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Ce volume se compose de 3 parties : 

III .5, 1, Prosuection systématique, 

Correspondances avec 17 pays, par ordre alphabétique : 

. Afrique du Sud 
, Belgique 
, Brésil 
, Canada 
, Colombie 
. Danemark 

. , Equateur 
, Espagne 
, Etats-Unis 
. Grande-Bretagne 
, Hongrie 
, Indonésie . Nouvelle-Zélande 
, Pays-Bas 
, République Fédérale d1 Allemagne 
, Tunisie 
. Urugpgy 

III .5,2. Echanges avec les Etats-Unis. 

Comptes-rendus de visites : 

, au S,E.A.N. 
chez Monsieur Mac Crosky (prairie) 

III .5.3. Ecbanges avec l a  Tchécoslovaquie. 

correspondances avec Monsieur Ceplecha, et compte- 

rendu de visite à son observatoire (Réseau européen 

de détection des météores), 



111.5, ANNEXE : correspondances e t  v i s i t e s  à l'étrernger. 

III .S. 1 . Prospection systématique. - - - - - - - - - - - - - - - - -  

Cette part ie  de l'annexe au chapitre III présente t o u t e s  

l e s  correspondances échangées daas l e  cadre des  p r i s e s  de 

contact systématiques d é c r i t e s  au pa.ra.111. 1 . 1  . 
Le s igne  48 ajouté  en marge d'une adresge s i g n i f i e  qu'une 

l e t t r e  du second type y a é t é  envoyée. 
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L e t t r e  ad re s sée  aux ambassades parisiennes 



Francois LOUANGE 
I n _ c P n i c u r  - C o n :  e i l  

à l i a t t e n t i o n  de 

Monsieur l ' A t t a c h é  S c i e n t i f i q u e  
2, rue  Sain te-Anastase,  
75CO3 P A Z I S  

Té l .  : ( 1 )  2 7 7 . 4 9 . 5 6  

P a r i s ,  l e  19/04/82 

Monsieur,  

cha rgé  p a r  un s e r v i c e  du Cen t r e  N a t i o n a l  d l E t u d e s  Spa- 

t i a l e s  d ' e f f e c t u e r  une é t u d e  s u r  l ' é t a t  a c t u e l  d e s  r e -  

c h e r c h e s  dans  un domaine s c i e n t i f i q u e  p a r t i c u l i e r ,  je 

me pe rme t s  de m ' ad re s se r  à vous ,  a i n s i  q u ' à  v o s  homo- 

l o g u e s  d ' a u t r e s  ambassades p a r i s i e n n e s .  

Le problème é t u d i é ,  dont vous  pou r r ez  t r o u v e r  c i - j o i n t  

un exposé  s u c c i n c t ,  concerne l a  d é t e c t i o n  d e s  phénomè- 

n e s  a é r o s p a t i a u x  r a r e s ,  pour l a q u e l l e  une c o l l a b o r a-  

t i o n  e t  d e s  échanges  de données p o u r r a i e n t  s ' a v é r e r  

f r u c t u e u x  pour l e s  c h e r c h e u r s  d e s  d i f f é r e n t e s  d i s c i -  

p l i n e s  concernées .  

Pour r iez- vous  m e  f a i r e  s a v o i r  si dans  v o t r e  pays  d e s  

l a ~ o r a t o i r e s  de r e c h e r c h e  ou d i a u t r e s  o rgan i smes  s ' i n -  

t é r e s s e n t  à l a  d é t e c t i o n  d e s  phénomènes a é r o s p a t i a u x  

r a r e s  ( c h u t e s  de m é t é o r i t e s ,  f o u d r e ,  ...) e t  s ' i l s  u- 

t i l i s e n t  d e s  moyens de d é t e c t i o n  sy s t éma t ique  ( r a d a r s ,  

caméras ,  images  de s a t e l l i t e s ,  ...) ? Dans l ' a f f i r m a -  

t i v e ,  vous  s e r a i t - i l  p o s s i b l e  de me m e t t r e  en  c o n t a c t  

avec c e s  l a b o r a t o i r e s  ou o rgan i smes ,  ou à d é f a u t  de me 

f o u r n i r  d e s  r e n s e i & e a e n t ç  s u r  l e u r s  a c t i v i t é s  e t  l e s  

moyens t e c h n i q u e s  dont i l s  d i s p o s e n t  dans  c e  domaine ? 

En vous  r e m e r c i a n t  à l ' a v a n c e  pour v o t r e  c o l l a b o r a t i o n ,  

j e  vous  p r i e  d ' a g r é e r ,  Xocs ieur ,  l ' e x p r e s s i o n  de m a  

p a r f a i t e  c o n s i a é r a t i o n ,  



ETUDE DE LA DETECTION DES PHENOMENES AEROSPATIAUX RARES ....................................................... 

Depuis plusieurs années, l'étude de phénomènes aérospatiaux rares a été entreprise 
au sein du CNES. Cette tâche, confiée au GEPAN (Groupe d'Etude des Phénomènes 
Aérospatiaux Non-identifiés) a conduit à mettre au point des méthodes efficaces 
de collecte et d'analyse d'informations originales concernant des phénomènes aéro- 
spatiaux fugitifs, non prévisibles et généralement non reproductibles. Certains de 
ces phénomènes sont connus et déjà étudiés (météorites, décharges d'électricité 
atmosphérique ... ) ; d'autres restent probablement à expliquer. 

Tous ces phénomènes ont en commun que de nombreuses informations les concernant 
se présentent sous forme de témoignages humains. C'est donc sur l'étude de tels 
témoignages (recueillis et transmis par la Gendarmerie Nationale) que le GEPAN a , 

d'abord fait porterson effort principal ; il a ainsi pu établir que, sous réserve 
de certaines précautions méthodologiques, il est parfaitement possible d'extraire 
de telles informations des données exploitables pour une recherche scientifique. 
Celles-ci, bien que largement ignorées de nos jours par les chercheurs, revêtent 
un caractère unique, des informations équivalentes ne pouvant être totalement 
fournies par d'éventuels systèmes instrumentaux ; il faut voir là deux voies 
d'acquisition de données, indépendantes et complémentaires,concernant les phéno- 
mènes aérospatiaux rares. 

Lors de sa dernière réunion (janvier 82) ,  le Conseil Scientifique du GEPAN a 
recommandé que soit entreprise une étude sur les possibilités techniques et 
les besoins de détection systématique des phénomènes aérospatiaux rares. Ce 
travail comporte un recensement et une analyse préalable portant sur les points 
suivants : 

O les besoins actuels des laboratoires de recherche scientifique et autres 
organismes intéressés par certains de ces phénomènes (protection de 
l'environnement, par exemple) ; 

O les moyens de détection actuels (radars, caméras grand champ. 1, implantés 
en France ou à l'étranger ; 

O les extensions opportunes, sous forme d'adaptation de systèmes existants 
ou développement de systèmes originaux. 

Les résultats de ce premier travail d'enquête devront conduire prochainement 
tous les partenaires intéressés à débattre sur le choix d'une proposition concrète 
de mise en place de systèmes de détection et de diffusion de données. 



Lettre adressée aux laboratoires et organismes 



2 rue Sainte-Anastase. 
- -  - , : ~ ; 3  PARIS 
- 
i c i .  : ( 1 )  2 7 7 . 4 9 . 5 6  

t i c  S I R E T  : 3 1 9 5 3 2 5 0 3  0001 L 

Monsieur,  

P a r i s ,  / /82 

j e  s u i s  chzrgé  p a r  un s e r v i c e  du C.X.Z.S. (Cen t r e  N a-  

t i o n a l  d ' E t u d e s  S p a t i a l e s )  d ' e f f e c t u e r  une é t u d e  de 1' 

é t a t  a c t u e l  d e s  moyens e t  d e s  b e s o i n s  dans  l e  domaine 

de l a  d é t e c t i o n  a e s  phSnomènes a é r o s p a t i a u x  r a r e s .  Ce 

s u j e t ,  q u i  e s t  b r ièvement  p r é s e n t é  dôns  l e  p a n i e r  c i -  

j o i n t ,  r e couv re  t o u s  l e s  phépo3ènes s p o r a à i q u e s  e t  irn- 

p r é v i s i b l e s  q u i  peuvent  s e  p r o d u i r e  àacs l a  Basse at- 

mosphère, comme l a  f o u d r e ,  l e s  é t o i l e s  f i l a t e s , . . .  

L a  p r emiè r e  é t a p e  de c e  t r a v a i l  c o n s i s t e  n a t u r e l l e m e n t  

à p a s s e r  en  r e v u e ,  dans  l a  mesure du p o s s i b l e ,  l e s  

sys tèmes  e x i s t a n t s  s u s c e p t i b l e s  de p r é s e n t e r  un i n t é -  

r ê t  pour c e t t e  d é t e c t i o n  ( r a d z r s ,  c a i é r a ç  à grand 

chanp, à é t e c t e u r s  é lec t romagné t iques , . . . ) .  Dans c e t t e  - o p t i q u e ,  j l a i  p r i s  c o n t a c t ,  en : rance ,  avec l ' a v i a t i o n  

c i v i l e ,  l ' â r m é e ,  l a  rnétéorologfe  n a t i ~ n z l k ,  l e s  spé-  

c i a l i s t e s  à r s  m é t é o r r s  e t  n é t 6 o r i t r s ,  dz l a  s r o t e c t i o n  

de l ' e n v i r o n n e n e n t ,  e t c . . .  J ' a i  e g z l s a e n t  Q c r i ~  à plu-  

s i e u r s  aqbzçsades  à P a r i s ,  e t  l e  r e s r é s e n t a n t  a e  v o t r e  

pays  m ' a  aimablement conmuniqu6 v o t r e  a a r e s s e .  

S i  vous d i s p o s e z  d ' i n f o r m a t i o n  s u r  e e s  sys tèmes  de àe- 

. t e e t i o n  u t i l i s é s  dans  v o t r e  pays ,  j e  vous  s e r a i s  t r è s  

r e c o n n a i s s a n t  de b i e n  v o u l o i r  n 'envoyer  que lqu9s  données 

t e chn iques .  

Dans l ' a t t e n t e  de v o t r e  r éponse ,  j e  vous p r i e  alagréer, 

Nons ieur ,  1' c x o r e s s i o n  de m a  p a r f a i t e  c ~ o n s i d & r a z i o n ,  . 



Francois LOUANGE 
l c g ~ n : e u r  - C o n s e i l  

Paris, / / 8 2  

S i r ,  

1 have been appo in t ed  by a depar tment  of t h e  f r e n c h  

n a t i o n a l  space  r e s e a r c h  c e n t r e  C.N.B.S. i o  unde r t ake  

a survey  of e x i s t i n g  means and needs  i n  t h e  f i e l d  of  

d e t e c t i o n  of r a r e  ae rospace  phenornena. T h i s  t o p i c ,  

which i s  b r i e f l y  d e s c r i b e d  i n  t h e  a t t a c h e d  pager ,  

i n c l u d e s  a l1  s p o r a d i c  and n o n- p r e d i c t i b l e  l u n i n o u s  

phenonena t h a t  may occu r  i n  low atmosphere,  such as 

l i g h t n i n g s ,  f i r e b a l l s ,  e tc . .  . 

The f i r s t  s t e p  i n  t h i s  work i s  obviouç ly  t o  review,  

a s  f a r  as p o s s i b l e ,  al1 e x i s t i n g  sys tems  t h a t  a r e  

l i k e l y  t o  be u s e f u l  f o r  such a d e t e c t i o n  ( r a d a r s ,  

wide f i e l d  c a n e r a s ,  e l ec t ro rnagne t i c  d e t e c t o r s ,  ...), 

With t h i s  i n  view, 1 go t  i n t o  t ouch ,  i n  Frânce ,  x- i th  

c i v i l f a n  a v i a t i o n ,  a rmie s ,  rneteorolo ,gis ts ,  spec i a-  

l ists of f i r e b a l l s  and m e t e o r i t e s ,  p r o t e c t i o n  of 

environment ,  e tc . . .  1 a l s o  s e n t  a  l e t r e r  t o  v z r i o u s  

embass ies  i n  P a r i s ,  and your  c o u n t r y '  ç r e - r e s e n t a t i -  

ve k i n d l y  s e n t  me your  add re s s .  

I f  you have i n f o r m a t i o n  on d e t e c t i o n  s y s t e z s  t h a t  

a r e  used i n  your  coun t ry ,  1 would be n o s t  g r a t e f u l  

f o r  r e r e i v i n g  from you some t e c h n i c a l  da t a .  

Looking forward t o  h e a r  of  you,  I rernain 

Yours s i n c e r e l y  , 



STUDY ON DLTECTION OF RARE UGOSPACE PEENOijIENA 

A s tudy  of r a r e  aerospace phenomena has  been conducted f o r  s e v e r a l  years 
by a  department of CNES : e n t r u s t e d  wi th  this t a s k ,  t h e  GEPAN ( ~ r o u p e  d '  
Ztude d e s  Phénomènes Aérospat iaux ?Ton- ident i f iés)  developed e f f i c i e n t  
methods t o  c o l l e c t  and analyze o r i g i n a l  i n fo rma t ion  concerning t r a n s i e n t ,  
u n ~ r e d i c t i b l e  and g e n e r a l l y  non- reproducible aerospace phenomena. Some 
of t h e s e  phenomena a r e  known and a l r eady  under s tudy  (e.g. me teo r i t e s ,  
d i s cha rgeç  of atmospheric e l e c t r i c i t y  ...); o t h e r s  a r e  probably still  to 
be explained.  

A l 1  t h e s e  phenomena have i n  common t h a t  most in format ion  i s  a v a i l a b l e  
through human tes t imonies .  For t h i s  r ea son ,  GEPAN h a s  devoted most of 
i ts  e f f o r t s  t o  t h e  s tudy  of such t e s t i n o n i e s  ( c o l l e c t e d  and t r a n s m i t t e d  
by t h e  f r ench  "Gendarmerie Na t iona le H) ,  and bas e s t a b l i s h e d  t h a t  i t  is 
p e r f e c t l y  f e a s i b l e  t o  e x t r a c t  from t h i s  i n fo rma t ion  va luable  d a t a  f o r  
s c i e n t i f i c  rv sea rch ,  proviàed some methodological  p recau t ions  a r e  taken. 
Such d a t a ,  a l though g e n e r a l l y  ignored  nowadays by r e s e a r c h e r s ,  t a k e  on a 
unique c h a r a c t e r ,  as no equ iva l en t  i n fo rma t ion  could be t o t a l l y  provided 
by t e c h n i c a l  equipments; one should s e e  t h e r e  two independant and com- 
plementary means of data .  a c q u i s i t i o n  about r a r e  aerospace phenomena. 

During i t s  l a s t  meeting ( i n  January 1982), GE?AN1 s S c i e n t i f i c  Board r e -  
comaended t o  undertake a s tudy  on t e c h n i c a l  p o s s i b i l i t i e s  and a c t u d  
needs f o r  d e t e c t i o n  of r a r e  aerospace ~henomena. This work i n c l u d e s  a 
survey and a pre l iminary  a n a l y s i s  of t h e  fo l lowing  p o i n t s  : 

- presen t  needs of s c i e n t i f i c  r e s e a r c h  l a b o r a t o r i e s  and o t h e r  i n s-  
t i t u t i o n s  i n t e r e s t e d  i n  some of t h e s e  phenomena (e.g. f o r  p ro tec-  
t i o n  of t h e  environment);  

- e x i s t i n g  d e t e c t i o n  means ( r a d a r s ,  widv f i e l d  cameras ... ), i m -  
plemented i n  France op abroad; 

- convenient ex t ens ions ,  e i t h e r  a s  a d a p t a t i o n  of e x i s t i n g  m e a n s  o r  
as development of o r i g i n a l  systems. 

The r e s u l t s  of t h i s  i n i t i a l  work w i l l  soon enable  al1 i n t e r e s t e d  p a r t i e s  
t o  d i s c u s s  t h e  choice of a concre te  proposa l  aiming at t h e  se t- up of de- 
t e c t i o n  and d a t a  d i ssemina t ion  s y s t  ems. 

* 



. .  rue  Sainle-Anastase. 
lm33 PARIS 

T2l  : ( 1 )  277 .49 .56  

ho S I R E T  : S i 9 5 3 2 5 0 3  00012 P a r i s ,  / /82 

Muy s e n o r  d o ,  

he  s i d o  encargado p r  un depar tamento  d e l  c e n t r o  fia- 

c e s  de i n v e s t i g a c i o n  e s p a c i a l  C.N.E.S. de un e s t u d i o  de 

l o s  medios y de las neces idades  e x i s t e n t e  en  e l  campo 

de l a  d e t e c c i o n  de l o s  fenomenos a e r o s p a c i a l e s  r a r o s .  

E s t e  tema, brevemente p r e sen t ado  en  e l  pape1 ad jun to ,  

a t a n e a t o d o s  l o s  fenomenos l u n i n o s o s  e ç p o r a d i c o s  Y im- 

p r e v i s i b l e s  que pueden o c u r r i r  en  l a  a t m o s f e r a  b a j a ,  

ta1 como e l  rayo ,  z e t e o r i t o s ,  e tc . . .  

L a  p r imera  e t a p a  de e s t e  t r a b a j o  c o n s i s t e  na tura lmente  

en un e s t u d i o  de l o s  s i s t e m a s  a c t u a l e s  que pod r i an  s e r  

u t i l e s  para una ta1  d e t e c c i o n  ( r a d a r e s ,  camaras de gran 

campo, d e t e c t o r e s  e l ec t romagne t i cos , .  ..). Con e s t a  i d e a ,  

ne  he  pues to  en c o n t a c t o ,  en  F r a n c i a ,  con l a  a v i a c i o n  

c i v i l ,  e l  e j e r c i t o ,  meteorologos ,  e s p e c i a l i s t a s  en me- 

t e o r o s  y m e t e o r i t o s ,  protection d e l  medio ambiente ,  e t c .  

He e s c r i t o  t a x b i e n  c a r t a s  p a r a  v a r i a s  embajadas  en Pa- 

ris, y e l  r e p r e s e n t a n t e  de Su p a i s  me f a c i l i t o  amabla- 

mente Su d i r ecc ion .  

S i  Ud t i e n e  in formacion  s o b r e  s i s t e n a s  de  d e t e c c i o n  u- 

t i l i z a d o s  en Su p a i s ,  Le a g r a d e c e r i a  mucho si me man- 

d a r a  a lgunos  d a t o s  t e c n i c o s .  

En l a  e s p e r a  de Su c o n t e s t a c i o n ,  Le s a l u d o  muy a t e n t a -  

mente,  



ESTUDIO DE LA DETZCCION DE LOS FENOMEXOS AiROSPACIALES RAROS 

Hace ya v a r i o s  anos  que e l  CNES e s t u d i a  fenomenos a e r o s j a c i a l e s  r a r o s ,  
g r a c i a s  a uno d r  s u s  depar tamentos  : e l  GEPAN ( ~ r o u p e  d tE tude  de s  Phé- 
nomènes Aérospat iaux E o n - i d e n t i f i é s ) .  E l  t r a b a j o  de i n v e s t i g a c i o n  con- 
secuen te  ha  permi t ido  d e s a r r o l l a r  v a r i o s  métodos e f i c a c e s  pa ra  l a  C o -  
l e c t a  y e l  a n a l i s i s  de in formaciones  o r i g i n a l e s  sob re  l o s  fenornenos ae- 
r o s p a c i a l e s  fugaces ,  que no pueden s e r  p r e v i s t o s  n i  generalmente repro-  
ducidos.  Algunos de e s o s  fen6menos son y a  conocidos  y e s t u d i a d o s  (mete- 
o r i t o s ,  de sca rgas  de e l e c t r i c i d a d  a t m o s f é r i c a  . . . ); o t r o s  quedan po r  
e x p l i c a r .  

E l  punto c o m h  de t o d o s  e s o s  fenomenos e s  que l a  aayor  p a r t e  de s u s  i n -  
formaciones  s e  p r e s e n t a  en  forma de t e s t imon ios .  E n  consecuencia ,  e l  
G 3 P A N  empez6 sob re  t odo  por  e l  e s t u d i o  de l o s  t e s t i m o n i o s  ( r e c o g i d o s  y 
t r a n s m i t i d o s  por  l a  "Gendarmerie Nat ionale t1)  ; de e s a  rnanera e l  GEPAN ha  
podido e s t a b l e c e r  que, si s e  r e s p e t a n  c i e r t a s  p r ecauc iones  metodologi-  
c a s ,  e s  per fec tamente  p o s i b l e  e x t r a e r  de t a l e s  in formaciones  d a t o s  ex- 
p l o t a b l e s  en  una  i n v e s t i g a c i o n  c i e n t f f i c a .  
Esa s  in formaciones ,  aunque b a s t a n t e  i g n o r a d a s  por  l o s  i n v e s t i g a d o r e s  
a c t u a l e s ,  son  de un c a r a c t e r  Gnico, pues to  que no pueden s e r  o b t e n i d a s  
t o t a l m e n t e  g r a c i a s  a s i s t e m a s  i n s t r u m e n t a l e s  e ~ n t u d a 6 .  Lusgo p t e -  
c i s o  reconocer  que hay dos  métodos de a d q u i s i c i o n ,  i ndepand ien t e s  y  
complementarios,  de l o s  d a t o s  que concernen l o s  fenomenos a e r o s p a c i a l e s  
r a r o s .  

En l a  G l t i m a  r eun ion  d e l  Consejo ~ i e n t i f i c o  d e l  GEPAN (en  Enero 19821, 
s e  ha  aconsejado emprender un e s t u d i o  s o b r e  las p o s i b i l i d a d e s  t é c n i c a s  
y las neces idades  de d e t e c c i 6 n  s i s t e m a t i c a  de l o s  fenomenos ae rospac i a -  
l e s  r a r o s .  Ese t r a b a j o  comporta un recensamiento y  un a n a l i s i s  p r ev io  
sob re  l o s  s i g u i e n t e s  puntos  : 

- las neces idades  a c t u a l e s  de l o s  l a b o r a t o r i o s  de i n v e s t i g a c i o n  
c i e n t i f i c a  y de l o s  o t r o s  organismos i n t e r e s a d o s  por  a lgunos  de 
e s o s  fenomenos (po r  ejemplo : l a  protection d e l  rnedio ambien te ) ;  

- l o s  s i s t e m a s  a c t u a l e s  de de t ecc ion  ( r a d a r e s ,  carnaras de gran 
campo ...) que e x i s t e n  en F r a n c i a  O en  e l  e x t r a n j e r o ;  

- las ex t ens iones  opor tunas ,  ba jo  l a  forma de adap t ac ion  de sis- 
temas que e x i s t e n  y a ,  O d e l  d e s a r r o l l o  de nuevos s i s temas .  

Los r e s u l t a d o s  de e s t e  t r a b a j o  primer0 de encues t a  p e r d t i r o n  proxima- 
mente que t odos  l o s  i n t e r e s a d o s  ouedan d i s c u t i r  de p ropos i c iones  con- 
c r e t a s  sobre  l a  i n s t a l a c i o n  de s i s t e m a s  de de t ecc ion  y de d i f u s i o n  de 
da to s .  
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AMBASSADE D ' A F R I O U E  D U  SUD 
BUREAU D U  CONSEILLER SClENTlFlOUE 

Votre réf. : 
SB. Q U A I  D ' O R S A Y  

78007 PARIS 

Notre réf. : 

l e  23 a v r i l  1982 

M. F rançois  Louange 
Ingenieur- Consei l  
9, rue  Sainte- Anastase  
75003 PARIS 

Monsieur, 

I l  e x i s t e  t r o i s  I n s t i t u t s  en Afr ique  du Sud auxquels  vous 
pour r i ez  é c r i r e  concernant  l a  d é t e c t i o n  d e s  phénomènes . 
a é r o s p a t i a u x  rares: 

1) The Na t iona l  I n s t i t u t e  f o r  Telecommunications Research 
CSIR 
PO Box 3718 
2000 Johannesburg 

Ils o n t  a u t r e f o i s  é t u d i é  l a  foudre  e t  il es t  p o s s i b l e  
q u ' i l s  c o n t i n u e n t  l e u r s  r eche rches  s u r  ce  phénomène. Un d o s s i e r  
s u r  des  r a p p o r t s  d'OVNIs est également m i s  à jour.  

2 )  The Na t iona l  E l e c t r i c a l  Engineer ing Research I n s t i t u t e  
CSIR 

@ PO Box 395 
0001 PRETORIA 

A p r é s e n t ,  c e t  I n s t i t u t  s 'occupe de l a  d é t e c t i o n  de 
décharges d ' é l e c t r i c i t é  atmosphérique sur l 'Afr ique du Sud, p a r  
moyen d ' e n r e g i s t r e m e n t  é l e c t r o n i q u e .  

3) The South Afr ican  Astronomicai  Observatory 

@ PO Box 9  
Observatory 
CAPE TOWN 7935 

Je n e  s u i s  p a s  au  cou ran t  des  r eche rches  e f f e c t u é e s  p a r  
c e t  I n s t i t u t  m a i s  vous p o u r r i e z  demander d i rec tement  s i  l ' o n  
f a i t  de s  r eche rches  s u r  les c h u t e s  de m é t é o r i t e s .  

Dans t o u s  les cas, vous d e v r i e z  vous a d r e s s e r  au D i r e c t e u r  de 
1' I n s t i t u t ,  de p r é f é r e n c e ,  en a n g l a i s .  

Veu i l l ez  a g r é e r ,  Monsieur, l ' e x p r e s s i o n  de m e s  s en t imen t s  les 

C o n s e i l l e r  S c i e n t i f i q u e  

RUREAZI DE LIAISON 'DU ,CONSEIL SUD-AFRICAIN POUR LA RECHERCHE SCIENTIFIQUE ET INDUSTRiELLE (CSIRI 



C S I R  

Counci l for Scientific and Industrial Research 

National lnstitute for Telecommunications Research 
P.O. Box 3718 Johannesburg 2000 South Africa Telegrarns Navontel Yeoville 2198 Tel (011) 64&1150/6 

Our ref. 51812 (4)2 Your ref. 

28 July 1982 

Mr. F. Louange 
9, Rue Sai nte-Anastase 
75003, PARI S. 

Dear Mr. Louange, 

OBSERVATIONS OF RARE AEROSPACE PHENOMENA 

The only phenomenon of the class mentioned in your enqui ry that i s  
specifically studied here on a continuing basis i s  t h a t  of lightning. 
1 should mention that in large parts of South Africa lightning i s  a 
frequent occurrence, t h o u g h  predictable only in a statist ical  sense. 

The Nati onal 1 nsti tute for El ecti cal Engi neeri ng Rese'arch operates 
a country-wide network of l i  ghtning counters and also carries o u t  a 
programme of research i nto the parameters of 1 i ghtning with the aid 
of a lightning mast and associated measuring equipment. 

This Institute, the National lnstitute for Telecommunications 
Research, carries out research into the physics of lightni ng using a 
system of spaced vhf receivers to obtai n three-dimensional images 
of lightning with very high spatial and temporal resolution. 

Apart from the above examples there i s  no conscious attempt t o  keep 
a watch for rare phenomena. Of course i f  any such phenomena 
were reported the reports would be judged against routine meteorological 
observations, records of the existing civi 1 and mi 1 i tary radar 
networks, and so on. 

Yours si ncerely, 

DI RECTOR 

RWV/msm 

Please address al1 correspondence to the Director 



Council for Scientific and Industrial Research 

National Electrical Engineering Research I nstitute 
P O Box 395, Pretoria, O001 South Africa Telex 3-630 SA Telegrams Navorselek Tel. (012) 80-3211 

Our ref. NEERI/E~/ 1 Your ref. 

BY AIRMAIL 

Mr Francois Louange 
9 rue Sainte-Anastase 
75003 PARIS 
France 

Dear Mr Louange 

Lightning detection 

Your letter of 21 May 1982 refers. We have for a number of years been 
engaged in lightning research, mainly with the purpose of determining the 
effects that lightning ground flashes have on electrical installations. 

The method of detection is by the characteristic components of the 
frequency spectrum of a lightning flash which reaches the ground. The 
position of the flash is then determined in two ways: 

(a) By cameras taking a 360 0 picture of the horizon or by TV cameras 
covering a smaller area of interest. 

(b) By comparing the two signals induced in a crossed loop antenna. 

A lightning ground flash counter, based on the typical frequency 
characteristic of lightning flashes striking the ground, has also been 
developed by us and is presently used to determine the geographical dis- 
tribution of lightning ground flashes in South Africa. In conjunction 
with this we are operating a microcomputer based system developed by 
Lightning Location and Protection of Tucson, USA, which uses a crossed 
loop antenna for lightning detection and location. 

We are also operating another system in conjunction with a German organi- 
zation, which monitors global lightning distribution using low frequency 
crossed loop antennae. The system has a range of several thousand kilo- 
metres and stations are currently situated in Berlin, Tel Aviv and Pretoria. 

Please address al1 correspondence to the D~rector. National Electrical Engineering Research ln~titute; CSlR 
- - 



NATIONAL ELECTRICAL ENGINEERING RESEARCH INSTITUT€. C.S.I.R. 

--- 1 hope that the above information willbe of use to you. 1 also enclose 
a review paper which summarises current lightning research activities in 
South Africa. Should you require more details, please do not hesitate to 
contact us again. 

Yours sincerely 

H Kroninger 
Lightning Research Division 
Electric Power Department 
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by R B Anderson 

Reprinied fiom THE TRANSACIlONS OF. THE S A IWSïïTUTE OF ELECTRICAL ENGINEERS, Vol 71, Part 4, A p d  1980 



President of the lnstitute 1979 

Dr R B Anderson 

--- 
D r  Ralph Blyth Anderson was born in 1916 in Bulawayo and educated at the Milton High School there. 
In 1937, he was awarded the degree of BSc (Engineering) at Cape Town. 

He worked with the Southern Rhodesia Electricity Supply Commission and. together with Mr R D 
Jenner, was awarded the Gold Medal of the lnstitute for a paper on Lightning published in the Trans- 
actions in 1954. In 1965 he joined the CSlR and i s  now Head of the Power Electrical Engineering Division 
of the National Electrical Engineering Research Institute. 

He was appointed Convenor of theworking Group 33.01 (Lightning) of Study Committee NO. 33 
of CIGRÉ (International Conference on Large Electric Systerns at High Tension) as from January 1970 
after service with the Working Group since 1963. He was awarded the degree of Doctor of Philo- 
sophy by the University of Cape Town in December, 1972 for a thesis enfitled 'The Lightning Dis- 
charge.' 

Dr Anderson i s  the author of a number of papers, many jointly with colleagues. 
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Lightning research in Southern Africa* 
R B Anderson 

The paper reviem the drvelopment of the lightning discharge from the initial stage of charge sepanrion, through to  the muhanisms d the d iwhrge wiihin a thunder- 
cioud and fina'ly in iu path to earth. A t  the same rime. attention is d n w n  to the considenble contributions made by scientisrl and ensineen in Sovthern Afria. 

The clusial  works of Schonland and Malan. together with their contemporary c o l l ~ y u u .  figure high on the i à r  but they are followed by other no l e u  enthusi,utr<ic. in- 
vsrtigaton. each of whom addcd yet another contribution t o  the knowleoge of lightnin;, o r  applied ii to  Che protection of systems be thcy elcuric power. CO~mUnIUUOnS. 
buildmgs or simply CO the salety of human beings. 

The nr iour  lightning panmeters are discussed together r i t h  the means whereby they have becn or are being meuured: these include the multiple stroke fluh. the 
lightning curreni magnituae and iu shape and the lightning f l uh  densiry in the Republic. 

'inally. the optimisation of the prorection of power and communication srstems is discusscd, end the appiiotion of lightning dau to  the philosophy of the prorrctlon of 
buildings and of piople. 

In conciusion. the review il lustratu r h i t  while a great de i l  of knowledge of lighrnin; h u  been u q u i r d  over the yean there are still many armas w h t r ~  furthcr ruurrh 
b urgently needed in order chat proteetive meuures may be improved with benefit to the s ik ty  and prosperity of ail peoplU of the Country. 

OPSOMMING 
Die referaat bied 'n oonig van die oniwikkeling van die weerligontlading, vana( die beginsudium van ladingskeiding rot die meganismes n n  ontlading binne die donder- 

wolk en uiteindelik in sy pad na die urde. Die undag word tenelfderryd gevestig op die unsienlike bydnes Peur Suid-Alrikaanse werenskaplikn en ingenieuo. 
Die kllrsieke werk van Schonlrnd en Malan en hulle tydgenote s tun  hoos ungeskrewe, m u r  hulle is gevolg deur rnder wat nie minder entoesiarties w u  nie. en elkeen 'n 

bydne remuk het toc die kennis oor weeriig of cot die beveiliging van elektriese kngstelsels. kommunikuiatelsels. seboue of die veilisheid van mense. 
Die verskillende weerligpanmeten word bupreek, u o o k  die meroda wunolgens dit gemeei is of word: dit sluit i n  die mult i -stml ontladin;. g rw t te  vin die 

weerligstroom en die golfvorm daanan. .en die weerligdigtheid in die Republiek. 
Die' optimisering van die beveiliging van kng-  en kommunikuiutelsels word tan slotce bespreek. u w k  die tocpusint van weeriitdau tM opsigte VM die 

beskerming van geboue en mense. 
Laascens toon die oonig dit. alhoewel 'n g r w t  hoeveelheid kennis deur die iarc oor weerlig ingewin is. d u r  no; baie gebiede is w u r  verdere navoning dringend benodig 

word soda1 beveiligingsmaatrecls verbecer kan word t o t  voordeel van die veiligheid en voonpocd VM almal in die Iind. 

1 Introduct ion 

In this review it is intended to  describe, rather cir- 
cumspectly perhaps, the development of the lightning 
discharge. and to draw, at the same time, special attention 
to the contributions made by South Africans (and 
Rhodesians) to the advancement of the science and the 
engineering implications of the phenomena. 

First of al]. compared to the global situation (Fig l), 
the isokeraunic level, reaching over 100 thunderstom 
days per annum in some parts of South Africa, is one of 
the highest for an area having a comparatively advanced 
industrial development with its network of electnc power 
and communication systems. Thus it was no great 
wonder that the problems which faced the country were 
tackled by its scientists and engineers early in the 
century, soon afrer the development of electric trans- 
mission and distribution systems had begun. 

In fact, these difficulties were referred to in the early 
annals of this lnstitute, and the first paper directly 
describine the relation of atmospheric phenomena to the 
production of overvoltages in overhead electric trans- 
mission lines was presented by G V AdendorfV1) in 191 1 
and published in Vol 2 of the Transactions of the 
Institute. 

Considering the fact that Iittle knowledge was avail- 
able compared to the present day, this paper recorded 
some very close estimates of lightning parameters and 
also some unusual theories. For example, the estimated 
breakdown potential for air at 33 kV cm-' resulted-in a 
lightning potential of the order of 5 x 1OVV. The 
discharge was assumed to be highly oscillatory having a 
frequency of 50 to 500 kHz; it lasted two or three 
microseconds and delivered a current of 10 kA. 

The author strongiy advocated overhead grounded 

'Presidential Address delivered to The South African Institute of 
Electrical Enginers on 28th Febniary, 1979. 

wires to guard against direct strokes of lightning to 
power lines, for 'if the discharge is very heavy, as 
usually is the case, the probabilities are that a portion 
of the section struck will completely disappear. . .' 
The paper concludes with the following parapraph: 

'The whole quesiion of atmospheric phenomena in this 
country is of such vast importance to  the electrical 
engineer that a complete study of the whole subject 
should receive his careful consideration. Any time spent 
would be amply repaid with the thought that the progress 
of our eiectrical knowledge on the subject was being 
made more rapid and secure'. 

However, senous research into lightnine in South 
Africa was only to  bepin in the 1930s, mainly at the 
instigation of a Mr T P Pask of the Victoria Falls and 
Transvaal Power Company (VFP) who again extolled 
the necessity for lightning research in a paperc2) to the 
Institute in early 1930, which resulted in the setting up of 
the 'Lightning Investigation Committee' under his 
Chairmanship in December of that yeart3). 

In January 1932, Bernard Price, then President of the 
VFP, announced that Dr B F J Schonland was carrying 
out work in connection with lightning. as a result of 
which he, Schonland. was invited to  take charge of the 
'Lightning Research Sub-Committee'. 

In the following month E C Halliday(') obtained the 
first photographs of lightning (Fig 2) with a camera 
having rotating lenses and modelled on the former 
camera designed by C V Boys and constructed by the 
University of the Witwatersrand. 

As a result of a successful appeal for funds sub- 
sequently made by the SAIEE, several carneras were made 
and a mobile van equipped by the summer of 1932, and, 
with the heip of H C o l l e n ~ ( ~ ) ( ~ )  of the VFP, 11 good 
photographs of lightning were obtained (Fig 3). 

D J Malan joined the team in 1934 and together they - 
produced the many Iearned publications which pave the 
world the most advanced and unique information about 



Fig 1 Fint high spmd picture of lightning in South Afr iu taken by E C 
HaIlidry(') with a rotating Iens camem. 

lightning this century. These have been listed by T E 
Allibonec7), an eminent British scientist, in his bio- 
graphical memoirs of  cho on land written for the Royal 
Society in 1973 for which the writer is also indebted for 
some of the historical information included herein. 
Allibone was closely associated with Schoaland with 
whom he camed out some joint work on the spark 
discharge to be mentioned later. 

Schonland was appointed the first director of the 
Bernard Price Institute of Geophysical Research when it 
was established in 1937, and where work on lightning 
continued mainly under Malan until the latter's death in 
1970. It is also fitting to recall that F J Hewitt joined 
the Institute just after World War 2 with an interest in 
radar and he was later to be the first to use this new tool 
for further research on lightning(s)(s). 

After the war, Schonland was appointed the first 

Fis3 High *.p.. pictures of lightning by Schonlmd et al(' ') using a rnodifimd 
rotating Ienr ummra. 

President of the .~ouncil  for Scientific and Industrial 
Research (CSIR) when it was officially established in 
Qecember 1945, but returned to the Bernard Price 
Institute five years later and continued with Malan to 
finish off their previous work. 

Other South Africans reporting in the literature 
associated with the work of these pioneering scientists on 
lightning were D B Hodges, P G Gane and N D Clarence, 
and no doubt there were many more who were in some 
way connected with this unprecedented effort. 

On the engineering side there were also a number of 
dedicated investigators, for example E F Rende11 and 
H D Gaff(lo) of the VFP who presented a paper to the 
Institute in 1933 dealing with the problems of lightning 
protection of power systems for which the authors were 



awarded the first Gold Medal of the Institute. Then 
C F Boyce, 1 C Ramsay and D P J Retief produced, in 
1955, the now classic monograph(") on the protection 
of open-wire communication systems against damage 
caused by lightning. 

Finally, R B Anderson with R D Jenner summarised 
eight years of lightning investigation on a 88 kV trans- 
mission line in Rhodesia in two papers(12)(18) to the 
SAIEE in 1948 and 1954 respectively, the latter also 
enjoying the distinction of the second Gold Medal 
award to the authors. 

Two eminent contributors from the unitid Kingdom, 
who undoubtedly left their mark on the lightning scene 
in this country, were B L Goodlet(14) who inspired many 
students during his professorship at the University of 
Cape Town, commencing during the writer's final year 
in 1937, and indirectly, but no less effectively, R H Golde 
through his classic paper on lightning with C E R 
Bruce(ls). Nearly 30 years later he was also invited to 
review the subject of lightning protection(16) on the 
occasion of the SAIEE Golden Jubilee in 1969. 

The more recent outcome of this great heritage of 
research into lightning is now vested in the CSIR in 
collaboration with the Electricity Supply Commission 
(ESCOM), the South African Bureau of Standards 
(SABS) and other statutory organisations interested in 
the application of the research to engineering systems, 
as will be further referred to in this review. 

2 The origin of lightning 
It is possibly surprising that even today the true 

mechanism of the generation of electricity in a thunder- 
cloud is not known for certain, and this is primarily due 
to the great difficulty, not to speak of the danger, of 
making direct measurements within clouds. 

First attempts in this direction started with the 
measurement of the electrostatic fields within and under 
thunderclouds and the field changes during lightning 
discharges, together with the charge on precipitation and 
using electrometers and weather balbons; the results of 
this work, unfortunately, led to two opposing viewpoints. 
Firstly, C T R Wilson(17), in 1929, maintained that 
positive ions were carried up to the top of the cloud, 
leaving the base negative, and thus assisting to maintain 
the earth's positive fair weather electric field; on the 
other hand, Simpson(ls) and his workers maintained that 
the base of the cloud was the seat of origin of positive 
electricity ; the classic falling and breaking drop theories 
were also evolved at that time to explain how the charge 
could be separated within a cloud. Schonland and his 
father-in-law, J Craib, measured the electric field polarity 
of thunderclouds in South Africa and in 1927 published 
their results(19) supporting the Wilson theory of a 
gnerally bipolar thundercloud with negative charge at 
the base. This was confirmed in later measurements by 
Halliday (so) in 1932. They also indicated that 90 per cent 
of al1 discharges originated from negative cloud charge 
and that from three to five discharges were within clouds 
for each one discharge to ground. However, there was 
also sufficient evidence to suggest that small positive 
charge centres could exist at the cloud base or in the air 
below the cloud, thus accounting for some discharges they 

called 'air' discharges, which did not terminate on the 
earth and for the positive charge which was occasionally 
measured on rain drops. Simpson also thought that a 
branching discharge could only occur from a positively 
charged electrode thus supporting his theory. However, 
Allibone demonstrated to Schonland that branching 
could occur from either a positive or a negative polarity 
electrode and they ~ublished(~l) this information in 1931 
thus supporting the deduction that a branched lightning 
flash to ground, emanating from the base of a thunder- 
cloud, could originate from a negative charge accumu- 
lation. 

Revening now to the present day, according to Moore 
and Vonnegut('?) there are two main theories of charge 
separation which are, however, still the centre of much 
controversy ; they name the precipitation powered 
process and the convective electrification mechanism 
;espectively. 

In the first, the principal mechanism for the separation 
of charge is the vertical separation of larger hydro- 
meteors (water drops or hail pellets) from smaller ones 
as a result of their different terminal velocities and the 
various theories differ only in the way in which the 
hydro-meteors of different sizes corne to carry different 
electric charges. For example, water drops which are 
polarised within an existing electric field will separate 
charge if the drop splits into large and small drops after 
the collision. Similarly, super-cooled water drops freezing 
suddenly will splinter off minute pieces of ice which will 
be positively charged, leaving a solid hail pellet 
negatively charged, and these will separate in a strong 
updraught. ' 

In the second and more recently devised mechanism, 
the cloud particles are the principle charge carriers 
separated by the differential convective motions in 
opposition to forces imposed by the electric field, as 
shown in Fig 4 (after VonnegutcS)). 

These charges are assumed to be denved in the first 
instance from a pre-existing electric field which creates 
ions during the normal ionic current flow and which are 
then captured by the cloud particles; a positive feedback 
occurs, thereby strengthening the field and speeding up 
the mechanism accordingly until breakdown occurs. 

Moore concludes by saying that 'a single mechanism 
may be the primary agency responsible for the electri- 
fication of al1 thunderstorms; however, many scientists 
active in the field now incline to the view expressed by 
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Fig 4 Th. convection elutrifiution mtchanisrn for charge soprrrtion 
in thunderclouds after Vonny~t (~* ) .  



Schonland, Chalmers and others, that several processes 
are capable of giving rise to lightning'. The best that can 
be done is to set out some conditions and observations 
which must be explained by any theory purporting to 
describe the detailed mechanism of cloud electrification. 

Unfortunately, some of the proposed nicch;:nisms of 
charge separation result in charge distributions nithin 
a thundercloud which could be significantl! difierenr from 
the simple bipolar mode1 originally suggeded b: Schon- 
land and Malan and depicted in Fig 5. fie\tertheless, 
until such time as further information is available it can 
serve to represent a basic single ceIl within the cloud. 
to be replaced approximately every 20 minutes or so 
with another adjacent ce11 as described by Held and 
Carte(?') of the National Physical Research Laboratory 
of the CSIR. They used a IO cm radar and all-sky 
clmera at the radar site at Houtkoppen near Pretoria and 
together with the analysis of reports from some 4 000 
voluntary observers in an area of about 1 000 km2 were 
able to conclude that lightning was observed more 
frequently near the leading edge of precipitation than 
elsewhere, thereby suggesting a possible connection 
be t~een  the charge separation mechanism and precipi- 
tation. On the other hand, hail was most often 
accompanied by lightning, but not always, thus sug- 
gesting that the hail process alone could not be respon- 
sible for the production of lightning. 

Also in recent years, Proctor of the National Institute 
for Telecommunications Research (NITR) of the CSIR 
has developed a hyperbolic system of obtaining three- 
dimensional radio pictures of lightningc25) c2=) by usin9 
a number of VHF receivers, spread some 30 to 40 km 
apart and a recording system capable of accurately 
locating the position of sources of radiation (or noise) 
by measuring the time of arriva1 of the signals at the 
vlrious receivers. 

This ingenious method of recording was used to obtain 
the first unique pictures of lightning within clouds (Fig 6 )  
and when combined with records from a 3 cm radar he 
was able to obtain some information from 12 flashes 
which led him to the conclusion that 'lightning had a 

Fis 4 A unique radio picture of lightning aftœr Procter(") CB = Cloud 
B u e  0% = Zœro tœmperature Ievel. (Th8 sequence in which branches 

radiate ii indiuted by the smdl num8rair). 

marked tendency to begin at or near precipitation 
boundaries and to track edges of the precipitation 
patterns. Eleven flashes giving rise to high noise pulse 
rates began inside the precipitation and the only flash 
with a low pulse rate began just outside the precipitation 
boundary'. 

These various observations therefore tend to support 
the theory Iinking the charge separation process with 
hydrometeors, be they hail pellets or liquid water drops, 
and that it is Iikely to be related to the precipitation 
mechanism itself. However, Proctor produced three- 

ELECT?i3C ELECTRIC 
FIELD POTEIJTILL 

Fis 5 The conventional bi-polar thundercloud after Schonland and Malan with el8ctric field and pomntial Con- 
ditions addsd. 



dimensional pictures of five intra-cloud flashes and 
eleven cloud to ground flashes, and judging from the 
disposition of his streamers, most were not vertically 
orientated as in the classic bipolar thundercloud and in 
fact many were horizontal .and spread out, sometimes 
several kilometers in extent. This considerable hori- 
zontal spread of streamers and thus of the distribution 
of charges has also been observed by Fewc2') using 
acoustic rnethods and it may therefore be concluded 
that even though initial charge separation may take 
place in a vertical or near vertical direction, the charge 
of one sien can spread out horizontally and furthermore 
may physically move presumably as a consequence of 
upward and downward directed air draughts. 

The possibility of the existence of both positive and 
negative charge centres separated horizontally is further 
borne out by electric field measurements at ground level 
carried out at the CSIR by Eriksson(28) and shown in 
Fig 7. indicating that field intensities of about equal 
magnitude were possible with both polarities and 
furthermore that while the strong negative fields occur- 
red during the height of overhead thunderstorms, 
positive fields occurred in the later stages when the 
storm had passed over and during which time positive 
lightning flashes to ground also occurred more fre- 
quently (see Anderson(29)); this would suggest that 
either the negative charge had been dissipated, leav- 
ing a large positive charge aloft at the end of the 
storm, or that the positive charges moved downwards 
by convection in the wake of a storm. 

Thus, not only is the manner in which charge sepa- 
rates in the cloud still uncertain, but also how these 
charges are distributed, and it will take much additional 
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F i l  7 Distribution of durations of electric field in tms i t i a  aïter Eriksson("). 

investigation of conditions within the cloud itself to 
obtain a statistically significant answer. 

3 The mechanism of the discharge 
The mechanism of the initial electrical breakdown 

of the media within a thundercloud itself is not pre- 
cisely known for the same reasons as for the lack of 
knowledge regarding charge generating processes. and 
a solution of one of these processes would assist the 
understanding of the other. Basic measurements have 
been made, however, both in the laboratory and within 
clouds themselves which have enabled some theoretical 
considerations to be made. 

Firstly, the breakdown strength of media somewhat 
resembling that in clouds has been determined in the 
laboratory - namely between falling water drops 
or ice particles etc, and this varies between 0,4 x IO6 
and 1 x IO6 Vm-l compared with 3 x IO6 Vm-' for 
air at NTP. Furthermore, a recent laboratory measure- 
ment by GriEths and Lathamcso) showed that no corona 
discharge could be produced from ice at temperatures 
below -18 OC. The highest electric field measurement 
measured to date in clouds is 0,4 x 106 Vm-l using 
rockets, but it can be.seen from physical models that 
the chance of making the measurement at the exact 
time and place of maximum field intensity in a cloud is 
very small. 

On the other hand, the breakdown strength of air 
itself, reduces with altitude from about 3 x 106 Vm-l 
at sea level, to 2 x 106 at about 3 km altitude and is less 
than 1 x 106 Vm-l at about 9 km altitude and higher, 
so that the cloud boundaries at lower levels would at 
least comprise an insulation bamer to a discharge 
within a cloud which would tend to explain why long 
horizontal discharges seek out a rain shaft as a means 
to descend to the earth. 

Reference to Fig 5 on the other hand, shows that for 
a bipolar cell, maximum field intensities are achieved 
at the upper and lower charge boundaries, and also 
in the charge separation area, and these therefore are 
regions within a cloud where initial breakdown can be 
expected to start. 

Andersoncsl) has shown that if the two opposing cloud 
charges are enclosed in a cylinder in which the length 
exceeds twice the diameter, the maximum field intensity 
occurs at the extremities of the cylinder whereas for a 
shorter and larger diameter cylinder, the maximum 
stress occurs in the centre between the two charges. 
If one ignores the possibility of discharges from the 
upper charge where temperatures are much less than 
-20 OC, following Griffiths and Latham - then the 
first case favours the initiation of a discharge towards 
the earth from the lower end of the cylinaer (or the 
boundary of the lower charge) while in the second case 
an intra-cloud discharge would be initiated in the area 
corresponding to where charge separation was occur- 
ring. 

There is some evidence that charge separation takes 
place in the area around the -8 OC, isotherm and above, 
namely about 6 km above sea level (Anderson(32)), and 
intra-cloud flashes would therefore be expected to be 
initiated in this region and five case examined by 



Pro~tor t?~)  did in fact do this. Flashes to the earth there- 
fore would be expected to be initiated below 6 km and 
possibly even below the zero isotherm. about 5 km, 
where mostly water drops would be encountered. Again, 
Proctor observed the majonty of his ground flashes to 
occur within zones of active precipitation and that 
initial sources of radiation originated around the zero 
isotherm region. 

The only other known direct measurements of the 
altitudes of charges involved in ground flashes come 
from the work of Krehbiel et a P )  who, using a multi- 
station high speed field change measurement technique, 
calculated the origin of two strokes to be around 7 km 
and 5 km altitude respectively. 

Clearly, more measurements of the direct type used by 
Proctor, for example, will provide further data from 
which the charge distribution within clouds and the 
origin of flashes can be more accurately determined. 

Following on questions as to the origin of lightning 
flashes, the next stage, namely the development of the 
discharge to ground, was first of al1 postulated by 
Sch~nland(~*) (see Fig 8). He envisaged breakdown from 
a pocket of negative charge which was then Iowered by 
means of a stepped leader, most frequently branched, 

centre, the negative charge first neutralised the positive 
charge and then recharges the channel negatively prior 
to breakdown for a second stroke and so on, repeating 
the process so long as there were negative pockets of 
charge available as shown in the latter ponion of Fig 8. 

Ten years later, namely 1951, Malan with S c h ~ n l a n d ( ~ ~ )  
deduced from slow field change measurements during the 
intervals between strokes that the successive strokes 
appeared to originate from higher and higher altitudes 
and thus evolved a mechanism to account for successive 
breakdown which assumed also that the channel became 
positive after the first return stroke and the positive 
streamers developed further into the charge volume till 
neutral. The channel could then be recharged negatively 
for a subsequent stroke (see Fi? 9). The necessity to 
assume separate pockets of charge thus fell away. 

However, Hewittc8) who was the first to use radar to 
detect the progress of streamers within a cloud was able 
to state(@) that positive streamer advancement occurred 
from the ionised channel to several new charge centres 
and discharges did not necessarily occur in a set 
sequence or to charge centres ascending in height. 

Finally, to add to these, Anderson(31) found that in 
order to allow for a rather low potential gradient along 

(A) to (O) A h r  Schonland(") 
(E) to (H) Modified by Bruce and Golde("). 

fis 8 Diagram illusrnting lightning 1d.r ind rmturn rtrokm muhinism. 

towards the earth. Upon making contact positive charge 
rose up the channel to neutralise the negative charge, and 
this then completed the first stroke. Other pockets of 
negative charge could thereafter break down by means of 
streamers directed towards the ionised channel and upon 
making contact be dischar~d.  This gave rise to a high 
speed dart leader in place of the initial stepped leader 
but otherwise following the same pattern for any further 
number of isolated pockets, thus making up the so-called 
multiple stroke flash. 

This rnechanism was only questioned in 1941 by 
Bruce & Golde(ls) who suggested that after the com- 
pletion of the first stroke the channel remained positively 
charged and streamers developed to new negative charge 
centres from the top of the channel. Upon reaching a 

a leader of about 1 x 105 Vm-l a substantial positive 
charge was required in the upper extremities of the 
channel and thus he evolved yet another mechanism 
(see Fig 10). This assumed that the conducting channel 
existing between two opposing electric charges will 
always be bipolar by induction thereby assisting its 
extension at both extremities so long as the main charges 
exist. Also since positive charge cam.ed on relatively 
heavy ions could not advance up the lightning channel 
fast enough when the leader contactai the earth, he 
surmised that the return stroke consisted of an over- 
discharge of electrons to the earth, leairing the positive 
ions in the channel concentrated mainly at the cloud 
end. The field strength at the lower end could then 
fa11 to a sufficiently low level to ensure a rapid de- 



Fig 9 Saqu8nce of 8v8nta for ground strokr alter Mdan and Schonland("). 

Pig 10 R 8 v i d  m c h ~ i s m  di  lightning lluh to ground 8ftw Andmrsod"). 

ionisation of the channel and contact with earth could 
thereby be broken. Some milliseconds would then elapse 
during which the positive streamers at the top of the 
channel advanced into a new region of negative cloud 
charge, first of al1 neutralising the excess positive ion 
charge in the channel and then recharging the channel 
again by lowering more negative charge to the lower 
extremity till breakdown again occurred at the lower 
end - this time only over a relatively short de-ionised 
path. This relatively slow recharging process is graph- 
ically supported by field strength records-of Berger's(36) 
showing, for example, (see Fig 11) that the field change 
which occurs prior to successive strokes is of the same 
duration as for the leader - namely, 20-30 ms and is 
independent of the extremely fast dart leader which 
preceeds breakdown in subsequent strokes. 

Again, according to the above hypothesis, the over- 
discharge of electrons during the return stroke produced 
a larger field change relative to that of the leader and was 
thus able to explain how the charge distribution along 

a leader channel need not be uniforrn as had previously 
been deduced, and could therefore be linear or even 
exponential. 

The valuable experimental work of P r ~ c t o r @ ~ )  has 
added further information with which to assess the above 
hypotheses. Of interest to the present discussion, for 
example, is that al1 lightning flashes to ground were 
accompanied by at least one and very often more than 
one stepped leader which would begin in adjacent 
regions, thus indicating a muiti-origin type of discharge 
rather than a singie discharge, as illustrated in Fig 6. 

Secondly, branches in the upper regions of ground 
flashes fanned out over considerable horizontal distances 
amounting sometimes to several kilometers and these 
were not necessarily involved in a discharge to ground 
in any particular order. This therefore differs from earlier 
notions of adjacent charge centres being involved in 
successive strokes or that discharges should necessarily 
be from centres which were progressively located higher 
or more distant than the preceding one. 
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Fig II An ouillqnphic record of r h o  rtrokm lishtning 8 u h  d e r  Barlu(*). 

First streamers, presumably during leader development 
progressed at between 1,O and 2,O x 10Sms-l which was 
the same order as measured by Schonland et al("). He 
also found that sources of radiation active during the 
last stages or retum strokes originated from streamers 
that progressed at very high speeds of the order of 
1.4 x 108ms-l and were faster than the streamers active 
during dart leaders which averaged 6,5 x 107ms-l. 

This supports the suggestion that a relatively large 
positive charge is induced at the top of the lightning 
discharge channel towards the end of the retum stroke 
thus greatly intensifying the field strength and giving rise 
to the faster development of streamers. 

The development of dart leaders either during the 
stepped leader process or during successive following 
strokes appears not to be associated with the leader 
charPinn Drocess described but rather with the burst of - - .  
luminosity in the step dart or in the last breakdown step 
of a following stroke. 

It is pertinent here to mention the mechanism which 
occurs when lightning leaders approach near the earth. 
First of all, there have been many cases photographed 
where it is apparent that even from flat terrain, such as 
a beach, there is a short upward streamer which rises to 
meet the descending lightning leader. One photograph 
(Fig 12) reported by K~-ider(~') shows lightning striking 
uneven ground where several short streamers anse, of 
which only one contacted the main leader channel. It is 
also a common feature of a laboratory long spark 
between a negtive rod and positive plane but it does 
not occur with the reverse, ie, when the plane is 
negative. It is thus a fact that a positive tipped streamer 
can easily develop from a plane - more especially, 
however, if it contains rough points or protrusions. 

In the case of structures, upward streamers were more 
likely to start sooner from those having a high so-called 
slenderness ratio, ie, the length exceeds the diameter 
(see Ref 38 and Fig 13). Thus, upward streamers could 
develop from trees or thin structures during the approach 
of a leader before a streamer from the nearby earth and 
it would then depend on the relative velocity of the 
streamer and that of the leader and its geometric 

Fie 12 Lightninestriking ground showing upwrd str~morm .ft.r KriderP). 

Fig 13 Ratio of the fiald intemity Et rt the top of 8 strudurm O t h  rmbiuet 
inducine dectric field intensky Eo for sivan ritiom of structum dirnensoni 

U R  (L - Ieneh; R - ndius) rfter Andonon(*). 



distance and direction niicihx thc u p a r i l  sircliincr 
reached the lightning chaniicl 'ochrc the latter reached 
the earth. thereby deierniiniiig M heiher thc structure was 
the termination point for the lightning or not. 

Houever. the iniporiance of tliese upward leaders 
;inci their c!Tect on ïrrikes to siruciures has been par- 
i i c:i;ph~!si~ed by the South African con- 
I Il311;, -,"') IL> the  Z C X I I C ~ .  leading to the proposa1 that 
c drrri:;l! a c q t o d  elcctro-geometric models for lightning 
s!ril\ei to iransn~ission towers should be modified. 

4 Lightning flash parameters  
4.1 Multiple strokes 
As the following Table 1 shows. multiple stroke 

lightning is ü cornmon occurence. especially in Southern 
Africa. ranging as it does from single stroke flashes to 
those exceeding 20 strokes. 

TABLE I Percentage of lightning flashes having the number 
of strokes indicated 

l I l 1 

Observer 

Field change measurements were used to  obtain the 
data by Malan and Anderson in Southern Africa and by 
Pierce in the UK. Berger, on the other hand, observed 
lightning stroke currents directly for strokes to  the masts 
on Mt Salvatore in Lugano, Switzerland and indicated 
a much larger proportion of single stroke flashes - 
equalled only in Carte's data taken over several seasons 
in South Africa using slowly rotating cameras to sep- 
arate out the components strokes. 

Eriksson. however. employed two separate techniques 
at the CSIR. Firstly, he used direct visual observation 
with a closed circuit television and a video tape recorder 
which. however. a resolution of better than 20ms 
betwren frames could not be obtained. Secondly, a new 
instrument termed a Multiple Stroke Discriminator was 
developed with a resolution better than I O  ms, which 
could accumulate data on multiple strokes over a 
period. hence the large number of observations. 

Reasons why there should be such differences in the 
observations shoivn in Table 1 are not- readily forth- 
coming sifice a ph-sical explanation is needed to expiain 
such a \ariabl: nuiliber of strokes per flash whilst at the 
sarne t i n i ~  allo\viiip the peak current per stroke to Vary 
over a large 1-ange. as shown later. 

According to the writer's h y p ~ t h e s i s ( ~ ~ ) ,  the two 
factors chiefly influencing the flash are the rate of charge 
generatinn. and tlic raie at which such charges separate 
physically. Thc I'orincr controls the amount of charge 
made anilable in  a given time which can give rise to high 
or 10%. currents per stroke whilst the latter controis the 

Number 
of 

flashes 

530 
1430 

373 
153 
877 
428 

9 263 

pc~i~.ntiai of the cloud and its consequent field gradients. 
Rüptd charge separation therefore results in large areas 
where breakdown fields can be attained. hence the 
possibility of a multiplicity of strokes irrespective of the 
amount of charge available. However, many simul- 
taneous measurements would be required to substantiate 
such a hypothesis. In addition. there is the question of 
continuing current observed to follow some components 
strokes of a flash. most frequently the last. The physical 
mechanism suggests that the rapid extension of streamers 
tapping more negative charge toward the end of a return 
stroke could supply negative charge to the channel in 
excess of the positive charge generated on the leader. thus 
preventing it frorn deionising after contact with the 
earth - whereupon current will continue to  flow till it 
can no longer be supported by the particular charge 
centre. 

While the numbers of multiple strokes in a flash show 
some variability as between observers, there is remark- 
abiy good agreement with regard to the time intervals 
between and the total duration of flashes reported by 
various investigators. Table 3 indicates the distribution 
of time intervals (found to be closely log-normal) and 
Table 3 the durations of multiple flashes which appear 
to have an irregular distribution by comparison. 

% number of flashes having the indicared 
nurnber of strokes 

TABLE 3 Total duration of multiple stroke flashes 
r I l 

1 

13 
36 
38 
65 
65 
52 
50 

TABLE 2 Time intervals between strokes of a multiple 
stroke flash 

It may thus be concluded that while there may be 
some factor influencing the proportion of multiple stroke 
flashes - for exarnple, very severe storms may tend to 
produce greater numbers - nevertheless, the close 
agreement, at least on rnedian values of time intena1 and 
duration of multiple stroke flashes, suggests that these 
are governed by some common physical restraint. 

However, these parameters are of direct importance 
to the protection and operation of systems since equip- 
ment should be able to withstand the resulting repeated 
surges and for the periods concerned. Furthermore, 
high speed switching reclosure of systems can only be 
undertaken outside the lirnits of the total duration of 
flashes and it is also of concern that while a circuit 
breaker may be opened on the occurrence of the Îirst 

Percent having incarvals 
exceeding tabled values 

95% 1 50% 1 5% 
Observer 

Observer 

Number 

4 

20  
8 
9 
3 

. 5 
9 
5 

2 ------ 
19 
16 
27 
13 
14 
20 
30 

5 

12 
7 
4 
4 
2 
5 
3 

Nurnber 

----- 
3 

18 
12 
17 
10 
8 
6 
7 

6 and above 

18 
21 

5 
5 
6 
8 
5 

Percent havtng d ~ r a r ~ o n r  
exceeding tabled values 

95% 1 50% 1 5% 





data. he shows that the median value of ~ e a k  currents 
to open ground should not be less than those measured 
on ta11 structures; in fact. a median current of about 
40 kA peak should hold, whatever the height of the 
structure. This value is higher than previously accepted 
values for protective design purposes in the literature. 
where distributions having a median value of 30 kA and 
even below 20 kA have been used, and therefore it has 
important consequences for transmission line design. 

Eriksson's findings could be further substantiated if 
an explanation couid be found to counter the theoretical 
basis for the previous hypothesis, and he suggests that 
this could be derived from the concept of the rather 
spatial and diffuse distribution of charge in a macro- 
system for the leader with its branches whereas the 
contact between this system and, Say, a mast to be struck, 
will be dependent mainly on the effect of the proximity 
of the micro-system of a branch leader with its local 
charge (see Fig 17). 

This mechanism could certainly give rise to the 
possibility of a lack of correlation between the striking 
distance and lightning current to a structure, thereby 
compromising the accepted concept of an electro- 
geometric mode1 - since even small striking distances 
could be associated with large current magnitude if, for 
example, one of the branches of an otherwise heavily 
branched and charged leader happened to contact a 
short upward leader from a slender structure. Sub- 
sequently, Eriksson@O) secured a video tape recording 
which illustrates the mechanism very neatly (see Fig 18). 

However, if such heavily charged branched leader was 
also proportionately larger in lateral dimensions it would 
make contact with a ta11 structure from a greater distance 
than a lightly charged leader, thus maintainhg the 
hypothesis it was hoped could be refuted. 

HYDOTHESIZE SPATIALLY DIFFUSE NATURE 
O F  LEADER CHARGE 

€\'IDENCE 

" COIJPLEX" GROUND FLASHES 

INCOI<:PLETC LII>WORD LECCERS 

" ROOT"- BRAXHING 
Fis 17 A hypothetial spatialiy diffusad lishtnins 1ead.r aiter Eriksson(.*). 

F i l  I l  A vide0 tape record d a  n u r  lishtning discharge to the LO m rmurch  
m u t  ifc.r Eriknon('*). 

On the other hand, the writer has prop~sed(~l )  that if %O 

the more heavily charged leaders have also a higher 
downward velocity relative to the valocity of the upward 
streamer from the structure, then it could reach the 
earth in a proportionately lesser time, thereby equalising 
the probability of either high or low current leaders 
making contact with the structure (see Fig 19). 

In an altogether unique expriment the striking 
distance of lightning is being measured by Eriksson('@) 
using two video cameras sighted on the 60 m mast at 
Pretoria from two directions approximately at right 
angles and from the resulting geometric photograph he 
can determine the striking distance and its relationship 
to current magnitude. To date, three direct measurements 
were obtained of distance of 90, 150 and 220 m but the 
corresponding currents were about 20, 85 and 40 kA 
respectively, indicatine negligible correlation. Many more 
results are obviou$ly needed, however, to substantiate 
his proposition. 

The height does, however, affect the number of flashes 
to the tower as Eriksson(") shows, and the higher the 
tower the more it tends to produce upwards leader to the 
extent that al1 flashes are virtually upward and down- 
ward flashes are thereby inhibited, when the tower is 
very high. Say 400 to 500 m. 

Berger(52) found, for example, that about 84 per cent 
of his records were upward flashes and the median 
current magnitude was only about 250 A. By contrast, 
the 60 m tower has only sustained about 20 per cent 
upward flashes see Fig 20). 
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Fig 19 A hypothetical progression of a lightning I d e r  0 a tower with upwvd connedng Swumem 
dapendent upon propagation velocitier aftmr Andenon("). 

The reason for this clearly arises from the effect of the 
tower on the electric field configuration whereby field 
intensification occurs at the top of the tower which is 
proportional to the so-called slenderness ratio (see Fig 
13). This means that for a given field intensity at ground 
level due to an overhead thundercloud, the intensifi- 
cation at the top of a structure, depending on its 
dimensions and shape, will develop a critical field 
intensity to cause ionisation and breakdown of the air, 
and a corona discharge will ensue. If this discharge 
becomes more intense (ie, with an increasing field 
intensity) an upward leader will be initiated and having 
once started it would be capable of progressing over 
very large distances towards the cloud charge and 
frequently branching to other charge centres to discharge 
the cloud. 

It follows also that such upward discharge could be 
initiated by a downward progressing leader which 
traverses only part of its way to earth, sufficiently to 
start the upward leader to meet it, probably within the 
cloud. Although the median current values are generally 
low in upward flashes, high impulse currents have been 
measured and even multiple strokes occur under these 
conditions. 

However, there is still an unknown factor to be 
investigated regarding ta11 structures and that is the 
effect of space charge on the structure. Malan(j3), for 
example, observed that the Strydom tower in Johannes- 
burg was struck seven times in about 30 min when a very 
light storm cloud appeared above it. If, however, an 
obviously active and severe storm approached, flashes 
to ground would cease when about 2 km from the tower 
and recommence when the storm -had passed over. 
During the intervening period overhead intra-cloud 
activity appeared to be enhanced. This could mean that 
excessive generation of space charge above a tower could 
in fact inhibit flashes to the tower. On the other hand. 
it has been suggested recently by Golde(j4' that the space 
charge plumes emanating from a tower may in fact be 

. used as an ionised pathway for Iightning flashes to the 
structure over very large striking distances. 

The other important parameter of lightning current 

is its impulse shape which until recently has been meas- 
ured oscillographically only by Berger(36). As a conse- 
quence of a collaborative effort with the CSIR his 
records were digitised and recorded on tape with the 
assistance of Kroningr in one year, and thereafter they 
were processed, resuiting in the publication in an inter- 
national journal(47) @vine ail pertinent results. 

These records indicated the characteristic concave 

Fig 10 An upwird Iightning l l u h  from the (O m r u e u c h  m u t  in Pretoria 
after Erik.wn('*). 



shape of the front of the impulse for the first component 
of a flash having on average a mean front time of 8 ps 
while following strokes had front times of less than 1 p. 
The record of current, as obtained by Eriksson on the 
60 m mast in Pretoria, has a similar shape of current 
(see Fig 16). 

It has been thought that the difference between the 
shape of current impulses of first and subsequent strokes 
is due to the long upward leader photographed by Berger 
for the first stroke which was not repeated with following 
strokes. However, the maximum velocity of upward 
leaders observed is 1 x 10jms-l so that the distance 
moved during a front time of, Say, I O  ps, could not be 
more than one metre, whereas upward leaders exceed 
10 m and could be 100 m in length or more according to 
Berger(52). Hence, it must be supposed that the concave 
shape of the current is due to the mechanism of discharge 
of the leader which must therefore differ significantly for 
subsequent strokes. Furthermore, it appears that the 
height of a structure may therefore not have any sig- 
nificant effect upon the impulse shape of the current. 

4.3 Polarity of Iightning flashes 
S c h ~ n l a n d ( ~ ~ )  originally found that negative lightning 

flashes, ie, originating from negative cloud charge, 
outnumbered positive discharges by 17 to 1 and 
Halliday(20) confirmed this; in Rhodesia, Anderson and 
Jenner(I3) obtained a ratio of 14 to 1 for flashes to a 
transmission line. Later the writerc31) using field change 
data of flashes occurring within a defined range, obtained 
a figure of about 10 to 1;  finally, Eriksson to date has 
not recorded a single positive flash in a sample of 
15 flashes. 3- 

Berger et on the other hand, originally classified 
26 measurements as downward positive discharges, 
against 103 negative, ie, about 4 to 1, but in a recent 
re-appraisal (52) he considers they were in fact upward 
flashes from his towers. This difficulty of definition arises 
because positive discharps have very long upward 
leaders cornpared to those of negative flashes to his 
towers. Since positive flashes have been observed by 
other investigators in Europe, however, the South African 
data may not be at variance. 

I t  should be noted, however, that those positive 
discharges listed by Berger et al(47) were single stroke 
flashes and had extremely high values of charge and in 
particolar 'prospective' energy or Ji2dt values compared 
to negative flashes whereas the peak impulse currents 
were of the same order. If these flashes therefore were 
indeed downward, they would be capable of highly 
destructive and incendiary properties, consequently their 
occurrence and proprrties should also be confirmed in 
the Republic. 

5 Lightning fiash density 
Traditionally. the acknowledged method of designating 

the thunderstorm and lightning activity of a country was 
by means of the isokeraunic level- the meteorological 
definition of which being the number of days per 
annum during which thunder was heard, namely, 
thunderstorm days (as illustrated in Fig 1 for the global 
situation and Fig 21 for South Africa). 

Fis 11 Isokemunic Ievds in South Afr iu  (Thundentorm dap). 

In recent years, however, increased industrial ex- 
pansion has led to an exponential increase in exposed 
transmission and distribution lines, in electrified railways 
and numbers of aircraft, and in communication circuits 
of many and various kinds, let alone the number of 
building, explosive factories and stores, some with 
attendant explosion hazards. Then, too, there have been 
corresponding population increases with greater risk of 
lightning fatalities out of doors. This, in turn, posed 
increased lightning problems in many countries; for 
example, Golde(S6) reports that in a ten-year period 
over 8 000 power circuit interruptions per annum 
occurred in the UK with consequent disruption of 
industry. It was clear that a more exact measure of 
lightning conditions was needed in order that the 
probability of any piece of equipment, building or area 
being struck could be accurately determined; in this 
way rational protective measures could be undertaken 
according to the risk of damage; even the correct design 
of protective equipment itself was dependent upon the 
number of times it was expected to operate. Thus 
lightning activity had to be determined numerically, the 
unit chosen being its density - ie. the numter of flashes 
occurring to ground per unit area, or in the clouds as 
well in order that aircraft flight safety could be considered 

Many instruments for counting lighning have accor- 
dingly been devised over the years. one of the earliest. 
in fact, being by Gane and S c h ~ n l a n d ( ~ ~ )  which they 
called the 'ceranonometer' and which by counting low 
amplitude negative field changes (intra-cloud flashes) and 
high amplitude positive field changes (cloud to ground 
flashes) could with certain assumptions as to the range, 
derive values for these respective densities (hereinafter 
referred to as cloud or ground flash density). 

Malan(58)(59) also devised and tested a counter which 
was reported to differentiate between cloud and ground 
flashes by means of the radiation frequency from the two 
types - ground flashes emitted large amplitude radiation 
at 3-5 kHz which was about ten times the amplitude of 
100 kHz radiation. Cloud flashes, on the other hand. 
radiateci about an equal amplitude at these frequencies. 
Unfortunately. it was found that whilst these ratios of 
amplitudes at the frequencies were in general true over a 
continuous quanta of data, they did not in fact apply to 
individual flashes, and the project was discontinued. 



Regarding overseas dekeloprnents. H ~ r n e r ( " ~ )  pro- 
posed and used a certain counter to measure the total 
radio-frequency radiation from lightning in the global 
context without regard as to the type or range however. 
On the other hand. for measuring flash density, another 
counter proposed by Pierce and rnodified by G ~ l d e ( ~ l )  
for measuring flash density was use4 extensively in 
Europe and in the then Central African Federation and a 
few were installed by ESCOM in the Republic. This was 
the forerunner of the transistorised version devised in 
Queensland by Barharn(62) and finally adopted as the 
standard counter for CIGRÉ (International Conference 
on Large High Tension Electric Systems). (See P ren t i~e (~~) ) .  

It was in 1963 that a CIGRÉ task force was inaug- 
urated with Dr Golde as Convenor, to foster the develop- 
ment and use of iightning flash counters internationally 
and the convenorship passed to the writer in 1970. 
Active research into lightning flash counters had begun 
at the CSIR five years previously in a project then 
known as the 'Hail-Lightning' project involving both the 
National Institute of Electrical Engineering (NEERI) 
and the National Physical Research Laboratory (NPRL). 
Serious dificulties had been encountered in attempts to 
differentiate between cloud and ground flashes and the 
CIGRÉ counter was no exception. This was probably 
inevitable since the counter had its maximum response 
centred on 500 Hz for electrostatic field changes, and 
rnany cloud flashes exhibited such slow field changes. 

The characteristics of the CIGRÉ counters had to be 
experimentally determined - ie, their response to and 
effective range for cloud and ground flashes. This was 
done by setting up a field calibration test ground 
consisting of a minimum of three recording stations 
(Fig 22) equipped with all-sky cameras (designed by the 
NPRL) for direction finding and identification of flashes. 

In this way, data regarding the operational prob- 
ability of the counter at each range could be accumulated 
srparately for cloud and ground flashes and from which 
the effective ranges could be determined (see Fig 23). 

Following the work by Malan(58) and others on the 
frequency spectra of lightning. counters responsive to 
5 kHz and 10 kHz were constructed at the CSIR and 
tested in the same way. It was very soon discovered that 
these counters, especially the 10 kHz, were more dis- 
criminating against cloud flashes than the CIGRÉ 
counter. The initial result with the I O  kHz counter, 
named the RSA 10, was reported in the literature 
immediately) see Anderson(64) et al) but it took a few 
more years before substantial evidence regarding its 
full performance was available and frorn which it could 
be confirmed that 95 per cent of the counter's reg- 
istration was due to ground flashes. Its corresponding 
probability functions are shown in Fig 24). 

A funher counter, named the RSA 5 was constructed 
using a standard CIGRÉ 500 Hz counter directly with a 
vertical aerial without changing the counter sensitivity. 
This turned out quite fortuitously and for no accountable 
reason to be much more responsive to cloud flashes than 
the CIGRÉ counter itself, and it can therefore, in 
conjunction with the RSA 10, be used to gauge the 
cloud flash density approxirnately. . 

The results of 10 years of research into counters is 

Pig U Typiu l  radio controlled lishtning recording st8tion showing dl- 
sky c ~ m r a  on hut and RSA 10 lightning fiuh countw undm tut in fom- 
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Fi. 23 Probability iuncczionr for the CIGRÉ 500 Hz counter on sround 
and intr.*cloud flashes riopectively. 



R c f f  : 19.9 hm 

GROUND FLLSUES 

DISTANCE r i km i 

R eff  :6 ,3kn 
CLOUD FLASHES , 

DISTANCE r (km) 
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cloud flashas showing good discrimination alainst the Irttir. 

given in the latest CSIR report(=) and pertinent 
characteristics are shown in Table 4. 

The RSA 10 counter has since been a p p r o ~ e d ( ~ ~ )  by 
the CIGRÉ Study Committee No 33 (Overvoltages and 
Insulation Co-ordination) as a counter (to be known as 
the CIGRÉ 10 kHz counter) for calibrating existing 
counters and also for use on its own in high lightning 
density situations provided some CIGRÉ 500 Hz counters 
are also used to maintain a correspondence with 
registrations reported from other countries using them. 

The 10 kHz counter is currently being tested in a num- 
ber of countries in Europe and the Far East and also in 
South America and about 20 of them are being evaluated 
in the USA. 

More than three years ago it was decided to start a 
national programme for the measurement of gound flash 
density in the Republic and South West Africa, and 
TABLE 4 Pertinent characteristics of three linhtninn flash - - 

counters 

Yg 1s the proportion of total registration of wunters which are ground flash* 
The value for the RSA 10 wunter was obscrved while the values for the ClGRE 
and RSA 5 wunters wen dcduced from wmparative mensuremenu. 

Panmeten 

Aesponse frequenciu 
3 db limiu - lower 

cencrt 
U P D C ~  

Eflcctive rances 
;round flashes 
cloud flashes 

*Correction factor Ys 

through the co-operation of major organisations in- 
cluding ESCOM and the General Post Office (GPO), the 
South African Railways and Harbours (SAR & H), the 
South African Broadcasting Corporation (SABC), and 
the CSIR, about 400 counters have been distributcd and 
are being read mostly daily by these organisations with 
additional help from National Parks Boards, the Water 
Affairs Department. municipalities and private in- 
dividuals. 

A special computer programme was devised by 
Kr~ninger@~)  in order that the results can be processed 
monthly at the CSIR and a map of flash density in- 
corporating three years' data is shown in Fig 25. This 
shows a variation from less than 1 flash/km2 on the 
western coast of South Africa, to over 10 in the eastern 
highveld area between the Transvaal and Natal, thus 
indicating a shift of the maximum activity from that 
shown on the thunderstorm-day map of Fig 21. 

As a consequence of the results and observations 
carried out under the national programme, Eriksson(bo) 
derived an approximate relationship between thunaer- 
storm days and ground flash density N, as follows: 

-- 
kHz 2 0.1 
kHz 0.5 IO 0.5 
kHz 2.5 50 2.5 

The variance is, however, considerable, as shown in 
Fig 26 and thus indicates the necessity to measure the 
ground flash density directly. It has furthermore been 
established that at least 5 per cent must be added to the 
flash densities measured to account for multiple ter- 
minations of lightning. ie, either so-called 'root branching 
or more than one simultaneoris lightning flash to ground. 

Apart from measuring the mean annual ground flash 
density, variations of the annual and monthly reg- 
istrations can of course be undertaken and in the case of 

km 
km 

- 

Fig IS Maan lightning n u h  dinsity for- Southarn A 6 i u  during the t h m  
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Pretoria the results of individual months and years of 
accumulated data are shown in Figs 27 and 28 
respectively taken from Ref 

This indicates the very large variability which occurs 

THUNDERSTORM DAYS (Tg)  
Fi# 26 Corralition batwaan the iwkenunic Ievd (id) and the p u n d  

fluh danrity (Ne) iftmr Eriksson('@). 

II., Cf- ME. Cc: i'ii r<. U.. ,nir 

Fi# 27 Monthly #round fluh denaity listad for Silvuton. Pratorii deter- 
mined from II p a n  data from CICRÉ countan and sevan y . r n  drt .  

from RSA I O  countan iftar Andenon et al(-). 

in the lightning density in any particular month, but 
strangely enough the accumulated data show that the 
lightning density has been within +10 per cent and 
-20 per cent of the mean value for eight years if two 
bumper years are excluded. In these bumper years, 
namely 1970171 and 1972173, lightning was as much as 
80 per cent in excess of the mean for the other eight 
years, indicating perhaps support for some unusual 
instability occurring such as, for example, Sun spot 
activity, as surmised by Eriksson("). 

Lightning flash counters have also been empioyed to 
measure some specific thunderstorm parameters. such as 
starting and finishing times, and duration of thunder- 
storms, shown by Eriksson(6B) and depicted in Fig 29, 
indicating, for example, the predominance of afternoon 
thunderstorms in the Transvaal, with a most frequent 
starting t h e  at about 15h00 and a duration of about 2 h. 
That thunderstorm conditions may differ on the Natal 
Coast, however, is shown by referring to Fig 30. 

In addition, the mean number of flashes per thunder- 
storm and the maximum flashing rates can be d e t e d n e d  
given a standardised counter and such data computed 
in order to compare thunderstorms from season to  
season and between different climatic areas. 

In fact, this theme was taken up in a global sense by 
the author with Eriksson('O) which ultimately resulted 
in the formation by the International Commission on 
Atmospheric Electricity of an ad hoc working group on 
the Measurement of Comparative Lightning Parameters 
under their guidance. 

6 Lightning protection 
6.1 Lightning protection of electric power transmission 

and distribution systems 
The question of safeguarding electric power supply 

from damage or interruption has undoubtedly been the 
concem of electricity supply authorities from the erection 
of the first power lines in South Africa - believed to 
have been before 1900, and it is surely remarkable that 
so much was achieved with so little knowledge of the 
phenomenon which was being dealt with. 

Fi# 28 Annuil #round flaah damity for Silverton. Pratorir from CI GR^ and RSA 10 tluh cwnter dat. 
after Andamon et al(-). 
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For example, Adendorfi('), nearly 70 years ago, 
recommended the use of lightning conductors on each 
pole, especially if of wood, a well earthed overhead 
ground wire. horn and multigap arresters to limit the 
o v e ~ o l t a g ,  and earthing the neutral of transformers - 
hardly much diflerent, in principle at least, from present 
day practice. 

That the use of overhead ground wires was continued 
and that low earth resistance for towers was beneficial 
was acknowledged 22 years later by Rende11 and Gaff(lo) 
in 1933 describing the lightning performance of the 
132 kV system of the VFP over a 7-year period. 

It is of interest also that they discovered a section of 
line which was apparently fault free over the 7-year 
period which could not, however, be attributed to low 
tower footing resistance. Anderson and Jenner reported 
also in a paper(18) more than 20 years later, that 
several sections of 88 kV line in Rhodesia were not struck 
by lightning even once in eight years. In both cases storm 
paths were suggested as a possible cause but the effecf of 
geological formations was discounted. However, at that 
time Golde suggested that the phenomenon was ex- 
plicable in terms of Poisson's distribution assuming that 
lightning was distributed along the line entirely at random 
and this was not to be tested until much later when in a 
paper on the occasion of the diamond jubilee of the 
South African Institute of Electrical Engineers in 1969, 
Golde(16) again drew attention to this question and 
quoted an example which is repeated in Table 5 which 
follows alongside the Rhodesian data &en by the 
writer in his Vote of Thanks. 

This intnguing probability distribution has since been 
demonstrated many times and is especially applicable 
to lightning protection problems so that it is pertinent 
here to repeat the basic Poisson statement, namely that 
the probability that an area A will sustain exactly O, 1,2, 
3. . . n flashes in T years with an annual ground flash 
density of N, is given by the expression 

where Z = ATN, 

TABLE 5 Eight yarrs of data on the frequency of lightning 
strikes to transmission towen 

I Number d wwen aii.ct.d 
Number of t i m a  

struck 
210 kV lin. 

Obsarved Calculated Observed 

Nor atruck at dl 
Once only 163 
Twice 106 
Three cimes 71 
Four t i m a  15 
Five cimes 5 
Six r i m a  2 
Swen t i m o  O O O 

T d  n u m k r  of towen 427 477 382 

-- 

f lin. 
Caiculared 

Toul n u m k r  of r t r i k a  
CO tomn 685 -- 

'Average strika/tower 1 030 



In order to apply the above expression to a trans- 
mission line, however, it is first of al1 necessary to be 
able to estimate the number of Iightning flashes which 
will make contact with the line given its prime dimensions 
and for this, knowledge of the striking distance (or 
equivalent attractive range) of lightning, is required. 

Eriksson(50) has derived the following expression for 
the attractive radius obtained from data on lightning 
strikes to taIl structures: 

In this equation He is the effective height of a structure 
which in the case of a transmission line is the mean 
height of the earth wires or conductors above ground. 

At a value of He of for instance 20 m, Ra is five times 
the effective height of the line but it is more if the effective 
height is less than 20 m. 

On a purely geometric basis it would be expected that 
the attractive range of a structure would not exceed that 
of its own height so that the large increase observed 
could only be the result of upward leaders which 
effectively enlarge the collection area. 

It is presumed that transmission lines will behave in 
a similar fashion to that of isolated structures as indeed 
other empirically derived expressions are seen to suggest, 
but it is clear that more field data are required in order 
to confirm these assumptions. 

This is one of the objectives of a project being carried 
out by the CSIR in collaboration with ESCOM on the 
Cabora Bassa HVDC line; here cameras are arranged to 
photograph lightning strokes t o  or near the line (see 
Fig 31) whjlst at the same time the voltage surEes ohthe 
line are measured. 

The voltage measurement technique employed, high- 
lights yet another achievement in the use of a loose 
capacitance coupling to measure the voltage on the power 
system conductors by means of the voltage induced in a 
short parallel rod mounted on a caravan directly under 
the line as shown in Fig 32 and preliminary results have 
been reported(?l)' The method was first developed at 

on ESCOM's 400 kV system and is particu- 
larly suited to ad hoc measurements on the system with- 
out disruption of the supply. An oscillogram of surges on 
the three conductors of the 400 kV line is shown in Fig 33, 

Fig 31 Lightnisg flash close to th* Cibon h u a  HVDC tinr 

Fig 31 Sur- ruording station benuth th* Cabon 8i.u HVDC lin* (k. 
voltage antanna on urrvan roof and two a m e r u  on sands). 

and illustrates the possibility of a lightning stroke which 
penetrated between the two overbead earth wires which 
are 10 m apart and which may have resulted from an 
upward leader developing from this wnductor during 
the approach of a lightning leader (see Eriksson(7s)). 

The effects of lightning on extra-high-voltage systems 
are.important and require to be studied in detail in order 
that these systems may be designed to operate in 
lightning areas with minimal interruption. In fact the 
400 kV system in South Africa has an extremely good 
record. On the other hand at lower voltages the position 
begins to deteriorate as shown in Table 6. 

Because of the necessity to keep the costs of low 
voltage distribution lines to a minimum, they are in- 
sulated only sufficiently to ensure satisfactory per- 

- - L.lid 
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Fi l  33 Record of oscillo~rim of a ljghtning nurga on th* 4QB kV system 
at the ESCOM Apollo distribution stmtion n u r  -ri& 



TABLE 6 Storm outage rates on the Rand Undertaking 
Electricity Supply System over period 1960165 

l Svrrem vo l ta~e  Storm fiulcs 
kV per 100 krn~rnnurn 

I 1 I 
*400 kV performance during fim year of operation 1975176 

formance at the normal operating voltage - Say 1 1 kV 
- and the margin available for lightning overvoltages 
normallv around 90 kV is thus insufficient to Drevent 
flashove; in the event of a direct stroke to the h é .  Even 
voltage induced by a ngarby lightning strike is capable 
of overstressing the insulation or destroying the 
protective surge arresters. 

In order to study the problem in detail a joint CSIR- 
ESCOM project was recently inaugurated which com- 
prised the erection of a 10 km length of 11 kV distribu- 
tion of standard construction some 30 km east of Pretoria. 

The experiment is unique in that the line has been 
erected purely for research purposes and ESCOM and 
the CSIR have installed automatic recording stations on 
it for the purpose of measuring the overvoltages without 
the encumbrance of transformers and surge &esters on 
the line (see Figs 34 and 35). This will enable the basic 
effects of lightning to be determined first of al1 without 

F i l  
Pretoria. 

F i l  35 ESCOM automatic r u r p  ruording station a t  exwemity of II kV 
tut Iine n e u  h t o r i a .  

an overhead earth wire, but later this will be added 
together with other equipment so that the effect of each 
stage can be carefully monitored. 

The final objective is of course the optimisation of 
protective measures for these systems based on a more 
exact knowledge of the lightning parameters and con- 
sequent overvoltages induced to provide an improved 
service to rural consumers than formerlv. cornmensurate 
with the economics of the supply. 

One final aspect about I l  kV distribution is the high 
failure rate of distribution type surge arresters being 
experienced by electricity supply authorities operating in 
high lightning areas. According to type, between 2 per 
cent and 6 per cent per annum of the total number of 
insblled arresters are being damaged and this is of serious 
concern in view of the high labour cost of replacement. 
Thus the whole situation is being re-examined and 
measurements undertaken by ESCOM and the CSIR on 
substations in service and also on the research test line 
referred to earlier. Furthermore, the SABS is examining 
the effect of multiple-stroke lightning which is believed 
to be one of the contributory causes to the hi& failure 
rates k ing  experienced. 

These and other problems of lightning research are 
being handled by a Task Force of the Lightning Working 
Group of the High Voltage Co-ordinating Cornmittee 
under the auspices of the CSIR. This Task Force also 
collaborates with a sub-committee of the IEEE in the 
USA which is conducting a similar investigation in 
Florida and, incidentally, where ten RSA 10 lightning 
flash counters are also being evaluated. 

Thus, despite the fact that some of the principles of 
lightning protection have been known for many years, 
a more detailed knowledge of lightning parameters is 
required for their application, due regard being paid to 
the economics of so doing, particularly in the case of 
low voltage lines where the cost to rural consumers is 
already a critical consideration. 

6;2 Protection of communication systems 
In the years following thé 1930s the South African 

Posts and Telegraphs Engineering Department ex- 
perienced tremendous expansion of .ifs open wire 



transmission system and as a consequence there was a 
considerable increase in exposure of the system to light- 
ning. Being essentially v e 6  low voltage, the system was 
perhaps even more vulnerable to  damage compared to 
electric power systems and presented a correspondingly 
more serious problem. This was tackled by an energetic 
group in the GPO Engineering Department headed by 
C F Boyce and by 1955 the basic problems had been 
isolated and reasonable solutions secured after con- 
siderable research and testing. Their results and recom- 
mendations were reported in the now classic monograph 
(Boyce er al)(74). 

Later inter-city communication using multi-channel 
cable has developed and it was found that lightning 
could in fact still damage these cables. This was finally 
overcome by shielding the cable by means of parallel 
buried conductors or by enclosing the cable in a metallic 
duct. 

Later came microwave transmission which whilst 
overcoming the line and cable problems, the exposure of 
the towers on high mountains to lightning still had to be 
contended with. This was coupled with the changeover 
from robust radio valve equipment to the use ofmuch 
more complicated and delicate micro-circuits and latterly 
semi-conductor equipment which, because of its min- 
iature size, is particularly vulnerable to even small 
overvoltages (or 'spikes' as they have been popularly 
called). Present day practice for the protection of tele- 
communication systems has recently been reviewed in 
detail by Boycdi5). 

This protection practice has been extended to the field 
of computers particularly where these are serving 
numerous terminals situated some distance from the 
main computer. Special precautions are necessary to 
prevent spikes from entering and damaging the com- 
puter itself- usually by means of some form of iso- 
lation from external circuits, proper earthing and intemal 
component protection, where necessary. 

The introduction of television also introduced new 
problems - firstly with transmission towers on hilltops 
where fortunately experience had been gained on the 
existing microwave communication system and the radio 
broadcasting system. However, some unsolved problems 
still remain over the question of power supplies to these 
elevated towers where good earthing was not easily 
obtained due to the rocky nature in most situations. 

Much has still to be leamt about the behaviour of 
such earths under lightning impulse conditions in order 
to obtain results and also improvements in the method 
of protecting the incoming electric power or communi- 
cation lines from damag.  

Secondly, the installation of domestic TV introduced 
further exposure to lightning through the TV aerial as 
well as the connection of a somewhat vulnerable and 
expensive receiver to a mains power supply which may 
in itseif also be exposed to lightning spikes. 

In general, the principles of lightning protection of 
radio, TV and communication systems are well estab- 
lished and are being steadily applied in these cases, but 
much has still to be leamt regarding more effective 
protective devices, screening practices, materials and 
earthing to optimise protection in the face of an ever 

changing technology - and again a detailed knowledg 
of lightning parameters in the particular situation is 
necessary. 

The possibility of either the T V  aerial or the con- 
sumer~' premises or mains power supply being struck by 
lightning is another issue and the question of the risk 
involved is discussed in the next section. 

6.3 Lightning protection of buildings 
As in most countries, South Africa has its Code of 

Practice for the lightning protection of buildings 
produced under the auspices of the South African 
Bureau of Standards(i6). This is presently under revision 
since the last issue in 1951, and has undergone some 
change in view of the latest research findings. There are, 
however, one or two areas of uncertainty even now 
regarding the application of the Code. 

The first and paramount is the question of the number 
of lightning strikes to be expected to a building or 
structure in a given lightning area and secondly, the 
degree to which protective measures should be applied. 

Knowledge of the lightning ground flash density in 
tenns of the number of flashes per km2 per annum 
certainly provides a means to determine the average 
frequency of strokes to a particular building having a 
mven area, over a long period - with certain assump- 
;ions to allow for additional strikes from fringe areas as a 
consequence of side flashes (ie, striking distance). Un- 
fortunately, because the numbers are (statistically 
speaking) so small, it is necessary to assume a random 
distribution of the number of flashes over a period of 
years to a large number of equal small areas and to 
calculate the probability that such small areas will in fact 
be struck at least once in that period from Poisson's 
distribution namely that 

pl = (1-rZ) where the Z = N,AT 

where P, is the probability that the area A wiii be struck 
at least once in a period T years with an annual ground 
flash density N,. 

Fig 36 shows the result of such a calculation for areas 
varying between 100 and 10 000 m2 and for periods 
from 10 to 30 years and illustrates that even under the 
highest lightning conditions attainable in the Republic - 
say 12 flashes per km2 per annum, the number of areas 
struck at least once is less than four out of 100 when the 
area is less than 100 m2 and less than 30 per 100 for an 
area of even 1 000 m2. The lightning frequency only 
becomes significant when the area is of the size of a 
hectare or more. Fig 37 extends this calculation so that 
a more exact estimate of the risk can be made for any 
area up to 1 000 m2 over 30 years, but of course any 
other figure can be calculated from the general ex- 
pression given above. 

ï h e  second point to decide is what the consequence 
of such a strike or strikes might be - and herein lies 
the key to the question of how much protection should 
be provided in a given situation. 

In the case of a domestic house of some 100 mZ in 
area, the probability of a strike is less than 1 out of 25 
houses in 30 years even under the worst lightning 
conditions, so that unless the consequences could be 



NUMBER OF AREAS PER !O0 STRUCK AT LEAST ONCE 

Fis 36 Probability of rt leut one  lightning strike to various areas over 
ten  to t h i r t y  years. 
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Fig 37 Probabiiity of at least one lightning rtrika to srnall u e u  over 30 
yearr. 

serious. no protection would seem to be necessary. 
Modern houses wi th  thcir array of metallic water pipes. 
conduits a n d  electric power cable etc in the ceiling areas 
provide a good protection for the inmates. but damage 
to inasonry on the chimney and gable ei>& has occurred 
and these could bt. verg simply and cheaply .protected. 
On the other hand. thatched roofs are known to be a 
particular hazard because of the fire risk so that lightning 
protection i s  alua's recommended for these cases at 
least in  the hich iiglitning areas. 

The usual n?c:I-iud of' protection in the latest code(;-) 
for the lightning protection of dwelling houses relies 
upon the US- of ~iletalli~ masts or catenaries which are 
high enough to shtd a 45' cone of protection over the 
building and it is this protective angle which is based upon 
a given mechanisn i:ii.olving the striking distance of light- 
ning (sec Fis 3 Y ) .  The basis of the cone is that for al1 
practical purpobes the striking distances of lightning is 
assumed to be at least equal to the height of the structure 

Fig 38 One rnethod of t h e  lightning protection of a dwelling house showing 
protective cones from SABS Code 0 3 A  1975. 

and this rule has served \bel1 over the past 30 years. This 
is probzbly because of the fact that upw.ard leaders 
inevitably start from the protective mast or catenary 
during the approach of a flash of a Iightning leader and 
make contact with it before it can strike groiind anywhere 
within the distance from t'ne mast or catenary at least 
equal to its height. 

In the case of larger non-metallic buildings, protection 
by means of roof conductors laid at specified intervals 
across the roof area together with down conductors 
connected to a good eartl? was and still is acccpted good 
practice: however. wliere such buildings are constructed 
of reinforced concrete. the use of the reinforcing to carrj 
the lightning currents down the building is now con- 
sidered permissible. I t  is still important to provide a top 
conducting system to connect nith the reinforcing which 
can receive lightning hits without damage. and the 
provision of short finials is nmv recoinmended in 
addition, to facilitrite the initiation of upward leaders 
from this system, ie, they assist to determine where the 
strike points should occur. 

Houses with metallic roofiiig are perfectly safe 
providing the roofing is well earthed. i n  a particular 
case a school builjing \\as erccted \vithout an electrical 
installation in which case there \vas no pro\iiion in the 
building regulations for earthing the inetallic roof 
provideci. The tragic conseanence of t h i b  \\as tnat when 
lightning struck the roof and discharpi dtw n a:: interna1 
wall of a class room. six school cliildren ncrc killed 
instantlx. 

The use of so-crilled radioactive lighrning cc3nductors 
is not at al1 effective because the rate of i0i-i praduction 
froni the isotope source is many orders of magnitude less 
than woulci be prouuced by the ordinary lightning rod 
or finial on the approach of a Iightnir?~ leader. and the 
ionisation effect is correspondingly extren-iely liniited. In 
this event, the protecti~e area of 100 n? radius claiined 
for such a devicc can almost certainly be expecred 10 be 
violated at least once b!. lightning within 10 years if the 
lightning flash density exceeds 10 km 2. according to the 
above referred to probability calculations. If the flash 
density is Iess than I km-? however. a period of more 
than 100 years nould be required to attain the samc 
certainty of a strihe. 

Lightning protection by means of barbcd \\ire caien- 
aries or cages having many sharp points for promoting 



corona discharge may, for a similar reason, be discounted 
because the amount of ionisation is so small that the 
charge delivered into the atmosphere over several hours 
is less than a coulomb and could not therefore 
neutralise even a single average lightning flash of 20 
coulombs. In any case, any useful amount of space 
charge released into the air above such an installation 
tends to  reduce the electric field intensity thus inhibiting 
further discharge from the points. 

Finally, a high rise building rnay certainly attract 
lightning to it for a distance probably of the order of its 
height above surrounding buildings and rnay even exhibit 
upward flashes if very high, for example the Empire 
State Building in New York. In such high structures 
side flashes to points below the top of the building have 
occurred and rnay be due to space charge effects which 
blanket the field on the top. In those cases, some con- 
ducting materials can be placed on the sides of the 
building to  prevent damage. 

The protection of explosives manufacturing plants and 
storage magazines requires special attention since it is 
not only the direct effects of lightning current flow which 

. rnay detonate the explosive but also induced effects and 
sparks resulting from the current flow in the earth con- 
ductors or even in the earth itself. Adequate screening 
and earthing in a prescibed engineering manner has to  
be employed usually requiring professional advice. 

Similarly lightning is a continuous hazard to blasting 
operations in open-cast working as well as in shallow 
mines and the necessary precautionary measures are 
under consideration whilst measurements on the light- 
ning effects in coal mines have begun in a joint project 
under the auspices of the CoaI Mining Research 
Controlling Council. 

At the same time, the necessity for some form of 
reliable warning device for the approach of lightning 
storms is being investigated at the CSIR and a prototype 
is being used at a Transvaal Coal Mine. This consists 
of a sensitive lightning flash counter wjth provision for 
initiating an alarm if the rate of flashing exceeds a 
prescribed value. Such warning devices are, however, not 
infallible - for instance, no warning would be given of 
a flash starting from a cloud immediately above and a 
more sophisticated arrangement measuring also the 
eiectric field intensity and its variations is possibly 
required. 

6.4 Lightning protection of people 
Statistics of fatalities due to Iightning in the Republic 

have been somewhat sparse but some records aie 
available since 1933, with a break of nine years dunng 
and shortiy after World War 2, covering 33 magisterial 
districts which contained, however, the bulk of the 
population. 

The deaths among the White, Coloured and Asian 
population who might be regarded primarily as urban 
have amounted to an average of just less than 12 per 
annum over 37 years and this is equivalent to 1,85 per 
million per annum based on the 1970 population census. 

Deaths from lightning reported among the Black 
people have amounted to 23 per annum on average and 

! are thus 1,57 per million per annum. However, some 
1 
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deaths in rural areas were possibly not recorded, since 
the cause of death was not always stipulated in the 
records. It is therefore reasonable to assume a figure a t  
least equal to that of the other population p o u p  in which 
case the total number of deaths should average about 
40 per annum - in fact. it has been 42 per annum 
during the last three years. 

To put this in proper perspective, however. the average 
death rate due to road accidents during the last three 
years has been the enormous figure of about 7 500 per 
annum which is about 180 times higher than deaths due 
to lightning. 

Thus, while the safest place during a thunderstorm is 
undoubtedly in an a11 metal motorcar, it must not be 
driven. However, lightning deaths being less common. 
and more spectacular perhaps, are given a large press 
coverage, from which more detailed statistics rnay be 
abstracted. For example, the following lists show some 
of the major categories reported in the last three years 
(See Table 7). 

TABLE 7 Major utegories of lightning fatalities 

Regarding the fatalities inside buildings, six were the 
result of the strike to a metal roof of a school which 
was not earthed, while the remainder were to buildings 
with thatched roofs. 

I t  is thus very clear that the application of the SABS 
Code of Practice for Lightning Protection to al1 buildings 
- and thatched huts or houses in particular - would 
reduce the bulk of the cases of fatalities, thereby limiting 
casualties to a very low level. 

The other possibility of reducing fatalities is, as men- 
tioned earlier, the possible introduction of lightning 
warning devices especially for work situations, but also 
for outdoor summer sporting activities involving large 
numbers of players and spectators who rnay not be under 
protective cover. and as stated above, such devices are in 
the course of investigation. 

Finally, this review would not be completed without 
a reference to so-called bal1 lightning, one possible event 
having been recorded by Eriksson(78). Some experts 
claim it is purely an optical illusion and there is scant 
scientific evidence to prove its existence. However, 
reports over the years are so numerous that the subject 
cannot be ignored and the search for scientific obser- 
vation and measurments must surely go on till fact 
replaces fancy and the myth is no more. 

, 

( 1 )  In kraal hua struck by lightnin; and burnt down 
(1) lnside buildings 
(3) Shelterin; under, or walkin; naar. tncr 
(4) Working or uughr in th* open 
(5) Drivin; tractors 
(6) Playing or watchin; sport 
(7) Fishing or rowin; 

Nurnbar 

3 

85 

Killed 

42 
20 
7 
7 
3 

lniured -- 
34 
53 
IO 
13 
I 
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Vote of Thanks- 
F J Hewitt 1 regard it as a considerable privilege to have 
been invited to propose the Vote of Thanks to Dr 
Anderson our new President. 

1 regard it as a privilege firstly in that Dr Anderson 
and 1 are colleagues in the same organisation - the 
CSIR, and 1 feel thus 1 can associate myself in some 
way with some of the work described tonight. 1 know 
that the Council - the governing body of the organis- 
ation commonly known as the %SIR - would wish me 
to convey their congratulations, the first of many, to 
Dr Anderson, on his address and this 1 now do. 

Secondly, it is a privilege in that the work described 
by Dr Anderson is one in which 1 personally for a 
short time and in one very restricted area - operated. 
He was gracious enough to mention it this evening. 
I still find it a subject of great interest - and leading 
as it must to a better knowledge af thunderstorms - 
the process by which we get the greater part of what 
little rain we do get nowadays - it may well be now 
a subject of even greater practical importance than 

when the protection of electricity distribution systems 
was the practical incentive. 

Thirdly, 1 regard it as a privilege in that lightning 
research was the main personal scientific interest of one 
who 1 regard as amongst the most distinguished mern- 
bers of this Institute - Sir Basil Schonland. Sir Basil 
made lightning research synonomous with South Africa. 
It is very gratifying that lightning research is alive and 
well today, in South Africa - for which to a consider- 
able extent we are indebted to Dr Anderson, and fourth- 
ly 1 am privileged in that the field of research is one 
in which 1 believe this Institute took one of its most 
constructive and farsighted decisions. In December 1930 
the SAIEE set up a Lightning Investigations Committee. 
This arose from a paier piesented i o  the Institute in 
April 1930 entitled 'An approach to the study of the 
Lightning and allied phenomena', in which the aut hor 
proposed the establishment of a Lightning Research 
Laboratory fully equipped for both field and labora- 
tory work - the author added however 'it is impossible 
for the Institute to embark on extensive research, but 
one could initiate a scheme which may develop into a 
semi-national organisation'. How better to descnbe the 
CSIR. 

From these words in an Institute paper may have 
sprung the germ of the idea from which the Bernard 
Price Institute developed five years later. 

It is interesting too to note the remarks of His Ex- 
cellency, the Governor-General of the Union of South 
Africa, the Earl of Athlone, on the occasion of the 
Banquet to celebrate the coming of age of the SAIEE 
on 16 October 1930. He said 'To its loss, South Africa 
a n  claim a painful intimacy with lightning - we who 
live in this country have quite peculiar opportunities 
of observing its behaviour and who knows, but a light- 
ning observatory may at some time be established from 
which the most valuable knowledge will result . . . ' 
1 feel the Institute will have a large Say in the rnatter. 

It was at the Annual General Meeting of the SAIEE 
in 1932 that the then Mr Bernard Pricedrew the atten- 
tion of the Institute to Schonland's work at Cape Town 
University and as a result Schonland was invited on to 
the Institute's Sub-Committee. 

The SAIEE made an appeal for funds and was sup- 
ported by the Chamber of Mines, the Electricity Supply 
Commission, the Victoria Falls and Transvaal Power 
Company and the A S & T S. As a result of this, field 
work in the Witwatersrand commenced in the summer 
of 1932133, and 1 quote 'in the course of two storms 
eleven good photographs of flashes were captured'. 
1 feel that the Annual General Meeting of 1932 must 
have been of quite exceptional interest. 1 wonder if it 
was a matter raised under 'general'. 

It is highly appropriate that an incoming President 
is himself personally continuing these studies today - 
with Pariiamentary funds 1 might add - he might not 
be so pleased with a £500 g a n t  which was the amount 
that made the summer 1932133 season's observations 
possible. 

1 would now like to refer briefly to Dr Anderson's 
prestige in the international scientific scene. He is at 
the present time the officia1 South African representative 



on ~ t u d y  Committee No. 33 of CIGRÉ (international 
Conference on Large High Voltage Electric Systems) 
the subject of Study Committee No. 33 being 'Over- 
voltages and insulation CO-ordination'. 

His contribution to the work of this Committee has 
been recognised by his appointment as the Chairman 
of the Committee's Working Group on Lightning and 
he is the Convenor of its Task Force on Lightning 
Counters. He has in fact played an important persona1 
role in influencing the development of lightning flash 
counters internationally - their calibration - and their 
use in determining lightning flash density. His research 
group has also provided unique input on surges on 
transmission lines to another CIGRÉ Committee. 

Dr Anderson is also active in the International 
Commission on Atmospheric Elertricity (ICAE), and 
a member of Working Groups of the 1 triple E (IEEE) 
- on the lightning protection of distribution systems and 
prediction of the lightning performance of transmission 
lines. 

He is thus well-known in lightning research in inter- 
national circles and South Africa's international image 
in science is enhanced thereby. 

1 have not said anything in detail about Dr Anderson's 
persona1 contribution to knowledge of lightning. His 

address 'Lightning research in Southern Africa' gives 
us some idea of his work as such a review would be 
totally inadequate without frequent reference to it, 
however modest he may have been about its inclusion. 
It is perhaps somewhat sobering that after some 47 
summer seasons and despite much ingenuity and many 
many interesting discoveries there still remains much 
to be explained in the lightning process and in its re- 
lation to the thunderstorm as a whole. Such a situation 
is not unique to lightning - it is surely true that in 
every field of science the more one probes and the more 
one understands, the further does the horizon of the 
complete understanding recede. In this lies the challenge 
for the scientist of the future. The engineer in his daily 
tasks must operate within the existing state of knowledge. 
JO the scientist or the engineer such as Dr Anderson 
extending the boundaries of knowledge, there is the ever 
present challenge of the unknown. 

We have been privileged to listen tonight to a most 
lucid account of how this challenge has been met to 
date in the field of lightning research in South Africa - 
it is a record in which Dr Anderson's personal contribu- 
tion has been considerable and on which we would 
al1 now like to congratulate him. 1 now formally propose 
a hearty Vote of Thanks to Dr Anderson. 
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Our ref. Your ref. 

12 July 1982 

Dr F Louange 
9 rue Sainte-Anastase 
75003 PARIS 
France 

Dear Dr Louange 

Thank you for your letter of 21/5/82. The work carried out at this 
Observatory is purely of an astronomical and astrophysical nature using 
various telescopes with advanced electronic instrumentation. 

1 enclose the latest Annual Report for your information. 

Yours sincerely 

f 7  

M W Feast 

Please address correspondence to the Director, S.A. Astronomical Obsewatofy. CSlR 



B E L G I Q U E  



Paris, le 23 avril 1982 
A M B A S S A D E  

d e 

B E L G I Q U E  
- 

Monsieur, 

Comme suite à votre lettre du 19 avril 

der;lier, j'ai l'honneur de vous faire connaître 

ci-dessous quelques adresses d'institutions scien- 

tifiques belges susceptibles de pouvoir vous 

communiquer les renseignements que vous souhaitez : 

- Observatoire royal de Belgiaue 
@ avenue Circulaire 3 

Bruxelles -(Tél. 374.38.01) 

- Institut d'aéronomie spatiale de Belgiaue 
@ avenue circulaire 3 

1180 - Bruxelles (Tél. 374.27.28) 

é, - Observatoire PIIRA (station météorologiaue didactiaue) 
18% GRIMsERGEN (Tél. 02 '269.12.80) 

- Société Belge dlEtude des Phénomènes Spatiaux (SOBEPS: 
26, Boulevard Aristide Briand 
Anderlecht. 

Veuillez agréer, Monsieur, l'e-ression 

de mes sentiments distingués. 

, /. 
/ ,  ' I  - ;/-- 

. 
J~BZOII Alain Guillaume 

Ministre - Conseiller 
Monsieur IQUANGE François, 
Ingénieur - Conseil 
9, rue Sainte-Anastase 
75003 - PARIS 
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Volcanic material from Mount St Helens 
in the stratosphere over Europe 

M. Ackerman, C. Lippens & M. Lechevallier* 

Institut d'Aéronomie Spatiale de Belgique, 3, Avenue Circulaire. 
B-1180 Brusseh, Belgium 
*E.T.C.A., 16 bis, Avenue Prieur de la Côte d'Or. 
F-94114 Arcueil. France 

The two most recent balloon flights devoted to studying the 
stratospheric aerosol vertical structure by cornparison with 
winds, temperature and ozone vertical structures took place on 7 
May and on 5 June 1980. At 15.23 h CMT on 18 May Mount St 
Helens volcano (46'N, 122 'W) erupted with a tremendous 
explosion, projecting ash into the stratosphere. An explosion of 
this size occurs only about once a decade'. This sudden intro- 
duction of material into the atmosphere offers the opportunity 
to study air motions both horizontnlly and vetticaiiy. The iast 
such Iarge-scale opportunity was offered by the Mount Fuego 
eruption which took place in 1974. In t h i  latter case, the 
enhancement of stratospheric aerosols was observed by means 
of ground-based lidars and of balloon-borne particle counters. 
The time development of the aerosol event in 1974 and 1975 has 
been described elsewhereu. Mount St Helens material can now 
also be traced by various satellite-borne instruments. This new 
stratospheric aerosol event appears to be spectacular. As shown 
by the -photographs discussed-here, it leads in its early stage of 
develonment to an increase bv a facîor of three of the Earth limb 
reflectkity i t  15-km altitudg after n period of several years of 
low stratospheric aerosol content. . 

5 June 1980 7 May 1980 

Fig. 1 Photographs of the Earth limb taken with identical 
exposure settings in the azimuth of the Sun at low solar elevation 
angles from balloon gondolas on 7 May and on 5 June 1980. The 
gondolas were at 37- and 35-km al~itude respectively. An altitude 
scale of the grazing line of sight is shown in kilomeires. Below the 
dark blue sky horizontally stratified aerosol layers are revealed by 
scattered sunlight. In the 5 June case, material from the Mount St 
Helens volcano has spread in the low stratosphere over a large 
horizontal extent. It enhances the brightnessof the limb so that the 
cloud cover in the foreground can hardly be seen through the 
whitish veil. In contrast. the doud cover is well visible on 7May. 
Note that the grazing point at 16-km altitude is some 500 km away 
from the camera. An altitude difference of 1 lun at that altitude 

. corresponds to 7 arc min. . 

5 x  
Unit of solar radiance 

Fig. 2 Earth limb radiance in the azimuth of the Sun versus 
grazing altitude of the line of sight. The solar elevation angles were 
respectively 6.18' and 6.94' on 10 October 1979 and on 7 May 
1980. ïhe  variation of the limb radiance versus altitude is relatively 
smooth in both cases. As most of the radiance observed is due to 
scattering by particles, their amount in the low stratosphere 
appears larger in October than in May where a low aerosol 
background had been reached. n ie  situation at higher altitudes 
seems to bc reversed. However. these aspects require wnfirmation 
from other flights and further interpretation of these raw data 
where ozone and air absorption should be taken into account. The 
unccrtainties due to difficulties of the photographie photometry 

have also to be wnsidered. 

The new method5 is based on the photographic observation 
from balloon altitude of the Earth limb in the azimuthal direc- 
tion of the Sun at low solar elevation angles. Aerosols are known 
to scatter light mostly at small angles whereas, comparatively, 
Rayleigh xattering by air molecules occurs almost evenly at al1 
angles. Our observational geometry favours aerosol detection. 

At balioon altitude the camera lenses view the Earth limb 
betow the horizontal line directly and the Sun above it through a 
neutral optical density (0 - 4 )  screen which serves several 
purposes. It avoids penetration of straylight in the optics to 
obtain clean pictures of the Sun at various elevation angles 
providing an angukr scale. It puts both the Sun and the Earth 
limb in the sensitive dynamic range of the film calibrated in 
relative uni& by means of a step wedge photographed before 
flight The solar images provide the absolute scale. The gondola 
is Sun oriented so that the cameras have the Sun in the middle of 
the horizontal field of view. Colour (Kodak EPR 475) and black 
and white (Kodak Plus X Pan) 70-mm films are used. The results 
reported here were obtained in the red using Wratten filters 
nr. 25 set in front of the 80-mm focal length lenses of the 
Hasselblad EL500 cameras and without filter. The cameras are 
remotely operated from the ground. The telemetry retum signal 
allows us to check their operation. 

Three flights are wnsidered here. The first two took place on 
the afternoons of 10 October 1979 and 7 May 1980 from Aire 
sur l'Adour in south-west France. To determine the geographi- 
cal coordinates as accurately as possible, the tracking was per- 
formed by the CNES telemetry station and by radars located at - 
the Centre d'Essais des Landes (Biscarosse). The altitude, 
longitude and latitude of the gondola at the time that the picture 
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Stratospheric aerosols properties from 
Earth limb photography 

M. Ackerman, C. Lippens & C. Muller 
Belgian Instjtute for Space Aeronomy, Circular Avenue. 3, B-1180-Brussels, Belgium 

Balloon-borne observation ut three wauelengths of visible sunlight scattered by the Earth limb allows the determination of 
aerosols abundances and size distributions at various altitudes in the stratosphere. The stratospheric aemsols are apparently 
still under the influence of the Mount St Helens volcanic eruption five months after ifs occurrence on 18 May 1980. 

IT is only relatively recently that detailed studies of the strato- 
spheric aerosols have been initiated. They are of importance 
because nucleating and catalytic agents are central in determin- 
ing the radiation balance of the atmosphere. A survey of light 
scattering techniques used in the remote monitoring of atmo- 
spheric aerosols has been published recently'. Twilight 
phenomena have been used both from the ground2.%nd from 
satellites, and Earth-limb observation from s acc has been 
based on sunlight scattering observed directly4.'or through its 
absorption6. Zn situ sampling initiated 20 years ago7 has also 
provided much information on the composition of aerosolss. 

We have previously reported9 the photographic observation, 
from a balloon gondola floating in the upper stratosphere, of the 
enhancement of stratospheric aerosols over Europe 23 days 
after the Mount St Helens volcanic emption. Several other 
reports have now appearedIo-l3 while details have been pro- 
vided on the air trajectories which have caused the volcanic 
plume to move at various altitudes in various directions14 at the 
beginning of their many cumbersome revolutions around the 
Earth. Much information has been collected on the properties of 
the ejecta in relation to atmospheric effects". On 15 October 
1980, five months after the emption. another photographic 
balloon flight took place. One of the first observations was 
finding that the enhancement of stratospheric aerosols below 
20 km altitude has become very horizontally homogeneous. 
This means that it is now possible to determine the basic 
properties of volcanically influenced aerosols and of natural 
aerosols which seem to differ in several respects in the strato- 
sphere. 

Observation method 
Photographic cameras onboard a balloon gondola simul- 
taneously record at various wavelengths the light from the Earth 
limb below the horizontal line-of-sight while the solar elevation 
is low. This light is scattered direct sunlight with a contribution 
from the Earth albedo which is minimized when the Sun is low. 
The observation geometry is shown in Fig. 1. The limb radiance, 
R, can be exvressed directiv in solar radiance units because solar 
images are iecorded simuitaneously with a known attenuation 
factor. The solar elevation is calculated £rom the time that the 
picture was taken and from the geogaphical position. An 
angular s a l e  is constructed from several consecutive shots. The 
depression angles at which radiances are measured are related to 
the line-of-sight altitude of closest approach to the Earth surface 
taking into account refraction effectsI6. The measured 
integrated radiances can be inverted taking into account 
absorption by ozone and air along the line of sight by the 'onion 
pealing' method to yield the in'siru radiancc, R*, per unit length 
versus altitude. , 

The Sun-oriented gondola can be rotated about its vertical 
axis so that pictures can be taken at vaiious azimuth angles, A, 
relative to the Sun's position. The scattering angle û of direct 

solar radiation can be computed from the relationship 

cos 8 = -sin D sin h ~ + c o s  D cos ho cos A (1) 

where D is the depression angle at which the atmospheric 
radiance is measured and ho is the solar elevation angle at the 
time of measurement. As expected from their strong forward 
scattering properties, aerosols re-emit little light at an azimuth 
angle 180" away from the direction of the Sun. The limb 
radiance observed in this case is used to subtract Rayleigh 
scattering and to isolate aerosols scattering at al1 azimuths taking 
into account the Rayleigh phase function". 

If direct solar radiation only is considered, an in situ 
monodisperse aerosol radiance R: per cm of pathlength is 
related to the average solar radiance R o  by 

where a is the angular radiusof the Sun's disk, 2.16 x IO-' rad, <p 
the properly normalized particulate phase function, 0. the 
scattering efficiency factor, a the particulate scattering 
geometrical cross-section in cm2 if the number density, n, of the 
particles is expressed in cm-3. 

In practice, Our data confirm the previous observation'" 
according to which the phase function can, within experimental 
uncertainties, be represented by the Henyey-Greenstein 
function. The asyrnmetry factor g of the phase function and the 
total scattering efficiency can then be detennined. The variation 

Fig. 1 Observational geometry: quasi parallel light falls on the 
atmosphere at a solar zenith angle X ,  the atmosphere is seen at 
various depression angles D; through the rotation of the gondola. 
photographs are taken at various azimuth angles A from the Sun 

direction. 



of these parameters with wavelength can be fitted to their 
theoretical variations using the effective size parameter of 
Hansen and Travis". This procedure, which uses the Mie scat- 
tering computation programme of Wiscombe2", leads to an 
evaluation of the effective particle sue  and provides information 
on other properties. From these two quantities and from the 
product n u  obtained directly from equation (2) the value of n 
can be deduced. 

The aerosol particle size is usually treated in terms of the 
wavelength, A, of the interacting light through the Mie size 
parameter 

where a is the radius of the spherical particle in a monodisperse 
aerosol. In a polydisperse aerosol the number of particles of 
radius r is expressed lv by 

where a becomes the effective radius while b is a mesure  of the 
width of the size distribution; A is a constant related to the total 
number of particles. 

Comparing R.* with 8, the scattering angle, at various 
wavelengths provides information about the asymmetry factor, 
g. A knowledge of g and its variation with the wavelength of the 
interacting light leads to the unique determination of a and 6. 
How the scattering efficiency Q, varies with size parameter can 
then be determined. The behaviour of these quantities is known 
from the Mie scattering theory. 

Experimentai details 
The balloon flight took place on 15 October 1980. the tropo- 
pause height being 11.4 km. The gondola floated at 37.6 km 
altitude and was equipped with seven Hasselblad EL500 
cameras with 80-mm focal length IenSes and 70-mm films. Four 
of them were pointing forwards, one being loaded with colour 
EPR 475 Kodak film, and three in the opposite direction. The 

six black and white cameras contained (each camera was paired 
with the one opposite): Wratten filters 47 (440 nm) and 25 
(650nm) with P l u  X Kodak film and filten 87 with Kodak 
aerographic 2424 film (860 nm). To ensure that the Sun images 
were in the dynamic range of the film, neutral density screens 
made of exposed and processed sheet films were placed 60 cm 
from the lenses with their lower edge placed a few centimetres 
above the optical axis. Before flight, step wedges, inconel filters 
and samples of the neutral density screens illuminated in parallel 
light were recorded by each camera in the laboratory. After the 
flight, the Plus X films were processed using the Kodak D76 
developer ( y  = 1) and the IR-sensitive film was processed in the 
Kodak D l 9  developer ( y  = 2.3). The dynamic range of this last 
film was too small to record usefully simultaneous Sun and limb 
images so that its absolute calibration was derived from the 
comparison of optical densities due to quasi-pure Rayleigh 
scattering obsemed 180°from the Sun in the three colours above 
30 km altitude. The absolute calibration in blue and red light 
was based directly on solar images. The colour, blue, red and IR 
camera settings (aperture, speed) were respectively: f l l l ,  
11125 s; f/8,1/2SOs; f/8,1/250 s; f18.11125 S. As soon as the 
gondola could be Sun oriented, pictures were taken during 
ascent and later during the Boat period. With its Sun sensor 
remaining locked on the Sun, the gondola was then rotated 
about its vertical axis so that the cameras could record Earth 
iimb images 6S0, 115". 180". 245" and 295" from the solar 
azimuth. The whole horizon scan took place between 16.08 and 
16.18 h GMT, during which atmospheric iIlumination conditions 
changed very little. The latitude and longitude were respectively 
1" E and 44" N. The average solar azimuth and elevation angles 
were 248" and 9.3" respectively. The optical densities were 
measured on three tracks per frame normally to the horizon by 
means of a Jarrell-Ash micro-densitometer and subsequently 
converted into radiance, in units of solar radiance, versus alti- 
tude of the grazing line of sight every 200 m. Each photograph 
allows an horizontal angular coverage of about 34". 

Fig. 2 Data a1 650 nm versus altitude for various scatt&ng angles, 8: a. integrated radiances. R, along the lines of sight; 6. invened radiances. 
R*; c, invened radiances due to aerosols, R:. Each successiye lower curve is displaced by 10 km altitude from the one above. R* and R: are 

expressed in unis of solar radiance. 



Fig. 3 Henyey-Greenstein phase functions of the radiance venus scattering angles. normalized at B = 0" for various values of the asymmeny 
factor, g. The expenmental data points are shown at the three altitudes studied and for the three wavelengths: a. 440 nm; 6.650 nm; C. 860 nm. 

Results 
As an example, the obsewed limb radiance values are presented 
versus the altitude of closest approach of the line of sight to the 
Earth surface (sea level) for 650 nm and for various scattenng 
angles in Fig. 2a. 

The comparison of the vertical radiance profiles observed at 
small scattering angles in red light 11 days before, less than 1 
month9 and five months after the Mount St Helen's eruption 
shows several characteristics. A radiance enhancement peaking 
at 17 km altitude still exists on 15 October 1980, by a factor of 
almost three relative to the pre-eruption value. Above 22 km 
altitude the radiance has returned to values close to what it was 
on 7 May 1980. This suggests that the heavy layer observed over 
England on 6 and 7 Junelo and on 5 June9 over France consti- 
tuted the main body of the material injected in the stratosphere 
by the volcano. Over 5 months, that layer would then have 
spread in altitude and its centre of gravity would have moved 
upwards by -2 km, this being perhaps related to air heating 
through sunlight absorption bv the aerosols. 

Th~variou~photographs taken around the vertical axis of the 
gondola reveal the 17 km layer at al1 azimuth angles; above 
20 km altitude a well defined 1-km thick layer is readily seen. 
Such thin, well separated features have been observed on each 
of our previous flights and most probably have no relationship 
with volcanic activity. They belong to the 'natural' stratospheric 
aerosol. In this particular case the layer is present towards the 
south from the gondola and absent towards the north. Ib 
altitude is at 22 km from 125" azimuth counted clockwise from 
the geographical north to -220" where it begins to rise up to 
-25 km at 250" where it splits and becomes invisible. Parti- 
culate rnatter is also present above, what we cal1 here, the 22 km 
layer. With respect to the horizontal homogeneity, the 
cornparison of the aerosol direct sunlight scattering with the 
scattering angles is safe for the 17-km layer; for higher altitudes 
care must be taken. 

For the angular study, along the lines-of-sight integrated 
radiances are inverted using standard ozone and air dis- 
tributions2' and their respective absorption cross-section~".*~. 
The in-siru radiance values, R*, in units of solar radiance and 
per cm along the line-of-sight at the tangent altitude, are 
presented in Fig. 26. The R* values at 650 nm (Fig. 2 b )  show at 
8 = 175" an exponential dependence versus altitude, as expec- 
ted. on which some structure and noise is su~erimoosed. At 

radiance at respective azimuths from O to 180°from the Sun. At 
8 = 14" and 17 km altitude the aerosol contribution is about 14 
times the Rayleigh contribution. 

At 650 nm (Fig. 2 b )  the Rayleigh phase function can be fitted 
to the radiance variation obsewed in the backward hemisphere 
at 30 km altitude. In this case, however, the average cloud 
radiance varies from 6 x near the Sun's azimuth to 6 x IO-' 
elsewhere. In the forward direction the aerosol contribution to 
the radiance is 10.8 times the Rayleigh contribution at 17 km. 
At 440 nm, Rayleigh scattenng dominates even if at 8 = 14' it 
still seems to be five times smaller than aerosol s-çtering at 
17 km. At 8 = r75", R* grows faster than exponentially at 
altitudes below 20km. Multiple scattering here has an 
important role because the Rayleigh optical thickness on the 
tangent line of sight reaches unity at 20 km. This occurs at 9 km 
and at ground level for 650 and 860 nm respectively. In addition 
the average cloud deck radiance is very high in bliie light varying 
from 1.6 x IO-' near the Sun to IO-" of the solar radiance 
elsewhere. The data obtained in blue light can then only be used 

- -- 

Table 1 Summary of balloon-borne results for three characteristic 
altitudes 

Altitude 

860 nm in the backward hemisphere where aeiosols &e expec- 
g. The asymmetry factor of the phase function; Z Qsnu,  the optical ted to bring a small contribution and particularly at 30 km 

aerosol scattering deduced fmm obKrved altitude, the variation of R* with û fits well the Rayleigh phase a Q , ~ u ) , ~ ,  the optical aerosol scattering extinction deduced from 
function, giving confidence to the very b+~ contribution from the. comp,rison with the molecular scattering extinction; 0.. the scattenng 
Earth albedo to the obsewed signal. This is not surprising as the effic,ency factor; 1 nu and nu)AM, the geometnc scattering extinc- ' 

average cloud deck radiance measured at depression angles tions; a, b, the size distributions parameten; V, the total volume of 
* 

from 5 to 15" ranges from 7 x to '6 x IO-' of the solar . particles per cm3 of air at the respective altitudes. 



with caution and at small scattering angle. The situation here is 
different from that in the balloon-borne aureole observation2" 
due to the low solar elevation used. 

Figure 2c presents the in situ radiance due to aerosols R: 
obtained by subtracting the Rayleigh scattering R&, due to air. 
R$ is evaluated from R* at 8 = 175' following the 'clean air' 
procedure currently used in lidar work2'. RM is then adapted for 
the various scattering angles considered according to the mole- 
cular phase f ~ n c t i o n ' ~ .  

Interpretation 
The angular dependance of RY has been fitted to the variation of 
the scattered light intensity with 8 computed for various values 
of the asymmetry factor g of the Henyey-Greenstein function as 
shown for three wavelengths in Fig. 3. In blue light a few values 
of û give useful results. For the reasons discussed above values 
for the 22-km layer have only been considered for û between 51" 
and 1 16". 

The asymmetry factors so determined are listed in Table 1 
with the optical scattering extinction coefficients Q,nu. The 
values at 440 nm have not been used because a mode1 taking 
into account the measured cloud radiances indicates a non- 
negligible contribution of the albedo to the limb radiance. But 
this contribution is negligible at the larger wavelengths. The 
observed g values, taking into account that it is probably slightly 
higher than 0.6 and 440 nm, tend to indicate that a value of the 
real index of refraction equal to 1.55 (see ref. 25) is observed 
here. This value will then be used to deduce the size parameter x, 
and its variation with A from 650 to 860 nm leads to the values of 
a and b characterizing the size distribution Iisted in Table 1. 
Eventually, the scattering efficiency Q. can be deduced £rom a 
and b following the Mie scattering theory19. 

With the data available, there is, of course, another method of 
determining Q,nu. From the air u values" and from the air 
number density n,,, taken from a mode12' (mid-latitude, spring- 
autumn) (nu).,, can be evaluated. The R &  values determined at 
19 = 175" by the 'clean air' method2* are compared with the R: 
measured and by taking into account the air and aerosols phase 

Fig. 4 Number of particles per cm-3 venus their radii and per 
micrometre size interval for three characteristic altitudes: 14, 17 
and 22 km. Two previous data ~ e t s ~ . ~ \ r e  shown for romparison. 

Fig. 5 Total numbers of particles with diameten larger than given 
values. The ratio of the number of particles with diameters ( d )  
>0.3 wm to the number of particles with diameters >0.5 wm is 
larger for the layer at 22 km altitude than for 17 and 14 km 
altitudes indicating the volcanic influence in these two latter 

casesz9. 

functions the values of (z O,~U)~,., for the aerosols are deduced. 
They are also listed in Table 1. 

The absolute particle distribution shown in Fig. 4 for the three 
altitudes considered is based oniy on the geometrical extinction 
coefficient 'x n u  at 860 nm for two reasons. In IR light, the 
albedo contribution to tlïe measurement is negligible whiie it is a 
maximum in blue light and in the inversion of R leading to R *  
the correction for the absorption by O,, of which a standard 
vertical distribution had to be used, is the largest in red light. 
This is supported by the discrepancy observed at shorter 
waveiength between the extinctions determined from the 
observed radiances and those determined by comparison with 
the molecular scattering. The agreement is very good at 860 nm. 
The Mie scattering theory also had the best chance to be valid, 
even if the particies do not exhibit a perfectly spherical and 
smooth shape, at small values of the size parameter. 

Discussion 
Our particle distributions are compared in Fig. 4 with the upper 
and lower limits deduced from in situ sampling7 and with two 
extreme values resulting from solar aureole measurementsZ3. 
The present results fall within the range of those data except for 
particles <0.2 km radius where the upper limit givenby Junge et 
aL7 is exceeded. As mentioned above the aerosols below 20 km 
are still in volcanically perturbed conditions. On the other hand, 
the collection efficiency of an in situ sampler might be reduced 
for small particles. Note also that our distributions are steeper 
especially at large radii. This effect is less pronounced in the 
comparison with the aureole data. This effect seems to be due to 
the srnall values of effective radii obtained here. 

Another comparison of our data, shown in Fig. 5, can be made 
for the total number of particles with a radius 50.15 km 
obtained by balloon-borne optical particle ~ounters'~. The 
number densities of these particles are 0.4-1.3 particle cm-3 in 
the 14-17 km altitude region and 0.1-0.9 particle cm-' at 
22 km. The data presented here for 22 km correspond to a low 
aerosol content above 20 km and lead to 0.7 particle cm-3 above 
0.15 wm. At 14 and 17 km altitude the values presented in Fig. 5 
respectively imply 1.9 and 2.1 particle cm-3 of particles with 
radii >O. 15 km. A comparison between the two methods would . 

be required to define a possible discrepancy as the aerosols are 
volcanically enhanced in the present case. 

The optical extinction coefficient O.nu measured at 1 km 
wavelength by the SAM II Satellite-borne instrument at low 



aerosol load in July1979" exhibits an almost constant value at 
altitudes from 14 to 20 km of cm-'. This compares very 
favourably with our 860 nm value at 22 km. At 17 and 14 km 
altitude, the extinction in the present case is 3 and 2 times larger. 
This can be expected from the volcanic influence which may 
also explain the larger effective particle radius a at 17 km 
altitude. 

A value of the asymmetry factor g of 0.4910.7 has been 
measured recently at 633 nm, a wavelength close 650 nm used 
here, from 10.7 to 12.8 km altitude in the stratosphere18. This 
value corresponds to our measurement at 22 km where the 
aerosol is considered to be purely 'natural'. Because g is larger in 
the present case at 14 and particularly at 17 km, one of the 
volcanic influences must then be to increase the g value and if 
the Mie theory is applicable to increase the particle size as we 
observe it at 17 km altitude. 
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importance in the evaluation of the role that stratospheric 
aerosols in the size range from 0.04 to 0.4 pm radius can play. 
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Annexe 

374 67  87  
AUTRES SERVICES 

. . 1 180 Bruxelles, le ........... 9. .... kuin ... I.P.82 ..... --.-- -....--. 
AVENUE CIRCULAIRE. 3 

Monsieur François LOUANGE 

Rue Sainte-Anastase 9 

FR-75003 PARIS  

En réponse à v o t r e  l e t t r e  du 21 -5.1 98Z8 nous avons 1 'honneur de vous 

communiquer que L ' I R M  e f fec tue  des observat ion dans l e  domaine des 

décharges d ' é l e c t r i c i t é  atmosphérique, 

Les observat ions cons is ten t  d'une p a r t 8  du comptage du nombre d ' é c l a i r s  

e t  d ' a u t r e  p a r t  de 1' enregistrement des t r a n s i  t o i  r es  é l e c t r i q u e s  émi s 

par l e s  é c l a i  rs. 

Les comptages sont  e f fec tués  à l ' a i d e  de compteurs du t ype  "C1GRE"r 

i n s t a l l é s  à Maldegem, Bornem, St-Katel i jne-Waverr Deurne e t  Mol. 

La mise au p o i n t  d 'un  cômpteur permettant de déterminer  L'heure 

exacte des décharges e s t  en cours à L ' I R M .  

Les signaux é l e c t r i q u e s  t r a n s i t o i r e s  émis en t re  1 kHz e t  600 kHz sont 

enreg is t rées  à L 'a ide  d'une mémoire d i g i t a l e  ; une r é s o l u t i o n  de 0,s y s  

peut- être obtenue. 

En annexe vous t rouverez  l es  schémas b locks des d i f f é r e n t s  appare i l s  e t  

nous sommes à v o t r e  d i  spÔsi t i o n  pour des renseignements complémentai res. 

Je vous p r i e  d '  agréer, Monsieur, 1' assurance de ma cons idé ra t i on  

d is t inguées.  

Le D i  r ec teu r  8 

Y --- 
- -2- 

D r .  R-SNEYERS 



DESCRIPTION DES CECUITS 

C e t t e  plaquette ce corpi e .  primo d'un ampli en courant ceci afin 

d ' risuer une granàe inp?dinct d1entr6e, puis d'un filtre actif 

p..rse bande dont les fr+s~~! icea  de coupire sont de 180 Hz et 500 HZ 

c :  le gain unitaire. 

Lab18ment suivant est un conparatvur dont le seuil peut être r&l6 avec 

ul.r grande pr6cision grâcr au potantntihtre ce trouvant sur la face 
S. mt, i un tour repr6sente un seuil de 500m~). . 

position de ce poten? -Itm r+ra d(termin6e par 18exp6rience. 

fermant la petite man.:?.. sur le bouton, on assure la constance 

niveau de détection. 

r&s ce comparateur , ar trouve un transistor qui adapte la tension 
, niveau TTL. 

,fin c'est un monostable oui ternine le circuit de datection dont le 

-mps est reg14 sur 2 mS, ce qui a pour but d861iminer tout rebondissenent 
Tin d'avoir une seule impulsion. 

Voir fig. 2 
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AMBASSADE DU BRÉSIL 

P a r i s ,  l e  7, j u i n  1982 

Monsieur François  Louange 
9 rue Saint-Anastase 
75003 P a r i s  

Monsieur, 

En réponse à v o t r e  l e t t r e  du 1 9  avril ,  j ' ai  l e  p l a i s i r  

de vous f a i r e  pa rven i r  l e s  ad resses  des  i n s t i t u t i o n s  su ivantes :  

- ~ b s e r v a t o r i o  Nacional 

e 2- General Bruce, 586 
20.921 Rio de J a n e i r o  - R . J .  

- I n s t i t u t o  Nacional de Pe s q u i s a s  Espac ia i s  
@ Avenida dos Astronautas , 1758 

12.200 sao J O S ~  dos C ~ P O S ,  S.P. 

- I n s t i t u t o  ~ s t r o n ô m i c o  e ~ e o f i s i c o  
@ Universidade de S ~ O  Paulo 

Av. Miguel Stefano,  s/n 
S ~ O  Pauïo- S.P. 

2 .  Dans l e  c a s  où d1 a u t r e s  i n s t i t u t i o n s  s e i n t é r e s s a n t  à 

l a  d é t e c t i o n  d e s  phénomènes aérospat iaux r a r e s  au   rési il me se- 

r a i e n t  s i g n a l é e s ,  je  vous l e  communiquerai u l té r ieurement .  

Veui l lez  ag rée r ,  Monsieur, 1' assurance de mes s a l u t a t i o n  

Chef du Service de 
Science e t  Technologie 



S ~ O  J O S ~  dos Campos, J u l y  9, 1982. REF.: 30.100.000.1070/82 

M r .  François  Louange 
~ n g é n i e u r  Consei l  
9, rue  Sa in t e  Anastase 
75003 P a r i s  
France 

Dear Mr. Louange: 

Thank you f o r  your l e t t e r  of June 6 ,  1982 r e l a t i n g  t o  your 
appointment t o  undertake a survey on r a r e  aerospace phenornena. 

1 would l i k e  t o  inform you t h a t  INPE which i s  r e spons ib l e  
f o r  Braz i l i an  space research ,  has  no involvement i n  t h e  mentioned a r e a  of 
your i n t e r e s t .  

As f a r  a s  1 know t h e r e  i s  no de t ec t ion  system e s t a b l i s h e d  i n  
Brazi l .  

S incere l  y yours 

3 

.--- - - - \ 
Ne1 son de J e  sus  Parada 

Direc tor  General 
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National Research Council Conseil national de recherches (+ Canada Canada 

Herzberg lnstitute Institut Herzberg 
of Astrophysics d'astrophysique 

Ottawa. Canada 
K1A OR6 

October 8, 1982. 

M. François Louange, 
9 ,  rue Sainte-Anastase, 
75003 Par i s ,  
France. 

Dear M r  . Louange : 

Please excuse the  delay i n  replying t o  your l e t t e r  of July 20 
which arr ived shor t ly  before 1 l e f t  on a t r i p  t o  Europe. 

We operate a canera network of 12 s ta t ions  i n  western Canada 
for  the  photography of br ight  f i r e b a l l s .  The enciosed repr in t  describes 
the  general proper t ies  of t h e  system and we would be happy t o  provide 
any other d e t a i l s  t h a t  might be of i n t e r e s t .  

Yours s incerely  , 

. i 
Ian Hailiday, 
Planetary Sciences Section. 

Telex 053-371 5 
Télex 053-371 5 



THE INNISFREE METEORITE AND THE CANADIAN CAMERA 
NETWORK 

BY IAN HALLIDAY, ALAN T. BLACKWELL AND ARTHUR A. GWFFIN 
Herzberg Insriiure of Asrrophysies, Narional Researeh Couneil of Canada 

Ortawa andSaskaroon 

The events which Ied to the establishment of the camera network in western Canada known 
as the Meteorite Observation and Recovery Roject (MORP) are dexribed. The network 
consists of 12 small observatones, each equipped with five cameras. a meteor detector and 
exposurc control systems. A bright fireball was observed in Alberta and from an aircraft above 
clouds in Saskatchewan on Fcbniary 5, 1977. at 19" 17m 38 M.S.T. Two MORP stations in 
Alberta photographed the event from which a predicted impact point was caiculated. leading 
to the ncovery of a 2-kg meteorite near Innisfree. Alberta. on Febniary 17. Five smaller 
pieces were located after the disappearance of snow in April. Measurements of the weak 
radio-activity produced by cosmic-ray activity were made on the main piece shortly after 
recovery at a laboratory in the United States. The results from this meteorite arc of special 
interest becauh the meteor photographs provide a reliable orbit for the object before impact. 
lnnisfree is only the third meteorite for which such a well-defined orbit is availabk. The 
IOW-inclination, direct orbit appears normal for asteroidal fragments which collide with the 
eanh. 

Introduction. Meteonte research in Canada received a great stimulus as a 
result of events which began with the fa11 of the Bruderheim meteorite near 
Edmonton, Alberta, on March 4, 1960. One recent consequence of the 
Bruderheim event was the photographic recording and prompt recovery of 
the Innisfree meteorite, which fell in Alberta on February 5,1977, only 116 
km from the much larger Bruderheim fall. 

The fa11 and recovery of the large shower of stone meteontes north of the 
small town of Bruderheim has been described by Folinsbee and Bayrock 
(1x1). Many fragments, totalling overd00 kg, of this typical hypersthene 
chondnte (petrologic type L6) weré recovered within an elliptic area nearly 
4 x 6 km in extent. This abundant supply has made possible a very 
extensive study of the meteorite and has provided exchange matenal for 
the improvement of the meteorite collections in Canada. The total re- 
covered mass for Bruderheim is the largest for any Canadian meteonte. 

The experience gained in field searches and laboratory study of 
Bruderheim was put to good use when three other meteonte falls occurred 
within 500 km of Edmonton in the next seven years. These meteontes were 
Peace River in 1963 (Folinsbee and Bayrock 1964); Revelstoke in 1%5 
(Folinsbee et al. 1%7) and Vilna in 1%7 (Folinsbee et al. 1969). These four 
events brought to ten the number of Canadian meteorite falls for which the 

1s 

J. Roy. Astron. Soc. Can.. Vol. 72. No. 1, 1978 
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date of fa11 \r a4 !+no\\ n and suggested that several falls per decade might be 
expected if reports of bright firehalls were pursued intensively. By coinci- 
dence. the next fall in Canada. the lnnisfree meteorite. occurred ten years 
to the J.iy (almost to the hour) after the Vilna event. Several other meteor- 
ites cla\dîed as "finds" rather than "falls" were recovered during the 
decade but information on the date of fa11 is not available in these cases. 

The Bruderheim event had other, less obvious results. The collection of 
the fallen meteorites and their acquisition for scientific studp had been 
handled efficiently because of the presence and interest of amaleur as- 
tronomers within the Edmonton Centre of the Royal Astronomical Society 
of Canada and geologists at the University of Alberta and the Research 
Council of Alberta. I n  many parts of Canada the event might have gone 
unnoticed. This realization led directly to the establishment in 1960 of the 
Associate Committee on Meteorites by the National Research Council of 
Canada to stimulate interest in al1 aspects of meteorite research. The 
Committee consists of about fifteen members chosen to give broad geo- 
graphic coverage across Canada. One of the Committee's first actions was 
to organize a national system for the prompt reporting of fireballs to the 
regional representatives and the central ofice in Ottawa, a system which 
worked well for Innisfree. 

Another early action of the Associate Committee was to recommend the 
creation of a network of photographic stations in western Canada to record 
bright fireballs. The aim of such networks is to provide accurate data on the 
atmospheric trajectory, from which the probable impact point of meteor- 
ites on the ground can be calculated with more confidence and less delay 
than by the collection and analysis of eyewitness reports. Secondly, the 
data from the upper end of the luminous path can be used to calculate the 
orbit of the meteoroid around the Sun before it collided with the earth. The 
observational data may also be used for statistical studies of the rate of 
occurrence of bright meteors, orbital statistics of large meteoroids in the 
solar system. etc. 

Photographs of the atmospheric flight of the Pribram meteonte in 
Czechoslovakia had been secured in 1959 with conventional meteor 
cameras (Ceplecha 1961). In 1961 the International Astronomical Union 
approved a resolution calling for the construction of photographic fireball 
n e t ~ o r k s  and the first two networks were established about 1964 in 
Czechoslovakia (Ceplecha and Rajchl 1965) and the central plains of the 
United States (McCrosky and Boeschenstein 1965). The Czechoslovakian 
network soon expanded in cooperation with West Germany and is known 
as the European Network. The Canadian Meteorite Observation and Re- 
covery Project (MORP) became the third such project (Halliday 19731, 
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followed more recently by networks in the United Kingdom (Hindley 1975) 
and in the U.S.S.R. (Zotkin et al. 1976). 

The Meteorite Observation and Recovery Project. 

History of the Project. Since the purpose of meteorite networks is to 
recover meteorites for which the astronomical data have been secureci. 
networks should be located to provide a large amount of clear night-sky 
conditions over a terrain which is suitable for a meteorite search. Althouph 
Canada has a very large land area, the only region of adequate size which 
meets the second requirement is the agricultural region of the three prairie 
provinces. Clear weather is expected to be as frequent here as elsewhere in 
Canada and one of the by-products of the project is data on clear night-sky 
conditions. Preliminary data on these conditions are presented at the end of 
this section. 

The planning and construction of the MORP network were ac- 
complished in the late 1960s within the Astronomy Division of the Domin- 
ion Observatory, then a Branch of the Department of Energy, Mines and 
Resources. Some preliminary site searches began in the summer of 1966 
with eight of the final observatory sites selected in 1967 and the remaining 
four in the spring of 1%8. One potential site was later shifted ten kilometres 
when it was found the land would not support a loaded cement truck. The 
network was planned to keep ail stations away from the glare of large cities 
and sites were selected to be near existing power lines and away from roads 
with heavy traffic. Where possible, however. they were chosen to be not 
far from major highways and local habitation, the latter in order to derive 
some protection against potential vandalism. Figure 1 shows the location of 
the twelve observatories where the station names refer to nearby towns, 
usually within 10 km of the station. Table 1 lists the geographic locations 
and elevations of the stations; the elevations include a height of 4 m above 
ground for the cameras. 

The MORP network is operated from a field headquarters on the campus 
of the University of Saskatchewan in Saskatoon, near the geographic 
centre of the network. The Asquith observatory, West of Saskatoon, was 
chosen as the first station and its small building was erected during the 
summer of 1968. Some modifications were introduced into the building 
design before two more observatories were built the following winter. then 
seven stations in the summer of 1969 and, finally, the two Manitoba 
observatories during the winter of 1969-70. The first cameras were instal- 
led at Asquith late in 1968 but the network was not effectively operational 
on a routine basis until 1971. 



FIG. 1-Map of the hlORP networh shoujng the location of the twelve stations (filled 
circles) and the site of the lnnisfree meteorite fall relative to some major cities (open stars) and 
hiphways in western Canada. The effective search area for meteontes is about 700.000 km2. 

TABLE 1 

LOCATIOXS OF THE MORP STATIONS 

Station Latitude Longitude 

A Asquith 
B Neilburg 
C Vegreville 
D Lousana 
E Brooks 
F Leader 
G Ernfoid 
H Lajord 
1 Langenburg 
J Alonsa 
K Birch River 
L Watson 

Elevation 
(metres) 
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FIG. ?-The exterior of the MORPobservatory near Langenhurg. Sask;itchewiin. Note the 
rneieor detector mounted on the roof of the building. 

Observa tor i e s .  Consideration of the area of sky covered by one camera 
led to a decision to use five cameras per station. each covering about 54" of 
azimuth near the horizon. The cameras are positioned with the lower edges 
of their fields of view only 1" or 2" above the horizon and the upper edges 
near a mean elevation of 55". The unobserved zenith area of each station is 
surveyed by neighbouring stations. but small triangular areas between the 
fields of adjacent cameras and the horizon are not covered. The protective 
buildings were chosen to be pentagons in spite of some slight concern that 
local contractors might not be familiar with 72" and 108" combinations. 
Figure 2 shows the extenor of one of the observatories under typical winter 
conditions with a modest snow cover on the ground. 

The observatory floor area is only 6.5 m2. The roof has an almost flat 
central section. on which is mounted the meteor detector described below. 
and five sides which dope at 23" to the vertical. Each window has an area of 
1900 cm2 and is coated with a transparent but conductive coating which 

- carnes a few amperes of low-voltage a.c. power to keep the surface free of 
ice and dew. The building is heated or cooled. as necessary, by a combina- 



tion heaterand airconditioner. A security fence encloses the building and it 
has been a great relief that during the eight years of their existence. 
problems of vandalism and intrusion have been negligible at the obser- 
vatories. 

The cameras are mounted on a steel frame which is bolted to a concrete 
- 

pedestal about 2.5 m above the floor. The pedestal goes down into the 
ground about 2 m and there opens into a flat base. This structure provides a 
very stable mounting for the cameras, independent of building vibrations. 
The floor is an integral part of the concrete pedestal about 1.5 m above 
ground: one result of this is that the building stands fairly high above the 
ground surface and turbulent dust- or snow-laden winds flow more easily 
past the building and cause less obscuration of the sky. Another result is 
that snowdnfts almost never block the door. 

Ctrmt~ms. The MORP cameras were specially manufactured by the 
Charles A. Hulcher Company of Hampton. Virginia. and use wide-angle 
Super-Komura 50-mm lenses. The film used is Kodak 70-mm Plus-X Pan in 
100-foot rolls on the dimensionally stable Estar base. Each picture has, in 
the margin between frames. a camera identifier (station letter A to Land , 
camera number 1 to 5) and three fiducial marks (see figure 3). Each fiducial 
mark consists of a 60-micron dot surrounded by four radial arms calling 
attention toit and the marks can be used to interrelate the measurements of 
two pictures from the same camerai This is useful if a meteor is photo- 
graphed adequately itself but the picture lacks sufficient stars because of 
thin clouds or haze. One camera at each station records in one corner of the 
frarne the time of the end of each exposure. Onginally. time was recorded 
by u Bulova "itccutron" clock with a 24-hour dinl and a 999-diiy calendar. 
but a conver\ion to digital time di\plays is now in progress. 

Each camera has been tested to determine the distortion in the pictures. 
since each lens has its own unique distortion pattern. The test setup in a 
gymnasium involved a horizontal' array of forty precisely spaced lights. 
sufficiently distant from the camera to leave the focus at infinity. By tilting 
the camera. about thirty successive superimposed exposures were made 
until the entire frame of film was covered with a rnatrix of dots. Measure- 
rnents of the dots were used to construct a contour map of the distortion. 

from which by interpolation a set of 841 pairs of numbers was extracted. 
representing displacement in X and Y CO-ordinates al1 over the field. The 
cornputer program which calculates orbits and impact points looks up the 
distortion file of the relevant camera and adjusts ail measurements to allow 
for this effect of the lens. 

The cameras have a "son shutter" in front of the lens to protect the lens 



FIG. 3-Photograph raken during a thunderstorm. looking north from Lousnna. Albena. 
One nearby lightning flash contwsts with ,the numerouh cloud-to-eailh flashes in the 

Mackground. This photo is from c;imer;i DI (c;imera 1 at station Di the same cameia that later 
secured one of the photos of the lnnisfree rneteo~ite. The clock image records the tirne of the 
end of the expusure. 

during daytime and a "masking shutter" which is normally open and closes 
only during film advances to prevent star images appeanng dragged across 
the picture. The cameras also have a "chopping shutter", as is usual in 
meteor cameras. to break the meteor trail four times each second in order 
to give timed intervals on the trail photograph for use in determining 
velocity. The chopping shutter in the MORP cameras is a rotating wheel 
dnven by a synchronous motor, but it is unique in having three equal 
sectors of different opacities. One sector is completely transparent and this 
is the only one that transmits significant starlight. Another sector is made of 
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filter material of density 5.0 (and supposedly neutral as to colour) which 
blocks out al1 but a most unusually bnght meteor and has blocked out every 
meteor seen to date by the MORP cameras. The third sector has neutral 
density 2.0 (a reduction, in astronomical terrns, of 5 mag) and will transmit 
enough light from a very bright meteor to make an image that may be more 
suitable for measurement than the overexposed image t hat came t hrough 
the transparent sector. The masking shutter and the chopping shutter are 
both near the focal plane. 

Meteor Derector. 1t is desirable to know the time of occurrence of each 
photographed meteor since the time is required in an exact calculation of 
the orbit. The problem is how to detect the occurrence. The meteors of 
interest are bright, but not in comparison to the sum of al1 light coming from 
the sky. Most meteors move within a limited range of angular velocities and 
this motion is their most distinctive characteristic. The MORP "meteor 
detector", designed by Spar Aerospace Products Limited of Toronto. 
looks for this motion. It consists of a light-sensitive photomultiplier tube 
(abbreviated PMT, mode1 RCA 2067) above which arerwo coaxial cones of 
perforated metal, one larger and completely covenng the other. The PMT 
produces a current proportional to the incident light. Any light that reaches 
the PMT must pass through holes in both cones and light from a moving 
source such as a meteor will find different combinations of holes in quick 
succession. The output of the PMT will then have a rapidly varying 
component. The PMT is connected to an electronic filter that passes only 
the range of frequencies from 1 to 10 Hz which has been deemed appro- 
pnate, based on typical meteor velocities and the geometry of the meteor 
detector. Therefore, provided only that the meteor has enough brightness 
to stand out above the integrated background level. the system can detect it 
and respond by pnnting the time of the event and advancing the film after a 
delay to ensure the meteor is not still in flight. This should protect what is 
expected to be a valuable picture. Al1 pictures show the time ut which the 
exposure ended, the only difference in the case of there having been a 
meteor signal is the appearance of a large marker at the edge of the frame (to 
upper left of the clock image in figure 3). 

The meteor detector is tested about once a month by the station 
operator, who shoots up a small rocket flare of the type used for distress 
signals. The test is not a perfect simulation of a rneteor, because at a 
distance sufficient to properly diminish the brightness the entire flight of the 
flare would be below the field of view of the meteor detector (since the 
detector does not look down to the horizon in order to avoid vehicle lights). 
The operator gets an indication that the system is working from a brief flash 
of the building entrance light. 
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Exposure Control. The electronics which control the camera operation 
were designed and produced by SED Systems Limited of Saskatoon. It is 
desirabie to get as much exposure time on each frame as possible, but not to 
the point where a meteor image already on the film, or one about to amve, 
would be obscured by overall fogging. An exposure control system deter- 
mines the time at which each picture will end. Light from the northern sky 
(to avoid moonlight) fails on a silicon photodiode, but first the light has been 
interrupted at a 100-Hz frequency by a dnven-tuning-fork type of bearn 
chopper. The current through the photodiode is proportional to the light 
bnghtness and because of the chopper it is an alternating current, which is 
convenient to amplify. After amplification, the signal is rectified by a 
synchronous transistor switch and the resulting haif-wave is integrated by 
an operational amplifier. The output of the op-amp is a voltage which 
increases at a rate proportional to the area of the half-wave. When this 
voltage reaches a certain level it triggers a pulse of current from another 
op-amp. The result is that the interval between these pulses is proportional 
to the sky bnghtness. The pulses are counted and when a preset number of 
the order of a few hundred is reached, the film is advanced. Except for 

- 

inaccuracies due to non-linearity of circuit responses, the time to reach a 
certain number of pulses will be proportional to the total accumulation of 
exposure on the film. 

The pulses from the exposure control circuit are also used to determine 
when cameras should start and stop each day. As long as the rate of pulses 
exceeds a certain limit (about one pulse per second) the light level is so high 
that the resulting short exposures are uneconomical. Le. less than 10 to 15 
minutes in length. As the light decreases after sunset, the cameras are 
tumed on when the pulse rate is slow enough; conversely, before sunrise 
the pulse rate increases and at the shut-down point the cameras, the meteor 
detector and the exposure-control circuit are de-activated for the day.'The 
length of exposures will normally Vary from about 10 minutes to 3 hours. 
To minimize loss of data due to electronic failures, there are safeguard 
circuits which prevent film-advance rates of more than two pictures in 20 
minutes and limit the duration of any exposure to a maximum of 200 
minutes. 

Routine Procedures. Each observatory is visited about twice a week by 
an operator who lives near the station. Local residents were trained for this 
in a few hours and with the aid of a manual that covers routine and 
extraordinary procedures, these operators do an excellent job. In the entire 
history of the project only one operator resigned (he was transferred by his 
regular employer) and one passed the job to his son. 

The operators push certain switches to elicit responses from the system 



that indicate correct or irnproper functioning. They tune to WWV radio 
tirne signais and at a precise minute they push a switch to expose the dock 
on the film. I n  this way, when their reports are compared with the times 
read on the film. a continuous monitoring of clock errors is possible. 

The 100-foot rolls of film last from three to six weeks, depending on the 
Iength of the nights at vanous seasons. The operators change the film when 
necessary and mail i t  to the Saskatoon headquarters of MORP in reusable 
aluminum cylinders. If a meteor ofinterest is reporied by eyewitnesses. the 
exposed film may be removed prematurely and nished to Saskatoon for 
prompt examination. The film is processed in an automatic processor that 
handles three rolls of film at a time, requiring three hours to a batch. After 
processing. the film is mounted on a five-film viewer especially built for this 
purpose. The five rolls that were exposed at one station at the same time are 
synchronized on this machine. since the time that applies to al1 five is 
recorded on only one of the films. 

Each frame is examined for meteors and for data on sky conditions with 
the information entered directly at a computer terminal. The picture is 
considered to be subdivided into four parts, upper and lower portions of 
both left and right sides. The upper fields are that portion above 20" 
elevation while the lower fields are the portion between 8" and 20" in 
elevation. The cntenon for classifying sky as clear is good visibiiity of star 
trails and the data are divided into half-hour intervals in the computer 
analysis with the predominant characteristic of an interval ascribed to the 
whole interval. The twenty areas of sky thus recorded for each station are 
used by the computer to calculate the total area of atmosphere, at an 
assumed height of 70 km, under observation by the network at any tirne. 
This data will eventually be combined with data on the distribution of 
observed meteors in order to denve meteor flux values. 

Incidental Observations. A photographic monitoring of the sky will 
inevitably garner pictures of more than just meteors. The MORP cameras 
have provided some useful pre-discovery observations of a nova 
(Blackwell et al. 1975). The films have been searched for bursts of light that 
were at one time predicted to be associated with gamma-ray bursts (to no 
avail and the suspected association has now been virtually abandoned). 
They have never seen what is usually called an Unidentified Flying Object 
and surely this negative evidence should be considered in any discussion 
about the reality of UFOs. They have recorded some rather interesting- in 
fact, beautiful - pictures of lightning such as the example reproduced in 
figure 3. 

The MORP cameras have also shown that, contrary to a widely-held 
belief, the sky in western Canada is not panicularly clear and cloud-free. 
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As data began to accumulate, it hecame evident that the number of hours of 
good observing was less than expected. An analysis is now available for 
about 1000 days from March 1974 to December 1976. The numbers derived 
are the number of half-hour intervals dunng which the sky was clear or 
cloudy at each of twelve typical locations in the agricultural area of western 
Canada. The following information has been extracted from about 64,000 
station-hours of observing. The distribution by categories of sky condition 
is: 

Category A - virtually no clouds above 8" elevation dunng a 
half-hour interval. 13% 

Category B - partly cloudy, but in at least one of ten azimuthal 
sectors there is a patch of clear sky above 20" 
elevation lasting at least one-half hour. This 
category includes observations that would have 
been in category A except that some instmmental 
problem prevented a complete observation. Ex- 
penence leads to the opinion that such problems 
should transfer about 4 percentage points from 
category B to category A. 22% 

Category C - completely cloudy so that there was not even one 
sector that was clear for one-half hour. Instm- 
mental problems enter to a small extent - if the 
sky had been clear in one small part which hap- 
pened to be missed by a faulty camera, then an 
interval that should have just barely qualified as 
category B wouid have been reported as category 
C. We believe this situation should transfer less 
than 2 percentage points from category C to 
B. 65% 

The revised statistics, based on these adjustments for instrumental prob- 
lems are: 

Category A - virtually no clouds 17% 
Category B - panly cloudy 20% 
Category C - completely cloudy 63% 

Before MORP was established, information about cloudiness was ob- 
tained from Environment Canada, as it is now known. The data at the 
available locations nearest to the MORP stations indicated the percentages 
of conditions as follows: 

Category 1 - completely clear to 29% cloudy 42% 
Category 2 - from 30930 to 79% cloudy 1 6% 
Category 3 - from 80% to 100% cloudy 42% 

The MORP categones do not coincide with the Meteorological Branch's 



26 lan Halliday. Alan T .  Blackwell and Arthur A. Grifin 

categories, but one way to compare the two is by noting that category 3 is 
less frequent than category C, even though the former is much less restnc- 
tive than the latter (up to 20% ofthe sky may be clearfor category 3 but sky 
better than about 3% clear would be taken into category B rather than C). In 
looking for explanations of the discrepancy, we note that the Environment 
Canada observations are made at 2300 and O500 hours. Perhaps there is a 
systematic tendency for the sky to cloud over after 2300 hours or clear 
before 0500 hours. Another possibility is that the years 1974 to 1977 were 
cloudier than the years 1951 to 1960. Cloud statistics are merely a 
penpheral interest of MORP but these observations are noted here in case 
they may be of interest to meteorologists. More data are available on 
request. 

The Fa11 of the Innisfree Meteorire. 

Visual Observations. Camera networks provide more accurate data on 
the paths of bright meteors than do even a large number of visual observers 
but reports from eyewitnesses may be cmcial in initiatingprompt action. In 
the MORP system an unreported bright meteor might not be found on the 
films for over a month, so it is important to leam quickly that an interesting 
fireball has been seen. A bnght fireball may be seen over such a large area 
that reports of it may follow a variety of routes before reaching interested 
scientists. Such was the case with the Innisfree fireball. 

Among the groups of Canadians whose help in reporting bnght meteors 
has been requested by the Associate Committee on Meteorites are airline 
pilots and crew. Obviously pilots are in aposition to see the night sky above 
clouds and away from city lights. The crew of Air Canada's flight 167 from 
Winnipeg to Vancouver on Febniary 5, 1977, observed the Innisfree fire- 
bail above clouds near Sw@ Curent, Saskatchewan, about 470 km from 
the meteor. They gave a description of the event by radio to the control 
tower in Regina, which was promptly relayed to Mr. John Hodges of that 
city, a member of the Associate Committee for many years. He telephoned 
the st* of the MORP office in Saskatoon who immediately took action to 
cal1 in the films from a few stations expected to be the ones of interest for 
the event. Since weather conditions in Saskatchewan were generally 
cloudy, local observations from the Saskatoon area would not have aierted 
the staff as quickly. 

In Alberta the sky was clear and reports from observers near Edmonton 
were directed to Rofessor R. E. Folinsbee, initially as a result of inter- 
views by the Fort Saskatchewan Detachment of the Royal Canadian 
Mounted Police. Rural police forces are another valuable source of infor- 
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mation on spectacular events and the Associate Committee has routinely 
sought their help. An appeal over local radio stations for observations 
produced more than a hundred responses of which seventeen with some 
possible value have been generously made available to us by Professor 
Folinsbee. Two other reports, one being the observation from the aircraft, 
were received in Ottawa through the reporting system. 

Anticipating knowledge of the actual meteor path derived from the 
photographs we find that these visual reports come from distances varying 
between 2 and 304 km from the sub-meteor point at the time of maximum 
light. Six observers at four different locations were within 30 km of the 
ground path and an additional six were between 50 and 100 km distant. 

One of the more lengthy reports is the result of an inlerview by the 
R.C.M.P. with Miss Brendalee Walker, age 13, who lives on a farm near 
Chipman, Alberta, about 77 km from the ground point beneath maximum 
meteor light. The report was made within an hour or  two of the observation 
and is given here in full. 

It was approximately 7:15 p.m. 5 Febniary. 1977. and 1 was standing outside of the 
farmhouse. near the woodbox. Our farm is la/, miles north. 2 miles east and Il/,  miles 
north of Chipman, Albena. 1 was looking north and 1 saw what appearcd to be car lights 
shining off our gas tank. and when 1 looked up the whole east sky was lit up. There was a 
large spark and about six little ones trailing. They were heading east. They were al1 pure 
white and very bnght. n i e  large one was about the size of a large car and the rest wen 
only small. about the size of basketballs. They were al1 in a straight line, going east and 
appeared to be only about 50 feet over the top of the trees. 1 don't have any idea how fast 
they were going. 1 saw them for at least 30 seconds and thcy were still moving when 1 go1 
to the house. The sparks appeared to be falling pretty rapidly and were something like a 
plane landing. The sparks appeared to be travelling about 40 miles per hour. 

Although it is not part of the verbatim report the accompanying police 
report quotes Miss Walker a s  also saying a swishing sound accompanied 
the lights but there was no large sonic boom. She did, however, run into her 
home long before these latter sounds would have had time to reach her. 
From the photographie record it is clear that the duration has been greatly 
overestimated in this report, which is a very common tendency. At the 
location of the observer the path would have appeared steeply inclined to 
the horizon with maximum light at an elevation near 24' in a direction 16" 
south of the easterly direction descnbed. The similanty to an a i r c m  
Ianding is enhanced by the low angular velocity (about 6' s-') for this 
observer. 

Two other youthful observers of the Innisfree meteonte fall, Lyell and 
Martin Ferguson, ages about 10 and 8 years, were much the clesest of any 
in the group of witnesses to the actual meteor path. They were walking 
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south on a road about 14 km north-northeast of lnnisfree when the sky lit up 
behind them. One of them turned around to look for an aoproaching car but 
the fireball was so nearly overhead he did not see it until he was again facing 
south. when he observed fragments descending hi& in the sky in front of 
him. From the photographic record it is deduced they were within 2 km of 
the sub-meteor path. almost under the brightest point on the trail. There is 
some dispanty in their estimates of just where the light disappeared but 
their favorable location minimizes the uncertainty involved. Both boys 
descnbed a sonic boom "like distant shooting dying away to the southeast 
about Il / ,  minutes after the fireball". 

The only other convincing report of sounds was an observation by Mr. 
Ken McGillivray who was located somewhat northeast of the town of 
Innisfree, about I I  km from the late portions of the sub-meteor path. He 
descnbed two large fragments plus six to eight small ones, and after going 
in the farmhouse to descnbe the meteor to members of the famil y, he again 
went outside. By repeating his actions an interval of 1 minute 45 seconds 
was found between the meteor and the sound, descnbed as ''a rumble, then 
a sharp rumble, mellowed rumbling for 15 seconds, loud, then 5 seconds 
dying away". Another witness, in a schoolyard only a kilometre more 
distant from the path, heard no sounds. 

The report of "swishing" sounds by Miss Walker may be a valid obser- 
vation of the anomalous sounds which sometimes accompany the luminous 
phenomenon (Lamar and Romig 1964). Without confirmation from other 
observers this must remain doubtful. The more usuai sounds of mmbling or 
distant explosions were definitely heard but apparently only in a small area 
near the end of the trail. It appears that the sounds were much less 
impressive than those recorded for many other meteontic events. Reports 
of colour were few, with the "pure white" of Miss Walker's report, "a 
large red bail" by one of the neaiby observers and finally a blue flash 
descnbed by a person who was indoors with a window facing away from 
the actuai meteor. 

An analysis of al1 the visual .observations would certainly have led 
searchers to the right area, due in considerable measure to a fortunate 
spacing of a few observers very close to the end-point and on opposite sides 
of the path. The visual end-point would appear to be defined within a circle 
of radius about 10 km, centred close to the actual location of the fallen 
meteontes. This is several kilometres beyond the point where the photo- 
graphie trails end, but it is reasonable to suppose a nearby visual observer 
would have followed fragments to a lower luminosity than the MORP 
cameras. 



FIG. 4-The lnnisfree meteorite in flight. from upper left to louer right. photoyr:iphed fi-om 
the MORP station ai Vegreville. The rotiiting filter whrel proditce\ 4 \egnwnis of ti.;iil per 
second. The bripht stars crossinp the meteor ti-nil near the middlr ;ire C;i\ii)i- ;ind Pollii.c. So ie  
the evidence of separate fragmenis low on the path. The metriv enrered the field ;il ;I heighi of 
59 km and was observed over a puth lengih of 37.8' in 3 . 8 2  \econd\. 

Photographic Observations. As a result of the visual report from the .Air 
Canada-aircraft. the filmsfrom the four stations Watson. Asquith. Neilburg 
and Vegreville (see figure 1) were called in for immediate processinp. The 
weather at the three Saskatchewan stations had been cloudy but the Vep  
reville films produced the bright meteor shown in figure 4. The early 
portion of the trail was lost in the station's blind spot above altitudes of 55" 
but nearly four seconds duration of trail was recorded. Near the bottom. 
several distinct fragments are visible and a significant decrease in angular 
velocity suggests a similar decrease in the linear velocity. an essential 
requirement for the survival offragments as meteorites. The meteor detec- 
tor at Vegreville had been activated by the fireball. establishing the exact 
time of some early portion of the bright part of the trail as 1977.6 February. 
02h 17'" 38$ U.T. 



The main hope of obtaining a photograph from a second station now 
shifted to the Lousana station with some chance that the Brooks station 
might also have recorded it. Since i t  was known that the operator at 
Lousana was temporarily absent, Eldon Hubbs from the MORP office in 
Saskatoon made the long dnve to Lousana and back on the same day to 
retrieve the films. When they were processed. a faint meteor image was 
found on the first exposure of the evening. Unfortunately this exposure 
suffered so severely from twilight sky fog that the only star image on the 
frame was a short trail of Polaris. Careful transposition of star trails from 
the next frame via the fiducial marks provided an adequate reference 
background for meüsurement of the meteor position. The meteor as seen 
from Brooks would have been lost in one of the small tnangular areas 
between two camera fields and the horizon; however, it might not have 
been bright enough to be recorded at this station in any case. if conditions 
were not ideal. No other stations secured photographs so we are left with 
the minimum coverage for a complete reduction. Le. two stations. 

The two meteor photographs were measured in Saskatoon and the 
measures relayed to Ottawa by telephone. Due to minor modifications to 
the computer program it was temporarily not possible to run the program in 
Saskatoon. On February 14th, computations on the N.R.C. computer in 
Ottawa indicated an end-point for the longest surviving fragment near a 
height of 20 km and a terminal velocity well below 4 km s-'. These values 
are very similar to the terminal values for the Lost City meteonte, 19-km 
height and 3.5 km s-1 (McCrosky et al. 1971). and thus provided the first 
evidence that a meteorite fall was probable. Programs of fireball photog- 
raphy have shown that many spectacularly bright meteors end at heights 
and velocities which are so high that the survival of any material larger than 
dust pariicles is unlikely. Until the height and velocity values were avail- 
able on February 14 the fireball of February 5 was merely one of a group of 
several interesting firebülls photographed by the network. but the survival 
of this object to such a great depth in the atmosphere made an immediate 
search desirable. 

Mereorire Search. Befsre initiating the field search. solutions of the 
dark-flight portion of the trajectory (below 20 km) were performed for three 
hypothetical meteorite sizes. The data on the atmospheric wind profile 
recorded at Edmonton about three hours before the meteor were used. The 
solution employs these data together with the known gravity and rotational 
values for the earth and calculates step by step the displacement due to 
these effects plus the ballistic drag for a spherical object falling through air 
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. of known density at each height. The body size is represented hy a mass- 
to-area ratio and values appropriate for stone meleoriles of masses 10. 4 
and 0.5 kg were chosen. in the belief that pieces in this range might have 
survived and be in observable locations. Owing to two favorable aspects of 
the event, nsmely that the wind was essentiiilly il t i d  wind which tends to 
keep smaller pieces from drifting far behind larger ones, comhined with a 
steep path for the fireball (elevation of the apparent radiant 68"). the spread 
between the three hypothetical fragments was only 2 km on the ground. 
The predicted area of fall was in farming country about 13 km northeast of 
the small town of Innisfree which is situated on the main highway from 
Edmonton to Saskatoon. 

On February 16 two of the authors. Hulliduy and Gnffin. flew from 
Ottawa to Edmonton and proceeded to Vegreville by car while Bluckwell 
and Eldon Hubbs drove from Saskatoon, stopping en route to assess the 
snow conditions in the predicted fall area. The fields were covered with 20 
to 40 cm of moderately packed snow except on exposed knolls where the 
wind had reduced the snow cover and recent sunshine had begun to expose 
rocks and clumps of soil. Conditions appeared suitable for a search by 
snowmobile so that evening arrangements were made with young snow- 
mobilers from Vegreville to begin a search the following morning. 

The search began at 10:30 a.m. on February 17, using four machines. 
three of them driven by local youths with the authors of this paper as 
passengers while the fourth was driven by Eldon Hubbs. Weather condi- 
tions were quite mild with daytime temperatures new +Soc which ciiused 
some concern about overheating the engines and required minimum cruis- 
ing speeds near 25 km hr-'. Traverses were run with spacings varying from 
12 to 18 metres between successive runs. depending on the amount of 
stubble or other material breaking the snow surface. 

The normal unit of agricultural area in western Canada is a quarter 
section. i t  square 0.5 mile on a side (805 metres). so individuul traverses 
were generully of this length pnless blocked hy obstacles such as small 
patches of deciduous bush. With four machines i t  required an hour to cover 
each quarter section. Frequent stops were made to examine field Stones. 
clumps of soi1 which appeared quite hlack due to the absorption of melted 
snow, and disturbances caused by the burrows of small animals. At 4 p.m. 
Halliday spotted a dark object some 5 or 6 metres to one side of the 
snowmobile track which, on circling back to examine it. proved to be the 
main piece of the meteorite resting on the snow. surrounded by 0.5 metre of 
dirty snow (see figure 5). Evidently the meteorite had penetrated the 30 cm 
of snow to the frozen soil and rebounded to the surface. bringing up some 
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FIG. 5-The main mass of the lnnisfree meteonte is shown held just above the spot where it 
came to rest on the snow. Some din and meteorite chips are scattered around the spot as a 
result of bouncinp off the field beneath the snow. 

soi1 and knocking a few small chips of; the meteorite. The meteonte was 
buried about half its own depth in the snow and would probably soon have 
been buried more deeply due to warming of the black exteril~r in sunshine. 

The discovery of a meteorite in the field is a more concrr-te event than 
most scientific discovenes. The feeling of elation which accompanied the 
event may have been partially due to this effect but was more directly 
related to the fact that after nearly eleven years of planning. construction 
and operation of the camzra network, a meteorite had now been observed 
and recovered very much according to the original plans. The meteorite 
was found during the search of the fourth quarter section after only four 
hours of actual searching, slightly less than twelve days after its fall. Figure 
6 shows the search team at the site of the find. 

The following day an agreement was signed with Mr. William Fedechko, 
owner of the land on which the meteorite was found. for the purchase of the 
meteorite "for a fair price to be determined after prefiminary study of the 
meteorite". Accurate measurements were made of the location of the 
meteonte fa11 and the search was continued. with particular attention given 
to areas further along the path where sornewhat larger pieces would be 
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FIG. &Six of the seven members of the search tearn shown with the four snowrnobiles 
used in the search. From left to right, E. Hubbs, V. Kuzz. A. T. Blackwell. K. Fned. 1. 
Halliday and M. Freed. with the photo taken by A. A. Grifin. The meteonte is seen in front of 
the t hird snowrnobile frorn left, a small haversack used to protect the carnera and rnaps lies to 
the left of the meteorite. 

expected if they existed. The weight of the first specimen was 2.07 kg 
which, at the time, left doubt as tc whether it was the largest surviving 
fragment. Nine quarter sections (5.8 km2) were searched by snowmobile 
but no other pieces were found. Professor Folinsbee and his students made 
a particular effort to locate areas where very small fragments (0.1 to 1-g 
range) might have been carried by the wind, but none was found. In 
consultation with Dr. Folinsbee it was agreed to propose the name "Innis- 
free" for the meteonte, in accord with the usual practice of choosing the 
name of a nearby town or village not previously used for naming another 
meteonte. 

Careful study of the Vegreville photograph dunng March showed that at 
least five fragments had survived below an altitude of 25 km and probably 
something had reached the ground from each of these pieces, in addition to 
smaller pieces which would not appear individually on the photograph. The 
search effort was renewed in Apnl once the snow had disappeared. A group 
of students led by Professor Folinsbee searched on Apnl9 and located a 
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small piece of total mass 33 grams. although i t  was fractured into many 
pieces. Its location was 600 metres back up the path from the original find, 
on land owned by a neighbour of Mr. Fedechko. Three days later Mr. 
Fedechko notified the MORP office in Saskatoon that three pieces with a 
combined weight in excess of a kilogram had been found by his family and 
some visitors. al1 on the same quarter section as the original find. I t  appears 
that two ofthese were found on April 10and the largest ofthe threeon April 
I I .  The MORP staff from Saskatoon returned to lnnisfree the following 
week and a sixth piece of the meteorite was found by Blackwell on April21. 
I t  was in numerous fragments, apparently the result of having been nin 
over by a farm implement used in plowing a firebreak. The first piece found 
by the Fedechkos was in two fragments and the smaller of these was 
distnbuted as souvenirs. so the total weight of this piece. estimated as 120 
grams. is uncertain. Pieces 4.5 and 6, in order of discovery. weighed 345, 
894 and 330 grams. The total recovered mass is 3.79 kg and the mean 
coordinates of the fall are I I  I o  20' 15'' W. 53" 24' 54" N .  Major portions of 
the Innisfree fall will be located in the National Meteorite Collection at the 
Geological Survey of Canada. Ottawa. and in the collection of the Univer- 
sity of Alberta. Edmonton. 

Detailed study of the relationship between the pieces and the individual 
trails on the Vegreville photograph will be reported elsewhere. It is be- 
lieved the five main pieces can be identified individually with the five trails 
observed on the photograph. The "ellipse of fall" is small. an area 400 by 
500metres can enclose the location of ail the finds. The centre of this area is 
only 300 metres from the point predicted on February 14 for a 4-kg piece. 
the point which was used asa roiigh centre ofinterest in the original seurch. 

The experience gained in the Innisfree sesrch leiids us to certain conclu- 
sions. Frozen soi1 is obviously a great advantage in keeping kilogram-size 
meteorites from burying themselves in the ground. The dark-flight compu- 
tation indicates the large piece struck the ground with a velocity near 70 m 
s-' (157 m.p.h.) and required 130 seconds to fall after the light went out. 
The rebound phenornenon was especially helpful for this 2-kg specimen. If 
the smaller pieces also rebounded. then they were subsequently obscured 
by the snow before the search in Febniary. A similar rebound effect was 
observed for some of the Bruderheim Stones and also in at least one 
witnessed fall in the U.S.S.R. ( A .  N. Simonenko, personal communica- 
tion). Meteorite searches on foot may be effective. as in the case ofthe later 
pieces of Lost City (McCrosky et rd. 1971) but the time required to search 
an area of several square kilometres is very large. For winter searches we 
believe snowmobiles offer a great advantage in agricultural areas, espe- 
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cially if the location can be determined idore  fresh snowfiills occur. The 
sixth piece of lnnisfree wiis found hy ;in observer on the roof of a station 
wagon which wus cruising slowly across the field. The iidded height for the 
ohwivcr ahove thc giwind is hcncfici;il. cvcn forqiiitc smiill metcoi-ites:tnd 
W C  I ccoritniciitl thi\ i~icthotl whcrc pos\ihlc Soi- sc;ii.chc\ oii griixing:irc:is 01, 

plowcd liclds. 
I t  may he of interest to speculate on the role played hy winter conditions 

on meteorite i-ecovery in Canada. lnnisfree is the eleventh Canadian "fall" 
for which the cxiict date of the event is known. as opposed Io "finds" in 
which a mcteorite is discovered by xcidcnt. If we ignore the three early 
falls before 1905 when population patterns were much different from the 
present. then the modern falls ;ire: Dresden. Ontario. July 1939; Benton. 
New Brunswick, Januiiry 1949; Abee. Alherta. Jiine 1952: Bruderheim. 
Alberta, Maich 1960: Peace River. Alherta. March 1963: Revelstoke. 
British Columbia. March 1965; Vilna. Alberta. Fehiuüry 1967; Innisfree. 
Alberta. February 1977. Six of these eight events were winter falis on 
snow-covered terrain. For Bruderheim. Revelstoke and Vilna. sonle or ail 
of the meteoritic material was recovcrcd from the ice on lukcs or rivers. 
Two othei- Canadiiin meteorites. Great Beiir 1-iike (June 1936) and Holmitn 
Island (March 1951) were recovcred from seasonal ice suifwxs so. al- 
though they are finds rather than falls, the ice conditions were a vital factor 
in their iecovery and estahlish the d;ites of the fail within a few months. A 
si~rvcy of worldwidc diitcs of mcicoriic liills shows no prcfci-ence for 
northern hcmisphcie winter iiioiiihs so thc iippiiieiit picpondcr;ince 01' 
winter events among Canadian falls is attributed to a better chance of 
recovery when frozen soi1 and ice leave the meteorites in a more visible 
situation. 

The Innisfree M ~ ~ c o r i ~ r .  

Description. Thc lnnisfree meteorite is ü rather normiil stone mcteorite 
of the low-iron (1.-type) or hyprsthcnc chondritc group. 1)etuilcd cliiss- 
ification is not yet coniplete and the final designiition may he L4 or L5 
iilthough i t  may prove not to he typiail of nny one subclass. The individual 
picccs wcrc covcimi with the iisuiil thin. hliick fusion criist. iihout 0.3 mm in 
thickncss. Most picccs werc of i i  chimky shirpe wiih riithcr flnt sides and 
mgiilai. corners. 'I'hcrc is no ohvioiis indication that the pieces f i t  together 
and thcy woiild not he expccicd to f i t .  sincc study oSthc mcteor photograph 
indicutes lhcy sepni-ated at a variety ofheights whilc iiblation wris still very 
iictive. One fiice of the main piccc shows an area of partial fusion crust 
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FIG. 7-The 2-kg piece ofthe meteorite photographed seven hours after recovery. The dark 
fusion crust exhibits a fine pebbled texture on the vertical face, a network of hairline cracks on 
the upper surface and a potential fracture near the corner in the right background. The scale 
shows inches (upper) and cm (lower). 

where a thin layer may have broken off when the velocity was just too low 
to generate a fresh crust. Figure 7 shows a view of the main piece photo- 
graphed late on February 17. 1977, about seven hours after it was found. 

Various types of technical studies have been undertaken on samples of 
the Innisfree meteonte at different laboratones in several countnes and the 
results will appear in technical journals. One important class of study is the 
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TABLE Il 

ORBIT OF INNISFREE METEOUITE 

Semi-major axis 
Eccentricity 
Inclination 
Argument or perihelion 
Longitude of asc. node 
Perihelion distance 
Aphelion distance 
Period 

measurement of the weak radioactivity produced in the meteonte in space 
by the bombardment of cosmic rays. There is a very wide range of half- 
lives for the isotopes which may be produced soit is important to have such 
measures made as soon as possible after a fresh meteorite is recovered. For 
this reason the main mass of the meteorite was taken by Halliday to the 
Battelle Pacific Northwest Laboratories in Richland. Washington, on Feb- 
ruary 19 and measures of the radiation began exactly two weeks after the 
fa11 of the meteorite. These measures have revealed at least one interesting 
anomaly in Innisfree. indicating it has been subjected to a high level of 
cosmic radiation in the relativeiy recent past (Rancitelli and Laul 1977). 

The Orbir. Pribram. Lost City and Innisfree are the three meteontes for 
which two-station photography provides a reliable orbit and much of the 
interest in Innisfree depends on this fact. The cosmic-ray effects men- 
tioned in the previous section are of much greater interest when the recent 
orbit of the meteorite is known and the same is true for studies of thermal 
effects to which the meteorite has been subjected in space. 

The Innisfree meteorite entered the atmosphere with a velocity of 14.5 
km s-' from a geocentric radiant, corrected for earth rotation and gravity. 
af a,,,, = 6.66". ti1950 = 66.21". The orbital elements derived from these 
data are listed in Table II and the orbit is shown in figure 8 relative to the 
orbits of the inner planets. The orbits of Pribram and Lost City are also 
shown, neglecting the rnodest inclinations of the meteorite orbits. lnnisfree 
had a low-inclination, direct orbit with perihelion very close to the earth's 
orbit and aphelion well beyond Mars. in the asteroid belt. It is typicai of the 
orbits believed to pertain to meteorites in general, for which an asteroidal 
origin is increasingly supported by current research. 

Many of the numencal quantities relating to the fireball and the frag- 
ments of the Innisfree meteorite are collected together in Table III for 
convenience. 
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FIG. 8-The orbits of the Pribram. Lost City and lnnisfree meteontes are shown projected 
on the ecliptic plane relative to the orbits of the five inner pianets. The direction to the fint 
point of Anes is also indicated. 

TABLE III 

SUMMARY OF DATA ON INNISFREE M m  

Time of meteor 
Recovery of first piecc 
Mean cosrdinates of fail 
Masses of fragments 
Total mass recovered 
Px-atmospheric velocity 
Terminal velocities from photos 

(five fragments) 
Beginning height (Lousana) 
End height (Vegreville) 
Duration of photographed trail 
Corrccted geocentnc radiant (1950) 
Elevation of apparent radiant 

1977, February 6.02' 17" 38' U.T. 
1977, February 17,23" U.T. 

= ~3024 '54~ N; A = 1 liOrn'w w 
2.07;0.033;0.120;0.345;0.894;0.330kg 
3.79 kg 
14.54 km s-' 
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EMBAJADA DE COLOMBIA 
EN FRANCIA 

Paris, le 20 Avril 1982 

Monsieur François LOUANGE 
Ingénieur-Conseil 
9, Rue Sainte-Anastase 
75003 PUIS 

Monsieur, 

En réponse à votre lettre du 19 Courant, 

je me permets de vous conseiller de vous mettre en 

rapport directement avec 1' Organisme : 

" COLCIENCIAS " 
@ FOND0 COLOMBIANO DE INVESTIGACIONES 

CIENTIPI CAS 
Transversal 9A No 133-28 BOGOTA 

Rép. de Colombie 

En ce qui concerne la protection de l'environne- 

ment, vous pouvez écrire à 

INSTITUT0 NACIONAL DE LOS RECURSOS NATURALES 
@ RENOVABLES Y DEL AMBIENTE " INDERENA 

Apartado Aéreo 13458 
BOGO'PA 

Veuillez agréer, Monsieur, mes salutations 

Hernh Tovar 
Ministre ~lénipotentiaire 

22, Rue de ltElssée 75008 Paris 



E ~ ~ B A J A D A  DE COLOMBIA 

E N  FRANCIA 
Paris, le 21 Avril 1982 

Monsieur François LOUBNGE 
Inggnieur-Conseil 
9, Rue SaintesAnastase 
75003 PARIS 

Monsieur, 

Je vous confirme la lettre que je vous ai 

adresse hier et vous engage à vous mettre également 

en rapport avec 1' Organisme : 

68, 
INSTITUT0 DE ASUNTOS NUCLEARES 
Avenida El Dorado Carrera 50 

BOGOTA 

Beui1)ez agréer, Monsieur, mes salutations 

Hem& Tobar 
Ministre Pl6nipotenti&.re 



de Ïnvestigacion Espacial, Eduardo ~mald i~as i s t i o  a la inaugu- 
ration del Taller de Ondas Gravitacionales organizado por la 
Asociacion del Centro Internacional de Fisica. El certamen se 
desarrolla en e l  Iinstituto de Asuntos Nucleares. En la grafica 
se aprecia a los cientificos Galileo Violines, Ernesto Villarreal 
y Eduardo Posada. (Foto de Jaime Nino). 

Comenzo Taller sobre 
ondas gravitacionales 

Comenzo en Bogota el Taller rencistas los fisicos italianos Amaldi, 
sobre OndabCravitacionales, organi- Pallotino, Ricci, Pizzella y Galileo Vio- 
zado por Acif, Asociacion Pro-Centro h i .  
Internacional de Fisica, en el cual par- El   aller es la primera actividad que 
ti-cipa un grupo de profesores italianos desarrolla este aiio Acif y cuenta con 
especialistas en este campo. el apoyo de Colciencias, el Icfes, IAN y 

El Taller, que durara hasta el 7 de la Universidad de Roma. 
i 

abril, estara centrado en los métodos , ' La c r e a h u h m  Centro Interna- 
experimentales para detectar las on- ' cional de Fisica en Colombia fue acor- , 
das gravitacionales, cuya existencia dada aprincipios del ano pasado como 
esta prevista por la teoria pero no ha resultado del Encuentro Mundial de 
podido ser confirmada hasta la fecha., Fisicos, organizado por la Universi- 1 - ,,Las ondas gravitacionales son el dad de Los Andes y la Sociedad Colom- 
equivalente a las eiectromagnéticas biana de Fisica. 1 
p r o  referente al campo gravitacional. Los objetivos de Acif son: promover 
La teoria de la relatividad las ha pre- la investigacion cientifica en los pai- 
wsto, pero no se han detectado en la ses en viade desarrollo y en particular 
uerra. de la Region Andina, de Centro Améri- 
"%1 curso esta dirigido a los estudian- ca y del Caribe; establecer un foro in- 
tes de post-grado de diferentes univer- temacional para fomentar los contac- 
sldades de Colombia y d e  Republica tos entre cientificos de los paises desa- 
Dominicana yse desarrollar~ en la se- rrollados y en via de desarrollo, y cola- 
de del Institut0 de Asuntos Nucleares. borar con la comunidad cientifica pa- 

El Grupo de Investigacion de Ondas ra que logre su entrenamiento y la con- 
Gravitacionales de Roma participara secuci6n de los elementos adecuados 
activamente y actuaran como confe- para la investigacion. - - 



I N S T I T U T 0  DE A S U N T O S  NUCLEARES 

ADSCRllO AL YlNlSTERlO DE MINAS Y ENERGIA 

Apartado Aéreo 8595 

BOGOTA. D. E.. COLOMBIA 

Sefior 
FRANCOIS LOUANGE 
Ingénieur - Conseil 
9, rue Sainte-Anastase 
75003 - PARIS 
FRANCIA 

Estimado sefior Louange: 

Oficio D-1672 

le de julio de 1982 

En atencidn a su nota del 21 de mayo quiero manifes- 
tarle que no tenemos conocimiento sobre sistemas de 
deteccion de fendmenos aeroespaciales raros en el 
Instituto de Asuntos Nucleares de Colombia. 

Le sugiero escribir al Departamento Administrativo 
@ @ de Aerondutica Civil O al Institut0 Geoffsico de los 

Andes, en las siguientes direcciones: Aeropuerto 
Internacional Eldorado y carrera 7a. No 40-62, res- 
pectivamente. <?:, .<- 0 Ls : ., 
Atentamente, ,- C - -  

- b 

Director General 
q , L -  c. * 



REWBLICA D E  COLOMBIA. 

Departomento Administrotivo de ~eronoutica C ivil 
AEROPUERTO ELDORADO - BOGOTA, D.E. - COLOMBIA 

BOGOTA D.E. 04 DE AGOSTO DE 1982 

Sekr 
FRANCOIS LOUANGE 
9 ,  rue SAinte-Anastase 
75003 Park 

REF: Su carta 11/07/82.- 

Atendiendo a su salicitd realizada p a ~  que l e  sea s d s t M d a  infor 
macion técnica sobre los sistanas de de tecc ib  utilizados en ~olombia- 
por la A e d u t i c a  Civil,  muy c d i d a m e n t e  le infm 10 siguiente: 

El pais cuenta cm sistmas deUrAar  tip LP23 y W O B  de origen Fran - 
tés y cuyas caracteristicas son: 

Banda de frecuencia 
Alcance 
h c h o  de pulso 
Ferfodo de repeticion 
Potencia pico 
Quantum de t r a t d e n t o  

S 
6n MN 
'b = 0.75 Mseg. 
T = 1 Mseg 
550 KW 
.0.36 M s  

Banda de frecuencia L 
ALcance 200 MN 
Ancho de pulso 3 Mseg. 
Periodo de repet ici& T = 330 f.IS 
Potencia pico 2m 
Quantum de tratamiento 

Atmtaniente, 

Diréctor Gen Telecarmrn icac 
y Ayudas a la ~avegacion A h  





KONGELIG DANSK AMBASSADE 

AMBASSADE ROYALE DE DANEMARK 

PARIS 

r 

I4onsieur François LOUANGE 
-l 

9 rue Sainte-Anastase 

75003 PARIS 

gennemsiag bilag J. nr: 
c o p i e W  - annexe(s) RBf: 4 

77. AVENUE MARCEAU. 75116 PARIS 

TELEPHONE: 723.5420 

ADR. TELEGR.: AMBADANE 

TELEX: 620172 

Dato 
Le 28 Avril 1982 

1 Monsieur, 
En réponse à votre lettre du 19 courant au sujet d'une 
étude sur la détection des phénomènes aérospatiaux rares, 
nous vous proposons de vous adresser aux organismes danois 
cités ci-dessous: 

DANSK RUMFQRS~INGS~STI~T 
@ Lundtoftevej 7 

2800 Lyngby 
(Centre danois dtEtudes spatiales) 

FORS0GSANLEGGET RIS0 
@ 4000 Roskilde 

(Institut de Recherches scientifiques Risa) 

Dans l'espoir que vous obtiendrez les renseignements 
souhaités et en vous conseillant de rédiger votre demande 
de préférence en anglais, nous vous prions d'agréer, 
Monsieur, l'assurance de notre considération très 
distinguée. -- '7 -:' - -1- . 

L - - u&, 

Eli sabe th MANFORD-HANSEN 
Déléguée Commerciale 



Ris0 National Laboratory 

Postbox 49 
DK-4000 Roskilde, Denmark 
Phone +45-2 37 12 12, Telex 43 116 
Cable addrcss: Risatom 

Date June 3, 1982 
Your ref. . 
Our ref. SEL/BS J 
DePt. 06-Physics 

Mr. Francois Louange 
9 , Rue Sante-Anastase 
75003 Paris 
France. 

Dear Mr. Louange, 

Thank you for your letter requesting information on 

instruments, used for detecting rare aerospace phenomena. 

1 only know of one organization engaged in such studies in 

Denmark: The Scandinavia UFO Information. They sel1 to their 

members a simple instrument used to detect changes in the 

magnetic field. 1 do not know if your are interested in contact 

with such organizations. If so the name and address of the 

chairman is: 

Mr. Flemming Ahrenkiel 

Holmevanget 5 

DK-2970 HGrsholm 

Denmark 

Sincerely yours, 



E Q U A T E U R  



E M B A J A D A  DEL E C U A D O R  EN F R A N C I A  

~044+5/82 

Paris, l e  7 Juin 1982 

Monsieur François LOUANGE 
Ingénieur Conseil 
9, rue Saint Bnast ase 
75003 PARIS 

Xonsieur , 
J'ai l e  p la i s i r  d'accuser réception de votre l e t t r e  

du 19 Avril 1982, c o n c e r k t  l a  détection des phhomènes aéro- 

spatiaux rares en EQuateur. 

Je regrette de ne pouvoir vous donner d'indications 

B ce sujet e t  vous conseille de vous adresser directement B : 

Sefior Secretario E jecut ivo del 
Conse jo Nacional de Ciencia y ~ecnologia (CONACYT) 
Arenas y Larrea 
Edificio Consejo Provincial 
Apartado C 0028 
QUITO EQUATAJR 

en l u i  exposant votre intérêt  pour cet te  question. 

Je vous prie de croire, Monsieur, B l'assurance de 

mes sentiments l e s  meilleurs. 

/" ., - - 
Gonzalo Abad G r i  j 



E S P A G N E  



Paris, Ze 27 avril  1982 

Monsieur François LOUAflGE 
Ingdnieur - Conseil. 
9,  rue Sainte Anastase 
75003 Pmis - 

Monsieur, 

Jraccuse réception de votre l e t t re  du 19 courant e t  i r a i  Ze 
plaisir de vous informer que je n'ai pas manqué de transmettre son 
contenu aux au t o m  t é s  espagno Zes compd tentes à Madrid. 

Dès qu'we rdponse me sera parvenue, je m'empresserai de vous 
la comniquer. 

Dans cette attente, je vous prie de croire, Monsieur. à 
Zrexpession de mes sentiments distinguds. 

7 - 
Arturo Morales 

Ministre Chargé des Affaires CuZtureZZes 
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NASA European Representative 

The American Embassy 
2 Ave. Gabriel 
75008 Paris. France 

R e ~ l y  10 Alln of A M P  

Mh. Fnancoia Louange 
ingen ieuh-Conse i l  
9 hue S a i n t e  Anastase 
7 5 0 0 3  - Patia 

~ a t k l  
Aeronautics and 

Pakis ,  Le 2 9  Mai 1 9 8 2  

Monaieuh, 

En e s p i k a n t  que vous voudhez b i e n  nOUb pahdonneh l e  hetahd 
avec Lequel noua hépondons à vo the  l e t t h e  du 1 9 a v h i l ,  
aetahd du Ù une ehheuh dlacheminemenx du couhhieh,  je V O U A  
envo ie  l ' a d t e s s e  d ' u n  ohganiame aux Exaxa-Unis q u i  d 'occupe 
de La d é t e c t i o n  des phénomhea aéhospat iaux:  

SCIENTIFTC E V E N T  ALERT N E T W O R K  ( S E A N )  
National  Museum 0 6  NaZuhal f f i a t o h y  

@ MRC 1 2 9  
1Oxh S x .  E Cons t i$u t ion  Ave., N . W .  
Washington D . C .  2 0 5 6 0  
(David R .  Squihea,  Opetut ions  066 iceh )  

Cet ohganisme a Z t ;  donde en 1 9 7 5 .  1 l  d a i f  pah t ie  du Musée 
National d' H i s to ine  Natufiel+. SEAN has~embLe  des ELérnents 
d' indohmafion suh cea ,phénomenu q u i  s o n t  e n b u i f e  f ~ a n a m i a  
à den s a v a n t s ,  q u ' i l  s  ' a g i s s e  d l  érruptions vo lcan iques ,  de 
themblements de t ehhe  hmpohtants ou i n h a b i t u e l s ,  de chu tes  
de mkté.otiZes, ou de t o u t  au the  évènement de c e t t e  natuhe.  

~ ' e a ~ b z e  que l ' a d h e s s e  c i - d e s s u s  vous neha u t i l e ,  e t  je  voua 
paie d ' a g h é e t ,  Monsieuk, mes salutations d i s t i n g u é e a .  

- 
Anne M .  ?&ouse 
Buheau du Reph&entant  Euhopéen de La NASA 



National Museum of Natural Hisfory Smifhsonian lnstifution 
WASHINGTON, D.C. 20560 TEL. 202- 35 7-1511 Mail Stop 129 

June. 23, 1982 

Francois  Louange, Ingenieur-Conseil 
9 ,  rue Sainte-Anastase 
75003 Tar i s ,  France 

Dear M r .  Louange, 

Thank you f o r  your l e t t e r  of June 1, seeking information f o r  t h e  GEPAN study 
on the  de tec t ion  of r a r e  aerospace phenomena. On June 3, 1 m e t  with D r .  Alain 
E s t e r l e ,  the  manager of GEPAN. We discussed the  study and 1 provided him with 
d e t a i l e d  information on de tec t ion  systems and o the r  matters re levan t  t o  GEPAN1s 
work, including names, addresses,  and telephone nlmibers of system managers and 
o the r  sources of information. Fortunately,  we had p lenty  of t i m e  (about 2 hours) 
and w e  were able  t o  complete Our discussion. Therefore, 1 do n o t  now have any 
more information t h a t  1 t h i n k  would be use fu l  t o  you. 

The GEPAN study i s  c l e a r l y  a valuable p r o j e c t  and 1 hope t h a t  1 have been 
of some help. 

~ i n b a y  M Clel land f 



G R A N D E  - B R E T A G N E  



Ambassado de Grande- Bretagne 

35 rue du Faubourg Saint-Honore - 75383 Paris Cedex 08 

Tdrx 650264 (indicatif INFORM 650264) - TIliphonr : 266.9142 

M. François Louange, 
~ngén ieur  - Conseil, 
9 ,  rue Sainte-Anastase, 
75003 Paris.  

Votre rif&.nco 

Notrer(fh- SC 274/2 

Der l e  1 j u i l l e t ,  1982 

Monsieur, 

Sui te  à votre  l e t t r e  du 19 a v r i l  au su je t  des 
aérospatiaux, j ' a i  p r i s  contact avec l e  'Science and Engineering 
Research Council' en Angleterre pour essayer de vous mettre en 
rapport avec l e s  personnes que t r ava i l l en t  dans l e  domaine de 
1 ' espace en Grande-Bretagne. 

Je  vous p r i e  de bien vouloir trouver ci-.ioint l a  l i s t e  
des noms e t  adresses de ces personnes, é tab l ieWpar  l e  D r  Payne 
du SERC. - - 

Le D r  Payne a également indiqué, dans chaque cas ,  l a  
spéc ia l i t é  précise en expliquant brèvement l e s  a c t i v i t i e s  de 
ces sp&cia l i s tes .  

Surtout n 'hés i tez  pas 5 me contacter pour tous renseignements 
compl6mentaires. Dans 1 ' espoir que ces quelques informations 
vous seront u t i l e s ,  je vous p r i e  de c ro i re ,  Xonsieur, à l 'assurance 
de m a  considération distinguee. 

Fr .  A G Owen 

(Premier secré ta i re  Technologie) - 



SP/65/?5  
Refcrencc. .. . . . .. .... .. .. . .. . . . .. -.. . .......... 

1 ,,.- 1 2 .dit ,:n2 /13 

DR B R MARTIN - 
DETECTION OF RARE SPACE PHENOMENA: LETTER FROM MR A G OWEN - 
BRITISH EMBASSY , PARIS 

I n  rep ly  t o  t he  query from M F ranco i s  Louange, we can p o i n t  o u t  t ha t :  

1. Meteor i tes  

D r  R Hutchison, B r i t i s h  Museum ( ~ a t u r a l  ~ i s t o z y )  i s  c u r a t o r  of t h e  
National M e t e o r i t i c  C o l l e c t i o n ,  one of t he  two major c o l l e c t i o n s  i n  t h e  
world. A s  c u r a t o r ,  Dr Hutchison keeps ex tens ive  (and h i s  t o r i c )  
documentation of observed f a l l s .  He can a l s o  probably adv i se  M Louange a s  
t o  how t o  c o n t a c t  Home O f f i c e  records  on s i g h t i n g s  of o t h e r  unusual  
phenomena. 

2. Comets 

These a r e  r a r e  space  phenomena on a  v i s u a l  sca le .  I n  t h e  UK, comet 
watches a r e  organised  by D r  K V a t e r f i e l d  from h i s  p r i v a t e  obse rva to ry  
i n  Wi l t sh i r e ,  and a l s o  by .Mz Miles  of the  B r i t i s h  Astronomy Assoc ia t ion  - 
p a r t  of t h e  BA. 

. 
3. Detec t ion  Systems 

Amateur obse rve r s ,  o rganised  through the  Royal Socie ty  by Mr Wigley, 
play a  s p e c i a l  r o l e  i n  o p t i c a l  t r ack ing  of near  Ear th  spacec ra f t .  
These obse rva t ions  a r e  t e c h n i c a l l y  managed by D r  C Brookes of  Aston 
Universi ty .  I n  a d d i t i o n  t o  s a t e l l i t e  p red ic t ions ,  D r  Brookes i s  
r e spons ib l e  f o r  two, 1 met re  Schmidt photographic tracking cameras, one 
i n  UK, t h e  o t h e r  f o r  S Hemisphere observa t ions  from Sid ing  Spr ing ,  
Aus t r a l i a .  Aston a l s o  yece ives  non- c la s s i f i ed  NATO r a d a r  o b s e r v a t i o n s  
of s p a c e c r a f t  (NORAD). 

4. RGO - 
Like the Royal Soc ie ty ,  t h e  Royal Greenwich Observatory i s  a  t r e a s u r e  
house of in format ion  on r a r e  s i g h t i n g s  of a l 1  kinds: D r  Wilkins  of  RGO 
can advise.  

5. S i ~ h t i n g s  of  Unusual Elec  t r i c a l  Phènomena 

D r  T E All ibone,  FRS (now r è t i r e d )  i s  a  world a u t h o r i t y  on s i g h t i n g s  of 
unusual e l e c t r i c a l  phenomena - ba l1  l i g h t n i n g  e tc .  He can  a d v i s e  on 
where such s i g h t i n g s  a r e  documented. 

6. Names and Addresses 

D r  R Hutchison; B r i t i s h  Museim, Cromwell Road, SW7 5BD 
DY K Wate r f i e ld ,  Woolston Observatory, North Cadbury, Yeovil ,  Somerset 
M r  H G Miles,  Coventry Poly technic ,  P r io ry  S t ,  Coventry C V 1  5FB 
Mr P Wigley, The Royal Socie ty ,  6 Car l ton  House Ter race ,  London SWlY 5: 
D r  C Brookes; S t  P e t e r s  College,  College Road, S a l t l e y ,  Birmingham 
D r  Wilkins ,  RGO, Herstmoncuex Cas t l e ,  Hailsham, Eas t  Sussex 
D r  T E Al l ibone ,  York Cottage,  Love1 Road, Winkfield,  Windsor 

CODE 11-77 



7. 1 suggest  tha t  Dr Atkinson b r i e t l y  r e p l i e s  to Mr Owen, appending 
t h i s  minute by way o f  explanation.  

DR R M PAYNE 
Secretary, SSC 
15 June 1982 





INSTITUT HONGROIS 
7, RUE DE TALLEYRAND 

75007 PARIS 
I%L R~-ZHZ a SI EU^^ 

M! François LOUANGE 
ingénieur - conseil 
9 rue Sainte-Anastase 
75003 Paris 

Monsieur, 

Paris, le 22 avril 1982. 

J'ai bien reçu votre lettre du 19 ct. concernant 

une demande d'information au sujet de la détection 

des phénomènes aérospatiaux rares. 

Ne connaissant pas le sujet, j'ai transmis votre 

courrier aux autorités hongroises pour obtenir une 

réponse valable. Je vous cornmuni,querai celle-ci 

dès que possible; 

Veuillez agréer, Monsieur, l'expression de mes 

sincères salutations . 

~ndras BOKA 
attaché scientifique 



I N D O N E S I E  



AMBASSADE D' INDON~SIE 
49, RUE CORTAMBERT - 75016 PARIS 

TEL : 503-07-60 - 

Paris, le 23 avril 1982. 

Monsieur François LOUANGE 

9, Rue Sainte-Anastase 

Monsieur, 

En réponse 3 votre lettre du 19 avril 1982, 

j'ai le plaisir de vous communiquer l'adresse de : 

L A P A N (Lembaga Antariksa dan Penerbangan 

@ Nasional) 
( =  Institut d'Aérospatial et d'Aéronautique 

National) 

Jalan Pemuda 

JAKARTA - TIMUR I N D O N E S I A  

où vous pourrez, mon avis, avoir des informations concer- 

nant la détection des phénomènes aérospatiaux rares. Et il 

serait souhaitable que vous exposiez vos désirs en anglais. 

En vous remerciant de votre attention, je vous 

prie de bien vouloir agréer, Monsieur, l'expression de mes 

sentiments distingués. 

Pour l'Ambassadeur, - --. 
Le Chef du Service Pédagogique et Culturel, 

' ' ~ e n n y  Hoedoro HOED 
Consekller Pédagogique et Culturel.- 

< -<- 



N O U V E L L E  Z E L A N D E  



41/7/1 

NEW ZEALAND EMBASSY 

7 '.', RUE LEONARD DE VINCI 

75116 PARIS 

Paris, le 30 avril 1982 

Monsieur, 

Je vous remercie de votre lettre du 19 avril 
concernant l'étude que vous êtes chargé à effectuer 
sur l'état actuel des recherches dans la détection 
des phénomènes aérospatiaux rares. 

J'ai transmis votre lettre aux authorités 
compétentes en Nouvelle-Zélande, et dès que j'aurai 
reçu leur réponse, je vous en ferai part. 

Je vous prie d'agréer, ~onsie'ur, l'expression 
de ma considération distinguée. 

(Diane Wilderspin) 
Premier Secrétaire 

Monsieur François LOUANGE, 
Ingénieur - Conseil, 
9, rue Sainte Anastase, 
75003 PARIS. 



P A Y S  - 3 A S  



AMBASSADE 

AMBASSADE ROYALE 
DES PAYS-BAS 

No. .5 4.7.4 ..- .... 

VAN HET KONINKRIJK DER NEDERLANDEN 

.P.ari.s., ... le ..... 4. .mai ..... 1.982 ........ 
7, rue Eblé (75007) 
tél. 306.67.88 

Monsieur, 

En réponse votre lettre du 1 9  avril dernier je 
vous suggère de vous mettre en rapport avec les 
associations suivantes: 

- L'association Terre et Cosmos: 
Aarde en Kosmos 
Postbus 108 
1270 AC Huizen (N.H. ) 

- ~ssociation séerlahdaise aérospatiale 
Nederlaadse Vereniging voor Ruimtevxaart 
Nachtegsalstraat 82 bis 
3581 AN Utrecht 

ainsi qutavec les observatoires planétaires néerlandais 
dont je vous cite les adresses ci-après: 

- Radiosterrenwacht Westerbork 
Schattenberg 1 
Zwiggel 
Westerbork 

- Sterrenwacht Kàpteyn 
@ Mensingeweg 20 

9301 KA Roden. 

Je vous signale également la Commission interdépartementale 
pour les Etudes et la Technologie Spatiales: 

- Interdepartementale Commissie voor 
8 Ruimteonderzoek en Ruimtetechnologie 

Postbus 201 01 
2500 E C  9 s-Gravenhage . 

'Veuillez agréer, Monsieur, llexpression de mes sentiments 
distingués. 

I. François Louange 
3 ,  rue Sainte-Anasta 
75003 Paris 

Chef du Service dl Informatior 



Kapteyn Sterrenwacht 
der Rijksuniversiteit te Groningen 
Mensingheweg 20 - 9301 KA Roden - Nederland June 11, 1982 
Telefoon (0)5908-1963 1 

Mr. Fran~ois Louange 
9, rue Sainte-Anastase 
75003 PARIS 
France 

Dear Sir, 

With interest 1 have read your letter of May 21 about the detection 
of rare aerospace phenomena. -. - 

Unfortunately, the techniques employed at Our observatory are 
designed exclusively for the study of pointsources or of very small 
fields (up to a few minutes of arc). Moreover, Our work lies mainly 
in the infrared domain, which is not the most convenient part of the 
spectrum for the type of phenomena that you try to study. 

More interesting information for your project might come £rom institutes 
where wide-field photography of the sky, or airglow and aurora measure- 
ments are carried out, but to my knowledge no astronomical institutes 
in the Netherlands are involved in research of this kind. 1 am afraid 
therefore, that 1 cannot give you any relevant information. 

3bping that you will find more helpful reactions elsewhere, 1 remain, 



1 

- .. RADIOSTERRENWACHT DWINGELOO RADIOSTERRENWACHT WESTERBORK 
+ . .  Oude Hoogeveensedijk 4 Schattenberg 4 

7991 PD Dwingeloo 9433 TA Zwiggelte 
tel.: 05219-7244 tel.: 05939-421 
telex: 42043 SRZM NL telex: 53621 RAOBS NL 

r 

F. Louange, Ingénieur-Consei l ,  

9, Rue Sainte-Anastase, 
1 75003 Par is .  

onze referentie: 

uw referentie: 

Dear S i  r , 

France. 

Dwingeloo, 17 June 1982. 

Your l e t t e r  o f  21 May has been passed on t o  me. 1 am n o t  sure whether 

Our ins t rumenta t ion  would be o f  i n t e r e s t  t o  you b u t  here i s  a summary 

of what we have. The Netherlands Foundation f o r  Radio Astronomy operates 

instruments f o r  t he  pass ive  exp lo ra t i on  o f  r a d i o  emission from ex t ra-  

t e r r e s t r i a l  bodies. The major f a c i l i t i e s  are  a l a r g e  a r ray  fo r  super- 

synthesis observat ions a t  the  p r i n c i p a l  r a d i o  wavelengths of 6 ,  21, 49 

and ( i n  about a year )  18 and 92 cm. This i s  located a t  t h e  Westerbork 

Radiosterrenwacht. A t  Dwingeloo we operate a 25 m pa rabo l i c  r e f l e c t o r  

a t  wavelengths ranging from 6 cm t o  several metres, as w e l l  as several 

smal ler  telescopes devoted t o  s o l a r  research. A copy of Our l a t e s t  annual 

r e p o r t  which may be o f  use i s  being sent  t o  you separate ly .  

@ 
I n  a d d i t i o n  1 b e l  i eve  t h a t  the Department o f  Geodetics a t  De 

Uni ve rs i  t y  operates wide- f i  e l d  cameras f o r  v a r i  ous s a t e l  1 i t e  

1 f t  Techni c a l  

s t u d i  es. 

Q 
You should probably a l so  contac t  t he  Dutch Meteorological  I n s t i  t u t e  (KNMI) 

a t  De B i 1  t, who have a v a r i e t y  o f  re levan t  research programs. 

Richard G.  Strom. 



ministry of transport and public works royal netheriands meteorological institute 

your letter of: 

your reference: 

subject: 

Dr. F. Louange 
9 Rue Sainte-Anastase 
75003 Paris 
Ratle 

de bilt. Septerber 8, 1982 

Our reference: 229 19 

enclosure(s): 

Dear Dr.  Louange, 

In  answer t o  your request we can inform you about the  
following equipnent used by the R o y a l  Netherlands 
Mteomlogical Inst i tute : 

- 2 WeatHer raàars, aperating at 5.5 an wavelength, w i t h  
a p a k  pmer of about 200 kW and a 1°.5 deg. b e d d t h .  
These radars are located i n  De B i l t  and Schiphol Airport. 
In  normal operaticm every hour a sketch is made of the 
precipitation echoes . 

- About 18 lightning detectors, regularly distributed aver 
the  Netherlands t o  form a network. These detectors are 
essentially long wave radio receivers counting voltage 
puises above a preset threshold. The counters prwide 
10 min. to ta ls  of the n&r of cloud t o  earth lightning 
flashes. 

- A wiàe-angle cloud carrera is used (Gaytirne only) during 
rather infrequent special measuring campaigns. 

1 h o p  t h i s  information is useful for your work. 

Sincerely, - 

(H.R.A. Wessels) . 

p.p. box 201 . 
3730 AE $e bilt 
the netMando 

wilheimihalsan 10 
tel.: +3130 76 69 11 
telex 47W6 



R . F . A .  



Botschaft 
der Bundesrepubli k Deutschland 

Ambassade 
de la République fédérale d'Allemagne 
Wiss. SE 

Monsieur François LOUANGE 
9, rue Sainte-Anastase 

75003 Paris 

Monsieur, 

75w8 1% 22 avril 1982 
l3/f 5 Av. Franklin D. oosevelt 

Fernsprecher/TBlephone: 3593351 et 256 1790 
Fernschreiber/TBiex: AA Paris 28136 F 
TelegrammanschrifV 
Adresse t816graphique : Diplogerma Paris 

Jtai l'honneur de vous informer que votre 

lettre en date du 19-04-82 a été transmise, pour 
attribution, au service compétent en Allemagne qui vous 

répondra directement , ce qui - toutefois - pourra demander 
un certain temps. 

Veuillez agréer, Monsieur, l'expression de mes 

sentiments distingués. 

Claus von Kameke 
Conseiller (~ffaires scientifiques) 



Der Bundesminister für Forschung und Technologie 

Geschaitszeichen 

M. Francois Louange 
9, rue Sainte-Anastase 

75003 Paris 
Frankreich 

Tel. (0228) Datum 

59- 3104 30.07.1982 
Oder 59-1 

Sehr geehrter Herr Louange, 

von der Deutschen Botschaft erhielt ich Ihre Anfrage bezügljch 
seltener Weltraumphanomene. 
In der .Bundesrepublik Deutschland befassen sich die folgende 
Institute mit Teilaspekten, der von Ihnen angesprochenen Thematik: 

Professor Hans Volland (Blitzforschung) 
As~onomische Institute der Universitat Bonn 

- @ 53 Bonn 1 
Auf dem Hügel 7 1 

Professor T. Kirsten (Meteorite) 
Max Planck Institut für Kernphysik 

@ Abteilung Kosmophysik 
Sanpfercheckweg 1 
69 Heidelberg 1 

Ferner mochte ich Sie auf die Veroffentlichung "Offizielle 
Untersuchungsberichte der Russen und der Amerikaner über 
unidentifizierbare Himmelserscheinungen" 

Herausgeber: Mutual (UFO ~etwork-Central European 
Section (MUFON-CES) 
Dipl.-Phys. 1. Brand 
Gerhart-Hauptmannstr. 5 
8152 Feldkirch-Westerham 

hinweisen, die eine ~usammenstellung zu diesem Thema dar- 
stellt. 

Ich hoffe, Ihnen mit diesen Informationen gedient zu haben. 

Im Auftrag. B e g l a u b i g t :  

M. Otterbein , *i9 %LAUSCIYI 
A n g e s t e l l t e  

Poslanschrin Dienscgebauae Telex Tsietai 
Bundesmintster fur Forrchung und Technologte Bonn-Baa Godesûerg Bonn 885674 5931 05 
Poslfach 200706 Hemamannsiral3e 2. 6 10 12 brimer Fmneir M 2 4  885874 mtt 0 
53M) Bonn 2 



H. Volland, J. Schafer 
Radioas tronomical Ins titute 
University of Bonn 
Auf dem Hügel 71 
5300 Bonn 
- - - 

West Germany 
Phone 0228-733674 o r  733393 
Telex 0886440 as t ro  d 

THE AUTOMATIC VLF-ATMOSPHERICS STATION VLFAA/79 

1. Configuration of the system 
0 

This new Vlf - atmospherics station allows completely automatic receiving, analysing 
and recording of atmospherics data. The mean azimuth and distance (o r  the coordi- 
natesl a s  well a s  the strength and spread of each thunderstorm activity center (more  
accurate: center of maximum activity of lightning discharges from which the atmo- 
spherics originate) a r e  calculated within each measuring period of 20 minutes by a 
desktop computer and they a r e  immediately (in r ea l  time) printed out and stored on 
the magnetic tape cassette.  Additionally, a small  plotter draws the thunderstorm 
centers onto a map. Except from changing, when desired, the drawing paper of the 
plotter, and from changing the data casset te approximately once each month, no 
maintenance is required. 

The equipment consists of five par ts  (see Figs. 1 and 2): the antenna, the receiver/  
analyser and the computer with a plotter connected to it. A crossed loop antenna 
plus a whip antenna is used for the detection of the electro-magnetic field. While 
the loop antennas a r e  tuned to a frequency of 9 kHz, the vertical electric antenna 
receives a t  5,  7 and 9 kHz. The whole antenna is a passive device with an optional 
heating possibility (for extreme low temperatures) in the antenna head. It can be 
se t  up on a flat roof, on open field o r  even aboard a ship. The antenna cables (length, 
if necessary, up to 100m) a r e  connected to the receiver/analyser which can be 
placed upon a desk together with the computer and the plotter. 

2.  Operation of the system 

Each atmospheric impulse is analysed whose spectral  amplitude (SA) at  5 kHz 
surmounts the discriminator level (noise). The time resolution i s  ca. 50 msec 
(1200 pulses/min). The analyser t ransfers  the following four digitized parameters 
of each received atmospheric impulse to the computer: the angle of incidence (azimut! 
the group delay time difference (6- 8  kHz) GDD, the spectra? amplitude ratio (9/5 kHz) 
SAR and the spectral amplitude (5 kHz) SA. These values a r e  also given to the oscillo- 
graph plugs at  the front of the analyser. Additionally, a meter  shows the total number 
of incoming pulses per  second (Fig. 2) .  After a power interrupt, the calculator loads 
automatically the whole program and runs i t  anew. 

Within a measuring period of 18 min (changeable) the calculator collects the data of 
al1 incoming sferics.  During the next two minutes, four histograms a r e  calculated 
from the received parameters and Gaussian fits to the peaks.are made, so  that fo r  
each thunderstorm activity center the azimuth, GDD, SAR and SA a r e  determined 
which a r e  then printed out and stored on tape cassette. Furtheron, a propagation 
mode1 for VLF-Atmospherics is incorporated in the operation program. Using the 
spectral parameters a s  input, the d i sbaces  of the activity centers a r e  determined. 



The characteristics of each thunderstorm activity center a r e  printed out and 
plotted ont0 a map in real  time, so  that an immediate overview of the behaviour 
of the lightning and thunderstorm activity in a wide environment around the station 
is made possible. 

The accuracy of the system depends on several  influences. Constant deviations 
of the azimuth, eg. dne to inexact alignment of the loop antennas o r  to other constant 
environmental influences can be eliminated by a deviation table. However, this was 
not necessary with the presently existing stations. Further deflections due to 
random disturbances of the electro-magnetic signal a r e  not critical,  because they 
a r e  canceled out by the statistical fitting process. The arithmetical determination 
of the azimuth is in general accurate to 0.50, depending on the stationarity and the 
form of'the activity center. The determination of the spectral parameters,  and, 
consequently, the determination of the distance of an activity center by employing 
a suitable VLF-propagation model, is possible with deviations which a r e  generally 
around 5%. Further  improvement is expected with an increasing number of stations 
which, by means of cross-bearing, alows the development of optimal models. The 
range within which thunderstorms can be located reaches from a maximum distance 
of between Ca. 4000 km for eastern cen t e r s  a t  daytime and ca. 12000 km fo r  signals 
f rom west during nighttime to a minimum distance of Ca. 200 km. 

3 .  Measurement examples 

Up till now, two stations of this new kind a r e  operating continuously since more  
than one year  at  Pretoria and Tel-Aviv. Figs. 3 and 4 show examples of the real t ime 
recordings at Tel-Aviv. This version of representing activity centers is especially 
suitable for synoptical purposes: the small  triangle marks the location of maximum 
activity, the length of the pointer is proportional to the strength (pulses per  minute) 
and the orientation gives the time (GMT) like a clock. So it  can be noticed easily 
that, e. g. , the activity center in the north Adriatic area  in Fig. 3 (23. June 1981, 
3:OO - 14:O GMT) weakens between 5 and 12  GMT, whereas the center over the north 
part of the Caspian Sea is strongest developed around 12GMT. The thunderstorm 
activity can be verified on a synoptical maps, which, however, i s  available only 
every 6 hours and which gives no infcrmation on strength and development of the 
activity centers. Fig. 4 shows the cumulative activity centers within the period f rom 
23. June 14.50 to 24. June 2.30 GMT (normally, with this representation, the sheet 
should be changed every 6 o r  at  most 1 2  hours) in order  to demonstrate the range 
during nighttime. Fo r  example, the South Ameri  can activity is recorded during the 
weakening of the previously very strong West African centers around 2.00 GBIT. An 
activity center in the western Atlantic is prominent between 1.00 and 2.00 GXIT. The 
development of the centers of lightning discharges can be traced quite easily and 
shows generally a very close connection to the synoptical thunderstorm observations, 
though these a r e  mostly rather fragmentary in time and space. 

4. Availability of the system 

The VLF-atmospherics receiver / analyser is built by an electronics Company 
at  Berlin. The complete price (including antenna, cables etc. ) is Ca. 19 000 Dollar. 
Term of delivery is approximately 3 months. 

The desktop calculator Hewlett-Packard HP 9825 and the plotter HP 7225 cost Ca. 
8000 and 3500Dollar, r esp . ,  and can be obtained worldwide. 

The software is provided and maintained (at no .costs) by the Radioastronomical 
Institute of the University of Bonn, West Germany. 



Fig. 2 ~ ~ ~ - ~ t r n a s ~ h e r i c ;  ~ e c e i v e r / ~ n & s e r  with desktop cornputer 





-4ccep:e:. :,>:- r.a; : icnt ion  in 3 .  Geop:::.~. Res .  

H. V o l l a n d ,  J. SchSfer a n d  P, Ingmann 
R ~ d l ~ a ~ t r o n c r n i c a l  I n s t i t u t e ,  U n i v e r s i t y  o f  Bonn 

W - H a r t h  
M a x - P l a n c k - I n s t i t u t  für  R a d i o a s t r o n o m i e ,  Eonn 

G, Heyd t 
~ 2 1 a r i c h - H e r t z - I n s t i t u t  f ü r  N a c h r i c h t e n t e c h n i k  IHHI!, B e r l i n  

A .  J-Eriksson 
N a t i o n a l  E l e c t r i c a l  E n g i n e e r i n g  I n s t i t u t e ,  P r e t o r i a  

A ,  M a n e s  
I s r a e l  M e t e o r o l o g i c a l  S e r v i c e ,  B e t  Dagan  

SUMMARY 

A new g e n e r a t i o n  o f  V L F- a t m o s p h e r i c s  r e c e l v e r 5  a n d  a n a l y s e r s  is p r e s e n -  
t e 9  w h i c h  o p e r a : e s  c o m p l e t e l y  a u t o m a t i c a l l y  a n d  a l l o w s  t n e  r e a ï  - time 
i d e n t i f i c a t i o n  o f  t h u n à m s t o r m  a c t i v i t y  c e n t e r s .  T h e  mean a z i m u t h  a n d  
a n g u l a r  s p r ~ a d  o f  e a c n  t h u n d e r s t o r m  c e n t e r  w i t h i n  t h e  d e t e c t i o n  r a n g e  a s  
weil  2s t h e  mean s t a t i s t i c a l  p r o p e r t i o i  o f  t h r s e  m e a s u r e d  s p e c z r a l  para-  
nelers o f  i h e  a t m o s p h e r i c s  o r i g i n a t i n g  a t  t h a t  c E n t e r  a r e  d e t e r n i n e d  wizh- 
i n  ~ a c h  r n e a s u r i n g  p e r i o d  i2Urnin i  by  e  d e s k t o p  c o r n p u t e r .  U s i n g  3 i u i t 3 b l e  
s + s t i s t i c a l  p r a c e d v r e  f o r  d e î e r m i n i n g  t h e  mean a n g u l a r  a n d  r p e c t r j l  p a r a-  
m o t e r s .  a n d  a p p l y i r ~ g  a  new e x t e n d e d  m ~ d e l  f o r  V L F- p r o p a g a t i o n  a s  i u n c t i o r i  
o f  t h e  ~ . o l a r  z s n i t h  a n g l e  a n d  o f  t h e  m a g n e t i c  tieià c o n p o n e n t  *long t h e  
p r o p a g 5 r i o n  p a t h ,  t h e  o p e r a t c o n  p r o g r a m  d e t e r m i n e s  i n  r e a l  time t h e  dis- 
t z t n c e s  a n d  t h e  s t r e n g t h s  ( s t r a k e ç  p o r  m i n )  o f  t h e  a c t i u i t y  c e n t e r s  50 t h a t  
a l 1  d a t a  c a n  b e  i m m e d i a t e l y  p r i n t e d  o u t  a n d  s t o r e d  o n  t h e  i n t e r n a 1  magne- 
TIC t s p s  c a r t r i d g e .  A d d i t i o n a l l y ,  e n  e x t e r n a l  p l o t t e r  is u s e d  f o r  n a r k i n g  
t h -  t h ~ n d e r s t o r r n  c e n t e r s  o n  a  map. Plo m a i n t e n a n c e  i c ;  r e q u i r e d  spart f r o m  
c h a n g i n 9  t h e  d a t a  t a p e  c a r t r i d g e  o n c e  e u e r y  m o n t h .  A t  p e s e n t ,  two s y s t e m s  
o f  T h i s  n e w  k i n d  a r e  i n s t a l l e d  a t  P r e t o r i a  I S o u ~ h  A f r i c a ) ,  T e l  A v i v  ( I s r a -  
e i i  2nd ? sornewhat  o l d e r  o n e  a t  B k r l i n -  T h r e e  m o r e  s t e t i o n s  a r e  p l a n n e d  
t a  D e  e z t s b l i s h e c i  t o w a r d  t h e  e n d  o f  t h i s  !!car. F i r s t  r s s u l t s  s h o w  t h e  c h a -  
r ~ ~ t ~ l l ~ t i ~ ~  o f  t h e  m e t h o d ,  t h e  s h o r t  a n d  l o n g  r a n g e  c a p a t i l i t y  and r e s o -  
l ~ t l o n  a n d  t h e  r e l i s t i l i t y  o f  t h e  t h u n d e r s t o r m  l o c s l i s a t i o n s .  

INTRODUCTION 



T h 5  n-\LI v e r s i o n  o f  t h e  a t m D s p h e r i c s  a n a l y s s r  a l l o w s  c t r n p l e t ~ l y  a u t o f i a t i r  
r e c e i v i n g  a n d  a n a l y s i n g  o f  t h e  a t m o s p h e r i c  w a u e f o r m s  a s  a s  a re3i - 
t i m s  a e t e r m i n a t i o n  of  t h e  a c t i v i t y  c e n t e r s  u s i n g  a  b u i l t - i n  p r o p a g a t i o n  
m o d s l  s o  t h a t  t h 2  d a t a  c a n  b e  p r i n t e d  o u t ,  p l o t t o d  a n d  s t o r e d  a n  m a g n e t -  
i c  t ü p e .  T h e  e q u i p m e n t  c o n s i s t s  m a i n l y  o f  f o u r  p a r t s :  T h e  a n t e n n a s ,  t h e  
r e c - i l ~ e r i n a l g s ~ r ,  t h e  d e s k t o p  c o m p u t e r  a n d  t h e  i o p t i o n a l )  p l a t  t e r  - The 
a n t e n n a s  i d o u b l e  c r o s s e d  l o o p s  p l u s  a w h i p )  3 r o  p a s s i v e  d e v i c e s  n e e d i n g  
n o  m a i n t e n a n c e  a n d  c a n  b e  set up  e a s i l g  o n  a  + l a t  r o o f ,  i n  a n  o p e n  f i e l d  
o r  a t o a r t i  a  s h i p .  T h e  l o o p  a n t e n n a s  f o r  t h e  d 3 t e r m i n a t i o n  o f  t h e  a z i m u t h  
i a n - l e  O F  i n c i d e n c e )  a r e  t u n e d  t o  a  f r e q u e n c y  o f  YkHz, t h e  w h i p  a n t e n n a  
d e l i v e r s  s i g n a l s  t o  s m a l l  band  r e c e i v e r s  t u n e d  t o  5, 7 anG 9 k H t .  

I n  tne r e c e i v e r / a n a l y s e r ,  a n  a t m o s p h e r i c  w a v e f o r m  is a n a l y s e d  w h e n e v e r  
i t s  z p o c t r a l  a m p l i t u d e  s t  5 k H z  e x c e e d s  the i n p u t  t h r e s h o l d  î y i n g  j u s t  
a b o v e  t h e  i n t e r n a l  a n d  e x t e r n a l  n o i s e  d i s t u r b a n c e s .  T h e  t i m e  r e s o l u t i o n  
is c d .  45ms.  T h s  a n a l y s e r  t r a n s f e r s  t h e  f o l l o w i n g  f o u r  p a r a m e t e r s  o f  each 
a n a l y s e d  a t m o s p h e r i c  t o  t h e  d e s k t o p  c o m p u t e r  fHPYS25)  i 

t h e  o n g l e  o f  i n c i d e n c e  ( a z i m u t h i  & , 
t h s  G r o u p  D e l a y  t i m e  D i f f e r e n c e  ( 0 - 8 k H r )  GDD , 
t h i  S p e c t r a l  A m p l i t u d e  R a t i o  ( ? / 5 k H z )  SAR , 
t h e  S p e c t r a l  A m p l i t u d e  ( 5kHz )  SA . 

T h e s e  v a l u e s  a r e  a l s o  g i v e n  to t h e  o s c i l l o g r a p h  t e r m i n a l 5  a t  t h e  f r o n t  o f  
t h e  a n a l y s e r  a n d  a  meter d i s p l a g s  t h e  t o t a l  n u m b e r  o f  i n c o m i n g  a t m o s p h e -  
r i c  u a v e f o r m s  p o r  s e c o n d .  

Thz d e s k t o p  c o n p u t e r  c o l l s c t s  a l 1  d a t a  w i t h i n  o n e  m e a s u r i n g  p e r i o d  4 e . g .  
EC m i n i ,  f i t s  s G a u s s i a n  t o  theeGDD,ÇkH a n d  SA d a t a  o f  e a c h  t h u n d e r s t o y m  
c - n ? ~ r ,  C e t e r m i n e s  i t s  a z i z v t h  a n d  s t o r e s  t n e  a p p r o p r i a t e  p a r a m e t e r s  o n  
t h -  i n t e r n a 1  m a g n e t i c  t a p e  r a r t r i d g e .  k p p l y i n g  a V L F- p r o p a g a t i o n  mode1 
a n a  u s i n g  t h e  f à c t  t h a t  t h r e e  i n d e p e n d e n t  s p e c t r a l  p a r a m e t e r s  (GDD,SAR 
a n a  SA1 a r e  m e ü s u r e d ,  t h e  d i s t a n c e s  o f  t h e  a c t i v i t y  c e n t e r s  a r e  e s t i m s t e d  
i n  r e 3 l  t i m e  s o  t h a t  t h e  d a t a  c a n  b e  p r i n t e d  o u t  a n d  s t o r e d  a n d  t h e  c e n -  
t c r s  c a n  b e  p l o t t e d  i m m e d i a ï e l y  o n  a  map by  m e a n s  o f  a d e ç k t o p  p l o t t e r .  
If t h e  s y s t e m  is i n t o r r u p t s d  d u e  t o  p o w e r  f a i l u r e  o r  s o m e  o t h e r  e r r o r ,  
t r i s  c a l c u l a t o r  a u t o n a  t i c a ?  ly l o a d s  t h e  e n t i r o  o p e r a  t i a n  p r o g r a m  a n d  r u n s  
i t anew . 

METHOD O F  MEASUREMENTS 

A c l o u d - : a - g r o u n d  l i g h t n i n g  i r e t u r n  s t r o k e ,  R - s t r o k e )  c a n  be a p p r o x i -  
n a t e c i  5y ü v e r t i c a l  e l e c t r i r  d i p o l e  l o c a t e d  on . t h e  g r o u n d .  Above  a  p e r -  
f e c t l y  c o n d v c t i n g  e a r t h ,  t h e  e l e c t r o m a g n e t i c  r a d i a t i o n  fielG c o n s i s t s  o f  
a v r r t i c a l  ET-cGmponer I t  a n d  a h o r i z o n t a l  B.-cornponent p e r p e n d i c u l a r  t o  
t h e  p r o p a g a t i o r ~  p a t h  o f  t h*  w a u e .  û p s c r i b i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  
e ü r t r - - l c n o s p h e r e  wüve g u i d e  hg a t r a n s m i s s i o n  t u n c t i o n  i n o r m a l i z e d  t o  
t h ë  v a l u -  O <  freo p r o p à g a t i o n  o v e r  a  p e r f e c t l y  c o n a u c ? i n g  e a r t h )  



is t h e  F o u r i e r  t r a n s f o r m  o f  t h e  a t m o s p h e r i c  w a v e Q o r m  a b o v e  a p s r f e c t l y  
c o n d u c t i n g  e a r t h  I V o l l a n d , l 9 S 2 ) .  

T h e  a t n o s p h e r i c s  r e c e i u e r / a n a l g s e r  m e a s u r e s  t h e  m a g n i t u d e  o f  t h e  F o u r i e r  
t r a n s f o r m  i n  (2) ( s p e c t r a l  a m p l i t u d e ) :  

I 

o f  e a c h  a t m o s p h e r i c  a r r i v i n g  a t  a n  a n g l e  0 4  i n c i d e n c e  gi a t  two f r e q u e n -  
c i e s  i 5  a n d  '?kHz) b y  n a r r o w  b a n d  receivers.  

I t  f u r t h e r m o r e  d e t e r m i n e s  t h e  r a t i o  o f  t h e  S A  a t  t h e  two f r e q u e n c i e s  f o r  
e a c h  a t m o s p h e r i c  ( s p e c t r a l  a m p l i t u d e  r a t i o ) :  

ànd Qinally t h e  i n s t r u m e n t  d e t e r m i n e s  t h e  d i f q e r e n c e s  i n  t h e  a r r i v a 1  
Times o l  two s p e c t r a l  g r o u p s  u s i n g  t h e  s e c o n d  d e r i v a t i v e  of  t h e  p h a s e  
o f  t n e  F o u r i e r  t r a n s f o r r n  i n  ( 2 )  i v o l l a n d ,  1968) f g r o u p  G e l a y  t i m e  d i f f e -  
rencej  : 



h 

is t h e  sum o f  t h e  p h a s e s  o f  W a n d  E i n  i 2 ) .  I n  terins o f  The m - a s u r e d  
f i n i t e  d i f f e r e n c e s  t h i s  n a y  b e  w r i t t t n  

GDD 

- 
ih? p h a s e s  9; Ip,o) a r e  m e a s u r e d  a t  t h e  f r e q u e n c i e s  oi=S kHz, 0 2 = 9  kHz a n d  
and  a t  t h e  m z d - f r e q u e n c y  wm=? kHz .  T h c r e f o r e  t h e  9 i r s t  d e r i r a t i v e s  ( f i n i -  
te d i f f e r e n c e s  b e t w e e n  5 / ?  kHz a n d  7/9 kHz r e s p . 1  i n  4 8 1  c a r r e s p o n d  t o  
t h e  a r r i v a 1  times o f  t h e  s p e c t r a l  g r o u p s  a t  6 a n d  8 k H z ,  and t h e i r  d i f -  
f e r e n c e  g i ? r e s  t h e  time d e l a y  o e t w e o n  t h e s e  s p e c t r a l  g r o u p s i -  GDD, l i k e  
SAR, i~ a m e a s u r e  o f  t h e  d i s p e r s i o n  c h a r a c t e r i c , t i c s  o f  t h e  w v e  g u i d e .  

Bêsiciec,  t h e s e  t h r e a  s p e c t r a l  p a r a m e t e r s  or" t h e  E , - f i e l d ,  t h e  a n g l e  of  
i n c i d e n c e  fi o f  e a c h  a t m o s p h e r i c  is d e t e r m i n e d  b y ~ c o n u e n t i o n a l  d i r e c t i o n  
f i n Q i n g  t e c h n i q u e s ,  u s i n g  a  c r o s s e d  l o o p  a n t q n a  f o r  t h e  B # - f i e l d  and - 
the p h a s e  2 i n  ( 7 )  f o r  a n  u n a m b i g u o u s  i d e n t i f i c a t i o n  o f  t h e  r i g h t  hemi-  
s p h e r e .  T h e  f o u r  p a r a m e t e r s  o f  e a c h  a t m o s p h e r i c  a r e  s e n t  i n  a d i g i t i z e d  
fo rm to the c c s m p u t e r .  T h e  a z i m u t h  is p a r t i c l n e c f  i R t o  240 c l a s s e s ,  t h e  GD3 
i n t o  25ü c l a s s e s  ( - 8 2 . 5  t o  4 3 7 . 5 p s e c 1 ,  t h e  l o g a r i t h m  o f  SA i n t o  192 c l a s -  
ses ( f r o n  -6 t o  42dE) a n d  t h e  l o g a r i t h m  o Q  Ç A R  i n t o  192 c l a s s e s  i f r o m  -12 
t o  Z b d S )  - 

D A T A  A N A L Y Ç I S  AND PROPAGATION MODEL 

The  p r o b a b i l i t y  d i s t r i b u t i o n  o f  t h e  s p e c t r a l  a m p l i t u d e s  SA f o l l o w s  
r a t h e r  c l o s e s l g  a l o g a r i t h m i c  n o r m a l  d i s t r i b u t i o n  I V o l l a n d , 1 ? 6 8 i  

w h o r e  N is t h e  n u m b e r  o f  o t n o s p h e r i c s  e x c e e d i n g  t h e  t h r e s h o l d  Ç, No is 
t h r  t o t a l  n u m b e r  w i t h i n  t h e  tirne i n z e r u a l  c o n s i d e r e d ,  o is the r a o t  
mean s q u a r e  v a l u e  a n d  

A is. .. . Sn a m p l i l l c s t i o n  f a c t o r  d e p e n d h n g  on  t h e  r e c e i v e r  c h a r a c t e r i s t i c r ,  
a n a  E o  i ~ .  t h e  s t a t i s ~ i c a l  mean ci9 ~ E , ~ . A k ' n o w l e d g e  o f  A n l l o w s  us t o  de-  
t e r m i n e  t h e  t r a n s m i s s i o n  f u n c t i o n  if € ,  is known,  o r  Eo c m  b e  d e -  
z e r r n i n e d  l? 1 W I  is k n o w n .  k p p l y i n g  mode t h e o r y  F o r  VLF p r o p 3 g a t i o n ;  
müdei  v a l u e s  f o r  t h e  t r a n s m i s i i o r ~  f u n c t i o n  W c a n  t e  c a l c u l a t e d  i H a r t h ,  
!Y?Lia i .. 



SAR * o l i ~ w r  a  l o g- n o r m a l  d i s t r i b u t i o n  i i k e  SA ( E q u . 7 ) .  H o w e v e r ,  b e c a u s e  
t h e  SA- a n d  t h e  S A R - h i s t o g r a m s  a r e  e s t a t l i s h e d  o n  a l o g a r i t h m i c  a x i s  ( m e a -  
s u r e m s n t  i n  d B ) ,  t h e g  c a n  b e  f i t t e d  w i t h  n o r m a l  d i s ~ r i b u t i o n s ,  a s  i t  is 
t ione w i t h  ~ h e  GDD- a n d  t h e  à z i m u t h ( p o i n t  s o u r c e ) - h i s t o g r a m s .  I n  t n i  f i t -  
t i n g  p r o c e d u r e ,  t h e  minimum o *  a w e i g h ~ e d  sum 09 t h e  s q u a r e e  o f  the l o o a -  
r i t r lmic  r i t i o s  h e t w e e n  t h 9  f i t - f u r î c t i o n  values Yi a n d  the  nealsureC h i s t o -  
g r a m  v a l u e s  y i  is d e t e r m i n e d  ( n o t  t h e  u s u à l  l i n e a r  l e a s t  s q u a r e s  s u n i ,  
i . 2 .  u s i n g  t h e  condition 

Yi 
Ç wi i ln - l2  = min 
1 'Ji 

- 
t h e  q u s n t i t i e s  p j  a n d  c o n s e q u e n t l y  t h e  p a r i m e t e r s  No, Y a n d  cï o f  the 
n o r m a i  à i ; t r i b u t i o n  

c a n  be c a l c u l a t e d :  

Settins t h e  w e i g h t s  w i =  y i ,  t h e  f o r m u l a t i o n  ( l i j  has  t h e  a d v a n t a g e  t h a t  
v e r y  l a r g e  values as. w e i l  a s  v e r y  small v a l u e s  ( t h e  n o i s y  s u r r o u n d i n 9  
o u t s i d e  t h -  m a i n  p e a k i  o f  9 hjvs l e s s  influence a s  c o m p a r e d  to t h e - u s u a l  
l i n e a r  l e a s t  s q u a r e  f i t .  

From t h e  f a c i  t h a t  a l 1  m e a s u r e d  p a r a n e t e r s  s h o w  g e n s - r a l l g  a s r n o o t h  n o r m a l  
d i s x r i t ~ u t i u n  i t  is  o l v i o u s  t h a t  t h e  p a r a m e t i r s  o b e y  a  w e l l . :  d e i i n e d  de- 
pendor i c?  nn t h e  p r o p a g a t i o n  c o n d i t i o n s ,  s h i z h  i's h o w e v e r  d i i t u r b e ~  r3n-  
doniy due ?O the n o i s g  c h a r a c t e r i i . t i c  o f  cmi t t J r ,  u a t r e  g u i d e  an& r e c i ? i r e r .  
T h e r s f o r . 5 ,  i n  t h e  + o i l e w i n g  m o d t l  c e l c u i . ~ t ï o n s  t h e  mean v a l u r s  Y of' t h e  
p a r a r n e t s r s  c r e  u=.ea a s  r n s a r u r e m e n t  i n p u t .  



I n  ? h i  c a s e  of  t h e  f i r c t  mode a p p r o x i m a t i o n ,  i t  f o l l o w z .  i r o x  t h e  t h e o r e -  
t i c a l  m o a e l  c ~ l c u l n t i o n s  t h a t  S A R  a n d  GDü o r e  l i n e i r  F u n c t i o n s  of  ~ h e  
d i s t s r i c e  p 

T h e  s o u r c e  terms a i  a r e  a p p r o x i m a t e c  b g  c o n s t a n t  v a l u e s  w h e r e a s  t h e  p r b -  
p a g a t i o n  terrnz b i  d e p e n d  on  t h e  g e o g r a p h i c  l o c a t i o n s  o f  s o u r c e  a n d  r e-  
c s i v e r , .  times o f  d a y  a n d  s e a s o n  a n d  t h e  s t r u c t u r e  o f  t h e  i o w e r  i o n o -  
s p h e r e .  If t h e  p r o p a g a t i o n  c o n d i t i o n s  a r e  known,  t h e  d i s t a n c e  b e t w e e n  
s o u r c e  a n d  r e c e i v e r  c a n  b e  d e t e r n i n e d  d i r e c t l u  f r o m  t h e  S A R  o r  t h e  
G ù D  m e a s u r e m e n t s ,  w h r r e  a g a i n  t h e  c e n t e r  v o l u e s  o f  t h e  n o r n a l  d i s ~ r i b u -  
t i o n s  a r e  t a k e n .  U s u a l l y ,  n o w e v e r ,  tne p r o p a g a t i o n  c o n d i i i o n s  a r e  known 
o n l g  a p p r o x i m a t e l y ,  s o  t h a t  c o n s i d e r a ~ l e  i n a c c u r a c i e s  could o c c u r .  T h e  
a d v a n t s g e  o f  t h i s  m e t h a d  is t h s t  m o s t  o f  t h e s e  a r n b i g u i t i e s  c a n  b e  r u l e d  
ou?  b y  a p p l y i n g  t h o s e  mode1  c o n d i t i o n s  w h i c h  g i v e  the same d i s t a n c e  f r o m  
t h e  562 a s  w e l l  o s  f r o m  t h e  GDD m o s s u r e m e n t s ,  

R e Z a t i v e l y  c l o s e  t o  t h e  s o u r c e ,  s o m e  a d d i t i o n a l  a m b i g u i t i e s  i n  t h e  i n t e r -  
p r e t a t i a n  o f  t h e  d a t a  o c c u r  d u e  t o  t h e  i n t e r f e r e n c e  o f  s e v e r a l  h i g n e r  
m o d t s  i n  t h e  p r o p a g a t i o n  o f  VLF w a u e s .  T h i s  n o n u n i q u e n e s s  c m  b e  r e d u c ~ d  
c o n s i d e r a b l y  i f  a g a i n  b o t h  t h e  S A R  a n d  t h e  G D D  d a t a  a r e  u s e d ,  b e c a u s e  
t h e  d r u i a t i o n s  o f  ÇAH a n d  GDù f r o m  l i n e a r i t y  i d u e  t o  h i g h e r  madesi a r e  
t o  a l a r g e  d e g r e -  o p p o s i t e  t o  e a c h  o t h e r  ( H a r t h ,  1 9 8 2 )  sa t h a t  t h e  e f f ec t  
ic, c a r ~ ï e l e d  o u t  it' o n e  i n c i u d e s ,  t h e s e  d c v i a t i o n s  i n  T h e  n o d e i s  fc>r b i .  At 
t h i c .  s . t s g e  o f  d e u e i c i p m e n t ,  the m o d e l  o f  H a r t h  (1972j f o r  b1 a n d  b2 o f  t h e  
f s r  f i e i d  a r e  u s e d .  T h e  i n d e p e n d e r i ?  v a r i a b l e s  a r e  t h e  i u n o s p h e r i c  r e f e r e n -  
ce h e i ' h t  z a n d  t h e  s o - c s l l e d  " a n i s o t r o p y  f a c t o r "  2 i b J s i t  a n d  S p i e s , 1 3 M i .  
I n  F i g . 1  f S c h à f e r  a n a  V o l l a n à ,  1 0 8 2 5 ,  t h i s  m o d e l  i ç  r e p r o d u c e d  i n  t h e  re- 
g i o n  t z t w e e n  P=-1 a n d  9=+1 f o r  t h e  i o n o s p h e r i c  r e f e r e n c e  h e i g h t s  z=70krn 
i t i a y t i r n s  m o d o l i  a n d  z=85km ( n l g h t t i m e  m o d e l ) ,  T h e  p a r à m s t e r  I d e s c r i b e s  
tne i n F 1 u e n c t  o f  t h e  e a r t h ' s  m a g n e t i c  F i e l d '  on  t h e  p r o p a g a t i o n  m o d e l .  I t  
is t h e  t i o r i z o n ~ s l  c a m p o n s n t  o f  t h e  g y r o F r e q u e n c y  o f  the e i e c t r o n s ,  o r t h o -  
go -r ia l  t o  t h e  p r o p a g a t i o n  p a t h  o f  t h e  a t m o s p h s r i c  I p a r a l l e l  t a  t h e  H - v e c t o r  
oT t h e  wive) a n d  n o r m a l i z e d  t o  t h é  o l e c t r o n - n e u t r s l  c a l l i s i o n  f r e q u e n c y  
a t  t h e  i o n o s p h e r i c  r e f e r e n c e  h e i g h t .  N o r m a l l y ,  Q v o r i e s  b e t w e e n  

l2 2 - 1  f o r  $ l e s t - E a s t  p t - o p a g s t i a n  a n d  
i2 i + 1  f o r  E a s ~ - W e s t  p r o p a g a t i o n .  

Valuès b 2 y o n a  0 1 . 5  a r e  u n l i k e l y .  iiere, h o w e u e r ,  t h e  r a n g e  of P is e x t e n d e c  
b e y o n i  -1 .8  a n c  + 1 . 9  w i t h  a n  a r t i f i c i à l  s h a r p  t e n d  i n  t h e  m o d e l  v a l u e s .  
Th i . 5  b e h d v i o u r  simula tss w e l l  t h e  n e a r  f i e l d  c h a r a c  t e r i s t i c s  c a l c u l a t e c i  
by H a r t h  i i F S 2 i .  F u r t h e r m o r e ,  t h e  d a g t i m o  a n d  n i g h t t i m e  mode15  car1 5 0  i n -  
t è r p o l a t e d  + o r  s r i i t r a r y  r e f e r e r i c e  h e i g h t s  u s i n g  a  h e i g h t  d e p e n d e n t e  f o r  
633 .+nd ÇAR g i v m  by  V o l l a n d  1 ! 9 6 Q i .  T h e n  o n e  o b t a i n s .  



w i t h  

and 

w i t h  

T h e  c o n s t a n t c  a i  c o n s i s t  o f  t h e  s o u r c e  p a r t s  w h i c h  r e p r e s e n t  t h o  t y p i c a l  
mean  v s i u e r  4 f  t h e  s p e c t r a l  p a r a m e t e r s  GDD and ÇAR o i  t h e  l i g h t n i n g  
~ m i t t s r  i t s e l ?  a n d  o f  t h e  p o r t i o n s  w h i c h  à r e  d u e  t o  t h e  i n d i v i d u a l '  p h a s e  
and a n p l i t v d ~ .  c h a r a c t c r i s ; t i c s  o f  t h e  r e r e i v e r .  T h e  s o u r c e  terms ot' GDD 
a n d  ÇkR a r e  e s t i m a t e d  t o  1ü .usec  a n d  -?dB ( c f .  H a r t h  a n d  Pelz, 1533 j  
V o l l a n d ,  1'?82i, r e s p e c t i v e l y ,  w h e r e a s  t h e  receiver terms a r e  d i f f e r e n t  
f o r  e a c h  a t r n o s p h e r i c s  s t a r i o n  and c a n  b e  f o u n d  bu  c o r n p a r i s o n  w i t h  s y n o p -  
t i c  t h u n a e r s z o r m  r e p o r t s  a n d  b y  c r o s s - b e a r i n g s  witn a n o t h e r  s t a t i o n  i a s  
a n  exsmple, tr ie v a l u e s  a r e  a p p r o x i m a t e i y  4 0 . u c e c  a n d  - 8 d R , r e s p . ,  f o r  the - tel  A u i u  s t i t i o n ! .  

T h e  p r o p s g a ' t i c i n  m o d e l s  f o r  GDD a n d  SAR g i v e n  b y  i l 5 1  - 417) d e p e n d  or1 
t h r e e  i n d s ? e n d z n ?  v a r i a b l e s  

( a )  t h e  G i r t s n c e  p ,  
I b )  t h e  i n l s o t r o p y  f a c t o r  2 
( c l  ?ne i ~ n o s p R r r i c  r e f e r e n c e  h e i g h t  z. 



A f t w  th+ s t a t i s t i c a l  a n a l y s i s  o f  e z c h  s i n g l e  o c ï i v i t y  c e n t e r  d e t e c ? g à  
b ~ i t ' r i x  one m e s s u r i r h g  p e r i o a  f ias p r o v i d e d  t h e  psak v a l u e s  o f  t h %  t h r e e  
5 p t ' c z a i  p a r a m e t e r s  GDD, S M  and  C A ,  o n e  c a n  in p r i n c i p l e  d e t é r m i n a  311 
o f  t * ~  t h r e e  i n d e p e n d e n t  v a r i a b l e s  o f  t h e  p r o p a g . â t i o n  n o d e l s .  Due ? O  

. t h e  ; i lore c o m p l e x  s t a t i s t i c a l  d i s t r i b u t i o n  o f   th^ r h l r d  s p e c t r a l  p a r a -  
mater .,A ic.ze n e x t  c n a p t e r i ,  o n l y  GDD a n d  SGR sr-  v s e d  f o r  f h e  m o d e l l -  
i n g  c i i t ,  t h i s  s t a g e .  u n e  t h e r e f o r e  h a s  t o  i r t d c p z n c e n t l y  c . p e c i f y  o n e  o f  
T h ~ s o  i n d e p e n d e n t  u a r i s t i s s .  T h e  v a r i a b l e  c h o s e f i  ir t h e  r e t ' e r e n c e  h s i g h t  
I O+' t h e  i o w e r  i o n o s p h e r e .  Tne mean r e f e r e n c e  h c i g i i t  a l o n g  the  p r o p a g a-  
t i o n  p j t n  o f  t h e  a t m o s g h e r i c  is c s l c u l a t e d  b y  t h e  o p e r a ~ i o n  p r o g r a m  as a 
f unc t ran  o f  t h e  s o l a r  r e n i t h  a n g l e  g a l o n g  t h e  p a t t : -  T h e  a p p l i e d  f o r m u l a  
f O r  " - 

% t a l e  h è i g h t  z' a t  a s i n g l e  s o u r c e  p o i n t  is g i v t n  t y  

Tne ' r t è s s p n e s s "  p a r a m e t e r  a ,  w h i c h  d e t e r m i n e s  t h e  t r a n s i t i o n  g r a d i e ~ t  o f  
t h e  r e + e r e n c e  h e i g h t  f r o m  d a y t i m e  t o  n i g h t t i m e  v a l u e s ,  is set t o  € = 0 - 1 5  - 
F o r  a g i v e n  u n i v e r s a l  t i m e  (GMT), t h e  s o l a r  z k n i t h  a n g l e  a t  t h e  s o u r c e  
p o i n t  c a n  be e x p r e s s e d  a s  a f u n c t i o n  o f  t h e  s o l a r  a n g l e  c' a t  t h e  recel -  
v i n 9  s t a t i o n ,  t h e  d i s t ë n c e  x b e t w e e n  s o u r c e  and r e c e i v e r  a n d  t h e  a n g l s  
X b e ï s t e n  s o u r c e  p o i n t  a n d  s u b s o l a r  p o i n z  o n  t h e  g l o b a l  s p h e r o  a s  seen 
+rom t h e  receiver:  

T n e  c ~ l a r  z e n i t h  a n g l e  <' a n d  t h e  a n g l e  X a t  t h e  receiver l o c s t i o n  c a n  
bc ~ a r i l g  c a l c u l a t e d  ? o r  a g i v e n  u n i v e r s a l  tine, It has t ~ l r n e d  o u t  t h 3 7  
a n  a r P i f i c i a l  a s y n m e t r y  w h i c h  s i m u l a t e s  a  m o r e  n i g h t t i m e - l i k e  s i t u a t i o n  
n e a r  s v n r i s e  a n d  s u n r . ~ t  st t h e  r o c e i v i n g  s t a t i o n  f i t 5  the m e o s u r e m e n t s  
b s s t -  T h c r e f o r e  t h e  l o c a l  t i n e  LT a t  t h e  r ece lver  is m d i f i e d  a c c o r d i n g  
ta 

-. w h e r c  T 15 p r e l i m i n j r i l y  se t  T G  n/S. ine a d v a n t s g e  o f  the f o r n u i a t i o n  
(18:) For -; &lie  h e i g h t  z' is t h a t  i t  c a n  b e  a n a l g x i c o l l y  i n ~ e g r a i e d  a l o n g  X 

u p  ? Q ,  3 d i s ? o n c e  p ( g i v e r ~  i n  r a d i a r i s i  when t h e  e x p r i - s r i o n  i l y i  is i n s s r -  
tee 1 -  and B a r e  c o n s t a n t = . i  t~ o b t s i n  the mear; r e + e r é t n c e  h e i g h t  r :  



The  r r r n a i n i n g  t r : ù  i n d e p e n d e n t  v a r i a b l e s  p a n d  <1 c a n  now b o  c a l c u l a t r d  
u s i n -  a n  i t e r a t j v e  ü l g o r i t h m  i n  o r d e r  t o  f i n d  t h o s e  u n i q u e  v a l u e l  O$  P 
a n 8  8 ( w i t h  t h e  mean z - v a l u e  g i v e n  b y  i 2 1 j 1 ,  f o r  w h i c n  t h e  m o d e l s  o f  GDD 
and UA!? i n  (15)  d e r i v e  e x a c t l y  t n e  m e a s u r o a  v a l u e s  o f  t h e s o  p a r a m e T o r S .  

T n e  c a l c u l a t e d  p a r a n e t e r s  2 ,  Q a n d  t h e  d i s t a n c e  p o f  t h e  a c t i v i t y  c e n t e r c  
can t h e n  b e  p r i n t e d  o u t  a n d  s y m b o l s  i n d i c a t i n g  time iGMT) anC s t r e n g t h  
i a t m ~ s p n e r i c s  p e r  m i n u t e )  c a n  te p l o t t e d  a t  t h e  l o c à t i o n s  O +  :ne t h u n d e r -  
s t o r n  r e n t e r s  o n  a  map w i t h  a  d e s k t o p  p l o t t e r .  F u r t h e r ~ o r e ,  the ana ly red  
a z i m u t n  a n d  s p e c t r a l  p a r a m e t e r s  ( s t a t i s t i c a l  m e s n ,  s t a n d a r d  d e v i a t i o n /  
w i l t h ,  i n t e n s i t y l n u n b e r  oQ p u l s e <  w i t h i n  t h e  n o r m a l  d i s : r i o u t i o n )  d r o  
s t o r e d  o n  t h e  m a g n e t i c  t a p e  c a s s e t t e  o f  t h e  c o r n p u t e r .  W i t h  a n  a v e r a g e  
nu rabs r  o f  T o u r  t o  s i x  a c t i v i t y  c e n t e r s  d e t e c t e d  p e r  m e a r u r e m e n ?  c y c l e  
i2Ü m i n u t e s )  i n  t n e  r e c s p t i o n  a r e a  o f  a n  a t m o s p h e r i c s  s T a t i o n ,  t h e  t a p e s  
h a v e  3 s t o r à g e  c a p a c i t y  o f  o n e  m o n t h  a n d  m o r e .  T h e  c a s s s : t e s  a r e  c o l l e c t e d  
a t  B o n n ,  w h e r e  t h e  d a t a  a r e  c o p i e d  t o  n o r m a l  c o m p u t e r  t a p o s ,  s o  t h a t  t h e y  
a r e  a u a i l a b l e  f o r  a n  a  p o s t e r i o r i  d e t a i l e d  s t u d y  o f  t h e  g l o b a l  l i g h t n i n g  
a c t i v i t y .  

D u r i n g  the c o u r s e  o f  t h e  m e a s u r e r n e n t s ,  when a s u f f u c i e n ~  number  o f  s y n o p -  
t i c  c o i n c i d e n t  r e p o r t s  a n d  s i m u l t a n e o u s  r e c o r d i n g s  f r o n  d i f f e r e n t  s t a-  
t i o n s  a r e  a u a i l a b l e ,  the c o e f f i c i e n t s  i n  i l & ) ,  1 1 7 1  a n d  i l S )  w i l l  b e  op-  
t i m i z e d .  ü f ' c o u r s e ,  e v e n  a f t e r  o p t i m i z i n g  t h e  p r o p a g a t i o n  m o a e l ,  t h e r e  
w i l l  b e  s o m e ' r e m a i n i n g  d e v i a t i o n s  f r o m  mode1  c o n d i t i o n s .  On t h e  w h o l e ,  ar; 
j c c u r a c y  o f  d i r e c t i o n  f i n d i n g  o f  u p  t o  0 . 5 0  a n d  o f  d i s t a n c e  d e t e r m i n a -  
t i o n  o f  u p  t o  5% is e x p z c t e d .  T h e  minimum d i s t a n c e ,  w h ~ r e  a n  u n a m b i g u o u s  
d e t e r m i n a t i o n  b e c o r n e s  i m p o = s i b l e  d u e  t o  t h e  h i g h e r  o r d e r  m o d e s  p r o p a g a -  
t i o n  a n d  t h e  n e a r  f i e i d  i n f l u e n c e s ,  is a r o u n d  2GOkn. T h e  maximum d i s ? a n c e  
r e a c h e s  t a  m o r e  t h à n  1 0 O C 1 ù k m  f o r  s i g n a l 5  ?rom t h e  west d u r i n g  n i g h t t i m e  
p r o p a g . s t i o n  c o n d i t i o n s .  H o w e u e r ,  a  q u a n t i t a t i v e  r e a l  time a n a i y s i s  is 
p o s s . i b l e  o n l y  u p  t o  d i s t a n c e s  o f  a p p r o x i r n a t e l y  400ukrn b e c a u s e  tne n u m b e r  
o f  a t m o s p h e r i c s  i n  t h e  l a r g e  a m p l i t u d e  t a i l  o f  weak c e n t e r s  w i l l  n o t  s u r -  
moun t  a  minimum n u m b e r  i s e t  tc ;  2 5 ,  w h i c h  i s  r ~ q u i r e d  f o r  t h e  s t a t i s t i c a i  
a n a l y s i s .  A p o s s i b l e  t l o c k i n g  o f  a c t i v i ~ y  r e g i o n s  b y  c l o s e r  t h u n d ~ r s t o r n  
c e n t e r s  C n o r m a l l g ,  o n l g  t h e  c l o s e s t  c e n t e r  i n  o n s  d i r s c r i o n  i +  s e e n )  c a n  
Se t a k e n  i n t o  c o n s i d e r a t i o n  f o r  l o n g - t e r m  i m o n t h l y ,  y e a r l y i  s t a t i s t i c a l  
m o o e l s  o f  t h e  l i g h t n i n g  d e n s i t y  p e r  a r o a  a n d  time, 

M E A S U R E M E N T S  

A F l r s t  e x a m p l e  o f  t h e  m e a s u r e m e n t s  d u r i n g  o n e  20 m i n u r e  i n t e r v a l  b e t w e e n  
3:2ü e n d  g:4OGMT on 23. J u n s  1 9 5 1  ( l e m i n  f o r  d a t a  c o l l e c t i n g ,  2 min f o r  
t h e  e u a l v a t i o n )  a t  the T e l  A v i v  s t a t i o n  is ~ . h o w h  i n  Fig.2 . I n  t h e  l o w e r  
p a n e l ,  s h i s t o g r a m  o f  t h e  n u m b e r  o f  a t m o r p h 2 r i c s  a r r i v i n g  p e r  m i n u t e  is 
p l 9 t t e d  a s  a f v n c x i o n  o f  t h e  a n g l e  o T  i n c i d e n c e  i a z i m u t h j  $i isolid l i n e l .  
F ~ V E  c ? r , t e r 5  o f  s c t i v i t y  c a n  L e  c l e o r l y  d i s t i n g u i s h e d .  I t  is n o t i c e d  t h a +  
t h e i r  s h a p e c  a r e  g e n e r a l i y  q u i t e  w e l l  n o r m a l l y  d i s t r i b u t e d .  S t a r t i n g  w i t n  
t h e  l a r g e s t  p i s k  ~t 304.50, l s b e l e d  " I N ,  t h e  o p e r a t i o n  p r o g r a m  d e t e r m i n e s  
f i r s t  t h 2  s t a t i s t i c a l  p a r a m e t e r s  i c e n t r r  v a l u e ,  he igh : :  u i a t h i  o f  a l 1  t h z  
a c t i v i t y  c e n t s r s ,  u s i n g  ( 1 1 ) - ( 1 4 ) .  T h e  f i t t e d  n o r m a l  c u r v o s  a r e  shonn a r  
d a s h e a  lines i n  Fig.2. I t  c a n  be g s n e r a l ï y  a s s t jmed  t h s ?  t h e  z .ources  a r e  
p o i n t - i i k e ,  o r  a t  > p a s ?  c o n t ^ i n - d  t o - s  fe t ,~  d e - r . e s s  i n  a z i m u t h ,  e o  t h a t  tL -  I l e  

w i d t h  o f  t h e  s n g u i a r  d i s t r i b u t i o n  m u s t  b ~  p r r d o m i n a n t l y  d u e  T O  r andor1  
s i g n a l  d i s i o r  t i o n s  a i o n g  t h c  p r o p a g a t i o n  p s t h .  T h e s e  d e ?  l e c t i s n s ,  w h i c h  



- 
ihe n e x t  s t e p  o f  c o m p u t a t i o n  is t h e  c o n s t r u c t i o n  o f  h i r t o g r a r n s  o f  t h @  
t h e  s p e c t r a l  p à r a m e t e r s . [ ; I j D ,  SfiR a n d  SA f o r  e a c h  s i n g l e  c e n t e r  of à c t i ~ i -  
tg. S t a r t i n g  a g a i n  w i t b  t h e  l a r g e s t  o n e  i l a b e l e d  " 1 "  i Q  F i g . 2 1 ,  a i l  a t m -  
s p h e r i c s  o r i g i n a t i n g  from t h a t  s p e c i 9 i c  c e n t e r  l a 1 1  p u l s e s  Oe low t h e  f i t -  
t s d  c u r v e  " 1 " )  a r e  e x t r a c t e d ,  t h e  r e s u l t i n g  s p e c t r a l  h i s t o g r a m s  a r e  f a r m e d  
snd t h e  o p t i m u m  n o r m a l  d i s t r i b u t i o n s  a r e  f i t t o d  f r o n  ( 1 1 )  - ( 1 4 ) .  Thes@ 
h i s t o g r a m s  a r e  s h o w n  i n  t h e  u p p e r  p a n e l s  o f  Fig.2 f o r  the t h r e e  ï a r g e s t  
a c t i u i t y  c e n t e r s  d u r i n g  t h i s  m e a s u r e m e n t  i n t e r v a l .  T h e  r e a l - t i m e  p r i n t e r  
o u t p u t  o f  t h e  c o r n p u t e r  is i n s e r t e d  i n  t h e  i o w ~ r  p a n e l .  F o r  e a c h  G C t i V i t y  
c e n t e r ,  n u m b e r e d  1 t o  5 ,  i t  s h ~ w s  f i p s t  t h e  s t a t i s t i c a l  p a r a m e t e r s  
iin o n e  l i n e :  c e n t e r  u a l u e ,  w i d t h  a n d  n u r i t t e r  O +  p u i s e s  p e r ' m i n u t e  o f  t h e  
n a r m a l  d i s t r i b u t i o n i  sf t h e  a z i m u t h  ( P i ,  t h e  GDD i n ) ,  t h e  SA2 I r i  a n d  
t h e  SA i a j .  T h o u g h  the p u l s e  r a t e s  a r e  r i l a t i u e l y  l o w  i n  t h i s  p a r t i c u l a r  
esse ( a r o u n e  20 p e r  m i n u t e i  l a r g e  a c t i v i t y  c e n t e r s  c a n  e a s i l y  show 200 
a t n o s p h e r i c ~ .  a n d  m o r e  p e r  m i n u t e ) ,  t h e  d i s ï r i b u t i o n i  a r e  r e m s r k a b l y  well 
r e p r e s e n t e d  b y  G a u s s i a n s .  Trio s p r e a d  of t h e  s p e c t r a l  d i s t r i b u t i o n s  a r i -  
Sès +rom t h -  r a n d o m  d i s t u r b a n c e c .  o n  t h e  p r o p a g a t i o n  p a t h  a n d  a d d i t i o n a l l y  
f r c r ~  t h e  i n t e r n a 1  s p r e a d  o f  tne p a r a m e t e r s  i n  t h e  s o u r c e .  N e v e r t h s l a s s ,  
t h e  c e n t e r  v a l u e s  a r e  wery  well d e f i n e d  a n d  c a n  b e  c o n f i d ë r n t l y  e n t z r e d  
l n 7 0  t h e  propagation miniidels i l s ) ,  i l t r i  a n d  417). As a l r e s d y  r n e n t i o n e d ,  
the d i s i r i b v t i o n s  03 ahe SA a r e  g e n e r a l l y  m o r e  c o m p i i c a t ~ d  a n d  mors dis- 
t u r b e c i  t h a n  t h o s t  of' GDD a n d  SBF:. I , J h s r o a s  t h e  G D I j  a n d  ÇAR a r a  f o r m e d  
f r o c  t w o  o r  tnree n e i g h b o u r i n g  f r e q u e n c i e s ,  s o  t h a t  d i s t u r b a n c e s  a r e  
p a r t l u  c a n c e l l e d  o u t ,  t h e  SA m e a s u r e d  a t  o n e  f r e q u e n c y  I 5 k H z i -  Fur- 
t h s r m o r e ,  t h e  p e a k  ot" the S A - d i s t r i b u ~ i o n  c a n n o t  a l w a y s  b e  r e c o r d e 0  Se- ' 
c a u s e  t h e  s o u r c e  maÿ bz s o  f a r  away t h s t  t h e  p e a k  o f  t h e  S A - d i s t r i b u t i o n  
= h ï F t s  b e i o w  t h e  recenser t h r e s h o l d .  This is a l m o s t  t h e  c a s e  ? o r  t he .  
e x a m p l e  a t  t h e  t o p  o f  F i g . 2 .  It c a n  b e  i e d u c e d  + rom t h e  i n d i c a t o d  d o u b l e -  
p e a k  s f r u c t v r e  09 the. =D a n d  ÇAR a n @  f r o m  t h e  b r o a d ~ r  a r i m u t h  d i s ï r i b u -  
t i o n ,  t k a t  t h i s  a t t i v . 5 ~ 1 ~  r e g i o n  a = t u j l l y  i n c l u d é s  c t n o t h e r  we3i:er a n d  m o r e  u; & = t a n t  - c e n t e r  o f  a c r a g i t y -  



j is i n d i c a t e d  b y  t h e  l e n g t h  o f  t h e  p o i n t e r s  t h e  s t r r n g t h  o f  t h 2  a c t i v i t  c 
( l i l f i l e n g t r ~  2: 56 a t m o s p h e r i c s i r n i n )  a n d  t h e  o r i e n t a t i o n  o f  -t h e  v e c t o r s  de- 
s i g n i t e s  t h e  t i m e  (GMT) l i k e  a  n o r m a l  c l o t k  ( o n e  t u r n  w i t h i n  1 2  h o u r s i -  

One o b s e r v e s  f o u r  l a r g e r  a c t i v i t y  c e n t e r s  w h i c h  a r e  p r o m i n e n t  o v e r  a i o n -  
g a r  t i m e '  p e r i o d .  T h e  f i r s t  o n e  o v e r  t h e  n o r t n e r n  p a r t s  o f  I ; a l y ,  l a b e l e d  
" 1 "  i n  F i g . 2 ,  r e m i i i n r  n e a r l y  c c i n s t a n t '  i n  p l a c e  a n d  is s t r o r l g o s t  d e v e l o p e d  
n e a r  5 : U Ù G M T .  S i m i l a r l y ,  t h e  b r i g h t  a c t i v i t y  c e n ~ e r  a t  t h e  S a s p i a n  S e a  is 
s z a t i o n a r y  w i t h  i t s  maximum n e a r  n o o n .  A t  S:30GMT i t  w a s  r r l a t i u e l g  weak 
and 2 s e c o n d ,  s t i l l  w e a k e r  c e n t e r  c o u l d  b e  d e t e c t e d  n e a r l y  b e h i n d  t h i s  o n e ,  
w h i c h  e x p l a i n s  t h e  o u t l i n e d  d o u b l e  s t r u c t u r e  i n  t h e  d i s t r i b u t i o n s  of t h e  
p a r a m e t e r s  i n  F i g . 2 .  T n e r e  a r e  two o ~ h e r  p r o m i n e n t  c e n t e r s ,  t h e  f i r s t  o n e  
o v e r  hi-st A f r i c a ,  d e c a y i n g  d u r i n g  t h e  m o r n i n g  h o u r s ,  a n d  t h e  s e c o n d  one 
o v e r  E a s t e r n  E u r o p e  d e v e l o p i n g  a r o u n d  n o o n .  

I n  o r d e r  t o  c o m p a r e  t h e  a t m o s p h e r i c s  m e a s u r s r n e n t s  w i t h  s y n o p t i c a l  re- 
p c r t s ,  t h e  t i n e  p e r i o d  o f  t h e  a f t e r n o o n  o n  22, J u n e  a n d  t h e  n i g n t  o i  22- 
/23. J u n e  h a v e  b e e n  i n u e s t i g a t e d .  T h e  c o m p l e t e  l ist 09 a l 1  s y n o p t i c s l  re- 
p o r t s  n o r t h  o f  15@N w h i c h  were r e l a t e d  t o  t h u n ~ e r s t o r m s  was a v a i l a n l e  Q o r  
t h i s  p e r i o d .  F i g . 4  s h o w s  t h e  c e n t e r s  o f  t h e  a z m o s p h e r i c s  a c t i v i ~ y  b e t w e e n  
1 4 - 4 Ü  a n d  2-4ùGMT i n  t h e  same manne? a s  b e f o r e .  i n  F i g . 5 ,  t h e  s t a t i o n s  re- 
p o r t i n g  t h u n d e r s t o r m s  a r e  m a r k e a  by  c r o s s e s  f o r  12:OOGMI and b y  s t a r s  f o r  
24:UÜGNT o n  2 2 . J u n e  15'81. Di rec t  t h u n d e r s t o r m  r e p o r t s  a r e  m a r k e d  by  l a r g e  
s y m b o l s ,  i n a i r e c i  r e p o r t s  ( e - g -  c u m u l o n i m S u s  c l o u d s i  t y  s m a l l e r  o n e s -  F o r  
a l 1  p r a m i n e n t  a c t i v i t y  r e g i o n s  i k i e s t  A f r i c s ,  S p a i n ,  I t a l y ,  Nor th -Eas :  Eu- 
r o p e ,  C a s p i a n  S e a i ,  t h e  b u l k  o f  r e p o r t i n g  s î a t i o n s  c o i n c i d e  weil w i t h  t h e  
C u m i n a t i n g  a t m o s p h e r i c s  i o c a l i z a t i o n s .  C o n t r a r g  t o  t h e  a : m a s p h e r i c s  mea- 
s u r e n e n t z . ,  h o w e v e r ,  t h e  s t r e n g t h  a n d  t h e  d e u e ? o p m e n t  a s  w e l l  a s  t h 3  move- 
n o n t  o r  a s p e c i f i c  a c t i v i t y  c e n t e r  c a n n o t  b e  s s ï i m a t e d  f r o m  the s y n o p t i -  
c a l  m a p s  w h i c h  a r e  a v a i l a b l e  o n l y  e v e r y  six h o u r s .  

An e x a m p l e  s n a l l  now be p r e s e n t e d ,  w h i c h  s h o w s  t h e  r e c o r c i n c s  o f  a l 1  
t h r e e  s t i t i o n s  a s  c o m p a r e d  w i t h  p i c t u r e s  t a k c n  b y  t h e  METEüÇAT I I  s a t e -  
l i t e  i i o n t i n u o u s i y  o p e r a t i n g  o n l y  s i n c e  S e p t s m E e r  1 7 8 - 1 ) .  T h e  o n l g  d a t e  
a v o i l ~ b l e  F o r  t h i s  c o r n p a r i s o n  w a s  t h e  Z 0 .  S e p t e r n b e r  / 1 .  ü c t o b e r  1701, 
b e c a u s e  b e f o r e  t h a t  d a t e  t h e  P r e t o r i a  s t a t i o n  h 3 d  a n  o p e r a t i o n a l  s h u t  
down f o r  5ome w e e k s  a n d  a f t e r  i t  t n e  t o l d e r i  B e r l i n  s t a t i o n  b r o k e  down 
d ~ e  70  a n a r d w a r e  f a i l u r e .  A l t h o u g h  t h i s  F o r t u i t o v s  e x a m p l a  m a y  n o t  b e  
a v e r w h e i m i n g ,  i t  d o e s  show some  t y p i c a l  f s s t u r e s  o f  t h e  m e a s u r e m e n t s .  
F i g s - O ,  7 a n d  8 s h o u  t h e  r e c o r d i n g s  o t  t h e  B e r l i n ,  T e l  A v i v  a n d  P r e t o r i a  
s t a t i o n s ,  r e s p e c t i u e l y ,  f o r  t h e  t i m e  p e r i o d  f r o m  6:OOGMT o n  3 0 .  September 
1 9 8 1  t o  6:OOGMT o n  1 .  Ü c t o b e r  1PS1.  I n  t h i r  24 h o u r  r e p r e s e n t a t i o n ,  t h e  
p o i n t e r s  t u r n  o n c e  w i t h i n  o n e  d a y  so t h a t  a t  0:OOSMT t h e y  p o i n t  t o  N o r z h ,  
a: 6 : ü i J  t o  E a s t ,  a t  l 2 l O O  t o  S o u t h  a n d  a t  1 8 : O Q . t o  West. Locrking f i r s t  a+ .  
F i g s . &  a n d  7 ,  o n 2  n o t i c e s  two  p r o m i n e n t  a c t i v i t ~  c e n t e r s ,  or15 o v e r  I t a l y  
a n d  'the A d r i a t i c  S e a ,  t h e  o t h e r  o v e r  t h e  E a s t c r r i  b a l k s n s  w h i c h  becorne 
b r i g r l t  m s i n l y  d u r i n g  t h e  d a y t i m e  h o u r s  i12 :ù3GHT = sour t l -warC p o i n t e r )  and 
a re  o b s i r v e d  b y  b o t h  t h e  B e r l i n  (52.62oN/lS.l3oE) a n d  t h e  T e l  A v i v  r t a -  
t I o n s  t o i t h  l i t t l e  d i f f e r e n c e s  i n  a p p e a r 3 n c e .  C o m p a r i n g  t h e s e  w i t h  t h e  
c l o u d  p l c t u r e s  i v i s i b l e  i m a g e )  o f  t h e  M e t e o s a t  I I  s a î e i l i t e  a ï  ll:256MT 
(Fio.'?'), i t  b c r o m e s  o b v i o u r  t h a t  t h e  l i g h t n i n g  a c t i v i t y  w i t h i n  t h e  c l o u d  

C G I ~ ? F ~ ? X  o v r r  t h c  A d r i a t i c  a n d  B a l k a n s  is n o t  o q u a l l y  J i s t r i b u t e d  b u t  is -. c o n c e n t r a ï ~ d  e s s e n t i a l l y  i n  t h e 5 . e  two c e n t e r s  ot a c t i u i t g .  i n ?  e x a c t  
d e t e r m i n a î i o n  o f  t h e  r t o r m ' s  l o c a t i o n s  is i n t l u e n c e d  s .omèwhir  by t h e  d i ? -  
f e r - n t  d i r o c r i o n s  o f  o b s e r v a t i o n .  F o r  e x a m p l e ,  t h e  M o r t h - E a s t  k a r i s t i c  
a r e s  i~ ~ r n p r : a ~ . i t e d  f o r  t h e  S e r l i n  c t a t . i o r r .  I T  s h o u l d  Se n o t d  t h a t  t h e  - o n g i l s r  a n d  s p 2 c t r ; i  r - e s o i u t i o n  o f  t h e  o l a e r  e q u i p m e n r  a t  ï n o  g e r l i n  s t a -  



r i g n  i c  w ~ r - e  t h z n  t h e  n5w v & s i o n  by  a f a c t o r  b e t w e e n  5 a n d  5 .  I t  is i n -  
t s r e ~ . ? i n 9  t h s t  t h e  c l o u d  = p u r  r e a c h i n g  up t o  t n s  S a l t i c  s r e a  a n d  t h e  
t r o n r j l  c l p u d  b a n d s  W e s t  O +  t h e  Bay o f  B i s c s y  (see F i g . 7 )  d o  n o t  c o n ï a i n  - 
31-19 l i g h i n i n g  a c t i s i i t y  d u r i n g  d a y t i n e .  i n  t h e  e v e n i n g  a f t e r  l t i : O O G M T ,  
h o w e u r ,  t h e  B i s c a y s n  f r o n t  ~ e c o m e s  a c t i v s  w h i l e  a n o t h e r  a c t i v i t y  r e g i o n  
o r e r  the  N o r ~ h  Ses ( w h i c h  i s  b l o c k e c i  o u t  f o r  t h e  T e 1  A v i v  s t a t i o n  by  the 
n e a r e r  a c t i v i t y )  w e a k e n s  3t t h a t  tirno. O b ~ i o u s l y ,  t h e s e  f e a t u r e s  c a n n o t  
be d s d u c e a  a s f i n i t e l y  f r o m  t h e  s a t e l l i t e  c l o u c i  p i c t u r e s ,  3 l t h o u g n  t h e  i n-  
t r a r e û  i I R i  a n d  w a t e r  v a p o r  ( U V )  i m a g e s  a r e  som-what  b e t t e r  i n d i c a t o r s  o f  
t h u n d e r s t o r m  a c ~ i v i t y  t h a n  t h e  v i s i b l e  i m a g e .  I n  t h e  i n f r a r e d  i m a g e  a t  
i7:SSGMT i n  F i g . 1 0 ,  h i g h  r e a c h i n g  c o n v s c t i v e  c l o u d s  a p p e a r  b r i g h t e r  t h a n  
l o w  l e v e i  l a y e r e c i  c l o u d s .  T h e  d e v e l o p m e n t s  o f  t h e  c l o u d  a n d  f r o n t a l  s t r u c -  
t u r ~ s  c a n  tie e s t i m a t e d  c ~ r n p a ~ i n g  b o t h  s a t e l l i t e  i m a g e s .  @ b v i o u s l y ,  o n e  
c a n n o î  d e d u c e  a r e î i a b l e  " a c t i u i t y "  e s T i m a t i o n  f i n  t h e  s e n s e  o f  s t r o k e s  
p s r  t i n e j  f r o m  t h e  i m a g e s :  T h e  c l o u d  f o r m a t i o n  o v e r  N o r t h w e s t  A f r i c a ,  
r e 3 c h i n g  f r o m  t h e  G t l a n t i c  o c e a n  t o  S p a i n  a n d  a p p e a r i n g  q u i t e  b r i g h t  i n  

' F i ç i . 1 0 ,  i n  f a c t  p r o d u c e s  v e r y  l i z t l e  l i g h t n i n g  a c t i u i t g  ( c f - F i g s .  6 a n d  
73 .  S t i l l ,  t h e  m o s t  p r o m i n e n t  a c t i v i t y  c e n t e r s  i n  c e n t r a l  A f r i c a  s h o u l d  
c e r t s i n l y  t e  e x p e c t e d  n e a r  t h e  v e r y  b r i g h t  c l o u d  c o m p l e x e s  i n  F i g . 1 0 -  

T h e  e f f e c t  o f  m u t u a l l y  b l o c k i n g  o r  o v e r l a p p i n g  a c t i v i t y  c e n t e r s ,  a s  de- 
d u c e d  f r o m  a t m o s p n e r i c s  m e a s u r e m t n t s ,  is e x e m p i i f i e d  by t h e  m o d e r a t e  
? h u n d e r s t o r r n  s c t i v i t y  W e s t  O F  t h e  C a s p i a n  S e a ,  w h i c h  w a s  h a r à l y  v i s i b l e  
a t  E e r l i n  i F i g . 6 ) :  o r  b y  tne a c t i v i t y  r e g i o n  i n  t h e  3 3 y  o f  B i s c a y  w h i c h  
is s e e n  f r o m  T e l  A v i v  s t a r t i n g  a t  c a .  1i:OOGMT ( F i g . 7 )  w i t h  a c e r t a i n  ad-  
m i x t u r e  o f  t h e  d e c a g i n g  I t a l i a n  a c t i v i t y  w i t h i n  n e s r l y  t h e  same a n g u l a r  
d o m s i n .  A c d i î i o n s l l g ,  l o c a l  d i s t u r b a n c e s  o f  t h e  i o n o s p h o r e  s e e n  t o  i n f i u -  
e n c e  t h e  m e a s u r e m e n t s  a t  T e l  A v i v  a r o u n d  m i d n i g h t  w h e r s  t h e  d i s t a n c e s  i n  
t r i e  n o r t h w e s t  C i r e c  l i o n  a.re p r o b a b l y  o v e r e s t i m è r t e d .  

T h e  a n p i i t u d e s  o Q  t h e  a t m o . z p h e r i c s  a r e  damped  o u t  w i t h  i n c r e a ~ i n g  r a n g e  
s o  t h a t  t h e  p o r t i o n  o f  t h e i r  d i s t r i b u t i o n  w h i c h  e x c e e d s  t h e  i n p u t  t h r e s h -  
bid o f  the receivers e v e n t u a l l y  becornes t o o  s m a l l  a n d  t n e  a c t i v i t y  c e n t e r  
c a n  no  l o n g e r  b e  i d e n t i f i e d .  F o r  g o o d  p r o p a g a t i o n  c o n d i t i o n s  d u r i n g  n i g h t  
a l o n g  Mes?- Eas t  p a t h s ,  T h i s  l i m i t  i i e s  a r o u n d  1 0 0 0 0 k m .  T h e  b r i g h t  a c ï i v i t g  
r t g i o n  n o r t h  o f  S o u t h  A m e r i c s ,  w h i c h  is s e e n  d u r i n g  n i g h t t i m e  a t  a d i s -  
r s n c E  of  c a .  7 5 0 Ü k n  erorn B e r l i n ,  t h u s  l i e s  c l o s e  t o  t h e  maximum r a n o e  
T o r  t h e  T e l  A v i v  s t a t i o n  i n  t h e  i t m i m u t h a l -  d i r e c t i o n  o f  a b o u t  2850 a n d  5 

d i s t d n c e  o f  9 û 0 0 k m .  U n f o r t u n a t e l y , .  T e l  A v i v  a g a i n  r e c e i v z s  a  c e r t a i n  a d-  
n i x t v r e  o f '  s ' c l o s e r  I c a .  5 . 5 F l m j  b u t  much + p i n t e r  a c t i v i t y  r s g i o n  a r o u n d  
3uop1/25üW i c a r i i p a r e  F i g .  i O ! ,  s o  t h a t  t h e  d i s t a n c e s  a p p e a r  p a r t l y  t o o  
s h o r t .  A s e c o n d  s c T i o i z g  c e n t e r  i n  t h a t  r e g i u n ,  s e e n  s t  a n  a t i m u t h  o f  
c a .  E77Q Trom T e l  A v i v  ( a g a i n  w i t h  a n  a d m i x t u r e  o f  ~ h e  c l o s e r  a c t i v i t g )  
c e n n o t  b e  s e e n  so c l e a r l y  f r o m  B e r i i n  S e c ~ u s e  09 t h e  L l a c k i n g  i n f i u e n c e  
O? t h e  a c t i v i t y  i n  t h e  Bay of b i s c a y .  Ün t h e  o t h e r  h s n d ,  t h e  n e a s u r e m e n t s  
of t h e  t h i r d  s t a t i o n  i n  P r e t o r i a  ( F i g . 9 i  e x h i t i t  n e a r l y  t h e  s a n e  d i r o c -  
r i o n  o f  2830 f o r  b u t h  c e n t e r s .  T h e  c o r r e s p o n d i n g  i o c a t i o n s ,  a r o u n d  i5'Ni 
=7°W 12ùN,'4UQW, e s t i m a t e d  f r o m  t h e s e  r n e a s u r e n e n t s ,  a g r e e  qui t e  w e l l  
w i t h  t h  i o c s t i o n s  o f  T h e  L r i g h t  i n f a r e d  i = c o l d )  c l o u d  c l u s t e r s  on  t h e  
~ ~ t ~ l l i ? ~  p i t t u r e  i n  F i g - 1 0 .  A t  B s r l i n ,  a n  a d m i x t u r e  o f  the s c t i v i t y  c l v s -  
t e r  c l o s 2  t o  the  South H r n e r i c a n  c o a s s  is s e e n .  I? is u o r t h  n o t i n g  t h a t  - L  LI:^ p r o r n i n ~ n t  h u r r i c j r l e  n $ a r  4rJ.Gt.l/~gCil.,J ' ( c . j i l e a  " I E E N E " ) ,  w h i c h  a p p e s r s  
Ju= t  3s b r i a h t  a s  t h e  a c t i v e  t h u n d e r s ' o r m  r s g i o n s  un t h e  s a t e l l i t e  imagez .  
f , r i 3 = - 8  ? n c  l u i ,  does n o t  p r b d u c i  d n y  Z i g n i f i C a n t  i i g h t n i n g  a c i i u i t y  d u-  ' 
r i n g  t n i s  time i c f - T u r m a n  a n d  E d g a r ,  1?92, who  f i n d  The s a m e  b e h a v i o u r  
w i t h  ï y p h o o n  "GILEAu i n  1777).  



L o o k i n g  now t o  t h e  o t h e r  p r o m i n e n t  a c t i v i t y  r e g i o n s  d e t e c t e a  b y  the 
P r ê t o r i a  s t a t i o n ,  o n e  f i n d s  a  c o r r e s p @ n d e n a e  b e t w e e n  T h e  a t z ~ o ~ p f r e r i c s  
l o c ~ t i o n s  i n  S o u t h  A m e r i c a  i n e a r  lZOS/4ùCJWf a n d  s o u t h e a s t  o r '  M a d a g a s c a r  
a n d  t h e  s ù ~ e l l i t e  p i c t u r e s ,  T h e  S o u t h  A m e r i c a n  s c t i v i t y  i s  n o t  r e c o r d 4  
by  t h e  T e i  A v i v  a n d  B e r l i n  s t a t i o n s  b e c a u s e  o f  tne t i o c k i n g  a n d  d i s t u r -  
b i n g  i n f l u e n c e  o f  t h e  a c t i v i t y  i n  West A f r i c a .  As t h i s  a c t i v i t y  is seen 
blj t h é .  T e l  A v i v  s t a t i o n  q u i t -  f r e q u e n t l y ,  o S c . ~ r v ~ t i o r i  o f  a c t i ? r i t y  i n  
S o u t h  A m e r i c a  i s  someiuha t  r a r e .  I t  i o  n o t i c e d  i n  F i g s - S  a n d  7 t k a t  a n -  
o t h a r  v e r y  b r i g h t  v i s i b l s  c l o u d  c l u s t e r  e a s t  o f  P r o t o r i a  o n  t h e  A f r i c a n  
c o n t i n e n t  is n o ?  a c t i v e  a t  311. T h i s  is a l s o  s u g c j e s ~ e d ,  h o w s u s r ,  by  t h e  
IR-Image I i n  Fig. 1 0 ,  6 h o u r s  l a t e r ,  a n  a r e a  n o r t h w e s t  o f  t h a t  c l u s z e r  
b e c o r n e s  a c t i v e ) ,  w h i c h  d o o s  n o t  e x h i b i t  a  IJWy c c l d  c l o u d  t e m p e r a t u r e  
t h e r e .  

k v e r y  p e c u l i a r  b e h a v i o u r  o f  t h e  V L F - p r o p a g a t i o n  s h a l l  b e  d i s c u i s e d  now 
a s  d e d u c e d  f r o m  a t m o s p h e r i c s  n e a s u r e m e n t s  o f  t h e  t h u n d e r s t o r m  a c t i v i t y  
i n  C e n t r a l  A f r i c a .  O b v i o u s l y ,  t h e  a c t i v i t y  d i s t r i b u ~ i o n  t h e r e  l o o k 5  r u b -  
s t a n t i a l l y  d i f f e r e n t  a s  s e e n  f r o m  e a c h  o f  t h e  t h r e e  r e c e i v i n g  s r a t i o n s .  
Çome q u a l i t a t i v e  c o r r e s p o n d e n c e  c a n  b e  o b s e r v e d ,  f o r  e x a m p l e ,  b e t w e e n  
t h e  B e r l i n  a n d  T e l  A v i v  d a t a  n e a r  s u n s e t  i n  w e s t  A f r i c a  i w i t h  a  combi-  
n a t i o n  o f  two c e n t e r s  t o  a s i n g l e  l a r g e  o n e  seen f r o m  T e l  A u i v ) ,  o r  be- 
t w e e n  t h e  T e l  A v i v  a n d  t h e  P r e t o r i a  m e a s u r o m e n t s  i n  c e n t r a l  A f r i c a  near 
n o o n  ( p o i n t e r s  t o  S o u t h )  a n d  n e a r  m i d n i g h t  ( p o i n t e r s  t o  N o r t h )  w i t h  s o n e -  
w n a t  d i f f e r e n t  d i s ? a n c e s  a n d  i n t e n s i t i e s  i n  e a c h  c a s e ,  I t  is n o r i c e d ,  
t h a t  t h e  r e l a t i v e l y  h i g h  l i g h t n i n g  a c t i v i t y  n e a r  t h e  e q u a t o r  i s  o f ' t e n  
n o ? ,  o r  o n l y  w i t h  t o o  l o w  s t r e n g t h s ,  d e t e c t o d  b y  the T e l  A v i v  s t a t i o n  
I r e g i s t r a t i o n s  by  t h e  B e r l i n  s t a t i o n  a r e  v e r y  r a r e i ,  and t h a t  t h e  l o c a -  
t i o n s  o f  maximum a c t i v i t i e s ,  a s  s e e n  f r o m  P r e t o r i a ,  a r e  u s u a l l y  s o u t h  o f  
t h e  e q u a t o r .  T h i s  is a  q u i t e  t y p i c a l  b e h a v i o u r  o f  t h e  r e g i s t r a t i a n s  i n  
c e n t r a i  A f r i c a .  Though  t n e  r e l a t i v e l y  s m a l l  d i s t a n c s s  t o  T e l  k v i v  and 
P r e t o r i a  i a r o u n d  4 M m )  s h o u l d  g u a r a n t e e  a  m o d e r s t e  d a m p i n g  a c c o r d i n g  t o  , 
t h e  p r o p a g a t i o n  mode1  i n  F i g . 1 ,  a c t i v i t y  c e n t e r s  b e y o n d  a n d  c l o s e  t o  t h e  
m a g n e t i c  e q u a t o r  Q n e a r  1ÜoN o n  t h e  A f r i c a n  c o n t i n e n t )  2 n d  a t  a n g l e s  c l o s e  
t o  n o r t h - s o u t h  o r  s o u t h - n o r t h  d i r e c t i o n s  ( Q  - O i  c a n  h a r a l y  b e  d e t e c t e d ,  
T h e r e f ü r e  o n e  h a s  t o  d r a w  the c o n c l u s i o n  t h a t  t h e  u s u a l  WaitiHarth m o d e 1  
f o r  V L F - p r o p a g a t i o n ,  e v e n  i n  i t s  e n t e n d e d  v e r s i o n  i n  F i g .  1 ,  is i n s u f f i -  
c i e n t  t o  d e s c r i b e  t h e s e  t r a n s - e q u a i o r i a l ,  n e a r l y  m e r i d i o n a i  p r o p a g a t i o n  
b e h a u i o u r -  T h e  i m p l i c a t i o n  o f  t h e  m o d e i ,  t h a t  a  p u r e  h o r i t o n t i l  a n d  pa-  
r a l l e l  ( r e l a t i v s  t o  t h e  p r o p a g a t i o n  p a t h !  m a g n e t i c  f i e l d  c o r r e s p o n d s  t o  
isotropie c o n d i t i o n s  w i t h o u t  a  m a g n e t i c  f i e l d  m u s t  b e  r e v i s ~ d  and a  much 
h i ç h e r  d a m p i n g  m u s t  b e  i n t r o d u c e d  u n d e r  t n e s e  c i r c u m s t a n c e s .  S t a r t i n g  
p o i n t  t o  a  n o r e  r e a l i s t i c  p r o p a g a t i o n  m o c e l  f o r  t h i s  s p e c i f i c  c o n d i t i o n s  
4very s m a l l  m a g n e t i c  d i p  a n g l e ,  N S  o r  SN p r o p a g a t i o n ,  med ium d i s t a n c e s )  
is a f u l l  wave  c a l c u l à t i o n  w h i c h  s h o w s  t n a t  t h e  r e f i e c t i g n  c s e f Q i c i e n t s  
b e c o n e  v s r y  s m a i l  f o r  m e r i d i o n a l  p r o p a g a t i o n ,  v e r y  s m a l l  d . i p  a n g l e s  a n d  
n e z r  g r a z i n g  i n c i d e n c e  a t  t h e  B r e w s t e r  a n g l e  ( e . g -  T s u r u a a ,  1972) .  T h i s  
w o u l d  i m p i y  t h e  i n t r o d u c t i o n  o f  two  m o r e  i n d e p e n d e n t  p a r a m e t e r s  - t h e  
v e r t i c a l  a n d  p a r s l l e i  k - c o m p o n e n t s  - . i n t o  t h e  p r o p a g a t i o n  m o d è l ,  

A n o t h e r  v e r y  i n t e r e c t i n g  f e a t u r e  o f  t h e  t r s n s - e q u a t o r i s l  p r o p a g a t i o n  c a n  
t e  o c r i s i o n a l l y  m s n i f e s t e d  i n  t h o  m e a s u r e m o n t s  o f  the s t a t i o n  àt T e l  
A u i v ,  l o s 5  T r e q u e n t l y  a i  P r e t o r i a .  T h i s  e i f e c t  is a l s o  v i s i b l e  ia F i g . ? ,  
w h m e  t h e  r o c o r d e d  p u l s e  r a t e s  o f  t h e  e q u a t o r i a l  a c t i v i t y  r q i o n  a r o u n d  

- 23C'E ijnd t h e  s - p a r a t e  c e n t e r  b e h i n d  t h i s  o n 2  n e s r  1 7 o E i 1 5 G S  i a -  s e s n  
f r ? n  P r - X o r i a  a n d  c o n f i r m e d  b y  t h e  s a t e l l i t e  c l o u d  p z c t u r e ,  F i g - f i l )  a r e  
extremely = m a i l  o r  v a n i s h  c o m p l e t e i y  f o r  s a m e  t i m e ,  u n t i l  s u d d e n l y  t h e  
F U I E S  r s t e s  i n c r e a s e  a n a  t h e  d i s t a n c e s  seem t o  jump b y  a  f a c t o r  of  T w o  
a n d  n c r e  i t w o  l o c a t i o n s  n e a r  SSoS/'2oE a i  0: 1 0  o n d  0-3ü.GMT). T h i s  beha-  



u i o u r ,  w h i c t ~  is ~ c c a s i o n a l l y  much m o r e  d r a m a t i c  t h a n  i n  t h i s  c a s e ,  c a n  -he 
o b r e r v e d  e s p e c i a i l y  d u r i n g  t h e  fow h o u r s  a r o u n d  m i d n i g h ? .  A9ter s u c h  a n  
everit, t h e  v o l u e s . f a l 1  b a c k  t o  tne p r e v i o u s  c o n d i t i o n s .  T h i r  t r e h a v i o u r  i8 
e s s e n t l s l i y  c a u s e d  by a n  a p r u p t  a n d  c o n s i d e r a b l e  i n c r e s r s  o f  t h e  g r o u p  
v e l o c i t y  d i f f e r e n c e  b e t w e e n  5 ~ n d  9 k H z ,  p s r t l y  a c c o m p a n l s d  b y  a n  e x c e c s  
damping  o f  t h e  5kHz c o m p o n e n t .  T h e  r e a s o n  f o r  t h e s e  d i s t c r t i o n s  o f  t h e  
s p e c t r a l  p a r a m e t e r s  may te a  w h i s t l z r - l i k e  d v c t i n g  OC t h e  s t m o s p h s r i c s  
s l a n g  l o w  l a t i t u d e  f i e l d  l i n e s  i n  c o m b i n a t i o n  w i t h  e q u a t o r i à l l y  c o n P i n e d  
E - l a y e r  I r r e g u l ë r i t i e s  w h i c h  w o u l d  a l l o w  t h 2  VLF-waves t o  p e r l e t r a c e  intg 
T ~ E  i o n o c p h e r e  a n d  t o  corne o u t  a g à i n .  S i m i l s r  c o n s i d e r s t i o n s  w i t h  r e g a r d  
t o  l ow  l s z i t u d e  w h i s t l e r s  h a v e  b e e n  p r e s e n t e d  b y  Xayakawô a n d  T a n a k a  
i lP78 i .  

A f i n a l  e x j m p l a  d e m o n s t r a t i n g  t h e  s h o r t  r a n g e  c a p a b i l i t y  o f  t h e  s y s t e m  
a r d  the V L F - p r o p a g a t i o n  mode1  i 15) s h o u l d  a l s o  b e  n o t e d .  Fig. 1 1  shows 
the r e c o r d i n g s  o f  t h e  s t a t i o n  a t  P r e t o r i a  b e t w e e n  1 2 - 0 1 2  o n  2 - 1 0 . 8 1  a n d  
: 2 = O ü G M T  o n  3 . 1 u - 1 9 S 1 .  One  o b s e r v e s  a c l u s t e r i n g  o f  a c t i v i t y  c e n t e r s  
a r s u n d  t h e  s t a t i o n  w i t h i n  a r a d i u s  o f  less t h a n  500krn, i n c l u d i n g  the 
i m e d i a t e  v i c i n i t y  o f  t h e  s t a t i o n .  T h i s  l o c a t i o n  c o r r e s p o n d s  e x a c t l y  t o  
t h t  b r i g h t  c l o u d  c o m p l e x  i n  t h e  i n f r a r e d  s a t e l l i t e  i m a g e ,  F i g . 1 2  ( 1 1 : 5 5 G M T  
on  2 . 1 ù . 1 9 3 1 i .  T h e  a c t i v i t y  r e g i o n s  n e a r  200€ /10oS  a n d  n e s r  the w e s t  c o a s t  
or' M s d a g ~ s c a r  a r e  a i r t - a d y  v i s i b l e  i n  t h i s  p i c t u r e ,  a l t h o u g h  t h e y  d i s p l a y  
th l i r  s t r o n g e s t  a c t i v i t y  d u r i n g  n i g h t t i n e .  Cln t h e  o t h e r  h a n d ,  t h e  a c t i v i -  
t y  r e g i o n  s o u t h w e s t  o f  M a d a g a s c a r ,  w h i c h  l e c o r n e s  s t r o n g  o n l y  a f t e r  3 : ü O  
Gi?T o n  3 . 1 0 . 1 9 8 1  ( F i g - l l i ,  c a n  n o t  b e  o b s e r ? r e d  i n  F i g . 1 2 ,  b u t  is extreme- 
l y  b r i g h t  o n  t h e  c o r r e s p o n d i n g  i m a g e  f o r  3 . 1 0 . 1 9 3 1  i n o t  s h o w n j .  T h i s  de- 
m a n s t r a t e s  T h e  f r e y u e n t f y  o b s e r v e d  v e r y  r a p i d  d e v e l o p m e n t  a f  a c t i v i t y  rs- 
' ions.  As a l r e a d y  i n d i c i t e d ,  a t m o s p h e r i c s  a c t i v i t y  a t  a n d  b e y o n d  t h e  n a g -  
n i t i c  e q u a t o r  is h a r d l y  d e t e c t a b l e .  

Tho n 2 w  d a v e l o p m e n t  i n  t h e  f i e i d  O,' V L F - a t m o s p h e r i c s  r e s e a r c h  a n d  t e c h -  
n o f o g y  d e s c r i b e d  here is  c h a r a c t e r i z e d  by t h e  f o l l o w i n g  c e n t r a l  a s p e c t s :  

i s j  k c o m p l e r e l y  a u t o m s t i c  r e c e i v i n g  a n d  a n a l y s i n g  s y s t e m  s l l o w s  a  res l  
:ime d e t e r m i n a t i o n  o f  l i g h t n i n g  a c t i v i t y  p a r a m e t e r s .  T h e  d a t a  a r e  
s t o r e d  on  m a g n e t i c  t a p e  c a s s e t t e s  f o r  a n  a p o s t e r i o r i  a n a l y s i s  a n d  
a r e  a i s o  U S E U  t o  m a r k  t h e  t h u n d e r s t o r m  c e n t e r s  o n  a  map 5 y  means of  
a n  o n - l i n s  d s s k r o p  p l o t t e r ,  E a s q  a c c z s s i b i l l t g  t o  t h e s e  d a t a  r o c o r -  
d i n g s  i s  n e c e s s a r y  f o r  t h e  d e v e l o p m e n t  o f  g l o b a l  m o d e l r  o f  t h e  l i g h t -  
n i n g  G e r i s i t y  a n d  Q o r  d e t a i l e d  a  p o s t e r i o r i  i n v e s t i g a t i o n s  o f  t h e  VLF- 
p r o p a g 3 t i o n  c o n a i t i o n s .  

i b ,  A z t s t l s t i c a l  p r o g r a m  f o r  r e c o r d i n g  a n d  c o l l e c t i n g  V t F - a t m o s p h e r i c s  
h a s  b e e n  d e u e l o p e d  w h i c n  y i e l d s  a  r e l i a b l e  e s t i m a t e  o f  t h -  a n g u i a r  
s h a p e  of Sn a c t i v i t y  c e n t e r  a s  w e l l  a s  t h e  s h a p e  a n d  l o c a t i o n  0 7  t h e  
5 . p e c ~ r s l  p a r ~ m e t z r s  GDD, SHR a n d  Ç A  o f  t h o s e  a t m o s p h e r i c s  o r i g i n a t i n g  
st a s p e c i f i c  c e n t e r  o f  a c t i v i t y .  



i c )  A n e u  s n a l y t i c a i  V L F - p r o p j g a t i o i  mode1  h a s  b e e n ' i n t r o d u c e d  w h i c h  is  
b ~ z . ~ c i  on  t h e  u s u a i  mocie l s  o f  W j i t  ( W a i t  a n d  Ç p i e s ,  1904i o r  H a r t h  
i l i 7 2 a 1 ,  b u t  is e x t s n d e d  t o  b e  a p p l i c a b S e  f o r  a r b i t r z r y  i o n o s p h e r i c  
r e t l e c t i o n  h e i g h t s  j n d  t . 3 k e s  i n t o  3 c c o u n t  t h e  h i g h e r  moce  i n f l u e n c e s  
al c l c s s r  d i s t a n c e s .  i n e a r  f i e l d  r a n g e ) .  T h i s  m a d e l  uses t h e  m u t u a l l y  
i n Û ~ ? s n b e n t  s p e c t r a l  p a r a m e t e r s  ( s t a ~ i s t i c  mean v a l u e s  o f  a i l  a t m o -  
= - L  -..- - p i , r ,  I c s  f r o m  a  s p e c i f i c  a c t i v i t y  ~ e n t e r )  i n  a n  i t e r a t i v e  a l g o r i t h m  
to c 5 t e r m i n e  t h e  d i s t a n c e  t o  the a c t i o i t y  c e n t e r  a n d  t h e  a p p r o p r i a t e  
vaiucs o f  t h e  i o n c s p h e r i c  r o f l e c t i o n  h e z g h t  a n d  t h e  a n i s o t r o p y  
f a c ? o r  Ss. 

A t  p r e f r n t ,  t h e  r e c e i v i n g  n e t w o r k  c o n s i s t s  o f  two new s t a t i o n s  a t  P r e t o r i a  
a n d  T t 1  A I J ~ V  a n d  a n  o l d e r  one a t  B e r l i n .  1: w i l l  b e  expandec l  i n  t h e  n e a r  
f u t u r e  w i ï ! ~  new s t a t i o n s  a t  t h e  German A n t a r c t i c  s t a t i o n  a n d  i n  I n d i a  a n d  
S w i t z e r i i n d .  T h e  c o v e r a g e  o f  t h e  e x i s t i n g  s t a t i o n s  c o m p r i s e s  E u r o p e  a n d  
A f r i c a  a n d  p a r t s  o f  A s i a  and A m e r i c a ,  w i t h  s o m e  r e g i o n s  o f  p a r t i a l  o v e r -  
l a p p i r ~ g .  

T h e  e x i s t i n g  m e a s u r e m e n t s  a n a  a n a l y s e s ,  f r o m  w h i c h  examples  h a v e  b e e n  
p r e ç e n t e d ,  zhow t h a t  r e l i a b l e  i n f o r m a t i o n  is k b t a i n e d  on  t h e  l o c a t i o n s  
a n d  t h e  s t r e n g t h s  4 s t o k e s  p e r  m i n u t e )  o f  t h u n d e r s t o r m  a c t i v i t y  c e n t e r s .  
C o m p i r i s o n s  b e t w e e n  t h e  a t m o s p h e r i c s  n e a s u r e m e n t s  a n d  a l a r g e  n u m b e r  
a+' s i n g l e  t h u n d e r s t o r m  r e p o r t s  o n  s y n o p t l c  c h a r t s  s h o w e d  t h a t  w h e n e v e r  
s o m e  o r  t h e  b u l k  o f  w o a t h e r  s t a t i o n s  i n  a  c s r t a i n  a r s a  r e p o r t  t h u n d e r -  
s t o r m  s c t i v i t y :  à l o c a l  l i g h t n i n g  s o u r c e  is c o n f i r m e d  by t h e  a t m o s p h e r i c s  
m s t h o d  i n  ? h i 5  a r e a  o r  c l o s e  t o  i t .  un  t h e  o t h e r  h a n d ,  c o n t e r s  o f  atmo- 
s p h e r i c s  s c t i v i t y ,  e s p e c i a l l y  o n  t h e  o c s a n s ,  are n u t  n e c e s s a r i i y  d e t e c t e d  
b y  t h e  s . y n n p t i c s 1  n e t w o r k ,  u s u a l l y  t ~ c i u s e  o f  s p a r s e  s t a t i o n  c o u e r a g e  
l t h u n i e r  c a n  b e  h e a r a  o n l y  u p  t o  c a -  3 ü  k m ) ,  w h i c h  d e m o n s t r a t e s  t h e  use- 
f u l l n ~ s c .  bf .  T h i s  s y s t e m  f o r  w e a t h e r  f a r ~ c a s t s  a n d  t h u r ~ d e r s t c r r m  w a r n i n g s .  
A r e a s  o f  s t m o s p h e r i c s  o c t i v i t y  c a n  b e  c o n f i r m s d  a s  c l o u d  c o m p l e x e s  i n  
s a t e l l i ? ~  i m a g e s  IMETEOSAT), e s p e c i a l l y  i n f r a r e d  a n d  w a t e r  v a p o r  images, 
b u t  n o t  a l 1  c l o u d  c l u s t e r s ,  e v e n  i f  t h e y  s h o w  P r i g n t  f e a t v r e s  ( c o l 9  tem- 
p c r a t u r e s i  i n  t h e s e  ?wo ~ h a r ~ n e l s ,  p r o d u c e  a  s i g n i f i c a n t  a m o v n t  of l i g h t -  
n i n g  a c t l v i t y ,  

C o n t r i r y  t a  û t h e r  m e t h o d s ,  a n  a t n o s p h e r i c s  n e t w o r k  is c a p a ~ l e  o f  c o n t i n u -  
o u s l y  i r t s c t i n g  l i n  2 0 - r n i n u t ~ s  i n t e r v ~ l s ) . n o t  o n l y  t h e  l o c a t i o n s  o f  t h e  
l i g h t n i r ~ i  s c t i v i t y  c e n t e r s ,  b u t  a l s o  t h e i r  s t r e n g t h  Cin s b s o l u t e  n u m b e r  
o f  s?rCiL.z5 F e r  m i n u t e )  a n d  t h e i r  e v o l u t i o n .  T h e  d e t s c t i o n  r a n g e  o f  a t m o-  
s p h e r i c s  15 l i r n i t e d  d u e  t o  t h e  s p e c i f i c  V L F - p r o p a g a t i o n  c o n d i t i o n s .  A l -  
t h o u g r #  z h e  maximum r a n g e  is up  t o  10CiÜ9km f o r  t h e  d e v e l o p m o n t  o f  l i g h t -  
n i n g  d 2 n s i t y  m o d e l s ,  t n s  l i m i t  f o r  a  q u a n t i t a t i v e  r e a l  t ~ m e  a n a l y s i s  is 
n e a r  4 C ù O k m .  T h e o r e t i c a l l y ,  a  c o m p l e t e  n o d e l  c o v e r s g e  o f  t h e  g l o b e  c a u l d  
t h u s  L s  a c n i e v e d  w i t n  c a . 1 0  o p t i n a l l y  i o c a t e d  s t a t i o n s .  

A p p l i c ~ t i o n s  o f  t h e  a t m o s p h e r i c s  s y s t e n  a n d  i t s  r o a l  t i m ~  d s t s  a r e  pas- 
sit i f  l r  t n E  f i e l d s  o f  t h u n d e r s t o r m  w a r n i n g  a n d  f o r e c a s ~ i n g .  F o r  t h e  wea- 
t r ~ e r  . F ~ - Y ~ C P S ,  a t n o s p h e r i c s  m e a s u r e m r n t s  c a n  be a  v a l u a b l e  a d d i T i o n a l  
p a r a n e t - c  i l i k e  s a t e l l i t e  i m a g e s ) .  I t  is i n t e n d e d  t o  i n c i u d e  t h e  a t m a -  
s p h e i i r s  i n t o r r n a t i o n  i n  t h e  r o u t i n e  f o r e c a s t i n g  p r o c e d u r e s .  T e s t s  h a v e  
been s l r s s d y  s t a r t e d  a t  t h e  I s r a e l  M e a t h e r  S e r v i c s .  cl t i r s t  s u r v e y  a f  the 
f r c q u e n r y  i f i d   th^ ~ t r s n ~ t h  o f  t h e  1 i g h : n i n g  a r t i v i t y  i n  d i f - f e r e n t  -srecls 
w i t h i n  t h e  d e t e c t i a n  r a n g e  o f  t h e  e x i s t i n g  n e r w o r k  r e v ~ s l s  n o t  o n l g  t n e  
w e l l - k n c l ~ , ~ n  a c t i v i t y  r e g i o n s  on  t h e  c o n ? i n r n t s  ( c f .  t h e  t h u n d e r s t o r m  day 
n a p r  p ~ ' k i ; ~ h 9 d  &y Wbli i ,  1 i 5 g j  o r  U.S.A.F.:  H a n d t l ~ o k  o c  Geopilyc.. , 1BbO) ,  



b u t  a l s o  c o n s i d e r a b l e  a c t i v i t y  a b o v e  t h e  A t l a n t j c  a n d  I n d i a n  o c e a n s ,  even 
s o u ~ h w 3 r d  o f  S ù " S .  S u c h  f e a t u r e s  c a n  a l r o  b e  o b s e r v e d  i n  t h e  g i o b a l  
l i g h t n i n g  d i s t r i b u t i o n  c h a r t s  o f  O r v i l l e  i l 9 9 1  j a n d  T u r n A n  a n d  E d g a r  
! i P ? 3 2 i  who a n s l y s e d  t h e  D M S P - s a t e l l i t e  l i g h t n i n g  r o c o r d i n g r  o f  t h e  n i g h  
~ i t i t v d e  i n t e r n a 1  c i o v d  d i s c h a r g e s  a t  ciswn,. d u s k  a n d  m i d n i g h t .  C o m p a r a b l e  
a n s l y s e s  u s i n g  t h e  s t m o s p h e r i c s  m e a s u r e m e n t s  o f  t h e  c l o u d - t o - g r o u n d  com- 
p a n e n t  o f  t h e  l i g h t n i n g  a c ~ i v i t y  o n  a c o n t i n o u s  time b a s i s ,  e v e n  wi?h 
r - g a r D  ;O a  p o ~ . s i b l e  c o n n e c ~ i o n  w i t h  p l 5 n e t s r y  w a v e r  ( c f .  H . s r t h  et a l ,  
! 3 5 ï j ,  a r e  i n  p r e p a r a t i o n .  
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F I G U R E  C A P T I O N S  

FFg.1  V L F- P r o p a g a t i o n  m o d e 1  f o r  t h e  s p e c t r a l  p a r s m e t e r s  CDD i g e l a y  time 
D i + ? e r e n c e  - b e ~ w i r n  s p e c t r a l  g r o u p s  a t  6 a n d  SkHzi a n d  SA2 i c a t i o  b e t -  
we-n s p e c t r a l  & r t p i i t v . d e s  o t  P a n d  5 k H z )  a s  s f u n r t i o n  o f  t h e  a n i s o t r o -  
p y  q a c t o r  5L f o r  i i i i " e r e n t  i o n o s p h e r i c  r . ~ t ' e r e n c e  h e i g h t s  b e t w e e n  65 a n d  
US km. 

F i g . 2  Exarnple o f  t h e  a t m o s p n e r i c s  r e c o r d i n g c  o f  the s t a t i o n  a t  T e l  A v i v  
i n  t h +  m e a s u r e m e n t  c y c l e  8 : 2 Ü - 3 - 4 0  o n  E J . J u n e  1 9 3 1 .  I n  t h 2  l o w e r  p a n e l ,  
t h e  n i s ? o g r à r n  o f  a l 1  r e c o r d e d  a t m o s p h e r i c s  is shown a s  a f u n c t i o n  o f  
t h e  a n g l e  o f  i n c i d e n c e  ( a z i m u t h i  w i t h  t h e  c e n t e r s  o f  o c t i u i t y  n u m b e r e d  
c o c s e c u t i v e l y .  T h s  h i s i o i r a r n s  o f  t h e  t h r e e  e p ç c t r a l  p a r a m e t e r s  GDD,  SAR 
a n d  5# i a e c t r a l  & p l i t u d e  a t  5kHz) f o r  ~ h e  t h r e e  m o s t  i n t e n s e  a c t i t i v i -  
t g  c e n t e r s  a r e  g i v e n  i n  t h e  u p p e r  p a n e l ,  Gaussian f i t s  t a  t h e  d i s t r i b u -  
+ L Z G ~ E  a r e  p l o t t e o  3s d a s h e a  c u r v e s .  T h e  i n s e r t  t o  t h e  l o w e r  p a n e l  s h o w s  
t h e  r e a l  timr p r i n t o r  o u t p u t  g i v i n g  c e n t e r  value, w i d t h  a n d  a r e a  f p u l s e s  
p e r  m i n )  o f  t h e  d i s t r i b u t i o n s  f o r  a z i r n u t h  (3)) 6 D D  ( A ) ,  SAR ( r )  a n d  SA 
( a i  a n d  t h e  c a l c u l d t e d  values o f  9 ,  i o n o s p h e r i c  h e i g h t  Zref  a n d  d i s t a n c e  
p c f  e a c h  a c t i v i t y  c e n t e r .  1 

Flg.2 Real t i m e  p l o t t e r  c h a r t  o f  t h e  T e l  k v i v  s t a t i o n  f o r  t h e  m e a s u r i n g  
p e r i o d  3 : O U  t o  1 4 : 2 ü  o n  2 3 . J u n e  1 9 8 1 .  L o c a t i o n s  o f  a c t i v i x y  c e n t e r s  are 
m a r k e d  b y  snall t r i a n g l e s ,  t h e i r  i n t e n s i t i e s  a r e  i n d i c a  t e d  b y  t h e  l e n g t h  
o f  t h e  p o i n t e r s  ( 1 0 9  2 5 3  s t r o k e s / n i n ) ,  t h e  t i m e  IGHTj is g i v a n  bg t h e  
o r l e n t a i o n  o f  tne p o i n t e r s  i I 2 : ü ü G t 4 T  = n o r t h w a r d ,  o n e  f u l l  c l o c k w i s e  
t u r n  w i t h i n  12 h o u r s ) .  

F i g . 5  L o c a t i o n s  o f  a l 1  s y n c p t i c a l  s t a t i o n s  n o r t h  o f  1 5 0 3  r e p o r t i n g  d i r e c t  
o r  i n d i r e c t  f c u m u l o - n i m b u s  c l o u d s  e t c . !  t h u n d e r s t o r m  a c t i u i t y ,  rnarked by 
l j r ~ e  a n d  s m a l l  s y m b o l s ,  r e s p e c t i v e l y .  C r o s s e s  a r e  C o r  l2:OUGMT on  22. 
J u n r ,  s t a r s  f o r  O:I2UGMT on 2 3 . J u n e  1 9 8 1 .  

Fig.6 A c t i v i t y  c s n t e r s  r e c o r d s d  b y  t h e  B s r l i n  s t a t i o n  f o r  t h e  m e a s u r i n g  
p e r i c d  6 :OüGMT on  3 0 . A u g u s t  t o  6 : Ü Ü  o n  i - O c t o b e r  1 9 8 1 .  P o i n t e r s  r o t a t e  
o n c e  e v e r y  24 h o u r c  w i t h  ü:  Ü Ü G M T  n o r t h w a r d .  

Fis.7 Ssme a s  F i g . 6  f o r  t h e  s t a t i o n  a t  T e l  A v i v  

F i g . 8  Same a s  F i g . 6  f o r  t h e  s t a t i o n  a t  P r e t o r i a  

Fig.9 PIETEOSAT 11 i m a g e  o f  t h e  v i r i b i e  c h a n n e l  at 1 1 : 2 5 G M T  on 3 0 . Ç e p t e n -  
b e r  13531. i ç u p p l i e d  b y  t h e  E u r o p e a n  S p a c e  kgency )  

F i q . 1 0  METEOSAT II  image  o f   th^ i n f r a r e d  c h a n n e l  a t  1 7 - 5 5 G P l T  on 3O.sep- 
? e n b e r  l i o l .  ( S u p p l i e d  by t h e  E u r o p e a n  Space  Agencyi 

F i g - 1 l  k c t i u i t y  c e n t s r s  r e c o r d e d  by  t h e  s t a t i o n  a t  P r e t o r i a  i n  t h e  mea- 
s u r l n g  pe r - iod  1 2 : Ü O  on  2 . 0 c t o b e r  1 9 8 1  t o  1 2 : Q I  on Z - Ü c t o b e r  1 S C 1 .  

F z s .  !2 i:ETEûStiT I I  i m a g e  o f  t h e  i r i f ' r a r e d  c h a n n e 2  a t  1 1  :55G'r'!T o n  Ei .Ci~t~ter  
14s 1  . i S u p p l i e c  b y  t h e  E u r o p e a n  Ç p a c e  A g e n c y )  
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VLF-ATMOSPHERICS AS A TOOL FOR PROBING VLF-PROPAGATION CONDITIONS 

S. Schafer and H. Volland 
Radioastronomical institute, University of Bonn 
Auf dem Hügel 71, D 5300 BOM 1, West Germany 

This paper presents a new technique for receiving and analysing atmospherics signals and for  deriving 
the VLF-propagation conditions. The equipment consists mainly of a receiver/analyser with an on-line 
desktop computer. The computer controls the observations and analyses the received parameters in real  
time, so that the results, e. g. the reference height of the lower ionosphere o r  the strengths and locations 
of the thunderstorm activity centers, can be printed out immediately or  displayed on a world map with a 
small desktop plotter. The data a r e  also stored on magnetic tape cassettes. 

At present, two stations of this kind a r e  operating continuously at Pretoria (South Africa) and Tel Aviv 
(Israel). A somewhat earlier version is used at Berlin. Further stations a r e  being projected to complete 
a global network (among these a station in the Antarctic). At the moment, Europe and Africa and parts  of 
South and North America and Asia a r e  covered. These measurements a r e  used to investigate the short 
and long-term as well a s  the local and global behaviour of the lightning activity and the VLF-propagation 
conditions and to elucidate their correlation to  atmospheric electric and possibly also external (e. g. solar) 
parameters. Some r e s d t s  of the measurements, including statistical analyses of the received parameters 
and typical real time plot charts a r e  shown to demonstrate the methods and capabilities of the present 
system. 

1. INTRODUCTION 

Lightning strokes a r e  known to produce a wide band of electromagnetic radiation, the VLF-impulsive part 
of which is  called atmospherics. Because of the large antenna lengths and current densities of these natu- 
r a l  transmitters and because of the good transmission characteristics of the terrestr ial  waveguide bet- 
ween earth and ionosphere for VLF-waves, the radiated VLF-impulses can be traced at distances of glo- 
bal scale. The permanent presence of atmospherics (ca. 100 strokes per  second over the entire globe) 
allows one to continuously survey the atmospherics activity and the propagation conditions for VLF- 
waves, and especially the state of the lower ionosphere, with relatively few recording stations around the 
world. 

The theoretical background of these analyses is a propagation model for VLF-waves depending mainly on 
(a) the mean reference height of the lower ionosphere along the propagation path, and (b) the mean aniso- 
tropy factor, which describes the influence of the geomagnetic field and the plasma collision frequency. 
Basic calculations on the characteristics of such models have been carried out e. g. by Wait and Spies 
(1964). Using wave guide mode theory, Volland (1968) has shown the pronounced dispersive behaviour of 
the spectral parameters of VLF-atmospherics in the frequency band between Ca. 3 and 10 kHz, which 
makes this band suitable for experimental investigations. Based on these theoretical results, a VLF- 
atmospherics analyser has been developed at the Heinrich-Hertz-institut, Berlin, (Heydt and Volland, 
1968), and subsequently improved in several versions. Besides the direction of incidence (azimuth) of 
each atmospheric, this receiver determines the spectral amplitudes at two suitable frequencies in the 
VLF-band a s  well as  the difference in the arriva1 times between two spectral groups. Extensive model 
calculations of these spectral parameters for various ionospheric conditions a re  due to Harth (1972). The 
main drawback of this first  generation of VLF-analysers was the method of data processing. F o r  each 
atmospheric. one of the spectral parameters could be displayed against the azimuth on an oscillograph 
screen a s  a point. Taking a photographic picture of al l  atmospherics within a time period of e. g. 5 minu- 
tes, one could estimate the mean azimuth and the corresponding mean value of the spectral parameter 
from the clusters on the picture by visual inspection. This complicated and time consuming process and 
the inefficiency in the recording of the spectral parameters (only one at a time together with the azimuth) 
inspired the development of a new generation of VLF-atmospherics receivers. This new atmospherics 
station includes a desktop computer for controlling and analysing the measurements so  that it can be ope- 
rated completely automatically. The calculator collects the spectral parameters and the azimuths of al1 
incoming atmospherics over a time period of 20 minutes. The operation program then performs a statis- 
tical analysis of all atmospherics data from each single center of activity. Furthermore, it contains an 

. optimized VLF-propagation model, which is used to directly determine the distance to the thunderstorm 
centers and the applicable propagation conditions for VLF-waves. A desktop plotter is then enacted to 
denote the locations and strengths of the activity centers on a map. The received and analysed atmosphe- 
r ics  data a r e  printed out in real time and also stored on the interna1 tape cartridge of the computer for 
possible a posteriori analysis: 

Two of these new stations have been operating rontinuously for more than one year at Pretoria and Tel  
, 

Aviv 6chSfer et al. ,1980). an older one is installed in Berlin, and another new station wiU be esta- 
blished in the Antarctic next year. The' small size of the equipment its easy handling and its insensibility. 
t o  external influences allow it to be installed almost everywhere, with its antenna placed on a roof, in an 
open field o r  aboard a ship. 



2 .  I3HOP:IC;ATION OF YLF-ATIIOSPHERICS IN THE TERRESTRIAL M'AYE GUIDE 

VLF-atmospherics originate mainly f rom cloud-to-ground lightning s t rokes  which can be well approxi- 
mated by vertical electrical  dipoles on the ground. The transmitted impulses travel through the atmo- 
spheric wave guide between ear th  and ionosphere, s e e  Fig. 1 (Ingmann et  al . .  1981). and a r e  t r ans-  
formed on this way according to the propagation conditions, which depend predominantiy o!. :!iu location 
and the state of the lower ionosphere. The vertical  electric field component of an atmospii.:rlc &: 

distance P from the source  over  a perfectly conducting ear th  

with i ts  complex Fourier  t ransform 
, 

i s  transformed by the complex transmission function 

to yield the spectral  amplitude 

Here, p a r e  al1 the t e r res t r i a l  pa ramete r s  which influence the transmission function. Since the ear th  
can be regarded to a very good approximation a s  perfectly conducting in the fa r  field (more than some 
100 km). the parameters  pi describe the s ta te  of the lower ionosphere. Simple exponential models for  the 
electron density and the collision number profiles in the lower ionosphere a r e  sufficient for  VLF-reflec- 
tiori calculations, because the main reflection takes place a t  electron densities of only a few hundred 
electrons/cm3. The electron density profile 

and the electron - neutral particle collision frequency profile 

can be combined in the mode1 calculations to form the ratio of the squared plasma frequency cu - to 
the collision frequency v P 

and t3 = a + b. zo is the ionospheric reference height. w is called the "conductivity parameter"  ; it is 
r the only relevant parameter for a pure  isotropic plasma (no magnetic field). If the t e r res t r i a l  magne- 

t ic field i s  included. the gyrofrequency w T  of the electrons has to be regarded a s  the second important 
parameter ,  which can a lso  be normalized to the collision frequency a t  zo to yield the so  called 
"anisotropy factor" 

-:-lthough T i s  actuâlly a 3-component vector for  arbi t rary  directions of propagation, i t  i s  the t rans-  



verse component of the earthà magnetic field that i s  the most decisive (Wait. 1962). so  that the anisotro- 
py factor is related only to that component. 

3. THE DEPENDENCE OF VLF-ATMOSPHERICS PARAMETERS ON THE PROPAGATION CONDITIONS 

The highly dispersive character of the transmission function (2) in the VLF-band offers the opportunity 
for  mode1 calculations of the amplitude and phase relationship between at least two suitable spectral 
groups in this band. The atmospherics receiver/analyser uses three narrow band receivers at 5, 7 and 
9 kHz. The first  atmospherics parameter i s  the Spectral Amplitude "SA" at 5 kHz 

Secondly, the ratio of the amplitudes at 9 and 5 kHz is formed 

This parameter is called the Spectral Amplitude Ratio (SAR). The third measured parameter is the time 
difference in the arriva1 trimes of the spectral groups at 6 and 8 kHz. called the Group Delay Time Differ- 
ence (GDD). It is deduced from the second derivative of the phase O in (3) with respect to frequency 
(Volland. 1968) 

In terms of finite differen:es this may be written 

GDD = At = Q 2 - O m  - Q m  - 8 1  
gr  W2 - W m  W m - W 1  

with Qi = B ( ~ ~ w ~ , p ~ , p ~ , . . )  and w Z  - W  = w - w = AU . Measuring the phases at 5, 7 and 9 kHz, i 
the first derivatives in (12) refer  to  6 and 8 kHz, resp. ,  so that their difference gives the time delay be- 
tween these spectral groups. 

Models of these three spectral parameters  showing their dependence on the conductivity parameter (6)  
and the anisotropy factor (8) have been calculated by Harth (1972) at the above mentioned frequencies. He 
used values of 

and- 

z = 70km . 0 = 0.3 
O 

for daytime and 

z = 8 5 k m .  B =  0.5 
O 

for  nighttime propagation conditions. 

The anisotropy factor il varies a t  middle latitudes between Ca. -1 for west-east, and ca. +1 for  east- 
West propagation. In Fig. 2, the daytime and nighttime models for GDD and SAR (denoted by their refe- 
rence heights of 70 and 85 km, resp. ) a r e  plotted a s  function of il in the range between the dotted lines. 
These parts of the curves a r e  based on a linear dependence of the parameters on distance (Mm = 1000 km). 
Unfortunately, this i s  only accurate a t  large distances from the source (beyond Ca. 2000 km) where the 
first  mode approximation i s  sufficient. The higher modes have to be included for consideration at closer 
distances. This leads to a more complicated non-linear behaviour of the spectral parameters (Harth, 
1981 a. b). 

In order to account for these deviations from linearity, which a r e  nearly a n t i p a r a e l  for GDD and SAR. 
the normal range of (-1 to +1) has been artificialiy extended, and exponential tails have been added 



to the models. Interpolating between the daytime and nighttime models by means of the height dependence 
given by VoUand (1968) and including the exponential extensions one obtains the following functions for 
GDD and SAR, depending on the anisotropy factor and the reference height z (in km), see  Fig. 2. 

with 

3 5 
a = GDD(85, Q )  . 1.27.10 + 1.61-10 

b = GDD(85, Q)  - 70 + 1.89-10 5 
, 

GDD(85,Q) = 29.3 - 3.3 Q2 - 7.6 + exp(-5n -7) - exp(5R - 7) 

and 

with 

Because of the greater sensitivity of SA to disturbances and its more complicated statistical distribution, 
only GDD and SAR a r e  used for the modelling at this stage. 

Besides these propagation effects of GDD and SAR of an atmospheric impulse. the source te rms  (origi- 
nating in the lightning stroke itself) of these parameters have to be considered. During the cburse of the 
measurements, the values of 

7dB for  SAR and 

-5usec for GDD 

have turned out to fit well. These quantities a r e  in satisfactory agreement with those deduced theoreti- 
cally by Volland (1 981) using a wave guide lightning model. 

4. METHOD OF MEASUREMENTS AND DATA EVALUATION 

The computer collects the data of a l l  atmospherics within a measuring period of 20 minutes. Subsequent- 
ly, a histogram of the nurnber of atmospherics per azimuth-interval (l.sO) i s  calculated. A typical ex- 
ample of such a histogram, recorded at the atmospherics station at Tel Aviv, is shown in Fig. 3 (lower 
panel). Five centers of activity can be clearly discerned. All activity centers a r e  fitted by normal distri- 
butions using a fitting routine inCluded in the operations program of the computer. The fact that activity 
centers can normally be fitted quite well by normal distributions indicates that they can be regarded a s  
point sources. Theoreticaliy, the horizontal magnetic vector of an atmospheric should be exactly ortho- 
gonal to the direction of incidence, so that a very narrow peak should be measured (conventional direc- 
t ion finding with double crossed loops i s  used here). However, a certain disturbance of the signals i s  al- 
ways present which can lead to deflections of up to 10' and more for a single atmospheric impulse. Due 
to the random character of these disturbances, a statistical analysis of an activity center yields the exact 
position and the strength (atmospherics /min)  of that center, even if the ra te  per  minute is very low 
(down to Ca. 2 / min). 

Having determined ail  significant activity centers in the azimuth histogram, the spectral parameters of 
each of these centers a r e  evaluated using the same fitting procedure with normal distributions. The histo- 
grams of GDD, SAR and SA of the three largest activity centers a r e  shown in the upper panel of Fig. 3. 
The statistical paramet e r s  of the spectral and angular measurements a r e  liste& in the real  t ime printer 
output (seeqinset to azimuth histogram - lower panel). Fo r  each parameter ( @ = azimuth. A =  GDD, 
r = SAR and a = SA) a r e  printed the peak value, the width (1 a) and the total number of impulses b e r  
minute) of the corresponding normal distribution. One notices that the assumption of a normal distribu- 



tion again fits quite well for the GDD (in usec) and SAR (in dB) parameters. especially when the pulse 
rate  i s  high enough (large centers of activity often show pulse rates ten times larger  than these, up to 
200 per minute and more). This is again due to'the unavoidable disturbances of the signals dong their 
propagation paths, and to the interna1 spread of the values in the sources, but this obviously does not 
affect the location of the peak values. A more difficult situation ar ises  for the SA parameter. Although 
i ts  histogram normally follows a logarithmic normal distribution (Volland. 1968), the statistical para- 
meters can sometimes be evaluated only with quite large uncertainties. This happens particularly for 
very distant sources, when only the large amplitude wing of the distribution can be recorded because the 
left part i s  below the receiver threshold. This threshold is defined in the receiver a s  OdB. It corres-  
ponds to a spectral field strength of Ca. 0.8uV -m-1 .  ~ 2 - l .  Measuring SA in DB above this threshold 
again implies a normal distribution of this parameter. 

5. DETERMINATION OF THE VLF-PROPAGATION CONDITIONS AND THE DISTANCES OF THE 
ACTIVITY CENTERS 

In order to determine the model values of the spectral parameters a t  the receiving station, one has to 
know three independent variables (see Fig, 2) : .- 

(a) the reference height z of the lower ionosphere, 
O 

(b) the anisotropy factor, n 

(c) the distance of the activity center. 

Therefore, by measuring the three independent spectral parameters GDD, SAR and SA, one should the- 
oretically be able to determine the variables. Due to the more complicated distribution of SA, only GDD 
and SAR a re  used at this stage of development of the system. An extension of the model including the SA 
parameter is in progress. F o r  the present, however, one of the independent variables has to be inserted 
externally into the model. The variable chosen is the reference height of the lower ionosphere. It is de- 
termined by the operations program simply a s  a function of the zenith angle of the sun for any given point 
on the globe. The universal t ime (GMT), available in the computer, and a fundamental spherical analysis 
is used for this task. Now the computer uses an iterative algorithm to determine that unique value of , 
for  which the distances, deduced from the measured GDD and SAR values with the aid of the models in 
Fig. 2, become equal. Additionally, the mean ionospheric reference height along the propagation path 
(depending on the mean zenith angle of the sun) is taken into account. By this method, the appropriate 

-value is determined internally together with the distance. The parameters n, zo and the distance a r e  
printed out immediately. Fig. 3 and Fig. 4, which was taken one hour later,  clearly demonstrate the effi- 
ciency of the calculation method. As an example, one notices that the two largest activity centers near 
380 and 304' azimuth remain nearly constant in direction and distance (this wiU be shown in more detail 
later). Though the GDD and SAR values for these centers change during this time (in a anpparallel man- 
ner),  the distances a r e  accurate within 0.25% and 2%. resp.. The appropriate n -value for these direc- 
tions has shifted according to the propagation model (Fig. 2). Generally, the distances a r e  correct to 
within about 5%. An exception to this rule a r e  those cases, where the propagation direction traverses the 
terminator at very smaU angles and where the terminator i s  very close to the receiver. An optimization 
of the model for these conditions i s  being developed. 

6. MEASUREMENT EXAMPLES 

The measured and evaluated atmospherics data a r e  not only printed out, but also stored on the magnetic 
tape cassette of the computer with a capacity of approximately one month of data recording. The system 
includes a small desktop plotter (DIN A4) for  real time use of the data, which marks the strengths and 
the locations of the recorded thunderstorm centers directly on a map. Figs. 5 and 6 show two examples 
of such recordings. Activity centers a r e  marked by a small triangle with a pointer, whose length is pro- 
portional to the strength of the center- (atmospherics / min) and whose direction gives the time (GMT) 
like a clock. In Fig. 5, the plot sheet has been in the plotter for 5 hours (8:OO-13:OO GMT on 23. June 
1981). i. e. during 15 measuring periods. The activity centers at 8:30 and 9:30 GMT, shown in detail Ln 
Figs. 3 and 4, can be clearly identified. As already mentioned, the locations of the largest centers in 
Figs. 3 and 4, near 38' and 304O, remain nearly constant. The first one is a stationary activity center 
east of the Caspian Sea, which begins to develop at 8:00 GMT and strengthens considerably up to 12:OO 
GMT. This development is  also evident from Figs. 3 and 4. The second example is also 'a stationary cen- 
t e r  in the western Mediteranean, which gradually decays during this mewuring period. Furthermore, 
a large activity region develops a t  around noon in eastern Europe, which exhibits a shift in the location 
of the peak intensity. This overall picture agrees well with the meteorological condition and frontal sys- 
tem of that day, a s  verified on the synoptical charts. These weather maps. however, a r e  available only . 



every 6 hours and give no information on the strength and development of the activity centers. 

Fig. 6 shows a similar picture of the recorded thunderstorm activity during 16.5 hours (therefore some 
overlapping pointers occur), mainly at nighttime propagation conditions. During those times when the 
strong West African sources a r e  weak (in this case around 2: 00 GMT), strong activity centers can be de- 
tected in South America. This gives some indication of the range of the system: activity centers in the 
western direction can be recorded during nighttime at distances of up to 12 000 km, whereas sources in 
the east a r e  visible only at distances of up to about 7 000 km (during nighttime). Atmospherics sources 
can generally be detected during the day at distances of only up to 60% of the nigttime values. 

The strong sources over the African continent a r e  always detectable at Tel Aviv during nighttime and 
partly also at daytime. Sources in South America and in the western Atlantic (see Fig. 6) a r e  also often 
recorded. Together with the station at Pretoria. which records the same sources over the African con- 
tinent and in South America, and with the station a t  Berlin, these continuous sets of data a r e  used for 
optimizing the propagation models of the atmospherics parameters and for inved igations of the general 
characteristics of the propagation conditions and the (half) global lightning activity. 

7. CONCLUSIONS 

A new method of evaluating atmospherics data, including the strength and locations of lightning activity 
centers and the appropriate VLF-propagation conditions, is presented. The new VLF-atmospherics re-  
ceiving station is controlied completely automaticaliy by a desktop computer (HP 9825), which also makes 
a statistical analysis of the received atmospherics data and applies a sophisticated VLF-propagation mo- 
del for evalusting the parameters of the propagation model a s  weli a s  the distances and strengths of the 
activity centers in real time. In order to have an immediate overview, the detected atmospherics sources 
a r e  plotted directly on a map by means of a small desictop plotter, and the data a r e  additionaliy stored 
on magnetic tape cassettes. 

The accuracy of direction finding i s  in general accurate to O.sO, depending on the stationarit y and form 
of the activity center. The determination of the spectral parameters, a s  well a s  the subsequent determi- 
nation of the distance of an activity center by employing a suitable VLF-propagation model, is possible 
to an accuracy of around 570. Further improvement is expected with an inereasing number of stations, 
which, by means of cross-bearings, will assist  in the development of optimal models. The maximum 
renge within which thunderstorm can be located extends from Ca. 4000 km for eastern centers a t  day- 
time to Ca. 12 000 km for sources in the western direction during nighttime. The minumum range i s  
around 200 km. at which an unambiguous determination of the distance becomes difficult due to the over- 
whelming influence of the higher modes. 
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Fig. 1 Schematic diagram of the propagation of VLF-atmospherics thraugh the terrestrial 
waveguide between earth and ionosphere. 



Propagation Model f o r  GDD and SAR 

Omega 

Fig. 2 Propagation modela for the atmospherics parameters GDD (Group Delay time Difference, 
6 - 8 kHz) and SAFI (Spectral Amplitude Ratio, 9 / 5 kHz) as function of the anisotropy factor 
Omega ( n  , see text) for varioue ionoepheric reference heighte zo (km). 
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Fig. 3 Histograms of the azimuth and- the spectral parameters GDD, SAR and SA (of the three largest 
activity ceriters) recorded at Tel Aviv in the measuring period 8:20 - 8:40 GMT on 23. June 1981. 
The inset in the lower panel is the teal time printer output of the computer (HP 9825). 
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Fig. 5 Thunderstorm activity centers recorded by the Tel Avivstation from 8:00 to 13: 00 GMT on 23. 
J@e 1981. The length of the pointers i s  proportional to atmospherics/min, the orientation 
gives the time (0:OO and 12:OO GMT is  North). 
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Fig. 6 Thunderstorm activity centers 'recorded by the Tel Aviv station from 1 4 : O O  GhIT on 23. June 
to 6:30 GMT on 24. June 1981. See Fig. 5. 
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20 August 1982 

Dear Mr Louange, 

The aims of GEPAN are of interest also to us under the 
aspect of fireball observation. The Max-Planck-Institut für 
Kernphysik in Heidelberg operates the German part of the 
European Network of fireball observation. This iS done in 
the German part by using 24 cameras photographing the sky by 
night via parabolic mirrors as described in the attached paper. 

The European Network covers in Germany the area south of 
a line approximately given by the cities of Cologne and Kassel, 
the whole of CSSR and a minor part of Austria. 

The contact addresses are in CSSR: 

Dr. Zdenek Ceplecha 
Astronomicki dstav 
Ceskoslovenské Akademie ~ g d  
~bservatoy ~ndyejov 

in Austria: 

Dr. Gerd Polnitzky 
Universitats-Sternwarte 
Türkenschanzstr. 17 

A-1180 Wien 



May be, Our observa t ion  network w i l l  f i t  i n  your d e t e c t i o n  
system.of  r a r e  aerospace phenornena r a t h e r  w e l l .  

With b e s t  regards  

yours  s i n c e r e l y  

J. KIKO 



J. Z A H R I N G E R '  

Meteoritenortung- in Süddeutschland 
Die Untersuchungen an Meteoriten haben gezeigt. da0 alleine 
aus den mineralogischen. chemischen und massenspektro- 
metrischen Analysen die Herkunft dieser Materie nicht ermit- 
telt werden kann. Es wird immer deutlicher, dafi unbedingt 
die Bahndaten erforderlich sind, um zusammen mit den La- 
boruntersuchungen die bestehenden Hypothesen bestatigen 
Oder widerlegen zu konnen. Dies hat mehrere Forschungs- 
institute veranlaBt. Meteoriten-Ortungssysteme aufzustellen, 
die die Leuchtspuren von Meteoren und Meteoriten an ver- 
schiedenen Orten photographieren. 
Der erste Versuch wurde von Dr. Ceplecha. Astronomisches In- 
stitut Ondrejov in derTschechoslowakei unternommen. der zwei 
180'-Kameras aufstellte und das G l ü a  hatte. nach kurzer 

Ansidt einer 180'-Meteoriten-Kamera. wie Sie in Marienberg Westerwald 
aufgestellt ist (K = Kamera. S = Spiegel. U = Schaltuhr). 

Zeit am 7. April 1959 den Meteoriten Pribram aufzufinden und 
die Bahnelemente berechnen konnte. Dies ist der erste und 

- einzige Meteorit dieser Art, den wir haben. lnzwischen wurde 
das Netz in der Tschechoslowakei erweitert und auch ein 
solches in den USA aufgestellt. Wenn auch in den ersten 
Jahren kein so groBartiger Erfolg erzielt wurde, so ha- 
ben wir dennoch entschieden. im süddeutschen Raum solche 
Meteor-Kameras aufzustelien und sie an das tschechische 
Netz anzuschlieBen. Durch zusamrnenhangende Gebiete er- 
zielt man eine groBere Ausbeute. Auch im anderen Teil 
Deutschlands ist man mit dem Aufbau von Kameras be- 
schaftigt. Da in der Bundesrepublik auf dem Gebiet der 
Meteoritenforschung bereits eine groBe Aktivitat herrscht, hat 
man geradezu die Verpflichtung, auch diesen bisher vernach- 

Prof. Dr. J. Zihringer. Max-Plana-lnstttut fur Kernohysik. Heidelberg. 
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Iassigten Bereich der Forschung. die Aufzeichnung von Me- 
teorbahnen, t u  betreiben. 

Die Kenntnis der Bahndaten ist aus verschiedenen Gründen 
für die Meteoriten-Forschung sehr wichtig. Aus der geozen- 
trlschen Bahn kann man die Lage des Fallortes auf wenige 
km: vorausberechnen, so da8 er in relativ kurzer Zeit gefun- 
den werden kann. Der Meteorit dient als Raumsonde und man 
kann Aussagen über die Intensitat der kosmischen Strahlung 
im Bereich der Meteoritenbahn machen. Man kann also zeit- 
liche und ortliche Schwankungen feststellen. Die Geschwin- 
digkeit der Meteorite beim Eintritt in die Erdatmosphare gibt 
zusammen mit dam Bestrahlungsalter (Zeit seit letztem Aus- 
einanderbrechen aus groBem Korper) Auskunft. von wo die 
Korper aus unserem Planetensystem kommen konnen. 

Stammen sie vom Mond oder aus dem Asferoidengürtel Oder 
von Kometen? 

AuBer den Meteoriten werden auch Meteore (Sternschnuppen) 
oberhalb einer gewissen Xelligkeit registriert. und man kann 
Aussagen über deren Haufigkeiten und Massenverteilung und 
über deren Einfallsrichtung machen. Aus den Hohen des 
Aufglühens und Verloschens kann man sogar über die Dichte 
der Atmosphare und über Winde in dieser Hohe etwas 
erfahren. 

Die Wahrscheinlichkeit. einen gefallenen Meteoriten in einer 
bestimmten Flache zu finden, steigt durch die Karneras. um 
etwa den Faktor 10. Ein Vorteil. in Europa ein solches Pro- 
gramm zu organisieren, ist die groBe Bevolkerungsdichte. 
Wir konnten uns einer guten Zusammenarbeit des Deutschen 
Wetterdienstes erfreuen, und dort. wo keine giinstige Wetter- 
station zu finden war. wurden wir ausnahmslos von interes- 
sierten Einwohnern unterstützt. Ein Nachteil der'hohen Be- 
volkerungsdichte bringt die Beleuchtung (StraBen, Autos, 
Stadte) mit sich. AuBerdem sind die Wetterbedingungen in 
Europa natürlich nicht gerade günstig, was die Ausbeute die- 
ses Programms andererseits verringert. 

Die 180°-Kamera für Meteoritenphotographie 

Die Kamera bildet die Himmelskugel auf einer Leica-Kamera 
ab. die wahrend der Nacht und nur bei schwachem Mond- 
licht geoffnet wird. Die Fixsterne und Planeten zeichnen 
sich ais Kreise ab. wahrend ein Meteor Oder ein Meteorit eine 
kurze Spur hinterlaBt. Dem Objektiv der Kamera ist auBerdem 
ein rotierender Sektor vorgeschaltet. der das Bild unterbricht. 
Aus der Reihenfolge der Meteorspuren laBt sich so die Ge- 
schwindigkeit des glühenden Korpers ermitteln. 

Die Optik besteht aus einem konvexen Spiegel von 36cm 
Durchmesser. der senkrecht auf eine normale 36-mm-Leica- 
Kamera (Objektiv "50) abgebildet wird (siehe Abb. 1). Die 
Spiegelhohe betragt 7 cm. Der Spiegel ruht fest auf einer 
kreisformigen Grundplatte. Ein DreifuB über dem Spiegel hait 
das Gehause der Kamera. Die Kamera ist nach unten auf 
den Spiegel gerichtet. In demselben Gehause 1st vor dem 
Objektiv ein rotierendes Segment zur Liatunterbrechun~ 
angebracht. Die Unterbrechung dauert genausolang wie die 
Betichtung. Das Segment wird mit einem S~ndironmotor an, 
getrieben und macht 12.5 Unterbrechungen Pr0 Sekunde. Der 
Spiegel und das Kamera-Gehause werden geheizt. um Schnee 
und Wasser zu beseitigen. Die ganZe Kamera steht meist Ca- 

2 m über dem Erdboden auf elnem GesteIl und 1st weit genug . 

von Hausern, Baumen etc. entferni. um mogllchst freten H ~ ~ ~ -  
zont zu haben. 



Ein Film ..Agfa Isopan ISS 21" wird für die Leica verwendet. 
Bei Belichtung dieses Films wahrend mehrerer Stunden kann 
ein Stern der GroBenklasse 3m und 4m noch nachgewiesen 
werden. Die Nachweisgrenze einer Meteorspur mit 102!sec 

Die geographisde Lage der 25 Meteoriten-Beobachtungs-Stationen. Die 
Kreise entspreden einem Radius von 100 km. deuten ungefahr die Sibt- 
weite einer Station an. 1 Stephanshausen. 2 Klippeneck. 3 Uhringen. 
4 Wattenheim, 5 Dasing. 6 Glashütten. 7 Seligenstadt. 9 Neukirben. 
10 Eckwetsbach, 11 Hetdelberg. 12 Mittelesbenbach.. 13 Zell. 14 Leih- 
gestern Neuhof. 15 Marienberg, 16 HohenpeiBenberg. 17 Deuselbad. 
18 Sbaafhetm. 19 Nürburg, 20 Berus. 21 Gerzen. 22 Schonwald. 23 Wild- 
bad. 24 Neudort. 25 Bernau. 2t Stotten. 

liegt bei - 6m. Auf dem Film entsprechen 10' einem mm. Die 
aquivalente Brennweite ist 5.7 mm. In Abb. 2 wird eine solche 
Aufnahme gezeigt. 
Die Kameras sind in Abstanden von Ca. 100 km aufgestellt. 
und zur Bestimmung der Bahnelemente s h d  Aufnahmen von 
mindestens zwei Stationen erforderlich. Die geographische 
Aufstellung der Kameras ist auf Abb. 3 ersichtlich. 

Bedienung der Kameras 

Der VerschluB der Kamera wird mit einer elektrischen Schalt- 
uhr nach vorbereitetem Zeitplan betatigt. Auf der Schaltuhr 
werden tagsuber die richtigen Schaltzeiten eingestellt und 
auf Sauberkeit des Spiegels geachtet. Die Genauigkeit der 
Uhr sollte 10 sec betragen. Die Offnung der Kamera erfolgt 
1' 2 Std.,nach Sonnenuntergang und wird 1' 2 Std. vor Son- 
nenaufgang geschlossen. Der Mond wird Ca. 1 Woche vor und 
nach Vollmond mitberücksichtigt. 
Die Zeit des Ereignisses ist für die Berechnung der geozen- 
trischen Bahnen nicht erforderlich. Will man die wirkliche 
Bahn des Korpers im Planetensystem berechnen. dann muB 
auch die genaue Fallzeit bekannt sein. Hier ist man wiederun 
auf die Mithilfe der Bevolkerung angewiesen. die durch Ver- 
gleich mit anderen Ereignissen (Eisenbahn. Buslinien. etc.) 
die Zeit meist auf einige Minuten genau anzugeben vermag. 
Diese Geneuigkeit ist zur ,Bestimmung etwa ausieichend und 
vergleichbar mit der Genauigkeit der Kameras. 

Rcoultate 

Die Erfahrung in der Tschechoslowakei hat gezeigt, daB im 
htlttel jede Station im Monat eine Meteorbahn groBer als - 6ter 
GroBe registriert. Die Auswertung der Filme erfolgt zunachst 
m!t einem Zeiss-KoordinatenmeBgerat. und die Berechnung 
der Bahnelemente erfolgt mit einem Cornputer. Dr. Ceplecha 
in Ondrejov. der lnitiator dieses Programms, hat sich bereit- 
erklart. die Auswertung für uns zu übernehmen. und das 
Computer-Programm für unsere Stationen hat er schon vor- 
Deretlet. Für den Fall eines Meteoriten. der allerdings bei 

klarem Hirnmel und bei geoffneter Kamera erfolgen mu8, wa- 
ren wir also vorbereitet. 
Der Vollstandigkeit halber sei noch erwahnt, da8 auch in den 
USA ein derartiges Beobachtungsnetz. das sogenannte 
Prairie-Network. in Betrieb ist. das ein zehnmal groi3eres Ge- 
biet - Ca. 106 km' überwacht. Dort sind es 16 Stationen, 
die auf ganz anderem Prinzip arbeiten als die Ceplecha- 
Kameras. Die US-Kameras werden durch Helligkeitssensoren 
gesteuert und filmen die Meteor-Spur mit 4 Filmkameras pro 
Station, wobei auch die exakte Zeit bestimmt wird. Die Be- 
dienung und Datenentnahme erfolgt drahtlos. Das Netz ist 
schon sait 3 Jahren in Betrieb und bei der riesigen Flâche 
hatte man erwartet, daB schon einige Meteorite aufgespurt 
worden waren. Leider ist bis heute noch kein derartiger Er- 
folg zu veneichnen. Eine grofle Zahl von Meteor-(Stern- 
schnuppen)Bahnen konnte natürlich ermittelt werden. Solche 
Daten sind in groBer Zahl angefallen und wurden bereits aus- 
gewertet. Die Anzahl der sonst gemeldeten Meteoritenfalle 
ist in den letzten Jahren anormal niedrig und die Natur scheint 
unserer Statistik einen Streich zu spielen. Abb. 4 gibt zur 
Übersicht eine Zusammenstellung aller beobachteten Falle 
und Funde von Meteoriten in Deutschland. 

Anerkennungen 

Herrn Dr. Ceplecha. Astronomisches Institut in Ondrejov. 
sind wir in ganz besonderem MaBe zu Dank verpflichtet. Er 
hat uns alle Unterlagen zur Verfügung gestellt und uns je- 
deneit beraten. Die Übernahme der Auswertung bedeutet 
für uns eine groBe Entlastung. 
Der Deutschen Forschungsgemeinschaft gilt unser Dank für 
die Bereitstellung der einmaligen Mittel zum Aufbau der Sta- 
tionen. Die groBzügige Unterstützung des Deutschen Wetter- 

Die in Mitteleuropa bekanntgewordenen Meteorite (nach V. F. Bubwald). 
Der Name ribtet sich nach der Gemarkung des Fundortes. Meteorite mit 
der Jahreszahl Sind beobabtete Falle. das andere sind Meteoriten- 
Funde. 

dienstes und insbesondere das personliche lnteresse der Ob- 
servatoren und der privaten Betreuer hat uns ermutigt, das 
Programm durchzuführen. lhnen Sind wir sehr zu Dank ver- 
pflichtet. 
Unser technischer Assistent. Herr Hauth. hat die Aufgabe der 
Aufstellung der Kameras ubernommen und wird zukünftig 
fur die Betreuung verantwortlich sein. 

Sterne une weitraum 1969 3 



T U N I S I E  



Paris, le 29 A v r i l  1982 

J'ai bien reçu votre lettre en date du 19/4/82 
par laquelle mus re faites part de wtre dssir d'effectuer 

une étude sur l 'é tat  act-1 des recherches dans un daMine 

scientifique particulier. 

Enrépnse, j 'a i  l'honneurdevousinviter , 

69 9 écrire à la Faculté des Sciences - C m p ~  Universitaire Ei 

Tunis, qui ne maqusm pas de vous fournir les rensei-ts 

Veuillez agréer, mnsieur, l'expression de IES 

milleurs sentiments. 

Le Conseil r Culturel  3 

mnsieur François I;OüAMX 

Ingénieur Conseil 
9 ,  rue Sainte-Anastase 

75003 PARIS 



U R U G U A Y  



AMBASSADE DE L'URUGL'AY 

Paris ,  le  19 mai 1982 

Monsieur François LOUANGE 
9, rue Sainte -Anastase 
75003 PARE 

Monsieur, 

J1ai pris  connaissance avec attention de votre lettre du 
19 avril, concernant l'étude sur l a  détection des phénomènes aéro- 
spatiaux r a r e s  que vous avez entreprise. 

J e  pense que l 'organisme compétent uruguayen que vous 
pourriez contacter pour obtenir des renseignements sur  l es  éventuelles 
recherches entreprises dans ce domaine est  le  suivant : 

~ i r e c c i o n  General de ~ e t e o r  ologia del Uruguay 

@ J. suarez  3747 
MONTEVIDEO 

Veuillez agréer, Monsieur, l lexpression de ma considération 
distinguée . 

José E. Etcheverry Stirling 
Ambassadeur 



III.T.2. Echanges avec l e s  E t a t s - U n i s ,  - - - - - - - - - - - - - - - - - - -  
Ce paragraphe comporte 2 comptes-rendus de v i s i t e s  aux E t a t s -  
Unis : 

- Visi te  au ltScientif ic  Event Alert Networktt, organisme 

mentionné par llfunbassade américaine à Paris, 

- Visi te  à Monsieur Mac Crosky, ancien responsable du r6- 

seau Prairie de détection optique des météores. 
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Depu is  1975 , l e  S.E.A.N. a  succédé  C e n t e r  f o r  S h o r t  L i v e d  Phenome- 

na q u i  a v a i t  é t é  c r é e  en  1968, Le C,S,L.P, é t a i t  p l u t ô t  t o u r n é  

v e r s  l e  p u b l i c  ( c f .  Condon 7 )  a l o r s  que l e  S .E .A .N .  s ' a d r e s s a i t  

d é l i b é r é m e n t  aux s c i e n t i f i q u e s  . P l u t ô t  que de donne r  des i n f o r -  _ 
m a t i o n s  p a r t i e l l e s  s,ur t o u t  un t a s  de phénomènes d i v e r s ,  l e  

S.E.A.N. se c o n c e n t r e  s u r  une i n f o r m a t i o n  s y s t è m a t i q u e  s u r  q u e l -  

ques domaines p a r t i c u l i e r s  m é t é o r e s ,  sé ismes,  v o l c a n s ,  e t c . . .  

P e t i t  à p e t i t , l e s  i n f o r m a t i o n s  s u r  l e s  a c t i v i t é s  v o l c a n i q u e s  

t e n d e n t  à s u p p l a n t e r  l e  r e s t e .  

Le  S.E.A.N. a ' a c t u e l l e m e n t  1200 c o r r e s p o n d a n t s  ( d o n t  une d i z a i n e  

en  F r a n c e ) ,  d o n t  un  t i e r s  e n v i r o n  s o n t  a c t i f s  ( e n v o i e n t  des  

i n f o r m a t i o n s ) .  Le b u l l e t i n ,  n é c e s s a i r e m e n t  g r a t u i t ,  e s t  compos6 

s u r  une machfne 3 t r a i t e m e n t  de  t e x t e ,  d i r e c t e m e n t  p a r  l e s  

d i f f é r e n t s  r e s p o n s a b l e s  des thèmes. L ' a v a n t a g e  e s t  un g a i n  de 

temps c o n s i d é r a b l e ,  e t .  l a  p o s s i b i l i t é  d ' i n s é r e r  des i n f o r m a t i o n s  

au t o u t  d e r n i e r  moment ( u n e  a deux heu res  a v a n t  é d i t i o n s ) .  La 

mach ine  é d i t e  e n s u i t e  t o u t e  s e u l e ,  p a r t i r  du f i c h i e r  d ' a d r e s s e s .  

Le  S.E.A.N. n ' u t i l i s e  pas  de banque de données,  sau f  p o u r  l e s  

événements v o l c a n i q u e s .  S ' i l  y  a  l i e u ,  l e s  r e c h e r c h e s  se  f o n t  

s u r  l e s  numér8s a n t é r i e u r s ,  s u r t o u t  s i  on c o n n a i t  l a  d a t e  de  

l ' é v ë n e m e n t  conce rné .  Ma i s  l a  q u a n t i t é  d ' i n f o r m a t i o n  a l l a n t  

c r o i s s a n t , c e l a  d e v i e n t  de p l u s  en p l u s  d i f f i c i l e .  

Pour  c e  q u i  e s t  des mé téo res ,  b o l i d e s  e t  a u t r e s ,  Mc CLELLAND se 

m o n t r e  i n t é r e s s é  à c o n n a î t r e  des r é s u l t a t s  des r e c h e r c h e s  en  p s y -  

c h o l o g i e  de l a  p e r c e p t i o n ,  non p o u r  l e s  p u b l i e r  dans son b u l l e t i n  

ma i s  p o u r  m ieux  a p p r é c i e r  l e s  i n f o r m a t i o n s  q u ' i l  r e ç o i t .  Il e s t  

p r e n e u r  de t o u t e  i n f o r m a t i o n  -. r g c e n t e  s u r  des me téo res  de m a g n i t u d e  

- 8  au mo ins .  Il ne c o n n a i s s a i t  pas l e  p r o j e t  GEODSS. 11 c o n f i r m e  

l e s  d i f f i c u l t e s  a o b t e n i r  des i n f o r m a t i o n s  ou  une a i d e  des m i l i -  

t a i r e s  a m é r i c a i n s .  Il e n v i s a g e  (vaguement )  l a  p o s s i b i l i t é  de 

r e l a n c e r  un p r o j e t  de c a m é r a s . d ' o b s e r v a t i o n  avec des c h e r c h e u r s  

j e u n e s  e t  en u t i l i s a n t  l e s  modè les  de v e n t ' t e l s  q u ' i l s  S o n t  e s t i -  

més a c t u e l l e m e n t .  11 recommande de p r e n d r e  c o n t a c t  avec I a n  HALLIDAi 

au CANADA,  q u i  a v a i t  d é c o u v e r t  l e  m é t é o r e  dlINN,ISFREE e n  1977 

(SEAN v o l  2 n o  2 e t  4 )  a q u e l q u e s  c e n t a i n e s  de m è t r e s  du  l i e u  de  



chute calculé. 

Pour ce qui est des séismes, Mc CLELLAND recommande de contacter 

M. WAVERLY PERSON au National Earthquale Information Service 

à Denver, Collorado ( p  fi031 234 - 3 9  -94) qui leur fournit l'es- . . 
sentiel de 1~eurs.informations sur le sujet. Pour les événements 

volcaniques Mc CLELLAND cite un réseau de surveillance automatique, 

un satellite collectant les mesures des seismographes implantés 

près de .volcans en Amérique Centrale. I l  cite un certain Dave Harlow 
USGS. Men10 P a r k  94025 CALIFORNIA (0 141 5/328-8l-ll . ext. 2570,. 
ou 2479) et son supérieur hiérarchique Peter Ward (ext. 2838). 

Mais le projet se heurte à d e s  difficultés certaines propres aux 

implantations dans les pays du tiers-monde : impossibilité de 

maintenance sur place, vols frgquents pour revendre le matériel 

au prix de la ferraille. 

Les implantations aux'U.S.A. s e  trouvent,soit sur la côte Ouest 

(Cascade),soit à Hawaï et mesurent les vibrations du sol les gon- 

flements,les .changements de champs électriques,la nature et la 

répartition des gaz d'échappement, etc... Selon lui i l  n'y a pas 

de relation claire entre ces gaz et l'historique des événements 

éruptifs (H. .Tazzieff est d'un avis diamètralement opposé). 

Ceci semble être une des grandes disputes entre volcanologues. 

Mc CLELLAND évoque aussi le probleme des éruptions à Long Valley, 

où l'ampleur des éruptions passées est telle que cela soulève 

maintenant un problème politique aussi bien que technique. Faut- 

i l  laisser la population s'implanter à cet endroit ? Pour ce 

probl&me, voir Roy Bailley USGS, Reston, Virginia 22092 (0 703 
860.74.68). 

Enfin pour ce qui est de la foudre, Mc CLELLAND reconnaît que le 

S.E.A.N. n'y travaille pas du tout. I l  conseille de voir à la 

National Oceanic and Atmospheric Administration (NOAA). I l  cite 
Art Krueger , Climate Analysis Center, National 'Weather Service, 
Camp Spring , Md. 20233 (0 301.763 8 2  27). Pendant ce temps 

Nadine Binger téléphone de l'ambassade pour donner les références 

. de 2 personnes de la NOAA,' à Silver Spring. 



Willan Fritts 301,427 78 41 et pour les questions de protection 

des équipements contre les foudroiements : 
Henri Besman 301.427 78 39. 
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Monsieur Mc CROSKY fut responsable du réseau Prairie, ensemble 

de stations de détectionsoptiques qui, de 1964 3 1974, devait 
permettre d'étudier les tr.ajectoires de météorites(sur alloca- 
tion de la NASA au Smithsonion Institute). Le projet avait au 
départ 2 buts : 

* cblleèter' des météores frais (fresh ... ) c'est-3-dire 
des météores n'ayant pas excede la demi-durée $e vie des 

isotopes décomposés par 1 es rayonnements cosmiques. 

* mieux connattre les trajectoires et la relation masse- 
brillance. 

Quand le projet fut arrête en 1974,(su~ l'avis de Mc CROSKY lui- 
même) 2700 trajectoires de météorites avaient été étudiées 
(réf.1) (des milliers de clichés examinés chaque année), mais 
une seule collecte de météores av'ajt permis de recueillir des 

fragments (réf. 1 - météore de Lest City - 3 fragments apres 
des mois de recherche, le pregier ayant été trouvé très rapide- 
ment, sur la route) ; encore s'agissait-il de la meilleure tra- 

jectoire optique détectée et calculée. 

a) Le réseau : 
I l  s'agissait de 16 stations couvrant un million de km2, distan- 
tes de 200 21 250 km. Les caméras et les films provenaient des 
surplus de 1'U.S.A.F.. La surveillance était faite par des 

fermiers voisins qui changeaient les plaques et postaient les 
prises de vue. De plus des scientifiques visitaient de temps 

en temps les stations pour s'assurer que tout allait bien. 

Le Middle West avait été choisi comme lieu d'implantation en 
raison du réseau routier tres dense (l'Arizona ou le Nouveau 
Mexique eussent et6 meilleurs pour l'observation, mais cher- 
cher dans un désert ...) 

Les temps de pose étaient de deux heures, I l  y.-avait un système 
d'observation de 1'Etoile Polaire comme révélateur de la 



couverture nuageuse : son occultation annulait la séance. 

Un système d'occultation (20 fois par seconde) permettait de me- 
surer la vitesse (et l'accélération) des sources lumineuses. 
Etant codé, ce systeme indiquait l'heure. L'horloge était photo- 
graphiée au début de la séance, puis chaque seconde, une occulta- 

tion était omise. Le numéro de la seconde concernée était ensuite 
codé (a base deux ? )  sur les 20 occultations qu'elle comportait. 
De plus,une cellule commandait une photo de l'horloge si la lumi- 

nosité variait brusquement. Mc CROSKY recommande de toute façon 

d'assurer une redondance de la mesure du temps. 

b) Les météores : 

En géneral, 3 ou 4 stations attrapaient le même météore , ce qui 
permettait de connaître position, vitesse et accélération, qui 

pouvaient ensuite être intégrées en arriëre (trajectoire d'arrivée) 
ou en avant (vers le so.1). 

La brillance s'arrête généralement du fait de la diminution d e  la 
vitesse (i-e, d'énergie cinétique), sauf pour les tres grosses 
masses. Pour savoir si une météorite arrive au sol, on peut dire 
que si elle brille encore a 20 km d'altitude, elle y arrive. De 

même,si le rapport masse / section est supérieur 1 (sphere de 
10 cm de rayon, de l k g ) .  

Cependant, le calcul de la chute dépend énormément du modèle de 
vent utilisé, et c'est de l a  que proviennent de plus grosses 
difficultés pour collecter les débris (en INDE un projet prévoit 
d'utiliser de très nombreuses personnes avec promesse de récom- 
pense . . .) 

c) Divers : 

Mc C R O S K Y  n'a rien observé d'anormal sur ses prises de vue 
(météores, foudre ...) mais i l  ne garantit pas qu'il n'y a rien 

(des hectares de photos, qui interdisent toute analyse systéma- 
tique). D'autre part, le réseau était congu pour observer en 
haute altitude, et pas près du sol (ce que me dit spontanément 



Mc CROSKY devançant une question que je n'avais pas l'intention 

de lui poser). 

1 1  existe aussi des r6seau.x dans d'autres pays en particulier 

au CANADA ( 4 ou 5 caméras) et surtout en EUROPE (40 stations en 
TCHECOSLOVAQUIE, 15 en ALLEMAGNE de l'OUEST etc ... ) Mc CROSKY 
recommande de s'adresser 3 CEPLECHA, leader mondial en la matière. 

I l  n'y a plus rien aux U.S.A., seuls les militaires ontbdes 

moyens d'observation de cet ordre, mais i l  n'y a aucune possibi- 
lité d'information. 

Par ailleurs,l'observatoire de Oak Ridge comprend un telescope - 
de 16 inches, un de 61 inches, deux instruments de photographie 

systématique et un radio télescope, inutilisé actuellement,faute 

de crédit. L'ensemble sert a quelques étudiants et enseignants. 
Mc CROSKY observe les étoiles binaires réformées par gravitation. 

Réf. 1 : Center for astrophysics - Preprint n o  721 
60 Garden ST 
CAMBRIDGE. Mass. 02138 



III .5.3. Echanges avec l a  Tchécoslovaquie. . . . . . . . . . . . . . . . . . . . . .  

Ce paragraphe présente l e s  p i n c i p a i e s  correspondances avec 

Monsieur Ceplecha, responsable du réseau européen de détec-  

t i o n  optique des  météores, ainsi que l e  compte-rendu de la  

v i s i t e  de son observatoire à Ondrejov. 



9. rcl: Sainte-Arias:clse, 
73003 PARIS 
Tél. : ( 1 )  277.49.56 

D r .  Zdenek Ceplechâ 

25 1 65 Ondre jov Observat ory 

ONDRZJOV (Tchécoslovaquie) 

No S I R E T  : 3 1 9 5 3 2 5 0 3  0 0 0 1 2  

P a r i s ,  2 1 /5/82 

1 have been appointed by a department of t h e  f rench 

n a t i o n a l  space resea rch  cen t re  CNES t o  undertake a 

survey of e x i s t i n g  means and needs in  t h e  f i e l d  of 

de tec t ion  of r a r e  aerospace phenornena. T h i s  top ic ,  

which i s  b r i e f l y  described i n  t h e  a t t ached  paper., 

i n c l u d e s  al1 sporadic and non- predict ible  luminous 

phenonena t h a t  may occur i n  low atmosphere , such as 

l i g h t n i n g s ,  f i r e b a l l s ,  etc...  

The first s t e p  in  this r o r k  is obviously t o  review, 

as far as poss ib le ,  ail e x i s t i n g  equipments t h a t  a r e  

l i k e l y  t o  be u s e f u l  f o r  such a de tec t ion  ( radars ,  ca- 

meras, electromagnetic de tec to r s ,  ... ). With this i n  

vie*, 1 s t a r t e d  g e t t i n g  i n t o  touch wi th  c i v i l i a n  

a v i a t i o n ,  meteorology, arnries,, e t c  ,.., i n  France and 

abroad, 

A 8  f a r  as meteors and meteor i t e s  a r e  concerned, 1 met 

MM. P e l l a s  and Lorin (France),  who confirmed t h a t  no 

systematic  de tec t ion  network w a s  a v a i l a b l e  i n  France, 

but mentionned s e v e r a l  c o u n t r i e s  where something ras 

done i n  tMs f i e l d .  Besides t h e  american " Pra i r i e w 

p r o j e c t ,  your name w a s  very o f t e n  iaentionned t o  me, 

not  only by f rench  s p e c i a l i s t s ,  but  a l s o  through o the r  

channels,  such as t h e  american SEAN. 



1 would be most g r a t e f u l  i f  you could provide me wi th  

t e c h n i c a l  da ta  on your o p t i c a l  d e t e c t i o n  system f o r  

f i r e b a l l s ,  and on t h e  "european networkn you supervise .  

Maybe t h e  most e f f i c i e n t  approach would be f o r  u s  t o  

meet, e i t h e r  i f  you have an oppor tun i ty  t o  corne i n  

France,  o r  i f  1 may p lan  a s h o r t  v i s i t  on your premi- 

ses without d i s t u r b i n g  you. 

Looking forward t o  hear of you, 1 remain 

Yours s i n c e r e l y  , 

F. Louange 



Dr. F r a n ~ o i s  Louange 

9 ,  rue Sainte-Anast ase 
75003 PARIS 

FRANCE 

ONDREJOV June 1 ,  1982 

Dear Dro Louange, 

1 w a s  very pleased tha t  there  i s  some i n t e r e s t  i n  
aerospace phenomena a r r i s i n g  again. 1 am i n t e res t ed  i n  one of 
them, f i r e b a l l s  and the  bodies producing such phenornena* We 

rneasure and compute here a l 1  photographic recorda from t h e  so  
- 

ca l led  "European Networkfl , which might become lit  e r a l l y  European 
once France would be able t o  join. Now we have 25 s t a t i o n s  in 
Gemany ( s t a r t i n g  from the  French boarders to t he  Czech boarders), 
2 stations i n  Austria and 18 s t a t i o n s  i n  C~echos lovak ia~  There 
a r e  also f ew s t a t i o n s  i n  the Netherlands, but only l o s e l y  bound 
t o  o u  system: they a r e  amateur s ta t ions .  The spacinga of the 
s t a t i o n s  i s  100 km o r  so. The Geman and Auatrian s t a t i o n s  a re  
still using the  old op t i ca l  system, which i s  a mirror camera 
about 1 m high, mirror 360 mm diameter and taking the  whole 180' 
f i e l d  of v i e w  on one frame of a 36 mm f i l m *  The equivalent 
op t i ca l  system i s  1:16 with f=5 mn, The precision of measuring 
the directions t o  any unknown object i s  2 O.1° t o  5 0.2~regular ly ;  
s t a r s  are used a s  f i d u c i a l  points. The cameras a r e  fixed-mounted 
and beginning of star t r a i l s  a re  used fo r  cornparison. 

I n  t h e  Czech countries we use now (s ince 1977) a fish-eye 
system, vvhich is  jus t  marvelous i n  performance. The object ive 
i s  Zeiss Distagon 1:3.5, f=30 mm, f i e l d  of view 180' and we use 
photographic p l a t e s  9x12 cm- f o r  taking the image (diameter of 
the  image of t h e  e n t i r e  sky i s  80 mm). The preciaion of  meaur ing  
direct ions  t o  unknown objec ts  is 2 1 minute of arc anysrhere i n  
the  f i e l d  of view. The object ive i s  r e l a t i v e l g  small and the 
cenera weighs l e s s  than 5 kg. Be constructed only simple camera 
with ro ta t ing  s h u t t e r  c lose t o  the  foca l  plane (f ew mm above the  
photographic emulsion). This shu t t e r  with 12.5 breaks of the image 



To Dr,, Louarlge - page 2 

p e r  second gives us t h e  time marks necessary f o r  veloci ty 

determinations, 1 can easy imagine a fulf-authomatic camera - 

operating with fi lm, weighing s t i l l  arround 5 kg: en easy-transpsrt- 
able f i e l d  system. To my knowledge, the Distagon fish-eye i s  f a r  
tne best objective available f o r  acurate high-quality images of 
the whole half space and i t  i s  regular ly manufacturedo 

We have problems with abaolute timing, Very bright f i r e b a l l s  
are usually observed by casual witnesses, which i s  the easiest  
way to  get time o f  the f i r e b a l l  passage. We operate one moving 
fish-eye camera (equatorial ly mounted) side by s ide with the 
fixed fish-eye camera here a t  the OndEejov Observatoryo Combining 
these two records we have time passage of even f a i n t e r  f i r e b k l s  
with precision of sev e ra l  time seconds. Two obvious additional. 
conditions: c lea r  sky and being closer than 500 km t o  the Obser- 
vatory. We speculate of several moving systems inside the Network... 
Another system might be: coding i n  the  shut ter  breaks* . . 

O u r  observational schedule: each clear  night ( a t  l e a s t  c lea r  
a t  the beginning of exposure) and a l 1  parts  of nights without 

. moonlight; i f  the Moon i s  above horizon, we expose when its 
illuminated p a r t  is  not bigger than 7û%. 

In  the f i e l d  of f i r e b a l l  explorations, we s t i l l  have very 
insuff icient  data. Only a dozen bodies o r  s o  with masses exceeding 
1 ton have been photographed a t  a l l ,  Only three meteorite f a l l s  
have available accurate data on t ra jec to r ies  and orb i t s  from 
multistation photographs of t h e i r  f i rebal ls .  I n  our minds here, 
the task o f  obtaining information on more and bigger f i r e b a l l s  
i s  extremely important, Ve f ee l  ,th& we are attacking "the 
unknown &dl1 of bodies with dimensions from 10 metres t o  several 
100 metres, the very existence i n  our s o l s  system we know nothing 
of .  

1 am ready to  answer any of your questions by m a i l .  If you 
would have the opportunity t o  corne, you are welcome. Just  l e t  me 
know i n  time t o  be sure 1 w i l l  be present. Please, informme als0 

on your preliminary intentions,  what months seems to  you the 

most suitable,  1 w i l l  be not here i n  Ju ly  and Augusta 

Sincerely yours 
y, 

, /  ~ J U * L  L< / - 1 L) -__. 

RNDro Zdenëk Ceplecha, DrSc, 

Znclosures: 2 photographs of meteoric f i r e b a l l s  



CI ' ! cslovak Academÿ of SciL-ncic 
i':STI<ONOhlICAL INSTITUTE 

O~idi-ejov Observatory 

9 ,  rue  Saicte-Linastme 

75003 ?LI=liS 

Desr Dr .  Louange, 

cnose p s r i o à  from September 6 t o  S e p F e z . 3 ~ ~  1 C  

and l e t  n e  know place and iime of your  a r r i v a 1  i n  tirne, The questiszu 
yoü asked in your lutter: 

The l i m i t i n g  s t e l l a r  magnituàe f o r  an o b j e c t  zoving 10' p e r  
second i s  abcut O. The eccuracy i n  computing the  i r ~ s c t  poin t  ol 

a n e t e o r i t e  f al1 depends most ly on a e r o l o g i c a l  àcYa i n  tne  l a s t  
20 k r ~  of t h e  a5xosphere: t h e  accuracy of ow s y s t ~ x  o l  c m e r â s  is 

u s u e l l y  h i g k e r ,  2 100 m i s  e q u i t e  t y p i c a l  v a l u e ,  but one sees a l a o  
v z i u e s  2 30 n o r  2 300 n. Th3 à a r k - f l i g h t  computations on sssur;.~tic.n 

of eyze ' c r i cz l  s-;me of t h e  body (rio lift, c n i y  a ~ a g )  r:ltk the  
* -- ~z=ccr tc in l t . ' _= : .  cf '  ~ t r a t o s p k i e ~ i c  wirids g i v e  qizii;e :;.r;iv~Ll:.' 2 a i . 

O ir cese of î kg c a s s  moving at 45 i n c l i n e d  t r l j e c ~ û r y .  %ch cm;:- 

t a t i e n s  ne  ztr:rt ~ 5 t h  t k e  measureà v e l o c i t y  vec%cr  -< r,oce l~r .?sZ: - r .  

at t h e  te-:;in21 pe in t  of the  luminous t r a $ e c t c r y  z;;in_~? -:!e Iri;eg?tve 
nmer i c r2 . l  y :Le eauat ions  cf n o t i o n  a i t h  Grze, ~ F E Y ~ T ; : ,  znu s i r k  

. -. v e l c c i ü y  x z ~ : ; . c e d ,  t i l l  vie r e a c h  t h e  g r o m d ,  

the  3 ~ Y E - A - ~ C  -:-.: a r e  asking a f t e r .  I n  case  oi' t h e  YCV I ; ,  19E0, V:L 

were rctkier : i r ? r i s e d  n c t  t o  have any one photogrzpk. Tt was see? 

also by sn-,i?rr.l people a t  our  Observatory ve r?  lw: cn soüthern  
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Monsieur CEPLECHA a é t é  l e  créateur  du réseau européen de de- 

t e c t i on  des météores, dont il coordonne l e  fonotionnement de- 

puis  son observatoire dlOndre jo r ,  p r i s  de Prague, La r i s i t e  a 
duré deux jours, l a  première journée é t an t  consacrée A une pr6- 
senta t ion du réseau e t  de s e s  c o n r p o ~ t s  (aineri qu'A la v i s i t e  
des  i n s t a l l a t i o n s  p a r t i c u l i è r e s  dlOndrejov, e t  la ereconde d la 

v i s i t e  pour maintenance de rout ine  d'une s t a t i o n  standard s i t uée  
ari sud de la Tch6coslovaquie e t  en montagne (Chtiranolr, 1105 m?. 

Peu de temps avant c e t t e  v i s i t e ,  Monsieur CEPLECHA ava i t  parti- 

c i& & une a9seinblée générale de 1'1 .A,U, (union e r o n s d q t m  
knterriatioaeàe) en Grèce, oà une recormandation ava i t  é t 6  for-  
mulée pour que se  poursuivent l e s  travaux eur la dOtection de8 
météoreo. Celle-ci appardt t ra  dans l e s  "Tramseactions of t he  In- 

te rna t iona l  Astronomicd Unionn, 

1. Météores e t  moyens de détect ion,  

Le à i ~ ~ e  ci-dessous présente dans un repdre log-log en masse 

e t  t a i l l e  1' ensemble des  s t ruc tures  aonnues dans 1' univers. On y 

remarque l 'étendue du ncomplexe météoriquew, 
L'origine exacte des  é t o i l e s  f i l a n t e s  e t  des  essaims n ' es t  paar 

vraiment connue, c a r  ei l 'on  p u t  observer de p e t i t s  ob je t s ,  on 
n ' a  gas suffisamment de donnbeer pour ceux dont la t a i l l e  e s t  plus 

importante ( p o i n t i l l e s  du d i a g r m e ) .  L'origine cornétaire de8 
e s s a i m  n 'es t  certslinement qu'une expl icat ion p a r t i e l l e ,  e t  la  

p o s s i b i l i t é  que ce r t a ines  météori tes a i en t  une or igine  as tbror-  
d a e  n'a  pas encore pu g t r e  démontrée : on ne sait pas par quel 

mécanisme c e s  o b j e t s  passeraient  de la ceinture  astéroïdaLts 4 
l e u r  o rb i t e  f ina le .  Une nouvelle théor ie  a &té avamo6e p o u  ex- 
p l iquer  l e s  petits météores : tous  l e s  10000 ans environ, une 
comète t raverse  l e  systeme s o l a i r e ,  et c e l a  s u f f i r a i t  pour l e  

nremplirH à nouveau de ces  ob je t s . .  

Les annotat ions qui f igurent  verticalement sur l e  diagramme, au- 
dessous du complexe météorique, indiquent l e s  plages de fonction- 

nement optimal des d i f fb ren ta  moyens de détect ion ex i s tan t s ,  



Mass and size of structural units in the universe. 

Le r a d a r  météorique, q u i  d é t e c t e  l e s  t r a î n é e s  i o n i s é e s  permettant  

une r é f l e x i o n  s p é c u l a i r e  en haute  atmosphère, e s t  un o u t i l  appro- 

p r i é  pour l e s  é tudes  à c a r a c t è r e  s t a t i s t i q u e  sur l e s  essaims (va- 
r i a t i o n s  d'une année à l ' a u t r e ,  etc...).  11 n ' a  aucun i n t é r ê t  

pour l ' é t u d e  de la  t r a j e c t o i r e  d'un o b j e t  donné, d'une p-t en 

r a i s o n  de l a  l i m i t a t i o n  aux cond i t ions  de r é f l e s d o n  s p é c u l a i r e ,  

e t  d ' a u t r e  p a r t  parce q u ' i l  ne permet de d é t e c t e r  l e s  o b j e t s  que 

20 Km p l u s  bas que l e s  moyens opt iques .  

L e s  systèmes o p t i q u e s  met tan t  en  jeu d e s  techniques  de télévi- 

s i o n  e t  de t r a i t emen t  d'images video permettent  un bon suivi des 

p e t i t s  météores ( \ jusqulà  l a  magnitude 4).  Voir à c e  s u j e t  un spé- 

c i a i l i s t e  q u i  a f a i t  l ' é t u d e  de 77 météores  : 



M r .  J. JORES 
Physics Dept - University of Western Ontario 
London - Ontario - Canada N6A 3 K 7  

Malgr6 l e s  l im i t a t i ons  imposées par la couverture nuageuse, l a  
détect ion optique e s t  la  seule qu i  permette des  mesure8 gémb- 
t r i q u e s  ( t r d e c t o g r a p h i e )  e t  photom6triquea pr8ciseo. La tr&- 

jec to i r e  mgrilaire apparente d'une 6 t o i l e  f i l a n t e  couvre WU- 
ramntent quelques dizaines  de degres (on a d6jà obaervi des  c a e  

de 1 IO0), tandis que 8a v i t e s se  angrilaire peut aller de O (cos 

du météore r ad i a l ,  dé38 photographié) 60 O / s .  En ce qui con- 

cerne l ' i n t e n s i t é  lumineuse, la  va r i a t i on  la plus rapide qui 
ait é t é  obeervée (exceptionnellement) é t a i t  de 100 iPagPitades/s. 

L a  t r a j e c t o i r e  d' a r r ivée  d'une m6téorite-type ( 1  Kg) e s t  i l l u s -  

trée p a r  l e  schéma ci-contre. 

Arrivant de l 'espace à grande 
r i t e soe ,  l ' o b j e t  commence à 

émettre de la lumidre tou t  en 

rarlentissabat. Cette émission 
cesse lorsque la v i t e s se  de- 

vient  i n f é r i eu re  B environ 
3 Ws. Puis, B une a l t i t u d e  

de l ' o rdre  de 12 Km, l i a  tra- 
j ec to i r e  qui  é t a i t  Jusque là 

r e s t ée  pratiquement r e c t i l i g a e  
se coude rapidement ( su r  1 Km) 

e t  l a  chute devient t r è s  pro- 
che d'une cleute l i b r e ,  soumise 
aux vents. L a  v i t e s se ,  qu i  é t a i t  d1 environ 400 4 s  au début du 

ncouden n ' e s t  p lus  que de quelques dixabtes  de m / s  A l ' a r r i v é e  

au ml. Ceci explique l 'importance de la  connai.serance des raats 
lorsquton cherche à prévoir l e  l i e u  de la  chute. 

Compte tenu de la  d ive r s i t é  des  cas,  on r e t i end ra  que pour lo-  
c a l i s e r  l e s  po in t s  de chute des météoritesr, il fau t  pouveir mi.- 

vre l e u r s  t r a j e c t o i r e s  m s e z  bas (id6alement 10 Km d 'a l t i tude) .  

P o u  l e s  3 cas connus de m6téori tes retrouvées,  l e s  t r a j e c t o i r e s  
ont é t é  su iv i e s  jusqulaux a l t i t u d e s  respec t ives  suivantes  : 



- PRIBRAM : 22 Kia B catuee des  i im i t a t i ons  du systène de 1' 

époque (observations v i sue l l e8  jusqul à 13 Kn) . 
- LOST CITY : 18 Km. 
- INNISFREE t 18 Hm. 

Dans l e  domaine des sons e t  des  infra-sona, Monsieur CEPLECEA 

n'a: pas d1exp4rience pa r t i cu l i è r e ,  I l  s ignale  l ' ex i s tence  jiisqu' 

en 1981 au Canada d'un p r o g r m e  complet d'enregistrement des 

sops accornpagncknt t o u t e s  aor tes  de phhomdnes (écl ipses , .  . . ) , 
1' aride de s t a t i o n s  d' enregistrement continu ( jusqulà 0,l  Hit) ; à 

sa conndss6tnce, il n'y a r i e n  sur l e s  météores. Le responsable 

é t a i t  : 

D r .  Mc IlOTOSH 

Planetary Sciences Section 

Herzberg I n s t i t u t e  of Astrophysics 

O t t a a r a  - Canada K1A OR6 

A noter  également t wAnomalous aounds from the  en t ry  of meteor 

f i r e b a l l s u  par Colin SOL. Keag, d m 8  Science du 3/10/80, Vol 210, 

NO 4465. L'auteur e s t  : 

Prof, C,S.L. Keay 
Physics Dept - Xewcemertle University 

New South Wales, 2308 
A u e t r d i a  

En ce qui concerne la détect ion sismique, il f a t  t e n i r  compte 

du f a i t  que la  chute tend asyntptotiquement vers  une chute l i b r e ,  

Monsieur CEPLECBA indique q u ' i l  a récemment obtenu une photo d1 

une nmétéorite tombée aux environs de Berl in,  e t  q u ' i l  a reçu une 

donnée sismique apparemment corré lee  (onde de choc 1 ) .  

Selon M. CEPLECHA, I an  HALLIDAY a publié récemment un papier  ex- 

ce l l en t  sur  la d ia t r ibu t ion  des météori tes (&me adresse que M G  

Intosh précédemment), Monsieur WETHERIU,qul a é tad ié  un doss ier  

m i l i t a i r e  déc l a s s i f i é  sur la détect ion infra-rouge de météores, 

e s t  l 'un  des  t r 6 s  r a r e s  s p é c i a l i s t e s  qu i  a ien t  une vis ion globa- 

l e  de tous  l e s  aiispects de l ' é tude  des météores e t  des  météorites. 



II. Résecail européen de détect ion optique. 

Depuis l1 &poque de s e s  études ~ u p b r i e u r e s ,  M, CEPLECKA e s t  pas- 

sionné pz l e s  travaux sc i en t i f i ques  que l ' on  peut e f fec tuer  A 

partir de photos dl é t o i l e s  f i l a n t e s ,  Vers 19S1, il i n s t a l l a i t  
en Tchécot~lovaquie deux s t a t i o n s  équip8es ahmcrtne de 10 appa- 

r e i l s  photo fixes d'environ 300 de champ e t  de 180 mm de dis- 

tance focale,  Au bout de 8 ans, il parvint  à photographier e t  

à l o c a l i s e r  au 801 la météori te  de PRIBRAM ( c a s  favorable de vent 
contra i re  A l a  a&éor i te ,  l oca l i s a t i on  l 8 i a t 4 r i e u r  d'un recta-  

gle de 2 & 3 Km de longueur sur 200 A 300 m de largeur), 

Le réseau proprement dit ex i s t e  depuis 1963 avec son centre  de 
réduction des  données A Ondrejov; à c e t t e  date,  il comportait 3 
s ta t ions .  Il s ' e s t  progressivement étendu, e t  comporte actuel le-  

-nt 18 ~ t a t i o n s  en Tchécoslovaquie, ainsi  que 25 s t a t i o n s  en 
RFA e t  2 en Autriche (par r e l a t i o n s  personnelles) e t  quelques 
s t a t i o n s  dlamateuro en Hollande. Les premiers appare i l s  photo 
&tadent à miroir  semi-sphhique (caméra poiatee vers  l e  s o l ) ,  et 

ce s  instruments, que M, CEPLECHA q u a l i f i e  d 'archdques ,  sont tou- 

jours  opérat ionnels en RFA. En Tchécoslovsbquie, ils ont Bt6 pro- 
gressivement remplacés par des optiques nfisk-eyew de Zeiss. Sa- 

lon M. CEPLECHA, une p e t i t e  s t a t i o n  équiphe d'un fish-eye (fsrcale 
de 30 IEU) donne des  r d s u l t a t s  assi p réc i s  qu'une des s t a t i o n s  
canadiennes qu i  oont equip6es de 4 caméras encombrantes de 50 iipi 

de focale  : précis ion de 1 minate dlarc.  

M, CEPLECKA se  prdsente lui-marne comme dtant  aussi opt imis te  poiir 
l l a c ~ e n i r  de la, dbtect ion optique des n6téores que son ami am6ri- 
caiin Mc Crosky e s t  pessimiste (depuis 10 as, la #ASA n'accorde 

p lus  aucun c rdd i t  à ce type de recherche). A son avis, l 'espace- 

ment d'environ 100 Km en t r e  s t a t i o n s  q u ' i l  a adopté e s t  bea~coup  
p lus  ad6quat que ce lu i  de 200 Km qu'avait  l e  r h e a u  P r a i r i e  ( s u r  
lequel  il e s t  a l l é  t r a v a i l l e r  pendant p lus ieurs  moi8 à seo d6buter). 

Une cambra fish-eye "voitt1 jusqu'8 500 Km mais ne permet des  me- 

mares cor rec tes  que jusqu'à 250 Km, et il faut un maillage plus  
s e r r6  pour &vd.uer la  v i t e s se  e t  l a  distance des  objets.  Selon 

l e e  vents,  son réseau permet de l o o a l i s e r  une chute dans une a i r e  
de 1 B 2 Km2. 



M, CEPLECHA confirme que l 'Anglais  EINDLEY a bien géré un pro- 
j e t  important de dbtection pendant 2 ou 3 an8 ( m a x i m u  vera 

1974-751, e t  q u ' i l s  ont d o r s  échian@ des données aux normes du 
réseau européen. I l  n'en a plus  entendu pa r l e r  depuis, D'une fa- 

çon générale, M, CEPUCHA a toujours  eu des d i f f i c u l t é s  arec  l e s  
amateurs qui ,  aprhs une période ac t ive ,  riie lancent daene des  dis- 

pates  interminables en l e  prenant à t &min (cas de la  Hollande). 

L16ventualité d'une i n e t a l l a t i o n  en France, en p a r t i c u l i e r  daus 

l e  prolongement géographique du réseau européen, r é j o u i r a i t  par- 

ticulièrement M, CEPLECHA, q u i  s e  d6clâùie p r t t  à t o a t e r  s o r t e s  
de col laborat ions ,  e t  pourra i t  mettre B dispos i t ion  son sys t  b e  

de réduction de donn&es. 

Pour s i t u e r  quantitativement la s i t u a t i o n  en nratikre de survei l-  

lance optique des d t é o r e s ,  on peut conddé re r  que t o u t e s  l e s  

données accumlées  dans l e  monde jusqulà ce jour  r e p r h e n t e n t  1' 

équivalent d'une couverture de t ou t e  l a  t e r r e  pendant 1,S jorira... 

III. Les instrnl lat ione d'ondrejov, 

L'observatoire d'ondrejov se s i t u e  sur  une hauteur a4 une t r en t a i-  

ne de Km de Prague. M, CEPLECHA y a la responsabi l i té  du departe- 
ment de matière i n t e rp l ané t a i r e  (22 personnes), m i s  conrrerve une 
f r ac t i on  importante de son temps pour s e s  propres recherches. L' 
équipe en charge du réseau comprend 6 p rsonnee ,  p lus  la secré- 
t a i r e  du département (à 2/35 de son tempa) r 

- 1 a s a i s t an t  f a i t  l e s  mesures sur l e s  plaques p h ~ t o  
- 1 a s s i s t an t e  e s t  chargée de l ' o rd ina teur  (ca lcu l s )  
- 2 personnes assurent l e s  observations nocturnes (capliéra~, 

spectrogramnres, catalogues, développement des plaques,,..) 
- 2 êc ien t i f iques  effectuent  des travaux théoriques. 

Les i n s t a l l a t i o n s  dl observation  ont s i t uées  dans une s é r i e  de 

p e t i t s  observatoires astronomiques aveu dames (ancienne proprié- 
t é  d'un t r è s  r i che  atrononre de l a  noblesse locale) .  On y trouve 

respectivement : 



- 1 s t a t i o n  fish-eye f i x e  (standard) e t  1 s t a t i o n  fi&-eye 
mont 6e sur équator ia le ,  

- 1 eneemble de 4 caméras groupéres sous un grand obturateur 

pivotant commun, 2 caméras sont associées  un réseau de 

d i f f r ac t i on  e t  l e s  2 a u t r e s  à un prisme, 
- 1 aaméra à grande focale munie d'un grand réaeau de dif- 

f r ac t i on  donnant jusqulaux ordres 4 e t  6 (peu inpor te  

une f o r t e  d ispers ion si on obeerve des l ignes  d'émission). 
- de p e t i t s  bureaux d'o4 l e  système e s t  géré, 

Pour é v i t e r  l a  formation de buée, c e s  p e t i t s  batiments eont 

chauffés (di f ferenee de température optimale avec l l e x t é r i e u r  r 
5 d e g r b ) ,  

Les i n s t a l l a t i o n s  spec t r sg raph ig~es  permettent d 'obtenir  de b e u  

spec t res  lorsque l e s  condit ions sont favorables ( Btoile f i l a n t e s  

r i s i b l e s  dlOndrejor, laminosité suf f i san te ,  déplacement ideale-  
=nt perpendiculdre  sui r6setiu de diffract ioa).  Le grand réareau, 

avec 600 l ignes ,  permet d ' a t t e indre  une réso lu t ion  de 0,2 1 en t re  

3600 d e t  6700 1. En moyenne, un bon spectre  e& obtenu pu a. 

L a  s t a t i o n  fish-eye standard e s t  à l a  f o i s  s inp le  e t  robuste. 
Montée dans un co f f r e t  métallique r é a i s t a n t ,  e l l e  s'ouvre vers  

l e  haut par un ob jec t i f  fish-eye de Zeiss de 3.5 e t  30 mm de fo- 
cale  (ouverture équivalente à 8 mm), Le champ angulaire e s t  p lus  
proche de 1 90° que des  1800 nominaux, e t  l'image des sources 
t r d s  b r i l l a n t e s  e s t  dédoublée. Une fen te  e s t  prevue pour posi- 

t ionner  l e s  plaques photo dans l e  plan foceil; ce sont des @a- 
ques de verre  de 400 ASA (meil leures perfornrances géom6triques 
que des pe l l i cu l e s ) ,  Un obturateur r o t a t i f  e s t  mont6 t r d s  p r b  

du plam foca l ,  pour assurer  des f r o n t s  r a ides  à l 'ouverture e t  

à la fermeture. Pour des ra ieons  de s impl ic i t6 ,  un moteur di- 
noenté par  l e  secteur  dissure une obtura t ion phriodique à 12,5 Hz, 
bien que la fréquence i déa l e  s o i t  aux aïentours  de 4 ou 5 obtu- 

ra t i ons  par seconde (vo i r  réseau MORP au Canada). 

L a  réduction des  données s e  fait à Ondrejov à l ' a i d e  d'un bane 

optique développé par Zeiss,  e t  permettant d 'ef fectuer  sur l e s  
plaquee des mesures géométriques e t  photonétriques de feçon in- 
te rac t i ve  (microscope binoculaire) .  Cette i n s t a l l a t i o n  e s t  cou- 

plée à un calcula teur  ( m i n i )  su r  lequel  s 'exécute UR prograuane 

de 4500 in s t ruc t i ons  F O ~ R ~ ,  



I V .  L a  réduction des donnees. 

Par principe-m&e, s e u l s  sont é tudids  l e s  hénements qu i  font  

l ' o b j e t  d'au moins deux enregistrements simultanés (à l a  ques- 

t i o n  flarez-vous observé des phénomènes anorinaux H l ' a i d e  de ro- 

t r e  réseau ?n, M, CEPLECHA répond que s e s  m i l l i e r s  de plaqueo 

contiennent une multitude de choses .~aurquelles il ne s ' e s t  ja- 

nsds i n t é r e s sé  dans la mesure oii e l l e s  n ' a f fec ta ien t  qu'une pla- 

qpe à la  fo i s ) .  

30 à 60 météores sont photographiés chaque apnée depuis deux 

s t a t i o n s  ou plus, Les papiers  fourn i s  en annexe donnent un a- 
perçu de l ' a c t i v i t é  depuis 30 ans, a i n s i  que l e s  résultats dé- 

t a i l l é s  d'une année in té ressan te  (1977). 

L a  réduction des  données consis te ,  dans un premier temps, A me- 
surer  sur la. plaque photo (néga t i f )  l e s  p a r t i e s  n t i l e s  au ca lcu l ,  

c 'est-à-dire la t radec to i re  du météore e t  en t r e  15 e t  20 & t o i l e s  

qui permettront de s e  repérer  dans l e  systdnse de coordona6es 6- 

quatori@es,  Le centre optique des  caméras e s t  toujours  pcrsfti- 

onné auss i  p r h  que possible du zén i t ,  et l e s  mesures de pod-  
t i o n  sur l e s  plaques s e  font  tk l a  d n u t e  d'arc p3.&s. Des forma- 

l e s  empiriques progressivement mises au point depuis de nombreu- 

s e s  années permettent de re t rouver  la  posi t ion d'un point dans 

l e  c i e l  B p a r t i r  de mesures effectuées  sur l a  Naque (par exem- 

ple ,  l a  distance zén i ta le  z e s t  c d c u l é e  à p a r t i e  de l a  distanue r 
du centre optique (suppos6 au zéni t )  psu. une formule de la forme 

z = a +  br  + cedr ). 

L'optique u t i l i s e e  ne permet pas d'évaluer la  t a i l l e  de l ' o b j e t ,  

qui a p p a r d t  comme nn point ( i l  f audra i t  une distance focale  d' 

aui moins 750 nsm pour pouvoir commencer à évaluer l e s  dimensions 
d1 ob j e t s  b r i l l a n t s ) .  

L a  reconstruction des données temporelles se  f a i t  B l ' a i d e  de 

la cambra mobile dtOndrejov, par comparaison des pos i t ions  des 

é t o i l e s  chois ies  comme repères. Le ca l cu l  u t i l i s e  toujoura l e  

temps du début d'exposition, facilement repérable sur l e s  c l lohés  

c a r  on démarre l e s  exposit ions par c i e l  c l a i r ,  e t  pa r fo i s  l e  

temps de f i n  d'exposition ( l e s  Allemands ont plus de d i f f i c u l t e  



ca r  ils programntent l e u r s  s t a t i o n s  à l ' a i d e  d'une minuterie, e t  
Be sont donc pas sûrs de l ' é t a t  du c i e l  au dBbut de l 'exposit ion).  
On ob t ien t  couramment une i nce r t i t ude  sur  la da ta t ion  de 10 s 

Ir, c e t t e  précision pouvant a t t e ind re  7 e quand la t r a j e c t o i r e  
e s t  normale au mouvement diurne. 

Lorsque des  données en provenance de plus de 2 s t a t i o n s  mat dis- 
ponibles, l e  prograaraie f a i t  l e s  ca i cu l s  de traJectographie pour 

t o u t e s  l e s  combiniaisons 2 .& 2 de cea s t a t i o n s  ainsi  que pour une 
combinaison de tou tes  ces  s ta t ions .  Les calciils de v i t e s se  font 
i n t e rven i r  l e s  p o i n t i l l é s  c réés  par l ' ob tura t ion  cyclique, e t  

chaque p e t i t  segment est analys4 en d e t a i l .  Des aorrect ions  f ines  

mettent en jeta l a  posi t ion exacte dans l e  plan de la plaque du 
centre de r o t a t i o n  de l ' ob tura teur  (conposition du vecteur v i t e s-  
s e  apparente da météore avec la v i t e s se  de déplacement du vole t  
de l ' ob tura teur ) .  

Les mesures photométriques permettent d'évaluer l e s  va r i a t i ons  
de magnitude ( r e l a t i v e  pu is  aabsolue) l e  long de la  t r a j ec to i r e .  
E l l e s  sont effectuges par comparaison de la largeur  de la t r a c e  

sur l1&uulsion B c e l l e  de la t r ace  des  é to i l e s ,  Là enaore, 1'~- 
t i l i s a t i o n  d'une formule empirique permet d 'a t te indre  une trds 
bonne précision (f; 0 , 1  m. jusqu'à ?O0 du centre optique). 
Cette formule e s t  de l a  forme r M = 1 I 1 ( & + b ) + k s ~ h D  

e s t  l a  largeur  de l a  trace.  
L a  précis ion de l a  mesure 

L 'effe t  de r&ciproui té  ne 
joue pas s ~ f  fisamment pour 
j u s t i f i e r  une correct ion,  e t  
la méthode donne de bons ré- 

est bonne en ra i son  du ca- 
rac t è r e  net du p r o f i l  en 

i n t e n s i t é  de c e t t e  trace.  On 
u t i l i s e  la meilleure photo 
pour f a i r e  l e s  mesures e t  

8altahts pour un doneaine de 

magnitudes a l l a n t  $nsqulH -10 (5  0,91. 

> \  : 

L'extrapolation, en l oca l i s a t i on  comme en br i l l ance ,  pose de 86- 

r i eux  probl6mes. 

- A0 
l e s  ca l cu l s  pizotoa6triques. +4 +tv* 



Le tableau ci- contre indique l e s  
correspondances, pour une 6 t o i l s  

f i xe ,  en t re  l e  àiramdtre de l ' i m a -  
ge sur la  plaque e t  l a  akatgnitude 
re la t ive .  
Les r é s u l t a t s  des  mesures photo- 

m6triques sont conver t is  en ma- 
gnitudea nabsolueslt (ramenées & 

100 Km de dis tance) ,  ca rac té r i s-  
t i ques  de l ' o b j e t  lui-m8iae e t  non de son apparence vu du sol .  

A magnitude r e l a t i v e  égale, dérivée directement de la  mesure 

photom&triqae, la contr ibut ion .4 la magnitude absolue de l a  v i-  
t e sse  angulaire apparente s e  t r a d u i t  par la  r e l a t i o n  : 

Il en r 6 s a l t e  une différence de l ' o rd re  de 7 en t re  une é t o i l e  

f i xe  (15 O / h ]  e t  un météore-type (une dizaine de O / s ) .  

L a  contr ibut ion de la distance e s t  donnée de lai m85e manidse par : 

L a  pzartiqua a permis de cho is i r  mi c r i t d r e  de pondka t ion  e f f i -  

cace en t re  l e s  mesures f a i t e s  sur d i f f é r en t e s  plaques pour une 
a8me t r a j e c t o i r e  : à condit ions dtéoroLogiques &gales, l e  poids 
a t t r i b u é  ti chaque plaque es t  proportionnel à l a  longueur de l a  

t r a j e c t o i r e  apparente mesurée sur c e t t e  plaque, 

Le programme peut ext rapoler  la t r a j e c t o i r e  dans l e s  deux sene : 

d'une part il "remonten en mont  pour déterminer l ' o r b i t e  de 1' 

obje t ,  e t  d 'autre part il p u t  Bvaluer la f i n  de l a  t r a j e c t o i r e  
(optioa ndark f l i gh t t t )  , en prenant en compte l e  carei échéant l e s  

données disponibles sur l W 6 t a t  des vents (ca8 oii la  t a i l l e  prb- 
sunaé?e de l ' ob j e t  permet d 'espérer  l ' a r r i v é e  au s o l  de mét8ori- 

t e s ) .  Le programme s1 exécute en 3 an sans 1' option **dark f l i g h t n ,  
e t  en 1 h avec, 



V, Gestion du rbseisst. 

L a  plupart  des c a d r a s  

rologiques, e t  opérbes 

sont i n s t a l l e e s  dans des s t a t i o n s  aét6o- 

par l e  persognel de ces  s t a t i o n s  ntoyen- 

nant une p e t i t e  r é t r i bu t ion  (fonction de l a  quaalité des photos). 

Les plaques photos sont envoy6es par cour r ie r  diaine des conte- 

neurs sp6ciaux, e t  l e s  nranipulsations demandées aux opérate-s 

sont nr,inimaales. 

Lee campagnes de p r i s e  de vues sont programmées depuis Ondrejov, 

e t  t iennent  compte de l 'éclairement par la lune. La précis ion 

e s t  de l ' o rd re  de 5 iun, e t  une condition nécessaire e s t  que l e  

s o l e i l  s o i t  an moins Q 110 au-dessous de l 'horizon. Les nu i t8  

saris lune font  l ' ob j e t  d'une seule  exposit ion ( jusqu'à 13 h en 

Décembre), t and i s  que l e s  n u i t s  avec lune sont décornpos6es en 

deux phriodes d'exposition. Disna un cycle lunaire  (28 jours) ,  

il y a 22 n u i t s  avec une ou deux exposit ions e t  6 auits SaZia ex- 
position. 

Chaque s t a t i o n  ( i l  y en a actuellement 12 équipdes de fish-eye 
en Tchécoslooquie)  e s t  normalement v i s i t é e  une f o i s  par an 

pour l ' e n t r e t i e n  ( c ' é t a i t  l e  but de la v i s i t e  à Churanov). I l  

s ' a g i t  de nettoyer l 'opt ique e t  de v é r i f i e r  l e  p e t i t  moteur qii i  

commande l 'obtura teur .  I l  y a en moyenne Urie in te rven t ion  par 

an pour réparer  quelque chose su r  l'ensemble des 12 s t a t i o n s  

(IUPTBF = 12 S ~ S  L.). 

E n  ce qui concerne l a  co l lec te  des  météorites, il n'y a p ~ s  de 

l o i  pa r t i cu l ih re  en Tchécoslovaquie, m a i s  il n'y a jamais en de 

problème en raison du régime e t  da sens t r h  r e l a t i f  de la pro- 

p r i é t é  des  populations. M, CEPLECHA ne c o m d t  pas de pays où 

il exis te  une l o i  concernant l a  propr ie té  des météorites. En 

Tchécoslovaquie, conrme en RFA,  des récompenses sont o f f e r t e s  

aux découvreurs, en l e u r  présentant l ' e f f o r t  s c i en t i f i que  re- 
présenté e t  non une valeur marchande de l ' o b j e t  Irii-mQae. 



V I ,  Conolugions. 

Monsieur CEPLECHA e s t  certainement l e  meil leur s p é c i a l i s t e  m n -  
diad de lai. détect ion optique de mététores. Le réereau q u ' i l  gdre 

met en jeu des technologies t r è s  simples e t  t r è s  éprouvées, et 
il const i tue  un point de comparaison unique. 

De l'aveu-meme de M. CEPLECU, l ' aven i r  appar t ient  certainement 

à des  systèmes plus sophiet iqués mettant en jeu des  technologies 

de pointe comme l e s  détecteurs  CCD e t  l e  t rai tement digital des 

images, e t  il e s t  pr8t à mettre son expérience à la d ispos i t ion  

des concepteurs éventuels d'un tel système, Compte tenu de la 
motivation que cons t i t ue ra i t  pour l u i  e t  pour s e s  c o l l è ~ y e ~  a l l e-  

mands la p r i s e  en compte d'une ou de plus ieurs  s t a t i o n s  frangai- 

s e s  dans l e  réseaa européen (avec son ayst  ème de t ra i tement) ,  f 1 

semble particulièrement in té ressan t  de prévoir l ' i n s t a l l a t i o n  d' 

nn premier prototype dans l e  prolongement du réseau européen (ce 

qui r e j o i n t  l e s  s o u h i t s  de M. PELLAS, cf.  CR 530882). 

En outre ,  indépendamment de son l i e u  d'implantation, il s e r a i t  

souhaitable, lorsqatune premidre maquette s e r a  expérimenth,  de 

l u i  fsdjoiadre une s t a t i o n  de type l*Ceplechdl de f q o n  B disposer 

d'un point de comparaison bien coianai pour l e s  performances, M. 

CEPLECHA partage tout- à- fait  ee point de vue. 
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The paper contains data on orbits and trajectories of 42 bright fireballs computed ai the Ondiejov Ob- 
servatory during the past decades (mostly brighter than magnitude -8). They were photographed during 
three different projects, which arc briefly described. Future prospects of the Ondiejov Observatory in photo- 
graphie recordingof meteors and fireballs are outlined. Some results obtained from these and other photo- 
graphie projects are mentioned; especially the classification of photographic meteors with respect t o  the 
meteoroid composition and structure are given and the relation to  other bodies of the solar system proposed. 

1. Photographie Programs; Their Past and Future 

This paper contains orbits and other data on fire- 
balls computed at the Ondiejov Observatory during 
the past 3 decades (1947 to 1976). They form only a 
smali part of al1 the fireballs photographed: only 
exceprional cases were reduced. The choice, what to 
reduce, was directed by taking into account brightness 
and spectral records before 1963, and the low terminal 
height, brightness and spectral records from 1963 on. 
The data before 1963 were collected from the double- 
station small-camera program described in details 
elsewhere (Ceplecha, 1957; Ceplecha et al., 1959). 

Bull. Astron. Inst. Czech. 28 (1977), 328-340. 

Though some changes were introduced, for most 
of the 25 years three sets consisting of 30 cameras 
with Tessar objectives, 114.5 f = 180 mm, and glass 
photographic plates, 9 x 12 cm, with panchromatic 
emulsion were used. Of rhese cameras, I O  are located 
at the Ondiejov Observatory as a fixed aggregate 
with rotating shutters giving about 48 breaks per 
second, 10 other cameras are driven and locrted 
adjacent to the set of the fixed cameras at the Ondiejov 
Observatory to get known the time of meteor passage. 
The remaining 10 cameras form a fixed agpegare 
located 40.388 km away from the OndFejov Observa- 
tory at PrCice Station. 

buring 25 years of continuous operation, utilizing 
each moonless clear night, in about 8000 hours 
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Orbital and other data on photograpliic fireballs. N 
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Fircbali No. 
Namc 

641a 
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- - 

1953 Aug I I  
21 h 4 0 m 5 8 s f  1 s  

c. 
15 761 / 15 811 1 16051 16 931 \O -4 
- - I - -4 

Y 
-- - - -- 

- l - - - 2, 
1958 Aug 13 1958 Aug 15 1 1958 Aug 18 ' 1918 Oct 23 ? a 

, 1 2 3 h 0 8 m  1 8 s f  5 s ,  2h05111 f 51n  
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Ycar and Date 
Time U ï  

a A.U. 
110 (A.U.)-' 
C 

q A.U. 
Q A.U. 
on 1950.0 
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i" 1950.0 
n" 1950.0 
-- -- . 
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TY PC - - - . -. - - 

Note 

18 f 8 
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0.946 -& -024 
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-. 

1 PS 
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-0 .23 f a 1 0  

3 + .O6 
0.59 f .O3 

- 
76 f 4 
29.04 
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Orionid 
III  A 

Sporadic 
II 

- -- - - - . . - 

a Lyrid 
III B -- - -- - - -. - 
- 

x Cygnid 
III  A 

- . - . -. - 
- 
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Q> 
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(n.3) 
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94 
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-. . 
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66 f 3 
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0.0s .20 
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2 G S  56- 28 Alnim 
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- -- -- . . - -. - - -. 

1970 Nov 24 
I h 4 7 m f  l m  
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-- l - - 
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l 
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1 
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3.0 -f -5 
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1.502 f -017 
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4.0 f 1.2 --- 

sporadic 
1 
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i 
2 

core III B 1 1 N 
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- -. 
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----- 
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h - - 
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- -- - 
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Nürnberg 

- .. . - 
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Prague 

- - - - -- -. -. - . .- - 
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3 h 11.1 m f 1.3 m 
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Year and Date 
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- - 
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21h 30m f 2 0 m  
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O h 2 9 m f  I r  
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39.4 f 1.2 

. - - - - - - - 
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0.77 f -09 
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7 f 3  

221 -1: 3 
1 -0 

20 f 2 
222 f 3 -- 

sporadic 
1 

44.8 f 2.: 
58.9 f 1.: 
60.1 f 1.1 
41.4 f 1.2 
45 f 2 
59.0 f 1.: 
58.9 f 1.1 
41.7 f 1.1 
- - -- 

- 
0.01 * . I l  
0.99 f al( 
0.959 f .O1 

- 

153 f 4 
139.08 

I l l  & 2 
292; -+ 4 -- 

Perseid 
I I I  Ai 

0.892 f -006 
0.274 j- .O06 
4.80 -28 

122.0 & .8 
101-34 

2.2 f .3 
223.3 f .8 -- - 

sporadic 
I I  

GS 53 Almm 
2 fragments 

sporadic 
I I  

sporadic 
1 

Pr. Im. 
A 8'36'26" 
gr 50'49'58" 

sporadic 
II . - - - 

sporadic 
1 

- -  - 

Pr. Im. 
A 10°41'36" 
gr 50°06'25" 

Pr. lm. 
A 9"O7'1Oa 
rp 50°19'19" 





_ of exposure time, 50 000 photographic plates have 
been exposed and about 1200 double-station meteors 
have been recorded, most of them being sporadic. The 
typical positional precision of thesephotographs is f 10 
seconds of arc for one position, and meteors down to 
about visual magnitude + 1 could have been photo- 
graphed. 18 fireballs in this program were measured 
and computed. The data are contained in Tab. 1. 

The direct small-cameras were accompanied by 7 
cameras with rotating shutters for meteor spectro- 
scopy. Objectives (Tessar 1j6.3, 114.5 and 113.5, f = 
= 750 mm, 360 mm, and 300 mm) with Bausch & 
Lomb transparent objective gratings with 600 and 400 
groves per mm have been used. Photographic plates, 
30 x 30 cm and 18 x 24 cm, with panchromatic 
emulsion have been appiied. Three cameras were 
equipped with objective prisms. Extremely good 
spectra of many fireballs with dispersions down to 
5 A/mm and with several hundred of spectral lines in 
the visible region have been photographed. (~ajchl ,  
1961; Ceplecha, 1971). The best spectra usually 
initiated the whole reductional procedure of the 
double-station or multiple-station photographs. The 
zero order images gave the best positional data in 
some cases and the individual fragments are usually 
well separated and good to measure at these large fo- 
cal distances. 

After 8 years and 2500 hours of exposure time 
of the small-camera double-station program, we 
obtained photographs of the Piibram meteorite fa11 
on ten plates of both our stations in April 1959 
(Ceplecha, 1961). Among others this inspired us to 
design a multi-station program for photographing 
the fireballs. We have used one all-sky camera with 
a rotating shutter having 12.5 breaks per second at 
each station. A simple system of photographing 
a convex mirror with a standard 36 mm camera has 
been used. The resulting speed is 1/16 with f = 5 mm. 
The accuracy of positions obtained from these photo- 
graphs is about +0.l0, and fireballs brighter than 
magnitude -6 can be photographed. We started 
regular operation of the first stations in Czechoslova- 
kia in October 1963, and after Germany joined the 
program in 1968, the whole European Network for 
fireballs consisted of 45 stations covering half million 
square kilometers for meteorite searches. Several 
hundred of iïreballs have been photographed. Trajecto- 
ries and orbits of very bright, deep penetrating fireballs 
and of objects with spectral records were regularly 
computed and some of them published. More details 
can be found in papers by Ceplecha and Rajchl 
( 1965), Ceplecha (1 967), Zahringer (1969), Ceplecha 
et al. (1973). 

The European Network consists of three operational 
parts: Czech, Slovak and German. The Czech part 
is operated by the Astronomical Institute of the Cze- 
choslovak Academy of Sciences from the Ondfejov 
Observatory; the Slovak part is operated by the 
Astronomical Institute of the Slovak Academy of 
Sciences from Bratislava; the German part is operated 
by the Max-Planck-Institut für Kernphysik from 
Heidelberg. The German part covers the largest 
territory of al1 three. The service of the stations and 
searches for meteorites were performed in each of these 
parts independently. The computations and measure- 
ments of films were done at the Ondiejov Observatory. 

Altogether data of 27 iïreballs of this program are 
contained in Tab. 1. The overlap of both the programs 
(small-camera and all-sky-camera) is the reason 
that the total number of different fireball orbits com- 
puted is 42 at the moment. 

Recently a very exciting possibility arose, when a 
new Fish-Eye Zeiss-Distagon objective (Opton-~i-  

'stagon), f = 30 mm, with a field of view of 180" and 
113.5 focal ratio, giving a very good image quality, 
began to be regularly produced and marketed. The 
outstanding quality of the objective enables to go 
down to +12 stellar magnitude, if the objective is 
used for a driven camera. Such photographs are 
relatively easy to obtain and, besides meteors, they 
contain a lot of other astronomical information 
(BoCek et al., 1976; Ceplecha, 1975b). The meteors of 
zero magnitude are still well above the sensitivity limit. 
The positional precision is f 1 minute of arc and pho- 
tometric qualities as far as 70" from the center of the 
field give fO.l stellar magnitude accuracy. The dimen- 
sion of the entire celestial hemisphere is 76 mm on the 
negative. 

Thus, we decided to replace gradually the old 
mirror all-sky cameras at the Czechoslovak stations 
by cameras equipped with this Fish-Eye objective. 
The camera has a rotating shutter close to the focal 
plane with 25 breaks/second, and photographic plates 
9 x 12 cm with panchromatic emulsion are used. 
The small size of the camera makes it very handy for 
field operations at a large number of stations. We have 
already had two of these cameras, one driven and 
one fixed, in operation at the Ondiejov Observatory 
for more than 200 nights. The last fireballs in Tab. 1 
were photographed with these new cameras with 
excellent results (EN 020376 and EN 041274). We 
are now placing 4 h e d  cameras more at various 
stations. We hope to finish the replacement of cameras 
at al1 12 stations in the western part of Czechoslovakia 
by the end of 1978. We want to run this new project 
for one decade at least. 
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The double-station small-camera program of the 
Ondiejov Observatory has been terminated at the end 
of 1976. The mirror all-sky cameras of the multista- 
tion fireball program will be replaced by the new 
Fish-Eye all-sky cameras. The two parallel programs 
will thus be merged into one multistation program 
of meteor pliotography, providing data on fireballs 
as well. The spectral program will continue together 
with this multistation program. 

2. Orbital and Other Data on Fireballs 

Orbital and other data on 42 Greballs, photographed 
within the period of operation of the programs 
described in the previous section, are given in Tab. 1. 
They represent a complete list in the sense that there 
are no more measured and computed fireballs avail- 
able at the moment. Al1 the given data are revised 
values and in some cases they differ from the values 
pubiished before. Big differences in some cases were 
caused by gross mistakes contained in the previous 
computations (namely from the "precomputer" times). 
The preliminary values published in the Event Reports 
of the Short-Lived Phenomena Center were in some 
cases only rough values graphically reduced from the 
k s t  two photographs we obtained. They contain 
some gross errors, too. 

Slight differences of the revised values in Tab. 1 
from the values previously published were caused by 
a different kilometer equivalent of the astronomical 
unit used. The old value was 149.5 x 106 km, while 
the new one used for al1 orbits in Tab. 1 is 14959787 x 
106 km. This change is far from being negligible for 
well observed fireballs. Also a more precise subtrac- 
tion of the zenith attraction than done in previous 
computations is the cause of slight differences. A good 
example of these small changes is the Piibram fireball, 
where only the kilometer equivalent of the astronomi- 
cal unit and a more precise computation of the z-nith 
attraction are responsible for the small change (Ceple- 
cha, 1961). 

The radiants and the angulîr elements of the orbits 
are related exclucively to 1950.0 in Tab. 1. The com- 
putation of zenith attraction and daily aberration was 
performed wing the apparent places; the mean places 
for the begiming of the current year were used for the 
computation of the orbital elements and then they were 
trantformed to the standard mean equinox of 1950.0. 

Data on many fireballs in Tab. 1 were not published 
bcfore. The errors given in Tab. 1 are the standard 
deviations. Tab. 1 contains the following data: 

' Fireball No. is the recognition number of the fireball. 
There are three systems of notation corresponding to 

three different photographic programs: the double- 
station programs before and after 1955 and the multi- 
station program (European Network . . . E N ) .  
Name contains either the name of the fireball (usually 
some geographical'name close to the terminal point), 
or the number of the double-station program photo- 
graphs, if they exist together with te EN data. 
Year, Date and Time are given for each fireball in 
UT. M ,  is the maximum absolute (100 km distance) 
magnitude of the fireball expressed in "panchromatic" 
magnitudes (magnitudes, which resulted by compar- 
ing A 0  stars with the fireball trail using the panchro- 
matic emulsion). These magnitudes differ in some 
cases from the values published previously, because 
of different "color" corrections applied. In any case, 
no color corrections were applied here for M, and 
the "panchromatic" magnitudes given in Tab. 1 are 
in the same system as used by McCrosky and Posen 
(1968) and by McCrosky et al. (1977) for the Prairie 
Network (PN) fireballs. Thus the direct comparison 
of EN and PN Greballs is possible. m, is the initial 
photometric mass computed from 

where 7 was used according to Mdrgsky's inter- 
pretation of the experimental values of Ayers et al. 
(1970); [the numerical values of 7 are contained in the 
paper by Ceplecha (1975a)I. The same 7 and the same 
system of panchromatic magnitudes as used by McCros- 
ky for the PN GrebaIIs were applied here. The same 
scale of the mass system resulted and a direct com- 
parison of masses between PN and EN fireballs is 
possible. In some cases, prsliminary photometry of the 
point of maximum light was the only measured photo- 
metric value and the initial mass was then computed 
according to McCrosky (1968): 

18.5 x 10-I4Texp (-0-921M,,,) 
ni, = 

rv2 , ,!AM 
Y 

where m, resulted in kg, if v was used in km/s and 7 

in combined units of c.g.s. and of zero stellar magnitu- 
de (0, : I = 1). The velocity v and the luminous 
efficiency 7 were taken for the maximum light. The 
other values are: AM the difference in stellar magnitu- 
des between maximum light and the film limit. The 
total duration of the £irebal1 is given as T seconds. 
Provisional values of M, and m, are in parenthesis. 
m, is the terminal "dynamic" mass computed from 
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where eE is the air density, c, the velocity and (duldt), 
the deceleration at the terminal point, em is the density 
of the meteoroid (Q, = 3.7 g cm-3 was used for type 
1 and 2.2 g cm -' for type II fireballs). In case of type II 
fireballs. the terminal mass is rather a fictitious value 
and a corresponding terminal mass should be expected 
rather in a big number of small pieces than in one 
single body. Al1 masses are given in kg units. 
c, is the velocity at the beginning height h, of the lumi- 
nous trajectory of the fireball. 
uE is the velocity at the terminal height hE of the lumi- 
nous trajectory of the fireball. 
(cos z,), is the cosine of the zenith distance of the ra- 
diant computed for the horizon of the terminal point 
of the fireball. 
hm is the height of the maximum light. 
Number of St. is the number of different stations, at 
which the fireball was photographed. 
a,, 6, are the right ascension and declination of the 
observed radiant. 
u, is the no-atmosphere (initial) velocity. 
1. is the angular distance of the Earth's apex from the 
geocentric (true) radiant. 
a,, Jc are the Nght ascension and declination of the 
geocentric radiant (observed radiant corrected for the 
zenith attraction and Earth's rotation). 
u, is the geocentric velocity. 
v is the heliocentric velocity. 
a ,  e, q, Q ,  o, R, i ,  .rr are the orbital elements using 
the normalized symbols (Q is the aphelion distance). 
l /a  is given for long period orbits, too. 
A11 angles are given in degrees in Tab. 1. 

Table 1 farther contains the shower membership 
according to Lindblad (1971), Jacchia and Whipple 
(1961) and McCrosky and Posen(1961), and the "type" 
of the fireball according to Ceplecha and McCrosky 
(1976). The "Note" contains geographical coordinates 
of the predicted impact (Pr. Im.), data on spectralpho- 
tographs (how many spectral plates and what dispers 
ions. GS . . . grating spectrum, PS . . . prism spectrum) 
and number of fragments photographed. 

The impact point was predicted by computing the 
dark flight trajectory after the terminal point, starting 
with the terminal values of velocity, deceleration and 
air density, and taking into account the wind field, but, 
of course, with the idealized assumption of spherical 
shape and no lift forces. 

3. Results and Prospects -- 
A11 fireballs in Tab. 1, except three, are brighter 

than -8 stellar magnitude. The list of fireballs as 
bright and brighter than the Full Moon (-12.7,) 

is complete in the sense that ail fireballs of such 
brightness we photographed were computed. The 
number of these bright objects is quite high. If we take 
the Ondiejov Observatory as a single station, then 10 
fireballs as bright or brighter than the Full Moon 
were photographed from the Ondiejov Observatory 
during the whole period. This means that one nighr- 
time jireball comparable in absolute briglitness 
with the Full Moon or brighter is observed once in 2 
or 3 years on an average at one station with climatic 
conditions similar to the Ondfejov Observatory. 

On the contrary, meteorites are much rarer. There 
were only 2 objects photographed at the OndTejov 
Observatory within the whole pxiod with a terminal 
mass in excess of 1 kg (one was recovered: the Piibram 
case). One meteorite full pltotographed during 
nigkttime with a mass of 1 kg or greater may thus be 
expected to be obseroed ut a single station each 10 or 
15 years on an average. The interval for the recovered 
meteorites must be even bigger. Thus an interval 
about five times longer is necessary to photopaph the 
fa11 of a 1 kg or heavier meteorite than to photograph 
a fireball of Full Moon brightness or more. 

The most important result from the photographic 
fireball networks is the recognition of different com- 
positional and structural groups. Ceplecha and 
McCrosky (1976) found four groups of different 
composition and structure among fireballs. Roman 
numerals, in some cases with a letter suffix, were used 
to denote these groups. As this notation is used in 
Tab. 1, here is a brief explanation of the groups: 
Group 1 is of the greatest bulk density and the strong- 
est structure and contains the Piibram (Ceplecha, 
1961) and Lost City meteorites (McCrosky et al., 
1971), the only two meteorite falls scientifically photo- 
graphed. Thus, the average bulk density of the fire- 
b a h  in group 1 was assumed at 3.7 g cm-' using data 
of these two meteorites as safe calibration values. 
Group 1 is evidently connected with ordinary chon- 
drites*) 

The meteoroids of group II have a somewhat lower 
density of 2-1 g ~ r n - ~  and they very likely belong 
to the carbonaceous chondrites. New spectral evidence 
for this was recently obtained for the KamQk Fireball 
(EN 020376). 

Fireballs of group III A have average bulk densities 
of 0.6 g and direct evidence of cometary origin 
through showers. Group III A contains orbits of 
a short period and eciiptical concentration and group 
III Ai contains long-period randomly-inclined orbits. 

*) Note addcd in proof: Reccnily a third meteorite faIl was 
photogaphed. Innisfree met-orite data completely agrec with 
the proposcd classificaiion. 



Table 2. 

Survey of meteoroid populations among photographic meteors. 

Relationship of meteor groups found in different photographic data. 

Properties of the meteoroid material 

Observational Super-Schmidt canieras 
material 

Small-camera meteors 

typical rnass- IO-' to I O  g 
range 

. -- - -- -. . - . - - . 

Characteristic orbit 

. - 

Characteristic orbit 

- 

log a 
i2/cm2 

- 
-11.5 

.. - - 

- 11.3 

% 

obs. 
7 

5 

37 

-- 

7 

16 

assumed 
composition Group . - 1 obs. 1 a 

"asteroidal" 1 < I 1 2.4 
meteors C) 

ordinary 
chondrites 

"asteroidal' 
meteors 

- -  - 

A 

- - .. 

B 

Cl 
- - 

c2 

- 

D 
(above C) 

. - -- - - - - - - - - 
carbonaceous 
chondrites 

- .- - 
dense cometary 
niaterial 

. ----- 

regular cometary 
niaterial 
. - - - - - - - - 

iegular cometary 
iiiaterial 

. - -- - 
soi1 cometary 
ninterial 
of Draconid type 

.99 randon -1- 
The data in the Table are based on photograpliic observations of ~ 2 6 0 0  sporadic meteors; the percentage nurnber does not contain major classical showers; the values of the 
maxima of statistical distribution of n. e and i are given. i f  not stated otherwise. 

Q is the bulk density of meteoroid, n is the ablation coemcient 
a) rough estimates from the nunibers of computed trajectories (42, 37, 6, 6.9% respectively) assuming twice big reduction preference of group 1 over the group Ill. 
b) rnedian from 12 cases. 
c) only two meteors recognized as asteroidal (No 7946 and 19 816); lheir average elements are given. 
d) the biggest bodies photographed within firehall networks so far have the mass of the order of 10' g. 
e) Draconic shower orbit. (2 Super-Schmidt members of the stream). 
f) al1 high-inclined near-parnbolic orbits. 
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The fireballs of group Ill B have densities of 
0-2 g cm-' and they contain fireballs of the Draconid 
meteor shower. This is a very distinct group and con- 
tains a relatively high number of fireballs. 

There is evidence from spectral records of fireball 
38421 that the group III material may have a relatively 
high content of carbon, too (Ceplecha, 1971). 

The classification of fireballs was recently compared 
with the classification of fainter meteors (Ceplecha, 
1976). The results of this comparison are given in 
Tab. 2 of this paper. The most important among al1 
masses of the meteoroids outside the Earth's atmo- 
sphere are the bodies of group II corresponding to the 
A group of fainter meteors and perhaps to material 
similar to carbonaceous chondrites. 

The existence of groups of bodies with widely 
differing structure and composition is the key to the 
fact that fireballs and meteorite falls are not simply 
related. If we could somehow organize al1 the in- 
coming meteoroids to be of the same mass, velocity 
and angle of incidence, but of different composition and 
structure as given in Tab. 2, the meteorite fall of an 
ordinary chondrite would br preceded by the faintest 
meteor plienomenon of al1 the 5 different compositional 
groups. If we observed the brightest possible fiebail, 
we could be sure it belonged to the soft Draconid 
type of material. This material is ablated high in the 
atmosphere. On the other hand, the faint fireball, 
belonging to the meteorite faIl of an ordinary chondrite, 
would have a very long trajectory penetrating very 
deep into the atmosphere, while the Draconic type 
would have only a short trajectory, ending very high 
up. Thus an obseroati& of a oery bright jireball 
does not necessarily mean a meteorite fall .  The de- 
pendence of the brightness on the mass under real 
conditions works partly against the paradox and makes 
the picture quite complicated. Thus decisions, if to 
search or not to search for meteorites after a bright 
fireball passage, should rather be made on the basis 
of criteria, which take into account the terminal 
height, the mass (or brightness) and the velocity 
with the angle of incidence (Ceplecha and McCrosky, 
1976). 

The fireball data from al1 existing Networks are 
still limited to less than 400 fireballs. Much more is 
needed to study different fireball populations. In my 
view, the fireball networks should run for several 
decades. 1 feel they are a typical example of astro- 
nomical programs with a time scale exceeding one 
generation. We should not view the fireball networks 
as being entirely designed for obtaining photographic 
data of meteorite falls. We should rather consider them 
to be a powerful means of obtaining trajectory and 

orbital data on fireballs. And, eventually, 
fail may be trapped as well. 
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Geometric, dynamic, photometric, and orbital data on al1 

29 f i r eba l l t  photographed within the Euopean C e t w ~ r k  i n  the 

year  1977 are  given. I n  two cases ,neteori te  inpacts  a re  pre- 

dicied and t h e i r  impact points and areas  given. Few renarks 

o l i  our  measuring and reduction procedures, especialy on the 

prsblern of standard deviations of conput ed ve loc i t ies ,  are 



1. Observational mat e r i a l  and remarks on neasurement s and 

cornputationa 

Thi's paper contains da ta  on atmospheric t r a j e c t o r i e s  and 

o r 3 i t s  of a l 1  29 f i r e b a l l s  photographed within the European 

Betmrk by at  l e a s t  two s t a t i o n s  i n  the year 1977. A br ie f  

description of the  s t a t i o n s  can be f o u d  i n  several  preceding 

papers (Ceplecha e t  al . ,  1973, 1976, Ceplecha, 1977a) a s  well 

a s  out l ines  of some of our measuring techniqiie and computational' 

procedures (Ceplecha e t  al., 1979). A conparison of European 

Network w i t h  the  o ther  photographic f i r r b a l l  networks can be 

found i n  a survey paper by Halliday (1973). The nos* s ign i f i -  

cant charge s iqce this  ~ a l l i d a ~ '  s report  l i e s  in- implementation 

of new and more precise  fish-eye cameras at f i v e  Czech s ta t ions .  

)L 

A i l  photographic p l a t e s  and f i l n a  were measured by Zeiss 

Ascorecord, the  rectangular  coordinates recorded on magnetic 

tape and processed by means of a For t rv l  program, FIIIBAL, 

using the  EC1040 conputer of the  OnGejov Observatory. The reg 

szlts a re  given i n  t a b l e s  of t h i s  paper. . 
I n  t h e  year 1977 f i v e  Czech s t a t i o n s  v:ere equipped w i t h  

f i xzd  fish-eye caneras (f/3.5, f=30 m) givlng a pos i t iona l  

zccuracy of about one minute of arc. The renaining 40 s t a t i o n s  

iP:ere equipped with f ixed  mirror cameras (f/ 16, f=5 mm) giving 

i -2ositional precis ion of about 0 . 1 ~ .  One addit ional  moving 

fish-eye camera a t  t h e  OndEejov Observatory were used t o  

05tain time of the  f i r e b a l l  passage f o r  the central  part of 

- k e  I?etmork, The whole system covered about one mil l ion square 

kilometers and the equivalent exposure time i n  the year 1977 

resul ted i n  1280 hours i n  166 nights. 



Variety of cameras, geometrical s i tua t ions ,  weather con- 

d i t ions  and absolute timing went in to  mide va r i e ty  of precis ion 

i n  our resu l t s .  D e n  i ~ s i d e  da ta  holding f o r  one f i r e b a l l  sone 

o f  them a re  precise  enough and some are  jus t  rough values. 

Assigning an ind ica to r  of data  qua l i ty  t o  each f i r e b s l l  would 

not solve the  problem of significarice of individual  vslues. 
* 

Thus each number i s  given with i t s  standard deviation i n  al1 

tables. The number of d i g i t s  printed i n  t a b l e s  corresponds 

usually t o  standard deviation i n  the l a s t  d i g i t  from 3 t o  9 

ônd t o  standard deviation i n  the two l a s t  d i g i t s  from 1.0 t o  

The standard deviat ions  of the  geometric da ta  were corn- 

puted by two d i f f e r e n t  ways: a )  I n  the case of only a  dauble- 

- s ta t ion  record avai lable ,  the  standard deviations of the  

pa rmete r s  defining the  in te r sec t ion  of the tmo planes (each 

given byk the  loca t ion  of. the  s t a t i o n  and t h e  f i r e b a l l  t r a -  

j ectory) were derived from standard deviations of one computed 

posi t ion a s  i t  resu l t ed  from posi t ional  stars. 

b) I n  the  case of th ree  and more s t a t i o n s  recording the  sane 

f i r e b a l l ,  a l 1  s t a t i s t i c a l l y  meighted in te r sec t ions  of these 

-1ztes were used f o r  the conputation of the  standard deviation 

of the average in te rsec t ion .  

l'le s t r i c t l y  separated the  neasurements of time marks 

(bresks of the  f i r e b a l l  image) f ron the  measurenents of the  

zpgarent f i r e b a l l . t r a ï . 1  (g rea t  c i r c l e ) .  llwo types of r o t a t i n g  

shut te rs  were used, both with r a t i o  o f  occulted t o  exposed - 
p a r t  as 1 : 1. The mirror cameras have the r o t a t i n g  s h u t t e r  

plzced before the object ive with 12.5 breaks per second. The 

ro ta t ing  shu t t e r  i s  ins ide  the fish-eye canera, very close 



t o  the focal  plane. The motion of the  shu t t e r  and of the  f i r e -  

bal1 image superpose 16 t h i e  case and a due correction i n  re- 

, l a t i v e  timing of individual  breaks was considered. The n w 5 e r  

of breaks per second was close t o  25 i n  t h i s  case. 

The breaks of the image were measured by three d i f f e r e n t  

ViaYs depending on the qua l i ty  and appearance of the  image. 

Vie pref erred maasurement s of break heads whenever the  qua l i ty  

of the image allowed f o r  it. A s  a second choice, we measured 

centers of dashes i n  case they were short  enough: sonetimes 

dashes were rather points. A s  a  t h i r d  choice, we measured 

the breaks, which proved t o  be t h e  l e a s t  accurate method f o r  

veloci ty  determination. 

The great  c i r c l e  of a fireball t r a j ec to ry  was measured 

breaks). The wire s e t t i n g s  were pointed t o  approximate cen te r s  

of 10 o r  more su i t ab le  dashes reguiar lg  spaced àlong the  whole 

f i r e b a l l  t r a i l .  Overexposed p a r t s  were omitted i n  these 

Iileasurements. Thus t he  plane containing the s t a t i o n  and t h e  

f i r a b a l l  t r a j ec to ry  was defined independently o f  the  measure- 

cea t s  o f  the t i z e  marks and moreover indspendently of those 

parts of the  t r z i l ,  which exhibited bad qual i ty  of the  image. 

i3.e geometric precision i s  s ign i f i can t ly  inrrezsed t h i s  vay. 

The averege in te r sec t ion  of al1 planes gave then the  f i r e b a l l  

t ra jectory.  The measurenente of time marks (heads, dashes, 

breaks) f o r  each s t a t i o n  were projected perpendicularly onto 

thie everage t r a j e c t o r y  and the actual  length,  1, d o n g  the  

avèrzge t r a j ec to ry  computed. Standard deviation of the  dis tance 

from the  s t a t i o n  i s  read i ly  avai lable  and can be conbined r i t h  

standard deviation re su l t ing  from applying equstion (1) t o  these 

average i. 



The solut ion f o r  ve loc i ty  was done by applying an in te r-  ' 

. polation f o m u i a  t o  the  distances,  1 , measured along the  

t r a j  ectory: 

. 
nhere @, , CbL , CL, , ab with t h e i r  stendard deviations 

resu i ted  f r o n  the least- squares solution, I n  sone cases of 

long *rajector ies ,  more so lu t ions  i n  separate p a r t s  of the  

t r a j e c t o r y  were perfomed o r  a l i n e a r  dependence of ve loc i ty  

on t i n e  w a s  assumed c lose  t o  the  terminal point, A new method 

f o r  computing v e l o c i t i e s  was published recently(Pecina uid 

Ceplecha, 1983), but not used i n  t h i s  paper ( t h e  computations 

o f  t he  f i r e b a l l s  from the  year 1977 were terminated before 

f in i sh ing  the  c i t ed  paper). 

The standard deviat ions  of pa rmete r s  i n  fornula  ( 1) were 

used i n  computing the  standard deviations of v e l o c i t i e s  and 

decelerations of - individual  point S. Sut these stzndârd àevi- 

a t ions  represent only t h e  spread d o n g  the  f i r e b z l l  t r a j e î t o r y  

of the  measured distz-rices 1. Up to  now, al1 published so lu t ions  

f o r  1 (and o e l o c i t i e s  and decelerations as  well) contained oaly 

t h i s  component of the  standard deviation, assuning implic iply . 

t ha t  the  distance,  r, from the  canera t o  the  corresponding 

? o i n t  i s  exact. S ince th is  i s  not the  case, a  component, Cp , - 
of the standard deviat ion of r, which i s  projected along the 

t r s j ec to ry ,  should be added t o  the standard deviation, 5 9 of 

the d i s tu ice  along t h e  t r a j e c t o r y  r e su l t ing  from the  l e a s t  - 
-squares solut ion of 1 from ( 1.). And t h i s  cmgonent, 6'' 9 i s  



not snall a8 it  may seem at the  first g l i n t :  i t  depends on 

the  geometry of the  t r a j e c t o r ~  against  the  s t a t iocs ,  where the 

photographs were taken from and amounts usus l ly  t o  values of the  

same order a s  & . With unsuitable geonetry, $ may become G 
many times g rea te r  than ' . 

G 

A s  an example of applying these considerations t o  observed 

ve loc i t ies ,  the  f i r e b a l l  EN 140977A ( t h e  Brno Fiz-eball) cari be 

used. The standard deviations previously published (Ceplecha e t  

al., 7979) and containing only the  5 term can be compared w i t h  

t he  standard deviations f o r  the same f i r e b a l l  given i n  th is  pa- 

per  with the  &, t e r n  incorporated. The i n i t i a i  ve loc i ty  

v, = 30.22 2 0.04 km/s converts i n t o  30.22 & 0.08 km/s with 

the fr t e m  included. 

I n  case of  shor te r  f i r e b a ï l s  and l e s s  accurate distances, 

1, available, '  we usedxirnpler r e l a t i o n  than (1). i.e.: 

vihere f is the a i r  density and a constant and 

üLiere the  imaediate values o f  W were taken from differences  

i n  1 of the  successive breakso I n  these cases,  the  decele- 

r a t i o n s  were usually quite poor  and even those we give i n  

Table 3 (standard deviation l e s s  then the  vzlue),  should be 

taken v ~ i t h  enough precaution* Standard deviat ions  of decele- 

r a t i o n s  r e su l t ing  f rom simple formula ( 2 )  a re  r s t h e r  forna- 

l i s t i c  values holding only . 

t r a j  ectory. 

close t o  the  avorsge point o f  the  



2. The f i r e b a l l  data, 

Preliminary data  were given f o r  4 s ign i f i can t  f i r e b a l l s  

ic 1977 i n  the  SEAB Bul le t in  (1937). For two of thern, the Brno 

and the  Freiss ing F i reba l l s ,  the  prel ininarg data  are close t o  

the f i n a l  values given i n  t ab les  of t h i s  paper. For the  o ther  

t w o  cases, the  Aïps  and the  Basserburg Fi reba l la ,  t h e  f i n a l  

data diff e r  widely from t h e  preliminary values. The graphical  

reduction we used f o r  obtaining the  preliminary data  i n  1977 

i s  responsible f o r  t h i s  i n  case of the  A l p s  Fi reba l l ,  which 

was me11 outs ide the  network: the  dis tances  from s t a t i o n s  were 

from 290 km t o  470 km. 

I n  czse of the  I'lasserburg F i reba l l ,  the  preliminary values 

deduced from records of the  first two s t a t i o n s  avai lable  a t  tha t  

time depended atrongly on the  pos i t ion  of t h e  t e m i n a ï  f l = e  

due t o  the fact t h a t  both the  planes containing one of the  

s t a t ions  and t h e  t r a j ec to ry  were a lnost  ident ica l .  T&S unusual 

xethod of computing the paralax deseads on how sharply the 

f l a r e  i s  defined and more over the  preliminary computatione 

contained a rough mistake. 

The f i r e b a l l s  a re  arranged i n  t a b l e s  of this paper according 

t o  t h e i r  succession i n  dates,  denoted Xiddnmyy, with dd being 

the  date,  mm t h e  month and yy ' the l a s t  two d i g i t s  of the  year. 

F i r e b a l l s  of the  same day a re  dist inguished by an addit ion of 

a c a p i t a l  l e t t e r  a f t e r  t h e  notation,  s t a r t i n g  with A, but t h e  

alphabetic order does not necessar i ly  folow the  time sequence 

O f them: the  l e t t e r s  were assigned due t o  succession, i n  ';hich 

they were measured and computed. 



Table 1 contains bas ic  data  f o r  each f i r e b a l l  s t a r t i n g  

with the notat ion ( F i r e b a l l  No.) and nane i n  case we i w e n t e d  

any (we usual ly  use geographical names close t o  the  terminal  

o r  impact point) .  The date  and time follow, 

The time of the  f i r e b a l l  passage or ig ina tes  from two 

diff  erent  sources; 

a) The moving fish-eye camera of the OnGejov Gbssrvatory 

contained the  image of t h e  f i r eba l l .  ,The conbioation of moving 

canera image e i t h e r  d i r e c t l y  r i t h  the f i r e d  camera image of the  

0ndi.ejov Observatory o r  with the apparent t r a i l  of o ther  fixed 

caneras recomputed t o  the  0ndFe j o v - ~ b s e r v a t o r ~  posi t ion through 

the average t r a j ec to ry ,  gave the time w i t h  typ ica l  standard 

deviations of several  seconds up t o  several  tens  of seconds. 

b)  The rnoving fish-eye camera image was missing, but some * 
visuzl  observations by casual witnesses eAsted.  Typical standznd 

deviations a re  several  minutes up t o  several  tens  of minutes. 

I n  f e w  cases both these p o s s i b i l i t i e s  were missing and t h e  middle 

of the in te rva l ,  during which al1 s t a t ions  with the f i r e b a l l  

imzge took the exposure, was us.ed, Typical standard deviat ion 

i n  these cases ~ s ~ a l l y  exceed one hour except some cases, when 
' DO dr-erent s t a t i o n s  have defferent  i n t e r v a l s  of overcast sky, 

  hi ch i s  well  recorded on the  star t r a i l s  of the fixed-canera 

records. 

The individual  e n t r i e s  of Table 1 have the  following 

aeaning (most of the  values are accompanied with t h e i r  s tanderd 

deviations) : 

E- i s  the maximum absolute (100 km dis tance)  magnitude of the 
L-- î X 

l i r e b a l l  expressed i n  "panchromaticn magcitutes (magnitudes, 



sihich resulted by comparing A0 stars w i t h  the f i r e b a l l  trail 

on our panchromatic emiilsione). We corrected s t a r s  of otker . 
spectral  types by 

where- V, B, R are  the  s t e l l a r  magnitudes i n  the internat ional  

system of  5 - color photometry UBVlU and w e  mostly used data  of 

the Arizona - Tonant z i n t l a  Catalogue ( 1965 ) 

i s  a l1  the  energy radiated i n  the panchromatic paso band 

(aproximately from 3600 t o  6600 9) and i s  given in 3 (Joules). 

Comon logarithm of it i e  given i n  Table 1. The conversion from 

the usual uni ts  o f  seconds and I = 1 f o r  zero nagnitute of  A0 

star t o  Joules mas done multiplying by 840. Additional multi- 

plging by 107 w i l l  give the usuêl c. g. sa units. 

rn- is  the initial photometric mass including the  terminal 

m s s s ,  mg , dynanically determined. m, was csmputed from (4 )  

1-7: A t = tg , t, seing the t h e  of the f i r e b a l l  beginning (for 

acre ex?luiatory de t a i l s  see explanation of mDh i n  Table 3). - 
The photometric ~ a s s v s  are i n  the s m e  system a s  i t  was used 

by 2cCrosky f o r  the FN f i reba l l s .  

n, i s  the t e m i n a l  mzss derived f rom dynaaic data end a i r  den- 
5 

vi ty  z t  the terminal point f rom equation ( 5 )  and with meteoroid 

d e m i t i e s  p, corresponding t o  the f i r e b a l l  type. The values of ' 

B used are given i n  explanations t o  Table 3 belom equation 

(5 ) .  I n  case of type II f i r eba l l s ,  the terminal mass is ra ther  

a f i c t i t i o u s  value and a corraeponding tezminal irass should be 

expected ra ther  i n  a big number of snaI.1 pieces than i n  one 

single body, 



v is  the  velocity a t  the beginning height hg of the luminous B 
t x j e c t o r y  o f  the f i rebal l .  

v- is  the velocity a t  the terminal height hB of  the luminous 
P1 

t r s j ec to ry  of the f i r e b a l l  

vr;ax i s  the velocity a t  the  point of maximum light of the f i r e b a l l  
t 

Zn i s  the  zenith distence of the radiant computed f o r  the horizon 

of the terminai point of the f i r e b a l l .  

Kumber of  St .  i s  the number of different  s ta t ions ,  a t  which the 

f i r eba l l  was photographede l a j o r i t y  of the f i r e b a l l s  were photo- 

graphed from more than 2 s ta t ions ,  a s i tua t ion  which i s  widely 

different  from the Pra i r i e  Network data. , . 

dR , FR are the r ight  ascension and declination of the observed 

radiant. 

is the preatmoapheric ( i n i t i a l )  velocity 

OC6 , 6\6 are  the right ascension and declination of the geocentric 

radiant (observed radiant corrected f o r  the zenith attract5on 

m d  ~ a r t h '  s rotation).  -. 

V G  is the geocentric veloci ty 

y4 i s  the angular distance of the ~ a r t h - s  apex from the geo- 

c 9 n t r i s  ( t rue)  radiant 

LH , % are the ec l ip t i c  longitude and l a t i t ude  of the helio- 

c ent-ric radiant. 

V~ 
i s  th? heliocentric velocity. 

3\,, i s  the angular distance of  the ~ a r t h ' s  apex from the helio- 

centr ic  radiant. 

a 4  % 9 , Q , O , R , are  the o rb i t a l  elementa ueing the . 
k 

nornalized symbols ( Q i s  the aphelion distance). The r e c i ~ r o c a l  

sednimajor airis 1/a i a  given f o r  al1 f i r e b a l l s  with i t s  standard 



deviation, but the  semimajor axis,  a , i t s e l f  i s  nd given f o r  

.very long o rb i t s ,  where a/ i s  not a su i t ab le  parameter f o r  

describing it. Sometimes both u and l / a  hzve l a rge  standard 

deviations contradicting i n  fact the  de f in i t ion  of the  standard 

Geviation t o  be a re la t ive17 mal1 value, There is not much 

information l e f t  in such cases. The anguiar o r b i t a l  elements a s  

well a s  al1 the r igh t  ascentions, decl inat ions ,  e c l i p t i c a l  

longitude and l a t i t u d e  a re  given i n  1950.0 coordinate syetem~ 

The most p rec i seaenen t  known, the  ascending node, i s  usual ly  

given without i t s  standard deviation, which has the meaning al1 

given d i g i t s  a re  precise. If  not ,  standard deviation i s  given. 

Table 1 f a r t h e r  contains the  shower membership based on several  

2hotographic catalogues (Lindblad, 1971 ; Jacchia and mhipple, 

7961; McCrosky and Posen, 1961; Cook, 1573; Southworth and 

"awkins, 7963). Except two Perseids, one Southern Piscid,  two 

arcsual Andromedids and one 4 Cetid, al1 shower iden t i f i ca t ions  

are r a t h e r  spurious, quite typ ica l  s i tua t ion  f o r  f i r e b a l l s  in 

r m t r a s t  t o  small-camera and SuperSchmidt neteors. 

Type i s  the  f i r e b a l l  type according t o  c l a s s i f i c a t i o n  proposed 

S y  Ceplecha and PltcCrosky (1976) and by Ceplecha ( 1977b)o 

::ote contains miscellaneous notes  on e,-treze gemetry ,  on l i g h t  

curves uid,also on spec t ra l  records, i n  case they e d s t .  ,.f'rl'- :fi:& 
. - F e  2 ro n, p. 4% ~r<,'Ii'-& ' ~ ~ ~ u n ( c e G L ~ ~  Y*) 

Table 2 contains data on the  recorded b e g i x i n g  and terminal 

;oint of the  l u i n o u s  t r a j e c t o r y  and on the  point of mawimum 

l i g h t  of the f i s e b a i l ,  For each point ,  h i s  the  height above 

:le zero l e v e l  of geoid, 3< i s  the geographic l o ~ g i t u d e  and Y 
the geographic l a t i t u d e  of the v e r t i c a l  projection of the  point  



ont0 the surface of geoid. The standard deviations given f o r  the 

beginning and terminal point r e f l e c t  the geometrical precision 

i n  computing height,  longitude and l a t i t u d e  from the  qverage 

intersection of al1 planes defined each by the  corresponding 

s t a t i o n  and the  f i r e b a l l  t r a j  ect  ory. Thus the beginning and 

terminal point def ine the conputed average in te r sec t ion  and i ts  

standard deviations. The actual  def i n i t i o n  of t h e  beginning o r  

terminal point along the  t r a j ec to ry  i s  not important i n  this 

respect  and thus the highest  o r  lowest observed point from al1 

s t a t i o n s  was taken a s  an exact value. The s t e l l a r  magnitudes 

f o r  the  beginning abd terminal point c m  be found i n  t a b l e  3 

among the  da ta  given f o r  the  first and l a s t  point of each f i r e -  

b a l l e  

Table 3 contains geonetric,  dynamic and photometric data  

a t  se lected points  on t r a j e c t o r i e s  of individual  f i r eba l l s .  Our 

system o f  timing by rotat ing- shut ter  breaks i s  r e l a t i v e  and 

holding f o r  one s ta t ion .  We have usually chosen time equal zero 

a t  the  first measurable break (head, desh). Thus t h e  beginning 

points i n  Table 3 belong usually t o  negative times. The indi-  

vidual e n t r i e s  of t a b l e  3 follow: 

t i s  the  r e l a t i v e  time i n  seconds, 

h i s  the  height above zero l eve l  of geoid 

v and &, a r e  t h e  ve loc i ty  a d  i t s  standard deviation. 

d.t./dt and G+,A,, a r e  the deceleration and its s tardard 

deviation 

M and CM a re  the  absolute (100 km dis tance)  panchronstic 

magnitude and i t s  standard deviation ( f o r  more d e t a i l s  see 

explanations t o  am of t a b l e  1 ) 



m is the  photometric mass computed by in teg ra t ing  M and 
ph 

including the  temiinal m a s ,  mg, dynanically detennined. mph 

was conputed from 

where 1 = 

according 

values of 

cont ained 

syst  em of 

1 0 ~ ' ~ ~  and Ci. , t he  luminous e f f ic iency  i s  g i v a n -  

t o  ~ c ~ r o s k y *  s i n t  ergretat ion of t h e  experimentaï 

Ayers e t  al ( 1970) [ the numerical values of are 

i n  a paper by Cepleoha (1975)J . T h i s  is t he  same 

photonetric masses a s  it w a s  used by McCrosky f o r  

the  PH f i r e b a i l s .  

Among o ther  points,  t a b l é  3 contains t h e  beginning of t h e  

luminous t r a j e c t o r y  as the  first and t h e  termination of l i g h t  

as  the las t  point. The point  of maximum light is aïways among 

the  selected pointso 

F i reba l l  Em220177 was too f a r  from both s t a t i o n s  and no 

t i c e  ~ a r k s  (breaks) were available. The geometric posi t ion of 

i t s  t r a j e c t o r y  is  s u f f i c i a n t l y  precise, but the  ve loc i ty  and 

orbital data a r e  unknom. The standard deviation given f o r  t h e  

nsxinum l i g h t  includes the  e f fec t  of unknomn velocity. Absolute 

nagnitude a t  the  beginning 'of  tus f i r e b a l l  was -5 ,+ 2 and at  

the end -6 2 2. 

Dynvnic mzssea are not given i n  Table 3,  but they are  easy 

t o .  cornpute from the  given , &/& , and & (converted %O P' 
according t o  



where the meteoroid d e n s i t i e s  shou3.d be taken according 

t o  the f i r e b a l l  type gioen i n  table 1: Type I p*= 3.T M j / m 3  , 
Type II ?&= 2.2 M#*c-' , Type IIIA y-= 0 4  Ml/-' and 

Type III B y,= 0.2 M ~ / M J  The standard deviation (not 

including the mknown standard deviation of shape, of meteoroid 

density and of drag coef f ic ien t  f o r  individual  f i r e b a l l s )  a r e  

given by 

Values i n  Table 2 and 3 enclosed in parantheses originated from 

extrapolation beyond the  i n t e r v a l  of t&e least- squares solut iono 

Table 4 contains geographical posi t ions  of impact pofnt8 

and impact areas of the  only two f i r e b a l l s  with t e m i n a l  masses 

g rea te r  than 100 g r a m  me photographed i n  the year 19770 

The i spac t  area of the  Fre is ing  P i reba l l  was too b i g  and the 

te-lniinai nass too low f o r  any systematic sezrch of meteoritesa 

Ve only announced the p o s s i b i l i t y  of na teo r i t e  f a l l  uslllg public 

media. 

The prel ininary g ~ a p h i c a l  da ta  on the  Alps  Fireba l l ,  which 

w e s  photographed a t  qui te  a l a r g e  distznces from our s t a t i o n s  

( f r o m  290 t o  410 km), did not revesl  the inportance of t h i s  

f i r e b a l l .  The preliminary dis tances  were underestinated by 40 

t o  50 km due t o  m a l 1  angle of 22' of the  in te rsec t ing  planes. 

The terminai m s s s  was estimated a s  l e s s  t b n  100 gr- due t o  

overestimated t e d n a l  height,  Thus no search a c t i v i t i e s  were 

s tz r ted .  Precise neasurements of the  records used i n  f i z î l  

cs=putations went i n t o  much b e t t e r  da ta  thm the p r e l i r  inary 



graphical reductione and estimates did. Surprisingly the terminai 

height proved t o  be much lower a t  hg = 25.7 2 1 .O km observed 

with -9.7 s t e l a r  magnitude and with mass of 60 kg. Values extra- 

polated to  -2 s t e l l a r  magnitude on several theoret ical  

assmptions gave the terminal height of 19 km and terminal aass  

of 30 kg. This poss ib i l i ty  of a meteorite fa11 waa recognized 

as l a t e  as  i n  the  year 1981 i n  co=se of the due reduction of 

al1 1977 f i reba l l s .  The announcement was sent t o  SEm Bullet5n 

(1981) and t o  Centre de Recherches su r  l a  Synthése e t  Chimie 

des Pineraux i n  Orléans, France. The impact area of the U p 9  

Firebal l  i s  i n  a v ic in i ty  of Parigaier  i n  France about 30 km 

t o  $SE from Geneva. mentual s aa l l e r  pieces couid be found i n  

surrouding of' St. Jeoire i n  France. 



We are very much indebted t o  al1 observers a t  the  European 

Network Sta t ions  f o r  t h e i r  devoted serv ice  leding t o  da ta  on 

f i r e b à t l s  published i n  t h i s  paper. Our special. thanks a r e  due 

t o  &. G. Hauth, who performed al1 t he  technical  work f o r  t h e  

Gerinan p a r t  of the Betwork and t o  Nr,, M. Hovdk, who helped i n  

keeping the  Czech s t a t i o n s  i n  regular  run. 
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Bild 8: 2.m-Prtmar-Cassegrafn-Coude Suegel.-,< 
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Astronomischen Instituts der Tschechoslo- 
wakischen Akademie der Wissenschaften auf 
eine optimale Losung, die die Effektivitat 
dieses ausgezeichneten Gerates wesentlich 
erhoht, zielte. Die Konstrukteure des VEB 
Carl Zetss JENA und von VlLATl Budapest 
stellten sich den Forderungen an eine mo- 
derne Ausrustung des 2-m-Teleskops, denn 
auf diesem Gerat baut der langfristige Plan 
der wissenschoftlichen Arbeit des Astrono- 
mischen Instituts der Tschechoslowakischen 
Akademie der Wissenschaften in betracht- 
lichem MaBe auf. Dieser Plan umfai3t auch die 
Untersuchung von Sternen, Sternsystemen 
und interstellarer Materie. 

l m  Jahre 1978 wurde ein Vertrag über die 
Modernisierung des 2-m-Teleskops abge- 
schlossen, die in der Zeit vom November 1982 
bis Marz 1984 erfolgen wird. Folgende Ande- 
rungen werden verwirklicht: 

Die Drehmelder im Ablesesystem werden 
durch zwei inkrementelle Geber mit hoher 
Auflosung, angetrieben durch Reibungs- 
getriebe, ersetzt. Aus dem Übersetzungsver- 
haltnis ergibt sich die GroBe eines lnkrements 
von 0.1 ", so da& eine Genauigkeit der diffe- 
rentiellen Einstellung in einem Feld von 
4 x 4' etwa * 1" und eine angemessene Ge- 

Ein Teil der Modernisierung umfaBt den 
Austausch des Spaltkopfes des Coudb- 
Spektrographen gegen einen neuen Typ. 
der am 2-m-Teleskop in  Bulgarien er- 
folgreich erprobt wurde, sowie den Einbau 
eines Kreuzschlittens am Cassegrain-Fokus, 
der aui3eraxiale Nachführung bei der direk- 
ten Fotografie und beim Scanning der 
flachenhaften Objekte unter eventueller An- 
wendung eines Fotometers erm6glicht. 

Der bedeutendste Beitrag zur Modernisie- 
rung ist die Anwendung der Mikroprozessor- 
technik zur Steuerung des Teleskops. Es ist 
nicht notwendig, alle Vorteile eines progres- 
siven elektronischen Systems aufzuzahlen. 
Unter anderem wird eine neue Art der Spek- 
trenverbreiterung und der Derotation im 
Coudé-Spektrographen realisiert, und zwar 
ohne Lichtverluste, da die jetzt verwendeten 
optischen Glieder entfallen. Dank der groBen 
Reserve in  der Speicherkapazitat und der 
Moglichkeit ihrer Erweiterung werden die 
Vorverarbeitung und einfache Reduktion der 
Beobachtungsdaten moglich sein, insbeson- 
dere wenn ais Lichtempfanger elektroopti- 
sche Elemente benutzt werden. 

lm Rahmen der Modernisierung sol1 auch 
die Fernsehtechnik schrittweise zur Anwen- 
dung kommen. lm Fortgang dieser Entwick- 
lung werden wir uns auf die Verarbeitung der 
Bildinformation bei gleichzeitiger Nutzung 
der durch den Mikroprozessor gegebenen 
Moglichkeiten konzentrieren. 

An der Modernisierung des 2-m-Teleskops 
arbeiten bei allen beteiligten Partnern neue 
Spezialistenkollektive. deren Anzahl aus 
Gründen der Vertiefung der Spezialisierung 
wesentlich vergrofSert wurde. Um so wich- 
tiger ist andererseits die Koordinierung dieser 
Kollektive zur Erreichung des abgesteckten 
Ziels. Das enge Zusammenwirken aller be- 
teiligten Partner wird garantieren, da& das 
modernisierte 2-m-Teleskop im Observato- 
rium Ondïejov ein weiteres positives Beispiel 
der sozialistischen lntegration sein wird. 

Der Vertrag über die wissenschafîlich- 
technische Zusammenarbeit, abgeschlossen 
zwischen dem Astronomischen Institut der 
Tschechoslowakischen Akademie der Wis- 
senschaften und dem VEB Carl Zeiss JENA, 
bietet die Voraussetzungen dafür, daB sich 
die schopferischen Leistungen des groBen 
Kollektivs der Fachleute dieses Werkes mit 
ihren wissenschaftlichen Kenntnissen, Erfah- 
rungen und dem fachlichen Niveau der 
Mitarbeiter des Astronomischen Instituts zum 
gemeinsamen Nutzen vereinigen. 

L i teraturs tat is t i l i  

Aus der Arbeit des Obse~atoriums Ondie- 
jov sind erschienen : 

65 Arbeiten in  4 tschechoslowakischen und 
22 auslandischen Publikationen. 
18  Arbeiten im Bull. Astron. Inst. Csl. 
4 Arbeiten im Astron. Astrophys. 
1 Arbeit in Astrophys. Letters. 

nauigkeit bei der Vorwahl des Teleskops in  der 9 Arbeiten im Inf. Bull. Var. Stars. 
Diese sa umfassende Modernisierung des 

GroBenordnung von * 10" zu erwarten sind. 
groi3ten optischen Gerates in  der CSSR ist 

6 Arbeiten im IAU Circ. * . 8 Arbeiten in  Symposia und ColIoquia IAU. 
Der Einbau des Mei3svstems neben der keine geringe Aufgabe. Die oben angeführ- - - - 

unerlai3lichen Kontrolle des Hauptlagers und ten ~nderungen  erfordern bauliche MaB- An den Arbeiten beteiligten sich 38 Wis- 
der kornplette Kabelaustausch erfordern die nahmen im BeobachtungsgeschoB der Kup- senschaftler, darunter 22 aus der CSSR und 
volle Demontage des Teleskops und die Re- pel sowie eine wesentlich hohere Qualifika- 1 6  aus dem Ausland : Kanada : 3, BRD : 3. 
konstruktion einiger seiner Teile im Her- tion der Mitarbeiter, die in  Zukunft mit diesem Holland : 2, Bulgarien 1, Jugoslawien : 2, 
stellecbetrieb. modernen Teleskop arbeiten werden. UdSSR : 1, Italien : 2, Polen : 2. 

Das ZweikoordinatenmeBgerat 
ASCORECORD 3 DP im Dienste 
des turopaischen 
FEUERKUGEL- Programms 
Zdenek Ceplecha 

Institut tür Astronomie der Tschechoslowakischen Akademie der Wissenschaften. Observatorium~Ondiejov 

Ein systernatisches Programm für die Foto- 
grafie von Feuerkugeln über der zentral- 
europaischen Region wurde 1963 durch das 
Astronomische Institut der Tschechoslowa- 
kischen Akademie der Wissenschaften be- 
gonnen. Jede der heute bestehenden 46 Sta- 
tionen ist mit einer all-sky-Kamera ausge- 
rüstet. Es werden zwei Typen dieser Kamera 
verwendet. Die eine Kamera besteht aus einem 
360-mm-Konvexspiegel und einer Kleinbild- 
kamera, mit dersenkrecht nach unten belichtet 
wird. Das Gesamtsystem hat eine sehr kurze 

Brennweite. sie ergibt annahernd einen MaB- 
stab von 1 mm pro 10'. Der andere Kameratyp 
verwendet ein Fischaugenobjektiv, das einen 
AbbildungsmaBstab von etwa 1 mm pro 2' 
im Zentrum gewahrleistet. Für diese Kameras 
werden ORWO-NP-27-Fotoplatten verwen- 
det. Beide Kameras sind mit rotierenden Ver- 
schluBblenden ausgerüstet, die 12.5 Zeit- 
markenls (Unterbrechungen der Leuchtspur 
des Meteors) ergeben. 

Die mit den Kameras Qewonnenen Auf- 
nahmen von Feuerkugeki wurden am Obser- 

vatorium Ondiejov mit einem ASCORECORD 
aus dem VEB Carl Zeiss JENA [Il gemessen 
und die geometrischen, dynamischen und 
photometrischen Daten mit einem Rechner 
EC 1040 ausgewertet. Das Rechnerprogramm 
FIRBAL enthalt 4500 Fortran-Befehle, ein 
Beweis, wie kompliziert das Problem der Be- 
rechnung von Bahn, Geschwindigkeit und 
Umlaufbahn von Feuerkugeln aus Aufnah- 
men mehrerer Stationen ist. AIS Berech- 
nungsbasis dienen die gemessenen recht- 
winkligen Koordinaten einer Reihe von . 



Bild 1 : Feuerkugel von MBlnik. aufgenommen am 
22. Juni 1979, ~ 2 ~ 0 0 m 4 7 5  im Observatorium Ondiejov 
mit einem Fischaugenobjektiv. Der Durchmesser des 
Gesamthimmels betragt auf dam Originalnegativ 80 mm. 
DieZeitmarken folgen im IntervaIl von 0.08 S. die Flug- 
richtung verlauft von Süd nach Nord. Die Gesamtlange 
betragt 105'entsprechend einer Entfernung von 140 km. 
im Raum zurückgelegt in 6.4 S. Die maximale Hellig- 

MeBpunkten auf jeder Aufnahme: Für die 
Berechnungen einer hellen Feuerkugel, die 
von mehreren Stationen aufgenommen wur- 
de, sind in der Regel 2000 Messungen mit 
dem ASCORECORD notwendig. Hier soi1 
detailliert beschrieben werden. welche 
Punkte und Objekte gemessen und wie diese 
Datenmenge auf einfache Weise mit Hilfe 
eines Coniputerprogramms ausgewertet wur- 
den. 

Das Koordinatensystem der mit beiden 
Kameratypen gewonnenen Negative wird 
mit Hilfe von Umgebungssternen definiert. 
Die feststehende Kamera gewahrleistet eine 
strichformige Aufnahme der Sternspur. Die 
Zeiten des Beginns und des Endes der Be- 
lichtung Sind bekannt. Damit ist die an- 
nahernde Zenit- und Südorientierung einfach 
zu realisieren, indem das auf einem Kreuz- 
tisch befindliche Negativ gedreht wird. Der 
Kreuztisch gehort zur Standardausrüstung 
des ASCORECORD. 

Beginn oder Ende der Sternspuren werde.n 
dann mindestens viermai gemessen. Dabei 
wird bei der Halfte der. Einstellungen das 

keit entspricht der des Vollmondes. Mit 15 Sternen. 
die mit dem ASCORECORD entlang der Feuerkugel- 
spur (beginnend bei den Sternspuren bei 2 1 ~ 0 2 ~ 0 4 s  
UT) gemessen wurden. betrug die Standardabweichung 
für einen Stern f 0.020'. Die Standardrbweichung des 
Radianten von I0.06' und die Anfangsgeschwindig- 
keit von 24.10f 0.03 kmls wurden aus einer Reihe 
von in 5 Stationen gemachten Aufnahmen berechnet. 

direkte, bei der anderen Halfte das um 180" 
gedrehte Bild verwendet. Die Zahl der ver- 
wendeten Sterne liegt meist zwischen 10  
und 20, da die Hochstzahl aller freien Para- 
meter in  den zweidimensionaien Reduktions- 
formeln pro Stern 7 ist. Alle Daten werden 
automatisch auf Lochstreifen gestanzt, wenn 
eine Einstellung des Fadenkreuzes erfolgt ist. 
Der gesamte MeBprozeB wird mit einem 
Kleinrechner KSR 41 00, dessen Software die 
Wahl unterschiedlicher Arbeitsablaufe ge- 
stanet. realisirrt. Anmerkungen zu jeder 
Messung konnen mit einer Fernschreiber- 
tastatur auf Lochstreifen übertragen werden. 
Es wurde eine sehr einfache Bezeichnung der 
MeBobjekte gewahlt. die Numerierung von 
1, 2. bis x, wobei mit jedem neuen Objekttyp 
wieder bei 1 begonnen wird. Die Orientie- 
rung. welche Daten im Moment gelesen 
werden, ist in das Computerprogramm FIR- 
BAL einbezogen. Dieses Arbeitsregime bietet 
ciem Operateur des ASCORECORD mehr 
Zeit, sich auf die Hauptau:gabe - die Faden- 
kreuzeinstellung - zu konzentrieren. 

Die ~ e ~ ~ e n a u i ~ k e i i  des ASCORECORD 

B i l d 2 :  Feuerball von' MBlnik. aufgenommen am 
22 Juni 1979 im Observatorium Ondiejov mit einem 
bewegten Fischaugenobjektiv ohne Zeitmarken. Die 
Kombination dieser Abbildung mit Bild 1 zeigt die 
Durchgangszeit der Feuerkugel mit einer Genauigkeit 
von i8 S. Mit 15 mit dem ASCORECORD entlang der 
Bahn gemessenen Sternen betrug die Standardabwei- 
chung pro Stern 0.01 6'. 

von 0.0001 mm in den x-  und y-Koordinaten 
über einen Bereich von 300 mm x 300 mm 
ist groBer, als für den tatsachiich gemessenen 
Bildtyp erforderlich ist: Die interne Genûuig- 
keit für einen MeBpunkt liegt bei den ver- 
wendeten Kameras und Emulsionen um 
0,0005 mm. Die Genauigkeit der Überein- 
stimmung der gemessenen Sternpositionen 
mit den Katalogwerten betragt etwa 1 ~ o g e n -  
minute für den gesamten, mit dam 3,5/30- 
Fischaugenobjektiv sowie 0.1' für den mit 

,der 1616-Spiegelreflexkamera fotografierten 
Himmel. Sie hangt von der richtigen Wahl 
der Sterne ab, wobei scharfe, schwachere 
Sternbilder in dieser Hinsicht zu bevorzugen 
sind. 

In  unserem Fa11 ist das Objekt mit unbe- 
kannter Rektaszenzion und Deklination ein 
Feuerkugelschweif. der einen Teil eines 
GroBkreises bildet. Die Leuchtspur (&id 1) 
ist durch die periodischen Unterbrechungen 
der rotierenden VerschluBblende aufgegiie- 
dert. Angewendet wurden zwei Typen von 
ASCORECORD-Messungen der x- und y- 
Koordinaten für die Feuerkugelabbildung im 



Flleichen System wie die Sterne. in dem die 
Beziehungen .I = ~ ( x ,  y), 1 )  = O ( x .  Y) gelten. 

Zuerst werden 10  bis 20 Punkte der be- 
lichteten Spuren des Feuerkugelschweifes 
ausgewahlt, wobei alle zu breiten Spuren 
vermieden werden. um eine gute Faden- 
kreuz-Okulareinstellung zu garantieren. Bei 
einer sehr hellen Feuerkugel mu& man sich 
oft auf den Anfang oder das Schweifende 
beschranken. Die Bedingung, da8 alle MeB- 
punkte auf dern gleichen GroBkreis (in der 
gleichen Ebene) liegen, sowie die Verwen- 
dung der qualitativ besseren Bilder von den 
auBeren Zonen des Schweifes führen zu ge- 
naueren Ergebnissen als das Messen aller 
Punkte einschlieBlich der breiten Bilder 
in der Nahe des Leuchtmaximums der Feu- 
erkugel, wo unterschiedliche Abbildungs- 
effekte die Genauigkeit der einzelnen Ein- 
stellungen verschlechtern. Diese Messungen 
von geeigneten Abschnitten des Feuerkugel- 
schweifes legen dann die Ebene der Feuer- 
kugelbahn fest, die sich aus einem Kamera- 
standort ergibt. Die aus rnehreren Stand- 
orten berechneten Ebenen sollten sich im 
ldealfall auf einer Linie schneiden, der Feuer- 
kugelbahn im Raum. In  der Praxis werden aus 
den Schnittpunkten aller verfügbaren Ebenen 
eine gemittelte Feuerkugelbahn berechnet 
und die Standardabweichung aus den Ab- 
weichungen der Ebenen von diesem Mittel- 
wert bestimmt. 

Der zweite Schritt der Messungen mit dern 
ASCORECORD befaBt sich mit den von der 
rotierenden VerschluBblende erzeugten Un- 
terbrechungen. Es gibt mehrere Moglichkei- 
ten, wie man in  Abhangigkeit von der Bahn- 
geschwindigkeit einstellt. 1st der Abstand 
der Unterbrechungen groB genug, um die 
einzelnen Abschnitte zu erkennen, wird die 
Einstellung für deren Anfange vorgenom- 
men. Auf Grund des Nachleuchtphanomens 
wird niemals der hintere Teil des Schweif- 
abschnittes verwendet. Sind die Abschnitte 
so schmal. da& sie eher Punkten gleichen, 
müssen diese direkt gemessen werden. Oft 
Sind sie zu lang, um eine geeignete mittlere 
Einstellung zu erhalten. aber zu schmal für 
eine gute Einstellung des Abschnittanfangs, 
so da8 man sich auf die Unterbrechungen der 
Leuchtspur beziehen muB. In jedem Fall wer- 
den alle sichtbaren Zeitrnarken des Feuer- 
kugelschweifes gemessen. Bei der Berech- 
nung projizieren wir alle Messungen senk- 
recht auf den GroBkreis des Feuerkugel- 
schweifs. der vom ersten Satz der MeBwerte 
bestimmt wird. Durch senkrechte Projektion 
der gemessenen Zeitmarken auf die mittlere 
Feuerkugelbahn verbleiben nur die Abwei- 
chungen von der Flugrichtung der Feuer- 
kugel in  den Messungen der oinzelnen Zeit- 
marken (Unterbrechungen, Abschnitte, Spit- 
zen). Die momentane Geschwindigkeit und 
ihre Veranderung Sind die Ergebnisse dieser 
Messungen. Die Anfangsgeschwindigkeit 
(auBerhalb der Atmosphare) ergibt zusam- 
men mit dern Vektor der Feuerkugelbahn 
(Radiant) die Umlaufbahn um die Sonne. 

Die Aufnahmen enthalten eine Vielzahl 
von Sternspuren, und es ist schwlerig, die 

Helligkeit der Feuerkugel mit el-err klas- 
sischen ~ikrodensitorneter zu Sesiimrnen. 
Die mit dem Fischaugenobjektiv gewonne- 
nen Aufnahmen konnen zur photometrischen 
Messung der Breiten der Sternspur und des 
Feuerkugelschweifes mit dern ASCORE- 
CORD verwendet werden. Dabei handelt es 
sich um relative Messungen, deren Genauig- 
keit weitgehend von guten Einstellungen 
abhangt. Diese lassen sich bei den mit dam 
Fischaugenobjektiv erhaltenen Bildern au- 
Berordentlich gut realisieren [2]. Die Breiten 
der Sternabbildungen ergeben zusammen mit 
denen aller Spuren der Feuerkugel nach den 
entsprechenden Korrekturen die charakteri- 
stische Dichtekurve, und die absoluten 
Helligkeitswerte, bezogen auf 100 km Ent- 
fernung entlang der Feuerkugelbahn, k6nnen 
berechnet werden. Die kleinsten meBbaren 
Breiten betragen 0.01 mm, die grokten 
0.5 mm. Dieser Bereich umfaBt etwa fünf- 
zehn SterngroBenklassen mit typischen Stan- 
dardabweichungen von i0 .2 GroBenordnun- 
gen am dunkleren und i 0 . 6  GroBenklassen 
am helleren Ende, vorausgesetzt. daB genü- 
gend Vergleichssterne über den gesamten 
Helligkeitsbereich zur Verfügung stehen. 

Die Ergebnisse aller mit dern ASCORE- 
CORD durchgeführten Messungen werden 
vorwiegend auf Lochstreifen gespeichert, der 
dann auf Magnetband übertragen wird, um 
mit dern Rechner auswerîen zu konnen. Dazu 
wird ein einfacher Konverter mit Lochstreifen- 
leser und Magnetbandschreiber verwendet. 
Das FIRBAL-Programm verwendet ein Ma- 
gnetband. ist aber auch in der Lage. den Loch- 
streifen direkt zu lesen. Ein Spezialprogramm 
CORTAP dient r u  notwendigen Korrekturen 
des Magnetbandes, insbesondere dann. 
wenn einige der verwendeten Sterne wah- 
rend des Rechenprozesses aus dern Daten- 
komplex ausgeschlossen werden sollen. 
Wenn der Operateur des ASCORECORD eine 
beliebige Datenreihe unmittelbar wahrend 
der Messung streichen will, so kann das 
Objekt mit einer .,Unbekanntena' (hohen 
Ziffer) numeriert werden. was vom Programm 
FIRBAL berücksichtigt wird. Das ASCO- 
RECORD gibt automatisch zwei ganze Zshlen 
für jede Messung. Die feste Zahl dient als 
Standortziffer, die zweite. die automatisch 
jede abgeschlossene Einstellung zahlt, dient 
als Bezugszahl zur betreffenden Datenreihe. 

Der für alle Messungen erforderliche Zeit- 
aufwand hangt allein davon ab, inwieweit 
der Operator in  der Lage ist, eine gute Ein- 
stellung des'strichkreuzes vorzunehmen. da 
die Zeit für eine Aufzeichnung einer ASCO- 
RECORD-Messung demgegenüber wesent- 
lich geringer ist. Die typische Genauigkeit 
der geometrischen MeBergebnisse mehrerer 
Stationen im Abstand von 100 km. die die- 
selbe Feuerkugel beobachten, entspricht den 
Standardabweichungen von 1 0  bis 1 O0 m 
bei der Berechnung von Hohe, Entfernungen 
und Positionen der vertikalen Projektion auf 
die Oberflache. Bei einer Feuerkugel mit einer 
Leuchtdauer von mehreren Sekunden lie- 
gen die Standardabweichungen der Ge- 
schwindigkeiten in  der GroBenordnung von 

0.01 km!s, und die Stanciardabweichungen 
des Radianten haben aen typischen Wert 
von 0,2*. Die Vorhersage eines Meteoriten- 
falls hangt bei einem tief eindringenden Ob- 
jekt (in der Regel 35 km über der Erdober- 
flache) weitgehend von der Genauigkeit der 
aerologischen Daten (Hohenwinde) ab. Die 
mit dern ASCORECORD erzielten MeB- 
ergebnisse Sind meistens um mindestens eine 
GroBenordnung besser, als es für diese Be- 
rechnungen erforderlich ist. 

Der Einsatz des ASCORECORD mit dern 
Kleinrechner KSR 4100 ermoglicht die 
Durchführung des gesamten Projektes zur 
Überwachung des europaischen Feuerkugel- 
Netzes mit nur einem Operateur. Die vor- 
Iaufipen Ergebnisse werden regelm3Big im 
SEAN-Bulletin [3, 41 veroffentlicht, die 
Endergebnisse erscheinen im Bulletin des 
Astronomischen Instituts der Tschechoslo- 
wakei [5, 61. 
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H i n w e i s  a n  d i e  Bezieher der  
JENAER RUNDSCHAU 

lm lnteresse sicherer und schneller Zu- 
stellung der JENAER RUNDSCHAU wird 
gebeten, bei der Mitteilung von Anschrif- 
tenanderungen auBer der neuen auch die 
a l te  Anschr i f t  mit anzugeben, unter der 
die Hefte bisher empfangen wurden. Bitte 
unbedingt ausgeschnittene Anschrift mit 
allen Angaben (Kurueichen) vom letzten 
Versandumschlag übersenden. 
Die Redaktion 


