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Thc»current world long-distance record
for a 144-MHz two-way QSO via the
- igna} phere a distance  of 4475 miles
ildtheiers = mi X 1.6093), is held by
and ZS6LW. The longest distance
§ ich 144-MHz signals have been
eart ‘and recorded is from ZS3B in
;5 luditz (26°38' S, 15°10' E) to EAT in
ek Tﬁzm_za»(«m 17N, 11°48’ E), a great circle
anée of 4930 miles.

4 stoiinl Propagation
fteiries bordering on the Mediterra-
iEurope and Asia, as well as the

di‘to enjoy optimum vhf and uhf

frica stretching from somewhere
ambesi to the Orange River (ap-
gly 15-30° S). Following is an ac-
ithe use made of these oppor-
a group of amateurs in Cyprus,
$outh A{rica and Z:imbabwe dur-

w‘k\d Square, P.O. Belvedere, Salisbury,

‘P‘ﬁm’!a South erua

¥strip of North Africa, are ideally .

‘%%torial propagation (TE) into a

end.
AN
‘b&, van ,N!ekerk st Meyarspark 0184 near .,

'Notes appear on page 36

ing the high solar activity of Solar Cycle
21.

Twenty-two years ago, during solar
cycle 19, amateurs in these areas explored
the possibilities of TE at 50 and 70 MHz'
with encouragement from The ARRL
Propagation Rescarch Project.? When
solar-cycle 21 promised to produce peaks
of solar activity almost as high as those ex-
perienced in solar-cycle 19, and propaga-
tion at 144 MHz was found possible,’ old
friends of the Africa circuit* got together
with several new ones to take up the in-
vestigation again.

As the basic method of investigation,
we monitored continuous transmissions
from ZE2JV in Salisbury, Zimbabwe, on
29, 144 and 432 MHz; ZS6DN, near
Pretoria, South Africa, on 28 and 144
MHz; apd ZS6PW, in the suburbs of
Pretoria, on 28, 50 and 144 MHz. Stations
5B4WR, SB4AZ and 5B4HY in Limassol,
Cyprus, and. SVIDH and SVIAB in
Athens, Greece, werc on the monitoring
We resumed . propagation -
measu'cxmnts with much inproved
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Part 1: "VHFers" have long
suspected that Transequatorial
Propagation would support
2-meter contacts over great
distances. In 1978 that ’
suspicion became reality. This
is a two-part report on
research conducted since then.

By Ray Cracknell,* ZE2JV, Fred Anderson,** ZS6PW
and Costas Fimerelis,*** SVIDH . .mwmmere v

techniques. We . successfully obtained
Doppler-shift | measurements between
ZS6PW and SVIDH at 144 MHz. We
looked at angles of arrival and again
found they vary considerably. The charue-
teristics of the signals, especially the
flutter-fading and frequency spreading,
were compared at various frequenciss.

The Experiments 5

OQur experiments this time concentrated
on the 144-MHz band, but not exciusive-
ly. Communications at 432 MHz over the
3750-mile circuits proved to be possible,
and we made detziled observations of the
10- and 6-meter transmissions and propa-
gation times as well @ thos¢ for 4 meters.

As a result we were able to soy, without-

fear of contradiction, that propagation on
all -these frequencies ‘did indesd occur
across the equator via the ionosphere, At
times, particularly at night {n years of high

solar activity, the tropical ionosphere is. .. .

capable of supporting propagation be-
tween optimum areas over a wide band of
frequencies including the whole of the vhi
and -the 'lower portion of the uhf spec-

trum.
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Fig. 1 = TE paths worked by amateurs on 144 MHz, showing the symmetrical distribution of
stations with respect to the magnetic dip equator drawn on a map of magnetic inclination or dip,
published by the U.S. Defense Mapping Agency Hydrographic Center.
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Flg. 2 — Typical signal strengths and duration of openings on 144 MHz: at A, ZE2JV at 5B4WR
October 10, 1378; at B, ZE2JV at 5B4WR March 14, 1979; at C, ZE2JV at SV1DH March 25, 1880;

and at D, ZS6DN at SV1DH March 25, 1980.

We found that as the signal frequency
dncreased, the zones became more
restricted to those equidistast from and
perpendicular to the magnetic dip equator
(Fig. 1). The duration of openings tended
to be shorter and closer to 8 P.M. local
‘time. We also found that the rate of
flutter-fading and the degree of frequency
spreading, both of which tend to
characterize pure TE signals, likewise in-
creased with signal frequency.

At lower frequencies (below 70 MHz2)
two-hop F-layer and F-type TE, which are
supported by the high-density belts of the
jonosphere forming on each side of the
'magnetic dip equator, may provide very
strong signals during the afternoon and
.early evening. Later at night and
sometimes in the early morning as well,
only the weak and watery type of propa-
:gation we call pure TE was likely to be
operative on frequencies of 50 MHz and
above. In this two-part series we concen-
trate on pure TE, describe our ex-
periments, detail the results achieved, and
.discuss modern theories and research rele-
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vant to the tropical ionosphere.

The Early Contacts *

The initial contacts on 144 MHz occur-
red later over the African circuit than over
Central/South American circuits. The
strong signals reported by YV5ZZ* were
not at any time in evidence. The first
signals received in Cyprus by SB4AZ from
ZE2JV on April 8, 1978, and then by
5B4WR, SVIAB and SVIDH, were very

‘weak, diffuse and difficult to copy

because of rapid flutter-fading and fre-
quency spreading. We were excited and
thrilled because these QSOs arose, not
from a chance hearing, but from careful
preparation, and only after weeks of un-
successful monitoring. Conditions im-
proved thereafter, but the excitement died
down, only to be revived by the ap-
pearance later in 1978 of ZS6DN'’s
144-MHz signal in Athens, and of
ZE2JV’s 432-MHz transmission in Athens
and Cyprus in March and May 1979,
The geographical distribution of the TE
paths worked by amateurs on 144 MHz is
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illustrated (Fig. 1) on a map of magnetic
inclination, as published by the U.S.

“‘Defense Agency. TE paths are all between

stations spaced more or less at equal
distances fromn the magnetic dip equator
and on paths that cross it at right angles.
The greatest deviation experienced at 144

. MHz is EA6FB on the Island of Ibiza,

hearing ZE2JV’s signal and ZD8DT on
Ascension Island hearing KP4EOR.

Reliability and Seasonal Variation

After the excitement of the first QSOs,
stations in Cyprus and Athens concen-
trated on monitoring beacon transmis-
sions and plotting the daily and seasonal
variations in reliability, SVIDH had spent
2500 hours monitoring. by the end of .
December 1980. A comparable effort was
maintained in Cyprus. Because of the low
signal strengths encountered, the wide fre-
quency spectrum to be covered and the
number of stations .to be monitored,
mechanical means were not feasible. The
combined efforts of our stations represen:
the only known systematic investigation
so far made of the TE phenomenon above
100 MHz.

‘We first conducted tests on a 24-hour.
basis. Although some short, early-
morning openings were recorded, no
other daytime signals were heard. It soon
became apparent that at 144 MHz the
most significant openings were confined
to a period of a little over two hours after
the setting of the sun on the ionosphere.
5B4WR plotted graphs of every evening
reception of ZE2JV’s signals from April
1978 to December 1979. The results of
two good evenings (October 10, 1978, and
March 14, 1979) are illusirated-in Fig. 2,
together with SVIDH’s reception of
ZE2]V and ZS6DN on March 25, 1980.
The Salisbury-to-Cyprus path proved to
be the most reliable-and provided, by a
small margin; the strongest signals. It is

. remarkable that the South African sta-

tions were heard rarely in Cyprus, and
when they were, they were very weak.
The monthly reliability of occurrence of
propagation at 144 MHz over three cir-
cuits (Pretoria-Athens, Salisbury-Athens
and Salisbury-Limassol) is illustrated in
Fig. 3 for the period from March 1978 to
December 1980. The three monthly run-
ning means are illustrated in Fig. 4, From
these, the seasonal dependence, with
maxima shortly after the equinoxes and
minima at . the summer and winter
solstices, is clearly apparent. These results
can be compared with the smoothed
monthly. value of solar flux and the
average monthly values of geomagnetic
activity that are illustrated in Fig. 5.

Complex Relationship

The relationship is complex. In general,
it may be said that the high level of ioniza-
tion that results from high solar flux is
essential for TE at 144 MHz, and that
magnetic disturbances disrupt it. How-



ever, when the solar flux is below about
180, and as the seasons near the summer
and winter solstices, ionization is pushed
high enough only for propagation at 144
MHz to occur in the period immediately
following a solar outburst and béfore the
arrival of the associated  disrupting
magnetic disturbance. Hence, prior to
mid-1979, the reliability curves tend to
follow the geomagnetic activity curve.
After that time, when the magnetic index
decreased, the curves follow the solar-flux
curves much more closely. These conclu-
sions are confirmed when our results and
solar data are compared on a daily basis.

Signal strengths at 144 MHz were
generally low. At SVIDH the strongest

signal received via 144-MHz TE was from
ZS6DN. This produced 0.6 microvolt
across the 50-ohm input to the receiver. It
represents a propagation loss of 43 dB,
relative to free-space attenuation over a
comparable propagation distance. Signals
from ZE2JV were weaker, but lasted
longer with a2 minimum propagation loss
of 47 dB compared with free space. The
strongest signals were received over the
Salisbury-Cyprus (ZE2JV and 5B4WR)
circuit with a minimum propagation loss
of 40 dB, relative to free space being
recorded.

Receivers
A good receiver with a front-end noise

figure of 2 dB or less is essentia] for TE
work at 144 MHz, As with other modes of
ionospheric propagation, the noise level
rises when the band opens; efforts. to
reduce the noise figure below 2 dB may
not pay off. Above that figure many
openings may be missed. Variable selec-
tivity is desirable, but when the signal is
broad because of frequency spreading,
narrowing the selectivity excessively is not
helpful.

Weak signals, received with flutter-
fading, frequency spreading and poor
notes caused by the propagation medium,
are not suitable for RST code reporting.
We reported with a simple T code in which
Tl stood for signal present and
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Fig. 5 — Smoothed monthly value of 2800-MHz solar flux and average
-monthly value of geomagnetic activity based on data extracted from

the solar Geophysical Reports published by the Nationai Oceanic and
Atmospheric Administration (NOAA), Department of Comimerce, USA™

Tt - 707 November 1887 -+ 33"












