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T.echnischer Bericht Nr. 136 

Versuche zur interkontinentalen Lokalisierung vc.n Quellen 

der, Atmosphericsaktivität durch Bestimmung von Einfalls-

richtungen __ und Gruppenlau.f zei tdif f erenzen 

Zusammenfassung: 

Im Herbst ~97q sind in den USA,in Japan,in Deutschland und in 

Argentinien vier . Anlagert zur Registrierung der Atm9s:phericsak

tivität aufgebaut worden,die mit vom Heinrich-Hertz-Institut 

entwickelten Atmospherics-Analysatoren ausge:r,-üstet sind. : 
Es wird berichtet ·über erste Auswertungen photographischer Re"." 

gistrieru.ngen von Einfallswinkeln und Gruppenlaufzeitdi.f.ferenzen 
von Atmospherics zur Zeit. der j-ahreswende 1970/71. · · · 
Die Ergebnisse werden mit von H a r t h (1971) errecJ:m.eten :Aus ... 

breitung_sparametern verglichen, wobei sich eine Reflekttonsfß.k-
tor_;.Be'zug~:1:J.öhe .für. d;ie Ionosphäre · von 86 lcin · er(sibt... · · 

. , . . . . . . . . . . . ; . . .. . . ,' . . ' . . ' . ·. . ·. : . . - . -, ' . . ~. ' . . 

Als Quellen erhöhter Atmospherics·aktivität wurden _q.as ·Küst·en-·- · 
. ; _ . ,• ' ; . . ·.. . ' ' •·_. ' . ' , . :, . ' · :; .... . ' 

3ebiet südlich des . Golfes von ·Panama,da-s ·Ama.zona:sgebiet und das 
nör9-lic1i~ : südamerik$-·,.,ein Gebiet vor . d~r· niederlcali±:o±-n:~s.c:J~en . / . 
~üste ~·das Gebiet der Hawai-i.-Ins.eln,der .indonesi~che ·Rami sowie 
einigEi· Bereiche ·d~S At~antische,n Ozeans. lriid die Umgi?,bung;·::des · 

M~ttelmeereß ermittel'fi. 
n; 
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( Ing. G.Heydt) 
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Technical Report No. 136 

Experiments in Global Localizing Sources o.f .A:tmo~pherics 

'Activity by Measurements of the Directions of ArJ?ival 

and Group Delay Differences 

. by -G.Heydt 

Abstract: 

In the fall of 197Q four stations -have been established to 
. . . . . 

observe the ·atmospherics · activity in the USA,inJapari,in 
Germany andin Arge~tina.These stati~ns a.re equiped: witl_l.at
mospherics analyzers developed . by the Heinrich~Hertz-Institut, 
This report gives .first results of evaluation of :photographiq 

. ;records· of direc'tions o.f arriva:l and of group delay differences 
c;,f atmospherics recorded at the turn of ·the year 1970/?1. 
The results· are compared to ·the results of calculationsfora · 
Ii~ght time ·propagati~n model carried · out by H a r ·t h (1971). 
This . comparison leads to an ionosph~ric reflection reference 
height of 86 km. 
Sources of considerable atmospherics activity we;re indicated 
at tlle ·c0astal area south of the :gulf of Panama·,in the ·area 

·of the Am.azonas,in the northern S~uthamerica,in an area in 
· front of the Californian peninstüa,in the area of the islands 
of _Hawaii,in the area .of Indon.esia,in some areas of the Atl~
tic and in .the area of the Mediterranean Sea. . . .· . . . 

. I 
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.1. Introduction 

,In t~e .fall or' 197O 'four stations have _been established. to ob
_ serve statistical parameters of the atmospherics a~tivity ·in 

. . . . 
th_e USA,in ~apan,in'Germanyand i _n Argentina.These stations are 
equiped wit~a ne.w tYJ.)e of atmospherics analyzer developed 1by 
the Heinrich-Hertz-Institut. . . . . ·, ' . ' . 

Joint measurenients of the direction of arrival'f,the spectral 
amplitude ( SA ),the spectral ampJJ.tude ratio ( SAR ) and the 
group delay difference ( GDD. ) of atmospherics by photographic 
records are.carried out in a-very similarmanner as described 
in ·detail by Frisius and Heydt 1968.(This reference.is called A 
in this repdrt.) 
Besides·these photographic records ~dditional strip-chartrecord.s 
of -atmospherics rates as a.function of the direction of arrival 
are ~arried out at the stations. . 
This report presents fil;:'st results of the evaluation.and inter
pretation of photographic records ta}ten in the GDD I'l.0de of 
Operation of the atmospherics analyzers. 

2. De scription·)df ;3stations 

The following institutes are· participat.ing in this ~xperiment: 

Office •. of Naval Resea.rch/Naval Research Laboratory ,., USA', 
Washington·DC, station _located iD, Waldorf near Washington DC, 
38,64° North,' 77,01° West. 

The Research Institute of Atmospherics of the Nagoya University, 
Japan,Toyokawa, 34,83° North, 1_37,36° East. 

Observatorio de ·Fisica Cosmica, San Miguel, Argentina, 
o· . · o · · 

34.59 South, 5a._8O · West.· 

Heinrich-Hertz-Institut ·für Schwingungsforschung,- BerliI1,~Char
lottenburg (West-Berlin), station located in Berlin~Waidm~s
lust, 52, 62° North, 13., 13° East. 

Fig.1 shows·the position-of the four stations on a·world map. 
Each stati·on is equiped with an atmospherics analyzer with .an- · 
tenna system, oscilloscope, camera· and strip .chart _recorders •. 
Additionally thestations in SanMi~el and in.Berlinhave an 
analog digital·· c·onverter and a magneti.c rec·order to store .the 



data which are simultaneously recorded by the strip--chart re-
. corders. 

Fig_. 2 shows the antenna system set up · in V/a.ldorf; USA consisting 
of ba1anced crossed loops with an a.rea of 1 m2 and 72 turris per 
loop and a whip antenna with a length of 4.8 m. 
Fig.3 shows the whole equipment working in Berlin-Waidmannslust 
since Dec. 19?0. 

3. Description of photographic records · 
. . 

In the new type of the atmospherics analyzer three s.elective 
channels are used for analyzing the atmospherics: 
-5.00, 7.00 and 9.00 kHz. 

. . . 
·Thus,the· meal::!Ul:'ements of the spectral parameters are executed 
at ·.the fo.llowi?ig frequencies: 
Measurement ·of the spectral ampli tude at ? kHz ( SA? ) • 
Measurement of spectral amplituae ratio between spectral ampl~
tudes at 9 kHz· and 5 kHz ( SAR9~5 ). 
Measurement of group delay difference between 8 kHz and 6 kHz 

( GDD8_6 ) • . . . 
The operat'ing frequency of the direction finding unit is 9 kHz. 
The spectral amplitude of an atmospheric has tobe greater than 
0.8 µV/Hz•m at 5 kHz to·release the measuring circuits.If the 
spectral amplitude of an atmospheric exceeds 110 p.V/Hz•m,the 
i.nstrument is overdriven a.nd.the measuring circuits will be 
blocked. 

For taking photogra!)hic records the y-input of a XY-os_cilloscope 
i~ fed to the output voltage of the direction finding unit of 
the a.tmospherics analyzer.The x-input of the oscilloscope can 

. ) . . . . . 
be connected as needed with one of -the output :voltages of the 
an_alyzer indicating sA7, SAR9_5 · or GDD8_6 • 
If an atmospheric releases the measuring process,a sensitizing 
pulse causes a light spot_ on the screen of the oscilloscope. 
The vertical position of this spot indicates the direction of 
arrival of the atmospheric,while the horizontal position gives 

·the sA7,sAR9_5 or GDD8_6 respectively • 
. A measurement of the distribu~ion of the atmospherics with re
_spect to bothdirection of arrival and.GDD8_6 or sAR9_5 or SA7 
can be performed by photographing the osci~loscope sreen with 
an exposition time of several minutes~The photo collects light 

• spots produced by some hundreds Ol!ithousands of atmospherics. 
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Fig. 4 a-c give examples o.f photos o.f that kind. 
Compared with the pfyotographic records as described in reference 

. . . . . . . . 

A the records takenby means of the new analyzer show some im-
provements: 
a) The _ind~cation o.f sA7 _and SAR9_5 is given in decibel (dB') 

on a lfnear scale. 
b) The dY:namic. vange of the new anaiyzer is 43 dB,compared .with 

a range of about 30 dB of the former analyzer .• 
c) '.+'he indication of negative values of the GDD is unique. 
d) The zel:'o and full scale points of the deflecyion area. of the 

oscilloscope screen aremarked by corner points on· the photos. 
· These points. are important for ciata processing •. 

Just as ·the .former analyzer the new one allOws automatic opera
tion of a suitable camera.So,a set of three photos· as de.mon
strated in fig.4 a-c is started at O, 3, 6, 9, 12, 15, 18 and 

·21°0 GMT at all stationswtth ·an exposition time of. 10 or 5 
minutes depending on the atmospherics rates. 
At 1°0 GMT an additional set of photos is started for cheqking 

· the performance of the e·quipment. In this operation mode the East
West loop is short-circuited.For this reason the light spots 

. . 

produced by atmdspherics are concentrated in the south and north ·· 
direction. 
In. addition to this checking of thedli::rection finder unit two 
different calibration·pulses are .fed into the _whip antenna input. 
The one calibration .pulse has a SAR9_5 of O dB,a GDD8_6 of O ~s 
and a s.A.7 o.f 1S dB. _ __ 
The other calibration pulse has a SAR

9
_

5 
of -6 dB,a GDD8_6 of 

140 µsec and a sA7 · of 20 dB~ 
The light ·spots causedby these cä.libration pulses are conc~n- _ 
trated on . two v~rticallines,indicating zero points c1nd sensi- . 

· tivity of the measurß:ring devices for the spectral parameters. 
Fig. 5 · a-c show a set of these calibration pho~os. 

4. Data processing 
. . 

For the GDD and SAR mode of operation it is experienced that 
the liJ2;ht spots causedby atmospherics · are clustered at _ certain 
ranges of the direction of arrival and the GDD or SAR re.spective-
ly.Gener9-lly these clusters are attached toatmospherics sources 
i.e. limited regions ·of storm activity. · 
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So, a photographic reqord · taken .in the GDD or SAR mode of ope--
ration may be descriped by characterizing . its 'clusters. 
A cluster may · be characterized _by the following values: 

a) Co-ordinates of the centre of the cluster 
C"f = average direction of arrival,GDD = average GDD or 

-BÄR= ~verage SAR ), · 
b) scattering range of 1', 
c) scattering range of GDD or SAR, 
d) -density o:f light spots. 

So, the first step in data processing the' photogra.ph-ic records 
is to characteriz'e the clusters by means of a pencil follower 
type PF!MKl1B.manufactured by D-MAC Ltd. 
For this purpose the film containing the rec.ords is· projected 
on the reading tabl~ of the . pencil follower. 
This' reading table containS a XY servo system.A 'coil situated 
i~ the · reading p_en radiates a AC-signal which is picked ·up by 
detect:ion coils on the gantry below the reading surface.These 
signals are fed to . the servo ampli:fiers .which dr~ve themotors 
in ·such a direction ·that the follower head below the surface 
alwayscentres itself on the reading pencil. 
The X- and y..:.co-ordinates .of the posi tiori of _the • follower head 

. i.e~ the posi:tiori. of . the reading pen are digitized by encoders 
and by .pressing a fo"otswitch thereadout of the co-ordinates -
is stored- on punched cards. 
At the -begin o:f characterizing a .photo the reading pen must be 
set manually at the threevisible corner points of the photo . 
to state the position of the proaected photo in the ·XY-plarie. 
After storing the co-ordinates of the corner points by pressing 
the footswitch the co-ordinat·es of the cluster· centres may be 
stored iri. the same way. . . _ 
A fixed a.ddress for dating _the phqtos and key nunibers for cha-

' . ' 

racterizingthe scatttering ranges and density of a cluster are 
punchedby keystrokes on :a special keyboard. 

' At · this .time the data of about . 1600 photos were converted into 
. data. on punched cards · at which a card contains · the data · o~ up 
to 4 · clusters. 
Subsequently tiie ·data were computed :,y _a .computer CAE90-40 

. using a Fortran II program.The data output of the computer is 



- 5 -

obtainable · in punched tape or magnetic tape and in tabula. ··ed 
form from the line· ;>rinter • .. · 
Table 1. shows an exaµiple of the_s~ ~ata,containing the data pro
cessed from photographic records · of two ;days. 
The heading· line gives · for -- each day the · station · key number K

8
, 

the ·· y~ar anci the q.ay number 'of ~bse;~~tion and eight ~equences 
of the abbreviatio~s PSI,PAR and K.PSI . i;ne~ns .the .angl~ . of~r
rival fin degrees,PAR the . specti::al par~ete; GDD ·~r SAR and .K 

a key ·n~ber cllaracterizing the _scattering ranges and the densi
ty of spots. 
The data obtained · from a. single set of photographi_c records: 

. . . . . . . ' .•' . . , . . . ' · : 

are arranged. in two immediätely 3ucceeding lines. . _ __ 
. ·• · • t • .. •. ' ,· • ·- •• . •• 

The first . number in the upper line gives the starting time of 
the .set .in GMT.This upper line presents the data ~btai~ed from 
a rec~±-d taken in the GDD mod~ of Operation in ~p to. ei,~ht ·se
qu~nc~i -oT data for PSI, ':e.AR ·-=· ffim in psec SD:ci K,characterizing 
up to eight clusters~ 
In the lower line the data for a SAR mode photo a_re, given in 
just the same manner e:xcept thatPAR means now BAR in 
9;B_tim~s_t~n.:. 
The data of the · clusters in both lines are ordered to increasing . ~ . 

angle cif arrival. 
The k~yi~g of the ~ta~ion ·key number Ks is .the following: 

K = 1 means observing station San Migue1 s 
· . ~s = 2 neans obse7ving station B~rlin-Waidmannslust 

K = 3 means observing station Waldorf 
S 1 

K
5

. =.4means observing station Toyokawa 

The key number K which characterizes .the single clusters , con
sists of three figures: 

K = K1K2K3 
K1_characterizes the scatteringrange of PSI as follows: 

o· 
Scattering range of ~SI = 4.5 • K1 . · 

-K2 characterizesthe ·scattering range of PAR asfollows: 

Scattering range of GDD_;. 62 psec • K2 . 

Sca~~ering · range of SAR = ·3 dB ·-• K2 . 
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The key number K3 gives ·the density of spots: 

K3 = 0 means P:a few spots" 
K3 = 1 means '.'cluster ·with weak density Of spo·ts" 

K3 = 2 means "cluster with normal density of spots" 
K3 = 3 means "cluster with strong density of spots" 
K3 = 4 means "cluster with very strong density of spots" 
K3 = 5 means "clusterwith extremelstrong dens;i.ty of spots" 
K3 = 9 means 11 corona ef.feyt" · 

A key. number K = 999 means "no c.:lustermeasured 11
~ 

It must :b,e pointed out that the w_ay. of estimating the key num
ber Kby viewing the photos is a rather subjective o~e. 
However,testsexecuted by different persons estimating the key 
number showed frequently. a good . co~ormity . o.f the the estimateg. · ·. 

key number . f<?r . the same cluster.Deviations of the k~y number~ .. . 
were . restricted to one unit of K1 , K2 o_r K3 . • 

5.· Results 

Thefirst available ~films . .from.the .four stations werehandled 
• .. 

in ·a way as describedin chapter 4 and were converted in data 
ready .for evaluation. · 
The observation periods · of the · films were : . 

Station 1 .( San Miguel ) : 16~11~1970 
Station 2 ( Berlin-Wm ) : 30.12.1970 -
Station 3 ( Waldorff ) : . 19.12.1970 -
Station 4 C Toyokawa · ) : . 9.12.1970 

30.11.1970 
8. 2. 1971 
1.2. 1971 

23.12.1970 

These observation periods are ·· not complet_ely · oVerlapping. The 

main reas~n for this .fact were drop outs of the phot:og;aphic 

records. 
O_.f course this amount o.f p:i;epared data offers many potentiali~ 
ties .for _evaluation work.A .first step in this work _is to collect 
the positions o.f .· all. cluster centres for each station and for 

' . , . 

eac·h observation time on a GDD - PSI - plot. 
This method,first executedbyFrisius and .Heydt _1969 ·for GDD 

measurements .. o.f .the year 1967 . recorded in Berlin, allows. a good 
survey on the . atmospherics activity in relatio·n to . the diurnal 

occurrence of . atmospherics sources. 
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· On 'these plots a cluster. centre is -shown ·in GDD - PSI co~ord:i
nates.The spot density is indicated by squares with a size 
proportional to the key ··:o.umber ·K

3 
of · the cl:u~ter concerned •. · 

Fig. 6 · - 37 ·show the GDD - PSI -plots 'derivedfrom the pre
pared data. 

6~ Interpretation 

6.1. Converting the GDD - PSI - plot·s into Map - plots 

· Evi~ently· the cluster · centres show .a tendency of cluster.ing . · 1 

themselves at certain regions on the GDD · - PSI ..;.plots. 

Assuming that t ·he~e: Cluster of Cluster centres·C :CCC .) are 
att~ched · to . regions of cxmsiderable storm . ac"tivity on .the ·globe 

. . . . ·. . . . . ~ . . 

it ·· is · a matter of ·:tnterest to locate .thes.e c:entres~ 

F9rmer joint measurements .with ,atmospherics analyzers . on .. the '. . · 
. . ' ~- . . ·. ·. •. . . 

. · res.eärch vessel ·''-Me.teor" and in Berlin . in 11969 pointed a:t re~ 

,• r • • 

.. ceiving .;anges .of. ·the order o:r>10-.ooo km on:.night time ~.onditiop~ ·· 
( Frisius and· Heydt,-1971 )~So,it should be_:1!1Seful: to: seek on 'the 

. . . . . . . 

· ·· GDD . - ·PSI .- plots . of .,difrerent. stations _for<OOC wliich may be 
. ' ,'. ,4'("·· 

caused by the same· centre of storm activity„ 
For this purpose : the plots oi Berlin and .Walldorf .:, are most suit~ 
able because of_the length of overlapj;>ing o:r theirobservation. 
periods. ·· 
Look:ing at these plots we find two marked ooc· on :the plots for. · 

. 0°0 GMT: . . 

· The o0
.
0 GMT Berlin plot ( Fig. 6 . ) shows aJ1110ng. other · clusters. 

a CCC with averaged vaiues of 315 p.sec for GIJD .and 2?3°. for PSI. · 
On the corresponding Wald.orf plot . ( Fig. ·1~- .) a CÖC with a~eraged, 
values of 125 µs~c for GDD and 1°82° :f~r PS][ ~ay ·be supposed .... 

being -caused. by the same centr~ of storm ac_tivi ty as the Berlin . 
· CCC mentioned before. 
Fi_g. · 38 shows the cross bearing ·•from 'Berlin·· and . Waldorf ,using 
uppe:r· and J.ower limits for the .bearing of t-Jite ' two CCC • . ' . 

· ~e sinusoidal line on. ithe map gives the bollind~y :between da.y 
.and:·.Jlight on ·.the surface o:f the globe. 

·. :!l'he ~ommon area of the two ,bearing · sectörs. has its centre at -. : 
. . 

·' the co.astaJ. -area of Columbia ,south . of the gulf of' Pana:ma. · 
~e distanc.e .o:f this 'centre . to' 'the recei ving: Station . in Berlin: . . :· 

i:S. about -9.800 km,to the station in WaldorJ' 3900 km respectively~ 
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There are three hints .for the two CCC being caused by the same 
centre of storm 'activity: 

a) The ratio of the distances to the receiving statioris is · 
. . 

nearly the ldame as the. ratio of the received GDD..This is 
· just what , one _has· to. e:x:pect in the case of' _. one .mode · propa
· gation. 

·b) .A. corre;i.ation analyzis . has been carried out. with respect :to . 
- the key .number K3 · of _. single ' clusters b~longing• _ to :;_ the· _two: 

CCC during th~ overlapping period.For this purpose for each 
· day of _ the over lapping period the · pre sence . oi · a . c).;Ub,:; e:i.• in 

· the: ar.ea · _of th~ - CCC -was stated ·. by a key nllll1be~ . Kc · = :K3 + ~ 1. 
If ·therewas a day with no .~lusterin _the area of ,the CCC · 
.this .day, was ch~acteri_zed _ by K

0 
• O.The : ~f?que11ces .of- Kc . · 

derived from -records of Berlin and Waldo:r.f' werEL correlated • . 
. . . ,, ' . ' 

· The result . was a correlations coefficient -of +0~59.;Collsidering :. 
· the way of estimating the key number ·:K3 th,is resul't points· 
to a ~ommon origin of · the two · CCC .• · · 

. . 

c) A distance of - 9.800 km rrom ;h.e centre -of the storm activity 
to Berlin and an averaged .GDD o.f 315 ps.ec :give~ -~)mn coeffi

cient of 32 psec/Mm. 
Fig.39 . shows c_omputations of GDD as a fuiiction .of distance 
for a night time model of the _ ionosphere given by Harth (1971). 
lt . is easily readable fron1 this diagram tha.t a GDU. coef fic_ient . 
of 32 11sec/Mm is corresponding t9 a reflection height of- about · 
86.·k:m in the case of . West-fqst _pi:opagation.This is a yery rea
sonable value of the reflection height. 

For ·other · directions of arrival we have . to. consider the __ depen-
. . . . . .,. . . . . ' 

dence of GDD on .ae direction of proe;a~ion cause~: by _the iierre- . 
st:rial 'magnetic fieid.Looking at Fig.39 we f'ind. a.t a ·di·stance . 
of 3.000 km arid at different .di:rections of propagation. different 

· values .D.f' GDD: 
GDD · · · - 90 nse_ c : . 3.000 ·km,H=85 km,N-S path - r 

S-N patb 
GDD · · · · ·_ · • ·· · ·.· · · · ·. - 100 µsec 

. 3.000 km,H=85 km,W-E patb 

· GDD3.ooo k:m,H=85 km,E-W path ,.; 60 11sec 

• . . . . . . i 

So„1io .conside-r _this dependenc~,we use the following approximation: 

· l 
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360 - · .i+f 
900 · 

) 

0.f -course this equationis merely valid on .one mode propagation 
· conditions. 

Using th~s equation it is possi_ble . to produce "map plots".,: by 
' . ' . ·, .. . 

· means o.f a calculator . type 9100 A ( Hewlett ... Packard ) wi th ' · 
additional plotter. 
For 'tihis '.purpose · the . data -o.f a .:cluster :·CPSI,GDD,K

3 
..) are· entered 

to the .. special programmed calculater by -. keys_tfakes.A.fter that . 
the plotter pen mov·es to a position on the map qomputed corre
sponding to the nigh-t; . time propagation model ·and .draws a square · 
the size . o.f which is indicating the densi ty o.f light · spots o.f _. 
the cluster • . 
Collecting the data on the map · in the same manner as onthe 

. . 

GDD-PSI plots we get plots . which are showing _ the po 9itions _.o.f: 
. centres o.f .storm_ activity on the· world .ma.p as deri.ved .from .the · 
night time ,propagation model • . 

,. • •.A • • 

The t ·wo sinusoidal lines .on .the maps give the pos:ltion o.f the 
boundary between day an9- _night on the · sux-.face : of ··the globe com
P.Uted and, drawed by the . calculä.tor system by means of another . 
special program.0ne line gives the posit'ion o.f this boundary för . . 
the ···begin and the other line _ .for the end .o.f the observation · 

' :· ' '" , ,, . 

period. 

: 6.2 .. -Discussion o.f map plots -o.f Berlin records 

·ai Map ._plot ~-, 00GMT ( Fig.43 .) 

.!fhis . plot shows two main CCC: the strongest on.e . in the. area. 
; . . . . . . . . . . 

o:f' j;~e Amazonas river,the other one in the -. northern South 
.America.T.he iocal time at these .areas is about one ·hour. be.fore 

- . .Sllllset:.,but · the main part o.f. the - two pro~gation, pathes <to . 
:Be:r.lln is on -night time, co.Ilditions. 

. . . 

_ A :rew . .cl.uster . centr_es are indicated on the Atlantic and in 
:"the ncimty. _o.f . the Mediterrarean Sea showing ho marked ten-
.. dency .·o:r cl.ustering·. , __ . _, 

· · :· - oo · · 
"-1>) Map _:plo:t O .GMT -( Fig.40 ) , . 

!rhis. pl.oii shows the niarked CC.C beirig discussed in 6.1. : in 

the_area of: the· gul.f of. Panania where thelocal time .is a..

bout one hour pas~ sunset • • 
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.The CCC in the Amazonas area is ·almost completely vanished 

whereas the activity on .the Ätlantic Wld in the · v:i.cini'ty 

o:f the ;MediterrareanSeais abouttlle sam~ as on the 21°~ 
. GMT piot • . 

c) Map plot 3°0 GMT -(.Fig.41 > 
On this plot w:e see a lot of cluster centres with 110 niarked 

, . . . . . . ; • , · . . • . - . . . .- . 

t~ndency o:f clustering the_mselves.The amount of cluster cent- . 
res · on the Atlantic is . s6mewhat ·s~rprisin'2: but ·. it ·ia backed · 

,:for. th~ Northern .Atlantic by the records taken inWaldorf. 
'. A . Wt:ak .ccc is :'located 'in' the area 'of th~ : AAd _Sea near the 
.Nubean .. desert.•11~at .· s.eems to be not ·· so ,rery p;obable.vn .the 
o:ther,. h~d ,,the neighbourin.g cluster. c~tres. ~t f.he c·oast'aL 

a:t'ea of'. the Me_dii!c'ranean öea are plaped very y,eli , w~th respect 
t·o . climatic .experiences·. . . . 
A :few~l~ster centres with ,·strong densities ·are · lo.cated at 
' ' . . ' . . 

the e'a~tern coastal area o:f the USA. If these Cluster centres . 

' are placed ~ight' on the 'map 'they must have been recorded by ' 
· the Waldor:f station· as nearby söurc~s.It· should -b,e _one of . 

the next tasks to examine these cases. 
d) Map plot 6°0 GMT (, Fig. 42 ) . . . . .. . 

This plot is very similar to the 3°0 GM~ p~ot.It's interest7 
ing to see that the __ storm activity_is clearly increased 
compared with the 3°0 GMT plot.A ne~ weak CCC is located in· 

· the ·_gulf . o:f .. _Guinea . at . local . sunrise. 

6.3. Discussion Of ma.pplots of ·Waldorf records 

. . 

· : On · this plot mos:t of the propagatio~ pathes. are · pn · day: time . · 

conditions.SÖ,the 'locatiori of the ''cluster centres on the map 
may b -~ , .expected ·to be · _iilaccurate~The inter~:sting.• fact on this 

piotis :the . comple-te.~b~e~~e ,o.i :: c;luster cent~es·• ln/ th~ ar~a ·of 
the :Ama:zonas,c:onsidef.in'.g ·:the strong CCC at 21°0 GMT ·a{ this ·. 

' Tegion· on . the· Berlin -· plot .This ··iff .obvi~usl:t ' du~. ~lci ;.d,if.fer~nt· · 

p:rop_agation -conditionä at ·the ~ay· and night. 
b) .Map pJ.ot .o00GMT { Fig.44 ) . 

. ·!l'his :p].ot .. s~ows • the. marked CCC at · the guJ.f . of Panama, a ' CCC . 
. . ··south .o~ .the · Cal~fornian p·eninsula, a lot _. o:r ·· cluster centre·s · 

on j;he .AtJ.a.ntic and . a f ew ·c ent;e ~ in the' guli' öi M~i:1.Co. 
c)' _Map J)J.ot 3°0 GMT . -(Fig.45 ) · ·. 

On this plot we· see the CCC at the gulf of Panama noticeable · ' · 
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· decreased whereas the CCC south of the Californi&n penin- . 
S'Ula has about the same acti vity as on the o00GivrT plot. 
The acti vi ty on tlie Atlantic ', is lasting at which . the nwnber 

of cluster · centres~ on the Northern Atlantic is consid~;ab.le 

· high compared with the number of clustercentres in the 
sa,.me area on the corre sponding Berlin plot. The reason fÖr thi·s . 

fact should be investigated, carefully. 
A new CCC is iocated in the area of the Hawaiian islands where 
the local time is just about sunset. · 

d) Map plot 6°0 GMT( Fig.46) . 

· This .plot looks rather similar to the 3°0 GMT plot. 

The CCC . _at the gulf of Panama ap.d in front of the . Californian 
peninsula are ·· not·iceable decreased. 

e) Map plot 9°0 GMT C Fig.47 ) 
This plot looks qui te s_imilar. to · the G"<>GMT plot. 

6.4. Discussion of map plots of Toyokawa records 

The map plot s deri ved from the Toy_okawa records show only a :. f ew 
. Cluster ce_ntres due to . the shortness · of the observation. period·. 

a) Map plot 9 °0 GMT ( Fig.49 ) 
Most of the cluster centres on this plotare located in. the 
area :,f Indonesia where the local time is .about onehour be

fore sunset.l.. ·few cluster centres are located in the northern . 

Pacific. 
b) Map-' plot 12°0 Gr~T ( Jig.50) 

This plot shows additional to the cluster centresmentioned · 

at - the 9°0 GMT .plot some cluster centres south of India and 
· a few in Africa. 

c) Map plot 15°0 GMT (- Fie5.51 ) 
· On ii.his plot .the activity in the area o.f .Indonesia nearly 
comp1etely vanished.A fewcluster centres are located in the · 

· .IndianOcean .and a few in Africa.Tlle locating of storm ac
-ti-vityin. the northern .A.frica is rather doubt.ful.It should 

be :investigat~d the possibility of bearingerrors of the 
' , 

. station in Toyokawa because. a direction o.f about _ten degrees · 
more to the . North wouldlocate the cluster centres at the 

. southe.rn_ .coastal area . of . the Mediterrarean Sea .which· would 

.malte them .fitting .· to the. Berlin records~It needs more records 

. to JJ1a.ke a aecision on this thing. 
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6.5. Discussion of a map plot de;sived from San Miguel records 

Because of the shortnesso.f the · observation pe-riod only the map 
plot o.f 9°0 GM!f is shown (Fig.52).This plot is backing the Ber-, 

, lin map plot of o00GMT by indicating cluster cent'reS in the middle 
andin the North ·of th~ continent of Southa:merica inan excellent 
manner. 
6. 6. · Summarizing the results of .the map . ploits ( · Fig. 53 ) · 

LI,ooking at the map plots we have found two different types of 
storm t1.ctivity. 
One ty_pe,showing a marked tendency o.f clus!J.iering o.f the cluster 
centres, seems to liave the niaximum of activ.ity at the hours short · • 
beforP. and past sunset.Thi~ maximum of cluster activity has not 
;t~. be. the maximum of storm activity because of the . high attenua
tion on day time '.propagation conditions.Exrmples of this type are 
the · ccc. 10.cated. in Southamerica. 
The other type,.for example t_he activity on .tb.e Atlantic,has a 

fla.t maximum of cluster activity. at ,the ho:mrs before sunrise. 
There is• a ·weak tendency o_f clustering of i.he cluster centres 
at thisareas. 
Generally it may be stated that .the indicat:ion of areas with · 
enhanced storm activity on the map plots is mostly in .good con
.:formity with climatic . experiences. 
It may be .also stated that there are several. cases of map plots 
of· different stations which are backing ea:ch other. 

7. GDD ·• PSI maps 

!ro .. .facilitate the work of interpretation ot GDD records,maps 
containing lines of constantPSI and GDff have · been computed and 
pJ.ott~d using the night time propagation model with a _reflec
tion.migrt, o:r 86 km ( Fig. 54 - 57 ) • 
There lilay be some effects which may reduce the accuracy of these 
.maps~.:tox example the magnetic declination ~ the, inconstancy 
o:r the xe.:tlection he.ight ·and · of the direction of propagation 
on the-oropagation path·~However,these effects will . :produce de- . 

· .viat10J1S· o.f second order~ 
It .lllUst be po.inted out tha~ these maps are not applicable for . 

.. sho:rt distances- ·oecause of the .effects of multi-mode-propagation . 
:( see J?ig. 39 ) • 
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8. Conclusions 

Tliis attempt on _locating sources of ·atmospherics by means of 
measurements of the directions of arrival and of group delay __ 
differences seems tobe promising.It should be conti..nued 
usingrecords of other seasons with good over1apping of the 
observation periods of the„ different stations and extended to 
SAR observations too.&.cceeding ·inthis work it would be possible · 
todevelope a technique of quantitativecontrolling the _areas 
of enhanced storm activity by a. few observa:tion stations. 
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Fig. 2 : Antenna system, set up in Waldorf , USA 



Fig. 3 : Equipment in Berlin - Waidmannslust 
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1 : VLF - Abnospherics - Analyzer 

2 Oscilloscope and camera 

3 Analog - digital-converter and timing system 

4 : Tape recorder 

5 - 7 : Strip chart recorders 

8 : Printer 

9 : Power supply uni t 
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Fig. 4a : Photographie reeord GDD mode, 1.4. 71, 3°
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,Ffg. 4b : Photographie reeord.SAR mode, L4. 71, 3lO GMT, Berlin -WM 
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Fig. 4e: Photographie reeord SA mode, 1. 4. 71, 3
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Fig. 5a: Calibration, GDD mode 
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2 •· 1971 35 · PSI · PA.R !( PSI PAR K ?SI PAR . K PSI PAR · K PS! PAR K PH PAR K ?SI. .PAR K PSI PAR · K 

0 1~5 103 :.22 177 57 321 222 221 222 250 115 422 250 347 222 274 275 321 
1112 120 331 170 3R 430 224 141+ 1'+1 248 47 332 250 176 331 276 88 331 

3 138 96 211 153 99 310 167 73 221 249 107 333 250 338 332 273 266 321 
138 S6 23?. 154 . 36 331 169 l+I; 231 24~ 45 343 250 165 33? 274 77 331 

6 137 80 211 154 88 310 174 65 320 247 353 332 250 103 33'+ 281 2~9 23~ 
141 12:i 231 156 72 321 248 27 344 248 163 332 282 66 233 

9 147 1C9 1q 1 251 143 323 
. 1'>7 135 421 249 95 243 

. 12 140 121 11c 154 121 110 249 234 311 
1.liO 186 231'.) 156 175 120 ?49 268 331 

15 142 0

89 32? 159 78 220 2~2 165 122 256 p5 321 
1-+0 li2 331 159 36 230 241 BQ 142 256 60 331 

!8 13q 113 622 180 49 631. 239 109 222 2-+9 98 221 
141 57 33? 183 12 3_21 2/oO 28 232 24!! 24 232 

2l 1'+.7 115 721 :83 96 32C. 238 99 222 · 24s 8(J 23?. 251 3?9 333 262 359 322 274 185 231 
147 91 631 237 31 232 ?49 5 232 250 118 343 273 . S6 342 

2 19i1 :;6 PS! PAR ~ PS! PAR K . PS% PAR K PSI PAR ·1< PS! PAR K PSI PAR K PS! PAR K PSI PAR K· 

0 1i.2 88 4?.1 248 115 2'.H 277 282 333 310 ?.86 _211 
l4R 93 4f+l 248 2'+ 341 ?79 37 333 309 95 231 

3 143 1C3 311 169 76 321 136 65 321 2'+3 115-320 279 289 133 306 2R2 121 
1~0 71; 2 31 168 ?.7 341 t/36 23 241 244 103 360 307 150 12; 

6 1-. 7 88 42C 176 65 421 ?.41 254 141 · 253 34~ 120 260 370 120 277 302 222 302 306 221 
! '-9 76 31C 176 23 430 241 107 151 254192 140 262 182 140 279 119 143 303 135 220 

') !61 98 421 274 2i:;2 2:;o 304 313 120 
160 % 431 276 121, 331 301 144 140 

12 148 112 320 167 101 121 237 127 120 
148 122 33C 16') R8 231 239 86 331 

15 123 104 211 152 101 211 163 85 211 237 131 211 
123 113 131 150 6't 230 l65 68 232 238 68 231 

16 tZ3 98 322 l'+ 7 68 4?1 ~69 68 522 231 106 522 242 363 320 273 219 220 
121 29 332 · 146 25 431 165 4 431 231 2 332 24/l 181 140 2H 103 32C 

21 143 106 4?.1 170 79 321 225 371 130 229 12a 311 248 · 346 323 267 3?.0 323 271 160 322 - 301 255 211 
!47 48 331 168 6 "'':>1 225 169 140 2'+S 156 233 266 115 432 269 10 332 300 133 131 .>~. 

Table 1: Result of data processing of photographic records of ~wo days 
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Fig. 18 : GDD - '!' .;. plot, Waldorf, 19.12. 70 - 1. 2. 71 , 12°0 GMT 

1 Fig. 19: GDD - .'f - plot, Waldorf, 19.12. 70 - 1.2. 71, 15°0 GM'r 



360'1--·-l---. ,__,__~-~•----,__.__,.____.__---+-N 

270' -~ ------,----- ---+-----=------~-+----r-----w 
0 

I · 
1 

. C , . 
□ 

.. ... . . . 

O'-t--~-•1 --.---t---.~-+---.---+--...--1,---r--,.-~N 
·100 0 + 100 • 200 • 300 .,oo t 500 

· GDD [µsec) 

Fig. 20 : GDD - 'l' - plot, Waldorf, 19.12. 70. - 1. 2. 71, 18°
0 

GMT 

360'-1----- ---'----+----'-----,f--... '--t---'---+----''----t·-N 

C 

270'-.-------+-----'t-t~----+:-------+----·t--'-----+-W u 
ci 61, . 

d' Da •• 
. . . 

0 ' .. D 
.• .. 

'<'! • 

. .. 
D • . 

go· 
1 . . .. -~-·-------+-----1------+-----+-E 

. t( • · .. ' □ ·. . ... . 

-o· -
1 

·100 0 •100 • 200 

GDD [µsecl 
•300 
e,,, 

,,oo 

Fig. ·21: GDD- 'f-plot, Wru.dorf, 19.12.70.:. 1.2.71, 21°
0 

GMT 
I . . 

.. 

--N 
.•500 



360' 

-1 
1 

1---!--. . .. 

.. 

~ . 
~ 

270' _L ' ; ---
1 

. . . . .. . a . 
• 

i ~ . • . . 
• 

'Y t 180" 

1 •. CD 
1 ' . - --·-··---- -•··-··-•--·••-

l 
i 

90' ·. 

1 

•' 

- 1 i 
Q + 100 • 200 •300 

GDD Cpsecl ---c,,. 

Fig.- 22 : GDD - 't' - plot, Tyokawa , 9. 12. 70 - 23. i2. 70 , 0°
0 

Gl\1T 

360 •r! ·, 

270 . ~ 
i 1 

' . 

LJ 
CJ 

D 1, 

. . . . . 

. 
~ ....... --··• ·•-·--·- -

; 

' 
. /,"" 

j 1 
i ! 
1 

1 ! 

1 ;I 
90 . 1 ---· 

1 . 
1 1 

;, 

l 
ij 

1 1 i ·1 
o· 

•100 · 0 + 100 • 200 • 313[) 

GDD [µsec] -

Fig. 23 : GDD - 'l - plot, Toyokawa , 9, 12. 70 - 23.12. 70, · 3°
0 GMT 

-N 
\ 

! 
-w 

-5 t: 
~-

f r E 

~ 

~t N 
•500 

N 

f w 

--
~ 
r 

-E 



. ·• .. 

3&0·1--·--'---!-·-~--·--~--1--___ ,_ __ _ 

210.J-·--~·+-•··•···--- ------i ------;---- -1-----~w 1 . 1 . • 

~r ,J __ : _______ ~~-· --0-+~._· -i------t-s 

' go·~· ----r----c ---.-.-....,--t----~- ---...-------,---. ..-E 

o·---.---
1
•·--..--+---,-.-------1---+-----.----1·.,---r----t-N 

-100 · 0 ♦ 100 •200 •300 •400 •500 

GDD [µsec] 

Fig. 24 : GDD - 'i' .- plot, · Toyokawa; 9.12. 70 - 23.12. 70, 6°
0 

GMT 

3&o·r--•-__,_--'--+--''--+--'----+--,.._ ___ r----,-L-..---- · -N 

270'-+~----1---1-----,--r----~-·-~--r-W 

l • 

100·----
0 m r ---1-----c0,-4------+----~~-.--·-~S 

\ ' . . ~ 

t· 

90'-1------·.-,----t-. -. -----1------,--1----....--+---.-·--·-r-E 
. . . . 

.rf • 

. 

o· -~---r·--..----+--.....---+---:--1----........ --+---.----1-N 
·100 0 • 100 • 200 •300 •400 ♦ 500 .·· 

GDD [µsec] 

Fig. 25 : GDD - 'i' - plot, Toyokawa, 9.12. 70 - 23.12. 70, 900 GMT 



360"~.. ·. 1---~--r·~---+--!---·---~~•--···- -N 

~ . . . . i . 

~ . ! ' 

210·-----1· -~---T-----T~~-~f: -~~ . . "f 
' 1 n O. • - r 

1 ,. 
cl 

.. 
-----,-. -----+------+-----t-,------,------,.:. E 

(. 
90' 

· o o· 
~ · 

t 
~ 
1 a 

O'--i.---.---;,,-,.--....---t---..---,--1--- ---1----,.-----,,~-r---~ N 
. ·100 0 ♦ 100 · • 200 +300 •400 •500 

GDD [µsec] 

Fig. 26 :. GDD - 'f .- plot, Toyokawa, ·9.12. 70 - 23.12. 70 12°0 GMT 

m·r•_._-r--~---r------+---'--.~. __.___,~N 

.. tl·•· • .. 
' 1 

21D" 1i 
D 

• D 

·• 

' 
C 

. . . . . . 

. . .. . . 

. . -· --- -w 

~ 

9Q'-+-----------.------i----·-i---- --1-----1-E 

'i" .. 1 
a 

O'-t----r---1_J1_· ~-- --t------,.------1--r----i-N 

•100 0 • 100 • 200 • 300 • 400 • 500 

GDD[µsecl 

Fig. 27 : GDD - 'i' - plot, Toyokawa , · 9. 12. 70 - 23. 12. 70, 15°0 GMT 



270' -

1' i 100· 

90' 

o· 
·100 

1 

1. 

1 .. 
i 

1 

1 

1 

1 
-- :- ------

1 

'□ 
.a 

• 
a 

' 0 

. . . . • p .• . 
a 

n . 
• 

• 

• 100 · . • 200 

_ GD D .tµsec l 

:-- 1 

1 

1 

' ·• · .. .. . . 
. . . . • 

• . 
• . . . . . 

' 

' 
•300 •400 

Fig. 28 : GDD - 'r' - plot, Toyokawa , 9.12. 70 - 23.12. 70, · 1e
00 

GMT 

3601 
. , 

" 
• • .. . •· . 

.• . 
1. . 

270' 
l . 

0 p . 
a . a . 0 . . . . □ . . 

1' i . . 
180' ------- . 

90' ! -. . 

o· • 
' ·100 0 + 100 -• 200 •300 •400 

GDD [µsec) --► 

Fig. 29 : ·Gnn - 'l! - plot, Toyokawa, 9.12.70- 23.12.70, 21°0 GMT ·. 

.. 

·-t N 

w 

. ·-s 

~ ~+ E 
t· 

-· 

N 
•500 

N 

w 

s 
1-

t 
1 r 

- - E 

.. 

N 
•500 



350·-.·1·___,__,l_□_j_ . -,J-~-lb ....._ _ _ _, __ --,-: ___ ~ -lt:. N 

', Q .. . g• •• 

. . 

□ D 

1 eo·-----•------------ ------1----------,-----t-· s .. 
1 
[ 

1: 
1: 

90"-t-----+-1 ----t----------~----'---~ E 

! • : • 1 
,D ~ .a.[J, • '. 

O'-t---r--~o'i..___o_or---t--..--+---,·•---ir--.----1--,--- . . N 
·l00 0 +100 · •200 •300 •400 •500 

GDD [µsec] 

Fig • . 30 : GDD - 't' - plot~ San Miguel, · 16.11. 70 - 30.11. 70, 0°
0 

GM'!' 

360' r, D 

□ [ 

Cl 

210· i ' 1 

-
1 
1 
' · ! 

1 . . ' ·-·----•-· ----··•·-• 
' . 

. 

. . 
90 . ! 

1 ,; □ 

. 
• D d 

0 . i . 
0 

D 

• . 
• 200 

GDDJµsec] 

1 

• • . . 

,. 
•300 --

,, 

.. 

• • 

•400 

Fig. 31 : GDD - 'l.' ~ plot, San Miguel, 16~ 11. 70 - 30.11. 70 · 3°0 GMT 

N 

w 

' 1 
1 r s 
f· 

[ 

~ 
E 

N 
•500 



----1..--! - --··• --1 
□Da 

0 

l 
. □ • . . 

210·-

-rt 180"· 

j ----------

r 
1 a . 

□ 
1 

i 
! 

1 
♦-·-·•-- ·---------· 

~ 
; 

90' 
1 - 1 

1 

0 

D 

i ; 

0 + 100 • 200 

GOO [µsec:] 

. . . .. 

0 

' 
•300 

.. N 
,, 

----w 

--·----·-- s 

-

.-t· E 

r 

_j 
N 

•SOO 

Fig. 32 : GDD - 'f - plot, San Mig:uel, 16. 11. 70 - 30.11. 70, 6°
0 

GMT 

360' r!"· 
210' i 1 

j 
~ 

90 

. 0 
·100 

1 
1 
1 ' 
1 

1 

'( 

C 

! 

i 
0 

i9 

lJ 

• 

0 

' 
D 

~ C . • 

• . . . 
' 

. 

C 

' 
• 100 • 200 •300 •400 

GDD [µsec] ---
Fig. 33 : GDD - 'f - plot, San Miguel, 16.11. 70 - 30.11. 70, 9oo GMT 

- N 

w 
. 

s -. 

.. 
E 

N 
•500 -



3JO-r!---c--u•~-·-.•-l---'---l---l--- __ __j__-'-----1---~ N 

210·-~+--------- •-~----------.----------.J-w 
1 

1 

i t 100·-----+- ·---+-------4----~----➔-.;._---I~ s 
1 ". 

1-' 

90"-+------+----.J..---...:__-4--_::_ __ __J __ -- · 
a 

"' E 

"' . . ~ . 

o· -+--,-,---,--=-r---f---.-~--a a 
i -N 

•100 0 • 100 . • 200 •300 •400 •500 

GODCµsecJ -
Fig. 34 : GDD - 1i' - plot, San Miguel, 16.11. 70 - 30.11. 70, · 12°0 GMT 

-rj 

350•r!___.__---+-___._--+--~---'----'--_,__~N 

210·--~+-----+---+--,----i--'-----f-----:-t---·-.... W 
. a 

1 so·- 5 

! 
90' 1 f 

! a E 

! ' 

□ . 
D o· - .~ 

f. 
1 i --l-'--~-__..--.~-~------1-------L.. N 

·100 0 + 100 • 200 •300 •400 •500 

GDDCµsecl ·--
Fig. 35 .· : GDD - · 'l:' - plot, San Miguel, . lG. 11. 70 - 30.11. 70, 15°0 GMT 

1 ' 



360-r! 0 .o 

. • 

210· 
~ 

0 . 
1 

: ' 

1 
q 

1 

1 . 
i . 0 

1' i 180' -
______ ,. ___ 

90 

. 

o· 
·l00 

. 
' 1 

. 
l 

! 

0 

1 
0 

0 

0 

D □ ~ . 
• 100 + 200 

GOD (µsec] 

! 

•, 

·. 

: 
•300 •400 -

Fig. 36 : GDD - 'i' -- plot, San Miguel, 16.11. 70 - 30.11~ 70, 18°
0 

GMT 

' N 

w 

s 

E 

j 
N 

•500 

m·r!-__ o...__o --+: -.o_ß __ ...... -~-----+--~-----N 

210·-+-----+-----~-----+-~---t---~-------i-W 

~· 10 _ __ . ,, l 180- i -------1-~---+---------l----~ s 

0 

. . . 

.. . .. . . 
D o 

• D o o·----.---,·· -_ -~-=-+--~---1--,.---t---.---1--_.,_-----4- N 
·l00 0 - • 100 • 200 •300 •400 •500 

GCD [µsec] 

Fig. 31 : GDD - 'f - plot, San Miguel, 16~ 11. 70 - 30.11. 70, 21°0 GMT 



1 

1 

80 ·. . r.J --_..::.. "" -- 80 
1 t . ~ . ,:. . . .. ), 

·1 ~:~ ~iu L.:a · - ~ - .:.::~-~~ 
1 4.-- ~' . 1 · . .,....d ,·:t -•·.J. -1 -- ·;üv' . - . 1 . .°} _,. .. -- ·~:;, >---~-~v ~ -• . ..;. .· {J . . . . ~ .......... , ---...i-.,__,_,,.._...__ ···[•::-::. ·- . ... 1'7.-·;-·• """ c.: ;.,,,-..-" ·• . ... _ ,. , • · ·-v . _i ,. - 1 . . . -~ . ·- . ..:1 

--- ,! -::,-~ 
/ ~, 

· lO 
j-t--\-i-~-+-_::_:; 

1 
1 20 
i 

1 

D lO 

. 1 

'~i <: .... _ .· 
·,.. ._ 
:· .J 

,.20 

o , _.,". t(\) lt"r 
. /~ ')\N i ,' "' :1,;~t· ~,1-+--t-Jd.o+~+-~L'...._j , ,\3 v~~"-. ,.,' 1 

. ', 2CT·· : . 1 / . ~-"" ,'l-!'~ ' ·'. . . ! ,-;._.::;:.-=---:--t-i--+---+__;,~-4-~-,r~~.....:...._,i-Lj_-4üLL_jL_L·J1t,,..T-1...~-.~(\ - ·.. -1 , . . , r _· \. - . , 20 . . 1 j 

lO 
1 

1 
i 
- 60 l 

15·n . b 
. 1 1~--- - ll - _ 12R - . 10 

1 . J --
! . < A -fJ .~✓ ~\.' ~ 

'-

,~2io~-

! 
/ lO 

1 

1 1 /1 i 1 '1 
1 ./ , · 1 60 _, · 

_.:.--"i.o, __ --:~i!Q~P---_[~rb .J.Qp -~~~!.J __ jq~_JeQ _ _l§~ __ _ LL.0 __ 12_._>b_-_-_-,p-i-b-_-_~81 
_ 1..--- .--.........,,. . . , • , ,__ =r-

J'--1 · l i · 1 · ,. 
! i 1 : · 1 I , , , : l t 
: ! ! : ! • 1 1 
! 1 i : i G.~- -'---U....::,;:;,-=---4----1- .. 1 

-----l.---~---1----.L---t.- 7 -f i i 1·----~---t -·-._.;J- l . • r 
i >-
'-f" 

. ' 
Fig. 38: Bearing of · the two C C C, ·ooo GMT 



'vi' 
a 
0 
0 
(.!) 

100 

100 

0 

....-.------.-----,----r------r--~----..--, 

0 

., 
1 

H = 80km 

H = 85km· 

ß = 0.5 
cfg:: ClO 

H = 90km 

GDO-7/2 

1 
' 
1 , . 

O = - 1 : W - E propagation 

n = + 1 .: E - W propag:ition . 

O = 0 : N-;- S '·· propagation 

n = O: S - N ·:propagatiou 

.._...__.__ __ ~--- -~--- . - ___ __ ,,_1 _____ - ·· _j 3 . ' 
1 2 · 3 .4x10km 

DISTANCE . 

Fig. 39 : GD D as a function of distance, night time model f{nrth, 1971) 



80 . ..:-.1-w-

' • 
· L.0 1 l l \ \J . ~~ ,.rrT 

0 
<>· Q • 
o . ·%1 

0 • 
~ . . 

20 

o I_ 1 1 1 \ 0
-~ • ! -~ · • 1 -~ '.'-'j"-\ 1 1/ 1 r //~ ~{Ca 1 

. 20-·- .1~ • 
• 

• 

40 

60 
, 

" 
j 

. . . . . 

Fig. 40: GD D- Map-plot, night con1itions ({, g=oo, H=86 lan) Berlin, 
0

30.12. 70~8. 2. 71 0°0 GM: T 

D 

1 
1 80 

. L.O· 

. · ,. 20 

1 .- ··· .. 1 ·, ' 1 -0 

;.2()"-. 

L.O 

··, 



80 

' ' }-~--
! i ! ir~ 

------1- - . 1
'7.. , 

1 . --

\ 
\ 
\ 

'-.lO\ 

\ \ 
20\ I\ 

0 

\1 \ 

\\ 

20--.J· 

4:Q 

60 

1610· -r- -

' 1 
1 ' 
\ 1 

\· 
\\ 

.. , . 
\\ 
\\_ 

i r· \ \ 

... .. 
9 

• 1 
• - \ 1 - J/ 'I 

• 1 .1/ /1 . 

_Jo// 

Fig. 41: GD D - Map-plot, night conditioris ({5g=oo, H;86 km) Berlin, 30. 12. 70-8. 2. 71 3o6 G M T 

80 · .. --1<:1::~<J. 
Jt~..,_,~.:;:~1 

1 d'_____, 1 ·· -~ <.;-, -',: .~ ---. ). 
-~ ,"_' :_: . ~I 

- - ' N1--S 

0 

\ 1· 1 ' 
\ \ 
\ ' 
., 1 

', ' \ .. 
.. ' 

' \ 
' • \ , 

\\ 

·,. 20· . 

\ 
\ \ 

\ '•. 
\ 

/ .,._ 

-~~~,l 
.;:~:) -~--.;, 

i 
1 

0 1 1 \ 1·"-

JfäQ _ J_fiQ _ -:-Ll+0~ _12-fl _ J~,-_§p _ 
i 

-~ 

i 
l 



1 

1 
. , 

80 1 ., L __ ,J _-_b,,~~~~L- L..._ 1 ------ -~ ·b- . 1 -..1 1 . 
1 .· 80 

1 1 ,. 
r 1 
' . 

D 

. L.0 L.O 

20 1 . · I ~'\ r( ..... ~..:· 0 ◊ : . . 1 I / 1 r 1. ,l \\1 ~ .l.l-t. . 1 ~- 1 1 \ \ 1 ~_J_,,.20 

• • ■ • - - ---- ■ • - • -- • • • - - • • ~ · - • • • • • , , , 

o 1 · -• .1 · L .• _ 11-" 0 ! .~ · ,;- · · 1 ~ . 1 -1 / 1 r ~ '/ {C „ 1 1 · \ i I O - .: 

. 20--.J i, 2()"· . 

L.O 

Fig.42.: GD D - Map-plot, n_ight conditions { (5 g,;.oo, H=86 km) Berlin, 30.12. 70-8. 2~ 716°0 G_· M T 



80" 

40 

20 

0 
~ 

20··.J 

40 . 

60 

,, 
: \ . ◊ 

•\I \•· 

l \ 
j\ \ 
! \◊. 

! \ . \ ' - ··- - ' \ 

◊ · 

80 

. ~ 
'· 
1 
\ 

• 

. 
◊◊ 

• 
• 

• 

\J.· .· , ... 1G 
2lo_~ 

.· . ..: .. 1.-

N. 

, 
/ 

/ 
/ / 

/ 

Fig. 43: G i:> D - Map-plo~, night conditions ( .G' g=0o, H=86 km) Berlin, 30.12. 70-8. 2 •. 71 2100 G.Z\i T 

80 

.1· ·1 40 
- -- _' _ _:__ 

• 
1 

, •• 20 

0 

,.20.-. 

L.0 



80 

40 

.. 
~ 20 · <> 

. I? 

0 

- • - 2· ·o··. 1•,-~.. . . 

40 -

60 
- 1610.;. _ 14 

_ Fig. 44: · G D D „ Map-plot, night condiUons ( f; g= oo , H=B.6 km) Waldorf, 1_9.12. 70,~1. 2. 71 QO<> G M T · 

. □:-

1 

•I 

4Q ·-

·-., 20· 
"·· - - --

0 

'~2()"· '• . 

40 

_ 1410 _ 1 m _ 10p . _ a. _ 



. 1. 

:..:-.... -·. ,, . . 
80 

·40 

60 

J8IQ_J.§l9_ -

-- .-J. 
. . . . • .. . : ~ · · . • . · .. 

Fig.45: GD D -Map-plot, night conditions ( b g=Oo1, H=86km) Waldorf, 19.12. 70-1. 2. 71 300 GMT . . . . . . . . 

10 



0 
CO 

---- _________ ._ ___ _ 

: \ · . 
'':--.... ..., . - ' 

,-_ '-~;-t"_- ·,--
; .. \ i 

✓ ' · . ' . 

01 ~'T,-,---'-<--_JL 

1 

[-t 

~ 

c, 
0 
0 

'° 
r-1 

. t-

,,i .. 
.,..; , . 
0 
_t-

• 
IN 
r-1 



r· ·-~ -,. 

1 

1 
r 1 80 . . ~J..-

·, 1 \ . 1 "".:P"i ,, 1 1 

"' j . \ 1 1 ~~ - _'--.A- , ä 'H r =7 ) :y · . . . ' ., ' ' ~ . '\ . 4. 1_ 1 · .. . , 1 : 1 1 . . -~ ,. . '. .e ~ 1 ·_ $ -.,.r ..• j .. . \ 
-·1 i"' 4 1v-l[.. . . .... /t-' . - ' . . . . 

. \ ' . . . • !,, . , •• : • ::_ J ◊; . ] .- . 
, -

1 

! rl · l ., <> : .,,___., '· ~ 1 .1 1 - ' " . . • //, 

. .::::,-... -~ 

G -
~ 1 <> <>· 
• <> <> 

~ 'L· ◊ ·,t>~' --~-·:14=--- •.j. --t'j 

1·0 
1 

. ' ,,. \ 

1 • 
0 

. 20--.J <> 

r • 1 • .i,efi>' ...__; / : 
l _· - . · __ r '. -~ . / '. • 
1 1 • :, ' . . .-....:.,,. · f ' 
. . 

' ,,:> 
' I 

lO 

V/ 
/1..} 

. i :·· T1 . 1 1 1 . 1" \, 

~ ... t~·. ~ 1 ~! · so N , I_ /~'l> il~ 1 , _ 
1 

2g ... -~IQ_r--..... - 2\ 1~() 1#_ . .. 'rnb "-<16 1 12~-röb ,,81] .,,ß_·_-ria.l,u . l 1 
. 2_lo .... j. 20 410 -. Cf;lo ab. 

- ..... ~-,.rc- - -3
10
-~ ---~ - ·'--_. __ -=-~ - - r.7 -_-;!.IF:i- - .. , - - r- --f' - - -1- - - - ::~ - - - t 

...... 
\ 
\ 

1 
1 
1 

\'i 

. 1 
10( 

. ~r.r-~..=_-<7 l\_ - ._ . ~
-~ .~..D'O , • . - 1 - . 1 

__ .l-,;_ ___ --4--.:....._:....+----~..;__--1-..;._;_~ 1~·- . . 1 / . 1 ---+--1---...;..._-~--+---+--~ 

; l ~ • 
1 ·. . 

. 1 . . 

Fig.47: GD D - Map-pfot;night conditions ( bg=co, H=86km) Waldorf, 19.12. 70-1. 2. 71 9°0 G M _T 



0 
CO 

0 
.N 

.... 

0 0 
tO 

o' . .. . 1 

: tDI 
. ---, . 

1 
1 

• C';J 
. . 
,. r-f 
. 1 
0 
t-

---~ 8 
II 
b.O 

<.n 

00 
-tjl . 
b.O ..... 

J:::i 



80 

40 

20 

0 

1 

20-:J_ 

L+O 
--t---t---t-'.--t-t-:~----'-t---+---~-+-

! 

1 

·50 ·• '- ! 

1 . 

40 

• ·•·-.. 20 

0 

., __ 20 ·.• 

40 

·o 
0 

' '·:---....., __ 

c:V 
~; 

:..) 

10.Q_ 
·---: 

/h L. _JgQ_-12.P:··c"'10r~ __ 81 

. · 1 1 ;> '-c.;._ , _ •t. 
. .· . . -~? 

. . . . 1 . 

Fig.49: G •D _D - Map-plot, night conditions ( f5 g= 6o, H=86km) Toyokawa, 9.12. 70-23.12. 70 900 GMT 



80 

lO 

20 

0 

1 
. 20·-.J.. 

lO 

60 
i -

1610·"' r - -
1 

// 
t' 

/1 
, , .. ,, . 

; • 

-,:/ 
,,' 

,J 

i 
;! 

// 
/1 

1 
80 

.· -~-.i..-

• 
<> 10. 

<> 

• • 

'- D 
-- 2p -- 410 - _J:;10 . 

Fig. 50: G ,D D_ ~-M~.p-plot, nigl~t co~ditions (b g= oo, H=86 km) Toyokawa, 9.12. 70-23.12. 70 1200 GM T 

N 

. ' 

80 

lO 

• ., 20 .... -

0 

,. 20·· ·1 • 

4Ü 

0 
/ ..,,, 

/• .· 

,.;.-
,/ 

/ 

,· ., .. 

// 



1 

1 

• 80 1 1 ,J ~ 1 , fu_ k "Y 1. oJ ! l I i I so 115, ~~ 
-·,':J --~] 

L.0 

20 
;/ 
, I 

1 /1 
/ i 

0 
1 i l 
f.l 

,,: 
i 

20
/'1·, 

! _l • ~ 

,j ·.1• , . . 
:/ 

,i ,, 

ro 
, · 60 . 

,~o 1t.b 1 
. f---- ►--

1 

1 
i 

i 

D 
' . . 1 

• • • 

• 

• 
\\ \\, 

'"-\., . 
'•.i •-... ,,.._ 

'· '-

• 

• 

l 

......._?-- . • . 

'Fig~ 51:_ GD D - Map.,;,plot,-night conditions ( 6' g=·oo,H=86.km) Toyokawa, 9."12. 70-23.12. 70 .. 1500 GMT 

•. 

lO 

0 

, .. 20 

0 

1! , .. . .,,..;, 

l' 
)' ,, 

/lO 

60 

,, 
/! 
•/ 
ff ,, ,, ,, 

!;· 

i'f·S--.-.~->, . • ,.. 1.,. 

-~ _, 
_{ 

;0>~-,.\ 
// 1 ..... // <-)t 

\, .J 

__ , ____ , ___ Lllü __ 12(2 _ JQP- __ I3p 
1 

i - ~ • '--...--J 
1 1 



1 

0 
CX) 

-- - --

0 
ex:, 0 

--..J' 

0 

0 
N 

, _____ 

0 
N 

• 

., 

.... ,~--------, , ______ _r....,._ ____ ~ 
001 

1 
.... -:::,.::--·-

,,,,.:t!' "• . .,• 

0 

,, . 

0 
N 

__ .... ,:;::::.. 
;:;-~..::--

0 6 
N 

~~ ... 

0 
--.:t 

:::::::,....,..._ 

.......... ,......- ":" ;-::--

0 
--.:t 

1 

✓ :/ 1 1 

-......__< 

◊ 

1 
1, 

NI 
~ 

0 
tD 

o' 
tD .-

~ 

~ 
c., 
0 
0 
0 
0 
r:-
• r-i 

,-/ 

• 0 
~ 
1 

0 
r:-
• ,-/ 

r-i . 
c.o 
r-1 .. -C) 

ro ..... 
~ ,,,. 
s::I 
c.s ' 

CfJ -] 
c.o 
~ 
:X: . 

8, 
II 
biJ 

fu -
Cl'J 
s::I 
0 

:;'.j .... 
'Cl 
s::I 
0 
C) 

-1-> 
.d 
bO .... 
s::I ...., .. 
0 -0. ,. 
ß' 
~ 
1 

Cl 
Cl 
c., .. 
"" lt:) 



:::?i 
0 0 ö 0 0 0 1 
00 .....:, N N .....:, 1 • 

• 
001 -, 

• .· . 
• : 1 . • 

. 
• 

QI 
NI 

1 . 
1 

• 
• • 

• _s;;, 1 . • • • .. • • • NI -Ul 
• ... •• . . . ..... ••• • • • 0 .. __. , . 

•• • • J a. .. •••• 
.....:,1 

1 . • . . 1 

• a. • ro 
~ 
Cl) 
.c ...... 
't--
0 
::::,.._ -ro 

.. E 
• .... • E . .. ::, . 

• , •,· U) 

0 0 -~·~ 0 b 0 
ex:, .....: : ···~ .. ... N .....: ("t') 

••• LO . • 0) 
•, ·-lL 



0 
0 

.o 
CO 

0 
CO 

i 
1 

j 

. ~+-'---+------+----~~---+--,; . , ,. 1 

1 

0 
N 

0 

-.-----~-eo~,---,,---~-. 
. 1 

f 
QI -~----+------+-eo.-,--~--,.-

0 
_N 

0 
--.1 

-, 
1 

"""' 0 
0 
~ 

~ 
• M ,..., 
~ 
m 
P'.l -] 
CD 
(X) 
II 
~ 

8 
II 
b.O 

~ - --
C/.l 
s=; 

- 0 .... ..., .... 
't:l 
r◄ 
0 
C) 

~ 

'6b .... 
~ .. 
g. 
~ 
1 

3-
1 

0 
0 
C, 

-.;fi . 
lQ 



; 
! 
1 
1 
/ 

0 
0 

\ 
1 

-=;-?· ._:::_·_~-::_-.: ·~:-,,;)' ' '. ·-. 
•-• ·· . -.,. . ~·· ~ 

j
!>..~ .. :;;,:,..,,,; .. · ~:.~ 

,.. ., • I • -;---/:;--· ~.-,1 
... .,,..< ... ,,~ // 

,,:' ~ ~ · .. . ,, -~ .. / 

' ' 

I 

;.. 
J. .) 

r . / 
i< 't 

'-----J-; __ 

\/ \ 
I . I 

\ 

\ 

\ 

~ 
00 
II e:c: . 

.. 
g. 
~ 
1 

3-
1 

t:i 
A 
L') 

. 
b/) .... 

. !i-i" 



-'--,--,-----r-----r---·--r·----

\ 

. 1 QI 
('JI 

L 1 

' 1. r ! I 

\ 
\ . 
\ 

\ 

\ 

8 
II 
b.O 

ln -· 

ft 

p, 
c:: 
~ 
1 

3-
1 

Q 
Q 
0 
CO 
lQ 



\' - .< 1:.3 ;:;r ·7--..----.,--,--:::1-, - ------- -
. 1~ . ~' . 

J ~ · , · k -~ •., P •i 

-+---r--. .,,,.-+-:_-:-~~-::-::.'"'.::=j-;~: ~. V ~:c-:.1 (,;_ ~=-- i;~~ 
.. .- .~ . - . .. .-: 

/ :~:~><~::. 
... ":::-:. ... ,.,.~r,-, , ·~ _,I ~ 

. . 1:',+-... _t.,,.---.,......~-
·, . ..,,,..... / 

'•. ., .. -......-:-... .... 
,~ ' -... , \ ---- ·, . " 

,, . ... :- .. , ·· .. . .........,, ___ ~-:-':::~P' ~ ; · .. - . - ---
·,, 

. .-< '> >''- \ · \ .. ' 
-~=----= --\ . . · t '. . . 1 

1 .· , 

. : . \ 

.n 
' ' ' 1 

1 

. ,-7 
/ 1 1 • 

/ ~ 1 1 
~r-+---+--~•-+=c..;.jj•-.....--4--+--'JP-4d-.:....+-~~+-f--'--s?'~:,.C..,,~~+-+-~~~~-b-t-'_~~;)/ 

1

_\ 
- 1 1' 1 0 ~ 

1 / 0 1 
1 ' (r) ' ' ··- ' •· •~,,.,.,. •rr1.'.l'.1., 

. ~-;-- -·-' 

1 f 
1 1 

I 
/. 

(0 
. 00 

II 
=x:: 

~ 

@"· 
-~ 

1 

3--
1 . 

0 
0 
0 .. 
t-
1.(.) 

• bO .... 
~ 




