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Ce volume Se compeose de 3 parties :

I1I.5.1, Prosuection systémati

Correspondances avec 1/ pays, par ordre alphabétique :
« Afrique du Sud
, Bel gique
, Brésil
, Canada
, Col onbi e
« Danemar k
. » Equateur
, Espagne
, Etats-Unis
« Grande- Bretagne
, Hongrie
, I ndonésie
« Nouvel | e- Zél ande

, Pays- Bas
, République Fédérale d'Allemagne
, Tunisie
«» Uruguay
1l .5.2. Echanges avec |l es Ftats-Unis.

Conptes-rendus de visites :
3 aU SOE.A.N.
. chez Monsieur Mac Crosky (Prairie)

Il .5.3. Echanges avec la Tchécosl| ovaquie.

correspondances avec Monsieur Ceplecha, et conpte-
rendu de visite a son observatoire (Réseau européen
de détection des metéores),



II1I.5. ANNEXE - correspondances et visites a 1'étranger.

Cette partie de I'annexe au chapitre ||| présente toutes
| es correspondances échangées dans | e cadre des prises de
contact systématiques décrites au para.IIl.l.l s

Le signe ® ajouté en marge d'une adresse signifie qu'une
lettre du second type y a été envoyée.



LISTE des /5 AMBASSADES DESTINATAIRES

Afrique du Sud
Albanie
Algérie
Arabie Saoudite
Argentine
Australie
Autriche
Belgique
Bolivie

Brésil
Bulgarie
Canada

Chili

Chine
Colombie

Congo

Corée

Costa Rica
C8te d'Ivoire
Cuba

Danemark
Egypte

Emirats Arabes Réunis
Equateur
Lspagns

Btats- Unis
Tthiopie
Finlande
Grande-Bretagne
Grece
Guatemala
Guinée

Halti

Hongrie

Inde
Indonésie
Irlande
Islande

| sraél
Italie
Japon
Koweit
Liban
Maroc
Mexique
Nicaragua
Norvege

Nouvelle Zélande

Ouganda
Pakistan
Pays-Bas
Panama
Pérou

Philippines

Pologne
Portugal
at ar
R.D.A.
R.F.A.

République Malgache

Roumanie
Sri Lanka
Suéde

Suisse

Tchécoslovaquie

Thallande
Tunisie
Turquie
UsReSeSe
Uruguay
Vénézuéla

Viet~-Nam

Y ougoslavie

Zalre

Zanbi e



L ettre adressée aux ambassades pari si ennes




Francois LOUANGE &2 l'attention de

Ingéniceur - Conseilt . . . Lo
Monsieur 1l'4ittaché Scientifigue

9, rue Sainte-Anastase,
75C03 PARIS
Tél. 1 (1) 277.48.56

e SiRET @ 3198320500014

Paris, |e 19/04/82

Monsieur,

chargé par un service du Centre National d'Etudes Spa-
tiales d'effectuer une étude sur |'état actuel des re-
cherches dans un domaine scientifique particulier, je

nme permets de m'adresser a vous, ainsi gqu'a vos homo-
logues d'autres ambassades parisiennes.

Le probleme étudié, dont vous pourrez trouver ci-joint
un exposé succinct, concerne |la détection des phénome-
nes aérospatiaux rares, pour laquelle une collabora-
tion et des échanges de données pourraient s'avérer
fructueux pour | es chercheurs des différentes disci-
plines concernées.

Pourriez-vous me faire savoir si dans votre pays des

laboratoires de recherche ou d'autres organismes s'in-
téressent a la détection des phénomeénes aérospatiaux

rares (chutes de météorites, foudre, ...) et s'ils u-
tilisent des moyens de détection systématique (radars,
caméras, images de satellites, ...) ? Dans ltaffirma-
tive, vous serait-il possible de ne mettre en contact

avec ces laboratoires ou organismes, ou a défaut de ne
fournir des renseignements sur leurs activités et les
moyens techniques dont ils disposent dans ce domaine ?

En vous remerciant a 1'avance pour votre collaboration,

je vous prie d'agréer, Monsieur, l'expression de ma
parfaite consiaération,

-
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ETUDE DE LA DETECTI ON DES PHENOMENES AEROSPATI AUX RARES

Depui s plusieurs années, |'étude de phénonmenes aérospatiaux rares a eété entreprise
au sein du ONES. Cette téache, confiée au GEPAN (G oupe d'Etude des Phénonenes
Aérospatiaux Non-identifiés) a conduit a nettre au point des néthodes efficaces

de collecte et d analyse dinfornations original es concernant des phénoneénes aéro-
spatiaux fugitifs, non prévisibles et général ement non reproductibles. Certains de
ces phénomenes sont connus et déja étudi és(metéorites, décharges d électricité
atnosphérique ...) ; d autres restent probabl ement a expliquer.

Tous ces phénonenes ont en commun que de nonbreuses informations | es concer nant
se présentent sous forme de ténoi gnages hunains. Cest donc sur |'étude de tels

t énoi gnages(recueillis et transms par |a Gendarnerie National e) que | e GEPAN a
d abord fait porterson effort principal ; il a ainsi pu établir que, sous réserve
de certai nes précautions meéthodol ogi ques, il est parfaitenment possible d extraire
de telles infornations des données expl oi tabl es pour une recherche scientifique.
Cel | es-ci, bien que |argenent ignorées de nos jours par |es chercheurs, revétent
un caractére uni que, des informations équival entes ne pouvant étre total enent
fournies par d éventuel s systémes instrunentaux ; il faut voir la deux voies

d acqui sition de données, indépendantes et complémentaires,concernant |es phéno-
menes aérospatiaux rares.

Lors de sa derniere réunion(janvier 82), le Conseil Scientifique du GEPAN a
reconmandé que soit entreprise une étude sur les possibilités techniques et
| es besoins de détection systématique des phénonenes aérospatiaux rares. Ce

travail conporte un recenserment et une anal yse préal abl e portant sur |es points
suivants :

+ les besoins actuel s des |aboratoires de recherche scientifique et autres
or gani snes i nt éressés par certains de ces phénonenes(protection de
| " envi ronnenent, par exenple) ;

« les noyens de détection actuel s (radars, canérasgrand champ...), implantés
en France ou a |'étranger ;

¢ les extensions opportunes, sous forne d adaptation de systenes existants
ou dével oppenent de systémes ori gi naux.

Les résultats de ce prenier travail d enguéte devront conduire prochai nenent
tous les partenaires intéressés a débattre sur e choix d une proposition concréte
de nmise en place de systenes de détection et de diffusion de données.




Lettre adressée aux | aboratoires et organi snes




F-ancois LOUANGE

{rovnievr - Conseil
¢ rue Sainte-Anastase,
75053 PARIS

Tel. @ (1) 277.49.56

tic SIRET : 318532503 0001z Paris, / /82

Monsieur,

je suis chargé par un service du C.N.Z.S. (Centre Na-
tional d'Etudes Spatiales) d'effectuer une étude de 1!
état actuel des moyens et des besoins dans | e domaine
de | a détection aes phénoménes aérospatiaux rares. Ce
sujet, qui est brievement présenté dans | e papier ci-
joint, recouvre tous | es phénoménes sporaaiques et im=-
prévisibles qui peuvent se produire darns |a Basse at-
mosphére, comme la foudre, les étoiles filantes,...

La premiere étape de ce travail consiste naturellement
a passer en revue, dans la mesure du possible, les
systémes existants susceptibles de présenter un inté-
rét pour cette détection (radars, caméras a grand
champ, aétecteurs électromagnétiques,...). Dans cette
optique, j'ai pris contact, en France, avec |l'aviation
civile, 1'armée, | a météorologie natiocnale, |les spé-
cialistes des météores et météorites, de la trotection
de l'environnement, etc... J'al également écrit a plu-
sieurs ambassades a Paris, et |e représesntant de votre
pays m'a aimablement communigué votre adresse.

Si vous disposez d'information sur ces systemes de dé-
.tecticn utilisés dans votre pays, je vous serais tres
reconnaissant de bien vouloir m'envoyer quelques données
techniques,

Dans |'attente de votre réponse, je vous prie d'agréer,
Nonsieur, l'expression de ma parfaite considération, .

=7

<




Francois LOUANGE

{rgiénievr - Conseil

9, ruc Sainte-Angstase,
75007 PARIS
T¢

2l i1 277.49.56

Paris,

/ /82

Sir,

I have been appointed by a department of the french
national space research centre C,N,E.S. to undertake
a survey of existing means and needs in the field of
detection of rare aerospace phenornena. This topic,
which i s briefly described i n the attached paper,
includes all sporadic and non-predictible luminous
phenonena that may occur i n low atmosphere, such as
lightnings, fireballs, etc.. .

The first step in this work i S obviously to review,
as far as possible, all existing systems that are
likely to be useful for such a detection (radars,
wide field caneras, electrornagnetic detectors, «..)s
With thisin view, I got into touch, in France, with
civilian aviation, armies, meteorologists, specia-
lists of fireballs and meteorites, protection of
environment, etc... I also sent a letter to various
embassies i n Paris, and your country's representati-
ve kindly sent ne your address.

I f you have information on detection systezs that
are used i n your country, I would be nost grateful

for receiving from you some technical data.

Looking forward to hear of you, I remain

i

Yours sincerely,




STUDY ON DETECTION CF RARE AEROSPACE PHENOMENA

A study of rare aerospace phenomena has been conducted for several years
by a department of CNES : entrusted with this task, the GEPAN (Groupe 4'
Etude des Phénomeénes Aérospatiaux ?Ton-identifiés) developed efficient
methods to collect and analyze original information concerning transient,
unpredictible and generally non-reproducible aerospace phenomena. Some

of these phenomena are known and already under study (e.g. meteorites,
dischargec¢ of atmospheric electricity ...); others are probably still to
be explained.

A1l these phenomena have in common that most information i s available
through human testimonies. For this reason, GEPAN has devoted most of
its efforts to the study of such testimonies (collected and transmitted
by the french "Gendarmerie Nationale"), and has established that it is
perfectly feasible to extract from this information valuable data for
scientific rvsearch, provided some methodological precautions are taken.
Such data, although generally ignored nowadays by researchers, take on a
unique character, as no equivalent information could be totally provided
by technical equipments; one should see there two independant and com-
plementary means of data. acquisition about rare aerospace phenomena

During its last meeting (in January 1982), GEPAN's Scientific Board re=-
comaended to undertake a study on technical possibilities and actual
needs for detection of rare aerospace phenomena. Thi s work includes a
survey and a preliminary analysis of the following points :

- present needs of scientific research laboratories and other ins-
titutions interested in some of these phenomena (e.g. for protec-
tion of the environment);

= existing detection means (radars, widv field cameras wus), im-
plemented i n France or abroad;

= convenient extensions, either as adaptation of existing means or
as development of original systems.

The results of thisinitial work will soon enable all interested parties
to discuss the choice of a concrete proposal aiming at the set-up of de-
tection and data dissemination systems.
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r:nacois LOUANGE

cecvr - Conseidl

&, rue Sainle-Anastase.
75003 PARIS
Tel @ (1) 277.49.56

3198632503 00012 Paris / 182

Mwy Senor mio,

he sido encargado por un departamento del centro fran-
ces de investigacion espacial CNES de un estudio de
los medios y de las necesidades existente en el campo
de | a deteccion de |os fenomenos aerospaciales raros.
Este tema, brevemente presentado en el papel adjunto,
atane a todos los fenomenos luninosos ecporadicos Y im-
previsibles que pueden ocurrir en |l a atmosfera baja,
tal como el rayo, meteoritos, etc...

La primera etapa de este trabajo consiste naturalmente
en un estudio de |os sistemas actuales que podrian ser
utiles para una tal deteccion (radares, camaras de gran
campo, detectores electromagneticos,...). Con estaidea,
ne he puesto en contacto, en Francia, con |la aviacion
civil, el ejercito, meteorologos, especialistas en me=-
teoros y meteoritos, proteccion del medio ambiente, etc.
He escrito tambien cartas para varias embajadas en Pa-
ris, y el representante de Su pais ne facilito amabla-
mente Su direccion.

Si Ud tiene informacion sobre sistenas de deteccion u-
tilizados en Su pais, Le agradeceria mucho si ne nman-

dara algunos datos tecnicos.

En la espera de Su contestacion, Le saludo muy atenta-

mente,
WW'




ESTUDIO DE LA DETZCCION DE LOS FENOMENOS AxROSPACIALES RARCS

Hace ya varios ahos que el ONES estudia fendmenos aerospaciales raros,
gracias a uno de sus departamentos : el GEPAN (Groupe d'Etude des Phé-
nomenes Aérospatiaux Non-identifiés). El trabajo de investigacidn con-
secuente ha permitido desarrollar varios métodos eficaces para la co~
lecta y el andlisis de informaciones originales sobre |0s fendmenos ae-
rospaciales fugaces, que no pueden Ser previstos ni generalmente repro-
dicidos, Algunos de esos fendmenos Son ya conocidos y estudiados (mete-
oritos, descargas de electricidad atmosférica «..); Otros quedan por
explicar.

El punto comun de todos esos fendmenos es que | a aayor parte de sus in-
formaciones se presenta en forma de testimonios. En consecuencia, el
GZPAN empezd sobre todo por el estudio de los testimonios (recogidos y
transmitidos por |a "Gendarmerie Nationale"); de esa manera el GEPAN ha
podido establecer que, Si se respetan ciertas precauciones metodoldgi~
cas, es perfectamente posible extraer de tales informaciones datos ex=~
plotables en una investigacidn cientffica.

Esas informaciones, aunque bastante ignoradas por los investigadores
actuales, son de un caracter inico, puesto que no pueden ser obtenidas
totalmente gracias a sistemas instrumentales eventuales. Luego es pre~
ciso reconocer que hay dos métodos de adquisicién, indepandientes y
complementarios, de los datos que concernen |os fendmenos aerospaciales
raros.

En la tltima reunién del Consejo Cientifico del GEPAN (en Enero 1982},
se ha aconsejado emprender un estudio sobre las posibilidades técnicas
y las necesidades de deteccidn sistemdtica de |os fendmenos aerospacia-
| es raros. Ese trabajo comporta un recensamiento y un analisis previo
sobre los siguientes puntos :

- las necesidades actuales de |los laboratorios de investigacidn
cientifiga y de los otros organismos interesados por algunos de
esos fenomenos (por ejemplo : |la proteccidén del medio ambiente);

- los sistemas actuales de deteccidn (radares, camaras de gran
campo ...) que existen en Francia o en el extranjero;

= las extensiones oportunas, bajo |la forma de adaptacidn de sis-
temas que existen ya, o del desarrollo de nuevos sistemas.

Los resultados de este trabajo primero de encuesta permitiron proxima=-
mente que todos los interesados puedan discutir de proposiciones con-
cretas sobre |a instalacidn de sistemas de deteccidn y de difusidn de
datos.




AFRIQUE du SUD




TéLEPHONE . 555-92-37

AMBASSADE D'AFRIQUE DU 3UD
BUREAU DU CONSEILLER SCIENTIFIQUE

59, QUAI D'ORSAY
Votre réf. : 78007 PARIS

TELEG. . NAVORS PARIS

TELEX ;s NAVORS 203964

Notre réf. :

le 23 avril 1982

M. Francois Louange
Ingenieur-Conseil

9, rue Sainte- Anastase
75003 PARIS

Monsieur,
Je fais référence & votre lettre du 19 avril 1982.

I1 exjiste trois Instituts en Afrique du Sud auxquels vous
pourriez écrire concernant la détection des phénomenes

aérospatiaux rares:

1) The National Institute for Telecommunications Research
CSIR
& FO Box 3718
2000 Johannesburg

Ils ont autrefois étudié | a foudre et il est possible
gu'ils continuent leurs recherches sur ce phénoméne. Un dossier

~

sur des rapports 4'OVNIs est également mis a jour.

2) The National Electrical Engineering Research Institute
CSIR

& PO Box 395
0001 PRETORIA

A présent, cet Institut s'occupe de |a détection de
décharges d'électricité atmosphérique surlAfrigue du Sud, par
moyen d'enregistrement électronique.

3) The South African Astronomicai Observatory
® RO Box 9
Observatory
CAFE TOWN 7935

Je ne suis pas au courant des recherches effectuées par
cet Institut mais vous pourriez demander directement si I'on
fait des recherches sur les chutes de méteorites.

Dans tous les cas, vous devriez vous adresser au Directeur de
1'Institut, de préférence, en anglais.

Veuillez agréer, Monsieur, |'expression de mes sentiments les
plys distingués.

J. X
Conseiller Scientifique

JAB/ph

BUREAU DE LIAISON 'DU -CONSEIL SUD-AFRICAIN POUR LA RECHERCHE SCIENTIFIQUE ET INDUSTRIELLE (CSIR)



CSIR

Council for Scientific and Industrial Research //A
National Institute for Telecommunications Research

P.O. Box 3718 Johannesburg 2000 South Africa ®  Telegrams Navorstel Yeoville 2198 Tel (011) 648-1150/6

Ourref. 5/8/2(4)2 Your ref.

28 July 1982

Mr. F. Louange
9, Re Sa nte-Anastase
75003, PARS.

Der Mt Louange,
CBERVATIONS OF RARE AEROSPACE PHENOMENA

The only phenomaon of the class mentioned in your enquiry that is
specifically studied here on a continuing basis is that of lightning.
I should mention that in large parts of South Africa lightning is a
frequent occurrence, though predictable only in a statistical sense.

The National Institute for Hectical B neering Resgarch operates

a country-wide network of |ightning counters and also carries out a
progranme of research into the parameters of 1i ghtning with the aid
of a lightning mast and associated measuring equipment.

This Institute, the National Institute for Telecommunications
Research, carries out research into the physics of lightning using a
system of spaced vhf receivers to obtai n three-dimensional Images

of lightning with very high spatial and tempora resolution.

Apat from the above examples there is no conscious attempt to kegp

a watch for rare phenomena G course if ay such phanomaa

were reported the reports woud be judged against routine meteorological
observations, records of the existing civil and mlitary radar
networks, and so on.

Yous si ncerely,

—R.W. VICE
D RECTOR

RWV/msm

Please address al! correspondence to the Director



CSIR

Council for Scientific and Industrial Research
National Electrical Engineering Research Institute

P O Box 395, Pretoria, 0001 South Africa i Telex 3-630 SA Telegrams Navorselek Tel. (012) 85-9211

Our ref. NEERI/Ek/1 Your ref,

BY AIRMAIL

) §
M Francois Louange
9 rue Sai nt e- Anast ase
75003 PAR S
France

Dear M Louange

Li ght ni ng det ecti on

Your letter of 21 May 1982 refers. V¢ have for a nunber of years been
engaged in lightning research, nainly with the purpose Of determining the
effects that lightning ground flashes have on electrical installations.

The nethod of detection is by the characteristic conponents of the
frequency spectrumof a lightning flash which reaches the ground.  The
position of the flash is then deternmined in two ways:

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

(b) By conparing the two signals induced in a crossed |oop antenna.

A lightning ground flash counter, based on the typical frequency
characteristic of lightning flashes striking the ground, has al so been
devel oped by us and is presently used to deternine the geographi cal dis-
tribution of lightning ground flashes in South Africa. In conjunction
with this we are operating a mcroconputer based systemdevel oped by

Li ght ni ng Location and Protection of Tucson, USA which uses a crossed

| oop antenna for 1lightning detection and |ocati on.

V¢ are al so operating another Systemin conjunction Wth a Gernan organi-
zation, which monitors global |ightning distribution using |ow frequency
crossed loop antennae.  The systemhas a range of several thousand kilo-
metres and stations are currently situated in Berlin, Tel Aviv and Pretoria.

Please address all correspondence to the Director, National Electrical Engineering Research Institute, CSIR



NATI ONAL ELECTRICAL ENG NEER NG RESEARCH INSTITUTE, CS 1. R

—— I hope that the above informationw || be of use to you. I al so encl ose
a revi ew paper whi ch summarises current |ightning research activities in
South Africa.  Should you require nore details, please do not hesitate to

contact uUs again.

Yours sincerely

H Krdninger
Li ght ni ng Research D vi si on

Hectric Power Depart nent



Presidential Address

Lightning research in Southern Africa

/

by R B Anderson

Reprini ed from THE TRANSACTIONS (F. THE SA INSTITUTE OF ELECTRICAL ENG NEERS, \d 77, Part 4, April 1980



President of the Institute 1979

Dr R B Anderson

Dr 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 Efectricity Supply Commission and. together with Mr R D
Jenner, was awarded the Gold Medal of the Institute for a paper on Lightning published in the Trans-
actionsin 1954. In 1965 he joined the CSIR and is now Head of the Power Electrical Engineering Division
of the National Electrical Engineering Research Institute.

He was appointed Convenor of the Working Group 3301 (Lightning) of Study Committee No. 33
of CIGRE (International Conference on Large Electric Systems 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 entitled 'The Lightning Dis-
charge.’

Dr Anderson is the author of a number of papers, many jointly with colleagues.



Presidential Address

Lightning research in Southern Africa*

SINOPSIS

R B Anderson

The paper reviews the development of the lightning discharge from the initial stage of charge separatian, through to the mechanisms of the discharge within 2 thunder-
cioud and fina'ly in its path to earth. At the same time, attention is dnwn to the considerable contributions made by scientists and engineers in Southern Afnq. -

The classical works of Schonland and Malan. together with their contempeorary colleagues, figure high on the fist but they are followed by other no less enthusiastic in-
vestigators, each of whom added yet another contribution te the knowledge of lightning, Or applied ii to the protection of systems be they electric power, communications,

buiidings or simply to the safety of human beings.

The various lightning parameters are discussed together with the means whereby they have bsen or are being measured; these include the multiple Stroke flash, the

lightning current magnituda and its shape and the lightning flash density in the Republic.
ication systems is di

Finally, the optimisation of the prorection of power and ¢

d, end the application of lightning data to the philosophy of the pr jon of

buildings and of people.

In conciusion. the review itlustrates that while a great deai of knowledge of lightning has been acquired over the years there are still many areas where further research
is urgently needed in order that protective measures may be improved with benefit to the safety and prosperity of all peoples of the country.

OPSOMMING

Die referaat bied ‘n oorsig van die ontwikkeling van die weerligontlading, vanaf die begi
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I Introduction

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 all. compared to the global situation (Fig 1),
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 electric 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 after the development of electric trans-
mission and distribution systems had begun.

In fact, these difficulties were referred to in the early
annals of this Institute, and the first paper directly
describing the relation of atmospheric phenomena to the
production of overvoltages in overhead electric trans-
mission lines was presented by G V Adendorff® in 1911
and published in Vol 2 of the Transactions of the
Ingtitute.

Considering the fact that little 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 33kV e¢m-? resulted-in a
lightning potential of the order of 5 x 10°V. 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 strongly advocated overhead grounded

*Presidential Address delivered to The South African Institute of
Electrical Engineers on 28th February, 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 question of atmospheric phenomenain 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 electrical knowledge on the subject was being
made more rapid and secure’. )

However, serious research into lightning 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 papert to the
Institute in early 1930, which resulted in the setting up of
the ‘Lightning Investigation Committee’ wunder his
Chairmanship in December of that year®).

In January 1932, Bernard Price, then President of the
VFP, announced that Dr B FJ Schonland was carrving
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 cameras were made
and a mobile van equipped by the summer of 1932, and,
with the heip of H Collens®® 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 learned publications which pave the
world the most advanced and unique information about



Fig 2 First high speed picture of lightning in South Africa taken by E C
Halliday(*) with a rotating lens camera.

lightning this century. These have been listed by T E
Allibone(?, an eminent British scientist, in his bio-
graphical memoirs of Schonland written for the Royal
Society in 1973 for which the writer is also indebted for
some of the historical information included herein.
Allibone was closaly associated with Schonland 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 ®)®).

After the war, Schonland was appointed the first

Fig 3 High speed pictures of lightningby Schonland et o/(* ¢) using a modified
rotating lens camiera.

President of the Council for Scientific and Industrial
Research (CSIR) when it was officidly established in
December 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 Ganeand 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 Rendell and
H D Gaff®® of the VFP who presented a paper to the
Institute in 1933 dealing with the problems of lightning
protection of power systemsfor which the authors were



awarded the firs Gold Meda of the Institute. Then
C F Boyce, | 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 88kV trans-
misson line in Rhodesia in two papers@2@3) to the
SAIEE in 1948 and 1954 respectively, the latter aso
enjoying the digtinction of the second Gold Medd
award to the authors. ‘

Two eminent contributors from the United Kingdom,
who undoubtedly Ieft their mark on the lightning scene
in this country, were B L Goodlet® who inspired many
students during his professorship at the University of
Cape Town, commencing during the writer's find year
in 1937, and indirectly, but no lesseffectively, R H Golde
through his classic paper on lightning with C E R
Bruce®®. Nearly 30 years later he was also invited to
review the subject of lightning protection®® on the
occasion of the SAIEE Golden Jubileein 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 posshly surprising that even today the true
mechanism of the generation of electricity in a thunder-
cloud is not known for certain, and thisis 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 fidd changes during lightning
discharges, together with the charge on precipitation and
using electrometers and westher baltoons; the results of
thiswork, unfortunately, led to two opposing viewpoints.
Firstly, C T R Wilson@®, in 1929, maintained that
postive 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@® and his workers maintained that
the base of the cloud was the seat of origin of postive
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 el ectricfidd polarity
of thundercloudsin South Africa and in 1927 published
their results®® supporting the Wilson theory of a
generally bipolar thundercloud with negative charge at
the base. This was confirmed in later measurements by
Haliday ® in 1932. They aso indicated that 90 per cent
of all discharges originated from negative cloud charge
and that from threeto five dischargeswere within clouds
for each one discharge to ground. However, there was
adso sufficient evidence to suggest that smal postive
charge centres could exist at the cloud base or in the air
below the cloud, thus accountingfor somedischargesthey

cdled '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 published 3!} thisinformation 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.

Reverting now to the present day, accordingto Moore
and Vonnegut®* there are two main theories of charge
separation which are, however, ill the centre of much
controversy; they name the precipitation powered
process and the convective eectrification mechanism
respectively.

In thefirst, the principal mechanismfor 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 Szes come to carry different
eectric charges. For example, water drops which are
polarised within an existing electric fiddd will separate
chargeif the drop splitsinto large and small drops after
thecollision. Similarly, super-cooled water drops freezing
suddenly will splinter off minute pieces of ice which will
be podtively 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 differentia convective motions in
opposition to forces imposed by the electric field, as
shown in Fig 4 (after Vonnegut®3).

These charges are assumed to be derived in the firgt
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 positivefeedback
occurs, thereby strengthening the fidd 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 all thunderstorms; however, many scientists
active in the fidd now incline to the view expressed by
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Fig 4 The convection electrification mechanism for charge separation
in thunderclouds after Vonnegut(**).



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 mechanisms of
charge separation result in charge distributions within
a thundercloud which could besignificantly different from
the simple bipolar model originally suggested by Schon-
land and Maan and depicted in Fig 5. Nevertheless,
until such time as further information is available it can
serve to represent a basic single cell within the cloud.
to be replaced approximately every 20 minutes or so
with another adjacent cell as described by Held and
Carte®) of the National Physical Research Laboratory
of the CSIR. They used a 16cm radar and all-sky
camera at the radar site at Houtkoppen near Pretoriaand
together with the analysis of reports from some 4 000
voluntary observersin an area of about 1000 km? were
able to conclude that lightning was observed more
frequently near the leading edge of precipitation than
elsewhere, thereby suggesting a possible connection
between the charge separation mechanism and precipi-
tation. On the other hand, hail was most often
accompanied by lightning, but not aways, 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-
dimensiona radio pictures of lightning(®¥) 8 by using
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 arrival of the signals at the
virious 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
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Fig § A unique radio picture of Iightninﬁ after Procter(®) CB = Cloud
Base 0°C = Zero temperature level. (TAS sequence in which branches
radiate is indicated by the small numerals).

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 alow pulse rate began just outside the precipitation
boundary'.

These various observations therefore tend to support
the theory linking the charge separation process with
hydrometeors, be they hail pellets or liquid water drops,
and that it is likely to be related to the precipitation
mechanism itself. However, Proctor produced three-
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dimensiona pictures of five intra-cloud flashes and
eeven 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 Few®") 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 sign can spread out horizontally and furthermore
may physicdly 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 eectric fidd measurements at ground leve
carried out at the CSIR by Eriksson®® and shown in
Fig 7, indicating that fidd intensities of about equal
magnitude were possible with both polarities and
furthermore that while the strong negative fieds 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 postive
lightning flashes to ground also occurred more fre-
quently (see Anderson®); this would suggest that
either the negative charge had been dissipated, leav-
ing a large podtive 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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Fig 7 Distribution of durations of electricfisld intensities after Eriksson(**).

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

3 The mechanism of the discharge

The mechanism of the initia electrical breakdown
of the media within a thundercloud itsdf 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
considerationsto be made.

Firstly, the breakdown strength of media somewhat
resembling that in clouds has been determined in the
laboratory — namely between faling water drops
or ice particles etc, and this varies between 0,4 x 108
and 1 X 10° Vm~! compared with 3 X 108 Vm-! for
air at NTP. Furthermore, a recent laboratory measure-
ment by Griffiths and Latham@® showed that no corona
discharge could be produced from ice at temperatures
below —18 °C. The highest electric fidld measurement
measured to date in clouds is 0,4 X 10 Vm~! 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
vay small.

On the other hand, the breakdown strength of air
itself, reduces with altitude from about 3 X 10¢ Vm-1
at sealeve, to 2 X 108 at about 3km altitude and isless
than 1 X 10® Vm~! 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.

Anderson®) has shown that if the two opposing cloud
charges are enclosed in a cylinder in which the length
exceeds twice the diameter, the maximum fidd 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
—0 °C, following Griffiths and Latham — then the
first case favours the initiation of a discharge towards
the earth from the lower end of the cylinder (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
placein thearea around the -8 °C, isotherm and-above,
namely about 6 km above sea level (Anderson®®), and
intra-cloud flashes would therefore be expected to be
initiated in this region and five case examined by



Proctor®® did in fact do this. Flashes to the earth there-
fore would be expected to be initiated below 6 km and
possbly even bdow the zero isotherm. about 5km,
where mostly water drops would be encountered. Again,
Proctor observed the majority 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
atitudes of charges involved in ground flashes come
from the work of Krehbiel et /@8 who, using a muiti-
station high speed fidd 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 all postulated by
Schonland ¥ (see Fig 8). He envisaged breakdown from
a pocket of negative charge which was then lowered 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
chargeavailableas shown in thelatter portion of Fig 8.
Ten years later, namdly 1951, Maan with Schonland ¢
deduced from dow field change measurements during the
intervals between strokes that the successive strokes
appeared to originate from higher and higher atitudes
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 postive
streamers developed further into the charge volume till
neutral. The channel could then be recharged negatively
for a subsequent stroke (see Fig 9). The necessity to
assume separate pockets of charge thus fell away.
However, Hewitt® who was the firg 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 st
sequence or to charge centres ascending in height.
Finaly, to add to these, Anderson® found that in
order to alow for a rather low potential gradient along

(A) to (D) After Schonland(*)
(E) to (H) Modified by Bruce and Golde('®).

Fig 8 Diagram illustrating lightning leader and return stroke machanism.

towards the earth. Upon making contact positive charge
rose up the channel to neutralisethe negativecharge, and
this then completed the first stroke. Other pockets of
negative charge could thereafter break down by means of
streamersdirected towards the ionised channel and upon
making contact be discharged. This gave rise to a high
soeed 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 mechanism was only questioned in 1941 by
Bruce & Golde®® who suggested that after the com-
pletion of thefirst stroke the channel remained postively
charged and streamers developed to new negative charge
centres from the top of the channel. Upon reaching a

a leader of about 1 X 10° Vm~! 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 extremitiesso long as the main charges
exid. Also since positive charge carried on relatively
heavy ions could not advance up the lightning channel
fast enough when the leader contacted the earth, he
surmised that the return stroke consisted of an over-
discharge of electrons to the earth, leaving the positive
ions in the channel concentrated mainly at the cloud
end. The fidd strength at the lower end could then
fall to a sufficiently low level to ensure a rapid de-
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Fig 10 Revised mechanism of a lightningflash to ground sfter Anderson(*').

ionisation of the channel and contact with earth could
thereby be broken. Some millisecondswould then eapse
during which the posditive streamers at the top of the
channel advanced into a new region of negative cloud
charge, firg of all neutralising the excess postive 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 dow recharging process is graph-
ically supported by fidd strength records-of Berger’s()
showing, for example, (See Fig 11) that the fidd 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 €lectronsduring the return stroke produced
alarger fidld change relativeto that of theleader and was
thus able to explain how the charge distribution along

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

The valuable experimental work of Proctor®® has
added further information with which to assess the above
hypotheses. Of interest to the present discussion, for
example, is that all 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 multi-origin type of discharge
rather than a single discharge, as illustrated in Fig 6.

Secondly, branches in the upper regions of ground
flashesfanned out over considerablehorizontal distances
amounting sometimes to several kilometers and these
were not necessarily involved in a discharge to ground
in any particular order. Thisthereforediffersfrom 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 |1 An oscillographic record of a two stroke lightning fiash after Berger(*™).

First streamers, presumably during |eader devel opment
progressed at between 1,0 and 2,0 X 10°ms-* 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—? and were faster than the streamers active
during dart leaders which averaged 6,5 X 10'ms—.

This supports the suggestion that a relatively large
postive charge is induced at the top of the lightning
discharge channdl towards the end of the retum stroke
thus greatly intensifyingthe 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
charging process 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 Krider®” shows lightning striking
uneven ground where several short streamers arise, of
which only one contacted the main leader channdl. It is
dso a common feature of a laboratory long spark
between a negative 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 postive tipped streamer
can easly deveop from a plane— more especidly,
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
denderness ratio, ie, the length exceeds the diameter
(see Ref 38 and Fig 13). Thus, upward streamers could
developfrom trees or thin structures during the approach
of a leader before a streamer from the nearby earth and
it would then depend on the réative velocity of the
streamer and that of the leader and its geometric
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Fig 12 Lightning striking ground showing upward streamars after Krider(*’).
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distance and direction whciher the upward sircamer
reached the lightning channcl befare the latter reuched
the earth. thereby determining w heiher the structure was
the termination point for the lightning or not.
However. the iniporiance of tliese upward leaders
und their effect on sirikes tO structures has been par-
i emphasised by the South African con-
1100t —-- 10 the science. leading to the proposal that
currently accepted electro-geometric modelsfor lightning
strikes to transmission towers should be modified.

4 Lightning flash parameters

41 Multiple strokes

As the following Table 1 shows. multiple stroke
lightning is & common occurence. especialy 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

% number of flashes having the indicared
Number nurnber of strokes
Observer of |— — ..~ .- .
flashes I 2 3 4 5 6 and above
Malan{40) 530 | B | 19| 18 | 20 | 12 18
Anderson{4!) 1430 [ 36 | 18 | n2 8 7 2
Pierce 373 38 27 17 9 4 5
Berger(4 153 | 65 | 13| 10 3 4 5
Carte{44) 877 | 65 | 14 8 5 2 6
Eriksson(43)) 428 | 52 | 20 6 9 5 8
2 9 263 50 30 7 5 3 5

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 10 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 shown in Table 1 are not readily forth-
coming since a physical explanation is needed to explain
such a variable number of strokes per flash whilst at the
sarne time allowing the peak current per stroke to vary
over a large range. as shown later.

According 1o the writer's hypothesis®!, the two
factors chiefly influencing the flash are the rate of charge
generation. and the raie at which such charges separate
physically. The former controls the amount of charge
made available in a given time which can giverise to high
or low currents per stroke whilst the latter controls the

1

potential of the cloud and its consequent field gradients.
Rapid 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 avalable. 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-
ably 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.

TABLE 2 Time intervals between strokes of a multiple
stroke flash

Percent having intervals
exceeding tabled values

Observer Number
95% 50% 5%
Schonland et ai{46) 109 Sms IS ms 250 ms
Anderson(4 3585 7ms 35 ms 200 ms
Ber;er(q) 133 7ms 33ms 150 ms

TABLE 3 Total duration of multiple stroke flashes

Percent having durations
exceeding tabted values

Observer Nurnber
95%, 50% 5%
Malan{40) 530 30 ms 200 ms 600 ms
Anderson{4!) | 430 <10 ms 180 ms 600 ms
Ber;er“n 39 3l me 180 ms 900 ms

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 interval 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 limits 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 first



stroke of a-flash, it is thereafter subjécted to open circuit
doubling of incoming surges until such time as it can be
reclosed.

4.2 Lightning currents

Following on pre-war measurements of the peak
magnitude of lightning currents by means of magnetic
links by Lewis and Foust®® in the USA, Anderson and
Jenner®® conducted a similar investigation on a 160 km,
88 kV transmission line in Rhodesia; this took eight
years to complete and netted 140 measurements which,
however, lacked data below 20 kA owing to the relative
insensitivity of the magnetic links used.

Later Berger®” accumulated over 160 oscillographic
results of currents measured in downward flashes to the
70 m television towers on Mt San Salvatore, Lugano,
Switzerland. The lower limit of current magnitude was
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Fig 15 The 60 m insulated research mast at Scientia, Pretoria Eriksson(**).
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1 kA and about 10 per cent were below 20 kA. If this pro-
portion is added to the Rhodesian results thevcan be com-
pared as shown in Fig 14. This indicated that the median
value of peak current from the Rhodesian results was
about 40 kA compared with about 30 kA from Berger’s
data. and this, among other differences referred to above,
led to the decision to start mzking measurements directly
in the Republic.

Accordingly, a mast of 60 m height was sited on a
relatively low-lying hill at the CSIR, Pretoria. with the
intention that this situation should closely simulate
natural lightning conditions compared with those, say.
on high mountains, which might just influence the type
of discharge (see Fig 15).

This mast is unique in that it is completely insulated
from the earth and all measuring equipment is situated
conveniently at the base and the signals are led in by a
short, low impedance connection to totally metal-
enclosed instrumentation. It is furthermore equipped
with a power supply which is insulated from the mains
supply system by using a motor generator set having an
insulating shaft. A stand-by generator is automatically
switched on should the mains supply system fail.

Oscillograms of the type shown in Fig 16 were
obtained by Eriksson® and eleven results were achieved
over a period of five years. The distribution, which also
has a median value of about 40 kA, is shown for com-
parison on Fig 14 indicating a trend to higher maximum
values than previously recorded by Berger.

In this challenging paper®, Eriksson has examined
all previous data regarding current measurements to
structures of different heights and as a result he questions
the validity of a previously accepted hypothesis that an
increasing number of higher current values are sustained
with increasing height of the towers upon which they are
measured. Conversely, according to his analysis of the
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Fig 16 Oscillogram of the current ofa Itipie stroke lightning flash after

Eriksson(**).



data. he shows that the median value of peak currents
to open ground should not be less than those measured
on tall structures; in fact. a median current of about
40 kA peak should hold, whatever the height of the
structure. This value is higher than previoudly 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 could be found to counter the theoretica
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 loca
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 model — 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 dender structure. Sub-
sequently, Eriksson®? 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 tall structurefrom a greater distance
than a lightly charged leader, thus maintaining the
hypothesis it was hoped could be refuted.
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Fig 18 A video tape record of a near lightning ducharge tot he 60 m ressarch
mut afeer Eriksson(®®).

On the other hand, the writer has proposed®¥) that if
the more heavily charged leaders have also a higher
downward velocity relative to the velocity 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. T o date, three direct measurements
were obtained of distance of 90, 150 and 220m but the
corresponding currents were about 20, 85 and 40 kA
respectively, indicating negligiblecorrelation. Many more
results are obviously 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 all flashes are virtualy upward and down-
ward flashes are thereby inhibited, when the tower is
very high. say 400 to 500 m.

Berger®® found, for example, that about 84 per cent
of his records were upward flashes and the median
current magnitude was only about 250A. By contrast,
the B0 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 ieader to a tower Wi t h upward connecting streamers
dapendentupon propagation velocities after Anderson(*').

The reason for this clearly arises from the effect of the
tower on the eectric field configuration whereby fidd
intensification occurs at the top of the tower which is
proportional to the so-cdled denderness ratio (see Fig
13). This means that for a given field intensity at ground
levd due to an overhead thundercloud, the intendfi-
cation at the top of a structure, depending on its
dimensions and shape, will develop a critical fidd
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 fied
intensity) an upward leader will be initiated and having
once started it would be capable of progressing over
vay large distances towards the cloud charge and
frequently branching to other charge centresto 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 vaues 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 tall structures and that is the
effect of space charge on the structure. Malan®3, for
example, observed that the Strydom tower in Johannes-
burg was struck seven timesin about 30 min when a very
light storm cloud appeared above it. 1f, however, an
obvioudy 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
excessve generation of spacecharge above a tower could
in fact inhibit flashes to the tower. On the other hand.
it has been suggested recently by Goide®* that the space
charge plumes emanating from a tower may in fact be
used as an ionised pathway for lightning flashes to the
structure over very large striking distances.

The other important parameter of lightning current
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is its impulse shape which until recently has been meas-
ured oscillographically only by Berger®$). As a conse-
quence of a collaborative effort with the C3 R his
records were digitised and recorded on tape with the
assistance of Kroninger in one year, and thereafter they
were processed, resuiting in the publication in an inter-
national journal®? giving all pertinent results.

These records indicated the characteristic concave

Fig 20 An upward lightning flash from the 60 m research m u t in Pretoria
after Eriksson(*’).



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 lessthan 1 ps.
The record of current, as obtained by Eriksson on the
60m 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
isdueto the long upward leader photographed by Berger
for thefirst stroke which was not repeated with following
strokes. However, the maximum velocity of upward
leaders observed is 1 X 10%ms—! so that the distance
moved during a front time of, say, |0 pus, 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®). Hence, it must be supposed that the concave
shape of the current isdue 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.

43 Polarity o lightning flashes

Schonland %8 originally found that negative lightning
flashes, ie, originating from negative cloud charge,
outnumbered positive discharges by 17 to 1 and
Halliday @® confirmed this; in Rhodesia, Anderson and
Jenner™ obtained a ratio of 14 to 1 for flashes to a
transmission line. Later the writer®) using field change
data of flashesoccurring within a defined range, obtained
a figure of about 10 to {; finally, Eriksson to date has
not recorded a single positive flash in a sample of
15flashes. E

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

It should be noted, however, that those positive
discharges listed by Berger et a/%” were single stroke
flashes and had extremely high values of charge and in
particular 'prospective’ energy or fi2dt 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 propzrties 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 (asillustrated in Fig 1 for the global
situation and Fig 21 for South Africa).
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In recent years, however, increased industrial ex-
pansion has led to an exponentia increase in exposed
transmission and distribution lines, in electrified railways
and numbers of aircraft, and in commaunication circuits
of many and various kinds, let alone the number of
buildings, 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®® reports that in a ten-year period
over 8000 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 Schonland®? which they
called the 'ceranonometer’ and which by counting low
amplitude negativefield 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®® 6% glso 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 flashesemitted large amplitude radiation
at 3-5 kHz which was about ten times the amplitude of
100 kHz radiation. Cloud flashes, on the other hand.
radiated 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
individua flashes, and the project was discontinued.



Regarding overseas developments. Horner®" pro-
posed and used a certain counter to measure the tota
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 Golde (!
for measuring flash density was used extensvely in
Europeand in the then Central African Federation and a
few were installed by ESCOM in the Republic. This was
the forerunner of the transistorised verson devised in
Queendand by Barham(®® and finaly adopted as the
standard counter for CIGRE (International Conference
on LargeHigh Tension ElectricSystems).(SeePrentice 63)).

It was in 1963 that a CIGRE task force was inaug-
urated with Dr Golde as Convenor, to foster the develop-
ment and use of lightning 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 previoudy 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 difficulties had been encountered in attempts to
differentiate between cloud and ground flashes and the
CIGRE counter was no exception. This was probably
inevitable since the counter had its maximum response
centred on 500 Hz for electrostatic fidd changes, and
rnany cloud flashes exhibited such dow fidd changes.

The characteristics of the CIGRE 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 fidd 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 flashesand from which

the effective ranges could be determined (see Fig 23). .

Following the work by Malan®® and others on the
frequency spectra of lightning. counters responsive to
5kHz and 10kHz were constructed at the CSIR and
tested in the same way. It was very soon discovered that
these counters, especidly the 10kHz, were more dis-
criminating against cloud flashes than the CIGRE
counter. The initial result with the 10 kHz counter,
named the RSA 10, was reported in the literature
immediately) see Anderson(®) ¢; al) but it took a few
more years before substantial evidence regarding its
full performance was available and from 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 further counter, named the RSA 5 was constructed
using a standard CIGRE 500 Hz counter directly with a
vertical aerial without changing the counter sensitivity.
Thisturned out quite fortuitously and for no accountable
reason to be much more responsiveto cloud flashes than
the CIGRE counter itsdf, 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
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Fig 22 Typical radio controlied lightning recording station showing ail-
sky camera on hut and RSA 10 Iightnm’q flash counter under test in fore-
ground.
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given in the latest CSIR report® and pertinent
characteristics are shown in Table 4.

The RSA 10 counter has since been approved®® by
the CIGRE Study Committee No 33 (Overvoitages and
Insulation Co-ordination) as a counter (to be known as
the CIGRE 10kHz counter) for calibrating existing
counters and also for use on its own in high lightning
density situations provided some CIGRE 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 ground flash
density in the Republic and South West Africa, and

TABLE 4 Pertinent characteristics of three lightning flash

counters
Parameters Units CIGRE RSA i0 RSA 5

Response frequencies .
3 db limits ™ lower kHz 2 0.4

centre kHz 05 10 0.5

upper kHz 25 50 25
Effective ranges
ground flashes km %8 19.9 157
cloud flashes km 16.7 6.9 7.6
*Correction factor Y, - 0.82 0.95 0.63

® Yg 1s the proportion of total registration of counters which are ground flashes.
The value for the RSA 10 counter was observed while the values for the CIGRE
and RSA 5 counters were deduced from comparative measurements,

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 distributed 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
Kroninger®” 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/km? 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 consegquence of the results and observations
carried out under the national programme, Eriksson ¢
derived an approximate relationship between thunder-
storm days and ground flash density N, as follows:

N, = 0,023 T,

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-
minationsof lightning. ie, either so-called 'root branching
or more than one simultaneous 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
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Fig 25 Mean lightning flash density for Southern Africa during the three
year period July 1975 to June 1979,



Pretoria the results of individual months and years of
accumulated data are shown in Figs 27 and 28
respectively taken from Ref @8),

This indicates the very large variability which occurs
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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 1970/71 and 1972/73, 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 specificthunderstorm parameters. such as
starting and finishing times, and duration of thunder-
storms, shown by Eriksson®® and depicted in Fig 29,
indicating, for example, the predominance of afternoon
thunderstorms in the Transvaal, with a most frequent
starting time 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 determined
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® 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

61 Lightning protection of electric power transmission
and distribution systems

The question of safeguarding electric power supply
from damage or interruption has undoubtedly been the
concern 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.
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For example, Adendorff®, nearly 70 years ago,
recommended the use of lightning conductors on each
pole, especially if of wood, a wdl earthed overhead
ground wire horn and multigap arresters to limit the
overvoltage, and earthing the neutral of transformers=
hardly much different, in principle at least, from present
day practice.

That the use of overhead ground wires was continued
and that low earth resistance for towers wes beneficid
was acknowledged 22 years later by Rendell and Gaff®o
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
aso in a paper®® more than 20 years later, that
several sectionsof 88 kV linein Rhodesia were not struck
by lightning even oncein eight years. In both casesstorm
paths were suggested as a possible cause but the effect of
geologicd formations was discounted. However, at that
time Golde suggested that the phenomenon was ex-
plicable in terms of Poisson's distribution assuming that
lightningwasdistributeda ongthelineentirely 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 Engineersin 1969,
Golde1® again drew attention to this question and
quoted an example which is repeated in Table 5 which
follows alongside the Rhodesian data given by the
writer in his Vote of Thanks.

This intriguing probability distribution has since been
demonstrated many times and is especidly 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, !, 2,
3... nflashesin T years with an annual ground flash
density of N, is given by the expression

P, = Zr/nlexp (-Z)
whereZ = ATN,

TABLE 5 Eight years of data on the frequency of lightning
strikes to transmission towers

Number of cowers aflected
Number d times

struck
210 kY line kV lin.
Observed Caiculated Observed , Caiculated
Nor struck at dl 172
Once only 163 137
Twice 106 55
Three times 71 15
Four times [H] 3
Fivetimes 5 0
SiX times 2 ]
Seven times 0] 0] [0} 0
1. ],
Total numbar of towers 477 i 477 N 382
|
Toul number d strikes
CO towers 685 305
'‘Average strikes/tower I l 0,80




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

Eriksson®® has derived the following expression for
the attractive radius obtained from data on lightning
strikes to tall structures:

R, = 16,3 H,"%m

In thisequation H, is the effectiveheight 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 H, of for instance 20 m, R, isfivetimes
the effective height of thelinebut it is moreif theeffective
height isless than 20 m.

On a purely geometric basisit 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 structuresas indeed
other empirically derived expressionsare seen to suggest,
but it is clear that more field data are required in order
to confirm these assumptions.

Thisis one of the objectivesof 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 to or near the line (see
Fig 31) whilst at the same time the voltage surges omthe
line are measured.

The voltage measurement technique employed, high-
lights yet another achievement in the use of a loose
capacitance couplingto measurethevoltageon the power
system conductors by means of the voltage induced in a
short paralel rod mounted on a caravan directly under
the line as shown in Fig 32 and preliminary results have
been reported™’ The method was first developed at
Apollo® on ESCOM’s 400kV sysem 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 lineisshown in Fig 33,

Fig 31 Lightning flash close to the Cabora Bassa HVDC line.

voltage antenna on caravan roof and two cameras on stands).

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 (™).

The effects of lightning on extra-high-voltage systems
are-important and require t0 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 sygem 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 necesdty to keep the costs of low
voltage distribution lines to a minimum, they are in-
sulated only sufficiently to ensure satisfactory per-
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Fig 33 Record of ascillogram of a lightning surge on th* 400 kV system
at the ESCOM Apollo distribution station near Pretoria.
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TABLE 6 Storm outage rates on the Rand Undertaking
Electricity Supply System over period 1960/65

Storm faults
per 100 kmjannum

System voltage
3%

111022
42

23

132

275
*400

203
219
1.9

*400 kV performance during first year of operation 1975176

formance at the normal operating voltage— say 11 kV
— and the margin available for lightning overvoltages
normally around 90kV is thus insufficient to prevent
flashover in the event of a direct stroke to the line. Even
voltage induced hy a nearby lightning strike is capable
of overdressing 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 11kV distribu-
tion of standard constructionsome 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 transformersand surge arresters on
the line (see Figs 34 and 35). This will enable the basic
effects of lightning to be determined first of all without

I

Fig 34 CSIR automatic surge recording station on 11 kV test line near
Pretoria.

21

Fig 35 ESCOM automatic nurfa recording station at extremity of || kV
tut line near Pretoria.

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
sarviceto rural consumers than formerly, cornmensurate
with the economics of the supply.

One final aspect about 11 kV distribution is the high
failure rate of distribution type surge arresters being
experienced by eectricity 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
installed arrestersare being damaged and thisis 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 aso on the research test line
referred to earlier. Furthermore, the SABS is examining
the effect of multiple-stroke lightning which is bdieved
to be one of the contributory causesto the high failure
rates being experienced.

These and other problems of lightning research are
being handled by a Task Forceof the Lightning Working
Group of the High Voltage Co-ordinating Committee
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, incidentaly, 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 consumersis
dready 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 .its open wire



transmission system and as a consequence there was a
considerable increase in exposure of the system to light-
ning. Being essentially very 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),

Later inter-city communication using multi-channel
cable has developed and it was found that lightning
could in fact till damage these cables. This was finaly
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 of much
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 Boyce(™5).

This protection practice has been extended to thefied
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 internal
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 damage.

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

In generd, 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 ill 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 knowledge
of lightning parameters in the particular situation is
necessary.

The possibility of either the TV 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™®. Thisis 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.

Thefirst 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
terms 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
given area, over a long period — with certain assump-
tions to allow for additional strikesfrom fringe areas asa
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

P, = (l—e-?) wherethe Z = N, AT

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

Fig 36 shows the result of such a calculation for areas
varying between 100 and 10000 m? and for periods
from 10 to 30 years and illustrates that even under the
highest lightning conditions attainablein the Republic —
say 12 flashes per km?2 per annum, the number of areas
struck at least onceis lessthan four out of 100 when the
area is less than 100 m? and less than 30 per 100 for an
area of even 1000 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 1000 m2 over 0 years, but of course any
other figure can be calculated from the general ex-
pression given above.

The 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 100m? 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
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Fig 37 Probabiiity of at least one lightning rtrika to small areas over 30
years.

serious. NO protection would seem to be necessary.
Modern houses with thcir array of metallic water pipes.
conduits and electric power cable etc in the ceiling areas
provide a good protection for the inmates. but damage
to masonry on the chimney and gable ends has occurred
and these could be verg simply and cheaply -protected.
On the other hand. thatched roofs are known to be a
particular hazard because of thefire risk so that lightning
protection is alwavs recommended for these cases at
least in the high lightning areas.

The usual mcthod of' protection in the latest code(?
for the lightning protection of dwelling houses relies
upon the usc of metallic masts or catenaries which are
high enough to shed a 45 cone of protection over the
building and it is this protective angle which is based upon
a given mechanism involving the striking distance of light-
ning (sec Fig 38). The basis of the cone is that for all
practical purposes the striking distances of lightning is
assumed to be at least equal to the height of the structure
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Fig 38 One method O thelightning protection of adwelligg house showing
protective eones from SABS Code 03 A 1975.

and this rule has served well over the past 30 years. This
is probably because of the fact that upward leaders
inevitably start from the protective mast or catenary
during the approach of a flash of a lightning leader and
make contact with it before it can strike ground anywhere
within the distance from the 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 earth was and still is acccpted good
practice: however. where such buildings are constructed
of reinforced concrete. the use of the reinforcing to carr
the lightning currents down the building is now con-
sidered permissible. It is gtill important to provide a top
conducting system to connect with the reinforcing which
can receive lightning hits without damage. and the
provision of short finials is now recoinmended in
addition, to facilitate the initiation of upward leaders
from this system, ie, they assist to determine where the
strike points should occur.

Houses with metdlic roofing are perfectly safe
providing the roofing is well earthed. in a particular
case a school building was erccted without an clectrical
installation in which case there was no provision in the
building regulations for earthing the metallic roof
provided. The tragic conseanence of this was that when
lightning struck the roof and discharged down a: internal
wall of a class room. sx school children were killed
instantly.

The use of so-called radioactive lightning conductors
is not at all effective kecause the rate of ion production
from the isotope source is many orders of magnitude less
than would be produced by the ordinary lightning rod
or finial on the approach of a lightning leader. and the
ionisation effect is correspondingly extremely limited. In
this event, the protective area of 100 m radius claiined
for such a devicc can almost certainly be expecred to be
violated at least once by 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 less than | km-* however. a period of more
than 100 years would be required to attain the samc
certainty of a strike.

Lightning protection by means of barbed wire caten-
aries or cages having many sharp points for promoting



corona discharge may, for asimilar 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
stde flashes to points below the top of the building have
occurred and rnay be due to space charge effects which
blanket the fiedld 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 effectsof 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 usualy 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 Coal 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 sensgitive lightning flash counter with provision for
initiating an alarm if the rate of flashing exceeds a
prescribed value. Such warning devices are, however, not
infalible — for instance, no warning would be given of
a flash starting from a cloud immediately above and a
more sophisticated arrangement measuring also the
electric fidld intensity and its variations is possibly
required.

64 Lightning protection of people

Statistics of fatalities due to lightning in the Republic
have been somewhat sparse but some records are
available since 1933, with a break of nine years during
and shortly 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
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deaths in rural areas were possibly not recorded, since
the cause of death was not aways stipulated in the
records. It is therefore reasonable to assume a figure at
least equal to that of the other population group 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 thisin proper perspective, however. theaverage
death rate due to road accidents during the last three
years has been the enormous figure of about 7500 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 all metai 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 categories of lightning fatalities

Number
Killed | lojured

(1) In kraai hua struck by lightning and burnt down 42 34
(2) Inside buildings 20 53
(3) Sheicering under, or walking near, trees 7 10
(4 Working or caught in the open 7 B3
(5) Drivin; tractors 3 |
(6) Pilaying or watching sport 3 2?
(7) Fishing or rowin; 3

- o

85 is

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'tis thus very clear that the application of the SABS
Code of Practicefor Lightning Protection to all 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 outdeor summer sporting activities involving large
numbers of players and spectators who rnay not be under
protective cover. and as stated above, such devices arein
the course of investigation.

Finaly, this review would not be completed without
a reference to so-called ball lightning, one possible event
having been recorded by Eriksson®®. 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.
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Vote of Thanks~

F J Hewitt I regard it asa considerable privilegeto have
been invited to propose the Vote of Thanks to Dr
Anderson our new President.

1 regard it as a privilege firdly in that Dr Anderson
and | are colleagues in the same organisation — the
CSIR, and 1 fed thus I can associate mysdf 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 CSIR — would wish me
to convey their congratulations, the first of many, to
Dr Anderson, on his address and this I now do.

Secondly, it is a privilege in that the work described
by Dr Anderson is one in which T personaly for a
short time and in one very redtricted area — operated.
He was gracious enough to mention it this evening.
I dtill find it a subject of great interest — and leading
as it must to a better knowledge of thunderstorms —
the process by which we get the greater part of what
little rain we do get nowadays — it may wdl be now
a subject Of even greater practical importance than
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when the protection of eectricity distribution systems
was the practica incentive.

Thirdly, I 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 mem-
bers of this Ingtitute — 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 T am privileged in that the field of research is one
in which T bdlieve this Institute took one of its most
congtructive and farsighted decisions. In December 1930
the SAIEE set up a Lightning I nvestigationsCommittee.
This arose from a paper presented to the Institute in
April 1930 entitled 'An approach to the study of the
Lightning and aflied phenomena, in which the author
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 describe 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 occason of the
Banquet to celebrate the coming of age of the SAIEE
on 16 October 1930. He said 'To its loss, South Africa
can clam 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. ..’
I fed 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 Price drew the atten-
tion of the Institute to Schonland's work at Cape Town
University and as a result Schonland was invited on to
the Ingtitute's Sub-Committee.

The SAIEE made an appea for funds and was sup-
ported by the Chamber of Mines, the Electricity Supply
Commission, the Victoria Falls and Transvaa Power
Company and the AS & TS As a result of this, fied
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'.

I fed that the Annual General Meeting of 1932 must
have been of quite exceptional interest. I wonder if it
was a matter raised under 'general’.

1t is highly appropriate that an incoming President
is himsdf personally continuing these studies today —
with Pariiamentary funds I might add — he might not
be so pleased with a £500 grant which was the amount
that made the summer 1932/33 season’s observations
possible.

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



on Study Committee No. 33 of CIGRE (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 personal
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 CIGRE Committee.

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

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

I have not said anything in detail about Dr Anderson's
personal contribution to knowledge of lightning. His
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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.
To 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 fied 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
all now like to congratulate him. I now formally propose
a hearty Vote of Thanksto Dr Anderson.
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Dear Dr Louange

Thank you for your letter of 21/5/82. The work carried out at this
observatory is purely of an astronom cal and astrophysical nature using
various tel escopes with advanced el ectronic instrunentation.

I enclose the latest Annual Report for your information.

Yours sincerely

oo

M W Feast
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Volcanic material from Mount & Helens
In the stratosphere over Europe

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

Ingtitut d’Aéronomie Spatidlede Begique, 3, Avenue Circulaire.
B-1180 Brussels, Belgium

*E.T.C.A., 16 bis Avenue Prieur de la Cote dCr.

F-94114 Arcuel. France

The two most recent balloon flights devoted to studying the
stratospheric aerosol vertical structure by comparisom with
winds, temperature and ozone vertical structurestook placeon7
May and on 5 June1980. At 15.23 h GatT on 18 May Mount St
Helens volcano (46 °N, 122 °W) erupted with a tremendous
explosion, projecting ash into thestratosphere. 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 horizontally and vertically. The last
such large-scale opportunity was offered by the Mount Fuego
eruption which took place in 1974. In this |atter case, the
enhancement of stratospheric aerosols was observed by means
of ground-based lidars and of balloon-borne particle counters.
Thetimedevelopment of theaerosol eventin1974and1975has
been described elsewhere®™, Mount St Helens material can now
aso be traced by various satellite-borne instruments. This new
stratospheric aerosol event appearsto bespectacular. Asshown
by the photographs discussed here, it leads in its early stage of
development to an increase by afactor o threedf theEarthlimb
reflectivity at 15-km sititude after a period of several years of
low stratospheric aerosol content.

5June 1980 7 May 1980

Fig. 1 Photographs d the Earth limb taken with identical
exposure settings in the azimuth d the SN at low solar elevation
anglesfrom batloon gondolason 7 May and on 5 June 1980. The
gondolaswered 37- and 35-km altitude respectively. An atitude
scded thegrazing lined sght is shown in kilometres. Below the
dark bluesky horizontaliy stratified aeros0l layersare revealed by
scattered sunlight. In the 5 June case, material from the Mount St
Helens volcano has goread in the low stratosphere over a large
horizonta extent. It enhances the bri gignemof thelimbso that the
coud cover in the foreground can hardly be seen through the
whitish veil. In contrast, the doud cover is well vishle on 7. May.
Notethat the grazing point at 16-km dtitudeis some 500 km aw

from the camera An dtitude differenced 1xm a that atitude

correspondsto 7 arcmin. .
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Fig. 2 Earth limb radiance in the azimuth d the Sun versus
grazingdtituded thelined sight. Thesolar devationangleswere
respectively 6.18° and 694 on 10 October 1979 and on 7 May
1980. The vaidiond thelimbradiance versus atitudeisrelatively
smooth in both cases Asmod d 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. The Stuation at higher dtitudes
seems t0 be reversed. However. these aspectsrequireconfirmation
from other flights and further interpretation d these rav data
whereozoneand ar absorptionshould be taken intOaccount. The
unccrtainties due to difficultiesd the_phoé(égra)hie photometry
have dso to be wnsidered.

The new method® 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. Aerosolsareknown
to scatter light mostly at small angles whereas, comparatively,
Rayleigh xattering by air molecules occurs almost evenly at all
angles. Our observational geometry favours aerosol detection.

At balloon altitude the camera lenses view the Earth limb
below the horizontal linedirectly and the Sun above it through a
neutral optical density (D =4) screen which serves several
purposes. |t avoids penetration of straylight in the optics to
obtain clean pictures of the Sun at various €elevation angles
providing an angular scale. It puts both the Sun and the Earth
limb in the sensitive dynamic range o the film calibrated in
relative unifs by means of a step wedge photographed before
flight. The solar images provide the absolute scale. The gondola
isSun oriented so that the cameras have the Sun inthemiddl e of
thehorizontal fieldof view. Colour (Kodak EPR 475) and black
and white (Kodak Plus X Pan) 70-mm filmsare used. Theresults
reported here were obtained in the red using Wratten filters
ar. 25 set in front of the 80-mm focal length lenses of the
Hasselblad EL 500 cameras and without filter. The cameras are
remotely operated from theground. Thetelemetry retum signal
alows usto check their operation.

Three flightsare wnsidered here. The first two took place on
the afternoons of 10 October 1979 and 7 May 1980 from Aire
sur I'Adour in south—west France. T o 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 thegondola at thetime that the picture
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Fig. 3 Earth limb radiance in the azimuth of the Sun and in units
of solar radiance versus aititude of the grazing line of sight. The
solar elevation angles were respectively 6.94° and 6.26° on 7 May
and on 5 June. The large and sharply cut radiance increase between
15.6 and 15.2 km is due to the stratospheric loading of volcanic
material. The radiance increase at higher altitudes is thought to be
partly due to the illumination increase of the upper levels by the
lower levels. The thin layers (some 300-mthick) at some 16.5-km
altitude seems to be a frequent feature of the mid-latitude stratos-
phere and is thought to be related with the height of the tropical
tropopause.

was taken were respectively 37 km, 1° E and 44° N. The third
flight took place on 5 June 1980 from the other CNES range in
the Alps. Radar tracking was performed in this case from Ile du
Levant on the edge of the French Riviera. The coordinates were
35.2km, 2°E and 44°N.

Inspection of limb pictures such as those shown in Fig. 1
reveals the presence of aerosol layers with a thickness ranging
from 100 metres to several kilometres. The latter layers extend
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horizontally over the whole field of view whereas the thinner
layers may have a smaller extension. The black and white
photographs are analysed using a Jarrell-Ash densitometer.
Grazing altitudes in the stratosphere are determined using the
tables of Link and Neuzil®, taking refraction into account.

The Earth limb radiance is deduced from the densitometric
measurements. The radiance vertical profiles observed on 10
October 1979 and on 7 May 1980 in white light are compared in
Fig. 2. These profiles are similar showing mostly smooth vertical
structure. Figure 3 shows the vertical radiance profiles observed
in red light on 7 May and on 5 June 1980. The abrupt radiance
increase observed on 5 June between 15- and 16-km altitude
is similar to the increase of particle amount observed shortly
after the Fuego eruption®™. The very sharp cutoff at the upper
boundary of the layer is typical.

On the other hand, satellite-borne instruments have tracked
at 16-km altitude material from the volcano crossing the east
coast of the US on 23 May and moving towards Europe above
the Atlantic Ocean on 27 May (M. P. McCormick, personal
communication). The observation reported here is likely to have
occurred shortly after the arrival over Europe.

Theory”® predicts that a stratospheric aerosol increase
reduces the amount of solar energy reaching the troposphere
and the ground. Two main processes are involved: absorption in
the aerosol layer and reflection to space of solar energy flux
leading to small average temperature decreases in the tro-
posphere*®. The reflectivity data reported here will be aug-
mented by further flights and together with other absorption
data will hopefully improve the understanding of the problem
and help to evaluate more precisely the possible impact of
stratospheric aerosol events.

We thank the French Centre National d’Etudes Spatiales
balloon launching range for launches, tracking and recovery of
the gondolas.
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Stratospheric aerosols propertiesfrom
Earth limb photography

M. Ackerman, C. Lippens& C. Muller

Begian Institute for Space Aeronomy, Circular Avenue. 3, B-1180-Brussels, Belgium

Balloon-borne observation at three wauelengthsd visible sunlight scattered by the Earth limb allows the determination of
aerosolsabundancesand size distributionsat various altitudesin the stratosphere. The stratospheric aerosols are apparently
still under the influenceof the Mount & Helens volcanic eruption five months after its occurrenceon 18 May 1980.

IT isonly relatively recently that detailed studies of the strato-
spheric aerosols have been initiated. They are of importance
because nucleating and catalytic agentsare 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 ground®* and from
satellites, and Earth-limb observation from Spate has been
based on sunlight scattering observed directly* or through its
absorption®. Zn Stu sampling initiated 20 years ago’ has also
provided much information on the composition of aerosols®.

We have previously reported® the photographic observation,
from a balloon gondolafloatingin 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 appeared'®** while details have been pro-
vided on the air trgjectories which have caused the volcanic
plume to move at various altitudes in various directions'* at the
beginning of their many cumbersome revolutions around the
Earth. Much information has been collected on the propertiesof
the ejecta in relation to atmospheric effects'®. On 15 October
1980, five months after the emption. another photographic
balloon flight took place. One o the first observations was
finding that the enhancement of stratospheric aerosols below
20km 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
islow. Thislight isscattered direct sunlight with a contribution
from the Earth albedo which is minimized when the Sun islow.
The observation geometry is shown in Fig. 1. Thelimbradiance,
R, can beexvresseddirectiy insolar radiance units because solar
images are recorded simultaneously with a known attenuation
factor. The solar elevation is calculated from the time that the
picture was taken and from the geographical position. An
angular scale isconstructed from several consecutiveshots. The
depression angles at which radiancesare measured arerelated to
theline-of-sight altitude of closest approach tothe Earth surface
taking into account refraction effects’®. The measured
integrated radiances can be inverted taking into account
absorption by ozoneand air along theline of sight by the ‘onion
pealing” method toyield the in'Sruradiance, R*, per unit Jength
versus altitude. ,

The Sun-oriented gondola can be rotated about its vertical
axis SO that picturescan be taken at various azimuth angles, A,
relative to the Sun's position. The scattering angle ¢ of direct

solar radiation can be computed from the relationship
cos8 = —sin D sin he+cos D coshe cos A (1)

where D is the depression angle at which the atmospheric
radiance is measured and ke 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 toisolate aerosol sscattering at all azimuthstaking
into account the Rayleigh phase function®".

F direct solar radiation only is considered, an in Stu
monodisperse aerosol radiance R} per cm of pathlength is
related to the average solar radiance Re by

R} =Roma’Q.open/dm )

wherea is theangular radiusof theSun's disk, 2.16x107* rad, ¢
the properly normalized particulate phase function, Q. the
scattering efficiency factor, a the particulate scattering
geometrical cross-section in cm?if the number density, n, of the
particles is expressed in ecm™.

In practice, our data confirm the previous observation
according to which the phase functioncan, within experimental
uncertainties, be represented by the Henyey—Greenstein
function. The asymmetry factor g of the phase function and the
total scattering efficiency can then be determined. Thevariation

Fig. 1 Observational geOMelry: quad parallel light falls on the

amosphere at a solar zenith angle y, the amosphereis seen a

various depression angles D; throughthe rotationd the gondola

photographsare taken at vaég‘ous azimuth angles A from the Sn
irection.



of these parameters with wavelength can be fitted to their
theoretical variations using the effective size parameter of
Hansen and Travis'®. This procedure, which usesthe Mie scat-
tering computation programme of Wiscombe®', leads to an
evaluation of theeffectiveparticle sueand provides information
on other properties. From these two quantities and from the
product nu 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, o the interacting light through the Mie size
parameter

x=2malA 3)

where a istheradiusd thespherical particle in a monodisperse
aerosol. In a polydisperse aerosol the number of particles of
radius r isexpressed'® by

n'=A’(I-3h)/he—r/ah (4)

wherea becomesthe effectiveradius while b isa measure of the
width of thesize distribution; A is aconstant related tothetotal
number o particles.

Comparing R} with 4, the scattering angle, at various
wavelengths provides information about the asymmetry factor,
g A knowledged g and its variation with the wavelength of the
interacting light leads to the unique determination of a and 4.
How the scattering efficiency Q, varieswith size parameter can
then bedetermined. Thebehaviour 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
dtitude and was equipped with seven Hasselblad EL 500
cameras with 80-mm focal length lenses 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 (440nm) and 25
{650 nm) with Plus X Kodak film and filters 87 with Kodak
aerographic 2424 film (860 nm). T o 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 60cm
from the lenses with their lower edge placed a few centimetres
above the optical axis. Before flight, step wedges, inconet filters
and samplesof the neutral density screens illuminated in parallel
light were recorded by each camerain 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 D19 developer (y = 2.3). Thedynamic range of thislast
film wastoosmall torecord 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 observed 180° from theSuninthethreecolours above
30km altitude. The absolute calibration in blue and red light
wasbased directly on solarimages. The colour, blue, red and IR
camera settings (aperture, speed) were respectively: f/11,
1/125s; f/8,1/250s; f/8,1/250s; f/8,1/125 s. Assoon asthe
gondola could be Sun oriented, pictures were taken during
ascent and later during the float 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 65°, 115°, 180° 245° and 295° from the solar
azimuth. Thewhole horizon scan took place between 16.08 and
16.18 hG ™, during whichatmospheric illumination conditions
changed very little. Thelatitude and longitude wererespectively
1" Eand 44" N, The average solar azimuth and elevation angies
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-
tuded the grazing line of sight every 200 m. Each photograph
allowsan horizontal angular coverage of about 34°.
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Results

Asan example, theobsewed limb radiance values are presented
versus the altitude of closest approach of theline of sight to the
Earth surface (sealevel) for 650 nm and for various scattenng
anglesin Fig. 2a.

The comparison of the vertical radiance profiles observed at
small scattering angles in red light 11 days before, less than 1
month® and five months after the Mount St Helen's eruption
showsseveral characteristics. A radiance enhancement peaking
at 17 km altitude still existson 15 October 1980, by afactor of
amost three relative to the pre-eruption value. Above 22 km
atitude the radiance hasreturned to values close to what it was
on7 May 1980. Thissuggeststhat theheavy layer observed over
England on 6 and 7 June'® and on 5 June” over France consti-
tuted the main body o 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 by the aerosols.

The various photographs taken around the vertical axisdf the
gondola reved the 17 km layer at all 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 volcanicactivity. 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. Its
atitude isat 22 km from 125° azimuth counted clockwise from
the geographical north to ~220° where it beginsto rise up to
—25km at 250" where it splits and becomes invisible. Parti-
culate rnatter is also present above, what we call here, the 22 km
layer. With respect to the horizontal homogeneity, the
cornparison o the aerosol direct sunlight scattering with the
scattering anglesissafefor 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-

tributions” and their respective absorption cross-section~"".*~.

Theinsiru radiance values, R* , in units of solar radiance and
per cn aong the line-of-sight at the tangent altitude, are
presented in Fig. 2b. The R* values at 650 nm (Fig. 2b ) show at
6 =175° an exponential dependence versus altitude, as expec-
ted. on which some structure and noise is superimposed. At
860 nm in the backward hemisphere where aerosols are expec-
ted to bring a small contribution and particularly at 30 km
atitude, the variation of R* with ¢ fitswell the Rayleigh phase
function, g1ving confidenceto the very low contribution from the_
Earth albedo to the obsewed signal. Thisis not surprising asthe
average cloud deck radiance measured at depression angles
from 5 to 15" ranges from 7x1077 to'6x1077 of the solar .

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

At 650 nm (Fig.2b)the Rayleigh phasefunction can befitted
to the radiance variation obsewed in the backward hemisphere
at 30km altitude. In this case, however, the average cloud
radiance variesfrom 6 x 107® near the Sun's azimuthto 6x 107"
elsawhere. 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 scagering at
17km. At 8=175°, R* grows faster than exponentially at
atitudes 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. Thisoccurs at 9 km
and at ground level for 650 and 860 nm respectively. In addition
the average cloud deck radiance isvery highin blue light varying
from 1.6x 107° near the Sun to 10™® of the solar radiance
elsewhere. Thedataobtained in blue light can then only be used

Table 1 Summary 0 balloon-borne results for three characteristic

dtitudes
Altitude 14 km 17 km 22 km

8aa0 —_ 0.6 —
8eso 0.55 0.60 0.50
£860 0.52 0.56 0.45
Y Qunoaao (cm™) — 32x107* —
(Z Q;"(T“o)AM (cm'l) — 1.5x 10_“ —

Q,nagse (cm™) 9.4x107"  1.0x107* 29x107°

Q.nogso)am (em™) 60x107° 58x107° 1.5x107°

Y Q.nogeo (cm ™) 1.9x10™°  2.7x107°  9.3x107'°
(% Qinogeo)am em™) 24x10™° 3.1x107° 9.2x107"

440 —_ 0.8 —
Q650 0.14 0.52 0.1
Quss0 0.10 0.35 0.05
¥ n0aqy (cm™") — 4x107* —
X noasolam {em™) - 1.9%x10°* J—
Y noreso em™) 67x107%  1.9x107® 29x107°

nogso)am (em™') 43x%1078 1.1x107%  1.5x107*

Y nogeo (cm™ 1.9%x10™%  7.7x10™° 89x107°
@ nogso)am (cm™) 2.4x1078 89x10™° 8.8x107°
a (pm) 0.042 0.15 0.045
b 3.6 0.6 1.8
V (cm?) 1.8x107"7  1.5x10°"?*  7.0x107*

g, The asymmerry factor of the phase function; ¥ Q;no, the optical
1 e . extinction duced. from . observe radiances:
et % prical aerosol SAtAing SetinGion deduced from
comparison with the molccu&r scettering extinction; Q,, the.scaxten'ng .
efficiency factor; ¥ no. and \Z no)am, the geometric scattenn(g)l extinc-
tions; &, b, the size diStribUtions parameters; V, the total volume of
particies per d ar a the respective dtitudes.



with caution and at small scattering angle. Thesituation hereis
different from that in the balloon-borne aureol e observation®'
due to the low solar elevation used.

Figure 2¢ presents the in situ radiance due to aerosols R¥
obtained by subtracting the Rayleigh scattering R ¥, dueto air.

% is evaluated from R* at 6 =175° following the 'clean air'
procedure currently usedinlidar work?*. R ¥ is then adapted for
the various scatteri ng angles considered according to the mole-
cular phase function'’.

I nter pretation

Theangular dependance of R¥ hasbeen fitted tothe variation of
the scattered light intensity with 6§ computed for various values
of theasymmetry factor g of the Henyey-Greenstein function as
shown for three wavelengthsin Fig. 3. In blue light afew values
of g give useful results. For the reasons discussed above values
for the 22-km layer have only been consideredfor 8 between 51°
and 116°.

The asymmetry factors so determined are listed in Table 1
with the optical scattering extinction coefficients Q.. The
values at 440 nm have not been used because a model 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 avalue of the
real index of refraction equal to 1.55 (seeref. 25) is observed
here. Thisvalue will then be used to deduce thesize parameter x,
anditsvariation with A from 650t0860 nm |eadstothe valuesdf
a and b characterizing the size distribution listed in Table 1.
Eventually, the scattering efficiency Q. can be deduced from a
and b following the Mie scattering theory'®.

With thedataavailable, thereis, of course, another method of
determining ¥ Q,no. From the air o values'" and from the air
number density n,; taken from amodel? (mid-latitude, spring—
autumn) (nu).,, can beevaluated. The R¥; valuesdetermined at
#=175° by the'clean air' method®® are compared with the R¥
measured and by taking into account the air and aerosol s phase
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Fig. 4 Number d particles per em™ venus their radii and per
micrometre Sze interval for three chaacterlstlcdmude: 14, 17
and 22 km. Two previousdata sets™* are shown for comparison.

mem™Y)

Fig.§ Tota numbers 0 particles with diameters |arger than given
vaues. The ratio o the number d particles with diameters (d)
>0.3 wm t0 the number d particles with diameters >0.5 wm is
larger for the layer a 22km dftitude than for 17 and 14 km
dtitudes indicating the voleanic _jnfluencein these two latter

functions thevalues of (¥ Qno)}amfor the aerosolsarededuced.
They are also listed in Table 1.

Theabsolute particle distributionshownin Fig. 4for thethree
altitudesconsidered is based only on the geometrical extinction
coefficient Y nu at 860nm for two reasons. In IR light, the
albedo contributionto tie measurement is negligiblewhiieitis a
maximum in blue light and in theinversion of R leading to R*
the correction for the absorption by Os, 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 isvery 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 valuesdf the size parameter.

Discusson

Our particie distributions arecompared in Fig. 4 Wlth the upper
and lower limits deduced from in sire sampling’ and with two
extreme values resulting from solar aureole measurements®
The present resultsfall withinthe range of those data except for
particles<0.2 wm radiuswhere the upper limit given-by Junge et
al.” is exceeded. As mentioned above the aerosols below 20 km
arestill in volcanically perturbed conditions. On the other hand,
the collection efficiency o an in situ sampler might be reduced
for small particles. Note also that our distributions are steeper
especially at large radii. This effectis less pronounced in the
comparison with the aureole data. Thiseffect seemsto bedueto
the small values of effective radii obtained here.

Another comparison of our data, showninFig. 5, can be made
for the total number o particles with a radius >0 15 pm
obtained by balloon-borne optical particle counters® The
number densities of these partch&s are 0.4-1.3 particle cm *in
the 14-17 km altitude region and 0.1-0.9 particle cm™ at
22 km. The data presented herefor 22 km correspond to alow
aerosol content above 20 km and lead t00.7 particle cm ™ above
0.15 wm. At 14 and 17 km altitude thevalues Presented inFig. 5
respectively imply 1.9 and 2.1 particle cm™ of particles with
radii >0.15 wm. A comparison between the two methodswould
be required to define a possiblediscrepancy as the aerosols are
volcanically enhanced in the present case.

The optical extinction coefficient Qo measured at 1 pm
wavelength by the SAM |1 Satellite-borne instrument at low



aerosol load in July 197977 exhibits an dmost constant value at
altitudesfrom 14 to 20km o 10~ cm-'. This compares very
favourably with our 860 rm value at 22 km. At 17 and 14 km
altitude, theextinctionin the present caseis 3and 2timeslarger.
This can be expected from the volcanic influence which may
aso explain the larger effective particle radius a at 17 km
atitude.

A value d the asymmetry factor ¢ o 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 stratosphere'®. This
value corresponds to our measurement at 22 km where the
aerosol is consideredto bepurely 'natural’. Because g islargerin
the present case at 14 and particularly at 17 km, one o the
volcanic influences must then be to increase the g vadue and if
the Mie theory is applicable to increase the particle Sze as we
observeit at 17 km altitude.
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La correspondance destinée A I'institut doit étre adressée

INSTITUT ROYAL METEOROLOGIQUE 1180 Bruxeles, le. 9. juin. 1982

AVENUE CIRCULAIRE. 3

BELGIQUE
No

ref.. R.1851
a rappee avec la date

Monsieur Francois LOUANGE
Rue Sainte-Anastase 9
TELEPHONES : FR-75003 PARIS

DIRECTION : 374 43 00
\ 54 53 5
AUTRES SERVICES 2374 09 41
374 02 4

Annexe

Monsieur,
En réponse a votre lettre du 21.5.1982, nous avons 1'honneur de vous
communiquer que Ll IRM effectue des observation dans |e domaine des

décharges d'électricité atmosphérique,

Les observations consistent d'une part, du comptage du nombre d'éclairs
et d'autre part de 1'enregistrement des transitoires électriques émis
par les éclairs.

Les comptages sont effectués a I'aide de compteurs du type "CIGRE",
installés a Maldegem, Bornem. St.Katelijne-Waver., Deurne et Mol.

La mise au point d'un cimpteur permettant de déterminer L'heure
exacte des décharges est en cours a L'IRM,

Les sighaux électriques transitoires émis entre 1 kHz et 600 kHz sont
enregistrées a L'aide d'une mémoire digitale ; une résolution de 0,5 us
peut-étre obtenue.

En annexe vous trouverez les schémas blocks des différents appareils et
nous sommes a votre disposition pour des renseignements complémentaires.

Je vous prie d'agréer, Monsieur, 1'assurance de ma consideération
distinguées.

Le Directeurs

Dr. R.SNEYERS



DESCRIPTION DES CIRCUITS

2.1 LE_FILTRE_F_0779.1

AmMP: |
FILTR Y COMPARAT, MONCSTARLE L.

COURANT

Fig. I

Cette plaquette ce corpose, prino d*un anpli en courant ceci afin
d *assurer uUne grande irpédance d'entrée, puis d'un filtre actif
p-ase bande dont | es fresuences de coupure sont de 180 Hz et 500 Kz
e. le gain unitaire.
1'41ément suivant est un comparat-ur dont |e seuil peut étre réelé avec
v.e grande précision grace au potentiomdtre ce trouvant sur |a face
»vant. {un tour représente un seuil de s500mV).
position de ce poten. ~itre sera déterminée par 1'expérience.
fermant | a petite mane<te« sur le bouton, on assure | a constance
ni veau de détection.
rés Ce conparateur , se trouve UNn transistor qui adapte |a tension
, niveau TTL.
.fin C'est uUn monostable gui termine le circuit de détection dont |e
~mps est réglé sur 2 mS, ce qui a pour but d'éliminer tout rebondi ssenent

~in d'avoir une seul e inpul sion.
Voir fig. 2
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34. COURS ALBERT 180
75008 PARIS

Paris, le 7 juin 1982

Monsieur Francois Louange
9 rue Saint-Anastase
75003 Paris

Monsieur,
En réponse a votre lettre du 19 avril, j'ai |l e plaisir
de vous faire parvenir | es adresses des institutions suivantes:

- Observatdrio Nacional
) Rua General Bruce, 586
20.921 Rio de Janeiro = R.J.

- Instituto Nacional de Pesquisas Espaciais
® Avenida dos Astronautas, 1758
12.200 S&8o Jose dos Campos, S.P.

- Instituto Astrondmico e Geofisico
e Universidade de sao Paulo

Av. Miguel Stefano, g/n
Sao Paulo- S.P.

2. Dans | e cas o d'autres institutions stintéressant a

| a détection des phénoménes aérospatiaux rares au Bresil ne se-

raient signalées, je vous | e communiquerai ultérieurement.
Veuillez agréer, Monsieur, 1tassurance de mes salutation

(
6;22?/¢IAZ£;¢¢¢72242u¢
( Geo¥ges Lamaziére)

Chef du Service de
Science et Technologie

distinguees.
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Sao Jose dos Campos, July 9, 1982.

Mr. Francois Louange
Ingenieur Conseil

9, rue Sainte Anastase
75003 Paris

France

Dear Mr. Louange:

REF.. 30.100.000.1070/82

Thank you for your letter of June 6, 1982 relating to your
appointment to undertake a survey on rare aerospace phenornena.

I would like to inform you that | NPE which is responsible
for Brazilian space research, has no involvement in the mentioned area of

your interest.

As far as I know there is no detection system established

Brazil.

ASC/ta.

**Z 7 INSTITUTO DE PESGUISAS ESPACIAIS

z PRES CUTRA, Km 40.0- Cx

-SP - Av DOS ASTRONAUTAS N? 758 - _CX PCSTA
POS

O S/N-Cx POSTAL 718 - FONE (G8%5 301~
%9 3200C- Cr POSTAL 3¢ - FONE (D&¢:22
T ELTEZO - Cx POSTAL 128! - FCNE (Cceg ) 226-454€ - CES €0.000
oM NS 6.5 . FINE (CIH 257.9788

Sincerely yours

~
[

\
Nelson de Jesus Parada
Director General

=i - FCNE(Ci23) 226877 - TELEX(20)33870 CZF 12 203
B e m s L ER(BTE S 16T “ EER £1) ! >
52 5 - TELEX [OE8L;1i4 - CEF 78 OO0

28¢ - TELEX .0862:185- =.0S? 002
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National Research Council
Canada

Herzberg Institute
d Astrophysics

Ottawa. Canada
K1A OR6

M. Francois Louange,

Conseilnationalde recherches
Canada

Institut Herzberg
d'astrophysique

File Reéférence )4 712- 3

October 8, 1982.

9, rue Sainte-Anastase,

75003 Paris,
France.

Dear Mr. Louange:

Please excuse the delay i n replying to your letter of July 20
which arrived shortly before I left on a trip to Europe.

V& operate a camera network of 12 stations in western Canada
for the photography of bright fireballs. The enclosed reprint describes
the general properties of the system and we would be happy to provide
any other details that might be of interest.

IH:vp

Encl.

Telex 053-3715
Télex 053-3715

Yours sincerely,

\

~ .
-L/m'\. "7 ""LL‘"\-.‘

Ian Halliday,
Planetary Sciences Section.

Canada



THE INNISFREE METEORITE AND THE CANADIAN CAMERA
NETWORK

BY IAN HALLIDAY, ALAN T. BLACKWELL AND ARTHUR A. GRIFFIN
Herzberg Institute & Astrophysics, National Research Councild Canada
Ottawa and Saskatoon

ABSTRACT

Theeventswhich led to theestablishmentof thecamera network in western Canadaknown
as the Meteorite Observation and Recovery Project (MORP) are described. The network
consistsdf 12 smdll observatories, each equipped with five cameras, a meteor detector and
exposure control systems. A bright fireball wasobserved in Alberta and from an aircraft above
clouds in Saskatchewan on February 5, 1977. at 19" 17 38 M.S.T. Two MORPstationsin
Alberta photographed the event from which a predi ctedimpact point wascaicul ated. leading
to the recovery of a 2kg meteorite near Innisfree. Alberta. on February 17. Five smalier
pieces were located after the disappearance of snow in April. Measurements of the wesk
radio-activity produced by cosmic-ray activity were made on the main piece shortly after
recovery a alaboratory in the United States. The resultsfrom this meteoritearc o special
interest because themeteor photographsprovide areliable orbit for the object before impact.
Innisfree is only the third meteorite for which such a well-defined orbit is availabk. The
low-inclination, direct orbit appears normd for asteroidal fragments which collide with the
earth.

Introduction. Meteorite research in Canadareceived agreat stimulusasa
result of events which began with thefall of the Bruderheim meteorite near
Edmonton, Alberta, on March 4, 1960. One recent consequence of the
Bruderheim event wasthe photographic recording and prompt recovery of
the Innisfreemeteorite, which fell in Albertaon February 5,1977, only 116
km from the much larger Bruderheim fall.

Thefall and recovery of thelargeshower of stone meteontesnorth of the
small town of Bruderheim has been described by Folinsbee and Bayrock
(1961). Many fragments, totalling over 300 kg, of thistypica hypersthene
chondnte (petrol ogictype L6) were 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 material for
the improvement of the meteorite collections in Canada. The total re-
covered massfor Bruderheimisthelargest for any Canadian meteonte.

The experience gained in field searches and laboratory study of
Bruderheim was put togood use when three other meteorite fallsoccurred
within 500 km of Edmontonin the next seven years. These meteontes were
Peace River in 1963 (Folinsbee and Bayrock 1964); Revelstoke in 1965
(Folinsheeet al. 1967) and Vilnain 1%7 (Folinsbeeet a. 1969). These four
eventsbrought to ten the number of Canadian meteoritefallsfor which the

15
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date of fali was known and suggested that several falls per decade might be
expected if reports of bright fireballs were pursued intensively. By coinci-
dence. the next fall in Canada. the Innisfree meteorite, occurred ten years
to the day (almost to the hour) after the Vilnaevent. Several other meteor-
ites classified as "*finds'™” rather than *'falls’’ were recovered during the
decade but information on the date of fall is not availablein these cases.

The Bruderheim event had other, lessobvious results. The collection of
the fallen meteorites and their acquisition for scientific studp had been
handled efficiently because of the presence and interest of amateur as-
tronomers within the Edmonton Centre of the Royal Astronomical Society
of Canada and geologists a the University of Alberta and the Research
Council of Alberta. In many parts of Canada the event might have gone
unnoticed. Thisrealization led directly to the establishment in 1960 of the
Associate Committee on Meteorites by the National Research Council of
Canada to stimulate interest in all 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 office in Ottawa, a system which
worked well for Innisfree.

Another early action of the Associate Committee wasto recommend the
creation of a network of photographic stationsin western Canadato record
bright fireballs. Theaim of such networks isto provide accurate dataon 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 beforeit 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 meteoroidsin the
solar system. etc.

Photographs of the atmospheric flight of the Pribram meteorite 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 firebail
networks 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 1973),
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followed more recently by networksin the United Kingdom (Hindley 1975)
andinthe U.SSR. (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 secured.
networks should be located to provide a large amount of clear night-sky
conditionsover aterrain which issuitable for a meteoritesearch. Although
Canada has a very largeland area, the only region of adequate size which
meets the second requirement isthe agricultural region of the three prairie
provinces. Clear weather isexpected to beasfrequent hereasel sewherein
Canadaand one of the by-productsof the project isdataon clear night-sky
conditions. Preliminary dataon these conditionsare presented at theend of
this section.

The planning and construction of the MORP network were ac-
complished in thelate 1960s within the Astronomy Division of the Domin-
ion Observatory, then a Branch of the Department of Energy, Minesand
Resources. Some preliminary site searches began in the summer of 1966
with eight of thefina observatory sites selected in 1967 and the remaining
fourinthespring of 1968. Onepotential sitewaslater shifted ten kilometres
when it wasfound the land would not support aloaded cement truck. The
network was planned to keep ail stations away from theglaredf largecities
and siteswere sel ected 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 highwaysand loca habitation, the latter in order to derive
some protectionagaingt potential vandalism. Figure ! showsthelocation of
the twelve observatories where the station names refer to nearby towns,
usually within 10 km of the station. Table1 lists the geographic locations
and elevationsdf the stations; the elevationsinclude aheight of 4 mabove
ground for the cameras.

The MORP network isoperated fromafield headquarterson thecampus
o 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 beforetwo more observatories were built thefollowing winter. then
seven stations in the summer of 1969 and, findly, the two Manitoba
observatories during the winter of 1969-70. Thefirst cameras were instal-
led at Asquith late in 1968 but the network was not effectively operational
on aroutinebasisuntil 1971.
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FiG. 1—Map of the MORP networh showing the location of the twelve stations (filled
circles) and the site of the Innisfree meteoritefall relativeto some major cities (openstars) and
hiphwaysin western Canada. The effective search area for meteorites is about 700000 km?,

TABLE 1
LocaTions OF THE MORP SraTiONS

—

Elevation
Station Latitude Longitude (metres)
A Asquith 52712°04" N 107°07°04"* W 527
B Neilburg 52 41 25 109 36 11 651
C Vegreville 533203 112 06 45 640
D Lousana 5207 42 11311 48 929
E Brooks 50 29 53 111 53 15 774
F Leader 50 54 01 109 37 01 677
G Ernfoid 50 31 18 106 51 04 710 .
H Lajord 5016 21 104 09 28 600
1 Langenburg 50 44 51 101 43 08 512
J Alonsa 50 44 36 99 03 31 287
K Birch River 52 24 06 101 00 49 277
L Watson

520129 104 34 21 533
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FiG. 2—The exterior of the MORP observatory near Langenburg. Saskatchewan. Notethe
meteor detector mounted on theroof of the building.

Observatories. Consideration of theareaof sky covered by one camera
led to adecision to usefivecameras per station. each coveringabout 54° of
azimuth near the horizon. The cameras are positioned with the lower edges
of their fieldsof view only 1" or 2° above the horizon and the upper edges
near amean elevation of 55". The unobserved zenith area of each stationis
surveyed by neighbouringstations. but small triangular areas between the
fields of adjacent cameras and the horizon are not covered. The protective
buildingswere chosen to be pentagonsin spite of some slight concern that
locd contractors might not be familiar with 72" and 108° combinations.
Figure2 showsthe extenor of oneadf the observatoriesunder typical winter
conditionswith a modest snow cover on the ground.

The observatory floor areais only 6.5 m?. The roof has an ailmost flat
central section. on which is mounted the meteor detector described below.
and fivesides which slope at 23" to the vertical. Each window hasan area of
1900 cm? and is coated with a transparent but conductive coating which
carries afew amperesd low-voltagea.c. power to keep the surfacefree of
iceand dew. The buildingis heated or cooled. as necessary, by acombina-
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tion heaterand air conditioner. A security fence encloses the buildingandit
has been a great relief that during the eight years of their existence.
problems of vandalism and intrusion have been negligible a the obser-
vatories.

The cameras are mounted on a steel frame which is bolted to aconcrete
pedestal about 2.5 m above the floor. The pedestal goes down into the
ground about 2 mand thereopens intoaflat base. Thisstructure provides a
very stable mountingfor 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 thisis 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 aimost never block the door.

Cameras. The MORP cameras were specially manufactured by the
Charles A. Huicher Company of Hampton. Virginia, and use wide-angle
Super-Komura 50-mm lenses. Thefilm used is Kodak 70-mm Plus-X Panin
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 to5) and three fiducial marks (seefigure3). Each fiducial
mark consists of a 60-micron dot surrounded by four radial arms calling
attention toit and the markscan be used to interrel ate the measurementsof
two pictures from the same camera.” This is useful if a meteor is photo-
graphed adequately itself but the picture lacks sufficient stars because of
thin cloudsor haze. Onecameraat each station recordsin onecorner of the
frarnethe time of the end of each exposure. Originally, time was recorded
by a Bulova *"accutron’ clock with a 24-hour dial and a 999-day calendar.
but aconversion to digital timedisplays 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 thefocus at infinity. By tilting
the camera. about thirty successive superimposed exposures were made
until the entire frame of filmwas covered with a matrix of dots. Measure-
rnentsaf the dots were used to construct a contour map of the distortion.

from which by interpolation a set of 841 pairsof numbers was extracted.
representing displacement in X and Y co-ordinates all over the field. The
cornputer program which calcul ates orbits and impact pointslooks up the
distortionfile of therelevant cameraand adjusts all measurementsto allow
for thiseffect of thelens.

Thecameras have a**sun shutter'” in front of the lensto protect thelens
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Fic. 3—Photograph taken during a thunderstorm. looking north from Lousana. Alberta.
One nearby lightning flash contrasts with ,the numerous cloud-to-earth flashes in the
»background. This photo isfrom camera DI (camera 1 at station Di the sume camera that later
secured one of the photosof the Innisfree meteorite. The clock image records thetime of the
end of theexposure.

during daytimeand a ‘*masking shutter** which isnormally open and closes
only during film advances to prevent star images appearing dragged across
the picture. The cameras also have a** chopping shutter', as is usud in
meteor cameras. to bresk the meteor trail four timeseach 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 whed
dnven by a synchronous motor, but it is unique in having three equa
sectors of different opacities. One sector iscompletely transparent and this
is theonly onethat transmitssignificant starlight. Another sector is made of
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filter material of density 5.0 (and supposedly neutral as to colour) which
blocksout all but a most unusually bright meteor and hasblocked out every
meteor seen to date by the MORP cameras. The third sector has neutral
density 2.0 (areduction, in astronomical terms, of 5 mag) and will transmit
enough light from avery bright meteor to make an imagethat may be more
suitable for measurement than the overexposed image tha came t hrough
the transparent sector. The masking shutter and the chopping shutter are
both near thefoca plane.

Meteor Derector. It is desirableto know thetime of occurrence of each
photographed meteor since the timeisrequired 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 thesum of all light coming from
thesky. Most meteors move within alimited rangeof angular velocitiesand
this motion is their most distinctive characteristic. The MORP *‘meteor
detector’*, designed by Spar Aerospace Products Limited of Toronto.
looksfor this motion. It consists of a light-sensitive photomultiplier tube
(abbreviated PMT, model RCA 2067) above which arerwo coaxia cones of
perforated metal, one larger and completely covenng theother. The PMT
produces acurrent proportional to theincident light. Any light that reaches
the PMT must pass through holes in both cones and light from a moving
source such asa meteor will find different combinationsof 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 frequenciesfrom 1 to 10 Hz which has been deemed appro-
pnate, based on typical meteor velocitiesand the geometry of the meteor
detector. Therefore, provided only that the meteor hasenough brightness
tostand out above theintegrated backgroundlevel, the system can detect it
and respond by pnnting thetimeof theevent and advancingthefilm after a
delay to ensure the meteor is not still in flight. Thisshould protect what is
expected to be a valuable picture. All picturesshow the time ut which the
exposure ended, the only difference in the case of there having been a
meteor Signal istheappearanceof alarge marker at theedgeof theframe(to
upper left of the clock imagein 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 ssimulation of a meteor, because af a
distancesufficientto properly diminish the brightnesstheentire flight of the
flare would be below the field of view of the meteor detector (since the
detector does not look down to the horizonin order to avoid vehiclelights).
The operator getsan indication that the systemis workingfrom abrief flash
of the building entrance light.
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Exposure Control. The electronicswhich control the camera operation
were designed and produced by SED Systems Limited of Saskatoon. It is
desirabietoget asmuch exposuretimeon each frameas possible, but not to
the point whereameteor image aready on thefilm, or one about toamve,
would be obscured by overall fogging. An exposure control system deter-
mines the timeat which each picture will end. Light from the northern sky
(toavoid moonlight) falts on asilicon photodiode, but first thelight hasbeen
interrupted at a 100-Hz frequency by a dnven-tuning-fork type of beam
chopper. The current through the photodiode is proportional to the light
bnghtnessand because of the chopper it is an alternating current, which is
convenient to amplify. After amplification, the sgnd is rectified by a
synchronous transistor switch and theresulting half-wave is integrated by
an operational amplifier. The output of the op-amp is a voltage which
increases a a rate proportional to the area of the half-wave. When this
voltage reaches a certain levd it triggers a pulse of current from another
op-amp. Theresult is that theinterval between these pulsesis proportional
tothe sky brightness. The pulsesare counted and when a preset number of
the order of afew 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
exposureon thefilm.

The pulsesfrom the exposure control circuit are aso used to determine
when cameras should start and stopeach day. Aslong astheratedf pulses
exceedsacertain limit (about one pul se per second) thelight level issohigh
that the resulting short exposuresare uneconomicd.i.e. lessthan 10to 15
minutes in length. As the light decreases after sunset, the cameras are
tumed on when the pulserateis dow enough; conversely, before sunrise
the pulserateincreasesand a the shut-down point thecameras, the meteor
detector and the exposure-control circuit arede-activatedfor theday. The
length of exposures will normaly vary from about 10 minutes to 3 hours.
To minimize loss of data due to electronic failures, there are safeguard
circuitswhich prevent film-advanceratesof more than two picturesin 20
minutes and limit the duration of any exposure to a maximum of 200
minutes.

Routine Procedures. Each observatory is visted about twiceaweek by
an operator wholivesnear thestation. Loca residentsweretrained for this
in a few hours and with the ad of a manual that covers routine and
extraordinary procedures, these operatorsdoan excellent job. In theentire
history of the project only oneoperator resigned (hewastransferred by his
regular employer) and one passed thejob to his son.

The operators push certain switchesto icit responsesfrom the system
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that indicate correct or irnproper functioning. They tune to WWV radio
time signaisand at a precise minutethey push aswitch to expose the clock
on the film. In this way, when their reports are compared with the times
read on thefilm. acontinuous monitoring of clock errors is possible.

The 100-foot rollsof film last from three to six weeks, depending on the
length of the nightsat various seasons. The operatorschangethefilm when
necessary and mail it to the Saskatoon headquarters of MORPin reusable
duminum cylinders. If ameteor ofinterest isreporied by eyewitnesses. the
exposed film may be removed prematurely and rushed to Saskatoon for
prompt examination. The film is processed in an automatic processor that
handlesthreerollsof filmat a time, requiring three hoursto abatch. After
processing. thefilm is mounted on afive-filmviewer especialy built for this
purpose. Thefiverollsthat wereexposed at one station at thesame timeare
synchronized on this machine. since the time that applies to all five is
recorded on only one d thefilms.

Each frame isexamined for meteors and for data on sky conditionswith
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. Thecntenonfor classifyingsky asclear isgood vishiiity 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
wholeinterval. 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 time.
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). Thefilmshave been searched for burstsof light that
were at one time predicted to beassociated with gamma-ray bursts (to no
avail and the suspected association has now been virtually abandoned).
They have never seen what isusually calied an Unidentified Flying Object
and surely this negative evidence should be considered in any discussion
about theredlity 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 Canadais not particularly clear and cloud-free.
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Asdata began to accumulate, it hecameevident that the number of hours of
good observing was |less than expected. An analysisis now available for
about 1000daysfrom March 1974 to December 1976. The numbersderived
are the number of half-hour intervals dunng which the sky was clear or
cloudy at each of twelvetypicd locationsin theagricultural areaof western
Canada. Thefollowing information has been extracted from about 64,000
station-hours of observing. Thedistribution 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°
devation laging a least one-haf hour. This
category includes observationsthat would have
beenin category A except that someinstmmental
problem prevented a complete observation. Ex-
penenceleads 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 weas clear for one-haf hour. Instru-
mental problems enter to a amdl extent — if the
sky had been clear in one smali part which hap-
pened to be missed by afaulty camera, then an
interval that should have just barely qudified as
category B wouid have been reported ascategory
C. We bdlieve this situation should transfer less
than 2 percentage points from category C to
B. 65%
Therevised statistics, based on these adjustmentsfor instrumental prob-
lemsare:

Category A - virtually no clouds 1%
Category B - partly 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
availablelocationsnearest to the MORP stationsindicated the percentages
of conditionsas follows:

Category 1- completely clear to 29% cloudy 42%
Category 2 - from 30% to 79% cloudy 16%
Category 3 - from 80% to 100% cloudy 42%

The MORP categones do not coincide with the Meteorologica Branch's
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categories, but oneway to compare the two is by noting that category 3 is
lessfrequent than category C, even though theformer is much |essrestric-
tivethan the latter (upto 20% of the Sky may beclearfor category 3 but sky
better than about 3% clear would betaken intocategory B rather than C). In
lookingfor explanationsof thediscrepancy, we note that the Environment
Canada observationsare made a 2300 and 0500 hours. Perhapsthereis a
systematic tendency for the sky to cloud over after 2300 hours or clear
before 0500 hours. Another possibility isthat the years 1974 to 1977 were
cloudier than the years 1951 to 1960. Cloud statistics are merely a
peripheral interest of MORP but these observationsare noted herein case
they may be of interest to meteorologists. More data are available on
request.

The Fall of the Innisfree Meteorire.

Visual Observations. Camera networks provide more accurate dataon
the pathsof bright meteors than do even alarge number of visual observers
but reportsfrom eyewitnessesmay becrucial in initiating prompt action. In
the MORP system an unreported bright meteor might not be found on the
filmsfor over amonth, soit isimportant tolearn quickly that an interesting
fireball has been seen. A bright fireball may be seen over such alargearea
that reportsadf it may follow a variety of routes before reachinginterested
scientists. Such wasthe case with the Innisfreefireball.

Among thegroups o Canadians whose help in reporting bnght meteors
has been requested by the A ssociate Committee on Meteorites are airline
pilots and crew. Obvioudy pilots arein aposition to seethe night sky above
cloudsand away from city lights. Thecrew of Air Canadasflight 167 from
Winnipeg to VVancouver on February 5, 1977, observed the Innisfreefire-
ball above clouds near Swift Current, 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, amember of the Associate Committeefor many years. He telephoned
the staff of the MORP office in Saskatoon who immediately took action to
call in thefilmsfrom afew stationsexpected to be the ones of interest for
the event. Since weather conditions in Saskatchewan were generally
cloudy, locd observationsfrom the Saskatoon areawould not haveaierted
the staff asquickly.

In Albertathe sky wasclear and reportsfrom observersnear Edmonton
were directed to Professor R. E. Folinsbee, initially as aresult of inter-
views by the Fort Saskatchewan Detachment of the Roya Canadian
Mounted Police. Rurd police forcesare another valuable source of infor-
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mation on spectacular eventsand 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 theaircraft,
were received in Ottawa through the reporting system.

Anticipating knowledge of the actual meteor path derived from the
photographs wefind 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 interview by the
R C M P.with Miss Brendalee Walker, age 13, who lives on afarm near
Chipman, Alberta, about 77 km from the ground point beneath maximum
meteor light. Thereport was made withinan houror twoof theobservation
andis given hereinfull.

It was approximately 7:15 p.m. 5 February, 1977. and 1 was standing outside of the
farmhouse. near the woodbox. Our farm is 1Y, miles north. 2 mileseast and 1%; miles
north of Chipman, Alberta. I waslooking north and I saw what appeared to be car lights
shining off our gastank. and when I looked up the wholeeast sky waslit up. Therewasa
large spark and about six little ones trailing. They were headingeast. They wereall pure
whiteand very bnght. The large one was about the size of alarge car and the rest were
only small, about the size of basketballs. They were all in a straight line, goingeast and
appeared to be only about S0feet over thetop of thetrees. I don't have any ideahow fast
they weregoing. I saw themfor at least 30seconds and thcy were still movingwhen ! got
to the house. The sparks appeared to be falling pretty rapidly and weresomething likea
planelanding. The sparksappeared to be travellingabout 40 milesper hour.

Although it is not part of the verbatim report the accompanying police
report quotes Miss Walker asalso saying a swishing sound accompanied
thelights but therewasnolarge sonic boom. Shedid, however, runinto her
home long before these latter sounds would have had time to reach her.
From the photographic record it iSclear 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 aircraft
landing is enhanced by the low angular velocity (about 6° s=') for this
observer.

Two other youthful observers of the Innisfree meteorite fail, Lyell and
Martin Ferguson, ages about 10 and 8 years, were much the closest of any
in the group of witnesses to the actual meteor path. They were walking
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south on aroad about 14 km north-northeast of Innisfreewhen thesky lit up
behind them. Oneof them turned around to ook for an approaching car but
thefirebal wasso nearly overhead hedid not seeit until he wasagain facing
south, when he observed fragmentsdescending high in the ky in front of
him. From the photographic record it isdeduced they were within 2 km of
the sub-meteor path. dmost under the brightest point on thetrail. Thereis
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 1Y/, minutesafter thefirebdl™".

The only other convincing report of sounds was an observation by Mr.
Ken McGillivr,ay who was located somewhat northeast of the town of
Innisfree, about 11 km from the late portionsd the sub-meteor path. He
descnbed two large fragmentsplussix to eight small ones, and after going
in thefarmhouseto descnbe the meteor to membersof thefamily, heagain
went outside. By repesting hisactions an interval of 1 minute 45 seconds
wasfound between themeteor and thesound, described 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™* soundsby MissWalker may be a valid obser-
vation of theanomal oussounds which sometimesaccompany theluminous
phenomenon (Lamar and Romig 1964). Without confirmation from other
observersthismust remain doubtful. Themoreusua soundsof rumbling or
distant explosionsweredefinitely heard but apparently only in asmal area
near the end of the trail. It appears that the sounds were much less
impressivethan those recorded for many other meteoritic events. Reports
of colour were few, with the **pure white of Miss Waker's report, **a
large red ball”” by one of the nearby observers and findly a blue flash
descnbed by aperson who wasindoors with a window facing away from
theactual meteor.

An analysis o all the visual .observations would certainly have led
searchers to the right area, due in considerable measure to a fortunate
spacingof afew observersvery close to theend-point and on oppositesides
of the path. Thevisual end-point would appear to be defined within acircle
of radius about 10 km, centred close to the actua location of the fallen
meteontes. Thisis several kilometres beyond the point where the photo-
graphietrails end, but it is reasonableto supposea nearby visual observer
would have followed fragments to a lower luminosity than the MORP
cameras.
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FiG. 4—The Innisfree meteoritein flight. from upper left to | ouer right. photographed from
the MORP station at Vegreville. The rotating filter wheel produces 4 segments of trail per
second. The bripht starscrossing the meteor trail near the middle are Castor and Pollux. Note
the evidence of separate fragments low on the path. The meteor entered thefield at 4 height of
59 km and was observed over apath length of 37.8 in 3.82 seconds.

Photographic Observations. Asaresult of the visual report from the Air
Canada-aircraft. thefilmsfrom thefour stations Watson. Asquith. Neilburg
and Vegreville(see figure 1) were called in for immediate processing. The
weather at the three Saskatchewan stations had been cloudy but the Veg-
reville films produced the bright meteor shown in figure 4. The early
portion of thetrail waslost in the station's blind spot above altitudes of 55°
but nearly four seconds duration of trail was recorded. Near the bottom.
several distinct fragmentsare visible and a significant decrease in angular
velocity suggests a similar decrease in the linear velocity. an essential
requirement for the survival offragmentsas 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 thetrail as1977.6 February.
02n 17m 38 U.T.
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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 it was known that the operator at
L ousana was temporarily absent, Eldon Hubbs from the MORP office in
Saskatoon made the long drive to Lousana and back on the same day to
retrieve the films. When they were processed. afaint 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 melisurement of the meteor position. The meteor as seen
from Brooks would have been lost in one of the small triangular 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 photographsso we are left with
the minimum coveragefor acomplete reduction. i.e. 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 wastemporarily not possibletorun theprogramin
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 wel below 4 km s~!. These values
are very similar to the terminal valuesfor the Lost City meteonte, 19-km
height and 3.5 km s=! (McCrosky et al. 1971), and thus provided the first
evidence that a meteoritefall was probable. Programs of fireball photog-
raphy have shown that many spectacularly bright meteors end at heights
and velocities which are so high that thesurvival of any material larger than
dust particles is unlikely. Until the height and velocity values were avail-
ableon February 14 thefireball of February 5 was merely one of agroup of
several interesting firebUllsphotographed by the netwark, but the surviva
of thisobject to such agreat depth in the atmosphere made an immediate
search desirable.

Mereorire Search. Before initiating the fiedld search. solutions of the
dark-flight portion of thetrajectory (below 20 km) were performedfor three
hypothetical meteorite sizes. The data on the atmospheric wind profile
recorded at Edmonton about threehours before themeteor wereused. The
solution employsthese data together with the known gravity and rotational
values for the earth and calculates step by step the displacement due to
these effects plusthe ballisticdrag 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 meteorites of masses 10, 4
and 0.5 kg were chosen. in the belief that pieces in this range might have
survived and bein observable locations. Owing to twofavorable aspectsof
the event, nsmely that the wind was essentially a tail wind which tendsto
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 areaof fall wasin 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. Halliday and Gnffin. flew from
Ottawa to Edmonton and proceeded to Vegreville by car while Blackwell
and Eldon Hubbs drove from Saskatoon, stopping en route to assess the
snow conditions in the predicted fall area. Thefieldswere 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-
mobilersfrom 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 authers of this paper as
passengers while the fourth was driven by Eldon Hubbs. Weather condi-
tions were quite mild with daytime temperatures near +5°C which caused
some concern about overheating the engines and required minimum cruis-
ing speeds near 5 km hr~!. Traverseswere 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. a square 0.5 mile on a side (805 metres). so individual traverses
were generally of this length unless blocked hy obstacles such as small
patchesd deciduous bush. With four machinesit required an hour to cover
each quarter section. Frequent stops were made to examine field stones.
clumps of soil which appeared quite hlack due to the absorption of melted
snow, and disturbances caused by the burrows of small animals. At 4p.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 figure5). Evidently the meteorite had penetrated the 30 cm
of snow to the frozen soil and rebounded to the surface. bringing up some

t4
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F1G. 5—The main massof the Innisfree meteorite isshown held just above the spot whereit
came torest on the snow. Some din and meteorite chips are scattered around the spot asa
result of bouncinp off the field beneath the snow.

soil and knocking afew small chips ofi the meteorite. The meteorite was
buried about half its own depth in the snow and would probabtly soon have
been buried more deeply due to warming of the black exteriur in sunshine.

Thediscovery of a meteorite in the field is @ more concrete event than
most scientific discovenes. Thefeeling 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 camera 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
hoursof actual searching, slightly less than twelve daysafter its fall. Figure
6 showsthe search team at the site of thefind.

Thefollowingday an agreement was signed with Mr. William Fedechko,
owner of theland on which the meteorite was found. for the purchase of the
meteorite "*for afair price to be determined after preliminary study of the
meteorite™. Accurate measurements were made of the location of the
meteorite fall and the search was continued. with particular attention given
to areas further along the path where somewhat larger pieces would be
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Fic. 6—Six of the seven members of the search team 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 phototaken by A. A. Griffin. The meteorite is seen infront of
thethird snowrnobilefrorn left, a small haversack used to protect the camera and maps liesto
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 km?) were searched by snowmobile
but no other pieces werefound. Professor Folinsbeeand hisstudents 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
consultationwith Dr. Folinsbeeit wasagreed 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 fragmentshad survived below an altitude of 25 km and probably
something had reached the ground from each of these pieces, in additionto
smaller pieces which would not appear individually on the photograph. The
search effort wasrenewed in A pnl once the snow had disappeared. A group
of students led by Professor Folinsbee searched on April 9 and located a
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small piece of total mass 33 grams. although it was fractured into many
pieces. Itslocation was600 metres back up the path from the origind 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 hisfamily and
some Visitors. all on thesame quarter section astheoriginal find. 1t appears
that two of these werefoundon April 10 and thelargest of the threeon April
1. The MORP staff from Saskatoon returned to Innisfree the following
week and asixth piece of the meteoritewasfound by Blackwell on April 21.
It was in numerous fragments, apparently the result of having been run
over by afarm implement used in plowingafirebreak. Thefirst piece found
by the Fedechkos was in two fragments and the smaller of these was
distnbuted as souvenirs. so the total weight of thispiece, 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 thefall are |11° 20" 15" W, 53° 24' 54" N. Mgor portions of
the Innisfreefall will be located in the National Meteorite Collection at the
Geologicd Survey of Canada. Ottawa. and in thecollectionof 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 thefive man pieces can be identified individually with thefivetrails
observed on the photograph. The **ellipse of fall’* is small. an area 400 by
500 metres can enclosethe location of all thefinds. Thecentre of thisareais
only 300 metresfrom the point predicted on February 14 for a 4-kg piece.
the point which wasused asarough centreof interest in theorigina search.

Theexperiencegained in the Innisfreesearch leads usto certain conclu-
sions. Frozen sotl is obviously agreat advantage in keeping kilogram-size
meteoritesfrom burying themsetves in theground. Thedark-flight compu-
tation indicatesthe large piece struck the ground with a velocity near 70 m
s™! (157 m.p.h.) and required 130 seconds to fdl after the light went out.
The rebound phenornenon wasespecially helpful for this 2-kg specimen. If
the smaller pieces also rebounded. then they were subsequently obscured
by the snow before the search in February. A similar rebound effect was
observed for some of the Bruderheim stones and also in a least one
witnessed fdl in the U.S.S.R. (A. N. Simonenko, personal communica
tion). Meteoritesearches on foot may be effective. asin thecase of the later
pieces of Lost City (McCrosky er af. 1971) but thetime required to search
an area of several square kilometresis 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 before fresh snowfalls occur. The
sixth piece of Innisfree wiis found hy an observer on the roof of a station
wagon which was cruising slowly across thefield. The added height for the
observer above the ground is heneficial . even for quite small meteorites and
we recommend this method where possible SO scearches on grazing arcas or
plowed ficlds.

1t may heof interest to speculate on therole played hy winter conditions
on meteorite i-ecovery in Canada. Innisfreeisthe eleventh Canadian **fall™
for which the exact date of the event is known. as opposed to **finds™" in
which a meteorite is discovered by accident. If we ignore the three early
falls before 1905 when population patterns were much different from the
present. then the modern fallsare: Dresden. Ontario. July 1939; Benton,
New Brunswick, Januiiry 1949; Abee. Alherta. June 1952 Bruderheim.
Alberta, March 1960; Peace River. Alherta. March 1963. Revelstoke.
British Columbia. March 1965; Vilna. Alberta. February 1967; Innisfree.
Alberta. February 1977. Six of these eight events were winter falls on
snow-covered terrain. For Bruderheim. Revelstokeand Vilna. some or all
of the meteoritic material was recovered from the ice on lukes or rivers.
Two other Canadian meteorites. Great Bear Lake (June 1936) and Holman
Idand (March 1951) were recovered from seasonal ice surfaces so. ai-
though they arefindsrather than fals, theice conditionswerea vita factor
in their recovery and establish the dates of the fall within afew months. A
survey of worldwide dates of meteorite fulls shows no preference for
northern hemisphere winter months so the apparent preponderance of
winter events among Canadian falls is attributed to a better chance of
recovery when frozen soil and ice leave the meteorites in a more visible
situation.

The Innisfree Meteorite.

Description. The Innisfree meteoriteisa rather normal stone mcteorite
of the low-iron (1.-type) or hypersthene chondrite group. Detailed class-
ification is not yet compiete and the find designation may he L4 or L5
although it may prove not to be typical of any one subclass. The individual
pieces werccovered with the usual thin, black fusion crust. about 0.3 mMmin
thickncss. Mogt picces were of a chunky shape wiih rather flnt sides and
angular corners. There is N0 obvious indication that the pieces fit together
and they would not be expected tofit. since study of the meteor photograph
indicates they separated at avariety of heights while ablation was still very
active. One fuce of the main piece shows an area of partial fusion crust
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F1G6. 7— The2-kg pieceof the meteorite photographed seven hoursafter recovery. Thedark
fusion crust exhibits afinepebbled textureon the vertical face, anetwork of hairline crackson

the upper surface and a potential fracture near the corner in the right background. The scale
showsinches (upper) and cm (lower).

whereathin layer may have broken off when the velocity wasjust too low
to generate a fresh crust. Figure 7 showsa view of the main piece photo-
graphed late on February 17, 1977, about seven hoursafter it wasfound.
Various types of technical studies have been undertaken on samples of
thelnnisfreemeteorite at different |aboratones in several countnes and the
results will appear in technical journals. Oneimportant class of study isthe
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TABLE 11

ORBIT OF INNISFREE METEORITE
e

Semi-mgjor axis a 1.872 AU
Eccentricity e 0.4732
Inclination i 12.27°
Argument of perihelion w 177.97°
Longitudeof asc. node 0 316.80°
Perihelion distance q 0.986 AU
Aphelion distance q’ 2.758 AU
Period P 2.561 yr

measurement of the wesk radioactivity produced in the meteorite in space
by the bombardment of cosmic rays. There isa very wide range of half-
lives for theisotopeswhich may be produced soit is important to havesuch
measures madeas soon as possibleafter afresh meteoriteis 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 measuresof the radiation began exactly two weeks after the
fall of the meteorite. These measures have revealed at least oneinteresting
anomaly in Innisfree. indicating it has been subjected to a high level of
cosmic radiation in the relatively recent past (Rancitelli and Laul 1977).

The Orbir. Pribram, Lost City and Innisfreeare 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 previoussection are of much greater interest when the recent
orbit of the meteoriteis known and the same istrue for studies of thermal
effectsto 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,
ata,,,, = 6.66".5,459 = 66.21". The orbital elementsderived from these
dataare listed in Table Il 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 themodest inclinationsof the meteoriteorbits. Innisfree
hed alow-inclination, direct orbit with perihelion very closetotheearth's
orbit and aphelion wedl beyond Mars. in theasteroid belt. It is typical of the
orbits believed to pertain to meteoritesin general, for which an asteroidal
origin is increasingly supported by current research.

Many of the numerical quantities relating to the fireball and the frag-
ments of the Innisfree meteorite are collected together in Table 111 for
convenience.
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Fic. 8—The orbits of the Pribram. Lost City and Innisfree meteontesare shown projected
on the ectiptic plane relative to the orbits of the fiveinner pianets. Thedirection to the first

point of Aries is alsoindicated.

TABLE I11

SUMMARY CF DATA ON INNISFREE METEORITE
]

Time of meteor

Recovery of first piece

Mean co-ordinates of fall

Masses of fragments

Total mass recovered

Pre-atmospheric velocity

Terminal velocities from photos
(five fragments)

Beginning height (Lousana)

End height (Vegreville)

Duration of photographed trail

Corrected geocentric radiant (1950)

Elevation of apparent radiant

1977, February 6, 02* 17 38 UT.

1977, February 17, 23" UT.

¢ = 53°24’54"" N; X = 111°20'15” W
2.07; 0.033; 0.120; 0.345; 0.894; 0.330 kg
3.79 kg

14.54 km s™!

2.7104.7kms™!

62.4 km

19.9 km

4.09s

a=6.66° 8 = 66.21°
67.8°
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EMBAJADA DE COLOMBIA Paris, le 20 Avril 1982
EN FRANCIA

No 403

Monsi eur FH ancoi s LOJANGE
| ngéni eur - Gonsei |

9, Rue Sai nt e- Anast ase
75003 PARIS

Mbnsi eur

En réponse a votre lettre du 19 Gourant,
je me pernets de vous conseiller de vous nettre en

rapport directenent avec 1'Qgani sne :

" COLCIENCIAS "

2 FONDO AND DE INVESTIGACIONES
CIENTIFI

Transversal 9i No 133-28 BOGOTA
Rép. de Col onbi e

En ce qui concerne la protection de |l'environne
nent, vOUuS pouvez écrire a

INSTITUTO NACIONAL DE LCS RECURSOS NATURALES

® NOVABLES Y DEL_AMBIENTE " INDERENA "
R tado. adrec 13455

BOGOTA

\eui | | ez agréer, Mnsi eur, nes sal utations
distinguées. s - , e

S, . ‘ EO SN
d .. vz - i~a b

P z —

Hernén Tovar
Ministre Plénipotentiaire

22, Rue de 1'Elysée 75008 Pari s




EMBAJADA DE COLOMBIA Paris, le 21 Avril 1982
EN FRANCI A

No 491

Monsi eur Francol s LOUANGE
Ingénieur-Conseil

9, Rue Sainte=Anastase
75003 PAR S

Monsi eur ,

Je vous confirne la lettre que je vous ai
adressé hier e vous engage & vous nettre égal enment

en rapport avec 1'Qrganisne :

| NSTI TUTO DE ASUNTOS NUCLEARES
& Avenida El Dorado Carrera 50
BOGOTA

Veuillez agréer, Monsieur, mes sal utations

—

N /&u doin (rbioe_

empressées.

~ Hernmén ITohar .
M ni stre Plénipotentiaire



El presidente del Comité Cientifico de la Organizaciéon Europea
delnvestigacion Espacial, Eduardo Amaldi, asistié ala inaugu-
ration del Taller de Ondas Gravitacionales organizado por la
Asociacion del Centro Internacional de Fisica. El certamen se
desarrolla en el linstituto de Asuntos Nuclear es. En |a grafica
seapreciaaloscientificosGalileo Violines, Ernesto Villarreal

y Eduardo Posada. (Foto de Jaime Nino).

Comenzo Taller sobre
ondas gravitacionales

Comenzo en Bogota €l Taller
sobre Ondas-Gravitacionales, organi-
zado por Acif, Asociacion Pro-Centro
Internacional deFisica, enel cual par-
ticipa ungrupode profesoresitalianos
esEeci alistas en este campo.

| Taler, que durara hasta el 7 de

abril, estara centrado en los métodos, [!

experimental es para detectar las on-
das gravitacionales, cuya existencia
esta prevista por la teoria pero no ha
podido ser confirmada hasta la fecha. ,
,Las ondas gravitacionales son el
equivalente a las electromagnéticas
pero referente al campogravitacional.
Lateoriadelarelatividad las ha pre-
+isto, perono se han detectado en la
tierra.
~*El curso estadirigidoalosestudian-
tesde post-gradodediferentes univer-
sidades de Colombiay de Repiiblica
Dominicanayse desarrollara enlase-
e del Instituto de AsuntosNucl eares.
El Grupo de Investigacién de Ondas
Gravitacionales de Roma participara
activamente y actuaran como confe-

rencistas los fisicos italianos Amaldi,
f_’al lotino, Ricci, Pizzellay Galileo Vio-
1nl.

El Tallereslaprimeraactividadque
desarrolla este afio Acif y cuenta con
el apoyo deColciencias, el Icfes, IANy
|a Universidad de Roma.

La creacién de un Centro Interna-
i cional de Fisicaen Colombiafueacor-
' dadaaprincipiosdel aio pasadocomo

resuitado del Encuentro Mundia de
Fisicos, organizado por |a Universi-
dadde Losg\ndesy laSociedad Colom-
biana de Fisica.

Losobjetivos de Acif son: promover
la investigacion cientifica en los pai-
sesen viade desarrolloy en particular
delaRegién Andina, deCentro Améri-
cay del Caribe; establecer un foroin-
temacional parafomentar 10s contac-
tosentrecientificosdelospaises desa-
rrolladosy en viadedesarrollo, y cola-
borar con lacomunidad cientifica pa
raquelogresu entrenamientoy lacon-
secucion de |os e ementos adecuados
para la investigacion.




REPUBLICA DE COLOMBIA

INSTITUTO DE ASUNTOS NUCLEARES oficio D 1672

ADSCRITO AL MINISTERIO DE MINAS Y ENERGIA
Apartado Aéreo 8595

BOGOTA, D E

® @

1° de julio de 1982

COLOMBIA

Senor

FRANCOIS LOUANGE

| ngéni eur = Consei

9, rue Sai nte- Anast ase
75003 - PARI S

FRANCI A

Estimado sefior Louange:

En atencidn a su nota del 21 de nmayo qui ero manifes-
tarl e que no tenenps conoci m ento sobre sistemas de
deteccibn de fenSmenos aeroespaci al es raros en el
Instituto de Asuntos Nucleares de Col onbi a.

Le sugiero escribir al Departamento Administrativo

de Aerondut|ca Civil o al Instituto Geoffsico de | o0s
Andes, en | as 5| ui entes direcciones: Aeropuerto

| nt er naci onal orado y carrera 7a N° 40-62, res-
pectivamente. P
7o BE -7
At ent anent e, T e e - R o
LT - [
L % ‘,l'- 5 1
N ROR o P -
'{' r/,// I{t ,-“'..'&LL/ X

ERNESTO : VILLARREAL/S&LVA
Dlrector Gener al

L.“ - .

EVS/idel



REPUBLICA DE COLOMBIA.

Departomento Administrotivo de Aerondutica Civil
AEROPUERTO ELDORADO - BOGOTA, D.E. - COLOMBIA

DE-0605-82

BOGOTA D.E. 04 DE AGOSTO DE 1982

Sefior

FRANCOIS LOUANGE

9, rue SAinte-Anastase
75003 Par k

REF: QU carta 11/07/82.-

Atendiendo @ Su solicitud realizada para que | e sea suninistrada infor
macién técnica sobre los sistemas de deteccién utilizados en Colombia
por la Aerondutica Civil, muy camedidamente | e informo lo siguiente:

El pais cuenta CM sistemas de“radar tipo LP23 y TA10B de origen Fran
tés y cuyas caracteristicas son:

- Sistema TA10 B

Banda de frecuencia S

Alcance 67 MN

Ancho de pulso 3 =07 Msg
Periodo de repeticién T=1Msg
Potencia pico 550 XW

Quant umde tratamiento ‘0.36 Ms

- Sistema 1P23

Banda de frecuencia
Alcance

Ancho de pulso
Perfodo de repeticién
Potencia pico
Quantumde tratamiento

e

Atentamente,

ALIRIO ERREZ DIAZ
Director Gen Telecommmacsfones
y Ayudas a la Navegacién Aérea
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KONGELIG DANSK AMBASSADE
AMBASSADE ROYALE DE DANEMARK
PARIS

‘Honsieur Francoi s LAJANGE

77, AVENUE MARCEAU. 75116 PARIS

9 rue S nt e- Anast ase
TELEPHONE: 723.54.20
75003 PARI S ADR. TELEGR.: AMBADANE

TELEX: 620172

gennemsiag bilag J.nr.: Dato 28 g: ,[ | | ]
—ee———COPpi&(S) annexe(s) Réf.: :MML Le 982

IMJnsieur,

Enh réponse a votre lettre du 19 courant au SU{et d'une
étude sur |a détection des phénonenes aérospati aux rares,
NOUS Vous proposons de vous adresser aux organi snes danoi s
cités ci-dessous:

DANSK RUMFQRSENINGSINSTITUT
@ Lundt of t eve] 7
2800 Lyngby
(CGentre danoi s da'Etudes spati al es)

FORSOGSANLEGGET R 0
® 4000 Roski | de

(Institut de Recherches scientifiques Risg)

Dans | ' espoir que vous obtiendrez | es rensei gnenent s
souhai tés et en vous conseillant de rédiger votre denande
de preféerence en angl ai s, nous vous_prions d agreéer,

Mbnsi eur, 1l'assurance de notre considéeration tres

di sti nguee.

Elisabeth MANFORD-HANSEN
el eguee Gonmer ci al e



Rise National Laboratory
DK-4000 Roskilde, Denmark

Phone +452 371212, Telex 43 116
Cable address: Risatom

Date  June 3, 1982
Your ref. .

Our ref. SEL/BSJ_
Dept.  06- Physi cs

M. Francois Louange
9, Rue Sant e- Anast ase
75003 Pari s

France.

Dear M. Louange,

Thank you for your letter requesting information on
Instrunments, used for detecting rare aerospace phenonena.

I only know of one organi zati on engaged i n such studies in
Denmark: The Scandinavia UrO Infornation. They sell to their
members a Sinpl e instrument used to det ect changes in the
magnetic field. I do not knowif your are interested i n contact
W th such organi zations. If so the name and address of the

chairman I S;

M. H emm ng Ahrenkiel

Holmevanget 5
DK- 2970 Hgrsholm
Denmark

S ncerely yours,

Sg¢ren ft@qsen



EQUATEUR




EMBAJADA DEL ECUADOR EN FRANCIA

N°4-8-95/82
Paris, le 7 Juin 1982

Monsieur Francois LOUANGE
Ingénieur Conseil

9, rue Saint Anastase
75003 PARS

Monsieur,

J'ai le plaisir d'accuser réception de votre lettre
du 19 Avril 1982, concernant | a détection des phénoménes aéro-
spati aux rares en Equateurs

Je regrette de ne pouvoir vous donner d'indications
& ce sujet et vous conseille de vous adresser directement & :

Sefior Secretario Ejecutivo del

Conse jo Nacional de Cisncis y Tecnologia (CONACYT)
Arenas y Larrea

Edificio Consgo Provincial

Apartado C 0028

QUITO  EQUATEUR

en lui exposant votre intérét pour cette question.

Je vous prie de croire, Monsieur, & l'assurance de
mes sentiments | es meilleurs.

ety

Gonzalo Abad Grijalfa
Ambassadeur '
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< Paris, le 27 avril 1982

(\'C\. \\C \,‘,\"D.;\rld

N34S Monsieur Frangois LOUANGE
Ingénieur ~ Conseil:
9, rue Sainte Anastase
75003 Paris

Monsieur,

J 'accuse réception de votre lettre du 19 courant et j'aZ le
plaisir de vous informer que je n'az pas manque de transmettre son
contenu aqux autorit@s espagnoZes compétentes a Madrid.

Dés qu'une réponse NMe Sera parvenue, je m'empresserai de vous
la commniquer.

Das cette attente, je vous prie de croire, Monsieur. a
l'expression de mes sentiments dzstingués.

Mﬂ\‘libx

o Arturo Morales
Ministre Chargé des Affaires Culturelles

—
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NASA European Representative W
The American Embassy l

2 Ave. Gabriel National
75008 Paris. France Aeronautics and
Administration

Reply to Atin of A M P

Mrn. Francodis Louange Panis, Le 29 Ma 1982
Ingénieun-Conseil

9 nue Sainte Anastase

75003 - Pands

Monsdieun,

En espérant que vous voudrez bien nous pardonnen | e retard
avec Lequel nous repondons a votne Lettre du 19 avail,
netand du a une eareun d'acheminement du couhhieh, je vous
envoie £'adresse d'un ornganisme aux Exaxa-Unis qui d'occupe
de La détection des phénomenes aecrospatiaux:

SCIENTIFIC EVENT ALERT NETWORK (SEAN)
National Musaum o Natural History
® MRC 129
10th St. & Constitution Ave., N.W.
Washington D.C. 20560
(David R. Squires, Operations Officen)

Tel: (202) 381 - 4174

Cet ornganisme a &te 4ondé en 1975. 1L fait partie du_Musée
National d' Histoine Natuneffe. SEAN rassemble des efements
d'information sun ces phénoménes QUi sont ensuite transmis

a des savants, qu'il s'agisse d'éruptions volcaniques, de
trnemblements de teare imponrtants ou inhabituels, de chutes
de meteorites, ou de tout autre évenement de cette nature.

J'espene que £'adresse Ci-dessus vous sera utife, et je vous
prie d'agréen, Monsdeun, MeS salulations distinguees.

/

= £y . i
— o, e e em o

‘Anne Il. Pérouse
Buheau du Représentant Eunopten de La NASA

Tel: 296-1202 Poste 2641



National Museum of Natural Hisfory« Smithsonian Institution
WASHINGTON, DC 20560 * TEL. 202- 357-1511 Mail Stop 129

June 23, 1982

Francois Louange, Ingenieur-Conseil
9, rue Sainte-Anastase
75003 Taris, France

Dear Mr. Louange,

Thank you for your letter of June 1, seeking information for the GEPAN study
on the detection of rare aerospace phenomena. On June 3, I met with Dr. Aain
Esterle, the manager of GEPAN. W discussed the study and I provided him with
detailed information on detection systems and other matters relevant to GEPAN's
work, including names, addresses, and telephone numbers of system managers and
other sources of information. Fortunately, we had plenty of time (about 2 hours)
and we were able to complete our discussion. Therefore, I do not now have any
more information that I think would be useful to you.

The GEPAN study is clearly a valuable project and I hope that I have been
of some help.

SigceXkly,

v

Lindsay M¢Clelland
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Ambassade de Grande-Bretagne

35ruedu Faubourg Saint-Honoré — 75383 Paris Cedex 08

Tdrx 650264 (indicatif INFORM 650264) - Téléphone : 266.9142

Votre référence
M. Frangois Louange,

Ingénieur - Conseil, Notre référence S D74 /D

9, rue Sainte- Anastase, 7/
75005 Paris. Do | e 1 juillet, 1982
Monsieur,

Suite a votre lettre du 19 avril au sujet des phénoménes
aérospatiaux, j'ai pris contact avec | e 'Science and Engineering
Research Council' en Angleterre pour essayer de vous mettre en
rapport avec |les personnes que travaillent dans | e domane de
1'espace en Grande-Bretagne.

Je vous prie de bien vouloir trouver ci-joint la liste
des noms et adresses de ces personnes, établie par |e Dr Payne
du SERC. -

Le Dr Payne a éegalement 1nd1que, dans chaque cas, | a
spécialité précise en expliquant brévement les activities de
ces spécialistes.

Surtout n'hésitez pas & e contacter pour tous renseignements
complémentaires. Dans 1'espoir que ces quelques informations
vous seront utiles, je vous prie de croire, Monsieur, & |'assurance
de ma considération distingueée.

PP A G Onen
(Premier secrétaire Technologie)



CODE 11-77

SP/65/25

RefCrence. cuvivrvrrvnannsninnnns. [

{2 ait 1’?9'-82 /|'!>

DR B R MARTIN wweea

DETECTION OF RARE SPACE AHENOMENA: LETTER FRM MR A G OAEN -
BRITISH BMBASSY, PARIS

In reply to the query from M Francois Louange, we can point out that:

1 M eteorites

Dr R Hutchison, British Mussum (Natural History) is curator of the
National Meteoritic Collection, one of the two major collections in the
world. As curator, Dr Hutchison keeps extensive (and historic)
documentation of observed falls. He can also probably advise M Louange as
to how to contact Home Office records on sightings of other unusual
phenomena.

2. Comets

These are rare space phenomena on a visual scale. In the UK, comet
watches are organised by Dr K Waterfield from his private observatory

in Wiltshire, and also by Mr Miles of the British Astronomy Association -
part of the BA.

3. Detection Systems

Amateur observers, organised through the Royal Society by M Wigley,
play a special role in optical tracking of near Earth spacecraft.

These observations are technically managed by Dr C Brookes of Aston
University. In addition to satellite predictions, Dr Brookes is
responsible for two, 1 metre Schmidt photographic tracking cameras, one
in UK, the other for S Hemisphere observations from Siding Spring,
Australia. Aston also receives non-classified NATO radar observations
of spacecraft (NORAD).

4. RGO
Li ke the Royal Society, the Royal Greenwich Observatory is a treasure

house of information on rare sightings of all kinds: Dr Wilkins of RGO
can advise,

5. Sightings of Unusual Electrical Phénomena

Dr T E Allibone, FRS (now retired) is a world authority on sightings of
unusual electrical phenomena - ball lightning etc. He can advise on
where such sightings are documented.

6. Names and Addresses

Dr R Hutchison; British Museum, Cromwell Road, SW7 5BD

Dy K Waterfield, Woolston Observatory, North Cadbury, Yeovil, Somerset
Mr H G Miles, Coventry Polytechnic, Priory St, Coventry CVi 5FB

Mr P Wigley, The Royal Society, 6 Carlton House Terrace, London SW1Y 5.
Dr C Brookes; St Peters College, College Road, Saltley, Birmingham

Dr Wilkins, RGO, Herstmoncuex Castle, Hailsham, East Sussex

Dr T E Allibone, York Cottage, Lovel Road, Winkfield, Windsor



CoOOr 1877
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IA I suggest that Dr Atkinson brietly replies to M Owen, appending
this minute by way of explanation.

DR R M PAYNE
Secretary, SSC
15 June 1982
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INSTITUT HONGROIS
7, RUE DE TALLEYRAND Paris, le 22 avril 1982.
75007 PARI S
TEBL. 3535.23-82 O 555-23-86

My Frangoi s LOUANGE

| ngéni eur = consei

9 rue Sai nt e- Anast ase
75003 Pari s

Monsi eur ,

J'ai bienrecu votre lettre du 19 ct. concernant
une dermande d'informati on au sujet de |la détection
des phénonenes aérospati aux rares.

Ne connai ssant pas |l e sujet, j'ai transms votre
courrier aux autorités hongroi ses pour obtenir une
réponse val abl e. Je vous communiguerai cell e- Ci
dés que possibles;

Veui |l | ez agréer, Mnsieur, |'expression de nes
sincéres salutations .

AR

Andras BOKA
attaché scientifique
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AMBASSADE D'INDONESIE
49, RUE CORTAMBERT - 75016 PARIS
TEL : 503-07-60

Paris, le 23 avril 1982.

Dotwive Piciagogigue ot Buttacral Mbnsi eur Frangoi s LOUANGE

No,:<963<7DIKBUD/IV/8é. 9, Rue Sai nt e- Anast ase

75003 P A RIS

Monsi eur,

En réponse a votre lettre du 19 avril 1982,
j'ai le plaisir de vous communi quer |' adresse de :

L AP AN (Lembaga Antariksa dan Pener bangan

& Nasi onal )

(= Institut d" Aérospatial et d' Aeronautique
Nat i onal )

Jal an Penuda

JAKARTA - TIMUR I NDONESI A

ou vous pourrez, a nmon avis, avoir des informations concer-
nant |a détecti on des phénonenes aérospatiaux rares. E il

serait souhaitabl e que vous exposi ez vos désirs en angl ai s.

En vous renerciant de votre attention, je vous

prie de bien voul oir agréer, Monsieur, |'expression de nes
sentiments distingués.

Pour | * Anbassadeur ,
Le Chef du Service Pédagogi que et Cul turel,

N faen.._

Benn§ Hoedor o HOED
Conseill Pedagogl que et Qulturel. -
Onse%‘=§§i < gogl q

L A4

R}




NOUVELLE ZELANDE




41/7/1

NEW ZEALAND EMBASSY
7 ™, RUE LEONARD DE VI NQ
75116 PARIS

Paris, |le 30 avril 1982

Monsi eur,

Je vous remercie de votre lettre du 19 avril
concernant |'étude que vous étes chargé a effectuer
sur |"eétat actuel des recherches dans |a détection
des phénomenes aérospatiaux rares.

J'ai transm s votre lettre aux authorités
conpétentes en Nouvelle-Zélande, et des que j'aurai
recu leur réponse, je vous en ferai part.

Je vous prie d' agréer, Monsieur, |'expression
de ma consideration distinguée.

) .

>y1j¢u4~41, (‘r“.CEZLﬂﬁiV,L~
(Di ane W | derspin)
Prem er Secrétaire

Monsi eur Frangoi s LOUANGE,
I ngéni eur - Conseil

9, rue Sainte Anastase,
75003 PARI S.
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AMBASSADE VAN HET KONINKRIJK DER NEDERLANDEN

AMBASSADE ROYALE
DESPAYS-BAS

Paris,. le. 4. .nai. 1932
No. 54.7.4... 7 rué Ebid (75007)
té1l. 306.61.88

Mbnsi eur ,

En réponse a votre lettre du 19 avril dernier je
vous suggere de vous nettre en rapport avec |es
associ at I ons sui vant es:

- L'association Terre et Gosnos:
Aarde en Kosmos
® Post bus 108
1270 AC Huizen (NH. )

- Association néerlandaise aérospatial e
Nederlandse \ereni gl Nng VOOr Ruimtevxaart
® Nachtegaalstraat 82 bi's
3581 AN U recht

ai nsi qu'avec | es observatoires pl anétaires néerl andai s
dont je vous cite | es adresses ci-apres:

- Radi ost errenwacht Vést er bor k
® Schattenberg 1
ZW ggel
Vst er bor k

- Serrenwacht Kapteyn
& nsi pge 20
9301 RR ?%(%n.

Je vous signal e égal enent | a Conmi ssi on i nt erdépart enent al e
pour | es Eudes et | a Technol ogi e Spati al es:

- Interdepartenental e Commissie voOr
® Rui m eonder zoek en Ruimtetechnologie

Pogtbus 20101
2500 EC *s- G avenhage.

"Veui | | ezagréer, Mnsieur, l'expression de nes sentinents
di sti ngués.

{. Frangoi s Louange .
), rue_Sai nt e- Anast ase .
5003 Paris ‘

C.J. Huijbregtg
Chef du Service d'Informatior

9006-5-80



Kapteyn Sterrenwacht

der Rijksuniversteit te Groningen
Mensingheweg 20 - 9301 KA Roden - Nederland June 11, 1982

Telefoon (0)5908-19631

M. Frangois Louange
9, rue Sainte- Anastase
75003 PAR S

France

Dear Sir,

Wth interest I have read your letter of May 21 about the detection
of rare aerospace phenonena. -

Unfortunately, the techni ques enpl oyed at our observatory are

desi gned exclusively for the study of pointsources or of very snall
fields(up to a few mnutes of ac). Mreover, our work lies nainly
inthe infrared domain, Which is not the nost convenient part of the
spectrumfor the type of phenomena that you try to study.

Mre interesting information fOr your project mght come from institutes
where w de-field phot ography of the sky, or airglowand aurora measure-
nments are carried out, but to ny know edge no astronomcal institutes
in the Netherlands are invol ved in research of this kind. I amafraid
therefore, that I cannot give you any rel evant infornation.

Hoping that you will find nore hel pful reactions el sewhere, I remain,

Your}/ﬁ@;




RADIOSTERRENWACHT DWINGELOO RADIOSTERRENWACHT WESTERBORK

1}\._‘_» Oude Hoogeveensedijk 4 Schattenberg 4
Lo 7991 PD Dwingeloo 9433 TA Zwiggelte
Snwﬂ tel.: 05219-7244 tel.. 05939-421
telex: 42043 SRZM NL telex: 53621 RAOBS NL
RADI STRAUN@ -
[%)VA&\ :
ZONI{ \MEL WIE(I F. Louange, Ingénieur-Conseil,
s\ .
'\T:,&\ 9, Rue Sainte-Anastase,
f,, s ,,\'\ .
75003 Paris.
France.
L
onze referentie:
uw referentie: Dwingeloo, 17 June 1982.

Dear Sir,

Your letter of 21 May has been passed on to me. I an not sure whether
our instrumentation would be of interest to you but here is a summary

of what we have. The Netherlands Foundation for Radio Astronomy operates
instruments for the passive exploration of radio emission from extra~
terrestrial bodies. The major facilities are a large array for super-
synthesis observations at the principal radio wavelengths of 6, 21, 49
and (in about a year) 18 and 92 an. This is located at the Westerbork
Radiosterrenwacht. At Dwingeloo we operate a 25 m parabolic reflector

at wavelengths ranging from 6 an to several metres, as well as several
smaller telescopes devoted to solar research. A copy of our latest annual
report which may be of use is being sent to you separately.

In addition I believe that the Department of Geodetics at Delft Technical
University operates wide-field cameras for various satellite studies.

You should probably also contact the Dutch Meteorological Institute (KNMI)

at De Bilt, who have a variety of relevant research programs.

Yours sincerely

Dobead e

Rlchard G. Strom.

. Bijlage(n}:



ministry of transport and public works royal netheriands meteorological institute

model v & w 1998

chp

Dr. F. Louange
9 RLe Sainte-Anastase

75003 Pari s

France
your letter of: debit, September 8, 1982
your reference: ourreference: 22919
subject: enciosure(s):

Dear Dr. Louange,

I n answer tO your request we can inform you about the
following equipment used by the Royal Netherlands
Meteorological Institute:

2 WeatHer radars, operating at 5.5 an wavelength, with

a peak power of about 200 MV and a 1°.5 deg. beamwidth.
These radars are located in De Bilt and Schiphol Airport.
I N normal operation every hour a sketch is made of t he

precipitation echoes.

- About 18 lightning detectors, regularly distributed over
the Netherlands to form a network. These detectors are
essentially long wave radio receivers counting voltage
pulses above a preset threshold. The counters provide
10 min. totals of the number of cloud to earth lightning
flashes.

- A wide-angle cloud camrera is used (daytime only) during
rather infrequent special measuring campaigns.

I hope this information IS useful for your work.

Sincerely,

Vi

(H.R.A. Wessels).

p.p. box 201 .
3730 AE de biit
the netheriands

wilhelminalaan 10
tel.: +3130766811
telex 47096
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Botschaft

. 75008 Paris, .
der Bundesrepublik Deutschland 1515 Av. Frankiin oF Bo2&e@V I 11 1982
Ambassade Fernsprecher/Téiéphone: 3593351 et 2561790
de la République fédérale d'Allemagne Fernschreiber/Télex: AA Paris 28136 F
SS. SE Telegrammanschrift/

Adresse télégraphique: Diplogerma Paris

Monsi eur Francoi s LOUANGE
9, rue Sai nte- Anast ase

75003 Paris

Monsi eur

J'ai 1'honneur de vous informer que votre
lettre en date du 19-04-82 a ete transm se, pour
attribution, au service conpétent en Al emagne qui vous
répondra directement , ce qui - toutefois = pourra demander
un certain tenps.

Veui |l | ez agréer, Monsieur, |'expression de nes
sentinents distingués.

P.o.

s % [/ Lv

( aus von Kameke _ o
Consei | | er (Affaires scientifiques)



Der Bundesministerfur Forschungund Technologie

513 - 8700 Tel. (0228) Datum
59 3104 30. 07. 1982
Geschiftszeichen oder 59-1

M Francois Louange
9, rue Sai nt e- Anast ase

75003 Paris
Frankrei ch

Sehr geehrter Herr Louange,

von der Deutschen Botschaft erhielt ich | hre Anfrage beziiglch

sel t ener Véltraunghanonene.

| n der -Bundesrepublik Deut schl and befassen sich di e fol gende
Institute mt Teil aspekten, der von | hnen angesprochenen Thenati k:

Prof essor Hans Vol land  (Blitzforschung)
Astgonomische I nstitute der Universitat Bonn

53 Bonn 1
Auf dem Hiigel 71

Professor T. Kirsten (Meteorite)
Max Pl anck Institut fir Kernphysik
Abteilung Kosnophysi k
Sanpf er checkweg 1

69 Hei del berg 1

Ferner nochte ich Sie auf die Veroffentlichung "Offizielle
Unt er suchungsberi cht e der Russen und der Anmerikaner (ber
uni denti fi zi er bare H mrel ser schei nungen”

Her ausgeber: Mutual (UFO Network-Central European
Section ( MJFON- CES)
Dipl.-Phys. I. Brand
CGer hart - Haupt mannstr. 5
8152 Fel dki r ch- Wst er ham

hinFFisen, di e ei ne zZusammenstellung zu di esem Thema dar-
stellt.

I ch hoffe, Ihnen mt diesen Informati onen gedi ent zu haben.

| m Auf tr ag. Beglaubigt:

M Qterbein ,(1}%3% scan !
Angestellte

Postanschrift Dienstgebauce Telex Teletax
Buncesminister fur Forschung und Technologie Bonn-Baa Godesberg Bonn 885674 593105
Posttach 200706 Hewvemannsirade 2, 8§ 10 12 Beriiner Freineir M 2 4 885874 bmift o

5300 Bonn 2



H. Volland, J.Schafer
Radioastronomical Institute
University of Bonn

Auf dem Hugel 71

5300 Bonn

West Germany
Phone 0228-733674 or 733393
Telex 0886440 astro d

THE AUTOMATIC VLF-ATMOSPHERICS STATION VLFAA/79

1. Configuration of the system

This new VIf-atmospherics station allows completely automatic receiving, analysing
and recording of atmospherics data. The mean azimuth and distance (or the coordi-
nates) as well as the strength and spread of each thunderstorm activity center (more
accurate: center of maximum activity of lightning discharges from which the atmo-
spherics originate) are calculated within each measuring period of 20 minutes by a
desktop computer and they are immediately (inreal 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 cassette approximately once each month, no
maintenance iS required.

The equipment consists of five parts (seeFigs. 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 ar e tuned to a frequency of 9kHz, the vertical electric antenna
receives at 5, 7 and 9kHz. The whole antenna is a passive device with an optional
heating possibility (for extreme low temperatures) in the antenna head. It can be

set up on a flat roof, on open field or even aboard a ship. The antenna cables (length,
if necessary, up to 100m) are 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 5kHz
surmounts the discriminator level (noise). The time resolution is ca. 50 msec

(1200 pulses/min). The analyser transfers the following four digitized parameters

of each received atmospheric impulse to the computer: the angle of incidence (azimut!
the group delay time difference (6-8kHz) GDD, the spectral amplitude ratio (9/5 kHz)
SAR and the spectral amplitude (5kHz) SA. These values are 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 it anew.

Within a measuring period of 18 min (changeable) the calculator collects the data of
all incoming sferics. During the next two minutes, four histograms are cal culated
from the received parameters and Gaussian fits to the peaks are made, so that for

each thunderstorm activity center the azimuth, GDD, SAR and SA are determined
which are then printed out and stored on tape cassette. Furtheron, a propagation
model for VLF-Atmospherics is incorporated in the operation program. Using the
spectral parameters as input, the distances of the activity centers are determined.



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

The accuracy o the system depends on several influences. Constant deviations

of the azimuth, eg. due to inexact alignment of the loop antennas or 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 are not critical, because they
are canceled out by the statistical fitting process. The arithmetical determination
of the azimuth isin 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 are 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 centers at daytime and ca. 12000 km for signals
from west during nighttime to a minimum distance o ca. 200 km.

3. Measurement examples

Up till now, two stations of this new kind are operating continuously since more

than one year at Pretoria and Tel-Aviv. Figs. 3 and 4 show examples of the realtime
recordings at Tel-Aviv. This version of representing activity centers is especially
suitable for synoptical purposes: the small triangle marks the location o 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,
3:00-14:0 GMT) weakens between 5 and 12 GMT, whereas the center over the north
part of the Caspian Sea is strongest developed around 12 GMT. The thunderstorm
activity can be verified on a synoptical maps, which, however, is 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 from
23. June 14.50 to 24. June 230 GMT (normally, with this representation, the sheet
should be changed every 6 or at most12 hours) in order to demonstrate the range
during nighttime. For example, the South American activity is recorded during the
weakening o the previously very strong West African centers around 2.00 GMT. An
activity center in the western Atlantic is prominent between 1.00 and 2.00 GMT. The
development o the centers of lightning discharges can be traced quite easily and
shows generally a very close connection to the synoptical thunderstorm observations,
though these are 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. 19000 Dollar.
Term o delivery is approximately 3 months.

The desktop calculator Hewlett-Packard HP 9825 and the plotter HP 7225 cost ca.
8000 and 3500 Dollar, resp., 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.1 VLF - Antenna

Fig. 2 VLF-AtmOSpheric‘s Receiver/Anélyser with desktop computer
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SUMMARY

new generation of VLF- atmospherics receivers and analysers is presen-—
¢ wnich coperstes completely automatically and allows tne real - time
entification of thunderstorm activity center=. The mean azimuth and
g r spread Of each thunderstorm center within the detection range as
z the mean =z=tatistical properties Of three measured spectral para-
of the atmospherice originating at that center are determined with-
mezsuring period (Zimin) by e desktop computer. Using 3 suitable
ical procsdure for determining the mean angulsr and spectral para-—
and applying a new extended model for VLF-propagation as function
solar zenith angle and of the mzgnetic field component slong the
yation path, the operation program determines in real time the die-
and the strengthes (strokes per min) of the sctivity centers so that
a can be 1mmedlatelg printed out and stored on the internal magne-
& cartridge. Additionally, en external plotter is used for marking
nunderstorm centers ON a map. Mo maintenance is required apart from
ing the data tape cartridge once svery month. At pesent, twc systems
1z new kind are installed at Pretorie (Scuih Africa), Tel Aviv (Isra-
somewhat older one at Berlin. Three more stations are planned
blished toward the end of this uear. Firet results show the cha-
c=z of the method, the short and long range capability and reso-
the relisbilituy of the thunderstorm localisations.
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| NTRODUCTI ON

VLF-2imospherics measur2sments have been carried out for many years now
using ths VULF-atmoszs pher1c= analyser developed by the HHI, Berlin, (e.g.
Heydt and Velland, 1964). In this earlier version of the equipment, the
psrsmetsrs of interest for each atmocspheric impulse exceeding the input
thresnold of the receiver were successively displayed according te their
angle of incidence as points on sn oscillegraph screen. A photographic
piztura of the screen was usually taken ewvery five minutes. The point
clusters in these pictures provicded an estimate of the msan direction of
incicencs and the m2an values of the spectral parameters for each center
ef activity. Reszults of the data analysis dpplgluJ thies method ancd further
referencss can be found in the papsrs of Friszivs et &l. (1970) or Harth
t:1772a and LY. The dissdvantage of this wversion was the necsssity -0 de-—
termins the caramsters by individuel inspection of =2:zch picture d 1o
TEOCN ThET 2815 in order to maks thsm acceszsibls to s computer. Thus, the
procecu~s for an 2z postsriori determination of the cistances of ne acti-
w1ty TEntEr s by ospoliying 3 medsl fx- the spectral paramzters wss oo Lir-
cum=isntlzl and zostly. Furthermors, tne indspsnoent warisbles of ths
VEF-nroragstion modsl had to be sstimztsd zxternaslily with 3 relatively
arg2 uncErtaintuy



The n2w version of the atmospherics analyser allows completsly avtomatic
receiving and analysing of the satmospheric waveforms as well as a real =
time determination Of the activity centers vusing a built- in propagation

model so that the data can be printed out, plottod and stored an magnet-
ic tape. The equipment censists mainly of four parts: The antennas, the
rec=2iver/s/analyszer, the desktop cemputer and the {(cptional) plotter. The

antennas idouble crossed loops plus a whip) are passive devices needing

no maintenance and can be set up easily on a flat roof, in an open field
or aboard a ship. The loop antennas for the determination of the azimuth
tangle of incidence) are tuned to a frequency of 9kHz, the whip antenna

delivers signals to small band receivers tuned to 5, 7 and ZkHz.

In the receiver/analyser, an atmospheric waveform is analysed whenever
ite spectral amplitude at SkH:z exceeds the input threshold luying just
above the internal and external noise disturbances. The time resolution
is cs. 45ms. The analyser transfers the following four parameters of each
analyszed atmospheric to the desktop computer (HPY8Z3) =«

the ongle of incidence (azimuth) ¢ ,

=4

the Group Delay time Difference (6-8kHz) GDD ,

the Spectral Amplitude Ratio (2/5kHz) AP y
the Spectral Amplitude {(SkHz)} Sa .

These values are also given to the oscillograph terminals at the front of
the analyser and a meter displsys the total number of incoming stmosphe-
ric waveforms p=r second.

The desktop computer collects all data within one measuring period f{(e.g.
20 min), fits s Gaussian tO the' GDD,5AR and SA data of each thunderstorm
center, determines itsS azimuth and Stores tne appropriate parameters on
thz internal megnetic tape cartridge. Applying a VLF-propagation model
ana using the fact that three independent spectral parameters (GDD,SAR
and SA) sre meacsured, the distances of the activity centers are estimsted
in real time so that the data can be printed out and stored and the cen-
ters can be plotted immediately On a map by means of a desktiop plotter.
If the system is interrupted due tO power failure or some other error,

the calculator automaticaliy loads the entirs operatian program and runs
it anesw.

METHOD OF MEASUREMENTS

A cloud-tc—ground lightning (return stroke, R-s=troke) can be approxi-
mated by & vertical eslectric dipole leocated on -the ground. Above a per-—
fectly conducting earth, the electromegnetic radiation fieid consists of
a vertical E_-component and a horizontal B,~component perpendicular to
the propagation path of the wave. UP=cr1b1ng tke characteriztics of the
esrth-icnosphere wsve guide by & transmiszion tunction inormalized to
the vwalus of free propasgaticen Oover a perfectly conducting earth)

Wip,w) = ju} =1i¥ (1)

the verticzl component of +the electric field £. of a single stmospheric
at distance p from a receiwsr can be expressed by & Fourier integral



+0s

E.ip,t) = & [ uep,ar EL(p ) 739 4o, (2)

et 1 h <

where

Ex(p,0) = |E;] e*% = [ E, (p, 1) &39% dx (3)
e - |

iz the Fourier transform of the atmospheric waveform above a perfectly
cenducting sarth (Volland,19232). L

The atnospherics receiver/analyser measuree the magnitude of the Fourier
transform in (2 (spectral amplitude):

3

A
SA = |Wlp,u) E_(p,u)] (4)
of each atmoepheric arriving at an angle of incidence v at two frequen-

ciees (5 and %kHz) bu narrow band receivers.

It furthermore determines the ratio of the SA at the two frequencies for
2ach atmospheric (spectral amplitude ratio):

P
fWlp,00) E.(p, 01|

SAR = (3

A
fWip,0z) E_(p,uz?|

and finally the instrument determines the differences in the arrival
times of two spectral groups using the second derivative of the phase

of the Fourier transforrn in (2) {Volland, 1968) {group delay time diffe-
rence):
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Ip,0) = Z(p,0) + E(p,w) (7



is the zum of the phases of W and E in (2). In terws of the measured
finite differences this nay be written

9z -9 6“—6, Qg — 29I+91
GDD = at.. = m_. " = m (8)

z2-W W~y aw

The2 phases 9;{p,w) are measured at the frequencies wy=3 kHz, wz=% kHz and
and at the mid-frequency we=? kHz. Therefore the first deriratives (fini-
te differences between S/7 kHz and 7/9 kHz resp.) in {8) cerrespond to
the arrival times of the spectral groups at 6 and 8 kHz, and their dif-
ference gives the time delay between these spectral groups. &DD, like
SAR, iz a measure of the dispersion characterietics of the wve guide

Eesides these three spectral parameters o" the E,~field, the angle of
incidence ¥ of each atmospheric is determined by conventional direction
finding techniques, using a crossed loop antenna for the B,~field and
the phaze £ in (7) for an unambiguous identification of the right hemi-
epheres. The four parameters of each atmospheric are sent in a digitized
form tc the computer. The azimuth IS particned irnto 240 classes, the &DD
into 230 classes (-462.5 to 437.5psec), the logarithm of SA into 192 clas-

ses (from -6 to 42ZdE) and the logarithm of CAR into 192 classes {(from -12
to Z6dEB).

DATA ANALYSIS AND PROPAGATI ON MODEL

The probability distribution of the spectral amplitudes SA follows
rather closzesly a logarithmic normal distribution (Volland,1968)

(log y -

—= (27

whore M is the number of atmospherics exceeding the threshold &, Ng is
the total number within the time interval considered, o is the root
mearn square value and

g=1 % 272-65 ¢ ;0 M= A% [Wip,0) Egip,ul)]. (1G)

s ification factor depending on the receiver characteristics,
ana g i= tatistical mean of |E_]. Krcuwledge of A allows us to de-
termine the transmission functicen If €, is known, or &y can be de-
termined 12 (W] ie known. Applying mode theory for VLF propagation,

model values for the tranemiszion function W can te calculsted (Har1th,
1972a) .



SAR follcws a log-normal distribution iike SA (Equ.%). However, because
the SA- and the SAR-histograms are established on a logarithmic sxiz (mea-
suremsnt in dB), theu can be fitted with normal disztributions, as it is
done with the GDD- and the aszimuth(point source)~histograms. In thz fit-
ting procedure, the minimum of a weighted sum of the squares of the loga-
rithmic ratios between the fit-function values Y. and the mescsursed histo-
gram values y; is determined {(not the usual linear least squares sum),
i.e. using the condition

Vi

1.2 _ .
L w;{ln~=)° = min (11)
1 Ji
or
- i, ;
° mew-(po+ Pi1y;+ p;gg- 1n(g-))2 = 0 (j=1,2,3) (12)
apj i=1 i i Y3 i

the quantities Pj and consequently the parameters Nz, Y and ¢ of the
normal distribution

can be calculated:

c = {(-2/pz) ,
Y = pz® o {13)
Ng = (pe+Y2/2¢2) = [{2m)0c .

Setting the weights wy= y;, the formulation (11) has the advantage that
very large values as well as very small values (the noisy surrounding
outside th= main peak) of y hasve less influerce as compared tc the-usual

linear least square fit.

From the fact that all measured paraneters show genzrally a smooth normal
distributicn it is obwious that the paramstsrs obey a well.defined de-
pendence on the propagation conditions, whiczh I'S however disiurbed ran-
doemly due to the noizy characteristic of emitter, wave guide and receiver.
Therefaore, in the fcllowing model calculstions the mean values Y of the
parametsrs are used as mesasurement INpPUt.



In the csse of the firset mode approximation, it follpwz frea the theore-
tical moael calculations that SAR and GDD are linesr functions of the
distance ¢

GDD = a;+ b,p

o
I
A
i
i1
[
+
a

LI (13)

The source terms a; are approximatec by constant values whereas the pro-
pagation terms b, depend on the gecgraphic locations of source and re-
ceiver, times of day and sezson and the structure of the lower ionc-
sphere. If the propagation conditions are known, the distsnce between
source and receiver can be deternined directly from the SAR or the

GDD messurements, where again the casnter values of the normal distribu-
tions are taken. Usually, nowever, the propagation cenditions are known
only spproximately, so that considesrable inaccuracies could occur. The
advantage of this method IS thst most of the=ze arnbiguities can be ruled
ou? by appluing theose model conditions which give the same distance from
the SA®% as well os from the GDD mezsurements.

Relastively close to the source, some additional ambiguitiesin the inter-—
pretation of the data occur due to the interference of several higher
modas in the propagation of VLF waves. This nonuniqueness can be reducad
considerably if agezin both the SAR and the GDD data are used, because

the dewistions of CAH and GDD from linesrity f{due to higher modes) are

to a large degree opposite to each other (Harth, 1982) so that the effect
iz canceled out if one includes these deviations in the models for b;. A
thie =tsge of develepment, the model of Harth (1972) for by and b: o% the
far field are uvused. The independenti variables are the icnospheric referen-
ce height z and the so-called "anisctropy factor” 2 {Wait and Spies,17464).
In Fig.! {(Sch&fer and Vollana, 198z), this model i¢ reprcduvced in the re-
gion bztween &=-1 and Q=+1{ for the ioncspheric reference heights z=70km
{(daytime model) and z=3Skm {(nighttime model). The param=ter & describes
the influence of the earth’z magnetic field on the propagation model. It
iz the horizontal compansnt of the gyrofrequency Of the slsctrons,; ortho-
gorial te the propagation path of the atmospheric {parallel to the H-vector
of the wasve) and rnormalized to thé electron-nsutrasl collisian frequency

at the ioncspheric reference height. MNormally, @ varies between

Q= -1 for Hest-East propagstion and
Q = +| for East-West propagation.

Values bayond £1.5 are unlikely. Here, howeuer, the rance of 2 is extendec
beuycend -1.8 anc +1.3 with an artificial sharp tend in the model vwaslues.
Thiz behaviour simulates w=ll the near field characteristics calculated

by Harth i1982). Furthermore, the dautime and nightiime models can beg in-
terpolated for sarbitrary reference heights vsing a height dependence for
30D arnd SAR giwen by Volland {(19&2). Then One obtains



by{z,5) = — + — ,  (psec/Nm} (1e)
€ z

with

Xy, = b, {835,3) # 1.27%10% + 1_o6i#10%

2

By = b,(25,0) % 70 + 1.89%105

by (85,2) = 29.3 - 3.322 - 7.6 + exp{(-32-7) - exp(52-7)

and
. A N

beiz,8) = = + Pz ,  {dB/Mm) (17?)
- -
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The constants a; consist of the source parts which represent tho typical
mean vslues of the spectral parameters GDD and GCAR of the lightning
emitter itself and of the portions which are dus to the individual' phase
and amplitude characteristicz of the receiver. The source terms of GDD
and SAaR are estimated to 10usec and ~7dR (cf. Harth and Pelz, 1973;
Volland, (982), respectively, whereas the receiver terms are different
for each atmospherics station and can bes found by cemparison with synop-
tic thunderstorm reports and by crose—-bearings witn another station {(ss

an exampls, the walues are approximately 40upszec and —~édE,resp., for the
Tel Aviv staticn).

The propsaation models for GDD and SAR given by 15y - {17) depend on
three ind=zpendent variables

{a) the diztance p,
() the anisctropy factor &
(c) ihe ionospheric reference height z.



AFt-r the statistical anslysis of each single activity center cetected
ithin One measuring per1oo has provided the p=zak walues of the three
-ﬁec‘“dl parameters GDD, SAR and SaA, one can in principle determine all

cf the three 1nGEpendent variables of the propagstien models. Due o

the more complex statistical distribution of the third spectral para-
mater =4 (z2z2 next chapter), only GDD and SAR are used for the modell-
ing &t this stage. One therefore has t0o indepandently specify one of
these independent varisblies. The variable chosen iz the reference height
zZ of the lower icnosphere. The mean reference height aslcong the propaga-
tion path of the atmospheric is cslculated by the cperation program &S 3
funcjion of the solar zenith angle & along the path. The applied formula
for .ue height z’ at a single source point IS given by

.
T = 77.5 - 7.5% C°?“' : . (km) (18)
{(s+cosz) -

The ®stzszpness” parameter a, which determines the transition gradient of
the reference height from daytime to nighttime values, is set tc €=0.135 .
For a given universal time (GMT), the solar zenith angle & at the source

point can be expressed as a functlon of the solar angle §’ at the recei-
ving station, the disténce x between source and receiver and the angle

» bexwszen source point and subsolar point on the global sphere as seen
from the receiver:

cos{Z) = Arcos{x+B) (123

with

AC = coaz(g’) - sine(z’)*cosz(k) ;

tan{B} = —tan{’)#cos{h) .

The =zlar zenith angle &’ and the angle x at the receiver location can
be easily calculated for a given universal time. It has turned out that
an ariificial asymmetry Which simulates a more nighttime—like situation
near surnrize and sunszet st the receiving station fits the messurements
best. Theresfore the local tine LT at the receiver is modified according
tc

LT = LT - t#sin(LT¥n/12) |, (20)
wher= 1 1s preliminasrily set ¢ n/?. The advamtasge of the formulation
(18) Fpr ine height z’ iz that it can be analyxically integrated along x

ion {(19) is incser-

h
ance p (given IN radiasns) when the expresss
are rence height z:

constants) toc obtain the mean refe

1 {s+]) sin(p+ﬁ) =in(2)
lacln( LR e
P 4tg/n-+1) iz RE2+1)




The remaining twvo independent variables p and 2 can now bes calculated
using an iterative Ulgorithm in order to find these unique valuss of p
and & (with the mean z-value given by (21)), for whicn the models of GDD
and AR Iin (15) derive exactly tne measured values of these paramexers.

The calculated paraneters =, @ and the distance p of tha activity centers
can then be printed out and symbols indicating time (GMT) and strengtn
(atmospherics per minute) can te plotted at the locastions of the thunder-—
storm centers ON a map with a desktop plotter. Furthermore, the analyszsd
azimuth and spectral parameters (statistical mean, standard deviation/
width, intensity/number of pulses within the normal distribution) ars
stored on the magnetic tape cassette of the computer. With an average
number of four to Six activity c=nters detected per measurement cycle

(20 minutes) in tne recsption area of an atmospherics station, the tapes
have 3 storage capacity of one moenth and more. The caszzttes are colliectied
at Bonn, where the data are copied to normal computer tapes, so that they
are svailable for an a posteriori detailed study of the global lightning
activity.

During the course of the measurements, when a suffucient number of sunop-—
tic coincident reports and simultaneous recordings fron different sta-

tions are asvailable, the coefficients in (1é&), (17) and (18) will be op-
timized. Of cource, even after optimizing the propagation model, there
will bz some remaining deviations from model conditions. On the whole, an

accurascy of direction finding of up to 0.5¢ and of distance determina-
tion of up to 8¥ is expszcted. The minimum distance, where an unambiguous
determination becomes impoassible due te the higher order modes propaga-
tion and the near field influences, is around 2i0km. The maximum distance
reaches ta more than 106040km for signals from the west during nighttime
propagstion conditions. Howewer, a quantitative resl time analysis is
poessible only up to distances of approximstely 4000km becauses the number
of atmospherics in the large amplitude tail of wesk centers will not sur-
mount a minimum number {set te¢ 25) which IS required for the statistical
analy=zis. A possible blecking Of activity regione by clozer thundarstorm
centers (normally, onlu the closest center iN ons dirzction iz seen) can
be taken intoc consideration for long-term imonthly, yearly) statistical
models of the lightning density per aroa and time.

MEASUREMENTS

A firzt example of the measurements during One 20 minute interval b2tween
8:20 znd 8:40GMT on 23.Jun= 1981 (i{8min for dats collecting,; & min for
the evsluaetion) at the Tel Aviv station is ehown Iin Fig.2 . In the lower
panel, & histogram of the number Of atmosphesrics arriving per minute is
plotted as a funcztion of the angle of incidence {(azimuth) ¢ (solid line).
Five cernterz of activity can be clesrly distinguished. It is noticed that
their cshapes are generally quite well normally distributed. Starting witn
the largest peak at 304.5%, lasbeled "!", the operation progrsm determines
firset the statistical parameters icentrr value, height, width) of all the
activity centars,. using (11}-(14). The fitted normal curves are shouwun as
dashed lines in Fig.z. It can be o2nerally assumed that the zources 2re
point-like, or &t ieast confined to & few degrees IN azimuth, so that the
width of the angular distribution must be predeminantly due o random
signal disiortions aiong the propagation psth. These deflections, which

| @
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n resch valves of 1% and more are obviously normally distributed (as
ulting from random noize influences), so that the accuracy of thes di-
ion finding i= not influenced by this. Ancther point concerns so

l1i=zd ’site’ errors of the azimuth tearing which may be dus to metal
consirvctions near the receiving antennas. These constant azimuth dg?lec—
tions can reach several degrees and are eliminsted (sfter some calibra-
tion messuresments) auiomatically by the operation program using an ellip-
tical dewvistion of tha2 sngle of incidence. At the T2l Aviv site, for ex-
ample, an elliptic distortion with an &xis ratio of 0.8 {(maximum diszor-
tion = 6.49) and a £0% rotation of the large axis against Norih is found.
It can be concluded frem Fig.Z and from other data showing persistent ac-
tivity centers for 3 larger time periocd that & typical activity center
can be localized to within (.39,
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The next step of computation is the comstruction Of histograms of the

the spectral parameters GDD, 3AR and SA for each single center of actiwi-
ty. Btarting again with the largest one {labeled "1" in Fig.2), all atmo-
spherics originating from that specific center (all pulses below the fit-
ted curwe "1) are extracted, the resulting spectral histograms are formed
and the optimum normal distributions are fittod from (11) = ({14). Thsse
histograms are shown in the upper panels of Fig.2 for the three largest
activity centers during this messurement interval. The resl-time prinzter
output of the computar is inserted in the lower panel. For each activity
center, numbsred ! to S, it shows first the statistical parameters

{in one line: center walue, width and number of puises per'minute of the
normal distribution) of the azimuth (Pi, the GID (a), the 3arR (r? and

the SA (a). Though the pulse rates are reslatively low in this particular
cese {around 20 per minute; large activity centers cén easily show 200
atmospherice and more per minute), the diztributionz are remarkably well
represented by Gsussiams. The spread of the spectral distributions ari-
522 fraom thes random disturbances On the propagation path and additionally
frem the internal spreasd Of the parameters in the source. Neverthezless,
the center values are wery well defined and can be confidently entared
inio the propagation medels (15), (1&) and (17?). As zlready mentioned,
the distributions oF the SA are generally more complicated and more dis-
turbed than thosz of BDD and SAR. Whearess the GDD and CAR ara formed

frem two or three neighbouring frequencies, SO that disturbances are
partly cancelled out, the 3a iz measured at One frequency (S5kHz). Fur-
tharmore, the peak of the SA-distribution cannot always be recorde0 Se-'
cause the source may he so far away that the peak of the SA- distribution
shifts belocw the receieer threshold. ThisS is almest the caze for the:
example at the top of Fig.2. It can be deduced from the indicated double-
peak structure of the. 20D and CAR ana from the broader azimuth disiribu-

tion, tkat this activitu region actuslly includes another weaker and more
4distant center of actiwity.

Using the procadurs d=scribed in the lzst section, the distances p of each
gctivity cznter and thk= appropriate propagation model parameters (refe-
rence height z snd ani=etropy factor 2) are calculzted, using the csnter
valuzs of ths GIDD and BAR dicstributione as input. The results are then
printed out in real time (ineert to Fig.2, elliptic zngle distortion
incivded). ‘

ctec activity zenters are marked directly on 3 world map by means
cf 2 small desktop plomizer. Fig.3 shows sll the activity centers detected
by the Tel Aviv st2tice between 3:00 and 14:208MT7 on 23. June 198!, in-
civding th= measuring pericd diszcusszed in deotzil in Fig.2. In thiz repre-
£entation, <he locatiams of the centers are marked by =zmall trianglzs,
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the strength of th2 activity ie indicated bty the length of the pointers
(10¢l=ngth = S50 atmospherics/min) and the orientation of the vectors de—
signates the time (GMT) like a normal clock (one turn within 12 hours).

Orne observes four larger activity centers which are prominent over a lon-
ger time period. The first one over the nortnern parts of Italy, labeled
"1" in Fig.2, remains nearly coenstant in place and IS strongest developed
rnear S:00GMT. Similarly, the bright activity center at the Caspian Sea IS
stationary with its maximum near noon. At &:30GMT it was relatively wesk
and 2 second, still weaker center could be detected nearly behind this one,
which explains the outlined double structure in the distributions of the
parameters in Fig.Z2. There are two other prominent centers, the first one
over Wzst Africa, decasying during the morning heurs, and the second one
over Eastern Europe developing around noon.

In order to compar® the atmospherics measuraments with synoptical re-
pertz, the time period of the afternoon on 2z. June and the night of Z22.
/23. June have been inuestigated. The complete list of all synoptical re-—
ports north of 13N which were related to thunderstorms was available for
this period. Fig.4 shows the centers of the a:mospherics activity between
14:40 and 2:40GMT in the seame manner as before. in Fig.3, the stations re-
porting thunderstorms are marked by crosses for 12:00GMT and by stars for
24: 00GMT on Z2.June 1981. Direct thunderstorm reports are marked by large
symbols, indirect reports (e.g. cumulonimbus clouds) by smaller ones. For
@1l prominent activity regions {(West Africs, Spain, Italy, North—-Ezst Eu-
rope, Caspian Seg3), the bulk of reporting stiations coincide well with the
dominating atmospherics localizatiens. Contrary to the atmespherics mes-—
surementz, however, the strength and the development as well as th3 move-
ment of a specific activity center cannot te ==stimated from the suynopti-
cal maps which are available only ewery SiX hours.

An example shall now be presented, which shows the recordings of all
three stations as compared with pictures tsken by the METECGSAT Il sa2te-
lite (centinuously operating only since September 1781). The only date
available for this comparison was the 30. September / . Uctober (78{,
becausze before that date the Pretoria station had an cperstional shut
down for =zeome weeks and after it the folder) EBerlin Station broke down
due to a hardware failure. Although this fortuitous exzmpla may not be
overwhelming, it does Show some typical fsstures of the measurements.
Figs.é6, 7 and 8 =how the recordings of the Berlin, Tel aviv and Pretoria
stations, respectiwely, for the time period from 6:00GMT on 30. September
1981 to ©:00GMT on 1. Uctober 1981. In thir 24 hour representation, the
pointers turn once within one day so that at 0:060GMT they point to Nerzth,
at 6:00 to East, at 12:80 to South and at 18:00. to West. Loeoking first at
Figs.& amd 7, ons notices two prominent activity centers, one over Italy
and 'the Adriatic Sea, the other over the Eaztern Balkasns which bescome
Brignht mainly during the daytime hours (12:00GMT = southward pointer) and
are cobserved by both the Berlin (52.620N/13.136E) and the Tel Aviv sta-
tions with little differences in sppearance. Comparing these with the
cloud pictures (viesible image) of the Meteosat Il satellite at 11:25GHMT
(Fig.%), it becomes obviour thst the lightning activity within the cloud
cemplax ovrr the Adriatic and Balkans ic not equally distributed but is
concentrated essentially in these tWO centers of activity. Th2 exact
determination of the ztorm’s locations is influenced zoemewhat bu the dirf-
ferent direciions of observation. For example, the Morth-East Adriatic
area 13 emprazized fOor the Berlin station. It should Se ncoted that the
engular snd specirsl resolution Of the older squipment at ns Eerlin sta-—



tioar iz worse than the new version by a factor between 3 and 5. It IS in-
terecting that the cloud spur reaching vp to the Baltic ares and the
frontasl cloud bands west of the Bay of Bisceay (see Fig.?) do not centain
any lightning asctivity during daytime. Tn the evening after 18:00GHMT,
howewver, the Biscayan front becemes activs while another activity region
over the Morth Sea (which is blocked out for the Tel Aviv station by the

near2r activity) weaksne 3t that tims. Obwiouvsly, these features cannot
be deduced dafinitely from thes satellite cloud pictures, although the in-
frared (IF) and water vapor (WV) images are som=what better indicators of
thunderstorm activity than the visible image. In the infrared image at
17:35GMT in Fig.10, high reaching convsctive clouds appear brighter than
low level lauered clouds. The developments of the cloud and frontal struc-
tures can be estimated comparing both satellite images. Obviouslu, one
cannoct deduce a reliable "sctiwity"” estimation (in the sense of strokes
par time) from the images: The cloud formation over Northwest Africa,
reaching from the Atlentic ocean to Spain and appearing quite bright in
Fig.10, in fact produces very little lightning activity (cf.Figs. & and
7. Still, the most prominent activity centers in central Africa should
certainly te expected near the very bright cloud complexes in Fig.!10.

The =ffect of mutually blocking Or overlapping activity centers, as de-
duced from atmospnerics messuremsnts, is exempiified by the moderate
thunderstorm Sctivity west of the Caspian 3ea, which was hardly visible
at Berlin {Fig.6), or by the activity regien in the 2ay of Biscay which
iz seen from Tel Aviv starting at ca. 18:00GMT (Fig.7) with a certain sd-
mixture of the decaying Italian activity within nearly the same angular
demain. Additionally, local disturbances of the ionosphere seen to infiu-
ence the meesurasments at Tel Aviv around midnight where the distances in
the northwest direction are probably overestimated.

The amplitudes of the atmozpherics are damped out with increasing range
so that the portion of their distribution which exceeds the input thresh-
2id of the receivers eventually becomes too small and tne activity center
can no longer bs identified. For good propagation conditions during night
along Mes?-East paths, this |imit iies around 10000km. The bright activitu
rzgion north of South Americs, which IS seen during nighttime at a dis-
tance of ca. 7500km from Berlin, thus lies close to the maximum rancge
foer the Tel Aviv station in the azimuthal-direction of about 235% and &
diztance of ?000km. Unfortunately,. Tel Aviv again recsives a certain ad-
mixture of s cleser lca. 5.5Mm) but much fzinter activity rsgion around
30er/250W (compare Fig.10/, so that the distances zppear partlu too
short. A second activity center in that region, seen st an azimuth of
ca. 2779 from Tel Aviv {(again with an admixture of thes cleser activity)
cannot be seen s6 clearly from Beriin becauze of the hlecking infiuence
o7 the activity in the Bay of Biscay. Un the other hard, the measurements
of the third station in Pretoria (Fig.%) exhitit nearly the same direc-
tion of Z88% for both centers. The corresponding locations, around 152N/
S7OW anc 12UN/400W, estimated from these messurements, agree (Ui te uell
W|th the locaztions Of the bright infared (=cold) cloud clusters on the

stellite picture in Fig.10. At Berlin, an admixture of the sctivity clus-
ter close to the South American ccsst is seen. It iz worth noting that
the prominent hurricane near 400N/300W (called “IRENE"), which appeasrs

s bright as the active thunderstorm ragions un the satellite imagss
£.% 2nc 16), doez not preduce asny zigrificent lightning sctiwvity du-
s time {(cf.Turman and Edgar, {952, whc find the same behaviour
ficon "GILDA"™ in 197%7).
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Looking now to the other prominent activity regions detectea by the
Pretoria station, one finds a correspendence between the atmospherics
locations in South America inear 1208/40%W) and souvtheast or' Madagascar
and the satellite pictures. The South American activity is not recorded
by the Tei Aviv and Berlin stations becauvse of the blocking and distur—
bing influence of the activity in Wed Africa. As this activity is seen
by thé. Tel Aviv station quit- frequently, observation of activity in
Soutih America is somewhat rare. It is noticed in Figs.8 and 7 that an—
other very bright visible cloud cluster east of Pretoria on the African
continent is no? active at all. This is also suggested, howzver, by the
| R- 1 mage (in Fig.10, 6 hourz later, an area northwest of that cluster
becoemes active), which does not exhibit a wery ccld cloud temperature
there.

A very peculiar behaviour of the VLF-propagation shall be discussed now
as deduced from atmospherics messurements of the thunderstorm activity
in Central Africa. Obwicusly, the activity distribution there looks sub-
stantially different as seen from each of the three receiving statiens.
Some qualitative correspondence can be observed, for example, between
the Berlin and Tel Aviv data near sunset in west Africa iwith a combi-
nation of two centers to a single large one s=2en from Tel Aviv), or be-
tween the Tel Aviv and the Pretoria measuroments in central Africa near
noon (pointers to South) and near midnight (pointers to North) with some-
what different distances and intensities in each case, It i= noriced,
that the relatively high lightning activity near the equator is often
not, or only with too low strengths, detected by the Tel Aviv station
(registrations by the Berlin station are very rare), and that the loca-
tions of maximum sctivities, as seen from Pretoria, are veuvally south of
the equator. This is a quite typical behaviour of the registrations in
centrai Africa. Though the relatively small distancez to Tel kviv and
Pretoria {(around 4Mm) should guarantee a moderste damping according to ,
the propagation model in Fig.1, activity centers beyond and close to the
magnetic equator {(near 10¢N on the African continent) and at angles close
to north-south or socuth-north directions (& = 0) can hardly be detected,
Therefore one has to draw the conclusion that the vusual Wait/Harth model
for VLF-propsgation, even in its extended version in Fig.1, iz insuffi-
cient to describe these trans-equaiorial, nearly meridional propagation
behaviour. The implication of the mod21, that a pure herizontsl and pa-
rallel (relative to the propagation path}) magnetic field corresponds to
igsetropic conditions without a magnetic field must be revised and a much
higher damping must be introduced under tnese circumstances. 3Starting
point to a nore realistic propagation model for this specific conditions
{very small magnetic dip angle, NS or SN propagation, medium distances)
ie a full wave calculation which shows tnat the reflection coefficients
become very small for meridional propagation, very small dip angles and
near grazing incidence at the Brewster angle (e.g. Tsuruaa, {?72). This
would imply the introduction of two more independent parameters = the
vertical and parallel Q-components ~— .into the propagation modesl.

Another very interesting feature Of the trasns-equatorial propagation can
te occasionally manifested in tho measurements of the station st Tel
Aviv, less frequently at Pretoria. This effect IS also vieiblie in Fig.?,
where the reccrded pulse rates of the equatorial activity region around
23CE and the s=parate center behind this on2 near 170E/1505 (as seen
from FPretioria and confirmed by the satellite cloud picture, Fig.10) are
extrem=ly zmall Oor wanish completeiy for scme time, until suddenly the
pulee rate=z incrzase ana the distances seem to jump by a factor of ziwo
and mere {(two locations near S395/20F at 0:10 snd 0:30GHT). This beha-
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viour, which IS azcasionally much more dramatic than in this case, can be
obzerved sspecially during the f=2w hours around midnight. After such an
event, the values. ¥all back to the previous conditions. This behaviour iz
esserntiallu caused by an aprupt and considerable incresse of the group
velocity difference between 5 and ¢ kHz, partly accompanisd by an excess
dsmping of the TkH:z component. The reason for these distcrtions of the
spectral parameters may te a whistler-like ducting of the stmospherics
slong low latitude field lines in combination with equatorislly confined
E-layer irregulerities which would allow the VLF-waves to penetrate into
the iencsphere and to corne out asgain. Similar considerstions with regard
to low latitude whistlers have been presented by Hayakaws and Tanaka

i 197&).

A finsl exampl2 demonstrating the short range capability of the system

and the VLF-propagation model i13) should also be noted. Fig.!! shows

the recordings of the station at Pretoria between {2:00 on 2.10.81 and
12:00GMT on 3.10.1981. One observes a clustering of activity centers
araund the station within a radius of less than 500km, including the
imasdiaste vicinity of the station. This location corresponds exactly to
the bright cloud complex in the infrared satellite image, Fig.!2 {(11:353GMT
on 2.10.1931). The activity regions near 20%£/10°9S and near the west coast
of Madagascar are alresady visible in this picture, although they displauy
th2ir strongest activity during nighttime. On the other hand, the activi-~
ty region southwest of Madagascar, which becomes strong only after 3:00
GMT on 3.10.1981 (Fig.!1?, can not be ohserved in Fig.12, but IS extreme—
ly bright on the corresponding image for 3.10.1981 inot <hown}. This de-
manstrates the frequently observed very rapid development of activity re-
giens. As already indicited, atmospherics activity at and beyond the mag-
ne=tic equator is hardly detectable.

CONCLUSIONS

The nesw development in the field of VLF-atmospherics research and tech-
nology described here ig characterized by the following central aspects:

(3% A compl2tely automatic receiving and anzlysing system sllows a real
time determination of lightning activity parameters. The data are
stored on magnetic tape cassettes for an a posteriori anzlysis and
are alsc used to mark the thunderstorm centers on a map by mesns of
an on- lins dasktop plotter. Easy acceszibility to these data recor-
dinges is necessary for the development of global models of the light—
ning density and for detailed a posteriori investigations of the YLF-
prosagation conditions.

A ztatistical program for recording and collecting VLF-atmospherics
has been developed which yizlds a reliable estimate of ths angular
shape of an activity center 3z well as the shape and locstion 07 the
specirsl parameters GDD, SAR and Sa Of those atmospherics originating
at a =zpecific center Oof activity.
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(c) A new analytical VLF-propagation mcdel has been introduced which is
bzeed on the vsusl modeles oOf Wait (MWait and Spies, 1%¢4) or Harth
(1%72a), but iz extended to be applicable for arbitrary ionospheric
reflection heights and takes into account the higher mode influences

ser distancees (near field range). This medel uses the mutually

ident spectral parameters (statistic mean values of all atmo-
from a specific activity ~enter)in an iterative algorithm
mine the distance to the activity center and the appropriate

f the iencspheric reflection height and the anisotropy
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the receiving network conesists of two new stations at Pretoria
v and an older one at Berlin. It will bs expanded in the near
future with new stations at the German Antarctic station and in India and
Switzerlsnd. The coverage of the existing stations comprises Europe and
Africa and parts of asia and America, with some regions of partial over-
lapping.
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The existing measurements ana analyses, from which e2xampl==s have been
presanted, zhow that reliable information IS «btained on the locations
and the strengths {stokes per minute) of thunderstorm activity centers.
Compariscns between the atmospherics messurements and a large number

of single thunderstorm reports on syneptic charts showed that whenever
some or the bulk of weather stations in a certsin ares report thunder-
storm sctivity, a local lightning source is confirmed by the atmospherics
method in thie area or close to it. On the other hand, conters of atmo-
spherics activity, e2specially on the oce=ans, are nct necessarily detected
by the synoptical network, usually because of sparse station coverage
(thuncer can be heara only up to ca. 30 km), which demonstrates the uvse-
fullness of this system for weather forecasts and thunderstorm warnings
Areas of atmospherice activity can be confirmed as cloud complexes in
satellite images {METEOSAT), especially infrared and water vapor images
but met ail cloud clusters, even if they show Prignt features {cold tem-
peratures) in thess two channels, produce a significant amount of light-
ning activity.

Contrary teo Other methcods, an atnospherics network is capable of centinu-
ously detzcting lin 20-minutes interwvals).not only the locations of the
lightning sctivity centers, but also their strength (in asbsolute number
of strockes per minute) and their evolution. The detzction range of atmo-
sphericsz 1s limited due to the specific VYLF-propagetion conditions. Al-
though the maximum range iS up to 10069km for the development Of light-
ning d=nzity models, tne limit for a quantitative real time analusis is
near 4¢itkm. Theoretically, @ complete model coverage of the globe could
thus bte zchieved Witn ca.10 optimelly iocated stations.

Applicstions of the atmospherics system and iItsS real tims data are pos-
zitble 1rn tne fields of thunderstorm warning and forecasting. For the wea-
ther fervlces, atmospherics measuremsnts can be & valuable zdditionsl
parametsr (like satellite images). It is intended to inciude the atmo-
sphericz information in the routine forecasting procedures. Tests have -
been sir=sdy started at the Israel Wezther Serwice. A TlPEt survey of the
frequericy and the strength of the lightning artivity in different -areas
within 1h

2 detection range of the existing network revealz not onlu tne
well-krown activity regions On the continsnts (cf. the thunderstorm day
maps puclizhed by WMO, 1956&6; Or U.5.A.F., Handbook of Geophys.,1961),



but alzo considerable activity above the Atlantic and Indian oceans, even
scvthward of S0¢S. Such features can alsc be obserwed in the global
lightning distribution chartes of Orville (!%3!j and Turman and Edgar
({782) who anslysed the DMSP-satellits lightning r=zcordings of the nigh
sltitude internal cloud discharges at dewn, dusk and midnight. Comparable
nalyses using the stmospherics measurements of the cloud-to-ground com-
ent of the lightning activity on a continous time basis, even with
ard 1o a possible connectiion with planetsry waves (cf. Harth et ai,
2), are in preparation.
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FIGURE CAPTIONS
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.1 VLF-Propagation moedel for the spectral parsmeters CDD (feley time
¥rerence betw2en spectral Groups at & and 8kHz) and SAR (Ratio bet-
zn spectral Amplitudes at % and 5 kHz) as a funrtion of the anisotro-
ctor @ for different ioncspheric rzference heights between 65 and
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Fig.Z Exasmple of the atmospnerics recordings of the station at Tel Aviv
Iin ths measurement cycle 8:20-8:40 on 23.June 192!1. In the lower panel,
the histogram of all recorded aﬂnospherlcs is shown as a function of
the angle of incidence (azimuth) with the centers of activity numbered
conzecutively. Ths histograms of the three spectral parameters GDD, ZAR
and SA {(3pectral Amplitude at SkHz) for the three most intense actitivi-
ty centers are given in the upper psnel. Gaussian fits to the distribu-
tions are plotted @&z dashea curvese. The insert to the lower panel shows
the real time printer output giving center value, width and area {(pulses
per min) of the distributions for azimuth (8), EDD (&), SAR (r) and SA
{a) and the calculated values of @, ionospheric height Zref and distance
p of each activity center. '

<

Fig.2 Real time plotter chart of the Tel Aviw station for the measuring
pericd 3:00 to 14:20 on 23.June 1981. Locations of activity centers are
marked by small triangles, their intensities are indicated by the length
of the pointers (10% = 53 strokes/min), the time (GMT) is givan by the
orientaion of the pointers ¢12:008MT = northward, one full clockwise
turn within 12 hours).

§ig.4 Same a2s Fig.3 for the measuring period 14:40 on 22.June to 2:40 on
23. June 1981.

Fig.S Locations of all synecptical stations north of 139N reporting direct
or indirect {cumulo-nimbus cloude etc.! <thunderstorm activity, marked by
large and small symbols, respectively. Crosses are Cor 12:0GGMT on 2Z.
June, stars for §:00GMT on 23.June 1981.

Fig.é6 Activity centere recordaed by the Berlin station for the measuring
pericd 6:00GMT on 30.Auguszt to &:00 on i.0ctober 1981. Pointers rotate
anc2 every 24 hours with a:U0UGMT northward.

Fig.7 Szme as Fig.& for the station at Tel Aviv

Fig.2 Szme azs Fig.é6 for the station at Pretoria

Fig.% METEO03AT 11 image of the wisiblie chsnnel at 11:25GMT on 30.Septem—
ber 1?3!. (Supplied by the European Space Agency)

Fig.10 METEQSAT Il image of the infrared channel at 17:5356MT on 30.5ep-
tenber 1931, (Supplisd by the European Zpace figency)

Fig.1! Actiwity cent=zre recorded by the station at Pretoria in the mea—
suring period 12:00 on 2.0ctober (981 tOo 12:0& on 3.0ctober 1981.

Fig.!'Z FEIEESHT I 1 1naﬁe of the infrared channel at 11:3S5GMT on Z2.0ctocber
19z1. {(Supplied by the European Space sfgency)
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VLF-ATMOSPHERICS AS A TOOL FOR PROBING VLF-PROPAGATION CONDITIONS

J.Schafer and H. Volland
Radioastronomical institute, University of Bonn
Auf dem Hiigel 71, D 5300 Bom 1, West Germany

SUMMARY

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 or the strengths and locations
o the thunderstorm activity centers, can be printed out immediately or displayed on a world map with a
small desktop plotter. The data are also stored on magnetic tape cassettes.

At present, two stations o this kind ar e operating continuously at Pretoria (South Africa) and Tel Aviv
(Israel). A somewhat earlier version is used at Berlin. Further stations are 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 are covered. These measurements are used to investigate the short

and long-term as well as 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 results of the measurements, including statistical analyses of the received parameters
and typical real time plot charts are shown to demonstrate the methods and capabilities of the present
system.

1. INTRODUCTION

Lightning strokes are 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-
ral transmitters and because of the good transmission characteristics of the terrestrial waveguide bet-
ween earth and ionosphere for VLF-waves, the radiated VL F-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 o these analyses is a propagation model for VLF-waves depending mainly on
(a) the mean reference height o 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-atmosphericsin 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 Hei nrich-Hertz-institut, Berlin, (Heydt and Volland,
1968), and subsequently improved in several versions. Besides the direction o incidence (azimuth) of
each atmospheric, this receiver determines the spectral amplitudes at two suitable frequencies in the
VLF-band as well as the difference in the arrival times between two spectral groups. Extensive model
calculations o these spectral parameters for various ionospheric conditions are due to Harth (1972). The
main drawback o this first generation of VLF-analysers was the method of data processing. For each
atmospheric. one d the spectral parameters could be displayed against the azimuth on an oscillograph
screen as a point. Taking a photographic picture of all atmospherics within a time period of e. g. 5 minu-
tes, one could estimate the mean azimuth and the corresponding mean value o the spectral parameter
from the clusters on the picture by visual inspection. This complicated and time consuming process and
the inefficiency in the recording o 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 all
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 o the activity centers on a map. The received and analysed atmosphe-
rics data are printed out in real time and also stored on the internal tape cartridge of the computer for
possible a posteriori analysis:

Two of these new stations have been operating continuously for more than one year at Pretoria and Tel
Aviv Schifer et al.,1980), an older oneisinstalled in Berlin, and another new station will be esta-
blished in the Antarctic next year. The small size of the equipment its easy handling and its insensibility -
to external influences allow it to be installed almost everywhere, with its antenna placed on a roof, in an
open field or aboard a ship.



2 PROPAGATION OF VLF-ATMOSPHERICS IN THE TERRESTRIAL WAVE GUJ DE

VLF-atmospherics originate mainly from cloud-to-ground lightning strokes which can be well approxi-
mated by vertical electrical dipoles on the ground. The transmitted impulses travel through the atmo-
spheric wave guide between earth and ionosphere, see Fig.1 (Ingmann et al.. 1981). and are trans-
formed on this way according to the propagation conditions, which depend predominantiy o the location
and the state of thelower ionosphere. The vertical electric field component of an atmospi:sric a:
distance P from the source over a perfectly conducting earth

~

E(p,t)

with its complex Fourier transform

~ ~ . +00 3

Elp,u) = Eje® = [Ep,n " a (1)
is transformed by the complex transmission function

- ~ i
W(o,w,p;,p,y,..) = |W e (2)

to yield the spectral amplitude

Blo,w) © Wio,u,pp,..) = [ELWE 0% 2 3. e (3)

Here, p. are all the terrestrial parameters which influence the transmission function. Since the earth
can be rlegarded to a very good approximation as perfectly conducting in the far field (more than some
100 km). the parameters p; describe the state of the lower ionosphere. Simple exponential models for the
electron density and the collision number profiles in the lower ionosphere are sufficient for VLF -reflec-
tiori calculations, because the main reflection takes place at electron densities of only a few hundred
electrons/cm3. The electron density profile

N(z) = N(zo) exp(b(Z-zo)) (4)

and the electron - neutral particle collision frequency profile

viz) = vz ) exp(-alz-z )) (5)

can be combined in the model calculations to form the ratio of the squared plasma frequency “° to
the collision frequency Vv P

2.

€y iz)/ v(z) = w (z) = wr(zo) exP(B(Z-zo)) , (8)

with .
wiz) = wl Y/viz ) = 3 18-10° N(z Y/ vz) (N(z) in cm™ ) (n

r o p o o : [ 0
and B = a+b. zg is theionospheric reference height. w_ iscalled the "conductivity parameter” ; it is

the only relevant parameter for a pure isotropic plasma r (no magnetic field). If the terrestrial magne-
tic field is included. the gyrofrequency w.. of the electrons has to be regarded as the second important
parameter, which can also be normalized to the collision frequency at z, toyield the so called
"anisotropy factor"

o= wp /v (zo) . : ‘ ‘ (8)

Although w T isactudlly a 3-component vector for arbitrary directions of propagation, it is the trans-
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verse component o the earth’s magnetic field that is 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 model calculations of the amplitude and phase relationship between at | east two suitable spectral
groups in this band. The atmospherics receiver/analyser uses three narrow band receiversat 5, 7 and
9kHz. Thefirst atmospherics parameter is the Spectral Amplitude "SA" at 5kHz

SA = A(p,w,,p.p,,-.) . (9)
Secondly, the ratio of the amplitudes at 9 and 5 kHz isformed
SAR = A(D,wl,pl.pz...) / A(p,mz,pl,pz,,.) . (10)

This parameter is called the Spectral Amplitude Ratio (SAR). The third measured parameter isthe time
difference in the arrival times of the spectral groups at 6 and 8kHz. called the Group Delay Time Differ-
ence (GDD). It is deduced from the second derivative o the phase & in (3)with respect to frequency
(Volland. 1968)

2
] @(p:wsplopza--)
GDD = Atgr = - 5 * Aw (11)
)

In terms o finite differences this may be written

03 -0 Om -0
GDD = ALz o2 . R (12)
gr 2 m wm'wl

= - (13)

with 91 = e(p,wi,pl.pz,..) and w WooTWy A - M easuring the phases 9; at 5, 7 and 9kHz,

27917 'm
the first derivatives in (12) refer to 6 and 8kHz, 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

N(z) = 300cm™> , viz) = 51087
(o] o]
and-
(14)
z, = 70 km g = 03 for daytime and
z, - 85km , 8= 05 for nighttime propagation conditions.
The anisotropy factor il varies at 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 85km, resp.) are plotted as function of € in the range between the dotted lines.
These parts of the curves are based on a linear dependence of the parameters on distance (Mm = 1000 km).
Unfortunately, thisis only accurate at |large distances from the source (beyond ca. 2000 km) where the
first mode approximation is sufficient. The higher modes have to be included for consideration at closer

distances. Thisleadsto a more complicated non-linear behaviour of the spectral parameters (Harth,
1981a. b).

In order to account for these deviations from linearity, which are nearly antiparallel for GDD and SAR,
the normal ranged 2 (-1to +1) has been artificially extended, and exponential tails have been added
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to the models. Interpolating between the daytime and nighttime models by means o the height dependence
given by Volland (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,

GDD(z,0) = 5 + > (usec/ Mm) , (15)
z 2
with
3 5
a = GDD(85,Q). 1.27-10° + 1.61-10°
b = GDD(85,9) - 70 + 1.88:10°
GDD(85,2) = 203 -3322-76 +exp(-52-7) - exp(50 - 7)
and
SAR(z,R) = S + L (dB /Mm) |, (16)
z Z
with
. 4 6
e = SAR(85,0) 4.87°10° + 2.77-10° ,
f = SAR(85,%) - 78.3 + 3.84-10°
SAR(85,2) = 4.8+2Q - exp(-90-20) .

Because of the greater sensitivity of SA to disturbances and its more complicated statistical distribution,
only GDD and SAR are used for the modelling at this stage.

Besides these propagation effects of GDD and SAR o an atmospheric impulse. the source terms {(origi-

nating in the lightning stroke itself) of these parameters have to be considered. During the cburse of the

measurements, the values o
7dB  for SAR and

-5usec for GDD

(17

have turned out to fit well. These quantities are in satisfactory agreement with those deduced theoreti-
cally by Volland (1981) using a wave guide lightning model.

4. METHOD OF MEASUREMENTS AND DATA EVALUATION

The computer collects the data of all atmospherics within a measuring period of 20 minutes. Subsequent-
ly, a histogram of the number of atmospherics per azimuth-interval (1.5°) is 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 are fitted by normal distri-
butions using a fitting routine included in the operations program of the computer. Thefact that activity
centers can normally be fitted quite well by normal distributions indicates that they can be regarded as
point sources. Theoretically, 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-
tion finding with double crossed loops is used here). However, a certain disturbance of the signals isal-
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 rate per minuteisvery low
(down to ca. 2/ min).

Having determined ail significant activity centers in the azimuth histogram, the spectral parameters of
each of these centers are evaluated using the same fitting procedure with normal distributions. The histo-
grams of GDD, SAR and SA of the threelargest activity centers are shown in the upper panel of Fig. 3.
The statistical paramet ers o the spectral and angular measurements ar e listed in the real time printer
output (see-inset to azimuth histogram - lower panel). For each parameter (¢ = azimuth. a= GDD,

r = SARand a = SA) are printed the peak value, the width (1a) and the total number of impulses (per
minute) o the corresponding normal distribution. One notices that the assumption of a normal distribu-
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tion again fits quite well for the GDD (inusec) and SAR (in dB) parameters. especially when the pulse
rate is high enough (largecenters of activity often show pulse rates ten times |larger than these, up to
200 per minute and more). This isagain due to'the unavoidable disturbances of the signals along their
propagation paths, and to the internal spread o the values in the sources, but this obviously does not
affect the location o the peak values. A more difficult situation arises for the SA parameter. Although
its histogram normally follows alogarithmic normal distribution (Volland, 18688), 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 as 0dB. It corres-
ponds to a spectral field strength of ca. 0.8uV-m=-1.Hz-1. 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 at the receiving station, one has to
know three independent variables (see Fig, 2): -

(a) the reference height zZ, of the lower ionosphere,
{b) the anisotropy factor, &

{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, enly GDD
and SAR are used at this stage of development of the system. An extension of the model including the SA
parameter isin progress. For 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 isde-
termined by the operations program simply as a function of the zenith angle of the sun for any given point
on the globe. The universal time (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 a,
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

2 -value is determined internally together with the distance. The parameters ¢, z, and the distance are
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 (thiswill be shown in more detail
later). Though the GDD and SAR values for these centers change during this time (in a antiparallel man-
ner), the distances are accurate within 0.25% and 2%, resp.. The appropriate £ -value for these direc-
tions has shifted according to the propagation model (Fig.2). Generally, the distances are correct to
within about 5%. An exception to this rule are those cases, where the propagation direction traverses the
terminator at very small angles and where the terminator i s very close to the receiver. An optimization
of the model for these conditions i s being devel oped.

6. MEASUREMENT EXAMPLES

The measured and evaluated atmospherics data are not only printed out, but also stored on the magnetic
tape cassette o the computer with a capacity of approximately one month of data recording. The system
includes a small desktop piotter (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 are 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 (8:00-13:00 GMT on 23. June
1981). i. e. during 15 measuring periods. The activity centers at 8:30 and 9:30 GMT, shown in detail in
Figs. 3and 4, can be clearly identified. As already mentioned, the locations o the largest centers in
Figs. 3and 4, near 38° and 304°, remain nearly constant. Thefirst one is a stationary activity center
east of the Caspian Sea, which begins to develop at 8:00 GMT and strengthens considerably up to 12:00
GMT. This development is also evident from Figs. 3and 4. The second example is also'a stationary cen-
ter in the western Mediteranean, which gradually decays during this measuring period. Furthermore,
alarge activity region develops at 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, as verified on the synoptical charts. These weather maps, however, are available only
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every 6 hours and give no information on the strength and development o 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 are 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 o the system: activity centers in the
western direction can be recorded during nighttime at distances of up to 12000 km, whereas sources in
the east are visible only at distances of up to about 7000 km (during nighttime). Atmospherics sources
can generally be detected during the day at distances of only up to 60%0df the nigttime values.

The strong sources over the African continent are always detectable at Tel Aviv during nighttime and
partly also at daytime. Sources in South America and in the western Atlantic (see Fig. 6) ar e al so 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 at Berlin, these continuous sets of data are used for
optimizing the propagation models of the atmospherics parameters and for invesgt igations of the general
characteristics o 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 (HP9825), which also makes
a statistical analysis of the received atmospherics data and applies a sophisticated VL F-propagation mo-
del for evaluating the parameters of the propagation model as well as the distances and strengths of the
activity centers in real time. In order to have an immediate overview, the detected atmospherics sources
are plotted directly on a map by means of a small desktop plotter, and the data ar e additionally stored

on magnetic tape cassettes.

The accuracy of direction finding is in general accurate to 0.5°, depending on the stationarity and form
of the activity center. The determination of the spectral parameters, as well as the subsequent determi-
nation o the distance of an activity center by employing a suitable VLF-propagation model, is possible
to an accuracy d around 5%. Further improvement is expected with an inereasing number of stations,
which, by means o cross-bearings, will assist in the development of optimal models. The maximum
renge within which thunderstorm can be located extends from ca. 4000km for eastern centers at day-
time to ca. 12000km for sources in the western direction during nighttime. The minumum range is
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 VL F-atmospherics through the terrestrial
waveguide between earth and ionosphere.
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Saupfercheckweg 1 (beim Bierhelder Hof)
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Francois Louang? Durchwahl (06221) 516 287
Ingénieur-Conseil Telex 461 666
9, rue Sai nt e- Anast ase
F- 75003 Paris 20 August 1982

Dear M Louange,

The ai ns of GEPAN are of interest al so to us under the
aspect of fireball observation. The Max-Pl anck-Institut fur
Ker nphysi k i n Hei del berg operates the German part of the
European Network of fireball observation. This is done in
the German part by using 24 cameras phot ographi ng the sky by
night via parabolic mrrors as described in the attached paper.

~ The European Network covers in Germany the area south of
a line approxinately given by the cities of Col ogne and Kassel,
the whol e of CSSR and a minor part of Austria.

The contact addresses are in CSSR:
Or. Zdenek Cepl echa
Astronomicky Ustav v
Ceskosl ovenské Akadem e véd
Observato¥ oOnd¥ejov

Ond¥e3jov, CSSR

in Austria:

Dr. Gerd Pol nitzky
Universitats-Sternwarte
Tur kenschanzstr. 17

A-1180 Wen
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May be, our observation network will fit in your detection
system.of rare aerospace phenornena rather well.

With best regards
yours sincerely

L

encl.



J. ZAHRINGER'

Meteoritenortung-in Suddeutschland

Die Untersuchungen an Meteoriten haben gezeigt. daf alleine
aus den mineralogischen. chemischen und massenspektro-
metrischen Analysen die Herkunft dieser Materie nicht ermit-
telt werden kann. Es wird immer deutlicher, dafl unbedingt
die Bahndaten erforderlich sind, um zusammen mit den La-
boruntersuchungen die bestehenden Hypothesen bestétigen
oder widerlegen zu konnen. Dies hat mehrere Forschungs-
institute verantaBt, 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 der Tschechosiowakei unternommen. der zwei
180'-Kameras aufstellte und das Glick hatte. nach kurzer

Ansicht 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. inzwischen wurde
das Netz in der Tschechoslowakei erweitert und auch ein
soiches in den USA aufgestellt. Wenn auch in den ersten
Jahren kein so groBartiger Erfolg erzielt wurde, so ha-
ben wir dennoch entschieden. im siddeutschen 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 groie Aktivitat herrscht, hat
man geradezu die Verpflichtung, auch diesen bisher vernach-

* Prof. Dr. J. Zanringer, Max-Plancx-Institut fir Kernphysik. Heidelberg.
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lassigten Bereich der Forschung. die Aufzeichnung von Me-
teorbahnen, zu betreiben.

Die Kenntnis der Bahndaten ist aus verschiedenen Griinden
fur die Meteoriten-Forschung sehr wichtig. Aus der geozen-
trischen Bahn kann man die Lage des Fallortes auf wenige
km? vorausberechnen, so daB er in relativ kurzer Zeit gefun-
den werden kann. Der Meteorit dient als Raumsonde und man
kann Aussagen Uber 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 dem 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 Asteroidengiirtel oder
von Kometen?

AuBer den Meteoriten werden auch Meteore (Sternschnuppen)
oberhatb einer gewissen Xelligkeit registriert. und man kann
Aussagen Uber deren Haufigkeiten und Massenverteilung und
Uber deren Einfallsrichtung machen. Aus den Hohen des
Aufglithens und Verloschens kann man sogar tber die Dichte
der Atmosphare und Uber Winde in dieser Hohe etwas
erfahren.

Die Wahrscheinlichkeit. einen gefallenen Meteoriten in einer
bestimmten Flache zu finden, steigt durch die Kameras, um
etwa den Faktor 10. Ein Vorteil, in Europa ein soiches Pro-
gramm zu organisieren, ist die gro8e Bevolkerungsdichte.
Wir konnten uns einer guten Zusammenarbeit des Deutschen
Wetterdienstes erfreuen, und dort. wo keine ginstige Wetter-
station zu finden war. wurden wir ausnahmslos von interes-
sierten Einwohnern unterstiuitzt. Ein Nachteil der'hohen Be-
volkerungsdichte bringt die Beleuchtung (StraBen, Autos,
Stadte) mit sich. AuBerdem sind die Wetterbedingungen in
Europa natirlich nicht gerade giinstig, was die Ausbeute die-
ses Programms andererseits verringert.

Die 180°-Kamera flir 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 als Kreise ab. wahrend ein Meteor oder ein Meteorit eine
kurze Spur hinteriaBt. 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 glihenden Korpers ermitteln.

Die Optik besteht aus einem konvexen Spiegel von 36cm
Durchmesser. der senkrecht auf eine normale 36-mm-Leica-
Kamera (Objektiv 27s0) abgebildet wird (siehe Abb. 1). Die
Spiegelhohe betragt 7 cm. Der Spiegel ruht fest auf einer
kreisformigen Grundplatte. Ein DreifuB iber dem Spiegel héit
das Gehause der Kamera. Die Kamera ist hach unten auf
den Spiegel gerichtet. In demselben Gehause ist vor dem
Objektiv ein rotierendes Segment zur Lichtunterbrechung
angebracht. Die Unterbrechung dauert genausofang wie die
Belichtung. Das Segment wird mit einem Synchronmotor an-
getrieben und macht 125 Unterbrechungen pro Sekunde. Der
Spiegel und das Kamera-Gehause werden geheizt. um Schnee
und Wasser zu beseitigen. Die ganze Kamera steht meist ca
2mM ber dem Erdboden auf emnem Gestell und st wert genug
von Hausern. Baumen etc. entfernt. um moglichst freien Hori-
zont zu haben.

Sterne ung Weitraum 19693




Ein Film ,Agfa Isopan ISS 21" wird firr die Leica verwendet.
Bei Belichtung dieses Films wahrend mehrerer Stunden kann
ein Stern der GréBenklasse 3m und 4m noch nachgewiesen
werden. Die Nachweisgrenze einer Meteorspur mit 10°/sec

Die geographische Lage der 25 Meteoriten-Beobachtungs-Stationen. Die
Kreise entsprechen einem Radius von 100 km. deuten ungefahr die Sicht-
weite einer Station an. 1 Stephanshausen. 2 Klippeneck. 3 Uhringen.
4 Wattenheim, 5 Dasing. 6 Glashitten. 7 Seligenstadt. 9 Neukirchen.
10 Eckweisbach, 11 Hetdelberg. 12 Mitteleschenbach. 13 Zell. 14 Leih-
gestern Neuhof. 15 Marienberg, 16 HohenpeiBenberg. 17 Deuselbach.
18 Schaatheim, 19 Nurburg, 20 Berus, 21 Gerzen, 22 Schonwald. 23 Wild-
bad. 24 Neudorf, 25 Bernau. 26 Stotten.

tiegt bei — 6m. Auf dem Film entsprechen 10° einem mm. Die
aquivalente Brennweite ist 5.7 mm. In Abb. 2 wird eine soiche
Aufnahme gezeigt.

Die Kameras sind in Abstanden von ca. 100 km aufgestellt.
und zur Bestimmung der Bahnelemente sind 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 Schalit-
uhr nach vorbereitetem Zeitplan betatigt. Auf der Schaltuhr
werden tagsuber die richtigen Schaltzeiten eingestellt und
auf Sauberkeit des Spiegels geachtet. Die Genauigkeit der
Uhr soilte 10 sec betragen. Die Offnung der Kamera erfolgt
1! » 8td. nach Sonnenuntergang und wird 1! : Std. vor Son-
nenaufgang geschlossen. Der Mond wird ca. 1 Woche vor und
nach Vollmond mitberiicksichtigt.

Die Zeit des Ereignisses ist fir die Berechnung der geozen-
trischen Bahnen nicht erforderlich. Will man die wirkliche
Bahn des Korpers im Planetensystem berechnen. dann mu8
auch die genaue Fallzeit bekannt sein. Hier ist man wiederum
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 ausreichend und
vergleichbar mit der Genauigkeit der Kameras.

Rcoultate

Die Erfahrung in der Tschechoslowakei hat gezeigt, da im
Mittel jede Station im Monat eine Meteorbahn gréfier als — 6ter
GroéBe registriert. Die Auswertung der Filme erfolgt zunachst
mit einem Zeiss-KoordinatenmeBgerat, und die Berechnung
der Bahnelemente erfolgt mit einem Cornputer. Dr. Ceplecha
in Ondrejov, der Initiator dieses Programms, hat sich bereit-
erklart. die Auswertung fur uns zu Ubernehmen. und das
Computer-Programm fir unsere Stationen hat er schon vor-
bereitet. FUr den Fall eines Meteoriten. der allerdings bei
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klarem Himmel und bei geoffneter Kamera erfolgen muB, wa-
ren wir aiso 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 gréBeres Ge-
biet = ca. 10* km* Uberwacht. 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 seit 3 Jahren in Betrieb und bei der riesigen Flache
hatte man erwartet, daB schon einige Meteorite aufgespurt
worden waren. Leider ist bis heute noch kein derartiger Er-
folg zu verzeichnen. Eine groBe Zahl von Meteor-(Stern-
schnuppen)Bahnen konnte natirlich 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
Ubersicht 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 Verfigung gestelit und uns je-
derzeit beraten. Die Ubernahme der Auswertung bedeutet
fir uns eine groBe Entlastung.

Der Deutschen Forschungsgemeinschaft gilt unser Dank fir
die Bereitstellung der einmaiigen Mittel zum Aufbau der Sta-
tionen. Die groBzugige Unterstiitzung des Deutschen Wetter-
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Die in Mitteleuropa bekanntgewordenen Meteorite (nach V. F. Buchwaid).
Der Name richtet sich nach der Gemarkung des Fundortes. Meteorite mit
der Jahreszahi sind beobachtete Falle. das andere sind Meteoriten-
Funde.

dienstes und insbesondere das personliche Interesse der Ob-
servatoren und der privaten Betreuer hat uns ermutigt, das
Programm durchzufuhren. Ihnen sind wir sehr zu Dank ver-
pflichtet.

Unser technischer Assistent. Herr Hauth. hat die Aufgabe der
Aufstellung der Kameras uUbernommen und wird zukinftig
fur die Betreuung verantwortlich sein.
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Wéz;ﬂ,&é Paris, le 29 Avril 1982
Tr 54

SCCT/TB/AK

Monsieur,

J'ai bien recu votre lettre en date du 19/4/82
par laquelle vous me faitespart de wotre désir d'effectuer
une étude sur |'état actuel des recherches dans un damaine
scientifique particulier.

En réponse, j'ai l'honneur de vous inviter
@ i écrire a la Faculté des Sciences = Campus Universitaire &
Tunis, qui ne mangquera pas de vous fournir |es renseignements
désirés:

Veuillez agréer, Monsieur, |'expression de mes
meilleurs sentinents.

Le Conseillﬁr Culturel
/

M. ZOUART

Monsieur Francois LOUANGE
Ingénieur Conseil

9, rue Sainte—Anastase
75003 PARIS



URUGUAY




AMBASSADE DE L'URUGUAY

1207/82-737
JE/nd

Paris, le 19 mai 1982

Monsieur Francois L OUANGE
9, rue Sainte-Anastase
75003 PARIS

Monsieur,

Jtai pris connaissance avec attention de votre lettre du
19 avril, concernant 1'étude sur |a détection des phénomeénes aéro-
spatiaux rares que vous avez entreprise.

Je pense que l'organisme compétent uruguayen que vous
pourriez contacter pour obtenir des renseignements sur |les éventuelles
recherches entreprises dans ce domaine est |l e suivant :

Direccién General de Meteorologia del Uruguay
@ J. Sudrez 3747
MONTEVIDEO

Veuillez agréer, Monsieur, l'expression de ma considération
distinguée.

Hcerer)

/

José E. Etcheverry Stirling
A mbassadeur




(e paragraphe comporte 2 comptes-rendus de visites aux Etats-
Unis :

- Visite au "Scientific Event Alert Network", organisme
mentionné par 1'ambassade américaine a Paris,

- Visite a Monsieur Mac Crosky, ancien responsable du ré-~
seau Prairie de détection optique des météor es.



e Groupe d'Ettude des
‘h L% Phénomeénes Aeros_patlaux Non-identifiés
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Sihsis
ke
- COVPTE- RENDU DE VI SI TE N° 38/0682
.Visite effectuée par :
NOM : A, ESTERLE NM M .
VISA : VISA : VISA :
LIEU: S . E . A . N. DATE : 3 Juin 1982
OBJET [E LA VISITE : .Visite
LABORATOIRE VISITE : Scientific Event Alert Network
; National Museum of National History
| Adresse - WASHNGTOK D.C.
(202) 357.15.11
Tél. :
PERSONNES RENCONTREES : LINDSAY MAC CLELLAND
DOCUMENT N° CT/GEPAN - L= 0 N 9 1 du : 2y J\m& N,

DIFFUSION : Franceis LOUANGE . |
— . Colonel GUYAUX




Depuis 1975, Te S.E.A.N. a succédé Center for Short Lived Phenome-
na qui avait été crée en 1968, Le C,S,L.P, était plutdot tourné
vers le public (cf. Condon ?) alors que le S.E.AN. s'adressait
délibérément aux scientifigues . Plutdt que de donner des infor-
mations partielles sur tout un tas de phénomeéenes divers, le
S.E.AN. se concentre sur une information systéematique sur quel-
gues domaines particuliers météores, séismes, volcans, etc...
Petit a petit, Tes informations sur les activités volcaniques
tendent a supplanter le reste.

Le S.E.AAN. a‘actuellement 1200 correspondants (dont une dizaine
en France), dont un tiers environ sont actifs (envoient des
informations). Le bulletin, nécessairement gratuit, est composé
sur une machine a traitement de texte, directement par les
différents responsables des thémes. L'avantage est un gain de
temps considérable, et. la possibilité d'insérer des informations
au tout dernier moment (une a deux heures avant éditions). La
machine édite ensuite toute seule, a partir du fichier d'adresses.

Le S.EAN. n'‘utilise pas de banque de données, sauf pour les
événements volcaniques. S'il y a lieu, les recherches se font
sur les numéros antérieurs, surtout si on connait |a date de
I'événement concerné. Mais la quantité d'information allant
croissant,cela devient de plus en plus difficile.

Pour ce qui est des météores, bolides et autres, Mc CLELLAND se
montre intéressé a connafitre des résultats des recherches en psy-
chologie de la perception, non pour les publier dans son bulletin
mais pour mieux apprécier les informations qu'il recoit. Il est
preneur de toute information récente sur des météores de magnitude
- 8 au moins. I1 ne connaissait pas le projet GEODSS. I1 confirme
les difficultés a obtenir des informations ou une aide des mili-
taires américains. I1 envisage (vaguement) la possibilité de
relancer un projet de caméras. d'observation avec des chercheurs
jeunes et en utilisant les modéles de vent tels qu'ils sont esti-
més actuellement. I1 recommande de prendre contact avec lan HALLIDAY
au CANADA, qui avait découvert le météore d'INNISFREE en 1977
(SEAN vol 2 n° 2 et 4) a quelques centaines de meétres du lieu de



chute calcul é.

Pour ce qui est des séismes, M CLELLAND recommande de contacter

M WAVERLY PERSON au National Earthquale Information Service

a Denver, Collorado (p B03/ 234 -39 -94) qui leur fournit 1'es-
sentiel de leurs. informations sur le sujet. Pour les événements
vol caniques Mc CLELLAND cite un réseau de surveillance qytomatique
un satellite collectant les mesures des seismographes implantés
prées de volcans en Amérique Centrale. IV cite un certain Dave Harlow
USGS. Menlo Park 94025 CALIFORNIA (@ /415/328-81-11. ext. 2570,

ou 2479) et son supérieur hiérarchique Peter Ward (ext. 2838).
Mais le projet se heurte ades difficultés certaines propres aux

i mpl antations dans les pays du tiers-monde : impossibilite de

mai ntenance sur place, vols fréquents pour revendre |le matériel

au prix de la ferraille.

Les implantations aux U.S.A. se trouvent,soit sur la cOte Ouest
(Cascade), soit a Hawai et mesurent les vibrations du sol |les gon-
flements, les.changements de champs électriques, 1a nature et |a
répartition des gaz d'échappement, etc... Selon lui il n'y a pas
de relation claire entre ces gaz et |'historique des événements
éruptifs (H -Tazzieff est d'un avis diametralement opposé).

Ceci semble étre une des grandes disputes entre volcanol ogues.

Mc CLELLAND évoque aussi le probleme des éruptions a Long Valley,
ou |"ampleur des éruptions passées est telle que cela souléve
mai nt enant un probléme politique aussi bien que technique. Faut-
Il laisser la population s'implanter a cet endroit ? Pour ce
probleéme, voir Roy Bailley USGS, Reston, Virginia 22092 (@ 703
860. 74. 68) .

Enfin pour ce qui est de la foudre, Mc CLELLAND reconnait que le
SEAN ny travaille pas du tout. I1 conseille de voir a la
National Oceanic and Atmospheric Admi nistration (NOAA). Il cite
Art Krueger | Climate Analysis Center, National “Weather Service,
Camp Spring , M. 20233 (P 301.763 82 27). Pendant ce temps
Nadine Binger téléphone de |'ambassade pour donner les références
de 2 personnes de la NOAA' a Silver Spring



Wllan Fritts 301,427 78 41 et pour les questions de protection

des équi pements contre les foudroiements
Henri Besman 301.427 78 39.
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Groupe d'Etude des
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THEME :
DETECTION

MOTS-CLES : METEORE ~ CAMERA -~
OPTlI QUE = METEORITE

COMPTE- RENDU DE VISITE N2 : 37/ 0682J/
VI SI TE EFFECTUEE PAR : X?PEKXﬁXDK :
NOM : A ESTERLE NOM NOM :
VISA : VESA YiSA
LIEU : BOSTON (USA) DATE : 1.06.82
OBJET DE LA VISITE : Réseau PRAIRIE
N° C.N.R.S.

LABORATOIRE VISITE :

ADRESSE :

TEL. :

PERSONNES RENCONTREES - XGORKPACPEES :

Sm t hsoni an Astrophysica
Observatory

Oak Ri dge Observatbry

Pi nacl e Road - HARVARD
MASSACHUSSETS 01451

(617) 456.3395

Mac CROSKY

e

DOCUMENT N° CT/GEPAN -

0084 DU : 15 JU N 1982

DI FFUSI ON :

F. LOUANGE, Col one

GUYAUX




Monsi eur Mc CROSKY fut responsable du réseau Prairie, ensemble
de stations de détectiomsoptiques qui, de 1964 a 1974, devait

permettre d' étudier les trajectoires de météorites (sur alloca-
tion de la NASA au Smthsonion Institute). Le projet avait au

départ 2 buts

* collecter des météores frais (fresh .., ) c'est-3-dire

des météores n'ayant pas excédé |a demi - durée de vie des
i sotopes décomposés par 1es rayonnements COSM (UES.

* mieux connattre les trajectoires et la relation masse-
brillance.

Quand le projet fut arréte en 1974,(sur |'avis de Mc CROSKY [ ui-
méme) 2700 trajectoires de météorites avaient été étudiées
(réf.1) (des milliers de clichés exam nés chaque année), mais
une seule collecte de météores avajt perms de recueillir des
fragments (réf. 1 = météore de Lost City - 3 fragments aprés
des mois de recherche, le premier ayant été trouvé tres rapide-
ment, sur la route) ; encore s'agissait-il de la meilleure tra-
jectoire optique détectée et calculée

a) Le réseau

I1 s'agissait de 16 stations couvrant un mllion de km?, distan-
tes de 200 a 250 km Les caméras et les films provenaient des
surplus de 1'U.S.A.F.. La surveillance était faite par des
fermers voisins qui changeaient les plaques et postaient |es
prises de vue. De plus des scientifiques visitaient de temps

en temps les stations pour s'assurer que tout allait bien.

Le M ddle West avait été choisi comme lieu d'implantation en
raison du réseau routier trés dense (1'Arizona ou |le Nouveau
Mexique eussent été meilleurs pour |'observation, mais cher-
cher dans un désert ..)

Les temps de pose étaient de deux heures, I1 y--avait un systeme
d' observation de 1'Etoile Polaire comme révélateur de la



couverture nuageuse : son occultation annulait la seéance

Un systéme d'occultation (20 fois par seconde) permettait de me-
surer la vitesse (et |'accélération) des sources |um neuses.

Etant codé, ce systeme indiquait |'"heure. L'horloge était photo-
graphi ée au début de la séance, puis chaque seconde, une occulta-
tion était omse. 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 |"horloge si la lumi -
nosité variait brusquement. M CROSKY recommande de toute fagon
d'assurer une redondance de la mesure du tenps.

b) Les météores

En général, 3 ou 4 stations attrapaient le méme météore , ce qui
permettait de connaitre position, vitesse et accélération, qui
pouvaient ensuite étre intégrées enarriére (trajectoire d arrivée)
ou en avant (vers le sol).

La brillance s"arréte généralement du fait de la dimnution de la
vitesse (i-e, d'énergie cinétique), sauf pour les tras 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
méme, si |e rapport masse / section est supérieur a 1 (sphére de
10 cm de rayon, de 1kg).

Cependant, le calcul de la chute dépend énormément du modele de
vent utilisé, et c'est de 1a que proviennent de plus grosses
difficultés pour collecter les débris (en INDE un projet prévoit
d'utiliser de tres nombreuses personnes avec promesse de récom
pense ...)

c) Divers

Mc CROSKY n'a rien observé d'anormal sur ses prises de vue
(météores, foudre ...) mais il ne garantit pas qu'il n'y a rien
(des hectares de photos, qui interdisent toute analyse systéma-
tique). D autre part, le réseau etait congu pour observer en
haute altitude, et pas preés du sol (ce que me dit spontanément




Mc CROSKY devangant une question que je n'avais pas |'intention
de lui poser).

I1 existe aussi des réseaux dans d'autres pays en particulier

au CANADA ( 4 ou 5 caméras) et surtout en EUROPE (40 stations en
TCHECOSLOVAQUI E, 15 en ALLEMAGNE de 1'OUEST etc...) M CROSKY
recommande de s'adresser a CEPLECHA, |eader mondial en la matiere.
IT n'y a plus rien aux USA, seuls les mlitaires ont.des
moyens d' observation de cet ordre, mais il ny a aucune possibi-
lité dinformation.

Par ailleurs, 1'observatoire de Oak Ridge comprend un télescope .
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 bhinaires réformées par gravitation.

Réf. 1 : Center for astrophysics = Preprint n® 721
60 Garden ST
CAMBRI DGE. Mass. 02138




Il .5.3. Echanges avec | a Tchécoslovaquie.

Ce paragraphe présente | es principales correspondances avec
Monsieur Ceplecha, responsable du réseau européen de détec-
tion optique des météores, ainsi que | e compte-rendu de la
visite de son observatoire a Ondrejov.
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rianicois LU voee Dr. Zdenek Ceplecha

frecnrevr s Censa 251 65 Ondrejov Observatory
Y. ruc Szinte-Anastuse, ONDRZJOV (Tchécoslovaquie)
73003 PARIS

Tél. : (1) 277.49.56

No SIRET : 319532503 00012

Paris, 21/5/82

Sir,

I have been appointed by a department of the french
national space research centre CNES to undertake a
survey of existing means and needs in the field of
detection of rare aerospace phenomena. This topic,
which I s briefly described in the attached paper,
includes all sporadic and non- predictible luminous
phenonena that may occur in low atmosphere, such as
lightnings, fireballs, etc...

The first step in this work i s obviously tO review,
as far as possible, ail existing equipments that are
likely to be useful for such a detection (radars, ca-
meras, electromagnetic detectors, wss). With this in
view, I started getting into touch with civilian
aviation, meteorology, armies, etc ..., in France and
abroad,

A8 far as meteors and meteorites are concerned, I met
MM. Pellas and Lorin (France), who confirmed that no
systematic detection network was available i n France,
but mentionned several countries where something was
done i n this field. Besides the american " PrairieV
project, your name was very often mentionned to ne,
not only by french specialists, but also through other
channels, such as the american SEAN.,



I would be most grateful i f you could provide ne with
technical data on your optical detection system for
fireballs, and on the "european network" you supervise.
Maybe the most efficient approach would be for us to
meet, either if you have an opportunity to come in
France, or if I may plan a short visit on your premi-
ses without disturbing you.

Looking forward to hear of you, I remain

Yours sincerely,

F. Louange

Wmc
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CESKOSLOVENSKO onokwoy June 1, 1982

Dr. Francois Louange

9, rue Sainte-Anastase
75003 PARIS
FRANCE

Dear Dr. Louange, -

I was very pleased that there is some interest in
aerospace phenomena arrising againe I aminterested in one of
them, fireballs and the bodies producing such phenomena. V¢
measure and compute here all photographic recorda from the so
called "European Network" which might become literally European
once France would be able to join. Nw we have 25 stations in
Germany (starting from the French boarders to the Czech boarders),
2 stations in Austria and 18 stations in Czechoslovakia. There
are also fav stations i n the Netherlands, but only losely bound
to our system: they are amateur stations. The spacingg# of the
stations is 100 km or so. The German and Austrian stations are
still using the old optical system, which is a mirror camera
about 1 m high, mirror 360 mm diameter and taking the whole 180°
field of view on one frame of a 36 mm film. The equivalent
optical system is 1:16 with £=5 mm. The precision of measuring
the directions to any unknown object is + 0.1° to % 0.2°regularly;
stars are used as fiducial points. The cameras are fixed-mounted
and beginning of star trails are used for comparison.

In the Czech countries we use now (since 1977) a fish-eye
system, which iS just marvelous in performance. The objective
is Zeiss Distagon 1:3.5, =30 mm, field of view 180° and we use
photographic plates 9x12 an for taking the image (diameter of
the image of the entire sky is 80 mm). The preciaion of measuring
directions to unknown objects is + 1 minute of arc anywhere in
the field of view. The objective i s relatively snall and the
camera weighs less than 5 kg. We constructed only simple camera
with rotating shutter close to the focal plane (few mm above the
photographic emulsion). This shutter with 125 breaks of the image

St 24 972.72



To Dr,, Louange - page 2

per second gives us the time marks necessary for velocity

determinations. I can easy imagine a full-authomatic camera .
operating with film, weighing still arround 5 kg: an easy-transcori-
able field system. To ny knowledge, the Distagon fish—-eye is far
the best objective available for acurate high-quality images of

the whole half space and it i s regularly manufactured.

V¢ have problems with abaolute timing, Very bright fireballs
are usually observed by casual witnesses, which i s the easiest
way to get time of the fireball passage. \ operate one moving
fish-eye camera (equatorially mounted) side by side with the
fixed fish-eye camera here at the Ondfejov Observatory. Combining
these two records we have time passage of even fainter fireballs
with precision of several time seconds. Two obvious additional
conditions: clear sky and being closer than 500 km to the Obser-
vatorye. V& speculate of several moving systems inside the Network...
Another system might be: coding i n the shutter breaks*as

Our observational schedule: each clear night (at least clear
at the beginning of exposure) and all parts of nights without
moonlight; if the Mon i s above horizon, we expose when its
illuminated part i S not bigger than 70%.

In the field of fireball explorations, we still have very
insufficient data. Only a dozen bodies or so with masses exceeding
1 ton have been photographed at all. Only three meteorite falls
have available accurate data on trajectories and orbite from
multistation photographs of their fireballs. In our minds here,
the task of obtaining information on more and bigger fireballs
I S extremely important, We feel .that we are attacking "the
unknown Band" of bodies with dimensions from 10 metres to several
100 metres, the very existence in our solar system we know nothing
of.

I an ready to answer any of your questions by mail. 1f you
would have the opportunity to come, you are wecome. Just | et ne
know in time to be sure I will be present. Please, inform me also
on your preliminary intentions, what months seems to you the
most suitable. I will be not here in July and August.

Sincerely yours
\\

- tund LL/// _— ——7

RNDr. Zdenék Ceplecha, DrSc.

Enclosures: 2 photographs of meteoric fireballs
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ASTRONOMICAL INSTITUTE July 3, 19&z

Ondfejov Observatory
-
251 65 OndFejov A5/261/82
Czochoslovakia
Trona 724323
WX 3121579

9, rue Ssinte-Lnastase
75003 PLRIS
FRALAKCE

Dear Dr. Louange,

chose any period from September 6 to September 1C
and | et ne kxnow place and time of your arrival in time. The questiong
yolU asked in your |utter:

The limiting stellar magnitude fOr an object moving 10° per
second is abcut O. The eccuracy in computing the impsct point of
a neteorite fall depends mostly on aeroclogical data in the last
20 ¥km of the aimosphere: the accuracy of our system of cameras is
usuelly higher, + 100 m i S a gquite typical value, but one sees also
values + 30 m or 4+ 300 m. The dark-flight computaticns on asswipticn
of symetrical shzpe Of the body (no lift, oniy drag) with the

uncertoinitiza cf' gtratospheric winds give quife ityzicselily 2 a i
. - o] o

n case of 1 kg mass moving at 45 inclined trajectory. Such ar

tations we start with the measured velocity vecicr —< decelers

$2-

at the terminzl peint of the luminous trzjectory znd we integrute
numerically the eocuations of notion with drag, grevity, end wind
velocity incluced, till we reach the ground.

We never ucsed seismic detectors. We have noci detecied
the 3 evedv:c o1 ere asking after. In case of the Nev 17, 1
were rszther surprised net to have any one photogrszph It was seen
al so by seversl people at our Observatory very icw cn southern
horizon,
Sincerely yours

s
J
—_— Ty - - T

Zdenék Cepleche
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Monsieur CEPLECHA a été | e créateur du réseau européen de dé-
tection des météores, dont il coordonne | e fonctionnement de-
puis son observatoire d'Ondrejov, pris de Prague, La visite a
duré deux jours, la premiére journée étant consacrée a une pré-
sentation du résean et de ses composants ainsi gqu'a |lavisite
desinstallations particuliéres d'Ondrejov, et |a seconde 4 |la
Visite pour maintenamnce de routine d'une station standard située
au sud de | aTchécoslovaguie et en montagne (Churamov, 1105 m).

Peu de temps avant cette visite, Monsieur CEAEHHA avait parti-
cipé & une assemblée générale de 1'I.A.U. (union astronomigque
internationale) en Grece, od une recommandation avait é&té for-
mulée pour que se poursuivent | es travaux eur la détection de8
météoreo. Celle-ci apparattra dans | es "Tramsactions of the In-
ternational Astronomical Union",

I. Météores et moyens de détection,

Lle diagramme Ci-dessous présente dans un repére |0g-l0g en masse
et taille l'ensemble desstructures connues dams l'univers. Ony
remarque 1l'étendue du "complexe météorique".

L'origine exacte des étoiles filantes et des essaims n'est pas
vraiment comnue, car si l'on peut observer de petits objets, on
n'a pas suffisamment de données pour ceux dont lataille est plus
importante (pointillés du diagramme)., L'origine cométaire des
¢ssaims n'est certainement qu'ume explication partielle, et la
possibilité que certaines météorites aient une origine astéroi-
dale n'a pas encore pu &tre démontrée - on ne sait pas par quel
mécanisme ces Objets passeraient de la ceimture astéroidale a
leur orbite finale. Ure nouvelle théorie a été avancée pour ex-
pliquer |l es petits météores - tous | es 10000 ans enviromn, une
comete traverse | e systéme solaire, et cela suffirait pour le
“remplir® a nouveau de ces objets..

Les annotations qui figurent verticalement sSur |e diagramme, au-
dessous du complexe météorique, indiquent | es plages de fonction-
nement optimal des différents moyens de détection existants.



Size, cm

\RJ T Y DASRSAASAS B vavivv'vvr—v“l"vIY‘TTv'v'vV1T'VY,"*11'V '7410”
Observable universe 1
Supergalaxy @ 1
Cluster of galaxies @ p
Galaxy @ 1
ELECTROMAGNETIC FORCES GRAVITATION Y
M1le 0%
Pleiades o 4
Jupiter WHITE ]
gamrn DWARFS _ « 4
1AU— arth Su - i
' Venus n\o “ @) ‘z) 4
Mars > \ o, 1
Mercury YQ G/ (o) ] 10
Titan c wl & )
Moon ¥ ]
N v < ]
1 kmp—o . O ()e j R
o’ PULSARS A o} ]
/S v 4
4, & v .
1cmp— )Q&‘ < Apoljo— ‘-_\ —4
E B
& Phobps & /& GRAVITATION PREVAILS |
Cer 4’7/ OVER ANY PRESSURE ;
< | ©% :
Sl { ]
& | & N ]
2 E - ;
w -
ST | — 10-”
e I TR T N POV, ST PRI T IUTT I [EUWTE NN we -10--‘3
1 10° 10%° 10* 10% 10% 10

Mass and size d structural units in theuniver se.

Le radar météorique, qui détecte les trainées ionisées permettant
une réflexion spéculaire en haute atmosphere, est un outil appro-
prié pour |les études a caractere statistique sur | es essaims (va-
riations d'une année a 1'autre, etc...). 11 n'a aucun intérét
pour 1tétude de la trajectoire d'un objet donné, d'une part en
raison de la limitation aux conditions de réflexion spéculaire,
et d'autre part parce qu'il ne permet de détecter |l es objets que
20 Km plus vas que | es moyens optiques.

Les systemes optiques mettant en jeu des techniques de tél évi -
sion et de traitement d'images video permettent un bon suivi des

petits météores (jusqu'a |a magnitude 4). Voir a ce sujet un spé-
cialiste qui a fait |I'étude de 77 météores :



Mr. J. JOKES
Physics Dept - University of Western Ontario
London - Ontario - Canada N6A 3K7

Malgré | es limitations imposées par |a couverture nuageuse, |la
détection optique est la seule qui permette des mesures géomé-
triques (trajectographie) et photométriques précises. La tra-
jectoire angulaire apparente d'une étoile filante couvre cou=-
ramment quelques dizaines de degrés (on a déja observé des cas
de 110°), tandis gque sa vitesse angulaire peut aller de O (cas
du météore radial, déja photographié) a 60 °/s. En ce qui con-
cerne l'intensité lumineuse, lavariation la plus rapide gqui

ait été observée (exceptionnellement) était de 100 magnitudes/s.

Latrajectoire dtarrivée d'une météorite-type (1 Kg) est illus-
trée par |l e schéma ci-contre.

Arrivant de 1'espace a grande

vitesse, |'Objet commence a émission de
émettre de la lumisre tout em lumice
ralentissant., Cette émission

cesse lorsque lavitesse de- -~ ---

t-ﬂ(m

vitesse cosmique
(10-30 Kne /3

3-4 Km/fs

4015 Km 9-00- 300 n/s

vient inférieure & environ dalbitode
3 Km/s, Puis, & une altitude

de 1'ordre de 12 Km, la tra-

jectoire qui était jusque la

restée pratiqguement rectiligne

se coude rapidement (sur 1 Km)

et la chute devient tres pro-

che d'une chute libre, soumise

aux vents. La vitesse, qui était d'environ 400 m/s8 au début du
“"coude® n'est plus que de quelques dizaimes de z/s & l'arrivée
au sol. Ceci explique l'importance de | a connaissance des veats
lorsqu'on cherche a prévoir |le lieu de la chute.

(chate (ibre)

2o-Somfs

Compte tenu de la diversité des cas, on retiendra que pour lo-
caliser les points de chute des météorites, il faut pouveir sui-
vre leurs trajectoires assez bas (idéalement 10 Km d'altitude).
Pour | es 3 cas connus de météorites retrouveées, |les trajectoires
ont été suivies jusqu'aux altitudes respectives suivantes :



= PRIBRAM : 22 Km & cause des limitations du systéme de 1!
époque (observations visuelle8 jusqu'a 13 Ka).

= LOST CITY : 18 Km.

= INNISFREE : 18 Km.

Dans | e domaine des sons et des infra-sons, Monsieur CEPLECHA
n'a pas d'expérience particuliere, I1 signale l'existence jusqu'
en 1981 am Canada d'un programme complet d'enregistrement des
sons accompagnant toutes aortes de phénoménes (éclipses,. «x), &
l'aide de stations d'enregistrement continu (Jusqu'a 0,1 Hz); &
sa connaissance, il n'y arien sur |es météores. Le responsable
était :

Dr. Mc INTOSH

Planetary SciencesSection

Herzberg Institute Of Astrophysics

Ottawa - Canada K14 OR6

A noter également : "Anomalous sounds from the entry Of meteor
fireballs" par Colin S.L. Keay, dams Science du 3/10/80, Vol 210,
NO 4465. L'auteur est :

Prof, C.S.L. Keay

Physics Dept - Newcastle University
New South Wales, 2308

Australia

En ce qui concerne |la détection sismique, il faut tenir compte
du fait que la chute tend asymptotiquement vers une chute libre,
Monsieur CEAECBA indique qu'il a récemment obtenu une photo d'
une météorite tombée aux environs de Berlin, et qu'il a recu une
donnée sismique apparemment corrélée (onde de choc ?).

Selom M. CHALECHA, Iam HALLIDAY a publié récemment un papier ex-
cellent sur ladiatribution des météorites (m8me adresse que Mc¢
Intosh précédemment), Monsieur WETHERILL,qui a étadié un dossier
militaire déclassifié 9 |a détection infra-rouge de météores,
est 1'un des trés rares spécialistes qui aient une vision globa-
l e de tous | es aspects de |'étude des météores et des météorites.



Il. Résean européen de détection optique.

Depuis 1'époque de ses études supérieures, M, CEA.HXKA est pas-
sionné par | es travaux scientifiques que 1'on peut effectuer a
partir de photos d'étoiles filantes, Vers 1951, il installait

en Tchécoslovaguie deux Stations équipées chacune de 10 appa-
reils photo fixes d'eaviron 30° de champ et de 180 mm de dis-
tance focale, Au bout de 8 ans, il parvint a photographier et

a localiser an sol |la météorite de PRIBRAM (cas favorable de vent
contraire & | a météorite, localisation & 1'intérieur d'un recta—
gle de 2 & 3 Km de longueur sur 200 & 300 =z de largeur),

Le réseau proprement dit existe depuis 1963 avec son centre de
réduction des données & Ondrejov; a cette date, il comportait 3
stations. || s'est progressivement étendu, et comporte actuelle-
ment 18 statioms en Tchécoslovaquie, ainsi que 25 stations en

RFA et 2 en Autriche (par relations personnelles) et quelques
stations d'amateurs en Hollande. Les premiers appareils photo
étaient & Miroir semi-sphérique (Caméra pointée vers | e sol), et
ces instruments, que M. CEPLECHA qualifie d'archalques, sont tou-
jours opérationnels en RFA. En Tchécoslovagquie, ilsont été pro-
gressivement remplacés par des optiques "fish-eye" de Zeiss. Sa-
lon M. CEPLECHA, une petite Station équipée d'un fish-eye (focale
de 30 =) donne des résultats aussi précis qu'une des stations
canadiennes qui oont éguipées de 4 caméras emcombrantes de 50 =
de focale : précision de 1 minute d'arce.

M., CEPLECEA Se présente |ui-marne comme étant amssi optimiste pour
l'avenir de la détectiom Optique des météores que SON ami améri-
cain M Crosky est pessimiste (depuis 10 ams, | a NASA n'accorde
plus aucun crédit a ce type de recherche). A son avis, 1l'espace-
ment d'environ 100 Km entre stations qu'il a adopté est beaucoup
plus adéquat que celui de 200 Km qutavait | e résean Prairie (sur
lequel il est allé travailler pendant plusieurs mois & ses débuts).
Ure cambra fish—-eye "voit" jusqu'a 500 Km mais ne permet des me-
sures correctes que jusqu'a 250 Km, et il faut un maillage plus
serré pour évaluer la vitesse et | a distance des objets. Selon
les vents, son réseau permet de localiser une chute dans une aire

delézm?.



M, CEREHA confirme que 1'Anglais HINDLEY a bien géré un pro-
jet important de détection pendant 2 ou 3 ans (maximuz vera
1974=-75), et qu'ils ont alors échangé des données aux normes du
réseau européen. Il n'en a plus entendu parler depuis, D'une fa-
con générale, M, CEHRUCHA atoujours eu des difficultés arec les
amateurs Ui, aprés une période active, se lancent dams des dis-
putes interminables en | e prenant a témein (cas de | a Hollande).

L'éventualité d'une installation en France, en particulier dans
| e prolongement géographique du réseau européen, réjouirait par-
ticulierement M, CHLECHA, qui se déclare prtt a toater sortes
de collaborations, et pourrait mettre & disposition son systéme
de réduction de données.

Pour situer quantitativement |la situation en matiére de surveil -
lance optique des météores, on peut comsidérer que toutesles
données accumulées dans | e monde jusqu'a ce jour représentent 1'
équivalent d'une couverture de toute laterre pendant 1,5 jours...

I1l. Les installations d'Ondrejov.

L'observatoire dtOndrejov Se situe sur une hauteur & une trentai-
ne de Ke de Prague. M, CHARAEHA y a laresponsabilité du départe-
ment de matiére interplanétaire (22 personnes), mais ¢onserve une
fraction importante de son temps pour ses propres recherches. L'
équipe en charge du réseau comprend 6 personnes, plus |a secré-
taire du département (a 2/3 de son temps) ¢

= 1 assistant fait | es mesures sur | es plaques photo

= 1 assistante est chargée de |'ordinateur (calculs)

= 2 personnes assurent |es observations nocturnes (caméras,

spectrogrammes, catalogues, développement des plaques,,..)
= 2 scientifiques effectuent des travaux théoriques.

Les installations d'Observation sont Situées dans une série de
petits observatoires astronomiques avec démes (ancienne proprié-
té d'un tresriche astronome de | a noblesse locale). Onh y trouve
respectivement :



1 station fish-eye fixe (standard) et 1 station fish-eye

montée sur équatoriale,

- 1 engemble de 4 caméras groupées sSOuS un grand obturateur
pivotant commun, 2 caméras sont associées & un réseau de
diffraction et les 2 autres a un prisme,

- 1 caméra a grande focale nunie d'un grand réseau de dif=-

fraction donnant jusgu'aux ordres 5 et 6 (peu importe
une forte dispersion si on observe des lignes d'émission).
de petits bureaux d'od | e systéme est géré,

Pour éviter la formation de buée, ces petits bitiments somt
chauffés (différence de température optimale avec 1l'extérieur :
5 degrés).

Les installations spectrographiques permettent d'obtenir de boas
spectres lorsque | es conditions sont favorables (étoile filantes
visibles d'Ondrejov, luminosité suffisamte, déplacement idéale~
ment perpendiculaire au réseam de diffractionmh Le grand réseam,
avec 600 lignes, permet d'atteindre une résolution de 0,2 i entre
3600 A et 6700 &, En moyenne, UN bon spectre est obtenu par an,

La station fish-eye standard est a la fois simple et robuste.
Montée dans un coffret métallique résistant, elle s'‘ouvre vers

| e haut par un objectif fish-eye de Zeiss de 35 et 30 mm de fo-
cale (ouverture équivalente a 8 mm). Le champ angulaire est plus
proche de 190° que des 180° nominaux, et lI'image des sources
trés brillantes est dédoublée. Ure fente est prévue pour posi-
tionner les plaques photo dans | e plan focal; ce sont des pla=-
ques de verre de 400 ASA (meilleures performances géométriques
que des pellicules), Uh obturateur rotatif est monté trés pris
du plam focal, pour assurer des fronts raides a |'ouverture et

a4 la fermeture. Pour des raisons de simplicité, un moteur ali=-
menté par | e secteur assure une obturation périodique & 12,5 Hz,
bien que la fréquence idéale SOit aux alemntours de 4 Ou S5 obtu-
rations par seconde (voir réseau MO au Canada).

La réduction des données se fait a Ondrejov a l'aide d'un baans

optique développé par Zeiss, et permettant d*effectuer sur les
plaques des mesures géométriques et photométriques de fagon in-
teractive (microscope binoculaire). Cette installation est cou-
plée a un calculateur (mini) sur lequel s'exécute un programme

de 4500 jnstructions FORTRAN.



IV. La réduction des données.

Par principe-m&me, Seuls sont étudiés |es évémements qui font
I'objet d'au moins deux enregistrements simultanés (& | a ques-
tion "avez-vous observé des phénoménes anormaux & l'aide de ro-
tre réseau ?%, M, CEPLECHA répond que ses milliers de plaqueo
contiennent une multitude de choses auxquelles il ne s'est ja-
mais iNntéressé dans la mesure ou elles ntaffectaient qu'une pla=
que a lafois).

30 a 60 météores sont photographiés chaque apnée depuis deux
stations ou plus, Les papiers fournis en annexe donnent un &
percu de ltactivité depuis 30 ams, ainsi que lesrésultats dé-
taill és d'une année intéressante (1977).

L a réduction des données consiste, dans un premier temps, a me-
surer sur la plague photo (négatif) |les parties utiles au caleul,
c'est-a~-dire |l a trajectoire du météore et entre 15 et 20 étoiles
qui permettront de se repérer dans | e systéme de coordomnées é-
quatoriales., Le centre optique des caméras est toujours positi-
onné aussi prés que possible du zémit, et | es mesures de posi-
tion sur les plagues se font & | a minute d arc prés. Des formu-

| es empiriques progressivement mises au point depuis de nombreu-
ses années permettent de retrouver la position dé'ua point dans
le ciel & partir de mesures effectuées sur | a plagque (par exem-
ple, la distance zénitale Z est calculée & partie de | a distance r
du centre optique (supposé au zénit) par une formule de | a forme
z=a+br+cedr).

L'optigue utilisée ne permet pas d'évaluer lataille de |I'objet,
qui apparaft comme un point (il faudrait une distance focale d°'
an moins 750 mm pour pouvoir commencer a evaluer |es dimensions
d'objets brillants).

La reconstruction des données temporelles se fait a 1l'aide de

| & caméra mobile d'Ondrejov, par comparaison des positions des
étoiles choisies comme reperes. Le calcul utilise toujours |e
temps du début d'exposition, facilement repérable sur | es clichés
car On démarre |es expositions par ciel clair, et parfoisle

temps de fin d'exposition (les Allemands ont plus de difficulté



car il s programment |eurs stations a 1'aide d'une minuterie, et
me sont donc pas sfrsde |'état du ciel au début de 1l'exposition).
n obtient couramment une incertitude sur la datation de 10 s &
100, cette précision pouvant atteindre 7 s quand latrajectoire
est normale au mouvement diurne.

Lorsque des données en provenance de plus de 2 stations sont dis-
ponibles, | e programme fait | es calculs de trajectographie pour
toutes | es combinaisons 2 & 2 de ces Stations ainsi que pour uns
combinaison de toutes ces stations. Les ¢alculs de vitesse font
intervenir les pointillés créés par |'obturation cyclique, et
chaque petit segment est analysé en détail. Des aorrections fires
mettent en jeu | a position exacte dans | e plan de 1a plaque du
centre de rotation de 1tobturateur (composition du vecteur vites-
se apparente da météore avec lavitesse de déplacement du volet
de |'obturateur).

Les mesures photométriques permettent d'évaluer |es variations
de magnitude (relative puis absolue) | e long de la trajectoire.
Elles sont effectuées par comparaison de |la largeur de latrace
ar 1l'émulsion 4 celle de latrace des étoiles, La emcore, l'u-
tilisation d'une formule empirique permet d'atteindre une trss
bonne précision (+ 0,1 magn. jusqu'a 70° du centre optique).
Cette fornule est de la forme ¢ M=1n (aDb + b) + k , od D
est la largeur de |la trace.
La précision de | a mesure
#st bonne en raison du ca-
ractére net du profil en
intensité de cette trace.
utilise | ameilleure photo
pour faire | es mesures et

| es calculs photométriques.
L'effet de réciproecité ne D
Joue pas suifisamment pour | |
justifier une correction, et ﬂ
| a méthode donne de bons ré- , |
sultats pour un domaine de

magnitudes allant jusqu'a -10 (+ 0,9).

* Lar,eur

- A0 +4 M:ani tvde

L'extrapolation, en localisation comme en brillance, pose de sé-

rieux problémes.,



Le tableau ci-contre indique les

correspondances, pour une étoile g _— M
fixe, entre | e diamétre de 1l'ima-

ge aur la plague et | a magnitude 0,02 + 4
relative. 0,05 + 1,5
Les résultats des mesures photo- 0,1 -1
métriques sont convertis en ma- 0,2 - L
gnitudes "absolues" (ramenées & 0.3 - 5,5

100 Km de distance), caractéris-
tiques de |'objet lui-m&me et nom de son apparence vu du sol.

A magnitude relative égale, dérivée directement de | a mesure
photométrique, |la contribution a |a magnitude absolue de la vi-
tesse angulaire apparente se traduit par larelation :

My = My = = 2,5 log (vl(va)

Il en résulte une différence de 1'ordre de 7 entre umne étoile
fixe (15 °/h) et un météore-type (une dizaine de °/s).
La contribution de | a distance est donnée de la m&me maniére par :

1" Ma = -5 log (dl/dZ)

La pratique a permis de choisir un critére de pondératiom effi-
cace entre | es mesures faites sur différentes plaques pour une
m8me trajectoire ; a conditions météorologiques égalss, |e poids
attribué a chaque plaque est proportionnel & la longueur de la
trajectoire appareante mesurée sur cette plaque,

Le programme peut extrapoler latrajectoire dans | es deux sens :
d'une part il "remonte" en amomt pour déterminer |'orbite de 1*
objet, et d'autre part il peut évaluer lafin de latrajectoire
(optiom "dark flight"), en prenant en compte | e cas échéant |les
données disponibles sur 1tétat des vents (cas o2 lataille pré-
sumée de |'objet permet d'espérer 1l'arrivée au sol de météorie-
tes). Le programme s'exécute en 3 an sans l'option "dark flight",
et en 1 h avec,



V, Gestion du réseau.

La plupart des caméras sont installées dans des stations météo-
rologiques, et opérées par | e persomnel de ces stations moyen-
nant une petite rétribution (fonction de | a qualité des photos).
Les plagues photos sont envoyéea par courrier dans des conte-
neurs spéciaux, et | es manipulations demandées auX opérate— s
sont minimales.

Lee campagnes de prise de vues sont programmées depuis Ondrejov,
et tiennent compte de |'éclairement par la lune. La précision
est de |I'ordre de 5 an, et une condition nécessaire est que le
soleil soit am moins &4 110 au-dessous de I'horizon. Les nuits
sans lune font I'objet d'une seule exposition (jusqu'a 13 h en
Décembre), tandis que | es nuits avec lune sont décomposées en
deux périodes d'exposition. Dans un cycle lunaire (28 jours),

il y a22 nuits avec une ou deux expositions et 6 nuits sams ex-
position.

Chague station (il y en a actuellement 12 équipées de fish-eye
en Tchécoslovaguie) est normalement visitée une fois par an
pour |'entretien (c'était le but de lavisite a Churanov). Il
s'agit de nettoyer |'optique et de vérifier | e petit moteur gqui
commande |'obturateur. I1 y aen moyenne ume intervention par
an pour réparer quelque chose sur I'ensemble des 12 stations
(MTBF = 12 ams !..).

En ce qui concerne |l a collecte des météorites, il n'y a pas de
|oi particuliére en Tchécoslovaquie, mais il n'y a jamais eu de
probléme en rai son du régime et du sens trés relatif de la pro-
priété des populations. M, CHR.EHA ne comnaft pas de pays ou
il existe une loi concernant | a propriété des météorites. En
Tchécoslovaquie, comme en RFA, des récompenses sont offertes
aux découvreurs, en leur présentant |'effort scientifique re-
présenté et non ume valeur marchande de |'objet lai-méme.



VI, Comclusions,.

Monsieur CHRLEOHA est certainement | e meilleur spécialiste mon=
di=zl de la détection optique de météores. Le réseau qu'il girs
met en jeu des technologies trés simples et trés éprouvées, et
il constitue un point de comparaison unigue.

De 1'aveu-m&me de M. CEPLECHA, ltavenir appartient certainement
a des systemes plus sophistiqués mettant en jeu des technologies
de pointe aame | es détecteurs CCD et | e traitement digital des
images, et il est pr&t a mettre son expérience a la disposition
des concepteurs éventuels d'un tel systéme., Compte tenu de la
motivation que constituerait pour Ui et pour ses collégues alle-
mands la prise en compte d*une ou de plusieurs stations frangai-
ses dans | e résean européen (avec son systéme de traitement), il
semble particulierement intéressant de prévoir |'installation 4!
un premier prototype dans |e prolongement du réseau européen (ce
qui rejoint les souhaits de M. PELLAS, cf. CR 570882).

En outre, indépendamment de son lieu d'implantation, il serait
souhaitable, lorsqu'une premiére maquette sera expérimentée, de
lui adjoindre une station de type "Ceplecha" de fagon a di sposer
d'un point de comparaison bien commu pour | es performances, M.
CEHEHA partage tout-a-fait ¢ce point de vue.

00000000000
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FIREBALLS PHOTOGRAPHED IN CENTRAL EUROPE

Z. Ceplecha, Astronomical Institute of the Czechodovak Academy of Sciences, Ondfejov

Received | | January 1977

bomumst chororpaduposannnie o cpeneii Espone

TIpuBonsTcs Jauupie 06 opOHTax M TpaekTopmsax 42 Gomunos (6ommeR 4acThio Apuye — 8 BEJIMMMALL), Bbl-

YUCNIEHHBX B obcepBaTopuu OHApxefloB B TeYeHHH NMOCACIHHMX Tpex necsTuaeTui. bonwmel Gbum choTorpa-

¢$upoBaHBl B paMKaX TPeX Pa3HbIX DPOTPAMM, KOTODPbIE KPaTKO OITHCAHE!, PaBHO KaK JUIaHLI 0GCepBaTOPHM

Ounapxeion no pororpadnueckoMy nabmoneHu1o MeTeopoB 1 60mua0B. ITpUBeAEHEI TAKXKE HEKOTOPBIE Pe3yilb~

TaThl ITHX POrpaMM, B YaCTHOCTH Knaccudmkaims hoTorpaduiecknx METEOPOB C YYETOM COCTABa H CTPYKTYPhE
METEOPOB H HX OTHOWIEHHKE X JAPYTEM TeaM COIHEYHOH CHCTeMBI.

The paper contains data on orbits and trajectories of 42 bright fireballs computed at the Ondfejov 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 Ondfejov Observatory in photo-
graphie recordingof meteors and fireballsare outlined. Some results obtained from these and other photo-
graphie projects are mentioned; especially the classification of photographic meteors with respect to the
meteoroid composition and structure are given and therelation to other bodies of the solar system proposed.

1. Photographic Programs; Their Past and Future

This paper contains orbits and other data on fire-
balls computed at the Ondfejov Observatory during
the past 3 decades (1947 to 1976). They form only a
small part of all the fireballs photographed: only
excepriona 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
elsawhere (Ceplecha, 1957; Ceplecha et a., 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, 1/4-5f = 180 mm, and glass
photographic plates, 9 x 12cm, with panchromatic
emulsion were used. Of rhese cameras, |10 are located
at the Ondfejov 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 Ondfejov
Observatory to get known thetime of meteor passage.
The remaining 10 cameras form a fixed aggregate
located 40.388 km away from the Ondfejov Observa-
tory at Préice Station.

During 25 years of continuous operation, utilizing
each moonless clear night, in about 8000 hours



Table t
Orbital and other data on photographic fireballs.

Fircbali No. 130 847 131a 641a 15761 15811 16051 16931
Namc — — - - - -
Ycar and Date 1947 Aug 13 1951 Oct 27 1953 Aug 11 1958 Aug 13 1958 Aug 15 1958 Aug 18 : 1958 Oct 23
Time UT 22h22md44s 4 1s]22h32md7s - 1s|2Lh40m 58s+ 1S{22h 14 m06s 4 2s 2!h32m23571:6s%23h08ml!?s:i;SsJ 2hOoSm4+ 5Sm
M, - 93 — 96 - 91 ' - 719 — 88 —10-1 —10-2
m,; kg 0-031 0-15 0-048 12 0-30 0-61 0-019
mg kg 0 0 0 * 0-02 0 0 0
vy km/s 60 30 60 22 22 24 n
hg km 112 99 111 90 96 93 109
vy kmfs 59 24 58 11 19 20 69
hg km - 84 61 7 43 70 68 82 ’
(cos zg) g 0-623 0-773 0-561 0-465 0-965 0-879 0-842
h,, km 91 62 86 57 75 75 87
Number of St. 3 2 6 2 2 2 2
ag 19500 4736 + .10 45-68 4 -02 44-733 4 -045 315-508 4- -009 27879 4 -35 28240 - -05 94-9 +13
oz 19500 58:726 4--017 1314 4 -03 58355 4 -008 —12-351 4 -004 47-78 4 -23 55-28 4--02 17-51 4 -26
vy, kmfs 60-0 13 30-28 416 5970 4--18 2213 4 -05 22-50 4--13 2390 4 -09 704 L9
A 40-70 4 ‘02 7811 4 -02 40-67 -1 -01 9871 4 -01 102-6 + -2 9691 4 -03 26 + 1
ag 1950:0 4818 4 10 45-54 4 -02 4564 + -05 314-962 4 -010 276-21 4 :37 278-52 4 -06 947 413
dg 19500 58694 4 017 177 4+ -04 58-249 4 -008 —1739 +-03 47-19 + -24 54-49 4 -02 17:32 4 -26
Ve km/s 58-8 + -3 28-08 L+ -17 5850 4--18 1909 4 -06 1965 415 21-30 4--10 69-4 + 9
vy kmfs 41-2 4+ -3 3661 £+ 10 4096 4 -16 . 3741 4 -03 3877 4 -12 3835 4 -06 44-5 + 1-0
a A.U. 18 4+ 8 199 4 .03 12 + 2 2:521 4 -0i8 356 413 314 4 -05 - 4
ta (AU)™! 0.057 4 -025 0.082 -+ -015 — 023 +-10
e 0.946 4- -024 0-825 - -004 0.922 4 -014 0725 4--002 0722 4--010 0-682 - -005 14113 4--06
q A.U. 0.9506 4- -0011 0-349 4+ -002 0-9527 + -0005 0:6908 -+ -0007 0-9893 - -0008 0-9963 -}- -0001 059 4 03
Q A.U. 34 f16 364 4 -07 23 + 4 435 4 -04 6-13 + -26 528 11 -
w"  1950.0 150.8 4 -5 11581 4+ -06 151-1 13 76:08 4. -03 199:1 4 -3 19591 4 -04 76 +4
°  1950-0 140.348 33-676 138.846 320-33 142-414 145-363 29.04
i°1950.0 11216 + -20 612 4 05 111-97 £ -12 0-180 - -0f5 2883 4 19 3304 4 -12 167-4 + 6
7" 1950.0 2912 4 -5 149-48  {- -06 2809 L3 3641+ -03 3415 43 34127 4 -04 105 + 4
Shower Perscid S. Taurid Perscid Sporadic alyrid » Cygnid Orionid
Type 1 Al 1A D 1H Ai I B A A
Note - —_ 1PS 1PS - - -

g0 N XL61) 3T I
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Table 1 (Cont.)

boebali No,

Year and Date

Nianie

39 141

1963 Aug 14

1N 191 063

1963 Oct 19

EN 160 166
Berounka

1966 Jan 16

EN 03§ 267
62 061

1967 Dec 3

EN 300 768

1968 July 30

EN 151 068
Cechtice

1968 Oc! 15

EN 231 068
66 461

1968 Oct 23

A 15°02°50"
» 49°37°24”

i

lVime UT i2!h48m 34s ). 5s: I18h56m 4 Im Ih451m- 6in | 4h02m 554 7s ThisSm- 15m 19h535m--5m | 2h12mo09s4- 25
M, 1 (—152) Po-110 —170 (—11:3) | (—11-2) (—15:5) | (- 7-6)
m, kg ! ( 270) i 36 550 ( 14) (0-3) (1600) (0-0013)
m,. kg ; 0 i unknown 015 0 O 0-15 0
rp kmfs .25 |25 39 27 45 l19 D67
hy km | 103 LT9 97 98 94 I mn P
g kmfs b4 | unknown 20 24 44 Ps 67
K km 69 P49 36 56 73 C30 L84
(cos zp)g 0-948 i 0-130 0-606 0:562 0.973 0-858 0-828
hy km 82 | o4 41 71 76 45 8
Number of St. l 2 |‘ 2 3 5 3 3 4
ah 19500 277275 4036 | 2093 4--7 2440 - 144 7772 4+ -03 326 +4 2852 4 4 01510 o -016
Sy 19500 $8:939 - 015 | 3277 4 -10 514 19 27-758 -t -006 40 42 60-51 - -IR {7809 -+ -013
v, kmfs L2464 407 ; 255 -5 389 46 27-58 - -08 45 42 1902 4 05 67-26 + -09
Ao |62 02 TRS 709 49 8379 03 66 +3 979 2 2684 402
el 19500 CO74M 04 2063 47 2455 4. 1.4 7531 4+ -03 325 + 4 27176 4. -4 94322 -+ 016
8 19500 © 58088 i 0-016 ‘ 2’3 42 510 19 25681 - -014 40 A: 2 | 5942 - -20 17-600 + -013
rg kmfs 2207 08 1 232 | -6 371 6 25-52 4 -09 44 4 2 1556 -} ‘06 6626 409
vy km/s RA7 105 340 | 4 395 4 -6 3738 4 -05 41 42 35-53 1 06 4179 409
a AU | 3-008 |. -038 1442 -} -05 36 7 2:206 + 020 22 ‘ 13 013 4§
tja (AU)™! i 005 4 -20 i 0042 1008
¢ | 0666 - -004 0-580 4: -014 073 05 0.7941 + -0023 097 4 -15 0419 4 -004 0978 1 004
9 A.U. | 1:0063 |- -0001 . 0-595 |- -009 0.976 -}- -003 0.4541 - -0012 0.72 - -04 0-9960 -{- 0001 0-5205 1 0017
Q AU : 500 08 | 224 | -1 6.2 4- 1.4 395 - -04 — 243 403 | 47 L9
o 1050.0 ©190-31 403 84 12 169 12 28267 |- -07 245 17 CoAREl 43 L B7T9 3
Q19500 | 141192 205-48 295-26 250-006 126.7 | 202250 29-476
i© 19500 3506 - -09 282 4 -8 625 19 271 402 71 44 | 2572 .00 167-31 -} -03
a”  1950.0 331-50 | -03 290 2 104 k2 17267 4 -07 12 +7 o263 )3 1174 L3

Sliower x Cygnid sporadic sporadic N. y Orionid Lacertid'! l sporadic Orionid

Type B I 11 I A U1Ai | I 1H Ai
Note PS Pr. Im, 2GS 6713 A/mm | 1 GS 2311 Afmm l 5 fragments 1 GS 7035 Afmm
A3 I PS 1 PS 2GS 56~ 28 Afmm
¢ 49°5334” 2PS
Pr. 1m,

9 ON (L =) 8T I°A



Table 1 (Cont.)

Fireball No. | EN 100469 EN 080 669 EN 270870 EN 141 170 ] EN 170171 EN 151 071 EN 191071
Name ,  Otterskirchen — Stuttgart Mt. Riftler ] Wiirzburg Hornberg 'l Memmingen
- S S e e b
Year and Datc ‘ 1969 Apr 10 1969 June 8 1970 Aug 27 1970 Nov 24 1971 Jan 17 1971 Oct 15 | 1971 Oct 19
Time UT j2|h44-5m;«j I'Sm 21hi85m4-5m I1hS3Im4t Im ITh4Tm+ 1m | 1I8h20m4-1m 19h50m 4- 5m ' 19h35m+43m
M, ;- 154 l -- 97 —10:7 —151 —17-0 — 87 i — 93
my, kg i 5000 30 17 3000 3200 43 33
mg kg ! 5 05 0-03 0-9 0 0-006 L Tose
vg kmfs : 16 17 . 24 21 16 20 ; 14
hg km ! 84 77 86 83 75 71 | 68
vg kmfs” 3 12 6 . 6 11 ‘ i : 7
hg  km L4 43 29 26 45 | 38 34
(cos ZR)E ! 0-569 0-294 0-727 0-310 0-248 0775 . 0-450
h. km -5 50 55 41 60 54 |48
Numberof St. | 6 9 10 1" 6 5 6
af 1950.0 161-4 15 1060 1+ -3 330-2 + 4 236-3 + -3 344-6 + 3 266-5 +13 2786 + -8
oy 19500 . — 464 14 447 + 2 21-0 + 3 54-5 + -4 — 7717 4 -06 52:0 + -3 338 410
vy kmfs ' 1608 4 -14 17-44 L 17 244 4 -2 21-17 4 18 157 +-2 20:4 + -2 13-8 + -4
a° ' 12119 £+ -5 1100 42 870 4 -4 808 A4 -2 1232 + 5 1025 4 -5 1485 49
ag 1950.0 . 1579 16 992 43 3278 4 -4 2422 43 3354 + -5 26006 - 14 2676 + 14
o 19500 {o-- 13-86 4 -28 35-2 + -3 18-8 + -3 48-9 + -5 —19-6 + -4 50-0 13 —10-3 + 13
vg kmfs i 172 419 13-66 o4 -22 219 + -2 17-85 4 -21 11-4 + -3 17-3 + -2 86 L7
vy kmfs ; 3726 + 17 3634 417 3580 4+ 16 32-52 408 37-8 +3 37-6 + -2 375 + -6
a A.U. ! 232 .} -08 208 + -06 1-87 4 -05 1-199 -+ -009 235 L -13 | 243 4 -09 | 2:35 4 -29
tla (AUY ! i I !
¢ 0598 | -013 0594 + -012 0-665 - -008 0.252 -+ -005 0616 -+ -021 0594 4- 016 | 0-58 4--05
q. A.U. 0934 | -002 0-844 4 -002 0.627 -+ -005 0.896 + -003 0-9005 -+ -0011 ! 0-9888 + -0014 | 0-985 -+ -001
Q AU ! 371 15 331 412 311 +-09 1502 &+ -017 38 £33 38 419 37 +-6
w"  1950.0 ! 351 t.5 1232 4 4 672 19 1229 £12 3210 4 -5 1679 &4 11 1658 £ -7
@' 1950.0 ., 200-561 77.637 .153-106 241-071 116.75 201-49 205-43
i 1950.0 ' 6.77 4. -08 480 4--18 212 -3 o0 A+ 4 271 405 261 43 30 45
n° 1950.0 l 2357 £ 5 2008 -4 60-3 49 40 f 12 778 £ 5 94 1 112 .7
Shower sporadic sporadic sporadic sporadic sporadic ! sporadic rporadic
Type ! i I I I core HI B ' | 1
‘I . crust 11
Note Pr. Im. i Pr. Im. Pr. Im. Pr. Tm.
2 13°19'58" A 9731’58 A 10°2044" 2 10°26'18"
¢ 48°38'56” # 48°4328” ¢ 470826" v 48°07°41”
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Table 1 (Cont.)

Fireball No. EN 2103728 EN 210372 A EN 220 372 EN 120872 EN 020 173 EN 210473 EN 200 374
Naine Bramberg Bidingen Marburg — Prague Nurnberg —
Year and Date 1972 Mar 21 1972 Mar 21 1972 Mar 22 1972 Aug 12 1973 Jan 2 1973 Apr 21 1974 Mar 20
Tiiiie UT 19h30m -4 20m 2fh30m4 5m 21h 30m 4+ 20 m Oh29m4 1m 3hll-lm;&;l-3m| 20h52m+2m 1I9h42m+2m
M, - 89 — 87 —11-2 —12-5 - 119 — 93 - 90
my, kg 2-8 26 47 0-42 8-6 14 4-2
mg kg 0-18 8 . 073 0 0-001 ; 0-08 0-002
vy kmfs 22 12 21 60 34 17 16
hg km 86 62 73 119 83 1 72 78
Vg kmfs 13 8 10 59 18 10 7
hg km 36 3 32 76 45 41 39
(cos zg)g 0-806" 0791 0-553 0-804 0-698 0-445 0-521
h, km 47 4] 45 83 54 58 64
Number of St. 3 3 3 2 5 7 4
wp 1950.0 180 45 1349 + 14 179 + 5 44.8 + 23 119-5 4 -4 183-9 + -6 19-8 +21
g 1950.0 48.5 + 5 149 + 6 — 06 + .5 58.9 + 12 20-6 4 -2 — 131 + -4 55-5 + -5
a kmfs 221 + 10 12:6 + 5 2144 + -4 60-1 + 1-1 34-1 + 3 17-2 + 2 163 + -3
A° 105 f 3 136:1 4+ 1-6 89 + 5 41-4 +1-2 74-8 4 -4 106-4 + 6 114-5 + 1-4
ag 1950-0 183 + 5 129-3 + 19 180 + 5 45 +2 118:2 + 4 184-1 + -7 9-8 + 2-0
dg 1950-0 478 + 6 s +23 — 52 46 500 412 194 L2 -226 L6 474 4 -7
v kmfs 189 412 60 4 1-0 181 4+ 5 58.9 + 11 32:4 + 3 13-0 + -3 1241 + 4
vy kmfs 394 412 345 + -9 34-8 + 14 41.7 + 1+ 38-14 A -26 35-57 4 22 366 + 4
a A.U. 38 + 16 150 416 1-55 4 -26 — 2-54 414 1-78 4 -05 202 +-13
lja (AU)™! 0.26 4 ‘i1 . 001 4+ -1 |
e 0.77 4 09 0-35 07 059  -04 099 +-10 0.892 4- 006 0-519 - -015 0-546 4 -029
g AU. 0.888 + -011 0-979 + -004 0-63 1 -05 0.959 - -013 0.274 4 -006 0-854 + -004 0-919 4 -004
Q A.U. 7 + 3 2:0 -3 2:5 + -5 — 4-80 -+ -28 270 4 -11 312 426
@° 1950.0 221 + 3 2141, 416 89 + 10 153 + 4 1220 4 -8 559 L+ 10 1413 4+ 16
Q" 1950-0 1-0 181-06 182:0 Y 139.08 101-34 211-261 359-480
io 1950.0 20 + 2 2-87 L -16 29 4+ 11 111 + 2 22 43 725 4 -18 124 + -4
n° 1950.0 222 + 3 2022 4+ 16 271 + 10 292 + 4 2233 48 2672 410 1408 416
Showrr sporadic sporadic sporadic Perseid sporadic sporadic sporadic
Type | [ 1 HIAI 1 I 1
Note Pr. Im. Pr. Im, Pr. Im. GS 53 Afmm
A 10°41'36" A 9°07°10" A 8°36'26” 2 fragments
o 50°06°25” @ 50°19°'19” g 50°4958"

9 *ON “(LL61) 8Z 1°A
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of exposure time, 50 000 photographic plates have
been exposed and about 1200 double-station meteors
have been recorded, most of them beingsporadic. The
typical positional precision of thesephotographsis + 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 1/6-3, 1/4:5 and 1/3-5,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,
0 X 0om and 18 x 24cm, with panchromatic
emulsion have been applied. Three cameras were
equipped with objective prisms. Extremely good
spectra of many firebals with dispersions down to
5A/mm and with several hundred of spectral lines in
the visble region have been photographed. (Rajchl,
1961; Ceplecha, 1971). The best spectra usudly
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 usualy
well separated and good to measure at these large fo-
cd distances.

After 8 years and 2500 hours of exposure time
of the smal-camera double-station program, we
obtained photographs of the Piibram meteorite fall
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 dl-sky camera with
a rotating shutter having 12-5 breaks per second at
each station. A simple sysem of photographing
a convex mirror with a standard 36 mm camera has
been used. The resulting speed is /16 withf = 5 mm.
The accuracy of positions obtained from these photo-
graphs is about +0-1°, 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 fireballs have been photographed. Trajecto-
riesand 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 Rgchl
(1965), Ceplecha (1967), Zahringer (1969), Ceplecha
et a. (1973).

335

The European Network consists of three operational
parts. Czech, Sovak and German. The Czech part
is operated by the Astronomical Institute of the Cze-
chodovak Academy of Sciences from the Ondfeov
Observatory; the Slovak part is operated by the
Asdtronomical Ingtitute of the Slovak Academy of
Sciencesfrom Bratislava; the German part is operated
by the Max-Planck-Ingtitut fiir Kernphysik from
Heidelberg. The German part covers the largest
territory of all three. The service of the stations and
searches for meteoriteswere performedin each of these
parts independently. The computations and measure-
ments of filmswere done at the Ondfejov Observatory.

Altogether data of 27 fireballs 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-Di-

'stagon), f = 30 mm, with afield of view of 180" and
1/3-5 foca 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
(Bogek et a., 1976; Ceplecha, 1975b). The meteors of
zeromagnitude are still wdl above thesengitivity limit.
The positional precisionis +1 minute of arc and pho-
tometric qualitiesas far as 70° from the center of the
fieldgive +0.1 stellar magnitudeaccuracy. The dimen-
sion of the entire celestial hemisphereis 76 mm on the
negative.

Thus, we decided to replace gradually the old
mirror al-sky cameras at the Czechodovak 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 12cam with panchromatic emulsion are used.
The smdl size of the camera makesit very handy for
fiedd operationsat alarge number of stations. We have
aready had two of these cameras, one driven and
one fixed, in operation at the Ondigjov Observatory
for more than 200 nights. The last fireballsin Tab. 1
were photographed with these new cameras with
excellent results (EN 020376 and EN 041274). We
are now placing 4 fixed cameras more at various
stations. We hopeto finish the replacement of cameras
at all 12 stationsin 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
Ondfejov 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 al-sky cameras. The two parallel programs
will thus be merged into one multistation program
of meteor photography, providing data on fireballs
as well. The spectral program will continue together
with this multistation program.

2 Gbital and Other Dat a on Fireballs

Orbital and other data on 42 fireballs, 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. All the given data are revised
valuesand in some cases they differ from the values
pubiished before. Big differencesin some cases were
caused by gross mistakes contained in the previous
computations (namely from the** precomputer’* times).
The preliminary values publishedin the Event Reports
of the Short-Lived Phenomena Center were in some
cases only rough vaues graphically reduced from the
first two photographs we obtained. They contain
some gross errors, too.

Slight differences of the revised values in Tab. 1
from the values previoudly published were caused by
a different kilometer equivalent of the astronomical
unit used. The old value was 149-5 x 108 km, while
the new one used for all orbitsin Tab. 1is 14959787 x
10° 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
computationsis the cause of dight differences. A good
example Of these small changesis the Pfibram fireball,
whereonly the kilometer equivalent of the astronomi-
cal unit and a more precise computation of the zenith
attraction are responsiblefor the small change (Ceple-
cha, 1961).

The radiants and the angular dements of the orbits
are related exclucively to 1950:0 in Tab. 1. The com-
putation of zenith attraction and daily aberration was
performed using the apparent places,; the mean places
for the beginning of the current year were used for the
computation of the orbital elementsand then they were
trantformed to the standard mean equinox of 1950.0.

Data on many fireballsin 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
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three different photographic programs. the double-
station programs before and after 1955 and the multi-
station program (European Network ... EN).
Name contains either the name of thefireball (usually
some geographical name close to the terminal point),
or the number of the double-station program photo-
graphs, if they exist together with the EN data.

Year, Date and Time are given for each firebal in
UT. M, is the maximum absolute (100 km distance)
magnitude of the fireball expressed in ** panchromatic™
magnitudes (magnitudes, which resulted by compar-
ing AO stars with the fireball trail using the panchro-
matic emulsion). These magnitudes differ in some
cases from the values published previoudy, 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 a. (1977) for the Prairie
Network (PN) fireballs. Thus the direct comparison
of EN and PN Grebalsis possible. m, is the initial
photometric mass computed from

Idt
Mg =2J-l —5
te w

where 7 was used according to McCrasky’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)]. The same 7 and the same
system of panchromatic magnitudesas used by McCros-
ky for the PN fireballs 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 somé cases, preliminary 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):

_ 185 x 107 Texp (—0921M,,,,)
t rv2 \/AM '
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, :1 = 1). The velocity v and the luminous
efficiency 7 were taken for the maximum light. The
other values are: AM the differencein stellar magnitu-
des between maximum light and the film limit. The
total duration of the fireball is given as T seconds.
Provisional values of M, and m., arein parenthesis.
my is the terminal ""dynamic’ mass computed from

" _( 1-200,02 )
E \(dofd)g @3]
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where ¢ is the air density, v, the velocity and (dv/d1)g
thedecelerationat theterminal point, g, is the density
of the meteoroid (g,, = 3-7 gcm™3 was used for type
ITand 2-:2gam~3for typell firebals). In case of typell
firebdls. 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. All massesare given in kg units.

v iIsthe velocity at the beginning height 4, of the lumi-
nous trajectory of the fireball.

v is the velocity at the terminal height hj of the lumi-
nous trajectory of the fireball.

(cos zg)g is the cosine of the zenith distance of the ra-
diant computed for the horizon of the termina point
of the fireball.

h,, is the height of the maximum light.

Number of St. is the number of different stations, at
which the fireball was photographed.

a, & arethe right ascension and declination of the
observed radiant.

v, IS the no-atmosphere (initia) velocity.

2 istheangular distance of the Earth's apex from the
geocentric (true) radiant.

a, d; are the right ascension and declination of the
geocentric radiant (observed radiant corrected for the
zenith attraction and Earth's rotation).

vg IS the geocentric velocity.

v is the heliocentric velocity.

a, e q Q6 w Q, i, n are the orbita elements using
the normalized symbols(Q is the aphelion distance).
1/a is given for long period orbits, too.

All anglesare given in degreesin 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 spectral pho-
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 idedized assumption of spherical
shape and no lift forces.

3 Results and Prospects

All fireballs in Tab. 1, except three, are brighter
than — 8 stellar magnitude. The list of firebals as
bright and brighter than the Full Moon (-12-7,)
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is complete in the sense that ail fireballs of such
brightness we photographed were computed. The
number of these bright objectsis quite high. If wetake
the Ondfejov Observatory as a single station, then 10
fireballs as bright or brighter than the Full Moon
were photographed from the Ondigjov Observatory
during the whole period. This means that one night-
time fireball comparable in absolute brightness
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 Ondfejov
Observatory within the whole period with a terminal
massin excessof 1 kg (onewas recovered: the Piibram
case). One meteorite fall pltotographed during
nigkttime with a mass of 1 kg or greater may thus be
expected to be obseroed at a single station each 10 or
15 years on an average. Theinterval for the recovered
meteorites must be even bigger. Thus an interval
about five timeslonger is necessary to photopaph the
fall of a1 kg or heavier meteorite than to photograph
afireball 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 firebals. Roman
numerals, in some cases with aletter suffix, were used
to denote these groups. As this notation is used in
Tab. 1, here is a brief explanation of the groups:
Group1is of thegreatest bulk density and the strong-
est structure and contains the Piibram (Ceplecha,
1961) and Lost City meteorites (McCrosky et d.,
1971), the only two meteoritefalls scientifically photo-
graphed. Thus, the average bulk density of the fire-
balls in group I wasassumed at 3-7 gcm-' using data
of these two meteorites as safe calibration values.
Group 1 is evidently connected with ordinary chon-
drites.*)

The meteoroidsof group |1 have a somewhat lower
density of 21 gem™® and they very likely belong
to the carbonaceous chondrites. New spectral evidence
for this was recently obtained for the Kamyk Fireball
(EN 020376).

Fireballs of group Il A have average bulk densities
of 06 gem™2 and direct evidence of cometary origin
through showers. Group |ll A contains orbits of
a short period and ecliptical concentration and group
[l Ai contains long-period randomly-inclined orbits.

*) Note addcd in proof: Recently a third meteorite fail was
photogaphed. Innisfree met-orite data completely agree with
the proposed classification.



Table 2

Survey of meteoroid populations among photographic meteors.
Relationship of meteor groups found in different photographic data.

Observational

Super-Schmidt canieras

Small-camera meteors

PN-fireballs

material
e [ LU0 A et s | Properties of the meteoroid material
typical mass- 10°3 10 10g 107! 10 103 g d) 102 to 105 g
range
os - . o - . o iic orbi
% Characteristic orbit % | Characteristic orbit ° Characteristic orbit 0 log a assumed
Group B Tt Group .... R - Group YT T g/cm3 szlcmz Compostlon
obs, a e i obs. a e i obs. a)] a e i
“asteroidal” | < 24 | -64 15° " asteroidal'* 5 2:5 ‘64 10° 1 32 2-4 -68 6° 37 | —11-5 ordinary
meteors <) c) ©) meteors b) b) b) chondrites
carbonaceous
. . 4 . . o . . 2 2.‘ = l |.3 :
A.\ 54 23 61 1 A 37 2-5 64 4 11 37 23 61 S chondrites
6 | 24 | 92 5° B 7 | 25 | 90 6 - - | -] - -~ 10 | ~—11-1 dense cometary
B niaterial
C, 9 1 25 | 80 6° C, 16 | 25 | 80 | 5 |HIA | 9 | 24 | 82| & 6 |—109 regular cometary
material
C 3t | &« | 99 [random C, 30 | xor 99 |random| 11 Ai 9 j~« | 99 [random 6 | —109 regula.r cometary
2 i ) material
SRS — _ L [ A — b A - —.
D 1| 33| 70 | 250 D 5031 {7 w0 [wB | 13|30 70| 13 2 | =10 :\’::ecr?ar:‘etar y
b ¢«
(above C) e) e) e) (above C) b) b) ) ! of Draconid type
|

The data in the Table are based on photograpliic observations of = 2600 sporadic meteors; the percentage nurnber does not contain major classical showers; the vaues of the

maxima of statistical distribution of @, eand i are given. if not stated otherwise.
o isthebulk density of meteoroid, ¢ is the ablation coefficient
a) rough estimates from the numbers of computed trajectories (42, 37, 6, 6.9% respectively) assuming twice big reduction preference of group T over the group I11.
b) rnedian from 12 cases.
c) only two meteors recognized as asteroidal (No 7946 and 19 816); their average elements are given.
d) the biggest bodies photographed within fireball networks so far have the mass of the order of 108 g,
¢) Draconic shower orbit. (2 Super-Schmidt members of the stream).
) all high-inclined near-parnbolic orbits.

8¢¢
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The fireballs of group 111 B have densities of
0-2gem™? and they contain fireballs of the Draconid
meteor shower. Thisis 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 |11 material may havea 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 all
masses of the meteoroids outside the Earth's atmo-
sphereare the bodies of group |1 corresponding to the
A group of fainter meteors and perhaps to material
similar to carbonaceous chondrites.

The existence of groups of bodies with widdy
differing structure and composition is the key to the
fact that fireballs and meteorite fals are not simply
related. If we could somehow organize all the in-
coming meteoroids to be of the same mass, velocity
and angleof incidence, but of different compositionand
structure as given in Tab. 2, the meteorite fall of an
ordinary chondrite would bs preceded by the faintest
meteor plienomenon of all the 5 different compositional
groups. If we observed the brightest possible fireball,
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 meteoritefall of an ordinary chondrite,
would have a very long trgjectory penetrating very
deep into the atmosphere, while the Draconic type
would have only a short trajectory, ending very high
up. Thus an observation of a very bright fireball
does not necessarily mean a meteorite fall. The de-
pendence of the brightness on the mass under real
conditionsworkspartly against the paradox and makes
the picture quite complicated. Thus decisions, if to
search or not to search for meteorites after a bright
firebal passage, should rather be made on the basis
of criteria, which take into account the termina
height, the mass (or brightness) and the velocity
with the angle of incidence (Ceplecha and McCrosky,
1976).

The fireball data from all existing Networks are
dtill 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 fed 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 meteoritefalls. We should rather consider them
to be a powerful means of obtaining trgjectory and
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orbital data on fireballs. And, eventually, @ meteorite
fall may be trapped as well.
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Geometric, dynamic, photometric, and orbital data on all
29 fireballs photographed within the European Hetwork in the
year 1977 are given. |In two cases,meteorite impacts are pre-
dicied and their impact points and areas given. Few remarks
on our measuring and reduction procedures, especialy on the
provlem of standard deviations of computed velocities, are

contained.



1. Observational material and remarks on measurements and

computations

Thi's paper contains data on atmospheric trajectories and
orbitg of all 29 fireballs photographed within the European
Network by at |least two stations in the year 1977. A brief
description of the stations can be found in several preceding
papers (Ceplecha et al., 1973, 1976, Ceplecha, 1977a) as well
as outlines Of some Of our measuring technique and computational’
procedures (Ceplecha et al., 1979). A comparison of European
Network with the other photographic firrball networks can be
found in a survey paper by Halliday (1973). The most signifi-
cant charge since this Halliday s report lies in- implementation

of new and more precise fish-eye cameras at five Czech stations.

A1l photographic plates and films were measured by Zeiss
Ascorecord, the rectangular coordinates recorded on magnetic
tape and processed by means of a Fortran program, FIRBAL,
using the EC1040 computer of the Ond¥ejov Observatory. The re-

sults are given in tables of this paper. .

In the year 1977 five Czech stations were eguipped with
fixed fish-eye cameras (f/3.5, £=30 mm) giving a positional
zsccuracy Of about one minute of arc. The renaining 40 stations
were equipped with fixed mirror cameras (f/16, f=5 mm) giving
2 positional preeision of about 0.1°. One additional moving
fish-eye camera at the Ond¥ejov Observatory were used to
obtain time of the fireball passage for the central part of
.ne Network. The whole system covered about one million square
kilometers and t he equivalent exposure time in the year 1977
resulted in 1280 hours in 166 nights.



Variety of camerasg, geometrical situations, weather con-
ditions and absolute timing went into wide variety of precision
In our results. Even inside data holding for one fireball sone
of them are precise enough and some are just rough values.
Assigning an indicator of data quality to each fireball would
not solve the problem of significance of individual values.
Thus each number i s given with its standard deviation in all
tables. The number of digits printed in tables corresponds
usually to standard deviation in the last digit from 3 to 9
and to standard deviation in the two last digits from 1.0 to
249,

The standard deviations of the geometric data were com=
puted by two different ways:. a) In the case of only a double-
- station record available, the standard deviations of the
parameters defining the intersection of the tmo planes (each
given by the location of. the station and the fireball tra-
jectory) were derived from standard deviations of one computed
position as it resulted from positional stars.

b) In the case of three and more stations recording the same
fireball, all statistically meighted intersections of these
planes were used for the conputation of the standard deviation

of tkhe average intersection.

e strictly separated the measurements of time marks
(brezks of the fireball image) fron the measurements of the
apparent fireball trail (great circle). Two types of rotating
shutters were used, both with ratio of occulted to exposed -
part as 1:1 The mirror cameras have the rotating shutter

placed before the objective with 125 breaks per second. The

rotating shutter i s inside the fish-eye camera, very close



to the focal plane. The motion of the shutter and of the fire-
ball image superpose in thig case and a due correction in re-

lative timing of individual breaks was considered. The number

of breaks per second was close to 25 in this case.

The breaks of the image were measured by three different
ways depending on the quality and appearance of the i mage.
We pref erred measurements of break heads whenever the quality
of the image allowed for it. As a second choice, we measured
centers of dashes i n case they were short enough: sometimes
dashes were rat her points. As a third choice, we measured
the breaks, which proved to be the least accurate method for

velocity determination.

The great circle of afireball trajectory was measured
independently of measuring the time marks ( heads, dashes,
breaks). The wire settings were pointed to approximate centers
of 10 or more suitable dashes regularly spaced along the whole
fireball trail. Overexposed parts were omitted in these
measurements. Thus the plane containing the station and the
firaball trajectory was defined independently of the measure-
ments of the time marks and moreover independently of those
parts of the trsil, which exhibited bad quality of the image.
The geometric precision is significantly increased this waye
The average intersection of all planes gave then the fireball
trajectory. The measurements of time marks (heads, dashes,
breaks) for each station were projected perpendicularly onto
thi e average trajectory and the actual length, 1, dong the
average trajectory computed. Standard deviation of the distance
from the station is readily available and can be conbined with

standard deviation resulting from applying equstion (1) to these

average 1.



The solution for velocity was done by applying an inter-
polation formula to the distances, 1 , measured along the

trajectorys

{=a, +a,t+a,ep@,t) (1,

nhere &, , @, , CL , &, with their standard deviations
resulted fron the least-squares solution, In sone cases of
long trajectories, more solutionsin separate parts of the
trajectory were performed Or a linear dependence of velocity
on tine was assumed close to the terminal point, A new method
for computing velocities was published recently(Pecina and
Ceplecha, 1983), but not used i n this paper (the computations
of the fireballs from the year 1977 were terminated before

finishing the cited paper).

The standard deviations of parameters in formula (1) were
used i n computing the standard deviations of velocities and
decelerations of .individual points. Sut these standard devi-
ations represent only the spread along the fireball trajectory
of the measured distances 1. Up to now, all published solutions
for 1 (and oelocities and decelerations as well) contained oaly
this component of the standard deviation, assuming impliciply
that the distance, r, from the canera to the corresponding
point i S exact. Sincethis is not the case, a component, &, ,
of the standard deviation of r, which is projected along the
trajectory, should be added to the standard deviation, & » of
the éistance along the trajectory resulting from the least -

-squares solution of 1 from (1). Ard this component, & , is



not small as it mey seem at the first glint: it depends on

the geometry of the trajectory against the stations, where the
photographs were taken from and amounts usually to values of the

same order as ¢,

4

many times greater than 5( "

As an example of applying these considerations to observed
velocities, the fireball BN 140977A (the Brno Fireball) can be

= With unsuitable geonetry, £ may become

used. The standard deviations previously published (Ceplecha et
al., 1979) and containing only the &, term can be compared with
the standard deviations for the same fireball given in this pa-
per With the & term incorporated. The initiai velocity

Voo = 30.22 + 0404 km/s converts into 30.22 + 008 km/s with
the ¢ term included,

| N case of shorter fireballs and | ess accurate distances,

: ~ _
1, available, we used@impler relation than (1), i.e.:

= /u;: +ré§> (2) »
where SO Is the air density and £ a constant and
where the immediate values of A» were taken from differences
in 1 of the successive breaks. | n these cases, the decele-
rations were usual ly quite poor and even those we give in
Tabl e 3 (standard deviation | ess than the value), should be
taken with enough precaution. Standard deviations of decele-
rations resulting from simple formula (2) are rzther forma-
listie values holding only .close to the averzge point of the
trajectory.



2. The fireball data,

Preliminary data were given for 4 significant fireballs
in 1977 in the SEAY Bulletin (1937). For two of them, the Brno
and the Freissing Fireballs, the preliminary data are close to
the final values given in tables of this paper. For the other
two cases, the Alps and the Wasserburg Fireballs, the final
data differ widely from the preliminary values. The graphical
reduction We used for obtaining the preliminary datain 1977
i s responsible for this in case of the Alps Fireball, which
was well outside the network: the distances from stations were
from 290 km to 470 km.

In case of the Wasserburg Fireball, the preliminary values
deduced from records of the first two stations available at that
time depended atrongly on the position of the terminal flare
due to the fact that both the planes containing one of the
stations and the trajectory were almost identical. This unusual
method of computing the paralax depends on how sharply the
flare is defined and more over the preliminary computations

contained a rough mistake.

The fireballs are arranged in tables of this paper according
to their succession in dates, denoted ENddmmyy, with dd being

the date, mm the month and yy 'the last two digits of the year.
Fireballs of the same day are distinguished by an addition of

a capital letter after the notation, starting with A, but the
alphabetic order does not necessarily folow the time sequence

o f them: the letters were assigned due to succession, in which

they were measured and computed.



Table 1 contains basic data for each fireball starting
with the notation (Fireball No) and name in case we invented
any (we usually use geographical names close to the terminal
or impact point). The date and time follow.

The time of the fireball passage originates from two
diff erent sources;
a) The moving fi sh- eye camera of the Ondfejov Observatory
contained the image of the fireball. ,The combiration of moving
canera image either directly with the fired camera i nrage of the
Ond¥ejov Observatory or with the apparent t+rail of other fixed
caneras recomputed to the Ond¥ejov-Observatory position through
the average trajectory, gave the time with typical standard
deviations of several secondsup to several tens of seconds.
b) The moving fish-eye camera image was missing, but some
visuel obsgrvations by casual witnesses existed. Typical standard
deviations are several minutes up to several tens of minutes.
In few cases both these possibilities were missing and the middle
of the interval, during which all stations with the fireball
image took the exposure, was used. Typical standard deviation
I N these cases usually exceed one hour except some cases, when
ifferent stations have defferent intervals of overcast sky,
which | S well recorded on the star trails of the fixed=-camera

records.

The individual entries of Table 1 have the following
meaning (most of the values are accompanied with their standard
deviations):
1'ﬂmax
Tireball expressed in "panchromatic" magnitutes (Magnitudes,

i S the nmaxi mum absolute (100 km distance) magnitude of the



which resulted by comparing 40 starswith the fireball trail

on our panchromatic emulsions). We corrected stars of otker
spectral types by

vP&nrJtron&*b'c = V + 0’62’ (E-V)-. O'SL(V—R) (3) ]

where V, B, R are the stellar magnitudes in the international
system of 5 - color photometry UBVRI and we mostly used data of
the Arizona - Tonantzintla Catalogue (1965),

anaj is all the energy radiated i n the panchromatic pass band
(aproximately from 3600 to 6600 1) and is given in J (Joules).
Common logarithm of it ie given in Table 1. The conversion from
the usual units of seconds and I = 1 for zero magnitute of A0
star to Joules was done multiplying by 840. Additional multi-
plying by 107 will give the usual c. g, Se unitse.

o is the initial photometric mass including the terminal

[~ -

mass, mgp , dynamically determined. m was computed from (4)

oo
with t = t5 , ty being the time of the fireball bveginning (for
more explanatory details See explanation of Doy in Table 3).
Tre photometric masses are in the same system as it was used
by licCrosky for the PN fireballs.
oy I s the terminal mass derived from dynamic data end air den-
gity at the terminal point from equation (5) and with meteoroid
densities @,,,V corresponding to the fireball type. The values of
@w used are given i n explanations to Table 3 below equation
(5). Incase of type Il fireballs, the terminal mass is rather
a fietitious value and a }:orresponding terminal mass should be

expected rather in a big number of small pieces than in one

single body,



Vg is the velocity at the beginning height hg of the luminous
trajectory of the fireball.
vy Is the velocity at the terminal height hy of the luminous
trajectory of the fireball
V. .y | S the velocity at the point of maxi num 1ight of the fireball
z5 IS the zenith distance of the radiant computed for the horizon

of the terminal point of the fireball.
Number of St. is the number of different stations, at which the
fireball was photographed. Majority of the fireballs were photo-
graphed from more than 2 stations, a situation which i s widely
different from the Prairie Network data.

&y » 8\2 are the right ascension and declination of the observed
radiant.

nr, is the preatmoapheric (initial) velocity

o« , ({\ are the right ascension and declination of the geocentric
radiant (observed radiant corrected for the zenith attractiaon
and Earth’ s rotatian).

v, is the geocentric velocity

G
A¢ 1S the angular distance of the Earth’s apex fromthe geo-
centric (true) radiant

L, , By are the ecliptic longitude and latitude of the helio-

H
centric radiant.

vy IS the heliocentric velocity.

A, is the angular distance of the Earth's apex from the helio-
centric radiant.

a, ¢, 2 , Q , W ,Q , < are the orbital elements using the
normalized symbols ( } is the aphelion distance). The reciprocal

semimajor axis 1/a is given for all fireballs with its standard
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deviation, but the semimajor axis, a , itself is notgiven for
very long orbits, where a  is not a suitable parameter for
describing it. Sometimes both a, and 1/a have large standard
deviations contradicting in fact the definition of the standard
Geviation to be a relatively small value, There i S not much
information | eft iNn suech cases. The angular orbital elements as
well as all the right ascentions, declinations, ecliptical
longitude and latitude are given in 1950.0 coordinate system.
The most precise element known, the ascending node, is usually
given without its standard deviation, which has the meaning all
given digits are precise. If not, standard deviation is given.
Table 1 farther contains the shower membership based on several
photographic catalogues (Lindblad, 1971; Jacchia and Whipple,
19613 McCrosky and Posen, 19613 Cook, 19733 Southworth and
Hawkins, 1963). Except two Perseids, one Southern Piscid, two
annual Andromedids and one 'va’ Cetid, a1l shower identifications
are rather spurious, quite typical situation for fireballs in
contrast tO small-camera and Super-Schmidt meteors.

Type IS the fireball type according to classification proposed
by Ceplecha and McCrosky (1976) and by Ceplecha (1977b).

ote contains miscellaneous notes on extreme geometry, on light

curves and also on spectral records, in case they existe Trim sucly
2re D10 mme  f e cudiie "MAM&,"W.)

Table 2 contains data on the recorded beginning and terminal
zoint of the luminous trajectory and on the point of mawimum
light of the fireball. For each point, h is the height above
the zero level of geoid, A is the geographic longitude and ¢

the geographic latitude of the vertical projection of the point



onto the surface of geoid. The standard deviations given for the

beginning and terminal point reflect the geometrical precision
I n computing height, longitude and latitude from the average
intersection of all planes defined each by the corresponding
station and the fireball trajectory. Thus the beginning and
terminal point define the conputed average intersection and its
standard deviations. The actual definition of the beginning or
terminal point along the trajectory i S not important in this
respect and thus the highest or lowest observed point from all
stations was taken as an exact value. The stellar magnitudes
for the beginning and terminal point can be found in table 3
among the data given for the first and last point of each fire-
ball.

Table 3 contains geonetric, dynamic and photometric data
at selected points on trajectories of individual fireballs. Our
system of timng by rotating-shutter breaks is relative and
holding for one station. We have usually chosen time equal zero
at the first measurable break (head, dash)e. Thus the beginning
points in Table 3 belong usually to negative times. The indi-
vidual entries of table 3 follow:

t isthe relative time in seconds,
h is the height above zero level of geoid
v and ¢ arethe velocity and its standard deviation.

dn/dt and &, .., arethe deceleration and its standard
deviation

M and &,  are the absolute (100 km distance) panchromatic
magnitude and i ts standard deviation (for more details see

explanations to M___ of table 1)



Mok is the photometric mass computed by integrating ¥ and
including the terminal mass, Mg, dynamically determined. mph

was conputed from

t
Iat
Moy, = Mg +.2 T T (4) ,
O
10704 y & -
where I = and °C , the luminous efficiency i S given-

according to McCrosky s interpretation of the experimental
values of Ayers et al (1970) [the numerical values of T are
contained i n a paper by Ceplecha (1975)J » This ig the same
systean of photonetric masses as it was used by McCrosky for
the PN fireballs.

Among other points, tablé 3 contains the beginning of the
luminous trajectory as the first and the termination of light
as the last point. The point of maximum |ight IS always among

the selected pointse

Fireball EN220177 was too far from both stations and no
time marks (breaks) were available., The geometric position of
its trajectory i s sufficiantly precise, but the velocity and
orbital data are unknown. The standard deviation given for the
maximum light ineludes the effect of unknown velocitye. Absolute

nagnitude at the beginning'of this fireball was -5 + 2 and at
the end -6 + 2.

Dynamic masses are not given in Table 3, but they are easy

to’ compute from the given y /ot , and k. (converted tOSO )

according to

my, i (1.20 m-"f)z/ (om (@rrat)) (5)



where the meteoroid densities Qn. should be taken according
to the fireball type given intable 1. Type I @.= 3/ M;/ou}
Type 11 Pa=2°2 f"foe/"«-3 , Type l[11A @,.= 06 Mg/fm"‘ and
Type |1l B (2% 02 M}/m’ + The standard deviation (not
including the unknown standard deviation of shape, of meteoroid

density and of drag coefficient for individual fireballs) are

given by
wer , Jer 9 £ % 6)
£ = ( zv + = + + (Ma',l-)b ) /VK/d (6)
o v e (Av-/at)

Values in Table 2 and 3 enclosed in parantheses originated from

extrapolation beyond the interval of the |least-squares solutiono

Table 4 contains geographical positions of impact points
and impact areas of the only two fireballs with terminal masses
greater than 100 grams nme photographed in the year 1977,

The impact area of the Freising Fireball was too big and the
terminal mass too low for any systematic search of meteoritese
We only announced the possibility of nateorite fall using public
media.

The preliminary graphical data on the Alps Fireball, which
was photographed at quite a large distances from our stations
(from 290 to 410 km), did not reveal the inportance of this
fireball. The preliminary distances were underestimated dy 40
to 50 km due to small angle of 22° of the intersecting planes.
The terminal mass was estimated as less than 100 grams due to
overestimated terminal height, Thus no search activities were

started. Precise neasurements of the records used in firal

coxzputations went into much better data than the prelir inary



raphical reductione and estimates did. Surprisingly the terminal
height proved to be much lower at hgp = A7 1 1.0 kmobserved
with -9.7 stelar magnitude and with mass of 60 kg. Values extra-
polated to -2 stellar magnitude on several theoretical
assumptions gave the terminal height of 19 km and terminal mass
of 30 kg. This possibility of a meteorite fall was recognized
as late as in the year 1981 i n course of the due reduction of
all 1977 fireballs., The announcement was sent to SEAN Bulletin
(1981) and to Centre de Recherches sur | a Synthése et Chime

des Mineraux in Ol éans, France. The impact area of the Alps
Fireball iSin avicinity of Marignier in France about 30 km

to ESE from Geneva. Eventual smaller pieces could be found jn

surrouding of' St. Jeoire i n France.
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Seite 114
Bild 8: 2-m-Primar-Cassegrain-Coudé Smegelisie
skop.

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 Zeiss JENA und von VILAT! 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 MaRe auf. Dieser Plan umfat auch die
Untersuchung von Sternen, Sternsystemen
und interstellarer Materie.

Im Jahre 1978 wurde ein Vertrag Uber die
Modernisierung des 2-m-Teleskops abge-
schlossen, diein 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 Ubersetzungsver-
haltnis ergibt sich die GroBe eines Inkrements
von 01 “, so daR eine Genauigkeit der diffe-
rentiellen Einstellung in einem Feld von
4 x4 etwa £ 1" und eine angemessene Ge-
nauigkeit beider Vorwahl des Teleskops inder
GroBenordnung von £ 10" zu erwarten sind.

Der Einbau des MefRsystems neben der
unerldBlichen Kontrolle des Hauptlagers und
der komplette Kabelaustausch erfordern die
volle Demontage des Teleskops und die Re-
konstruktion einiger seiner Teile im Her-
stellerbetrieb.

Ein Teil der Modernisierung umfaBt den
Austausch des Spaltkopfes des Coudé-
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 auBeraxiale Nachfuhrung bei der direk-
ten Fotografie und beim Scanning der
flachenhaften Objekte unter eventueller An-
wendung eines Fotometers erméglicht.

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 groen
Reserve in der Speicherkapazitat und der
Moglichkeit ihrer Erweiterung werden die
Vorverarbeitung und einfache Reduktion der
Beobachtungsdaten moglich sein, insbeson-
dere wenn ais Lichtempfanger eiektroopti-
sche Elemente benutzt werden.

Im Rahmen der Modernisierung soll auch
die Fernsehtechnik schrittweise zur Anwen-
dung kommen. Im Fortgang dieser Entwick-
lung werden wir uns auf die Verarbeitung der
Bildinformation bei gleichzeitiger Nutzung
der durch den Mikroprozessor gegebenen
Moglichkeiten konzentrieren.

Diese so umfassende Modernisierung des
gréBten optischen Gerates in der CSSR ist
keine geringe Aufgabe. Die oben angefiihr-
ten Anderungen erfordern bauliche MaR-
nahmen im BeobachtungsgeschoB der Kup-
pel sowie eine wesentlich hdhere Qualifika-
tion der Mitarbeiter, die in Zukunft mit diesem
modernen Teleskop arbeiten werden.

An der Modernisierung des 2-m-Teleskops
arbeiten bei alien beteiligten Partnern neue
Spezialistenkollektive. deren Anzahl aus
Grunden der Vertiefung der Spezialisierung
wesentlich vergroBert 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, daB das
modernisierte 2-m-Teleskop im Observato-
rium Ondfejov ein weiteres positives Beispiel
der sozialistischen Integration sein wird.

Der Vertrag uber die wissenschaftlich-
technische Zusammenarbeit, abgeschlossen
zwischen dem Astronomischen Institut der
Tschechoslowakischen Akademie der Wis-
senschaften und dem VEB Carl Zeiss JENA,
bietet die Voraussetzungen dafur, daR 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.

Literaturstatistik
Aus der Arbeit des Observatoriums Ondfe-
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.
9 Arbeiten im Inf. Bull. Var. Stars.
6 Arbeiten im IAU Circ. ~
. 8 Arbeiten in Symposia und Colloguia IAU.

An den Arbeiten beteiligten sich 38 Wis-
senschaftler, darunter 22 aus der €SSR und
16 aus dem Ausland: Kanada: 3, BRD: 3.
Holland: 2 Bulgarien 1, Jugoslawien: 2,
UdSSR: 1, Italien: 2, Polen: 2.

Das Zvveikoordinatenmeldgerat
ASCORECORD 3DPIm Dienste

des turo

Zdenék Ceplecha

aisc
FEUERKUGEL: Programms

hen

Institut fiéir Astronomie der Tschechoslowakischen Akademie der Wissenschaften. Observatorium-Ondfejov

Ein systernatisches Programm fiir die Foto-
grafie von Feuerkugeln Uber der zentral-
europaischen Region wurde 1963 durch das
Astronomische Institut der Tschechosiowa-
kischen Akademie der Wissenschaften be-
gonnen. Jede der heute bestehenden 46 Sta-
tionen ist mit einer all-sky-Kamera ausge-
ristet. Es werden zwei Typen dieser Kamera
verwendet. Die eine Kamera besteht aus einem
360-mm-Konvexspiegel und einer Kieinbiid-
kamera, mit dersenkrecht nach unten belichtet
wird. Das Gesamtsystem hat eine sehr kurze

Brennweite. sie ergibt annahernd einen MaB-
stabvon 1l mm pro 10. Der andere Kameratyp
verwendet ein Fischaugenabjektiv, das einen
AbbildungsmaBstab von etwa 1 mm pro 2'
im Zentrum gewahrleistet. Fir diese Kameras
werden ORWO-NP-27-Fotoplatten verwen-
det. Beide Kameras sind mit rotierenden Ver-
schluBblenden ausgeriistet, die 125 Zeit-
marken/s (Unterbrechungen der Leuchtspur
des Meteors) ergeben.

Die mit den Kameras Qewonnenen Auf-
nahmen von Feuerkugeln wurden am Obser-

vatorium Ondfejov mit einem ASCORECORD
aus dem VEB Carl Zeiss JENA [1] 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
Umiaufbahn von Feuerkugeln aus Aufnah-
men mehrerer Stationen ist. Als Berech-
nungsbasis dienen die gemessenen recht-
winkligen Koordinaten einer Reihe von
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Bild 1: Feuerkugel von Ma&inik, aufgenommen am
22.Juni1979, 22h00M47S im Observatorium Ondfejov
mit einem Fischaugenobjektiv. Der Durchmesser des
Gesamthimmels betragt auf dem Originalnegativ 80 mm.
Die Zeitmarken folgen im Intervall von 0.08 s, die Flug-
richtung verlduft von Sud nach Nord. Die Gesamtlange
betragt 105° entsprechend einer Entfernung von 140km.
im Raum zuriickgelegt in 64 s. Die maximale Hellig-

keit entspricht der des Vollmondes. Mit 15 Sternen.
die mit dem ASCORECORD entlang der Feuerkugel-
spur (beginnend bei den Sternspuren bei 21h02m04s
UT) gemessen wurden. betrug die Standardabweichung
fur einen Stern % 0,020°. Die Standardabwaeichung des
Radianten von £0,06° und die Anfangsgeschwindig-
keit von 24,10+ 0.03 km/s wurden aus einer Reihe
von in 5 Stationen gemachten Aufnahmen berechnet.

Bild 2: Feuerball von' Mélnik, aufgenommen am
22 Juni 1979 im Observatorium Ondfejov mit einem
bewegten Fischaugenobjektiv ohne Zeitmarken. Die
Kombination dieser Abbildung mit Bild 1 zeigt die
Durchgangszeit der Feuerkugel mit einer Genauigkeit
von *8s. Mit 15 mit dem ASCORECORD entlang der
Bahn gemessenen Sternen betrug die Standardabwei-
chung pro Stern0.01 6'.

MeBpunkten auf jeder Aufnahme: Fir die
Berechnungen einer hellen Feuerkugel, die
von mehreren Stationen aufgenommen wur-
de, sind in der Regel 2000 Messungen mit
dem ASCORECORD notwendig. Hier soil
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 Sudorientierung einfach
zu realisieren, indem das auf einem Kreuz-
tisch befindliche Negativ gedreht wird. Der
Kreuztisch gehort zur Standardausriistung
des ASCORECORD.

Beginn oder Ende der Sternspuren werden
dann mindestens viermai gemessen. Dabei
wird bei der Halfte der. Einstellungen das
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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-
formein pro Stern 7 ist. Alle Daten werden
automatisch auf Lochstreifen gestanzt, wenn
eine Einstellung des Fadenkreuzes erfolgt ist.
Der gesamte MeRproze® wird mit einem
Kleinrechner KSR 4100, dessen Software die
Wahl unterschiedlicher Arbeitsablaufe ge-
stanet. realisieart. Anmerkungen zu jeder
Messung konnen mit einer Fernschreiber-
tastatur auf Lochstreifen tbertragen werden.
Es wurde eine sehr einfache Bezeichnung der
MeBRobjekte 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
dem Operateur des ASCORECORD mehr
Zeit, sich auf die Hauptauigabe — die Faden-
kreuzeinstellung — zu konzentrieren.

Die MeBgenauigkeit' des ASCORECORD

von 0.0001 mm in den x- und y-Koordinaten
Uber einen Bereich von 300 mm x 300 mm
ist groBer, als fur den tatsachiich gemessenen
Bildtyp erforderlich ist. Die interne Genauig-
keit fur einen MeBpunkt liegt bei den ver-
wendeten Kameras und Emulsionen um
0,0005 mm. Die Genauigkeit der Uberein-
stimmung der gemessenen Sternpositionen
mit den Katalogwerten betragt etwa 1 Bogen-
minute fur den gesamten, mit dem 3,5/30-
Fischaugenobjektiv sowie 0.1' fir den mit
der 16/6-Spiegeireflexkamera fotografierten
Himmel. Sie hangt von der richtigen Wahl
der Sterne ab, wobei scharfe, schwachere
Sternbilder in dieser Hinsicht zu bevorzugen
sind.

In unserem Fall ist das Objekt mit unbe-
kannter Rektaszenzion und Deklination ein
Feuerkugelschweif. der einen Teil eines
GroBkreises bildet. Die Leuchtspur (Bila 1)
ist durch die periodischen Unterbrechungen
der rotierenden VerschiuBblende aufgeglie-
dert. Angewendet wurden zwei Typen von
ASCORECORD-Messungen der x- und Y-
Koordinaten fiir die Feuerkugelabbildung im
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gleichen System wie die Sterne. in dem die
Beziehungen 1 = \(x, y), 0 = d(x, y) gelten.

Zuerst werden 10 bis 20 Punkte der be-
lichteten Spuren des Feuerkugelschweifes
ausgewahit, wobei alle zu breiten Spuren
vermieden werden. um eine gute Faden-
kreuz-Okulareinstellung zu garantieren. Bei
einer sehr hellen Feuerkugel muB man sich
oft auf den Anfang oder das Schweifende
beschranken. Die Bedingung, daf alle MeR-
punkte auf dern gleichen GroBkreis (in der
gleichen Ebene) liegen, sowie die Verwen-
dung der qualitativ besseren Bilder von den
duBeren Zonen des Schweifes fiihren 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 soliten sich im
Idealfall auf einer Linie schneiden, der Feuer-
kugelbahn im Raum. In der Praxis werden aus
den Schnittpunkten aller verfliigbaren 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 befat sich mit den von der
rotierenden VerschluBbiende erzeugten Un-
terbrechungen. Es gibt mehrere Méglichkei-
ten, wie man in Abhangigkeit von der Bahn-
geschwindigkeit einstellt. Ist der Abstand
der Unterbrechungen gro® genug, um die
einzelnen Abschnitte zu erkennen, wird die
Einstellung fur deren Anfinge vorgenom-
men. Auf Grund des Nachleuchtphanomens
wird niemals der hintere Teil des Schweif-
abschnittes verwendet. Sind die Abschnitte
so schmal, daB sie eher Punkten gleichen,
muissen diese direkt gemessen werden. Oft
sind sie zu lang, um eine geeignete mittlere
Einstellung zu erhalten. aber zu schmal fir
eine gute Einstellung des Abschnittanfangs,
so daRk 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 Grofkreis 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 Vieizahl
von Sternspuren, und es ist schwlerig, die

Helligkeit der Feuerkugel mit enem klas-
sischen Mikrodensitometer zu besummen.
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 dem
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, kénnen
berechnet werden. Die kleinsten meBbaren
Breiten betragen 0,01 mm, die groBten
05 mm. Dieser Bereich umfat etwa finf-
zehn SterngréBenklassen mit typischen Stan-
dardabweichungen von £0,2 GroBenordnun-
gen am dunkleren und £0,6 GréRenklassen
am helleren Ende, vorausgesetzt. daB geni-
gend Vergleichssterne (ber den gesamten
Helligkeitsbereich zur Verfiigung stehen.

Die Ergebnisse aller mit dern ASCORE-
CORD durchgefiihrten Messungen werden
vorwiegend auf Lochstreifen gespeichert, der
dann auf Magnetband Ubertragen wird, um
mit dern Rechner auswerien 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 zu notwendigen Korrekturen
des Magnetbandes, insbesondere dann.
wenn einige der verwendeten Sterne wéh-
rend des Rechenprozesses aus dern Daten-
komplex ausgeschiossen werden solien.
Wenn der Operateur des ASCORECORD eine
beliebige Datenreihe unmittelbar wahrend
der Messung streichen will, so kann das
Objekt mit einer ,,Unbekannten” (hohen
Ziffer) numeriert werden. was vom Programm
FIRBAL bericksichtigt wird. Das ASCO-
RECORD gibt automatisch zwei ganze Z3hlen
fur jede Messung. Die feste Zahl dient als
Standortziffer, die zweite. die automatisch
jede abgeschlossene Einstellung zahlt, dient
als Bezugszahl zur betreffenden Datenreihe.

Der fur 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 fir eine Aufzeichnung einer ASCO-
RECORD-Messung demgegeniiber wesent-
lich geringer ist. Die typische Genauigkeit
der geometrischen MeRergebnisse mehrerer
Stationen im Abstand von 100 km. die die-
selbe Feuerkugel beobachten, entspricht den
Standardabweichungen von 10 bis 100 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 Standardabweichungen
des Radianten haben aen typischen Wert
von 0,2°. Die Vorhersage eines Meteoriten-
falls hangt bei einem tief eindringenden Ob-
jekt (in der Rege! 35km Uber der Erdober-
flache) weitgehend von der Genauigkeit der
aerologischen Daten (Hohenwinde) ab. Die
mit dern ASCORECORD erzielten Me8-
ergebnisse sind meistens um mindestens eine
GroBenordnung besser, als es flr diese Be-
rechnungen erforderlich ist.

Der Einsatz des ASCORECORD mit dern
Kleinrechner KSR 4100 erméglicht die
Durchfiihrung des gesamten Projektes zur
Uberwachung des europaischen Feuerkugel-
Netzes mit nur einem Operateur. Die vor-
laufipen Ergebnisse werden regelméRig im
SEAN-Bulletin  [3, 4] veroffentlicht, die
Endergebnisse erscheinen im Bulletin des
Astronomischen Instituts der Tsehechoslo-
wakei [5, 6].
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Hinweis an die Bezieher der
JENAER RUNDSCHAU

Im Interesse sicherer und schneller Zu-
stellung der JENAER RUNDSCHAU wird
gebeten, bei der Mitteilung von Anschrif-
tenanderungen auBer der neuen auch die
alte Anschrift mit anzugeben, unter der
die Hefte bisher empfangen wurden. Bitte
unbedingt ausgeschnittene Anschrift mit
allen Angaben (Kurzzeichen) vom letzten
Versandumschlag ubersenden.
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