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; Special Meteorological Phenomena

i ‘ ABSTRACT

SRRSZESE

1 \>§The bibliography containg about 85 abstracts of articles and repats on
special meteorological phenomena, published in scientific perio-
5 dicals between January 1968 and Hexrch 1974.

1 The bibliography is divided intu three chapters:

(1) Optical rhenomena in the atmosphere,(o) Electrical phenomena

] in the atmosple e*}@} Acoustic phenomena in the atmosphere, /T .
3 The second chapter ig subdivided into five partsp—2+1y Electrlcsx““*
of fine weather;{ Electrics in clouds and thunderstorms;k’

| 2.F Lightningy 2, #3a1l llghtnlngﬁ\2~§7Aurora.

(5 d} !

Within each chapter the material hag been arranged chronologi-
cally. An index of authors concludes this report. ’7‘———~—

m——

4 Photocopies of the articles can be obtained from TDCK,
: The reports csn be borrowed.

f,ﬁ The Hpgue, April 1974 B.Ritsema.
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Ghepter 1. Opiical Phenomena in the simosphers

%,

2

4 1.1 M 33037 LUCHTSPIEGELINGEN

| 4

3 Reaff, Drs. V.R,

3 De Zee, 90, (mei 1969), nr. 5, pag. 211-217, 3 fig.

2 *

- Onder luchtspiegelingen wordt versiasn een opiisch

; verschijnsel in de stmosfeer, dat besisat uif een

; sfbeelding van een verwijderd object. Men =zied

# bijvoorbeeld boven een schip asn de horizon het
omgekeerde beeld ven een schil, De afbeelding ken

2 enkel of meervoudig zijn, rustig of trillend,.

rechtopstornd of omgekeerd, verticazl vergroot of
ingekrompen., Men neemt dus iets weer, dat in ge~
wone normele, omstandigheden ni2t waaxrgenomen wordt,
% De ooxzaak is dat het licht, afitometig van hed

% object, een rich¥ingsverandering ondexrgust; het
wordt in de atmosfeer gebroken.

1.2 N66-32553 ANGULAR DRPFNDENCE OF ALBIDO FRMI STRATIFONH (LOUDS
AS MEASUTTD BY TIR0S IV SCalNIRG RADIOUETIRS

RbeE§ A

Devertment of the Geophysicsl Sciences, The Univer-
sity of Chicago, (June 1966), 19 pag., 8 ref.,
19 fig., bibl., TDCK,

Pictures and rediation deta from two orbits of
PTTIROS IV heve been used in this study to show the
anisotropy in the albedo of low stratiform clouvds.
In ordéer %o scan the same clouds from two different
directions the authors hgve used the radiction datbs
when the satellitte was in an alternsting mode while !
the floor and well sensors scanned the earth -succes~ i
gively. To express the snisotrepy they have used ’
v the speculsr sngle, w, and the bockscstterinz angle, . ;
o, as parsmeters, The resvlts show thet the tlbedo . i
is dependent on these *two parsmeters psrticulorly
. the speculer angle. ’
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EXTINCT ON COEFFICIEMT MEASUREMENTS Ol CLEAR
ATMOSPHERES AND THIN CIRRUS CLOUDS

Gutimen, 4.

Applied Ovtrcs, 7, (December 1968), nr. 12, pag.
2377-2381, 8 fig., 2 tab., 7 ref.

An experimental investigation was cerried out to
determine possible differences in visible light
extinction properties of continental and maritime
air, Urbasn, desert, and ocesnic atmdspheres were
probed by meens of a stable photodiode radiometer
using direct sunlight 2s the source. No msjor
differences were found for the three locations.,
Experimentsl coefficients generally lie slightly
below model data, %though significantly higher than
would be -éxpected from purely moleculsr scattering.
Day-to-dey veriations of up to 40% were found to

be nearly constent over the -entire visible spectrum.
Results of similar extinction meesurements on thin
clouds show e slight increasse in scatterlng coefti-
cient in going from 4000 A° %0 7000 i#° wevelength,

AKIRCRAFT MEASUREMENTS OF ALBEDO AND ABSORPTION OF

STRATUS CLOUDS, AND SURFACE ALBEDOS
Griges, M,

Journal of Applied Meteorology, 7, (December 1968),

pag. 101221017, 4 fig., 1 tab., 16 ref.

hircraft messurements of the elbedb of strazus
clouds were mede, with the results suggesting, on
occesion, that the liquid weter content of the

¢Toud hes- a stronger influence than. the cloud thick-
ness on the olbedo. The mesn cloud absorption was
found to be 4% of the incident downwerd flux.
Klbedos of other surfaces (ocean, forest, grass,
desert, snow and 1ce) generally agreed with measure-

ents by other suthors.
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Optical Prenomena in the stmosphere_

DIE ENTSTEIJNG DER REGENBOGENTHEORIE
#08ller, F,

leteorol Rundschau, 26, (lNovimber/Dezember 1973),
nr., 6, pag. 198-208, 8 fig., 41 ref,

Es wird die Entwicklung der Regenbogentheorien bis
auf die neueste Zeit beschrieben, Dabei wird be~
sonders Wert gelegt auf die Arveiten von Theodo~
ricns Teutonicus und Kamdl al Férisi.

ZUR ENTSTRHIIG DER VEBENLICHTSEIULEN
Lenggenhager, K, von

Zeitschrift fiir Meteorologie (D R), 23, nr., 11/12,
pag, 360-364, 8 fig., 8 ref,

Es wird eine Erklérung gegeben fiir die seltenen
weisgsen Unterneébenlichtsdulen, welche der gleichen
Sonnenabstend haben wie eine (nicht obligat) mit-
anwesew.de, farbige Nebenuntéersonne, Durch die be-
obachtete srdsste Dinne solcher hierfiir verant-
worlicher Eisplédttchen werden wohl kriftige Untexr-
gonnen reflektiert, gedocb geschehen aus Uberlage-
rungsgriinden ihrer wegen ungleicher Dilnne unter-
schiedlich stark gebeugter Strahlen Farbiiberlage-
rungen zu Weisslicht, i

ZUM PROBLEM DES VEISSEN HORIZONTATBOGENS
Lenggenhager, K. von

Zeitschrift flir Meteorologie (DDR), 23, (1973);
nr. 11/12, pag., 365-367, 3 fig., 6 ref,

Es wird eine Erklédrdng gegeben fiir die Entstehung

des weigsen licrizontalkreises., Die herkdmmliche Vor-
stellung von senkrecht mit ihren L#ingsachen fallenden
Eissfulchen mit fallschirmartig oben aufgeklebien
Pl8ttchen oder Sternchen wilrde bei hohem Sonnestande
durch Beschattung die Brscheinung micht zustande

kommen lassen. Zudem sprechen die Beobschtungeén von

Horizontalbogen ohne Nebensonnen eindeutig gegen
diese Auffagsung.

b b e s e
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Optigal plionomens in the stmosphere

1.8 M 33831 ZUR PARBARMUT DES SONNENHALOS VO 22°¢ RADIUS
Langgenhager,x von

Zeitachrift filr Meteorologie (DIR), 2;, (1972},
nr, 5-06, pag. 180-185, 3 fig., 10 ref

k Der Grund fir die schwache Leuchtkrsft und das
; "unechte"Spektralrot des Halos liegt einmal an dexr
1 gehr geringen 7Zahl dexr gerasde in Minimalablenkungs-

stellung getroffenen, keine Vorzugslage sufweisenden

Biskrigtillchen nit fir unser Auge unterschwelliger
! Leuchtkraft; anderseits im st¥ndigen Uberlappen von
Krist#llcnien, welche mit ihrer C-ichse nichi genau
senkrecht zum Sonneneinfsall stehen.
Das: Zustsndekommen -eines:- Halos -durch “kubische™",
hexagonale Eisprismen konnte auf dem Gipfel des
S8ntis in unmittelbarer NBhe beobachtet und photo-
gravhiert werden.

1.9 M 33717  UNGOFION OPTICAL PHEMOMENA AT VINLD 2 MAY 1972
Hattinga Versci.ure, P,P.

Weather, 28, (July 197%), nr. T, psi. 300-306,
4 7-??1-80, 5ﬁftabo, 1 ref,

A great number of rare halo effects were observed
in the south-ecost of Holland (Timburg) during the
afternoon of 2 May 1972. The composition of the -
display resembled that observed from Amsterdam on
"2 June 1970 but #t wses more extensive and at most
times very beautifully developed, Moreover the
phenomena was visible for a longer time: rare
features were continuously seen from 1500 to 1830
GMT,
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1.10 M 33066  7ZONES OF TVE VISIBILLTY OF A NOCTILUCENT CLOUD
¥ Dietze, G. !

i Tellus, 21, (1969), nr. 3, pag. 435-442, 9 fig.,
=t 13 re.ﬁ.

f For a noctilucent cloud (NLC) with its typical

2 features the brightness contrast k of such a cloud
" against the sky is computed as observed from eny

] point within & circle of more thaen 800 km, This
contrast is compsred with the conitrast threshold

e of the eye. The quotient (k):e is a messure of
the degree of visibility. Its distribution over
the ecarth's surface in the vicinity of an HLC a%

5 different times during twilight reveals zones ]
of differential visibility, 3

G
—

1,11 M 33095 NOCPICUL'NT CLOUDS OVER WESTERN EUROPE DURING 1558

f o
e a—

Paton, J. ,%g
: The Meteorological Magazine, 98, (July 1969), 4
- nr, 1164, psges 219-222, 4 fig., 1 tab., 21 ref, é
| -
- A,1ist of dlsplays of noctiluvent clouds observed 'f
E‘ from Western Furope during 1968 is obtained in :
k| 1 table., The first three columns of the table
2 give the night of display, the period of time

during which the clouds were -obscrved and details 3
of the c¢loud forms, The last four columns contain F
observations from seliected stations, giving iz.i- :
tude and longuwtude, universal time, the max.

- elevetion above the northern horizon and the li-
miting azimuths,
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HINVEISE ZUR BEOBACHTING DER LEUCHTENDEN HACHT=-
WOLKEN

Schrdder, W,

Zeitschrift flr Meteorologie {DIR), 23, (1972),
nr, 1-2, pag. 56-58, 5 ref,

Diese Arbeit enthﬁltrﬂinweige zur Beobachtung der
Leuchtenden Nachtwolken,

UNTERSUCHUNGEN UBER ©IE LEUCHTENDEN NACHTWOILKEY
Schrdder, 1,

Zeitschrift fir Meteorologie (DDR), 23, (1972),
nr, 1“&, peg. 51-55! 2 tab'o—”: 14 refto

Die deutschen Beobachtungen der Jehre 1885 bis 1941

zeigen folgenden Ergebnisse:

a) die Leuchtenden Wachtwolken treter in mittel~
europa vornehmlich im Juni-Juli -auf,

b) wihrend der Monate September-ipril lassen sie
sich nicht mnachweisen;

cg sie wurden ‘bevorzugt vor IMitternacht festgestellt;

-d) die lLiebensdauer -einzelner Wolken kann bis zu
einigen Stunden beiragens )

e) sie verlagern sich besonders in Richtung SV nit

einer durchschittlichen Geschwindigkei®t von

48 m/s, jedoch kdnnen Einzelgeschwindigkeiten

im Wolkenfeld bis zu etwa 150 m/s aufgezeigt

werden;

ihre Hdhe liecgt nahezu konstant bei 82 km und:

es zeigen sich vorzugsweiseé kilrzere Wellenldngen

zwischen 8-20 km,.

o Hy
e ”
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2,1 Dlectrics of fine weather
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2.1,1 M 23648  AIRCRAFT MEASUREMENTS OF FAIR WEATHER ELECTRIC
FIELD NOISE “ITHIN THE AUSTAUSCH LAYER

R AN

Kohl, D,4,

_ Journal of Geophysical Research, 73, (Merch 15, 1968),
! nr. 6, pag. 1913-1919, 11 ref., 8 fig., 1 tab,

- s traiking wire antenna was used ss a sensor for

3 airborne measurements of weak atmospheric electric

3| fields an the 60- to 3000-mv/m range. This tech-

~ nigue yrovided ~ 30-volt antenns signals from hori-
3 zontal components of f{ields produced by fair weather
F, spacecharge concentrations within the gustausch

) layer, The average separation of charge centers é
: was 536 meters, The maximum space~-charge density :

detected was 6.3 X 10=™ colomb -m~5, The weak fislds E
were found to be strongly dependent on direct so= .
lar input to the atmosphere and broadly distribu-

ted in both altitude and distance within. the aus-

tausch layer only.

2.1,2 TDCK 80602 ELECTRICITY OF THE FREE ATMOSPHERE
Imzanitov, I.M., Chubarina, Ye, V.

Foreign Technol, Div, (August 21, 1968), 261 page.,
45 fig., 72 tabe, 117 ref,

This book is bssed on dsta obtained during the

IGY by systemaiic sircraft soundings of the earth's
electric field., More than 2000 goundings vere made,
and the results of dsta- processing are analyzed )
in the book, In addition to the detailed information
on the mtructure of the-electric field in "good"
veather, on the distribution of wvolumetric eleotric
charges and potentials under these condidtions,

A1ls0 included are data on the electric structure of
stratified clouds. Thus, the booK presents s gene-
ral picture of the eleciric siructure of the atmos-
phere on cloudy and clear dsys. It is intended for
gpecialists in the field of stmospheric,; as well as
he specialists inall those fields which are con=
cerned with the phenomena of atmospheric electricity.
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2,1.3 TDCK 55825 ATMOSPHLRIC POTENTIAL-GRADIERT MDASUREMENTS AT SEa

S.Gs Gothman Eva Mes Trent

Navel Research Leb. Wash, D.C.,(24 feb. 1970),

nr, Report 7030, pegs 22, 14 fig., 13 ref.

Shipboard measurements of atmospheric potenticl
gradient are discussed. i comperison is made at

‘gea between the performence of a potentizl-messuring
apperatus and a field mill, The- design of electo=
meter input multistage voltage followers is pre-
sented as a solution to the degradstion of insula-
tors by the selt environment. 4 model is given
which calculates from the shiptg engine power and
the relative wind vector the potential gradient

‘due to the charged stack gas. A method is zlso

described by which a reduction foctor cen be cal-
culated so that the geometric distortion of a ship's
superstructure is accounted for in potentiel-gra-
dient messurements,

apparast voor het metén van luchit-ionisering

DAS .IONOMETER, BIN GERRT ZUR MESSUNG DER LJFTIO-
NISIERUNG

Eichmeier, J., Loidiller, M,

Elektronik, 18, (September 1969), nr., 9, pag. 265-266,
3. fig., 7 ref, :

In diesem Beitrag wird das Prinzip zur Messung von

Luftionisierung beschrieben, und der Aufbau des
Ionometers gezeigt,
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2,1,5 TDCK 50227 ATMOSPERFIC ELECTRIC CHARACTERISTICS OF nITGIONS

BT 17 T T N TR
- . e ce e -

Kraakevik J.H., and Hoppel .A.

Naval Research Laboratory, Washington, D.C, 20390,
(Decemver 26, 1967), 16 pag., 2 tab., 7 fig., 12 ref.

Measurements of both poler conductivities, the elec-
tric field, mobility, density of small ions, end
other related atmoaplieric variables were msde from
an airplane between 30 m and 6 km on two different
geries of flights separsted by six yeers. Twenty-two
goundings mede in 1955-56 show that the general
electricel characteristics can be classified by
geographical regions., The veriastions of conductivity
with altitude in the Arciic is shown to zgree well
with theory, If the value of mobildity obtained in

& 1962 series 18 used. A comparison of the two se-
ries indicates that the conductivity sbova the ex-
change layer 2nd the mechanism by vwhich the etmos-
pheric potentisl is mainteined wes nesrly the ssme
-on the average, during both series of messurements.

2,1:6 M 33299  THY ELBCT ICAL CONDGCTIVITY OF OCEANIC AIR AND ITS
. COPRELAmION PO GLOBAL ATMOSPHERIC POLIUTIOW

Cobb, ¥William E., Wells, Howard, J.

Journal of the Atmospheric Sciences, 2 , (August
1970), nr. 5, pag. 814~819, 3 fig., 2 ref.

The atmospheric electrical conductivity wes recor-
ded during the 1967 global expedition of the re=-
search vessel Oceanographer. Sevenyr-five complete
days of fair weather conductivity observstions
were obtained and compared to earliexr observations
of the Garnegie Insiitution and otherss

‘ Significant results show that the stmospheric con-
ductivity in the remote South Pacifio has rem-rined
fairly constant over the past helf century but has
decreased by at les§t 20% in the North Atlantic,
The seculer conductiviiy decrease in the North At~
lantic is ettributed to -en increase in the fine-
particle aerosol pollution suspended in the simos-
phere of the Worthern Hemisphere., e influence of
atmospheric aerosols, primarily in the form of con-
densation nuclei, on the conductivity is discussed,

e

*
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2.2 Electrics in clouds gd thunderstorms

M 32989

2.2,2 M 33466

e .

AN EREEENEERRER I ERNERE ISR SRRSO

ELECT IC RIWLDS AND CONDUCTIVITY IN THUNDERCLOUDS
Evans ’ W.H,

Journel of Geophysical Research, 74, (February 1969),
nr. 4, peg. 939-948, 9 fig., 6 ref,

In the summer thunderstorm season of 1967, thirty-
two rotating-differential electric field mills
were parchuted into incipient thunderclouds around
Tucson, Arizona, Sixteen of these instruments re-
corded useful results over the telemetry channel.
They were delivered as near the top end center of
the cloud as possible by en airoraft and pilot
from the National Center for Atmospheric Resesrch.,
The initial conclusions are: (1) The electricel
conductivigy in thunderclouds is considerably
higher then the outside conductivity at the same
level, epproximately by a factor of 10. (2) The
magnitude of the electricel fields is smaller than
the generslly accepted velues, by a factor of from
2 to 5 Becsuse of the smell number of data, the
conclusions sre highly tentative. However, the two
conclusions are oonaistent with each- 6ther, and
the data have been taken with much better instru-
ments than any prev1ous data.

THE ELECTRICAL SHIELDING LAYER AROUND CHARGED
CLOUDS AND ITS ROLE IN THUNDERSTORM ELECTRICITY

Hoppel, WeA., Phillips, B.B..

Journal of the Atmospheric Sciences, 28, (October
1971), nr. 7, pag. 1258-1271, 12 fig., 28 ref,

The system of differentiel -equations-'which governs
the equillbrium charge distribution sround s charged
cloud Xocated in an stmosphere with constent ioniza-
tion is- solved numerically for clouds with differing
water content., The -equstions: include the effects of
ionic recomoinetion, and the ionic conduction currents
to cloud droplets., The results show that the electric
field external %o the cloud is greatly reduced by a
shielding cherge disgtribution whioh firsi develops

at the clesr air-cloud boundary and then slowly moves
inward toward the charge center. If ions are gene-
rated locally within the cloud, they produce an inner
region of chsrged droplets .of opposite polarity to
thé outer screening layer, An inoressed electric
field maximum will exist between the regions of
charge,

Bt DT PR AT
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2.2.3% TDCK 059112 STUDIEN ZUR GEWITTERELEXTRIZITET

2.2.4 M 33091

liihleisen, R.; Fischer, H.J,.

Astron, Institut der Universitit, Tilbingen,
(Dezember 1968), 66 pag., 38 flg., 24 ref,

Bs war die Aufgsebe gestellt, zu untersuchen, wrlche
Zusammenh#énge zwischen dem Aufbau und dem Ausgleich
elektrischer Raumladungen in einer Gewitterzelle
einerseits und den sm Boden meszbaren luftelek-~
trischen Grdszen anderseits bestehen, Dazu wexrden
zuntichst die Ergebnisse der Messungen des statischen
Grundfeldes, der statischen Eeldspriinge und des
Spitmenstroms in Hahbereich einer Gewitterzelle
mitgeteilt, wobei die gewonnenen Dzten euf ihren

Aussagevert lber die Lsdungsverhilitnisse in der Ge-

witterwolke und die Axr* und Form der Entladungen
hin untersucht wurden. 7um anderen werden die Er-

gebnisse der Registrierungen der von den Blitzent-

ladungen susgehenden elektromsgnetischen Spherics

wiedergegeben und asuf ihren Informationsgehslt

beziiglich der Zahl, der Entfernung und der Aktivie
t8t von Gewitterzellen geprift. Im letzten Kapitel

werden die meteorologischen Vorsussetzungen und

zeitlichen Tariationen der am Weiszenauer Institut
beobachteten Gewitter henandelt.

CHARGE DISTRIBUTINN IN THUNDERSTORM CLOUDS
Ogawe, T, and Brook, M.

Quarterly Journsl of the Roysl Meteorological
Society, vol,95, (June 1969), n», 405, pag. 513-525;
13 fig., 13 ref,

The neégstive charge involved in lightning flashes

to ground is found to be distributed in a manner

gtrongly dependent upon the direction of movement

of the storm, and does mot, in general, constiftute
a2 neerly vertical column as proposed by Malan and

‘Behonlsnd, Based on a siudy of electric field-

changes messured at two ststions 10 km. apsrt in~
volving 539 return strokes from 84 flashes in 10

storms, we conclude tha#t the horizontal component
of the in-cloud channel on the average exceeds the

vertical component, and points in the direction
of storm moiion,

D RENE L s esibid
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Dlectrics in olouds end thunderstorms

mEomommme -1 4323 -% 34 TSR ZE=IxITRER

An anelysis is given of the five methods of lislan
and Schonland, on the basis of which we suggest
that significant horizontal components ere also
compatible with their observafions of a vertical
column, and that the 'nearly vexrtical!' aspect of
the charge disiribution has been over-emphasized.

DIE BEDEUTUNG DES NIEDERSCHLAGES FUR DIE GEWITTER-
BELEKTRIZITAT

Israél, H.

Meteorol, Rundschau, 23, (July-August 1970), nr, 4,
pag. 123-127, 5 fig., 1 tab., 19 ref,

Die Erfahrung zeigt, dass die Gewitterelektrifi-
zierung in unmittelbsrem Zusammenhang mit der
Bildung und Bewegung von Niederschlagsteilcheén

in den Wolken steht, Zur Erkl#rung werden die
Grundlagen des Elekt rifizierungsprozesses besprochen
und die BEntwicklung der Gewitiertheorie 501t ihrer

-ersten Fassung -durch Sohnke dsrgestellt in schliess-
end werden neueren Untersuchungen ilber den quanti~

tetiven Zusammenhang zwischen der durch die Zeit=-
liche 'Bniladungsdichte definierte "Aktivitsg"

eines Gewitters und der in irhenm "erbeitendén"

Niederschlagsmenge besprochen.,

CONVECTED CHARGE IN THUNDERSTORNS
Phillips, B.B.

Honthly Weather Review, 95, (December 1967); nr. 12,

pag. 863-870, 24 ref., 3 fig.

The charge transport within thunderclouds by the
convective motions of the cloud is examined, In the

Ppresence of the primery positive dipole, shielding

charge distributions are formed within the ower

and upper ocloud bounderies ag the result of ion con=-
duction from the free eir and ion capture by droplets
and precipitation in periphersl cloud layers. Cloud

droplets positively charged by the conduction current

to the ¢loud base gre Lifted by the updraft into

upper cloud volumes where theg'contrfbute to the
positive pole of the primary dipole. In turn, pre-

cipitation developing in the c¢loud top carries
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negrtive charge to lower cloud levels during fall
under gravity forces, The role of water accumu-
lgtion in the upper cloud is shown to be an impor-
tent factor in establishing the non-neutralizing
current paths in upper cloud layers.

The charge tiansport by the convection mechanism
is believed to be & major current flow of storas.
The role of other thunderstorm electrificetion me-
chenisms is only briefly considered,

THE IIFUWRELCT OF THE CHARGE DISTRIBUTION I THUNDTR-
STORKS FROM AIRB“?NE HEASYREMENTS OF THT ELECTRIC

FIELD

Schumen, E.L,

Journal of Apnlted Meteorology, vol. vol.8, (October 1969),

nr. 5, peg. 820=824, 5 fig., 5 rvef.

A computer-oriented numerlcal method i3 developed
that under certain phv91cally acceptoble 2ssump-
tions & -pesrs to mske possible the cslculation of
the cherge distribution in thunderstorms end other
clouds from the record of the electric field mes-
sured from an sirplane thet flies & wnown sitraight
path near the cloud., The method is illustrated
with an ezssumed charge distribution, and its appli-~
catlon to sctual flight measurements is citeds

SOMZ RESULTS OF TESTS ON THUNDZRSTORM DETECTORS
WITH 4 SMALL RANGE OF COV@RAGE

Semenov,. K..,

Americen Meteorolegicol Society, Boston Messachusetts
(1964), 14 psge, 2 fig., 8 %ebs, 13 ref,

- Experimentel dota on thunderstorm discherges re-

corded within a radius of 10 - 20 km by instruments
with 8 voriety of designs are compared end analyzed

in the present paper,
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2.2,9 M 33253 BESTIMMUNG DER ZANL, ENTFERNUNG UND AKTIVITAT VON
X GEWITTRBRZELLEN AUS REGISTRIERUNGEN DER SPHERIC-
1 HRUFIGKEIT

, Miihleisen, R,, Tokeuti, T., Fischer, H.J.

Meteorol., Rundschau, (Juli/August 1970), nr. 4,
pago 11“113, 4 fi’g:,, 1 t&b,, 2 lfef:,

il by

Hoch der Beschreibung der von uns verwendeten An-
lage zur Registrierung der Spheric-Hufigkeit im
3kHz-Bereich wird eine Methode dexr Reichweiten-
bestimmung derertiger Sfericz¥hler angegeben und
die Brgibnisce diskutiert, Dsnech lessen sich sus
3 der H¥ufigkeit von Spherics mit Amplitu den »0,24
V/m und > 1 V/m gewisse Riickschlilsse auf die An-
zshl der Gewitterzellen im Umkreis von 730 bazw.
250 km ziehen, Debei tritt jedoch -ein Widerspruch
zur normalén Beziehung zwischen Peéldst¥rke und Ent=
fernung suf, zu dessen Erkl¥rung angenomaen- wird,.
dess Gewitter Uber .-dem Alpenreaum wesentlich mehr
Erdblitze produzieren sls ilber dem. flachen. Lend,

iy

ki ]
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Fl 2.2.10 M 33390 ON THE POWER SPECTRUM AND MECHANISM OF THUNDER
7 Holmes, C.K., and others

Jouinal of Geophysical Reseesrch, vol.76, (dMarch 20,
1971), nr. 9, pag. 2106-2115, 8 fig., 3 tab., 13 ref,

Fi Porty thunder events from intracloud end c¢loud-to-

4 ground lighining were snalyzed hy analog and digi= -

tel power gpectrum methods. Thunder exhibits a low

§ Q (0.5 to 2) spectrum with pesk power observed ot

) frequencies from 4 to 125 Hz., Significant diffe-

rences are noted between thunder from intracloud

and cloud=-to-ground lighining. Intracloud thundex

spectrums show a mean peek value of power szt 28 Hz v
with a mean total acoustic energy of 1.9 x 10 13

ergs. Cloud-to-ground specdrums show a mean pesk

value 8% 50 Hz with e mean totsl acoustic -energy *
of 6.3 x 10° 13 ergs, The mean total acoustic effi- i
cienoy for discharges to ground is- cazlculated to h
be 0,18%. The thunder power spectrum is time vsrying.
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Elegtrics in clouds and thunderstorns

METEVROLOGISCHE ABHANDLUNGEN BAND 74,
DAS GEWITTER UND SEINE THEORIEN

HEFT 2:

Bdhrenz, H,

Institut fUr iMeteorologie und Geophysik der Frelen
Universit¥t Berlin, (1967), 72 pog., 12 fig., 186 ref,

Es werden die wolkenphysikatischen Randbedingungen
filr den Aufban des elekitrischen Feldes, das zu
Biitzentledungen fithrt, sufgezeigt, Wenn such die

in ellen ihren fuswirkungen sbgehsndelten Gewitter-
zirkulationen nech den eindeutigen Messergebnissen
gut verstenden werden, ist der Frazgenkomplex hinsicht
lich der elektrischen Erscheinungen noch ungeldst.
Auf Grund der Forschungsergebnisse von R. Scherhag
und der Weltgewitterstatistik der world meteorolo-
gicel organization ist des Gewitter in des weliweite
meteorologische Geschehen wordeén,

THE ROLE OF PARTICLE INTERACTIONS IN THE DISTRI-
BUTTON OF ELECTRICITY IN THUNDERSTORMS

Sertor, J.D.

Journel of the Atmospheric Sciences, 24, (November
1967), nr. 4, pag. 601=615, 9 fig., 6 teb,, 55 ref,

The growth of electric fields in clouds resuliing
from charge resrrsngemént due to perticle inter-
action and trenslation. is calculated under the
agsumption that the initial electrification is pro-
vided: by the foir weether charge distribution of

the simosphere or by gome other bagic charge se~
pareting process, The resulis -demonstrate that
perticle interaction must be taken into sccount in
the electrification process during the precipitzs-
tion formetion period, In fect; they show that, ster-
ting with the normel fair weather field, it is possi-
ble to explain qualitively and quantitetively meny

of the presently known observetions of the electri-
ccl growth end: field recovery behavior of thunder-
storms,.
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! 2.2.13 M 33292  MECHANISH OF CHARGE DRAINAGE FROI THE THUIDTRSTORM
E CLOUDS

Loeb, Leonsrd, B,

Journal of peophyaical research (Octover, 20 1970),
VO]/::.'TE, nr, 34’ pﬂG. 5882"5889’ 27 ref—,

- -

4 solution to the problem of c¢loud droinage lea-
ding to lighining strokes thot involve the corona
streamer mechonism raindrop-leader clouds hod
never been deiinested in deteil. Recent studies,
especislly the work of G.A, Dswson on the disrup-~
tion and discherge from reaindrop-size wster dxrop-
lets, have now permitted the completion of the
picture by giving a baesis for the early and rapid
generction of the high fields neaxr the cloud bese
t initisting the stepped lezder and permissting the
3 drsinege 1t0 proceed zs the lesder forges its way
to ground. )

] - - §

i tochilil i AR

2.2,14 TDCK 61444 ELECTRICITY OF CLOUDS

T

Imysnitov, I.M., Chutsrins, V., and Shvarts, Y.lM,

, WASH (June 1972), nr. 17207454, 122 peg., meny fig.,
3 meny tab., meny disgr., 181 ref. ’

{ The electricity of the clouds suivstantially offects
- thefr evolution, particulerly the develoopment -of 3
thunderstorms and the formation. of precipitetion,

The probability of lightning hitting sirecraft and

the reliebility of the ~inex~£4's radio- communica-

tion ond newvigetion devices sre closely connected

with the electricity of the clouds. In fthe Brob-

dingnagier scale of the atmosphere, ss compared

with the Lilliputian scele of the laborstories,

our idess developed indoors of what is Possible

and whet isn't begin to lose sense, The case of *
bell ightning cen be cited as an example.

At the ssme time, meteorologists know very litile

about the electrical properties of the clouds, their ’
"electrical ma‘ture", especially modern ideas and L4
dsts are not yet published in the widely spread
litersture..

it i st B
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Blectrics in clouds and thunderstorms
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INFRASONIC THUNDER
Dessler, a.d,

Journal of Geophysical Resesrch, 78, (upril 1973),
nr, 12, P38 1889 1896 3 {‘igoy 19 ref,

An electrostatic mechanism for sthe generation of
thunder, originally suggested by Wilson (1920), is
applied to a model of thundercloud in which the
charge needed to produce a lightning flash is
drained from within the cloud, either from a rela-
tively thin horizontal layer or from e cylindrical
volume, The nmutucl repulsion of the charged water
droplets causes the stmospheric pressure to be re-
duced within the charged reezons of the cloud,

an acoustic rerefaction pulse is genernited follow-
ing a lightning discherge 2s atmospheric pressure
equiliorium tends- to be restored in the rezion
from which charge is removed,

RESTARCH INTQ TLTCTRICITY TN CLOUDS
Imjonitovy I.M., and Schwarz, M.J.

W.M,0., Bulletin, XVIII, (October 1969), nr. 4,
pag. 221-230, 5 fig., / tab,, 20 ref,

Resesrch into electriciiy in clouds, which is clear-
1y moving forward with incre sing speed, is stimu-
Yated by many problems which face meteorologists
and other specisliists., Let us pick out two groups
of such tasks. Tirst there is the group linked
directly to the study of -eleciricidy in the atmos-
phere. This involves such problems 28 elucidsting
the mechanisms by which cloud paxticles o¥ whole
clouds are elactrified, and the part pleyed by
clouds in the formetion of locel and general elec-
trical chérecteristics of the atmosphere.

% second group of tasks is connected with research
into the physics 6f clouds, relate to the possibi-
lity of actively influencing processes which to go
on in clouds,
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Electri i 1 gg

ELECTRIFICATION ACCOMPANYING THE MELTING OF ICE
PATICLES

Drake, J.G.

Quarterly Journal of the Royal Meteorological So-
ciety, 94, (4pril 1968), nr., 400, psg. 176-191,
15 ref., 13 fig.

It was observed thet durling the melting of small
ice particles supvorted in a vertical wind tunnel,
strong convection currents developed in the melt
water, Bubbles relessed from the ice during melting
were swept up by the currents and rapidly trans-
ferred to the surfsce where they burst. The sepa-
ration of -electric charge accompanying the bursting
of the bubbles was highly dependent on the convec-
tion currents in the water, The observed charging
effects are not entirely consistent with theories
besed on the disruption of an eleciric double layer.
In particulsr, the separstion of charge is consi-
derably increessed if the air contesins high concen-
trations of CO,. It is shown thet the observed va-
lues. of aharge separation ere sufficiant to account
completely for the presence of the lower pocket of
vositive charge found below the meliting level in
meny thunderstoras.

NUMERICAL SIMULATION OF ATMOSPHERIC ELECTRICITY
BFFECTS IN 4 CLOUD MODEL

Pringle, J.E.,; et al.

Journal of Geophysicel Research, 78, (July 20, 1973),.
nr. 21, pag. 4508-4514, 2 fig., 18 ref,

Results from a numericel model of cloud initiation,

growth, aend electrification are presented: The model

is two-~dimensionel snd the time dependent, The firs? ’
and third equations of motion, a thermodynsmic ener-

gy equetion, and: various waiter conservsiion equa-

tions along with conservetion equations for 11 types ;
of ions and neutral particles- sxre solved numericslly.,

The small ion equations (positive and negative féna{

nodel drift velocities, advection, point discharge

near the ground, generstion due to cosimec radiation,

loss due to recombination, and loss or gsin due to
attachkment or detachment of the ions to or from

cloud and rein perticles. The large ions and neutrel
perticle eguetions sre modeled in the same manner gs

the smell ions but without drift velocities, pro-

duction due to cosmic rediation or point discharge,
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The cloud end rsin ions are treated in the same
manner a8 the particles to which they arc attached.
Positive iong are srbitrarily estteched to cloud
particles, -end negative ions to rsin particles to
simulate the observations of net positive charge
on c¢Xoud, net negotive charge on rain,

2.3 LIGH"‘N ING

SHOCK VAVE FROM & LIGHTNING DISCHARGE
Jones, 1.L,

Journsl of Geophysical Reseerch, 73, (May 15, 1968),
nr. 1C, psg. 3121-3127, 2 fig., 26 ref,

5 theoretical model of the shock wave from e light-
ning -discharge rsnging from the sitrong blest wove
region out to the scoustic limit is given for the
first time; The trajectory and overpressure of the
strong shock weve sre described by the well-known
equations for cylindrical blest waves. In the inter-
medfate shock strength region (1.1< €3.3%), the
shock trajectory is given by the "correct limit"
equetion of Vleses and Jones. We derive en sdditi-
onal "correct limit" equetion for overpressure thet
is velid out to the scoustic limit, The correot
limit equations predict o much slower decsy of the
intermediste shock wavej thus, the shock weave is
much stronger at large -distances from the dischorge
then wes previously beliéved., Conseguently, the
renge of sction of the lightning discherge vis its
shock wove; es it effects the shsittering and free-
zing of supercooled hydrometeors, may be large.

THE BRITISH CODE OF PRACTICE ON "PHE PROTECTION OF
STRUCTURES AGAINST LIGHTNING"

Golde, R.H,

Tlektrotechnische Zeitschrift, 92, (September 1971),
nxs. 9, Ausgabe A, peg. 516-)20, 2 fig., 1 tedb,,
8 ref,
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The British Code consitituteas 2 set of recommendations
which are incorporsted, where asppropriate, in cer=
toin governmental regulstions or standsrd specifi-
cations. The sspect described cover some of those
questions on which differing views are expressed
in different nefionsl recommendstions, such es the
zone of protection of a lightning conductor, the
bonding or isolstion of extensive metel components,
the trezitment of fences 2nd trees end the protec-
tion of denger structures. A method is described
for cssessing the need of protection.

bescherming tegen bliksem voor personen
BLITZFORSCHUIIG UND PERSONEN~BLITZSCHUTS
Berger,. K.

Elektrotechnische Zeitschrift -a, 92, (1971),
nr. 9, pag. 508=511, 2 fig., 8 x=f,

Im ersten Teil der Arbsit werden die Zrgebnisse der
statistischen Auswertung der Blitzmessungen auf dem
Monte San Salvatore bei Lugano wihrend der Jahre

1963 bis 1970 bekanntgegeben. Debei sind susschlies-
lich die Abwdritsblitze berilicksichtigt, d.h. jene
Blitze, die aus:-den YWolKen zur Erde herunterwachsen
und die somit auf den Bergen und im Tiefland in
gleicher Weise zu erwerten sind. ]

Im zweiten Teil der Arbeit werden die Mdglichkeiten
-des Blidzschutzes jener Personen besprochen, die

‘sich bei Gewltter l&ngere Zeit im Freien aufhed-

ten und -denen Kein Schutzraum zur Verflgung steht,
Neben -dem idealen Faraday-KEfig bestehen weniger voll-
komuene Schutzmassnshmen, bei denen beim direkten
Blitzeinschlag wohl mit einem mehr oder weniger deut-
Iich splrbsren elekirischen Schiag zu rechnen ist,
die aber im Stande sind, des gefirchtete Herz=
flimmern zu verhinderns.

e it e G i ke tbE e

|
ML 1

attaodtnd ot Mt v,




é - 23 -

.

LIGHTHING

? bliksem~-ptoringen in vliegtuigen

E h 2.3.,4 TDCK 81993 MEASUREMEBTS AND ANALYSIS OF LIGHTIIING INDUCTD |
! VOLTAGES I AIRCRAFT TLECTRICAL SYSTENMS

Hacker, P.T., Plumer J.:i.

1970 Lightning end static electricity conference,
Son Diego, Californis, USi, (9-11 December 1970), ‘
nr, ™ X-52906, 28 page., 19 fig., 7 t8b., 13 ref, ;

A series of meesurements were made of voltages
induced in electrical circuits within s wetallic
gircreft wing by full-scsle -simulpted lightning
currents flowing through its skin ond structure
The measured date were msthemetically enslyzed to
enable determinetion of voltages scross load im~ )
pedances 1o- which the circuits might be connected
elsevhere in the sircraft. Relationships betueen i
induced voltrages and lightning currendt, wing siruc-
turel and circuit psrameters were to cause dsmoge
or interference with ovionics were measured,

onweersvoorspelling
2.3.5 B 9762 RADAR AND COMPUTER PREDIC? LIGHTNING

Electronics, (May 1972), nrs 5, 1 peg., 1 fig.

The Tokyo Flectric Power Co. is trying to minimize :
the effects of summer thunderstorms., On the top of :
the headquerters building the compeny builded o
tower, 4 weether radsr, es well as e microwave gesr
stop tower is installed., The reder feeds into &
hybrid, enslog~-digitsl computsr, which zutometicelly
determines- when reder returns indicete the presence
of thunder clouds in e radius of sbout 2,3 knm,
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LIGHINIKG AND ROCKETS: SOME IMPLICATIONS OF APOLLO
12 LIGHTNING EVENT

Brook, M., Holmes, C.R., Moore, C.B.

Nevel Rescarch Reviews, (April 1970), psg. 17,
3 fig., 3 tab., 3 ref,

Anslyses van de 2 gevallen van blikseminsleg op de
ApolXo 12 tijdens de lencering.

PROTECTION OF STRUCTURTS AGAINST LIGHTNING
Golde, R.H,

Procecdings of the Institution of Electricel Engi-
neers, 115, (October 1968); nr. 10, pag. 1523-1529,
1 figy, 1 disgre, 21 ref,

In contrast to earlier revisions of the original
Code of Prsctice; CPI 1943; the latest revision,
published in 1965, introduces several importent
additions and modificetions; based on new conceptis
of Yigh#ning protection and teking account of mc-
dern building methods and materisls. The paper dis-
cusses these modifications ond the reasons for their
introduction.

WHAT YOU SHOULD KNOW ABOUT LIGHTNING

The Mac Flyer, Military Airlift Command, 15,
(May 1968), nr. 5, peg. 4-9, 3 fig.

Lifter & short explanstion of the nature and course
of Iightning, e survey is given of lightning
veriations as ball lightning, cloud to cloud flsshes
etc, ede.,

Explained is why lightning strikes an alrcrefi and
which perts will be hit. )

Instructions for pilots are mentioned to avoid
lightning,
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A NOTE ON LIGHTNING STRIKES TO AIRCRAFT

CObb. W, B, }{Olitna, P.Je

Monthly Weather Review, 96, (November 1968), nr. 11,

pag, 807-808, 1 tab,, 6 ref.

A DC-6 reseorch oireroft was struck by lightning on
three occasions during a thunderstorm reseesrch
project ot Flegstoff, Ariz., in July 1967. Blectric
fields end meteorological parameters wére measured
and recorded. Similar conditions existed ot the
time of the lightning strikes., Each event occured
in e dissipszting cumulonibus, nesr the freezing
level and in o region conteining both ice and wodex.
Corone discharge from the sircraft occured prioxr
to ecch strike. The :possibility exists thot one

or more of the lightning strikes were triggered

by the gircrefit,

4 COMPARISON OF NA®URAL LIGHINING 4ND THE LONG-
LABORATORY SPARK WITH APPLICEFION TO LIGHTNING
TESTING

ij&n, Mo{‘}og,, et el,

‘Westinghouse Resesrch Loboratories, Pitisburgh,

(hugust 1970), nr. NA=69-27, T3 pogsy 57 £ige,
2 tab., many ref,

Teboratory sperks & few meters in length con beo-
used to simulete lightning current rotes-of-rise

and peek volues ond to simulete some of the temporal
characteristics of the lightning channel temperature,
Tong sperk generstors are inadequete for producing

& simulation of the continuing current phase of
lightning, Long sparks connot be used to produce

8 simulstion of the shock wave due to lighining ex-
¢ept in that the spsrk deta can be scaled by theory
to predict the charascteristics of tke Yighining

:shook waves A short discussion is given of the seve-

12l types of lightning which might be -encountered
by en eircraft, The velidity of long-spark testing
in determining the likely points of strike of e
Iightning dischsrge to an airceraft or other stytic~
ture is briefly considered.

I TR
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INITIATION OF CLOUD-TO~GROUND LIGHTNING STROKES
Dawson, Goﬂo, Ond Duff' DOGO

Journal of Geophysicel Resesxch (20 October 1970),
'VOl. 5, nl’.‘. 30’ pgg. 5858‘!5867, 3 fig., 2 tcb.,
22 ref,

Using 2 computer 2nd postulating highly idenlized
thundercloud conditions, we hove modeled the in-
teraction between o population of rzindrops ond

a4 region of high electric field. Under favorable

circumstences, the interaction produced & down-
ward-moving wave of potentiel gradient thet inten-
gified the preexising field without azpperent li-
mit. The two mejor parameters thet determined the
intensification were the rsindrop concenirstion
and the amount of immobile negative cherge pro-
duced by a stressed reindrop. Field intensifica-
tion seems to depend critically on the peculier
characteristics of a weter-drop discharge at the
altitude considered, naomely the production of
lerge numbers of highly charged negetive droplets
Cherged reindrops alone could not produce the
required effect, It is suggested that the mecha-
nism modeled here could be responsible for the
initietion of cloud-to-ground lighining -sitrokes,
The mochanism should sirongly favor 2 downwsrd-
moving negative discharge.

THUNDERBOLTS
Hill, R.D,

Endeavour, 31, (Jonusxy 1971), nr. 112, pag. 3-9,
8 fig., 2 diagr., 8 ref.

Ag one of the most dremstic of netural phenomene;,
the nsture of Tightning has been a source of spe-
culation since eorly times, Not until the eighteenth
century, however, wes it clearly identified es be-~
ing of an electrical nadure. In this review of re-
cent work emphesis is laid on the chsmeciteristics

of the lightning chennel, which now appears to be

a great deal narrower than had bewn supposed,
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2.3.13 TDCK 80782 LIGHTNING EXIVIRONMENTS

Gordon; “"QFQ

Sondie Loborstories, Livermore, Celifornis, (april
1969), SCL~DR-69 40, 38 peg., 18 fix., 5 teb.,

14 ref,

This report conteins o basic description of light-

ning phenomena to assist system designers in

g, understanding the over-all environment,

b. identifying desizn strengihs osnd vecknesses
from & susceptibility standpoint,

C+ viewing potentinl design problems in proper
perspective, and

d+-Yogically deriving en eveluedion program with
which to determine system trensfer functions and
ultimotely susceptibility,

The informotion is epplicabdle t6 both snfety and

reliebility Jesign consideredions., Lightning envi-

ronments discussed inciude direci sitrikes %o eerth-

bosed objects, direct sirikes %o airborne objects,

end NP from nesrby sirokes.

2,3.14 M 23617 PROBABLE LIRCRAFT "TRIGGERING! OF LIGUTNING IN

CERTAIN THUNDERSTORMS

Fitzgersld, D.R.

Monthly Weather Review, 95, (December 1967), nr. 12,
'?aigo 78’35-842, 5 I‘ef. 7 fi%é‘o:,; 2 tt?.’bo

Three sircr~ft have been used to study the light-

ning #nd releted cloud physics properties of Florida

thunderstorms, The aversge probebility of 2z light-

ning strike to the storm penetrstion sircroft wes

0,021, besed on the retio of pircrefit strikes to
total number of strikes during--penetretion periods.
On 2 cxceptional days, the probebility increased to

1,00 and 0.50, These storms were found to be in early

d&ssipating stoge. 'The resulds appear to confirm
the suggestion of L,P. Herrison that on oircrsft

~fay ad¢t to initiate stresmers and lighining dischsr-

ges: by suddenly augmenting thé field in 2 loceclized
region in the storm. This-efi'cet is most likely to
occur shortly after the storm sctivity hes diminished
1o the point where natursl streemesr formetion is
difficult,

g
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2,3.,15 M 33071  WETTERERSCHEINUNGEN IN AUSSTROMENDER KALTLUFT

TEANTT LT T M TS

Horney, Dipl.-Met. Glnther

Meteorologische Rundschau, 22, (Juli/August 1969),
fr, 4, peg. 106-113, 15 fig., 4 ref,

Im geographisch stérker gegliederten Gelénde treten
i in Strshlungsnéichten hiufig Keltluftstrdme 2uf, die

g vom kerkdmmlichen Bild des Kaltluftabflusses mehr
2 oder weniger abweichen,
1 Diese Keltluftstrdme sind oft won charakteristischen

Wettercrscheinungen begleitet, Uber einige solche
Wettersrscheinungen wird berichtet.

2.3,16 TDCK 82473:0BSERVATIONS OF RAIN AND HAIL ‘GUSHES LIGHTING

Moore, €.B., et 2l,

Little (Arth.D.), Incorp. Cambridee, (April 22, 1963),
:hro AD 7':13. 2257,: 16 pag., 10 f’ig., 1 taibo, 26 l‘ef.

Observotions of thunderstorms in New Mexico were ]
made witth a vertically-scanning, 3 cm rsder on 8
mountain~top. Prior to-a lightning stroke the ra-
der echo was usuelly qulte wedk indicating preci-
pitotion echoes: of 5 mm hr™ -1 -0r less. Following the
lightning stroke it was observed that in the region
of the c¢loud where the stroke took plece the radar
-echo intensity repidly incressed snd e gush of rain !
or heil fell nesrby. In some c¢eses after the light- i
ning stroke there were regions in the cloud where
the low rader reflectivity decreased instead of in-
creaseds,

These measurements confirm esrlier rador observa-
tions, made by the authors st Grand Bahema Island
B.W.I,, which showed that lightning strokes are
often followed by the detection of 2 rspidly=in-
tensifying echo end then by 2 gush of rein 2% the
ground, The increases and decreases in rader re-
flectivity in smell volumes of the cloud following
lightning suggest thet the eleéctric discharge is i
influencing the nasture of perticles in the cloud.
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LIGHONING

PRESSURE PULSE FROM A LIGHTHTNG STROKE

-

Hfll, BE.L., Robb, J.D,

Journel of Geophysical Research, 13, (Mexch 15, 1968),
nr, 6, pag. 1883, 26 ref,

Meesurements of pressure pulses from triggered
lightning strokes show that they are not the re-
sult of sirong mechenical shock waves of the type
postulated by Lbrsmson et sl. es the explanetion

of channel growth in sperk breskdown. Physicel ar=
guments, which ere applicable also to netursl
lightning strokes, indicate thet the rate of thermsl
heeting in the channel is to> slow to allow the
development of the regquired strong ionizing shock
front.

ATRCRAPT FUEL VENT LINE SEWSITIVITY TO LIGHTNING
EFFECTS

Maerkels, M, Jr., snd Spurlock, J.M.,
Robb, J.D. and Stahmenn, J.R.

Society of Automotive Engineers, (April 21-24,1969),
nr. 690434, 14 peg., 8 fige, 4 teb., 13 xef,

Results of investigetion to develop a2 technologicel
bagis for overcoming eircrsft lighining-girike
hazards sssociated with turbojet. aircraft fuel

vents are dicussed, Fleme propagetion snd srrester
experiments were performed with highvoliage and
high-current fscilities and repeated in & combusiion
reseerch facilities using a drive tube to simulete
impulse effects -of natural lightning. Flame propaga-
tion through actusl sircraft vent systems containing
flammable fuel-gir mixtures was demonsitrated, and
characteristics flame propegetion properties were
measured end duplicsted in laboratory apparatus.
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2,3.19 L 16914 NEVW STUDIES BXPLORE LIGHTNII'G
Yaffee, M.L,

Avietion Week, 96, (Jenuery 31, 1972), nr. 5,
peg. 51 t/m 56, 5 fig.

Hazards of aircraft strikes increase with growing
use of conmposite materials and sensitive miniptue
rized avionics.

Extenasive resesrch under wey here ai Genersl Elec-
tric's High Voltage Laborstory is aimed at fuller
understanding of lightning phenomene ond their
structural aznd electrical effects on ecircraft,

Bt S S

!
i . o
| 2,3.20 TDCK-49835 THUNDERSTORM LIGHTNING
7 Miller, E.
L Deputy for Flight Test ieronguticel Systems Divi-
sion (4 hugust 1967), 7 vages; 20 fig.; 1 tabe,
! 3 ref,
{
i

The United Stetes Air Force does not presctice the
policy of purposely flying sircrsft through thunder-
storm, in fact, the stated procedure is to svoid the
; thunderstorm whenever possibvle.
) However, for the lest Seven years, the Deputy for
‘ Flight Test, iseronsutical Systems Division (#SD)
;ﬁ of the Air Force Systems Command hss negnted this
= rule for -some tests whith were labeled with the vexry
; eppropriate nsme "Roughrider".
- One of the sircraft, an F~-100F has the dubious
honor of gverasging epproximately 100 penetrsitions

. per year through thunderstorms in the Southcentral

; and Southern parits of the United States.,
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2,3,21 TDCK 58923 1970 LIGETIING AND STATIC PLECTRICITY COWFISRENCE,

2,3,22 L 16767

9=-11 DECEMRE
Many authors

Alr Force Avionics Leboratory and Society of
Automotive Engineers, (December 1970), nr. 4=71-
19926, 327 peg., many fig.,, meny tsb., meny ref.

Informetion is presented on Iightning and static
electricity phenomens from the sitzndpoint of their
relation to, and interaction with, serospsoe ve-
hicles snd ground complexes., Intersctions and the
effects of lightning and static electricity on
electrical, electronic, structural, static dischar~
ger systems and fly-bpy-wire systems of cerospace
systems are described. The informstion presented

is oconsidered to be of interest to scientists and
enginecrs in the fields of electronics, advanced
composite matérials and structures, and atmospheric
electricel phenomena, ’

LIGHTNING STRIKES

Freier, G.D.
Nevel Aviation Wews, (June 1971), peg. 36-39, 4 fig.

Although vwe have found no wsy %o predict or pre-
vent lightning strikes to sircraft understending
the neture of this phenomena is a heginning,

The following summery of s worksh~p held at NAS
Moffet Field Cglif., in December 1970 under the

-puspices of Commender Fleet Aix Wings: Prcific ond

the Office of Navol Resesrch gives some snswers and
provides some insight into the neture of lighining
and its effects on aircraft,

T S S S
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IGHTNING DOES STRIKE TWICE
Editoxr

Aerospace Safety, 27, (Jsnuary 1971), nr. 1, pege
6-7, 2 fig. -

k crew réport of s USAF RF-4C Phantom which reoieved
extensive dsmage from two succesasive lightning
strikes 1% got hit by,

LIGHTNING HAZARD TO AIRCRAFT
Appleman,. H.S,

HQ Air Westher Service (MAC) U.S. Air Force,
(april 1971), nr. AD 724 052, 10 pag., 5 fig., 8 ref.

This report presents the latest svailablé informa-
tion on Iighining hazards to jet -aircraft,

Included sre the tempersture and sltitude range
where mosi strokes are -encountered, a brief dis-
cugsion of the type of damage likely to be incurred,
and a somewhat more detailed look into the possi=
bility of fuel-tsnk explosions due to lightning

and electrostatic discharges. It appears that, while
the possibility of such explosions is small, air-
craft using JP-4 fuel are generally more vulnerable
to this hazard than those using gasoline or kerosene.
It is concluded from this and other hazards asso=
ciated with JP-4 that jet passenger aircraft, et
Yeast, shouls use kerosene fuels where possible,

THE TFFECT OF LIGUTNING ON MATERTALS
I’bbott, J;QD. y

Kircraft Engineering, 44, (April 1972), nr. 4,
pag. 25-28’ 7 fig;!, 16 I‘éf.
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LIGHTNING

Lfter briefly considering the surfsce eress of
alrcraft for which lightning strikes are a major
fsctor in the seledtion of constructionsl mesterisals,
a8 revievw is mede of published informestion concerning
the. effects of lightning on thése verious materials,
The materiasls are congidered under three headingsi
metallic, non-conducting (e.g. glass-fibre-reinfor-
ced plastics), Simulated lightning current tests
are the mezin source of information and the review
is. primarily concerned with the results of such
teats., To aid assessment of the relevance of the
test currents thet have been used, an outline of

the current characteristics of lightning discharges
is 2lso given, ’

blikseminslag/kebel

LIGHTNING PERFORMANCE OF OVERHEAD LINES

Young, MrDé?;

The Royal Engineers Journal, LXXXVII, (march 1973),
nr. 1, pog. 38-53, 10 fig., 7 tab. ’

There heve been meny -advances in recent years in the
gtudy of the effects of lightning on overhead power
lIines, particulerly for ehv transmission lines., The
purpose of this paper is to present a broas review

of the subject and to indicate a simple method of
agsessing the lightning performence of overhead lines
ag e corollery, mesns of reducing the number of
lightning induced faults are highlighted.

ELECTRIC R4DIATION FIELDS OF LIGHTNING RETURN STROKES
I THREE ISOLATED FLORIDA THUNDERSTORMS

Yung Tao Lin; Uman, sh,

Journal of Geophysical Research, 78, (20 November
1973), nr. 33, pag. 7911~7915y 4 Tig., 1 teb., 16 ref,

Peak value and rise time distributions for the elec-
tric radisfion fields produced by lightning strokes
to ground in three isolated Prorida thunderstorms
are presented., For each storm the average peak ra=-
diation field for first strokes was only slightly

greater than the aversge peak field for subsequent

8trokes, For the sasmple of three storms the sverage
pesk radiation field in & given storm wes proporiio-
nel to the number of subsequent strokes per flash

in that storm.
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AN UNUSY L LIGHTHING FLASH INITIATED BY AN UPWARD-

PROPAGATING LEADER

Orville, R,E,; Berger, K.

Journal of Geophysicel Reasesrch, 78, (20 July 1973),

nr., 21, pog. 4520-4525, 7 fig., 3 ref,

4 lightning flash has been recorded that was ini-
tiated by an upward-propegating negetively charged
steppced leader thacfnllowed a Yooping peth and

passed within 600 meters of the initisting tower.

It continued for s horizontol distance of approxi~
mately 2 km before leaving the field of view of
the cesmera, Current flowed for at lesst 100 msec

with 8 pesk current that did not exceed 1600 amp.

The total charge transferred was spproxine tely
+30 to 40 coulombs.

AN UNUSUAL PHOTOGRAPH OF AN AIR LIGHTNING DISCHARGE

Krider, E.P,

Weather, 29, (Janusry 1974), nr. 1, pag. 24-27,

6 figg, 3 refc

On 5 fugust 1972, an sir lighining discharge was
photographed over Tucson, Arizona, with an all-sky
camera,

The dischrage, shown on the cover, wes one of about

-8ix which occurred in shout 30 min near the end

of approximately four hours of intense lightning
activity.,

kobel/bescherming tegen bliksem

VERFALTEN VON KABELN MIT GESCHICHTETEM AUFBaU BEI
STOSZSTROMEN :

'Meister; H, und Utz, W,

Pechnische Mitteilungen, P.T.T,, (1969), nr, 1%,

peg. 30=37, 8 fig., 6 ref.
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23 -t 1 F %}

In Gebieten mit hoher Blitzgefdhrdung werden Kabel
bendtigt, bel denen hohe Stosgstrdme im Hantel nur
kleine lingsspannungen bewirken, Der geschichtete
Aufbsu eines Kabelmantels, unter Verwendung ferro-
magnetischer \lerkstoffe, erlaubt kleine Kopplings~
impedanzen des lMantels bei ertriglichen listerialsuf-
wand. Die Autoren zeigen einen %Weg zur niéherungswei-
gen Berechnung dieser Kabel und beschreiben Trizebnig-
ge von Messungen an ausgefilthrte fnlagen.

LIGHTNING AND STATIC ELECTRICITY CONFERENCE
Many authors

Air Force Avionics Laboratory, VWright-Fatterson,
A.F,B. Ohio, (December 1972), nr, AD 752551,
694 pag., msy fig., many tab,

This documers contains the text of unclassified
pepers presented at the 1972 Conference on Lightning
end Stoatic Electricity, held 12-15 December 197-2.
The papers document the discussion of the theoreti-
cal aspects of both lightning and stmostheric
elecirification., In addition, the practicel control
of adverse effects is eduiressed relative to aero-
space vehicles and installstions, Sessions include
fundemental aspects, missiles and spacecraft, air-
craft, advanced composites; fuels, and lightning
simulation.

2,4 BALL LIGHTHING

BALL LIGHTHING AS AN "PTICAL ILLUSION
Argyle, E.

Fature, vol.230, (19 Maxrch 1971), nr. 5290, pag.
179=180, 20 zef.

During the past year there have been numerous pu-
blications on baldl lightning, many stitempting

to dccount for the formetion, properties and be-
haviour of lightning balls, fHone heve guestioned
the realisy of the phendmenon, in epite of the
leck of progress toward esn understanding of these
baffling objects.
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3 BALL_LIGHTNING

Serious doubt about the existsnce of ball lighining
was expressed: by Humphreys in 1936, and more re-
cently by Schonland. Both regarded the phenomenon
a8 probably an opticel illusion. Now that Abschuler
et al, have invoked nucleer reactions to account
for the lightning ball it seems appropriste to re-
examine the possibility of finding sn explanation
in the physiology of wvision,

Bk e b e

f 2.4.2 M 33474 IS BALL LIGHTNING CAUSED BY ANTIMATTER METEORITES?
ﬂ AShbx, D,BeT.Fe

Neture, vol,.230, (19 Msrch 1971), nr. 5290,

k- pog. 180-182, 2 fig., 23 ref,

Altschuler and others suggest that ball lightning
g arises from 2 concentration of short lived radio-
active isotopes produced by Tightning and imply a
need for radietion measurements near thunderstorms
and tornadoes: In this artivle the author reporis
measurements of this type which have been mede for
about 12 months to test the hypothesis that bell
lightning is caused by the annihilation of minute
fregments of meteoritic antimstter from the upper
gtmosphere.

2.4,3 TICK 84827 LIG''INING AND BALL LIGHTNING: FRONTIERS FOR RESEARCH

Cooper, J.4.

Sondie Leborstories, Albuquerque, (Mey 1971),
nr, SC"R“22645, 39 pag;, 20 fig., 35 ref.

During thc past few years, inierest in lightning end
ball lightning has increased significantly., Infor=-
motion about these dramstic naturel events affects

or might affect various scientific areas including
electxothermgghemlstny, megnedtohydrodynamics,.

me teorology, safety engineering, and weepons sirategy.
Studies of lightning ond ball lightning are made
difficult by reletive inaccessibility o experimen- S
talists, Hovever, there is s strong p0831b111ty
thet triggering mechanisms might be employed in
studying these phenomena,
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BALL LIGHTNING

CAN BALL LIGHTNINIG EXIST IN & VACUUNM?
Jennison, R.C,.

Nature, 245, (September 14, 1973), ~c. 5420,
pag. 95, 4 ref.

I suggest thet ball lightning is dependent not

on the vaporizstion of a surface but on the for-
metion of a pheselooked loop of electromsgnetic
rodiation in the intense field sssocisted with
lightning &ctivity. I further suggzest thet there
ia, in these circumstsnces, a pariicular wevelength
of -electromegnetic redietion which can form s
stable stsnding wsve which externslly exiiibits »
sphericel configuration and which excites the
embient gas 4o produce the glow by which 1% ds seen.
is the nergy is dissipated in this- menner the
lifetime of the ball is Yimited byt the Tocking of
tihie wevelength meintoins ite configuration and itso
dimensiong, It follows that the typical clearence
of the boll from conducting surfaces may be
essociated with the meintenance of equilibrium

between the bell snd its imsge in the conduoctor,

BALL LIGHTNING: NEW OBSERVATIONS AND NEW HYPOTHESES
Dnitriyev, M.T,

NASA, (September 1971), nr. TT F-13, 932, 25 pegs,
5 fig., 1 teb., 10 ref,

In publishing new dota about ball lightning on the
pages of this Jjournal, the editor atitempts- to
attract attention to this phenomenon, which, up to
the present time, has not had a generslly accepted
physical eéxplanstion, Diffioulties of obssrvstion,
theoretical interpretotion and experimentsl repro-
duction of ball lightning must be completely and
ptudy in this direction, the editor will considex
his. task fulfilled.

%
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THE ENIGMA OF BALL LIGHTNING
Charmen, N,

New Scientist, 56, (14 December 1972), nr. 824,
pag. 632 t/m 635, 4 fig.

Although i1t is 2n esteblished phenomenon, the nature
of ball lightning continues to baffle theoreticiens.
Ionisation, nuclear processes, confined plesmos,
entimatier, ultra-high-frequency electromegnetic
weves - even cosmis rays ~ hove been invoked to ex-
plein these weird entities but the snswers sre still
wide open,

2.5 4URORA

radsr/ionosferische storingen
VHF POYER SPRECTRA OF THE RADAR AURORA
Bslsley, B.B., end Beklund, W.L,

Journal of Geophysic@i Resesrch, 77, (Sgptember 1,
1972), nr. 25, peg. 4746-4760, 8 fig., 34 ref.

The power spectrum of a redor signal scattered
from ionospheric irregulerities has proven to be
an invalisble tool for determining tke mechanism(s)
that operste(s) to produce tle irregularities.
Rower spectre of VHF rader surorel echoes were ob-
tained near Anchorsge, Alaska, during October 15-
23, 1970. These spectra were obteined concurrently
with standerd renge-time-intensity (RTI) film
strips of the schoing region using the same rader
system. In this paper, these spectra and: the RTI
film strips sre examined end are compared with
previously defined rader aurorsl classificstions,
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2.5.2 B 9936 CHATANIKA, »LASKa, AURORAL-ZOSE INCOHERENT-SC.TTER
FLCILITY

Leadabrend, R.L., Baron, M.J., Petriceks, J,

Radio Science, 7, (July 1972), nr. 7, pege. 747-758,
15 fig., 12 ref,

This paper announces the operational sictus of on
aurorsl-zone incoherent-scetter redar. The Stanford
Research Institute 1290-MHz incohereni-scetter radar,
which wes moved to- Chatenike, Aleske (L = 5.7), en
gurorel-zone location near Fairbanks, is now produ-
cing interesting new results. The siting of the radar
is such that D=, BE-; sn' F reg¥fon incoherent-scatter
measurements can be mede without ground-ciutter inters
ference. .Although coherent eurorel-clutter echoes

can gt times be seen at relstiwvely low elevetion
angles in the north, auroral echoes are sufficiently
weak st 1290 MHz in the sidelobes of the antenna thst
they ore mot detectable during normsl incoherent-
scatitcr measurements, The capebilities of the xader
system are outlined, end sumples ere presented of

the type of incoherent-scatter results being obtsined,

2.5.3 TDCK 57335 DAS ZUSATZRAKETENPROGRAMM ZUM SATELLITENPROJEKT
AZUR PROJEKT SPAZ, TEIL It DIE WIS ENFCHAFTLICHE
NUTZLAST

Vele schrijvers

Bundesmin, f, Bildung und Wissenschaft, (November
1970), nr, BMBW FB W70-59, 168 pag., 61 fig., 14 tab.
61 ref.,

Das sls Erginzung gu den mit dem Setelliten "AZUR"
in der Polarlichtzone durchgefiihrten Messungen ge= ]
plante, ous 5 Raketenstarts bestehunde Zusatzreketens E
progromm. "SPAZ" wird beschrieben, insbesonders die in
den einzelenen lutzlzasten enthslten Messinstrumente,

Flugbehnen werden angegeben und geophysikslische Bo- ) E
denregisirierungen wihrend der IFliige zusemmengestellt, E
Die Reketen wurden von Andﬁye/ﬂorwcgen aus gestarted,

S — _ E
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2,5.4 TDCK 57336 ZUSATZRAKETENPROGRAMM 2ZUM SATELLITENPROJEKT AZUR~

2,5.5 M 33832

625/A1~-PROJEKT SPAZ. TL, II INTEGRATIONS- UND FLUG-
BERICHT

Bunk, K., Jeanclaude, C., Kirchner, A., Scheuplein, A4,

Bundesmin, f, Bildung und Wissenschaft, (November
1970), nr. BMBY-FB W70-60, 144 pag., 56 fig., 24 tab.,
21 ref,

Der technischen Aufbau und die Herstellung von 5
Raketenllutzlesten fiir Black Brent V A-Raketen werden
beschrieben, Test-Resultate, die an den Nutzlest-
Spitzen gewonnen worden sind, werden dergestellt,
Das Flugverhslten der Raketen wird an Hand von Be-
triebsiiberwachungsdaten demonstriert.

SIMULATIONS OBSERVATIONS OF AURORAS FROM THE SOUTH
POLE STATION AND OF PRECIPITATING ELECTRONS BY ISIS 1

Winningham, J.D., et al.

Journal of Geophysicael Resesrch, 78, (1 October 1973),
nr. 28, peg. 6579=6594, 11 fig., 18 ref,

On the basis of the simulteneous observations of
auroras from the South Pole and of precipitating
electrons by the Isis 1 setellite it is shown

that (1) a middey suroral sre (photogrephed on
block and white film) occurs: within the cleft

(cusp) region projected to the appropriste surorasl
height along the geomagnetic field; (2) in the
evening sector an aurora, obscrved by Isis 1 gnd

the South Pole all-sky cemerzs, extended for at least
5 nours of Yocel geomagnetic time in the expected
position of the auroral ovali and (3) during o period
of extreme magnetic quiet, cleftlike electrons were
observed just poleward of a marrow region of intense
precipitstion in the midnight secior.
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5 3.4QQUSTIC_ PENOMENA TN THE ATMOSPHERE

EzgRER

. 3.1 M 33149 BELECTROSTATIC SOUND IN CLOUDS AND LIGHINING

e

Y S.As Colgate and Ch. McKee

Journal of Geophysicsl Research, vol.T4, (Octover
1969), nr. 23, pag. 5379-5389, 10 fig., 24 ref,

P vt o B

The sound pulse produced by the electrostztic stress
of the cylindricsl distribution of a lightning
stepped leader (the predischarge, large-radius

} nonequilibrium, electrostetic breskdown Ieaders has
been celculeted with s numericsl computational

£ program. The radiel -diffusion of the charge (Ionic

L, mobility) in the electrostetic field occurs simule

;f toneously with the rsdiel propagation of the sound

pulse. The megnitude of the resulting sound pulse
is approximately 300 dynes/cmF after propageting

5 times the original stepped leader radius. The
shock and sound pulse originasting from the sub-
sequent mein stroke hot eir channel has been simi-~
larly cslculated and -duplicates previous results of
G.G. Goyer -law egquetion of state of air. The elec~
trogtatic sound pulse is roughly 1/300 of the sub~
sequent main stroke, but, since it occurs -earlier
in time (10 to 100 msec), it should be detectable,
The dominant frecuency is roughly the seme for the
two sound pulses,

3,2 M 33478 COMBINED RADAR-ACOUSTIC SOUNDING SYSTEM

Marshall, J.M. et ol.

Applied Optizs, II, (Jenuary 1972), nr, 1, peg.
108-112, 4 fig., 1 tab., 9 ref,

Acoustic pulses at 85 Hz (4m) directed verticslly
into the lower atmosphere have been tracked by a
3G,8-MHz (8-m) pulse doppler redar, Signal-to-noise :
power ratios in excess of 10 dB vere obtained to a :
height of 1.5 km in the initial tests under condi- '
tions of calm winds, This technique has the potenti-
a6l of providing temperature soundings of the lower
atmosphere for pollution studies and short-range
terminal wegother forecasts.
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POWER SPECTRUM OF THUNDER
Few, f.h.

Journal of Georhysical Reseorch, vol.74, (20 December
1969), nr. 28, pag. 6926-6934, 5 fig., 17 ref.

A model fcr the sound genersted by 2 tortuous
lightning channel is proposed that describes the
principal festures of thunder. The mode, indiocztes
that the power spectrum of thunder should be simi-~
lar to the power spectrum produced by a short line
segment having the ssme energy-per-unit length Et
ag the most energetic return stroke in the light-
ning flash, This model 2lso predicts thet %t cen
be estimsted from a measurement of the frequency
of the pesk in the power spectrum of thunder s
the relotionship is fp= (0,63)Co(Po/By)1/2, where
PC and Cp ere the ambient »ressure and sound 8speed.

INFRASONIC THUNDER
Dessler, A,J.

Journsl of Geophysicel Research, 78, (Avril 1973),
nr. 12, pag. 1889-1896, 3 fig., 19 zef,

An eléctrostatic mechanism for the generstion of
thunder, originally suggested by wWilson (1920), is
applied to a model of & thundercloud in which the
cherge needed %o produce & lightuning flesh is
drained from within the cloud, either from a rela-
tively thin horizontal layer or form a cylindricsl
volume, The mutusl repulsion of the chsrged woter
dropleds ceuses the etmospheric pressure to be re-
duced within the charged regions of the cloud, 4n
acousdic rarefaction pulse is genersted following

8 lightning disc*arge as otmospheric pressure equili-
brium tends to be restored in the region from which
cherge is removed.
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ACOUSTIC PHENOMENA IN THE ATMOSPHDQd

3,5 M 33726 DIURNAL VARTATION OF THINDER AT MiCHESTER AIRPORT
Prichard, R.J.

i ‘ Weathez, 28, (hugust 1973), nx. 8, vag. 327-331,
! ' ’ 3 t2 bo, g-refo

In an earlier article Devis (1969) enalysed the
diurnel varistion of thunder st Heathrow Airvort,
London, during the period July 1946 - June 1968,

The results of a simila? study ot Menchester Airport
(53° 21°N, 02° 16‘W) cre contained in this article
“and ¢ comparison between the Manchester and Heathrow

dota is slso included,
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Koninkrijk

The Ambassador der Nederlanden

Washington, October 23 2009

Dear Mr Hamilton,

In reference you requested our review for release of your document nr. AD923359, entitled “Special
Meteorological Phenomena, A Bibliography™ to the public.

We reviewed the document and after consultation with the Netherlands Airforce Meteorological
Group I hereby approve the release of the mentioned document to the public.

Yours sincerely,

Renée Jones-Bos

Mr Michael Hamilton

Action FOIA Program Manager
Defense Technical Information Center
8725 John J. Kingman Road, STE 0944
Ft. Belvoir, VA 22060-6218
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