TWENTY-ONE YEARS OF TE

(PART 2}

by R. G. CRACKNELL, ZE2JV ex-G2AHU, and R. A. WHITING, 5B4WR ex-G3UYO

Theories of tep
Transequatorial scatter
Before the IGY the abnormal 28, 50 and 56MHz propagation
which had been observed by amateurs to take place across the
equator was termed ‘‘transequatorial scatter propagation’'.
Since forward and backscatter were frequently in evidence, the
tropical ionosphere at night was thought of as a turbulent zone
rather like the auroral zones. With the discovery that not only
weak and fluttery, but also abnormally strong signals
sometimes appeared in the early morning, and from midday
and persisting late into the night on frequencies as high as
90MHz, the term *‘scatter’’ became clearly inappropriate and it
was dropped from the amateur terminology.

With the advent of 144MHz QSOs across the equator, the
scatter mode has been revived, notably in articles by W1JR {7}
and DIJ3KR (8], and the presence of abnormally strong signals
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either ignored or dismissed as an entirely different mode of

propagation.

Reflection from a single scattering zone even 1,000km high
could not account for propagation between Athens and
Pretoria, or between South-West Africa and northern ltaly,
and would require very low angles of radiation between
Salisbury, Cyprus and Athens (which is clearly not the case).
Evidence of sufficiently dense ionizations to reflect, rather
than just scatter from irregularities, at 144 and 432MHz at any
altitude over the magnetic equator, is lacking. Further, if either
a single or multiple scattering were the supporting mode, then
the power required would increase rapidly with frequency, as it
does with meteor scatter signals, and this was comprehensively
proved not to be the case when communication between
Salisbury and Athens took place using 2 mere 40W and the tiny
antenna shown in the photograph in Part 1.

The billiard ball mode

Observations from a ground backscatter sounder operated
from the Virgin Islands in 1956 were noted by Professor O. G.
Villard Jnr, W6QYT. These led him to propose a mode of pro-
pagation whereby successive reflections could take place from
the F2 layer without intermediate ground reflections, as a result
of tilts in the height of the F2 layer caused by the post-sunset
rise in the ionosphere over the magnetic equator [9].

The ray geometry so proposed represented a considerable ad-
vance over the earlier scattering theory and could be used to ex-
plain most of the phenomena being observed and the
geographical distribution of the te zones. If an optimum tilt
could be found in the layers on either side of the magnetic
equator, then the angle of incidence was much lower than with
normal nF2 reflections and the frequencies propagated would
be higher. However, there were obvious snags with the theory;
as any billiard player will point out, the angles are very critical.
Villard claimed to have found the requisite tilts to exist in small
appropriate areas of the ionosphere around 1700 local time.
There is most certainly a rise in the tropical F-region after
sunset, and a maximum is reached about 2000 local time, after
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which the F-region over the magnetic equator descends. Height
variations sufficient to give the minimum required 13° tilts for
propagation between Salisbury and Cyprus are indeed difficult
to find, and the chances of their persisting from early evening
through to the early hours of the morning are quite negligible.

However, a variation suggested by ZE2JV in 1960, namely
that the ionization gradient rather than the variation in virtual
height of the F2 layer provided the necessary tilts, may be com-
bined with Villard’s theory to provide a plausible concept to
explain the strong signals received by F-type te.

The exospheric mode
As a result of backscatter soundings southward from Japan,
Professor T. Obayashi proposed in 1959 that, as 28MHz
transmissions would penetrate the ionosphere, tep could take
place in a similar manner to vif whistlers, along field-aligned
ionizations in the exosphere (now termed the magnetosphere)
[10]). The suggestion was taken seriously at the time and it
focussed attention on the work being done by the authors of
this article. According to this theory, te signals should come
down at the geomagnetically conjugate point, and there is in-
deed a tendency for them to do so. However, due to the
magnetic anomaly, Cyprus and Salisbury are certainly not
geomagnetically conjugate. Further, assuming a perfect dipole
magnetic field for the earth, the authors calculated that the
return trip by the exospheric mode should take about 58ms.
They thereupon set up their first time-delay experiment, but the
results listed in Table 1 in Part 1 discredited the suggestion.
However, Obayashi's suggestion cannot simply be dis-
counted. He was evidently aware of the relatively high angles at
which te takes place (as against the very low angles required by
Villard’s suggestion). Field-aligned ionizations are really pres-
ent, and the only error is that the alignment and the ducting of
signals takes place within the ionosphere, rather than through
the magnetosphere. The discovery of 144MHz propagation
caused the authors to look at Obayashi’s theory again, and
once again prompted interest in time delays. They were remind-
ed that tep does show an extra time delay, which undoubtedly
leads to errors with backscatter sounders, and the only ex-
planation they can offer for this extra delay is ducting along
field-aligned ionizations, as suggested by Obayashi.

Towards a better understanding of tep -
Large scale events in the ionosphere

The ionosphere is directly influenced by solar radiation, and it
might be expected that the density of ionization should show a
maximurm over the equator at the equinoxes. In practice, as far
as the tropical ionosphere is concerned, there is very
considerable mddification. At the equinoxes there is not one
maximum but two. These maxima begin to form in the
morning, and a pronounced *‘bite-out’’ between them becomes
well-established by noon and lasts until after midnight [6].
Further, this system is centred not over the true equator but
over the line of zero magnetic dip, or magnetic equator.

785



bent and, when the bending is sufficient, the wave will be through the 1ielda-alngnea IONIZAallON as (€Y Pass DELWECH LI

High-density zone

High-density zone

Fig 12. Propagation via the high

AW ) " '\' : . density zones 10°-15° from the
Geomagnetlc o magnetic equator {F-type te}
equator i
anassol'
S

786 RADIO COMMUNICATION August 1980




