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Editorial Note

The current issue of Publications of the Institute
of Geophysics, Polish Academy of Sciences, is to
commemorate the Hundredth Birthday of Stanistaw
Michnowski — the pioneer of experimental and theo-
retical research in various branches of atmospheric
electricity. We republish here some of his influential
early papers, which are hardly available in electronic
form. We also include personal notes from the
coworkers, colleagues and friends of this outstanding
Scientist and Man, giving evidence for his achieve-
ments, merits, and role in the scientific communities.

This is a second issue of this journal in a new se-
ries to honor the achievements of eminent scientists
associated with the Institute of Geophysics, Polish
Academy of Sciences. The first, Vol. A-30 (420),
was published to commemorate the 50th anniversary
of professorship of Professor Roman Teisseyre.

Marek Kubicki, Editor-in-Chief
Anna Dziembowska, Managing Editor

© 2018 Institute of Geophysics, Polish Academy of Sciences
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Stanistaw Michnowski:
Maverick of the Global Electrical Circuit

Earle R. WILLIAMS

Massachusetts Institute of Technology,
Cambridge, MA, USA

D4 earlew@Il.mit.edu

Stanistaw Michnowski has worked the Earth’s global electrical circuit (GEC) in a research
career whose length has now eclipsed that of C.T.R. Wilson, and which remains viable today
on the eve of his 100th birthday as he prepares another manuscript. The development and uti-
lization of three measurement sites at different latitudes (Cha-Pa in Vietnam (22 N), Swider in
Poland (50 N), and Hornsund in Spitsbergen (77 N)) has enabled a broad perspective on the
behavior of atmospheric electrical variables.

With his knowledge that tropical convection dominated the source for the GEC,
Michnowski established an observatory far from home at Cha-Pa in North Vietnam. With his
knowledge that point discharge dominated the “balance sheet” for charge transfer to Earth,
one of his first research publications explored this topic in detail (Michnowski 1955). He has
continued to investigate the behavior of lightning in thunderstorms both in Vietnam and in
Poland from the standpoint of its role in the GEC (Michnowski 1969, Baranski and
Michnowski 1992).

While in Vietnam, a country adjacent to the sea, Michnowski had access to a large popula-
tion of “warm” tropical clouds that would not have been present in Poland. As a relative new-
comer to the field of atmospheric electricity at the time, he had the audacity to publish an
observation revealing two lightning flashes in a cloud he documented to be in this “warm”
category (Michnowski 1963). This finding threw a wrench into a primary role for ice-based
theories and also cast doubt on the idea that the polarity of the GEC was determined by some
special property of ice. This publication also fired the enthusiasm of advocates of the convec-
tive theory for storm electrification at that time.

At three different observatories, Michnowski kept a watchful eye on the behavior of the
“fair-weather” electric field. Based on monitoring at Swider, he came to realize the challenges
to seeing globally representative behavior against the local noise from the polluted continental
boundary layer and the effects of radioactivity from weapons testing and from nuclear acci-
dents (Kubicki et al. 2003). Undeterred by this disquieting news, he changed his focus and
main observational site to higher latitude where the atmosphere was cleaner and where extra-
tropospheric influences were more prevalent.

Throughout his long career, Michnowski has championed the study of the DC global cir-
cuit, and later teamed with Krakéw colleagues on the Earth’s Schumann resonances (Nieckarz

© 2018 Institute of Geophysics, Polish Academy of Sciences
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et al. 2009). One of his key contributions with the DC global circuit, stimulated by observa-
tions at Hornsund and exemplified in a review paper (Michnowski 1998), has been the em-
phasis that the global circuit picture of Wilson (1921) was oversimplified. The ionospheric
conductor and isopotential surface does not cleanly isolate tropospheric meteorology from so-
lar/space physics in Wilson’s picture and as many students of the GEC wish to be true (this
writer included). Fields and particles form the Sun and magnetosphere can traverse Wilson’s
isopotential to influence the fair weather field Ez at the surface (e.g., Nikiforova et al. 2003).
Michnowski’s frequent use of Ez as a proxy for ionospheric potential, prevalent in other glob-
al circuit studies, deserves careful scrutiny in future work. The challenge remaining is to dis-
tinguish the effects of changes in the medium of the GEC from changes in the source.
Happy 100th Birthday Stanistaw!
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Preface

Anna ODZIMEK

Institute of Geophysics, Polish Academy of Sciences
Warsaw, Poland

< aodzimek@igf.edu.pl

The selected works reprinted in this issue recollect the stages and milestones in the re-
search studies of Stanistaw Michnowski, published mainly in the Publications of the Institute
of Geophysics, Polish Academy of Sciences, and in Acta Geophysica Polonica, in older paper
issues and thus not widely available. More recent articles listed in the enclosed Bibliography
can now be found elsewhere in the electronic form.

The research studies of atmospheric electricity can overall be divided into two main paths
— research into the science of thunderstorms or more generally of electrified clouds, and stud-
ies of the electricity of atmospheric fair-weather conditions. Both of these paths are present in
the scientific career of Stanistaw Michnowski. What has initially brought him into the field of
atmospheric electricity were problems of lightning protection and physics of lightning which
he studied at Warsaw Technical University in the early years.

An experimental campaign on natural lightning and atmospheric electric fields and cur-
rents at the Geophysical Observatory in Swider near Warsaw has opened Stanistaw’s long
chapter of research investigations in the field of atmospheric electricity at the Department of
Geophysics of the Polish Academy of Sciences (PAS) in Warsaw, later the Institute of Geo-
physics PAS. The first article reprinted here and the first major publication of Stanistaw
Michnowski presents the summary of the results from the early experimental work at Swider
on point discharge current (Michnowski 1955). From the beginning the work of Stanistaw in
his investigation of any scientific topic has been characterised by applying a wide spectrum of
auxiliary methods or measurements, attention to details in the analysis of the obtained results
and vision for future investigations.

The experience gathered in the following decade of development of Swider as an atmos-
pheric electricity station and establishing an atmospheric electricity station in Cha-Pa (Sa Pa)
in North Vietnam during the International Geophysical Year has led Stanistaw Michnowski to
take on further experimental campaigns, this time focused on lightning and specifically the
variations of the atmospheric electric field after lightning discharges. These problems inter-
ested him in view of the thundercloud structure and structure of the lightning discharges
which could be inferred from the observations by using models of the variations of the electric
field (E-field) after lightning discharges. The conclusions of this experimental work on light-

© 2018 Institute of Geophysics, Polish Academy of Sciences
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ning-related electric field variations from Swider and Warsaw are summarised in the second
paper recollected here (Michnowski 1967). As the observations have brought some new re-
sults and indicated some disagreements with the existing models of the E-field variations,
Stanistaw has continued the measurements of the electric field recovery after lightning during
his visiting fellowship in England. The summary of the results of the whole of the experi-
mental work has been published in the paper reprinted here as the third (Michnowski 1969).
Finally, the fourth reprinted paper is the theoretical work of Stanistaw Michnowski on the at-
mospheric electric field recovery after lightning discharges where he presents his theoretical
model that describes the processes in agreement with observations (Michnowski 1973), and
belongs to his main scientific achievements.

The next three articles recollected in this issue concern the results of collaboration of the
Atmospheric Electricity Group led by Stanistaw Michnowski with the national Central Labor-
atory for Radiological Protection, Central Institute for Labour Protection in Warsaw, Institute
for Nuclear Research in Swierk and Warsaw Technical University. One of them is related to
joint results of observations of radioactivity and its effects on atmospheric electricity meas-
ured at Swider, and further two present the results of pioneering at that time investigations of
the effects of building materials on indoor air ionisation, induced static electricity and related
health issues (Michnowski et al. 1976, 1980; Korniewicz et al. 1980).

The results from the publication which follows next in the list of reprints (Michnowski et
al. 1987) belong to significant achievements of Stanistaw and his collaborators from the Uni-
versity of Uppsala and the Institute of Meteorology and Water Management in Warsaw. The
paper is one the first, pioneering works on the lightning activity and electric structure of a
mesoscale thunderstorm convective system, so widely investigated nowadays in regard to se-
vere weather events and TLE-producing (Transient Luminous Events) thunderstorms.

The scope of the observational work of Stanistaw Michnowski in atmospheric electricity
included international efforts and the Polish side contributed by taking part in the international
comparative balloon measurements in the free atmosphere in Laramie, at the University of
Wyoming, USA, in 1978. This was realised due to collaboration with the designer of instru-
ments for the measurements of the atmospheric electric parameters, Jerzy Berlinski of the
Warsaw University of Technology, Stanistaw’s junior colleague. In connection with these ef-
forts we recollect the publicaton of Berlinski and Michnowski (1987).

In the late 1980s atmospheric electricity measurements have been established in the Polish
Polar Station in Hornsund, Svalbard, by Stanistaw Michnowski with the participation of
Group members, including Stanistaw Warzecha, Marek Chrobak, Andrzej Losakiewicz, and
also Jan Drzewiecki of Warsaw Technical University, and have been continued in the follow-
ing years by Marek Kubicki. The paper presented here as next (Michnowski et al. 1991) is the
first publication of the Group and Polish and international collaborators in this field.

The research paper by Stanistaw Michnowski published in Journal of Geophysical Re-
search (Michnowski 1998) on the effects of the solar wind and magnetosphere on the electric-
ity of the lower atmosphere in which he outlined the directions of development of these
studies against the background of the state of knowledge in the field was of great significance
for the current research on atmospheric electricity in polar regions.

Due to the long-time collaboration with scientists from the Institute of Physics of the Earth
of the Russian Academy of Sciences, in Moscow: Ninel Nikiforova, Natalia Kleimenova and
Olga Kozyreva, significant new results of solar-wind-magnetosphere effects on ground-level
atmospheric electricity have been obtained, supported by simultaneous geophysical, meteoro-
logical and ionospheric observations that showed regularity of some phenomena, as well as
their unusual character depending on the geophysical conditions. Several papers on this sub-
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ject were subsequently published in Geomagnetism and Aeronomy (Nikoforova et al. 2003,
2005; Kleimenova et al. 2008, 2010).

The summary of the International Workshop on Global Atmospheric Electricity Measure-
ments, 10-16 September 1989 in Madralin, Poland, which has been organised by Stanistaw
Michnowski in cooperation with the International Comission on Atmospheric Electricity and
the Institute of Geophysics PAS and the Polish Geophysical Society, shows his broad interest
in the entire field of atmospheric electricity. The concluding remarks of the Workshop pre-
sented the state of contemporary knowledge in this field and the directions of its desired fur-
ther development (Michnowski 1991).

The last paper recollected in this book (Baranski and Michnowski 1992) is a co-authored
work of Stanistaw and his junior colleague Piotr Baranski, again focused on lightning.

This is another one in the series of works authored by the junior colleagues and students of
Stanistaw Michnowski in the Atmospheric Electricity Group at Warsaw. A particular
achievement of the group led by Stanistaw and of Nguyen Manh Duc from the Vietnamese
Academy of Sciences who stayed with the group on longer research fellowships, is the work
on initiation of lightning discharges in thunderclouds. The hypothesis presented in the co-
authored paper published in Journal of Geophysical Research on the cumulative effect of
droplets on the initiation of atmospheric discharges is still of interest today (Nguyen and
Michnowski 1996).

The full bibliography of the papers authored and co-authored by Stanistaw Michnowski in
this book completes the picture of his research studies in atmospheric electricity and reflects
their broad scope. It is the nature of this scientific discipline that demands from its investiga-
tors multidisciplinary knowledge and complex approach, and Stanistaw Michnowski in his
work has always been open and preparing to the new challenges which he met on his way
whether by his own choice or as the circumstances demanded.
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From Coworkers, Colleagues and Friends
(Od Wspoétpracownikow, Kolegéw i Przyjaciot)

My work with Professor Stanistaw Michnowski

I met Professor Stanistaw Michnowski first time in St. Petersbourg in the end of 1980s.
| forgot the subject of the Meeting on which Stanistaw was with his student Nguyen Manh
Duc, but I could not forget his enthusiasm in speaking about relationship between the geo-
magnetic disturbances and atmospheric electric field variations. His arguments were very
convincing so that | too became interested this new research and started to study this subject
which was very far for me in that time.

Now the influence of the interplanetary conditions on the magnetosphere and ionosphere
is termed “space weather effects”. But Stanistaw was the first who seriously started to develop
this problem applying it to the atmospheric electricity because he understood the physical ba-
sis of the possible influence of the interplanetary magnetic change on the global electric cir-
cuit and, correspondently, on the atmospheric electric field features near the Earth surface. In
1998, Stanistaw has published that idea in the most important scientific international journal,
Journal of Geophysical Research, where he has demonstrated how the solar and magneto-
sphere activity may significantly control a global electric circuit state due to ionosphere elec-
tric field disturbances.

/

Stanistaw Michnowski with his Russian collaborators, Natalia Kleimenova and
Olga Kozyreva, Swider 2009

© 2018 Institute of Geophysics, Polish Academy of Sciences
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Later on, for the long time, we have worked together analyzing the Ez observation data
from the Polish middle latitude Swider and polar latitude Hornsund stations and discussing
the possible physical interpretation of the discovered facts. It was very nice and fruitful time
of our cooperation. Every time, his brilliant ideas helped us to reveal and explain the new ex-
perimental results.

Stanistaw was the first in studying a role of the magnetospheric field aligned currents
(FAC) in the atmospheric electric field variations. It was found that these currents play the
controlling role in the Ez feature measured at the Earth’s surface. For example, it was estab-
lished that at polar latitudes, the Ez deviations were positive under the downward FAC and
negative under the upward FAC.

For the first time, it was found that during the main phase of a strong magnetic storm, a
strong daytime negative Ez deviations could be observed at middle latitudes simultaneously
with the magnetic substorms measured at the night side of the auroral zone. As well, it was
found the strong mid-Ilatitude Ez depletion in response to the magnetically quiet-time Ez data
during the days of cosmic ray Forbush decrease development. We presented our results at dif-
ferent international meetings and published several common papers. One of them has been
published last year.

Stanistaw is not only outstanding scientist, but also a versatile, interesting person who, for
example, introduced me to many important details of the Polish history which were unknown
for me. I am lucky to have not only a colleague, but such a good friend!

Natalia Kleimenova
Institute of Physics of the Earth
Russian Academy of Sciences

* k% %

I met Stanistaw Michnowski before the Inter-
national Geophysical Year 1957-58 when
| organized scientific expedition to Vietnam. He
was responsible for organization of atmospheric
electricity branch of the expedition. Shortly we
became friends.

Stanistaw Michnowski is a pioneer of modern
research in some branches of atmospheric elec-
tricity and lightning investigations. He organized
the atmospheric electricity laboratory of our Insti-
tute over 70 years ago, and was its many-year
head. He is well-know in the scientific world and
highly appreciated by the international communi-
ty of atmospheric electricity researchers. There-
fore, it is a very good idea to commemorate his
100 birthday by reproducing some of his most in-
fluential papers, quoted up to now.

I would like to especially point out a number
of contributions related to his research in the
Stanistaw Michnowski i Roman Teisseyre frame of our scientific expedition to Vietnam
during the International Geophysical Year during the International Geophysical Year 1957-
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58; Stanistaw Michnowski has organized continuous observations and recordings of the elec-
tric field at the stations Cha-Pa and Phu-Lien established there in a frame of cooperative
Polish-Vietnamese geophysical program. He has continued this scientific cooperation with the
Vietnamese researchers during almost 50 years!

Last but not least, | have to point out his important personal contribution to the resistance
against the Nazis occupation of Poland during the 1l World War, documented in numerous
historical publications.

In spite of hundred years of age, Stanistaw Michnowski is a very active and hard working
scientist, full of plans and ideas for future research, so we are looking forward to his next con-
tributions.

Roman Teisseyre
Institute of Geophysics
Polish Academy of Sciences

Dear Prof. Michnowski

Piotr Baranski tells me that you will soon celebrate your 100th birthday. On this occasion,
| would like you to know that you and your research work have been major sources of inspira-
tion to me here at the University of Arizona. | have followed your research since the 1960s
when you examined the effects of point discharge currents on the earth’s electric field and
global electric circuit, and also your analyses of the recovery of the surface electric field fol-
lowing lightning discharges. We found this work to be particularly valuable for our analyses
of thunderstorm electric fields and lightning at the NASA Kennedy Space Center. Later you
examined many topics that were clearly ahead of their time such as the diurnal and seasonal
variations in the total air-earth current, particularly at northern latitudes; the electrical conduc-
tivity of the atmosphere as a function of height, aerosol content, etc.; and most recently the ef-
fects of geomagnetic substorms on the atmospheric electric field at polar latitudes.

Youk were also a valuable source of support while |1 was President of the International
Commission on Atmospheric Electricity, and you and your collaborators have clearly made
lasting contributions to this field. In closing, | would like to note that much of your early work
was accomplished in spite of the difficult circumstances caused by the chaos of war, external
occupation, and political upheaval.

Please accept my very best wishes on the occasion of your 100th birthday and my warm
personal regards.

E. Philip Krider,

Department of Atmospheric Sciences
Institute of Atmospheric Physics

The University of Arizona

Przyziemne atmosferyczne pole elektryczne w obszarach polarnych a wiatr sloneczny
— frapujace pytanie Dra Stanistawa Michnowskiego

Poznatem Dra Stanistawa Michnowskiego kiedy rozpoczatem swoja prace w éwczesnym
Zaktadzie Geofizyki PAN — w pazdzierniku 1969 r. Ze wzgledu na ktopoty lokalowe wyzna-
czono mi moj ,,desk” w bibliotece, w ktorej to spedzatem caty dzien regulaminowej pracy.
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Globalny uktad pradowy

Bardzo czgstym gosciem byl tam czlowiek w kasku a raczej z kaskiem-heltmem ochronnym.
To byt Stasio Michnowski, ktéry w mojej pamigci krazyt pomigdzy dachem Instytutu, gdzie
byta ulokowana aparatura obserwujaca wyladowania atmosferyczne (stad ten kask ochronny)
a biblioteka, gdzie weryfikowatl swoje obserwacje na biezaco. Caty czas podczas mojej pracy
w Instytucie Geofizyki moglem przekona¢ sig, Zze to nie tylko osoba kierujaca Pracownia
Elektrycznosci Atmosfery IGF PAN, ale mentor tych badan w Polsce. Potrafiacy z ogromnym
zaangazowaniem przekonywac do swoich wizji. Czego mozna mu pozazdrosci¢ to szerokiego
kata widzenia problemoéw zwiazanych z badanymi zjawiskami. W tych dawnych latach, Stas z
Zespotem skupiat si¢ na badaniach i pomiarach sktadowej przyziemnej pola elektrycznego
atmosfery Ziemi. Rozbudowywal pomiarowe sieci obserwacyjne, ktorych punktem central-
nym byto Obserwatorium w Swidrze. Potrafit zaprosi¢ do obserwacji innych parametréw fi-
zycznych atmosfery instytuty badawcze z Warszawy. Stworzyt w ten sposob komplementarne
stanowisko pomiar6ow i interpretacji przyziemnego pola elektrycznego atmosfery.

Kiedy Instytut Geofizyki zaczat organizowac¢ baz¢ na Spitzbergenie w ramach polskiego
Programu Polarnego zaoferowano tam rowniez pomiary parametréw elektrycznosci atmosfe-
ry, ale tez i jonosfery, ktore zorganizowato Centrum Badan Kosmicznych, mojego nowego
miejsca pracy. Tutaj tez nad problemami geofizyki polarnej nastapito moje spotkanie badaw-
cze z elektryczno$cia atmosfery 1 wspotdziatanie z drem Stanistawem Michnowskim.

Polozenie stacji na Horsundzie, gdzie magnetyczne potudnie wypada o 09 UT, jest dosko-
nate i zmienia si¢ w odniesieniu do projekcji linii sit pola geomagnetycznego Ziemi. Stacja
moze znajdowac si¢ pod obszarem owalu zorzowego lub pod otwartymi liniami pola z obsza-
ru czapy polarnej. Jest to wigc doskonaty punkt obserwacji. Dla Stasia byto naturalne, ze w
tym obszarze przyziemne pole elektryczne atmosfery musi sprzg¢gac si¢ z elektrycznym polem
magnetosferycznym — tym generowanym w oddzialtywaniu wiatru stonecznego na granicy
magnetosfery. Tak to mysli Stanistawa Michnowskiego pobiegly w kosmos.

Na Horsundzie zorganizowano komplet pomiaréw monitorujacych:

Q przyziemne pole elektryczne przez radioaktywne kolektor i miynek pola;
O gestos¢ wertykalnego pradu atmosfera-ziemia przez dluga linie antenowa;
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Qo parametry meteorologiczne;
O zestaw pomiarow helio-geofizycznych: trzy sktadowe pola geomagnetycznego, obserwacje
zorzowe, absorbcje jonosferyczna riometrami ,TEC-GPS oraz sondowania jonosferyczne.

Horsund stworzyl tym samym operacyjna platform¢ do monitoringu wielu aspektow rela-
cji fizycznych Stonce-Ziemia i byt to w duzej mierze wynik inicjatyw dra Stanistawa Mich-
nowskiego.

Powszechnie wiadomo, ze zmiany w oddziatywaniu wiatru stonecznego na granicy ziem-
skiej magnetosfery mapuja si¢ wzdtuz linii sit pola magnetycznego w dot do jonosfery, ktéra
poprzez swoje wysokie przewodnictwo elektryczne zamyka ten obwod. Z drugiej strony ho-
ryzontalne wielkoskalowe elektryczne pola w jonosferze mapuja si¢ do powierzchni ziemi ,
gdyz ziemska atmosfera doznaje zmian przewodnictwa elektrycznego poprzez bombardowa-
nie strumieniami kosmicznego promieniowania galaktycznego. W obszarze polarnym te
zmiany przewodnictwa dodatkowo wzmacniaja strumienie wysokoenergetycznych czastek z
magnetosfery. Tak wigc istnieja elektromagnetyczne uwarunkowania aby przyziemne werty-
kalne pole atmosferyczne byto czute na zmiany pola jonosferyczno-magnetosferycznego, tzw.
pola konwekcji magnetosferyczne;j.

Jednakze wciaz odpowiedz atmosferycznego pola przyziemnego jak i pradu wertykalnego
na zmiany w polu konwekcji nie jest w petni zrozumiata. Stacja Horsund i jej pomiary przy-
blizaja poznanie fizycznej natury tych relacji pomimo réznorakiej skali czasowo-
przestrzennej wystgpujacych zaktocen.

Wybrane przypadki dla dobrze okreslonych warunkéw pigknej pogody przez S. Michnow-
skiego 1 wspotpracownikéw (Michnowski et al. 2007) pokazaty, ze dla silnych zmian zaréw-
no pole przyziemne jak i prad wertykalny sprzg¢gaja si¢ ze zmianami magnetosferycznymi.

Jakkolwiek wciaz iloSciowa statystyka tych zjawisk jest konieczna, to idee nakreslone
przez dra Stanistawa Michnowskiego w jego publikacjach w Journal of Geophysical Rese-
arch brukuja droge tych badan.

Zbigniew Klos
Centrum Badan Kosmicznych
Polska Akademia Nauk
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Dzialalno$¢ Stanistawa Michnowskiego w Polskim Towarzystwie Geofizycznym

Sekcja Fizyki Litosfery i Przestrzeni Okotoziemskiej (FLiPO) powstata w 1980 r. — po-
czatkowo pod nazwa Sekcja Fizyki Wnetrza Ziemi i Przestrzeni Okotoziemskiej — na wnio-
sek grupy geofizykoéw zajmujacych si¢ badaniami naukowymi w rozmaitych dyscyplinach
fizyki wngtrza Ziemi oraz fizyki przestrzeni miedzyplanetarnej, a ktore nie byty (praktycznie
biorac) reprezentowane w éwczesnym przekroju zainteresowan Polskiego Towarzystwa Geo-
fizycznego (PTGF). Z poczatkiem roku 1981 sekcja FLiPO zostata afiliowana przy Oddziale
Warszawskim PTGF. Przewodniczacym Sekcji zostal Stanistaw Michnowski, zreszta jej pro-
motor 1 gtowny organizator. Od samego poczatku w dziatalnosci Sekcji FLiPO byly dwa
glowne pola zainteresowan: elektrodynamika dolnej i gornej atmosfery w strefach polarnych
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(z uwzglednieniem szczegolnej roli Polskiej Stacji Polarnej — PSP Hornsund na Spitsberge-
nie) oraz historia geofizyki w Polsce w XIX i XX wieku. Metody pracy w Sekcji stopniowo
przybieraly urozmaicone formy, a wigc: akcja odczytow z wybranych zagadnien geofizyki o
charakterze interdyscyplinarnym przy wspotudziale pracownikow z réznych osrodkow na-
ukowych (Instytut Geofizyki PAN, Instytut Geofizyki UW, Centrum Badan Kosmicznych
PAN, Instytut Podstawowych Probleméw Techniki PAN, Instytut Meteorologii i Gospodarki
Wodnej, Panstwowy Instytut Geologiczny, Muzeum Ziemi PAN i in.); specjalistyczne kon-
wersatoria dotyczace probleméw fizyki wnetrza Ziemi 1 fizyki przestrzeni okotoziemskiej z
zakresu biezacych prac naukowych prowadzonych przez czlonkow Sekcji; organizowanie
wycieczek naukowych (np. do Obserwatorium Astronomicznego i Radioastronomicznego
Uniwersytetu Mikotaja Kopernika w Toruniu, Obserwatorium Geofizycznego im. St. Kali-
nowskiego w Swidrze); gromadzenie i opracowywanie materialtéw zwiazanych z rozwojem
r6znych dyscyplin geofizyki w Polsce oraz opieka nad naukowa spuscizna polskich geofizy-
kow; publikowanie artykutow w kwartalniku Przeglqd Geofizyczny oraz wymiana prac wia-
snych z zagranicznymi osrodkami naukowymi.

W trakcie kadencji St. Michnowskiego jako przewodniczacego Sekcji FLiPO, 1981-1999,
zorganizowano kilkanascie odczytéw z udzialem autorow krajowych i zagranicznych (ze Sta-
now Zjednoczonych, Szwecji, Rosji), reprezentujacych roézne placowki naukowo-badawcze
zwiazane z szeroko pojeta geofizyka. Tematyka wystapien byta urozmaicona, ale z reguty
zwigzana z aktualnymi osiagnigciami i trendami rozwoju w danej dyscyplinie geofizyki ziem-
skiej czy geofizyki planetarnej (np. geodynamika, sejsmologia i sejsmika, planetologia, elek-
tromagnetyzm dolnej i1 goérnej atmosfery, elektrodynamika jonosfery, fizyka plazmy
magnetosferycznej, relacje Stonce—Ziemia). Specjalistycznych roboczych konwersatoriow
odbylo si¢ okoto setki. Dotyczyty np. teorii p6l wektorowych, oddziatywan Stonce—Ziemia,
badan rozktadu pradow elektrycznych w dolnej atmosferze strefy polarnej, elektromagnetycz-
nych oddziatywan magnetosfera—jonosfera w rejonach polarnych, pol elektromagnetycznych
w dolnej atmosferze w PSP Hornsund, fizyki wytadowan elektrycznych w dolnej atmosferze,
termodynamicznych i elektronowo-optycznych wiasnosci mineratlow plaszcza Ziemi, sej-
smiczno-termicznego modelowania kontynentalnej litosfery, konstrukcji aparatury pomiaro-
wej (np. spektrometr ruchliwosci jonow w dolnej atmosferze). Sekcja FLiPO aktywnie
uczestniczyta w roboczym spotkaniu dotyczacym geodynamicznych badan w Obserwatorium
Astrogeodezyjnym Politechniki Warszawskiej (Jozefostaw) powiazanych z programem ,,In-
ternational Service for Geodynamics” oraz projektu geodynamicznych badan CERGOP (Cen-
tral European Geodynamic Project). Wzigla rowniez czynny udziat w organizowaniu przez
Instytut Geofizyki PAN 1 PTGF (we wspolpracy z Miedzynarodowa Komisja Elektrycznosci
Atmosferycznej) migdzynarodowej Konferencji ,,Global Atmospheric Electrical Measure-
ments”. Wraz z Instytutem Geofizyki PAN i Centrum Badan Kosmicznych PAN Sekcja FLi-
PO zorganizowata w Warszawie w 1994 r. seminarium pod nazwa ,,Polska Stacja Polarna
Honsund w badaniach dotyczacych oddziatywan Stonce—Ziemia”. Zainteresowanie historia
badan geofizycznych w Polsce dotyczyto, w poczatkowym okresie pracy Sekcji, gromadzenia
roznych materiatow (publikacje, maszynopisy, listy, fotografie, odreczne notatki, dokumenty
urzgdowe) zwiazanych z dziatalno$cia wybitnych polskich geofizykow, jak np. Maurycy Pius
Rudzki (1862-1916), Henryk Arctowski (1871-1958), Marian Smoluchowski (1872-1917),
Antoni Bolestaw Dobrowolski (1872-1954), Stanistaw Kalinowski (1873-1946), Henryk Or-
kisz (1903-1995), Edward Stenz (1897-1956), Tadeusz Olczak (1907-1983). W 1987 r. Sekcja
FLiPO zorganizowata w gmachu Muzeum Ziemi PAN w Warszawie, seminarium z okazji
125 rocznicy urodzin Maurycego P. Rudzkiego. Zaowocowato ono wspotpraca z Komitetem
Geofizyki PAN w przygotowaniu obchoddéw setnej rocznicy powotania na Uniwersytecie Ja-
giellonskim w Krakowie, pierwszej w $wiecie katedry geofizyki (pod nazwa: Katedra Geofi-
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zyki Matematycznej 1 Meteorologii). Uroczysta sesja naukowa w UJ miatla miejsce
20 listopada 1996 r.

W grudniu 1999 r. Sekcja FLIPO\FWZiPO przeksztalcita si¢ w samodzielny, ogdlnopolski
Oddziat Fizyki Wngtrza Ziemi i Przestrzeni Okotoziemkiej Polskiego Towarzystwa Geofi-
zycznego (z siedziba w Warszawie). Wybrano nowy Zarzad Oddziatlu, a Stanistaw Michnow-
ski zostal jego Honorowym Prezesem. Za zastugi w efektywnej dziatalnosci na niwie
Towarzystwa Geofizycznego, Stanistaw Michnowski zostat uhonorowany Ziota Odznaka
PTGF (1997 r.), a w roku 2009 Walne Zgromadzenie PTGF wybrato Go Cztonkiem Honoro-
wym Polskiego Towarzystwa Geofizycznego.

Stawomir Maj
Instytut Geofizyki
Polska Akademia Nauk

Tak to si¢ zaczglo...

Byt to rok 1976, jesienne popotudnie. Szykowatem si¢ do wyjscia do domu, gdy do drzwi
mojego pokoju w Instytucie Podstaw Elektroniki ustyszatem pukanie i pojawit si¢ nieznajomy
z milym u$miechem na twarzy. Zapytal, czy mozemy chwile porozmawia¢. Rozmowa stata
si¢ bardzo interesujaca, wigc chwila wydtuzyla si¢ znacznie. Nigdy przedtem nie styszatem o
tym co ustyszalem, a bylo to bardzo interesujace, zwtaszcza ze propozycja dotyczyta udziatu
w badaniach otaczajacego nas Srodowiska przyrodniczego — elektrycznych wilasciwosci at-
mosfery. Temat byl mi calkowicie nieznany ale tak zachgcajacy, ze potknatem ,haczyk” 1
zgodzitem si¢ wspotpracowaé, zwlaszcza dlatego, ze w perspektywie miatem konstruowac
aparatur¢ pomiarowa, a to bylo moim ,,hobby”.

Nieznajomy statl si¢ moim bardzo dobrym Znajomym, obecnie Jubilatem obchodzacym
dzi$ setna rocznicg urodzin. Po latach wspotpracy chce powiedzie¢, ze jest nie tylko przyja-
cielem lecz ,,GURU” — przewodnikiem i inspiratorem moich dokonan.

Ale kontynuujac, nasze rozmowy w czasie ktorych znowu poczutem sig studentem, trwaty
czasem tak dlugo az zrozumiatem lub tak mi si¢ wydawato. Spotkania byly w siedzibie Insty-
tutu Geofizyki przy ulicy Pasteura lub w ,,moim” Instytucie, czasem w mieszkaniu ,,Stasia”.
Uzytem tu tego bardzo sympatycznego imienia Jubilata, bo dopiero niedawno ustyszatem, ze
tak o Nim mowia w rodzimym IGFie. Ale do rzeczy, po blisko roku wspolpracy powstat
pierwszy przyrzad do pomiaru nat¢zenia pola elektrycznego w powietrzu. Byt to dipol typu
,long wire” unoszony pod balonem. Proba odbyta si¢ w Instytucie Meteorologii w Legiono-
wie. Wszystko dziatato do chwili, gdy wtaczono radar w celu lokalizacji sondy. To ja ,,zabito”.

W 1977 roku ustyszatem bardzo intrygujaca nowing — mozemy pojecha¢ do USA by
uczestniczy¢ w migdzynarodowym ,,workshopie”, ale aby to bylo mozliwe to musimy zbu-
dowac¢ przyrzady pomiarowe, poniewaz celem tego spotkania ma by¢ poréwnanie przyrzadow
1 metod pomiaru tych samych parametréw elektrycznych atmosfery wykonywanych r6znymi
przyrzadami uzywanymi przez badaczy.

To byla rewelacyjna nowina, jak mozliwym moze si¢ sta¢ wyjazd ,,na dziki Zach6d” (jak
wtedy si¢ mowilo) z ,,socjalistycznej” strefy. Wtedy dowiedziatem sig, jak wielkim autoryte-
tem cieszyl si¢ Pan Stanistaw (tak si¢ do Niego zwracalem) w §wiatowym kregu naukowcow.
To zaproszenie do udzialu w badaniach byto tego potwierdzeniem.

Z wielkim entuzjazmem przystapilismy do budowy sondy typu ,,long wire” lecz zmodyfi-
kowanej, umozliwiajacej przemienny pomiar nat¢zenia pola elektrycznego oraz pradu piono-
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W laboratorium w Laramie — Stanistaw Michnowski(z prawej) i autor (z lewej)

wego. Entuzjazm byt tak duzy, ze przystapiliSmy do budowy drugiego przyrzadu, co byto dla
mnie tak trudne do realizacji, ze sprostanie wymaganiom wydawalo si¢ niemozliwe.

Byl to unikalny przyrzad do badania spektrum ruchliwosci jonéw w atmosferze. Trudno$ci
techniczne byly (przy uwzglednieniu 6wczesnego dostgpnego stanu techniki i potrzeby po-
miaru pradu o warto$ci mniejszej od 1 pA w warunkach zmian temperatury w czasie lotu pod
balonem az do -40 stopni) prawie nie do przezwycigzenia.

Jednak to wlasnie entuzjazm i zaufanie jakie miatem do mojego ,,guru” umozliwito zrobie-
nie przyrzadu w wymaganym terminie. Paszporty czekaty, lot zarezerwowany, tylko w glebi
duszy pozostawata obawa, czy aby nas wypuszcza z taka ,,rura” dtugosci okoto 1 m i wygla-
dajaca raczej na co$ z arsenatu. Szczg¢sliwie przeszlismy kontrolg i w drogg.

Wyjazd byt ,,na zaproszenie” University of Wyoming w Laramie. Aby tam dotrze¢, w
koncowej fazie lotu nad preriami ladowaliSmy czgsto w matych miejscowosciach. Po kolej-
nym starcie stewardessa, po odebraniu informacji od pilota, wstata i powiedziata do pasaze-
réw — pilot bardzo przeprasza pasazeréw, ale musimy wrdci¢ na lotnisko bo zapomniat
zatankowa¢. Jednak po chwili dodata — bo na nastgpnym lotnisku nie mozna tankowaé, po-
niewaz pompa jest zepsuta. Zapewne obaj to pamigtamy.

W Laramie uczestniczyli znani mi dotad z literatury badacze z wielu krajow. Zaskoczeni
byliSmy tym, Ze niedlugo po przyjezdzie dostaliSmy klucze do laboratorium i do magazynu,
aby moc pracowa¢ kiedy chcemy. Tak potraktowano nas mimo, ze przyjechaliémy z ,,socjali-
stycznego” kraju. Jestem przekonany, ze to wylacznie autorytet ,,Stasia” zadziatal.

W Laramie zostaliSmy o kilka dni dtuzej po oficjalnym zakonczeniu i1 dzigki organizato-
rom, prof. Hofmannowi i prof. Rosenowi, wykonano loty balonu z naszym spektrometrem ru-
chliwosci jonow. Przyrzad dziatal. Dalsze losy spektrometru przerwaty wydarzenia
historyczne w kraju w rezultacie ktérych odlozone ,,do lamusa” badania kalibracyjne nie z0-
staly przeze mnie dokonczone.

Kolejne lata wspotpracy rowniez z udziatem wychowankow ,,Stasia” w IGFie zaowoco-
waly nowymi przyrzadami: réoznicowy miernik pola elektrycznego, system monitorowania
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wytadowan doziemnych, miernik pola elektrycznego typu ,,wirujacy dipol”, miernik pradu
powietrze-ziemia.

Doswiadczenia z wieloletniej wspotpracy z kolegami z IGF byly dla mnie pomocne przy
innych konstrukcjach przyrzadéw pomiarowych. Wszystko zaczgto si¢ dawno temu i trwa do
dzi$. Nie bytoby tych ,,przygod” naukowych bez ducha i inspiracji naszego ,,Stasia”.

Sto lat — to za malo. Zyczymy wszyscy wigcej, dotaczam sie do tych zyczen.

Jerzy Berlinski
Instytut Podstaw Elektroniki — obecnie Instytut Systemow Elektronicznych
Politechnika Warszawska

Na Jubileusz 100-lecia Doc. dra hab. Stanistawa Michnowskiego

Jubileusz ten ma szczego6lna rangg, zbiega si¢ doktadnie z niepodleglosciowym Jubile-
uszem naszej Ojczyzny 1 dotyczy okresow wielkich jej zagrozen, wymagajacych stanowczych
reakcji patriotycznych, w ktérych swoje bojowe i naukowe talenty z zarliwoscia rozwijat Ju-
bilat. Urodzit si¢ On w Skarzysku Kamiennej, w dniu 10 listopada 1918 r., a wigc w przed-
dzien odzyskania niepodlegtosci, ktora cieszyl si¢ przez niemal 21 lat w postawie ,,Bog,
Honor 1 Ojczyzna”. Juz w wieku mlodzienczym zwiazat si¢ z Sodalicja Marianska 1 z Legia
Akademicka, a w 1937 r. podjat studia na Wydziale Elektrycznym Politechniki Warszawskiej
1 bardzo aktywnie rozwijal dziatalno$¢ akademicka.

Niestety w 1939 r. Jego studia zostaty przerwane i1 nadszedt okres trudnych zmagan z na-
jezdzca niemieckim i sowieckim. Bral w nich udziat kolejno w Skarzysku Kamiennej, Puta-
wach, Lublinie, Zamos$ciu, Wtodzimierzu, Lucku, Hrubieszowie, Rawie Ruskiej i — do chwili
kapitulacji — w Horonowie, a po niej w Lezajsku, Sandomierzu, Nowej Stupi i w Lasach
Swietokrzyskich. Powrdt do Skarzyska Kamiennej byl poczatkiem Jego, wspieranej przez
miejscowych Franciszkanow, dziatalno$ci konspiracyjnej. Przysigge organizacyjng ztozyt na
rece swojego kolegi szkolnego 1 uczelnianego, pdzniejszego wspaniatego profesora P.W., Ste-
fana Bernasa, ktory w listopadzie 1939 r. powierzyl Mu zadanie facznika z Konspiracja War-
szawska.

W 1940 r. nasilily sig represje i rosty straty konspiracyjne, wymagajace wigkszej czujno-
$ci. Pewna nadziej¢ na zmiang przyniosta w 1941 r. wojna niemiecko-bolszewicka, powodu-
jac nasilenie aktywnosci konspiracyjnej. Jubilat dziatat wowczas w ramach Polski
Niepodleglej (PN), ukonczyl kurs podchorazych w Szkole AK 1 od 1942 r. pozostawat w dys-
pozycji jej komendanta, realizujac zlecane przez niego zadania specjalne, np. zorganizowanie
konspiracyjnej siatki kontrwywiadowczej Kedywu AK, odbieranie rozkazow i przesytanie
systematycznych meldunkow do przetozonych.

W 1944 r. cudem wydostal si¢ z tzw. kotla, musial si¢ ukrywa¢, opusci¢ Skarzysko Ka-
mienna i dalsza dziatalno$¢ rozwija¢ w rdznych miejscach rejonu Warszawy. Nieco dtuzej za-
trzymat si¢ w Ursusie u wspomnianego juz kolegi S. Bernasa, stajac si¢ jego podkomendnym
w zgrupowaniu AK ,,Kordian”, gotowym do udzialu w Powstaniu Warszawskim. Udziat ten
jednak zostal udaremniony w Lesie S¢kocinskim przez dywizje pancerna ,,Hermann Goer-
ing”. Resztki rozproszonego zgrupowania powrdcity do Ursusa, by tam do grudnia 1944 r.
przezywac tragedie Powstania, a nast¢pnie — z uwagi na zblizajacy si¢ front sowiecki — po-
wroci¢ do Skarzyska Kamiennej. Tu, zachowujac nadal ostrozno$¢, trzeba byto pogodzi¢ si¢
ze skrzetnie ukrywana, ale rownie grozng nowa okupacja kraju, w ktorym NKWD wraz z UB
dokonywato licznych aresztowan, zsytek, tortur i morderstw.
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Po 6 latach wojennych zmagan wznowit On studia, cho¢ trudnosci i zagrozenia trwaly
nadal. Wszelkie niepoprawne politycznie dziatania, a nawet ujawniane poglady, konczyly si¢
represjami, aresztowaniem, torturowaniem, a nawet utrata zycia. Kontynuujac studia na Wy-
dziale Elektrycznym P.W., podjat prace asystencka w Katedrze Matematyki i nadal wspot-
dziatat z Sodalicja Marianska, z wydawnictwem Tygodnika Warszawskiego oraz z Redakcja
czasopisma naukowo-technicznego Politechnika, w ktorej petnit tez funkcje Naczelnego Re-
daktora. Inwigilacje i represje z powodu tych — majacych rzekomo ,,niewtasciwy” wptyw na
srodowisko akademickie — dziatan, zmusity Go w 1949 r. do ich zaprzestania. Stan stresu jed-
nak pozostat, ale na szczg$cie nie przeszkodzil w ukonczeniu podjgtej — pod kierunkiem Prof.
J.L. Jakubowskiego — rozprawy na temat zagrozen piorunowych i w uzyskaniu w 1950 r. dy-
plomu magisterskiego. Prowadzone $ledztwo, grozba aresztowania i brak zatrudnienia utrzy-
mywatly Go nadal w bardzo trudnej sytuacji.

Odmowa przystapienia do PZPR uniemozliwiata Mu zatrudnienie w Panstwowym Insty-
tucie Elektrotechniki. Udato sig jedynie podja¢ dodatkowe studia na Wydziale Fizyki Uniwer-
sytetu Warszawskiego i1 korzysta¢ z dorywczych zatrudnien w Glownym Instytucie Fizyki
Technicznej, w Zakladzie Wysokich Napie¢ P.W., w Obserwatorium Geofizycznym w Swi-
drze i w Zaktadzie Geofizyki PAN. Dopiero w 1954 r., po przeksztatceniu tego Zaktadu w In-
stytut Geofizyki PAN, uzyskal On tam stale zatrudnienie, trwajace do konca Jego aktywnosci
zawodowej, ktora poswigcit fizyce atmosfery z ukierunkowaniem na zjawiska piorunowe.

Na wspolny odcinek Jego drogi naukowej trafitem w potowie lat sze§¢dziesiatych z racji
mojego zaangazowania w badania zjawisk piorunowych roéwniez pod kierunkiem Prof.
J.L. Jakubowskiego. Poczatkiem byt nasz wspélny udziat w rozpoznawaniu probleméw na-
ukowych doktoranta wietnamskiego Nguyen Manh Duca. W tym czasie zaistniala tez mozli-
wos¢ dokonywania rejestracji wyladowan piorunowych w Polsce za pomoca licznikow
CIGRE, uzyskanych w Szwecji przez Prof. J.L Jakubowskiego. Stato si¢ to nie tylko zachgta
do ich instalowania, ale réwniez do rozwiazywania trudnych i bardzo waznych probleméw
ich czutosci, zasiggu dziatania i selektywnej rejestracji wyladowan doziemnych. Dziato sig to
zarowno w nowo otwartym w 1965 r. Centralnym Obserwatorium Geofizycznym w Belsku,
jak tez 1 w ramach dotychczasowych badan elektrycznos$ci atmosfery w Obserwatorium Geo-
fizycznym w Swidrze. Dzieki duzej fachowosci Jubilata udato si¢ wkrotce dokonaé kalibracji
licznikow i selektywnie rejestrowaé wytadowania doziemne, a w efekcie uzyska¢ wiarygod-
nos$¢ dokonywanych rejestracji i zaangazowac sig¢ kolejno w rozwdj nowych systemow lokali-
zacji wytadowan piorunowych (LLS), takich jak: IMPACT, SAFIR, PERUN, czy LINET. Byt
to jednak tylko drobny wycinek Jego badan z zakresu elektrycznos$ci atmosfery. Glowna uwa-
ge skupiat On na problemach dotyczacych elektromagnetycznego pola atmosfery, a w szcze-
golnosci na wystepujacych w nim zmianach i powodowanych nimi zaktoceniach
srodowiskowych w powiazaniu z przebiegami pradow piorunowych. Rezultatem bylo stop-
niowe uscislanie danych, charakteryzujacych zjawiska towarzyszace wytadowaniom pioru-
nowym 1 ich rozpowszechnianie w intensywnej wspotpracy z przedstawicielami krajowych 1
zagranicznych o$rodkow naukowych.

Wielce ceniony byl Jego udzial w licznych seminariach i sympozjach naukowych, a
zwlaszcza w pracach Polskiego Komitetu Ochrony Odgromowej (PKOO). Niemal od chwili
zaistnienia w 1958 r. tego Komitetu byt On jednym z gtownych jego filarow, a dla mnie buso-
la naukowa w jego prowadzeniu przez okres 40 lat.

Wyraznie przyczynit si¢ On do wzbogacenia naszej wiedzy o wytadowaniach pioruno-
wych 1 o sposobach zwalczania powodowanych przez nie zagrozen oraz do u$cislenia nie-
zbednych do tego danych, a przez to do rozwoju calej dziedziny, jaka jest ochrona
odgromowa i przeciwprzepigciowa.
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Sktadam tu gorace podzigkowania, Drogiemu Jubilatowi, za wszelkie dobro, jakie z duza
determinacja wyswiadczyt naszej Ojczyznie, naszej profesjonalnej spotecznosci i catej Nauce.
Gratuluje wspaniatego Jubileuszu i zycze wszystkiego, co najlepsze, na przyszte lata.

Zdobystaw Flisowski
Politechnika Warszawska

100-1at Pana Stanislawa

Zaczynatem od burzy i1 gradu (magisterka 1969) a koncze¢ z Piotrem Baranskim na torna-
dach (Parfiniewicz and Baranski 2014, Parfiniewicz 2017). Kiedy w trudnych latach 80-tych
musiatem w IMGW odej$¢ od synoptyki i prognoz numerycznych a przeszedtem formalnie do
zanieczyszczen (do Karola Budzynskiego i Krzysia Aberta), mozna powiedzie¢ zatrzymali
mnie w zawodzie Krzysztof Haman i wtasnie Stanistaw Michnowski. Tego si¢ nie zapomina.

Pan Stanistaw wykorzystal, mozna powiedzie¢, moje zainteresowania fenomenologiczne
(synoptyka) i fascynacje numeryka do interpretacji wytadowan atmosferycznych (Michnow-
ski et al. 1984). To chyba moj charakter (wybuchowy) spowodowat, ze blyskawice i PERU-
Ny wyznaczyly moja trajektori¢ naukowa, chociaz poczatkowo nie traktowatem tego serio.
A jednak, Pan Stanistaw dat mi kolejne zadanie (Michnowski et al. 1987) a nastgpnie zwiazat
z Piotrem. W 2008 r. juz przyszta pora na tornada. Pierwsze seminarium na ten §wiezy wOW-
czas temat w Polsce wyglositem, za namowa Mistrza, wiasnie w Instytucie Geofizyki: ,,Tor-
nado w rejonie Czgstochowy — 20 lipca 20077 (Parfiniewicz 2009). Gingli ludzie,
dewastowane byty domy — zalezato mi by do publicznej §wiadomosci dotarlo, Ze sa to wtasnie
groznie brzmiace tornada, a nie eufemistyczne traby powietrzne. Teraz, kiedy Lowcy Tornad
upowszechnili ten termin i jest on uzywany naprzemiennie, nie ma to juz znaczenia. Wracajac
do seminarium. Tam zostal ujawniony dos$¢ osobisty watek mojego “uzaleznienia” od Pana
Stanistawa. Zwiazany jest z okupacja (niemiecka). Urodzitem si¢ bowiem i wychowatem na
Zoliborzu, na ul. Krasinskiego 16, w dawnej kwaterze dowddczej Zywiciela (rzut oka na ko-
$ciot Sw. Stanistawa, ostoje ks. Popietuszki) i tradycje powstaficze sa wpisane w moj zycio-
rys. Kiedy spytatem Pana Stanistawa dlaczego chce ze mna wspotpracowaé, odpowiedziat mi,
ze jeszcze z czasow KEDYWu, zostata mu umiejgtnos¢ oceny ludzi. I to byta moja najpigk-
niejsza recenzja.

Podsumowujac, jezeli moje prace i nasze wspolne prace z Piotrem, przyczynity si¢ do pre-
cyzyjniejszego ostrzegania przed gwattownymi zjawiskami konwekcyjnymi, to za wszystkim
stoi przywodztwo duchowe Pana Stanistawa.

Jan Parfiniewicz
Instytut Meteorologii i Gospodarki Wodnej
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* k *

Stanistaw Michnowski to wielki uczony 1 patriota, ktory bgdzie obchodzit swoja 100 rocz-
nice urodzin dzien przed obchodami 100-lecia odzyskania niepodleglosci przez Polske. Koin-
cydencja tych dwoch wydarzen jest wprawdzie przypadkowa, ale jakze symboliczna, biorac
pod uwagg caty zyciorys tego wielkiego cztowieka. W trakcie mojej wieloletniej wspotpracy
ze Stanistawem Michnowskim 1 jego wspoipracownikami z Instytutu Geofizyki PAN miatem
okazj¢ 1 zaszczyt prowadzi¢ badania nad identyfikacja ré6znych faz wyladowan atmosferycz-
nych na podstawie rejestrowanego wolno- i szybkozmiennego pola elektrycz-nego. Wynikiem
tej wspolpracy, oprocz wspolnych publikacji, jest dziatajaca w Rzeszowie stacja rejestracji
wyladowan atmosferycznych. Prowadzone w Politechnice Rzeszowskiej badania dostarczaja
nowych wynikéw, ktore przyktadowo w tym roku byly prezentowane na konferencjach: 16th
International Conference on Atmospheric Electricity (ICAE2018) w Nara w Japonii oraz 34th
International Conference on Lightning Protection w Rzeszowie. To dowdd na to, ze dlugolet-
nia i owocna praca badawcza Stanistawa Michnowskiego w zakresie fizyki atmosfery jest
nadal kontynuowana. Jego wielki wktad w rozwo6j nauki jest doceniany na catym $wiecie o
czym mogtem si¢ przekona¢ wspolpracujac z w ramach konferencji ICAE oraz z pracowni-
kami Uppsala University w Szwecji. Dlatego tez nalezy podkresli¢, ze cale zycie 1 praca Sta-
nistawa Michnowskiego moga stanowi¢ wzoér do nasladowania dla kolejnych pokolen
mtodych naukowcow.

Grzegorz Mastowski
Politechnika Rzeszowska im. Ignacego L.ukasiewicza
Rzeszow

* * *

Stanistaw Michnowski byl moim kolega ze studiow na Wydziale Elektrycznym Politech-
niki Warszawskiej; studia rozpoczat jeszcze przed wojna, w 1937 roku, ale zakonczyt je ra-
zem ze mna w 1950 roku. Mialem z Nim wiele owocnych kontaktow, zwlaszcza w okresie
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duzo pdzniejszym, podczas kilkuletniej wspotpracy miedzy Centralnym Laboratorium Ochro-
ny Radiologicznej i Instytutem Geofizyki. Badania radioaktywnosci wykonywaliSmy na tere-
nie Obserwatorium w Swidrze, w powiazaniu z prowadzonymi tam od dawna cennymi
pomiarami elektryczno$ci atmosferycznej i danymi meteorologicznymi. Zostaly one opisane
miedzy innymi w tomie jubileuszowym wydanym z okazji dziewi¢édziesiatych urodzin Stani-
stawa Michnowskiego (Pensko 2009).

Jerzy Pensko
Centralne Laboratorium Ochrony Radiologicznej
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* k% %

I am most probably the oldest living collaborator of Stanistaw Michnowski in the Atmos-
pheric Electricity Laboratory of the Institute of Geophysics. My work began already before
my graduation from Warsaw University, and Stas was then a man of 43. He hired me to a po-
sition of research assistant at the Institute of Geophysics, and this turned out to be a very for-
tunate decision for me, since | have been keeping my association with the Institute until now.
| was overwhelmed by his great engagement, deep knowledge, and strong emotions toward
what he was doing. And this first impression has not changed until now, and comes to my
mind whenever | meet him.

We were working together on fair-weather electricity problems for some time. Our scien-
tific collaboration ended rather soon, but the friendship has remained, in spite of many ideo-
logical differences. Sta$ is a man of very strong faith, but open to hear opposite views.

He has an amazing memory, remembering not only facts, but also all science he has
learned. Therefore, he is able to continue doing research in spite of his eye problems. He has
everything in his head. This also concerns his priceless recollections from the World War 11
period, when he was very active in resistance movement. He belongs to the decaying group of
eye witnesses of those times.

Sta$ is a perfectionist. He has never presented his results without very deep analysis, care-
fully editing and “polishing™ his publications. Quite often he preferred to postpone publication
until everything was “perfect”. His Hundredth Birthday happened in the middle of his “refin-
ing” a recent publication. I am whishing him many years to come.

Anna Dziembowska
Institute of Geophysics
Polish Academy of Sciences
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Po latach

Stanistawa Michnowskiego poznatem w Zaktadzie Geofizyki PAN (wtedy tak si¢ nazywat
obecny Instytut Geofizyki PAN) na poczatku lat sze$¢dziesiatych, kiedy zaczynalem tam pra-
cowac. W roku 1964 okazato sig, ze po kilku latach funkcjonowania stacja geofizyczna zato-
zona w Wietnamie w 1957 roku w ramach Migdzynarodowego Roku Geofizycznego
wymagala renowacji. Przyrzady pracujace w klimacie tropikalnym nalezato podda¢ napra-
wom 1 kalibracji. W sierpniu 1964 roku z Instytutu Geofizyki PAN wyruszyta do Wietnamu
czteroosobowa grupa. Uczestniczytem w tej wyprawie, a moim zadaniem, miedzy innymi, by-
ty prace zwiazane z systemami pomiarowymi elektrycznos$ci atmosferycznej. Do tych dziatan
przygotowywat mnie Stasio Michnowski. Pamigtam dlugie, bardzo cenne rozmowy, ktore do-
tyczyty rowniez wspotpracy miedzyludzkiej. W razie klopotéw miatem si¢ szybko kontakto-
wac z Nim telefonicznie. Niestety, ze wzgledow technicznych 1 politycznych okazalo si¢ to
praktycznie niemozliwe (w Wietnamie zanosito si¢ na wojng). W obserwatoriach wietnam-
skich prace przebiegaly w miarg poprawnie. Michnowski byt dobrze zapamigtany przez nota-
bli wietnamskich, oczywiscie jako znakomity naukowiec, natomiast dla wysoko
postawionych dziataczy partyjnych problem stanowila jego dziatalno$¢ religijna. Michnowski
przemycil z Polski, pod pozorem przewozenia aparatury pomiarowej, obraz Matki Boskiej do
ko$ciota w Cha-Pa oraz zorganizowal tam mszg¢ §w. W czasie mojego pobytu w Wietnamie w
rozmowie ze mna wysoki dziatacz partyjny wspominal, ze gdy w zwiazku z otwarciem ob-
serwatorium jechali samochodem z Hanoi do Cha-Pa, Michnowski poprosit go o zabranie ra-
zem z nimi jeszcze jednego ,,towarzysza” wietnamskiego. Problem powstat kiedy okazato sig,
ze ,,towarzysz” jest wietnamskim ksiedzem. Dla partyjnego notabla musiato to by¢ szokiem,
skoro wspominat o tym po latach. Z Michnowskim jestem w kontakcie naukowym 1 towarzy-
skim od poczatku mojej pracy w IGF; w ostatnich latach juz raczej tylko towarzyskim.

Marek Gorski
Instytut Geofizyki
Polska Akademia Nauk

* * *

Gdy przed ponad po6t wiekiem rozpoczynatam pracg w Instytucie, Stasio Michnowski juz
pracowat. Byt kierownikiem Pracowni Elektrycznosci Atmosferycznej. Elektryczno$¢ atmos-
fery niewiele miata wspdlnego z moja dziedzing czyli sejsmologia, jednak Stasia zapamigta-
tam od poczatku, poniewaz byl osoba zwracajaca uwage. Wszedzie byto Go petno, bo peten
byt r6znorodnych pomystow i inicjatyw.

Z biegiem lat nasza znajomos¢ si¢ zaciesniata. W ostatnich latach, gdy choroba ograniczy-
ta Stasia kontakty ze $wiatem zewngtrznym, odwiedzaltam Go w domu. Odwiedziny moje
wigzaly sig, poza kontaktami towarzyskimi i kolezenskimi, z opracowywanymi przez Stasia
publikacjami. Wspominat przezycia zwiazane z Il wojna $wiatowa, Powstaniem Warszaw-
skim, w ktorym uczestniczyl w Zgrupowaniu ,,Obroza”. Wspominat tez lata wczesniejsze,
ktore przypadly na okres odzyskania przez Polske, po latach zniewolenia, niepodleglosci, a
znane Mu byty z opowiadan rodzinnych. Lata dziecinstwa i mtodosci spedzit w Skarzysku
Kamiennej. Opis jego dziejow przedstawit w ksiazce: ,,Z dziejow Polski i Skarzyska Kamien-
nej (wspomnienia rodzinne relacje i refleksje)”. Obecnie, jak mi wiadomo, opracowuje czes¢
druga Dziejow, dotyczaca lat 1939-2015. Obdarzony jest fenomenalng pamigcia. Ale pogle-
biajaca si¢ choroba oczu nie pozwala Mu na szybkie postepy w pracy. Zmusita Go do korzy-
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Stanistaw Michnowski w swoim mieszkaniu

stania z pomocy pana Janusza Kuraszkiewicza, ktéremu dyktuje to, co pragnie przela¢ na pa-
pier, by nieznane, a czg¢sto bolesne, fakty z historii Polski nie ulegly zapomnieniu. Owocem
tych zmagan, poza wspomniang publikacja, byty opracowania: ,,O Sodalicji Marianskiej Aka-
demikow w Warszawie” i ,,L.ukasz Cieplinski — wciaz za malo znany ostatni naczelny dowdd-
ca Polski Podziemne;j” (z wspotautorka Monika Koniecko).

Staszek Michnowski byt 1 pozostat, czlowiekiem aktywnym w roéznych dziedzinach, nie
tylko naukowych. Zycze Ci Staszku, by$ chociaz w czesci zdazyt zrealizowaé swoje zamie-
rzenia.

Maria Wernik
Instytut Geofizyki
Polska Akademia Nauk
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Stanistaw Michnowski during the ceremony to commemo-
rate his 90th birthday

Marx Brook visiting the Institute of Geophysics in the early 1970s. From the left: Malgorzata
Degorska, Head of Ozone Laboratory; Stanistaw Michnowski; Marx Brook; Jan Stomka, Director of
the Central Geophysical Observatory at Belsk; and Anna Dziembowska
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Stowo od Jubilata

Pragne¢ goraco podzickowa¢ moim kolegom i wspotpracownikom oraz wyrazi¢ hotd tym,
ktorzy odeszli. Do pracy w Zaktadzie Geofizyki Polskiej Akademii Nauk w Warszawie (taka
nazweg nosit wtedy obecny Instytut Geofizyki) przyjal mnie prof. Tadeusz Olczak w roku
1954, powierzajac mi stanowisko adiunkta i kierownika Pracowni Elektryczno$ci Atmosfery,
ktorej kierownikiem bytem az do przejscia na emeryturge. Wdzigczny jestem prof. Stefanowi
Manczarskiemu za podjecie si¢ bycia promotorem mojej pracy doktorskiej. Szczegodlnie
mocne podzigkowania kieruje do prof. Romana Teisseyre’a, dyrektora naukowego, a potem
naczelnego Instytutu, ktory interesowat si¢ moja praca i stale udziela mi duzego wsparcia.

Sposrod 6wcezesnych pracownikow w pierwszym rzedzie pragng wymieni¢ Stanistawa
Warzeche, kierownika stacji elektrycznosci atmosfery w Obserwatorium Geofizycznym im.
Stanistawa Kalinowskiego w Swidrze, wspottworce jej duzej rozbudowy. Duze uznanie i na-
sza wdzigcznos$¢ nalezy mu si¢ za prace badawcze na podstawie danych z obserwacji stacyj-
nych. Znane sa jego prace o wplywie prob jadrowych i katastrofy jadrowej w Czarnobylu na
elektrycznosé¢ atmosfery w Swidrze. Wyniki obserwacji Stanistaw Warzecha dokumentowat
przez dhugie lata w postaci rocznikéw danych elektrycznosci atmosfery w Swidrze. Dane po-
miarowe opracowywali wszyscy zatrudnieni w Pracowni Elektrycznosci Atmosfery, w tym
Jozef Gadomski i Andrzej Kobendza. Prace stacyjne kontynuuje obecny kierownik Obser-
watorium w Swidrze Marek Kubicki, w rozszerzanym stale zakresie.

Szczegdlnie duzo zawdzigczam mojemu gtdownemu wspotpracownikowi w tematyce elek-
trycznosci burzowej i wyladowan atmosferycznych Piotrowi Baranskiemu, ktory osiagnat
wysoki poziom eksperymentalnych badan zmian pola elektrycznego emitowanego przez wy-
tadowania.

Duzo zawdzieczam Annie Dziembowskiej, ktora byta aktywna w naszej pracowni, a na-
stgpnie zajeta si¢ sprawami wydawniczymi, oraz innym cztonkom Pracowni, ktorymi byli teo-
retyk Andrzej Losakiewicz, zaangazowany tez w badania eksperymentalne na Hornsundzie,
oraz Marek Chrobak, ktory przez wiele lat z duzym oddaniem wykonywat prace techniczne
I aparaturowe.

W roku 2009 do grupy dotaczyta Anna Odzimek, ktora m.in. prowadzi ze mng badania
elektrycznosci atmosferycznej w rejonie polarnym na podstawie pomiarow w Hornsundzie.
Jej zainteresowania i zaangazowanie w badania nad atmosferycznym elektrycznym obwodem
globalnym moga znacznie roszerzy¢ prowadzone dotychczas prace grupy elektrycznosci at-
mosfery.

Sposrod licznych przedstawicieli innych, polskich 1 zagranicznych instytucji, bez ktoérych
nasze osiagnigcia nie bylyby mozliwe, pamig¢ i szczupto$¢ miejsca pozwala mi na wymienie-
nie tylko niektorych.

W okresie 1957-1958 pionierskie badania elektrycznosci atmosferycznej mogly by¢ roz-
szerzone dzigki migdzynarodowemu wsparciu i akcji Migdzynarodowego Roku Geofizyczne-
go. Dzigki temu moglem zorganizowa¢ stacj¢ badawcza elektrycznosci atmosfery w
miejscowosci Cha-Pa w Wietnamie. Rozpoczeto to dlugoletnia wspotpracg z Instytutem Geo-
fizyki Wietnamskiej Akademii Nauk. W ramach tej wspotpracy na dtugoletnim stazu przeby-
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wal Nguyen Manh Duc. W kierowanej przeze mnie Pracowni obronit pracg doktorska i wy-
soce zawansowat pracg habilitacyjna, ktora jest rowniez cennym wkladem we wspotprace
polsko-wietnamska.

Duzym osiagnigciem w badaniach eksperymentalnych byto zorganizowanie, wspolnie z
moimi kolegami, stacji elektryczno$ci atmosferycznej w Polskiej Stacji Polarnej w Hornsun-
dzie.

Przy szczuptosci etatow dla zatrudnionych w tym okresie w Pracowni 0s6b, w opracowy-
waniu danych z Hornsundu konieczna byta zewngtrzna pomoc. Udzielita jej poczatkowo Ni-
nel Nikiforova z Instytutu Fizyki Ziemi z Moskwy, a nastgpnie Natalia Kleimenova i Olga
Kozyreva z tegoz Instytutu. Wspoélpraca ta okazata si¢ owocna. Wspolne opracowania do-
prowadzity m.in. wyzej wymienione Panie do odkrycia efektow oddziatywan burz magne-
tycznych na pole elektryczne przy powierzchni ziemi w $rednich szeroko$ciach
geograficznych. W badania te, intensywnie kontynuowane obecnie, wniesli swoj wktad Kaje-
tan Zielkowski, Iwona Stanistawska i Zbigniew Klos z Centrum Badan Kosmicznych PAN;
zaangazowany byl rowniez Sven Israelsson z Uniwersytetu w Uppsali. Ten ostatni, wraz z
Edvardem Pislerem i Alim Enayatollahem, byt rowniez wspotpracownikiem w badaniach
uktadow burzowych i rozktadu wyladowan atmosferycznych na terenie Szwecji; wspotpraco-
watem tez z Ernstem Astromem z Uppsali nad teoria mtynka do pomiaru pola elektryczne-
go.

Sposrod projektow realizowanych wspolnie z przedstawicielami instytucji krajowych,
godny szczegbdlnego podkreslenia jest udziat pracownikow Politechniki Warszawskiej, ze
wymienig tylko Zdobystawa Flisowskiego z Wydziatu Elektrycznego, Jerzego Berlinskie-
go, utalentowanego konstruktora uznanych na $wiecie przyrzadéw do pomiaru pola elek-
trycznego oraz Jana Drzewieckiego, ktory prowadzit pomiary atmosferycznego pradu
elektrycznego w Jozefostawiu 1 Hornsundzie.

Z wdzigczno$cia wspominam rowniez wspolpracg z Instytutem Meteorologii 1 Gospodarki
Wodnej, gtownie z Kazimierzem Stefanickim, ktory okazal mi wiele wsparcia, oraz Jac-
kiem Walczewskim i Janem Parfiniewiczem.

Dtugoletnie niezwykle cenne badania radioaktywnos$ci powietrza mogliSmy prowadzi¢ w
Obserwatorium w Swidrze przy wspélpracy z Instytutem Badan Jadrowych oraz Centralnym
Laboratorium Ochrony Radiologicznej, przy udziale Jerzego Penski i Bogdana Gwiazdow-
skiego z CLOR oraz Bogny Mystek-Laurikainen z 1BJ.

Od dawna wspoélpracuje rowniez ze Zbigniewem Kobylinskim nad efektami szeroko ro-
zumianej aktywnosci stonecznej na elektrycznosé dolnej atmosfery oraz elektrycznymi pre-
kursorami trzesien ziemi.

W koncu lat 1970-tych pionierskie w Polsce badania elektrycznosci statycznej i jonizacji
powietrza w pomieszczeniach zamknigtych prowadzone byty we wspotpracy z Centralnym
Instytutem Ochrony Pracy w Warszawie (w czym uczestniczyli Henryk Korniewicz i Zyg-
munt Grabarczyk) i Politechnika Warszawska (Andrzej Wajdwicz).

Godna odnotowania jest rowniez wspotpraca z Politechnika Rzeszowska, w szczego6lnosci
Z Grzegorzem Maslowskim, w ramach dziatalnosci Polskiego Komitetu Ochrony Odgro-
mowej przy Stowarzyszeniu Elektrykéw Polskich NOT. Wynikiem tej wspotpracy jest dziata-
jaca w Rzeszowie stacja rejestracji wytadowan atmosferycznych.

Wspolne prace nad problematyka globalnej aktywnosci burzowej prowadziliSmy tez z
Pracownia P6l ELF i Rezonansu Schumanna w Krakowie (Uniwersytet Jagiellonski i Akade-
mia Gorniczo-Hutnicza), pod kierownictwem Andrzeja Kulaka.

A cofajac si¢ do wczesnego okresu badania burz, gdy nie byto mozliwosci zakupu nowo-
czesnych przyrzadoéw, chciatbym jeszcze wspomnie¢ o wspotpracy z Jozefem Koszewskim z
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Instytutu Chemii Fizycznej PAN przy konstrukcji niezwykle uzytecznej aparatury do rejestracji
szybkich zmian pola elektrycznego.

Podczas mojego diugiego zycia mialem szczgscie zetknaé si¢ z wybitnymi osobami, ktore
miaty duzy wplyw na moja droge zawodowa, poczynajac od studiow na Politechnice War-
szawskiej pod kierunkiem prof. J.L. Jakubowskiego, poprzez ponad roczny staz naukowy w
Anglii, u prof. B.J. Masona w Imperial College w Londynie i u prof. J.A. Chalmersa w
Durham, po rézne kontakty z wybitnymi badaczami elektrycznosci atmosfery, jak Hans Israél,
Marx Brook, Bernard VVonnegut, Nobu Kitagawa, Toshio Ogawa, Hannes Tammet. Bar-
dzo duzo zawdzigczam Samuelowi Coronitiemu, sekretarzowi Migdzynarodowej Komisji El-
ektrycznosci Atmosfery ICAE przy Unii Geofizycznej. Bedac wielokrotnym czionkiem tej
komisji moglem nawigzywac $ciste kontakty i mozliwosci wspolpracy z wieloma osobami.
Pozwolg sobie wymieni¢ tylko niektore nazwiska: Hans Dolezalek — sekretarz ICAE, Lothar
Ruhnke — prezydent ICAE. Ponadto kontaktowalem si¢ z wieloma osobami na konferencjach
i podczas ich wizyt w Polsce.

Serdecznie dzigkuje wszystkim, z ktorymi mialem przyjemno$¢ wspolpracowaé, za
wspolne dziatania. Dzigkuje rOwniez autorom wzruszajacych notatek zamieszczonych w tym
tomie, przypominajacych podejmowane wysitki i prace, oraz przedstawiajacych niektore fakty
z mojego zycia. Wypowiedziane stowa uznania nalezg si¢ catej grupie Pracowni Elektrycznosci
Atmosfery i jej Wspolpracownikow, ktora skupita osoby solidarne i ofiarne oraz catkowicie
oddane pracom naukowym z dziedziny elektryczno$ci atmosfery.

Najprawdopodobniej w takim gronie spotykam si¢ po raz ostatni; w zwigzku z tym chce
jeszcze raz bardzo serdecznie wyrazi¢ wielka wdzieczno$¢ za zyczliwos¢ 1 wszelkie dobro,
jakie od obecnych tutaj i wymienionych wyzej uzyskatem. Korzystajac z tej okazji pragne ro-
wniez bardzo przeprosi¢ tych, ktorym zrobitem jakakolwiek przykro$¢ lub w jakiej§ mierze
zawiodtem, nie spetniajac poktadanych we mnie oczekiwan.

Stanistaw Michnowski

Words from Stanistaw Michnowski

I wish to warmly thank my colleagues and coworkers and pay tribute to those who passed
away. | was employed at the Department of Geophysics, Polish Academy of Sciences (now the
Institute of Geophysics PAS) by Professor Tadeusz Olczak in 1954; and since that time | have
been the head of the Atmospheric Electricity Laboratory until my retirement. 1 am indebted to
Professor Stefan Manczarski for agreeing to be my PhD supervisor. Special thanks go to Pro-
fessor Roman Teisseyre, Deputy Director and then Director of the Institute, who was interested
in my work and is still giving me a strong support.

Among the members of the atmospheric electricity group at that time, it is Stanistaw
Warzecha who deserves to be mentioned in the first place; he was the head of the Atmospheric
Electricity Station at the Stanistaw Kalinowski Geophysical Observatory at Swider, one of the
persons responsible for its development. We acknowledge his research based on observational
data from Swider. Well-known are his papers assessing the effect of nuclear tests and Chernoby!
nuclear accident on atmospheric electricity at Swider. Results of observations have for many
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years been documented in the form of atmospheric electricity yearbooks. Measurement data
were processed by all members of the Atmospheric Electricity Laboratory, including Jézef
Gadomski and Andrzej Kobendza. Observatory works are now continued by the Swider Ob-
servatory Director, Marek Kubicki, in still increasing range.

| am particularly indebted to Piotr Baranski, my main collaborator in the field of thunder-
storm electricity and lightning discharges, who reached a high level of experimental research
of the electric field emitted by lightning discharges.

| also owe a lot to Anna Dziembowska, who had been active in our group, and then became
engaged in editorial works, and to other members of the Laboratory, namely, theoretician An-
drzej Losakiewicz, participating also in experimental projects in Spitsbergen, and Marek
Chrobak who, for many years, was doing technical and instrumental duties with great dedica-
tion.

In 2009, our group was joined by Anna Odzimek, who has carried out, with my assistance,
the atmospheric electricity research in a polar region on the basis of Hornsund measurements.
Being interested and involved in studying the global electric circuit she is able to widely expand
the scope of investigations that are currently under way by the atmospheric electricity group.

Out of numerous representatives of other, Polish and foreign institutions, without whom our
achievements would not be possible, the memory and shortage of place enable me to mention
just a few.

In the years 1957-1958, pioneering atmospheric electricity investigations have been ex-
panded, owing to international support and the action of International Geophysical Year. Hence,
| was able to establish a research station in the locality Cha-Pa in Vietnam. This initiated many
year cooperation with the Institute of Geophysics of the Vietnamese Academy of Sciences. In
the framework of this cooperation, we hosted a post-graduate student Nguyen Manh Duc, who
stayed with us for some years. Under my guidance, he defended his PhD thesis and highly
advanced his habilitation dissertation, which is also a valuable contribution to Polish-Vietnam-
ese cooperation,

A great accomplishment in experimental studies was to organize, together with my cowork-
ers, an atmospheric electricity station at the Polish Polar Station in Hornsund, Spitsbergen.

Because our group was composed of just a few people, it was necessary to have an outer
help to process the Hornsund data. The first help came from Ninel Nikoforova from the Insti-
tute of Earth Physics in Moscow, followed by Natalia Kleimenova and Olga Kozyreva from
the same institute. The cooperation turned out to be very fruitful. Joint research enabled the
above-mentioned ladies to detect the effects of magnetic storms on the electric field at the
Earth’s surface in middle latitudes. Contribution to these studies, intensely continued up to now,
was brought by Kajetan Zielkowski, Iwona Stanistawska and Zbigniew Klos from the Space
Research Center, as well as Sven Israelsson from the University in Uppsala. The latter, jointly
with Edvard Pislerem i Ali Enayatollah, was also taking part in the studies of thunderstorm
systems and lightning distribution over Sweden; | also worked with Ernst Astrém from Upp-
sala on the theory of a field mill for electric field measurements.

Among the projects realized together with representatives of domestic institutions, worth
special emphasis is the participation of people from Warsaw Polytechnic; let me mention just
Zdobystaw Flisowski from the Electrical Engineering Faculty; Jerzy Berlinski, gifted con-
structor of world recognized instruments for electric field measurements; and Jan Drzewiecki,
who performed atmospheric electric current measurements in Jozefostaw near Warsaw and
Hornsund.

With gratitude I also mention the cooperation with the Institute of Meteorology and Water
Management, mainly with Kazimierz Stefanicki, who gave me a strong support, as well as
Jacek Walczewski and Jan Parfiniewicz.
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At the Swider Observatory, we were able to make very valuable, long-lasting investigations
of air radioactivity, in cooperation with the Nuclear Research Center and Central Laboratory of
Radioactive Protection, with participation of Jerzy Pensko, Bogdan Gwiazdowski and Bogna
Myslek-Laurikainen.

| am also cooperating, for a long time, with Zbigniew Kobylinski, in a research into the
effects of broadly understood solar activity on the electricity in the lower atmosphere and earth-
quake precursors in the electric field.

In the late 1970s we also performed, quite novel in our country, measurements of static
electricity and air ionization indoors, in collaboration with Central Institute of Labour Protec-
tion in Warsaw (Henryk Korniewicz and Zygmunt Grabarczyk being the main participants)
and Warsaw Polytechnic (Andrzej Wajdwicz).

Worth mentioning are our joint works with Rzeszow Polytechnic, notably with Grzegorz
Mastowski, in the framework of Polish Committee of Thunderstorm Protection at the Associ-
ation of Polish Electrical Engineers. These brought as a result the lightning recording station
operating in Rzeszow.

We participated, too, in joint research on the global thunderstorm activity in cooperation
with ELF Field and Schumann Resonance Laboratory in Cracow (Jagiellonian University and
AGH University of Science and Technology) led by Andrzej Kulak.

Speaking about the early period of thunderstorm studies, when we were unable to buy mod-
ern equipment, I want to mention the cooperation with Jozef Koszewski from the Institute of
Physical Chemistry, PAS, in constructing a very useful instrument for the recordings of fast
electric field variations.

During my long life | was lucky to meet eminent persons who exerted strong influence on
my professional path, beginning with studies in the Warsaw Polytechnic under the guidance of
Professor J.L. Jakubowski; through a research fellowship for over one year in England, visit-
ing Professor B.J. Mason at Imperial College in London and Professor J.A. Chalmers in
Durham; to various contacts with outstanding scientists in the field of atmospheric electricity:
Hans Israél, Marx Brook, Bernard Vonnegut, Nobu Kitagawa, Toshio Ogawa, Hannes
Tammet. | owe a lot to Samuel Coroniti, secretary of International Commission on Atmos-
pheric Electricity at the Geophysical Union. Being a member of this commission | was able to
make close contacts and a possibility to cooperate with many persons. Let me mention just two
names: Hans Dolezalek — Secretary of ICAE, and Lothar Ruhnke — President of ICAE. More-
over, | had many fruitful encounters with eminent scientists at conferences and during their
visits to Poland.

| am very thankful to everybody with whom I had pleasure to collaborate. | am also indebted
to the authors of touching notes enclosed in this book, recollecting our common efforts and
some facts from my life. The appreciation expressed concerns the whole Atmospheric Electric-
ity Group and its collaborators, which gathers people who are supportive and fully devoted to
scientific work.

Most probably, we meet in this group for the last time, so | want to express once again my
gratitude for the kindness and goodwill I acquired from those present here and those enumerated
above. | am also taking the opportunity to sincerely apologize to those to whom | made any
harm or disappointed them by not fulfilling their expectations.

Stanistaw Michnowski

(translated from Polish by Anna Dziembowska)
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WPLYW WYLADOWAN Z OSTRZY NA WARTOSC NATEZENIA
POLA ELEKTRYCZNEGO PRZY POWIERZCHNI ZIEMI

1. WSTEP

W czasie burzy mozna czasami zaobserwowaé niewielkie $wietlace
wyladowania !, widoczne przy ostrych krawedziach przedmiotéw wysta-
Jjacych nad powierzchnig ziemi, np. przy uziemionych metalowych pretach
czgsto stosowanych jako zwody urzadzen piorunochronowych. Dla od-
legtosci chmura — ziemia stanowig one ostrza, przy ktérych wystepuje
znaczne zwigkszenie wartoSci natezen pola elektrycznego. Natezenia
pola elektrycznego przy ostrzach osiggaja czasami wartosci wystar-
czajgce do wywolania intensywnej jonizacji, prowadzacej do widocz-
nych lub niewidocznych wyladowan. Wyladowania te moga odgrywaé
pewna role w zagadnieniach ochrony obiektéw od bezposrednich uderzen
pioruna. W nowszej literaturze spotyka sie hipotezy (J. Frenkel 1949,
W.I. Arabadzi 1950) usilujace przypisywaé tym wyladowaniom wazne
znaczenie w ochronnym dzialaniu zwodu, przy czym literatura dotyczaca
tego tematu nie podaje badan doswiadczalnych, potwierdzajacych stawiane
hipotezy. Eksperymentalnie problemem tym zajal sie J. L. Jakub o w-
ski (1953) [8], ktéry przeprowadzil w warunkach laboratoryjnych serie
préb na modelach. Préby te nie wykazaly wyraznego wplywu wyladowan
z ostrzy na wybdér miejsca uderzenia sztucznego pioruna. Jednakze
J. L. Jakubowski wyciaga wnioski uzasadniajace potrzebe dalszego bada-
nia tego wplywu na modelach przy spelnieniu szeregu dodatkowych
warunkow, jak réwniez stwierdza konieczno$é badan w skali natural-
nej. W zwiazku z tym autor podjat na terenie Obserwatorium Geofizycz-
nego w Swidrze pomiary pradu wyladowan z ostrza i natezenia pola
elektrycznego przy powierzchni ziemi.

2. OBECNY STAN ZAGADNIENIA

Na podstawie pomiaréw natezenia pola elektrycznego przy powierzchni
ziemi i pomiaréw wystepujgcego w tym samym czasie pradu z ostrza?

1 Nazywane ogniami §w. Elma.

2 Prad byl mierzony z ostrza wysunietego nad pow1erzchme ziemi na wysokosé
8,4 m, w odlegloéci 14,5 m od otaczajacych drzew, o tej samej co ostrze wysokosci,

sonda radioaktywna znajdowala ‘sie w odleglosci kilkunastu metréw od masztu
% ostrzem (Obserwatorium w Kew).

8 Acta Geophysica Polonica
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F.J. Whipple i F. J. Scrase [18] wyznaczyli nastepujgca empi-
ryczng zalezno§¢ miedzy odpowiadajacymi sobie w czasie wartoSciami
pradu i natezenia pola:

J=A(K*—-K2 (1)

gdzie J — prad z ostrza w mikroamperach,
K — natezenie pola przy powierzchni ziemi w V/em,
A, K, — wartosci stale dla okre§lonego ukladu.

Zalezno$é ta zostala znaleziona na podstawie tylko tych pomiarow,
ktére odnosily sie do stanéw prawie stacjonarnych. F. B.J.Schonland,
W.M. Chiponkar [7], F*. R. Perry, S. H. Webster i F. W. Ba-~
guley [13] wykonywali pomiary w ukladach réznigeych sie miedzy
sobg usytuowaniem wysunietego nad powierzchnia ziemi ostrza i aparatury
do pomiaru natezenia pola. Otrzymane przez nich zaleznoéci posiadaly
ten sam charakter, r6znily sie natomiast miedzy sobg jedynie warto§ciami
wspoélezynnika A i stalej K.

Gdy do ustalenia zalezno$ci miedzy pradem z ostrza i natezeniem pola
przy ziemi wykorzystywano réwniez wyniki pomiaréw ze stanéw niesta-
cjonarnych (zachodzacych przy szybkich zmianach, ktére towarzyszg
wyladowaniom piorunowym), otrzymano krzywe, odbiegajace od zalez-
noéci (1). Na podstawie wynikéw pomiaréw pradu w stanie quasistacjo-
narnym i niestacjonarnym M. N. Gierasim o w a [6] okres$lita® zaleznosé
miedzy pragdem z ostrza J i natezeniem pola elektrycznego K w sposob
nastepujacy: . ;

J=AK*—K¢) , (2)
gdzie wspélczynnik potegowy nie jest réwny 2, lecz ok. 1,7. Wyniki
pomiar6w W. C. Hutchinsona [7] obejmujace stany quasistacjo-
narne i niestacjonarne wykazaly, iz zalezno$¢ J=F (K) dla gradientéow
o warto$ci bezwzglednej wiekszej od 40 V/em przechodzi w zaleznos$é
liniows. Przy nizszych zakresach bylo charakterystyczne wystepowanie
pewnych odchyleh od parabolicznego przebiegu krzywej. Odchylenia te
byly widoczne réwniez przy zestawieniu S$rednich wartosci wynikow
pomiaru Whipple’a i Scrase’a [7], branych ze stanéw quasi- i niestacjo-
narnych, z otrzymang przez nich zaleznos$cig (1).

Wedlug wszystkich przytoczonych zaleznoSei dodatniemu kierun-
kowi natezenia pola przy powierzchni ziemi odpowiada dodatni kierunek
pradu plynacego do ostrza (w kierunku ziemi) ¢. Dlatego tez na specjalng

3 W warunkach wysokogoérskich: 4250 m nad poziomem morza.

¢ W niniejszej pracy kierunek przeptywu pradu z atmosfery do ostrza (odpowia~
dajacy ladunkom dodatnim) jest przyjety za dodatni. Dla gradientu potencjalu pola
elektrycmego przyjmuje si¢ powszechnie za dodatni réwniez kierunek w strone
ziemi. W tekécie pod terminem ,gradient” rozumie sie natezenie pola elektrycznego
przy powierzchni ziemi.
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uwage zastuguja pomiary C. W. Lutza [9], stwierdzajace w pewnych
okresach czasu wystepowanie gradientu przy powierzchni ziemi i pradu
Z wysunietego ponad jej powierzchnie ostrza o znakach przeciwnych. Lutz
w dluzszych okresach czasu (do 20 minut) zaobserwowal zjawisko wyste-
powania dodatnich natezern pola przy powierzchni ziemi, podczas gdy
z ostrza odplywatly dodatnie tadunki w strone chmury.

Oprocz efektéw tego rodzaju, ktére nazywaé bedziemy przeciwstaw-
noscia kierunkéw mierzonego pradu i gradientu, Lutz zanotowal wyste-
powanie pewnych opéznien zmian pradu z ostrza wzgledem zmian nate-
zenia pola. Opoéznienia te byly widoczne na wykresach w postaci
przesunie¢ odpowiadajgcych sobie ksztaltem krzywych pradu z ostrza
i natezenia pola w funkcji czasu i dochodzily do 1—2 minut. &

_Obserwacje C. W. Lutza zostaly pézZniej potwierdzone pomiarami
W. C. Hutchinsona [7], w ktorych jednak przeciwstawnosci i opdz-
nienia wystepowaly mniej wyraznie.

Wykonane przez C. W. Lutza pomiary wykazaly, iz w okresach
przeciwstawno$ci kierunku gradientu i kierunku pradu, wystepowal
rowniez ladunek przestrzenny o duzej gestosci w przyziemnych war-
stwach powietrza. Na tej podstawie wysunat Lutz teze, iz ladunki te sa
przyczyna przeciwstawnosci omawianych kierunkéw pola elektrycznego
i pradu. Wedlug niego ladunki przestrzenne wytwarzaja przy powierzchni
ziemi tak silne przeciwpole, ze moze ono przewyzsza¢ przeciwnie skiero-
wane pole chmury burzowej. Hutchinson przyjal interpretacje Lutza,
a slabszy stopienn obserwowanych przez siebie efektow przeciwstawnosci
przypisywat mniejszej wysokosci ostrza oraz gorszej izolacji swego ukiadu
od ukiadu Lutza.

Pomiary W. C. Lutza [9] i M. N. Gierasimowej [6] wykazaly pewng
zgodnosé i podobienistwo przebiegéw zmian pradu z ostrza w czasie
i zmian gestosci ladunku przestrzennego, mierzonego réwnoczesnie przy
powierzchni ziemi, w oddaleniu kilkunastu metréw od masztu z ostrzem.
To, ze duze warto$ci mierzonego ladunku przestrzennego wystepowaly
zawsze réwnoczeé$nie z wystepowaniem duzych warto$ci pradu z ostrza,
jest wedlug Lutza zrozumiale, poniewaz pole elektryczne przy powierzchni
ziemi moze dochodzi¢ do wartosci, ktére wystarcza, by w otoczeniu miejsca
pomiaru ladunku przestrzennego wywolaé wyladowania z ostrzy [9].
Wyladowaniom tym przypisywali Lutz i Gierasimowa wystgpowanie
w czasie burzy duzych gestasci }adunku przestrzennego.

Wedilug H. Norindera i S. Siksny [12] powstawanie w czasie
burzy znacznych gestosci tadunku nalezy tlumaczyé w sposéb odmienny,
Uwazajg oni, ze wieksze gestoSci jonéw wywolane sg w gléwnej mierze
konwekeja czynnikéw jonizujgcych i ze za takie czynniki mozna uwaza¢

- 47-



118 Stanistaw Michnowski

przede wszystkim wyladowania (ulot) z elektrycznie naladowanych kropel
deszczu oraz substancje radioaktywne znajdujace sie w opadach.

Poniewaz w badaniach H. Norindera i S. Siksny réwnoczes$nie z pomia-
rami liczby jonéw ® nie przeprowadzono pomiaréw pradu z ostrza i pomia-~
réw natezenia pola przy powierzchni ziemi, nie mozna bylo ustalié zalez-
nosci miedzy tymi wielkosciami. Wydaje sie wiec, ze dokonane przez nich
poréwnania wiasnych wynikéw pomiaréw z wynikami pomiaru gradientu,
otrzymanymi przez innych autoréw, nie wystarczaja do postawienia
ostatecznych wnioskow.

Poglady na sprawe przyczyn wystepowania w czasie burzy znacznych
gestosci ladunkdéw przestrzennych przy powierzchni ziemi nie sg wiec
jeszcze catkowicie uzgodnione. Wystepowanie tych ladunkdw jest czynni-
kiem istotnym przy badaniu wplywu wyladowan z ostrza na wartosci
natezen pola zar6wno przy powierzchni ziemi, jak tez w otoczeniu ostrza.
W celu zbadania tego wplywu staje sie potrzebne wyznaczenie rozkiadu
ladunku przestrzennego i przewodnosci powietrza w blizszym i dalszym
otoczeniu ostrza. Przy obecnym stanie techniki pomiarowej bezposrednie
wyznaczanie eksperymentalne tego rozkladu w otoczeniu ostrza uwazaé
mozna za niemozliwe [3].

W niniejszym artykule przytoczono wstepne pomiary pradu wyladowan
z ostrza umieszczonego nad powierzchnig ziemi i natezenia pola elektrycz-
nego przy jej powierzchni, Oméwiono przy tym wplyw ladunkéw prze-
strzennych na prad z ostrza i gradient pola elektryc¢znego przy powierzchni
ziemi.

3. UKLAD POMIAROWY

Uklad pomiarowy ¢ skladat sie z uktadéw odpowiednio rozmieszczonych
na okre$lonej czeSci terenu Obserwatorium, a mianowicie: z uktadu do
pomiaru natezenia pradu wyladowania z ostrza, z ukladu do pomiaru
natezenia pola elekirycznego przy powierzchni ziemi i z ukladu do
pomiaréw meteorologicznych.

A, UKLAD DO POMIARU PRADU Z OSTRZA

Ostrze zostalo wykonane z drutu manganinowego o $rednicy 0,5 mm
i dtugosci 7 em i osadzone na precie metalowym odpowiednio izolowanym
(ebonit, pleksiglas) od uziemionej konstrukecji wsporczej, skladajacej sie
z drewnianego slupa i zainstalowanego na nim masztu (rys. 1). Maszt

& Przy uzywanej aparaturze licznikowej Eberta i Israélego nie mogly byé
wykazane szybkie zmiany mierzonej wielkosci, poniewaz pomiar pozwalat na odczyt
co 4 minuty.

% Rozumiemy jako catosé¢ przyrzady wraz z terenem.
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wykonany z rur stalowych mégl by¢ demontowany i zakladany ponownie,
przy czym mozliwa byla zmiana wysokosci umieszczenia ostrza.

Ostrze z pretem, umieszczonym w odpowiednim uchwycie, polgczone
zostalo za pomocg ekranowanych kabli z dodatnim zaciskiem galwano-
metru, ktérego ujemny zacisk by? uziemiony. Galwanometr posiadat czuloéé
2,28-10—% A/dz, opornosé wewnetrzna
1080 @ oraz odznaczal sie dobrg sta-
lo$cia punktu zerowego. Skala z ze-
rem posrodku pozwalala, bez zmiany
zakresu, mierzyé prady tylko do :
wartosci & 9,12 10—7 A. Rozszerzenie | :
i zmienng regulacje zakresu pomia- ! |
rowego uzyskano przy pomocy bocz- ;
nika Ayertona zestawionego z opor-
nikéw dekadowych.

Jako zabezpieczenie galwano-
metru przy ewentualnym uderzeniu
pioruna zestawiono odpowiedni ukiad
ochronny, ktory skladal sie z iskier-
nika, uziemienia, cewki ochronnej
i kabla prowadzacego do stanowiska
pomiarowego. Calo§¢ z wyjatkiem
czeSci metalowego preta z ostrzem
byla ostonieta uziemionym metalo-
wym ekranem.

Opornos¢é uziemienia wynosila
60 Q, opornos¢ zy! kabli i przewodéw
doprowadzajacych 1,6 Q2. Opornosé 3 s !
izolacji ukladu pomiarowego mie- Rys. 1. Maszt z ostrzem zainstalowany

rzona galwanometrem wynosila po- na terenie Obserwatorium Geofizycz-
nad 100 MQ, nego w Swidrze

B. UKLAD DO POMIARU NATEZENIA POLA ELEKTRYCZNEGO
PRZY POWIERZCHNI ZIEMI

Aparatura uzyta do pomiaru natezenia pola elektrycznego przedsta-
wiala dwa klasyczne zestawy typu Benndorfa. Radioaktywne sondy
zwieszone byly na wysokosci 2,2 m przy pomocy metalowych anten o diu-
goscei 35 m. W odlegtosci ok. 20 m od sond znajdowaty sie najblizsze drzewa
i domek, w ktérym umieszczone sa elektrometry. Mierzone napiecie bylo
rejestrowane co 60 sek. w zakresie + 260 V i + 600 V. Wartosci po-
tencjalu sond wystepujgce przy wyladowaniach piorunowych wychodzity
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poza zakres mierzonych warto$ci?. Pomierzony podczas pogody wspét-
czynnik redukcyjny, tj. stosunek warto$ci natezenia pola mierzonego
w terenie otwartym do natezenia pola mierzonego w miejscu, w ktérym
byta podczas burzy zainstalowana sonda, wynosit ok. 3,2.

C. UKLAD DO POMIAROW WIELKOSCI METEOROLOGICZNYCH

Do pomiaru szybkosci i kierunku wiatru stuzy! wiatromierz Wilda,
zainstalowany na szczycie stupa o wysokosci 10 m (rys. 1).

Do pomiaru temperatury, wilgotnosci wzglednej i ci$nienia powietrza
stuzyly: termometr, higrometr i barometr z ciggls automatyczng rejestra-
cja. Przyrzady te zainstalowane byly w klatce meteorologicznej, odleglej
0 20 m od stupa z masztem. W odleglosci paru metréw od klatki znajdowat
sie pluwiometr Hellmanna.

D. ROZMIESZCZENIE PRZESTRZENNE URZADZEN POMIAROWYCH W TERENIE

Rozmieszczenie urzadzen pomiarowych i innych obiektéw (drzewa,
stup itp.) wybrane bylo pod katem badan efektéw przeciwstawnosci obser-
wowanych przez Lutza i Hutchinsona. Z tego wzgledu umieszezono ostrze
na duzej wysokosci i w stosunkowo niewielkiej odlegtosci od drzew.

Rys. 2. Orientacyjny przekrdj pionowy przez uklad pomiarowy wzdluz kierunku
maszt—sonda

Oznaczenia:

1 — warstwa przewodzgca (woda podskdérna), 2 — warstwa przepuszezalnego piasku o oporze

wiasciwym 10°Q cm, 3 — linia wierzchotka drzew, 4 — budynek mieszkalny, 5 — garaz, 6 —

klatka meteorologiczna, 7 — maszt z ostrzem, 8 — uklad do pomiaru gradientu, 9 — przekr6j
przez ggste zadrzewienia, 10 — fragmenty uziemienia

Rys. 2 przedstawia orientacyjny szkic rozmieszczenia poszczegélnych
urzgdzen pomiarowych w przekroju pionowym, wzdtuz kierunku: maszt-
sonda. Terenem pomiarowym jest ptaski, zadrzewiony obszar z polanami.
Na jednej z nich znajduje si¢ ukiad do pomiaru natezenia pola, na skraju
za$ drugiej — slup z masztem i zainstalowanym ostrzem. Ostrze umiesz-
czono na wysokosci 19,20 m, co odpowiada jego wysunieciu o ok. 8 m
ponad przecietng wysokosé sasiednich drzew, znajdujacych sie w odleglosei
ok. 23 m. od stupa. Odleglo$¢ masztu od miejsca zainstalowania sondy

7 Gwaltowne zmiany nateien pola w czasie wyladowan piorunowych wymagaja
do ich badan innej aparatury i nie sa tu specjalnie rozpatrywane.
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wynosi 96 m. Przecietna wysokoé¢ linii wierzchotkéw drzew, szczytow
doméw wynosi ok. 12 m. Podloze terenu Obserwatorium w Swidrze jest
piaszczyste, o duzej opornosci wlasciwej rzedu 10° Qem, przy czym (wg
pomiaréw przeprowadzonych metoda oporowa) warstwa lepiej przewo-
dzaca znajduje sie na glebokosci ok. 6 m.

4. POMIARY

W czasie burz we wrzesniu 1953 r. autor wykonat acznie okoto 1000
pomiaré6w pradu z ostrza i natezenia pola elektrycznego przy powierzchni
ziemi. Odczyty natezenia pradu z ostrza dokonywano w odstepach czasu
co 30 sek.; przy czym co drugi odezyt pradu z ostrza przeprowadzano
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Rys. 3. Fragment wykresu zmian natezenia pola elekirycznego przy powierzchni
ziemi ,K“ i pradu z ostrza ,J“ Strzatka oznaczono chwile wystapienia podmuchu
wiatru

w chwili rejestracji potencjatu sondy. Celem sprawdzenia prawidlowego
dziatania ukladu, w okresie pomiedzy pomiarami zasadniczymi dokony-
wano co godzing pomiaru izolacji ukladu.

Temperature, ci$nienie i wilgotnosé wzgledna powietrza okre$lano na
podstawie zapiséw przyrzadéw samorejestrujacych. Kierunek i sile wiatru
oraz nasilenie i czas trwania opadéw oznaczano orientacyjnie. Obserwacje
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ostrza przeprowadzano z odlegosci 40 m. Zaréwno podczas dnia, jak
i w nocy nie zauwazono $wietlen czy snopien przy ostrzu w okresie wy-
konywania pomiaréw.

5. WYNIKI POMIAROW I ANALIZA WYNIKOW

Wyniki pomiaréw naniesiono na wykresy. Laczac punkty odpowiada-
jace wynikom pomiaréw pradu w odstepach czasu co 30 sek., a natezenie
pola elektrycznego co 60 sek otrzymano krzywe J=f(t), K=f(t). Jeden
z fragmentéw takiego wykresu ilustruje rys. 3, na ktérym widoczne sg silne,
typowe dla burzy, zmiany natezenia pola elektrycznego i pradu z ostrza,
przy tym, podobnie jak przy pomiarach Lutza, zmiany pradu sg opdznione
w stosunku do zmian natezenia pola. Osobliwa jest koAcowa cze$é wy-
kresu, gdzie w ciagu ok. 10 minut wystepuja przeciwstawne kierunki pradu
z ostrza i gradientu. Przedstawiony wykres zdjeto przy przeplywie dosé
duzej chmury (Cb) podczas wzglednej ciszy. Na terenie Obserwatorium
zanotowano woéwczas jedynie §lad opadu, stad wydaje sie, iz wystepujace
w badanym ukladzie ladunki przestrzenne pochodzily gléwnie z wyla-
dowan z ostrzy. '

Na podstawie wszystkich wykresow K=f(t) J=f(t), zdjetych podczas
serii omawianych burz, mozna bylo stwierdzié, ze:

a) na og6t zachodzita zgodno$é znakéw pradu i gradientu; niezgodnosé
to znaczy przeciwstawno$é¢ kierunku pradu i gradientu trwa znacznie kré-
cej od zgodnosci kierunkéw. Przypadkéw wystepowania przeciwstawnosci
(trwajacych czasem do 6 minut) naliczono kilkanascie. Szczegélnie ja-
skrawo efekt ten wystapil w przytoczonym przebiegu J i K (rys. 3).

b) w wiekszoS$ci pomiaré6w mozna bylo zaobserwowaé podobny charak-
ter i pewng odpowiednio$é przebiegéw pradu i gradientu, wystepujacych
w tym samym czasie, przy czym na og6}zmiany pradu z ostrza opdznialy
si¢ wzgledem zmian natezenia pola. Opé6znienia te wystepowaly wyraznie
przy szybkich zmianach natezenia pola i nie przekraczaly 3 minut. Nie
byly one jednakowe, w b. nielicznych przypadkach zaobserwowano nie-
wielkie wyprzedzanie zmian pradu w stosunku do zmian gradientu.

Wyniki pomiaréw zestawione na wykresie o wspéirzednych pradu
z ostrza i gradientu wykazujg znaczny rozrzut. Wyznaczajac dla okreslo-
nych wartosci gradientu (co 1,5 V/em) $rednig wartosé odpowiadajgcych
im w tym samym czasie wartosci pradu, otrzymano zalezno$¢ przedsta-
wiong przy pomocy krzywej ciaglej J=F(K) wykreSlonej na rys. 4.
przy uzyciu wszystkich wynikéw, odpowiadajacych stanom quasistacjo-
narnym i niestacjonarnym. PoniewaZ nie otrzymano dostatecznej liczby
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wynikow odpowiadajacych stanom quasistacjonarnym, nie sporzadzono
dla nich wykresu. Jedynie na rys. 4 poprowadzoio w przybli-
zeniu krzywa przerywang, wyznaczajacg parabole, ktéra w pewnej
mierze odzwierciedla zalezno$¢ J=f(K) dla stanéw quasistacjonarnych
w danym ukladzie pomiarowym. Analogiczny charakter zalezno$ci dla
tych stanéw otrzymywali na podstawie wynikéw swych pomiaréw
Whipple i Scrase, Schonland, Chiponkar i inni, co byto wyzej powiedziane.

Krzywa ciagla z rys. 4 wykazuje odchylenia od krzywej przypuszczal-
nie odpowiadajgcej stanom quasistacjonarnym — natomiast w przyblizeniu
podobna jest do krzywych Whipple’a i Scrasego (rys. 5) i Hutchinsona [7]

Rys. 4. Wykres $rednich wartosci pradu z ostrza w zaleznosci od gradientu otrzy-

many z wynikéw pomiaréw w Swidrze. Krzywa przerywana orientacyjnie zaznaczono

przyblizong zalezno$¢ odpowiadajgca stanom stacjonarnym, krzywa ciagla wykreslono
przy uzyciu wynikéw w- stanach stacjonarnych i niestacjonarnych.

wykreslonych na podstawie $rednich wynikéw pomiaréw, odpowiadaja-
cych stanom quasistacjonarnym i niestacjonarnym.

Odchylenia od parabolicznego przebiegu otrzymanej krzywej sa dosé
znaczne i wystepujg wyraznie przy pewnych wartosciach pradu z ostrza.
Nie dadzg sie one jednak przypisaé¢ tylko bledom pomiaru, mozna natomiast
podjaé prébe powigzania tych odchylen z warunkami panujacymi w ukla-

-53-



124 Stanistaw Michnowski

dzie ®, Warunkami takimi nie mogly by¢: temperatura, ci$nienie, wilgot-
no$¢, poniewaz wielkosSci te w poréwnaniu z szybkimi zmianami pradu
zmienialy sie bardzo powoli.

Nasuwa sie¢ przypuszczenie, ze odchylenia przebiegu krzywej J=F(K)
moga by¢ wywolane dodatkowymi Zrédlami pola, wplywajacymi na war-
to§¢ mierzonego gradientu. Najbar-

&l dziej prawdopodobne wydaje sig przy
FAK*-R2).) 9 tym przypuszczenie, Ze obserwowa-

/ ne na wykresie odchylenia sg wy-

5 ,f; o wolane przez ladunek prze-
P strzenny, wytwarzany przy wy-

1 ladowaniach z ostrzy. Ladunek, ktory

k¥ wm Wywolalby odchylenia uwidocznione

20 40 60 & na wykresie, musialby mieé znak
-1 ujemny przy dodatnich warto$ciach
pradu, dodatni za§ przy wartosciach
ujemnych pradu. Eadunek taki jest

=80

']
! - !— 2 - .
AeAlRKe) -3 wytwarzany wiaénie przez wylado-

wania z ostrza badanego, jak réw-
niez moze by¢ wywolany przez wy-
Rys. 5. Wykres Srednich wartosci pradu  yaqowania z ostrzy naturalnych, np.

z ostrza w zaleznoSci od gradientu ¥ o .
przy powierzchni ziemi, otrzymany z igiel sosen stojacych wokolo po-

z wynikéw pomiaréw Whipple'a i Scra- lany, na ktérej zostaly rozwieszone
sego w Kew. Krzywa przerywang sondy. .
oznaczono zalezno§é ofrzymang na Z rys. 4 widaé, ze w przypadku
podstawie wynikéw pomiaréw odno- iemnego pradu z ostrza, to znaczy
sacychugie 4o Slatow” staclonaiuyeh, dodatniego }adunku przestrzennego
krzywa ciagla wykre§lono przy uzyciu
wynikéw w stanach stacjonarnych WOKO1 ostrza, odchylenia od paraboli
i niestacjonarnych sg wigksze niz w przypadku wyste-
powania dodatniego pradu z ostrza.
Byt moze, jest to wywolane mniejszg ruchliwoécia dodatnich jonéw w po-
réwnaniu z ujemnymi.
Jak wida¢ z rys. 3, w okresie czasu miedzy 15P39™ i 15049m30s
w dniu 5. 9. 1953 r. wystapita stosunkowo dlugotrwala przeciwstawnosé
kierunkéw pradu z ostrza i gradientu potencjatu pola elektrycznego, mie-

8 Przy rozwazaniach przyjeto pewne zalozenia dotyczace warunkéw wystepuja-
cych w ukladzie. Przy niewielkim stosunkowo oddaleniu ostrza od zestawu mierzacego
gradient przy powierzchni ziemi usprawiedliwione wydaje sie zalozenie, ze w catym
ukladzie panuja te same warunki meteorologiczne, jak: ci$nienie, wilgotnosé¢, tempera-
tura, opady. Mozna réwniez przyja¢, ze gdyby nie bylo zainstalowanego ostrza i obiek-
16w terenowych, to gradient na poziomie ostrza, nazwany w dalszym ciggu tekstu
jako natezenie pola elektirycznego wystepujacego nad terenem pomiarowym, bylby
w przyblizeniu jednakowy nad calym ukladem (odlegloéci chmur sg bowiem wielo-
krotnie wieksze od wymiaréw ukladu).
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rzonego przy powierzchni ziemi. C. W. Lutz [9] i W. C. Hutchinson [7]
tlumaczyli tego rodzaju zjawiska wystepowaniem duzych gestosci tadun-
koéw przestrzennych w warstwie przyziemnej powietrza. Wydaje sie, iz
przypuszczenie to moze by¢ stuszne w przypadkach matego natezenia pola
elektrycznego, wywolanego przez chmure nad terenem pomiarowym, przy
jednocze$nie duzych gesto$ciach tadunku przestrzennego w poblizu ziemi.
Stan taki moze sie wytworzyé po naglym zmniejszeniu pola wywolanego
przez chmure. Gdy w takim przypadku !adunek przestrzenny stwarza
w warstwach przyziemnych odwrotny kierunek natezenia pola elektrycz-
nego w stosunku do natezenia pola na wyzszych wysokosciach, to przy
zalozeniu jednostajnej gestoSci ladunku przestrzennego ¢ i przy réznicy
wysokosci 4 h miedzy poziomem ostrza i poziomem zawieszenia sondy
mozna odpowiednia réinice natezenia pola elektrycznego okreéli¢ na pod-
stawie zaleznosci

AK=—4mp- Ah 3)

Mozna w przyblizeniu oszacowaé¢ wplyw zaklécajgcego tadunku prze-
strzennego na mierzone natezenie pola przy powierzchni ziemi w czasie
Zzmian quasistacjonarriych. Dla pomierzonej warto$ci J mozna na podsta-
wie wzoru J=f(K) wyznaczy¢ natezenie pola elektrycznego Ku w miejscu
zainstalowania sondy, odpowiadajgce stanom stacjonarnym. Wyznaczone
Ku rézni sie od warto$ci K (zmierzonej réwnocze$nie z pradem J) o pewna
wartos$¢, ktéra to réznica moze byé wywolana $rednim, zaklidcajagcym
ladunkiem przestrzennym.

Oszacowana na tej podstawie wartos¢ przeciwpola, wystepujaca przy
powierzchni ziemi o godz. 15%47™, wynosi orientacyjnie ok. 820 V/m. Ge-
stos¢ tadunku, ktéry wywoluje to przeciwpole przy zalozeniu jednostajnego
rozktadu wyniostaby wg zaleznosci (3) ok. 0,12 CGSE/m3, co jest wartoscia
niewielkg wobec wartosci (20 CGSE/m3), mierzonych w czasie trwania prze-
ciwstawnosci przez Lutza. Nalezy sie spodziewaé, ze gesto$é ladunku nie
jest jednostajna i w omawianym przypadku mogta wynosié¢ przy powierz-
chni ziemi znacznie wiecej, nizeli to wyniklo z obliczen.

Jednak przeciwstawno$¢ kierunku pradu z kierunkiem natezenia pola
elektrycznego nie zawsze jest wywolana jedynie ladunkiem przestrzen-
nym, rozlozonym w warstwach przyziemnych powietrza. Z wykreséw
K={(t) i J=f(t) widaé, ze zmiany natezenia pradu s3 op6Znione w stosunku .
do zmian gradientu. Prawie przy kazdej zmianie kierunku natezenia pola
elekirycznego wskutek tych opéznien wystepowaly bardzo wyraznie, lecz
stosunkowo krotkotrwate przeciwstawnosci kierunkéw mierzonych wiel-
kosdci. Wydaje sie, ze efekt op6znien i przeciwstawnosci z nimi zwigzanych
nalezy przypisa¢ lokalnym ladunkom przestrzennym, ktére wystepuja
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w pewnej odlegloéci od ostrza, wplywajgc na wartos¢ i przebieg pradu
z ostrza.

Wyladowania z ostrzy moga zmniejszyé natezenie pola elektrycznego
przy ostrzu i przy powierzchni Ziemi nie tylko dzieki ,,ekranujacemu
dzialaniu tadunku przestrzennego, lecz takze dzieki zwigkszeniu przy wy-
ladowaniach przewodnosci powietrza. Ten ostatni wplyw nie moze jednak
wywolaé zjawisk przeciwstawnosdci i opéznien, ktére mozna natomiasi
przypisaé¢ przeciwpolom ladunku przestrzennego. 3

Na podstawie dotychczasowych pomiaréw nalezy przypuszczaé, ze przy
szybkich zmianach natezenia pola elektrycznego (wystepujacego nad tere-
nem pomiarowym) i przy znacznych jego wartosciach zaréwno efekty
op6znien pradu z ostrza w stosunku do gradientu jak i przeciwstawnosci
z nimi zwigzane s3 wywolane gléwnie ladunkiem przestrzennym, groma-
dzacym sie przy ostrzu; natomiast przy powolnych zmianach gradientu
(stany quasistacjonarne) i przy matych wartosciach natezenia pola elek-
trycznego nad terenem pomiarowym efekt przeciwstawnosSci jest spowo-
dowany gléwnie ladunkiem przestrzennym, znajdujacym sie w warstwach
przyziemnych powietrza. Trudno jest jednak wyciggnaé¢ wnioski, jaka role
w ostatnim przypadku odgrywa ladunek otaczajacy ostrze.

Omawiane problemy wymagaja dalszego dokladnego badania ekspery-
mentalnego. Warto moze w tym miejscu zwréeié uwage na hipoteze Ar a-
badziego [1], wg ktérego ,,Emitowany przez ostrze ladunek rozklada
sie przy zwodzie wokoé! niego stosownie do pola elektrycznego i daje w sto-
sunku do chmury pole przeciwne o symetrii obrotowej, majace istotne
znaczenie przy dziataniu zwodu‘. Wedlug tegoz autora mozna sie spodzie-
waé, ze na zjawisko to moga mie¢ wplyw takie czynniki, jak ,wiatr
wydmuchujacy ladunki przestrzenne“. Arabadzi nie podawal w swojej
pracy sprecyzowanych wyjasnien i badan eksperymentalnych na potwier-
dzenie swojej hipotezy. Zwrécit on jednak uwage na omawiane pomiary
geofizyczne Gierasimowej, Lutza i innych, oswietlajac je z nowego punktu
widzenia, a mianowicie od strony zagadnien ochrony odgromowej. W zwig-
zku z tymi zagadnieniami mozna przedstawi¢ pewne dalsze sugestie zwig-
zane z problemami ,,wybiérczosci miejsca uderzenia piorunu, a w szcze-
gblnosei z problemem dzialania zwodu.

Zostalo stwierdzone (Mc Eachron, McMorris[4],F.B.J.Schon-
land [14], [15], J. S. Stiekolnikow [17], T. W. Wormell [20]

i inni), ze w czasie zblizania si¢ wstepnego wyladowania pioruna do
ziemi z ostrzy rozwijaja sie niewielkie, idace naprzeciw wyladowania.
Wg F. B. Schonlanda [15], J. S. Stiekolnikowa [17] wartos¢ ochronna
zwodu polega na zdolnosci szybszego i dluzszego, niz przy obiektach chro-
nionych, uformowania si¢ przy zwodzie wyladowania oddolnego. Istotng
role gra przy tym diugo$é oddolnego wyladowania, ktére rozwija sie do
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punktu zetknigcia ze zblizajacym sie wyladowaniem wstepnym pioruna.
Wobec tego przy wyborze miejsca uderzenia pioruna gra role nie
tylko rozklad pola elektrycznego przy czole posuwajgcego si¢ w strong
ziemi wyladowania wstepnego, lecz réwniez wystepujay jednoczeénie roz-
klad pola elektrycznego przy powierzchni ziemi. Wydaje sie, ze uderzenie
pioruna nastapi¢ moze z najwickszym prawdopodobienstwem w to miej-
sce, skad najpierw uformowalo sie i rozwinelo idace naprzeciw wylado-
wanie od ziemi,

Mozna przypuszczaé, ze wazng role przy ,ostatecznym‘ wyborze
miejsca uderzenia pioruna graja wartoSci natezen pola elektrycznego,
powstajacego przy samej powierzchni ziemi. Z punktu widzenia ochrony
odgromowe]j nalezy rozrézni¢ wplyw wyladowan z ostrzy na natezenie
pola elektrycznego zaréwno przy zwodzie jak i przy obiektach chronio-
nych (w naszym ukladzie — przy zainstalowanym ostrzu i przy po-
wierzchni ziemi). W jednym i drugim przypadku przy zblizaniu sie wstep-
nego wyladowania pioruna wplyw ten zmniejsza wartosci natezenia pola.
Przy powierzchni ziemi jest on korzystny ze wzgledu na utrudnienie
formowania sie wyladowania wstepnego oddolnego. Przy zwodzie nato-
miast, tj. w okolicy miejsca, w ktérym zalezy nam, aby sie weczesnie]
uformowato wyladowanie oddolne, jest on niekorzystny.

* .6. OMOWIENIE BEEDOW PRZEPROWADZONYCH POMIAROW

Przy pomiarze gradientu potencjatu pola elektrycznego dla stanéw
quasistacjonarnych nalezy sie spodziewaé¢ bledéw wywolanych: a) wpty-
wem wiatru na gesto$é jonéw w poblizu sondy (R. Miihleisen [11]), b) nie-
doskonaloscig izolacji, ¢) innymi przyczynami (np. uchyby elektrometru,

' bledy odezytu elektrograméw).

Mozna oceni¢ iz bledy wywolane wplywem wiatru i opornoscig izo-
lacji posiadaly warto$¢ mniejsza od 30%0 mierzonej wielkosci potencjatu.
W poréwnaniu z powyzszymi bledami mozna zaniedba¢ btedy wywolane
innymi czynnikami i oszacowaé catkowity biad wzgledny pomiaru w sta-
nach quasistacjonarnych na warto$é nie przekraczajgca 30%. Bezwzgledny
blad przy warfosciach potencjatu sondy bliskich zera wynosi dla czul-
szego ukladu w przyblizeniu 6 V, co odpowiada ok. 0,09 V/em.

Blad pojedynczego odczytu przy gwalttownych zmianach pola, zwigza-
nych z wyladowaniami piorunowymi, moze mieé¢ znaczne warto$ci wskutek
duzej bezwladnos$ci uktadu. Biad ten jest niemozliwy do wyznaczenia bez
dodatkowych pomiaréw. Zgodnie z opinig J. Chalmersa [2] przy gwal-
townych zmianach pola elektrycznego w czasie burzy pojedyncze pomiary
gradientu przy pomocy klasycznych ukladéw z sondami traktowa¢ mozna
jedynie jako pomiary orientacyjne.
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Blad wystepujacy przy pomiarze pradu z ostrza moze wynikaé¢ glownie
z bezwladnosci i niedokladnos$ci miernika oraz z pojemnosci i uplywnosci
uktadu pomiarowego. Oporno$é pojemnosciowa oraz czynna izolacji ukladu
byla o kilka rzedéw wieksza od opornosci miernika; dlatego nawet przy
szybkich zmianach pradu przy szacowaniu bledu mozna jej nie uwzgled-
niaé. Praktyczny czas ustalania wskazan galwanometru uzytego do po-
miaru pradu (przy zachowaniu opornosci zewnetrznej za pomoca ukladu
Ayertona nieco mniejszej od wartosci krytycznej) byl mniejszy od prak-
tycznego czasu ustalania si¢ wskazan ukladu do pomiaru gradientu i wy-
nosit ok. 3 sek. Wskutek tego w przeprowadzonych pomiarach mozna dla
stanéw quasistacjonarnych zaniedbaé bezwladnos¢ miernika. W stanach
tych gléwna czeé¢ bledu pomiaru stanowi blad wynikajacy z niedokiad-
nosci miernika, przy czym mozna przyjaé, ze nie przekroczyl on 5%
mierzonej wartosci.

Przy gwaltownych zmianach blad pojedynczego pomiaru byl znacznie
wiekszy i tak samo, jak w przypadku pola elektirycznego, nie mozna go
wyznaczyé¢ bez dodatkowych pomiaréw. Warto$¢ srednia wynikéw pomia-
réw dotyczacych natezenia pradu, przy ktérych wystepowal ten sam gra-
dient potencjalu pola, nie jest obarczona duzym bledem. Przy odpowiednio
duzej liczbie pomiaréw blad wynikly wskutek bezwiadnosci ukladu i nie-
jednoczesnoéci odezytéw, majgcy w duzej mierze charakter przypadkowy,
zostal tu silnie ograniczony.

7. KRYTYKA PRZEPROWADZONYCH POMIAROW I WYMAGANIA
DOTYCZACE DALSZYCH BADAN W WARUNKACH NATURALNYCH

Przy opisanych badaniach liczba pomiaréw byla zbyt mata. Nie prze-
prowadzono réwniez jednoczesnych pomiaréw takich wielkosci, jak: fadu-
nek przestrzenny, przewodno$¢ powietrza, czas Zycia oraz ruchliwos¢
i liczba jonéw lekkich i ciezkich, radioaktywnos¢ opadéw, powietrza
i gleby, liczba jader kondensacji, zapylanie, opady. Z tych wzgledéw
wykonane pomiary nie mogly zadowalajaco wyjasni¢ badanych zjawisk.

Dla wyjaénienia wplywu wyladowan z ostrzy na rozklad pola elek-
trycznego przy powierzchni Ziemi w dalszych badaniach nalezaloby spet-
ni¢ nastepujace postulaty:

1. Badania winny obejmowaé jednoczesne pomiary tych elementow
elektryczno-meteorologicznych, ktére wyraznie wplywaja na rozpatry-
wane zjawiska.

2. Dalsze badania powinny byé prowadzone za pomocg przyrzadéw
umozliwiajacych jednoczesny pomiar mierzonych wielkosci, posiadajacych
przy tym jak najmniejszg bezwladnos¢; serie pomiarowe powinny za-
pewniaé dostatecznie duza liczbe wynikoéw na przeprowadzenie dokladnej
analizy statystycznej.
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3. Pomiary niektérych wielkosci elektrycznych winny by¢ przepro-
wadzone jednocze$nie w réznych, odpowiednich punktach ukladu pomia-
rowego. Wskazane jest réwniez, by badania te byly dokonywane przy réz-
nych prostych konfiguracjach terenowych tego ukiadu.

WNIOSKI

1. Pomiary przeprowadzone w Swidrze potwierdzily obserwacje C. W.
Lutza i W. C. Hutchinsona dotyczace wystepowania przeciwstawnosci kie-
runku pradu z wysunietego nad powierzchnie Ziemi ostrza i kierunku
gradientu potencjalu pola elektrycznego mierzonego przy jej powierzchni.
Oprécz tych efekiéw pomiary potwierdzity réwniez wystepowanie op6z-
niania sie zmian pradu z ostrza wzgledem odpowiednich zmian gradientu.

2. Rozwazania nad interpretacja powyzszych zjawisk prowadza do
wniosku, ze prawdopodobnie w przypadku szybkich przebiegéw op6znie-
nia te wywoluje gtéwnie lokalne przeciwpole tadunku przestrzennego ota-
czajacego ostrze, natomiast w przypadku zmian powolnych (quasistacjo-
narnych) o efekcie przeciwstawnosci decyduje gléwnie przeciwpole la-
dunku przestrzenego, rozlozonego w warstwach przyziemnych powietrza.

Caloéé pracy zostala wykonana w Zakladzie Wysokich Napieé Poli-
techniki Warszawskiej. Kierownikowi Zakladu prof. drowi J. L. Jaku-
bowskiemu pragne na tym miejscu wyrazi¢ podziekowanie za udzielone
rady i wskazowki.

THE INFLUENCE OF POINT DISCHARGE CURRENTS ON THE EARTH'S
ELECTRIC FIELD

Summary

Point discharge current, flowing through the point set up at height 19. 2 m. above
the ground, and electric field near the ground have been measured during the thun-~
derstorms in Geophysical Observatory in Swider. The measurments showed that the
changes of electric field were in an advance of the corresponding changes of point
discharge current, and that during some long periods, lasting sometimes till 10 minu~
tes, the eurrent flowed in opposite direction to the direction of electric field measured
simultaneously. This was in accordance with the observations published by C. W. Lutz
(1940) and W. C. A. Hutchinson (1951), who attributed the above phenomena to
space charge located in the layers of air near the ground. In the present article this
interpretation has been extended.

Space charges can change the field not only near the ground, but also near the
installed point. At fast changes the space charges, placed near the point, influence
the changes of the point discharge current while their effect upon the field near the
ground may be omitted. To these local charges could be referred the phenomena of
the advancement of field changes ahead of the corresponding point current changes.
In guasi-stationary states however the observed phenomena of the opposite direc-
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tions of the measured field and current are brought about by the effect of space
charge located in the layers of air near the ground.

Certain suggestions concerning the problems of lightning protection have been
made. Influence of space charge on the electric field near the installed point (lightning
rod), and near the ground contribute to the formation of upward streamers when the
leader of lightning aproaches the Earth.

At last a critical review of the measurements and some requirements about
further investigations are given.
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ELECTRIC FIELD VARIATIONS FOLLOWING LIGHTNING
DISCHARGES MEASURED IN WARSAW AND SWIDER

Abstract

A survey of electric field variations following lightning discharges observed in War-
saw and Swider is given and some influences on their forms are discussed. Local influ-
ences due to space charge produced by point discharges and splashing of the rain-drops
were noticed as distinct in the region with high electric field intensities or with presence of
rain.

Generally, the observed changes of character of recovery curves in relation to distance
are similar to those obtained theoretically by Tamura and based on his model. This seems
to confirm the conception of the transient character of recovery variations from electro-
static to current flow field distribution of thundercloud after lightning. The recovery times
T’ for conditions undisturbed by local influences are however shorter than in Tamuras cal-
culations and do not correspond to the empirical relations reported by Smith. Considerable
differences in the recovery time T’ were distinguished for intracloud and cloud-earth dis-
charges for observed heat thunderstorms. The average T’ for cloud discharges was about
1-75 times shorter than the average T’ for ground discharges occurring at the same distance
from the flash (between 15-25 km). Some pecular shapes of recovery curves are presented.

The recovery curves seem to be dependent on the stage of development of the thun-
dercloud cells and the variable character of the cloud from one storm to another. The field
variations after lightning, by which the recharging processes and electrical structure of the
cloud may be manifested, need more attention and further study. Some preliminary re-
marks and suggestions are given.

Acta Geophysica Polonica
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S. MICHNOWSKI

ZMIANY POLA ELEKTRYCZNEGO PO WYLADOWANIACH
ATMOSFERYCZNYCH OBSERWOWANYCH W WARSZAWIE I SWIDRZE

Streszczenie

Podczas kilkunastu burz i ulew byly wykonywane w Swidrze i Warszawie pomiary
zmian pola elektrycznego za pomoca przyrzadu o stalej czasu wskazan wynoszacej ok.
0,1s. Jednoczes$nie prowadzono rejestracje pradu z ostrza oraz akustyczne i wizualne
obserwacje wyladowan. Dodatkowo prowadzone byty w Swidrze rejestracje fadunku prze-
strzennego, nasilenia opadu, kierunku i sity wiatru oraz innych elementéw meteorologicz-
nych. Uktady pomiarowe zainstalowano w specjalnie wybranym rozktadzie przestrzennym
na dwu wysokos$ciach celem uchwycenia wptywu efektow lokalnych na przebieg zmian
pola.

W artykule zostat podany przeglad rejestrowanych zmian pola po wyladowaniach
elektrycznych. Starano si¢ przesledzi¢ dostgpne dla obserwacji wplywy wywierane na
przebieg zmian powrotu pola przez chmury burzowe i ich wyladowania oraz przez za-
klocajace efekty wizualne. W analizie postuzono si¢ metoda zestawien odpowiednich pa-
rametrOw charakteryzujacych zmiany powrotu pola dla ré6znych warunkéw lokalnych i
réznych odlegtosci od wytadowan, rodzaju chmur, etc. Drugim mozliwym podej$ciem by-
lo wykorzystanie poréwnan obserwowanych zmian powrotu pola ze zmianami wypro-
wadzonymi teoretycznie na podstawie przyjmowanych modeli chmur, przede wszystkim
przeplywowego modelu Tamury.

Jednoczesne pomiary kilku elementéw w Swidrze potwierdzity wyraznie wystepowa-
nie silnych wptywow lokalnych pochodzacych od czynnikéw, jakie wystepuja w warstwie
przyziemnej powietrza, a co do dziatania, ktérych nie ma jeszcze powszechnej zgody. Zo-
staty stwierdzone duze wptywy wywotane ulewnym deszczem (rys. 12, 13) oraz bardzo
wyrazny wptyw tadunkow przestrzennych wytwarzanych przez wyladowania z ostrzy
(rys. 7, 8, 10, 11). Oddziatywanie tych tadunkow moze by¢ praktycznie pomijane przy
nieduzych warto$ciach gradientu potencjalu. Uznano, iz spelienie tego warunku daje
praktycznie pomijalno$¢ rowniez efektu elektrodowego. Rozeznanie lokalnych wpltywow
pozwolito da¢ wskazoéwki co do wlasciwego wyboru miejsca obserwacji zmian powrotu
pola przy badaniach elektrycznych wiasciwosci chmur. Z tych i innych wzgledéw uznano
za wilasciwe wybranie odlegtosci migdzy 12 i 25 km oraz wylaczenia okresow lub miejsc
obserwacji z deszczem.

Rejestrowane réznice charakteru powrotu pola w zaleznosci od odlegtosci od wyta-
dowania sa na og6t podobne do odpowiednich zmian otrzymanych teoretycznie przez Ta-
murg na podstawie jego modelu (patrz rys. 14, 15, 16). Podobienstwo to przemawia za
shusznoscia przyjetej przez Tamure dotychczas kontrowersyjnej interpretacji zmian cha-
rakteru przebiegéw powrotu pola w miarg oddalania si¢ od wytadowania. Wedtug tej in-
terpretacji przebiegi powrotu pola odpowiadaja przejsciu rozktadu pola roztadowywanej
chmury od poczatkowego rozktadu elektrostatycznego tuz po wytadowaniu, poprzez stany
nieustalone do quasistacjonarnego rozktadu przeptywowego dyktowanego wiasciwosciami
osrodka. Czas T' powrotu pola do potowy amplitudy skoku E byt jednakze znacznie krot-
szy niz w obliczeniach Tamury i nie odpowiadat empirycznej zalezno$ci podawanej przez
Smitha. Rowniez nie odpowiada teoretycznym krzywym Tamury wiele nietypowych (t].
nie zblizonych do ekspotencjalnych) form krzywych powrotu pola, ktore licznie wystgpo-
waty w Swidrze i Warszawie. Czg$é z tych form nie byta dotychczas przez nikogo oma-
wiana (np. rys. 7, 8, 17) niektore natomiast (np. rys. 19, 20) nie zyskaly nalezytej uwagi.
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Wobec spotykanych rozbieznosci wydaje si¢ konieczne wprowadzenie uzupetien i no-
wych zalozen do modelu przeptywowego Tamury.

Interesujace spostrzezenia przyniosty w Warszawie i Swidrze badania réznic czasu
powrotu pola dla ujemnych i dodatnich skokéw pola po wyladowaniach. Odpowiadajace
znakom skokow rédznice szybkosci powrotu pola obserwowano uprzednio jako raczej nie-
wielkie. Dla wartoéci $rednich rozpatrywanych dotychczas tacznie dla réznego rodzaju
burz byly one notowane w wysokosci okoto 15%. Podobnej wielkosci $rednie réznice byty
obserwowane w Swidrze i Warszawie. Uderzajaco duze roznice ujawnily sie wowczas,
gdy do porownan wzigto wyladowania z wytaczeniem burz frontalnych i intensywnych
burz termicznych. Podczas paru burz termicznych $redni czas T’ byt dla skokow ujemnych
okoto 1,75 razy krotszy niz przecigtny czas T' dla skokéw o znaku dodatnim. W jednym i
drugim przypadku dotyczy to wytadowan z odlegtosci pomigdzy 15 i 25 km.

Uzywajac ogolnie znanej metody analizy znaku skokéw pola w funkcji odlegtosci od
wyladowania, mozna bylo przypisa¢ obserwowanym burzom cieplnym stosunkowo prosta
struktur¢ o dodatnim tylko spolaryzowaniu chmur oraz przyja¢, ze dla odlegtosci prze-
kraczajacych odleglos¢ odwrdcenia znaku pola skokom o znaku dodatnim odpowiadaja
wyladowania doziemne, za$ o znaku ujemnym — wyladowania w chmurze. Otrzymane r6z-
nice wykazuja wobec tego wystepowanie w obserwowanych burzach termicznych znacz-
nie dtuzszego czasu powrotu pola (o okoto 75%) dla wytadowan doziemnych niz dla wyta-
dowan w chmurach i rozszerzaja dotychczasowe w tej sprawie informacje. W dawnych
pracach co prawda wskazywano na mozliwo$¢ wigkszego nieco czasu powrotu pola dla
wytadowan doziemnych niz dla wytadowan w chmurach, lecz ogélnie wystepowania tego
nie wykazano, poza paru pojedynczymi przypadkami indywidualnymi, w ktérych dostgpna
byta identyfikacja wizualna rodzaju wyladowan. W powojennych badaniach zmian pola
nie spotyka si¢ juz na ten temat dalszych danych, co wydaje si¢ raczej dziwne zwazywszy
znaczenie tego rodzaju spostrzezen.

Pomiary w Swidrze i Warszawie cze$ciowo potwierdzaja wystepowanie cyklicznosci
w nasileniu czgsto$ci wytadowan w czasie burz termicznych. Wydaje sig, iz w pewnych
przypadkach mozliwe staje si¢ rozrdznienie maksymalnego nasilenia czgstosci wytadowan
poszczegolnych komor burzowych. Nie udato sig przesledzi¢ nawet przyblizonej wyraznej
zaleznos$ci krzywych powrotu pola od stopnia rozwoju komor burzowych i od zmiennego
charakteru poszczegolnych burz. Mimo braku wystarczajacej statystycznie liczby przy-
padkow oraz braku mozliwosci doktadniejszej oceny wystgpowania stopnia rozwoju po-
szczegolnych komor (brak obserwacji radarowych i lokalizacji wytadowan) wydaje si¢
jednak, ze stosunek T’ do czestosci wyladowan nie jest w przyblizeniu wielkoscia statq i
zalezy co najmniej od rodzaju burz. Badania odpowiednich zalezno$ci zwiazanych z pro-
cesami regeneracji fadunkow i z trudnymi do okreslenia wtasno$ciami struktury elektrycz-
nej chmur wymagaja daleko idacych studiow. W sprawie rodzaju i zakresu wstgpnych
badan zostaty sformutowane poczatkowe uwagi i sugestie.

Full text in the Supplement
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OBSERVATIONS OF ELECTRIC FIELD VARIATIONS
FOLLOWING LIGHTNING DISCHARGES

Summary

Some properties of the electric field variations following lightning discharges, observed
at Swider and Warsaw as well as at Bracknell, are briefly examined. In order to distinguish
the local effects on the electric field, simultaneous observations of space charge, point discharge,
wind and precipitation are also taken in to account. Excluding the cases of distinct local dis-
turbances the recovery times T~ are related to the estimated distance D of the flash and to
the kind of discharges.

The values of 77, similarly to the results of Smith and Malan, were found to be much
smaller than those calculated on the basis of the current flow models of Tamura and others,
although in the observed clouds, at least of some thunderstorms over Swider, the altitudes
of charge centres did not exceed the values presented in Tamura’s model. The observed
discrepancies between the theoretical and experimental values of T’ are thus very difficult
to explain without a modification of the basic assumptions of the mentioned models.
For instance it appears to be necessary to introduce in the current-flow models the higher
values of conductivity, whatever kind it may be, in the cloud than in its environment,

The properties of recovery curves were observed at Bracknell in the range of distances D
larger than 100 km, For the distances exceeding at last aproximately 40 km the values of
recovery time T were found to be at the average distictly smaller for the negative jumps
than those for the positive jumps of the electric field at approximately the same distances.
In Swider and Warsaw additional visual observations and an analysis of field jumps enabled
in some cases roughly to determine the kind of discharges responsible for the recorded
recovery field variations. In some air-mass thunderstorms it was thus noticed that average
values of T” for cloud discharges were distinctly shorter than the average T’ for ground dis-
charges occuring approximately at the same distance from the flash.

Further statistical studies and a wider range of simultaneous observations of thunder-
clouds and their discharges are required.

1. Introduction. To this day no satisfactory notions on segregation and accumula-
tion of electric charges as well as their dissipation in thunderclouds were collected. Data
on these and other processes weie determined up to now mainly on the basis of observa-
tions of electric field variation after lightning discharges. Considering the numerous factors
affecting the course of changes in the iecovery of the field, their interpretation from a
single item is rather difficult and often not sufficient to be conclusive. However, even simple
observations of field recovery variation at one point seem to be worth of continuation
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if only for comparison of results obtained for various thundurstorms, or to test of the
“adequacy of electrical thundercloud models used in theoretical considerations.

The aim of this paper is to present and to discuss briefly some of the results of observa-
tion of recovery field variations, using additional measurements, namely:

1. of few electrical and meteorological elements,

2. of the distance of discharges from the observation point.

Measurements were carried out in Warsaw and Swider. Moreover, a series of observa-
tions was made at Bracknell, complemented by results obtained from the British Spherics
Stations (Cathode Ray Direction Finders).

2.Instrumentation and measurements. The electric field was measured by means
of field mills. The actual adjustment time of the device used in Warsaw and Swider amoun-
ted to 0.3 sec, at maximal sensistivity — 3 V/m for one scale division. The adjustment
time of the field mill at Bracknell amounted to 0.15 sec, at maximal sensistivity 0.1 V/m
per scale division. The additional ring above the field mill head, fed by regulated com-
pensating voltage, enabled to utilize maximal sensitivity in case of occurrence of consi-
derable, but slowly varying potential gradient values. The range of observation of electric
field jumps and recovery variations following lightning discharges could be therefore
extended to the distances exceeding 100 km. )

Additional measurements at Swider included: the point discharge current, the space
charge, the speed and direction of the wind, as well as precipitation and other meteorolo-
gical elements [10]. The field mill and the cage of the space-charge measurement apparatus
were installed at low height above the earth’s surface, while the point (needle) was placed
at 23 m above ground. The arrangements were laid out in a clearing of the wooded area
of the Observatory, at about 15 m distance from 10 m high trees.

The same field mill had been used previously in Warsaw at 24 m clevation, the discharge
point being at 36 m height.

At Bracknell, the head of the field mill was placed at about 4 m height. Similarly as
at Swider, the field mill indications were reduced at Bracknell to the flat ground surface.
The simultaneous registration of spherics at Bracknell Central Station enabled comparison
of the instant of sudden field changes with those corresponding to spherics which were
evaluated by the network of CRDF. However, it was difficult in many cases to correlate
practically the determined distances of discharges with the field jumps, produced by lightning
discharges, recorded by the field mill. The obtained means of group situations of several
discharges gave merely an approximate evaluation of average distance, recorded with
a rather large error. The direction error for one station amounts to about 1° [5]. In
some cases additional visualacoustic information was obtained from the network of me-
teorological stations situated within a 200 km radius.

3. Local influences. In order to distinguish secondary local influences prevailing
at the observation station, from those of clouds and other factors, a simple experimental
approach was used at Swider, involving measurements at two levels.

Field variations, measured close to the ground and indicated by point discharges at
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23 metres above ground-similarly to previous observations — show that there are some-
times large concentrations of local space charge, which vary with time [10]. This local
space charges are able to modify the course of recovery field variations. Example of such
modification was observed distinctly in Swider at the jumps of the electric field from con-
siderably negative to large positive values. In these cases (Fig. 1) the positive values return
fast at first but slow down when approaching

zero value. In the range of negative values Swider 26.8.1963r
the sequence is reversed. It appears that this Ly,
effect of recovery deflection is caused by a o0k i
space charge produced by point discharges 1000+

=~

before and after the change of field direction. | —— =l

The space charge formed after this change /] ' or
" eralless

has the opposite sign to the charge produced -500 -

before it. This opposite space charge reduces -
the field owing to neutralization of the space 00 |
charge existing before lightning dischaige. On 7
decrease of the field to a magnitude below gy 1. An example of the shape of recovery
the critical value, at which the point disch- field variation during a near thunderstorm
arge ceases, this neutralizing — recovery at Swider: E — electric field, / — point discharge
accelerating — influence ceases too, causing Frrent

deflection of the curve. In Bracknell and

Warsaw that kind of recovery form was indistinct and seldom observed. This suggests that
the described recovery variation has a rather local character due to the configuration
of the place of measurement (trees etc.).

The recordings made at Swider show, similarly to cases reported by Smith [13],
considerable local modifications of the recovery field during heavy showers. The recovery
times 7' (defined as the time of recovery to half value of magnitude of field change
caused by lightning) obtained in some cases of heavy rain at Swider were very short [10].
The shape of the first stage of the recovery curve observed then formed an almost straight
line. This effect, ascribed by some authors to the splashing of raindrops on the ground
[17], needs further confirmation. When rainfall was slight, the shape of recovery curves
did not differ much from those usually observed for corresponding distances.

L 22045 L 22848 | |

Another kind of influence of the space charge on recovery variations is shown by ir-
regularities and fluctuations occurring sometimes at high electric field values. The observed
cases are in agreement with results and suggestions of Smith [13].

The fluctuations (electrical agitation [6]) occur also at small values of the electric field.
They often limit the range of possible observations of recovery field changes produced
by very distant flashes.

In the following considerations, cases with distinct local disturbances were not taken
into account.

4. Properties of the recovery field variations in relation to distance. It is
remarkable that recovery time of the electric field after lightning depends on the distance
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D between the flash and the place of observation. In his analysis Y. Tamura [14] explains
this dependence by the use of current flow interpretation of recovery variation in lieu of
the electrostatic ones used previously. Theoretical recovery curves, calculated by Tamura
on basis of his current-flow model of thundercloud, show a shortening of the recovery
time with increase of distance and have shapes similar to the experimental curves observed
earlier by T. W. Wormell [16]; Y. Tamura [14] and others.

L. Smith [13] noticed, however, in thunderstorms observed over Florida that the
agreement between theory and expeiiment is only qualitative and pointed out that recovery
times are shorter than those calculated by Tamura. Similar findings were given by P. J.
Malan [9] for thunderstorms observed in South Africa (at distances D extending to 100 km).
Further data about the properties of recovery curves in relation to the known large distance
D seems to be desirable for various kinds of thunderclouds, eg. for clouds whose charge
centres have lower altitudes than those over Florida and South Africa. In the precedent
numerous observations of the electric field in temperate zones were most often lacking
data regarding the location of the discharges (except rough estimates over short distances),
or, if estimates of large distances D were performed [12], the recovery properties were
not taken in account.

Studies of recovery time characteristics including the large distances D seem to be
of interest in view of the controversial opinions about a basic parameters in the models
of electric structure of thundercloud. Some of them, for instance the conductivity inside
the cloud, the shielding layers at the boundary of the cloud, are assumed mainly on the
ground of theoretical premises. Any farther factual information regarding the latter would
be valuable owing to the present lack of direct experimental data which is evident despite
the considerable measurement efforts made in the past two decades.

Vi } Bracknell 11 Sept. 1965
aa@'.
400,
5037 00" 753800
B Ly L .y

Fig. 2. Recovery field variation for a nearly thunderstorm at Bracknell

Let us look over some features of the behaviour of recovery times observed at Swider,
Bracknell and in Warsaw.

Although the shapes of recovery field variations belong to various flashes, they tend
to point to a change of character of the recovery curve with increasing distance from the
flash. A typical example of the differences in, and the general character of, the shape is
given in Fig. 2 and 3 for short and long distances, respectiveiy. The former represents
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recovery curves (of the mature stage of ¢hundercloud) at distances of less than 5 km, the
latter at distances 35 - 50 km exceeding considerably the distance between the observed
lightning and the reversal point. The recorded differences in the character of field recovery
are in general similar to those observed by Tamura [14], Smith [13], and are in agreement
with the current flow theory used by Tamura. Some of the quantitative properties of reco-
very field variations do, however, not conform with predictions made on basis of Tamura’s
model, or other current flow models !, which use the common assumption about equal
or smaller conductivity inside the cloud than in its environment.

0+
@ F
80 +

7
Ak

Bracknel! 7% 0ctover 1965

1 L = AL - i 1 1 1 L | - 18 i L AL DS | 1 L 1. A 1 1 1
7wt 30" 457 17hE3 17754 7hes 177 55" a7 1758 17759

Fig. 3. Recovery field variations for a distant thunderstorm at Bracknell
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Fig. 4. The recovery time 7’ and magnitude of positive field changes 4E

Fig. 4 and 5 give the values of time 7" in relation to the magnitude of positive and
negative AE field changes. Wide scattering of points is there observed, though the con-
tinuous line, corresponding to mean values, illustrates the trends in 7" variance, depending
on the amplitude values of jump 4E and its sign.

! If the altitudes of their main dipole charge centers do not differ very much as it usually happens.
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In table I, where the values of T are given in relation to the distance D, it is seen also
that 7" diminishes considerably with distance for positive as well as negative 4E changes.
The ratio of decrease is here, with relatively small distances (up to about 50 km), larger
than for wider distances.
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Fig. 5. The recovery time 7’ and magnitude of negative field changes 4E

Table I
Variation of recovery time 7” with distance at Bracknell for positive and negative field changes 4E
Distance (km) ‘ 0-20 20 - 50 50 - 100 ‘ 100-150 | 150 - 200
T(sec) 11.5 6.5 26 19 0.98
(+) |
T’(sec) ’ 10 6.7 2.02 ’ 1.27 0.77
=)

Generally speaking, at least for distances beyond approximately 16 km, the values
of recovery time T”, and values of the relaxation time 7 2, are found to be much smaller
than those evaluated from the current-flow models of Tamura and others. It is charac-
teristic that in some observed individual thunderstorms the discrepancies reached or even
exceeded, the differences reported by Smith and Malan, although on an average they
are somewhat smaller than those noted in Florida and South Africa. Thus, for instance
at thermal thunderstorm ® over Swider on 7 August 1963 the mean value of 7" for distances
of about 40 km was recorded 2.2 sec while Smith recorded at on average 2 -3 sec and
Tamura computed 10 sec. The average T values, for all nonfrontal thunderstorms observed

% Le. the time it takes the field to recover to 0.63 of AE in the cases the often observed almost
exponential forms of recovery curves.

3 Of which the top level was estimated, on the basis of aerological soundings in Legionowo and
synoptical situation, as not higher than 8 km.
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over Swider in late summer and autumn, were larger than those of the August 7 Swider
storm, but yet much smaller than Tamura’s values, namely eg 8 sec observed for approxi-
mately 12 km and 13 sec calculated for corresponding distances.

It may be noticed that the values of mean electrical moment for discharges during
the mentioned thunderstorms over Swider were about 40 C km, and at Bracknell — for
all observed thunderstorms — about 100 C km, Fig. 6. Similarly as Smith, we do ro -

Vim
WE oo

/) S S,

i 1
] W J 0 200 - -Distance km

Fig. 6. The magnitude of positive field changes AE in relation to the distance D at Bracknell

know the values of charge and the height of their centres in the observed clouds. Never-
theless it is possible now to assume that the altitude of the charge centers and corresponding
values of conductivity, particulary in autumn thunderstorms at Swider, should not be
higher than those accepted in Tamura’s calculations. Considering that the time properties
of recovery field variations depended mainly on the conductivity distribution in the medium,
(e.g. conductivity of the cloud environment at the height of charge centers [14] or of
}_he cloud top [11]) and conductivity of the cloud we might expect the observed recovery
times to be rather larger than the corresponding values calculated from Tamura’s model.

It is not the purpose of this paper to give the quantitative theoretical explanation
for observed properties of recovery curves. However, it seems to be possible preliminarly
to notice that the observed discrepancy may indicate the necessity of modification of the
basic assumptions used in the mentioned current-flow models. For instance, neglecting
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the differences in vertical distribution of conductivity in atmosphere for various regions,
it seems necessary to assume the cloud conductivity, whatever kind it may be, higher
than the conductivity in the cloud environment.

Convective turbulent redistribution of charge within a cloud after a lightning dis-
charge may be introduced here as one of the important factors responsible for the short
relaxation time of recovery field variations. The advisability of revision of the com-
monly used opinion [15, 4, 14, 7], that the conductivity values inside the cloud are smal-
ler than or equal to those outside the cloud, is consistent with an offer additional support
for the theoretical considerations of G. Freier [3], J. Latham and J. B. Mason [7],
S. Colpate [2].

5. Recovery field variations in relation to the kind of discharges. Recently,
the opinion is often put forth that recovery times are in general the same for both types
of flashes, intra-cloud and cloud-ground discharges [3,9]. Earlier investigations (e.g. by
Wormell [16]) had shown that there are differences in recovery time 7" for positive and
negative jumps of field.

Similarly, as it is seen in Fig. 4 and 5 as well as in Table I, observed recovery times
for positive sudden field changes are on the average about 109, longer than the values
for the respective negative jumps. Merely in the range of 20 - 50 km, the 7" values for
positive and negative AE differ insignificantly from the values of T for positive AE, being
distinctly smaller.

These data, however, can not indicate the differences in recovery time for different
kinds of discharges, because positive as well as negative field changes can include flashes
to the earth and intra-cloud or cloud-cloud discharges.

For distant thunderstorms, with the exclusion of frontal ones, differences in 7’ were
observed at Swider more distinctly than the average T differences evaluated for all thun-
derstorms. This fact drew our attention to the local air-mass storms, particularly to weak
ones. )

We did not always disposed enough visual and acoustical observations of the kind
of discharge and therefore we tried to supplement these observations with the simple
analysis of the sign of the sudden field changes in relation to their magnitude.

In some air-mass thunderstorms it was noticed that the ratio of the numbers of positive
to negative field changes diminishes with the decrease of the magnitude 4Ei.e. with increase
of distance D; beginning from with 125 V/m, the ratio remains almost constant with in-
crease of distance. Neglecting in first approximation discharges of other types than cloud-
ground and intra-cloud ones, it was possible to assume that the thunderclouds in the con-
“sidered inter-mass storms have at an average a simple dipole structure and positive polarity.
On this assumption we may treat the sign of field changes as a rough indication of the
type of discharge.

Records in Warsaw and Swider show that for some distant air-mass thunderstorms
the average recovery times 7" for positive sudden field changes are distinctly larger than
the average recovery time for negative changes, both at the same range of distance and
observation time. The average time 7" for positive changes was e.g. 7.8 sec. for the range
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of AE values between 250 V/m and 25 V/m, the average time T’ for negative changes
over the same AE range was about 4.5 sec.

These data may indicate for air-mass thunderstorms observed in Swider considerably
longer average recovery times for ground discharges than for intracloud discharges. This
notice was corroborated by direct visual observation of the kind of discharges made
later in Warsaw in 1968. In individual case it is, however, not possible to tell from examina-
tion of the recovery time whether the recovery variations were caused by a flash to earth
or not. Nevertheless, differences between recovery curves for ground and intra-cloud
discharges appear to be characteristic and should be the subject of further research with
an extended complex range of observation.

6. Recovery field viariations, kind of thunderstorm clouds and the stage
of their development. The great dispersion of characteristic values of recovery field
variations, for the same distances, may be caused by many factors related to the electric
properties of clouds and their environment. When a given kind or an individual case of
thunderstorm is studied, it is found that sudden jumps of the electric field and following
them recovery variations differ also in lightning flashes of approximately equal distances
D. In some cases the characteristic values of recovery variations, eg T, appear then to
be related to various development stages of the cloud.

In the first stage of the lightning activity, and especially in thunderstorms of low in-
tensity, the recovery time T was observed quite often much longer than the correspond-
ing values for the mature stage of thundercell activity at approximately the same range
of distance. Examples of exceptionally long recovery times 7" (about 60 sec) represented
by almost straight lines were observed in the case of flashes occurring after a long time
T, following the preceding discharge. In some individual cases of thunderstorms, the
shorter is T, the shorter appears to be recovery time 7”. The data collected so far are
insufficient to prove the existence of general distinct correlations between T and T,
as well as even in a larger extent between the 7" and the development stage of individual
isolated thundercloud or thundercloud cells. Parameters of the physical processes occurr-
ing in thunderclouds and lightning discharges show considerable statistical dispersion;
therefore, the magnitudes of characteristic data of recovery variations should also be
examined statistically. The interrelations of the many factors involved in recovery pro-
cesses make it, however, difficult to study successfully field variations after lightning
discharges without supplementing it by a further extension of the range of observations.

7. Conclusions and preliminary suggestions. 1. Generally speaking, the
character of observed recovery field variations in respect to distance is similar to the
variations derived theoretically by Tamura from his current-flow model. Some values of
characteristic parameters (T", T) of recovery curves do not agree with the calculation
made on the basis of Tamura’s and other models; thus for instance, the recovery times
are considerably shorter than those derived from calculations. It seems necessary to intro-
duce in models of thundercloud electrical structure much higher electric conductivity
values inside the cloud than those prevailing in its environment,
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2. Considerable differences in recovery time T’ were observed for intra-cloud and
cloud-earth discharges particulary in autumn air-mass thunderstorms at Swider. The
average T for cloud discharges was, for some of these storms, about 1.75 times shorter
than the average 7” for ground discharges occurring at about the same distance from
the flash (between 15 and 30 km).

3. Among the local effects to be considered in the observation of recovery field varia-
tion, most effective are the space charges produced by point discharges and the splashing
of raindrops on the ground. With distant flashes the disturbances due to electric field
fluctuations limit the range of observations.

4, The forms of recovery field variation appear to be dependent to some extend on
the developmental stage of the thunderclouds.
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OBSERWACIJE ZMIAN POLA ELEKTRYCZNEGO PO WYLADOWANIACH
ATMOSFERYCZNYCH

Streszczenie

Przedstawiono i rozpatrzono niektore whasciwosci krzywych powrotu pola elektrycznego po wy-
tadowaniach atmosferycznych obserwowanych w Warszawie i Swidrze oraz w Bracknell. Wyniki obser-
wacji pola pizeprowadzonych w Polsce zostaly uzupelnione rezultatami jednoczesnych pomiaréw
ladunku przestrzennego, pradu z ostrza, nasilenia wiatru, opadu oraz wynikami wizualnych obser-
wacji wyladowan. Badania w Bracknell obejmowaly oszacowanie odlegltosci obserwowanych wyla-
dowan uzyskane za pomoca brytyjskiej sieci radio-goniometrycznych stacji.

W celu wyeliminowania z dalszych rozwazan przypadkéw zmian powrotu pola z wyraznymi zakl6-
ceniami miejscowymi rozpatrzono wplywy warunkéw meteorologicznych i elektrycznych wystgpuja-
cych przy powierzchni ziemi (np. rys. 1). Najbardziej efektywne znich wydaja si¢ by¢ oddziatywania
ladunk6w elektrycznych wytwarzanych przez wyladowania z ostrzy i rozbryzg kropel deszczu oraz
wplywy turbulencyjnej wymiany powietrza, ktora przy duzych odlegltodciach od wyladowan ogranicza
zakres obserwacji.

W wyniku przeprowadzonych pomiardéw stwierdzono, ze ogblny jakodciowy charakter zmian pola
po wytadowaniach (rys. 2, 3) jest zblizony do charakteru zmian otrzymanego w analizie Tamury. Oka-
zato si¢ jednak, ze wartoéci czasu powrotu pola T” — podobnie jak to mialo miejsce w badaniach Smith’a
i Malana — byly znacznie mniejsze niz wartosci obliczone na podstawie modelu Tamury. Dotyczy to
i innych modeli przepltywowych, sw ktorych przyjmowane byly warto$ci przewodnictwa w chmurze
réwne lub mniejsze niz odpowiadajace im wartos$ci w otoczeniu chmury. Wyniki te sa charakterystyczne
z tego wzgledu, ze wysokosci centrow fadunkéw w obserwowanych chmurach burzowych, przynajmniej
podczas niektérych burz w Swidrze, byly nie wyzsze niz wysokodci przyjete w modelu Tamury. Wy-
jasnienie obserwowanych rozbieznosci migedzy teoretycznymi i eksperymentalnymi warto$ciami 7’
wymaga zasadniczej zmiany lub duzych modyfikacji podstawowych zalozefi przyjetych w wymienio-
nych modelach. Na przyktad wydaje sie konieczne wprowadzenie do tych modeli duzo wigkszych war-
tofci przewodnictwa w chmurze niz w otoczeniu chmury.

Pomiary w Bracknell, dzigki zastosowaniu metody kompensacyjnej i przyrzadu o duzej czutosci,
znacznie rozszerzyly mozliwoéci obserwacji zmian powrotu pola powyzej 100 km. Stwierdzono, ze
w przypadku duzych odlegloéci, poczawszy od ok. 40 km, wartodci czasu T’ dla ujemnych skoko6w
pola byly wyraZnie mniejsze niz dla skok6éw dodatnich odpowiadajacych temu samemu przedziatowi
odlegtosci D (Tabl. 1). W Warszawie i Swidrze obserwacje roznic czaséw T, w zaleznosci od znaku
skoku pola, zostaly uzupetnione danymi wizualnymi i w pewnych przypadkach analiza skokéw pola.
Uzyskane dodatkowe informacje pozwolily orientacyjnie okre§li¢ rodzaj wy'adowania wywolujacego
zarejestrowane zmiany powrotu pola. Podczas niektérych burz, zwlaszcza burz wewnatrzmasowych,
zanotowano, ze przecietne czasy T’ dla wyladowan doziemnych byly wyraZnie diuzsze niz dla wyla-
dowad w chmurze przy tych samych w przyblizeniu odlegtoéciach.

Roéinice te, jak i roéznice wlasnoéci zmian powrotu pola, zalezne przypuszczalnie od rodzaju
chmury burzowej i stopnia jej rozwoju, wymagaja dalszych studiéw oraz rozszerzenia jednoczesnych
obserwacji chmury i jej wyladowan,

HABJIFOOEHWUSA HAJA U3MEHEHHWA 2JEKTPHYECKOI'O ITOJIA TIOCIHE
ATMOC®EPHBIX MOJIHUNI

Pesiome
B HACTOsALLIEH cTaThe paccMaTpHBaIOTCA HEKOTODBIE cBoiicTBa KPHBBIX BOCCTaHOBJIICHH A IEKTPpHYEC-

KOTO ToJd mocje MonHwmii, Habmonaemeix B Bapuiase u O6cepparopun Ceruep, a Takxke B BpakHens. Pe-
3yNBTaTH npoBeneHHbIX B [Monbme HabmopeHHH 3MEKTPHYECKOTO MONA OLUTH JOMOJIHEHBI pe3yIbTaTaMH
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OJHOBPEMEHHBIX M3MEpEHHH NMPOCTPAaHCTBEHHOTO 3apAfa, TOKAa H3 OCTPHs, CKOPOCTH BErpa, OCAKOB
W onTHyeckux Habnronenwii Monumii. Viccnenosauus B BpakHens 3akmoyany OLEHKY PacCTOAHHA Habnio-
JaeMbIX MOJIHMIH, MOJTyYEHHBIX Ha AHINIMHACKOH CETH paJHOTrOHMOMETPHYECKHX CTaHLHIA.

C UENBIO MCKNIOYCHHS W3 JasJbHEHIMX paccyXASHHM CyvacB H3IMEHEHHWH BOCCTAHOBIICHHA IO
¢ YETKHMH MECTHLIMH TOMEXaMH, PACCMOTPERO BIIHAHHE HA 3TH H3MEHEHAS METEOPOJIOTHYECKHX H 3IEKTPH~
yeckux ycnosmit BOnmM3H mosepxHocTH 3emun (prc. 1). Kak kawercs, caMbiMH 3(Q@deKTHBHEIMH MpPHYH-
HAMH TIOMEX SABJIAIOTCA BO3IEHCTBHS D/EKTPHYECKHX 3apfloB, BO3HHKAIOIIHX BCIEACTBHE pa3psxeHus
ocTpueii, pa3bprira Kanenb noxnas ¥ TypOyneHTHOro obMeHa BO3lyxa, KOTOPBIH NMpH GomblLux paccro-
SHEAX OT MOJHHM OrpaHmyusaer npenen HaGmopenuil. Ha ocHOBaHMM BHIMOJIHEHHBIX M3MEpPEeHHIt ycTa-
HOBJIEHO, 4TO OOIMii KayeCTBEHHBIH XapakTep M3MEHeHHi oA mocie MonHHit (puc. 2, 3) 630K K Xxa-
paxTepy H3MEeHeHHik, nonyyeHHoro B pabore Tamy prl. OQHAKO 0Ka3aa0Ch, YTO 3HAYEHHA BPEMEHH BOCCTa-
HoBneHua noia T’ (DORKOBHO Kak u B HcciemopaHuax CMuca © Mansaua) GBUIH 3HAYHTENBHO MEHBIIE,
9eM 3HAYEeHHs, PACCYATAHHBLIE Ha OCHOBe Mozend TaMypel, DTO OTHOCHTCA ¥ K APYTHM MOJENAM, I
KOTOPBIX MPEANOJIOKEHO, YTO 3HAYEHHA NPOBOMMUMOCTH BHYTPH Ipo30BOro obnaka papHbI MIH MeHbIIE
COOTRETCTBYIOIIMX 3HaueHHil BHe ob/aka. DTH pe3yNbTaThl ABNAIOTCA HHTEPECHBIMM, IOCKONBKY BBICOTBI
UEHTPOB pa3psnoe B HaGmomaeMeix rpo3oBhix obnakax, Mo KpaiiHell mMepe BO BPeMs HEKOTODBIX TpoO3,
perucTpoBaHHelx B Ceuape, OBUIM MEHBIUAMH 4YeM mpeanonaraeMmbie B Mozemn Tamypel. UroBsr
00bACHATH, HabomaeMoe pPacXoXeHHe MeXAY TEOPeTHYeCKMMH M MONYJCHHHBIMHM H3 ONMbITA 3HAYEHW-
AaME T/, HYXKHO TIPHHUMIMANBEHO H3MEHUTh MM OY¢Hh MOAMGHMIMPOBATL OCHOBHEIE NPENUONIONKEHMS,
OPHHEATHIE B BBINIE YKa3aHHBIX Mopensx. Hanpmmep, kawerca HeoOXOOHMBIM NPHHATE B 3THX MOIENAX
ropasno GoneiumMe 3HAYEHHS NMPOBOAMMOCTH B obllake, 4eM BHe obGnaka.

Biiaroziaps HCMOJIL30BAHMEO KOMIIEHCAIIMOHHOM MeToAb! H npr6opa, obnafatorero GobImoil 4yBcTBA-
TENBHOCTHIO, H3MepeHus B BpakHens fand BO3MOXHOCTb YBEMHYHMTH pailoH HaOnromeHHit BoccTaHOBIE-
HEA nonAa po 100 kM H Goneioe,

M3 tabmanel I BEAHO, 4TO B CiyYae GOMbIHMX paccTOsHEM, HaynHas ¢ 40 KM, 3HAYeHHA BpeMeHH T
I8 OTPHULATENBHEIX H3MEHEHHH 10N GbUIH ONpENeieHHO MEHbIIHE, YeM 3HaYeHus T [7id MOJOXATE b~
HEIX M3MEHCHHI B 3TOM e HmHTepsaje paccrosuuit, Habmromenna pa3nnn BpemeHn T’ B 3aBHCHMOCTH
OT 3HaKa H3MEHEHHs TOoJs, nposeneHuble B Bapmase u CeHape, ObUH JoMONHEHE! BA3YAILHEIME JaHHEBI-
MW H B HEKOTODEIX C/y4asX aHaid3oM H3MeHenui mons, ITonydeHHsle NOMONHHTENBHBIE HHOOPMAIMH
HOMOI'J/IH OPHEHTHPOBOYHO ONPENENATh THII MOJIHHH, BEI3LIBAOIIEH PerHCTPHPOBAHHBIE H3IMEHEHHE BOCCTA~
HOBJIEHHA TONA. Bo Bpems HEKOTOpPHIX 6yph, 0COOEHHO BHYTPEHHOMACOBBIX, OTMEYEHO, YTO CpEIHHE
3HaveHEs BpeMeHH T’ Ay paspskenuil Mmexnay obnakamu B 3emnedf ObutH 3HawmTenbHO Gonbmwe, 9eM
JUIA MOJHHAH B rpo3oBoM obnake Ha NpuGIH3HTENLHO ONHHAKOBBIX DACCTOSHHAX.

OTH pa3Huibl H Pa3sHHUBI CBONCTE H3IMEHEHMH BOCCTAHOBJIEHHS IIOJA, KOTODHIE 3aBHCAT BEPOATHO
QT popa rpo3oBoro ofnaka M CTENeHW e€ro Pa3BHTHA, TPeOYIOT HannHeHINAX HCCIemOBAHHH M pacImpe-
HHA OJHOBDEMEHHHIX Habmiomenuéi Han obrakamMu W MomHHe.
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Summary

The transient time variations of electric field in unhomogenous medium were examined
theoretically. The general equations and their simplified solutions were derived for the case
of a suddenly discharged pole embeded in a medium with exponentially variable conducti-
vity. The pole was treated as a point charge situated above the highly conductive plane.

The results obtained differ from those calculated by Tamura and by Kasemir in
spite of similar physical models used. This difference is caused mainly by new initial conditions
adopted in the present analysis.

For the large distances from the place of observation to the discharged pole and for small
values of time, the obtained simplified solution of general equations makes it possible to show
analytically a decrease of recovery time of field variation with the growing distance, and to
ascribe the behaviour of these variation to the effect of space charge formed in the medium.
The decrease of recovery time in the range of great distances was observed experimentally
and could not be explained analytically by any previous theory.

L. Introduction. The lower atmosphere is not electrically homogeneous. This fact,
found experimentally, should be taken into account in theoretical models of the time-space
distribution of the electric field in the atmosphere. The need for this is especially evident
in studies on the slow changes of the field produced by thundercloud, and particularly, on
the field changes observed at the earth’s surface after lightning discharges.

Holzer and Saxon [7] introduced into the electric model of a thundercloud the assum-
ption that the electric conductivity of the air in the lower atmosphere increases exponentia-
lly with height. Under this assumption they obtained the current-flow distribution of the
field for the quasi-stationary state and noticed that it differs substantially from the electro-
static one. Tamura extended the application of variable conductivity distribution on the
calculations of field changes in the nonstationary state after lightning. Kasemir [14]
attempted to give a general theory of transient variation of field in inhomogeneous medium.
According to the analysis of Tamura [24] and analogical theoretical conclusions given
by Kasemir [14], the general character of the recovery field variation after lightning
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results from the natural decay of the lightning charges and the screening effect of the space
charge which forms because of the increase of conductivity with altitude.

Tamura explained some differences in the shape of recovery curves, his analysis,
however, do not yield quantitative results, which are consistent with experimental data
{24], [18], [20]. The inconsistency is very distinct especially at large distances r, from the
-observatio 1 place to the discharge and for this range it can be explained analytically by none
of previous theories.

The present paper is an attempt to get a new general method for describing the time
changes of the field after a discharge, for a simple model of thundercloud in the medium
of variable conductivity. We do not intend to present now a broad numerical computation
and to compare them with experiments. What we try now to illustrate by means of present
analysis, is to show roughly an influence of the variable conductivity in the atmosphere on
the transient recovery field variation observed at great distances.

2. General formulae describing the time-space distribution of the cur-
rent-flow field in a unsteady state. We assume that the time changes of the
electric field are so slow that we can treat the electric and magnetic fields as mutually
independent. Moreover, in a relatively weakly ionized troposphere* it seems reasonable
to neglect the finite propagation velocity of the field change.

Average values of time constants involved, as well as the values of the time in which
the field decreases to one half of the amplitude of the field jump after the discharge, are
here of the order of seconds. Therefore, we can treat field strength E, as the gradient of
scalar potential ¢. Using the notation accepted in theoretical physics [25] we write

E,=—o, 2.0

We start the general description of the current-flow field with the second Maxwell’s
-equation:

1 . 4=n
Ekim Hm.t =? Dy +ka (2.2)

where D, — vector of the dielectric displacement, H, — vector of the magnetic field
strength, j, — vector of the conduction curreat density, ¢ — the velocity of light, k — 1, 2, 3
are the subscripts denoting space coordinates.

Provided that the medium is isotropic and has a dielectric constant & independent of
time, we can write

D, =¢E,. (2.3)
Taking the divergence of the curl of vector H, given by Eg. 2.2, we have
eEy  +4mj, , =0. (2.4)
The second basic equation is the Gauss theorem:

eEy ,=4mp. (2.5)

* The presence of free electrons in the air up to 50 km can be neglected.
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From Eqgs. 2.4 and 2.5 we obtain the basic relation in the form of the equation of conti-
nuity
P +ixx=0, (2.6)

The space charge p can be treated as the sum of the source charge ¢ and the space charge p,,
the latter being distributed in the medium of nonhomogeneous conductivity under the
influence of electric field

P=q+p,. 2.7)

Now let us consider the medium in which the electric conductivity is constant in time
but is a function of space. We can write, using Eq. 2.1:

Je=AE=—10,. (2.8)
Taking into account Egs. 2.7 and 2.8 we can obtain from Eq. 2.5:
(= @) =4np, +4nq (2.9)
and
&
pm-—*z-("w,u)—q- (2.10)
T

¥

Substituting the expression for p from Eq. 2.7 to 2.6 and using Eq. 2.8 we have:

E

e PukHAQu+ Ay 0p=—q. (2.11)

The above equation can be re-written in the form:

e . ) 2.12
3 Epy+ AE x +'1,k E,=q ( )
'

The last two equations are the basic formulae describing the space-time distribution
of the electric field.

3. Formulae describing the time-space distribution of the current-flow
field in the case of a point charge placed above a conducting plane.
Let us consider a medium with the dielectric constant unchanging in time and space and
with the conductivity constant in time but variable in space. We assume a coordinate
system where the conducting plane corresponds to z=0 and z axis passes through the point
charge, see fig. 1.

On the basis of experimental estimates [5], [10], it was assumed the conductivity in the
atmosphere to be distributed exponentially with altitude:

A=A @G.1)
The coordinates of g, are: z=0; y=0; z=2z,. Then we may write as follows

4,=I,6(x)8(»)0(z—z,), (3.2)
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Fig. 1. A simplified monopolar model of thundercloud a point charge g, above the
conducting plane in a medium with exponentially variable conductivity

where I, denotes the convective current accumulating free charge at given point and
d is the Dirac function defined as: ;

0(x)=00 for x=0,

5()=0 for x#0, (3.3)
+ o
[ 8(x)dx=1.

In the steady state, the charge ¢, can be expressed as follows (provided 7, as con-

stant):
q1=I7, (3.4)

1
where t=—+ for x=0; y=0; z=2z;.
e i, y z=2z,

Substituting ¢, from Eq. 3.2 in place of ¢ in Eq. 2.11 and using the assumption 3.1,

we obtain after differentiation

& I
o) Pt O t2ke, = _“11‘ 0(x)o(y)o(z—zy) (3.5)

Eq. 3.5 represents the mathematical model which allows to examine the time-space
distribution of the field under the assumptions made. This distribution depends, of course,
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on the boundary and initial conditions chosen and the properties of the source on the one
hand, and on the spatial distribution of the dielectric constant and conductivity of the
medium on the other.

Up to now, this equation has been solved in the simplified form

E .
) Ot Out2ke, =0, (3.6)

which is the characteristic equation of the general Eg. 3.5. Assuming that

=1/Te

'1'0 = qj(:l.',_}".z] € t] (3'?)
one can transform Eq. 3.6 into
1 4ni )
Te— ¢J5k__—“ (¢.hk+2k¢,2)=0‘ (3.8)
T, £
This equation has been considered by Anderson and Freier [I] and Mann [16].
Anderson and Freier examined two specific cases: of T very long (i.e. the case in which
the simplified equation corresponded to the stationary current-flow distribution) and of T
very short (i.e. the case corresponding to the electrostatic distribution). The solution of
Eq. 3.8 found by Mann in the form containing hypergeometrical series appears to be
rather unpractical for our present needs, since the application of the boundary conditions
involves serious difficulties. Therefore, we attempt to present another method for solving
Eq. 3.5 in a more general form.

4. Solution of the steady-state equation. At first we search for the solution
of Eq. 3.5 neglecting the first term (containing the derivative of the potential function with
respect to time), i.e. for the solution of the steady-state equation:

—2kz

Part2ko =~ 8(z—2,)0(x)d()). 4.1

Ao

Introducing the cylindrical coordinate system and denoting function ¢ by ¥ in order to
mark a distinction between the steady and unsteady states, we obtain

*vY 1 oy v oY —le ¥

Ej+~m-+-é;2—+2k5=—lo d(z—z)d(x)(y). (4.2)
Assuming that
Yory= }:m.}’o(ar) Clo,z do (4.3)
and substituting Eq. 4.3 into 4.2 we have.
f o o(er) {jzzf +2k % —azc} do="_ r:o‘l’“ 5(z—21)8(x)3(y). (4.4)
0
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The analogues method of solution has been applied by Paul and Banerjee [22]. Using
the inverse transformation and making use the Fourier-Bessel integral we obtain

d*c ac , —Ie7* r
= +2k—£——a C= g 6(‘—zl)fé(x)é(y)r.!a(ocr)dr=
[v]
+ oo + o0
_Ie-lkz .
= 3(z—zy) | 8(x)dx | S Jo(aVX2 +yD)dy=
2l
2k i3 2k i
—Ie 2 L2k ~1 .
s 8(z—zy) | 9(x)Jo(ax)dx= : 8(z—z,)=-——5— | e7iontlo=2zg,,
i Indy O\ anig 45

since for each function F(x) centinuous in the interval —o0 <x< o0 there is:

+ o0

J F(x)d(x)dx=F(0) (4.6)
and since
. 1 2
«}(z—zl):i-?EJ‘e”“'(z . 4.7

Using the Laplace transform we solve the Eq. 4.5 and get the following expression
[19):

C(z,0)=—"r

G-z VITHEE  —(z+2)k—ViTT )
4mi,

\/kz +a? \/kz +a?
Jektz==1) e(z—z.}JkHa? e—{z+szimi
i = s (4.8)
4nlg [ Ny VK +o ]

Applying the Henkel transform we obtain:

(4.9)

Ie—k(z—-z,}I:e-kv’(z—z;):hrz e—kJir!-z;P-t—r’]

Y= | aoor)C (e, z) da= B .
L Ol R Vez-z) 4+ Jz+z,) +r?

This result is consistent with that of Holzer and Saxen [7] obtained by another method.
Denoting according to fig. 1.

V-2 +r*=R;, Jz+z,)°+r =R}, (4.10)

we can rewrite Eq. 4.9 in the form:

—kiz—z1) —=kR, ~kR'y
5P:Jhe: e ¢ ] (4.11)
4ni, R, R}
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The vertical component of the field strength for the steady-state conditions will be

I " 5 e—kR'| "
W, = e Hem )T [_kRI—k(z—z;)Ry—(z2—2,)]+
z 4‘“/{03 {R:li [ 1 (z zl) 1 ( zl)]
e—kﬂi
- S LRk )R Grz)])] (12
1

and for z=0,
e—kR
ek {‘E”’ [—kR?*—kz; R—z, +kR*—kz, R—~21]} -

—2]e ¥R Mkz, 2
= "'Tl"‘% (4.13)
4ni, R® R

L T
( ,z)z—O 4?[20

The above general solution for the steady-state conditions is identical with that obta-
ined by Holzer for the areas where ji,,=0.

5. The unsteady solution. We will apply the Laplace transform to the general
equation 3.5, first with respect to time. The transformg is expressed by the equation:

& . € % g Tk -2k
4na an'kk_wzl-‘n_ﬁ. Pake=0)+ Pux+2kp . =Io_.Q 0(x)6(»)d(z—zy)e e, (5.1)
where o= [ e 4dQ. (5.2)
]

We may rewrite Eq. 5.1 as

—2kz

2k . —I
Pxt———9,,=——0(X)0(y)o(z—z;) | — |+
° Q+1 s ° o+1
:5.9) 4l
g 1
+m§0.kk(l=0} 8 Q+;
4nl
Let us denote
O (5.3)
=
and
.. (5.4)
I Q+1 7Q+1
4ni

One may see that the value of y is not much dependent from z and in first approxi-
mation it can be treated as constant. Such assumption means that in our equation we
du do

neglect the term 2 — —.
dz dz
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Since

dp d k _ —2k*Qree e
dz  dz\Qree 2 +1) (Quee” *+1)?

du
so that for zoow — =0,
dz

du  2k*1,Q 2k?

dz (@41 1
z (7 ) Q14 (1-1--—)
Qt,

z—0 5~1072

do . G sms .
and since Fr is also small for great r, our simplification seems justified for k=0.1 km~*
z

and 7 of the order of hundreds seconds. It can, however, introduce some deformations
considering the character of time changes of the field, but we believe that the disturbing
effects which follow from this assumption may gradually be eliminated by applying the
method of consecutive approximations of numerical results.

Using the denotation (5.3) Eq. 5.1 becomes:

—dntpul
ekQ

-~ -~ .u =
P t2up, .= 3(x)6(y)d(z—z()+1 T @k (t=0)* (5.5)
We may find ¢ uq=0y assuming that at 1=0 there are the steady-state conditions.
In such a case Eq. 4.1 becomes for the area outside the pole:
_Ie—Zkz q
T 0(z2—21)6(x)d(y)—2ky,. =E'_2k¢"=4ﬂp' (5.6)

0 1

o=V k=

The first term /A, represents the charge accumulating in the pole (i.e. in the place of
charging), and the second —2ky,,, represents the space charge distributed in the medium.
We assume that at =0 the charge in the pole equals zero g/A=0. We assume then the fol-
lowing condition

O xk=0)=—2k9 ;q=0y=—2ky .= —4nppy. (5.7)
which corresponds to the physical situation after the sudden discharging of the pole.
The initial condition was not used in previous theories of Tamura in solution of their
equations.

Substituting 5.7 into 5.5 we obtain

- - —4nTpul _ ) _
Pt 2P, = o 3(x)é(y)o(z—zy)—2tuy, .- (5.8)

The general solution of Eg. 5.8, at least in the form obtained in [19] is very inconve-
nient for analytical computations. In order to simplify it to the cases and ranges we are
now interested in, we will introduce some additional assumptions.*

* It is possible to solve the Eq. 5.8 without simplifications using numerical methods and suitable computers.
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We may assume that for large r

r>z, (5.9
R;~Ri~r (5.10)
and
z—z; z+2z
A —a0, 5.11
R} ~ RP 1D

Then we may write 4.12 as follows

—2Je *CE-mgkrp s,

5.12
4migr? G:12)

I
W'z N 47{&0

—kr
R {ErT [_k(z_z1)+k(z+z1)]}=

We will then consider the function w,, only for large distances, e.g. larger than Ry,=
=50 km.
Then

gy =" R0 —k(r—Rp)e ¥Rt . me *R[(1 +kRo) —kr]xA(B—kr), (5.13)

where A=e~*°, B=1+kR,. .
Using 5.13 and 5.14 we rewrite 5.12 as follows

—2Ie”*C"kz A(B  k
.= et (5.15
w' 4?5110 (rz !‘) )
B
For large r, e.g. r>R,, we may neglect also the value of —- and then
r
2le~* 20 fkz,
= 5 5.16)
Ve 47iy r ¢
Substituting the above into Eq. 5.8 we obtain
N % 4nlpt 2utk2Ie =) fkz
Do 2P = —— 2= 6(x)8 ()3 (z~2,)— L. (5.17)
kQ 4mi, r

Using the remark that z can be treated in first approximation as constant and intro-
ducing the cylindrical coordinate system we obtain:

a2~ -~ ~d A -~
17 10 0 i)
28,10, 78 00
or r or oz 0z

4nlput
kQ

1
8(x)8(»)d(z—z)—dluttye ET204k% 7, o (5.18)

Applying the Henkel transform

9= |BIo(Br) v (B, z,Q)adp (5.19)

0
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we obtain from 5.18

J{d ﬁﬁ}ﬁJo(ﬁr)dB=
o

Aln 1
=——‘-‘- 5(00()3(z—z1)—4luzy The™ WAk — . (5.20)

Using the inverse Fourier-Bessel transform we have

oo

J. 3(x)6(y)o(z—z)Jo(Br)rdr+

0

d*p do _ A4nlwpu
Tt B o=

dz? kQ

—4]prl e *ek 42z, J. = Jo(Br)rdr. (5.21)
¢ r
We will now consider two cases:

1. We assume that at =0 the charge in the medium does not exist, i.e. ¢=0, and
the process of charging just begins. In this case we deal merely with second term on the
right-hand side of Eq. 5.21.

2. We neglect the process of charging. In this case we deal merely with the decay of
the charge p,, in the medium (outside of the pole), neglecting the first term on the right-
hand.

We will then take solution of Eq. 5.21 as a superposition qf both the above solutions.

Case 1. Our equation is reduced to:

d*op" o' i 4rpcl
29 1 9,%% pror_ .
iz TR = o

é(z'—zl)J‘ 0(x)o(y)Jo(fryrdr. (5.22)

Applying the procedure the same as in 4.5 we may obtain

d* g’ do 2Iut
I+ 2;:—‘”~ﬁ e )] (5.23)
+m

kQ
since | 6(x)o(y)Jo(Bryrdr=1.

The Eq. 5.23 differs from the Eq. 4.5 by the factor _:ﬁ which is not much dependent

on z. Assuming g=const we may transform the Eq. 5.23 and rewrite it to the form ana-
logical to the eq. 4.11

. ] . _Ie—k(z Zl)ﬂ- e—kR;_e-kRi] 524)
((P)—al-ﬁ-fo(ﬁr)?(ﬁ,z,ﬂ)dﬁm ke | ’RR (
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From 5.24 we may already obtain:

—2Ipe "= fkz 2

I 1 1

_ R (. | 5.25
(#)z =0 4ndy kQ ( r? ra) ( )

We apply the inverse Laplace transformation of 5.25 with respect to time and using
the denotation of g, we obtain

- r—z kz z bt 1 3
(P2 @moy = —2I7e ~*¢ "[r—;——‘](l iy, (5.26)

The above is the solution for the case of charging.
Case 2. The equation to be solved is reduced now to:

d?. et 14 =1

do — 5 |
dz—2+2,ud—z—,f32 M= —4Iprler 1 4k%z, e 3 E:f{ﬁ,z) (5.27)
since ©
1
I—Jo(ﬁr)rdr=l. (5.28)
r
0
The solution of Eq. 5.27 is
"‘If= 4J'Egk2,u21 ekzlA [e_.akz_e(—p—\fmz] (5.29)
B [B* +(6ku—9k?)]
whence
—4Itd kPuz, e 4 s e
et § £ 0 1 —3kz 2 2y (—p—vuZip2z :
P . -3k —(u— 5.29
and
_ —4It2 k%e*1z, A S
4 ° = [=3k—(u—u? +B)]. (5-30)

b= = BB +(Gku—9k7)]

We may transform the result 5.30 into:

—4It2 ke 1z, A =3k 2 s
P )emo = Eobp . AT, (5.31)
6kp p+a p+a p+a
9;8
where g = ———
6k

Applying the inverse Laplace transform we obtain:

—4Ito k12, A —3ku < WO
Al 0 1 -1 -1 H -1 K . p2
z/)z=07 & xs = g & _— i° 4+ =
(P de=o 6Pk { [#+a] [ﬂ+ﬂ:|+ [u+a\/‘u B]}

kt/t

4l k2, A 1 B kt
e Ul [ (@))

ktft

et (1) o, (2 ], -
a B a a
0
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Let us denote [6] p. 680
ktft

ki kt
o N X = 2v+1 33
. (ﬁr) f (ﬁ)d 2 %, ’(B) 0

ktft

k
U, (ﬁ-i): ! ey, (%) dx. (5.34)

The integrals 5.33 and 5.34 can easily be determined numerically by means of a com-
puter. '

In order to facilitate the interpretation, let us only consider the linear approximation
of separate terms in 5.32, 5.33 and 5.34 (with respect to time ), which is justified for
small values of time, namely

ktft kt/t

Ukl_ """J(xd—- 12X x? o L. T
2(EH“ ; F) "‘f[ At °(“5) =
0 0
kt\ B (d x\]
=28 E JZWI(B‘:)-‘-:J‘E;[XJI (E)]_
0

Bkt kt
=28 Z i - (ﬁr) bendy (E) (5.35)

Using 5.33 and 5.35 we rewrite Eq. 5.32 in the form:

411:% k%e*1z, 4 —_— p kt " [kt
el )0 ()

{E)A (B i)
12 ] o

For short ¢ we can also introduce the following approximation:

ki
-(E) K (5.37)
art

iat kt kt
V;J Javs1 (“E)EJI (E) (5.38)

In the first approximation degree we keep only the term containing t linearly. In such

a case, we have
2 kz1,
_Htketz A (—){ -('")___Jo( )+
Pz

687

and

~IT
({0'3 z=0=
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2T () )
a pr)" a\ "4 Bt
)
AR5

Altgk*e ™z A (L) f( B 3K\ ki ﬁ B
e Ll it iy - 11 £ P YL Ll ) 5.39
6p e {(a+a)+m( e 2+ﬂ)+...} (5.39)

Using the inverse Henkel transform, we obtain:

[- 4]

% 242 k:;z t g
(@,ﬂ')z=ozjﬁlo(ﬁr)(5'i)z odﬁ=4“——mk; lA"_(T)” (&'“)J"md“
T a uTt
(1] 0

2 2
J_Io(ﬁr)dwr j ( — )%Jo(ﬁr)dﬁ+ ﬁ Jg(ﬁ)dﬁ-f- ﬁ J’G(ﬁr)dﬁ} (5.40)

a? 4a® at

Applying the solutions of above integrals, given separately [19], we may rewrite
the Eq. 5.40 as follows:

417} k*e*¥z, 4 (¢
(¢!1).=0= “""—(n_— (5 ){(3" o ) [—nmHoakn] + L —3kn 2Noakry + - ]}
3_kz - t N
= _ZI k g Z A - T (nHo{aer +nN0(3i(r) +_3; HO(Skr) + Y (3-41)

Using 7=1, for z=0 and the notation
M =H,31r) + Nogakr) (5.42)

we may rewrite the obtained solution of the case 2 in the following form:

t
(¢"1),=0= =211, 7k> "”zlAMe'("){l+ ‘:;"" 3 +} (5.43)
T

The general simplified solution will be a superposition of the Eq. 5.26 and Eq. 5.43

dri, r r

—k(r—zy) k z
((P,z)z=0=(mfx)z=0+(¢fz1)z=0=_zl_e__(%—"_I') 1—'6—( ))+

: H, t
—2Itgnk3ez, AMe™ D (14Z0em L) (5.44)
M 3
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Let us denote*

E=(¢.):=0> (5.45)
k Z
E,=(pl)=~2ltge ™) (i~—) (5.:46)
r r
E,=(¢")=—2Itonk’"'AM . (5.47)

We rewrite the Eq. 5.50 in the following form:

it Hj 3y 1 s E,
E=E(l—e¢ w)+E e 4. )=E,J1—e¢"t St
(l—e w)+ p(l+ M 31€0+ 2 e E,

E, Hy 34y t Hgyy 10 _ 1
——t " +... |}=E,—(E,~E,))—E,—————¢ t —.. 5.48
E, M 31 R var e )

The expressions 5.48 describe in first approximation the field variations at z=0 in
function of distance r and time ¢. This rough solution concerns the independet on the
distance. State after sudden discharge of the pole for the range of large r and small 7.

6. Discussion and remarks. The linearity of the equations derived makes it
possible to use the monopolar model, as a basis to investigate the behaviour of the field,
produced by thunderclouds, consisting of more than one charge center. In such case,
the general solution will be a superposition of the solutions for each pole.

Fig. 2 drawn after Illingworth [9] presents the measured recovery times of field va-
riation** as function of the amplitude of sudden field change, 4E, produced by lightning.
Some values of amplitude 4E were recalculated here from the values of », under the as-
sumption that the lightning moment is equal 110 C-km on' an average. The reviewed
last data show a considerable decrease of the recovery time 77, as function of the ampli-
tude of sudden field change AE., i.e., as a function of distance as well.

This decrease has not been explained analitically by any of the present theories inc-
luding the analysis of Tamura [26] and Kasemir [14]. Ereier [4], Anderson et al. [2]
came to the conclusion that at z=0, contrary to the analysis of Tamura, in the case of
monopolar physical model with variatle conductivity it is not possible to have other shape
of recovery variation than exponential form, with relaxation time determined by the
conductivity at the place of observation. They refute to some extent the Tamura theore-
tical treatment.

The comparison of the experimental results from fig. 2 with the theoretical values of
recovery time as function of AE, shows a large discrepancy between the experimental
values of T, and those calculated after Tamura. Especially, for the small values of
AE, i.e. for the large distances r, the measured values of T, are much smaller than the
calculated ones and show a considerable decrease with distance. On the contrary, the
theoretical values of Tamura remain almost constant for this range of r, (at an average for
r>30 km), as it was indicated by calculations of Illingworth and Wormell [8] and

* according to the convention used in atmospheric electricity the electric field is positive during the fair weather it means
that here E=dp/dz although in physics we use commonly E= —dg/dz.
#* defined as the time after the discharge for the field to recover to 1/2 of its initial amplitude 4E.
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Fig. 2. A comparison of the experimental results drawn after Illing-
worh [9]; Malan [20], Michnowski [18] (positive and negative polari-
ty), Smith [24], llingworth [9]

Michnowski [19]. Similar discrepancy we obtain when computing the values of T,
according to Kasemir equations [14]. Such contradiction of results concerns also the
theories which assume the exponential form of recovery curves, with time constant in-
dependent from distance, e.g. to the values given by Wilson-Wormell [28], Freier
[4], Philips [23].

Let us consider Eq. 5.48. In this simplified solution for the range of great distances
r and small times 7, we have three components. First of them, E,, presents the electric
field in stationary state which corresponds either to the steady state before the discharge
of the pole or to that which will be reached after the discharge in time tending to the in-
finity. Initial value of the second exponential component, Eq. is

E,=AE=E,~E,, (6.1)

where E, stands for the field produced by the space charge distributed in the medium
due to its inhomogenity. This component decreases exponentially with time constant.

H, (3kr) t

_ Moewm b (6.2)
? Hy (3kry+ No akny 370

y=E
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Its role is illustrated in fig. 3 which shows an example of electric field variation after dis-
charge of the negative pole. The curve for this transient state was calculated using Eq.
5.48 for the following parameters: r=60 km, z, =5 km, k=0,11 km~*, It,=20 C, 1,=
=4-10* ESU.

£ [v/m
?Oa_
W
]
[
& |9 :
© i
54 T Ee %;fknjf BT
t
fEs" EgJe_r
=
R
3_

Ho (3kr) ¢ _-%
2+ Es=h =me"
i e——
oL | | t

t=0 T . 2T 37

Fig. 3. An example of transient variation of electric field, produced by sud-

den discharge of the negative pole at the distance of 60 km. The curve was

calculated for the following parameters: z,=5km, k=0,11 km~"', I,t=
=20C, Ao=4-10* ESU

From fig. 3 and Eq. 5.48 we see that the third component causes a distinct decrease
in the time T}, which would not be given by the first two exponential components alone.
Moreover, we may notice that the ratio of the maximum value of third component to
the initial value of both remaining components increases with distance r. Therefore, we
may expect that the time T, will decrease with a increase of distance r.

For a more detailed comparison of the present analysis with the experimental results
it would be necessary to add the approximations of the higher orders in Eq. 5.48 and
on the other hand to choose the adequate parameters in the adopted physical models.
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Anyhow, the calculated values of Ty, and their decrease with distance for the large r
are more consistent with the experiment than the values obtained on the basis of previous
theories. Besides, the derived relations suggest an explanation of some other properties
of the recovery variations observed at the poiants located at large distances, e.g. deviations
of the shape of recovery curves from the exponential formes.

The additional adventage of the present analysis is a possibility extendit to for
the models with continuously distributed charges in pole and their various time changes.
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gatowicz and prof. J. Osiowski for their advices how to overcome mathematical dif-
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as well as to late prof. H. Israél for his valuable suggestions.

APPENDIX
List of symboles: %': ¢' — Laplace and Henkel trans-
a — expression denoted by for- form of potential function;
mula (5.31); ?'"; o' — Laplace and Henkel trans-
C(z, «) — function given by formula form of potential function;
(4.8); @ — potential function used by
Co — Euler constant, Co=_ Anderson et al. [1]; dependent
=0,5777215...; from the coordinates x, y, z;
¢ — dielectric constant; H, — Struve function of zero order;
&um — antisymmetrical tensor of H, — vector of magnetic field stren-
rank zero; gth;
E, — vector of electric field strength; I, — strength of charging current
E, — electric field strength at z=0 source;
for steady state; Jx — vector of conduction current
E, — electric field at z=0 produced density;
by pm; Jxsx — divergence of conduction cur-
D, — vector of dielectric displa- rent density;
cement; Jo — Bessel function of zero order;
d — function of Dirac; J, — Bessel function of v order;
AE — initial amplitude of sudden k — coefficient of exiaonential in-
field change produced by the crease of conductivity in the
discharge of the pole; atmosphere;
¢ — potential function; #-1' — symbo! of inverse Laplace
@.x — potential gradient of function transformation;
@ A — electrical conductivity of the
¢ — laplacian of function ¢; medium;
p' — potential function in the case Ao — electrical conductivity at z=0;
of charging; u — value denoted by formula 5.4;
"' _ potential function in the case No — Neuman function of zero
of decay of p, without char- order;
ging; g, — electric charge in the pole;
@; » — Laplace and Henkel trans- ' g, — time derivate of g,;
form of potential function; W W W, — potential function, potential
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gradient and laplacian for the T,;» — time taken in seconds after
steady state; the discharge for the field

#; w — transform of Laplace and to recover to 1/2 of its initial
Henkel for the steady state amplitude E;
potential function; 7 — relaxation time of the air
r — distance in cylindrical coordi- (see formula 35.3);
nates defined in fig. 1; 7, — relaxation time for the pole
R, — distance of given point of at the height z=2z,;
observation to the pole; 7o — relaxation time of the air at
R, — distance of given point of the height z=0;
observation to the mirror x,y — coordinates at the conductive
image of the pole; plate;
p — space charge density; z — height.

10.

11.
12.
13.

14,
15.
16.
17.
18.

19.

pm — density of space charge distri-
buted in the medium;
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ZMIANY POLA ELEKTRYCZNEGO W OSRODKU O ZMIENNYM PRZEWODNICTWIE
W PRZYPADKU ROZLADOWYWANIA BIEGUNA POLOZONEGO PONAD PLASZCZYZNA
PRZEWODZACA

Streszczenie

W artykule przeprowadzono analize teoretyczng zmian pola w orodku niejednorodnym dla sta-
now nieustalonych w przypadku nagle roztadowywanego bieguna umieszczonego ponad plaszczyzna
przewodzaca. Uklad powyiszy odpowiada biegunowi chmury burzowej roztadowywanemu przez wyla-
dowanie atmosferyczne. Dla tego modelu z osrodkiem o przewodnictwie rosnacym wyktadniczo z WYSO-
koscia zostaly otrzymane uproszczone rozwiazania réwnan, wyprowadzonych dla ogélnego pzrypadku.

Dla duzych odleglosci wytadowania od punktu badanego i dla krétkich czaséw poczatkowego prze-
biegu nieustalonego zostalo wykazane na drodze analitycznej malenie czasu powrotu pola w funkcji
wzrostu odlegtosci.

Efekt ten, stwierdzony uprzednio eksperymentalnie dla wyladowan atmosferycznych, nie mogt byé
wyjasniony w zakresie duzych odlegtosci przy pomocy zadnej z dotychczasowych teorii. Przyjecie od-
miennych niz w analizie Tamury warunkéw poczatkowych pozwolilo przypisaé zachowanie sie zmian
powrotu pola decydujacemu, w tym zakresie odleglosci, wpltywowi ladunkéw przestrzennych, formo-
wanych w niejednorodnym osrodku przez elektryczne pole wzbudzajace. Przedstawione ujecie teoretyczne
umozliwia dalsze badania teoretyczne nieustalonych elektrycznych pél przeptywowych po wyladowaniach
Zrodet rozciaglych przestrzennie i zmiennych w czasie.

U3MEHEHUA 3JIEKTPUYECKOTO IMOJISI B HEOJHOPOJHOM CPEJE B CJIVUAE
MI'HOBEHHOT'O PA3PAJA TIOJIFOCA IIOMEIIEHHOI'O HAJ ITPOBOISINEN
MIOCKOCTEIO

Pesziome

B naHHOi craThbe NpOBeNeH TEOPETHYECKMii AHANHM3 HECTAUHOHAPHBIX M3MEHEHMH 3JIEKTPUYECKOTO
1I0J11 B HEOJHOPOAHOMH Cpefle B CllyYae MrHOBEHHOIO pa3psafa TOYEYHOr0o HCTOYHHKA, HOMEMIEHHOTO
Hajl NpoOBOAIEH IUTOCKOCTEIO. 3TO COOTBETCTBYET MOIENH pPa3pAfia rpo3oBOro 06jaxa ¢ MOMOIIBIO
MOIHHEBOrO pa3psanaa.

Haitneno ofmiee ypapHenne u pemenue mms cny4as cpeipl, NPOBOJMMOCTE KOTOPOM pacTeT 3KCHOo-
HEHIHANBHO C YBEHYEHHEM BLICOTEHIL Ilonyyeno YacTHOE pemrenne AA ciyyas 6ONbIIMX PacCTOAHUE pa3-
PANOB OT NYHKTa HaOMIONEHMT MW OMHOBDEMEHHO ANA MAaJkIX BPEMEH HAYaNBHOTO HECTallHOHAPHOTO
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u3MeHeHHsA, JINA 3THX ciIy4aeB MOKa3aHO AHAJIMTHYECKH, WTO BpeMs BO3BpATa DOJNA YMEHBIUAETCA Kak
hbyHKUHA PACCTOAHHA.

Brotr 3ddexT, 0GHAPYKEHHBH PaHEE 3KCIEPHMEHTANBHO AA ATMOCHEPHBIX Pa3pAOB, He OOBACHA-
nicst ana GoNMBMEX paccTOSHMM HMKaxol W3BeCTHOH TeopHeH.

Jpyrae vem B amamaze TaMyprl, HaYanbHble YCIOBAA N0360IDUTH NPUNHCATL TOBENEHAE HIMEHCHUIL
BO3BpaTa MOJNA BIHAHHIO TEHEPHPOBAHHEIX 3MEKTPHYECKHM II0jieM B HEONHOPOMHOH cpele mpoCTpaH-
CTBEHHBIX 3apANOB.

DTO BIHAHHE OKA3BLIBAETCA PEINAIOIMMM JUIA TOYEK, JeXamHuX Ha BONBIIMX PacCTOAHHAX.

TpencTasieHHElt TEOPETAYECKAN METOl JAeT BO3MOXKHOCTE HaJIbHEHINNX AHATHTHYCCKAX HCCIENO0-
BaHMM HECTAUMOHAPHLIX 37IEKTPHYECKHX NOMEH Mmocne pa3pAla NMPOCTPAHCTBEHHBIX H MNEPEMEHHBIX BO
BPEMEHH MCTOYHHKOB.
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SOME RESULTS OF THE MEASUREMENTS OF RADIOACTIVE,
ATMOSPHERIC ELECTRICITY AND METEOROLOGICAL PARAMETERS
AT THE GEOPHYSICAL OBSERVATORY AT SWIDER

Stanistaw MICHNOWSKI*, Jerzy PENSKO**, Bogdan GWIAZDOW SKI***

Abstract

Measurements methods of the gamma background radiation and artificial radioac-
tive fallout from the atmosphere are described. The measurements results are given to-
gether with the values of meteorological and atmospheric electricity parameters. The
measurements were carried out on the ground of the Geophysical Observatory at
Swider in 1970-1972.

A preliminary examination of the measurements results shows that an average
daily gamma background radiation is at Swider almost constant during the whole year
(approximately level of 2.7 uR/h) with the exception of periods of heavy rainfall and
SNow.

In the samples of radioactive fallout taken at the find of March and the beginning
of April 1972 fresh fission products were found. They originated from an atmospheric
nuclear explosion carried out on 19 March 1972 in the People’s Republic of China.
The multiple increase of the radioactive fallout, connected with this explosion, only
slightly disturbed the gamma background radiation. The values of conductivity, how-
ever, increased significantly in spite of a grater concentration of condensation nuclei
observed at that time.

The relationships between atmospheric electricity parameters, the condensation
nuclei and intensity of radioactive exposure dose rates are discussed. These relations
are modified by the complex influence of meteorological factors and ground condi-
tions.

*Institute of Geophysics, Polish Academy of Sciences, Warsaw.
**Institute of Nuclear Research, Swierk near Warsaw.
***Central Laboratory of Radiological Protection, Warsaw.
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WSTEPNE WYNIKI POMIAROW RADIOAKTYWNYCH,
ATMOSFERYCZNO-ELEKTRYCZNYCH I METEOROLOGICZNYCH
PROWADZONYCH W OBSERWATORIUM GEOFIZYCZNYM W SWIDRZE

Streszczenie

W pracy opisano metody pomiarow, ziemskiego tla promieniowania gamma i
opadu promieniotwoérczego z atmosfery. Podano wyniki tych pomiaréw wraz z cle-
mentami meteorologicznymi i elektryczno-atmosferycznymi. Pomiary wykonywano w
latach 1970-1972 w Obserwatorium Geofizycznym IGF PAN w Swidrze w ramach
trojstronnej wspotpracy pomigdzy Instytutem Geofizyki, Instytutem Badan Jadrowych
w Swierku i Centralnym Laboratorium Ochrony Radiologiczne;.

Na podstawie wstepnego rozpatrzenia wynikow pomiarowych mozna stwierdzic,
ze $rednie dzienne tto promieniowania gamma w Swidrze jest prawie stale w ciagu ro-
ku (2.7 uR/h), z wyjatkiem okresow silnego deszczu i wystgpowania pokrywy $niez-
nej.

W prébkach opadu promieniotwdrczego zebranych na przetomie marca i kwietnia
1972 r. zaobserwowano $wieze produkty rozszczepienia, pochodzace od eksplozji ja-
drowej dokonanej w atmosferze w Azji Srodkowej na terenie Chifiskiej Republiki Lu-
dowej, dnia 19 marca 1972 r. Wielokrotne podwyzszenie opadu promienio-tworczego
zwiazane z eksplozja nieznacznie tylko wplyngto na zmiang tta promienio-wania
gamma. Podwyzszyly si¢ jednak wyraznie warto$ci przewodnictwa, pomimo obser-
wowanych wigkszych niz uprzednio stezen jader kondensacji.

Rola elementow elektrycznych (stezen jonow i przewodnictwa) jako wskaznika
zanieczyszczen substancjami radioaktywnymi lub jadrami kondensacji moze by¢ w
pewnych sytuacjach ograniczona. Wynika to ze wzgledu na przeciwny kierunek od-
dzialywan tych zanieczyszczen na koncentracje jondw oraz na réznego rodzaju ich
modyfikacje meteorologiczne. Elementy elektryczne najczgsciej okazuja si¢ jednak
wrazliwym wskaznikiem jednego z tych zanieczyszczen, przy znajomosci drugiego lub
braku jego zmian.

Full text in the Supplement
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| KRAJOWE SYMPOZJUM NAUKOWE
WPLYW ROZWIAZAN MATERIALOWO-KONSTRUKCYJNYCH
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Warszawa, 18-19 listopada 1980

doc. dr Stanistaw Michnowski, dr Stanistaw Warzecha 2.3
Instytut Geofizyki Polskiej Akademii Nauk
Warszawa

mgr Andrzej Wajdwicz
Politechnika Warszawska

WPLYW ROZWIAZAN MATERIALOWO-KONSTRUKCYJNYCH
NA JONIZACJE POWIETRZA
POMIESZCZEN MIESZKALNYCH

Streszczenie

Omowiono jonizacje powietrza jako istotny parametr jakosci mikrosrodowiska
pomieszczen mieszkalnych. Na podstawie badan wilasnych przedstawiono kon-
centracje jonow i aerozolu w powietrzu mieszkan nowego budownictwa, na tle od-
powiednich koncentracji w miejskim powietrzu zewnetrznym oraz w powietrzu
obszardow o statym zanieczyszczeniu. Stwierdzono wystepowania wyraznych za-
leznosci stanu zjonizowania powietrza od $cian betonowych, wyktadzin z tworzyw
sztucznych, ogrzewania i urzadzen wewnetrznych. Przedyskutowano wielko$¢
tych efektow i ich ewentualny wplyw na jako$¢ powietrza mieszkan. Przedstawio-
no potrzeby badan i kontroli jonizacji powietrza z punktu widzenia jej oddziatywa-
nia na zdrowie mieszkancéw. Podano w zwigzku z tym wstepne uwagi i wnioski
dotyczace nowych rozwigzan materiatowo-konstrukcyjnych w budownictwie
mieszkaniowym.

EFFECT OF BUILDING MATERIALS AND STRUCTURES
UPON AIR-IONIZATION IN FLATS

Abstract

The air ionization is discussed as an essential quality parameter of the micro-
environment of flats. On the basis of the authors’ own investigations, the concen-
tration is presented of ions and aerosol in air of flats in new buildings, against the
background of corresponding concentrations in the outside urban air, and in the air
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of regions of low contamination. The occurrence has been found of clear depend-
ences of air ionization upon the concrete walls, plastics lining, heating and internal
equipment. The magnitude of these effects is discussed end their possible influ-
ence upon the air quality in flats. The necessity is indicated of examining and
checking the air ionization from the viewpoint of its effect upon the inhabitants’
health. In this connection, preliminary remarks have been made and conclusions
have drawn, concerning new solutions with respect to materials and structures in
residential building.

Full text in the Supplement
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WPLYW ROZWIAZAN MATERIALOWO-KONSTRUKCYJNYCH
NA ZAGROZENIE ZDROWIA
PRZEZ ELEKTRYCZNOSC STATYCZNA

Streszczenie

Bryta budynku praktycznie nie przepuszcza do wnetrz mieszkalnych natural-
nych pdl elektrycznych, wystepujacych w wolnej przestrzeni a mogacych miec
wplyw m.in. na synchronizacje rytmoéw biologicznych i oczyszczanie powietrza z
natadowanych elektrycznie aerozoli. Z drugiej strony tworzywa sztuczne, stoso-
wane w mieszkaniach na obudowy i wyktadziny, silnie elektryzujg sie stwarzajac
zagrozenie dla zdrowia, a nawet zycia mieszkancéw. Mogg powodowac pozary i
wybuchy, bolesne roztadowanie elektrostatyczne i diugotrwate oddziatywanie na
mieszkancow silnych pdl elektrostatycznych, zmieniajgcych naturalny rozktad ta-
dunkéw elektrycznych w ciele ludzkim. Zagadnienia te sa problemem ogdélnoswia-
towym, nie w pelni rozpoznanym, ktéry w kraju powinien znalez¢ wyraz w
badaniach podstawowych i Scisle uzytkowych. W tym zakresie zgtaszano szereg
postulatéw, zwracajgc szczegblng uwage na konieczno$¢ wprowadzenia ochrony
antystatycznej w istniejgcych budynkach i na opracowanie technologii produkcji
tworzyw sztucznych o ograniczonej elektryzacji. Podano rowniez wyniki badan
elektrycznosci statycznej w budynkach mieszkalnych, w ktérych zastosowano roz-
ne tworzywa sztuczne.
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EFFECT OF BUILDING MATERIALS AND STRUCTURES
UPON HEALTH HAZARD FROM STATIC ELECTRICITY

Abstract

The body of a building does not practically let through into the residential inte-
rior of a building, the natural electric fields that occur in free space, and may have
an effect, among other things upon the synchronization of biological rhythms and
purification of the air from the electrically charged aerosols. On the other hand,
plastics used in flats for fitmens and lining, become intensely electrified and consti-
tute a danger to the inhabitants’ health and even life. They may cause fires and
explosions, painful electrostatic discharges and sustained effect upon inhabitants
of strong electric fields that change the natural distributions of electric charges in
the human body. These are world-wide problems not yet fully known, which in this
country should find their expression in both fundamental and strictly functional re-
search. Many requirements have been made in this respect, special attention be-
ing paid to the necessity for introducing antistatic protection in the existing
buildings, and for developing the production technology of plastics with limited
electrification. The results are also given of studies on static electricity in residen-
tial buildings, wherein different plastics have been applied.

Full text in the Supplement
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PARTLY INSULATED WIRE ANTENNA FOR ELECTRIC FIELD
AND AIR-EARTH CURRENT MEASUREMENTS IN THE FREE ATMOSPHERE

Jerzy BERLINSKI
Institute of Electronics, Warsaw Technical University, Warszawa

Stanistaw MICHNOWSKI
Institute of Geophysics, Polish Academy of Sciences, Warszawa

Abstract

A model of partly insulated antenna for free-atmospheric electric field and
air-earth current measurements is discussed. The method of measurement is
briefly outlined. The effects of insulator of part of antenna on the electric field
and current distribution as well as the effects of induction interaction between
the upper and lower antenna are preliminary analyzed.

The results of the test soundings and estimated measurement errors are
presented.

Full text in the Supplement
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A CASE OF THUNDERSTORM SYSTEM DEVELOPMENT
INFERRED FROM LIGHTNING DISTRIBUTION

Stanisiaw MICHNOWSKI™’,Sven ISRAELSSON™™’, Jan PARFINIEWICZ*™"’,

Mohammed Ali ENAYTOLLAH®"’, Edward PISLER™™’

Abstract

Evolution of thunderstorms in a mesoscale convection system
C(MCS)> developed over southern Sweden on May 18, 1982, has been
outlined on the basis pof space-temporal lightning distribution and
routine meteorological observations. Four stages of development
were distinguished: initial, mature, decay, and reminiscent stage
with dispersed activity. The transition time between initial and
mature stage was preceded by a period of almost exclusively posi-
tive flashes following the formation of a group of convective
clouds. Aggregation of these clouds in one organized unit was as-
sociated with later change in the character of lightning activity.
After a break, the c—-g flashes appeared rapidly, almost simultane-
ously over the whole length of two narrow bands stretched along
the edge of the cloud aggregation typical for -the mesoscale con-
vective system (MCS). More than half an hour later, these flashes
faded away, also almost simultaneously along the deep convection
core at the edge of the formed MCS element. During the mature

*) Institute of Geophysics, Polish Academy of Sciences, Warszawa.
**) Institute of High Voltage Research, Uppsala University,
Uppsala, Sweden. '
***) Institute of Meteorology and VWater Management, VWarszawa.
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stage of the system, all these flashes were negative and relative-
ly frequent. Their signal strength was weak, in narrow range of
amplitude values. The frequency of flashes fluctuated in time
fairly regularly. The elongated bands of lightning flashes have
been very slbwly moving in the direction almost opposite to the
relatively fast movement of the front. In the mature and decay
stages, stratiform rain clouds without lightning developed down-
wind the edge. Lightning activity continued outside the decaying
. "8 element.

Temporal changes of lightning frequency exhibit a character-
istic periodicity, with a very pronounced period of about. 30 min-
utes, nearly the same for all stages of the MCS evolution.

The signal strength of separate positive c-g discharges is
much larger than that of positive .and negative c-g discharges
grouped in clusters. A single flash in cluster is quite often com-
posed of a few return strokes, while separate flashes usually con-
tain only one stroke. In our case, in contrast to the observations
reported elsewhere, a higher percentage of double strokes in the
flash was recorded for positive discharges than for negative ones.
In clusters, only the negative flashes are sbmetimes composed of
more than two strokes; we observed 3, 4, 5 and in one case even 7
strokes. |

It seems evident that lightning data may bring valuable com-
plementary information about MCS; their contribution might be
greater if the recording technique is improved and relations of
lightning formation and properties to meteorological processes

within a thundercloud are better known.

1. Introduction

Rapid development of lightning location facilities has ex-
tended the application of monitored space-temporal lightning dis-
tribution both in research and in practical utilization. Consider-

able progress in the detection of cloud-to-ground lightning dis-
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charges and their location has been made when broad-band magybyic
direction finders have been introduced <(Krider et al., 1980; Kri-
der, 1982). An automatic set of such goniometers allows a continu-
ous monitoring of the place and time of lightning flashes over
large areas on a synoptic scale (Pisler, 1980; Israelsson et al.,
1985). On this scale, the automatic 1lightning location system
(LLS) may be of great use in detection and tracking of thunder-
storms and in thunderstorm warning systems (Orville, 1983; Bosart
and Sanders, 1986).

As has been observed (Israelsson et al., 1983>, the LLS data
can illustrate the space structure of convection in a synoptic
scale, mesoscale or a fairly limited cloud scale. Unfortunately,
our understanding of subsynoptic phenomena, as well as scale in-
teractions, is rather limited. An improvement of overall knowledge
of the smaller scales is required if we want to improve the relia-
bility of short term forecasting of severe mesoscale phenomena.

Lightning phenomenology with the use of LLS over fairly lim-
ited areas has already been described by various authors (Maier
and Krider, 1982; Peckham et al., 1984; Christensen and Israelson,
1987; etc.>. However, the data on the lightning phenomenology of
individual storm systems are still scarce.

Especially large paucity of observations concerns the forma-
tion stage of convective storms and their transition into highly
organized mesoscale structures. Applying the lightning detection
for this purpose, we may expect to get some additional details,
which are not given, or hardly available by other methods.

This report presents a preliminary study of temporal-space
distribution of c-g lightning discharges observed by means of LLS
on May 18, 1982 over southern Sweden, using the routine meteorolo-

gical data records available.

2. The method and accuracy of the c—g lightning location

The lightning location data were obtained in Sweden by a tri-
angulation of return stroke azimuth angles determined by magnetic
direction finders (DF)> (see Krider et al., 1980>. Each DF station
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senses the electromagnetic field radiated by lightning by means of
two orthogonal magnetic loop antennae and one electric flat plate
antenna. Broad band gated antennae make it possible to get ‘the
preserved shape and polarity of the wave form reduced. The voltage
of the signal produced by each loop is proportional to the light-
ning magnetic field derivative multiplied by the cosine of the an-
gle between the loop and the direction of propagation of the in-
coming signal. The direction of the lightning flash was indicated
by the ratio of the signals on the two orthogonal loops. The elec-
tronic instrument was designed so as to respond only to those
field wave forms which are characteristic to electromagnetic sig-
nals emitted by the ground part of lightning channel (Krider,
1982>. The recorded time, angle, signal amplitude and the number
of strokes per flash were transmitted from each DF station to the
main station with the position analyser unit (PA>. There, the in-
dividual lightning' locations were computed automatically and stor-
ed with the corresponding data on cassette magnetic tape. A set of
such stations constituted a lightning location systgn (LLS>. Such
a system allowed continuous, automatic observation, in real time,
of the place and time of the lightning flashes together with their
polarity , signal strength and multiplicity (Pisler, 1980).

The detection network in May 1982 consisted of three DF sta-
tions, at the following geographical positions:

Uppsala (DF and PA> - 58.88°N , 17.593°E ;

Vitemolla (DF> = 55.70°N , 14.20°E ;

Satenas (DF> - 58.44°N , 12.69°E .

The application of the system to a study of the space distri-
bution of ground discharges on the mesoscale or in individual
thunderstorms is limited by the magnitude of location errors. The
error depends on where the observed lightning is located and on
random and site errors in the direction finding stations. In the
LLS used in Uppsala the smallest error, resulting from the rela-
tive position of the observed area to the configuration of the net
of stations, is around the center of the network of stations. The

thunderstorm system of May 18, 1982 was observed in this area.
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Taking into consideration the relatively small random error
of the set estimated by Enaytollah and Michnowski (1983>, and as-
suming that a systematic error for flashes concentrated on a rath-
er small area does not change much, it seemed possible to under-
take an attempt of observing the distribution of lightning in
thunderstorms in optimal position{ However, the systematic error
turned out to Se so large that it was impossible to achieve a
lightning location within one thunderstorm with an accuracy better
than 10 km without additional corrections. The results we obtain-
ed could be used only to provide an approximate distribution of
ground discharges on é relatively large scale (Michnowski et al.,
1984).

Extensive studies on errors of the system applied were done
by Schiitte ¢1984), Schiitte et al. (1986 and PiSler and Schiitte
(1985). As a result, corrections for the site errors were leaving
the residual error at a value corresponding to a bearing error of
+ 2°. Because of the small size of a thundercloud as compared to
the size of the location network and because of the smooth shape
of the error corrections as a function of azimuth, this residual
error will only shift the clusters, but it will not change their
internal structure significantly. Taking the réndom error values
of 1/2°, obtained for the network used, the average scattering of
the recorded locations of the flashes in relation to the real po-
sition should be about 3.8 km if all stations participated in the
triahgulatiun procedure, and about. 2.7 km if only two néarest sta-
tions, in Satenas and Vitemola, were used. These roughly estimated
values apply only if the thunderstorm is in the optimal position
from the point of view of errors.

An analysis' of the distribution of individual lightning
flashes or their groups that could correspond to a thunderstorm,
even after correction of data, is still a rough approximation.
Nevertheless, with the use of corrected data it is possible to
show some crude features in the distribution of fiashes attributed
to anticipated thunderstorms or thunderstorms independently de-—

tected by radar or satellite.
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As a first approximation we tried to dinstinguish how the
flashes placed within their close groups and outside were related
to each other. W¥We defined a group of flashes as a cluster if the
maximum distance bet.ween each pair of them was smallér than 10 km
and if the time separation between them was less than 15 minutes.
In reality, the flashes collected according to this definition
will not always be situated exactly within the area of cluster in-
dicated on the map of distribution C(e.g. by stippled lines in Fig.
7>. On the other hand, some flashes not included in the area of
cluster could in fact belong to it. There might also appear intra-
cloud flashes or very weak c—-g flashes disregarded by the detec-
tion system.IConsequently, considering the errors of location, the
clusters of flashes indicated by LLS should correspond in a rather
crude approximation to real lightning distribution produced by in-
dividual thunderclouds. The above definition of a cluster, chosen
to some extent arbitrarily, was only an working definition. Some-
times, the criteria for including a flash into the cluster appear-

ed to be not adequate, e.g. in clusters El, E Ea described later.

2
The flashes occurring there at the same period of time over an e-
longated band of cloud formed a group of clusters or one elongated
unit instead of the shape used in our analysis. The approximations
applied seem generally sufficient for introductory identification
of thunderstorms or horizontally extended thunderclouds but should
be taken with great caution for the identification of smaller u-
nits.

Acceptance of the c-g flashes by LLS depended on a combina-
tion of the following factors: radiation pulse amplitude distribu-
tion, propagation damping and receiving threshold. The correspond-
ing value of detection efficiency was estimated at about 80 % for
the area under consideration on May 18, 1982 (Schiitte et al.,1986).

At the present moment we are not fully convinced that all
discharges disiinguished by the LLS as c-g positive discharges are
really positive. Sqme of them, especially at large distances, may

come from intercloud flashes; however, in the first approximation
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we can assume that the indications in the region concerned are

most.ly correct.

3. Synoptic background for the occurrence of strong convection
with thunderclouds

The area of our special interest, indicated by the rectangle

in the middle of Fig. 1, is a rraguentlof Scandinavia. Taking into
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Fig. 1. The area with observed thunderstorms in the rectangle
fragment of Scandinavia. Black points denote the places of nega-
tive lightning flashes, crosses — of positive flashes. Lines of
fronts correspond to 12" GMT. LLS goniometric stations were locat-
ed in: Uppsala, Satenas and Vitemolla. ‘The aerological sounding
was made at Bromma, Landvetter and Sundsvall (outside the map).

e
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account space and time scale, the convection phenomena observed
there can be rélated to the so called 3 mesoscale.

The initial situation will be related to 00" GMT on May 18,
1982. The southern Scandinavia was then in the region of lower
pressure with a frontal system. According to an analysis of the
Offenbach regional meteorological center, a cold front line with
developing wave was separating the warm air over the Baltic from
the occlusion extending northwest of the considered region. This
analysis was corroborated by the warm wedge overhead, as seen on
the 850 hPa map at 09" GMT (Fig. 2>. The main mass of warm air ex-
tends over the Baltic, being
separated at the lower surface
by a folded system of fronts.
Thus, the initial situation
indicates that in the south
Scandinavia region under study,
a relatively cold air mass
prevails at the bottom and a
cold wedfe is forced upward.
Vertical sounding profiles of
stations'Suudsvall, Bromma and
Landsvetter also exhibit char-
acteristic features (Fig. 3).
The sounding at Sundsvall is
typical for fresh, cold air

mass pouring from the north at

Fig. 2. The temperature ---, the bottom part. of the atmos-
wind O\ and geopotential
distributions of the B850 hPa lev- )
el at 09" GNT on May 18, 1982. could be regarded as typical.

for warm air, while that at

phere. The sounding at Bromma

Landvetter represents a relatively old, transient cold mass cover-
ed 1n'}he middle atmosphere by portion of warmer air of westerly
advection. This situation is related to 00" GNT. '

The pressure depression at the Earth’s surface passes through
the saddle point at the 850 hPa level (Fig. 4) in/the vicinity of
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Fig. 3. Vertical profiles of temperature at 00" —— and 12"
GMT —--- on May 18 over Sundsvall (a>, Bromma ¢(b) and Landvetter
€(e). o depicts dew point at 00", x - dew point at 12h.

Fig. 4. The temperature —~--- and geopotential

tions at 12" GNT on May 18 on the 850 hPa (a), 700 hPa (b)> and
300 hPa (c)> levels.

distribu-

Ostersund. At the 700 hPa (Fig. 4) a northwesterly jet, character-
istic for a slipping of warm air mass over the North Baltic, is
relatively well marked. In south-eastern part of the region this
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Jet. turns into a westerly one with a southerly component, running
parallel to the 700 hPa isotherm due to thermal wind principle.
The field of apparently increased velocity, typical of the jet
stream, appears around the 300 hPa level, reaching 60-70 kt. in
the divergence region (Fig. 4). “

Throughout. 12 hours, from 00 to 12 GMT, on May 18, 1982, the
distribution of velocity and pressure field in the studied region
changed significantly, which produced a distinct change in the
thermal field distribution. The most characteristic changes are
seen in upper charts. At the 850 hPa level (Fig. 4) one observes a
marked increase of geopotential by 3 dkm in Ostersund, resulting
in a Junction of higher pressure regions to form a N-S higher
pressure line. At the same time, a slight, relatively small but
well-marked depression, forming cyclonic circulation has developed
over western Norway and the Baltic. The saddle point,. lying on the
higher pressure line, moved slightly southwards. On the eastern
' coast. of Sweden, from Sundsvall to Bromma, one sees a well devel-
oped thermal trough, indicating a strong advection of cooler air
in this region. A characteristic anticyclone forms in the 700 hPa
level over the southern part of the Scandinavjan Mountains. On its
north—-eastern side, the jet acquires a southerly component, and
further to the south it turns east with a westerly component (Fig.
4>. On the 300 hPa level the jet markedly branches off. One branch
runs from the Norway Sea, being - according to the 12" GMT data -
stronger, and the other, south-westerly, runs over the southern-
most regions of Scandinavia. The convergence of the jets takes
place somewhat north of the region of our interest.

The surface synoptic chart present.ing pressure field analysis
on mean sea level, wind vectors observations and temperature dis-
tribution is shown in Fig. 5. Isobars are drawn by 1 hPa, thus al-
lowing to see the convergence zones. Two low centers, correspond-
ing to the old front system and the active cold front, are marked.

The spatial scheme of the pressure field that makes provi-
sions for macro d(quasigeostrophic) circulation over the studied

region (at 12" GMT> is shown in Fig. 6; the movement of the cold
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front projected on the Earth’s surface in mesoscale

in Fig. 7a,b,c,d.

is also shown

Fig. 5. The surface synoptic chart presenting pressure field
analysis on mean sea level, wind vectors and temperature distribu-

tion.

a50(148)
850(144)

700 (296)

700 (300)

850 (148)
700 (304)

700(308)
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Fig. 6. The spatial scheme
of pressure field that makes
provision for macro—-quasige-
ostrophic circulation at 12"

GMT . Geopotential contours
correspond to the pressure
level.
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Analysing the temperature profiles we see that, while at
Bromma the advection of cooler air occurred at all levels of the
lower troposphere, at Sundsvall the cooling took place mainly in
the 900-700 hPa Iayer and nearly no changes of values and gradient
of temperature were observed in the overground layer. The most in-
teresting situation was at Landvetter, where the inversion of ad-
vection, with warmer air at. the bottom aﬁd cooler air higher up,
was observed. '

To sum up, let us list the characteristic features of the
thermal, wind and pressure structure accompanying the development
of convection:

1. Veak—-gradient initial situation, in which three mass types,
characteristic of an old occlusion front, are present; the upper
Jjet convergence in the initial phase was weak.

2. Evolution of the pressure field, which, exhibiting rela-
tively small changes in the saddle region, shows a substantial
change in the circulation regime on both sides of the saddle. As a
result of the formation of the higher pressuré line (hPl) and a
local anticyclone at. the 850 and 700 hPh levels, the processes on
the eastern side of the hPl became blocked (isolated>. On the 500
hPa chart <(not shown here) and the 300 hP; chart (Fig. 4) this
gives rise to an extended "hollow” in the geopotential field iso-
hypses; in this hollow, when the differences in the value of geo-
potential are small, the region of higher pressure at. the 700 hPa
level is accompanied by depression in the upper levels.

Though aerological data to document the evolution of the
field between the main synoptic observation hours 00“, Odh, 12“,
18" GMT are missing, we can infer from the surface information
that the essential change in the pressure field took place between
09" and 12" GMT. It turns out that additional information in this
matter is provided by observations of Linefsp&ce distribution of
lightning discharges which will be discussed later on.

3. In the lower troposphere, the initial macrocirculation re-
gime and the subsequent. rapid local circulation changes in the vi-

cinity of the considered region, result in an inflow of a rela-
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tively warmer, moist air at the bottom from south west., thus fa-
vouring a strong instability in this particular region.

4. In the region of enhanced instability, there is a rela-
tively strong change in the direction and velocity of uind with

height and strong convergence of jet stream at the 300 hPa levels.

4. Space-temporal distribution of c-g li‘htning flashes in rela-

tion to meteorological conditions

In the situation outlined above, the development of convec-
tion was indicated and followed by observing the changes of the
cloud-to-ground lightning distribution recorded by LLS and by the

available meteorological data.

s

bl

5158 W
s 53 56 B0
L.
)

Fig. 8. Time se-
quence of recorded ground
flashes of Fig. 7a,b,c in
'local time. Dashed lines
represent field strength
amplitudes off positive
flashes; continuous lines
- those of negative
flashes. (Values of field
strength are normalized
to 100 kmd.
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4.I. Lightning location data and their presentation

The space distribution of the recorded lightning flashes and
their polarity is presented in Fig. 7 at half hour intervals. Eve-
ry individual flash determined by LLS is marked by successive num-
ber index which makes it possible to identify the time of their
occurrence. Their time sequence for the first period of activity
is illustrated in Fig. 8. The polarity and the signal strength (as

usually ,normalized to 100 km) of the corresponding flashes are al-

so shown.
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Figure 9 presents examples of time distribution of flashes
which belong to clusters B1 and B2 indicated in Figure 7a, b. The
dashed lines show the values of amplitude of the normalized signal
strength of positive discharges, the thin lines - of negative
ones. Examples of time position of individual flashes in associat-
ed clusters of active large thunderstorm E are shown in Fig. 10.

Figure 11 illustrates time of occurrence, place and duration
of the lightning activity in individual clusters and their sur-
rounding or in regions identified by Roman numbers in Fig. 7.

The total duration of lightning activity, from the first no-
ticed lightning - to the last one, amounts to about 04"33™; aver-
age lightning rate is 1.2 min~? C(excluding very weak activity in

the last stage &).

S
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Fig. 11. Time of occurrence and duration of lightning activi-
ty in individual clusters and their close vicinity or in regions
identified by Roman numbers in Fig. 7. 1 = Duration of lightning
activity, 2 - duration of clusters, 3 — time of radar display, 4 -
= time of satellite imagery. Block letters denoté the thunder-
storms; block letters with number at the lower right side denote
individual clusters. Crosses indicate the occurrence of positive
discharges. Symbols a, 3, 7, & present, respectively, the develop-
ing mature, decay and final stage of the MCS evolution.
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4.2. Changes'in the distribution of c-g lightning flashes

Ldoking at Figures 7 and 11 it is possible to distinguish the
following four stages of temporal evolution of the observed c-g
lightning activity:

a developing stage; preliminary dispersion of individual

flashes and their relatively small, short living, clusters A, 31'

Bz, Dl;
3 mature stage; appearance and development of large clusters
Dz' E‘, Ez' Ea’ F, acting jointly for a longer time;

7 decay stage; dispersed, individual and cluster activity and
its decay; _

S kinal stage; after a longer break the occurrence of not or-
ganized, weak activity without clusters.

From synoptic analysis we can infer that the main change in
the pressure field over southern Scandinavia took place between
05" and 12" GMT, i.e., 08" and 11" LT as used by LLS. On the other
hand, cloud-to-ground flashes started from 12"30™ LT and appeared
with a characteristic delay of about 3 hours. In such a peridd of
'time, the wind field might adapt itself to the pressure field and
form the advection of air masses of different thermodynamical
properties at different levels, as shown by our former considera-
tions.

Before the deep convection has developed ‘over the observed a-
rea, the surface was receiving a considerable amount of solar
heating. Simultaneously, the cold front, bringing fresh, cold air
has approached from the north, preceding the lightning activity.
The position of the front. lines given in Fig. 7 1is a very rough
approximation. In fact, within the considered area of wind shear,
a regular front shaped as a line is not very likely. V¥e should
rather expect a strong mixing and heterogeneity of air masses at
different height levels.

Lightning activity began on the east side of large lake Vat-
tern behind the cold front line (Fig. 7a). The orographic situa-

tion produced differences in ground temperatures. The first c-g
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lightning, marked by index 4, appeared at 12"30™ LT in the post-
—frontal region between Miolby and lake Sommen. This first nega-
tive discharge was followed by negative flashes. The cluster form-
ed by them, labelled A, corresponds to a convective cloud which
has most probably played an important role of triggering the de-
velopment of following thunderclouds over regions I, II and III
C(Fig. 7a). After a break, the activity expanded in the form of
separated flashes located around and outside the area covered pre-
viously by the cloud with cluster A and the area of the cold lake
CFig. 7b>.

Next flashes appeared at 12P40™ LT in the front area. At the
beginning, all discharges were negative with a relatively small
signal strength. On the south side of lake Sommen <(region IID
small cluster B was formed. Discharges belonging to both thunder-
storms, A and B;' quickly ceased. This was followed by the out-
break of a new, quite intensive lightning activity «(Fig. 11).
Strangely enough, almost all flashes in the broad south—-north area
carried positive charges to the earth. All positive flashes,
whether separated or grouped in cluster Bz, had very large signal
strengths (Fig. 8b>. The flashes of B, were.piaced close to the
site of previous cluster B, and were stretched along, or near to,
a line in front of the lake shore. Besides, as can be seen from
Fig. 8b, +the flashes observed from 13"00™ to 13"15™ LT over the
whole mesoscale area were almost exclusively positive. This epi-
sode ceased abruptly almost at the same time everxyhere and no
larger lightning activity has been observed in the following 12
minutes.

The space and time scale of the appearance of positive c—g
discharges suggests the domination of other factors responsible
for this episode, besides surface temperature differentiation,
orographic influences or internal factors involved in the develop-
ment of individual thunderclouds. It seems that such positive
lightning activity might have been a precursor or indicétor of
changes in circulation on a scale larger than that of individual

clouds separately.
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New activity with almost all negative c-g discharges was ini-
tiated just after 13M5™ LT in the prefrontal area, where a new
cluster, F:, was formed. After its decay, an explosive increase of
negative flashes occurred in regions labelled D, E and F in Fig.
7c. This rapid change, simultaneous for all theée regions, may
mean an essential transition into a new form of development of
thunderstorms.

The negative c-g flashes began to appear in elongated groups
along, or near to, a line shaped at first as a semicircle and lat-—
er on as a line striking S¥. The distribution of elongated groups
of flashes is seen more distinctly if we present it in 15-minute
intervals instead of half-hour ones (Fig. 7c). Nevertheless, the
elongated form of clusters corresponding to thunderstorms D, E, F
can be seen in 30-minute distribution of Fig. 7c. Meanwhile, the
hypothetical front has propagated southeasterly, whereas the thun-
derstorms with intensive activity persisted almost in the same
place.*

As compared to the previous and later stages, the recorded
flashes were very frequent, but average amplitudes of their signal
strength were much smaller (Fig. 17)>. This suggests that such fre-
quent and weak discharges could be produced by vivid but shallower
convection organized in the mature stage of the MCS development.

The shape and position of the elongated lightning group C(con-
taining cluster E‘) exhibit. characteristic features. This group is
separated by moderate distance from the northeasterly located main
band of discharges. This distribution in bands seems to be a dis-
tinctive feature, as compared to random distribution Lypicél in
other clusters. One could also notice the time sequence of the ap-
pearance of subclusters and their displacement during the develop-
ment. of a large storm system. We may notice that the lightning ac-
tivity propagation does not merely follow the direction of the
cold front movement.. The front propagates southwesterly, while the
slow movement of convective phenomena was almost opposite in north
—west. direction with noticeable south-east component roughly per-

pendicular to the front direction. The lightning area remained
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backward relative to the front propagation. The precise time reso-
lution of lightning observations made it possible to follow - in
short time scale - the sequences of individual flashes and to find
out that c—g flashes in cluster E, and D occurred almost simulta-
neously, and earlier than those in cluster Fz, being placed along
the NW-SE line. Another remarkable feature of convective activity
propagation is that after the decay of clusters E1 and Ez’ next
cluster Ea were formed on the north—east side of El, that, is in
opposite direction to the front movement.

Looking over the time distributions of c-g flashes in indi-
vidual clusters it is sometimes possible to find a period of char-
acteristic short series of flashes, regularly one after another,
seen e.g. in Fig. 10. Such regular sequence might suggest a steady
stage in the development. of the cloud.

The large thunderstorms, with a group of clusters, developed
in stage 3, exhibit the most intensive c-g lightning activity in
the observed convection system evolution. This stage began and
stopped rather abruptly without being preceded or followed by a
number of individual separate flashes. It is only after the decay
of cluster Fz, that a weak, dispersed activity appeared over re-
gion VI. Apparent groups of close flashes in this region were not
included into clusters because the time criterion was not fulfil-
led for them.

After the intensive lightning activity concentrated in clus-
ters stretched along the line of deep convection and after the
subsequent. cease, a new period of activity was observed (Fig. 11).
It was characterized by domination of dispersed flashes with only
two clusters, G and H (Fig. 7d>. Flashes in cluster H were located
over a small lake, not shown in Fig. 7d.

It. is evident that large changes of active places or clusters
in an unstable area do not result from the motion of thunderclouds
but. correspond to successive growth of new storms.

No positive flashes were recorded at that time, except of one,
separate, unusually powerful positive flash which occurred in the

area of previous cluster E; about 45 minutes after its last flash.
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The activity died at 15"00™ LT over the whole area.

After about half an hour of entire silence, a new stége of
lightning activity developed. In this period,'marked by & in Fig.
11, only separate flashes, quite distant from each other, were re-—
corded. At first., separate, negative c—-g flashes appeared in re-
gion IX, where a number of positive flashes occurred in this stage
as well. During this time, the lightning activity began to propa-
gate south—easterly, approximately along the Vaxjo-Vastervik line,
from region IX to X ind XI, and finally it turned back to region
X1II, adjoining region IX placed at. the south-east: a few positive
discharges in region XII were followed by a total decay of activi-
ty.

The south-east direction is transverse to the direction along
which the large thunderstorms were formed in stage (3. In this re-
spect the activity in the last stage seems to be similar to the
activity in preliminary stage a. There is also a similarity in the
propagation of lightning activity in the preliminary and the last
stages, contrary to the mature stage 3 in which mesoscale convec-
tive phenomena were strong enough to dominate over the influences

of cold front circulation.

4.3. Radar and satellite data in the first stage of c-g§ light-

ning activity

The location of lightning flashes recorded by LLS was roughly
consistent with radar and satellite data. The available range of
these data generally illustrate the evolution of clouds in the
first. stages of lightning activity.

Figures 12a,b,c,d éﬁhibit the radar PPI contours of the pre-
cipitation echoes at 12"00™; 12"40™; 13"10™ and 13M0™ of loca}
time. Major lakes and the seashore are outlined in the background
of the maps.

The first two radar maps depict the clouds in incipient
stages of development of convective activity. At 12"00™ LT <(Fig.
12a) the radar reflectivity contours show the position and height

of the initial rain cloud north of lake Sommen. This cloud initi-
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Fig. 12. Radar pictures of
convective system evolution.
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ated the convective activity. At 12"00™ LT its precipitation echo
was broadly spread but not highly developed (1500 m>. Half hour
later the first negative c-g flashes, part of which appeared in
the previously mentioned cluster A, corresponded to the northern

part of this primordial cloud. The initial deep convection built
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up there. Besides, the echo of a few very small dispersed c%ouds
was noticed at the south—east and west side of the main cloud. At
13"40™ (Fig. 12£) there appeared radar echoes of large clouds
formed along, or near to, the circular upward line on both sides
of the previous initial cloud. Two separate larger contours ap-

peared south—east of those clouds.

Dispersed individual flashes were associated with individual
small clouds, not all of which are visible in Fig. 12a. In one of
such clouds, on the south-east side of the lake, a series of nega-
tive c-g discharges developed; part of them formed cluster B, in
the region labeled II. !

After a small break, the positive lightning activity, with a
remarkable cluster B, of positive flashes, rapidly began to be ac-—
tive in the vicinity of previous cluster Bl near the lake.

The height of the clouds responsible for these positive
flashes was small. : The Cb clouds reached their maximum height ap-
proximately at 14M10™ LT (Fig. 12d), when the radar echo reached a
height of 9000 m, while between 13"00™ and 13™5™ the cloud radar
echo height was less than 7700 m measured at 13"40™. If the verti-
cal development of thunderclouds were assumed to be monotondus,
the positive flashes would correspond to the height interval of
4500-5500 m. The vertical development of thunderclouds could be
considerably suppressed by the presence of the previously mentioned
wind shear in the lower troposphere and the real_ cloud height
would be probably much lower. The satellite image of these clouds
at 13M0™ LT is more likely to correspond to the decaying stage of
the cloud associated with B,.

After about. half hour the radar rgflectivity contours of two
clouds, or cells, could be noticed near the site of cluster Bz

(Fig. 12b,c>. The first one; c placed nearby in the south-west

1!
direction, had an elongated reflectivity contour stretched south

westerly; the other one, c in the north-west, had an expanding

2!
echo contour of the previous initial cloud. At the north edge of
the elongated cloud, as it was seen from Fig. 7b, cluster B, was

placed. After its decay and the following gap, a rapid burst of
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negative c—g discharges was observed. Frequent discharges began to
occur along this cloud; part of them was gathered in cluster E‘,
which does not reflect the tendency of elongated distribution ac-
cording to our cluster criteria.

The discharges in this peculiar stage were associated with
f'lashes occurring almost simultaneously on the south-east edge of
the main core of the second evolving cloud (Fig. 7c>. Cluster E,
belongs to these discharges. Different clusters from different
clouds (cells) were labelled with the same letter E, in spite of
the distance between them and differences in their life span; we
suppose that they are associated to form one unit operating as a
whole. Later evolution of these clouds corroborated this assump—
tion. A remarkable fact is that frequent flashes, characterized by
small amplitude of signal strength: were spread over both sides of
clouds c, and c,, wunited into one structure of MCS. Later these
clouds will be sumet}ues called cells.

Considering tﬁe space and time distance between clust.er"\!2
and these clouds it seems reasonable to suggest that the observed
appearance of the intensive lightning activity of these clouds was
affected by the decay of a nearby low cloud which previously gen-
erated cluster Bz. This concerns, first of all,.the peculiar cloud
c and the edge of the main mass of clouds (Fig. 12c>, which de-

1
veloped predominantly from c

2"

A characteristic change in the aggregation of these clouds
has developed quickly, during about half hour. Fig. 12c shows the
conglomerat.ion of individual clouds into one main cloud with core
reflectivity contour in the shape of a crescent seen at 14P10™ LT.
In the meantime, the top of the radar echo increased from 7700 to
2000 m.

The location of flashes and their clusters roughly corre-
sponded to the echoes of the main block of clouds, of the elongat-
ed cloud associated with the block, and of the still separated
clouds to the south-east of the main cloud block. Lightning activ-
ity associated with cluster D, continued at the north side of the

main cloud. Flashes of cluster E, were stretched along the elon-
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gated cloud, which remained geparate and has not much changed its
position until its disappearance before 14M10™ LT. Between this
cloud and the edge of the main cloud, an echo band free from pre-
cipitation was indicated also by radar. This band can be recogniz-
ed in the distribution of lightning locations presented in Fig. 7c.
It is possible to distinguish there two lightning groups in the a—
rea of large thunderstorm system E: the first one is along the
separated cloud with cluster E1 and the other one lies along the
edge of the main cloud ensemble with cluster E, and later with Ea
(Fig. 12c). This distribution, associated with two groups of nega-
tive flashes on both sides of the band without precipitation, can-
not. be accidental. The lightning group with E2 on the edge of the
main cloud was followed by formation of E; and of surrounding
flashes. Group E, appeared after the decay of the counterpart ac-
tivity of croup-Bt. '

During this time, the. main cloud expanded in the stratiform
cloud area, without flashes, formed behind the deep convective
core at the edge of the main mass of the cloud. This stratiform a-
rea seems to be associated with the previous vigorous convection
acting along the mentioned narrow core. The convective edge of
clouds, indicated by radar and LLS, was transverse to the direc-
tion of the inflow of warm and moist air from the south-east, en-
visaged by the synoptical analysis in the midlevel (Fig. 6>. The
expanding area of the cloud system moved very slowly north—éast—
wards. According to the next radar picture, a gradual subsidence
of the highest cloud was noticed (Fig. 12d>. The lightning activi-
ty on the edge began to die out. After 14M40™ LT only a few
flashes occurred to the porth-east of lake Sommen.

Surprisingly enough, the distribution of these flashes corre-
sponded to the previous biline distribution; two of the flashes
were placed along the previously mentioned edge line <(Fig. 7d).
The other three flashes were located parallel to this line but in
front of it, about 9 km in the direction of the movement of the
system, at a distance similar to the average displacement bet.ween

flashes in cluster E1 and corresponding flashés in cluster Bz. The
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two lines along which the flashes were distributed are shifted by
about. 10 km to NE, Kkeeping almost the same distance between each
other..The time of appearance of all these flashes, between 14M10™ -
and '14M16™ LT, was by about. 30 minutes later than the time of the

highest activity of clusters D1' E Ez. The last flash at 14"50™

1
LT appeared at about the same space and time distance from the
group of the previous five flashes. This all seems to mean that
the cloud system kept itself as an organized entity which almost
did not move in relation to the earih surflace, or moved very slow-
ly, with a velocity approximately equal to the vector sum of the
advection flow of lower cool air from the north and warm air in-
flow from the south-east.

In our case, the time fluctuations of lightning activity in a
narrow edge area of this moving system are of rather regular, cy-
clic character, as will be shown in the next subsection.

The decay of the lightning activity stretched along the edge
of the cloud system probably reflects a transition from a highly
organized circulation structure of deep convection into a strati-
form structure'of the later stage of the cloud system. During this
transition, the previously mentioned group of a few negative dis-
charges of very small signal strength, followed by a positive
f'lash of enormous signal, was observed. Assuming in rirst'approxi—
mation that the top of the highest precipitation echo decreased
linearly, we estimated the height of the cloud which might produce
the last positive c—g discharge. Using the heights of the echo at
14M40™ and 14"™10™ LT we noticed that at the time of the discharge
the maximal height. of the echo tops was about 5.5 km. This height
does not. differ from that estimated for the period of positive c-g
discharges at the beginning of the convective system evolution.
This time in the decaying stage of penetrative convection, the
number of such discharges was small. In the decay stage the main
role began to be played by the remaining stratiform clouds, the
subsidence of which is characteristic - of the decay of the whole
convective system.

The study of the evolution of convective system in this stage
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should be made with the use of the precipitation tracers rather
than the lightning tracers we used.

Fig. 13a. Satellite image of May 18, 1982. Mod. VIS 5, rise
12M22M00° GMT, fade 12"35™0® GMT C(from NAOA 7TW).
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Fig. 13b. Satellite image of May 18, 1982. Mod. IR, picture
time 13"09™ LT, satellite no. 7, orbit no. 4645 (from University

of Dundee Electronics Laboratory, Scotland).
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Similar evolution, but in a much weaker form, has been ob-
served in separated clouds to the south-east of the main complex.
Comparing the radar reflectivity patterns of these clouds it can
be seen that they distinctly tended to merge with the main complex,
expanding and shifting themselves towards N¥. Cloud-ground light-
ning activity corresponding to these clouds was dispersed in space
and time, forming, however, a long living and active cluster F. In
the last radar d%splay available we see that the edges of the main
cloud system and of the separate clouds in question formed an al-
most. straight line and the shape of their precipitation echo be-
came more elongated towards NVW. Unfortunately, without further da-
ta on reflectivity contours, it is not possible to show how far
all these processes were developed before the decay of the whole
system.

Satellite 1magés of the area under consideration are shown in
Fig. 13a,b. Fig. i3a represents the early stage of the convection
development, prior to the high lightning activity. The second im-
age corresponds to the period when cluster B, has ceased to be ac-
tive and before F‘ began to be formed. It is possible to see the
edge of the low clouds which corresponds to the front line and the
top of clouds in ihe place roughly corresponding to regiog V and
F,.

of rather small vertical extent. This is in accordance with the

This means that cluéter B2 originated from a cloud that was

radar observations which gave grounds for believing that clouds
placed in the south-east side of the lake were not highly develop-
ed at. that time, reaching an altitude of about 5500 m.
Unfortunately, satellite pictures taken, e.g., 30 minutes and
60 minutesﬂiater are not. available now, so the clouds with clus-
ters of flashes in their most active stage and decay stage cannot

be traced on them,

4.-4. Cloud-ground discharge jfrequency

Thunderstorm activity, illustrated by the frequency of c-g
discharges, shows a specific pulsation of the convection system

observéd, which development manifested itself by variation of the
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recorded frequency of flashes. A periodicity in changes of the
lightning activity over the whole area under consideration can be
seen in Fig. 14a, which presents the time variation of the total
number of the recorded flashes at 2-minute intervals. Some cyclic
increases and decreases of lightning frequency are to be noticed.
They correspond to characteristic stages of convection development

presented in Fig. 11.
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Fig. 14. Time variation of frequency of c-g flashes: numbers
of discharges per 2 min. periods. Continuous lines represent: a)
negative and positive flashes, b) positive flashes. Dashed lines
represent the frequency of flashes grouped in clusters. a, 3, 7, &
same as in Fig. 11.

The average frequency in periods a, 3, 7, & amounted to 0.75,
1.91, 0.9, 0.45 flashes per minute, respectively. These values
show that the convective system observed in northern latitudes on
May 18, 1982 was a very weak one in comparison to those usually
observed in midlatitudes and especially in tropical regions. The
heterogeneous conditions over Sweden due to the interplay of the
contrasting effects of warm ocean <(bay strom) and the cold north

make it possible to observe a rich variety of thunderstorm devel-
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opment patterns. The case analysed here makes it possible to see
the deveibpuent processes on a small space and time scale, which
makes some features of their evolution easier to observe.

In the developing stage «, shortly after an almost steady
lightning activity and its subsequent small decrease, the activity
changes evidently. Exclusively positive flashes appeared over a
large area. The decay of this short, peculiar period was followed
by the next pause ;nd a rapid large incfease of flashing rate pro-
duced by a new structure of thunderstorms. After reaching its max-
imum, the activity died for a short time, to appear again over the
neighbouring region, being now less expanded than previously.
Lightning frequency in this period, 7, began to decrease gradually
and all activity died for more than half an hour. Period &6 of the
weakest activity, stretched in further postfrontal area, exhibits
again almost. steady level of average flashing rate for a relative-
ly long time. 1In this period the fluctuations observed reflected
the cyclic appearance and decay of small, dispersed thunderstorms.

In Fig. 14a fluctuations of the rate of c~g flashes belonging
to clusters are presented by dashed line. A rather regular period-
icity of these flashes is to be noticed in the stage of the high-
est activity of the system.

Using fast Fourier analysis it is possible to get average pe-
riods of time variations for the changes in lightning flash activ-
ity presented in Fig. 14a. The smoothed results are shown in Fig.
15. We can note slow variations, with a period longer than 10 min-
utes and with maximum amplitudes for periods of 30 minutes or

longer. A relatively fast time fluctuations of the lightning flash

Magnitude

03r

Fig. 15. Result of fast
Fourier analysis of lightning
frequency t.ime variation.
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activity, with periods of 4-7 minutes, seem to indicate ; time
regularity of the processes leading to the electrification or
charge dissipation in the clouds. It would be worthwhile to com-
pPare the mentioned periods with the periodicity of rainfall rate
fluctuations over the considered area. However, these problems are

beyond the scope of the present report.

4 4. Suggestions concerning the formation of the convection sys-

tem observed

The cloud system under consideration displays some features
observed elsewhere, e.g., by Houze (1985) and Bluestein (1985) in
USA; Browing and Hill (1984) in Great Britain; or by Zipser (1985)
in tropic regions. Those authors have applied the term mesoscale
convective system for an aggregation of convective storms organiz-
ed in a system which is characterized by a narrow line or some-
times circular band of deep convection area, accompanied with a
wide and long stratiform cloud area, identifiable by radar or in-
frared satellite imagery.

This definition encompasses our case and different types of
mesoscale aggregations of convective storms, e.g., cloud clusters,
mesoscale complexes and squall lines. Various .mechanisus like
fronts, external forcing, symmetric instability, gravity waves,
subsidence propagation, etc., may be responsible for such'organi-
zation of clouds into a convective system (Klemp, 1985).

Our case seems to exhibit some characteristic properties of
a mesoscale convective system developed in the northern latitudes.
The spectacular Phenomena observed are very complex and deserve a
detailed study. Unfortunately, more meteorological data, with
space and time resolution appropriate to mesoscale observations,
are needed even if we only want to make a preliminary conceptual
model of these phenomena. Also, the lack of detailed surface data
makes it difficult to present a consistent picture of the pro-
cesses observed. Although the obtained data are not sufficient for
a conclusive interpretation, we find it possible to make some pre-

liminary suggestions.
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Ih the developing stage, large role has to be played by the
boundary layer controlled by shallow cold front from the north-
west and by surface conditions. The enhanced instability of the
air created conditions favourable for the development of cumulus
clouds in the area under consideration. At 10" LT, cumulus clouds
(18> with a base at. 1000 m were noticed in the most air between
-1ake Sommen and Nassjo. Their number has been increasing to reach
4.8 — 6,8 Cu and Cb at 11" LT <Caircraft observations, Bergens,
1962). Initial cells have rained into unsaturated air, shower
cells have probably begun L& cluster into more vigorous convective
clouds within their convergence zone. At 12"00™ LT, in addition to
small precipitation echo contours of such separate clouds, a wide-
ly spread precipitation echo was displayed in this area by radar.
This primordial cloud was most likely to initiate a further evolu-
tion of the whole group of clouds within the MCS. The large area
of rain 1nd1cated by radar might have generated a mesoscale down-
-draft maintained by the evaporation of rain. The initial cooling
has created cold air which spread at low levels, thus producing
convergence and allowing moist convective cells to grow around.
Formation of a group of clouds, precipitation echo of which occur-
red along, or near the circle with decaying rain cloud in the cen-
tre, was probably shifted by the wind towards the southeast. The
first. flashes in the rapidly developed cluster A were not preceded
by a sequence of separate weak Tflashes. Separate individual
flashes (also negative) occurred later, being dispersed over the
area under consideration. The group of discharges in the first
cluster of the main cloud was located in the site of the previous
echo contour of the primordial cloud. The later flashes dispersed
around this cloud indicated an expansion of the developing clouds,
shown in the second radar display as well <(Fig. 12b). The struc-
ture of the MCS element presenied at. that time a little more than
a loosely defined cluster of individual convective clouds (cells).
Later on, two of them developed an intensive lightning activity
and began to play dominant. role. These were: c_, or the main cloud

2
with cluster A, formed in place of the primordial cloud; and elon-
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gated cloud c, with cluster B,, formed a few minutes later than
cluster A.

Negative c-g flashes observed after the decay of cluster A
were spread out beyond the clouds placed around the centre, al-
ready free from precipitation écho. Before 13"30™ LT the c-g dis-
charges were mostly located on the outer edge, or entirely outside
the reflectivity contours of these clouds, as displayed at 13h40™
LT. This shift is attributable to thé influence of attractive
forces acting on these clouds, pushing them towards clouds c, and
C, in which deeper convection kKas been manifested by intensive
lightning activity. For the clouds around the above-mentioned cir-
cle, this force was sufficiently strong to counteract the force of
wind acting in opposite direction. The two clouds at the sonth—_
west side of the said cluster of clouds, being displaced too far
away, were probably beyond the effective attraction. 3

The exceptional position and role of the elongated cloud,
which remained as a separate cloud at nearly the same place, was
manifested by intensive lightning activity in the form of positive
cluster B,. This activity appeared there during the previously
mentioned episode of exclusively positive c-g qischarges observed
during longer time over the large area under consideration. The
positive discharges have usually a very long channel within the
cloud <(Beaslay, 1985). This feature could concern the clouds c,
and c, in which the cloud discharges might much dominate over the
c—g flashes, like usuall} in squall line clouds d(Mazur and Rust,
1983). This episode seems to show that other factors than the lo-
cal or internal ones must have been engaged in the evolution of
the cloud into the organized MCS, The mesoscale factors have been
active in the same time over large area.

The cloud attributed to cluster Bz influenced the development
of the surrounding clouds in which the initiation of a new stage
of lightning activity was observed.

The c-g discharges of negative polarity appeared rapidly,
stretching over the whole length of cloud c,. As compared to the

previous ones, they were relatively very frequent but. their signal
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field strengths were small. At the same time,  similar discharges
appeared on the other side of the band without precipitation, i.e.
on the edge of the south-east side of the second main cloud C2
(Fig. 12c). This associated activity was located along the edge of
the main group of agglomerated clouds, at an average distance of
10 km.

Assuming that this activity was initiated under the influence
of the downdrafts of the preceding cloud attributable to cluster

B it was possible to expéct a subsidence propagat.ion of the deep

c:nvection cells with lightning activity along cloud c, and the
edge of the main cloud c,- Such an explanation (warm bulb initia-
tion) was suggested by Moncrieff and Miller (1976> for the forma-
mat.ion of squall lines in Venezuela. In reality, however, the c-g
flashes of these two clouds occurred in narrow bands almost at
once along the whole length of cloud ¢, and the counterpart edge
of the main cloud block. This was indicated by the location of
subsequent flashes in the bands. Random time distribution was
found along the whole length of C,» . and the corresponding edge of
c,-

This fact seems to contradict the supposition that thunder-
storms D, E, F represent usual multicellular thunderstorms. Also
conLrary to this opinion might be the very slow movement. of these
clouds in the direction opposite to that of the relatively fast
propagation of the front.

It seems possible to expect a local two dimensional circula-
tion in the plane of vertical cross-section perpendicular to the
elongated deep convection line <(DCL)>. For this plane, Fig. 16
shows a tentative sketch of the conditions which might have ini-
tiated the development of local mesos&ale circulation. The double
line arrows indicate, on the left and right side of the outline,
the wind components in plane perpendicular to DCL. The velocities,
illustrated by the length of arrows, were drown from the observed
wind distribution (Fig. 3)>. The left profile, taken from Landvet-
ter, covers the height up to 100 hPa; the r;ght one, from Bromma,
includes only the lower troposphere. Both correspond to the 13" LT.
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Fig. 16. The preliminary conceptual sketch of mesoscalic cir-
culation in the initial stage of the MCS evolution. The outline
corresponds to the cross—section perpendicular to the thunderstorm
line.

Vertical motion components were derived firom these profiles
by applying the continuity equation. The values, presented' by
stippled arrows, are estimated as a function of hight for the
higher tropospheric air levels in the area of thunderstorm line.
They correspond to synoptical background of the situation before
the formation of MCS showing on a transfer of momentum from the
macroscale jet in the higher troposphere to the lower troposphere;
the corresponding mesoscale descent motion follows the surface
cold front propagation.

An inflow ahead of convective edge of the cloud ensemble was
at all altitudes. The main jump updraft was fed with warm boundary
layer air and forced by the progression of the cold low level air
from the opposite side. The supposed jump updrart and lower part
of the expected overturning updraft is illustrated by black arrows.

In reality, we have a three dimensional picture with fairly strong,
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especially between 650 and 200 hPa, wind component parallel to the
deep convection line.

The rudimentary sketch in Fig. 16 is a first suggesbion con=
cerning the mesoscale circulation at 13" LT before the appearance
of positive discharges episode. To be able to propose a conceptual
model for this stage and for the stages of further evolution of
the MCS, if would be necessary to have more data with proper space
~t.ime resolution and to apply advanced theoretical analysis. Some

problems related to that item will be approached in a separate re-

port.

6. Signal strength and multiplicity of c—g discharges

Besides. position, time of occurrence and polarity of c-g
lightning discharges, the LLS system has also provided the values
of signal strength and the number of return strokes of the corre-
sponding flashes. ' These data can give some additional information
on the lightning activity of the convection system observed and
are also of some practical importance. In Figures 17a,b the time
variations of multiplicity and of amplitude of field strength of
first stroke are presented. The continuous line connects the
points representing mean values for 2-minute intervals.

The data presented show that the large amplitudes of field
strength (given usually in arbitrary units) tended to occur at. the
beginning and at the end of individual periods of activity. It is
also remarkable that. the largest values of field strength normal-
ized to 100 km were most often associated with gingle, separate
flashes which can be attributed to single, rather small, thunder-
clouds shown on radar precipitation echo. In clouds of stronger
Ilichtning activity, large amplitudes occurred occasionally in the
first. flashes, and more frequently in the last ones. This is espe-
cially true in the case of positive discharges.

Present. 6bservations have shown a rather new pattern of
lightning activity. In the observed evolution of convection system
a period happened, in which the flashes recorded in a considerably

large mesoscale area,: almost simultaneously changed their polarity.
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Fig. 17. Time variation of multiplicity and signal strength
of flashes (mean values per two minute periods)>: a) multiplicity,
m; mean number of strokes per flash for different stages, p; dash-
ed lines present mean values of strokes per flash, m, for differ-
ent. stages; b) signal strength of the fiP¥st return stroke normal-
ized to 100 km, dashed lines present mean values of normalized
signal strength for different stages.

The flashes began to be only positive and dispersed. During this
time, however, one group of positive discharges, which were close
together in space and time, appeared as a cluster. The flashes
were most. likely to belong to one cloud.

After a break, we observed the enhancement of activity in the
mature stage (Fig. 11), when the amplitudes of almost all negative
flashes were small in comparison to those of single flashes in the
preceding stage. A few positive flashes recorded in this area dur-
ing this time had a small amplitude of signal strength as well.
Another characteristic features of lightning activity in the ma-
ture stage was the small differentiation of signal amplitude val-

ues. An amplitude much exceeding the average value for negative
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flashes was observed only once. This flash occurred north of lake
Sommen after a subsequent cease following the mature stage of ac-
tivity. Small regular fluctuations of signal strength values, seen
in Fig. 14, belong to the flashes in the area of cluster F, active
this time during the decay of MCS lightning activity (Fig. 7dD.

Very large negative amplitudes of signal strength were also
noticed in a separate single flash which occurred at. the edge of
the cloud mass at 14"30™ LT, i.e., a long time after the activity
in this area has decayed.

The large amplitudes in the last stage & were again associat-
ed with positive separate flashes (Fig. 14b). One of them was of
extremely large signal amplitude, more than six times larger than
an average signal field strength in the mature stage of frequent
discharges.

These features are of scientific as well as practical impor-
tance. Formation c:f‘ positive discharges with so large amplitudes
had to depend on the stage of development of internal processes in
clouds, including the poorly known electrification processes (Fu-
guy, 1982>. On the other hand, the occurrence of a large number of
such discharges seems to be affected by environmental factors,
regulated by the evolution of general convection in the mesoscalic
range. It is possible to expect that the studies of the interac-
tion of processes on both scales can give useful information about
the electrical structure of clouds producing such discharges and
be of help in the diagnosis and forecasting of the MCS evolution.
It is known (Brook et al., 1982; Ishi et al., 1984; Beaslay, 1985)
that positive flashes tend to exhibit higher peak current and
larger continuing current. than negative ones. Thus, they increase
the hazard for flying objects, power grids and transmission facil-
ities. The susceptible level of lightning protection of construc-
tions of this type is to be taken into consideration in the pres—
ence of such unexpected, extraordinary flashes. Besides, the pos-—
sibilities of location and timing of such flashes (Jacobson, 1982)
should be known for flight safety of smaller aircraft, etc.

These requirements concern also the multiplicity of strokes
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in an individual flash. This property of lightning discharges is
also related to the electrical structure of a cloud ‘and to light-
ning protection problems. It can be seen that multiplicity corre-
sponding to the flashes gathered in clusters was larger then the
multiplicity corresponding to flashes dispersed in separate places.
This behaviour appeared most evidently during the time of activity
in stage 3 at 13"20™-14"10™ LT. The highest number of strokes was
. noticed in the lightning which occurred at the end of this period
in cluster F. This flash exhibited 7 strokes, which was the high-
est. number of strokes noticed by the LLS in one flash on May 18,
1982.

In the group of last discharges, during the decay of stage &,
three positive flashes consisted of two strokes. The flashes were
tightly grouped (Fig. 7h), but they were not included into clus-
ters because of their strong scattering. In addition to other fac—-
tors, this may be due to the localization error, which was a bit
larger, as this area was outside the area of the best accuracy of
the LLS . However, one of the last positive discharges, placed
separately, had two strokes, which is inconsistent with the sug-
gested pattern. .

To get a better insight into the observed phenomena, let us
examine the following figures. Figure 18 presents a histogram of
frequency of all and of positive c—-g flashes as a function of the
field strength amplitude. The multiplicity of strokes in individu-
al flashes is also indicated. The distribution of the number of
return strokes in the flash versus the amplitude of the field
strength shows that multiple flashes are almost absent at values
higher then 250 AU. The only exception at 570 AU corresponded to
the positive discharge in the last decaying phase, which was pre-
ceded by another positive discharge. A characteristic feature is
that the majority of multiple discharges had the signal strength
smaller than 100 AU. It can be seen that the multiplicity of re-
turn strokes in single flashes from low clouds and of large signal
amplitude is much smaller than the multiplicity of discharges of

small amplitude during violent increase of electric activity. A
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Fig. 18. Histograms of frequency of c—-g flashes, their multi-
plicity and polarity as a function of the field strength of the
signal. Numbers of flashes with 1 and 2 strokes are imaged by col-
umns from the horizontal axis up. Numbers of flashes with 3 or 4
st.rokes are imaged incrementaly by columns placed above the col-
~umns of 2 or 3 strokes. '

fairly pronounced variety of multiplicities appears in the flashes
in such cases. .

Figure 19 indicates the percentage of the occurrence of mul-
tiple flashes according to their kind. The diagram shows that the
probability of multiple strokes is greater in flashes of clusters
than in all, separated and clustered, flashes. It is interesting
to note that the percentage of double strokes for positive flashes
in the total number of positive flashes observed is larger than a-
nalogical percentage for negative discharges. .

The obtained LLS data on space temporal distribution of
lightning events and their properties would be more useful in an

analysis of the evolution of a mesoscale thunderstorm system if we
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took into account more meteorological observations. A more thor-
ough interpretation .of the lightning monitoring with additional
meteorological and topographical data available will be attempted

in the next report..

7. Summary and preliminary suggestions

Space temporal distribution of c-g lightning flashesl without
additional observat}ons would provide little informat.ion about the
structure and development of the observed mesoscale convective
systein. However, if ie supplement it with even some routine mete-
orological observations, we may obtain data that are hardly avail-
able by other means. These data may include: the place and time of
occurrence of convective events attributable to the organization

of convective clouds into some systems, evolution of deep convec-—
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tion activity in these systems, variation of deqP convect.ion ac-
tivity/ etc.

Cloud-to—ground lightning discharges, as depicted by the lo-
cation system, appeared to be very well correlated with convective
activity, as observed by conventional means (Lopez and Hélle, 1986).
Nevertheless, these correlations which are sufficiently high for
location of synoptical and mesoscale convective phenomena, should
be treated more carefully if we consider them in the cloud scale
(Lopez et al., 1983)>, even in the case of good accuracy of light-
ning location. Although the lightning discharges are predominantly
a product of convection, the initiation and development of dis-
charges depend also on the precipitation and stage of development
of macro- and microstructure of clouds. Also in time domain the
lightning data are not so simply related to convection. The infor-
mation brought by lightning is to some degree delayed in respect
to dynamical changes, of air motion itself, e.g. the chapges in
circulation. The observed gaps in lightning activity may probably
cover the periods of significant changes in convection motions
caused for instance by an interaction of processes with different
space—-temporal scale.

In spite of the above objections, the time-space location of
c—-g discharges has been proved reliable and very convenient to use
for getting a better insight not only into the characteristics of
the flash hazard for the needs of lightning protection but also
into the evaluation and development of thunderstorm mésoscale sys-
tems. Our observations seem to be in accordance with this and oth-
er similar opinions (Lopez and Holle, 1986).

An analysis of synoptic situation showed that an inflow of
relatively warmer air mass at lower part of the troposphere from
south-west with simultaneously progressing cold and fresh air from
the north, resulted in a rapid increase of instability and the e-
volution of the convection changes. The synoptically expected ap-
pearance of strong convection, associated with the rapid recon-
struction of macrosynoptic situation was confirmed by the occur-

rence of c-g lightning activity.

- 146 -



- 47 -

It was possible to single out the following characteristic
stages of evolution of the observed thunderstorm system: develop-
ing stage, mature stage, decay stage and final period of dispersed
activity. -

In the developing stage, the advection of fresh cold air en-
hanced by radiation caused convection which penetrated as high as
the middle tropospheric levels. This convection was probably re-
sponsible for the first cluster of c—-g negative flashes. Then the
mesoscale subsynoptic processes started to act. This interaction
might include such effects as downdraft rain evaporation which -
due to cooling - produced a convergence area, giving rise to the
secondary generation of clouds around the primordial rain cloud.
The subsequent spreading of flashes around the previous cluster
confirms this supposition.

The essential role in the development of convective system
was played by one of these secondary clouds built up in the cloud
of elongated radar echo shape stretched along the lake shore. The
appearance of this cloud was associated with a decay of the unusu-
al cluster of intensive positive flashes. The episode of exclu-
sively positive discharges over the whole large area seems to in-
dicate the interference of mesoscale factors. :They are probably
responsible for later explosive initiation of lightning activity
along the whole length of this cloud and the edge of the evolving
main convective core of the cloud agglomeration characteristic for
MCS. The spreading of the rain area without lightning downwind the
deep convective core confirms the organization of thé observed
clouds in one inter-coupled unit.

The space-temporal distribution of c—-g discharges shows that
the deep convection was formed along a band between clouﬁ c, and
the edge of the main cloud C, or the long edge of the main en-
semble of the cloud agglomerated in one unit. Temporal sequence of
c—g discharges recorded in thunderstorm‘E indicated that lightning
activity was stretched randomly almost ?},once along the whole
length of cloud c, ‘and the counterpart edge.

The location of c~g flashes in the larger area stretched a-
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long or near to a line directed to the southwest and placed at the
edge of the upwind core of three thunderstorms, D, E and F, ap-
pears to be a characteristic feature in the formation of a squall
line. The random temporal distribution of flashes appearing at
once and acting along this whole .line corroborates this similarity.

The mature stage of lightning activity was followed by a
gradual subsidence of the highest cloud, accompanied by the en-
largement. of the cloud area without lightning. The activity of the
mature stage was characterized by frequent negative discharges
with low and not much differentiated signal amplitudes. The burst
of flashes and their cease are distinctly marked in time. It might
give a chance to forecast a new stage of MCS evolution, e.g., the
period of intensive precipitation associated with decay of the
stratiform part of the system. 1In this stage lightning flashes do
not. occur or appear very rarely. In our case only a few flashes
did appear at. the upwind edge of the enlarged stratiform cloud and
the activity of the system entirely decayed. We were therefore un-
able to trace with the help of lightning the further development
of the MCS element.

A new stage of evolution of lightning activity over the area
under consideration embraced new regions «(VI, VII, VIII>, south-
east of storms of the MCS element.. New cumulonimbus clouds were
till being fornéd there, but. they neither merged with nor contrib-
uted to the MCS element. The evolution of the distribution of the
next separate flashes shows, however, a tendency to form a similar
element to that represented by thunderstorms D and E. But it was
only possible to observe the stage of transition from individual
convective shower cells with separate discharges into a more vig-
orous thunderclouds, manifesting themselves by lightning clusters.
Two such clusters, G and H, were recorded by LLS. Further stage of
organization was not attained in the presence of decaying MCS
which was built up previously. This decaying stage of MCS was
marked electrically only by a few negative flashes and the last
positive one, which occurred a long time after the rapid termina-
tion of the frequent mature c-g flashing rate at. the deep convec-

tion area of MCS.
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After a total break in lightning activity, lasting for about
twenty minytes, its new stage has reflected further evolution of
convection in the regions south-east. and north-west of the last
cluster of) previous activity. In this final stage, even the first
phase of agglomeration of separate c-g flashes into more active
discharges in a cluster was not noticed. However, the development
of lightning activity indicating attributable convective clouds
was not chaotic. The space distribution of flashes indicates that
in this stage the orientation was transverse /Lo the previous one,
i.e., instead of following the south-east direction the regions of
flashes were developing southwesterly, in accord with the initial
propagation. Remarkable is also the fact that in regions IX and
XII the c-g discharges recorded from 15"30™ LT to the end of ac-
tivity were only positive. The activity was very weak, largely
stretched in time and space.

Preliminary analysis .of time variation of flashing rate has
shown regular fluctpations. They were especially pronounced in the
range of periods of about. 30 minutes. This value may be correlated
to the period of consecutive developments and decays of convective
cells and perhaps to the periods of the fluctuations in the inflow
of air into MCS (Dudhia et al., 1987).

Very high amplitudes of signal field strength of the first
stroke of flashes were observed for separate flashes in small Cb
clouds. The amplitudes were especially high for positive c-g dis-
charges. It ;as found that positive flashes may quite often con-
sist of two strokes in individual flash and be grouped in clusters.
Flashes of only positive polarity may also be spread over large
areas during a longer time.

Multiplicity of flashes recorded was large for the discharges
in clusters, i.e., in major, vigorous thunderclouds or their sys-
tems. The amplitude of flashes in conjectured squall line was low
but. the flashing rate was very high as compared to the preceding
and following stages of convective activity.

The average flashing rate of the located c-g discharges in
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the observed MCS was about. 1 flash per 50 seconds. Keeping in'mind
that the freguency of intracloud and cloud to cloud discharges in
squall lines is usually many times larger than that of the c-g
discharges, and taking into account the reliability of the LLS, we
may say that the average flashing rate of all discharges was much
greater than that. indicated by LLS. ‘

Making a separate analyses of ground, aerological, radar,
satellite or lightning observations we cannot. expect. to achieve' a
satisfactory description and explanation of the development of
spectacular phenomena involved in the evolution of the mesoscale
convective system. A joint analysis of observations is needed in
this respect.. The case discussed here gives grounds for believing
that the analysis of space-temporal distribution of lightning dis-
charges provides some useful contribution to our understanding and
diagnosis of the evolution of deep convection in MCS. It seems
reasonable to expect that. this contribution will be extended along
with the improvement in lightning recording technique and in the
knowledge on dependences between the initiation and electric prop-
erties of lightning on one hand and the cloud dynamics and micro-
st.ructure on the other. Further studies with ?xtended contribution
of different electric measurements, like that. attempted by Chauzy
et al. (1984>, may bring not only the inform;tion about MCS but
also a better insight into such relations.

In order to describe unambigously the dynamical mechanisms
that control the evolution of meteorological phenomena that. appear
to organize and govern the convection, it is necessary to identify
and elucidate the interaction between the macro-, meso—- and cloud-
-scale phenomena observed. It would provide us with some means for
anticipating the events that could potentially lead to transition
between flow regimes in different stages of development and decay
of the MCS. The Scandinavian atmospheric scenery offers good pos-
sibilities for studing such processes in various conditions which
control the homeostatic, selfregulating structures of MCS. More
cases like the present one, supplemented by greater meteorological

.material <dwith appropriate time and space resolut.ion), are to be
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analysed theoretically and numerically, before conclusive state-—
ments will be drawn. Theoretical and practical needs of such stud-

ies are obvious.
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ANALIZA MEZOSKALOWEGO UKLADU BURZ
NA PODSTAWIE ROZKLADU WYLADOWAN ATMOSFERYCZNYCH

Streszczenilie

Na podétauie re jestracji czasowo-przestrzennego rozkiadu do-
ziemnych wyladowari atmosferycznych oraz standardowych obserwac ji
meteorologicznych podjeto prdbe opisu rozwoju ukitadu burz, obser-
wowanych 18 maja 1982 r. nad poludniowa Szwecja.

Analiza synoptyczna wykazala napiyw, 2z poludniowego zachodu,
cieplego i wilgotnego powietrza nad obserwowany obszar w godzinach
popoludniowych i rownoczesne nadciaganie frontu chiodnego z pdino-
cy. ¥ zaistnialym stanie niestabilnosci powietrza pojawily sie at-
mosferyczne wyladowania doziemne. Zmiany ich czasowo-przestrzenne-
go rozktadu uuidoqznily w dugej mierze ewolucje mezoskalowego sys-
temu konwekcji C(MSKD.

¥ zmianach rozkladu wyladowari wyrdeniono cztery stadia rozwo-
Ju aktywnosci elektrycznej: stadium poczatkowego pojawienia sie
wytadowari i wzrostu ich aktywnosci, stadium dojrzalej aktywnosci
wyladowari, stadium rozproszenia wyladowar oraz stadium slabej,
rozproszonej aktywnosci wyladowar, =zaistnialej po dlueszej przer-
wie.

W stadium poczatkowym pojawily sie dwie krotkie serie blis-
kich w przestrzeni i w czasie wyladowarn (clusters) oraz rozproszo-
ne wyladowania nad dosc rozlegiym obszarem. Serie wystapily w
dwéch chmurach, nalemacych do szybko rozwijajacej sie grupy chmur
konwekcy jnych, wyrositych wokol =zanikajacej rozlegiej p*eruotne)
chmury deszczowej. Po krdtkotrwatym okresie wyladowarn i niewiel-
kiej przerw&e, aktywnosc obu chmur i aktywnosc rozproszona ulegly
drastycznej zmianie. Zamiaét poczatkowych wyladowar ujemnych przez
okolo 15 minut wystepowaly nad calym obszarem, prawie wylacznie,

wyladowania znoszace do ziemi ladunek dodatni.
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Jednej =z wymienionych chmur konwekcy jnych przypisac mosna,
bardzo rzadko spotykana i nie opisywana w literaturze, serie wyla-
dowari dodatnich. Chmura ta ulegila znacznemu wydiugeniu wzdiug ﬁo-
tudniowo-wschodniego brzegu  jeziora Sommen. W jej strone nadcho-
dzila, lemaca obok, druga elektrycznie aktywna chmura, ktdra staila
sie osrodkiem agregacji calej wspomnianej grupy chmur konwekcyj-
nych w jeden system. Procesy te byty poprzedzone prawie wyilacznie
wyladowaniami dodatnimi.

Po zaniku wyladowar dodatnich i okolo-20 minutowej przerwie
raptownie pojawily sie, ze stosunkowo dumg czestoscia, wyladowania
ujemne. Cechowaly je niewielkie i malo zrdenicowane wartosci am-
plitudy sygnalu skoku natemenia pola wyladowari, rejestrowanych
przez stacje systemu lokalizacji. Charakterystyczne bylo rdéwniegs
ich czasowo-przestrzenne rozmieszczenie. Wyladowania te wystapily
omal rdwnoczesnie, w sposdb nieuporzadkowany, wzdiue calej rozcia-
glosci echa radarowego wydlusonej chmury oraz w stosunkowo waskim
pasmie, biegnacym wzdiug pld.-wsch. brzegu organizujacej sie w pe-
wna caloscd grupy chmur konwekcyjnych. Obserwacja ta nie jest zgod-
na z podanym przez Montrieffa i Millera sposobem inicjacji dojrza-
lego stadium MSK i sugeruje inny jej mechanizm. Czeste ujemne wy-
ladowania doziemne =zaczely bicd raptownie i rdwniee prawie jedno-
czesnie przestaly. Zanik wyladowar, wskazujacy na wygaszanie komdr
g€iebokiej konwekc ji =zamyka charakterystyczny okres dojrzatosci
sledzonego systemu. ¥ dalszym stadium ewolucji MSK pozostala tylko
czynna jego strefa deszczowa chmur typu warstwowego. Strefa ta, .
bez wspdldzialania giebokiej konwekcji, ulegala powolnemu zanikowi.

Stadium dyssypacji systemu towarzyszyly wyladéwan;a rozpro-
szone na pid.-wsch. od obszaru uprzednio aktywnego. Wyladowania te
nie laczyly sie z zanikajacym ukladem MSK, ani nie tworzyly nowego
systemu. Ujawnily sie jedynie posrednie etapy rozwoju bardziej ak-
tywnych chmur, zaznaczajacych sie oddzielnymi gromadami wyladowar.

Po dilumszej przerwie nastapil ostatni okres aktywnosci, w

formie rozproszonych wytadowari. ¥ koricowej jego fazie pojawila sie
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¥ obserwowanej ewolucji aktywnosci wyladowar przejawila sie
pewna cyklicznosc zmian ich czestosci, =z mocno zaakcentowanym o-
kresem nieco powyzej 30 minut.

Amplitudy skokow nateﬁenia pola pojedynczo rozproszonych wy-
ladowari byly znacznie wieksze nis amplitudy skokdw pochodzacych od
wyladowar w gromadach' Cclusters). Potwierdzenie znalazl rdwnies
fakt wystepowania najwiekszych amplitud przy wyladowaniach dodat-—
nich.

Wyladowania piorunowe nalemace do gromad wykazywaly w obser-
wowanym przypadku zrésnicowana wielokrotnosc wyladowar skladowych
podczas gdy w pojedyriczych oddzielnych wyladowaniach obserwowano
zazwycza,j jedno uderzenie skladowe. V¥Wbrew dotychczasowym pogladom
wyladowania dodatnie wykazywaly wieksza procentowa ilosc wyladowar
dwukrotnych nis wyladowania uJeﬁne.

Rozkiad czasowo-przestrzenny wyladowan doziemnych wnosi cenne
dane dotyczace nie tylko charakterystyk aktywnosci wyladowar dla
potrzeb ochrony odgromowej, lecz rdwniem dane dotyczace wystepowa-
nia, intensywnosci 1 ruchu konwekcyjnych chmur burzowych. Pozwala
to w pewnym stopniu na sledzenie rozwo ju skomplikowanych mezoska-
lowych struktur konwekc ji ostatnio intensywnie Padanych. ¥ celu a-
nalizy i przewidywarn ich rozwoju, same dane wytadowari, jak i inne
oddzielnie brane rodzaje obserwacji, sa niewystarczajace. Koniecz-
ne sa dzialania kompleksowe i odpowiednie analizy systemowe.

Przy dalszym doskonaleniu metod lokalizacji i rejestracji
cech wyladowari moena sie spodziewac ims wklad ten bedzie wzrastal.
¥ miare postepu znajomosci inicjacji i wlasciwosci wyladowarn w za-
legnosci od dynamiki i mikrostruktury chmur burzowych, mosna ocze-
kiwac lepszego wykorzystywania dodatkowych informacji wnoszonych
przez wyladowania, n p. przez polarnosc, wielokrotnosd, czas trwa-
nia, czestosc, amplitude. i ksztalt sygnaldw elektromagnetycznych

emitowanych przez wyladowanie.
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Abstract

Simultaneous measurements of geomagnetic and atmospheric electric field at the
ground with supplementary meteorological and ionospheric observations have been
systematically carried on since 1986 at the Polish Polar Station Hornsund (¢ = 77°00'N,
A = 15°33'E) in Spitsbergen. Some examples of variations of measured parameters
associated with large impulsive magnetic disturbances in the time of high magnetic
activity are shown for intervals of "fair weather" conditions. Spectral analysis of selected
20 hours set of data from March 1, 1989 was made in frequency range 0.01 - 6 mHz. The
spectra obtained for magnetic and electric field show distinct similarity and the maxima
of their density occur in the same range of frequencies (0.15 mHz - 0.5 mHz). Filtered
data for this frequency range show variations of low frequency components with very
high correlation coefficient of 0.91.
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Very good correlation between geomagnetic and atmospheric-electric field was
obtained, especially in the case of single intensive substorm examined in six hour long
fair weather period of March 2, 1989. The observed behaviour of the observed geomag-
netic and atmospheric electric fields points to common magnetospheric origin of these
fields in such events. Further observations of such relations at the various magnetos-
pheric states and different position relative to the polar electrojet are to be carried out
in coordinated, complex way.

1. INTRODUCTION

Atmospheric electric field variations at the Earth’s surface have been for a long
time'studied in the scope limited to the lower atmosphere processes. The electric data
from the lower atmosphere have been of little use in the research of the behaviour of the
upper atmosphere. On the contrary, the variable part of geomagnetic field has been
easily applied as a good indicator of the ionospheric and magnetospheric current systems
affected by solar activity. The large difficulties in finding clear, direct relations between
the simultaneous changes in both fields have been associated with the opinion that the
observed diversities are a result of screening of the lower atmosphere by electrically
highly conductive lower ionosphere. Studies of variations of geomagnetic and electric
fields at the Earth’s surface have usually been carried on separately.

Nonetheless, in the high latitude zone, where solar, magneto- and ionospheric
effects are manifested by magnetic fields especially distinctly, evident disturbances of
electric field have been observed in the periods associated with strong magnetic and
aurora activity (Israel, 1973; Freier, 1961; Olson, 1971; Lobodin and Paramonov, 1972).
These effects were possible to be noticed during fair-weather conditions, when local
meteorological disturbances of the electric field are low. In such conditions at impulsive
magnetic disturbances a decrease of electric field in the range from six to several percent
was most often reported. On the other hand, opposite behaviour has been observed as
well. Shaw and Hunsucker (1977) analysed yearly records of the electric field at College,
Alaska (65°N) and did not find such effects at all, even when there was a violent aurora
activity. However, further evidences of the response of electric field on the magnetos-
pheric events have been reported from observations in high latitude surface stations
(Tanaka et al., 1977).

Considerable progress in studies of these effects has been brought by simultaneous
measurements of atmospheric electric and geomagnetic field together with other geo-
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physical parameters in the network of polar stations in the USSR. Electric field recor-
dings were extended there on contemporaneous long series of measurements on the level
above the planetary boundary layer carried on by means of floating balloons (Apsen et
al.,, 1988). Some morphological features of recorded magnetic and electric field disturb-
ances concerning different geophysical conditions have been distinguished and com-
pared. The results enabled to ascribe the differences in electric field variation to the
global state of the magnetosphere and especially to the position of the measuring site in
relation to polar electrojet formed during substorms.

It appears of interest to observe the reactions of the atmospheric-electric field at
the Earth’s surface on the solar, magnetospheric and ionospheric events especially in the
polar cap region. There, in the time of intensive magnetic disturbances it is possible to
expect more distinct and strong response than in other places, often above the back-
ground of the electric field fluctuations of tropospheric origin. The digital recording and
the processing of the data permit now for more detailed comparisons of different features
of atmospheric-electric and geomagnetic fields.

The purpose of this report is to show first comparisons with some cx.amples of
recordings of examined variables under the above conditions. Such a possibility is offered
by station Hornsund (Spitsbergen) which is now the only place located in the north polar
region in which atmospheric electricity measurements are systematically carried on for
longer time.

2. MEASUREMENTS AND DATA ACQUISITION

The Spitsbergen island, due to its very good location in respect to the aurora oval,
cusp and polar cap is a very interesting place of observation of solar, magnetospheric
and ionospheric influences on atmospheric-electric parameters in the lower atmosphere.
Geographical and magnetic latitude and longitude of the Polish Polar Station Hornsund
operating there are: ¢ = 77.00°N and 73.4°N; 1 = 15°33'E and 128.2°E (Fig. 1). This
station is almost always placed within polar cup when K  index is larger than 4. Since
1986, a continuous recording of three component of geomagnetic field is accompanied
by electric field recording at the ground surface by means of radioactive collector and
field mill, all with the same sampling rate of 10 or 30 s. Besides these parameters, there
are also measured ionospheric absorption by means of riometer (30 MHz), time of
precipitation, wind direction and velocity, temperature and other meteorological vari-
ables. Recently, additional recordings of air-earth current density by horizontal wire
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Fig. 1. Location of Polish Polar Station, Hornsund and of network of Greenlands stations.

antenna and aurora observations by means of all sky camera and scanning photometer
have been introduced.

The data in digital form are gathered by magnetic loggers, replayed on diskettes
and processed by an IBM AT computer.

The results examined now are taken for the periods of fair-weather conditions
determined by the generally accepted international instruction, which rejects the time of
local meteorological disturbances introduced by precipitation, fog, blizzards, wind
stronger than 6 m/s and low cloudiness above the station.

The spectral analysis has been performed by Fourier Transform method. The
coefficients of Fourier series were calculated using method of Filon. The spectrum was
smoothed by using moving means of 5 points. For signal filtration filter of Butterworth
was applied.
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3. RESULTS OF MEASUREMENTS AND PRELIMINARY DISCUSSION

The results of recordings presented now were taken for the time of high magnetic
activity of March 1989. The fair-weather conditions at Hornsund happened to occur only
in some periods of this very active month. The records presented in Fig. 2 concern such
periods from 21%35™30° of last day (28) of February to 17"35™30° of March 1, 1989.
For this time, simultaneous variations of horizontal component H of geomagnetic field,
variations of electric field measured by means of field-mill and radioactive collector, and
of ionospheric absorption (R) were analyzed.

A very similar shape of variation of the electric field measured by two independent
instruments is to be noticed. The calculated correlation coefficient between these two
recordings is 0.82. The indications of the field-mill are more exact, with error of less than
five percent. The radioactive collector has distinct additional errors influenced by local
meteorological conditions. In spite of that, the collector is used supplementary because
its service is more convenient in continuous work, especially in polar conditions. The
values of electric field data from both instruments are given here without correction to
the flat terrain by reduction factor.

The subsequent Fig. 3 illustrates Fourier power spectra in the frequency interval
from 0.05 to 6 mHz for the variations of component H and the electric fields in the period
specified before. The spectra are similar but show some differences in the range of higher
frequencies. It is possible to state that all spectra have their inaximum densities in the
same range of frequency, from 0.15 to 0.5 mHz, which corresponds to periods of 6600 to
2000 s. For this interval, flitration was performed. The obtained curves are shown in
Fig. 4. The correlation coefficient between the filtered courses of electric field is 0.99.
The calculated correlation coefficient between the filtered signal of geomagnetic com-
ponent H and of filtered electric field measured by two methods is 0.91, i.e., almost the
same for both. In these first rough comparisons we did not try to find the best correlation
between shifted courses of component H and of electric field which should be done in
order to search for the phase shift between the examined variables.

Figure 5 shows a further fragment of simultaneous recordings at Hornsund of the
corresponding variables in the 8-hour long period of fair-weather conditions from 23%go™
to 07"00™ UT of March 1-2, 1989. The character of changes of the three geomagnetic
components shown in Fig. 6 shows that we have to deal with a magnetic substorm. This
is seen also from the simultaneous recordings of the geomagnetic field in the nets of
magnetic stations in Greenland, as shown in Fig. 7. From this figure we can notice that
in the zone between ¢’ = 71° and 73°N in magnetic latitude, in which also Hornsund is

-162 -



-88-

'6861 ‘1 UDIB JO LN 0€:6€:LT 0 87 A1BnIqa JO LN 0€:SE 1T
UIOI} SUONIPUOD I9Y1BoM-11e] FULINp punsuloy uonels 1e (‘T 1I1W-p[oy pue (D) 10199[[00 JANOROIPEI JO SUedW AQ PINSEW PIalj JLIII[O
punoid ‘() uondiosqe ouaydsouor ‘pray onouewodF jo (1) wouodwos [p1uoziIoY :Jo sFuIp10o91 SnosueINWIS JO JUSWSEI} Y 7 819

(4] =wll  10-20 SBET ™ 3T-I0-6887

) g9l bl Gl 0l 8 g ] 4 0 A4
_ I | L] I ) | ! I T 1 L T ¥ il T T T T “\ T
4 . ik.{;...c«lf}fk._i.&tqa( {lv{.: mm
Tﬁé I
E q_ mm_ i ; ) ; _ ™ - |
i R ﬁ A 0Lt
i _ 1 _m _ ] ' Jajawoly
T 7 =y T T 7 T : = : : = e e @m.‘wi
1 ._‘.J_ __m._ | ey
| _.yc. \m __, i .!_" !
e, n ety S AN \__Ea 1., ooy S
b I...rl.{f.cr..d_..u\\\ )t.fﬁ \_.‘}JH())_JA f\.?\f w(r\ I 4./.:(\....4{ X .X\.__.,.‘._f\x }“L 1
S —— T et L8]
] i e o
1 )-H f-:.? ™ ks .}.ﬁ _- A\ii)&{‘x \!&.\.l{l.xf_\_ j N:.....q_..__,ﬂ:.a L..«.dw.,_ __.w\f...ﬁ w_.,,_._....__.‘. b il &
Y | % IR A el
e el e o
J \LJ i- ?.H.d\ !{5., xﬂi‘gj ? \ ..._.\J.f .._‘“___{1.._ i..:wd \‘__hiﬂ )‘_.M &Y_.;..,..J.Lw_.r : N ._. f— f._x
lyr AR LT
w/ Ay | I _ ! |
. [w-praty . 001

Cw/ax]



-89 -

104 ML 10 co 10
08 0 as
]
06+ 0s
0.4 04
02
00
2 A 6

Fig. 3. Power spectra of changes of component H, and the electric field measured by collector (CO)
and field mill (ML) at station Hornsund during fair-weather conditions from 21:35:30 UT of February 28
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situated, a polar electrojet appeared at this time. The presence of substorm in examined
period is suggested also by the changes of ionospheric absorption (Fig. 5).

The power spectrum of the recordings of Fig. 5 is presented in subsequent Fig. 8.
The obtained pattern concerns isolated substorm. The following features can be notice.
The largest spectra densities correspond to the lowest frequency band. In this band there
occur peaks common for all three variables in the range of frequency of 0.01-0.05 mHz
and 0.025-0.075 mHz. The third peak is clearly seen on component H being less distinct
on the electric field spectra. The range of higher frequencies in the obtained spectra is
of special interest. There might be present pulsation Ps6 (Rajaram et al., 1986) seen in
the behaviour of geomagnetic components Z and D shown in Fig. 6. This range of
frequencies will be a subject of further study (Kleimenova et al., 1991).

The rate of sampling used does not allow to examine the magnetic pulsation of
shorter periods and to check whether their correlations with corresponding atmospheric-
electric field fluctuations appear in Hornsund. Such a correlation (Nikiforova and
Michnowski, 1977) is observed in the middle latitudes extremely rarely. It might be
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Fig. 8. Power spectra of simultaneous recordings of component H, and electric field measured at
Hornsund by a field mill (ML), and collector (CO), from 21:20:00 UT through 06:59:30 UT during
fair-weather conditions on February 2, 1989.

noticed that in this range of frequencies we can meet larger disturbances of electric field
due to turbulent fluctuation of space charge movements in the planetary boundary layer.
To diminish these effects a sharper criteria of fair-weather conditions should be applied.
Such disturbances might be very low in quiet conditions associated e.q. with anticyclonic
inversions.

The presented example of recordings correspond to a'series of strong magnetic
disturbances and to a case of intensive, isolated magnetic substorm. The magnitudes of
changes in component H are several hundreds of nT. The changes in atmospheric-elec-
tric field appear in these cases to be distinctly above the usual level in the quiet conditions.

The example from Fig. 5 shows very pronounced increase of electric field appearing
long before the expansive phase of the substorm. This enhancement is followed by the
change to a decreasing tendency of the electric field during the expansion and recovery
phase. However, it is necessary to be cautious in drawing conclusions about the character
of electric field changes associated with the appearance and development of impulsive
magnetic disturbances. In Hornsund a diversity in the character of these changes, and
also of magnetic ones, was observed. The differences concern the direction of changes,
i.e., a positive increase or a negative decrease of the electric field, and the shift of their
phase in relation to the geomagnetic variation. The characteristic behaviour from Fig. 5,
relatively often observed in Hornsund, corresponds to the cases reported in morning
hours at the polar side of westward polar electrojet (Bandilet et al., 1986).
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The presented fragments of recordings in polar cap region (Kp >4) of atmospheric
electric and geomagnetic fields seem to indicate a regularity of their behaviour in
analogical geophysical situations. A similarity of spectral density distribution in the long
periods range of their frequencies points to the common magnetospheric origin of the
examined magnetic and electric fields. A variety of the observed patterns of regular
response of electric field to various magnetic impulsive disturbances associated with
them suggests a need to correlate the data in one station to general geophysical situation
in terms of magnetospheric convection and field aligned currents.

Coordinated electric field observations in the network of high latitude and polar
cap stations seem to offer some additional opportunities for studies of temporal and
spatial variations of the processes involved in such very complex global phenomenon as
a magnetic substorm. The supplementary observations of electric field at the Earth’s
surface on a long term basis may be especially important in studies of rapid succession
of monitored events.

4. CONCLUDING REMARKS

Geomagnetic and atmospheric electric field variations measured under the fair
weather conditions at the Earth’s surface in the polar cap region exhibited some charac-
teristic features. During very high magnetic activity in March 1989 recordings made in
Hornsund show similar spectral density distribution for both fields in the range of low
frequencies with maxima in the same interval of frequencies (0.15-0.5 mHz) and very
high correlation coefficient (0.91) of filtered data for this frequency range. Analogical
similarity in patterns of spectra density distribution were observed for geomagnetic and
atmospheric-electric field variations in the case of a single intensive substorm in morning
hours of March 2, 1989. Such a behaviour of the observed simultaneous variations of the
two fields points to a possibility of application of electric field observed at the Earth’s
surface in studies of magnetospheric electric fields associated with magnetic substorms.

Further coordinated data on the observed features in various global magnetos-
pheric configuration are needed. The recordings of electric field at the ground in polar
cap region correlated with geomagnetic field and other geophysical variables are able to
offer supplementary informations which might be especially important in studies of rapid
succession of monitored events.
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Concluding Remarks on the Madralin Workshop

Stanistaw MICHNOWSKI

Institute of Geophysics, Polish Academy of Sciences
Ksiecia Janusza 64, 01-452 Warszawa, Poland

Approaching the end of the Workshop we are closing the initial, designing phase
of international program on the Global Atmospheric Electricity Measurements
(GAEM). Now it seems necessary to pause a little and reflect on the formulated
resolutions as a whole. Being aware of the present state of atmospheric electricity
researches we face a challenge of getting involved in multidisciplinary worldwide broad
programs: the International Geosphere-BiosphereProgram (IGBP), Solar-Terrestrial
Energy Program (STEP), World Climate Research Program and others. During discus-
sions we have had some dispersed views and a variety of examples how atmospheric
electricity processes in the lower atmosphere can depend on different factors acting
jointly at different scales. The papers of different level presented on the first day of our
meeting do not cover the whole spectrum of relevant problems. However, it becomes
obvious that multidisciplinary investigations in the global scale can offer a great oppor-
tunity to study more efficiently not only the common integrative objects of the discussed
"mega projects”, but also un- solved problems of particular disciplines and own atmos-
pheric electricity puzzles.

It is now necessary to give an account to what extent the main aims, tasks and
projects of international cooperation proposed in our resolutions are able to respond to
the present general and our particular needs. The answer is too difficult to be given now.
I will try to share only some personal impressions concerning the GAEM program we
are going to start.

1. The program of global atmospheric electricity measurements, according to its

name, might embrace a variety of measurements made on different levels of the lower
atmosphere, or concentrate the attention on measurements of global atmospheric
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electric parameters like global lightning activity, difference of potentials between the
Earth’s surface and the ionosphere, or global resistance of the atmosphere. For many
reasons, the program was restricted to the measurements at the Earth’s surface of
fundamental variables of the global electric circuit. The continuation of the previous
detailed observations amenable from the ground and an extension of former surface
measurements was recommended. Thus, the program of global measurements was tacitly
directed mainly to studies of spatial-temporal distribution of vertical electric field,
Maxwell current and conductivities of both polarities at the Earth’s surface. It was
anticipated that measuring data from suitable global network and local networks of
surface atmospheric-electric stations should allow us to study the response of the global
circuit to natural and anthropogenic disturbances which are expected to be the subject
of interest of IGBP and STEP.

The variables in question are in fact sensitive to various phenomena affecting the
global circuit in very large range of scales in both space and time. A broad complexity of
multiple relations and complex feedbacks involved in electric fields and electric currents
variations observed at the Earth’s surface was one of the reasons why the progress in
understanding of the main global problem of atmospheric electricity has been relatively
slow. The first two large projects in global scale to examine this problem, undertaken by
the International Geophysical Year and Ten Years Program, did not bring the expected
results, despite large sets of data gathered. It is worthwhile to look on our plans in the
light of the previous experience. Now, as it was mentioned in the welcome addresses and
introductory papers, we have much better situation in many respects.

The problem is better defined in terms of global electric circuit. We are nearer to
attain the ability of testing the suggestive views of C.T.R. Wilson that the fair-weather
electricfield and air-earth current in the lower atmosphere are produced mainly by global
thunderstorm activity, which has not been done through many decades. The time is
coming when the global thunderstorm activity can be monitored by observation of global
lightning frequency by means of satellites, large sets of lightning location systems or by
application of Schuman resonance studies. New technologies have extended the range
of measurements of electric fields and currents.

The large general progress achieved in updating the measurement and information
systems might be adopted in all aspects of our measurement process, from initial data
acquisition to the final analysis product. It can embrace the data transmission, processing,
analysis, data dissemination, and access by users. Besides, quantitative modelling and
computer simulation of problems to be studied may make it easier now to integrate data
sets and guide the research efforts.
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2. In spite of this, some serious fundamental obstacles still persist. One of the most
serious is the great difficulty in separating particular global effects from the variation of
measured parameters subject to the integrated influence of various factors acting
simultaneously. It is extremely difficult to separate different causes and their effects. The
usual selection of data and the filtering of local meteorological influences by means of
fair-weather criteria, commonly applied until now, does not eliminate sufficiently the
local disturbances, as, for instance, local electric noises produced in the planetary
boundary layer. They are still very far from being satisfactorily avoided or determined by
additional measurements. The level of noise disturbances is often larger than global
signals to be identified. On the other hand, the identification of local and global effects
simultaneously incorporated in the results of surface observations, is a "sine qua non"
condition for successful contribution of GAEM in the IGBP and STEP. The success
depends on the improvement of knowledge on relevant processes affecting the obtained
data from which changes in global electric circuit are to be separated.

The shortage of time prevents us from considering in greater detail to what extent
the use of such methods as, e.g,, a correlation analysis of measurements at widely
separated stations or averaging of instantaneous measurements over large horizontal
areas, are sufficient to distinguish properly between the local and global effects and
between temporal and spatial variations. Some statistical and theoretical approaches,
and especially the more rigorous fair-weather criteria, are able to improve the present
status.The studies of these problems have to be intensified. In the meantime, until the
expected progress in this direction is made it seems necessary to initiate simultaneous
recording of electric variables above the planetary boundary layer. This is to be done by
coordinated flights of floating balloons or by means of improved tethered balloon
measurements at selected representative stations.

3. To properly use the GAEM data, it is often indispensable to incorporate some
complementary information.Even with information coming from related programs, it is
not always possible to draw conclusions without additional simultaneous measurements,
closer coordination with other programs and some initiatives in individual, suitably
selected subprograms. The activity of individual researchers or their local teams are to
be especially inspired and supported. In further prospects, the GAEM program might
be then conceived as an important element in integrated overall strategy of atmospheric-
electric research to address the coordinated studies of particular effects on the global
electric circuit behaviour.
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Different kinds of such effects are worth now to be briefly recalled, keeping in mind
the present pragmatic importance of their studies. Although the time domain of less than
one revolution of the Sun has to focus our efforts, it is justified to pay also attention to
effects of broader time range. Longer term effects are worth quite often to be treated
jointly, taking advantage of data gathered systematically besides the selected GAEM
observing periods.

Most common influences on the global circuit are due to meteorological processes
acting in the tropospheric parts of the circuit. In this area, the GAEM program is
especially interested in fluctuations incorporated into the measured values by global and
regional thunderstorm activity. Identification and studies of these effects on the back-
ground of electric global activity of planetary boundary layer claim for additional meas-
urements of Schuman resonance, difference of potential between the Earth’s surface and
the ionosphere, global and regional lightning activity. If close relations of these variables
with simultaneous changes in GAEM data are distinctly established, the latter - after
filtering from local and other global effects - might be a convenient indicator as one of
the measurable global parameters of the total atmospheric system.

Convincing evidences have for a long time been reported that electric variables in
the lower atmosphere are under the influence of extratropospheric and extraterrestrial
forces caused mainly by solar activity changes. Manifested by a high-speed solar wind
and topology of interplanetary and geomagnetic fields, etc., those changes produce a
splendid game of processes over polar caps which play a key role in coupling of energy
from the solar wind with the Earth’s magnetosphere, ionosphere and thermosphere.
Surface electric variables may respond to magnetospheric and ionospheric electric field
convection patterns across the polar cap. Taking into account the physical link between
the impulsive magnetospheric disturbances and surface electric variables, efforts have
to be devoted to examinie the qualitative correlations between these variables and other
data related to magnetospheric and ionospheric convection. The GAEM data over the
polar cap can bring quantitative supplementary information on the interactions of polar
wind with the Earth’s plasma environment. They can be particularly useful during
relatively rapid succession of the observed events, e.g., in studies of magnetic substorms
and other impulsive disturbances of geomagnetic field. Besides, they can be applied to
the observations of possible pulsations resulting from penetration of hydrodynamic
oscillations from the magnetosphere through the ionosphere and the lower atmosphere
to the Earth’s surface. The GAEM measurements appear to be very useful as supplemen-
tary and complementary to balloon, satellite, rocket or even radar programs. In studies
of solar and upper atmosphere effects on the electric variables at the ground, the
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temporal and spatial scales are to be taken even in highly non-linear systems. Unified
models begin to be introduced. The future of this area of multidisciplinary research of
the extraterrestrial and upper atmosphere influences seems to be bright.

An example of such an approach was given here by Professor E. A. Bering III,
whose program was recommended by the GAEM. The results of ground and balloon
measurements of electric variables undertaken in the Antarctica are to be used in several
ways. It will be very desirable to organize similar balloon experiments in the Arctica
according to the suggestion of Professor R. Holzworth, using the experience of previous
campaigns. In the north polar region, there might be active a greater number of stations
with ground facilities like EISCAT, radars, geomagnetic and aurora observations. The
proposed simple atmospheric electricity observations incorporated to the working or
planed polar stations have there a chance to bring important suplementary informations.
There it could be also much easier to carry on small individual or joint programs with
balloons, aircraft and in further, not very distant prospects, rocket and satellite remote
measurements concerning electrical effects of the processes in question.

On the other hand, we cannot disregard the studies of observed effects of lithos-
pheric origin (earthquakes, volcanos) on atmospheric electric variables.

It is necessary to emphasize that besides the generating processes, the GAEM data
can be intrinsically affected by space-temporal changes in conductivity and other electric
properties of the atmospheric medium. Electric conductivity, reacting to changes of
cosmic ray intensity and solar activity (effects of solar flares, etc.) also below the
ionosphere, exerts some influence on fields and currents at the ground. However, at the
ground there occur very distinct changes of conductivity and related electric field and
current variations caused by changes in concentration of radioactive debris and atmos-
pheric aerosol of natural (e.g., produced by volcanoes) and anthropogenic origin. Al-
though effects of ionisation by radioactive elements and aerosol attachment of light ions
act in opposite direction, the variation of conductivity at one station may be used as an
indicator of large local changes of one of these variables if other one is known or
quasiconstant. The GAEM monitoring of global circuit may offer an insight into the
columnar resistance of the lower atmosphere and consequently into the total burden of
contaminants in a regional and global scale. This is possible if the determination of
potential difference between the Earth’s surface and the ionosphere is known. The
establishment of comprehensive observing program of systematic changes in conductiv-
ity in representative localities at the ground and in vertical profile is worth to be
reconsidered and refocused from the points of view of the IGBP requirements.
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4. The scenario of all phenomena to be studied by application of GAEM in the
global circuit problems expands. We have here an important example of a need for
integrated treatment of electric phenomena observed in various domains like solar wind,
magnetosphere, iono/thermosphere, middle atmosphere, troposphere, lithosphere. Be-
cause of discontinuities of properties of these media and different sources of energy
released there, these domains have for along time been treated separately. Electric fields
and currents encompassing the Earth transcend the barriers between these spheres and
are involved in various couplings and interactions, with a possible feedback character.

Of great importance is here the coordination of GAEM with other suitable
programs organized by related disciplines, according to the strategy used by the IGBP
and STEP. The time comes to replace our previously uncoordinated and fragmentary
activity by multidisciplinary systematic and comprehensive studies of global atmospheric
electricity problems. The proper theoretical approach, modeling and computer simula-
tions are to be introduced gradually. This requires close coordination of observational
programs, data analysis, interpretative efforts of individuals and their groups, workshops,
work centers etc. This all calls for a more intensive collaboration of participants from
many countries. Besides the efforts of individuals, the actual scientific research - in the
framework of GAEM -should be organized into a limited number of special, well-defined
cooperative scientific tasks. Detailed proposal for these specific tasks, supported by
results of pilot research, may take advantage of projects for which financial support has
been in principle commited. Preparation of review papets with theoretical and ex-
perimental analysis of the problems to be examined are here of some additional value.

News letters, exchange of experience by means of bilateral visits or small working
meetings, promotion of working groups or centers for processing the common results are
to be intensified. The development and unification of measuring methods, measuring
instruments and recording systems is to be accelerated by exchange of experience, e.g.,
by lending instruments, preparing detailed descriptions, etc. It is needed to promote new
solutions, e.g., how to diminish the errors in land stations produced by electrode effect.
The exchange of experience concerns also the description, standardization and process-
ing of the GAEM data. Then the application of modern communication systems, which
are emerging now, may provide, somewhat later, a useful alert and time data service.
This all can open new prospects for our research. At the beginning, in the first preliminary
stage, we should list and connect the existing stations in global and regional networks,
e.g., meridional, polar, tropical. The following activities and studies may run on different
scales: individual and joint projects. We have now a chance to approach the extremely
large complexity of global circuit current system not as fundamental obstacles in the
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development of atmospheric electricity research, characteristic in previous studies, but
as a rich source of integrative information on different effects involved in electric
variables observed at the ground.

5. The success of our program depends to an extremely large extent on the human
aspects of cooperation. Our work is mostly based on voluntary contributions. We have
to make cooperation attractive and effective. Easily accessible data exchange is import-
antbut notsufficient for motivation. Itis very important to be able to offer all participants,
including those with only very modest resources, the possibility of making significant
contribution. We should recommend such topics which can reveal the scientific and
pragmatic value of the cooperation, show its need and possible advances in common
studies. This concerns those participants who are willing to start or to extend the
atmospheric electricity measurements. Also for many of those who are presently carrying
on systematic fair-weather electricity measurements on the existing stations an assistance
to incorporate them in coordinated projects is needed. A special care should be given to
the continuation of the work at stations with long series of observations. We have to
improve the style of work not only by new technology but also by intensive assisting each
other on all levels of cooperation.

6. The present Workshop is only a small step towards the goals and tasks standing
before the GAEM program. We believe that this program, in cooperation with broader
projects introduced by STEP and IGBP, will bring important contribution in under-
standing, monitoring and predicting of interactive complexes of electric processes acting
in the scale of our planet and its near space environment. It gives a broader insight into
natural environment in the scale of globe and assists in revealing the dangers introduced
by insufficiently controlled anthropogenic effects. This contribution largely depends on
the extent to which we will be able to realize the needs standing before us. Our ability is
still not large but we have grounds for believing that it will increase gradually. Before us
and the new generation of geophysicists there appears a fascinating vision of interactions
of various processes acting in natural close and distant environment. In this homeostatic
system, electric processes are intrinsically involved. Complex analyses especially of
non-linear systems show that it is evidently not legitimate to neglect inputs or coupling
mechanisms simply because they seem to be "small", "weak" or "slow". We cannot be free
from the duties of participating in common efforts demanded in the situation of the
menace of inadvertent disturbances of this system by natural and artificial forces.
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It was really a pleasure for me to spend this week in a friendly atmosphere created
by you all. It is extremely important to keep this atmosphere and to develop deeper
motivation in our further work. I wish you all the best results in our common efforts.
Thank you for coming and for all contributions. The Madralin Workshop is closed.
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THE FIELD-DEPENDENT CURRENTS DERIVED FROM THE ELECTRIC FIELD VARIATION
FOLLOWING LIGHTNING DISCHARGES OBSERVED AT THE EARTH SURFACE

Piotr BARANSKI, Stanistaw MICHNOWSKI

Institute of Geophysics, Polish Academy of Sciences
01-452 Warsaw, ul. Ksiecla Janusza 64

Abstract

The field-dependent current density, FDCD, is estimated according
to Krider and Musser’s approach on the basis of the variation of the
electric field, E, measured at the ground after 1ightning discharges.
The relation between the FDCD and E so derived is examined for two
groups of discharges. The best-fitting approximation functions, their
peculiarities and coefficients are discussed. When the corona current
dominates in the FDCD, the transient space charge density at the field
Jump is estimated at -6 nC/ms and, on the other hand, the quasi-steady
space charge density for the field, E, approaching sometime later the
quasi-steady value Es' is evaluated at +4 nC/ma. In the last case, the
FDCD is equal to the Maxwell current density of -8.5 nA/m°. Character-
istic features of the relation of FDCD and E for individual discharges
are noticed and discussed. A possibility of estimation of convective
current density from the fleld recovery variations 1is suggested. As a
result, a characteristic velocity of the order of 0.45 m/s 1s obtained

for convection air motions accompanying the observed thunderstorm.

Full text in the Supplement
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Stanistaw Michnowski, our senior colleague and mentor, celebrates in
November 2018 the grand jubilee of one Hundred Years of Age. He is a man of very
broad interests: a renown geophysicist, and a person strongly engaged in social,
philosophical and religious aspects of life.

He is an acknowledged authority on theoretical and practical problems of
atmospheric electricity, including lightning discharges, global circuit, electric structure
of thunderclouds, instrumentation, lightning protection as well as effects of indoor
ionization on human health, and is one of the pioneers of research on solar wind—
magnetosphere—lower atmosphere interaction effects on atmospheric electricity, to
briefly mention the just the main topics on which he has noted achievements. Some
of his influential early papers are republished in the present book.

Stanistaw Michnowski has been active in scientific communities, both in our
country and internationally. This was acknowledged by electing him, in November
2014, the Honorary Member of the IUGG/IAMAS International Commission on
Atmospheric Electricity (ICAE), after four decades of serving as a member in the
Commission. He is also a Honorary Member of the Polish Committee on Lightning
Protection and a Honorary Member of Polish Geophysical Society.
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ELECTRIC FIELD VARIATIONS FOLLOWING LIGHTNING
DISCHARGES MEASURED IN WARSAW AND SWIDER

Abstract

A survey of eletric field variations following lightning discharges observed in
Warsaw and Swider is given and some influences on their forms are discussed. Local
influences due to space charge produced by point discharges and splashing of the rain-
drops were noticed as distinct in the region with high electric field intensities or with
presence of rain.

Generally, the observed changes of character of recovery curves in relation to distan-
ce are similar to those obtained theoretically by Tamura and based on his model. This
seems to confirm the conception of the transient character of recovery variations from
electrostatic to current flow field distribution of thundercloud after lightning. The reco-
very times T~ for conditions undisturbed by local influences are however shorter than in
Tamuras calculations and do not correspond to the empirical relations reported by Smith.
Considerable differences in the recovery time 7" were distinguished for intracloud and
cloud-earth discharges for observed heat thunderstorms. The average T' for cloud dis-
charges was about 1-75 times shorter than the average T’ for ground discharges oc-
curring at the same distance from the flash (between 15—25 km). Some peculiar shapes
of recovery curves are presented.

The recovery curves seem to be dependent on the stage of development of the thun-
dercloud-cells and the variable character of the cloud from one storm to another. The
field variations after lightning, by which the recharging processes and electrical struc-
ture of the cloud may be manifested, need more attention and further study. Some pre-
liminary remarks and suggestions are given.

1. INTRODUCTION

Electric field variations following lightning discharges many times recorded dur-
ing thunderstorms are an interesting phenomenon very little known until now.
Measurements have shown that after sudden changes accompanying the lightning
flash the electric field returns almost to its predischarge value along a recovery
curve of different type. The simplest type of field recovery approximates the ex-
ponential character usually observed following distant flashes. The corresponding
time constant for these flashes was estimated as averaging about 7 sec.

Since the interpretation given by C. T. R. Wilson [34], on the ground of intro-
duced by him electrostatic bipolar thunder-cloud model, it has been widely accepted
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[20] that the observed recovery curves for distant flashes represents the regenera-
tion of the electric moment in the cloud after lightning. T. K. Wormell [35] con-
firmed and extended this interpretation of recovery forms by taking in account the
additional influence of the space charge distributed in the air beneath the thunder-
cloud.

Some regularities in the shape of recovery curves related to distance were sub-
sequently recognised by Y. Tamura. Tamura [29] gave a theoretical explanation
of them based on the current flow theory. He used a simple bipolar model of the
electric structure of the thundercloud cell and the additional assumption introduced
by Holzer [11] that air conductivity increases with height. According to Tamura’s
theoretical analysis, the differences in the recovery form for near and distant dischar-
ges are caused by a transient phenomenon, in which the electric field pattern chan-
ges from the electrostatic distribution to that given by the theory of current flow [15].

The divergent opinions regarding proper interpretation of recovery curves and
the thundercloud electric models used are still the object of lively discussions. The
differences concern problems of basic significance, e.g. estimation of rate of change
regeneration after lightning [23], the conductivity in the thunderclout [7] and other
properties of thundercloud used in its electric models. At the present stage of inade-
quate knowledge in this field, the need of further experimental tests seems evident.
The understanding of different forms of recovery is necessary not only from the
point of view of basic questions which concern the thundercloud electrical struc-
ture, but also in respect to other factors, e.g. electrical conditions in the surface
layers of air beneath the thundercloud.

Single records of field made in one place only do not yield sufficient data to
elucidate the recovery variations, because many processes and influences of differ-
ent kind are acting simultaneously in the observed phenomenon. One of the diffi-
culties encountered here is the variety of influences of local conditions, prevail-
ing at the place of observation, on the field measured at ground level. In order to
distinguish those secondary influences from the cloud and other factors, a simple
experimental approach was used in Swider, involving measurements of the electr-
ical field near the ground and of the point discharge current at 23 meters height
above ground.

The prime object of this communication is a preliminary survey and short dis-
cussion of the observed recovery curves under some of their various aspects.

2. APPARATUS AND METHODS OF MEASUREMENT

In the summer and autumn of 1962 and 1963 measurements of electrical field
and additional electrical and meteorological elements were carried out during thun-
derstorms and showers over Swider and Warsaw.

The electric field variation was measured by the dynamic method. The field mill*
used has response time 0.1 sec. Its hilt was mounted on a pole at a height of 2.5

! Elektrostatische Feldstirken Messgeriit Typ FM300 Nr. 1 nach Prof. H. F. Schwankhagen,
Bergischer Feingeritbau C;. m.b.H., Wuppertal.
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metres, the measuring plate and rotating screens facing downwards as shown in
Fig. 1. The measurements were recorded on a four-channel recorder * with paper
speed of 0.2 mm/sec, 1 mm/sec and 5 mm)/sec. The first intense sounds of thunder
(as distinct from the initial rumblings) were recorded by the observer. Owing to the

L Yrer s 7 LT T A o r SN o e per e

Fig. 1. Vertical section through a part of the Geophysical
Observatory in Swider

use of U. V. special recording paper he was able to mark on the watched recording
curve the time interval between the instant of visible appearence of the lightning
flash accompanied by a sudden jump of the field, and the instant thunder was heard.
In a number of cases a microphone and acoustical amplifier was used for automatic
recording of the first occurrence of thunder.

The point discharge current was measured by means of the arrangement [22]
with a needle mounted on a mast at a height of 23 metres. The response time of
the arrangement with the galvanometer used was approximately 1 sec.

Space charge was measured by Thomson’s method with an earthed copper-mesh
cage 110x110x 110 cm with a small radioactive collector, placed in the centre of
the cage at a level of 1.5 m above the ground level, adjacent to, and under the roof
of, a wooden hut. The collector potential was measured with a dynamic electro-
meter. The time constant of the apparatus, imposed by the collector used, was about
I min [9].

The potential gradient was at Swider station measured additionally with the
collector method [31]. The minute signals of recording time were given to the main
4 channel recorder as time base. The time constant of the radioactive collector was
aproximately 1 min, wherefore these measurements as well as the space charge
measurements were suitable only for slow variations.

Wind velocity and direction were measured with a Fuess anemograph at a height
of 23 metres. Precipitation and meteorological elements (temperature, humidity,
pressure) were recorded at the small meteorological station of Swider Observatory.

An attempt was made at Swider to obtain preliminary information on local
electric conditions prevailing in the atmospheric immediately above the ground,
and on their influence on the electric field variations. For this reason a special layout
of measuring apparatus was used for simultaneous measurement at different levels

* Lichtpunktschreiber, Hartman Braun, Typ RLt 1.
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of point discharge current, wind velocity and direction, electric field, space charge
precipitation and other mateorological elements.

Fig. 1 and Fig. 2 show the location of the measuring apparatus on the area of
the Obszrvatory. Part of the field mill and of the point discharge arrangement with
the main recorder were placed in a small iron hut in the vicinity of the mast. The

wl Brrorown

Fig. 2. Location of the apparatus at the Geophysical Obser-
vatory at Swider

1 — main measurement hut, 2 — mast with needle, 3 — hut with Thomson
apparatus, 4 — meteorological garden, 5 — meteorological cage, 6 — pluvio-
graph, 7 — anemograph, § — hut with p jal gradient stati

wooden hut with the space charge arrangement and the meteorological station was
positioned a short distance away. The anemograph was about 80 m, and the poten-
tial gradient station about 100 m, from the mast.

The sam2 electric field-mill and a similar point-discharge current arrangement
only were used in Warsaw in the tower of the Sport-Stadium ,,Budowlani”. The
field mill was located on a floor of the tower at 24 m height above ground level
with outside clearance bstween mill and tower wall of 1.2 m. The needle of the point-
-discharg2 arrangemant was installed at the top of the tower mast at about 36 metres
above ground.

Measuremznts of the electric field and other elements were carried out in Swider
and Warsaw during eleven thunderstorms and several showers.

At Swider, a number of elements were recorded simultaneously with the
field intensity on the sam: recording paper. In most cases these were the point
dischargz current and somztimss space charge and wind velocity.

The observations made in Warsaw comprised mostly electric field measurements
and only in one thunderstorm were electric field and point discharge current mea-
sured simultaneously. The facilities for visual observation of lightning flashes and
clouds were much better there than at Swider.

3. EXPERIMENTAL RESULTS AND THEIR TENTATIVE INTERPRETATION

Due to the response tims of the fisldmill used, the fast changes during lightning
dischargas could not be distinguished. It was possible to get the net amplitude of
total fizld changs which accompany the lightning discharges, and some times, parti-
culary at higher tap: spzeds, to read a rough indication of field changes caused by
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separate strokes or complex discharges. The measurement yields the values of the
vertical field over level ground and delineates reliably the form of the variation of
field which follows a discharge. A correction for the distortion due to the local

T . 2 p)
T __:‘Tfl-‘_ | I
2 AE |
iad
= Eoy Foy ; ’f/_
AE yard
I:é_rd_f. !TJ

Fig. 3. Notation of characteristic values of the recovery curve

Ep — predischarge value of the electric field; 4E — amplitude of net sudden

change due to lightning; T — the recovery time defined as the time required

for the field to recovery 4E[2; Ty, Ty — times interval between the examined

flash and the preceding and following one, respectively; p — time recovery
according to the rate of recovery in its first stage

configuration of the measuring apparatus and the area of the observatory was
made in Swider.

In the observed recovery curves the following elements were taken in considera-
tion, most of which had been previously used also by
others:

E, — predischarge value of the electric field,
AE — net amplitude of sudden changes due to
lightning,
T’ — recovery time, defined as the time of
recovery to half-value of amplitude 4E,
p — time of recovery according to the rate of
recovery in the first stage,

T,,T, — time intervals between the flash under

examination and the preceding and

—-

Fig. 4. Simplified Tamura

following one respectively, model of thundercloud ele-
D — distance of the lightning estimated on ctrical structure
ground of the time interval between the ol 2! i =T
= m; Iy== m; constant rechargin,
flash (jump of field) and thunder. - current, Jom1 Bl ocin o
Fig. 3 illustrates these characteristic values. where: ;=18 %103 csu — con=

- ductivity at the level z;; a3=
About 400 recovery curves were examined Out of . 12x10-3esu — conductivity at

nearly a thousand recorded cases. Unfortunately, the level 3 0o=4x 10~ csu con-
i ; ductivity at the level z=0,
distance D was not always recorded.

The shape of the recovery curve and its above characteristic data showed con-
siderable variance, both in Swider and Warsaw. The differences between the observed
forms of recovery and those calculated on ground of the selected models are often
very distinct and therefore require consideration. Most interesting seemed to be the
comparison of the curves obtained by measurements with those calculated on
ground of current flow models. The theoretical forms of recovery curves calculated
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for intra-cloud discharges by Tamura on base of his model (Fig. 4) are shown in
Fig. 5, while recovery curves obtained in a similar way by Smith for intra-cloud

and ground discharges are in Fig. 6.

=3000 1 r. gk

-4009 4

a) )

Imin

i g Imin 4
= il | CLOSE TR |

04
-30 4 y
2 i W M \M

a...a_‘n —~ e —ROERAL
-1 4 e M.N&'EEM
~200 4 ¥ : : —

Second 80 a7 224 bl - v BiSTANT e »

Fig. 5. Electric field variations for different Fig. 6. Electric field variation at various di-
distances of intracloud discharges calculated stances for: @ — intra-cloud and b — cloud-
by Tamura for model in Fig. 6 -ground discharges, calculated after Tamura by

Smith

Another approach is to relate the observed differences in recovery forms and
their characteristic values to different local conditions and kinds of corresponding
cloud, for each observed discharge.

3.1. Local influences. In agreement with Wormell’s observations it was quite
often noticed that in near discharges (distance less than 4 km) the electric field
jumped suddenly from negative predischarge values to large positive values. The
time constants of recovery for these flashes were longer than those for distant flashes.
In many cases of near flashes the recovery curves fell in the beginning rapidly, appro-
aching subsequently its predischarge value at a slow rate.
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- ﬂ&'i\] 1O ST | | S
~rjwl A
-1500 + 2}’3&" o :g |
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Fig. 7. An example of recovery field variations Fig. 8. An example of recovery
during a near thunderstorm on the 28'h field variation during the thunder-
August 1963 at Swider storm of 28" August 1963 over
E — electric field; i — point discharge current Swider
E — electric field; i — point discharge
current

Quite often, particulary at Swider, some new forms of this known pattern of
recovery curves were observed. In one of them positive values return fast at first
but slow down on approaching zero value. In the range of negative values however
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the sequence is reversed, the variations being slow at first and quickening gradually
before return to the predischarge values. These deflections of the field curve were
seen more distinctly at higher recording speeds (I mm/sec, 5 mm/sec) than those
used in previous measurements. Fig. 7 and Fig. 8 show examples of this kind of
recovery of the electric field.

It appears that this effect of recovery deflection is caused by a space charge pro-
duced by point discharge before and after the change of field direction. The space
charge generated after this change has the opposite sign to the charge generated
before it, if the field values are sufficiently high. This opposite space charge produces
considerable decrease of the field due to neutralization of the space charge existing
before the lightning, and is responsible to some extent for the field variation after
discharge. On decrease of the field below the critical value, at which the point
discharge ceases, this neutralizing — recovery accelerating — influence ceases too,
causing deflection of the curve. In the negative region this sequence and the signs
are inverse. The records of simultaneous changes of point discharge current are in
agreement with the foregoing supposition.

This kind of recovery variation was not discussed by previous authors and does
not correspond to any of the theoretical recovery curves of Tamura and Smith who
have not considered space charge below the cloud in their electrical models of thun-
dercloud.

In some cases (Fig. 9) recovery curves do not show the distinct instantaneous
return immediately after the end of the flash but have soft, convex, curves at high
amplitudes of sudden changes. This may have some relation to the intermediate
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Fig. 9. Recovery field variation at thunderstorm during 30
September 1963 in Swider

distances between the place of observation and the flash shown on Tamura’s dia-
gram (Fig. 3), or may result also from the local space charge for distances nearer
than the reversal point. This assumption seems especially appropriate for lightnings
to the ground.

Another kind of influence of the space charges on recovery variations is shown
by their irregularities and fluctuations, occurring often at high electric field values.

At the level of the needle, the electric field can be represented approximately by
the point discharge current flowing through it, if wind velocity is known. Those
three values are interrelated [4]. Comparison between electric field variations measu-
red with the fieldmill at the 2,5 m level and those indicated by the point discharge
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current at height of 23 m has shown substantial differences, both in magnitude and
phase.

Fig. 10 and Fig. 11 illustrate these differences without even taking into consi-
deration the effect of wind in determining the corresponding field intensity at the
level of the needle. Those discrepancies are sometimes so pronounced that the
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Fig. 10, Electric field — E, point discharge current — 7, space charge dens-
ity — p; variations during the storm of 29th  August 1963 over Swider

direction of the electric field and the point discharge current are opposite, as shown
in Fig. 11 for the time interval from 23".21™ to 23".23™. According to C. W. Lutz
and others [22], this kind of differences indicates that there is a local space charge
between the two levels, caused most probably by point discharges.

Smith measured the electric field variations at two places located at a horizontal
distance of about 50 m [26] and observed the differences in the recovery of the field
at both places after the same lightning. The differences were seen in the fluctuations
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Fig. 11. An example of electric field — E; point discharge current — i; space
charges density — p — variations during the storm of 20th August 1963
over Swider

and irregularities of recovery curves. Smith assumed that they resulted from tur-
bulent convection of a local space charge produced by point discharges and carried
down below the level of its origin. This suggestion seems to be verified by the varia-
tions of point discharge current and electric field at two levels at Swider.

Very considerable local modifications of recovery field curves were recorded both
at Swider and Florida [26] during precipitation, especially in heavy showers. Fig. 12
and Fig. 13 show examples of recovery variations in such conditions. The recovery
times (7") obtained at Swider were very short, e.g. 4 sec during a heavy shower,
while for the same distance the time 7’ was under dry conditions on an average about
four times greater.
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It is worth noting that the shape of the first stage of recovery curve during heavy
showers is almost a straight line. Splashing of rain drops on the ground is probably
responsible for this phenomenon [36].

Local disturbances caused by point discharge or by splashing of the rain drops
on the ground occur most often in the area beneath the clouds. There may act also
other local influences, even at greater distances outside this area. One of them may
be the electrode effect, giving some increase of the electric field near the earth’s
surface. Due to the long response time and errors in space-charge measurements
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Fig. 12. An example of the reco-
very field variation during heavy
rain on the 3™ September 1963
flash aproximately 8 km distant

Fig. 13. Recovery field variation
during the heavy rain in 374 Sep-
tember 1963 in Swider

the existence of this effect was only roughly indicated at Swider in some cases for
great enough field values. The electrode effect, observed under quiet windfree condi-
tions, is commonly rather small one [3] and presumably negligible for large distances
to thunderclouds.

3.2. Properties of the recovery curve in relation to the distance
from the flash and its type. In Swider and Warsaw was no net of stations to
enable simultaneous reading of field measurements at different distances from a given
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Fig. 14. Recovery curves for a nearby thunderstorm on 29" August 1963 at Swider

lightning flash. Although the observed shapes belong to different flashes, they tend
to point to a change of character of the recovery curve with distance from the flash.
A typical example of the differences and the general character of the shapes is given
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in Fig. 14 and Fig. 15 for short and long distances respectively. The former represents
recovery curves (of the mature stage of a thundercloud) at distances of less than
5 km, and the latter at distances of over 16 km, which are greater than maximum
distance between the observed cloud and the reversal point. The character of the

ol Swider 198 1562
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Fig. 15. Recovery field variations for a distant thunderstorm
at Swider

recovery curves observed at intermediate distances appears to change between the
first and the second shapes. An example of a recovery curve at intermediate distance
is shown in Fig. 16.

It is remarkable that the initial rate of recovery p, often recognized as a rate at
which a cloud regenerates its electric moment when the initial internal moment is
small, varies with different distance from the flash. The p values range from 2.5 sec
to 60 sec for different distances and
different air-mass thunderstorms. For 3
the same thunderstorm these values P
are changing due to the distance, even
for distances greater than the rever- E
sal distance (D>10 k.m).' They de- o 7 ~7
crease on an average with increase of
distance.

The regeneration of the field can i | | i |
thus not be ascribed to a simple 7% 18 19
process of recharging of the cloud  gjg 16, An example of the recovery field varia-
after the flash, and the recovery curve tion for an intermediate distance at Swider
can not represent directly the changes
in electric moment of the cloud. If it did, the, recharging process in the cloud would
not depend on its distance from the observation point [19].

The observed changes of the character of recovery curves in relation to distance
confirm Tamura’s basic observational data and are in agreement with his current
flow theory. The characteristic values of recovery forms do not, however, conform
with the predictions of this theory.

Thus, for instance, the recovery times 7" are much shorter than the values ex-
pected from Tamura’s model for corresponding distances. Average 7" values (for.
air-mass thunderstorms only) were in Warsaw and Swider about 8 sec for aproxi-
mately 12 km, as compared with Tamura’s model values of 13 sec for the same range
of distance.




[11) ELECTRIC FIELD VARIATIONS 325

Discrepancies between Smith’s observations and those made at Swider are
apparent from comparisons of the latter with the empirical relation between reco-
very time 7" and amplitude AE: .
T'=6(AE)* (1)
where: 7" in sec, 4E in V/cm.

This relation corresponds to undisturbed conditions and a AE range between
10 V/em and 0.1 V/cm. The Swider data for the same range of values do not obey
this relation. More statistical data have to be obtained in order to prove regularities
of behavior between 7’ and AE, particularly concerning the components of 4E
in fast field variations, which seem to be of importance for understanding of this
relationship. It would be valuable to relate these values for one flash in a net of sta-
tions or, if for practical reasons this is not possible, to gather a statistically ade-
quate number of cases for one kind of thundercloud structure.

The striking feature of the recovery variations noticed at Swider and Warsaw
are the differences in recovery times 7" of cloud and earth discharges. Those differen-
ces appear, to my knowledge, unaccounted for in recent works, e.g. [7, 26, 28].

The observed values of recovery time 7° and » showed great variance and
dispersion in respect to the mean values. Excluding the cases with local disturbances
underneath of the thundercloud, it was noticed — in accordance with the observa-
tion of previous workers — that recovery times are smaller for negative AE field
<hanges than for positive ones. The small mean differences were rather quite distinct
for ranges exceeding the reversal distance, similarly to the results and sug-
gestions of previous authors [37]. But with the exception of indication of some
individual observations of kind of flashes in previous recovery curve reports, no
relation had been established between the kind of discharge and the sign of the
field change 4E of observed recovery variations, becouse positive as well as nega-
tive field changes can include flashes to the earth and intra-cloud discharges. Simple
visual observations are difficult and give rather no practical possibility to distinguish
continuously the kind of flashes, es-
pecially for distances outside of the
reversal distance,

Table I

The ratio between the numbers N of positive
and N- of negative field changes during heat

For distant thunderstorm, with the thunderstorms for different values of AE
exclusion of frontal thunderstorms, 1 N
differences in 7" can be observed at 4E (V/m) ] N: ’ N- A ‘
Swider much more distinctly than the l : z .
above mentioned ones. This fact and | 60002000 | 18 | 4 45 |
the assumption that the electrical 2000— 500 | 30 12 2.5: |
structure of local convection storms is fgg: lg: i ;; ‘ 3; :f
simpler than that of frontal storms, -1 ! 11

«drew our attention to the local heat
storms, particulary to small and isolated ones.

From Table I it is seen that for some heat storms used there the ratio of the num-
bers of positive to negative field changes decreases in a function of amplitude 4E, that
Is with increase of distance D. It is significant that for 4E values smaller than 500
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V/m this ratio remains almost constant®. It shows thus the rather simple electrical
structure with only positive polarity of the thunderclouds considered in the table. In
first approximation the types of discharges other than intra-cloud and cloud-earth
could be here neglected.

The average electrical moments for negative and positive field changes for di-
stant flashes of those storms are nearly equal.

About one fifth of all examined cases were distinct complex discharges i.e. with
two or more components of opposite sign. In our measurements it was not possible
to single out those complex discharges which definitely contained ground compon-
ents, because of the low resolution of the apparatus used. Therefore all positive
components of the complex discharges were treated as ground discharge.

In accordance with the foregoing known remarks about polarity of clouds [25],
the signs of sudden field changes for the heat storms considered in table I may
give a rough indication of the type of discharge. Positive changes for distances
considerably greater than the reversal distance will correspond then to cloud-to-
ground discharges, negative changes mainly to intra-cloud discharges.

Records in Warsaw and Swider show that for mentioned distant heat thund-
erstorms the average recovery times 7" for positive sudden field changes are about
1.75 times longer than the average recovery time for negative changes, both at the same:
range of distance and observation time. The average time 7" for positive field changes
was about 7.8 sec for the range of 4E values between 250 V/m and 25 V/m without
rain; the average time T for negative change over the same AE range was about
4.5 sec.

These data indicate for heat thunderstorms observed at Swider a much longer
time of recovery field variations for ground discharges than for intra-cloud discharges.
The differences between recovery curves for different kind of discharges appear to
be characteristic for the properties of recovery processes in clouds and should be
the subject of further research.

3.3. Special features of recovery curves. A number of interesting cases.
of recovery curves were observed, which do not appear to have attracted sufficient
attention.

Fig. 17 ilustrates one of the cases often observed in Warsaw for a close thun-
derstorm. The speed of the recording tape was 1 mm/sec. Three distinct stages of
the curve are apparent. Recovery variations in each stage are represented by only-
slightly curved lines with distinctly different rates of recovery.

Some other interesting features of recovery curves as a example of their variety
are illustrated by Figs. 7, 8, 9, 12, 13, 14, 19, 20 and discussed in the respective
sections.

Many different kinds of special features of recovery curves occur much more
frequently and distinctly underneath the thunderclound or in its near vicinity than

N
3 This regularity was not seen in all heat thunderstorms observed. Generally the ratio pdla?
does not correspond to monotonic decrease. i




3] ELECTRIC FIELD VARIATIONS 327

at greater distance from the thundercloud. Some of the cloud factors, e.g. recharging
processes in the cloud and properties of lightning discharges, affect the recovery
field variations at greater distances to a lesser degree than directly below the thunder-
cloud. In the latter case the space

charge and local disturbing influences Win Worszawa 68 162e

- - - m
contribute also to increased variety 5001 . /,f/‘—’_‘f_ﬁx
V

of recovery forms. In order to avoid Ll
such local disturbances and to obtain :‘gjg;

a simpler picture of the recovery curve,
it is advisable to make observations of
recovery field variations at distances Fig. 17. An example of the recovery curve (3
12 km < D <25 km. The distances D can  stages) during the thunderstorm at 16'® August
not be much greater than the reversal 1962 in Warsaw

distance, becouse otherwise the electro-

static field values may include high additional inductive and radiative components.

Not all of the observed irregular special features of recovery curves and not all
discrepancies with Tamura’s calculations can be attributed to local influences and
to the difference in magnitude, height and inclination of the dipol used by Tamura.
It would seem that the theoretical explanation of recovery variations may be sought
rather along the more convincing line of conductivity and charge distribution in
the thunder cloud and its enviroment. It should be noted here that Tamura’s thun-
dercloud conductivity values are not in agreement with more recent studies [7, 8, 16]
and some observations [12, 16]. In considerations on electrical cloud structure
and recovery processes it seems to be also indispensable to introduce the discussed
problem of electric space charge conditions beneath the thundercloud [23].

Our present understanding of recovery variations is still very inadequate and
many gaps in corresponding observational knowledge can be noted. For detailed
interpretation of what has been observed it is necessary to have simultaneous ad-
ditional electrical data as well as some meteorological observations e.g. with radar.
Discrepancies between observed cases and Tamura’s theoretical values can not be
elucidated without increasing the range of observations.

atzras” #4200

3.4.Recovery of the electric field after lightning at the background
of the kind of thunderstorm cloud and the stage of their develop-
ment. Every thunderstorm comprises normally a number of thundercloud cells
in different stages of development. Having no information on the distribution of
thundercloud cells in space and time and on the location of a given discharge, it is
difficult to relate its recovery curve to a corresponding cell.

The frequency of lightning flashes i.e. the number of flashes per minute,
increases from the beginning of the storm to a peak value and subsequently decreases
[24]. Sometimes one observes a cyclic variation of lightning frequency which is known
to arise from the growth and decay of individual thunderstorm cells. Now and then
an approximate distinction of individual cells is possible. The number of cells develo-
ped during the lifetime of a storm and the time interval between successive cells
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Fig. 18. Variation in flash frequency during the thunder-
storm of 7th August 1963 at Swider

A — number of flashes for 5 minute intervals; B — number of flashes for 10
2 (2. 019 J minute intervals 3
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can be estimated from the crests and troughs in curve variations of lightning fre-
quency, the irregularities of the curves having been averaged [1].

Fig. 18 shows an example of flashing frequency variation in one thunderstorm
observed at Swider on August 7, 1963. It was a distant thunderstorm in which it was
possible to distinguish between closer flashes and those occuring at greater dis-
tances, owing to the differences in the observed AE values. Even without exact
smoothing operations it seems possible in this case to make a rough
estimate of the number of cells. If we assume an adequately long time interval between
the development of individual cells in relation to their life time, we could estimate
that about S active cells were probably taking part in the observed heat thunderstorm:

For all distant storms the ratio between the number of intracloud and cloud
to ground discharges has not been evaluated, but it was possible to observe a wide
variety in this ratio for different storms. Thus, for instance, during the storm of 29"
August 1963 at Swider nearly all flashes were cloud to ground, while during the
storm of 20" September 1963 only a small percentage of lightnings were cloud to
ground according to additional visual observations. i

When a given kind of thunderstorm is studied, it is found that sudden jumps of
the electric field and their recovery are different for lightning flashes of even appro-
ximately equal distances. The characteristic recovery values appear then to be
related to differences in cloud development stages. In the first stage of lightning activity
and especially for cells with low intensity, the p values, characteristic for the initial

O0E
value of the field regeneration rate (—) and 7" are greater than the corres-
t=0>
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Fig. 19. Recovery field variation during a small thunderstorm
on 6" August over Warsaw
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Fig. 20. Recovery field variation during a small thunderstorm
on 6 August over Warsaw

ponding values for the mature stage of thundercell activity at approximately the same
range of distances. Some precautions are here necessary owing to the relative move-
ment of thundercloud systems towards the place of observation and other factors.

Fig. 19 and 20 illustrate interesting examples of recovery field variations with
exceptionally long recovery times 7" (about 60 sec), represented by almost straight
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lines. Such instances occured for flashes preceded by long 7} . Quite often, the shorter
is T, the shorter appears to be the recovery time 7”. Not enough data have been
collected sofar to illustrate correlations between 7" and T for observed heat storms,
wherefore no regular relationships can be given at present. Parameters of the physical
processes occurring in thunderclouds and lighning discharges show considerable
statistical dispersion, wherefore the magnitudes of characteristic data of recovery
variations should also be examined statistically.

The inadequate information available at present does not allow to do much
more than put forward suggestions which appear to deserve statistical elaboration.
The interrelations of the many factors involved in recovery processes make it, ho-
wever, very difficult and often impossible to study successfully field variations after
lightning discharges without supplementing it by a further complex range of obser-
vations.

4. CONCLUSIONS AND PRELIMINARY SUGGESTIONS

1. Among the local conditions influencing recovery field variation after lightning,
the most effective are space charge generated by point discharges and splashing of
raindrops on the ground. Those effects, responsible for many of the peculiar shapes of
the observed recovery curves, are less distinct in distant flashes and can be nearly
avoided when moreover there is no rainfall over the area of measurement. Deviat-
ions due to electrode effect may for greater distances be regarded as negligible.

2. Generally, the character of recovery field variations observed in Warsaw and
$wider is in respect to distance similar to the variations derived theoretically by Ta
mura from his model. This seems to confirm the conception of the transient character
of recovery variations from electrostatic to current flow field distribution.

3. Some values of characteristic parameters (7", p, 4E, D) of recovery curves appear
not to agree with calculations made by Tamura and Smith, for instance:

a) The recovery times 7" for D>15 km are considerably shorter than in Tamura’s
calculations and do not correspond to the empirical relation of Smith either,

b) Considerable differences in the recovery time 7" were observed for intracloud
and cloud-earth discharges for some heat thunderstorms. The average T' for cloud
discharges was there about 1.75 times shorter than the average T’ for ground dis-
charges occurring at the same distance from the flash (between 15 and 25 km).

¢) Characteristic parameters in many special shapes of recovery field variation
e.g. extremely long time 77, changes of p values due to the deflections caused by
space charge, peculiar stages of recovery etc.

Not all of the observed discrepancies could be attributed to a difference in magni-
tude, height and inclination of the dipole used by Tamura from that in the observed
clouds. Some of these discrepancies suggest the necessity of introducing assumpt-
jons other than those used by Tamura in his model. These new assumptions should
deal with the following problems:

o — differences in the conductivity of the air and of the clouds,

B — point discharge current and space charge between the base of the cloud and
the earth,
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7 — differences in the rate of regeneration and the masking processes in the cloud.

4. The recovery curves seem to be dependent on the stage of development of
thundercloud-cells and the changing character of the clouds from one storm to
another. This suggests a study of the recovery field variations and lightning fre-
quency in order to obtain additional information about physical conditions of cells
and trends in their development.

Manuscript received by Editor: September 29, 1966,
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ZMIANY POLA ELEKTRYCZNEGO PO WYLADOWANIACH ATMOSFERYCZNYCH
OBSERWOWANYCH W WARSZAWIE I SWIDRZE

Streszczenie

Podczas kilkunastu burz i ulew byly wykonywane w Swidrze i Warszawie pomiary zmian pola
¢lektrycznego za pomoca przyrzadu o stalej czasu wskazan wynoszacej ok. 0,1 s. Jednoczesnie
prowadzono rejestracj¢ pradu z ostrza oraz akustyczne i wizualne obserwacje wyladowan.
Dodatkowo prowadzone byly w Swidrze rejestracje ladunku przestrzennego, nasilenia opadu,
kierunku i sily wiatru oraz innych elementéw meteorologicznych. Uklady pomiarowe zainstalo-
wano- w specjalnie wybranym rozkladzie przestrzennym na dwu wysokosciach celem uchwy-
cenia wplywu efektow lokalnych na przebieg zmian pola.

W artykule ‘zostal podany przeglad rejestrowanych zmian pola po wyladowaniach
elektrycznych. Starano si¢ prze$ledzié dostepne dla obserwacji wplywy wywierane na przebieg
zmian powrotu pola przez chmury burzowe i ich wyladowania oraz przez zaklocajace efekty
lokalne. W analizie poshuzono si¢ metoda zestawieni odpowiednich parametréw charakteryzuja-
cych zmiany powrotu pola dla réznych warunkéw lokalnych i roznych odleglosci od wyladowan,
rodzaju chmur ect. Drugim mozliwym podejsciem bylo wykorzystanie poréwnan obserwowa-
hych zmian powrotu pola ze zmianami wyprowadzonymi teoretycznie na podstawie przyjmo-
wanych modeli chmur, przede wszystkim przeplywowego modelu Tamury.
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Jednoczesne pomiary kilku elementéw w Swidrze potwierdzily wyraznie wystepowanie
silnych wplywéw lokalnych pochodzacych od czynnikéw, jakie wystepuja w warstwie przy-
ziemnej powietrza, a co do dzialania ktorych nie ma jeszcze powszechnej zgody. Zostaly stwier-
dzone duze wplywy wywolane ulewnym deszczem (rys. 12, 13) oraz bardzo wyrazny wplyw
tadunkéw przestrzennych wytwarzanych przez wyladowania z ostrzy (rys. 7, 8, 10, 11). Od-
dzialywanie tych ladunkéw moze by¢ praktycznie pomijane przy nieduzych wartosciach gra-
dientu potencjalu. Uznano, iz spelnienie tego warunku daje praktyczng pomijalnosé réwniez
efektu elektrodowego. Rozeznanie lokalnych wplywéw pozwolito daé wskazéwki co do wlasci-
wego wyboru miejsca obserwacji zmian powrotu pola przy badaniach elektrycznych wiasciwosci
chmur. Z tych i innych wzgledéw uznano za wlasciwe wybranie odleglosci migdzy 12 i 25
km oraz wylaczenia okreséw lub miejsc obserwacji z deszczem.

Rejestrowane réznice charakteru powrotu pola w zaleznosci od odlegtosci od wyladowania
sa na ogol podobne do odpowiednich zmian otrzymanych teoretycznie przez Tamure na pod-
stawie jego modelu (patrz rys. 14, 15, 16). Podobiefistwo to przemawia za slusznoscia przyjetej
przez Tamure dotychczas kontrowersyjnej interpretacji zmian charakteru przebiegbw powrotu
pola w miare¢ oddalania si¢ od wyladowania. Wedlug tej interpretacji przebiegi powrotu pola
odpowiadaja przejéciu rozkladu pola rozladowywanej chmury od poczatkowego rozkladu
elektrostatycznego tuz po wyladowaniu, poprzez stany nieustalone do quasistacjonarnego roz-
kladu przeplywowego dyktewanego wiasciwosciami osrodka. Czas T’ powrotu pola do polowy
amplitudy skoku E byl jednakze znacznie krotszy niz w obliczeniach Tamury i nie odpowiadal
empirycznej zaleznosci podawanej przez Smitha. Réwniez nie odpowiada teoretycznym
krzywym Tamury wiele nietypowych (tj. nie zblizonych do ekspotencjalnych) form krzywych
powrotu pola, ktére licznie wystgpowaly w Swidrze i Warszawie. Czgé¢ z tych form nie
byla dotychczas przez nikogo omawiana (np. rys. 7, 8, 17) niektére natomiast (np. rys. 19, 20)
nie zyskaly nalezytej uwagi. Wobec spotykanych rozbieznoéci wydaje si¢ konieczne wprowa-
dzenie uzupelnien i nowych zalozeri do modelu przeplywowego Tamury.

Interesujace spostrzezenia przyniosly w Warszawie i Swidrze badania réznic czasu powrotu
pola dla ujemnych i dodatnich skokéw pola po wyladowaniach. Odpowiadajace znakom skokow
réznice szybkosci powrotu pola obserwowano uprzednio jako raczej niewielkie. Dla wartosci
$rednich rozpatrywanych dotychczas lacznie dla réznego rodzaju burz byly one notowane
W wysokosci okolo 15%. Podobnej wielkosci érednie réznice byly obserwowane w Swidrze
i Warszawie. Uderzajaco duze réznice ujawnily si¢ wowczas, gdy do poréwnan wzieto wylado-
wania z wylaczeniem burz frontalnych i intensywnych burz termicznych. Podczas paru burz
termicznych $redni czas 77 byl dla skokéw ujemnych okolo 1,75 razy krotszy niz przecigtny
czas 7" dla skokéw o znaku dodatnim. W jednym i drugim przypadku dotyczy to wyladowan
z odleglosci pomiedzy 15 i 25 km.

Uzywajac og6lnie znanej metody analizy znaku skokéw pola w funkcji odlegtosci od wyta-
dowania mozna bylo przypisa¢ obserwowanym burzom cieplnym stosunkowo prosta strukture
o dodatnim tylko spolaryzowaniu chmur oraz przyjaé, ze dla odleglosci przekraczajacych
odleglosé odwrocenia znaku pola skokom o znaku dodatnim odpowiadaja wyladowania do-
ziemne, zas$ o znaku ujemnym — wyladowania w chmurze. Otrzymane réznice wykazuja wobec
tego wystgpowanie w obserwowanych burzach termicznych znacznie dluzszego czasu powrotu
pola (o okolo 75%) dla wyladowan doziemnych niz dla wyladowan w chmurach i rozszerzaja
dotychczasowe w tej sprawie informacje. W dawnych pracach co prawda wskazywano na mozli-
wos¢ wigkszego nieco czasu powrotu pola dla wyladowar doziemnych niz dla wyladowan
w chmurach, lecz ogélnie wystepowania tego nie wykazano, poza paru pojedynczymi przypad-
kami indywidualnymi, w ktérych dostepna byla identyfikacja wizualna rodzaju wyladowan.
W powojennych badaniach zmian pola nie spotyka sie juz na ten temat dalszych danych, co
wydaje si¢ raczej dziwne zwazywszy znaczenie tego rodzaju spostrzezen.

Pomiary w Swidrze i Warszawie czesciowo potwierdzaja wystepowanie cyklicznodei w na-
sileniu czestosci wyladowan w czasie burz termicznych. Wydaje sie, iz w pewnych przy-
padkach mozliwe staje sie rozréznienie maksymalnego nasilenia czestosci wyladowan poszcze-

4%
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gélnych komér burzowych. Nie udalo si¢ przeledzi¢ nawet przyblizonej wyraznej zaleznosci
krzywych powrotu pola od stopnia rozwoju komér burzowych i od zmiennego charakteru
poszczegbinych burz. Mimo braku wystarczajacej statystycznie liczby przypadkow oraz braku
mozliwoéci dokladniejszej oceny wystgpowania stopnia rozwoju poszczegdlnych komér (brak
obserwacji radarowych i lokalizacji wyladowan) wydaje sie jednak, Ze stosunek 7" do czestosci
wyladowan nie jest w przyblizeniu wielkoscia stala i zalezy co najmniej od rodzaju burz. Bada-
nia odpowiednich zaleznoéci zwiazanych z procesami regeneracji tadunkéw i z trudnymi do
okreélenia wlasno$ciami struktury elektrycznej chmur wymagaja daleko idacych studiow. W spra-
wie rodzaju i zakresu wstepnych badan zostaly sformulowane poczatkowe uwagi i sugestie.
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SOME RESULTS OF THE MEASUREMENTS OF RADIOACTIVE,
ATMOSPHERIC ELECTRICITY AND METEOROLOGICAL PARAMETERS
AT THE GEOPHYSICAL OBSERVATORY AT $WIDER

Stanistaw MICHNOWSKI¥, Jerzy PENSKO**, Bogdan GWIAZDOWSKI***

Abstract

Measurements methods of the gamma background radiation and
artificial radioactive fallout from the atmosphere are described.
The measurements results are given together with the values of
meteorological and atmospheric electricity parameters. The meas-
urements were carried out on the ground of the Geophysical Ob-
servatory at Swider in 1970-1972.

A preliminary examination of the measurements results shows
that an average daily gamma background radiation is at Swider
almost constant during the whole year (approximately level of
2.7 pR/h) with the exception of periods of heavy rainfall and snow.

In the samples of radioactive fallout taken at the and of March
and the beginning of April 1972 fresh fission products were found.
They originated from an atmospheric nuclear explosion carried out
on 19 March 1972 in the People’s Republic of China. The multiple
increase of the radioactive fallout, connected with this explosion,
only slightly disturbed the gamma background radiation. The values
of conductivity, however, increased significantly in spite of a gra-
ter concentration of condensation nuclei observed at that time.

The relationships between atmospheric electricity parameters,
the condensation nuclei and intensity of radioactive exposure dose
rates are discussed. These relations are modified by the complex
influence of meteorological factors and ground conditions.

* Institute of Geophysics, Polish Academy of Sciences, Warsaw,
*:Institute of Nuclear Research, Swierk near Warsaw.
Central Laboratory of Radiological Protection, Warsaw.
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1. Introduction

The study of radioactive pollution of the biosphere and of the resulting
emission of ionizing radiation, is an important part of a research program
aimed at the protection of the natural environment. Atmospheric electricity
parameters are of importance in those studies as their values can to some
extent indicate the increased concentration of radioactive and neutral mi-
croaerosol pollution in our environment.

In 1967 the Institute of Geophysics of the Polish Academy of Sciences
set up a special station for the simultaneous observation of radioactive,
electric and meteorological parameters. The station was organized at the
Geophysical Observatory at Swider. The Institute of Nuclear Research and
the Central Laboratory of Radiological Protection were invited to partici-
pate in joint measurements.

The Observatory at Swider has carried out continuous observations of
several meteorological parameters such as precipitation, snow cover, air
temperature and pressure for many years. The measurements of electric
conductivity, concentration of condensation nuclei and electric field made it
possible to study the time variations of electric parameters in relation to
the changes of radiocactive parameters specifying the exposure dose rates of
nuclear: radiation in the atmospheric surface layer. The measurement of the
gamma background radiation and radioactive fallout has been used as an
index of radioactive pollution.

After a preliminary analysis two types of radiation detectors were
chosen for radiological measurements. They are: the spectrometric scintil-
lation counter and the high-pressure ionizing chamber. These measurements
were supplemented in 1972 by the measurement of radloactnnty of the atmos-
pheric fallout.

This paper is the result of a joint program carried out by the Insti-
tute of Geophysics, the Institute of Nuclear Research and the Central La-
boratory of Radiological Protection.

.

2. Measurement systems and methods -

|
|
l
Continuous recording of the radioactive, atmospheric electricity and
meteorological parameters was carried out.

2.1. Spectrometric measurement of the gamma background radiation

Continuous measurements and observations of the gamma dose rate var-
iations originating from an artificial radioactive fallout and from natural :
radioactive isotopes, as well as the possibility of identification of the more
important radiation components, require an elaboration of the proper meth-
ods, and the design and production of necessary instruments. Figure 1
shows a schematic diagram of the measurement device. The device contains
two scintillation counters with NaJ (T1) crystals 5" in diameter and 2" high.
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Fig. 1. Steel shielding and scintillation counters adopted for the measure-
ment of the gamma background radiation.

Both counters are placed in a steel shield of 150 mm wall thickness, prote-
. cted against rain and snow by a wooden hut. The height of stand is 180 cm.
3 The device enables independent measurements of gamma rays coming to
the ground surface from the atmosphere and the gamma rays coming from
the ground surface itself in solid angles close to 2% . Figures 2 and 3 show
the energy distribution of pulses originated from the soil gamma background
radiation as measured by the lower and upper counters.

The total exposure dose rate of the gamma background radiation in a full
solid angle was estimated by adding the dose rates measured by both coun-
ters. The determination of the dose rates, based on the measured counting
rate, required the application of eorrection factors for cosmic radiation
and for technological course as well as the carrying out of respective cal-
ibration procedure. Measurements of the integral spectra and absorption
curves of the gamma radiation for the radium standard source and for the
terrestial gamma backiround have shown that this source fulfils the con-
ditions required for the proper calibration of instruments within the frame-
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Fig. 2. Energy distribution of pulses from the terrestial gamma background
radiation, as measured by the lower counter of the stationary system.
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Fig. 3. Energy distribution of pulses from the terrestial gamma background
radiation, as measured by the upper counter of the stationary system.

work of the present study. The values of exposure dose rate arising from
various components of gamma background radiation were calculated under an
assumption that they are proportional to the counting rate defined by the
surface of respective photoelectric peakes of studied pulse spectra. For the |
case of 228U and 2%?Th families it was assumed that they are at radioac- |
tive equilibrium and the value of each photopeak surface in a measured
spectrum is proportional to the gamma radiation dose rate of the whole family,
The temperature effect was small due to the applied thermal shielding. The
details of this method are described by Perisko (1973).
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The dose rate of gamma radiation emitted by isotopes from an artifi-
cial radiocactive fallout was computed by substracting the dose rate of nat-
ural backround radiation from the total dose rate of the gamma background.
The values of the dose rate of the gamma radiation emitted by particular
artificial radionuclides were not determined. Their part in the total gamma
background radiation was very small during the time of observation.

2.2 Continuous measurement with the high-pressure ionizing chamber

The equipment used for continuous measurement the gamma background
radiation contained a high-preéssure ionizing chamber, electrometer VA-]-51
with dynamic condenser and electric recorder NSK. :

A steel bottle with walls about 4 mm thick and a capacity of 71, filled
with argon under pressure of 36 Atm., was used as an ionizing chamber.
The chamber was connected by concentric cables with an electrometer con-
taining a dynsmic condenser. The cables were placed in plastic tubes to

' prevent generation of electric charges caused by cable movements. The ap-
plication of a long cable, separating the chamber from the converter with
dynamic condenser, was necessary in view of a limited range of tempera-
tures in which a dynamic condenser can work. Thus the converter and
electrometer can be housed in a properly heated room. The rate of recor-
ding was adjusted to a monthly exchange of f*ecording tapes, during the
continuous work of the instruments. !

The method of instrument calibration, based on the use of the 226p 4
and 31} standard sources, has been described previously (Perisko, 1973).

The values of calibration coefficients were calculated for the spectrum

. composition of a gamma background radiation equivalent to 70% of the ?%Ra

v

radiation and 30% of 13'] radiation. An isotropic distribution of gamma
rddiation field and irfinite plane surface distribution were assumed for
calculations. ; '

5 Corrections for cosmic radiation were estimated from measurements
carried out on lake Niegocin (Persko, 1973).

The dependence of high-pressure ionization chamber indications on the
gamma radiation dose rate .is of a linear character within the large range
of dose rates from single @R/h up to about 10 mR/h. The temperature’s
effect on the indication values was small.

2.3. Measurement of global beta activity of the atmospheric fallout

The atmospheric fallout is collected into a plastic ‘container 12 cm
deep and with a base surface of 0.2 m2. The time of exposition is one
week. Samples are taken on Tuesdays at 9 a.m. The emptied container
is rinsed several times with distilled water to which HNO; has been added
(about 0.5 dm3 of water each time). The rinsing solution is added to the
taken sample. The container is also rinsed when no atmospheric precipi-
tation has occurred. The solution used in rinsing a container with "dry
precipitation” is then taken as a sample of the total precipitation. The
sample is vaporized in a porcelain evaporating dish with a capacity of
1 dm3. After the evaporation of water the damp remnant is transferred,

g
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with the help of filter-paper, into a porcelain melting-pot and burned in
a temperature not exceeding 500°C. To measure the global beta activity the
total ash mass is taken. The measurement sample is an ash sample with
a mass of 200 mg packed up in paper 1 mg/cm? thick and placed in a plexi-
glas ring 2 mm thick with an internal diameter of 20 mm. The sample is con-
solidated by clear varnish with a density about 1 g/cm3. The determination
of beta activity in samples is made by the global measurement method, and
the quantitative and qualitative determination of separate radionuclides by the
spectrometric analysis of gamma radiation. Measurement of the global beta
activity is made with the help of two G.M. counters directed towards each
othér. The distance between the G.M. windows is 5 mm. The counter’s
background does not exceed 20 cpm. The efficiency of the detection system
is estimated with the help of natural potassium.

A spectrometric analysis is ‘made for the energy of gamma quantum(
within a range of 0.080 to 3 MeV. Measurements are carried out with the
scintillation counter with NaJ (T1) crystal 3" by 3" and an NTA-512 pulse
height analyser. :

The content of radionuclides in the total fallout is estimated by the
spectrometric measurement of the same samples used to measure the global
beta acn\nty.'They are placed in a polyethylene beaker with a capacity of
0.25 dm?3.

2.4 .  Measurements of atmosphetic electricity parameters

The measurements of atmospheric electricity parameters included: the
continuous recording of electric field intensity and positive electric conduc-
tivity, and systematic observation.of the concentration of condensation nuclei.

Electric field intensity was measured by two collector systems. The
radioactive collector (30 uCi) of the first system is located on a level of
200 cm and the second on a level of 230 cm above the ground surface. They
are placed on an insulated metal rod connected with the inpit of a special
electrometer (Warzecha, 1973). The output-signal from electrometers with
a properly selected range of sensitivity.is transferred by a cable for recor- :
ding in the station building. : : S

Electric conductivity is recorded by an aspiration system with a con-
tinuous air-flow (Dziembowska, Warzecha, Puchalski, 1969). The air flows
through' a cylindric measuring condenser along its electrodes. In the area of .
the electric field directed perpendicularly to the electrodes, electric ions are
deviated from the air stream in the direction of the electrodes. One well in-
sulated électrode is connected with the ground through a high resistance
(10" Q ). The flow of electric charges accumulated by the catching of ions
by the resistanceé gives a drop of tension which is measured by a dynamic
electrometer. The value of conductivity is proportional td the instrument
parameters and to the value of the measured signal, which.is recorded in the
station building. The air is taken outdoors at - a height of 1 m. . &

The concentration of condensation ‘nuclei is measured by the Scholz
counter. The measurement is made systematicaly three times a day at stan- -
dard -times. -
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2.5. Measurements of meteorological parameters

Meteorological measurements included the recording of the precipitation
by the Hellmann pluviograph, recording of temperature, pressure, humidity
and insolation by standard instruments and station methods. The direction
and velocity of wind was also recorded, and systematic observations of cloud-
ness and types of clouds were made.

A description of the measurement equipment used at the station of atmos-
pheric electricity at Swider and the location of station instruments are
given in the introduction to the station bulletins (Warzecha, 1970).

3. Results of measurements

Measurement results of the gamma background radiation in 1970-1972
at éwider, obtained by the stationary scintillation monitor, are shown in
Figs 4,5 and 6. The results are presented in a form of annual changes of
the average daily values of dose rates expressed in pwR/h. These values
are computed as an artihmetic mean of all the eight-minute measurements
made in a given day.

In 1972 the, values of dose rates of the gamma background radiation
were calculated taking into account the corrections for the upper counter
seeing that for a greater part of the year only the lower counter worked.

The calculated dose rates are within a range of 1.1 to 4.5 uR/h.

The results of the estimation of the artificial radioactive fallout from
the atmosphere are shown in Fig. 7.

The measurement results of the atmospheric electricity and meteorolo-
gical parameters are given in Figs 4, 5 and 6 in the form of annual changes
of the.average daily values of respective parameters.

4. Discussion and preliminary conclusions and remarks

The details of application of the measurement results will be described
in separate papers. From the'results given here several general relation-
ships can be preliminarily noted.

The annual changes of electric and meteorological parameters (Figs 4, 5
and 6) show that the exposure dose rate decreases with the rising thickness
of the snow cover and it increases during atmospheric precipitation. The
observed dose intensities are within a range of values from 1.1 to 4.5 uR[h.
The smallest values are observed during winter when snow layer is thick.

At other times the intensities of the exposure dose rate remain on an ap-
proximately constant level of 2.7 wR/h. This value.is in good agreement
with the dose rate calculated from the measured concentrations of uranium,
thorium andzgaotaSSium in the soil samples. These concentrations are:
0.517 ppm U, 1.19 ppm 232Th and 0.7% 49K (Penisko, 1973).
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Momentary values of the exposure dose rate, rising sometimes up to
4.5 uR/h, were mainly caused by heavy precipitation. The precipitation
washing out gamma-radioactive decay products of radon from the atmosphere
- and clogging soil pores has caused short-lived accumulation of the radon
daughter in the surface layer and.a momentary increase of the gamma back-
ground radiation, measured by detectors placed low above the ground. Sim-
ilar effects were previously observed by other workers (Turner, 1974), and
also by one of the present authors (Persko, 1973).

The values of the gamma background radiation obtained from the scintil-
lation counter agree with those from the high-pressure ionization chamber,
although the results obtained from the chamber shkow much larger annual
fluctuations of exposure dose rate. Both methods demonstrated the dependen-
ce of the measured parameters on rainfall and snow cover thickness.

An analysis of the relationship between the gamma background radiation
and atmospheric- electricity parameters is difficult to make, because of a lack
of measurements of radon and its decay product at Swider. Thus in this paper
daily changes are not considered. They are to a great extent related to the
daily variations of the. Verncal turbulence exchange.

A preliminary compamson of the results presented in Figures 4, 5 and 6
does not indicate any significant correlation between the gamma'radiation
dose rate and the electric conductivity and concentration of condensation
nuclei. This could mean that the influence of meteorological factors upon
these quantities is greater than the direct influence of the increased ioniza-
tion of the air or changes in the concentration of condensation nuclei upon
the value of the measured conductivity.

It can be seen from Fig. 7 that an increase in radioactive fallout in the
second and third quarters of 1972 was observed. Large values of the fallout
were caused by a significant increase in precipitation. Spectrometric analy-
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Fig. 7. Measurement results of the artificial radioactive fallout from the
atmosphere in 1972 at Swider.
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sis of the samples of precipitation found 1ong-11ved decay products of poat
explosion origin, like: 9521" 9!ij, Ru, 106Ru, 3Cs and %Ce:

The annual variation of the artificial radioactive fallout does not show
typical changes observed during the first few years after the ban on nuclear
explosions in the atmosphere was introduced (Michnowski et al., 1965). During
springtime the increase of artificial fallbut observed at Swider is larger than
the so-called spring effect. In samples of the radioactive fallout collected at
the end of March and the beginning of April fresh decay products were ob-
served. These products "Ba. 4+, ™La, ™ Ce and ™/Nd were originated
by the nuclear explosion on 19 March ]972 in the People’s Republic of China.
The multiple increase of the radioactive fallout caused by the explosion has
only a slight influence on the variation of gamma background radiation (Fig. 6).
The values of electric conductivity, however, have increased significantly
despite greater concentrations of condensation nuclei observed at that time
from those measured previously. The influence of radioactive fallout on elec-
tric conductivity and the influence of meteorological parameters on fallout ac-
cumulation on the ground surface at Swider is considered separately (Gadom-
ski, 1975). :

The changes in the concentration of small ions, and the following changes
in electric conductivity, depend upon various processes of formation of small
ions and their dissapearance. This small ion concentration is moreover in-
fluenced by migration of'ions due to meteorological factors such as convec-
tion and eddy diffusion, and also by the electric field (Wilkening, 1974).
In .some situations it is possible to neglect or to estimate the impact of the
latter factors. In these cases electric parameters can more distinctly in-
dicate changes in the concentration of the radiocactive pollution of the air
and ground surface, or changes in the concentration of condensation nuclei.

Electric parameters react to both types of concentration by a variation
in ion concentration, especially in small ions (Bricard, 1965). The in-
crease of exposure dose rate (in other words the rate of ionization of the
air * ) increases ion concentration, whereas the increase in the .concentra-
tion of condensation nuclei has an opposite effect. It is to be expected,
therefore, that electric parameters in the atmospheric surface layer could
indicate a variation in the radioactive pollution at the ground surface or
in the concentration of condensation nuclei, ‘when one of these factors is
not_significantly changed. The gamma background radiation originates
mainly from rocks and soil. It is not, however, constant in time, as the
measurements show (Fig. 4, 5, 6). Th1s should be taken into-account when %.9s .
an interpretation of theﬂagpendence between specific electric parameters <
and the concentration of condensation nuclei is made. Accordingly, the
changes of condensation nuclei density have to be taken into account to
monitor the increase in the concentration of radioactive.products in a given
area with the help of atmospheric electricity indicators. Examples of
a simple possibility are situations observed at 5wider, when the electric
conductivity increased even in spite of moderate increase of the concentra-
tion of condensation nuclei.

The concentration of small ions, as well as the resulting values of
other electric parameters (Bricard, 1965; Israelson et al., 1975), de-
pend to a great extent on meteorological conditions as it was mentioned.
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These conditions modify the concentration of condensation nuclei and to
some extent they also change the rate of ionization degree of the air in
the atmospheric surface layer. They play, therefore, an essential role in
the processes leading to the ionization equilibrium and momentary ion
concentrations. A local estimation of changes in the .state of microaerosol
and radioactive pollution by means of electric parameters requires, there-
fore, an analysis of particular meteorological situations and their specific
influences. The role of electric parameters, however, increaseSwith the
degree of pollution either by condensation nuclei or radioactive substances.

Problem: C VII- 1 Received: Lecember 17, 1975
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WSTEPNE WYNIKI POMIAROW RADIOAKTYWNYCH,
ATMOSFERYCZNO-ELEKTRYCZNYCH I METEOROLOGICZNYCH
. PROWADZONYCH W OBSERWATORIUM GEOFIZYCZNYM W SWIDRZE

Streszczenie

W pracy opisano metody pomiardéw ziemskiego tla promieniowania gamma
i opadu promieniotwérczego z atmosfery. Podano wyniki tych pomiaréw wraz
z elementami meteorologicznymi i elektryczno-atmosferycznymi. Pomiary wyko-
nywano w latach 1970-1972 w Obserwatorium Geofizycznym IGF. PAN w Swidrze
w ramach tréjstronnej wspdélpracy pomigdzy Instytutem Geofizyki, Instytutem
Badar Jgdrowych w Swierku i Centralnym Laboratorium Ochrony Radiologicz-
nej.

Na podstawie wstepnego rozpatrzenia wynikéw pomiarowych mozna stwier-
dzié, ze $rednie dzienne tio promieniowania gamma w widrze jest prawie
stale w ciggu roku (2.7 uR/h), z wyjatkiem okreséw. silnego deszczu i wys-
tepowania pokrywy $nieznej.

W prébkach opadu promieniotwérczego zebranych na przelomie marca
i kwietnia 1972 r. zaobserwowano $wieze produkty rozszczepienia, pochodza-
ce od eksplozji jadrowej dokonanej w atmosferze w Azji Srodkowej na terenie
Chifiskiej Republiki Ludowej, dnia 19 marca,1972 r. Wielokrotne podwyzszenie
opadu promieniotwérczego zwigzane z eksplozja nieznacznie tylko wplynglo na
zmiane tla promieniowania gamma. Podwyzszyly sie jednak wyraZnie wartosci
przewodnictwa, pomimo obserwowanych wiekszych niz uprzednio stezer jader
kondensacji.

Rola elementéw elektrycznych (stezer jondw i przewodnictwa) jako wskaZ-
nika zanieczyszczeii substancjami radioaktywnymi lub jadrami kondensacji moze
byé w pewnych sytuacjach ograniczona. Wynika to ze wzgledu na przeciwny
kierunek oddzialywar tych zanieczyszczen na koncentracje jonéw oraz na
réznego rodzaju ich modyfikacje meteorologiczne. Elementy elektryczne naj-
czeéciej okazujg sie jednak wrazliwym wskazZnikiem jednego z tych zanie-
czyszczeh, przy znajomosci drugiego lub braku jego zmian.
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Fig. 4. Measurement results of the exposure dose rate of the gamma background radiation and of

the meteorological and electrical parameters in 1970 at the Geophysical Observatory at Swider
(A - gamma background radiation, B - snow cover, C - precipitation, D - electrical conductivity
(A,), E - condensation nuclei, F - air temperature, G - atmospheric ‘pressure ). ok
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Fig. 5. Measurement results of the exposure dose rate of the gamma background radiation ana or
| the meteorological an electrical parameters in 1971 at the Geophysical Observatory at Swider (expla-
| _ i nations as at Fig. 4).
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Fig. 6. Measurement results of the exposure dose rate-of the gamma background radiation and of
the meteorological an electrical parameters in 1972 at the Geophysical Observatory at Swider (expla-
nations as at Fig. 4).
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1 KRAJOWE SYMP0OZJUM NAUKOWE
WPLYW ROZWIAZAN MATERIALOWO- KONSTRUKCYJNYCH
w BUDOWNICTWIE NA ZDROWIE CZLOWIEKA
Warszawa, 18-19 listopada 1980

doc. dr Stanistaw Michnowski, dr Stanistaw Warzecha 2.3
Instytut Geofizyki Polskiej Akademii Nauk

Warszawa

mgr Andrzej Wajdwicz

Politechnika Warszawska

WPLYW ROZWIAZAN MATERIALOWO-KONSTRUKCYJNYCH
NA JONIZACJE POWIETRZA
POMIESZCZEN MIESZKALNYCH

JONIZACOA POWIETRZA JAKO CZYNNIK MIKROSRODOWISKA
POMIESZCZER MIESZKALNYCH

Powietrze, zaréwno na zewngtrz jak i wewngtrz budynkéw, podlega procesowi
jonizacji polegajgcemu na wyrwaniu elektronu lub elektronéw z atoméw czestek
powietrza na koszt energii réznych czynnikéw Jonizujecych, giéwnie promienio-
wania substancji radioaktywnych i promieniowania kosmicznego.

W wyniku procesu jonizacji w powietrzu wyst@puje natadowéne elektryéznie
dodatnie i ujemne czestkis ktére nazywamy jonami atmosferycznymi. Pewna ich
iloéé znajduje sie zawsze w kazdym érodowisku czlowieka, & wigc zaréwno w
powietrzu zeﬁiecz&szczonyn jak i w powietrzu czystym,.

Jony, ze wzgledu na ich ruchliwoéé, dzielimy na szereg grup wielkoéci. Do-
tychczas najcze$ciej przyjmowano trzy zakresy wielkosci jonéw, a mianowiecie
jony lekkie, drednie i ciezkie, mimo pewnej arbitralnodci tego podzialu nie
oddajgcego catego spektrum wielkodci spotykanych jonéw. Spektrum to ksztal-
towane jest przez rozkitad wielkodci czgstek aerozoluy ktéra po otrzymaniu
tadunku elektrycznego stanowia jony o réznej wielkodci. Iloéé Jonéw, ich znak
i wymiary /ruchliwoéé/ okreélajg etan zjonizowania powietrza, ktéry sk rétowo
nazywany bywa jonizacje ppnietrza. =

Prowadzone od wielu lat badania wykazujg, 2e jony zawarte w powietrzu

Joddzialywujg na organizmy 2ywe, gléwnie zadé na pracq'ukladu.oddechowego. Ich

szkodliwe biologiczne dzialanie czeato zwigzane jest z towarzyszgcym temu
zjawisku nieodpowiednim sktadem chemicznym powietrze,
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Stan zjonizowania powletrza W mik roérodowisku mieszkad soze byé z jednej
strony modyfikowany przez zmieny natezenia i rodzaju #rédet jonizujgcychs
z drugiej strony przez zmiany sk!nQu zanieczyszczeh serozolowych i gezowych,
wprewadzonych do misszkad w wyniku zestosowanis saterialéw, wyposazenia
i sposobu ich urytkowania.

Vi zwiazkue z tym stan zjonizﬁnania powietrza w mieszkaniach moze odbiegad
znacznie od stanu jaki wystgpuje W naturalnych, maio zanieczyszczonych $ro-
dowiskach atmosferycznych. Przy wprowadzaniu nowych technik 1 technologii
budowlanych etaje sig konieczne prowsdzenie kontroli stanu zjonizowania po-
wietrza bedacego istotnym glementen jakosci powiletrza W mik roérodowisku
otrzymywanych wngtrz.

PROCESY POWSTAWANIA JONOW ORAZ FIZYKO-CHEMICZNYCH ZMIAN JAKDSCI
POWIETRZA CZYSTEGD I ZAMIECZYSZCZONEGD -

Powstawaniu jondw daje poczgtek wspomniany fizyczny skt jonizecji. W wyni=
ku wyrwenie elektronu powstale dodatnie reszty atoméw i wolne elektrony nie
mogs istnieé swobodnie W gestej mieszaninie gazdwy par i czgetek aerozolu
jakg jest powietrze. Przytsczajs sig one bardzo szybko do najczgécie] zde=
rzajgeych sig z nimi obojetnych molekul lub atomdw gezowych powietrza. Te
molekularne czy etomowe jony obu znakéw nie sg jeszcze stabilne 1 wigZp sig
z pewna ilodcla neut ralnych molekul, tworzgc dodatnie i ujemne jony lekkie.

W czystym powietrzu standardowym,skladajgcym sig w odpowiednich propor=
cjsch z Hzg Oy co, i pary wodnej lngi jetnieé w rownowadze jony lekkie
dodatnie w- postaci H30 /H 0/, . Grupa Ha0 aglomeruje sig przy zderzeniach
> molekulemi pary wodnej,; tworzac dopiero wtedy stabilny dodatni jon lekki.

W standardowym powietrzu mogR zachodzié réwniez procesy tworzenia sig
lekkich jondéw ujemnych typu ﬂ; /M;0/ . Przypuszcza sigs ze tego rodzeju jony
lekkie mogs wywisraé ozywcze dziaianie na organiza.

Rzeczywiste powietrze zewiera oprécz uwzglgdnionych powyzej skiadnikdéw
réwniez substancje éladowe, tekie jak: "‘Hap bl.'ll ""“z' HHDS. COy t:H‘, rézne
nasycone 1 nienasyccne weglowodorys H,S, S0, I:I3, 12, c!.z, HCly; OH; O itp.
Koncentracje tych substancji wynoszg od paru czgsteczek na milion do paru
na trylion czgsteczek powietrza i zalezg od wielu czynnikéw Srodowiskowych.
Kazde zderzenie dodatniege lub ujemnego jonu =z jednys atomem lub molskuls
substancji éladewych moze wywolaé reakcje jonowo-mo lekularne; ktére zmie-
niajs naturg chemiczng 1 fizyczne pierwotnego jonu. W ten sposdb powstale
jony lekkie, dodatnis i ujemne sg wychwytywsne przez czastki serozoluy
przechodzac w mniej ruchliwe jony :_uzkia.

Zanieczyszczenia gazowe, takie jak Nﬂ-z, sﬁzg weglowodory, wczesnle] czy
pézniej przechodzs réwniez innymi drogemi w submikronowe czgstki wtérnego
aerozolu, tworzac zazwycze] bardziej toksyczne czgstki niz skiadniki, z
ktérych powstaje [8], np. droge rétnego rodzaju nukleizecji, kondensecji
itp. Wzrost wielkodci czgstek serozolu nastepuje rdwniei przez koagulacigs
tj. lgczenie sig czgstek przy zderzeniachy; prowadzgc do przesuwanie elg
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‘rozkiedu masy w stfong wigkezych czgetek i do wyrdéwnywania sig przy tym ich
skiadu chemicznego.

Stan zjonizowanis powietrza w pomieszczeniach mieszkalnych jest w zesade
niczym etopniu uzelezniony od stanu zjonizowenis i od zenieczyszczel powie=
trza zewngtrznego przanikejscego do mieszked., W mieszkeniach stan ten jest

tylko modyfikowany przez powstawanie w nich jondw, czgstek wtérnego sero-
zolu oraz delsze procesy fizyko-chemiczne.

OJakoéé powietrze zewngtrznego nerzucona jest lokalizecjs budynku w stosun=
ku do #rodei zeniecryszczed powietrzas, sytuacjs meterologiczng, topograficz-
ng itp. Potwierdza to bardzo wainy postulat dotyczacy odpowiedniege oddale-
nis budynkéw mieszkalnych od groZnych Zrédei zanieczyszczeny zardwno aerozo-’
lowych i gezowych jak i pyldw. :

Dla poréwnenis w tabl.i podeno érednie wartosci stgredi jondw i calkowi-
tej koncentracji aaruzni_u dla centrum Warszewy /hotel Forum/, jej peryferii
Jul.Welbrzyska/ i melo zanisczyszczonego terenu Obserwatorium Geofizycznego
w Swidrze. Przedstawione wartodci éwiasdczg o tym, ze poziom koncentracji na=
tadowenego aerozolu i wszystkich jego czastek jest wislokrotnie wigkszy W po-
blizu silnych fréde: emisji /duty ruch seamochodowy w centrum/ ni w powietrzu
odleglyn od Zrédel esisji polutsntiw, :

‘Tablica 1, Poréwnanie érednich wartoSci stgien jondw i celkowitej koncentra-
cji aesrozolu fm'af dle centrum Werszawy /hotel Forum/, jej peryferii Jul.
Weibrzyske/ i mato -zanieczyszczonego terenu Obsermatorium Geofizycznego

w Swidrze

! Stezenie jonéw i koncentrecje eerozolus c!'!'

Rodzaje jonw przy hotelu | przy ul.Wai- | na terenie Qbser-

Forum brzyskiej wetorius w Swidrze
Jony lekkie dodatnie 168 136 200
Jony lekkie ujemne o0 84 170
Jeny érednie dodatnie . 14 500 4 580 2 100
Jony érednie ujemne i0 &00 & 870 i1 €00
Jony cigikie dodatnie 10 500 ' 5 660 " 3 400
Jony cigkkie ujemne 4 700 6 460 | 3 200
Jadra kondensacji 113 700 60 800 17 200

POMIARY I WYNIKI POMIAROW KONCENTRACII oondW 1 AEROZOLI
W POMIESZCZENIACH MIESZKALNYCH NOWEGO BUDOWNICTWA

Ne sten zjonizowania powietrzs w mik roérodowieku mieszkad wpiyws rdwnied
wiele czynnikéw dzislajecych wewngtrz sieszkad, takich jak materisly i wia-
Sciwodci techniczne przegridy materisiy wykonczeniows 1 wyposstenie miesz-
keriy urzgdzenis techniczne mieezksd. W celu orisntacyjnego wydzislenia tych
wplywéw wykonane kilka eerii pomierdw jesienig, zisg i latem wewngtrz zemke
nigtych wmieszkard i ne zewngtrz pomieszczed,; w nowych 10=-piet rowych blo=
kech o écisnsch z ptyt betonowych. Przed pomierami badans niezseiedlone
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juszcze pmisszkania nie byly przewietrzane ani odwiedzene przez okres co naj=
mniej doby. Okne i drzwi nie posiadaly hermetyczmych uszczelnied, Do badei
wybrano puiuzczeni‘a z réinymi wykladzinami podiogowymi i' $cisnnymi  TWo=
rzyw sztucznych. Dle pordwnenia zbedano kilka mieszkah zssiedlonych oraz
jedno mieszkanie 2 tradycyjnym wyposazenism - bez tworzyw sztucznych.

Zekres pomiardw obejmowat oznaczenis stgzed jonéw 1 wezystkich czgetek
serozolu oraz pomiary pdl elektrycznych panujscych W obszarze pobierania
prébek bedanego powietrza. Koncentracie jondw mierzonc w trzech zekresech:

a/ jony lekkie n obu biegunowodci - W przedzisle ruchliwoéci wigksze]j
lub rédwnej 05 uzﬂa, :

b/ jony érednie Ns ocbu biegunowosci - W przedziale ruchliwosci od 0,001
do Dy5 ca”fVey .

¢/ jony cigikie Nc obu bisgunowoéci - w przedziatach ruchliwodci od
0,00025 do 0,001 uzﬂ-. SteZenia mierzonych czastek perozoluy ktére sg Zne=
ne réwniez pod nezwg jeder kondensacii, odpowisdaje czgstkom natadowanym
i nienaladowsnym o rozmiarach 5.10"° do 10"% =.

Dane techniczne przyrzadéw pomisrowychy opisy wykonanych poliarﬁ-il_ i peilne
zestawienie wynikéw 1 ich omdéwienis podane sg We wezedniejszych opracowa=
niech [4]. Czedé wynikéw przedstawiono przykiadowo na rysunku oraz tebl.1=3.

OMOWIENLE WYNIKOW I PROBA ICH DYSKUSIT ILOSCIOWED

ODezscowenie stanu zjonizowania powietrza w pomieszczeniach badanychy W Z@=
leknodcl o;! stanu zjonizowania powistrzs zewngtrznego 1 oddzistywania nad
paremetrbn dzistajgcych wewngtrz mieszkad, wymags przeprowadzenia enalizy
powstania i zeniku poszczegdlnych rodzajéw jondw w bedane] prébce powietrzé.:

Ré&wnowa.gs jonizecylins 4 matezenie do =
detkowych $réddetl juniznc:i w nowych bu=
dynkach

Zmiany koncentracii jondw w poszczegd lnych zakressch ich wielkosci moga
byé okreélone ne podstawie réznicy migdzy liczbg jonéw wytwerzonych w danym
obszarze 1 do niego wlatujgcych & liczbg jondw zenikajacych w tym obszarze
iz n‘l.-gn wylatujacych. Przy odpowiednich zatoreniach moZeay w pewnys
przyblizeniu opiseé ilodciowo zmiany koncentracji jondw lekkich w funkcii
ich rozkiadu ponad rozlegle podioga za pomocy réwnai rémwnowagi jonizacyjnej.

Nie wchodzgc bli%ej w wyznaczenie 4 snalize réwnan réwnowsgl jonizacy]=-
nej dls wszystkich mﬁf‘h‘ninnych skladn®kéw, moine powiedzied, e natgie-
nie jonizacji /stopied tworzenia sig jonéw lekkich/ okreslony jest nie tylko
koncentracjg jonéw lekkich ny lecz réwniez stopniem naelektryzowania aerozolu
tj.stosunkiem ilosci czegstek naladowenych do wszystkich czastek eserozolu.
Istotny jest tu rozklad co do wielkoéci czgstek aerozolu, dla ktéfego posz-
czegélnych frakcji wepbiczynniki wychwytu réznig sig znacznie [1].

Prawie we wszystkich seriach poaiarowych W mieszkaniech koncentracje jo=
néw lekkich okazujgs sig znacznie wigksze w stosunku do koncentracji tego ro=

dzeju jonéw w powietrzu otaczajacym budynek. Tak np. w pieszkaniach z trady-
cyjnymi wykiedzinami na 10 pigtrzs,; przy zblizonym poziomie koncentracji
wszyetkich czgstek aerozolu wynoszacym ok. 40 000 m'e_- koncentracja jondw

lakkich dndgtni::'h wynosila 680 m'aj a na zewngtrz pokoju na otwartys balko=-

nie 290 cm™>, zad jondw lekkich ujesnych w mieszkeniu S60 ca™?, podezas gdy
na zewngtrz 150 ca™3, state podwyzszenie srednich koncentracji Jondw lek=
kich wewngtrz pomieszczed badegychs zwiaszcze przy jednoczasnym wzrodcie
stezed japder kondensacji, wskazuje na wystgpowanie wewngtrz budynku dodet-
kowych Zrédel jonizacji. Przemanis réwnie: za tym fakt réwnoczesnego podwyi-
szenie mierzonych koncentracji jondw érednich i cigzkich,

Dodatkows pomiary laboratoryjne koncentracji jondws wykonane przy pocie=
raniu wykisdzin, wykszalys ze przy elektryzowaniu badanych wykladzin podio=
gowych koncentracje jondw lekkich przewaznie znacznie malaly, Ilustruje to
przyktadowo tabl.2, Stwierdzono jednoczednis znaczne podwyZzszenie koncentra=
cii Ns i Nc. Pocieranie  wykladzin podiogowych bezpoérednio w mieszkeniu

przez podeszwy butéw dewaly ten sam efekt, nie przyczyniajgc sig do wzrostu
produkcji jonéw lekkich.

Tablica 2. Zestawienie wynikéw laborstoryjnych pomiardw stezed jonéw Jen"~3y
ned wykladzing podiogows "Teppich Boden”™ elektryzowang przez pocieranie; bez
pocisrania i bez wykiadziny

Stezenis jondws a3

Rodzaje jondw przy pocieraniu | bez pocierania |bez wykze-
wykiadziny wyktadziny dziny
Jony lekkie dodatnie i 45 a7 167
Jony lekkie ujuﬁl- a1 144 . 458
Jony érednie dodatnie 4 360 4 200 ' 2 490
Jony érednie ujemne 3 3s0 3 800 2 800
Jony ciezkie dodatnie § 1 610 1770 2 530
Jony ciezkie ujemne * 1980 1 840 2 540

Poszukujgc przyczyn tego wZrostu wykonano orientacyjny pomiar tla pro=

‘nieniowenie gamma i pomisr koncentracji radonu W typowym pomisszczeniu

zieszkalnys, Wyznaczone koncentracje tego radioaktywnege gezu wynosilty ok.
2300 pt:ifwg, co powoduje tworzenie sig 34 par jonfw w ciggu 1 sekundy w
objstodci 1 cm”, to jest 34 3, Wartosé ta jest okoto dziesigciokrotnie wigk=-
sze w stosunku do przecistnych wartodci w przyziemnej atmosferze. Wyk lucza=
jac mozliwosé wystgpienia tsek znacznego podwyzszenia koncentracji radonu
przez gaz éwietlny [4] smozna wnioskowaé, iz gléwnym Zrédiem podmyzszons]
jonizecji powistrzs w badanych nowych niszasiedlonych misszkaniach sg mate-

risty budowlane najpreswdopodobnisj *elazo-betonowa przegrodyy z ktdrych
skehaluje sig radon. i '

Zagrozenie wywolane oddzialywaniem biologicznym promieniowania jonizujg-
cego &cisn orsz radonu i jego pochodnych w powistrzu sieszkad jest przedmio-
tems oddzislnych oprecowsi [5]. Na ich podstewie moina podac, i miarzony
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werost dewki radonu wymosi ponad 6600 mremfrok; co przy dtugotrwalym przeby-
waniu w -i.au:iun:lu i przy braku wentylacji przynosi okokte dziesigciokrot=
ne zwigkezenie zecho romalnodci na rske piuc w pordwnaniu do zachorowasi od
dawek naturaloego tis.

Szecujec natgienie jonizecji powietrzs pochodzgcej od promieniowania re=
dicektywnego écian ne 15 pR/h i ok, 8 3 & przyjmujgc stopied jonizecji po-
wistrza wywolany prosieniowanies kosaicznym réwny 2 3 otrzymujemy Igcznie
z udzistem radonuy calkowite wartosé réwng 45 J. Tymczasem, natgzenie jonie
zecji, obliczone na podstawie rdwmenis réwnowagi jonizacji i przyjetych
> obliczed wepéiczynnikéw, deje wartosci okolo dwa razy wigksze dla wigk-
szych misszked z podiogemi z tworzyw gztucznych, Swiadczyéi to moze o dodetko-
wyn zmigkszeniu stanu jonizowenia powistrza W misszkaniech z tymi wykladzi=
nemi na skutek produkcji jondw drednich 1 ciptkich, Sprama ta jest bardzo
wazna, gdy: mozna sig spodziewsl tego 4 12 W sklad wytwsrzanych przsz pocie=-
renie jondw i obejetnych czasteczsk serozolu moge Wchodzié monomerys ti. sub=
straty uzywene do produkcji tworzyw sztucznych,; jak réwnisz malo lotne
skisdniki substencji pomocniczych utywanych do produkcii tworzyw [6] . Wigk=
szoéé tych substancji pochodzgcych z ukzywanych tworzyw mote mieéd driatanie
toksyczne lub slergiczne. Czeéé z nichy mp, chlorek winyluy podejrzany jest
o dzistenie kencercgenns Iel.

Na rysunku przedstewiono przyklady stanu zjonizowsnis powietrze w mieszke=
niu niezasiedlonys z wykiadzinami tradycyjnymi gdzis koncentracje J_;ndnr leke=
kich dodstnich i- koncentracje jondw ujemsnych wynosily poned 400 cm ~, Sg one
zetes znacznie wigksze od pdpewiednich koncentracji w mieszkaniu z wykltadzi=-
nami sztucznysmi, netomiest koncentracje jonéw 4rednich i cigikich odwrotnie

- bligko o 30% i 100% mnisjsze.
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Histogremy stanu zjonizowanis powistrza w Warszawie w mieszkaniv z wykledzi-
nami tradycyjnymi: 8/ z wyklsdzinemi podiogowymi z tworzyw sztuczaychy b/ ne
zewnatrz budynku, of /XI.1975/
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an zjonizowanis powmietrza jJjoko wskat-
k fjego zanieczyeszczed serozolowych

3 o

o

Stan zjonizowanis powietrza okredlony przez koncentracje naiadowsnych
czgstek serozolu w calym spektrum ich wielkodcl daje mozliwodé wyznacze=
nia spektralnago rozkiadu koncentracii rdwniez i czgetek ninnalndoﬁsnych.
Stosunek koncentracji wezystkich czgstek aerozolu w ich przedzials wielkodci
do koncentracji odpowiadajecych im wielkodciom misrzomych jondw, wyznaczony
ne podstawie obliczed teoretycznych lub baded sksperymentalnych , pie jest
wartoécis stais, lecz maleje wraz z roengcp wielkeécip czgstek [2]. Przyjmu-
jac ten stosunek mozna obliczyd odpowisdnie dla poszczegdlnych grup jondw
kencentracje czgstek nienaladowsnych, Tym samy= moZemy réwnie: wyznaczyé
nie tylko sumaryczny kedunek nissiony przez wazystkie czgetki aerozoluylecz
i oszacowaé ich caltkowite koncentracje.

W naszym przypadku priba orientacyjnego obliczenia potwierdzita to, i
w powietrzu badanych mieszked liczby czestsek serozolu gwaltownie rosng =
dla czastek o coraz to mniejsze] ich wielkodci. Mozna oczekiwaé, e w
przedziele czgetek .odpowiadajgcych wislkodciom jondw érednich wyetgpuje ma-
keimum koncentrscji czgetek. W mieszkaniach naletzy sig zatem liczyé z wy=
stepowanies drugiego; znecznie niZzszego maksimum koncentracji w zakresis
duzych czgetek, tj. wigkszych niZ 0,3 pm,

W. réznych sytuacjach mogs eig rézni¢ tokeycznodcia poszczegdlne frakcje
wislkoSci czgstek aerozolu. W zekresie najmniejszych czgeteky obok toksycze

nege serozolu wrérnegos wystgpujscego w sieszkaniach przy przewietrzeniu po= .

wistrzem zewngtrznym zwlaszcza wielkomiejekimsmogs wystgpowal w tym przedzis-
le najlicznisj reprezentowane czgstki z atomami izotopowych produktéw roz=-
padu radonu oraz réwnie: - groZne dla zdrowia = czgstki biologicznego aero=
zolu w postaci wiruséw i niekrérych bakterii. W polgczeniu z giebokim wni- ]
kenies do ptuc czgstek submikronowych, stanowié to moze szczegblne zagroZe-
nie dla zdrowia. Z drugiej strony, biorgc pod uwage masg czestek serozolu
wigkszych niz 1 pm 1 ich osiadenie w gérnych drogach oddechowych, moina réw-
niet oczekiwaé groznego oddzislywania na zdrowie czgetsk dutych, zwkaszcza .
w arzypadku ich szkodliwege skladu r.ﬁ_:i.czn'egu, o dzistaniu tokeycznym czy
alergicznym. Dla czgetek wigkszych nif i pm zeliczanych do pyldéw, istniejs
przepisy, ktére uznajg steienis powyzej] 75 pgf.a za niedopuezczelne

w misjscach diugiego przebywanis czlowieka, W naszym przypadku oezacowana
liczba czastsk o wymisrach 1-10 pm daje znacznie aniejsze wartodci od dopu=
szczalmych,

Rozkiad przestrzenny koncentracji Jonéw

i asrozolu w pomisszczendisasch mieszkala=
nych :

Pomiary stanu zjonizowanis powistrze wykonywane w rénych wysckodciach
nad podtoggy nawet nienaslektryzowang s wykazujgs wystepowanie réZnic w wer-
todciach koncentracji poszczegdlnych skladnikéw, zwlaszcza w obecnodci pél
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elektrycznych; od silnie naslektryzowanych wyktadzin pud‘gqganych. Pod wply=
wem pol elekt rycznych jomy przemieszczajg sig w kierunku pola z szybkoscis
proporcjonalng do jego netgzenia. Tak np. W polu o natgzeniu 1000 V/m jony
lekkie beds sig przesuwsiy Z predkoécig ok. 15 m/e; cigzkie = 1 m/s oo

0,01 cfi/S.

W wyniku tego zjewiskay przy niejednorodnych polach elekt rycznych, sily
eglektryczne moga wywieraé zneczny wpkys na rozkiad natadowenych czgstek ae=-
rozolu w misszkaniach oraz pewien niewielki wplyw ne rozkled nienatadowa-
nych polaryzujgcych sig czastek serozolu, Z drugiej strony w wyniku przeciw=-
stawnie oddzietujgcych innych procesdéw moze ustalié sig pewien stan zbli-
zony do rdwnowsglis ktéry przejawia sig w danym rozkladzie przestrzennym
konceantracji jondw 1 aerozoli; trudnym de okredlenis na drodza przeliczed
teoretycznych,

# polach elektrycznych rzeduy kilkuset V/m ruchy natedowanych czgstek sero=
zolu se niewielkie w pordwnaniv z ruchem powistrza, wywolanym innymi przy-
czynani wystgpujgcymi W posieszczeniach zaaknigtych, Zachodzgce ruchy czgs-
teky natury konwekcyjnej lub =z powodu wymiany powletrza 2z powietrzem ZCW-
netrznym przez nieszcrelnodciy charskteryzujs sig przecigtng pregdkoscisa
przepiywu rzedu 10 cm/s. wekutek tekich prgdkosci, efekty sii elekt rycznych
w przemieszczeniu sig aserozolu mogs zachodzié wyraZnie dopiero przy silnych
polach rzedu dziesigtek tysigcy V/a. Przy tekich polach jony cigzkie i ul-
tracigzkie; naladowene czastki aerozolu zneku przeciwnege do tedunku powierz-
chni neaelektryzowanej, =ogs sig skupiaé w jej pobliZzu tworzgc warstwg le-
dunku przestrzennego. W wyniku przeciwnie oddziatywujgcych réznych procesow
moze ustalié sie pewien sten zbliZony do réwnowagi, ktéry przejewia sig W
nierdwnomiernym rozkledzie przestrzennym koncentracji jonéw i nienatadowa=-
nych czgstek aerozoluy trudnym do ckreflenis na drodze obliczed.’

Pomiary potwierdzaja to przypuszczeniey wykazujac np. tuz nad podicos
2970 ™3 jondw cigikich, zaé na wysokodci 120 cm - 2280 c-'s.

Podobnych efektéw redystrybucii i niesymetrii biegunowoéci w rozkladzie
jonéw mozna sig spodziewat w mnisjeze] skali woké: gkowy cziowieke pod wpiy-
wen jego naelektryzowenis od wykledzin podiogowych.

Zsiany stanu jonizacji w peiiaszcze-
niech mieszkelnych

Badeniz przeprowadzone w niezasiedlonych pomieszczeniach zemknigrych wy-
kezely zmisny stanu zjonizowania powietrza pod wpiywea réznych warunkdw
i procecdw.,

A, VWiplyw pér roku ne stan zjonizowsnia powietrza

wyniki pomiardw w tych samych mieszkaniech niezesiedlonych wykazujs
przy wigkszej wilgotnosci w lecie wieksze koncentracje jondw lekkichy na=-
tomisst znecznie mniejsze stgzenie jondw &rednichy ciezkich i wezystkich
czestek serozolu.

Stopiett naelektryzowania eerozolu zimg jest znacznie wigkszy pix lates

potwierdza toy Ze przacigtns &rednica czastki serozolu jeet wigksza =zieg.,

8. Wpiyw koagulecji i sedymentscjil n& stan zjonizowania powistrze

procasy koagulacjl i sedymentacji odgrywsjg istotng rolg w mikrodrodowisku
pieszkell przez swoje dzisianie oczys_zcza}ece powietrze, Koagulacje prowadzi
do tworzenis sig duzych czgstek o wymiarach mik ronowych co jest warunkiem
dzistania sedymentacjli grswitscyjnej. Natomiast przy obecnodci silnych pél
glektrycznych usuwanie czastek serozolu do powierzchni natadowanych nestgpu-
je eilniej dla snisiszych czastek naladowsnych. Stgd sczyszczenls powietrze
na drodze elektrycznej moZe byt skuteczniejsze Jezybsze/ od sedymentacji gra=
witecyjnejs zalezgc przy tym bardzo istotnie od stenu zjonizowania powletrzs
i opd zneku naladowanych czgstek eerozolu, Ned silnie naelektryzowsng podiogs
moge eig np. unosié bardzo dute czestki serczolu o znaku przeciwnym niz pod-
30ga; ktére w przypadku sedymentacji tylke grawitacyjne] bylyby od dewna
usunigte. Sedymentacja elektryczna moie powodowaés iz toksyczne male czgstki
o znaku przeciwnym w stosunku do ZXadunku wykladziny zmniejszajgp szybko swe
kongentracje po naptywie éwisiego powletrza.

C. Wpiyw eksplostacji niektérych urzgdzed w misszkaniach zeeiedlonych

Pordwnanie stanu zjonizowanis powietrzay tych samych niezesiedlonych
mieszkadi w czesie lats i w czesie zimy, kiedy system ogrzewczy nie dzisktel
i kiedy byk on wiaczony; potwierdza zwigkszenie sig koncentracji Jondw
cigzkich zimg, co przypisywadé moina dzielaniv tego systemu, Podobnie,
stwierdzono réwniez wplyw uiycia kuchenki gezowej na stan zjonizowenia PUIiB--
trza., Gaz fmietlny z domieszks gazu naturalnego moke wprowadzié trochg redo=
nus & spalajac sig, produkowat zwigkszone iloéci jonéw i czgstek ssrozolu.
jeko produktéw przeaian przy spalaniuv weglowodordm. W czasie palenia aig
gazu stwierdzono: jondw lekkich o ok. 30% mniej,; Srednich o 30% wigcej, clgz-
kich zaé o ok. 2508 wigcej = ni w misezkeaniu niszesiedlomym bez palenie
Qazu. - : )

Bisrsc pod uwagg znaczne podwyrszenie kencentracji jenéw i serozolu nie=
natadowansgos wytwerzanego podczes palenia "pie gezu hl:etlnagn, oraz jego
szkodliwych domieszek = maledy rozwatyt sprowg wprowedzenia okapdw 1 dodat=
kowych wyciggéw nad kuchenkemi gazowymi w mieszkaniach,

D. Wptyw wentylacji ne stan zjonizowania powietrza w pomieszczeniach
mieszkalnych

Dens zewarte w tebl.3 ilustrujg wpkyw, jaki wywiera dzietalnodé prze-
wietrzanis mieszkan, Po F-minutowys uchyleniu okne koncentracie jonéw lek-
kich dodetnich zmniejszyla sig =z 317 do 246 u's, zaé po S-sinutowys otwar=
ciu okna do 104 ca™>, Charskrerystyczny jest przy tym wyrainy wzrost stgzed
jeder kondensecji.

Zenicjszenie sip licrby jondw lskkich éwiadczy o tymy i przewiet rzanie
pomisszczenia mieszkalnego moie znacznie zmniejszyé stpienie radonu 1 jsgo po-
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cnodnych. M2 to bardze istotne znaczenie dls zmniejszenia zagrofenia zdro-
wia mieszkadcow w budynkach o duej raediosktywnodci przegréid.

Tablice 3, Wyniki pomiardw koncentracji jonéw lekkich n 1 jgder kondemsacji
N fc-'a w mieszkaniu przed przewlietrzenies i w czasie przewietrzénia po
otwarciv okna

Stgzenie jondw i jsder koncentracji
W ki
p:nni’.:ru Godziny pomiaru L g'!‘
n, n_ ' N
;;E - ;ﬁ 326 31 270
Pokéj zamknigty “33 - 1153 268
| A 317 281
1208 - 12%9 246
12%° - 12%8 148
Okno uchylone 1218 i 1223 104
T R 94
12252 . 12%° 38 410

POTRZEBY BADAfl JONIZACIT POWIETRZA W NOWYCH BUDYNKACH ORAZ WSTEPNE
UWAGL I WNIOSKI DOTYCZACE ROZWIAZAS MATERIALOWO-KONSTRUKCYOINYCH

Jonizacjs powietrzs jest waznym skiadnikiem sikrosdrodowigka mieszken,
} térw moze dwisdczyé z jednej strony o dzialsjpcych w nich 2rédiach joni=
zujpcychs 2 drugiej strony o nhéc;-aicinnh powietrze; zwiaszcze jego - ..
zenieczyszczeniech aerozolowych. Ocena biologicznego oddzialywenia stanu
zjonizowenia powistrze dotychczas nis me wysterczéjgco oprecowanych podstew
do okreélenis wartoéci normatywnych. Ten powszechnie znany sten rzeczy zauszi.
do postulowsnia potrzeb i zaded badawczych w kisrunku stopniowage uzyskani®
odpowiednich ocen szkodliwodci, Bez odpowiednich kryteridéw podane ne koricu

uwagi 4 wnioski majg tylko charakter wstgpny i wymagaje promadzenis dalszych
badeai.

1. Stan zjonizowsnie powietrza i koncentracji serozolu jest istotnym pars
metrem jskosci powietrze w budynkech mieszkalnych. Zalezy on W znacznya BLOPs
niv od jakosci powietrze Zewngtrznego. W rwigzku z tym nie moina rozdzielié
baded jonizacii powistrze w mikrodrodowiskach mieszkar od odpowiednich badad
w érodowiskach zewngtrznych 1 warunkach naturalnych. Te ostatnie pot rzebne
se ponedto do uzyskanis danych odnodnie nmormatywéw lokalizacji i rodzaju kon=
strukeji budynku /klimatyzacje, wysokosé itp./. ’

2. Do oceny oddzialywafi stanu zjonizowania powlietrza na organizm ludzki
konieczne jest prowadzenie bedad nad retencjs poeszczegdlnych frakcji wielko=
éci jonéw i czgstek nienatedowanych w systemis oddechowym. Szczegdlnie dotyczy
to czgsto najbardziej toksycznych submikronowych czgstek wtérnego asrozolu,

w tym czestek zawierajgcych atomy substencji radioektywnych - pochodnych rado=
nu 1 czgstek powstalych z par metali cigkich.

4, Mieodzowne Jjest podjecie badad chemicznego skiadu serozolu,; zwissz-
cza serozolu wtérnege powstsjgpcego W powietrzu z polutantéw gazowych; oraz
delsze studia bioloagiczne, labarstoryjno-kliniczne i epidemiologiczne nad
tokeycznoscig 1 alergiczny=i oddziatywaniemi jondw i niesnatadowanych ele-
kt rycznie czgstek zanieczyszczen gerozolowych spotykanych w misszkaniach.

de W badeniach nad stanem :junizuuaﬁia powierrzey jego - zmianaml czasowy-
mi i moZzliwodcig ich regulowsnia bardzo wekazne jest prowadzenie atudidw
teoretycznych nad réwnowaga jonizeacyjngs zertwno proceséw powstaweania i wzro-
stu jondw i czgetek serozoli jak i proceséw. ich usuwanis przez sadymenta=
cje oraz przewistrzanie lub wentylacie.

5, Konisczne jest podjgcis przygotowan naukowo=technicznych w zakresie bu-
dowy nowoczesne] sparatury pomiarowejy; W tym np. spektrometréw ruchliwodci
jonéw i snalizetors elektrycznego rozkledu wielkoéci wszystkich czgstek,
asrozolu oraz przyrzgdéw opartych ne metodech optycznych,aerodynasicznych itp.

6. Pomiary stanu zjonizowania powlstrze w nowych budynkach z plyt beto=
nowych potwierdzily koniecznoéé ogreniczenis radiosktywnoéci materialow
przegrdds postulowang przez innych sutoréw ne podstawie bezposdrednich
1 obszernych badasi [3]. W przypadku stawisnia nowych budowli konieczny jest

_np. bezwzglgdny zakaz uzywanie tworzyw betonowych z niesprawdzonych pod

wzgledem radioaktywnodci meteriaidw. Nalety postulowaé wprowadzenie nowych

'technologii zspobiegajgcych ekshalacji radonu, newet przy jeszcze dopuezczal-

nych skateniach materialdw. Zagrotenis zdrowia spowodowane nadmierna koncen=
tracjs radonu i produktami jege rozkladu powinno byé zmniejszone na ‘drodze
stosowanis w misszkaniach sprewniejsze] ni: grawitecyjne wentylacji. W ist=
niejgcych domach, charektaryzujacych s ig wystgpowaniem nadmiernej koncen=-
tracji radonus; nalezy rozwazyé wprowadzenie odpowiednich wycigpéw w otworach
wentylacyjnych.

7. Stan zjonizowahis powlietrza w mieszkeniach ze sztucznymi wykliadzina-
mi podiogowymi wykazuje bardzo gilne powigkszenie koncentracjl jonéw éred-
nich /o ok. 50%/ i jonéw ciezkich Jfo ok, 100% wertoéci/ w stosunku do odpo-
wiednich koncentracji w mieszkaniach tradycyjnych. Znaczns podwykszenis kone
ceatr-scj!. jonéw i ich skiad przy uzywaniu ‘wyktadzin z tworzyw sztucznych
budzi obawy niekorzystnego oddziatywania na organizm ludzki, Niezbgdne sg
ustalenia pod tym wzglgdes norm dotyczgcych fizyko-chemicznych wlasnoéci
polimerycznych tworzyw, stosowanych w oddawanych do uzytku budynkach =issz-
kalnych.

B. Redystrybucje przestrzennego rozlozenis oraz zmiany spektrum wielko-
éci czestek, spowodowana polami elekt rycznymi wykkadzing zwigkszaé moze za-
grotenis redioaktywnyms i biologicznym aserozoles od produktéw rozpadu redonu
oraz wiruséw i drobnych bakterii.

9, W zwigzku ze znaczng produkcig jondéw i nienatadowenego serozolu, przy

* pociersniu tworzyw sztucznych 1 zwigkszaniu sig elekt ryzacji wykladzin w su-

chym powistrzu, nalezy przy stosowanych zimg systemach grzejnychy podnosié
wzgledng wilgotnodé, powletrze do ck. 50%.

183



LITERATURA

[1] Bricard J.: Action of Radiosctivity and of Pollution upon Parameters of
Atmospheric Electricity in *problems of Atmospheric and Space Electrici=
ty" ed. S.C.Coroniti Elsevier; New York 1965

[2] Junge C.E.: Alir Chemistry and Radiosctivity, Academic Press, Mew York
1863

[2] Lewandoweki B.: Mikroklimat pomieszczed z mesksymalnym zestosowsniem TWO-
rzyw eztucznych, Instytut Techniki Budowlanej,; Warszewe 1977

[4] Michnowski S., Warzechs 5., Wajdwicz! A,y Chrobak M., Kozlowski W.: Bada-
nia werunkéw elektrycznych w mikrosrodowisku mieszkerd nowego budownictwa
z zestosowaniem tworzyw sztucznych, Iastytut Geofizyki PAN; Werszawa 1977

[5] Pediske J.; Geisler J.: Analiza potencjalnego zagrozenis ludnosci w Pol-
sce na promieniowenie jonizujece w budynkach mieszkalnych, Komitet Fizyki
Medycznej PAN, Warszawa 1978

[6] Rutkowske 3.: Wpiyw skiednikéw chemiczmych niektérych materialéw stoso=
wanych w budownictwie na zdrowie cziowieke., Problemy ksztattowenie mikro-
srodowiska mieszkalnegosy MNOT, Warszawa 1378

[?] Tyczke S.: Pomiary jonizecji powietrzs. ®roblemy ksztaltowania mikrosro-
dewieka mieszkelnegos NOT, Warszawa 1978

[8] workehop on health effect of trensportation - related pollutants. Envi-
ron=ental Health Effects Resesrch Series, U.S. Envi ronmental Protection
Agencys EPA - 600/1-78-011, Janusry 1878

Stanistew Michnowski, Stanisiew Warzecha
Andrzej Wejdwicz

WPRLYW ROZWIAZAA MATERIALOWO-KONSTRUKCYONYCH NA JONIZACOE
' POWIETRZA POMIESZCZEAl MIESZKALNYCH

Streszczenie

Omdwiono jonizacje powietrze jako istotny :paremetr.jekodci mikroérodowi=-
ska pomieszczed mieszkalnych. Ne podstewis badad wieenych przedstawiono kon-
centracje jonéw i asrozolu w powietrzu mieszkadi nowego budownictwa,; na tle

udpmriadnich koncentracji w misjskim powietrzu =zewngtrznym oraz w powietrzu
cbszerdw o malym zenieczyszczeniu. Stwierdzono wystgpowania wyrainych zalei-
nosci stanu zjonizowania powietrza od écian betonowych, wykladzin z tworzyw

eztucznych,; ogrzewsnis i urzgdzed wewngtrznych. Przedyskutowano wielkod€ tych
afektéw i ich ewentualhy wpiyw na jekosé powietrza mieszkad, Przedstawiono

potrzeby bedsfi i kontroli jonizacji powietrza z punktu widzenia jej oddzisiye
wenis na zdrowie mieszkencdéw. Podeno w zwigzku z tym wstgpne uwagi i wnioski
dotyczace nowych rozwigzal materialowo-konst rukcyjnych w budownictwie miesz=
keniowym . i

Stanisiew Michnowski, Stanisiew Warzecha
Andrzej Wejdwicz

EFFECT OF BUILDING MATERIALS AND STRUCTURES UPON
AIR=-IONIZATION IN FLATS

ﬁbs_t ract

The air ionization is discussed as an essentisl quality parameter of the
sicroenvironment of flats. On the besis of the aithore’ own investigations,
the concentration is presented of ions and aerosol in air of flats in new :
buildings. ageinst the background of corresponding concentrations in the out-
eide urban airy and in the eir of regions of low contamination. The occurrens
ce has been found of clear dependences of air ionization upon the concrete
walls, plastics lining, heating and internal equipment, The magnitude of -
these effects is discussed and their possible influence upon the air quality
in flats, The necessity is indicated of examining and checking the air ioni=
zation from the viewpoint of its effect upon the inhebitents’ health, In this
connectiony preliminary remarks have been made and conclusions have drawny
concerning new solutions with respect to materials and structures in residen=
tiel building. .

Ceamucras Mursorcxm, CrasmcEsr Bamexa
Ampmed Bafz=wy
BIRARME MATEPHAREO-ROSCTEFEURCEHEY PREEHRA AA HOEMBAITAD BOSEYIA THNHX
[OMERERRR
Poanue
DOCYEEAETCHE EOSESENEE BOBAXA WAR Cymecriesmuil NEpaMes]p EETSCTBA MNMDOODERH ERENL ROMSRA-
Ewii, Ha ocEoBREMM HCOCNSSOBAERA, ODOBONSENEX ABTOPEME, WNPENCTARARRYCR EORGAEYPANRA EOEDE E BIPO-
BONM B BORAYXS NBADEED HOBODO CTDONTEMEIYBA, HE (OES COOTBOTCTIYONEL womnewrpanuil B ropoNTRON
EGPYEROM BOBEYXS, 8 TEEE® P BUSAJXE MPOCTPRECTE O MENNN SATpASEeEuEM. (Twsvasrod gaNT Oyme-
DTROBAARA COOONOPEME BEEBNCEMOCTSRE COOTOENES -ROANSNDPOBANEE BOBAYIR OF CoToORNM 00N, ENACTHBOCO-
BuX GOEMROR0E, OTGHNEENA ¥ BAYYDeENeT0 ofopyAcBaEEs. OUCyERaeTcs BNANANRO STEE BjesTOl R NI
BOSNONEOS BNNANEG ES KAUSCTBO EOBAJER XEeprap. OpeNceeEsspreR ROTPe(EOCTE 3 ECCRENOBAENRL ¥
BOETDONE WORASANNE BOSIAYXA © TOUEM PPEEEA oo BORASHCTEEN EA BAOPORES sxrenell. NpEBoRETcs B
OBRSE ¢ BERSYKSSSHEMM NPEXBAPATRALANS SAMOVANES § DPOALOEAENN, ERCADENGCE NOBSL MATEPAANEEO-
~ROBOTPYRNMOHENE pesesEl 3 maomEoM CTPORTANECTIE.
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WPLYW ROZWIAZAN MATERIALOWO-KONSTRUKCYJNYCH
NA ZAGROZENIE ZDROWIA
PRZEZ ELEKTRYCZNOSG STATYCZNA

BRYLA BUDYNKU NIE PRZEPUSZCZA DO MIESZKAS MATURALNYCH
plL ELEKTRYCZINYCH WOLNOZMIENNYCH

Haturelne pola elektryczne wolnozmienne

Jsk wiadomo, pomiedzy powierzchnig Ziemi & jonosferg otraczejgcy Ziealg,
wystgpuje wysoke réznice potencjelém o wartosci érednisj rzedu 280 kV. Oto-
czenie Ziemi az do jonosfery mo2e byt w uproszczeniu rozpatrywane jako
wngtrze kondensatora kulistego, w ktdrym wystgpuje pole elektryczne o kie-
runku pionowym i zwrocie wektora natgienis pols skierowenym od dodatnic ne-
tedowsne] jonosfery do powierzchni Ziesi wykeszujscej w obszarach pogody
nadeiar esdunkéw elektrycznych ujesnych. Przy powierzchni Ziemi, natgienie
pola elektrostetycznego wynosi érsdnic w cisgu roku ok, 130 V/m, co oznacza,
#e na kazde cialo materialne, znajdujace sie przy powierzchni Ziesmi, a me-
jece isdunsk elektryczny i kulomba /1 C/ drisla eila 130 niutondw S120 NS .
Site te przycigpge w kisrunku Ziemi ciata nalsdowane dodatnio; & odpychs
cisla naladowane ujesnie. '

Pole elektryczne wystgpujece woké: Ziemi ulegs cipgiym fluktuscjom;w wy=
niku czego na skisdows stels 130 V/m nak.adsje sig przebiegi zmienne o rdz-
nych czestotliwodcisch, Spoérdd nich na szczegdlne wyrdznienie zasiuguje
czgetotliwoéé rezonsnsows rezonators kulistego, ktérym jest przestrzed po-
migdzy powierzchnip Zieei e jonosfers. Czestotliwoéé ta, tzw, rezonansu
Schumana, zawiers sig w granicach B4+30 Hzy & zwigzaens z nig nateienie pols
elektrycznege jest stosunkows niewislkie, rzedu mV/m. Rezonsns Schumans zé-
stuguje jednak ne Uwages ze wzgledu ne jego regularny bieg dobowy i prawdo-
podobny wplyw na rytmy biclogiczne.
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Przyczyny ogreniczejace naturslne pole
wolnozmienne wewngtrz buvdynkdmw

Przewodnictwo slektryczne przegréd budowlanych jest zviykls ponad 10 rze-
déw wielkodci wigksze od przewodnictwa powietrza w przyziemne] warstwle 8tmo-
efery i powietrza znajdujgcego sig we wnetrzach budynkdw mieszkalnych.

W konsekwencji, bryta budynku o znecznie zwigkszonej przewodnodci elektrycznej
wzgledem powletrzs i zsbudowana w ziemi, wykazuje wladciwodci ekranujgcey po=
dobnie jek tzw. klatka Faraday’a, g

skutecznoéé ekranowanis wngtrze budynku przed polami zewngtrznymi =soze
byé przedstewions stosunkism natgtenia pola =zewnetrznego do natgzenia pols
wewngtrz budynku. Stosunek temns zweny wepbdiczynnikiem ekrenowenia, osigge
duze wartod$ci i orientacyjnie wymai mﬂ w odniesieniu do naturalnego pola
elektrostatycznego 130 V/m i ok. 10* s w odniesieniu do pola wolnozmiennego
zwigzanego z rezonansem Schumana.

wspétczynnik ekranowsnis zalezy od opornodcl wiadciwe] meteriaskéw bDudow=
lanych i jest zwykle wigkszy dla budynkéw wykonanych z prefabrykatéw fopor=-
noéé wkadciwe prefabrykatéw jest zazwyczaj poniZej 1959.1,{ nu dls budyn-
kéw dremniznych foporno$é wlasciwa drewna zezwycza] powyze] 10° anf.

Jenakzs praktycznie mozna etwierdzié,; *e naturalne wolnozmienne pola
elektryczns nie wnikajg do wngtrz misszkalnychs niezaleznie od rodzaju mate-
risléw stosowanych do konstrukcji bryly budynku.

Prawmdopodobne skutki braku naturalnych
pél w mieszkaniach

Uczeni zajmujgcy sig bioslektromagnetyzmes wyrazaje poglady e natural-
ne, wolnozmienne pole elektryczne sg istotnym skladnikies érodowigka Zycis
i pdizolowanie cziowieka od tych psl jest niekorzystne dla jego zdrowia, Na
poparcie tego pogledu wysuwene sg réZne hipotezy, nad weryfikacjgs ktérych
sg. podejmowene zlotone badénia.

Ponize] podano trzy opinie dotyczgce 1utetmiu znaczenia pél -httro-
statycznycht . ;

A. Skiadows stala pola slektrostatycznege /130 V/m/ ma wplyw na oczysz=
czenie powietrzas z zenieczyszczed aerozolowych, ktére bez pols elektrosta-
tycznego utrzysywakyby sig diugo w powietrzu, ze wzgledu na zbyt male sedy-
mentacje grewitacyjne. Pola elektrostatyczne powodujgs Ze dodatnio naladowa-
ne czgstki asrozolu opedejg na zieaig, & czgstki naladowano ujemnie z obsze-
ru przy powisrzchni Ziemi wyrzucane sg do atmosfery. Proces npndﬂn:u 88rozo=
lu dodatnio natadowsnsgo wydaje sig byé szczegélnie istotny, gdyZ wigkszodé
zenieczyszczen aerozolowychy; powstajacych przy pyleniu wykazuje tadunek ele-
ktrvanv dodatni, Trzeba podkreélié, Ze sily od pola slsktrostatycznego )

= gE, dzistajece na netadowane czgstki asrozolu sg znaczne W ltuuuﬂku do
'ﬂv cigtkoéci F_ = mg. Ne przyklad dla czgsteczki o érednicy 10°% a, meje-
cej Ladunek -hl:t ryczny tylko jednego elektronuy; wartodé F, przekracza po-

nad 1000-krotnie wartodé Fg.
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g. Synchronizecja biorytméw,. Badania prowedzone przez Wevers [5] w bunkrach
podzismnych wykazujg, 2o sktadows zmienns odpowiadsjgce rezonamsowi Schumane
/10 Hz/ steruje biorytmea czlomnieka, Jej zanik w budynkach mieszkelnych mo=-
#8 oznaczaé desynchronizacje weznych procesdm w organizsie.

C. Badanis wykezujs bioclogiczny wpiyw p6l elektrostatycznych, Na przykiad
bedanis [2] wykazaly, ze kilkutygodniowe dzisianie pols elektrostatycznego

gtenisch skladowsj staXej, 100-krotnie zwigkszonej wzglgdem natezenia

o nat :
ne rozwdi szeregu rodlin, Wrrost nie-

pola neturslnegos majs widoczay wpkyw
ktérych rodlin jest przyspieszonys innych hamowany wraz z innysi negatywnymi

skutkamis np. zawigzane peki kwiatows chumieraje. Obsarwacje te i wyniki
innych baden pozwalajg ogélnie stwierdzié, ze zartwno brek pél elektrycznychy
jek i ich podwyiszenie powytej poziosu neturalnego dzialtajs ujemnie ne orga=
nizmy zywe; szczegélnie w okresie rozwojowy=. Diatege ‘moina zetozyd, Ze brak
naturalnych wolnozmiennych pél elektrycznych w budynkach sisszkalnych jest
reczej zjewiskiem niekorzystnys dla zdrowia ludzkiego.

Ewentualne i_radl:i zaradcze

Zblizone do pél naturalmych tle pél elektrostatycznych moine teoretycznie
uzyskiwsé w budynkach mieszkalnych dwoma sposcbami:

a/ przez zastosowanie meterialdw budowlsnych przepuszczajgcych pola natu=-
ralne do wnetrza budynkdw,

b/ przez umieszczenie w poaieszczenisch frddet pél zastgpujecych polas ne-
turalns,

Zastosowsnie pierwszego sposcbu wydaje sig obecnie nierealne, gdyi wymaga
on materistéw o wiadciwodcisch elektrycznych zblionych do wiadciwodci po-
wietrza atmosferycznego. Pewnym polepszenism sytuacii bytoby uzyskanie mate-
rialéw sztucznych o wiaéciwodciach zblizonych do witadciwosci suchego drewna
budowlanego.

Zastosowsnie drugiegoe sposobu wymagaloby wprowadzenia rétnicy potencje=
6w elektrycznych rzedu 300 V pomigdzy sufitrem & podiogas /dla pomieszczed
o wysokosci 2,5 m/. Dodetkowo, te rdinice potencjetéw powinne byé modulowa=
ne przebiegiem /10 Hz/, zbliZonym do czgatotliwedci 1 emplitudy rezonansu
Schumana. .

Z wielu wzgledéw jeet za wczednie, by tekie rozwigzanie zalecad do sto=
sowsnia, Dednakze nalezaloby rozwaiyd mozliwodd vr'fh':rzw_.rstﬂnie tego rozmwigzie
nis dla celdw badewczych. A

Malety tu wspomnied, e skladowg stalp naturelnago pols elektrostatyczne=
po moxna sztucznie odtworzyé, stosujgc w r feszkanisch wykledziny z materia=-
34w, ktére sip slektryzujg. W tym celu poditga mogkaby byé wykonans z two-

rzyw sztucznych wykazujecych ograniczong elektryzacje ujemna. Z kolei sufit
ajgiby byé wylozony tworzywem elektryzujgcym sig dodatnio.

Rozwigzenie to ma jednak mankamenty, ktdre omdwiono eddzielnie.
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ELEKTRYZACOA MATERIALOW Z TWORZYW SZTUCZNYCH, STOSOWANYCH
W BUDOWNICTWIE

Tworzyws sztuczne w budownictwie mieszkaniowym sg Zrfdiem enmergii ele-
ktrostatyczne]jsktérej wplyw na zdrowie cziowieka wydeje sig byé wigkszy niz
wplyw wynikajgcy z braku w missrksniach naturalnych wolnozmiennych pél ele-

kt rycznych.

Zjawisko elekrryzacji =« wslektrycznego
tadowania esie cinatl . '

Zjewisko slektryzacji mystgpuje powszechnie na powierzchniach stykanis sig
ze sobg dowolnych materialéw, Mechanizm przebisgu =zjawiske jest bardzo zio-
zony i W zesadzie do chwili obecnej nie memy jego zadowalajgcego wyjednie-
nie fizycznego i analitycznego. i 4

w wyniku elektryzecji, stykows powierzchnie jednego materiaiu uzyskuje nad-
miar tadunkéw elektrycznych dodatnich, & stykowa powierzchnia drugiego mete-
riatu - nadaiar ladunkéw ujemnych, Ten stan elektrycznego neladowania moze
sie utrzymywaé po odsunigciu materialéw od siebise.

tadowanie powierzchni jest prawdopodobnie wynikiem dwsch niuzu'nlatmh
procesdw: ’

8/ przechodzenia adunkéw slektrycznych z powlerzchni jednego materialu
na stykows powierzchnig drugiego meteriatu,

b/ skroénej poleryzascji ladunkéw zawartych oddzielnie w kazdym ze sty-
kajecych sie materiskéw w wyniku zjawiska indukcji.

Wydeje sigs 2e pisrwszy proces me decydujgce znaczenie w -rul:azu-ici prey- -
padkéw praktycznych, Jest on prawdopodobnie zwigzeny z przechodzeniem przez
styk zaréwno jonéw ujeanych, jak i dodatnich, przy czym:

= przechodzenie jondw ujemnych felektronéw,/ zalezy od wartosci prinni.l:-].—
nogci elektrycznych ¢ stykajscych sig meterialéw. Wediug reguly Coehna ele=
ktrony przechodzg =z materislu o wigkszej przenikalnodci elektrycznej /ladu-
jesc go dodatnioc/ na material o mnisjszej przenikelnodci elektrycznej,

= przechodzenie jonéw dodatnich zelety od dcierslnodci stykajgcych sig ma-
teriaXdw i intensywnoéci é£ciersnias. Przy écierasniuvy oderwane od materialu
czgstki kilkustomowe weis ne ogél ladunek elektryczny dodatni fstgd material
écierany aduje sis ujemnie/. .

Ogélnie bioracy ketdy meterisl moze elektryzowaé sig zerdwno ujemnis, jak
i dodatnio. Znak nagromadzonego tedunku zaledy od wisenodci fizycznych oby-
cuu kazdorazowo stykaiscych sig materialéw orez od sposcbu ich stykenis
gig 1 wzsjemnego pocierania, Iloédé ladunku nagromedzenego na powisrzchni da-
nego materialu zalety decydujecs od opornodci wisdciwej tego meterislu.
Stwierdzonos ze nadmiernie sisktryzuje sig te materialy, ktdrych opornoéc
Hisdcime zewiera sie w orientacyjnych granicach od 10% do 10139.!, przy
Czym przy opornofci wiadciwej rzedu 101 0a wystepuje seksimun gromadzenis
81¢ ladunku elektrycznege ne meterisiach [1].
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Szeczegbdlne znaczenie elektryzecji :-n-
rzymw sztucznych 3

Tworzywe sztuczne od kilkudziesigeiu juz let wystepujgz jeko tani substy=
tut wielu wczedniej stosowanych materialéw, slutgcych do wykadczanie i wy=-
posazenis wngtrz. Sg to przede wszystkim wykladziny podiogowe, ckladziny
Scienney obicia i tapety /plyty laminowsne tkeniny syntetyczne; PO¥ itpeSs
tworzywe uzywane jako oklsdziny porgczys uchwytéw itp. /PCR typu winidur; po=
listyren, poliamid ewentualnie polietylen/y tkaniny 1 folie ne obicia meblo-
wey lakiery syntatyczne, szkio zwykie i orgeniczne /mplexi®/y elementy arma-
tury orez urzadzen senitamych fwinidury; polismid, polistyren/ i inne.
Tworzywe te szczegélnie silnie moge sig elektryzowséy gdy: ich opornosé wis-
dciwe w wielv przypadkech zawiera sig W przedziale 108 -'1053.'2:- Ilustruje
to nastepujsce tablica [3]:

Lpe Material " Opormoéé wiadciwa, Qm
1 | Poliskrylany I'Ds :I.1Zl12
2 | Poliemidy , do 1032
3 | Polichlorek winylu plestyfikowsny 1011 . 1013
4 | Polichlorek winylu twardy, nie plastyfi- 12 15

kowany g 10 - 10

§ |- Polipropylen 1% - 1015
s | fPolistyren/ = j0%® . 10%8,
7 | Polietylen 10%? . 10?5
5 | PoW plytki 10’ - 10°
g | PON - tadme 10® .~ 1010

10 | Linoleum 10 - 101

11 Lakiery poliestromo-spoksydowe nk.iﬂu

Ma skutek elektryzacji ma powierzchni Tworzyw sztucznych wystgpowsé moge
wysokie potencjely slektryczne = o wartoéciech dochodzgeych do 20-30 kV.

Z kolei w otoczeniu naelektryzowanych tworzyw mogg wystgpowaé silne pola
elektroetetyczne o natgieniach dochodzgcych do kilkudzriesigciu kilovoltéw na
metr /kV/s/, & w skrajnych przypadkech newet 1 do kilkuset kV/m.

Zagrozenis wmynikejgce =z elektrtryzeamcijii
zachodzgecej = uwdzielsm twWorzyw sItUCZ-
nych

Stosowanie tworzywm sztucznych jeke marerisldm wnetrz mieszkalnych, poten=
cjalnie stwarza co najsniej trzy rodzaje zagrozed dls zdrowis ludzkiego:

8/ nisbezpieczeistwo wywolanie iskry inicjujecej poiary i wybuchys np.
przy ulatnianiu sig gazu opalowego lub stosowaniu rozpuszczelnikdéw benzy=-
nowychs nitro itp. - jest to zsgrozenie zycia ludzkiego;

b/ ucigtliwe rszenis mieszkaicow prgdes roziedowan elektrostatycznych
przy poruszaniu sig po mieszkaniu;

i

" p—

¢/ narszenie pipszkeficéw na dzisisnie silnych pdl elekt rostatycznychy wy-
stegpujscych W otoczeniu naslektryzowanych przedmiotdw; dodatkowos pole to
aoze niskorzystnie wptywaé na rozkiad przestrzenny neladowanych elektrycz=
nie czgstek serozoli w pomieszczenisch mieszkalnych,

przeskok iskry i razenie pradem sg przejawem tego samego procesu impulso=
wego roziadowanis nagromadzone] wczedniej energii elektrostatycznej. Skut=
ki zalezg od wartodci energii rozladowania, przy czym: .

- do wywolania zaplonu saterialéw tatwopalnych, stosowanych w goepodar=
stwach -domowychy wystarcza energia iskry rzedu dziesigtych czeéci milidzule

fa3/fs . ) .
- do wywolania odczuwalnego razenis prgdea potrzebna jest minimalna

.energia 155 8y

- do wymolania bolesnego razenia prades - ensrgia 80 md,
« do wywolania rezenia émiertslnego - enesrgia 10 J.

PowyZzeze dane nlmnrj'; 2e energis iskry potrzebne] do apnimdu-unia‘znplmu
gazéw, par lub pykéw moze byé kilkakrotnis mniejsze od energii iskry od=
czuwanej przez czlowisks. Jest teo berdzo istotne stwisrdzenie; pozwalajgce
na podkreélenie dwéch faktéw; @ misnowicie; Ze: '

- w kazdym mieszkanii, w ktérym czowiek odczuwa przeskok iekry rozlado-
wania elektrostatycznegoe mozliwy jest zaplon szeregu mieszanin tatwo-

»plimﬂ:h, .

- zaplon jest réwniez mozliwy od elsktrycznodcd statycznejs ktdra wystg-
puje ne paz:lnl&.c duzo ni2szym od zeuwatslnego przez cziowieka,.

Dopuszc zalne elektryzascja tworzyw.

. sztucznych

W éwietle informacji zewartych w rozdriale 1 moZna postewié hipotezgs Ze
powstewanie elskrrycznoéci statycznej w budynkach pieszkalnych = jedli na-
stepuje w ckreélonym, ograniczonys zakresie - moze byé korzystne dls czlo=-
wieka. Zs taks hipoteze wydajs sig przemawiaé toy Ze sztucznie wytworzona
slektrycznest statyczne mogleby czeéciowo zastapit nie wystgpujace w budyn=
kach neturalne pole elektrostatyczne. ag&lﬁie jednak, wystgpowanie elektry -
zacji tworzyw Jest zjawiskiem niepozadanys. Dla wyeliminowsnia, & przynaj=
mniej isrotnego zmnisjszania wymienionych poprzednio zagrozed, naleiy ogra=-
niczyé wielkoéé potencjalu powstejgcego na tworzywech sztuczaych,

Nsjstarsze i najbardzie] rozpowszechnions zelecenie odnoénie zapobisga-
nia powstawaniu iskry zapionowsj oplerajg sig na badanisch raschena i stwier=
dzejgy ze zeplon od iskry elektrostatycznej nie wystapi, jesli potencjal
elsktrostatyczny powierzchni meteristu nie przekroczy 300 V. g to zalece=
nis ogdlne, stosowans W przeayéle od kilkudzissigeiu lat.

W odniesieniu do budownictwa mieszkaniowego oddzielns zalecenis opracowa=
no w ZSRR [3], ktére méwigs e potencjal powstajgcy na powierzchni tworzyw
sztucznych nie powinien przekroczyé wartodei rzedu 100:200 V. /w dalsze]
czedci rozwaten przyjeto do poréwnad wartodé 200 V jako poziom odniesienis,
a zarazem dopuszczelny/.



Utrzymanie potencjaiu powierzchni tworzyw sztucznych w granicach 100 %
§ 300V prawdopodobnie OZNACZAs #e eliminowsne sg praktycznie wszystkie Wye
mienione zagrozenie lgcznie 2z niekorzystnys wplywem na organizm ludzki pél
elektrostatrycznych.

niektédrych
budow

beded elektryzaclji
sztucznych stosowanych w
sieszkeaniowyanm

wyniki
tworzymw
nictwie

Badanie elektryzecji tworZzyw sztucznych stosowanych w budynkach mieszkal-
nych prowadzono W Warszawie w latach 1976-1977 [4]. Mierzonp szereg wielko-
écis 8 migdzy innymi natezenie pola elektrostatycznego W poblizu powierzchni
kilkudziesigeciu rozaych tworzyw sztucznych, pochodzgcych z & krajow. Wyni=
ki tych badei zewieraje znak tedunku elektrycznego gromadzgcego sig ne
tworzywech i pozwalajs oszacomeé wartoéé i znak potencjelu powierzchni two-
rzyw sztucznych.

Ponizej podaje sig wyniki tego szacowanisy z rozréznieniem materialéw
uzyskujscych przy pocieraniu potencje: do 200 Vv i wigkszy niz 200 V.

pla tych ostatnich podano stosunek potenc) stu wystepujgcego na tworzywie
ipii do potencjatu ;; = 200 V. Dla dalszych rozwazad stosunek ;Lf,'i nazwa=
no wspéiczynnikiem nadmiaru.

Uzyskeno nastgpujgce wynikis

1. Wyktadziny écienne /tepety/ = Skantril JfSzmecja/y Storeys [Anglia/, Co=-
net ,-'!-Eulln&ia,.-’, VIHURI /Finlandia/, Buflon /Francjs/, Somaer /Francia/fy; jak
~émnie: okleiny drewnopochodne 1 éciany malowane farbami esulsyjnymi -~ w ba=
danisch elektryzowaly sig z reguly ujemnie [z wyjstkiem wykladziny Viguriy
ktére elektryzowata sig dodatnio/.

Potencjel powisrzchni byl niewielki i nie przekraczal 10 V.

2. Wiykiadziny podiogowe dywanowe = Dynsmit kabel /REN/y Nipolam 6400, WV
Braun 5405, Topiflex ciemnobrgzowy JFrencja/ Scmmer Topison 1011 JFrancja/
- elektryzowaiy sie silnie dodatnioc. Wspblczynnik nadaiaru zewieral sige w
granicach 13%33, co oznecza, e na wykiadzinech wystepowal potencjal
260045500 V.

3. Wykiadziny podiogowe Sommer Topiflex 5202, B922, 8203 elsktryzowakly sig
nieznacznie ujemnie. Potencjal nie przekraczal -850 V.

4, Wykiedzine podlogows Teppich Boden 81851 elektryzowala sig si lnie ujem=
nie; osiggejgc potencjal rzgdu —1600 V.

5, Plastikowe $cienki rozsuwane /harmonia/ elektryzowaly sig ujesnie,
osiggejec najwigksze wertosé wepdiczynniks nadmiaru rzedu BBy co OZNE8CZEy
ze potencjal tych écisnek osiggnel martosc rzedu 18000 V. Niewiele mniej=
szy potencjal ujemny rzedu -13000 V wykezywaly plastykowe dciany wenny.

6. Sciany w kabinie senitarne] wykonane =z poliestru zbrojonege widknea

szklanym wykazywaly potencjal dodstni o wartodéci rzedu 8000 V.
7. Imitecja drzewa wykazywala potencjst ujemny rzgdu =400 V.
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rasrawione wyniki wskazujg, Ze stosowane w misszkaniscn saterialy z twoe
rzym sztuczmych soge elektryzowaé sig zardwno dodatnio, jak i ujesanie. Zna-
gznie Zswyions potencjaly powierzchni materiskéw, dochodzgce nawet do kilku-
nastu kilowoltdw, stwierdzone w przypadku czedci wykladzim podiogowych /pkt
2/ i bedanych écisnek dzislowych spkt.5,5/. Sa to potencjsiy zdecydowanie za
wysokie. Materiaky te nis powinny sig znaleié w budynkach mieszkalnych.
gchrona mieszkadcodwm

orzed elek trycznos=

écie g tatyeoczneg tworzymw sztuwecznych

£rpdowisko Zycia czlowiska powszechnie jest dzidé "zstruwane® elektryczno=
dcia statyczng, Nosimy elektryzujace sig odzisz z twWorzyw sztucznychy sty=
kemy sig Z elektryzujgcymi sig wykladzinami w mieszkaniuy w pomieszczeniach
zakladu precys wreszcie obsiugujemy réznorodne wurzadzenia majgce CcoOraz
wiecej czgscl wykonanych z elektryzujscych sig tworzyw sztucznych, Prawie
przez cals dobe znajdujeamy sie w zasipgu oddzialywania Iadunkdéw i pbél ele=
ktrostatycznychy ktére zaburzejs stan elektryczny orgenizau. Skutki rtych
zaburzed nie sa tatwe do wydzielenie z ogélnych codziennych zmien stanu
sdrowia. Z perspektywy lat moge byé bardzo istotne. Dls ich zaobserwowania
i prze¢ladzenis systematyczne badania medyczne i biologicz-
nes ktérych niestety w naszym kraju sig nie prowadzi,

konieczne 83

Wiedze wspblczeene o dzislaniu
do oczywistych i nie budzgcych

elektrycznodci statycznej sprowadzas sie
mgtpliwosci spost rzeten natury technicznej
- o iskrzenisch oraz o razeniu cziowicka impulsowo prreplywajgcym praden.
Zjawiska te przy wspélczesnys stanie tachniki {.ljgra sg w zaleznosci ilodcio-
wey ktbre pozwaleje stwisrdzié, Ze

ctwie

tWOrZywa sZTUCZNE,; stosowans w budowni=
dotyczy
i importowanych, ktére byly przed=-

mieszkaniowys elektryzuje sig nadmiernie. Stwierdzenie to
tworzyw produkcii krajowej, jak

miotem badsd [4].

zardwno

Zwalczanie elektrycznodci statycznej, prowadzone dotychczas w zakresie
ochrony przemysiuy stopnicwo poszerTa sie ne zagadnienia ochrony zdrowia
ne stanowisku pracy i w siejscu zamieszkanis. W tys kisrunku konkretme
wielu her'n:lziaj rozwinietych krajach,
pominny byé w naszym kraju

wigkezs skalg nit to ma misjsce

przedsigwziecia s realizowsne w
Wyrata sie poglad, ze

prowadzone systematycznie

tege rodzaju badanis
i na znacznie
dotychczas.,.

Zegednienie zwalczania elektrycznodci stetycznej jest zbyt zlozone do
rozwigzenis jednorazowego. ’ ‘

Obecny stan wiedzy, chociat bardzo nispelny, pozwela okreslié¢ rodzaj i zé=
kres rozwigzai materiaktowo-konst H.ch"fj nych 4 orgenizacyjnychy ktére po=
winny byé podjgte w celu ochrony sieszkancéw przed elektrycznodcig stetyczngy
bgdaca wynikiee powszechnego stosowania TWOrZyw sztucznych, Widzi sig tutaj
dgwa kierunki dzislania: '

1. W budynkach mieszkalnych, w ktérych zastosowano nisodpowiednie tworzy-
we sztuczne, powinno sie zapobiegaé elektryzacji 1 jej skutkom przez wpro=



wadzenie Srodkéw ochrony antystatycznejs odprowadzejgcych ladunek elektrycze
ny z powierzchni tworzyw sztucznychy; wzglednie. korzystnie wpiywajacych na
powierzchnig tworzyw. Przydstne wigc byiyby rzeczowe informacje dla miesz=-
keficdw o istniejecych do dyspozycii srodkach ochrony.

Wisdomo na przykiad, ze wilgetnoéé powietrza ma bardzo duzy wWpkyw na zje-
wisko elektryzecjis ktére praktycznie nie wystgpuje przy wilgotnosci rzedu
70%. Badania krsjowe [4] wykazaly, ze natgzenie pola elektrycznego przy
powierzchni TWoOrzyw sztucznych, stosowanych w mieszkaniech, gwaltownie spae
da przy wzroscie wilgotnosci do 40:50%. Stad w mieszkaniach elektryzacje
mozna bytoby istotnie ogreniczyé utrzymujgec wilgotnoéé powietrza na pozio=-
mie ok. 50% - zgodnie z wymaganismi komfortu mikroklimatycznego. Ten waru-
nek nie zawsze jest w mieszkaniech; zwieszcza w porze zimowej s, spelniony.

Halety wprowadzié nedzér nad stosowaniem TWoOrzZyw sztu'cszuh w budowni-
ctwiey; oparty o przepisy normujace metody badadl materialowych, spareturg
pomisrows 1 zakres stosowania poszczegélnych tworzyw,; w zaleznodci od ich
podatnoéci ne elektryzecje. Konisczne sg dalsze starania ¢ opracowanie dla
budownictwa n:i.uzhgd-nagu ssortymentu tworzyw sztuczaych o ograniczonej ele=
ktryzecji, Zsdenia z tégn zakresu powinny byé prowadzone przez stale dzia-
tajscy =zespb® specjalistéw, zajmujacy sig systematycznym rozpoznawsnies

wynikéw beded zagrenicznych i moiliwoéciami ich wykorzystanis w warunkach kre-

jowych oraz wzbogacajgcy wiedze o powstawaniu, zwalczaniu i biologicznym
dzistsniu elektrycznodci statycznej, w oparciuv o wiasne prace teoretyczne
i ekspsrymentalne, i
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WPLYW ROZWIAZAR MATERIALOWO-KONSTRUKCYINYCH NA ZAGROZENIE
ZOROWIA PRZEZ ELEKTRYCZWOSE STATYCZNA

St ruslzczania ’

Bryte budynku praktycznie nie przepuszcza do wnegtrz mieszkalnych natural-
nych pél elekt rycznych,wystepujascych w wolnej przestrzeni, & moggcych mieé
wpiyw m.in. ne synchronizecj¢ rytedéw biologicznych i oczyszczanie powietrza
z natadowanych elektrycznie garozoli, Z drugisj strony two rcrm SEtUuczZney
stosowene ¥ misszkaniach ne obudowy i wykiadziny, silnie elesktryzujs sig
stwarzajgc zagrozenie dla zdrowiss 2 nawet Zycia mieszkericéw. Moge powodowsé
pozery i wybuchy, bolesns roztadowanie slektrostatyczne i diugotrwate cddzie-
tywanie na misszkeficém silnych p6l elektrosterycznych, zmienisjpcych naturele
ny rozkiad tadunkéw elektrycznych w ciele ludzkim, Zagadnienis te sz problae=
mem ogélnoéwiatowyms nie w peini rozpoznanymy ktdry w kraju powinien znaleté
wyraz w bedaniach podetawowych i fcidle uzytkowych, W tym zakreeie zgiaszano
ezereg postulatéw, zwracajac szczegh uwage na koniecznos$é wprowasdzenia
ochrony antysterycznej w istniejacych udynkach i na opracowanie technologii
produkcji tworzyw sztucznych o cgraniczonej elektryzacji. Podano rdwniez wy=-
niki badai elektrycznodéci statycznej w budynkach misszkalnychy w ktdrych za-
stosowano roZne tWorzZyws BZTUCENS.

Henryk Korniewicz, Jan Maris Kowalski
Stanistaw Michnowski

EFFECT OF BUILDING MATERIALS AND STRUCTURES UPON HEALTH HAZARD
FROM STATIC ELECTRICITY

Abstract

The body of & huilding does not practically let through into the resi-
dentiel interior of a buildingy the natural electic fields that occur in
free space, and mey have sn affect, among other things upon the synchroniza-
tion of biologicel rhythms and purification of the air from the electrically
charged asrosols. On the other hend, plastics used in flats for fitmens and
linin?, become intensely elsctrified and conctitute & danger to the'inhabi-
tants’ health and even lifs. They may cause fires and explosions, psinful
electrostatic discharges and sustained effect upon inhabitants of strong
slectric fislds thet changs the netural distributions of electric charges in
the humsn body, These ars world-wide problems not yet fully known, which in
this country should find their expression in both fundamental and strictly
functionel ressarch. Many raguirements have been maede in this respect, spe-
cial attention being peid to the necessity for introducing antistatic pro=-
tection in the existing buildings, and for developing thes production tech=-
nology of plastics with limited electrification. The results are also given
of studies on static elsctricity in residential buildings, wherein different
plastics have been applied.

Ieepax Hopmerwd, Am Mapus Homaxscxs
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BBEESERE NDOTHBOCTATWISCKOR BEENTH 3 CYMECTHYNMMY IEEEMAX I WA paspadorEy TOXHONOTEW HDONIBONCTRA
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PARTLY INSULATED WIRE ANTENNA FOR ELECTRIC FIELD
AND ATR-EARTH CURRENT MEASUREMENTS IN THE FREE ATMOSPHERE

Jerzy BERLINSKI
Institute of Electronics, Warsaw Technical University, Warszawa

Stanis*aw MICHNOWSKI

Institute of Geophysics, Polish Academy of Sciences, Warszawa

Abstract

A model of partly insulated wire antenna for free-atmos-
pheric electric field and air-earth current measurements is
discussed. The method of measurement is briefly outlined. The ef-
fects of insulation of part of antenna on the electric field and
current distribution as well as the effects of induction inter-
action between the upper and lower antenna are preliminaril}
analyzed.

The results of test soundings and estimated measurement er-
rors are presented.

1. Introduction

For the balloon-borne measurements of air-earth current
density in the free atmosphere a wire antemna is commonly used.
This antenna consists of two conducting wires: one hanging on
the insulated nylon cord from the balloon that carries the radio-
sonde, and the other hanging down from the screened payload of
the radiosonde, A measuring device placed in the payload measures
the current between the upper and lower antenna electrode, which
is in the known relation to the vertical current density (Olson,

M1s]
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1971). Long wire antennas have been also applied for the meas-
urement of the electric field but for this purpose their para-
meters were different (Ogawa, 19733 Gras, 1978).

In order to get one instrument to be used for both measure-
ments, i.e., the vertical air-earth current and vertical compo-
nent of the electric field, we designed a model of wire antenna
raediosonde in which, the central part of the wires was covered
by insulation. The applied antennas are believed to give some
measuring advantages, but they involve some additional not well
known effects of insulation on the collected current and electric
field distribution.

Bare and partially insulated antennas have been applied for
atmosphere electric measurements for some time, although there
is till a lack of detailed description how such probes operate,
In this report we give a preliminary assesment of changes in
operation of wire antemnas by introducing their partial teflon
insulation. The results of the first testing are given.

2. An antenna for electric field and current balloon-borne
measurements

The applied antenna consists of two 12 m long conducting
wires suspended far enough below a balloon so that the balloon
does not affect the measurement. Midway between the upper and
lower antenna wire a payload of meteorological type radiosonde
is installed (Berliriski and Michnowski, 1980). The antennas are
connected to the MOSFET type electrometer through the input cir-
cuit shown Fig. 1, Indication of the electrometer and pressure-
~altitude device is transmitted to the receiver and recorder on
the ground (Berlinski et al., 1978).

The function of antenna is to convert the measured current
density 3; or electric field % into recorded voltage U. In our
case the conducting wires playing the role of antennas are plac-
ed into a poorly conducting medium., In the steady state the po-
tentials of antennas will come to equilibrium with potentials of
surrounding medium. The corresponding antenna potentials are in-
dicated by this equipotential layers which reaches the conducter
in the so-called neutral points consistent with the original and
induced currents, There are two ways to derive the one-dimension-
al current evoked in the real antenna probes, from the values of
the three-dimensional atmospheric field or current.
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Fig. 1. Partially insulated wire el
antenna for balloon-borne measurements
of the vertical air-earth current and
electric field in the free atmosphere.
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It is possible to treat the antenna as an active two-termi-
nal and to determine experimentally the characteristic parameters
of antenna by open circuit voltage Uo' the short-circuit current
J and the internal impedance (Kasemir and Ruhnke, 1958).

Alternatively, these parameters can be calculated for simple
probe geometry if the input impedance of the electrometer is known
from measurement. For this purpose and for further consideration
the following simplification of the measuring conditions will be
assumed:

1. There is no convection current, no photo-emission and Ohm’s
law is valid in the medium surrounding the antennaj;

2. The antenna is placed parallely to the measured vertical com=-
ponent of the electric field; other components are neglected. The
original local field in the absence of the probe is a gquotient of
the vertical air-earth current density, Jpr and the conductivity
&ﬁ, where ‘AA is the sum of both polar conductivities,

J\A = J\.+ + A_, in the region of interest.

ol



- 218 =

3. The conductivity A 1is uniform in the surrounding of
the antenna, i.e. the height of the conductivity in the range
of the antenna sizes are negligible for assumed distribution of
conductivity in the lower atmosphere

A= Ay exp (z/H)

where H = 7 km is the height scale, A
the ground; z - altitude.

L, The spatial changes in the electric field and current
with time occur simultaneously over the whole surface of the an-
tennaj

5. The electric fields are low-frequency fields for which
the emf. produced by magnetic induction is negligible.

g conductivity at

Through these assumptions deviate from reality in some as-
pects, the operating conditions in practice are not expected to
differ greatly from the typical real situations.

An antenna exposed to atmosphefic electric field receives
both the conduction—current denaity j and the displacement cur-
rent density &, 5€ 8 HE (qA/J.). A current dJ (Fig. 2)
flowing through each surface element of antenna ds is.

ar_ = A_j,ds + 4% [AB £ ;]A/.A.o)]ds (1)

vhere As proportionality constant is a part, corresponding to

each dS element of antenna, of so called the effective operat-
ing area dependent on the probe geometry and orientation relative
to the field, and ‘Ab is the conductivity of the air at the anten-
na surface (Gras, 1978). This conductivity is mono-signed owing

to the electrode effect (Chalmers, 1967). The total collecting cur-
rent over the whole surface of either antenna is:

_L dJ_ = gASJAds + j;aqlf [As E’o (‘jA/ A, )] ds (2)

In the case of the assumed constant relation of the antenna geo-
metry to the field during a measurement, i.e. neglecting a swing-
ing of the antenna, current density function Jp can be separable
into time and space components. Then eguation (2) can be writ-
ten in the following form:
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d
J=AJ, +AE == (J3,/A,) (3)
where A, the effective operating area or the effective col-
lecting surface, relates the magnitude of the collected cur-
rent in the probe to the atmospheric current density.

R b A FETITEEEEE £ g o
ez G N Y
//)"..n\u”n veseeeesedl

Fig. 2. A simplified model of the passive bare antenna
in poorly conducting medium. Re and Ce are input resistance
and input capacitance of the measuring electrometer connected
to the antennas. Points n denote position of the neutral points.

This collected current J, consisting of steady and dis-
placement components, has to flow between the upper and lower an-
tenna i.e. through the air surrounded them and through Rc and Ce
of the measuring device, Hence
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du
J=Jp +CgE (4)
where U 1is the potential difference across RC of the total !
impedance between the antennas. Comparing the expressions (3) |

and (4) for current J we obtain equation for the response
of the probe

U 4
Iq + C%-_E=AJA+A Eo & G, /A, (5)

In the case of constant conductivity A when the local at-
mospheric time constant T, = &€,/A is constant, it is pos-

sible to express the solution of eqe (5) in the following form
(Gras, 1978):

oo 2Lsfe, s

25wy = o Yito) o AT S
tf
+ exp (—‘tf//-’f‘ﬁ) (1 - 1/ﬁ) / exp (tf//.;TA) JA d‘t] (6)

0

where JA(t') is the value of J, at time t’ = t/2,
Jato) = at t=05 By =R/Ty; B, = A/

ﬁ‘ ﬁﬂ‘/ﬁz‘

For f3=1, i.e. for the case when RC = & /-7‘. » Wwe have
the matching conditions in which the third term of LG) equals
zero, and after the decay of the initial transients, the poten-
tial difference of the antennas indicates variation in measured
current density JA' In such conditions JA may be determined
by

Ug) = A Jue) R (7)

Errors introduced by in exact metching resulting from changes
in air conductivity (including the electrode effect) might be
numerically analyzed on the basis of eq. (6). We will not consider
these problems now. Instead of evaluating the probe parameters by
means of experimental data for the antemna in open and short cir-
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cuit conditions, we will now follow the previously mentioned
alternative way of assessing and comparing the operation of
the two types of antennas.

Keeping the simplifications described above we will calcu-
late the values of operational area A and some other proper-
ties of wire antennas. This approach was used by Kasemir (1960)
and Olson (1971) in measurement of air-earth current density by
means of bare, long antennas,

As mentioned above, wire antennas were used also for the e-
lectric field measurement in the free atmosphere. It seems high-
ly advantageous to extend the operation of one instrument for
measurement of both these quantities, i.e. the air-earth current
density and the electric field. For this purpose we introduced
a partly insulated antenna shown in Fig. 1. The antennas were made
of conducting wires of length a with a thin teflon coating along
b from the internal ends of the wires. The drastically different
input impedance of the electrometer (Rg» Ce) governing the total
impedance between the upper and lower antenna is now changed by
means of suitable switching in the input circuit. In a suitable
time sequences, the connection of very low or very high input re-
sistance enables us to measure alternately the current density or
the electric field by means of the same antenna probes, This gives,
under some restrictions, a chance to estimate indirectly also the

conductivity O\ of the air, provided that time variations of
the measured values are slow.

2.1+ Air-earth current measurements

By introducing the insulated antenna segments we change the
distribution of the current flow. In the case of bare wire anten-
na for air-earth current measurement, the effective surface, A,
through which the atmospheric current enters the antenna, may be
estimated according to Kasemir‘’s formula

2
A = TmzdT =T = K o° &

a -
where d is a diameter of wire antenna and a is the antenna

wire length. For d much smaller than a (10 times) we adopt
the approximation:
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Nowial3 s (9)

Insulating the closer segments of the antenna we are able
to collect only that part of the current which flows toward the
noninsulated wire, The current flowing in the bare segment of
the antenna is smaller than that for the whole noninsulated
length of the wire., In first approximation we assume this reduc-
tion to be proportional to the ratio of J'M/(JM + th), where
Jh1 and JAZ are, respectively, to the values of the current col-
lected by the bare (conducting) part of the wire and the current
which would be collected by the rest of the antemna if it were
not insulated (Fig. 3).

metal
a-b S;//’} wkg

a TP T
b / S*__,} insulated
wire

j J
_}!ﬂnhﬂ
wire

Fig. 3. Simplified current density distribution on a sur-
face of the antenna: a) bare wire (according to Kasemir, 1960);
b) partially insulated wire (a = 12 m, b =8 m).

¢ In order to get a better estimation of the effective collec-
tion area for a partialy insulated antenna we will delineate
+he field distribution around such antenna. In our case for
a conducting medium, using the Ohm”s law

TaNE 5 (10)
the Maxwell “s equation may be written as

curli = (AE + Eog-E—) (11)

when the convection current is neglected. By taking the diver-
gence of (11) ‘at the steady field H we get
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div (AE + € aE)-o, (12)

i.e., the continuity equation for the currents, saying that
the sum of conduction and displacement current

= AE + E’O -5-5- (13)
is divergence free. Prov1ded that the temporal variation of
E is slow compared to the atmospheric time constant

= E£,/A
and that E can be described only by scalar potential V
E=-grad Vv (14)

the solution of (12) presents us a description of temporal
variation of E (B#strom et al., 1973). There will appear
the terms proportional to A , which stem from the conduction
current, and those proportional to E’O’ which stem from the
displacement current. Depending on temporal variation of E
and on conductivity (or altitude), one or the other of these
currents may dominate. For the assumed slow variation of E
at the temporal scale much smaller then atmospheric constant
T = EC/U\ the conduction current dominates. In the real sound-
ings, the displacement current arises solely from small (slow)
change of conductivity with altitude and should cause little
concern. However, the soundings can be carried out not all time
only in passive regions of the atmosphere but also in areas with
the electric field sources varying with time in an arbitrary way
(Maynard et al., 1981) or in regions with discernible lggal
changes of conductivity. For such cases a thorough analysis of
time variations is needed, especially when the operation of the
antenna is extended for the measurement of VLF electric fields.
According to the adopted simplifications, let us consider
only the steady state when (12) reduces to:

div ?m (0 IS -J.:ﬂ -A.-E (15)
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On the other hand, in a dielectric medium without electric
sources we have the following equations

divD =0 , _ '13'.-.603-::' (16)
where D is the electric induction vector and E'O is the
electric permittivity. As equations (15) and (16) have iden-
tical form, there is an exact analogy in. the determination of
the distribution of J and D. Consequently, the results of
considerations for D in the medium with permittivity €
(for conductor &€ =< ) can be referred to J in a medium of
conductivity A (for conductor A 20 ).

The antenna under study can be treated as a system of two
bodies, the conductor of surface S, and a dielectric of sur-
face Sd , placed in a conducting medium of electric penﬂit-

: tivity E’z in which a homogeneous electric field E = ai
is present. The potential U satisfies the equation

viu=o (17)

with boundary conditions

: ouU X QU
Uspzconst ’ ez(—ﬁ'ﬁ)-r = E’W(Tﬁ)-
and
U =U (18)
+ -
where
U+-limU U_=1imU
X —-xo X ==X
(X outside) (X inside)

Xowm 50y Ve Z

For potential U we can write:
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U=su+ v (19)

where u 1is the potential due to a homogeneous outer field
and v 1is the potential of the induced field. Substituting
(19) into (17) we obtain for the induced potential v the
equation:

g2 v=0 (20)

and the boundary conditions:
Vlsp = - Ulsp + const

82(%—;’1)+ & Ew(%%)_ = (g, - &) %’% S4 ’ (21)

Vq_-V_

with the following condition in the infinity

lmV, =0, |1] === (217)
where 1 1is the distance to the coordinate center.

In our case, let us consider the antenna in the form of
a conducting rod of conductivity J\m =c© and of zero poten-
tial. The rod is symmetrically covered in the central part by
a thin dielectric sheet of electric permittivity £ = (Fig. L)

:
«~ H ez v’v-o
| E=aiy
......... _[_B.] ¢
. ﬂ_i z
= g{_ ___O_ __.E. _=°_|b_°_z_
'""t“’!—] :

Fig. 4. A model of the wire antenna gartially coated bK di-
electric material, placed in a weakly conducting medium wit
constant conductivity and homogeneous field distribution.

- g

-



- 226 -

and placed in a medium of permittivity €_ in which a homo-
geneous electric field directed along the =z-axis is present.
Taking into account the symmetry and considering eq. (18) we
obtain the following boundary conditions for equation (20) at

particular edges:

at AE v = az

at EF v = ap
at BC ez(%‘;).‘_ = E'W(T"“;)_

(22)
w oo (B, - £, (38 - (g, - e

at FG -5_"'10

at OH v=20

at line HIG v = 0 if the points H, G and I are sufficient-
1y far away from the respective axes of the coordinate system
(24°).

According to (19) the total potential U is

U==az + v . (23)

Putting (23) to eq.(20)and using the boundary conditions (22)
we obtain for the total electric field

meh S5 e e AV _ O%V
By = iy Vv [aiz-ﬁ ﬁ] : (24)

1 € > £ , then at the boundary surface BC we have

(-g¢;)+ > (-g—-‘;)_ (25)

and the radial component of the electric field inside the di-
electric can be neglected (Majewski, 1980). The described problem
has been solved numerically by using the finite differences
method for a thin wire antenna covered by a dielectric in the
area as shown in Fig. 4.
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Numerical computation was carried out on the axial cross-
section of the antenna. The plane dimensions (78 x 880 units)
make the edge effect negligible ncar the antenna whose dimensions
taken for calculation were 1 x 20 units. The size of the cross-
section was limited by the computer memory (CDC Cyber 72). As
a result, the node potentials on the cross-section were obtained
(Fig. 5). Based on the equipotential lines, the boundary line of

5

Fig., 5. Outline of the equipotential line distribution ob-
tained on the basis of numerical analysis. Continuous lines rre-
sent the equipotential lines; dotted line shows the calculated
effective area collecting the current.

the current received by the antenna was traced manually. The er-
rors of computation were estimated by comparing the result of
computation made at various dimensions of the cross-section plane.
Based on the determined boundary streamline, the calculated ef-
fective cross sectional area collecting the current is azs follows:

A, = 'rmi = 275 m° (25)

For an antenna length a = 20 m and a wire diameter d = 1 m
(corresponding to the values used in numerical analysis) Ehe ef-
fective area calculated from formula (8) is A] = 468 m". Using
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the previously assumed rough correction for the presence of a
dielectric cover, we get

T 2
A’ = 0,64 An = 299.5 m

where coefficient 0.64 is the factor corresponding to the value
of JM/(JM + Jup) in the first tentative estimation of effect-
ive operating area of the antenna. The surfaces An and A’ dif-
fer by about 10%. It is reasonably to expect that the difference
may be reduced if we adopt the finite thickness of the teflon
coating of the wire (equal to one unit length of the numerical
net) and attain a higher accuracy in the calculation of the
boundary streamline.

The above numerical analysis seems to confirm our previous
supposition (Fig. 3) that for the rough estimate of the current
collected by a partially insulated antenna we can neglect the
distortion due to the dielectric coating layer and the current
flowing into the antenna through this layer and threat the field
distortion concerning the collecting bare part of antennas as not
large.

The measuring antenna circuit may be illustrated by a sub=-
stitute circuit of active two-terminal as a current source
(Fig. 6).

Fig. 6, Simplified equivalent
circuit of an antenna for the current
measurement,

The atmosvheric current J collected by the antenna consists of
two currents: the antenna leakage current J, and the recorded
current Jn

: [

JmJ, 4 JR. = (1 + R/r) JR. (27)
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where J is the air-earth current collected by entenna, r is the
internal antenna resistance (ﬂbargangwidorstand) which may be
complex (impedance) and R, represents the electrometer input re-
sistance which may be also complex as input impedance of the elec-
trometer, The fraction R‘/r is in general a complex quantity which,
in the case of the same phase angle of respective impedances, be=-
comes a real number., This case, defined as the phase matching,
corresponds to matching conditions mentioned in eq. (6), If Ry 18
very much lower than r we have nearly a short circuit case in which
JR‘ is tending to the value of short circuit current Jne

T A ey (28')

ns no =R
Antenna internal resistance r may be determined from ane
other substitute circuit equivalent to that in Fig. 7 but present-
ed in the form of an active two-terminal as a voltage source
(Figs 7)e From this we get the open circuit voltage

n
Uy=Eh (28")

where 2h defined as the effective separation of the antennas is
the distance between the neutral points of upper and lower antennas.
If we set Re = 0 then Jns is the short circuit conduction cur=-
rent which flows through r if the matching condition is fulfilled.
It follows from Ohm’s law that

U
0 Eh '
L, oo, e (29°)
ns A A
A A e
Since J, = AE, Anw = h=a, An-AnW

then

Ja1 :
r A 3/K)Lﬂ (j;;-;—uzzj (297

Because the antenna resistance depends on the air conductivity
which changes with altitude, the correction for this resistance
has been calculated.
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Fig. 7. Simplified equivalent circuit of an antenna for
the electric field measurement.

2.2, Measurements of vertical component of electric field

If the same antennas are used for the measurements of ver-
tical component of the electric field, the impedance between the
upper and lower antenna (governed by the input impedance of the
electrometer circuit)must be much higher than the internal anten-
na resistance. In practice the most convenient way is to make
Re &~ cO, Ce =~ 0 compared with the impedance of the open an-
tenna (Slamanig, 1981). Then the effective separation distance
is usually treated as the distance between the geometrical
centers of the antennas, and the electric field distribution is
such as in the case of an open antenna circuit (0Ogawa, 1973).

If the resistance values R, are finite, the electric field
distribution is different: the neutral points of antennas, being
the potential points for each antenna, do not coincide with their
geometrical center points, but approach each other. This causes
a decrease of resistance ra' (increasing the collecting length
of antenna) and an increase of resistance r;'. These resistances
and the equivalent circuit for electric field measurement are
shown in Fig. 7. As it is seen from the equivalent circuit, cur-
rent JRe should be negligible in comparison to antenna current
J flowing through r; and r‘;. Thus, the conditions for the e-
lectric field measurements are:

Rg 3> 271 Ry -S> 2 50, (30)
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The value of Y depends on the antenna collecting length and
the air conductivity A . In the case of close and short bare
wires, the values of ré are large, which makes it difficult to
fulfill equations (30). If these conditions are not fulfilled,
we must apply the load corrections. They can be made on the basis
of the parameters of measuring circuit (Berliniski and Michnowski,
1980).,

Another correction should be introduced to account for the
effect of the electric induction between the upper and lower
antenna, The induction causes the neutral points of each antenna
not to coincide with the antenna®s geometrical center but approach
each other. A value of this shift, Aa/2a. (where Aa = § from
Fig. 8), is estimated on the basis of numerical analysis using
the model shown in Fig. 8).

a
o )
a a a
|
= =009a
/7
/ 1
b
?,. a _""(2 a ; )
i L ....-"'"—'1|

Fig. 8. A model used for estimating the induction between the
upper and the lower antenna.

The computations showed that these shifts are about 5% in
case a), corresponding to the antenna used, and about 7,5% in
case b), when the distance between the antennas was two times
ghorter than in case a). For our partly insulated antennas er-
ror coming from this kind of shift gives an increase in the ob-
tained value of E by about 6.7%. It may be expected that the er-
ror due to this effect is much larger for bare wire antennas.
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3. Experimental sounding and comparison with other results

Measurements of the air-earth current and vertical componént
of the electric field by means of discussed antenna were tested
in balloon soundings in the free atmosphere at Laramie, Two flights,
W-185 and W-189, were performed on July 30, 1976 and August 4,
1978, during the International Workshop of Atmospheric Electricity,
together with soundings made by means of bare antemmas.

The results obtained are presented in Figs. 9 and 10. Figure
9 shows the electric field strength during both ascent and descent
determined from the probe output voltage, using h with correct-
ions for load and induction between the top and bottom antennas.
The differences between the field strength on ascent and descent
are not large, being noticeable only between 7 and 22 km. The re-
sults of air-earth current measurements on the same flight 185
were obtained by our bare antenna used separately and are not
presented here,

In flight W-189 we used a modified, partially insulated an-
tenna (Fig. 1) for the air-earth current and electric-field mea-

alt.
C km -
30 Laramie July 30,1978
Flight W-I85

26

22

o ascent
= descent

| IS 1
5 10 15 20 25 E[vm]

Fig. 9. Profile of the vertical component of electric field
in the atmospheric obtained in the flight W-185.
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surements. Unfortunately, in this flight the electric field was
not measured, and only the vertical air-earth current as a func-
tion of height during ascent and descent is presented in Figure 10.
The comparison of current values on descent of both flights shows
good agreement (Rosen et al., 1979). Average current values cor-
rected for the change in conductivity with height are 3,1 pA/mz.
The results of soundings indicate that the current density
was almost constant, at least in the stratosphere, and its values
were consistent with those obtained by other groups in Laramie
(Rosen et al,, 1982). The agreement concerning slow changes of
the measured air-earth current and vertical component of the e-
lectric field does not mean that the errors of all the instruments
are not large. It was noticed that by using the long wire antenna,
the direct measurements of air-earth current give about half value
indicated indirectly by the measured total conductivity and elec-
tric field values. The problem of this discrepancy, in which the

C :r::':l Laramie Augs,1978

Flight W-189
=

30

26 -

22

o ascent
% descent

2 4L 6 J‘[pumZJ

Fig. 10. Air-earth current density values as a function
of altitude in flight W-189.
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electrode effect is involved, has not been reasonably interpreted
(ogawa, 1985).

It is known that studies on error problems should be continued
if we want to make measurements comparable. Such measurements are
needed for better understanding of the large-scale effects concern-
ing global circuit, electrical coupling between the upper and lower
atmosphere, effects of solar events on the distribution of electric
fields and currents in the lower atmosphere, etc., as well for
observation of various important small-scale effects. Considering
these demands and low costs of instrumentation it may be expected
that probes for electric field and current measurements will attract
more attention in broader programs. :

In the last two decades, passive probes for measurement of
horizontal component of the electric field in the stratosphere have
been developed (Mozer, 1969). The large sensivity and shorter length
of partly insulated antennas are especially advantageous for such

measurements. In a pursuit to gét more coherent data obtained
by different measurements it is necessary to improve balloon-
-borne measurements of electric fields and currents in the dense
layers of the lower atmosphere. They still have to go through
theoretical and further experimental testings in order to be
comparable with the measurements in the mesosphere and higher
layers of the atmosphere, where similar partly insulated anten-
na’s technique has been applied for a long time (Aggson, 1969;
Maynard et al., 1981).

4, Remarks and gréliminary conclusions

The partial insulation of wire antenna‘s causes an increase
and better stabilization of the effective separation of antennas
in comparison to the corresponding properties of the bare anten-
nas of the same length and the same load. This gives a chance to
get a more accurate measurement of electric field by means of
the same length of antemnas or, in other words, to measure the
same small values of electric field by means of shorter antennas.
It is obtained on the cost of a decrease of sensitivity of the
air-earth current measurement.

As the distance between neutral points increases simultaneous-
ly, the effective collecting area becomes smaller, which reduces

3
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the measuring signal. Since this confinement is to be acceptable by
the electrometer used, the partial insulation of antennas makes it
reasonable to apply the same antenna for both measurements, of the
electric field and of air-earth current. Such solution necessi-
tates, however, to have a very high input impedance in the electro-
- meter needed for the electric field measurement. Fortunately, this
condition is now rather easily satisfied due to/modern electronics.

The extension of the distance of the neutral points to the pay-
load makes it possible to avoid a distortion of the electric field
distribution produced by the payload. This property of partly insu-
lated antenna is important because, as compared to the antenna dia-
meter, the payload dimensions have to be large and sometimes the
payload may be charged. This distortion can be especially harmful
if the loading of the antenna is not much greater than the antenna
resistance.

Another evident advantage of partly insulated antennas is the
decrease of the error produced by the inductive interaction between
the upper and lower antenna., The preliminary calculations indicated
that the error produced by this effect in tested antennas is by
several percent smaller for partially insulated than for bare an-
tennas.

On the other hand, partly insulated antenna bring some changes
in its operation in comparison to a bare antenna, It was shown by
calculations that the insulation reduces the effective collecting
area of the antenna. In the case of the tested model this decrease
was less than ten. percent. It is necessary to improve this prelim-
inary estimation by more detailed calculations and experimental
tests., It is especially important to examine the time response of
the partly insulated antenna, It is also necessary to get a better
estimate how the assumed simplifications on the measuring condi-
tions fit the reality.

The results of comparative testing of our partly insulated an-
tenna and other instruments showed a relatively good agreement.

We should be aware, however, that there are still various methodi-
cal and instrumental problems to be solved if we want to have more
exact and comparable measurements by means of relatively easily

attainable balloon soundings with inexpensive passive wire probes.
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CZESCIOWO IZOLOWANA ANTENA DO POMIARU NATEZENIA POLA ELEXTRYCZNEGO

I GESTOSCI PRADU PIONOWEGO W WOLNEJ ATMOSFERZE

Streszeczenie

Przedstawiono zmodyfikowang antene przewodowg do pomiardw
sktadowych pionowych pola i prgdu elektrycznego w dolnej atmos-
ferze. Antena sklada sie z dwdch wspé¥liniowych przewoddw meta-
lowych, izolowanych ptaszczem dielektrycznym w czesciach przy-
drodkowych i doXgczonych do elektrometru o przeigczalnej cykli-
cznie impedancji wejdciowe]j. Szybkie przeiaczenia pozwalajg, w
wielu przypadkach, wyznaczone wartoici pola i prgdu uznaé za
prawie réwnoczesne, Przy powolnych ich zmianach mozna ponadto
obliczaé posrednio przewodnictwo powietrza, przy zatozeniu jed-
norodnoéci odrodka w otoczeniu ukIadu.

Wstepng analize metody pomiaru ograniczono do warunkdw
quasi-stacjonarnych, gdy wektor pola elektrycznego jest zgodny
z osig anteny. Za pomocg przeliczeri modelowych dla czgéciowo
izolowanych i nie izolowanych anten oszacowano biedy pomiaru
wniesione przez izolacje. Wykazano, ze jej wprowadzenie umozli-
wia zmniejszenie indukcyjnego oddziatywania dolnej i gérnej an-
teny, a zarazem wpiyw gondoli na dziatanie anten., Umozliwia to
zwigkszenie precyzji pomiaru pola, pomimo zmniejszenia skutecz-
nodci energetycznej anteny. Wskazano na potrzebe dalszych badan
nad dokadnoécig pomiaréw pradu i pola elektrycznego w wolnej
atmosferze, wykonywanych za pomocg réznych uktadéw,
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Abstract

The field-dependent current density, FDCD, is estimated according
to Krider and Musser’s approach on the basis of the variation of the
electric field, E, measured at the ground after lightning discharges.
The relation between the FDCD and E so derived is examined for two
groups of discharges. The best-fitting approximation functions, their
peculiarities and coefficients are discussed. When the corona current
dominates in the FDCD, the transient space charge density at the field
Jump is estimated at -6 nC/m3 and, on the other hand, the quasi-steady
space charge density for the field, E, approaching sometime later the
quasi-steady value E;. is evaluated at +4 nC/m°. In the last case, the
FDCD is equal to the Maxwell current density of -8.5 nA/m>. Character-
istic features of the relation of FDCD and E for individual discharges
are noticed and discussed. A possibility of estimation of convective
current density from the field recovery variations is suggested. As a
result, a characteristic velocity of the order of 0.45 m/s is obtained

for convection air motions accompanying the observed thunderstorm.
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1. Introduction

As we know, an analysis of surface electric field variation fol-
lowing lightning discharges may give some information of fundamental
value about the thundercloud and electrical conditions at the ground
resulting from ion production by corona (Krider and Blakeslee, 1985).
The experimental estimation of field-dependent current density (JEL
i. e., the conduction and corona current density is of great importance
for theoretical models of the field recovery and their testing (Kase-
mir, 1978; Chauzy and Soula, 1987).

Assuming that height z is low compared with the altitude of the
cloud electric charges, and that the current densities and the electric
field are vertical and uniform, then, according to Standler and Winn
(1979) the Maxwell current density below the cloud is height-indepen-
dent and quasi-constant in the time span between the flashes. The Max-
well current jutz.t] is the sum of all current densities resulting from
moving charges j(z,t), and displacement current can(z.t)/at. where €,
is the permittivity and E(z,t) is the electric field intensity. Aloft,
over the space charge layer produced by the corona, Jjlz,t) is assumed
to be small compared to the displacement current (Standler, 1980). At
the ground, in the time interval between the flashes, the Maxwell cur-
rent presents the sum of displacement current can(O.t)/at, field-de-
pendent current density jEIO,t} and convection current va, produced by
mechanical transport of net space charge by air motion and/or by preci-
pitation.

When the values of the electric field crosses zero at time to' or
when they approach a quasi-steady value Eg afterwards, then the FDCD or
the displacement current component of the Maxwell current vanishes,
respectively. Besides, using the previously mentioned relations Jn(z,t)
= j"{o,t) and j"{O.t} = J“{O,tol. Krider and Musser (1982) demonstrated
that jE(t] can be expressed as follows:

Lo fBE) ~L{aE) J 5
J(t) = E"[[ﬁ]t [ﬁ]t] Ligy (1) = J_ (t)]. (1)
o

If, additionally, the change in convection current density at the time
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= to) is negligible compared to the corresponding change in displa-

cement current density, then:

8E aE
jf_‘(t) = CO[[E] -z [ﬁ] ]. (2)
‘-u t

For the first approximation we applied equation (2) to estimate the
FDCD on the basis of the measured field regeneration rates using all
the above mentioned assumptions. In practice the convection current
disappears rarely, and then the FDCD will include the decrement of con-
vection current density at time (t - to).

Our present aim is the examination of FDCD for a few cases of the

observed field recovery.

2. Measuring conditions and results

Measurements with a field mill were performed at Pasteura 3, War-
saw, on the top a 16-m high building. There are a lot of metallic
points on the roof and the building is surrounded by about 15-m high
trees. The grounded head of field mill was suspended near the edge of
the roof of the building on a 2-m boom and was faced downwards to pro-
tect it against rain.

The building, being an elevated object on the flat earth surface,
enhances the electric field above the flat and wide roof. This enhance-
ment is characterized by the ratio of the electric field strength in
the measuring site to that at the nearest flat earth surface. In our
case, this reduction factor is 7.7 (Baranski, 1985). However, we do not
use that factor in the present paper, taking into consideration only
the relationship between ja and E. So we are not interested in their
absolute values but in relative ones only. From the point of view of
the considered problem it is mainly important that the space charge re-
leased by corona from points near the field mill sensor does influence
the measured electric field time-variations following lightning dis-
charges. We further assume, according to Standler and Winn (1979), that

the corona current density at the rooftop level, which can be consider-
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ed as a equipotential surface, has to be a function only of the elec-
tric field strength existing at that place. Thus we obtain an enhan-
cement of the corona current density at our measuring place, in
comparison to the one which might occur at the flat earth surface at
the same time. Moreover, it should be noticed that the values of all
constants (for parameterization of the corona current density) which
have been obtained in our considerations are related to the place of
our field mill measurements, similarly as in Whipple and Scrase’s
(1938) or Jhwar and Chalmers’ (1967) expressions. The numerical values
of these constants determined by the measuring site environment differ
from those obtained in others places (see, e.g., Kasemir, 1978; Stand-
ler and Winn, 1979; Chauzy and Soula, 1987). As a matter of fact, these
differences reveal effects produced by non-uniform electric field
configuration that appears near edges of the rooftop and changes the
conditions of corona creation.

The sign of the electric field and current is taken positive if
the positive charge moves downwards. This sign convention corresponds
to the normal fine-weather conditions (Chalmers, 1967).

In 1985 we found the cases in which the observed recovery field
variations of successive near lightning discharges have crossed the ze-
ro line of E, but have not been accompanied by heavy rainfall that

could markedly affect the measured field values. Such records are shown

in Fig. 1. On August 18, only the first two discharges were entirely
free from rain. The third one was accompanied by a very weak rain (in-
tensity R = 1.5 mm/h). Similar situation occurred on August 26, when ‘
after a heavy rainfall the rain intensity decreased to the value R =
= 3.6 mn/h, vwhich was noted from 18"10" to 18"35". Measuring the rain
rates we are able to exclude from our considerations the time of occur-
rence of heavy rain, when large space charge is produced by splashing
of raindrops on the roof of the building in the presence of high elec-
tric field.

From the lower part of Fig. 1 it is seen that five complex dis-
charges in regular sequence have the same positive polarity as the main

field jump AE of similar amplitude and high values of the predischarge



FIELD-DEPENDENT CURRENTS FOLLOWING LIGHTNING 339

Warsaw 1985.0818

U\\‘\-.._I.__!\_,_\,___Jh\‘i-)\

-85
}"ltum; Wt ot we® e e i oo e
5 Warsaw 1985.08.26 .

ZIK'WMF‘““%WJ—-

i ! ' f '
] V Wt u'n® / St 1ful"/l Wyt " I(fm' 1 mﬂu

ECkV/m]

Fig 1. Surface electric field variations in Warsaw during nearby thun-

derstorm on August 18 and August 26, 1985. The instants of the main

Jump AE and arrow mark indicate the beginning and the end of the reco-
very curves used to the estimations of jE(tl

negative fleld EB (less than -6.6 kV/m). Small recovery varliations pro-
duced by distant discharges have been smoothed by hand interpolation to
the main slow recovery course of the electric field. Probably all fla-
shes with large AE were produced by the same mature thunderstorm cell
with negative charge source at the cloud base above the measuring site.
For five such flashes jE was estimated and plotted versus flield values
E in Fig. 2. Points were taken for successive few-second intervals in
the period from the discharge to the arrow marked in Fig. 1. To examine
the obtalned values of jE and to find approximate relation between jE
and E, the least square method was used for fitting the assumed three
types of approximation function:

jE(I) -bo+b1 E(t), (3a)

0 for |E(t)| =M
Jz(t) ={ (3b)

b LE(t) - M) for |E(t)| > M,
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0 for |E(t)I= M
8 R (3c)
b, ECE)L|E(E)] - |m|)? for |E(t)| > M,

where bo, bi, bz'
We used the known functions (3b) (Whipple and Scrase, 1936) and

b3. and M are constant.

(3c) (Jhwar and Chalmers, 1967) applied to determination of the corona
current. If we define the corona current density, jcr. as the current
created during the corona discharge, then it is not easy to separate
the two components of jE. For instance, after a rapid decrease of field
E and the associated rapid decay of the corona, the ions formed by co-
rona previously are still for some time participating in the conduction
current jcan. In our recordings (see Fig. 1) each recovery field varia-
tion is followed by nearly quasi-static field change which precedes the
next nearby lightning discharge. Not going now deeper into these prob-
lems, we will simplify our present analysis by considering only the sum
of jcr and jcon in the FDCD.

According to equation (3a), the conduction current is dominant and
exceeds largely the corona current density. Equations (3b) and (3c) in-
dicate that the corona current density is dominant and conduction cur-
rent could be neglected. The values of parameter M in the above quadra-
tic and cubic relations were established as a mean value of electric
field of each polarity, when j_ = j estimated from equation (2) (see
the subsequent equation (4)) becomes zero for the considered recovery
curves. For fixed values of M, the related values of parameter bz or b3
were determined by the fitting. The "badness of fit" can be measured by
the value of S, o defined according to Panofsky and Brier (1958) as

mexe ol 4
2 2

2.1 N

where the summation extends over the N values of the sample analyzed,
X; denotes the value given by the approximation function (i. e., the
regression curve), XE is the actual value of observation. For our first

case examined, in which N = 133 and Xz denotes value of je’ we obtain



FIELD-DEPENDENT CURRENTS FOLLOWING LIGHTNING 341

Sip™ 3.15 nA/m> for the linear relation (equation (3a)), €y - 2.99

nA/m° for the cubic relation (equation (3c)) and A 2.26 nA/m°> for
the quadratic relation (equation (3b)). Hence the quadratic relation is
predicted as the best one (shown by curve I in Fig. 2) and the linear
relation as the worst one (shown by curve II in Fig. 2).

The next parameter characterizing the "badness of fit" is the
correlation coefficient, 7, for curvilinear regression. It is defined

according to Panofsky and Brier (1958) as

where 52 measures the total variance of Xé, whereas 52.1 measures the
variance about the approximation function. The values of nz obtained
for the considered case with equations (3a), (3b) and (3c) are 0.67,
0.83 and 0.7, respectively. As it is seen from these values, the quad-
ratic relation is the best approximation function between jE and E.

For the quadratic relation (3b), presented in Fig. 2, the obtained
values of parameter b2 together with the calculated 90% confidence in-

terval (Pollard, 1977) are:

b= (1.6  0.16) * 107 A/V® when E(t) > 2.6 kV/m,

bi='(~1.4:£,0.175). » 10" A/v® when E(t) < -2.8 kV/m.

The obtained mean values of parameter M together with mean-square

errors are:

=

1
.
o
I+

0.96 kV/m when E(t) > 2.6 kV/m,

x
[}
0
©
I+

0.58 kV/m  when E(t) < -2.9 kV/m.

A small asymmetry of positive and negative value of M, i. e., of
the corona onset (threshold) value, was noticed.

The second examined group of recovery variations (see the upper
part of Fig. 1) concerns field jumps AE < 0 and Eo < 0 for the first
flash but Eo > 0 for the others. Recordings before these discharges in-

dicated that our measuring site was approached by a thundercloud cell
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Flg. 2. ThHe values of the estimated Fig.3. The values of the estima-
field-dependent current density js ted Jz versus the corresponding

versus thﬁ corresponding values of values of E at successive 2-s or
electric fileld E measured at suc- 3-s (according to the recovery
cessive 1-s, 2-s or 2.5-s (accor- rate) intervals following three
ding to the recovery rate) inter- lightning discharges on August
vals after five lightning dischar- 18, 1985. The straight-line and
ges on August 26, 1985. Lines I and the cubic approximation function
II 11lustrate the quadratic and the are illustrated by I and II, res
straight-l1ine approximation func- pectively
tion

with positive charge in the base. The recovery varlations were examined
as previously, and the values of estimated Jz and measured E are plot-

ted in Fig. 3. Now N = 69 and we obtained Foias 1.48 nA/m® for the 1i-

near relation (equation (3a)), £ 0= 16 nA/m®> for the quadratic re-
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lation (equation (3b)) and ey - 1.73 nA/m> for the cubic relation
(equation (3c)). The values of nz for the considered approximation
functions according to equations (3a), (3b) and (3c) are 0.48, 0.4 and
0.3, respectively. Hence, the linear relation appears to be the best
one (shown by curve I in Fig. 3) and the cubic relation the worst one
(shown by curve II in Fig. 3).

Coefficlients together with the calculated 90% interval (Pollard,

1977) for the linear relation presented in Fig. 3 are:

b, = -0.079 + 0.38 nA/m°> and b, = (0.212 + 0.054) * 10712 o twit,

Very large confidence interval for bO is caused by large disper-

sion of values jE. as it is seen in Fig. 3.

3. Discussion and remarks

The square function is the best fitted relation between JE and E
for the recording of August 26, 1985, and is of the same shape as that
obtained by Whipple and Scrase (1936) for quasi-stationary conditions.
Thus, we may infer that for the considered case the corona discharges
from some metallic objects on the roof of the building affected our
electric field data more strongly than the corona discharges from trees
and other natural vegetation objects surrounding the measuring site.

The dispersion of data in Fig. 2 might be expected because our data
concern instantaneous variations of E and changes in convection current
were neglected (equation (1)). Data from the second group of discharges
with smaller amplitudes of AE and Eb are best approximated by the
other, this time linear relation shown in Fig. 3. The dispersion is ob-
served as well. In that case the corona current may coexist with the
conduction current. The obtained linear relationship for j:(E) gives a
possibility to make a rough estimation of the total conductivity At =
= A, + A_ at the measuring site; the result is: A, = 2.12 ¢ 10

@ 'm’. A similar estimation was done by Krider and Musser (1982) and
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the limitation of that approach was considered in details by Blakeslee
(1984).

Using curve I of Fig. 2, the largest approximated value of
estimated jE is about 30 nA/m>. It corresponds to the largest value of
E = AE - Eb = 22 kV/m just after the field jump. For such a value of
Je' the corona current density jcr is dominant. Linear relation (curve
II of Fig. 2), which is adopted for all values, does not approximate
the conduction current because it was estimated in the range of E lar-
ger than the corona threshold values, i.e., |E| > |M|. Thus, for |E| >

|M|, we can write:

j.=2j =KkEpPp (4)

E cr

where k is the mobility of ions. Because jcr is the unipolar current,
relation (4) enables us to estimate the space charge density just after
its creation by corona. Assuming for negative ions k = -2.2*10"" n%/Vs
and neglecting the attachment of ions to aerosol particles within 30 s
after their creation (Adkins, 1959), we get the negative space charge
density p = -6 nC/m° with E = 22 kV/m and Jp % J_ = 30 nA/m>. The
above value of p corresponds to its transient value just after the lar-
ge Jjump of the electric field. Similarly, for the negative values of E
approaching sometime later the quasi-steady value E = -10.45 kV/m, the
estimated j_= j  is -8.5 nA/m2. With k = 1.5 * 10 " m°/Vs and without
processes of ions attachment in time interval less than 30 s, the cor-
responding positive space charge density is p = +4 nC/m°>. This value is
of the same order as that given by Chauzy and Raizonville (1982).

The errors of the calculated values of the space charge density
can be obtained from the expression |ap| = |8j_|/kE + |AE|j /kE®

derived from equation (4). Here |Aj£| should be taken as s for quad-

2.1
ratic relation in Fig. 2 and |AE[ is the precision of our measurements
of the electric field, and is down 5X.

Then for |AJE|

2.26 nA/m%, k = -2.2*10"* m’/Vs and E = 22 kV/m,

|ap | is 0.6 nC/m°. The same calculation is carried out for |AJE| -
= 2.26 nA/n’, k = 1.5°10™" m°/Vs and E = -10.45 kV/m. Then |ap, | equals
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1.6 nC/m°.

The validity of equation (1) is based on the assumption that the
Maxwell current density at the ground level in the time interval bet-
ween lightning flashes is quasi-static. The direct measurements of this
current density j" carried out by Blakeslee (1984) and Krider and
Blakeslee (1985) have confirmed such a quasi-static behaviour of j".
For the considered by us thunderstorms we did not have at our disposal
such measurements of ju carried out simultaneously with the field mill
recordings to indicate directly a quasi-stationary course of Ju in the
time interval between the successive near lightning flashes.

We are able, however, to show that the above-mentioned assumption
is also fulfilled during our recordings. We can compare two values of
ju estimated from each recovery curve: one for time t = to (when E

crosses zero line), i.e., j"[tol ES 80(65/8t)t and the other for time
0
t = ts (when E approaches a quasi-static value and (asxa:)t # 0), l.e.,

j"(t‘} = jE(t.). So, e.g., for the first discharge of Fig. 1 (lower
part) we obtained j (t) = -8.3 nA/m°> and J(t) = -8.5 nA/m°. The same
situation exists for other discharges examined in Fig. 1. For all those
cases the numerical values of jn(to] and j"(t.] are nearly the same.
The small differences between them could be due to the time fluctu-
ations of the convection current density va.

An asymmetry of corona threshold values for positive and negative
electric field values (AE - Eo) and threshold dispersion for individual
flashes seem to be related to the upward transport of p of opposite
sign to the polarity of p formed after previous discharges. Besides, in
these differences the local environmental configuration around the
measuring site is probably involved, as the electric fileld sensor is
installed at different height than the points which produce the corona
charge (Michnowski, 1855).

The differences in parameter |b2[ that describes the rate of in-
crease for quadratic function jE(E} are remarkable. This parameter is
larger (see Fig. 2) for positive values of (AE - Eb) than for negative
ones. This is due to the still existing corona space charge which has

been created before the considered flashes. Just after flashes this
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space charge accelerates the production of new corona charges, with the
polarity reverse to the previous one, by increasing the electric field
around the discharging points. The same trend could be observed for the
second group of discharges under study.

An interesting feature is observed for the groups of points repre-
senting the same value of jE for E changing over a quite large range of
values. This may happen at different levels of jE and for different
ranges of E, but occurs especially often for the data corresponding to
that section of recovery curves which approaches Eb. Such groups of
points with equal FDCD correspond to linear sections of recovery curve.

If the recovery curve is convex instead of concave, the differen-
ces in the displacement currents (see eq. (2)) have opposite sign to
the sign of E. Such shapes of recovery curves observed previously by
Michnowski (1874) might exist on account of strong convection currents
directed against the electric field.

The results that we have presented are limited to the single meas-
uring site at the earth surface. Nevertheless, it seems useful to con-
sider the dispersion of jE raised up by the convection current density
which cannot be negligible compared to the change in the displacement
current density.

Using the obtained values of FDCD as a function of E, we can es-
timate the characteristic velocity for a convection air motion |v|.
Here we do not specify the direction of the air motion, using only the
absolute value of its velocity. We do not have any data from the verti-
cal wind distribution near the earth surface at that time. But it is
reasonable (see, e.g., Standler and Winn, 1979; Standler, 1980; Krider
and Musser, 1882) to expect that a vertical mechanical transport of
space charge, even in time without heavy precipitation, is due to the
air turbulence at the ground level. With a view to the turbulent nature
of that electric charge motion near the earth surface, the limited area
in which the corona occurs beneath a thundercloud, and the short time
interval (of the order of few tens of seconds) taken into analysis, it
is more adequate from the point of view of single-point electric field

measurements to consider the above charge transport as a flow of sepa-
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rate charge parcels driven by eddies than as a movements of a whole,
homogeneous, broadly extended space charge layer. Thus, that form ot
the convection current can influence the surface electric field both
when it brings the electric charges down to the ground or aloft,
towards a thundercloud. Assuming that s, |Ajcv[ we can get |v| from
the relation |hjcv| = |pv|, where p denotes the mean value of space
charge density. Then for the quadratic relation (see Fig. 2) when
s,, =2.26 nA/n” and |p| = 5 nC/m’ we obtain |v| = 0.45 m/s .

This result agrees well with the value ];l = 0.4 m/s reported by
Standler and Winn (1979) as a characteristic velocity of eddies driven
by convection air motions accompanying the thunderstorm. Additionally,
our recent estimates (Baranski and Michnowski, 1990), using simulta-
neous surface measurements of j" and E, also show that the value of jcv

is of the order of a few nanoampers per square meter.
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