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~~~ substantial returns whi le,’ the other heard nothing. Data from the first station

provide an estimate of the reflection cross sections for the base of the
striated barium c loud . The negative result from the second station arises
partly from limited sensitivity of equi pment hut the upper limit Ofl Cross sec-
tion was less than that seen from the first station . This suggests a direc-
t ional character for the signal reflected from the base of the cloud .
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SUMMARY

I t  has been ~) rL)pt)s0il that E8diL) a5’OfllflUIflI ~‘at ion o f t ’ t hi’ t ’ , is i’ 01’

N t l’t  a t t’d plasma clouds t rom h i gh —a it I ttide tui~’ lear ex plos tons may prov ide

an a I t  ernat c mode to  g lvi’ add it  iona I ret  ta t ’  i i i  ty  to tnt l i t  ary ~‘ominun tcat ions

‘~v s t e m s . In  order  to t est t h i s  poss ib i  i t  • the bast ’ of a s t r i a t e d  t Mtl’ t t I I f l

A’ loti~I W ,I N used as a ret lec t ion l’eg ion for an I11 commu n I cat  ions link.

Us t u g  a t r ausmi t t  lug  s tat i on n e a r l y  under the  hasi’ ot ’ a A’ l oUd

and tw o recciv tu g s tat  iofls located a t’ew hundred km t’rcim t hi’ t r au smi  t t t u g

s i t e • a d r am a t i c  enhancement t’or about one m i n u t e  at one rect ’ iv I ug st a t  ton

was seen at 14 ~U l:  for two d i f f e r e n t  b a r i u m  re leases .  t e s t s  at Mtt. ~ showed

1 es si’r enhancement due t o  g rea ter  background no i Si’ but ~ robab I y rep t’t’ sent

greater  si gnal  l e v e l s .  1st  tma t  es ot ’ cross sect ion range t rout .~O km t o

t) .~ kIR de’pt ’nd t ug Uj )0? ) fr eqttt ’Ih’y , event • afld (‘Cci’ i v i  ng St at ton . ‘liii’ ltt’g~t

t i vi’ rt ’su It s  at the second reci’ I v t ug  s tat  ion suggest • but do not provi’
tha t  the st t ’iat ed St FUt’ t tIn ’ 0 f t hi’ b~ir ium ¼’ 1 oud provides  a ii l’t’ rent i a I

cross sect ion which is dependent upon s c a t t e r i n g  geomet ry ret  at lvi’ to the

magn et ic  t’ i e l d .

‘l’hc data St I’OIIg I v  suggest that the source ot ’ scat tered rail lo c i  g

nals was the ovi’rj t ’iist ’ 101) 1 .~ed ban i t un  c l oud and i~ot an~ a r t t a c t ~ti ch .i~~

• the ro cket i t  si’i t’ 01’ the shock f ront re su l t  int ~ t roll) the  exp lo s  t ’a ’u” .

itt t S i’XpC r (ment h as demonst rat  i’d t ha t  the  base ot ’ a st vu~’ t ured

bar ium t’e I t’a Si’ can support a mode o 1’ i’•id lo cotninun I cat ion not o t h er w i s e

ava i lab ! c, wh ich suggests  th at  th e  nuc I 0:11’ ~A I lInk’ l’pse may support s m u  t a r
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modes.  However , in v i e w  of the evident d i f f er e n ce s  be tween  b a r i u m  c louds

and It i gli - a i t it ude n u c l e a r  events  , the correspondenc e between the  ii ’ cOlninuni  -

ca t ion s  modes must be considered w i t h  care .
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SECTION 1

INTRODUCT ION

Radio con unun scat  ion i n the I W and \‘lll: reg io n s over  lo n g d i s t a n ces

an the earth’ s s u r fac e  is g e n e r a l  l v  
~~~~~~~~~~ 

i t’le o n l y  by reflect son or sca t tel ’ —

ing at ’ t he i’adia sj v e~~. ~~t ’ound w a t t ’ and l i n e  at  5 ig Il t cominun icat  101)5  ar e

u s u a l  lv  1 j ut s ted to short  d i s t a n c e s .  ) Many r e f l e c t  ion and scat  t e r i n g  ph i’- L
nomena are’ known and r out  m e  lv sit i i i  :ed . Norma l ionosp he r i c  r e f l e c t  ions

are h~ f a r  the nest i m p o r t a n t  but  s c . i t t e r i t l g  t’roni s p o r a d i c  I • ineteol ’ t r a i l s ,

t raposphe r Ic  di scout inn  i t  i es and ,i v a r  iet y at’ a t her i the’nomeua can he imp or—

tant at t imes .

I n  a m i  1 i t a ry  sitti at ion i n v o l v  l ug  t he  use of n u c l e a r  weapolis . many

at ’ these s tandar d  re t’l ect  io n and scat  tel ’  i n g  m odes m. t~ he severe lv  degraded

to the  po in t  of b e i n g  u se l e s s  due t o [)- ia~ ci’ abser 1at  sem i of the  r ad io  s i g n a l .

However , the deta nat iOn 0 t’ h i g h — a l t  i t  side n u c l e ar  exp I o~. tons  :tl so pr oduces

magnet ic  f i e l d - a l  igned p 1 as~ht S t i’ i at j ails w h i c h  t h e m s e l v e s  can scat  t er  r a d i o

s i g n a l s .  Contm nun I cat ion s~’s te ns ¼’~Ipal ’  1 e at ’ sit I I i  in g  t hese  bomb modes ma

tu nt’t io n in s i t  nat i e i is  wher e  st andar d eqti i pment ~ i i i  not

I’he expes’ iment  desc r ibed  in th  1 5 pape I’ was desi gned t O j iwest  i —

a,~a~ e the p o s s i b i l i t y  at’ r e f l ec t ing  r a d i o  s i g n a l s  be tween  p a i r s  at ’ s t a t  i o i i s

o f t  t he base or  ends at’ p la sm a s t n i . t t t olls created b~’ ,t b a r i u m  c loud . ~, I mid s

occur e i t h e r  , i t  the f u r t h e s t  extent at p lasma  d i  f t ’i is  ion ,t long t h e  magnet  Ic a

f i e l d  l i n e s  or where the  p l a sma  is consumed h~ the , i t  no sph ere  . ) Such a

communic at  ion mode was proposed in Re t er e nce  1 . Lomimin i cat iout ’ at ’!’ t h e

base of st n a t  ions  r a the r  than  o f t  t he  s ides i s  of i n t e r e s t  bec ause ,  ove r

CONUS . the r e f l e c t  ion geeme t a’v strong ly f avor s  these  i ’et l  ect iolts . t t s e t ’u l

1
_ 
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i’c’ t 1 C’ a, omi ~ e t ’ t ’ ( h a ,’ s ides e I st i . i  at  i on s  ~‘oditt ,’eJ i i i  t ’U\IJS ,i i’e pe ss ib  1 ‘ o m i t >

~ ~~~~~~ e’ , i ” a , ’S b ecause  of  t h e ’ s t e ~ - 1 ’  c I i ~~ ang le  c t  t h e ’ > L I C I I e ’t I C  t i ~’l ,l .

li , t i ’ i ’ inn re i e a > ~es a re  ut  s i t  :ed I ’e r  t h u s i’ \ j a e r l i n e i l t  he~’ , t io - ’e t he ’ > pro —

diic ’e st r s a t  m o i t s  t h a t  a re  .i~~ c lo s e  t o  t h e se  p roduced  L a > h i g h — a l t  i t u d e ’ mi u e ’ l ea i ’

e x p l o s  i on s  a~ I s  e’u I’ I’ent l v  pi’~tct lea 1 . I ’here are  n o t a b l e  d i  t t e a ’ e’mica ,’s ~a e t - ts~’ , ’y

a l ’ a l ’ i u ~i i’ele’ ,t s e ’ am id .1 l t L i a , ~ l e ar  e x p l o c  ion .  Uhie peak e l e c t  iou c o f l e em i t  r a t  1 O T i

is about t I ~e o rj er ’~ of
’ :~,t~ :iitude l e s s  t h a n  in  t he  mi u ~’lea i ’  case , t h e  st t ’i  —

,it t on s  produced ar t ,’ p i ’ e t a a b i >  s~n , i l  le ’i’ i n  c i , e  • and t h e  c h e n t i e - a l  pi’ o~’e’~~e’s

de’g rad i ii~~ t h e  St l’i ,t t  t on s  are  d i t ’ t ’e i’ent . R e c ,ius a,’ 01  t he 1ot~ Ci ’ a, ’ 1 Cc’ t 1’OiI

coi lc e i l t  i’ , i t  t ons  i i i  a b a r i u m  r e l e’, is e ’ , t h i s  ~‘\ pe ’!’ 1 if lel i t  s i t  i i  ~~es l O i ~e’I’ i’ ,i d i - ’

i es t h a n  a~ou 1 ~i h~’ a pp i’op i ’i  a t e  in t i l e ’ h u e ’ l ea  I’ C i  “ a,’ - t h e ’ snia l I e ’ i’

phi> s I c,t 1 s i e of h a r t  u~ c loud  s produces  sma l i e ’ i’ a,’ i’~~ S 5 sect  i otis and t hie ’i’ e’ —

i’e 1 owe I ’ i’ec’ e i ed s i gn .i  I I c t a ,’ 1 s t i i , t m t won I ~I he e.’~pec t ed  in t lie’ i i i t ~’ 1 e’a i’

~~,t” a,’ . t i l e’ c l i i t e ’i’ei it  e’l ie ’in is t i t  o f  h ,t i ’sum C l oud i~ n , L v  p redu~’e Ji t it ,’ri’nt 1>

shap i’d ends t’o r h a m ’  is in i  ‘~ t i’ i at ion s and t here fo ra ,’ a d i t ’ t ’e i’eui t d i I C c  t I o l i~ 1 1

cha rac t e n  01’ t lie ~~c’ ,t t te ’ i’e’J t’ad to  s I gnu 1

i C Ii’ i t c L ’ ot  r a d i o  wa v e se’at t e’ u ’ m I i ~ b> s t r i a t e d  p l , t ’~:ias is  p l e’iit i —

t’u l  b o t h  i n  t h e  i i t ie ’ l e ’, t i ’  ail~j l a , i i ’ i i t m n  c’ , i S t ,’S ,  l e w e v e u ’ , ne s t  0 1’ t h i s  pa,’ r t a i n s

t o  r e f l e c t i o n  t i’o~ u t h e  sides 01 t h i t ’ s t r i , t t  i e i i s ,  h , i t , t  i m i d i ~’,it i m i g  i’et ’le ’~’t t emi

f r om  t h e ’ h ,i> . e et ’ t he st  i ’ i at  ions  u’e s;’~a s ’~~ a,’ . ~ome ’ ~i j ” ~ ’e’~ I 1’ 0 C I S t  i l l  t h e ’

iiiia ,’ l e ’,ii’ a,’ , t S e ’ ,tii~l , im’ ~’ b e i n g  m i t  est i~~a t a ,’~1 i n  a ~ep.i i ’ ~l t e  a_’ t ’ t ’ei’t  . \o~ i a , ’ i S

knewi i  t o  e x i s t  I c ’!’ b a r i u m  c l c ’ i i c l s  , Ib is expei ’ i~ie ’m i t  w , t s  i i n d e r t , i k e n  t o  l ook

t o t ’  such ev i de’nc ’ e’
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SECTION 2

EXPERIMENT

This experiment consisted of three radio stations employing amateur

radio type equipment . One stat ion , consis t ing of two t ransmi tters , was located
in Tonopah, Nevada and two receiving stations , each wi th two receivers , were
located in Ely , Nevada and Santa Barbara , California. The bari um release s them-

selves occurred jus t SE of Tonopah at an altitude of about 200 km. Figure 1

shows the geographic layout , whi le  Table s 1 , 2 and 3 summarize the important

parameters for the three locat ions .

Tonopah was chosen for the transmitting station because it was

close to the release and looked almost directly at the bases of the magnetic

field-aligned st ria t ions. If  the barium cloud was to reflect radio wave s

from the transmitter to the receivers , it cou ld only do so vi a the base of
the cloud . Reflections from plasma occur in a mirror-like fashion with the

angle of incidence equaling the angle of reflec t ion for frequencies less
than the plasma frequency. Because of the geometry chosen for this experiment ,

reflec t ions between the t ransmitter and receivers off the sides of the cloud
were impossible.

The transm i tting station at Tonopah used two hleathkit transmitters

and two h lcathkit linear amplifiers . Operat ing without modulat ion on a fre-
quency of 7,175 MI-h z (A = 41.78 m), a hleathkit SB1O1 driver was used to feed

a hlcathki t SB220 linear amplifier. This combination produced 590 watts of

RF output power which was , in turn, fed into the center of a half wave di pole

antenna suspended horizon tally 9.1 m or 1/4 wave above dry ground . Similarly,

a Heathkit UW 1O 1 driver and SB200 linear amplifier were used without modula-

tion at 14.1 MHz (A = 21 .2 km) to produce 550 and 500 watts of RF on the first

9



— --,-~~~~~~~~~~~~~~~~~ --—-- - - ‘-~~ - -—-‘-.— “- - -

T~i~&~: I~~~~~~~~~~~~ tj~~

” ‘TI ~~~~ ~tH±T~~~
2e%

, 1” ~,’ 
~~~~~~~~ 

~~~~~~ S~ 
.,. ~ 

n~
j

~ç £Z
‘~~~I4Ala..9~~~ ,~7 \ ~ ~~~~~ ~~~~~ -

~~~~~~~~~~~ ‘~
‘.
~
“—.—i ‘ ‘ ‘ ,‘ ‘ 

‘ 
~~
‘- ‘

~~~ ~~~~~~~~~ ~~~~~ ‘ “ r”a,> ’ “ 
~~~~~ ~~~~~ a ’

~ x • , ‘~—‘~“t ~ ‘—. ~~~~ ~~~~~~~~~ C~ - ‘ % l 
~~~~ 

‘ a 
~
‘ ~~ 

t - “ ‘ ‘ .- , ‘ •‘ ~~~~~~~~ “ - ,~~~. ‘ ‘ x_.aa.~._ ’  - ‘ -I —, - i

‘
~.~~~~_—~~

“ 

~~, 4 $.I
I\ I tt 1 

~,

~ a, ~~~~~~~~~ ~, \.,_~ ,, ,, ,,~ a r ( _ 
~, I

-C 

IC
,a ~~ ‘--a. a ~ ~~~ I S”Frcsn~~~ 

~
, ‘ia. \~ 5_.,,, ~,. ~~~~~

~ ~‘) ~~~~ ‘~ 1 “ ,. .
‘,.—‘- ‘5 ,,

\~~~ t 

~~~~~~~ 
a \~~~~~~~a 

a

~~~ ~~~~~~ ~

‘ 
~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~ .~ ‘ “
~
“
.) ~~~~~~~~~~ L.1as ‘\Tegas

~~~~~~~~~~~~~~~~~~~ 
‘ , ,~~~~~~~~.,.

;J ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~,.a-._ — I  ~~~~~~~~~~~~ T . ,  ‘~‘ l i
—p 

~/ /~
,,,

“ , ‘ aa ’ ~~~~,j \  ,i .‘a ’ ~~~~~~~~~ ~‘ 
~~~ v’~ / ‘

~r \ t ’  ,~~~~“ K 

~~ \ “~~ 1 “
- ‘ — . , OtIJ ,t(~ , .“.‘.r’ 41/ ‘,‘~.a ’J ,,,,,, - ‘j’: ‘ - I - -- ‘j~, , , ~~,lI,a rgidd ••~~a ’ . 

~~~~~~~~~~ ~~~~~~~~ ‘ , sa ~ ‘, “~‘~~“ a -—
~~ 

a,,,, ~- - - — , - , - , , , ,, - t a t  - I1,I” K,=,,,,, - a - “ a’.’ ‘ ‘ ‘ ‘ ‘ ‘ ..
~~“ a -

I .~~“ “ ~“ — ‘  
- S. ~ .‘- ~~~~~~~~~ 

A a. ’I~t ~~~~~ 
- i ’ ”  ‘ t , a a , ~ ‘‘

“ a 
“ as / I ~ ~ s r ~ r “

~~

H ‘a” / ~~~~~~~~~~~ ~I_,,_,, —“,—‘ -a —
.,, ~ a1” \ ~~ ~ ) 

~
?‘

~
“_

~
‘ 
“ 

“
~~

~~~~~ 

I 

a’

— 

~~~~~~~~~~~~~~~~~~~ 

-.—l
~:~

l.iE
l~~~~

. ‘
> ‘% I I 

~~~~~ 

(,_~t~ r~~,,,a 
a, ~~~~~~~ -- ‘ ‘\%a n FernaM,, ‘“,.? hI ” ,‘ ,

~ 
, “-,~ 

p , ,j ‘ /
6 V 

~~~~~ 
‘1 a~” ~~~~~~~~~~ ‘ ‘ ‘  \, ., a~~~~~ ‘

~, ~~~~~~~~~~~~~ ,~,, a , \tt ~’,n, r,i mo - ‘,“ ‘  “ :“ “ a , , , , - 1 ,1’ ,, ,—~ S ’  Los Angeles” ~-‘
~r~~ ~~ a 1

C H A N N 
~~~~~ 

~~~~~~~~~~ 
\,,

I ‘
~N ~ 

h a

Figure 1. Arrangement of receiving and transmitting stations
relati ve to the barium releases.
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Table 1. Santa Barbara receiver parameters . Location was 34”311N,
119”49’W , at an elevation of .8 km. Antenna orientation
was horizontal with broadside at 45” E of N,

AVEFRIA 1 AV E FR IA II

Frequency 7,175 MHz 14.1 MHZ 7.175 MHz 14.1 MHZ

Wavelength (m) 41.78 21,26 41 .78 21.2h

Receiver Yaesu FT1O1 [X FT1O1EX SB303

Bandwidth (Hz) 500 500 500 500

Ant , Dipole
Height (m) 10 10 10 10

Range RR(km) 507 507 515 5Th

Azimuth (deg) 40.7 40.7 40.5 40.5

Elevation (deg) 20.2 20.2 19.4 19.4

Ant. Gain GR 1.5 d13 6 dB l .S dB 6 dB

Line Loss 1R (dB) -1.8 dEl -3 dEl -1.8 dEl -3 dEl

VSWR 1 .1:1 1.4:1 1. 1 :1 1.4:1

Enhancement V 8 ~iV .2 ~tV ‘10 ~tV 1 .9 IIV

11
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Table 2. Ely, Nevada receiver parameters . Location was 39°18’N ,
114°50.5’W , at an elevation of 1.9 km. Antenna orienta-
tion was horizontal with broadside at -152° W of N.

__________________— 

AVE FRIA I AVEFR IA II

Frequency 7.175 MHz 14.1 MHz 7.175 MHz 14.1 MHz

1 Wavelength (m) 41 .78 21 .26 41 .78 21 .26

Receiver Swan 350 Heath SB100 SB100 Swan 350
Bandwidth (Hz) 2800 2800 2800 2800

Dipole Ant. Height(rn) 7.9 7.0 7.9 7.0

Range RR(km) 303 303 293 293
Azimuth (deg) -144 -144 -144 -144
Elevation (deg 38.2 38.2 39.1 39.1

Ant. Gain GR 3 dB 4.5 dB 3 dB 4.5 dB

Line Loss LR -.5 dB - .7 dB -.5 dB -.7 dB

Enhancement V1, <15 ~ <5 ~-iV <15 tV “1.5 I-tV
a’ max

12 
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Table 3. Tono pah , Nevada transmitter pararm~ters .
Location was at 38~3’N , 117°9’W , at an
elevation of 1.8 km. Antenna orientation
was horizontal with broadside at 11 0” E of N.

AVEFRIA I AVEFR IA II
Frequency 7.175 MHz 14.1 MHz 7.175 MHz 14 .1 MHz

Wavelength (ni) 41.78 21.26 41 .78

Transmitter Heath SB1O1 Heath HW 1O 1 SB 1O 1 HW 1O 1
Amplifier Heath SB220 Heath SB200 SB2PO SB200

Dipole Ant Height (m) 9.1 7.6 9.1 4.0

Range R1(kni) 209 209 206 .‘06

Azimuth(deg) 126 126 118 1l~
Elevation(deg) 66.2 66.2 65.9 65.9

Scatterin g An gle to SB 115” 115° 117 ” 117 ”

Scatterin g Angle to Ely 127° 127° 125°

VSWR 1 .4:1 1.2:1 1.4: 1

Ant Gain G1 4.5 dEl 3.0 dEl 4.5 dEl 4 .0 dEl
Line Loss L1 - .5 dEl - .7 dEl - .5 dEl - .7 dEl
Power Output P1 590 watts 550 watts 590 watts 500 watt s

13
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and second barium re’ leases respect i Vt’ I y . ‘lb I s s I gna 1 ~‘as fed in to  a separate

h o r I z o n t a l  hal t’ wave di pole loca ted ‘ . n m ahoy a,’ the ground on t he t’ i i’st rt ’ -

lease  and 4. ~ in on the second, The hei g u t  ~a 1’ the  ant emma was changed bet ween

releases to give a hi  ghe t. and Ito re i’t’ I lab I y known ga in  i n  t ht’ d I i’ec t ion o

the reLease. Roth the and 14 MHz an t e n n a s  were oi’ i ent ed such that the ii’

ma in beams pointed toward the  release I oc at I on. :~ 15 in length of’ Rt , 5t) co —

U X  131 cab Ic was used between each t i’ar i szn i t  tei ’ and a n t e n n a . (‘ha,’ ~‘Sh’R ot ’ eac h

sy stem was kept Low by appr opr i a t e tuning of’ the a n t e n n a s .

‘l’he r ece iv ing  station in Sant a Bar b ara used s in i i  at’ ha I t ’ wave
hor i zon ta l  d tp o le  an tennas  connected to  hk’athk i t  583(13 and \‘aesu }l’l 1)1 } ; -\

receivers .  Both antennas pointed toward the  barium releases and were about

10 meters aba -ave dry ground . The one operated at , I “5 MU : was t hu s  a q u a r t e r

waa, ’e h i gh and the ’ on~’ at  1 4 . 1  MIt: was a h a l t ’ w a v e  h i g h . A longer run ~~
60 met ers ot’ RGS9 c o a x i a l  cable was necessary to ~oitit ect the  an t enn a s  aii~l

t’ccc I v&’ i’s. ‘I’he VSWR was measured and found to be low for t h i  s st a t ion a I so.

Both receivers had CW f ii tet’s wh ich I m i t  ed the i’ecc k’t’d b a n d w I d t h  to about

S00 I: and thu s reduced bac kg I’OUfld 110 1 S e .

( a  The t’ece iv  1mg stat ion in lily was s lin t t a r  to the  one in Santa

Barbara, It used a Swan 350 and a ((eat hk it SRI 00 i c~’ t ’i ~‘er , The Swan was

used on 7. 1 ~S M u :  for the f i rst ret ease and , then . beca use’ i t  a ppea red to

give better results than the Uea th k it on 14 . 1  M h z , was switched to this

frequency (‘or the second re l ease. Aga in • ha I t ’ wa Vt’ , a,’eii t er — t ed  , ho r I :ont a 1

dipoles point 1mg at the releas e were used for the ant enitas and 15 in of Rt 59

coax ia I cable connected the rece i vet’s to the a n t e n n a s .  ‘l’he . 1 “S Ml I: intl enna

was ~ . 9 itt or VS high w h i l e  the ’ 14. 1 MU: antenna wits k/3 h i g h .  I t  was not

poss ib le  to measure the  ~SWR at this stat ion but it  was bet iev ed to he’ low .

N e i t h e r  r e c e i v e r  had a CW 111 tet’ so the ( ‘asic t’ece’ iver  bandwidth of 2.5 UI:

had to be used . Tb is resu It  ed in  somewhat g reate r  iio i SC L e v e l  s

14
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The barium releases themselves (Avefria I and II) were conducted

over the Nevada Test Site southeast of Tonopah . Rockets carried 1.5 kg of

barium to an altitud e of about 200 km just prior to dawn on 8 May and 18 May

1978. The barium was released using a shaped charged configuration in an
attempt to produce prompt striations . Table 4 summarizes the importan t

parameters of the releases.

Tabl e 4. Barium release parameters .

____________________ 
AVEFRIA I — 

AVEFRIA II

Date 8 May 1978 18 May 1978
Time 04 :44 :00 PDT 04:35:00 PDT
Altitude 193.36 km 190.35 km

Latitude 37.618l3°N 37.69845°N

Longitude 116.39925°W 116.33302°W

Magnetic Dip Angle 63 .4° 63.4°
Magnetic Declination 15. 8° 15.8°

(E of N)

The basic operating procedure involved the simultaneous transmission

of unmodulated carriers at the two frequencies for a period of 20 seconds

commencing on the minute and half minute. A 10 second period of silence
was maintained between these transmissions to clearly mark the transmissions

and to allow the transmitters to cool down . (Transmitters of this type

cannot main tain a 100 percent duty cycle.) Immediately preceding the barium

releases and for about a minute thereafter , the transmitters were left on
so that maximum information about the releases would be obtained .

15
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At the  r e c e i v i n g  s t a t  ions , the’ st rength  of ’ the received s igna l was

constantly monitored by char t  re’coi’ders wired to the A ;C c i r c u i t s  ot ’ the y e—

cc’ i~ et’~ . These Act’ circuits produce a voltage that is inonot onical l~ re la te d

to the  strength of the incoming si g n a l .  By us ing  c a l i b r a t e d  inputs to the

r ece ive r s , it was possible to fully cal ibrate  the response displayed by the

c h a r t  recorders.  Wit I lc AGC circuits are’ not ideal t’oi’ ,t measurement of ’

a ctu a l received s ign~i l strength because of 1 u nited se~is i t  l v i  tv  as well as

v a r i o u s  r i s e  and decay constants Intl it into the circuit rv , the~’ se rved ad—

inii ’ab Iv in the present cent ext

F i gui ’e’s 2 and 5 show an annot ated vet’ s ion o 1’ the raw s t r i p char t

recordings t’roni Saul a Barbara for  t h e  f i  i’st and second bar ium ret eases

Ave t’t’ I a I and 11 respect ive I ~ . i’hcse charts show the st i’engt Ii of’ the i n —

coming si gii.i l versus  t inc (‘or both — . I “. Mil: Ibot t oni t i ’ace) and 14. 1 M h z

top t race) . ( Because the a,’ha rt recorder NtiS are o f t s e t  s 1 I gu t  ly , the

t ime scales (rl)fl are l ikewise  o f t ’set . ( i’iie’ arrows mark the r elease t inc

Rot Ii c h a r t s  show cons idet’ah Ic s igna l enh~uicetuent at I- i  . I MIt : lot lo~ ing the

re leases . (‘he — . 1 “~~ Mh z rec ordIng t’or th e  1.1 i’st re 1 ease shows s l i g h t  but

tic fin i t  e enhancement  wit 1 e the same I’ecei i’d i l ls  for  t lie second t’e I ease does

not . Measurement  s t’rom l i v  are not shown . flte’~ produced cut i r e l y  negat i

resu 1 t s . Ih e  enhancements  shown a i.e c I e~t r I v due to the ba r i urn release’s

lhev occur prompt I a t  the  t 1 TflC 01’ t he re l ease’ and ar e  o t ’ a ma git i t  t ide’ that

i s  much d i  fit’ i’ent from anvt  hi ug t h a t  P i’eccdes 01’ t o l l  ~‘ws t Item . h u e ’  C f l h l . t l t c  a,’

ment s las t  about a in inut  e be t’oi’e they ~ radua 11 y dec ay back i lit  c-a the  antb i ent

S ignal condit ion .

The noise or interference level was the Pr Inc  ip a l I int l t ing t’actor

in the  measurement s at Santa Barb ara and to some ext ent at F l  V . l’he no i sc’
was pro t ) ahly  ch ic to d i s t a n t  t hunde r s to rms  or d i s t a n t  man made’ sa,’ui’ces ~iitd

var ied  cons ide rah, lv  t’i’om d ay to day . Add i t  iona l i v . tonospher Ic i’et ’iect ion s
of the s I gIIa I t ransm i t t  ed t’rom I’onopah e t ’ i~c t i ye y i’a I sect the  ba ckground

noise level of the  r e c e i v e r s .  Bo t h r e c e i v i n g  s t a t  ions t~ert ’ in t e nt  t o n a l l y

16

_ _ _ _ _ _  
- —-

~ 
‘—



____ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘
~~~~

‘
~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—- -

~~~~~
-. 

~~~~

--

~~~~~~~
----

~~

- --—-
~
----------

~~~ ~~
. >. ~~

~~ 1 i, -~~ , -i

~~
. ~~ . >. ,.

~~ ~~ (4~ 1’-. ~~~‘ C”aJ ,—.

l4 MHz ScaJe •

‘
~ 

0446°° ..~.L

~~~~~~~~~~~~~~~ t p

f ‘ 
- ‘ U)

~

. . , .  ‘ .- . . - - ‘ :

“ “ ? “ ‘  ‘I ‘1 r~A1. ‘ ‘ ‘ ‘ ‘ ‘ - - — 0445 ~” ~
-~~~~ 0445°°—

I t !
I 

.R;I~
:

oo ,

~~~ 

~~~~

RELEASE . 0444 : , .. 
~ I 

-
‘ ‘ L~. ~ i -

> 
‘ 

______ - ‘ I
a)

f . .,  , . . . , , ., , , . ,. . ,  ~~~~~~~~~~~~~ . - ‘ . ‘ -  ‘ LI

I 1. 
0 - - ’  

‘4-
- ...

~

- .  - 0
0
— ~~~‘ 

.
~~~~1 ’.’ “~~

— •‘
~~
‘‘ ‘ ‘ ‘  ‘O S~’

p ‘ 0
U

——4 ‘ ‘ ‘ ‘ ‘~~~~ ‘~~~ ‘~~‘ .•.~~~~
, ,  .  ‘  ‘ - AAA ’ ) UU ~..- I I 

. 
~~~~~~~~~“: 1  ‘ ‘

~‘r-1”~~~- ’ - ’ ” ”  
~

..- ‘ 0o~ 
- 

0
iUL,. , ,. , ” ~~~~~~~~ .~~T . : , . . .. -~~ ‘ a  

— 
~~~~~~~~

a ‘ 
-

0
I ., , .

—
~ -

0 

‘ 

‘ ,- ,., ‘ . . . .. i ‘

...L h , . , , . , . , . . - , ,
~~

. , , , , , I , , . , , , . i ... N - ~ a)I a ~~~~~ ‘ 
‘ 1~x ,

~~~~~~~~ 1 , ..:, .; . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

7 11Hz Scale ~~ :1 ‘

D ~~~~~~~~~
Q(V)

17

~

--

~

-- --

~

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



- - - --~ --~ -------~ -,- ‘- .— ‘- - ---- - - -_—  ——-_-‘ - --- —_—--------- -

• I
t I l )

~-. -
~~ ~~~

I I I~t)~~~~ ~~~ .—

14 MHz Scale

‘ I 
00

00 “-0437
0437 — a.’

-
U)

a~~ a’

a’

,~~~~~~~~~~~~~~~~~~~~~~~~~~~

a.

-c

~~~~ 
-I ,~i,) ‘a

00 - ~~ v’,,,t)
0436 

~7’ ~~~~~~~

C

-, c-
“ I

a. •—~

~~~~ Ø43500 ,;‘~RELEASE 043500.~~ — — --s ~~~~~~~

~~~~~~~ ~~~~~~ 

-

‘

N ~,, ‘~a

— ~~~~~~~~~~~~~~~~~~~~~~~ ‘- ,
-~~~

C’

043400 . ~~~~~~
__ o434 00

-

7 MHz Scale — ‘
I-,

C’ .“  ~~
C”



“--~~~~~~-~~~~~ -~ -- ---- -- ~~~~~ - - - - - - -—~~~ 

~~‘. ~~
. 

~~
. >. ~~

.
:i ~ ~~ 1 1

~~ ~~
. ~~

. U)
I ~1 - (4) N. 

~~~‘ c”..i 0

14 MHz Scale

_ _ _  

a’
-. 

i~,i.i 1:: ~~~~~~~~~~~~~~~~ ~ 1

-‘ 
LI 

~~~~~~~~~~~~~~~~ ~

-‘ 

‘- .- 

-.

_ _  

_ _ _  

‘4-

— — — ~~~~~~~~~~~~~ 

I — ~~ C

H H;: __ - 

_____

L L
~~J h

u~ ~~~~~~~~~~~~~~~~~~ m: 
-

~~ ~~~~~~~~~
‘ 

1.~

~~~~~~ L 

—

a
- - ‘ - - - .‘_J ~~~~~~~~~~ - - - : - - ‘ a -

“

~

‘

~

1’T T

~

”
- , 1-ri—- - - ; - :  .! ~~~~~~ - - - - .~~ ‘i-, - - - ‘- --1- . ‘ ‘

~~~~~~~~~~~~~~~~ 
a ‘ ‘ a ’ ’ ’ t ’

~~ ;
- - - 

- 
- I - ~~ 

- - - - - - - ; ‘ - ___ - -
- - - ‘~~ -_- - ~~~ ‘ 

- - - 
.4.. 

~— ‘ “ r  — -, 

~~~~~~~

- — — --

~~~ 

—— o~~
“ T ’

~~
’
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~*.:: . : ~~~~~~ 

j
’
~~~~0435~~ ~~~

1: L ±~~~ ~~~~~~~~

I Ii _ _ _

7 MHz Scale

19

_ _ _ _ _ _ _ _ _ _ _  —-- -

~~~~

—---- - _ _ _ _ _ _



- - _
~ 

- —---- - 
___ —-‘ —- —

lecat ed far enough (‘rem t lie t r a t i smi  t t i115 St at i Oil Sc) that grc’tuncl w av e’ I ra ils —

Ii i ss  I O i l s  h~~ I’ ,’ tt fl~)OS s ib Ic’ hut  c lost’ enough so t h a t  nor ma l  sky w a v e’ cot mnun i a,’ a—

t ion wa ~ im p r o b a b l e .  As it  tu rn ed  out , re’l at iv elv i~e ,ik si gn a l s  ci I d  pi ’op agat c’

1 ikeh . t . i  ionospheric turbu l ence’ c-a l ’ sporadic 1 , Figui ’e 4 show s th e’ pos -

sib il l  t v o t’ ionos ph e r i c ’ scat  t ci’ or t Ui’b LI 1 e’tia ,’e suppc)i’t ing conmiun i cat  iou , atich

we t’urt he t’ su pp ose that sporadic 1 utav have’ b~cn I ’ a,’~ !‘a°~~~ 
ib  Ic,

F i g u r e -’ ,~ shiow~. ,i lo w n o i s e  leve l  at 14 . 1 MI t : ~t iia,i a r e l at  t v c I ~
St l’c ’a I iC, S I ~ tht  I ye t’Iected t rout the ionosphere .  Fhic o t t — o f t ’ pat t erti o t ’ t r a u t s —
-
~~ i ss ton is c 1 ear l  v e~ ide nt  i i i  t h e  r ecord ing  pi’ i or to  the  h ’ a ,t 1.1 Urn i.e 1 e , I S c ’

l ’~ ~‘UI: t he s i t t i a t  Ic- a l l  i s  j u s t  the  o p p o s i t e .  lhte ’ t i’aiistni tted si~ tia1

r e f l e c t  e~I t rotu t h e  ionosphere  is harcI 1~ v isible ’ ve a l .  h i t ’ n o i s e ,  I n  f a c t

I he Tie) I Sc’ I S  “a a , ” st  i’oiig t ha t  i t  masks  an enhancement  that ml g u t  he’ cl ue’ to

t he  l-a , t z ~j u i n t ’c’ Ie . ise.  F l g t t i ’ e’ 2 sh ow s .i hi gh no i se  l e v e l  at 14 .1 MIt: that ttieai ’ l ‘ r n a S k s  the t ransutit ted s ign~il re t’ tectect li’om t h ~’ io nosphere t ’ut Show S

t 1w b ar i u m  i’~’ t ease enhancement . At — 
. I ~~ Mit: t h i c ’ 110 iS a,’ a,i~~~ t’~~ not corn ; ’ l e t  e l y

n,t sk t he t i’,irsrn itt ccl s i guta 1 . I h i t a enha i ice ’meut due t a,) t h e’ bar i urn a,’ lo u d I ~
sI  i~~ht  l v  ‘. i s i b l e .

lila,’ f . t  1 l i t re  to see aTi ~ e’utl iai i c  t’rn el’it due t o t lie’ ha r urn c I ~“ud i i  1:1 V

i s  p.1 l’t 1~ a,’ xp 1, 1 1 tied l’a\ the’ even h i t  ghe r  no i sa ,’ I e~ e Is  encount  a,’ red tb~’ i’e’ . t h i c ’ ~e

occ u r r ed (“cc ause t h e i’e’c ci ~ci’s did not h ave’ t ’h (‘i i  I a,’ i’S .t i ia , i  we ye’ t h it s  ac cc’I ’a t  —

lug  a b i’oade’i’ h ” ,til ct a, 1 t Ia, ) i sc’ . 1’)ie’ 1 1’ s t a t  ion a I so sut ’t’ei ’ea ,t t ’roni i.e I ,t t  i ye lv

i t i s en s  i t  e ’, e \t~~
’ c i rcu i t  s c-an t he  rece i y et ’s , rhese .\I, e ’ c t i’cu i t  S d i a , i  not ye —

~‘ po uch t ~1 ,i s 1 ~.w a s I g T l , t  1 1 C i a ,’ I as t h o  so i n  use .i t Sant a l~a i’ha i’a . Flie upper

l i m i t s  ia, a ,’t’ c’ a,”h t . t  i i i e ’~i in l i v . (howev er , t he 5a,’fls i t  iv  i t ’  of ’ t h e ’ s t a t  io n at

h l ~ w as  .tde’~ ii , it e t o  ~ie’t ect s i gn~i Is  a, ’t ’ the  st r en gt h t  w-h t cli wot t l  ci be pr e’cl i e’t c’cI

on t he ha s  is  ot ’ c ross  sect i O T I S  soc’n .it Sant a Bai’ba i’a . l’he’ f a a ,’ t t hi , t t  t lit’
up~-aa ,’i’ Ii m i t  S Oi l  1 I a,’ i’os S st’ct ions ,t t~a,’ 1 c’S s t ht aut t hose  mea sur ed ,t t  San ta

Bai ’h ,t i ’ ,i SI t g g e ’St  5 ,t d i  rc’ct i c) fl~i 1 a,’h l . t i ’ ,Ia,’t e ’i’ t O  t ilt’ scat tc’ I ’ I i i g  t l’OtIl t h e ’ ba se

of t he  s t r i a t  iOf ls  .111th I S  d i s a ,’u~~se’ct f u r t h e r  in  t h e’ d a t a  , t i i , t l~~~is  sect lOl l .
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SECTION 3
DATA ANALYSIS

Whi le  the s t r i p chart recordings presented in Figures 2 and 3

clearly show the enhancements due to the barium releases and thus c l e a r l y
establish that counmunicat ion is possible off the hast’ of striated barium

clouds , fur ther anal y s i s  is necessary to obtain reflection cross sections

which allow comparisons between the i-; ix’ious radio obsei’vatiouis of this

e\pei’imeflt anel between the radio observa tions and optical data.

F i g u r e  5 i l l u s tr a t e s  the basic setup . The power received by the

base ~ t the  b a r i u m  cloud to be ref lected to the receiver  is

(“ F ~
= —

~i 
0 (11

4~~ R~

where is the power transmitted

is the gain of the transmitting antenna over isotropic

e is the cross section of the barium cloud

and R.~, is the distance from the transmitter to the barium cloud .

‘l’hc power absorbed by a perfectly matched rec ’ive’r is then

I’ G G ~~~
1 R 

T T R  (2 )
(4i t )  R1, RR

where A is the radio frequency wavelength , \ /4Tr is the effective area

of an isot rop ic antenna and is the distance from the ba rium cloud to
the receiver . More properly , (2)  should be written
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Figure 5. Schematic drawing of geometry of experimental
arrangement for reflections off the base of a
barium cloud (as viewed from the northwest).
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I)cterm in ing t he ant enna git ins at the three St at ions t u r n s  out It)

be more d i  ft ’icu lt than might  be thoug ht l)ecauSt’ of the  subst  ant  ia I I)’ unknown

nature of the ground plane beneat h the ’ antennas. For a l l  three  ct  at ioiis it

was a flat dry lossy ground of otherwise unknown nature . We aSS ume ’ i t  to b~’

similar to that of Reference $ and use those graphs reproduced in F i g u r e  ~~~.

1:oz. the most pat - t . the  ant enna pat I e m s  va ry  sut ’f’ic ient  1 y s lcw 1y’ w it ii look

angle  and ant enna hei ght t hat  i’e I iab It’ vii i ties can be obt a I liCci . I towev e r • t ’o r

t h e  14. 1 MIt: t r a n s m i t t i n g  antenna d u r i n g  the t’i rst release ’ • co uts idt ’ u’ able

uflcei’ta i u i t \  r e s u l t S  front not know u i 5  the e f f e c t  i ic  he igh t  of the ’ ant emma

I f the e t’fect ir e’ 5 roun d platte were’ jets t 2 meter s  be low t he’ st ir t ace  tli eu i t itt’

antenna gain in t he di t’e’c t ion of’ t he me lease went Id dec rca se’ by 4 . S dI~ or a

factor of 3. For con s i s tcn cv  ~tiieI s i m p l i c i t y  we have a Iwa~-s assumed t he ’ ci’—

feet ly e antenna hei ghts to he the actua l ly mmteasui’eel ia hues. In u i  is one’
ease • the  assumpt ion of a su r f ace  l eve l  ground plant’ could lead i t ’  c’ 1’OSS

sect ions that  are low by a t’aetor ot’ about 3.

Line losses , inc h i d  img coax attenuat ion amid ~SWR 1a , ) Sse’5 • have bceui

est i mated us lug  St aitda ret t c’c’hn ique s gi v eui in Re t’ercmic e S. t h e s e  are gene m -

a 11 y small and arc 11 ste el in tab 1 es I , 2 aittl 3.

At t h i s  point  a l l  of the  q u a n t i t i e s  necessai’y for t h e  sol u t  ion

of Equat ion 4 have been dete i’miiicd and are i i  St ed in ‘I’ab he s I • 2 and 3

The r e su l t s  01’ cross sect ion c a lcu l a t i ons in the va r ious  cases ai’e g i V e ’li

in ‘I’a b l c ’  S.

I n  several cases actua l cross se’ct ionS are g iven  anti in  ot hte ’r
cases mer el) ’ Upper l i m i t s .  aI~l l*  va lues  fot ’ the t’ir st  release at 14 , 1  MIh ~
are labeled as less c e r t a i n  because of the uncer ta  in t ~’ in the an tenna  pat—

t e m .  They cou let be as much as a factor  of 3 1 a t’gei’ On t h i  S hi ; i si  s alone ’ .
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Table 5. Measured cross sections .

— 

~anta Bar bara Ely
Frequency Cross Section Cross Section

_________ 
(MHz) — ‘__(km2)* (km2)*

AVEFRIA I 7.175 12 ‘-. 8

14.1 .02** < 4**

AVEFRIA II 7.175 21 ~ 8

14.1 2 ‘- .3

*The estimated uncertainty is •5 dB or a factor of 3.
**These val ues may be low by an additional factor of 3 , see text.

‘Flie estimated cross sections va i’~’ from .02 kif to more than  20 k m .

The larger cross sections are observed at the lower freque ncy as would be

expected s i u t c e  a lower electron density is required to reflec t a lower t’rc-

quency . (A plasma density of ö. 4 ~ 10~ cm ”' has a er i t  I cal t’rec tuen cv of’

7 . 17 5  M It: , wh i le  2 ,5 “ 10~ cm ”' g ives  a c r i t i c a l  frequ ency ot ’ 1 4 . 1  M I t : . )

Furthermore , cross sect ions  of this  order agree w e l l  w i t h  photos t a ke m i from

Santa Barbara . The charac te r i s t i c  dimension of the st i ’ua t  ions observed

o p t i c a l l y  is about a k i lome te r  in diame ter ,  flependin g on the number ot ’

s t r iat ions and the shape of the striat ion base , one can a r r ive  at expected

cross sections from v i sua l observation s that are close to whar we’ observed

with the radio s igna l s .

The cross sections observed at San ta Barbara can also be contpa red

to some extent with the upper l i m i t s  obtained at E l y .  W h i l e  the numbers a re

roughly comparable , those for E l> ’ appear somewhat lower • especial  1 y for the
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second release at 14.1 MI:. It appears that the cross section of the base

of a barium striation has some (and perhaps substantial) directiona l character.

Another phenomenon , which is not accoun ted for in the ca lculat ions,
can affect the result. Faraday rotat ion causes the plane of polariz ation ot

radio waves to rotate as the)’ ~ iiS5 through the ionosphere . The total rota-

tion , in radians , for a one-wa>’ passage through the ionosphere by a hi gh-

frequency signal is g iven by 6

2,3t,_~‘_~~~ IS2~. = — -—-—- j  (Bcos 0 sec 
~~) ~i dh

0

where B is the local magnetic f lux in Wb /n

0 is the angle between the radio wave norma l and the m a g n e t i c  f i e l d

~ is the angle between the wave’ normal  and t he  ve’r t i c a l

N is the electron dens i t y

and f is the frequency ( a l l  in  mks u n i t s ) .

Using the model ionosphere shown in F igure 7, the t o t a l  rotat i on expected i s

close to 1 radian. The actual ionosphere could have d i f fe red  in  density by

as much as an order of magn i tude resul t ing in a s i m i l a r  va r i a t i on  in 
~~~~~~

. (low-

ever the electron density P ro f i l e  of the cloud (un les s  abso lu t e ly  sharp) w i l l

introduce additional rotation which w i l l  l i k e l y  exceed 1 radian .

Whatever the degree of Faraday rotation , the net result would have

been less (or c~ u a l )  si gnal strength received in  Santa Barbara and E l y because

the transmitting station and both receiving stations used the same (horizontal)

polariz ation . Consequent ly, the cross sections (including upper limits) given

in Table 5 are po tentially low . In other words , the bases ot’ the barium clouds

probably reflec ted more power than we observed . Of course , a sli ghtly chang ing

phase path in conjunc tion with 
~F~

”- ~ would lead to fading signa ls with a peak
intensi ty equal to that for no polarization loss.
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Figure 7. Typical ionospheric electron density profiles for day
and night and for sunspot minimum (dashed ) and maximum
(solid). (Taken from Aerospace Environment chart , Air
Force Cambridge Research Laboratories , New Bedford ,
Massachusetts , 1974. )
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This experime ’nt was designed p r imari ly  to show th e existence of a

propaga tion mode off the base of high -altitude s t r i a t i on s .  Deta i led  inv esti-
ga t ion of cros s sect ions was a sec ondary considera t ion. As a consequence ,

some aspects of the experiment do not allow a clean erro r analysis. ‘11w

primary unce r t a in t i e s  are in the antenna gains and the receiver c a l i b rat i o n s .
The antenna gains are influenced by surroundings and ground propert ies and
so nothing short of a direct neasuz’ement of gain is reliable. A direct

measurement is difficult and expensive. Considering the antenna pa t t e rns
of Figure b a typical error of 2 dB seems a reasonable estimate of gain
error. Receive r calibra tion was carried out us ing  different calibra ted si g-

nal generators for the Santa Barbara and E ly  receivers , Internal consisten cy

checks sugges t that the uncertainty ot’ t h e  vol tage measurements is about
• 2 dB whi ch t ranslates into 4 dB for the result ing cross sections. Totzi l
uncertainty in the stated cross sections , i nc lud in g bo t h the antenna gain
uncertainty and the vol tage  uncertaint y , is about ~-S dB . Since the Santa
Barbara and E l~’ receivers were not calibrated with the same signal generator .
it is only the t ransmitting antenna gain which does not contribute to rela-

tive errors in the two measuremen ts , The result is that the difference be-

tween the Santa Barbara and Fly cross sections ma>’ not be si gnificant al-

though the nominal values are somewhat dfffer ent. Uowever , i t seems likel y

that the difference is real.
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SECTION 4
DISCUSSION AND CONCLUSIONS

This experimen t clearly establishes that radio communication be-

tween distant stations is possible off of the base of overdense structures

created by a shaped charge barium release. Though radio signals do not

come labeled as to wha t phenomena are actually causing reflect ion, the ob-
serva tions unmistakably point to this conclusion . First of all , the strong
signal enhancements observed at Santa Barbara on 14.1 MHz and the small but
defini te enhancement at 7.175 are precisely correlated in time with the

actual barium release. The enhancements are sufficient ly prominent that
they can be easily distinguished from any background noise or interference.

To determine that the barium plasma itself is causing the enhance-
ments and not some other aspec t of the release , we note the relatively large

cross sec t ions shown in Table 5. No other known process involved in the

barium release could produce these c ross sec t ions and sustain them for the
period they were observed . Metallic p ieces of the rocke t used to carry the
barium to altitude have a far insufficient cross section . The shock wave

from the shaped charge explosion could compress the nearby ionosphere for an

instant and provide some enhanced si gnal. But this enhancement should die

much faster than over a period of a minute. The only other reflecting medium

created by the release is the barium plasma itself. This must have caused

the signal enhancements observed. That striations were involved is shown by

the many photographs taken by various observers including ourselves. ~s was
planned, some of the barium plasma striated almost immediately upon release

due to the shaped charge configurat ion of the release.
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Because only a portion of the ionized bar ium cloud s t r i a t e d  in  t he

first minute , it is unclear  whether  the s t r i a ted  or uns t riat ed reg ion or both

were responsible for the enhancements observed . The n o m i n a l l y  d i f f e r e n t  cross

sect ions for different directions suggest an unsymmetr ica l  base shape consis-

tent with striations and more difficult to achieve w i t h  an uns t ruc tured  I) 1~Lsi~ i .

(however , g iven the relative u n c e r t a i n t i e s  in the mcas~.red cross sections , it

is conceivable that these cross sect ions were not si gni  f i c a n t  ly d i f f e r e n t .

Thus , w h i l e  s t r i a t  ions were unquestionably present , the dat a do not prove

that all observable enhancements came solely from structured , as opposcd to

uns t ru ctur ed , plasma .

The development of the  scattering region is suggested 1w a closer

look at the s t r ip  chart recordings in Fi gures 2 and 3. ‘(‘he 14 . 1 M h z  case

shows an immediate strong enhancement of the received s ignal  at the t ime ot’

release followed by a gradual increase in that signal over a period of about

is seconds as more barium becomes ionized in the ear1~’ morning sun l i gh t .  A

maximum enhancement is  reached when the production of plasma slackens and

diffusion along the  f i e ’ l d  l i n e s  gradual  1 be’gins to reduc e’ th e ’ s i z e ’  at ’ t he

reg ion which is overd ense to 1 4 . 1  NI l: .  The ex i s t ence  of plasma overdense

to 1 4 . 1  Ml: for a period of about 30 seconds was predicted P rior to the

release , 7 The larger cross Section observed for 7 . 1 7 ~ Ml: is to be expec t ed

because the s t r i a t io n s  shou ld have larger regions t h at are overdens e to

7.175 Ml: than to 1 4 . 1  Ml : .

l’he deep fades observed in the enhanced si gnal are not complete ly

understood becaus e they could have more than one ori g in .  Changes in the

Farada y rotat ion of the hor izon ta l ly  po la r ized  wave could produce polari za -

tion fading. A layer of sporadic F could m ask the s igna l  reaching the

barium s t r i a t i ons  or returning from them . The st r i a t ion s  themselv es could

mask one another , thereby a l t e rna te ly  increasing and decreasing the observed

cross section , (however , the fact that the fades during the enhancement show

about the same p e r iod ic it y  as the si gnals received pr ior to the release (see
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F i gu m ’e ,S , 14 . 1 NIl : )  sugges ts  t h e  
~~~~ 

ib ii it~ that the fading ~ s iouosphet’ c

in origin. Fading due’ to  sporad ic  F somet inmes shows a c h a r a c ter  s m i  lai’ to

t h a t  observed . ~‘

(‘he upper l i m i t s  on cross se’ct ions o b t a i n e d  by the ’ F l y  rece’ i ng
s t a t  ion suggest . but do not conc lu si ~ e ly  prove , that the c ross  sect iOn t~~ i’

radio wave s ca t t e r i n g  fro mim t h e  base of ba r ium sti’iat ions has a direct i o n a l

dependence. it would be’ intercst lug  in  t h e  fu tu re  to  look tuto this di t’ec —

t to nal dependence more ’ closely. More det’in i t  ye’ r e s u l t s  would t e’ 11 us some-

t h i n g  about the shape at’ the base ot ’ b a r i u m  st n a t  toils

Anoth er  top ic  t h a t  ne ’eds clos ’r study is the prec ise’ appi icab 11 t

ot’ these’ re’sui t s to the’ nuclear case. W h i l e  the  observat ions pne’se’nt e~i here

a t ’e’ obe ions l v  pert  i nt’nt • the genera Ii :at ion to t he’ nuc lettr  case’ l’Ce(u i re’s
care’ t’u 1 thought

El n a i l  v • it should he emphasized ag a i n  t ha t  t he  re’ t ’ I e’c t t an s  oh—

served t’rom t h e’ b a r i u m  clouds had to come from the  base’ ot’ those c lands

Side r et ’lect  ions were’ not possible ’ for the’ arrangement ot ’ s t a t  tons used .

33



REFERENCES

1 . Sowle , 0. H., and G. J. Fuiks , unpublished , 1977.

2. Bates , H. F., Ste9 Frequency Radar Study of SECEDE III Barium Release ,
DASA 2409, Stanford Research Institute , Menlo Park , Californ ia , 1969.

3. Thome , G. D., Project SECEDE I, HF Radar Studies of Barium Clouds,
Raytheon , Burlington , Massachusetts, 1969.

4. Ma , M. 1., Theory and Application of Antenna Arrays , Wiley-Interscience ,New York , 1974.

5. The ARRL Antenna Book, The American Radio Re lay League , Newington ,
Connecticut , 1977.

6. Rishbeth , H., and 0. K. Garriott , Introduction to Ionospheric Physics ,
Academi c Press , New York , 1969.

7. Pongratz , M. , private communication , 1978.

8. Skinner , N. J., and R. W. Wright , “The Reflection and Fading Character-
istics of Signals Returned from the Es Layer at Ibadan ,” in Ionospheric
Sporadic E, E. K. Smith , Jr. and S. Matsush ita, eds., MacMil lan , NewYo rk , 1962.

34 

~~~~~~~ - --‘ - . - . -- - -~~-‘~~ - 
---- ‘ 



D I S T R I B U T I O N  L I S T

: ‘ -\~~l~ 1t N’  ~~ ‘ H t N \ ~ ~~ , ‘ ( l i i i ,’,i ’

‘, t . t l l t “ t ’, ‘ r ’t,i ’’~ ,)t  Ut ’ t t ’ii ’,t ’ \ , t t  ri _ i l  ‘,t ’~ t~ ~t ’ii , i
ls,I • ,.‘rl t . .c I n t e l  1. 1i ’ I  , r , ’t nien t ~~ Ut ’ l i ’ f l s t

A l  I’,: M , I p st t ’in .~ l l N :  I , , , J . “~~i l  ln t .Fr r
Fl , I . L t ’,’rr ,ir ,l

A l ’ ’.: W~~.
’ , I~ . Fl,~i’tit ’tt

A ’5  l s t ,j f l t  I, th e ~‘t ’~ e t .t ’~ ~‘‘ ,‘‘ er s,
i , r , 1, ’i “ ,‘~ r t ’t.i r~ ,‘‘ i t t  i i’ ,.’ 1,’ r  1~’., , ‘. i r _ ; i

- \ l i’ . :  I , t ,, ’ i ’ ,t ’ ‘\ s s r s t , i n t  A l l’ . :  ~ t , , t t , ’ ; 1 , “ - ‘ ,.‘ “~~‘ t t ’i ’’ ,‘ ‘ ‘

~‘ r lI~ r t  ‘t’~ t ril l ,il ~ c , it t ’i- w~ l~ ,’s ~~~~~~ 1 1 - i i , ;  c~-~
_

I ‘‘t ’Il  t ,‘f Pet ,‘n s ~ A I N F~ . ,‘

‘\ ! T N ;  , - t l ~~, k’, Mas~’ir
N ~ ~ ~, rn, s M’ N i~ T I

- V i ’ , ~., ‘,‘l ,i l ,t
.\l T N :  C— t ’ ”~ . I t  ~‘l ~~~~ A t ~~s’’,L’hs ’ r l ,  ~,- l t ’ir,t ’’, I

It , \ , A p, i ~t ’s t ’ .ti~~ h ~ Pt ’~~ t ’ i _ ’I’ !’lt ’ l ’ t

i,.t , . l s , _ A,1~ tn, ,‘,l I~s~~h , F’ r,r j  . A’t,’n~ •‘ N :  ‘ 11  A ” — A l  _ M , ~ \
A l l’ .:  l~~,’

•~ \ ‘ , v ’” I t ’~ Ill .11 ‘- , , i ’ t ’ , ’ : - t  A~ I
I’ t’ I ,‘ I t s , ’ ~ ,‘ I’ -l ’UIl , ,~ 

,~ii 11.1 nt ’,’, t’il t ,‘ I- .,‘U,rl t~~ ’lt I ,~1 I t
A l  N: I ode ‘_‘~~ • , L,o,ht 1 r,;to ,t A N: lit L I  ‘

~ — I t~

“ii I N :  ,‘,Ie ~4 l,l, :,
‘,,. i.~ ‘1 ,tt’k’n,l at’o’ ,it , ’i i t ’ ’,

Cefense  C, r ’i ’ ii , ,,t i , r ~ A t , ’n, ~ :‘,‘I’,ir - t ’ .’rl t ~~ the Aii’~,

A l  1’.. , o,1t’ ~:j ’ , ,‘, F,t ’ - ’ i _t A l l’ . :  Ct
A T  IN: Ci’dt’ 4~lC .\l I N:  Pit  iI[t _ \ _ ,IF , i~. ~ I r ,t’ s

“~‘ ‘ N :  Cod, ’ li’iF Al  N: t l [~~C _ N _ ’,I’ , F ,
Al  T N :  (ode ~I C t  ~~. ‘~. r~,t t  t , ’ r t ” p , ’ , I , ’ r -  A l  N:  [LII ‘L’ — -’t — l  , ~‘. I,t ’ t f lOI ’

Ct ’ !t ’ i t s t ’ ,\\ Ul’k’Ii t,t 11 ~“1 ~~ ‘ l l  t t ’ U ,~, Ar” ~ ~~~ 
1, ‘ II t; ~t’Se ,ii’ ,i1 I

1. ’ -~~ IN: PP A l I N :  loch . I 1t’r ,t ’~~ . I.

.~‘t ’ ’ t ’ ’ r ’ ,t ’ I, r t , ’T )  1 ~ t ’l 1t t ’ ‘A, it’r1,~~ U. “, Ai”’’ i t ’~~t’ ii ’— i t ’ , ~~~~~~~~~~ I n s t _ t i  .
A ’  ‘ N :  CC— ‘1’ , W. Wi t t  i q  A l  IN :  CCC— “I C , I, , ~.itri~~1\ :  [~~— 3 ( .  E. C L ~,’rell A ’ T N :  C C C — t M F ~~. F t P , Cl , ‘. .t ri. ’

C . Stewa ,’t
‘ N :  I F , A , W i  s O t I , \ , Arm F~ ,’t’1,tnt St ’ion, ,’ ,S l,~,in . ,, ‘r i( ,’,

‘Il’ N: -‘ 1 — ~ \~ l\ :  \ T ’ I — ~’P
A l  1’. ‘1 — I F .’ • R . ~.‘r ton l
“I’ T N  P l_ ’LIt 11 . 5 . An”, M,t t t ’i’ i t ’i (iQ”~ • S. LA O,t,S l ite ’ss  ,, ‘i’i’n,i,t,L

I N; P ’I C I Cl • C ,

N,,  1 e,i ,‘ A t , ’ni,  II , . •\ii’’ ~ N u~ 1 e,j i - S Cheni ,- ,i I
A ’  ‘ N -  ‘~~ l VI I ’ . ;  LIhI’,t’ l
A ’  I’,: “T~ t

, ,  •‘I’ l \-  IMI 1I .~~. Aim i’,tt e i l it t ’ ~,~t’i’r , A~.’’’ ,
4 ,~~ 

‘, ‘ IN I IL Al l  N: To ,  ument ,,‘,;t r,’l

F te l  d , ‘p 1i~ ,n ,l • II.” . A,it’~ I I.WPC i’~ s t  Oils “Ui,t 1 i s i s  At; I • I’,
I ear .\,tt ’!r, Al TN:  AT M—F I

A ’ I N :  I CPF’i A l l ’ . :  Al .VI—1CI , I , ‘j~~ ,t” ,

A l l  N: A l ~\ A — I ‘C • .‘ ,

“ I t ’ s , ’ , ’ , I ,, e Nu, lea,’ Weapons School
Al  IN:  I TV CL PAR1M INI PI 1111 NAVIt

,101n(  , b t o f s  ~f S ta f f  N,i~~a l  E l e c t r o n i c  T ’ ’ , s t O t ” s lOli’i.ill,L
A I I N: C— ~~, WWM CCS Eyalu.it ion Cj t i c e  A TTN:  N ’ V t I I I \  .11, 1 , 1 .

ATTN: P?’Ii i t ’
,‘,n,n t ‘-‘t r ,,t. 1,11. Planninti S t _ i t t  “iT T ’ . :  Cod .’ ~‘C1I

A ll’.’. CFS1 • C’s . Goetz A l l’ . :  1’~’L ll’• —l
~~~~~~~~ ,‘ [ T

~~
..,’

N,i~- ,,l Intel 11 ,~t ’iico i’ ,t t’ ’n t Ct ’ n t , ’i-

I,iverrriore PRis ion , he ld Coemi~nd , DNA “ i l lN: N ISC — ’.’~L awrence Liver mo,’e Lahoratoi ’y
ATT NI  ~CPRE

35 

—

~~~~~~ ~~~~~~~~~~~~~



- 
l i - A  ~~~~~ ~: 

nIt , L  (HJ’A LY (NT  Of

1 0,111 ~ ~~~~ ,‘n t~~
- Deputy Chief of S ta f f

I N :  ‘ ~,l,’ 0230 , 1 , Baqqetl Research , Development , ~ Acq ,
A Al I’,: ‘~it 532 , W. Mot e,’ Department of the Air Force

Al l ’ .:  AERDO
‘,,,~ l -:e’ ,~ ’j r  Li t,ahorator,’

A ’ I’,: I ~de 7’;-: ; Deputy Cii ief ~I Staff
Al ~ ’,: Code ‘ .TI;) Proqrani and Analyses
A I I N :  Cc-do 7555 Department of the A ir Force
AT T ’l~ Code Li  1” , 1 , ~~i t v  ATTN: PACSC , R. rau l
AlIli : Code TN’ , J . l’ ,i~~ t s
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• ( , ~~~ 
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~~ a t  ‘ u n v t ’i I Iatt ~ t ’ ‘- y s t t ’i A T It,: YSE A
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Naval ~urL ace ~eationi ’~ Center 
Foreictn lcchnoic r~ty Division , AFSC

A l I t , :  (ode ~~ ‘IT T ’ . :  TOIP , B . Bal lard
AI IM : N- I NS , Library

r l a c e  Weapons Center
- i i i oren Labora tO r y  OGD EN ALL ’ ‘~I’H DDE

A ll’ .:  l odo -14 , R. Butle r Department of the Air Force
AlT’.: 0O-ALC/M M , R, Blackburn

Navy S~~c,- c y~ tents AC t i v i ty
A. Ifazzar ’d Rome Air Development Center , AF SC

All ’ .: Code 52 Al l’.: V . Coyne , OCSE
AlT’.: Documents Library/TSLD

t t i t ’  ot Naval  Research
AIIM: Code 420 Rome Air Development Center , AFSC
A T T N  Code 471 MI’.: E E P

Office of the Chief of Naval Operations Space S ~Iiss ile Systems Organ iza t ice M’.
All’.: l i p - i -CA Mr Force Systems Coninand
AlT’.: (‘p -QA i  MIII: MMML , S. Kennedy

Strate gic Systems Project Offic p Space & Missile Systems Organizat ion ,- SL~
Aepartitient of the Navy A ir Force Systems Coniinand

A l l ’ . :  NSSP-7 7?2 , F . Wimhe r ly ATTN: SKA , M . Cl avi n
AlIt, : IISP-7141

Strate g ic Ai r Coninand/XPFS
DEPARTME NT OF TH E A I R  FOR C E Department of the Air Force

AlT’ .: NRT
Aerospace Defense Cotinttand/DC All’.: DCX , Ch ief Scientist
Oepartment of the Air Force

AIIM : DC , Mr. Long DEPARTMENT OF E’.LIG’l

Aerospace Defense Cormnand/XPD Department of Enerqy
Department of the Air Force A lbuquerque Operations Off ice

AT I N:  XP O Q MI’.: [b c . Con , for (I , Sherwood
• AlT’.: XP

Depa rtment of Ene rgy
A ir Force Avionic s Labora tory library Room 0-042

AIIM : MD, W. Hunt AIIM : Doc. Con . fo,’ A. L ab owi t z
AIIM : MD , A. Johnson

Office of Military Application
Air Force Geophys ics La boratory Department of Energy

AIIM: L~B, K. Champion 
All’.: Doc. Con , for 0. Gale

AlT’.: OPR 1, ,J. Ul wic k
AI IM : PH P , U. Aarons OTHER GO V ERNM ENT AG ENC IE S
AIIM: PHI , U. Buchau

• AIIM: PHP , U. Mullen Centra l Intelligence Agency
• A TTN : OPR , A. Stair All’.: RD/SI, Rm. 5048 , Hq, Bldg .

for OSI/ PSID
Air Force Weapons Labora tory

AIIM: DYC , 3. Barry Department of Comerce
AIIM: SIJI National Bureau of Standards
AIIM: DYC , 3. Kam All’.: Sec. Officer for R. Moot-c
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OTHER GOVERNMENT AGENCIES tContinuedj DEPARIMENT OF DEFENSE CONTRACTORS (Continued)

Department of Transportation ESL , Inc .

Office of the Secretary AIIM: C. Prettie
AIIM: R. Lewis AITN: J. Roberts
AIIM: R. Doherty AIIM: J. M arshall

Institute for lelecomunications Sciences Ford Aerospace & Coninunications Corp.

National lelecomunicat ions & Info. A dmin . AIIM: 3. Matt ing le y

AIIM: L. Berry
All’.: A. Jean Genera l Electric Co.
AIIM: W . Utlaut Space Division
All’.: 0. Crombie 

ATIN: M. Bortner, Space Sd . Lab,

National Oceanic & Atmospheric Admin. General Electr ic Co.

Environmental Research Laboratories AIIM: F. Reibert

Department of Cormnerce
AIIM : Aerono my Lab. , C. R a id General Electric Compan y—TEMPO

AIIM: R. Grubb Cen ter for Ad vanced Stud ies
AIIM : W. Knapp

DEPARTMENT OF DEFENSE CONTRACTORS All’.: M. Stanton
All’.: B. Gantill

Aerospace Corp. 
AIIM: I. Stevens

AI IN: F . Morse AIIM : D. Chandler

AIIM : N. Stockwell AIIM: DAS IAC
AIIM: 1. Garfunkel
AIIM: 0. Olsen General Electric Tech. Services Co., Inc.
AIIM : S. Bower HMES
All’.: U . Carter AIIM: G. Millrna n
AIIM : ‘V . Salm i

• All’.: S~1FA for ~~ 
Genera l Research Corp.

AIIM : V . Josephson Santa Barbara Division
AIIM : U. Ise , Jr.

Analytical Systems Engineering Corp. AIIM: J. Garbarino
All’.: Rad io Sciences Geophysical Institute

Berkeley Resea rch Associates , Inc. Univers ity of Alaska

All’.: J. Workman 
AII N: N . Brown
AIIM: I. Dav is

Boeing Co. AIIM: Technical Library
AIIM : U. Kenney
AIIM: G . Keister GTE Sylvania , Inc.

AII M : 0. Murray Electronics Systems Grp . -Eastern Div.

AIIM: 0. Hall  MIII: t’l. Cross
AIIM : S. lashird HSS , Inc.

Brown Engineering Company, Inc. AIIM: 0. Hansen
AIIM : R. Del iberis Unive rsity of Illinois

University of California at San Diego Department of Electrical Engineerina
AIIM: H. Booker AIIM: K. Yeb

Charles Stark Draper Lab. , Inc. Institute for Defense Ana lyses

All’.: 0. Cox 
AIIM : E. Bauer

AIIM : U. Gilmore All’.: J . Ae i n
AT I N: J . Bengston

Computer Sciences Corp. AIIM: H . Wolfha rd

AIIM: H. Blank International lel . & Telegraph Corp.
Comsat Labs. AIIN: Techn ical Library

AIIM: C. Hyde
ATIN: R. laur JAYCOR

AII M : S. Goldman
Cornel l University
Department of Electrical Engineering Johns Hopkins University

• AIIM: 0. Farley , Jr. Applied Physics Lab.
AIIM : I. Poteinra

E:lectrospace Systems, Inc. AIIM: Document Librar ian

AIIM: H. Logston AIIM : I. Evans
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DEPARTMENT OF DEFENSE CONTRACTORS (Continued ) DEPARTM ENT OF DEFENSE CONTRAC T RS (Cointinuedj

Kaman Sciences Corp. Photointetrics , I nc.
ATIN: I. P4eagher ATTN : 1. Kofsky

Lawrence L ivennore Laboratory Physical Dynautni cs . Inc.
University of California Al’TN: A. lhomp son

AIIM: Duc. Con , for Technical Informa tion
Dept. library Physical Dynaunt ics , Inc .

AIIM : Dec. Con , for 1-46, F. Seward All’.: t. Fu’emouw

Linkab i t Corp. R F. D Associatu”~AIIN : I . Jacobs AITN : R . Leic-v ier
A ITN: B. Gabb a rd

Loc kheed Mi s siles & Space Co., Inc. A ll’.: H. lurco
AlT’.: Dept. 60 12 AIIM: F . G i l i nore
A IIM: D. Chu rchill All’.: H. Ory

AIIM : W . Kau ’zas
Lock heed M is si~ es and Space Co., Inc. All’.: H , lIr i qht , Jr.

AII M : R. Johnson All’.: C. Mat Donald
AI IM: N . Walt
A I IM:  W. Imhof Ra nd Corp.

AIIN: F. Bedrozian
Los A lamo s Scie ntific Laboratory All ’.: C. (‘rain

A I IM : Dec. Con , for D. West e rvelt
A IIN: Dec. Con , for R . Taschek R ive r side Researc h Inst i tute
A I I M : P. Keaton All’.: V . ln’apani

M .I.T . Lincoln La b. Sandia Lahot -a tor iu ’~AI IM : D . Towle Livermore laboratory
AIIM: I. Louqh li n AIIM: floc. Con , for I . Cook
AIIM: D. Clark A IIM : [Lot . Co n. t tn r  B. Mt i t ’~nit ’~
ATIN:  P . Waldron

Sandia Laboratories
McDonnell Douglas Corp . All’.: [bc. Con . t tnu ’  314]

AII M : N . Har ri s AIIM: Doc . (li nt . let ’  S p i c e  I t t  j~~Ct  D i v.
All’.: 0. Mroz AITM: Doc. Con , for [1 , Tftou’nhrouqh
All’.: J. Moule AIIM : [b c . (‘Inn , for H, Brown
AIIM: W . Olson ATIN : Doc . Con , f o r  P. [)ahlqr&’n

Mission Research Corp. Science Applications , Inc .
AIIM : R , Hendrick A’TIN: 1. tins on
ATIN: S. Gutsche A IIM: P. Hani lin
AIIM: F . Fa3en All’.: EL . Sachs
AIIM : D. Sowle AIIM: I , Straker
AIIM : R . Boqusch All’.: 3. Mct louqall
AIIM : P. Fischer All’.: C . Sinn ith
AlT ’.: M . Schei h e
A ll’.: I’.. Fuiks Science Applicat ions , Inc .
A TTM : 1. Scott H untsvi llt’ Div ision
AI IM: W . Wort ma n All’ .: 0. f l i v is

5 cy AIIM:  Doc umen t Con tr ol
Science Appl icat ions , Inc .

• M i tre Corp . AIIM : Si
AI IM: C. Callahan
AIIM: 0. Ha rding SRI International

AIIM: 0. Carpen te r
M itre Corp. ATIM: EL. John son

All’.: W . Foster All’.: C . R i n o
All’.: N . Horrocks A IIN: 0. S m i t h
AIIM: W. Hall AIIM: 0. Price

All’.: H. l eadab rand
Pacific—Sierra Research Corp. A IIM: 3 , Peterson

AIIM : 1. FIeld , Jr. AIIM : W . Jaye
All’.: F. Thomas AIIM : N. Baron

AIIM : A. Burns
Pennsylvania State Univers ity AIIM : D . ‘.eilson• Ionosphere Research Lab. A IIM : W. Chesnut

AII M : Ionospheric Research Lab .
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DEPARTMENT OF DEFENSE CONIRACIORS (Continued ~ DEPARTMENT OF DEFENSE CONTRACTORS (Continuedj

- 
In -Corn, Inc. Visidyne , Inc.

A IIM : D . ~irray AIIM: J. Carpenter
AIIM: C. Humphrey

TRW Defense & Space Sys. Group
AIIM: S. Altschuler
AIIM: R. Plebuch
AIiM: D. Dee

I

L - 
_


