Transequatorial Propagation
of VH.F. Signals

A Study of North-South V.H.F. Propagation
Based on the work of F9BG, G4LX,
ZC4IP, ZC4WR gnd ZE2JV

BY R. G. CRACKNELL,* ZEZIV

11 inereasing tse of the 30-Me. bl by

atuteurs i areas djacent 10 the tropies
b revewhl the existence of rslic propigition
in the vl vegion, up teoat least 80 Me., that
cannot be explained by conventional theories,
Pecalinrities of the curth’s magoetic coquutor,!
abeut which this mode of propagation securs,
give Southiorn Rhodesin o most fvorable position
frang whivll to obwirve £ ofects. For this renson
sicly ol trubserqualanad propagation was clinsn
ae o project for the Interdionad | Geophysiond
Yar.

Comnmercial and other use of the $0-80-Me,
prortion, of the speetrum W mainly restricted to
short-rungge “graundwuve'' serviced, such
titevision brondensting and mobile communien-
tion. Restills of amntenr observalions mdicnle,
however, that fisr the areax of the waeld where
I propugation s eheoamtered 1F represents b
ppportunily (o lotgalistines comminivition
Iuving a high degree of relinhility for vertaiin
liairs i ssons.

In generul, the TH puth @s belswern s on
cither ride of the geromagnetic equator ' and 1500
1o 2500 miles away from it 1 s effvative during
the huourd of darkiess, wied on fregueiivics up Lo
1.5 times the ahserved day time maxhnumm wsble
fregquueney for P-layer propugation. Optimuni
propagation, ronditions grene at the titae of Lhe
euuinox, hetween points i the same Jongitusdi.
[ented about 2000 miles from the gromgietic
ntor:

The TE mode may be asable between locutions
whep the direct line betweon the: two atalions
eula the gromugnelic connlor at an sengle as low
s 15 degrees, and bevoad e distunec linnls
mentioned hoviee bt moving sway rem the
il Covorable spots caoses: hathe te rediaiility
s the nuuiam e fsgueney 1o drop off,
The quality of the mudulatiop on a 7E-projn-
gruted signad i ofuen distortd by o vharmete riste
Hutter Gling. The sigiad i3 good cuuugh for com-
rntn et prrecpess, bt Ui ausde asogndikiely
to I of value Tor brogdeasting or television. The
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In 1947 @ form of long-distance propaga-
tiou of 30-Me. signals bitherio unkiown
was discovered when XEIKE begas
working Argentine stations on 50 Me. in
the aftermoon and evensng hours. In
receit yedrs this transequatorial propa-
gation bas received much attention in
scientific as well as amatexr circles.
Detailed bhere are the results of a re-
markable series of observations by
compeient v.b.f. enthusiasts bearing on
this as yet lirtle-understood phenomenon.

Urusmitter pesier reguiced to prodoce an ntel-
ligitide signnl i= =mall. A few walts of r.[. ina ver-
el gunelerswave aorial may indyee o signal of
ane micrevoll or mare in i similar aerial Jocated
4000 miles wwny in the opposite TE zone.

Trsequatorinl propugation 18 by no means
limited o the hours of darkieas, At the peéak
af solr aetivity, daytime signals above 53 Mg
wire wenk and iofrequent at Sulighury, but
L5, probabily o to decrensed iohizution at
thir lower levels, siguuls rom the 75 area around
the Moditerrnean have hoen meepived ut AR2IV
vy regulaely, andd al great strength oa freguen-
ek upr to 56 Me., tiroughout the duy.

lixaminution of Fig. 1 shows thut the geomug-
notie cyuator traversee Africa in an are upproxi-
mutely centered on Victoria Falls, and having o
raliug of about 2000 miles. The effect of this
eupvilure i to give pliwes in woutheru Alrien
Iving within the 28 belt an abnormully Lrge
pone nto which T8 propugntion wkes place,
anl from whieh mterference amnd noise can be
rereividd.

The déusily of ienization s wffeeted by the
mngle of the sun, Acrosy Africn the geomagunetio
equntor s will to the wortl of thy geographicul
wequator, Flopew Southern Rbodesin and its neigh-
bors sy 28 prupagation effecls together
with a higher density of Jonizstion th s gen-
emilly experioneed elsewhere.
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The Experimental Program

An automatically keyed eow. transmitter de-
livering 60 watts to n 4-clement array has been
in operation from the author's location in Salis-
bury, Southern Rhodesia, since September, 1957.
Tta transmissions on 50.04 Me. have been received
with varying degrees of consistency in Poona,
Banhrein, Israel, Cyprus, Libya, Switzerland,
Morocea, France; Portugnl, Madeirn Islands,
England and North America. Two-way contacts
were made with all of these countries where op-
eration on 50 Me. is permilted. Crosshand work
was done with the others, 50-28 Me.

Jean Garat, FOBG, Toulon, France, George
Barrett, ZC4IP, and R. A. Whiting, ZC4WR,
Limassol, Cyprus, accurately recarded the time
of arrival, variations in signal strength, and
poculiarities of the propagation of these signals
throughout the evening, over long periods, Tt was
found impractical to record the time of clagure of
the propagation path, it being in the early morn-
ing hours ordinarily. Gordon Spencer, GALX,
Neweastle, IEngland, undertook similar thorough
ohservition of the 50-Me. signals; though he re-
ceived them for much shorter periods and with
considerably reduced regularity. From February
10590 on, L. 8. Colo, Z861G, Johanneshurg, Seuth
Africa, tranamitted twice each evening, for regu-
Iar ohservation on Cyprus. Regular reception of
European televigion signals in Salisbury was of
interest, but multiple use of the same f roquencies,
especially 48.25, 40.75 and 53.25 Me., was
confusing.

An eatimnte of the m.u.f. was mnde regularly
in Salisbury by tuning a recciver over Lhe range
of 30 to 75 Mec. Television signals and harmonies
of commereinl stations in southern Europe and
tha Middle IEast countries were sufficient for
reasonable. accuracy. It is probable that the
maf. netuilly rose above 75 Me. many times.
However, reronant beam antennas are necessary
for effective reception at these frequencies, and
for practical reasons these were limited to the
amateur bands at 28, 50, 72 and 144 Me. From
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AMareh through May, 1958, FOBG mude three
transmissions nightly on 72.025 Me. His signal
was never positively identified in Salishury, but
this mny have heen due to strong interference on
this frequeney from Beirut, Tebanon.

ZC4WT, who eonducted the experimental work
on the characteristics of 7I'E, developed a tech-
nique Tor photographing the reecived signal, as
displayed on an oscilloscope. The reeciver was
operted without acvee, and the signal voltage
was tiken from the a.m. diade detector and fed
to the oscilloscope amplifier. Though the tech-
nique was Iater improved, the pictures were taken
with a time-base duration of 0.08 to 0.1 second.

First exposures were 0.1 second at .2, Pulses of

0.03 and 0.02 second were transmitted, ond
photographs were made of signals received during
various kinds of propagation. Normal 28-Me.
signaly were also photographed for compurison
pPurposes.

As the dircctional properties of the antennas
appeared to vary trom dany fo day, and even from
hour to hour, tests were made to determine the
degroe of seatter, and to investigate possible
correlations between this and the pereentage of
flutter. nnd extensions of the T'E zone. The
Yagi array at ZI2JV was nimed first north, then
exst and then south, while signul levels nnd
charncteristics were recortdled at Cyprus. The
tabulated ohservations showed wvery marked
differences in both sentter and degree of signal
flutter, but theére wns no significant correlation
between the two, The strength of signals re-
ceived in Cyprus from Johnnnesburg was found
to vary direetly with the degree of seatter, The
senttor indieition was nlso high when the Z12JV
signal was heard in England by 7°E, and when
direct. contnet was possible on 50 Me. between
Salisbury and Kenya-Uganda.

An attempt wns made to determine the effect
of vertical direetivity. The 4-element Yagi
(low-angle radintor) was compared with a half-
wave dipole mouated 3£ wavelength above
ground (high-nngle radiator). These tests showed
firly congtant gain of about 6 db. for the Yagi,
but the pereentage of Autter was alwnys higher
with' the dipole.

Fig. 1—MNeorthern and southern TE
zones, os Indicated by amaleur experi-
ence. The curve in the Geomagnelic
Equator a1 it crosses Africo appears to
have o focussing effect on TE propa-
gation. The cities of Windhoek, Salis-
bury, Limassol and Johannesburg are
indicated by their inltial letters.
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Kesulta

Ecrtent of Zones: The northern and southern
TE zones, ws indicateed by our ehservations, ane
shown in Fig. L. The extent of the northern zone
8 bosed on reparts of reception of the 50-Me.
trapsmisions made from ZUEZ2JY, and [rom re-
ception of television and other signals in the v.h.T,
range at Salisbury. The southern zone ontlines
are bised on the receplion of wmatear S0-3e.
signils in Limassol, Cyvprus. At frequencies higher
than the 50-Me. bund, the zonesare more hmited
in geographicul extent, hut extensions ul lower
frequencies were of to significance.

To avoid compliculion of the resulis by the
poilility of egnfusion between normal Fyoand
T'E propagution, no account has been taken of
the receplion of signole lower in feequency than
50 Ble. Reports from Fugland showed that our
50-Me. signals were recvived there frequently for
two briel eveping periods, 1700 to 1715 GMT,
usially showing a “cleun’ signal, and 1900 to
1930, always showing flutter fading that is char-
seteristic of T'E propagation. (Loeal time in
Southern Rhodesia is GMT plus two hours.)

The 1700-t0-1715 perind wus discounted, as Fy
propagition iy have been responsible, but Fg
propugation during the later period appearcd
unlikely. Tests on §2.5 Me. in the other direction
bare this put. Transmissions on this frequency by
GALX wore received in Salishury (though very
wonkly) i the:later period, but only gve S-sccand
Iarst wos heard during the 1700 to 1715 period
in three months of testing.

There are some 500 wlevigion stations in
Llurape and the Middle East. With the mujority
of thom in the 40-00-70-Mue. range there js no
wuy of lling with any degree of certainty the
origt of the nuwss of TV signals received utb
Salisbury in this frequeney band. It was nssumaed,
for exemple, that u very stroug video gignal on
4075 Me., heard from 1000 to 2200 duily for 6
muonths of the year, und legs consistendly  the
reut of the year, wus from Odesan. Pubilishud
data indicated that a)} Russinn stations used
this fregquency (video 49.75 Me., wudio 56.25
Me.), but an Odessn amateur told us that the
viteo of that station hwl been shiflted to 97 Me.,
and that the only Russiun video on 4975 Me.
after early 1959 wus the 100-kw. atution in Mosg-
cow, [T thisiulermation i3 uecurate, the reception
of strong signals on this frequency consistently
in of considerable significance.

A greph of the muuf, ns abserved at [830
GMT for an entize yedris given in Fig. 3. Typieal
m..f. for the evenings of April, 1958, is shown in
Fig. 4.

Extensions of the seuthern zone over Afmen
wery ebservable with greater accursey, sinee
they were Dbnsed on the reception -of wminteur
signals in Cyprus. The geogruphical locstion snd
power limitatians of these stations are, of course,
readily ascertained, but it is by ng mesns certain
that o 100-kw. TV signul comes by direéct path,
Test transmissions from Jioji, Ugandw, begmed
ut Cyprus, wure nob reeeived there, but Ugandy
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Fig. 2—3ignal lavels during a kng evening contact,
October 18, 1957, IC4IP, limassal, Cyprus, wos on 28
Mc. and ZE2JV, Saiisbury, Scuthern Rhodesic, on 50 Me

stations have been heurd in Cyprus when they
were: beamed south, into the region where back-
seatter can earry them back north uerosa the
equator. Test transmissions from Johannesburg
showed clearly that this city is at or just outside
the main T'E zone.

Tt would appenr that Newecastle, England, is
situnted near the northern limit of 1'E, and that
Capetown, South Africa, is near the southern
Jimit. From this it would sppear to be poasible
that receplion of TY from the north of England
on 48.756 Me. in Capetown is the longest “one-
hop" propagation thiat has been experienced.

Seguonal Effects: The principal effects of tlio
position of the sun are discussed later, but it
may be mentioned here that there tend to be
more frequeant and longer extsnsions to the south
in the southern summer, and to the north in the
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Fig. 3—Mosimum usable frequancy a! Salisbury, Seuthem
Rhodesia, ot 1830 GMT. Two major TE saasans are clearly
Indicoted.
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Fig. 4—Hourly curve of the m.u.f, ap cbservad by ZE2)Y
in April, 1938. Fr:loyer curves for 1958 and 1959 ore
given at tho left.

northern summer, These are rost noticgable a
maonth or so cach side of the respeclive solatic:,
The line joining locations most fuvorably situated
with respect to efich other appears to veer awuy
from the hine of {ongitude between an eguinox
pnd u solstice. Thisean possibly be explained by a

“Wwindency {or counlitivus (o be optimum when the
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time of sunset, approximates. Thus, from South-
ern RRhodesia there ia an extension to the casl in
the southern winter, and to the west in summer.

Scatter and seasonal extensions of the 7F zone
do not appear to be entirely independent. The
longest seatter extensions to the north take place
in the northern summer; and vice versa,

Iixtension of the range by other forme of prop-
agation wns experienced in February and No-
vember to North America (northwest) and in
May to Japan (northenst). In order that this
may oceur at 50 Me. the m.anf. at the point of
the second reflection must be high enough to
propagnte the wave at the angle at which it was
propagated by TE. These openings were of o
sporadie nature, but they seemed to oceur 48 1o
00 hours after an outburst of fairly high sunspot
activity. The distance was always in the region
of 8000 miles. No east-west DX was worked,
except. by back-seatter or tropospherie propa-
gniion.

- Iteliability

September~November, 1957: Although the equip-
ment used by ZC4IP for this period wns not s
good as that employed subsequently, nnd his
sntenna was merely an indoor dipole in a built-up
arep of Limassol, he received signals from ZE2JV
on 50 Mec. 58 evenings out of 83 on which Lests
were made. Frequently conditlions were good
enough for duplex telephony, using 50 and 28
Me. An attempt to determine the time of closure
of the path was made an the night, of Octobor
18-19, but it was abandoned at 0135 looul Lime,
with both bands still open. Communication had
been maintained crosshand since 1830. Fig. 2
shows the signal levels on Both bands during this
5-hour eontnet,

March-July, 1958 FOBG, Toulon, had co-
operated in many tests since September, 1057,
From September to November he recoived the
ZE2IV 50-Mec. transmissions loss regularly, and
for shorter periods, than they were received at
Cyprus. In March, 1958, he erccted a 3-olomont
Yagi on the top of o building overlooking the
Mediterrnean, and thereafter fuilod to henr the
Lransmissions on only four evenings, testing 4 or
5 evenings each week. Muny of the trinsmiwions
were received with eansideralie strength.

Though commergial transmissions on 70 to 71
Me. from Cyprus and f.m. and other signals up to
74 Me: were frequently received at Sulishury in
March and April, the 72-Mo. transmissions of
FIBG were never positively identified.

September, 1858: G41L.X, Neweastle, Iinglund,
reported reception of the ZK2JV tesis soveral
times in Muy, 1958, In the full he hid permission
for operution on 52,5 Me. He made tosts avery
evening in September, und ub noontime (ut the
midpoint) on Sundays only, The evening tests
were received at Salisbury 3 evenings out of 20
tried in September, though European television
iterference made reception very difficult, G4LX,
on the other hand, heard ZE2IV 15 evenings out
of 20 tried, and heard noontime tosts on 2 out of
4 tries. y
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Seplembher—December. 1958: LZCAWR, ulso of
Limnssol, Cyprus, listened to the 50-Me. tests
in 1957. He was then using & single 6JG con-
verter and a vertical wire of random length.
Fven =0, he heard the 50-Me. signals every day
in October that tests were made by ZE2JV (ull
but two dnys). In 1958 he crestod g 4-element
Yagi on Lthe top of a bloek of Hauts, 100 feet nbove
ground, and employed a ervstal-controlled con-
verter of modern design. The signal levels during
Octoberand November, 1957, and September and
October, 1958, are shown graphically in Fig, 5.
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Fig. 5—Average 50-Mc, signal level of ZE2JV, as ob-

served by ZCAWR dyring 20 days In Octobar and Nayem-

ber, 1957, and September and Oclober, 1958. Higher

levels in 1958 were due in part lo improved squipment
ot the Cyprus end.

Loaoking ai TE Signals

The first photogruph shows an unmeduluted
signal from ZIS2IV ns recoived on Cyprits, This
and subgequent photographs were made with an
exposure of J08 second al .4, from & short-persist-
ance cathode-ray tube. The time bise was truly
one-ghot, in that opening the eamara shutter trig-
gered the time hase, which guve single swopp,
Fly-baek could not oeeur until the shuntter was
closerl. PBxamination of 1'% sipgnale w1l i

progress, but it seoms sufe (o assine that the
received energy consists of romponeits irriving
s0 that they diffor in phase or frequeney. Oseillo-
grams of this nature do not uppoar contintonusly,
but rather at five times per second, or there-
ahouts, at irregular intervals, The rest of the time
the carrier is relatively “clean,’”

Unmodulated carrler of ZE2JV, a3 rocelved on 50 Mc. by
ZC4AWR by TE propagation.
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Flutter iz usually of a complex nature. Phase
distartion can make &mplitude modulation knin-
telligible; and amplitude variations can “key” a
signal so thit even the sloweit code is difficult Lo
vupiv. These effects can apipear simultzueously,
each in vurying degrees, but extremes of flutter
are experienced only with aimple anteiius,
Never, when low-snigle anlenng 4ystoms have
been in use st both ends, has the degree of flutter
been aifficient to destroy intelligibility. A.m.
Fignaly wppear o bie deaiedulated. More speceh
elipping than would normally be tolested, nd
modulictivn dopth in vxeess al 100 per ¢ent (wilh
guitabile precactions b prevest carrier sphiting)
ure helpful under cotnlitions of severe flulter,

Flutier is not an essential feature of I'F prop-
agation, though it is normedly present in the lae
wvening, It muy uwppenr over the whale Daad of
T E-propagatd signals, or only over n segrent of
it. Geuerally signals within w fuw kiloeyeles of
the mau.f &iow [ittle oe no flytien.

Types of Evening Propagation

Most evonipgs showed propagution similar
to that of the eurly-vvening part of Fig, 2. The
50-Me, sigiul appesred aboul 1900 locsl time
(1700 GMT), building up to moderate atrength
with only minor vuriations, Fiutter fude was
present after whout che fme Dogr, and beara
festn o would show i modernte dogree of seatter.
Yig. 6 showwr i wvernge of thirve sueh evendngs
September ami (hetolwr, 1438,
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Fig: 6—Average of three Iypiced avenings of TE propago-

tion. Signal leveh build vp te moderals levels argund

1900 Incal tims, and theraaftar show only minor varia-
tions. TE flutter appears olter the first hour.

On cabriormal evenings following high daytime
manl., signals of F-type chardeteristios miy Jast
as lute s 2100 loeal time, When thiz happens, the
faleout affeety all frequencics from 28 Lo 56 Me.
simultancously, Fudvout is ot necessurily rapid,
aud signaly from high-powered TV stations (at
the: Wigh end of Uie runge) muy laet lor 30 minutes
after wenker sighals have fuled out. T'£ propugh-
tion hay not been observed after these ocour-
reatoes, hut thin ia not prool that it did not oceur
later at night. Ne thitter appeared on these sig-
s, But bean tests indieate that the degree of
geatler mny be very high.

More frequently F-lype signals would not
appear botil Jate uherioon, and indhese cnses
fualeout veenrred carlier in e evening, w be
followed by the return of u sigtnl shiowing ¥'#
chiretoristios, but with exeeptional strength.
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Fig. 7 shows u gruph of signal etrengtha on twe
surh evenings. Pholographa of the received: siyg-
nuls show thy charaeteristica of # and TE propa-
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Fig. 7+=Both F and TE propogation appear in this graph

for September 26 and Ocrober 7, 1958, Salid line is the

IE2JY signal. Farther scuth 25 signols ore shown in broken
line al the left,

gintion, SUll another type, g 8, shows tio fude-
oul in the puried of truusition from & to 1T'E.
Photographs mack: of this (not reproduced here)
show g mixtgre of the two types of propagation.
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Fig- 8—Gradual tronsition from F to TE receplion of
IC4WR, Sepfember 18, 1§38, I58!G, Johannesburg,
South Africa, is shown in dashad line,

There were few evenings when propagation
wad notl in one of the categories described above.
Tonospheric storms apparenily had little effect.
Disturbed conditions are of two types, a4 shown
in ¥igs. O and 10, Of the two, the first occurred
more of teul, wid was probably due to late-persist-
g lenizution in the lower levels. The second
shows sporadic signals observed, and it would
appesr thal late-evening F-type signals were
bewg cut off by sporadic-B.
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Fig. §—1E2JY signal during disturbed conditions, Saptem-

ber 9. The v.hi. ronge wai devoid of signals from the

north ot ZE2IV, betwasn 1800 and 2000 local time:
Nyise Levels

Naise measurements muade in Salisbury show
the level to be high through the TE seasons,
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Fig. 10— Another type of disturbed condilions, September

30, showad the ZE2JV signal hitting o high level in lhe

early evening al Cyprin, followed by o 2-hour fodeoul
and whbiequent TE propagation from ZE ond 15.

There i= o marked drop in midsimmor and mid-
winter, when reeeiving on frequencies shove the
maitf, AL these times the noise level is comparn-
Ble with thal experienced in temperpte zanes,
Noise level during the TF seasons stuys high
through the day, nnd often does not appear to
vary wilh propagation conditions. It does vary
directly with the degree of seatter, however,

Ohservations on Cyprus were quite different.
There the noise level roge with propagation cou-
ditions. A belt of severe thunderstorms across the
Tthodesias gave an S<unit increase in neise level
at. the Cyprus end of the path. Apparent contra-
dictions in these noire ohservations enn be ex-
pluined by two fetors: The T'E zone as seen from
Salishbury is larger, nnd the geomagnetic equator
crosaes Africi well to the nerth of the geographi-
eil equator.

The tropical convergenee zone ecan he eot-
sicered ag 0 ovart noise generator. This zone
remaining approximately in the subsolar region
is substuntinlly in the southern 7'E helt. Nortlyof
the geographical equator (Kenya-Ugaiida, from
where 50-Me. signnls seatter back into Rhodesin
with great strength) desert conditions are rapidly
npprowched. Noise from the tropieal convergenee
zone can, therefore, be reccived in Cyprus only
by T'E propagation, whereas in Ithodesin nose
from the zone ean he reeoived by direet seatier
and brek-sentter propagation: This i cousistent,
with the fact that noise is received throughout
the day up to the highest requency renched by
1'E propngntion.

Echoes

* Qceasionally echoes indienting o Yg-sceond
deluy appear on T'E signils, Unfortunately, these
hive not yet been photographed. Such cehoes
were prevalent on the 40-Me. signals of Sputnik
I ng b tenvelld over the 7°F zones during thie
(ARSI TR

The delny suggests that these echoes may be
cireumterrestrinl. IU I8 difficull to imagine liow
this enn huppen when east-west work within
the '8 bolts has not been possible. (1GY heacon
shibions i South Amerien, Just Delow 50 M.,
were never reecivid ) Uneonfirmud evidoners ias
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Periods of unmoduloted carrier showing the complex
fading pottern of TE propagation (upper three examples]
in comparison with the steadier F3 signal in the lower row.

suggeested that signads may be propagated to easl
and west by bewming u powerful signal away
from the equator. I, as seems likely, lonization
al the lower levels s the main bartier to ecnst-
west work, it owould appear possible for such
propagulion to take plaee.

Fehoes of oven longer delay have been pe-
poriial,

Back-Secatter

Contuets on 50 Me, with Kenya and Uganda
were commonplace in the evening hours. Signnls
ustnlly hadd T'E eharneteristies, but when these
Iiast Afriean stations work farther south into
Johpnnesburg and Windhoek their signals are
often without flutter. Such contuets took place
only when the indiention of seatter was high.

Back-seatter from other Rhodesion amnteurs
iz common on 28 Me. when both stations heam
north, Signnlg are the Autter trpe, but remack-
by constant day and night. The level s just
sifficient, for rejelability on aom, with 100-watl
stations, Back-seatter is nol sa consistent an
A0 Me., but the lower level of aefivity, lower
power, sl frequent interforenee friom DX Leles
vision are limiting factors.

50-Mec. pulses from ZE2JY, racorded when flutter waos
relatively severe and beam teshs showed o high degree
of scotter.

A portable station on o 5,200-foot elevation
near Umtali provided round-the-clock communi-
cution on 50 Me. with Salisbury, a 160-mile path.
During the evening its back-seatter signal from
the north was of good strength. The same trans-
mitter working from the town itsell was never
heared, despite numerous tests.

(nly once was a sporndie-E signal heard on
50 Me. This was from Windhoek, Southwest
Afrien, Lack of sporadic-E signals othorwise is in
part due to low activity, ns there are few stations
witliun Hie usual range for thiz type of propa-
Etion,
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Split pulses from ZE2JV recorded during October, 1958-
Such pulses oppeared only occasionally, in o string of
notmol ones, Breaks in the conlinuity of the signal in this
way occasionally moke keyed signals difficll 1o copy.

Conclnsions

For purpeses of this necount, 7% propagation
i delinited sy 1L propagation between points
ot opposite sides ol the geonugnetic cquator,
and at fenst, 1000 miles (rom it without inter-
medinte refleetion from the surfuce of the earth.
It will he noted that the term L seatler” is
avoided. This terny is thought unsuitable, as
geabler appears o play o part only in certain
Clretimslaiees.

The differences in signal charaeteristios it
various times might suggest eatirely different
modes of propagation, hut the writer feels thiit
the mode ix substantially similar for cach type
mentioned, and that all are merely variations of
the sawme busic mode, The regions of the ono-
sphere between the temperate zones and  the
geomagnetie cquator inve been said toexhibil
a LI, ad would appear to he regions of Hlux il
turbulenee, A witve  trnnsmitted  towand Ui
geomagnelic equator, striking the tilted dono-
sphere; could Le projeeted Torwand o tuke o
similar deflection nt the region of tilt on the other
side of the geomugnetic equndor befone being
returned to carth, This Jow angle of strike ut
hoth points woithl enable higher Treguonicies (o
he propagated by the #selnver than would nor-
mally be possible.

There would appear to he no reason why
signal so propagated should hnve charneteristies
widely different Trom those propagited in tie
normual manner. However, a0 wave reflected from
a moving muodinm will show o Tregueney shift
(Doppler eMect) and shonld the jonosphere in
these regions I turbulent it would seem likely
that charneteristies stmilae to those obseeved
would be imparted to the signal.

The effect of lower-level fonization in the E
and D regions uppears to be the controlling
faetor, in dnytime, of tho maximum  usabi
frequeney. Late persistence of lower-level jonizi-
tion mny delay  the appearanes of 78, wd
sporadie-% muy vecusionully obstruct propagn-
tion. The possibility of propagation from the tap
ol lower=level ionizution in the subsolnr region is
not entively rejected us a1 possible explanation for
long-persisting M-type propagation, Duet propa-
gation concvivably could support cireumterres-
trinl propugation around the equator.

All types of propigation observed  exhibit
certain features in common, The zone into which
signuls propagate remuing substantinlly the same
irrespective of the type of propugdtion (two-top
propagation excluded.) All types of propagation
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are observed over a wide band of frequeneies.
Seatter readings do not vary with different types
of [:mp:ugahion ohserved on the Salishurv-Cyprus
JEHYREN

Currivr photographs show thut the types of
propagation tend to mix, even when this is not
apparent in listening to the received signuls.,

The posdibility of propagution outside the
Peluyer is discounted by the similarity of condi-
tions over the runge from 18 to 72 Me.

Pulse tests and earrier photography, and the
Lk of conmection between seatter tests nnd the
degree of flutter, indieate that the flutter is enused
Ly the state of the jionosphere at the regions of
refrction, The presence of identicsl Hutter on
signals from [lust Afrien, and the shurp directiv-
ity of leams on this path, confirm this opinion.
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