’ . h-or t h e  purpose of il ItI st )- at is- I- d l i l d t l l a t i o t i i — , we h iat t- 1 1 1 5 1 1

II 5 5 -liffl~ -d t h a t 21 11 de 10 1111 t I (I lls b I ll 51’ jdl lit it-u i (hil l l I l t -  I l - l i s t  it-s 211 1 11 0(’C Iii

s i l l i l l t a lil -oll- — l v  - l I t  thi t h ese’ assuillpt iOns , cu I l d I l l I l t  i l l t i  Ill t h e  c - I  t i - e t s  o h

hut ul siti gle isolueted li e- I ot sl lt iols p I- r l v i r I e - s —  ( l i e ’  t ” — s i - i s t  j u l  i t l I O t ’ I l I l  11511

l I e I ’~ s S f I  ~~ \‘ 
t O) t ’ S ’ f I  1 1121 h e  I l I t  - (I t- si t s - lb ( g l 0 l l i t i i  i i i -  - Thu I i i :  I 111 1 11) 11 t o  Ii 5 1 rig i t ’

l V p l  of lhetO t lfI I toll dali 11 l I l t  l v  lie h e  I j a - , h  • j I l l i - c r - s - - i- -i i t \  , l iv  c o n s - j I l l  l i 1 10

Ii i — c - I  o h  p ( t I I t 1 h i e l l  l’ e - ~ i’ r ti s , 11 111- l i l t’ ( lIt - hi l l t ( i l i i l I t i I ) 1 5  I s p i .

f l t - t ’ e - g i o n I I  f l I t - f e - l I  115 - Il s i n g l e  , I I - h l l n I I  j r ) f l  ( a l l  l i  (OIl’— ( I l l  i r l i  t o  b i u i s ,

I its I te  a I t  - I l  , e u - I s  t i l t ’nlgh l i l t  is- - g I t ) l l  I s  I l l  I t  - h r  I i l ~i i t ,  r h  Dv II i i ’  I - h r  U • sh I ll - I ) 

- - - -- -~~- -~~~---- - - -~~~-- - --- -- - - - - - - -- - -



cutoff of ionization ps-oductioti . The fin al s’esult is Isot sensitive to

the specific boutsdary assume h for this t-egion as long as the region is

las-ge etsougis to encompass the significant de t o n a t i o n  e f f e c t s . The ps ’ob—

ability d e n s i ty , p(x )  , f oi- sou se q u a n t i ty  of intere st , x , daIs then be

exps-essedb as a sveighte dh suns of tlse density foi the a ffectech region ,

p11
(x) als db that f o r  thse unaffected area , p (x)

p (x)chx = [ . \  P1)
(x )  + ( 1  — ~S)p (x)~~chx , 11

w h e r e  ~ is the  (h e n s i t v  of d e t o n a t i o n s  pe t- u n i t  s u r f a c e  a rea  , and S i s  t h e

a s-ca of thse rc-giols t l l kc- l i  to be a l fectecb Dv t ise c h e t o i s a t  j ots  - I t  is ev i d c -t i t

f l-oil  1-q . ( 1 1 )  t hsa t t lie p i-ochuct  ~~~~ n su st  he much  less  t h a t s  u n i ty  i f  t I i i  s

a p p r o a c h  is t o  he nseaisingful , and tbse c o t s tn ih u t i oi s  of P1)
t \ )  t o  p l x )  w i l l

g et s e s-a l l v  be sm a l l  in  sud s c a s e s .

Str erages  a re  s i m i l a r ly  c o n s t i t u t ed

J X P ( x ) d x  - ~SfxP D
( x ) d h x  - ( 1  — P S) fxp ( x ) d l x  - 112)

The p robabi  lit v o b e t i s i  Iv  f o r  t h e  am b i e l i t  d’i5Vi l’Oisulieni , p (x) , W i l l  ge n e r a  I l s

he a ole l t a  f u t s c t  ion s i tice  t h e  qua  151 i tS  -~ w i l l  ha ss’ sonic s p e c i f i c  va l i i - ,

x , los- t h e  ulidh istlll -bed t ’n s-is -onni c -ls t - T h u s , t h e  s i g h t  i n t e g t - l I l  i n  l -q . ( 1 2 )
0

c- I l  Ii he e V I l  11111 te c h 1 1 )  g 1 Vt

= .\fxP1
(x)(lx - ( I  — ~ S ) x  -

- 
( l : ~ )

‘l ii i S g  I - i l l  - I I  h l ip p l ’ l i l l d h i  can l i t -  r - x t  I ’ t i I h I  I l  t I )  l I d  1 1 1 1 , 1  t 1015 111 21 — i t  i c - i —  L~ l I  . 1 t i ’r

111 11 11 t h o s e t o  -‘ :11 ich i-d I s - (II) an d  ( 1  1 ) d I n  IS’ 11) 1) 1 led , 21 1 5 11 for --hit - h i I

d h j - — h  I t t - I l l - o h  i - f l e e t s  (‘Ills j u i l l - I l  I u - I ’n i - l e  s i g l i i I  i c I l I i I  . I s - i - ti ‘ lie-u (lit- I l - _ u l l i l s

h I I - c t - I l  I s  t I l l  I h i f h i l (  i l l  I h i t o t s a t i l l l l s  1 1 5 1 - C  111 1) l p p u - ( - I - l I I h l v  I l l . -  I I l I , l i l l

o lii c ’h i t ’ , l l  r I ’  1111  I’ l ’ I I -  1 0 1 1 1 1  111155 I I l I i t C l I I 1 l l I  s i m i  1 1 1 1 1 5  ( 1 5  t I l l  1 1 1 1 1 1 1 i , l l l i / I l t  j i l t s

I I I I I l i  h r - I l l l i l i - - -  1) 1 ) 15’ II  I t - l I d  f o u l  o f  t I n - t r i l a l  i I l ’ I i l  o h  r l v l - l - h lp. Its I b i , - c i - —

11111 1 tid e -n 01 t In -  0’, l C  I I I  pp 1 h g  i l l  I , l l i  , ( 1 s t -  l i i i  -
- I ng I I i t ’, I I ’ l l !  - 1 1 1 1 1  - ‘ l b  t is -

( l ( ’ t t ) l i l t t i i ) l i s  ~5 llut I ’ I - I e - h I v  1 1 1 1 1  1 1 1 1 1 1 1  I t h o i t i  t h s l l t I I ’ l l . t I l l  I l t h i , t ’  5 , I l tid
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consich eiat ioti of o n ly  tisis dominant jot ii -/a t i on  s o r i l ce -  s h o u l d  p r o v i d e -  u i

i-ca soisable a pprox ima  t ioti -

S I t isough we ha vc- no t  e t a  lull tech the a c c ur a c v  I I I  I i i ) ~ a l ) p I o S  ~ I I I ,  t 1) 11

(Iuatst it alive lv , i t  ulppea t s  to t)e use ful to isig hs t -r chc - tott ui t i l l t i  111 155 i t  i c - s

t 1111 11 t i i ight  i I l l  t ifs 1 lv he t Isough t to he t hse cli 51 - ( I  l IS sI  (he r (Dc- hsot - 7( 1111 I~

c—f olding clistatsc e’ for the iOIiiI’itig flux ft-oust a I h ( tOiSI l t iois • s h i i c h i  I

s h o r t e r  l i t  lowe r a l t i t u d e s  t h s a t s  l i t  h s i g lse i-  a l t i t u c h - s . l Is t -  a l l  1 ( 2 1 , 1 1 -  1 1 1 0 0

of ilsterest , 1511db correspondhingly the c — f o l d i n g  ( h i s t l i t sd t  of  c I l I 2 l
~ r - ( I l l l - I l c i

d h et’ i’eh i s c - s  s t i l ls  (h e c i - e a s in g  ( l i s t u l t i c e  fs’ons a d e t o h i l l t  l o t i . H i t -  li sn-ru i- o e - l s b l e - I I I

(Ii s t a n c e  ove - w h i c h  cb omi ts atsce i n  ion p i - o c l t t c  t 10)11 slit It 1 1 1 1 1 1  oust- del (inn 1 lots

to  a n o t h e  s- , i t s  thse segioli ii i c h w a v  he twee ts  two  I I I  - t  o n a t i  o ti s , co t i s e - i l u e  l i t  I Y

dedt -eases  sti l ls  i i sc rea si t s g d e t O li a t io l s  d I e - n i - i t S ’ . I t  is t h i s  i t l t c ’ l - i - l i - I h i a t e -

t- e’g joi n tlsa 1 cons ichera t ioti of o t s lv  thse “doull i nati t ’ d c - I  01121 h o n  b a d l y  in i s —

t i-eats . Thsu s , lIs t ’ ‘ b s a r d e u s i t i g ” of t h e  D o u l u h a n i e s  h e I  ‘ c-en dh e l ll l i ul t ioI5 s

w i t h  ( h t - c 5 - e a s i t s g  sepa r a t i o n  b n - t s v e e n  t h e m , i I5 l e d h t i c i t i g  thse Il l s - - I  a s - s l l d - l l I l e - d l

il l t I) t h e  h O t J l s d l I )  I V  I l - n i  on , se - i s I s -  to c l-I t i’tid t lie 111) 1) 1 i d l l l )  i I t  15  I l l  I In-

approxinsatioti t o  h si ghn - t’ c h e t o t i a t  jots ( h e - n i - i t  i t - s  t h s a t i  s v o t u h c i  O t I i e ’ I ’ W t  H I  1)1151

bee n t h e  c a s e

I ti c - f f i ci e n t  I l p p l - O a d h s  t o  i i l l p h e i - l e t i i l  t i o t l  o f  t l t i s l - l ’~~ b r - l 55 10 (heidi’ —

mi Ise ( l i e  p r dih l lh i  l i t  V ( h i  st r i h u t  i d o l  I 01 t Ise Ii ’  I CI  /ont 11 1 II is (1121 2 1 t o  t I l l  -

lieu i - i-st i D I 01111 1 jOhi - I I r  - I itsi I i oI l  , i  i t l i e ’  lon e  1 I 1 1 1 1 1 1  1 l I e ’  p1-11111 11 ( 1 - 1l 1) Ohi I I i i

d i s t l l n dl- for lIIi V (1111111 1 l i v  III j t l l l ’ l r ’ - — h  (l ie - i l I l - I l ls jlIllI t l b i l l t l  I v  i l l  i t s

p I - o l o l I l i  l i t  v i h  ist l~ i h u t  i 015 . ‘ l b  h i s - i l l  1 ( 1  - c i i  51 i ’ i D u t  10) 11 f u u i c l  l o l l  i h t - n i  s_ i - s

I 10111 I I n -  P o l  — - -~ l l 5  d i  sl u i b I u (  l I l t ) , wh i c h  I l l  s-c lihes I h i t -  p l ’ o h l l l i i  1 1 l v  f o r  h I i ’

n i l b - l l l l - r  I I I  j l l I I l I 11 t l l D l l I  I - y r  n l s  s - i t b i i t i  I I  ~ i O n , i~l j V e f l  t h i e l l  a v I - i ge lII u l s i t V .

lo I l h I t  a iti t h e  ohi st 1 1 1 ) l i l  i l l h l  , ~~~ 1 1 1 1 1 1  11111 t f I l ~~~ ~~i lllI 11 1 150001) , l : i I i I l ’ - , I lie-

p t — O h I l D i h  i t s  I l l I l t t h u - I s - ’ 5 2 1 1 1  I I I  1 1 1 1 1  I I I  I I I  s - i t h i i h i  t h e ’  I ’ i ’ g l ’ I i l  I , l -~~~~I l ! l s -  ( l i e ’

I l I l i s ] t V  01 l~~~~l M l 5  ( i l i l - l I I r - I  II C I l h i j i  I l l s - - ) - 1~ , ( 1 1 1 1 5 t i l l  I l l s - - I  I I I  t I l e

e r g  l o t s  - I~

P H - s r - i l l  f I r  SI = l~ ( . \ b = - (l ii

( l I V I  - ‘ l v , I I l l -  pI ’rl h I i l b I  i i  i t  Y 1 1 1 1 1 1  t h a i c  s - i  I I I I  0 1)  I \s-  l i t  S I l l \ i s

- 
I l l i  p r I r I l I D 1 I  i t v  t I l l h l u - t - e - I -  l l ~~~~

’e t i l i l t I  l r l l e  I t s - l i t  i n . - \ I l l  - 1 - 0 1  1 0 1 1 1 1

I c - h I l t  i s e -  1 1 1  h h i c  I I I I I I I l l i h I i V I I  1 ( 1 1 1  I t r i l l I i  .1 b I l l ’  \ ‘- I l l  H c l l r i t  I s  -~~~l I h 1  
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P(no event in 5) P(S) = 1 - p5  - ( 15)

For areas of apprec iablt’ size , sve can  w r i t e

N

P( A )  = 11111 I~ (S N )  ( 1 D)
N

t h a t is , we dl iv ide  S into N suhreg iols s an d  c o t i s i d e r  the  l i m i t  a s  N h s e - t o i - Ie - s

l a r g e . In th is limit , however , thse s t tb reg iol s s heconse ’ s m a l l , a t s d  toe -  ca ts

e m p l oy  E q .  ( 1 5 )  to determine p(5 ‘N). TInt s, takits g I~ (S - N )  = 1 — p S N , we

have , f rom Eq.  ( 1 6 ) ,

N
P ( A )  = l iii ( 1  — 

1 5
) ( 1 7 )

E q u a t i o n  ( 17 )  is m e r e ly  oise w a y  of d h e ’ f i l i i u l g  t h e  ex p o l i eu s t i a l  f t l t s d t  to ts ,

a t id  s - c-  f i n d

= (
fr ’ , ( 1s

t I l l -  Poisson ou st nil )tIt 1015 f o r  iso (‘Vets t s i n  S . I - or  a C i r d u l l ) r r e g i o t i  of

ra di  us  r , t he prOh ) al )  i 1 i i  v of 110 ch e  I Ot i l l  t 11 )11— Wit hin t lie reg ion i s  t h sus

P ( I - )  t -  - ( 1 9 )

Nosy , 2 , 1  - waIs t to t - I I  l c i i  1 11 1 e I he pi - O h n l h )  i i i  I v  t lin t t in ’  tst’ll i-c St 1)11 1 - st is

at som e d is 11111cc - t -  • I - o r  t l i i  s ~ j t  1121 t j  cm , 5’I - t -equ i Ci’ 1)01 hi t 1111 t no i he tolsls t jolis

0t-t- 11r a I sbsoi- t e -i oh i sill lit - i ~5 I’ I ll I I h a t  crne- ‘‘cent-s III 1 - These a i-c I ode pe - Il l h e ti I

i-s- I - i l l s , 5 1)  t h e  jo itit pr oh )lil)ili tv is tIn ’ produc t 0 l t h e  respec t i s -  proD—

a b i l i t ie s . T h us , we has- c ’ , 1 1-0111 l - d js. ( h - i )  101(1 ( 11 1 ) . 1 111 prOI)2 1 1 ) i l i t y  h r  l i - i t t

F t l nc  I ion
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p ( r ) d b r  = 2 - p r  c- cli ( 2 0 )

I h a  1 t I l t -  ne lsr es t  d i e tOn l l  t ion to a po in t  is  a cli s t a n c e  s- f r o m  i t  -

Equa l iot s (20) r educes  to the expl-c’ssiots f o r  i s l ) l a  ted  d e t o t s a t i o t s s

E q .  ( 1 1) , i f  the d l e l s s i ty  p i s  s u f f i c ie t s t l v  s n s a ll .  t I e  note  th sat  p r ) d r

can genes-all y be wr i t t e n

p (n ) d r  = [ p ( u ’
1
5)  + p ( i -

1
5 ) l d h r  , ( 2 1 )

svh ie t -e  p ( s -
1

5 ) c b r  is t h e  d e n s i ty  f c u n c t i o n  f o r  the  occur rence  of s- ius  5 ( 2usd

p ( i -
1

S)  the dhc’n sity function los- r not its 5) - a t ici  S is tsost t h e  area affected

by a de tot i a t  ion . Equa t ion (21)  c a n  equi  Va letst lv be svr i t t c - Is  , i t s t  r oc hc ~c i ng

t Ise (-onlhitiot sal probabilities p ( r I  S) anoh p(r~ \ )  t h i n  t r is svitlsits oi s t i l l s —

ou t  S respedtiV ( lV , as

p (i-)chr = [p(i ~~S)P(S) - p(r L\)15 (S)Jdhr - (~~2 )

b l o t C

= p (  r ) d i ’  - ‘

0

2
1 — t - ~~~ ~~~\ (n :H

- ‘ . 11 i ch h l i d  olIn’s , I l l ’  - p h’ ~ ‘ I 
•

1 1 ( \ )  l.~ p S . ( 2 1 )

l u l l s  - lo t  1 t i I .~ P ( -\  ) = I — I ’  (~
- \

p I t - ) l b  1’ l [ I  ‘I l l t’~ \ )  - ( I  — r ~ > P t  1 ~) I I  r - I ‘5 1

I -i- 
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I-qcifltiots (25) is the (b (buiVIllent of Eq. (11) , sit ice- p11 15 ) 01 1 an d  p ( r H ) d h s -

daIs  r e a d h i l s -  be i c h e l s t i f i e d h  w i t h  p
11

( x ) d x  a n d  p ( x ) c l x , i e s p e c tiv e l s - , fo i

= x ( l - ) .
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The i-oles of thse (ide-ally) suhiootls ellrtls ’ s sus-fac e and  h O O t - I- 1 0 1 1 1 )—

sphere  in t h e pi-opagat i o n  of II - \ I F  sigtsals ar o u n d  t In ’  l I I l t h 5  ht  t O t l i s  t bl e l

can  lie co l s ven i e n tl v  exp i-essed in  t es-tn s of t h e i r  p l a u s e — s i a s c -  i ’d 11 - c t  lo is

coeffici -i sts . fl it -sc- coeflicieists g i s e  thse r a t i o  csf t in’ I j e l c l  i c - i  I l - d e l l

by t h e  bouuidai-v t o  that ilsdldl ets t upots it. I)econspllsil loti  0 1  t I l e  s i g l 1 II l

radi ll tedh Dy the  sou i - c- c -  itito ats a lsgular specti-ulil 0 1  p 10111-  \ V l l s l i - l l l l l O . e l l

by u n oc h i  f i c a  t i o ts  c f  e a c h  p l a n t — w a  s e  coii~pouic’ f t  Dv t 1 1 1 -  a p p l O p l’i  I l l  - i - r - I 1 1 - 0 1 l O I S

coeffici e-ist(s) , y i e l d s t h e  I i e l l c h  i n t c - g s - a l s  t h s a l  h I d  ( vh l l S t h l t r 1 I  Dy v l l r i l l l l -

p l - e = e - l i t  lv available colliputel- codes .

‘fhi e - C i i  I a  r , I l l ’  d olt e  i - cu t , ce f l o e  t ion  I coin a s- oug Ii 1 1 1 5 1 2  n ’ I I I  C - s- u ch i

a i— t lse p c s t d i e h e d h  io ls osphi d ’ re s co t s s i cl e i ’ eci l i t - i l - , dlI li 111= 1) 1)1- (hl sci’ih)edl its

( e l - I - s o f  s i l t - i l  l ’ d I J l ( ’ I i O i l  c o e f h i ci c ’ t s t s , whii c ls , l i l t  1 5 1 1’ , 1 1 1 1 ’ ’ . l I I - p I - isd on 11w-

11 5- I - i -a g e  p l I l p e e t  i es  (51 tIn ’ s u r f a c e . tn i l l c u h l l- r e n t  C l ’ t i l t l i  15 11150 b i l l  I I

t I P  115 a i c  i - t i  1 t o f  s-ta t i c - I ’  i ng  of  I - I l l  - l’gv l I l t  of  t I n -  i - p t -c l  SI 111 1’ (Ii I I  - c - I i l l  l i v

he 5 5 1 1 - 1 1 1 c c -  I cl ’ t - - _l l i l a Ci I i c - s  - ‘1 1115 s c a t  t e e i n g  , sc h i c h i  l i - a l  tll se t I l i i  of  (111

s l I  i - I l l  1 i t  y n j  l Is t ’  st i r 1 1 1 c c  pt operties 11111101 t h i e ’ i l  lIve m g I  - V I I  l l i l - H  - still

I l l -  I l l  scu s s I - l I  fti r th s ei ill t h e ’  I 1 I N t  s - t t - t  j O n .

i t  5111 5 s I lO it l i  i t )  ~‘ I d 1  1011 1 I — .\ III1 I 1 V I , t h a t  I l i r  I I l r t l i l D I 11 I e f l t d ’ t  j u g

sns’f cI - s p l I l I h t I c t - I l  hs ~ ( 11 11 1 15  1( 1 1 1 1 7 1 1 1  1011 1 1 1 1 1 1 1  t I l l  I l l u g I  — Y j r  ilL l I l s - — I l i l  l l i l l I i

f r  - tOtiil t joins o i  i l i i i ’  I_ i - H  t he 1 h I l t - s-u f I id I l l i t lv  1 1 1  I I I  - 1 - 11011 1 If c l I l y ,  l i i  I’ d

t b i l l  t ( h i t ’  j 11 t  I - r l l e t  lo ll - -  it hi I l ien  o f  I I n -  i l i t -  i d e - l i t  I j r  1(1 ccli I lls - Il III de st- 1 1111 1

1 (lea I lv in t e -  i ’ i - l ~~ I I I  p l a n l l  C t ’ c - l i e - c t  lo ll 1 1 1 1  II 11 l I - l i t  5 . f l u  5 I ’ e su l l  t P - C l i i  I

s l lh s t I u i t j a l  s j l I l l i i i c l l I  i l l t i  r b  I I I  e l l b c u l l l l 1 1 1 1 1  I I I  t i l e  l l s ~~~~~t ’ y l  t ’ l l i l t - I  1011

1 1 1 1 1 1  i d e - i s I s  lo s’  h i le - h l l - C t I l r l 1 l - Il 5111 I I l - I - — — 1 i 5 11 I i l ~~~( lp p l ’ Il’ i llill t lo ll O. c i l l - I - f

e) t ilv ; I s e 1’IlOl (h u e- 1 1 1 1 0 1  I s - I l l  I t  11111 (‘Il l - b  I l ’ i e lit ‘ ‘ V I I t Il t ’ - I l l  l i - — I l l  1 1 1 1 - I -

1 1 1 1 1 0 ’  (‘II I’ ll h r  I - 5 1 1  I 1111 I I oil - 
- - - I l  I cl i  • b i l l -  - vi  - t - ~r I I - - ‘ I  lIe - t llke li u p  h i t -  is- -

‘ l i i i  I t I  I iuc I l l - h r  - 1 - 11111 f jell 1 1 1111 r I I In - 1 1 11 ille  i l l  — I I  - I i l  ~ - I 1 l i t  I I i - - I -  I h a l  I i r

I I i i -  1 1 1 1 ( 1 1  i l I l l - l i e  1 e ’ u s t ’ i 1 , 1 0 11 l i t  I t i m  , I c - C o l l i l t  I i  I l i e ’  p l l ” - i —  1 1 1 1  V — 1 ~~~h l i  I 1( 1 1 1 1

- I l e e  I s oh lO ll  1 1 11) 1 1  s- i ll  I h e  1 1 1 1 1 1 1  S l i , l I I l 1 -  1110 -
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Let h ‘ he tIn ’ Il e - I - g I l  I at svhiichs c- sa t  i s  f i t - s I -q . (5) , ls us d h h t ise t i - I l - I ’ —

en d -  Iseight c h i l l s - I - l i  1 1 1 1 ’  the as’t’ragt- reflection dl1 e - ff icient , l U -  , h )  , of

the  rough 551 t f a c t -  f o i  a p i n  ne w a v e  inc  io le n t  a t  a t s g l t -  on I hue  110-Il I S sur  I I ,  d r  -

Thsets t h e  a v e i - a g c -  i-c f 1 1 - c - I lois coef oie t s t  is g i se l l  Dv

It (~ , I s)  
=f~ ( I - )  ~ , is ’ ( u )  - e xp  i l - ~~~~~~ Is — Ii ’ ( 1’ ) d r  - ( 2 0)

wh e I e  It L~~ 
, hs ‘ ( 5 - ) s-~ is t h e  l o ca l  r t f l € ’ c t i o l u  c O ef l i c i el lt  u - e l  t - r e i s c s - l 1  to

0

h e i g h t Is ’ , and  p ( r )  i s giss- :’li by h -~q. (20)  - l h ie  c ’xpo t i e u it i a l  f t l n d ii o l s  s - h llI ts

t ise phase  of II I i oni i t s  loca l  i e  ft’t -elite Ise i r r h s t  Is ’ t o  t h e -  he i -g lut Is tt hi i c -I l
0

cats  a p p s o pr i l st e ly  be t a k e n  to he t h e  a v e r a g l -  of i l i c -  Is ’ os- ct -  r .

The iotsospbs e re c a n  l o t  s e par a t e d  m i -  i on  I l e - t o l s a t  1011 h e n s i t  i e s  i l i t O

a n  ulspei-tu rbe (h a nIl) l e n t  ba ckgrou tsd  and  Isousove  c i a  p p i n g  pe I t  5 1 1 1 1 ( 1 1  l I  -g l o u I s

ahotut each ih t-to u iatio l s , 115 de sc s - ibc -d  i ti  Sect  ion I l — B , 1 1 1111 1 . Ihse I l l - p r  i~~i r  dl

I I I  h ‘ on u ’ s t i l ls  in the  pei-t 511-bed regiots  is  l I e  t I Ai~ I l l  -d Dv t lie ~~l l I i  ~~ l - I l l  t l i r

( ‘ O I l s - I  a 1st — C O I s d I S I d  I- Is - i t u ,’ 501111cc - f o i  t lie Vhl  i l ie  of s- i y en  by I- .q - (5) - In

t ise al - lll ie l st t - d ’g io ts , h ’ i s  a c o ss s tan t  - ‘I’liu s , d l .  ( 2 1 1 1  111 - eolllI-s

h I ( ~ , h )  = 2- ~J t -  i’xp ( - --p r~~) h t [ , h ’ ( i- c ’xp ~ 
I t o  - 

I s — hs I I i ’ )  ~c Ii-

I
I - x p ( —  p r ~~~) B~~( hi

\
) v P [i _ H_ _ (h i  — li

x
)] ( 2 7 1

sc-hsere \ i s  t he II I l l  of  I he p1 - 1 - I  ~~‘Do - ’ I  I’ g i 1 1 1 1  a t i d  It (~ , hs ) i s  I hsc ’ 1 1 1 0 1 1  i l t

V I I  I I l l  - of ii , I - c I I  - I I  - l i d e d i  1 , 1  t I l l  l i - i l ’  i i i  - t l i t  - I - - I I  - Is -

.1 c - i - d r  u - o f  e l l l d u l l l t i l l l l i -  1 5 1 1 1 1  11, 1 1, u n : 1 1  I I -  t h a t  I I e I l l I l i l S l  l ’ l l t i  t I r  5 i~~~ l l j —

I j i h i l l d e -  o f  I l l , -  I I I  b - s I s a l  i o n  ( I ’ l l - I  I s .  ‘1 1 1 1 1 1 1  1 I 1 I ’ I _ I l l t s  h r  l I s l l it  I I I

- 5 , 1  1 1 1 1 1 1 in c  I q - ( 2 7 )  f o i-  I I c  ‘ l I — k l l ,  u i - f  l e  -e 1 1 , 1 1 1  c r 1 - 1 fj c ’  i - I l l  s ol  I I  v e r l  1 ( 1 1 1 l v

t i l l  I , ,  u - i  r - I I  A l l  t i - s  1 1 1  5’lI I i  1 1 1 1 - -- 1 H u e - s  101 1 I l l  I l l 2 ~ 0 1 1 1 1 1 1  e~~ i l  ‘ ‘— i  I - I I  I O i l I l  I toi l-

1 1 1  2 — k I l l  l I l t  i i  o le  i n  a u  I l l I l l i t - u l l  I l l r v (  t I l e  e - u u V i l ’ l r u l - I l - l u l  - I I t ’ s i i l t s -  a rc- iu s-eu)

b l r r  I v i ’ b I I ’ g e ’  I h l - I , l I i : l (  i d i l l  ( h e l l — i t  ies  1 1 1  (1  I l l - - I - l I - n t ) , hl i 
I 

- i l l  an d  i l l  il l’

~( l i l i I i 1  l-~ i i  on e’  I I C — h Il l 0111 ( I i i ’ ’ - 0 1  1 h r  - I O l l I I _ 1 1 1 i l  r i  ( - r I  1 1 1 1 ) 1 1  1 1 0 2 1  t - i i  a — ,  - o h  Dv

c - I l  ( ‘ I I  I l e t  01 111 I j o n  j s i l i u s t  101 1 (‘d l v  I b e -  d l s n i ~ t 11 111 - I  l o o t t ’ r S ’ I — ~ r n i - i  I Y — 10 1  I l d c 5

p h  oh  h r  - 1  i u i  I - I go ui  - 1 1111 1 I I l l I O i l s  1 1 1 1 1 1  _ e , r i l . I h u e  I I 5 I I Y S u I l ’ b  1 e~ - s p l - ’ I  1 ’  c h i n  F i ~~ll - r 2 -

_ _  ~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~ - - -
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T a b l e  2

\ V t ’ I ’ : I g e  Itefl ect ion  f oc-fficietsts foi- 20—kIt-i \‘c’rt ical ly
P0111 i - i / c - c l  P i l l u i c  W a v e  I t s c i d t ’t s t  a t . Susg le  - I t s  1) 1st u t -bed

h a y  t 11110 I-ds S i  io l i i l le  1st 
1

h l e t ou i a t i O l i  
-- - 

It e flect ious Coefficient

- l) ehss  i t v  a t  5 lu i l i t u t e s  a t  10 1111 O U t  eS I I I  20 Ilu i tsu l  1-5
Co5 —- , - _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _

1 a r g  I t a s-g H l u g  it
— °) It H It(k m — 

- ________ 

( d o g )  
_______ 

(( l eg )  
__________ 

( d e g )

0 . i 0 0 . 1175 —1 ( 10 . ( ( . 07 5  — i  0 1 1  - 0 _ ITS — j i l l .

—6
i i )  0 . b i  I — l I m O . I I . ( r 7 r ’t — I r d , O j , c ( ’  — 1 1 - 5 .

10 0 . 6(19 — 1 1 9 . I I . l~~~ 7 —1 - 11’ . fl~~097 —i i s ,

10 0 . 571 — 1 17 , 0 . 355 — i l s , 11 . 67 1 — 1 2 0 .

( ( . 2 ( I  0 . 15:1 — i l l . 0 . 15:-h — l i t .  I I . 133 —1-1-I.

1( 1
1 

0 . 1 - I l )  — 1 - 1 1 . I I . 153 — 1 1 1 .  o . - i s : ;  — 1 - 1 0 .

10
0 0 . 13-1 — 1 2 3 . ( ( . -15M — 1 2 1 .  ( ( . 17 1  — 1 1 1 1

L - 

~~~~~~~ - o. 1:isJ~~~~~ I .

fIst’ loeli l r e f l e - e l i o u s  c o c - f f i c n ’ t u t s  s I d l e  Ill tl- r ilu i uic’dI f is- t h i s  dl l l c sllll t iotl

Dv l i t  I ‘_ l l g  e - l - : p r l n l - i l l ia 1 g r a d h i e h s t  5 l I t  t lie i e  f r  -V e l 5 C e  height t o  t l s c -  c o n d u c t l v i i  V

p 1 - r I  j I c - i - ,  c I I l t - l l l I I t e ’ I I  lo t ’  d h j f l e - r e t l l  d l i st l i i l t ’ ’ i —  f roiu u t I n ’  I h I - t o i s a t  ion p o i l l -

Ite’Ilec ’tio ls t’ lrt b f i c i t - n t s  f o r  I - .x p o t i et s t  111 1 (‘ o l l d i l l c i  i V lt \  p l ’o f  t i e - s  a I I  h l va i l l l t i ie

t h a t l l i d ’ r i I i i h ) , I  ss t i l l -  I _ i l  lOgi  r s f  C ’  l u l c h l l c t i\ ’i I -g 1 1 1 1 1  i l - l i t 5 f o u nd  fIIl t i l l  ~ - I ’  p 1 ’ l s —

b ile ’s. ‘ f l 1 l - ~~ e t ’ I - s - u i l t s  l I  i d — I l l  i i i  a l ’ I I i k — u i p  t l l h l e  511111 i I s t t t C p O I I l t i o l l  on

pIs lI st’ Il lid I lnI p l i ll _ I de - 1 1 1 - I c  -n tI llitl i ls 1 1 1 1  s ’l s l t Ies  i l l  gt n I - i ’ l l l l -  l l l l  i l i t e g t ’ l l l s d I

r 1  l-:q . ( : 7 )  - I D e -  1 1 0  j I id ’ l h r  1 1 1 1 h u g h ’S 101’  wh s ic ’ hs  ( ‘ I I l d l ,I l l I t i o n s-  5 , 1 - I l ’  I t l a l l i -  -

‘-~~~~t ( c - o s -  11 . 1 1  1 1 1 1 1 1  7 . S ( d I l l - ’ (1 .2), P u s - -  l ’ l - pr e s l - I l l l l t l s e  1 s f  1 111 -

i l i l t l ( 4 1 l 5  j g l i i I ld’ ll l i t  i l l  1 1 1 1 1 1 1 1  l I l ’ - — t ’ l — l o i u u g  d i s h  1 1 0c c ’  t I F  I f  pi - I1 ~sa-gat 1015 .

I 1 ~~- I l l l u l i le I u t  i ’ i ’ I I r  1 1 1 0 1 )  I 1 I - i g h i t  - l l l t l s d~ C I h a t s  Il ls h i v l l 1 1 1 1 l  I l l - i g i l t  , 1’. I I S

1151 11 115 t I l l  p15 1 1— c 1 , 1  r I l i l I l  1 ) 1  (110 ’  d i i s t t l i ’ h C d i — e ’ i S V i C r l l l I I l i ’ h i t  I i  I l t ’ d ’ t  1 1 1 1 1

( ‘ I l l ’ I I  ic ’ i l  -1s t 5 1-i i 5 s - - I l  I l l  ‘ f I l l )  I i ’  :‘ - \‘r j t Is t h i s  eDo  I I t  - l I i 5 \  ~‘ h i h i t i ’gi H i i s - -  I ic c ’ 1 1 11 5 —

( I l l  - I I  i c -  i e’n l  1511; — r  - 1 t~Otl) i t  S l u l l ’  I c  - l i t  V I I  1 1 1 1  I S I l l )  I lI P s  Ice - ‘ I  h~ ~n I I l l  I ll

( ‘1111 I5~~ l’5 i i i  I h r  - I’ e - Ii - I ’ l - 1 1 1 1 hs e ’i g Ist \ h i  I I  s i - u ’  1 I I I  I I  I r  ‘ 1 111 1 l u - I  gI l  I - I l ’

- -- -~~-
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w o u l d  D I  - p rc~’ f e s- a b  1 1 -  SOS P dlv I l _ l i - I  l i t - i  Cli lcct in t I Oti s i t u v o l s i n g  t lsc’se t -e - I i t - c ’  —

t j O I l  coc’f f ic ic -t i t s - .

1 5 1 1 1 1 -  150111 ‘— O l l i t  , j i t t i ’ r  i t )  t h e  1- t 5 5 1 1 t 5  w h i c h  is ( l I l t u s - I l l  p u ’ i t u u a i - i iv  Dv

I lie e l l a  i~~~’ - u i l  1 5 1  l Ist i l i td ’g i - l l t i O I i  1 c-p  - t h e  da l i i  p t ’ e i- en t c ’ cl  in  1110 i t -  2
— 0  —2

shs o ’~ I I  C O I l S  I s - I t - l i t  1) 11 1 1_ I - I n . I II - 11) 1111 t 10 15 d h e l i s 1111-s l> t- low 10 kni ps’ o dlu lc - e
— 5 —2

li t t , - 
- i f  11 I5 \  I - U f r - c l - I t  11 dO lls I I  V of  10 k I l l  - 1 1)1 - 1 1 1 1 1 1 1 ) 1 S t  1 0 1 1 1 1 —  ( 1 , 1 1 0 0-

I i  p c - i - t ’ - p t i h l l i ’  p 1111 — c sI ti f t  Sl i d  i - e d l t l d t  j o l i  i l s  I l - f  l e e t i o u i  a m p u i t u d h c ’  l i t  I i  1 1 - i l L

I h l l -  ph111 s-e s l i t  f t  t - c ’ t l l l l i t l s  l~~~~~e l i t 1 l l i I v  d - o li sta u s t D e I t t - 1 - t s  1 ) 11001 20 11111 , hut

t iso- ’ II 1151) 1 i t  1 1 1 1 0 ’  IX’ 1 1  1 1 1 1 1 1 1  1 1 01)  d l sa  111-1 1 5 1’ 1 0111 t lie u i - I l  u ct  1111)  a t  5 lii i t s  I l l  a n

e - t l h i a l l e l - u l l c - u s t I I I  211  111111 .

l hii- 1- I f  I t - c - I S o l i d - d I l l  I i l d i i - I i t  P( I ’ l u i - D l l t i O t l  shosvti  Dv 1 1 1 1 1 1 0 ’  2 los’ II

I I I I c S l l I l t  j o t s  I b i i d - l t \  o h  i l l  
I 
km — is  s u l D s - t a n i  111 1 . ,\s w i t h  t h a t  f o r  I I

- O s  1 1 1) 1 I I I  L I -  , I In  - p 1111 - I s l i t  I 1 I s - - I l l i n s-  t i€ ’ I I  i i  y dO l l  St  a t s t  D o t  - , c - I  u i

1 and 2(1 i11 1 15 _ i D e -  u r  I h r  ~- l  1 1 1 1 5  ,1 lpi i t t l d l t  i s l I l l I C kt - c hlv l’ t d l l C ’ I I l  r e l a ti v e  t o

1smD 11 111 l i t  S O H  • 
‘~1 I I hi I I n  - u~ I I  1 1 ( 1  1 1 1 1 1  l i l t I I  - a  s i  u i g  s il l s u s c  Is- 151 50 1 10 1

I- oi- cos 1- . ( ( . 1 , t I l e  ~L ’ 1 l p 1 l I l l I i r  I P l 1 I i i C 5  I ’  h i l l v e 1 d ’ d o \ r - l I - l I  l i e l i C i s  t - r  i t s

a l - i l l i c t u t  5 1 1  I l I e ’  I l l  i 1 (  1 1 1 1 1 1 . 1 1 1 1 - I  s- t i - , I he l’ t ’ f l I - e t j o ll— d’ lre I fici t’nt hc -hias’ jos ’

10 1’  15 I l l I O l i a t j I l I S  ( I t - I l s i t s  I l l  I I I I t u l ; , c’o t l p l l I I  s t i l l s  t ise ~~ l l ’ 5 i 5 U - i~( e  ol

t l u r - p 1 5 1 1 — c ’  1l1 t ’ I t l l ’ l l , I l  11111 , 1111111 ’  5 s- I ll-l i  l l l t l - s p I ’ c ’ l l t  idl t l  s - I l — I l l - c t ; I ’ Il t lli I , t h~’

11 sp i  i i II , 0- p 1- 1 ’  I I I  C D I I  1 j o t s  1 1 1 1  - - ‘ 11 I - V I )  i s - c’ i l l 1 , 1  I I I  ( - 1 1 1 1 1 1  t i d e l I l l  n t  a t  111 1 I - I

l i t ’  I , i t ’r i l l  I j I l l  1 - i t  C i ’ ( ’ I  I l l  ‘~~ i fi g 1 1 )  j t s  ~in ilt 1 1 - 01 V II  l u l l  - - i i  t 1 l O I I r  I’l i ( I  -

( r u I d i l’ 0 ) 1  1 1 1 1 1 1 1  L I I I ) ( h i s - t a i e , - s - , t h e ’ s - c  e I s I I i l g l - 5  i i)  i- e l  l I d S  j O l s e I r I - l  I i d i l  H I

l l l u p u l t l l l l c -  t 1 ’ l n s l l l t -  ‘ h i  i r e  tl Y l u s t l )  d h i l l ? i - g l - s -  i l l  I l - I ’  I t s - l b I I t - i l l  S t l ’ e l l - g t I s .

0 - l i i - - j n a t i d ts o l  (Dc- u s - f i t - i l i o u  e ’e f h j c’ i - l i i i -  g i vc  11 111 I l l h i l t  2 115 1

F t l u i c ’ t i o i s  1) 1  i r e -  , t l n  d ’ o s - i u i e  of  t h e -  i n c i l l l  l i d ,  I l l - g i l - . s h i r l i l s u l u l l -  I - -

I I  ‘ I I  5(1 Id  1 1 , 1  1 I I i t  by t h e  - I u us c  t 11) 11 b ’ ’ u ’ i ~u

1 1 —  r \ I I ( __ d ’ l l s -  I • ‘— I

- 1 1 1 1 - b r  - - - 
1 -  

- - 
I 

I s  c ’ - l s h t ’ x - I l s  i l  l u s t  I l I t I  ‘ I  I l l  I i l I l l i l  I - ‘ I  ( h I  : 1 1 1 _ i l l

l I O j i l . Ib is l ’ l l ~ l li~i s -  01 1 11 f l s l l t s d I  1 1 1  I h e - s e t - I l I l  S I l l  I l d -  I I  I l l - I - I  i l r u i — e l r l - l  I l e l l  i l l
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