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introduction

Welcome to Proceedings 1994-95! We are sure that you will find this edition of Proceedings as enjoyable and
helpful as those in the past. This year, we have several articles that are quite unusual for us.

For the first time, we have a scientist writing about propagation. Dr. Robert Brown is a widely respected expert on
the ionosphere, particularly in polar regions. His article on the development of our understanding of propagation of
radio waves via the ionosphere has been extraordinarily helpful to those on our Review Board who reviewed it.

The last article in this edition is also unusual. Mark Connelly has been the most prolific DXer of Trans-Atlantic
(TA) medium wave signals during the past decade. Mark’s article on TA DXing is surely the finest of its type ever
published. It is so informative and will be of such value to anyone wishing to try their hand at TA DXing on MW that we
are publishing it in Proceedings, even though it is being published more or less simultaneously in the MW hobby press.

Each of the other articles should also prove interesting and useful to each reader. David Clark, this time with new
coauthor Tony Ward, continues the series on Tropical Band propagation. That is followed by a group of antenna articles
which, together, will be helpful to any radio enthusiast, whether they DX from an urban apartment or a 180 acre antenna
farm.

The Receiver section of this edition is the largest we have ever published and covers receivers manufactured from
1937 to the newest top-of-the-line Watkins-Johnson HF-1000. We think that you will find these reviews very interesting
and thought-provoking.

As you will note, we only review one piece of peripheral equipment this time, an HP-45 calculator which Tom
Napolitano has shown to be a very effective “computer” controller for modern communications receivers. We feel that
Tom’s invention is a real breakthrough which will be as interesting to receiver manufacturers as it is to all of us.

Along with the Connelly MW DX article, the Features section contains useful articles on a wide variety of
subjects. One reviewer called Bob Eldridge’s article on noise management/avoidance “the most important article that
Proceedings has ever published” We are also indebted to John Fisher for trying to decipher and record the rapidly
changing SWBC scene in Russia. John’s article will be an important reference for many of us in DX seasons to come.

Collectively, we owe a large debt of gratitude to the authors of Proceedings 1994-95. The writing of this edition
along with the editing and production has been far more of a struggle than ever before. From our discussions with
authors, it seems that the current fad of “down-sizing” of large organizations in the U.S. and Canada has really affected
the free time of many of us. This year, for the first time, several of our authors actually used vacation days to complete
their articles. This year, again for the first time, several authors had to drop out during our yearlong production cycle.
More that ever before, each of us owes a debt to our fellow radio enthusiasts who gave precious hobby time to share their
expertise with the rest of us through these pages.

DESK TOP PUBLISHING ARRIVES

If you have each edition of Proceedings, you will note that we have improved the clarity and organization of the
printing with each succeeding issue. By the 1992-93 edition, every article was word processed and printed in approxi-
mately the same typeface via several different laser printers. That step materially improved the legibility of the articles.
However, the variety of typefaces and laser printers still left the book somewhat chaotic and tiring to read. This year, all
articles were sent to a central word processing point where keyboard artist Rochelle Atkins put each article in the same
type face and general format. At that point, Guy Atkins took over and applied his considerable talents through PageMaker
DTP software. All master pages were then printed through the same laser printer. Guy deserves real kudos for the
numerous charts in several of the articles. He spent many long hours making those a real pleasure to read. We think that
you will agree that Proceedings 1994-95 is the most legible, cohesive edition that we have produced. The entire Atkins
household deserves a big round of applause from us all. WELL DONE!

COSTS AND SUCH

Regular readers of Proceedings will probably have noticed that we have, very reluctantly, raised the price from
$19.50 to $20.50. This is our first book price increase since 1989. During the five years since ’89, our average printing
cost per book has increased by $2.00. Other costs have also gone up slightly as well. Since we must reprint old editions
of Proceedings as past printings sell out, we are forced to raise the price of those editions, as well. We regret this modest
increase, but we have no choice if we’re to remain on a “break even” basis. As in the past, each of our staff continues to
serve in their editorial and management roles without pay. Further, the staff, reviewers and authors each purchase their
own copies of Proceedings at full price. We do, however, pay for some of the more laborious chores of shipping and
some other general services which we cannot perform with volunteer labor.



BOOKS, BOOKS, BOOKS

Proceedings seems to have become a “midwife” for a number of forthcoming books. Many of you will have
received a flyer about the new Zenith Trans-Oceanic, the Royalty of Radios by John Bryant and Harold Cones. Not only
have they completed this definitive work on the Trans-Oceanic, they have recently signed with Schiffer Publications to
author a series of Zenith-related books over the next several years. We are pleased to note that Harold and John first
wrote together in the 1988 inaugural edition of Proceedings. Chuck Dachis, the Hallicrafters Collector featured in the
1989 and 1992-93 editions, is in the final stages of producing what will certainly be THE definitive book on Hallicraft-
ers. Elton Byington has also signed a contract to write a book on the history of communications receivers. Several other
radio enthusiasts who have written for Proceedings are in the beginning stages of book authorship. It is gratifying to see
the qualities which have been Proceedings’ hallmarks begin to spread beyond our own pages.

“SINGLE SUBJECT” BOOKS

We have had a number of requests for single article reprints and for subject-specific collections of articles from
previous editions of Proceedings. For instance, it seems that many radio enthusiasts would like to have access to all of
the receiver articles, but they may have no real interest in the other articles in each of our issues. Over the next year or
two, the staff will be exploring the possibility of publishing collections of past articles about tube-type receivers, solid
state receivers, wire antennas and possibly, propagation. If we publish these “single-subject books,” please note that
they will contain PAST articles, not new ones. -

FUTURE PLANS

At this point, the publication date of the next Proceedings has NOT been determined. As mentioned previously,
many of the authors and all of the staff of this edition found the production of this volume very difficult. The trend of
business down-sizing and the generally accelerated pace of life of the mid-1990s seems to have materially reduced the
leisure time of many of us. It is quite natural that folks in such a situation would wish to devote more of their time to
involvement in active radio pursuits. This is certainly the case with the Proceedings Staff. At our annual staff meeting in
August 1994, we unanimously decided to postpone publication of the next Proceedings for an indefinite period. We also
decided to reexamine this decision each August. We each look forward to the time in the not too distant future when we
will begin again the year-long production cycle of the Proceedings of Fine Tuning. In the mean time, thanks once again
to each person who has contributed to the production of these volumes and to each radio enthusiast who has enjoyed the
articles between these covers.

: & . Derre

ohn Bryant Fritz Mellberg Guy Atkins David Clark
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Since the editorial process of Proceedings is unique in hobby journalism, it might be of some interest to readers.
First, where do the authors and articles come from? Mostly, the are recruited by the editorial staff, though some of our
very best articles also come from volunteers or arrive unsolicited. Authors submit rough drafts in March of each year of
publication. Those rough drafts then take a twin track through the editorial process. One track runs straight through
downtown Cedar Rapids, Iowa, where Fritz Mellberg edits all rough drafts for style, conciseness and clarity. The
authors and Staff call Rev. Mellberg “Fritz the Chopper.” A journalist before answering a higher call, Fritz is responsible
for helping us communicate intelligibly with each of you. Fritz has been of immeasurable help in improving each of our
writing styles. Please note, however, that Fritz works his magic at the Rough Draft stage! Since many of the articles are
extensively rewritten for the Final Draft, grammatical errors, a few typos and some few instances of murky style creep
back into the published articles. As with most scholarly journals, each author is entirely responsible for those matters in
the final draft. We have found it impossible even to think of adding another round of editing, correcting and reprinting
Final Drafis to our already labyrinthine process. We hope that you will understand and forgive us a few imperfections.

The second editorial track for Rough Drafts runs through Stillwater, Oklahoma. There, John Bryant assigns six or
so members of the Editorial Review Board and at least two of the four Staff to review each article. John assigns these
review responsibilities very carefully. He selects one or two members of the Review Board for their own expertise in the
subject matter of that article; he chooses several to represent the “average” reader and one who neither knows nor cares
much about the subject at hand. The Editorial Review Board is responsible for maintaining the standard of excellence
for which Proceedings is known. Each year a few articles are withheld from publication to allow the author more time
to develop the subject. The second and probably more important role of the Review Board is to assist each author with
constructive suggestions and comments so that the final article may have the benefit of the ideas of several experienced
DXers. Most authors perform major revisions and incorporate many of the Board’s suggestions and Fritz’s markings in
their final draft.

Service on the Editorial Review Board is a difficult and thankless task. Each member must sit in sometimes rather
harsh judgement of work done by fellow radio enthusiasts. The work of the Board is time consuming and must be done
to a short and very rigid time schedule. Proceedings as an institution and each of its readers owes a very real debt to the
members of the Review Board. The “peer review” process of Proceedings is, we believe, unique in hobby journalism.
We patterned our process on the quality control peer review system used by most respected scholarly and learned
publications. We believe that this elaborate, expensive, and rather ego-deflating process insures that the articles finally
published in Proceedings are truly the best the hobby has to offer. We hope you agree.

Guy Atkins has staff responsibilities for all of our publicity, including creating the very striking and legible
announcements and press releases that you have seen published in recent years. This year, Guy and his wife Rochelle
are also responsible for all of the desktop publishing work that will be so noticeable in this edition of Proceedings. Their
very professional work is a source of pride for the entire Staff. Guy also alternates with John Bryant as designer of the
front cover and has created this edition’s beauty. John Bryant continues to be our straw boss or quarterback or "designat-
ed worrier’, running the finances and generally overseeing operations. However, John wants it known that as Proceed-
ings has matured, editorial decisions, big and small, are almost entirely made by the collective Staff. Except for the still
computer-less Fritz, we are all in almost daily contact via Compuserve E-mail during the nine-month long gestation
period of each edition. Proceedings is truly a collective effort.

EDITORIAL REVIEW BOARD
Guy Atkins Bonney Lake, WA James Goodwin Toronto, ON
Jerry Berg Lexington, MA Nick Hall-Patch Victoria, BC
Bill Bowers Davenport, OK Don Jensen Kenosha, W1
John Bryant Stillwater, OK Fritz Mellberg Cedar Rapids, 1A
Elton Byington Maspeth, NY Don Moman Lamont, ALB
David Clark Thomhill, ON Don Moore Davenport, IA
Harold Cones Newport News, VA Bruce Portzer Seattle, WA
Richard D’Angelo Wyomissing, PA Mitch Sams Blue Springs, MO
Gerry L. Dexter Lake Geneva, W1 Harold Sellers Newmarket, ON
Bob Eldridge Pemberton, BC Larry Yamron Pittsburg, PA

Werner Funkenhauser Guelph, ON
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about fine tuning

fine tuning is an organization dedicated to supporting the hobby of Shortwave Broadcast DXing. Founded in 1977
by well known DXer Dan Ferguson, FT originally published a bi-weekly newsletter of rare and difficult DX heard by
leading shortwave enthusiasts throughout North America. To shorten the time between reception and publication, and
to keep the work load manageable, membership in fine tuning was kept small and “by invitation.” After several years,
Dan turned over the editing and publishing chores to Larry Yamron who continues to serve as FT’s publisher. In 1986,
FT merged with the Ozark Mountain DX Club, a fully public DX newsletter founded and published by Mitch Sams.
Mitch is now the Managing Editor of fine tuning. With the merger, FT adopted the “open organization” philosophy of
OMDXC and continues to day to welcome all radio enthusiasts interested in rare and difficult DX. Also in 1986, FT
established its Special Publications arm led by John Bryant.

THE NEWS LETTER

The newsletter portion of fine tuning s services is published weekly during the DX season and bi-weekly during
the North American summer. The newsltter, also called fine tuning, is a jounal emphasizing rare and difficult DX. The
bulletins feature SWBC news but also contain news of unusual merit from the medium wave, long wave, ham, utility, or
TV DX communities.

There are three people currently involved in the production of the weekly issues of fine tuning. Three outstanding
DXers serve as editors, each being responsible for two issues before handing off to the next editor. The weekly editors
are: Dave Valko, Larry Yamron and Mitch Sams. They are supported by Back-up Editor John Wilkins. Managing Editor
Mitch Sams also maintains FT subscriptions, finances and responds to sample requests. Publication of FT is handled by
Larry Yamron. Each completed issue of FT is mailed from the current editor to Larry for publication and Mailing.

Cost (US) per issues of the fine tuning bulleting is 65 cents per issue in the US, 70 cents per issue in Canada and
80 cents US for Airmail overseas. Minimum order of 30 issues is payable to:

FINE TUNING, c/o Mitch Sams, 779 Galilea Ct., Blue Springs, MO 64014, USA.

Sample copies of the fine tuning s newsletter may be obtained from Headquarters in Blue Springs for $1.00 US.

SPECIAL PUBLICATIONS

The Special Publications of fine tuning was established in 1986. This arm of the organization has published a
number of well received, geographically-oriented DXers Guides. The DXers Guide to Latin America; The DXers Guide
to Indonesia; The DXers Handbook: Indonesia and the bi-annually published FT/OZDX Survey of SWBC Activity in
Indonesia. However, the main effort of Special Publications is the publication of the widely acclaimed Proceedings of
fine tuning. Proceedings is a now biennial collection of in-depth articles and papers on all aspects of radio. Although its
main orientation is toward the SWBC DXing community, Proceedings intentionally serves as a bridge for cross-fertil-
ization of knowledge from MW DXing and the radio amateur community. Currently, Special Publications is committed
to maintaining stocks of all back issues of Proceedings. Further information on Proceedings or other FT Special Publi-
cations may be obtained for an SASE from:

Fine Tuning’s Special Publications
c/o John Bryant

Rt. 5, Box 14,

Stillwater, OK

74074 USA
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A BRIEF HISTORY
OF IONOSPHERIC STUDIES

Robert R. Brown, NM7M

Editorial Note: The following is certainly the most scholarly propagation article yet published by Proceedings.
This is not surprising because Bob Brown, NM7M, is also Dr. Robert R. Brown, Emeritus Professor of Physics, Univer-
sity of California, Berkeley. Bob spent a career as high latitude geophysicist focusing on the structure and behavior of
the polar regions of the ionosphere when under bombardment by auroral electrons and solar protons. Since his retire-
ment, Bob has become a widely acclaimed columnist in several magazines where he shares the knowledge of ionospher-
ic researchers with radio enthusiasts throughout North America. The following article outlines our understanding of the
ionosphere as it developed over the last century. It also describes our current view of this highly complex medium and
describes the directions of current research. The article is written in terms familiar to every professional working in the
field today. However, unlike most scholarly papers, Bob has carefully defined each professional term the first time that
it is used. This article deserves careful study by every radio enthusiast interested in long distance radio. It will provide
all but the most casual reader with a much clearer picture of the ionosphere and how it behaves.

INTRODUCTION

At this late date in history, almost 100 years after ALTITUDE (km)

the first observations of radio propagation, we can look
back to see where we’ve been and look ahead to where
the interesting developments will be taking place. At
present, we're in the “plasma and fields era”, the iono-
sphere now recognized as being but one part of a coupled
system, thermosphere-ionosphere-magnetosphere, which
finds its origin at the sun. Thus, we’re learning about the
top-side of the ionosphere and its interaction with regions
inward and outward. But our interest in communications
is really tied to the first 50 years of radio, the exploration
of the ionosphere below the peak of the F-region and what
might be termed the “photo-chemical era”.

In that earlier era, it was shown that the ionosphere
consists of free electrons, positive ions, atoms and mole-
cules, resulting from photo-ionization and photo-disso-
ciation by ultra-violet (UV) radiation from the sun. There
was one complication, however; the ionosphere is im-
mersed in the earth’s magnetic field which constrains elec-
trons and positive ions to gyrate around the local field
lines. As a result, the local properties of the ionosphere
are no longer identical in all directions and radio propa-
gation varies with direction relative to the geomagnetic
field, particularly at lower frequencies.

Theoretical discussions showed that inertia and
magnetic forces on electrons affect their motions when
exposed to radio waves and that results in propagation
which is frequency-dependent. In particular, the way in
which a radio wave propagates through the ionosphere
depends on how its own frequency (F) compares with
several other frequencies determined by the local proper-
ties of the medium itself.

The most important frequency for propagation pur-
poses is the local plasma frequency (fn) which depends
on the number density of electrons at a given height. The

..........................................................

............................................... ATMOSPHERIC
ELECTRON™" oA N i PARTICLES

CONCENTR ATION * 3o\ oremememeesee

.......................................................

..........................................................

...................
....................

300
(F2)

IONOSPHERE

(F1)

........................................

..............

100 o
T Lt
reeesrecsseseesresesntessnreesnnes e
-t —— —— —
GROUND 1 T3 -IRL RE.
10 10 10 10 10° 10
ELECTRONS /em®

Figure 1 - Daytime variation of the electron density
with altitude. (From McNamara, 1994)



566
Kn

__________________________ F2-LAYER PEAK.

250

F1-INFLECTION

2500 KM 5600 KM
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collision frequency (fc), giving the rate of collisions between electrons and nearby constituents, is another one. Finally,
there’s the electron gyro-frequency (fH) which gives the rate at which electrons spiral around the local field lines. To put
the various frequencies in perspective, the plasma frequency fn ranges from 3 to 15 MHz over the earth, the electron
collision frequency fc ranges from 1 to 10 MHz with decreasing altitude and finally the electron gyro-frequency fH
averages about 1 MHz at ionospheric heights.

As to the significance of those frequencies, signal absorption depends on the electron collision frequency in the
lower ionosphere, the plasma frequency determines the frequency limit for successful propagation on a path while a
comparison of the electron gyro-frequency and the signal frequency determines the extent to which the ionosphere is
anisotropic, waves propagating differently according to direction relative to the magnetic field and polarization. At the
upper end of the HF spectrum (3-30 MHz), the plasma frequency is the most important of all three while the collision
and the gyro-frequency dominate at the lower end of the range. So much for the theoretical formalities.

On the experimental side, the historical record shows that our knowledge and understanding in the photo-chemi-
cal era proceeded outward in direction and upward in frequency. Thus, we came to know the first hundred kilometers
above the earth, now termed the D-and E-regions of the ionosphere, are largely controlled by the degree and duration of
solar illumination. In the course of time, the frequencies in common useage rose into the HF range, 3 to 30 MHz, and
our radio experience touched even higher and different regions, say the two parts of the F-region. With that, it became
apparent that the sun played an even larger role, affecting growth and decay of ionization in the F-region in different
ways than at lower altitudes and also by its slowly changing activity, as judged by the rise and fall of sunspot counts in
its cyclical behaviour.

Beyond that, more dynamic influences of solar activity became evident in the first 50 years, sudden ionospheric
disturbances (SID) on the sunlit side of the earth affecting the D- and E-regions with solar flares, D-region black-outs of
propagation across the polar caps following larger and more energetic solar flares and even global disruptions of F-
region propagation with geomagnetic storms. While a good fraction of those sporadic disturbances occurred close to or
within the peak activity in the solar cycles, they were not limited just to those times, thus adding an element of unpre-
dictability to HF radio propagation that was not there at lower frequencies. So much for the early history.

HF PROPAGATION

While the formation of the ionosphere is of interest to those working in physics and chemistry, others who follow
communications are more interested in when propagation takes place and how it would be disturbed by external influ-
ences. Of course, the “when and how” of propagation follows from electromagnetic theory, wave refraction by an
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Figure 4 - Global foF2 map for March 1979 at 0600 UTC (From Davies, 1990) (The sun is located at 90°
longitude and 0’ latitude)

ionized medium, as well as the global distribution of ionization at a given time. An excellent discussion of those ideas
can be found in the new book, Radio Amateurs Guide to the Ionosphere, by Dr. Leo McNamara (Krieger Publishing Co.,
1994).

A complete treatment of oblique ionospheric propagation would require not only a full mapping of the limiting or
critical frequency for reflection at vertical incidence (foF2) as a function of latitude, longitude but also the date, time of
day and sunspot number. Beyond that, each foF2 map would require details of the vertical distribution of ionization
throughout the various regions. By way of illustration, a representative electron density profile is shown in Figure 1.

Without being too specific, it is safe to say that for waves of a given radiation angle, the distances covered on
propagation paths are greater the higher the frequency until the waves penetrate the layer and escape. This is illustrated
in Figure 2 where ray-tracing has been used for (ordinary) waves launched at a 5 degree radiation angle, the HF frequen-
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cy range (3-30 MHz) being covered in steps of 3 MHz for a simple F-layer with foF2=6 MHz. Here, it is seen that the
lower frequencies do not penetrate the ionosphere as much as the higher ones, particularly near the critical frequency for
penetration.

In the late *30s, those ideas lead to the concept of a maximum useable frequency (MUF) for a path. Further, since
the height and critical frequency of the ionosphere depend on the time of day and the level of solar activity, with the aid
of foF2 maps of the globe for different times and levels of solar activity, it should be possible to predict radio propaga-
tion off in the future, for the same months, at similar times of day and in other solar cycles. Two such maps are shown
in Figures 3 and 4, the first one showing the state of the ionosphere at solar minimum in 1976 and the second one at the
following solar maximum in 1979.

Those two maps were representative for conditions at the spring equinox, a time when the earth is illuminated
symmetrically with respect to the equator and the sunlit region extends from 0 to 180 East geographic longitude. The
fact that significant ionization extends beyond the sunlit region is due to the slow rate of electron loss at F-region
altitudes, on the order of 300 km. In addition, the lack of symmetry of the map with respect to the geographical equator
is due to the geomagnetic control of electrons in the ionosphere. Thus, a better or more symmetrical organization of
foF2 maps would be found using geomagnetic rather that geographic latitudes. However, for practical communications
purposes, the foF2 maps are given in more convenient geographical coordinates.

Before WW-II, vertical soundings of the ionosphere were taken at only a small number of stations. But with the
start of hostilities in WW-II, such observations were expanded greatly so as to provide reliable radio communications on
a world-wide scale. By the 1950’s, maps such as shown in Figures 3 and 4 were readily available. But beyond those
steps, the “reach” of propagation predictions was extended by Newbern Smith in the USA and independently by K. W.
Tremellen in the U.K. Their approach was to consider paths longer than one hop and apply the critical frequency idea at
each end of a path. Thus, a tentative MUF was worked out for the first hop on a path and then again for the last hop.

Experience seemed to show that a path would fail most often at one end or the other so paths with two or more
hops were considered to be open for oblique propagation at a frequency below the lower of the MUFs for hops at the two
ends. That scheme is called the “control-point method” and continues in use today although if one were pressed for a
more reliable estimate of an over-all MUF, MUFs of any intermediate hops would have to be considered as well and the
MUF for the entire path taken as the lowest one for all the hops.

MODERN DEVELOPMENTS

The global maps for foF2 are but one example of the wealth of information that had been collected and organized
as a result of the expansion of ionospheric sounding after WW-II. With that database available, the American Central
Radio Propagation Laboratory published ionospheric maps on a regular basis and made them available to parties inter-
ested in making their own predictions of HF radio propagation. Ina historical sense, those maps represent the culminat-
ing documentation of the photo-chemical era of ionospheric study.

But there were disruptions of that well-ordered scheme, intrusions which are now recognized as relevant to the
new era where plasmas and fields dominate the discussion of the ionosphere. One example, found J. H. Dellinger in
1937, was that some solar flares cause radio black-outs from the effects of bursts of solar X-rays penetrating to the D-
region of the sunlit hemisphere. Other disturbances studied in that era had similar origins: the bombardment of the
ionosphere by electrons from aurora or protons from some energetic solar flares. Finally, scientists in the late 1930s
began to note that there were cases of ionospheric disturbances associated with magnetic storms.

In a sense, the understanding of the origin of those effects on radio propagation awaited the developments in
theory and experiment which came well after WW-IL. In the photo-chemical era, the cases of particle bombardment at
auroral and polar latitudes were discussed in terms of the particles being guided in their motions by the geomagnetic
field, then viewed as a symmetrical dipole. In essence, the particles were agents, guided by magnetic field, which
“mapped” downward other disturbances in regions at much greater heights. While those events were of interest in their
own right, the study of their distant origins and mapping along field lines ushered in a new era, now dealing with the
coupling between the plasma in the ionosphere and the distant magnetosphere, and even the interplanetary magnetic
field.

PLASMAS AND FIELDS

The figure of speech, “action-at-a-distance”, may not seem appropriate to characterize the origin of the basic
jonosphere, solar photons liberating ionospheric electrons after going across the open region between the sun and the
earth, but there is some truth to it. But the coupling between the ionosphere and the magnetosphere is different, involv-
ing the continuous interaction between plasma (protons and electrons) and fields, both electric and magnetic, across
that same vast expanse. And that is the case even though it begins back at the sun where field strengths are large and
jonization complete and ends in the ionosphere where the earth’s magnetic field is weak and the ionization of its
atmosphere only slight.
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The physics of the new plasma and fields ionospher-
ic era is purely classical, the combination of Maxwell’s

Electromagnetism and Newton’s Mechanics, and is termed -
“magneto-hydrodynamics” in some circumstances and —_—
plasma physics in others. While ionospheric effects ap- solar wind

pear simple when mapped down to low altitudes, only
involving small numbers of particles or ions in the iono-
sphere, the problems are complex in formulation and ge-
ometry. To see the latter, just look at Figure 5 which shows
the earth and its magnetosphere, as understood at the
present time.

This figure gives a snapshot of the field line topol-
ogy, the earth’s magnetic field compressed by the solar
wind on the dayside and drawn out on the nightside. His-
torically, the geomagnetic field had been thought to be
like that of a dipole. But with observations of the solar
wind by spacecraft, the dipole model gave way to one . o ,
where the geomagnetic field is confined to a cavity carved Figure 5 - The earth’s magnetosphere
out of the stream of interplanetary plasma going by, some- (From Davies 1990)
thing like the wake behind an object fixed in a stream.

The first observations which suggested this new configuration of the earth’s magnetic field came early in the
Space Age, a Pioneer spacecraft going out from earth carrying nothing more sophisticated than a rotating search coil.
The magnetic field in close to the earth in the sunward direction was orderly, decreasing as expected with a dipole
model. However, out around 8-10 earth radii distance from the geocenter, the field started to fluctuate in magnitude and
direction, suggesting a disordered magnetic regime. After that, the field became more orderly again, when the space-
craft passed into the region of the interplanetary field.

What is now termed the magnetotail has something of a similar history but involved spacecraft in highly elliptical
orbits, crossing the region behind the earth time after time. From those two sets of satellite observations, the present
model finally emerged: a turbulent region behind the bow shock formed by the solar wind and an extensive magneto-tail
behind the earth. Without getting into processes in the magneto-tail, at least for the moment, Figure 5 shows the
geomagnetic cavity carved out of the solar wind has two field-line configurations. The first is a low-latitude toroidal
arrangement of dipole-like field lines and the second a high-latitude arrangement where field-lines rise from the polar
regions and extend into the geomagnetic tail on the nightside of the earth. These two field-line geometries have the
effect of dividing the terrestrial ionosphere into three regions, one mapped by low-latitude field lines, the other mapped
by field lines and plasma processes in the magnetotail and a transition region between the two regimes on the front of
the magnetosphere, denoted as the polar cusp, where solar plasma may enter directly into the ionosphere.

The early development of ionospheric physics took place when the dipole model was still considered the correct
description of the geomagnetic field. While not appreciated at the time, two of the major ionospheric disturbances
Kknown then find their understanding in the present field model. Thus, polar black-outs were known before WW-II but it
was not until the International Geophysical Year (IGY) of 1957 that the geographical extent and character of those
black-outs was established.

The principal instrument responsible for untangling the black-out problem was the riometer (Relative Ionospheric
Opacity METER). It is a radio receiver which monitors galactic radio noise around 30 MHz. Thus, its record shows the
signal strength of the radio galaxy as it passes overhead. With any radiation bombardment of the atmosphere that
penetrates to the D- or E-regions, increased ionospheric absorption occurs and the galactic radio noise reaching ground
level is reduced.

Those polar black-outs, now known as polar cap absorption (PCA) events, follow some solar flares and result from
energetic protons accelerated at the flare site reaching the vicinity of the earth. The earth’s magnetic field acts as a
spectrometer, allowing only protons of a certain minimum momentum (or energy) to reach a point on the earth and
deflecting all others away, back into space. The cut-off energy as a function of geomagnetic latitude could be calculated
with the dipole model and suggested ionospheric absorption would be the greatest at the magnetic poles where the
protons would simply slide down the vertical field lines.

The riometer network over the northern polar cap during the IGY showed otherwise, the ionospheric absorption
showing little, if any, latitude variation during PCA events. After much intellectual anguish, it became apparent that the
dipole model had to be abandoned. But what to take its place? It took some time to find the present model.

radlation belt and
ring current
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' ' The auroral displays in the optical part of the spec-
trum and auroral ionospheric absorption (AA events) in
the radio spectrum resulting from such activity also had
some clues within them. In particular, with the equator-
ward expansion of auroral displays at the onset of mag-
- netic storms, it was found that any polar cap absorption
in effect at the time expanded in area also. In terms of the
. field topology shown in Figure 5, those effects would be
understood if more non-dipole field lines were in the geo-
- graphic polar caps and auroral activity located on field-
lines just below the transition between dipole and geotail
- field-lines.
The physics of the magnetosphere is difficult and
s T E— s 202 often defies one’s intuition. Thus, the explanations of polar
ELECTRON DENSITY (m™3) cap expansion and auroral activity involve the concept of
Figure 6 - Electron density profiles for quiet and storm  field-line merging”. For polar cap expansion, the phys-
conditions (From Davies, 1990) ics of the problem indicates that solar wind plasma com-
ing up to the earth carries magnetic field-lines with it
and on encountering the front of the magnetosphere, the interplanetary field lines may actually “merge” with terrestrial
field lines if the interplanetary field has a significant southward component. On that basis, dipole-like field lines would
“merge” with inteplanetary field lines and then be carried back into the magneto-tail as the solar wind continues to
advance, thus enlarging the polar cap.

Other merging or “reconnection” processes are invoked back in the magnetotail and result in some field lines
moving in toward the front of the magnetosphere. Those same processes are considered to energize low-energy elec-
trons in the magnetotail, sending them earthward and giving rise to auroral displays. Of course, all this takes place in
three dimensions, not just the two dimensions in Figure 5, and the result is a convective motion of field lines and
associated plasma, from both the solar wind and the magnetotail directions.

There are other disturbances in the F-region during geomagnetic storms and in contrast with PCA and AA events,
they reach into regions of lower latitudes as well as a wide range of longitudes, lowering the critical frequency foF2
there. While the effects of storms on foF2 are complicated, varying with local time, season and latitude, their study was
carried out using data organized according to geomagnetic latitude of the observing site and the time after the sudden
commencements of magnetic storms.

Those studies showed that major magnetic storms could reduce foF2 at sub-auroral latitudes by as much as 30%
and reach 5-10% reductions at mid-latitudes in the day after the onset of a storm. In a qualitative sense, the latitude
variation of foF2 reduction can be understood in terms of processes being initiated on field lines as solar plasma
compresses the magnetosphere, ionospheric effects being greatest on higher latitude field lines which map closer to the
front of the magnetosphere. And by the same token, the fact that a wide range of longitudes are affected means that
convective processes are involved as well.

An excellent example of the storm depression of foF2 is shown in Figure 6, an electron density profile over St.
John, Newfoundland in April 1965 from the records of ground-based and satellite-borne ionosondes. The loss of ioniza-
tion at the F2-peak and the presence of a lower F1-peak in ionization resulted in a reduction in critical frequency and a
shortening of hop lengths across Newfoundland during the disturbance.

Of the three forms of ionospheric disturbance, solar proton or auroral electron bombardment and ionospheric
storms from magnetic disturbances, the latter ties together theories and understandings developed during the earlier
photo-chemical era and with the more modem ones developed during the current era involving “plasmas and fields”.
Thus, the present view is that the undisturbed ionosphere is really confined within the low-latitude, dipole-like field line
regime seen in Figure 5. If viewed from above one of the poles, the ionospheric plasma contained in the toroid would
extend out to about 6 earth-radii, corresponding to a geomagnetic latitude limit of 65 degrees.

The ionosphere in that region is created close to the earth by solar UV but photo-chemical processes determine the
jonic composition and distribution in altitude. At low altitudes, the atmosphere is well mixed and the positive ions are
mainly those of nitrogen and oxygen molecules. Around E-region altitudes, the photo-dissociation of oxygen becomes
important and the principal ion in the F-region is that of atomic oxygen. But at those altitudes, collisions are infrequent
and the gases are no longer well mixed; instead, they are sorted out by mass in the gravitation field, the lighter ones
extending further out from the earth. That affects the ionic composition as the lightest atmospheric constituent, atomic
hydrogen, undergoes charge exchange with atomic oxygen ions, thus creating the high ionosphere populated with
electrons and protons.
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The electrons and protons are constrained to gyrate around the magnetic field lines, sometimes likened to loops or
rings held on a metal wire. The ionized gas or plasma will flow upward along the magnetic lines of force until the
plasma gas pressure is equalized along the entire line of force, extending from the northern to the southern hemisphere.
The jonosphere as we know it is located at the feet of the magnetic field lines while the region containing plasma at
greater altitudes is called the plasmasphere. The outer limit of the plasmasphere is called the plasmapause and plasma
densities fall by one or two orders of magnitude in the 2-4 earth-radii between the plasmapasuse and the magnetopause,
the limit of ordered geomagnetic field lines.

So much for the description of the undisturbed ionosphere. Now, when it comes to disturbances, in this model they
are to be understood to result from field line merging advancing inward to around the plasmapause, even further inward
if the pressure of the solar wind is great enough. With merging, the electrons and protons are no longer held on field
lines which are closed or connected with the conjugate hemisphere. Instead, the particles will diffuse outward and be
lost for ionospheric processes as they gyrate on field lines which are now “open”, going back toward the magnetotail
and then connected to the interplanetary field.

Tonospheric disturbances during magnetic storms involve decreases in MUFs on paths and are always greatest at
the higher latitudes. In that regard, the penetration of field line merging provides a natural explanation of the events,
ionospheric electrons on the feet of field lines essentially released to the interplanetary medium instead of being held on
closed field lines. And when the pressure from the solar wind subsides, the original dipole-like field lines will then
become connected again and the plasmasphere will be refilled by photo-chemical processes at ionospheric heights. Of
course, refilling takes place as the earth rotates and at a rate which depends on solar activity, taking days to bring the
ionosphere back to its pre-storm condition.

CURRENT ISSUES

While a smooth, slowly-changing ionosphere describes the basic understanding of propagation during the photo-
chemical era, studies in that era also dealt with disturbed regions which tended to be large and with long time-scales.
Such large events will continue to be of interest on into the future. Even in the photo-chemical era there were indica-
tions of roles played by smaller regions and on shorter time-scales. This interest was generated by radio scientists
noticing flutter effects in propagation at auroral and equatorial latitudes.

At auroral latitudes, the suggestion was obvious, indeed “eye-catching”, with auroral displays showing a wide
range of activity through their motions and intensity variations. With the knowledge that energetic electrons were
coming down field lines, ionizing atoms and molecules as well as exciting visible emissions, it took no stretch of
anyone’s imagination to conclude that irregular patches of ionization might exist with those same spatial and temporal
scales.

The rapid auroral flutter of voice signals on paths going through auroral displays confirmed the matter. Those
events are part of what is termed an “auroral sub-storm” and have their origin in field-line merging many earth radii
back in the magnetotail, in the direction away from the sun.

Particle precipitation, like that at auroral latitudes, is not found at equatorial latitudes yet radio signals traversing
those regions show “flutter”, i.e., deep and rapid interference fading, particularly in the evening hours and at the
equinoxes. In that regard, there are two important equatorial effects: an equatorial anomaly of the ionosphere, with
higher than normal heights and critical frequencies, and an equatorial electrojet of current at E-region altitudes.

The equatorial electrojet, recognized and understood before WW-II, is the more important of the two effects as it
is closely related to the source of the second. Thus, there are strong ionospheric currents driven by an east-west electric
field or “dynamo” due to the interaction of tidal winds and charged particles, created by photo-ionization, with the local
magnetic field. At equatorial latitudes the geomagnetic field has a small dip-angle with respect to the horizontal direc-
tion; in addition, the geomagnetic field is in the north-south direction. As a result, ionospheric electrical conductivity in
the east-west direction reaches large values just north and south of the geomagnetic equator and strong currents of
electrons and positive ions are driven by the dynamo.

The equatorial electrojet may show spatial irregularities as a result of a “two-stream instability”, an effect in
plasma physics due to the large relative velocity of the electron and ion streams. Those irregularities may give rise to a
type of sporadic E-layer but the dynamo electric field driving the current system also results in an evening uplift of the
F-region as ionization encounters the north-south magnetic field. This is the “fountain effect”, producing a higher than
normal F-region at low latitudes.

The flutter fading on equatorial paths points to the presence of irregularities at F-region altitudes and those
irregularities, like the ones at auroral latitudes, tend to be magnetic-field aligned, now in the horizontal direction. The
presence of spatial variations in the electron density means that scattering of radiation plays a larger role in propagation
while that of wave refraction is diminished as a result of less “smoothness” in the medium. In those circumstances,
waves may be scattered instead of refracted downward, carrying signals farther forward for longer periods of time and
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making critical frequencies (and MUFs) seem higher for trans-equatorial paths. Of course, that result is not exactly a
new idea as the “operational MUF” for high-power (50 kw) transmitters is higher, due to effects from ionospheric
scatter, than the classical MUF derived from refraction.

Higher power, shorter wavelengths and ionospheric scattering are the directions ionospheric research has taken
recently, the idea being to penetrate the F-region peak and explore top-side ionospheric structures directly from earth
using the back-scatter processes. In the 1960’s, satellite-borne ionosondes, such as the Alouette series from Canada,
were used to explore the top-side ionosphere but only with convential sweep-frequency techniques because of power
limitations. That study proved particularly valuable in obtaining the complete electron density distribution of the iono-
sphere shown in Figure 1. As might be expected, however, it did not reveal any gross structure of a photo-chemical
origin such as found below the F2-layer.

Alouette did show top-side irregularities, ionograms with so-called “Spread-F” characteristics; but satellites, in
their ever-changing motions, broaden the scope of some ionospheric studies and frustrate others for lack of continuous
coverage. At present, the approach has shifted to using high-power radars at fixed locations (e.g., the American instal-
lation at Arecibo, PR. at 30 degrees magnetic latitude and the EISCAT installations in northern Scandinavia) to explore
the structure and motions of ionospheric plasma at and above the F-layer peak.

RS-12/13 on 16 7 1 7 92 from 1228 to 1254 utc : ~

Figure 7 - RS-12 satellite track for January 1992 (From Branegan and Brown, 1993)

One problem of considerable interest is the mid-latitude trough of the F-region, a region of low electron density
lying between 50 and 70 degrees magnetic latitude which occurs between dusk and dawn. It was discovered in the
recordings of the Alouette satellite and shows a steep gradient in electron density at the F-layer peak. Like the lower
boundary of the auroral zone, it is quite variable in location during active periods and the ionospheric tilts from its steep
gradients in electron density may produce off-great-circle propagation, a matter of continuing interest and speculation.
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From the experimental standpoint, the spatial and temporal resolutions of ground-based sounding programs have
been insufficient to show the trough among the features of the quiet ionosphere but its presence does not stand in doubt.
At present, theoretical discussion of the mid-latitude trough deals with the convection of ionospheric plasma across the
polar cap, driven by processes in more distant regions of the magnetosphere, and possible changes in electron-ion
recombination rates which would lower the electron density.

Other ionospheric processes at high-latitudes involve plasma convection from the dayside, showing correlations
with the N-S direction of the interplanetary magnetic field (IMF) at the front of the magnetosphere. Thus, the polar F-
region has been found to be either characterized by sunward-aligned auroral arcs during quiet conditions when the IMF
has a northward component or large patches of enhanced plasma density in anti-sunward motion during active condi-
tions when the field points more southward. Of particular interest is the fact that electron density enhancements up to a
factor of ten above quiet conditions have been noted, bringing F-region critical frequencies in the polar cap up from a
low level around 2-4 MHz to occasional levels as high at 9-11 MHz.

Those observations were obtained by looking vertically upward with ionosondes in the two polar caps and using
IMF data from various satellite observations. Interestingly enough, enhanced patches of ionization have a propagation
aspect as well, enabling 29.4 MHz beacon signals from the Russian satellite RS-12 at 1,000 km altitude to be propagat-
ed across darkened polar caps for great distances.

The first indication of such unusual propagation came from here in the Northwest when the 29 MHz beacon
signals of RS-12 were heard coming over a dark, winter polar cap from just north of Mongolia. This went on over a two-
week period, some nine events noted around local noon. A quick check of IONCAP predictions showed the path should
not be open at those times, even though the 29 MHz signals came down from 1,000 km altitude and were reflected off
the ground some 3,000 km ahead of the satellite. In short, the best model of the polar ionosphere was being violated auc
a different explanation required for the observations.

An independent verification of those observations was obtained from Scotland where the station logs of GM4 .
showed no less than twelve cases of similar, distant signals from the RS-12 beacon coming across the polar cap dur::
the same two-week period. And the same local noon feature was observed in Scotland.

It was suggested that the signals represented propagation via drifting patches of F-region ionization and corrob.»
ration might be obtained by contacting the US research group conducting ionosonde studies near the geomagnetic north
pole. An inquiry was made as to whether their observations showed enhanced patches of ionization during the period in
question and the reply confirmed the presence of enhanced F-region ionization as well as foF2 values favorable to
oblique propagation by means of them.

An excellent example of these events is shown in Figure 7. On that occasion, January 16,1992, the RS-12 pass was
an ascending one and signals picked up in Scotland at 1220 UTC as it came across the southern horizon. The satellite
passed over Scandinavia and the northern horizon around 1236 UTC but was last heard at 1252 when the sub-satellite
point was just south of the Kamchatka Peninsula (40 N, 170 E). After reflection off the earth, the great-circle distance
for that RF path amounted to about 6,000 km.

While those observations covered only a short period, further observations of RS-12 orbits by GM4IHJ in Scot-
land as well as by L. K. Andersen, a Danish SWL, have extended the coverage from November ’92 to mid-March 93
and increased the number of days showing anomalous propagatgion to 38 and with 18 days showing more than one such
event.

CONCLUSION

The basic terrestrial ionosphere results from photo-ionization and photo-dissociation of the atmosphere by the
solar spectrum. It is made more complicated by the presence of the geomagnetic field and shows temporal structure
primarily due to particles, plasma and fields of solar origin reaching the outer boundary of the magnetosphere. While
the photo-chemistry of the lower ionosphere and wave propagation at medium and high frequencies are still of interest
for communication purposes, in recent years there has been a major shift of priorities and resources in the research
community with the result that interest in ionospheric processes now centers at high latitudes and altitudes around the F-
region peak.

How those studies are conducted depends on which hemisphere is involved. Thus, in the southern hemisphere,
where the population density is low and inhabited land masses more removed from the polar regions, the current
emphasis is on expanding coverage by establishing a number of automated observatories at remote sites in Antarctica.
Of course, due to power limitations, observations at remote sites are restricted to passive recordings, e.g., overhead
ionospheric absorption, magnetic variations and pulsations, etc.

The northern hemisphere, where the population is greater and located closer to the polar regions, offers better
logistics so more active programs are pursued and the future will see a continuation of ionosonde observations in the
polar cap as well as more radar probing of the topside of the ionosphere. Those programs, however, look upward and not
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off to the horizon, as with propagation studies. But the prospects for the latter are excellent, particularly in connection
with studying the presence of ionization patches in the polar F-region, as found recently from monitoring the RS-12
satellite.

For the useful life of the RS-10 and RS-12 satellites, 29 MHz beacons will be available for studying propagation.
Suitable observing sites are another matter as the most favorable locations would be at northern geographic latitudes of
50 degrees or higher. From there, it is possible to look into the polar caps and receive beacon signals returned by
jonospheric refraction from ionized patches, even after a ground reflection deeper in the polar cap.

Future possibilities for monitoring those HF satellites are quite promising as there are many sites with permanent
population along the coast of northern Russia, Alaska and the Canadian Arctic. With a growing awareness of the interest
in the problem, additional satellite recordings of signals from polar patches by amateur operators and SWLs would
supplement the vertical ionospheric observations at fixed sites in the Arctic.

Another possibility would be the monitoring of ground-based beacon transmitters. Already, there are a number of
28 MHz beacons operating but they are limited to northern Scandinavia and the UK. If a number of additional beacons
could be established around the Arctic coast, it would be possible to monitor the beacons continuously on trans-polar
paths instead of just a limited number of satellite passes each day. That arrangement would provide not only continuous
coverage but also show the growth and decay of polar F-region patches by observing signal propagation on individual
paths as well as those which intersect in the polar cap.

All of the above amount to an agenda for the next solar cycle, starting in 1996. An “Arctic Initiative” by amateurs
and SWLs is an exciting idea to consider. Perhaps it is something that could be nourished and developed even as we go

 toward solar minimum. Certainly, it would be something at the leading edge of studies in propagation.
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TROPICAL BAND PROPAGATION FROM ASIA

The Long and the Short of It
David Clark and Tony Ward, VE3NO

Editor’s Note:

The following is the third major article published in Proceedings dedicated to unraveling some of the mysteries of
Tropical Band propagation. The first two of these were co-authored by David Clark and John Bryant (Proceedings 1990
and Proceedings 1991).

For this edition, we have asked Tony Ward, VE3NO, to join David in this continuation of the series. Tony is a
native of New Zealand and brings Southern Hemisphere DXing experience to bear on our discussions. Further, as a
world class Low Band amateur radio DXer and contester, Tony’s “two-way” experience adds some insights into this
complex subject that are otherwise difficult for the SWBC DXing fraternity to access.

INTRODUCTION AND REVIEW

We have chosen to build on the thoughts advanced in earlier Proceedings by Bryant and Clark, beginning with
their 1990 “Notes on Tropical Band Propagation” (Bryant and Clark, 1990) and their “Additional Notes on Tropical
Band Propagation” (Bryant and Clark, 1991a), as well as their follow-up series on “Tropical Band Dawn and Dusk
Enhancements” that appeared in the pages of NASWA's Journal. (Bryant and Clark, 1991b) These articles were com-
plemented by Bill Tippett’s “Long Path and Skewed Path Propagation on the Lower Frequencies” which also appeared
in Proceedings 1991. (Tippett, 1991)

As noted in the original Proceedings article, the major literature to that time comprised three volumes: Ionospher-
ic Radio Propagation, published by the US Dept. of Commerce in 1962, The Shortwave Propagation Handbook (Jacobs
and Cohen, 1979 and revised) and Low-Band DXing. (Devoldere, 1987) None of these are wholly satisfactory for
today’s needs. Devoldere’s treatment of propagation was marginal to a broader purpose, and the other works focus more
on strong signal “normal” modes of propagation of greater interest to professionals than the weak ephemeral signals
that are the building blocks of the Tropical Band DXers’ interest. Thus the 1990 benchmark study saw a move away
from the traditional modes of propagation favoured by broadcasting engineers, and a heightened interest in less main-
stream theory — such as Blanarovich’s “conduction” concept put forth as early as 1980. (Blanarovich, 1980)

A worthy addition to the major literature came after the release the aforementioned 1990/1991 articles. This was
The Ionosphere: Communications, Surveillance, and Direction Finding by Leo F. McNamara, who for some years was
associated with the Australian Government IPS Radio and Space Services. (McNamara, 1991) This very readable and
profusely illustrated work was a useful reference to us in the preparation of this article. Very recently, McNamara has
released a follow-up text, Radio Amateurs’ Guide to the Ionosphere. Although we have not yet obtained a copy, the book
was the subject of a highly favorable review by Bob Brown in the August, 1994 issue of Worldradio magazine. (Brown,
1994) We understand that the content of the first nine chapters is virtually unchanged from the 1991 text but a new
chapter dealing with the use of propagation prediction programs has been added.

Finally, we should mention Bob Brown’s own Long-Path Propagation: A Study of 'Long-Path Propagation in Solar
Cycle 22. (Brown, 1992) While Bob’s exhaustive, yearlong analysis of openings from the West Coast was based on his
two-way contacts on 20 meter CW, it provides a frame of reference for comparison and contrast with longpath openings
of interest to us on the Tropical Bands.

The traditional models of propagation are covered in the major literature cited above and in volumes from the
ARRL and RSGB, so readers are referred to these sources for the terminology and theory. We will concentrate on those
topics to which we feel we can make a new contribution, with a respectful if sometimes cursory nod to previous work.

Tony brings to the discussion an even more fully developed skepticism about the traditional multi-hop propaga-
tion model - particularly as it applies to the Jow-bands - than did Bryant and Clark in 1990. Further advances in
understanding await the development of a bigger data bank of reception norms. Amateur radio operators have known for
years that midwinter late afternoon 20 and 40 meter openings were on the longpath, and that this switched to the
shortpath soon after dusk. The wider adoption of terminated directional antennas by SWBC DXers over the last ten
years has permitted a closer look at this phenomenon on the Tropical Bands. The single most pressing need for further
improvement in the understanding presented here is probably clear data on the vertical angle of signal launch and arrival



at our receivers. The engineering literature remains concerned primarily with short and intermediate haul high and
medium angle modes primarily. We comment briefly here but also refer you to Tony’s stand-alone antenna article
elsewhere in this edition of Proceedings.

As recounted by Bryant and Clark in the 1990 and 1991 articles, the acceptance of the importance of experiments
by Appleton and other early researchers put in place the conventional multi-hop model of long-distance propagation
that remained unchallenged for many years. This model, we suggest, may successfully account for little beyond the
intermediate distances on HF. In fact by 1977 it was recognized by many broadcast professionals that the multi-hop
model was seriously flawed as it applied to trans-global paths -— between Germany and Australia initially. (Hortenbach
and Rogler, 1979) This also lead in 1978 to the adoption by the ITU/CCIR of a second model that has come to enjoy
various names, such as “chordal hop” or “whispering gallery” for example. (ITU/CCIR, 1978) This brought the mech-
anism of twilight ionospheric tilt into play, and we will further develop some of those ideas here. Bryant and Clark also
pointed out that beyond 6250 miles from the transmitter signals should actually increase as a consequence of ray
convergence as the antipodal point is approached. We will take this work on spherical ray convergence to its ultimate
manifestation — specifically commenting on “antipodal focus” as it is far more readily observed from New Zealand
than from North America.

Bryant and Clark also established a taxonomy of four major reception situations defined on the basis of sunrise
(SR) and sunset (SS) at the receiver and transmitter that involve twilight at one end of the path only. These “partial
darkness” paths were cited in addition to the conventional Grayline condition, with twilight along the entire path. We
remain comfortable with this division and also with the more restricted definition of grayline adopted in 1990 too. The
actual causes of these different modes are complex and compound but the scheme above remains useful, and we shall
continue to use it as a framework in this article. While paths enjoying full darkness at both ends undoubtedly exist, they
are of so little importance to the long-haul low-band DXer that we are paying little attention to them here. Again, this
topic is dealt with in the 1990 and 1991 treatments. We have continued the emphasis on seasonality and the importance
of twilight at either or both path ends, further codifying and refining the concepts.

As we move away from the feeling that we can quickly understand the propagation mechanics between transmit-
ter and receiver for DX signals, the simple taxonomy remains attractive for two main reasons: 1) it works —- i.e. it is
simple, comprehensible, and comprehensive, and 2) it doesn’t paint us into any corners when we try to refine under-
standing of the modes of propagation involved. These are not simple and in many cases we now believe them to be of
compound nature.

To illustrate our findings we have endeavored to refer, where appropriate, to the experiences of DXers living
elsewhere in North America. David also has some feel for the West Coast situation based on his several DXpeditions
with John Bryant, Nick Hall-Patch and Guy Atkins. Still, we must rely primarily on our more extensive experience in
DXing Tropical Band Asians from Eastern North America (ECNA). Tony’s “Down Under” experiences add the point of
view of someone who has spent many hours at the dials near the other end of the path.

For all the attempts to provide mathematically satisfying modelling for ionospheric behavior, in 1994 we believe
it remains a rather black art. And this is particularly true for the signals that SWBC DXers, as distinct from SWLs, are
interested in. From ECNA, Asian openings in particular are typically short and sweet, and the most exciting DX oppor-
tunities are often to be found when least expected by conventional wisdom.

OVERVIEW OF SOLAR TERRESTRIAL ASPECTS

In previous Proceedings articles on long distance Tropical Band radio propagation, the influences of the sun have
been essentially ignored. This was because we and all other radio people are still largely baffled as to the direct cause
and effect relationship between particularly good DX conditions and specific occurrences on the sun. This is reflected,
for example, in the energetic debate professionals in the field of solar astrophysics are conducting on the relationships
among solar flares, geomagnetic storms and ionospheric storms.

As Bob Brown, NM7M, discusses in his article in this edition of Proceedings, a whole second era of ionospheric
study began with our ability to launch satellite-born instruments. The mysteries of the ionosphere and its interaction
with radio waves, especially at Tropical Band frequencies, are very much continuing areas of study.

So for this third article in the “Trop Prop’ series, we considered it important to address certain of the most
important solar terrestrial aspects which apparently do relate to our ability to hear (sometimes dramatically enhanced!)
or not hear particular signals under varying propagation conditions. It is true that many of the cause and effect relation-
ships are uncertain or unknown, even among professionals in the field. However, as serious hobbyists, we have come to
recognize certain probability patterns which if nothing else, we hope will augment the knowledge and improve the DX
results for ourselves and other Tropical Band enthusiasts.

In addition to the major literature, we refer readers to Gary Oler’s Understanding Solar Terrestrial Reports: Part
I - Morphological Analysis of Phenomena which we found to be a useful reference in the preparation of this section.
(Oler, 1991) We have also been fortunate to bring to this article some of the most recent research in the field. Thanks to
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the good offices of Dr. J Hruska, Chief Forecaster at the Geomagnetic Lab at the Geophysics Division of the Geological
Survey of Canada in Ottawa, David was able to receive the 3-volume set of Proceedings of the international Solar
Terrestrial Predictions Workshop - IV which was held in Ottawa, Canada, on May 18-22, 1992. Specific references are
cited in the text which follows.

THE SUNSPOT CYCLE

We begin with the longer term solar cycles. Almost everyone is familiar with the average 11 year solar cycle, a
phenomenon whereby a “quiet” sun with minimal sunspot activity becomes increasingly “active” over a 3-4 year period
until it reaches a maximum. Thereafter, a more gradual decline in sunspot activity occurs, over an average period of
about 7 years, until the next minimum is reached. The present Cycle 22 is well-advanced in its declining phase towards
a solar minimum which will mark the beginning of Cycle 23. This minimum is currently expected to be reached at about
mid-1996. Superimposed on the 11 year pattemn is a 22 year cycle in which the magnetic polarity of the solar poles
reverses sign.

It is very difficult to determine exactly when the peaks and valleys of the sunspot cycle occur. It is tracked in two
ways: first, based on a moving average of the observed sunspot numbers and secondly, by the monthly level of solar flux
or so-called “radio noise” measured at earth in the 2800 MHz band. There is a close correlation between the sunspot
number and the 2800 MHz solar flux. Thus a high flux level, which may briefly exceed 300 during sunspot maximum,
indicates a high level of solar (sunspot) activity. Flux levels of about 70 or less typify little or no sunspot activity during
the transition from one cycle to the next at solar minimum.

The fundamental importance of the solar cycle, as manifest in the level of sunspot activity, is that sunspots are the
primary source of enhanced ultraviolet radiation. This EUV radiation is responsible for the atmospheric ionization
which, in turn, makes possible the skywave propagation of HF signals. As a general rule, the greater the sunspot activity,
the greater is the degree of ionization and thus the capacity to reflect/refract increasingly higher shortwave frequencies.
During periods of high sunspot activity the Maximum Usable Frequency (MUF) for daylight paths often rises above 30
MHz, sometimes even into the 6 meter amateur band above 50 MHz.

In terms of absolute signal strength potential, however, there is a limit to the benefit of increased ionospheric
jonization since absorption by the more densely ionized E and F2-layers also increases. The daytime F1 and F2-layers
merge into a single F-layer during the hours of darkness. The effect of recombination beginning after sunset making for
a weaker ionosphere on nighttime paths, of course, results in a decrease in MUF’s. Nighttime MUF’s occasionally drop
down into the range of Tropical Band frequencies during winter nights near sunspot minima.

For the most part, the nighttime MUF will remain above Tropical Band frequencies. The fact that as the frequency
in question drops further below the MUF, the rate of absorption increases inversely with the square of the frequency is,
however, potentially very relevant to Tropical Band DXers. A combination of increased absorption and higher back-
ground atmospheric noise ultimately defines the Lowest Usable Frequency (LUF). Excluding the twilight periods, it
would be rare for the nighttime LUF to be higher than Tropical Band frequencies. One might think that the level of
absorption implied by the wide differential between the Tropical Band frequencies and the nighttime MUF (especially
near sunspot maxima) would all but eliminate long distance signal paths at say 90 meters, as is often the implication
using propagation prediction programs. Most Medium Wave DXers would concur that trans-Atlantic and trans-Pacific
propagation is far better during sunspot minimum. At the Tropical Band frequencies of present interest, fortunately, this
predicted very poor propagation near solar maximum is not borne out in actual practice. Our all-important twilight or
partial darkness paths are of special note because the implied LUF is often above 5 MHz (especially during approaching
sunset at the receiver) and yet the Asian paths — both short and long - certainly remain viable, even at sunspot
maximum.

Independent of the solar cycle, there is also a seasonal aspect associated with the intensity of ionization of the F2-
layer. For reasons which are not understood, as far as we know, a given level of solar flux results in a much greater
density (i.e. ionization) of the F2 layer during the spring and fall equinoctial periods, implying higher MUF’s. (Dunphy,
1993) This would suggest greater levels of absorption at the much lower Tropical Band frequencies. For the same level
of solar flux, F2 layer density is appreciably less at the summer and winter solstices, thus implying lower MUF’s at
Tropical frequencies. This phenomenon may contribute to the conventional wisdom that HF openings (both shortpath
and longpath) between the Northern and Southern Hemispheres peak during the equinoctial periods, when critical
frequencies and ionospheric conditions are more consistent throughout the world.

But again, we have no basis for suggesting the higher equinoctial MUF’s are in some way unfavorable to propaga-
tion down at Tropical Band frequencies. On the contrary, from ECNA for example, the equinoxes are considered “prime
time” for morning shortpath openings, given relatively quiet geomagnetic conditions, to Australasia and Eastern Indo-
nesia.
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SUNSPOTS AND SOLAR FLARES

Enough about MUF’s and LUF’s relative to the long term solar cycle! Most of the time they’re just not terribly
relevant or meaningful to those of us concentrating on Tropical Band DX reception, whether from Asia or elsewhere. Of
much greater import are the terrestrial effects on ionospheric propagation arising from solar phenomena during various
periods of the solar cycle. Let’s begin with sunspots themselves.

Sunspots as seen from Earth appear on the Photosphere which is the lowest of the three layers of the sun’s
atmosphere, and is the “surface” of the sun as viewed in visible light. Above the Photosphere is the Chromosphere,
which is a pinkish-colored band, about 2000 km thick, that appears visually during solar eclipses, or otherwise may be
photographed using a Hydrogen Alpha filter. In this region of the solar atmosphere the drastic drop in particle density
allows magnetic energy to dominate the physical for the first time. Above the Chromosphere we reach the highest region
of the solar atmosphere, the Corona. This is the white halo seen extending many solar diameters away from the sun
during solar eclipses. It has an extremely low density and is heated to extraordinarily high temperatures -— millions of
degrees K — by processes not yet understood, but which undoubtedly give it its strange properties. Certainly the heating
is sufficient to raise the electron/ion plasma of the Corona above the solar-gravity escape velocity, and to produce a
diffuse and variable stream of material that bathes the Solar System. This is the Solar Wind, and it has an average
velocity of perhaps 400 km/s at earth distance and is responsible for the familiar dust tail of comets. Its low density and
charged nature make it exquisitely susceptible to fluctuations in magnetic flux. While the Chromosphere may be the
source of most flares, there is an important process originating in the Corona whereby relatively large masses of mate-
rial are detached and expelled into space by spasms in the solar magnetic field.

Basically, most solar flares are short term explosions triggered by a sudden release of pent-up energy associated
with the changing magnetic field of a complex sunspot region. Typical flare duration is from a few minutes to one-half
hour although in extreme cases, flares may last upwards to several hours. The explosion spawning a major flare is truly
immense. The most powerful, known as proton flares, have been estimated to release the energy equivalent of a 10
billion megaton bomb! Although the occurrence of flares is rather random, being directly associated with large sunspot
groups they are essentially a phenomenon of periods associated with an active sun in the years approaching and during
solar maximum.

Sunspots are regions of intense magnetic fields on the surface of the sun which actually originate deep within the
solar mass. They rotate in the same direction and at approximately the same speed as the sun. About 27-28 days
constitutes a full rotation near the solar equator and up to a week longer at the highest solar latitudes. Sunspots closer to
the solar equator are more likely to have an effect on the Earth’s environment when an associated solar flare erupts since
these flares will more likely be pointed at the earth. Since the life-cycle of active sunspot regions may last for some
weeks, the potential for recurrent effects becomes important to DXers.

Now we can examine the terrestrial effect of flares and in particular their relevance to Tropical Band DXers. Solar
flares emit massive amounts of ultraviolet and X-ray radiation. The more powerful proton flares also emit copious
amounts of energetic protons, as well as other particular material. Interplanetary shockwaves associated with flare
emissions transport to the Earth as modulations of the Solar Wind. The intense radiation associated with a solar flare
reaches the Earth at the speed of light -— about 8 minutes after the event. This “positive phase” causes a sudden increase
in ionization, especially in the Equatorial Zone. While one might expect a resultant increase in MUF would adversely
affect Tropical Band propagation of signals originating within or traversing the Equatorial Zone due to proportionately
greater absorption at the lower frequencies, in fact the opposite seems to be the case. The reason for this situation is
unknown.

High-energy protons associated with major flares are also often coupled to the Earth’s atmosphere within a matter
of hours by the sudden acceleration of the Solar Wind. Along the way they may seriously disrupt satellite communica-
tions, this being known as a satellite proton event. Since these protons carry their own magnetic (electrical) charge, they
are influenced by intersection with the earth’s magnetic field and are redirected towards the north and south geomagnet-
ic poles. This gives rise to a Polar Cap Absorption Event (PCA) and a great increase in polar D-region ionization.
Because of this enhanced absorption below the F-layer, trans-polar signal paths are likely to become unusable soon after
the incidence of the flare. The dissipation of the flare-induced effects on the polar ionosphere may take several days and
in the meantime, a significant geomagnetic storm may transpire.

THE MAGNETOSPHERE AND GEOMAGNETIC STORMS

As Bob Brown’s article in this edition shows, the shape of the earth’s magnetic field (i.e. the Magnetosphere) has
been traditionally pictured like the spherical fields of a simple dipole magnet. The North and South geomagnetic poles
are of opposite polarity and there is a vertical component exhibiting a “dip angle” in the lines of force. This angle
increases to 90 degrees vertical at the magnetic poles. The lines of force connect over the equatorial region.

P7.4 fine tuning’s PROCEEDINGS 1994-95



180° 180°

220° 140°

260° 100°*
300‘340‘ 200 so.

80°

Figure 1: World Map Showing Position of Geomagnetic Equator and Average Extension of Auroral and Sub-
Auroral Zones

As shown in Figure 1, the latitude of the geomagnetic (or dip) equator is variable relative to the geographic
equator, in part because the magnetic poles are neither symmetrical nor constant in their position. This illustration also
shows the average extension of the auroral and sub-auroral zones and the positions of stations belonging to various
worldwide monitoring networks used in deriving geomagnetic indices. (Berthelier, 1992)

In reality, however, because of the persistent (though variable) pressure of the Solar Wind, the actual shape of the
earth’s geomagnetic field is similar to that of a comet. (Figure 2) The head of the “comet” facing the sun (and thus the
Solar Wind) is called the bow shock region and it serves to protect us on earth from harmful X-ray radiation. The
magnetic tail of the “comet” trails far behind the earth on the side opposite to the sun. When the speed and particle
density of the Solar Wind is greatly amplified as the result of a solar flare, the shape of the geomagnetic field in the bow
shock region becomes compressed. The enormously strong electrical currents thus induced in the earth’s magneto-
sphere by this event cause a strong geomagnetic storm. (McNamara, 1991)

The geophysical effect of a solar flare is manifest normally about 36 hours after the incidence of the flare itself
and thus is somewhat predictable in advance, although not all flares produce geomagnetic storms. As we shall discuss
shortly, the ability to predict the potential for a geomagnetic disturbance is very important to Tropical Band DXers. As
noted above, the average 27-day solar rotation is also an aspect that should be borne in mind. If a solar flare derives from
a particularly active sunspot region during a given rotation when that region is facing the earth, there is a good possibil-
ity that recurrent flare effects could be experienced for at least one or sometimes several subsequent 27-day rotations.
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If the interplanetary coupling between the magnet-
ic fields of the sun and the earth is destined to cause a
geomagnetic storm as a result of a solar flare, the sudden
increase in the pressure of the Solar Wind intersecting
the earth’s magnetosphere will cause an increase in the
horizontal component of the magnetic field. This is al-
most instantaneously detectable as a magnetic or “sud-
den” impulse. In addition, a fairly brief shortwave fade-
out (SWF) on the daylight side of the earth is usually the
precursor of a major storm. This is the initial phase of a
“sudden commencement” geomagnetic storm as is typi-
cally associated with solar flares.

The main phase of a geomagnetic storm begins in
earnest when the cloud of plasma particles released by
the solar flare reaches the earth along a typically curved
. L . path likened to the trajectory of an uncoiling garden hose
Figure 2: Simplified Diagram of Earth-Magnetinthe  gyddenly switched on. Arrival thus occurs sometime be-
Solar Wind seen from Equatorial Plane tween 24 and 48 hours after the initial explosion. These
clouds of solar particles, having their own magnetic fields, interact with the earth’s magnetic field with an intensity that
often results in a major geomagnetic disturbance. They initially saturate the Van Allen Belts and disrupt their associated
“ring currents” whereby particles of opposite electrical charge carried by the Solar Wind flow in opposite directions
around Earth at the equator. (refer again to Figure 2) Then the particle clouds are directed by the earth’s magnetic lines
of force toward the geomagnetic poles. As distinct from high-energy protons, these particles tend to congregate in and
penetrate the ionosphere in the north and south auroral zones centered about 67 degrees geomagnetic latitude, within a
zone between 60 and 75 geographic degrees N and S. The roughly oval-shaped auroral zones are where one finds the
auroral electrojet of intense electric currents and these zones are associated with the strongest magnetic fluctuations
anywhere in the world.

Plasma particles penetrating the ionosphere greatly increase the ionization of the E-layer in particular, often
resulting in spectacular visible aurorae — Aurora Borealis in the northern hemisphere and Aurora Australis in the
southern. This phenomenon also greatly increases signal absorption and the MUF of both the E and F-layers is reduced
far below usual values. This set of occurrences is referred to as an Ionospheric Storm.

Refer again to Figure 1. This illustration shows the approximate position of both the auroral and sub-auroral zones
when the geomagnetic field is quiet. While the auroral zones are first and most severely affected, very strong flares with
massive particle emissions can cause them to expand outward into lower latitudes, thus affecting propagation from and
into the mid-latitudes. Even visible aurorae may penetrate to quite low latitudes during the most severe, albeit rare,
ionospheric storms.

It seems plausible that greatly reduced MUF’s may in part account for unusually strong Tropical Band signals
which DXers in North America and elsewhere experience on equatorial and trans-equatorial circuits during the early
phases of such storms. Examples of this sort of enhanced propagation at the outset of a storm would be seen, for
instance, along direct paths between North America and Southern Africa, South America, and from Asia via the long-
path.

A PCA event and subsequent auroral activity, both deriving from the effects of a strong flare, may last for several
days or more. However, the largely unexplained phenomena which result in temporarily and sometimes dramatically
enhanced propagation of Tropical Band signals seem to be mainly confined to the initial positive phase and/or the
transitional early stages of the main phase of the geomagnetic storm. Thereafter, signal degradation seems to take hold,
probably due to increased absorption, especially in the E-layer. During the post-storm recovery phase, which may last
for several days, Tropical Band openings are usually less than inspiring. If anything, the higher frequencies seem to
recover faster.

For many years, solar astrophysicists have generally acknowledged that the vast majority of flares do not produce
geomagnetic or ionospheric storms. However, at least some of the most severe geomagnetic storms have been recorded
in association with very powerful proton flares during periods of high solar activity. DXers who have had the good
fortune to be listening near the advent of such events have experienced some spectacular reception, especially on the
Tropical Bands. That experience seems indisputable. However, very recent research based on monitoring of solar terres-
trial events by the Japanese Yohkoh satellite discounts the importance of solar flares as the direct cause of geomagnetic
storms. Reporting to a December 1993 meeting of the American Geophysical Union, Jack Gosling, of the Los Alamos
National Obervatory, asserts that Coronal Mass Ejections (CME’s), which are sometimes followed by flares, are the real
culprit. Like flares, CME’s are caused by violent shifting of the sun’s magnetic field but emanate from the Corona, not
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the Photosphere with which sunspots are associated. Massive quantities of gas particles also join the interplanetary
Solar Wind. In about one-third of the cases they generate a shock event followed by particle penetration in the auroral
zones, similar to the terrestrial effects that have been ascribed to major flares. Like flares, the incidence of CME’s is
more pronounced during solar maxima. During the peak of the present Cycle 22, Gosling attributes all but one of the 37
largest geomagnetic storms to shock waves driven by CME’s. (Sky & Telescope, 1994)

We have examined solar flares from the perspective of their dependence on sunspots (their incidence peaking
towards sunspot maximum) and generally described the characteristics of a geomagnetic disturbance. CME’s are now
being described as the more relevant and “distinctly different phenomena” but either way, their geophysical effects at
Earth are similar. This is the important point because however incongruous it may seem, there is a rather predictable,
beneficial temporary impact on Tropical Band propagation. But what of the years of solar minimum when solar flares
by their very origin and nature are exceedingly rare and CME’s are also few and far between?

THE SITUATION AT SOLAR MINIMUM

Geomagnetic activity during the years of solar minima was not well understood until the 1970°s when satellite
exploration of the sun yielded a much better knowledge of the solar atmosphere, in particular the Corona, described
above, which is an important source of large amounts of both EUV and X-ray radiation. The Corona is punctuated by
occasional areas of much lower radiation which are called coronal holes; and we turn attention now to these.

Space exploration by the Skylab satellite enabled scientists to learn that coronal holes are particular areas of the
Corona where the magnetic field lines of the sun are “open” or extending into space instead of arching back towards the
sun. Large quantities of charged particles are able to escape through these holes, following the magnetic field lines into
space and eventually becoming part of the Solar Wind. Coronal holes tend to form near the sun’s polar regions and
expand or migrate towards the solar equator. It has also been established within the last five years that persistent, high
speed solar wind streams “from large scale structures of the coronal field” (including coronal holes) are characteristic of
the period around solar minima and contribute significantly to recurrent effects. (Simon and Legrand, 1992)

Upon reaching the earth’s atmosphere, the high-speed particle streams carried by the Solar Wind may intersect the
earth’s orbital plane. This can cause increased geomagnetic activity, especially in the auroral zones, and result in
geomagnetic storms. Such storms, deriving from coronal holes, are not generally characterized by an initial sudden
magnetic impulse as with flares and CME’s but rather they tend to begin gradually and are thus referred to as “gradual
commencement” events.

So, in contrast to sunspot numbers and the more significant CME events, the incidence of coronal holes and other
structures associated with the Corona is concentrated towards and at solar minimum when their life cycles may last over
a number of solar rotations. As a result, recurrent geomagnetic disturbances are much more prevalent though usually
less severe, than the sudden and randomly incident storms associated with solar flares or CME’s.

Commencing in December, 1993 and continuing through the first half of 1994, shortwave listeners and SWBC
DXers experienced a dramatic example of the recurrent influence of a favorably positioned coronal hole. At about 27-
day intervals for seven consecutive solar rotations, significant long-duration disturbances plagued shortwave propaga-
tion on the higher frequencies. Each geomagnetic disturbance exhibited a very sharp initial peak, followed by up to two
weeks of continuing active conditions. Figure 3 provides a graphical review of the magnetic activity during this period,
as recorded in the sub-auroral, auroral, and polar cap regions by the Canadian Magnetic Observatory Network. This
network is operated by the Geophysics Division of the Geological Survey of Canada based at Ottawa, Ontario. (J.
Hruska, 1994) Tropical Band conditions tended to be erratic too, but trans-equatorial propagational enhancements were
typically in evidence during the commencement phases of each storm.

Just as MUF’s have been found to vary with the season, there is also a seasonal aspect to the incidence of geomag-
netic disturbances. Statistically, the vast majority of geomagnetic disturbances deriving from both solar flares or CME’s,
and those caused by coronal hole effects, occur during the equinoxes. Comparatively minimal activity is found at the
solstices.

DC: I have not personally analyzed this aspect relative to the solar cycle to draw any definitive conclusions.
However, I can say that in my experience over the past ten years or so of actively DXing “afternoon Asians”, the
equinox shoulder months of October and February have been found to yield some of the best skewed, longpath openings
to western Indonesia (notably Sumatra) at the onset of geomagnetic storms.

SUMMARY AND EXAMPLE

The lessons we can derive from an appreciation of the relationship between solar terrestrial events and Tropical
Band DXing success are quite simple, even though precise understanding may elude us. The most dramatic enhance-
ments are likely to be associated with major flares or Coronal Mass Ejections towards sunspot maximum but one must
be in the right place at the right time to catch the initial positive phase and the transition immediately preceding the
main stage of a major storm. Towards solar minimum, propagation enhancements associated with coronal holes and
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persistently greater Solar Wind velocity may be some-
what less dramatic but recurrent patterns are more pre-
dictable and one can plan ahead of time to be at the re-
ceiver in anticipation of just such a positive effect. Fig-
ure 4 summarizes the distribution of various manifesta-
tions of solar activity and their relationship to the inci-
dence of forms of geomagnetic disturbances through the
duration of a typical solar cycle. Notice that recurrent
effects ‘1’ are predominant at solar minimum ‘m’. Fluc-
tuating geomagnetic activity ‘2’ is characterized by a
broad head and shoulders pattern across the years of so-
lar maximum ‘M’. The less frequent and random intense
short duration periods associated with sudden commence-
ment shock events ‘3’ exhibit a similar pattern, peaking
near solar maximum. The lower portion of the graphic 300 —
shows the average distribution of geomagnetically quiet

Quiet days
days. (Simon and Legrand, 1992) Finally, we shouldrec- - - [} > : \/\//\‘ 7]

ognize that, superimposed on the long term solarcycle, 200Lfl 1 Y L 1.4 1 [ 1 L 111 |

is the seasonal propensity for geomagnetic storms to oc- 8 100 2 4 6 8 10

cur most often during the spring and fall equinoctial pe- m M Y
ears

riods and least often near the winter and summer solstic-
es.

As the following example illustrates, geomagnetic  Figure 4: Average Distribution of the Components of
and ionospheric storms are often responsible for the tem-  Geomagnetic Activity during the Sunspot Cycle
porarily enhanced propagation of long distance Tropical
Band signals. This is sometimes along apparently direct (great circle) paths, but also frequently along skewed or bent
Non Great Circle (NGC) short and long paths between Asia and North America. Longpath enhancements tend to be the
most dramatic. This is at variance with the conventional wisdom which generally associates normal paths with multi-
hop propagation along great circle bearings, usually short path, during periods of quiet (low A/K) conditions.

TRANSITIONAL ENHANCEMENT: THE JANUARY 11, 1994 EXAMPLE

For a few weeks centered on the winter solstice, a grayline path extends southeast from Ontario at a bearing of
about 150 degrees (Figure 5), across the equatorial zone, passing through the South Atlantic Anomaly (sketched), then
just tangent to the eastern extremity of Antarctica and up into Eastern Indonesia. The path is almost perfectly centered
on Ujung Pandang in Sulawesi but the grayline zone extends as far east as Irian Jaya. The direct (great circle) longpath
to Irian Jaya skirts just outside the southern auroral zone during quiet conditions and the path is usually optimum when
the geomagnetic field has been settled for several days and the ionosphere is not ‘depressed’.

As we discuss in a later section, Irian Jaya stations generally do not respond to a geomagnetic disturbance. In
other words, they do not seem to propagate well, whether shortpath in the momings or longpath in the afternoons. But
we have known them to make a better than average showing during the initial positive phase and sometimes early into
the transitional phase associated with the onset of a geomagnetic storm. By comparison, “classic” transitional longpath
afternoon enhancements are associated with Southeast Asian signals originating further to the west, from whence their
direct path would clearly intersect the southern auroral zone. The apparent skew of these longpath signals around the
periphery of an expanding auroral zone then becomes obvious. _

Logging afternoon extreme Eastern Indonesians (Irian Jaya/Maluku) during the short, mid-winter window, is no
mean feat, even from ECNA. As contrasted with the powerful signals from Ujung Pandang, the implied grayline condi-
tion does not render especially good signals and when the hets do rise in sufficient strength to give up some audio, this
may last for as little as five or ten minutes and rarely more than fifteen or twenty. Of course it must be recognized that
a number of the relatively limited selection of target transmitters are of only 1 kW power or less. The interesting thing
about the Irian Jayan peaks is that they occur 15-30 minutes before sunset at the receiver, and at, and up to fifteen
minutes after sunrise at the transmitter. This pattern fits within a rule of thumb half-hour duration associated with the
so-called “width” of the grayline at equatorial latitudes. Even so, since skywave absorption increases rapidly after
sunrise, one might have expected the peak to occur slightly earlier --- towards the approach of transmitter sunrise, rather
than immediately after. West of Ujung Pandang the midwinter pattern is in fact reversed. Signals peak 15-30 minutes
before transmitter sunrise at which time it is already well past sunset at our receivers in Ontario.
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Now that we’ve set the stage, we take you back to January 11, 1994. As it happened, both Tony and David were at
the dials that midwinter afternoon. Their experience that day is quite notable. Eastern Indonesians were dramatically
enhanced as might be expected to occur during the positive phase. Western Indonesians and other Southeast Asian
signals were excellent too, as is typical of an enhanced longpath opening to Southeast Asia at the very onset of a
geomagnetic disturbance which derived in this case from a large favorably positioned coronal hole.

TW: This day I'm home at my suburban home near Toronto to take a look at the tropicals. At noon from school a
quick check of WWV at 18 past the hour promised an ionospheric storm, and I’'m anxious to see whether the promise will
be fulfilled. It’s a quarter to four --- 2045 UTC -- and two hours before local sunset the band is hopping with African
signals on the Southeast long-wire I have selected. But I am after bigger game, and have the R8’s memories preset to the
elusive Irian stations. A fair challenge on the morning short-path are they, but I just know that under the right condi-
tions I can get more than the faint carrier I have heard on the afternoon opening so far this season. The solstice is past,
and time running out for this particular sport.

It’s early, but the whisper of a signal is there already on 4789.7 and an even fainter hint of Sorong on 4874.5. As
the magic moment just before the hour approaches I concentrate on the stronger of the two and YES. The lilting refrain
of “The Song of the Coconut Islands” fills my ears. Success! Perhaps merely by remoteness made exotic; Fak Fak! The
tune resonates within me with the overlay of years of musical memories! The needle on the R8 hits S5, as the news from
Dijakarta fills my ears...but now I'm after the building signal of Sorong and down on 3385 Kupang promises to break
through! Thirty minutes later they are in the log with the best audio I have ever got from them. What wonder how
exciting the local news can be in a language I have no understanding of at all. But the lilting rhythm of the Malay
tongue is unmistakable, and the village choir’s voices leap around the globe in some strange way that I will try and
fathom later: Right now it’s keep the tape whirring and listen for the jumbled ID phrases. I follow the sun-up across the
other side of the globe... Ujung Pandang (4753.3) is 20db over 9 an hour later...what a day for the books! The sun is 30
minutes gone below my horizon, and somewhere a giant hand pulls the great switch in the sky. UJ goes from local copy
to a memory in minutes, but Kupang is a new one for me...and that will fade much more slowly from the mind...

DC: Tony'’s experience that afternoon affords a hint of the DX-citement we associate with chasing winter long-
path Asians on the Tropical Bands when geomagnetic conditions are turning from quiet to active or even disturbed. In
this particular case, Tony must have broken away from the dials for an early supper, about the same time as I was tuning
in at my rural property north of Toronto. Clearly I missed a superior Eastern Indonesian opening and those are pretty
rare. But as he tuned out the fading Ujung Pandang a bit past 2200, I found that the Sumatrans and other nearby
peninsular Southeast Asians were just coming up nicely! Let’s check the records: yesterday, January 10, 1994, Plane-
tary A index was a very quiet 04 but by 1800 this day of the 11th, the real-time K index had jumped up to a value of 5,
indicating a sudden onset of disturbed conditions (refer again to Figure 3). Very interesting...and we are not surprised.

MODES OF PROPAGATION
CONVENTIONAL:

The conventional model of multi-hop propagation of radio waves has been cited in our Introduction and Review
and is dealt with by Bryant and Clark in their 1990 paper. That dawn signals often rise smoothly and magnificently to
enhanced levels with their flutter and fading characteristics unaltered (except that the signal is stronger) argues most
powerfully against multi-modal reception as the cause of the dawn peak. Yet most theories attempting to explain the
phenomenon fall back on such approaches. Radio News in 1930 published an early version of ionospheric tilt as a cause,
for example. The basic postulate of that article was that at dawn ionospheric tilt focussed the second and third hops at
the receiver simultaneously, enhancing received signal levels. But this implies the existence of a sharp transitional
phase with extreme fading, and this is not seen. Similarly a later theory saw multi-hop signals arriving simultaneously
in a subtractive mode in which out-of-phase behavior produced weak signal levels. As the D-layer built up with the
approach of day, higher angle skips would be lost first, leaving the lower-angle and stronger skips. These would be
further enhanced by the subtractive effect. This theory fails on the same grounds as above.

Some variant on ionospheric tilting does seem however a likely candidate for at least some kinds of dawn/dusk
enhancement. A major observation that is explained by both this approach, and that of Blanarovich (discussed below) is
that while stations at each end of twilight paths experience the enhancement at dawn and dusk respectively stations at
intermediate points along possible paths do not. Thus hams in New Zealand use sunset to talk to European stations
experiencing near-dawn conditions on almost any of the HF bands, during almost any season. Tony relates a low-band
tale that illustrates this mode in rather dramatic operation.

TW: I well recall being the net in a three-way celestial ping-pong match involving the legendary Bob Tanner,
ZL2BT. (Figure 6a, 6b) Bob was the first, and so far the only ham, to confirm two-way contact with 300 countries on 75
meters. He operated from Longburn, near Palmerston North, New Zealand, with a range of antennas over the years, but
latterly a two element cubical quad with the top wire at about 135 feet on a home-built tower was his main sky-hook.
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Late one April evening, as local Ontario midnight approached, I engaged a Dutch station in voice conversation on 3795
kHz from my rural site near Guelph, Ontario. We had fairly good signal strength with each other --- about S9. Shortly
after we started the conversation Bob joined in. He reported to Paul (in Holland) that he was hearing me at about S7.
Paul and Bob were about S9+20dB with each other. I could hear not a whisper from Bob. As his sunset approached
however he first appeared as a weak and watery signal, and then built steadily and rapidly to well over S9! This took a
total of about 20 minutes. My signal report from Bob climbed from S7 to S9 + 20 dB in the same period. It is tempting
to consider that Bob's signal initially passed right over my head skidding or ducting along the base of the ionosphere en
route to Holland during the first 10 minutes of the strange three-way. As the influence of the steadily lowering D-layer
at either end of the path made itself felt Bob and Paul were able to maintain contact easily using dusk/dawn high-angle
enhancement. My low-angle radiating antenna --- a broad-side bidirectional delta loop at 100 feet --- provided good
output, but was not able to intercept Bob's overhead signal until conditions changed to a more conventional path, a
little later. At around this time, Paul’s signal started to drop rapidly with Bob, as daylight advanced on him. At no time
did ground stations in South America join the dialogue, confirming a phenomenon well known to both low-band hams,
and to tropical band DXers. The signals were circling the globe at high elevation, unheard on the ground along the dark
path, except for my participation, as discussed above. Operating from New Zealand myself on the low bands, I can
recall remarkably few instances when simultaneous signals were received from both Europe and either of the Americas.
NON-CONVENTIONAL MODELS:

While the exact mechanism by which the signals pass from the dawn to the dusk end of the path is not yet known
to us, speculation has centered on variants of chordal hop, or of a kind of whispering gallery mechanism. Yuri Blanorov-
ich, VE3BMYV, has offered another explanation in the previously referenced CQ magazine article and most accessible in
Bryant & Clark’s 1990 article.

As a super-active contest operator, Blanarovich has had ample opportunity to sample the behavior of the HF
ionosphere under a wide range of conditions. He feels very strongly that we have been misled by the conventional
diagrams of ionospheric height above the earth into accepting the traditional multi-hop mode. He favors a fibre-optic
model in which “A majority of the radio waves are refracted and propagated -— conducted — along the borders of media
with different dialectric constants and are accompanied by scintillation.” (Blanarovich, 1980) Scintillation is produced
by the cloud-like nature of the propagating medium whose density and conductivity varies in time and space. It produc-
es back and side-scatter and these effects show up in the watery nature of many received signals under suboptimal
conditions. He relates improvement in higher frequency signal strengths during high sunspot number years to the higher
average heights of the refracting/conducting medium. Longpath and grayline propagation are as easily explained with
this model as shortpath. Radio amateurs have an obvious advantage over SWBC DXers in tackling the thomy problem
of one-way propagation and here again, a conductive model provides a useful perspective. Light exiting a fibre-optic
conductor scintillates and disperses in a fashion that is difficult to envisage in reverse. Daily here in Eastern North
America --- particularly on 40 meters — loud European signals can be heard each afternoon, but it is nearly impossible
to get them to respond. No doubt this is why Kupang failed to hear my joyful shouts at finally receiving them on the
afternoon longpath!

Bob Eldridge, VE7BS, became an enthusiastic supporter of Yuri’s ducting concept and made some interesting
follow-up observations, citing other supporting works. (Eldridge, 1989) He traces the introduction of the term refrac-
tion as a replacement for or adjunct to the use of the more traditional reflection in amateur radio and official publica-
tions, particularly post WWIL. In fact the family of modes implied by use of ihe term chordal hop and others was well-
established by 1959 when the CCIR published a report citing chordal hop, whispering gallery and ionospheric ducting
(ITU/CCIR, 1959). This report in turn was founded on earlier referenced sources. All agreed that long distance single-
hop transmission was possible without intermediate ground reflections. So in fact we are arguing over the exact mech-
anism rather than the phenomenon itself!

Hortenbach and Rogler of Deutsche Welle published the landmark chordal hop theory paper in 1979, although
they in turn quoted earlier sources from the 1950’s. (Hortenbach and Rogler, 1979) Waves launched at very low angles
are guided by the lower boundary of the ionosphere (which acts as a single walled duct) rather than reflecting back to
earth. Refer to Bryant and Clark’s 1991 paper for illustrations. When dawn and dusk occur at ends of the path the tilts in
the ionosphere resulting from its greater height in the dark hemisphere create the conditions necessary for initiating
chordal-hop modes.

In addition, the concept of the “Sweet Spot” was first advanced by Bryant and Clark in 1990 and further developed
in their 1991 article. The Sweet Spot can be characterized as a particular variety of “partial darkness” (receiver sunrise/
transmitter in post-SS darkness) propagation. The basic finding was that there was good evidence that Tropical Band
signals from the Pacific and Asia tended to peak at North American dawn when it was approximately 9:00 PM local time
at the transmitter. This pattern was tied by the authors to the phenomenon of spread-F, ionospheric irregularities which
peak about mid-evening and are most predominate in equatorial latitudes. Further investigation published in their 1991
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article indicated that under some circumstances, such as midwinter in the Northern Hemisphere, the peak could be
closer to 8:00 PM. Since those findings were published, Bryant and Clark, as well as Guy Atkins, have all reported
numerous occasions while DXing from the West Coast which confirm the consistency of this peak, even at different
seasons. We have not attempted to advance the Sweet Spot concept further in this present work but continue to encour-
age DXers suitably located to review the literature, do their listening, and publish their observations.

GREAT CIRCLE AND NON GREAT CIRCLE SHORT PATHS

The “normal path” of an HF signal is conventionally understood to be the short great circle path between any
transmitter and receiver pair. That path is clearly demonstrated on an azimuthal-equidistant map centered on the loca-
tion of the receiver. (Figure 7) Be aware that the currently understood position of the North Geomagnetic Pole (NMP) is
near 79 degrees N, 104 degrees W and the South Geomagnetic Pole (SMP) is near 66 degrees S, 139 degrees E.
(National Geographic, 1992)

For Southeast Asia, if we consider the meridian position of Singapore as roughly dividing South Asia to the west
and Australasia to the east, it can be seen that the implied “normal” path (sketched) to Southern Ontario (Toronto and
vicinity where both David and Tony reside) is only about 5 degrees west of true North and just slightly east of the NMP.
This means that the direct signal path is straight over the polar cap, intersecting the northern auroral ring at virtually a
90 degree angle, and crossing the entire disturbance zone situated between the latitudes of 60 and 75 degrees N on both
the Asian and North American sides of the pole. Under quiet geomagnetic conditions, signals from Asian transmitter
sites adjacent to Singapore and throughout much of Southeast Asia will also intersect the auroral ring on a short path to
Eastern North America. But because we in Ontario are situated directly “under” the auroral oval, consider the much
greater dispersion of Asian transmitter sites from which our reception would be affected when geomagnetic conditions
are active or moderately disturbed.

On the shortpath for many of our favorite Asian DX targets, we would expect to signals to be best when geomag-
netic conditions have been extremely quiet for an extended period and the auroral disturbance zone in its most contract-
ed “normal” state. An azimuthal-equidistant map centered on Toronto implies that signals arriving from bearings be-
tween 330 degrees W and 30 degrees E could be expected to be subject to selective or flutter fading as a result of the
scattering effect caused by transiting the auroral zone. Under active or disturbed conditions, this zone would widen a
further 60 degrees or more.

It is indeed a nice simple picture this; quiet conditions and good reception over the shortest route. By contrast we
expect disruption and increased signal absorption under geomagnetically stormy conditions. Reality turns out to be far
more complex, and it is with morning reception of Southeast Asian Tropical Band signals that simple explanations start
to fall apart. First: the signal breakup characteristic of paths on the higher shortwave frequencies (say 15 MHz) is simply
not in evidence. Second: while quiet conditions often contribute to strong signal paths beyond the periphery of the quiet
auroral zone (e.g.. PNG’s and Eastern Indonesians at approximately 290 to 320 degrees W), signals from South and
much of Southeast Asia, whose short great circle paths cross the northern auroral zone, are seldom at optimum levels
during quiet conditions. More often than not, dawn signal enhancement occurs during the positive phase or during the
transition period when the geomagnetic field is in the course of progressing from a quiet to a more active or disturbed
state.

Finally, and of particular interest to us here, signals arriving at the receiver in such circumstances are usually
apparently directed “around” the northern auroral zone along a Non Great Circle (NGC) route, trending northwest or
even west, as “seen” on a directional antenna at the receiver. By definition the path is short, being less than 90 degrees
removed from the true great circle bearing, but it is definitely seen to be “bent” or “skewed” to varying degrees off the
great circle path. Bent or skewed paths from Asia to ECNA are a recurring theme throughout this article!

THE ECNA MORNING PATH FROM ASIA

The momning openings exhibit a tendency to migrate from East to West Asia and back again from autumn, through
midwinter and into spring, in accordance with the seasonal migration and slope of the terminator. In some respects the
converse occurs in the afternoon. Of course the N-S orientation of the dawn terminator mirrors that of the dusk termina-
tor at the Autumnal and Vernal Equinox.

From Southern Ontario, moming signals from Singapore/Sumatra and toward the Indian Subcontinent are gener-
ally heard best on a NW beverage oriented at about 330 degrees, regardless of the position of the terminator. Strangely
enough, Australasian signals that would be expected to be best on a more westerly beverage at 300 degrees are also
usually strongest on the same NW antenna. During the 1991-92 and 1992-93 midwinter “Subcontinental seasons” it was
observed that very often for the South Asian transmitter sites, signals were significantly superior on a Beverage pointed
nearly west at 300 degrees. This is a NGC short path, rather far-removed from the NNE great circle path which was only
occasionally viable under quiet conditions. This signal-bending effect was almost invariably noted when the A index
was in upward transition from quiet to an unsettled to active state with an index in the range of 10-15, or sometimes
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higher. As we have already dwelt on at some length, “transition” is the key word. A condition whereby the short term K
index was 0 or 1 at 0600 and up to 4 or even 5 by 1200 would almost invariably deliver --- for that one particular
morning — greatly enhanced reception, and on a path of arrival from the west, seemingly ducted well around the
expanding auroral zone on the darkness side. The opening would generally last longer past “max dawn” than usual and
signals exhibited none of the signatures of auroral flutter fading!

In the most recent 1993-94 season, however, the apparent arrival of the Subcontinental signals on a westerly bias
was much less apparent than it was during the previous two seasons. Meanwhile, from the Midwest, John Bryant
reported that the Indian signals were seldom heard at all on the shortpath. Most reception, such as it was, took place on
his longpath antenna pointed SW. Indeed, there was a general consensus among Tropical Band DXers throughout North
America that the ‘Indian season’ was without spark when compared with the prior two, especially on the 90 meter band.
Perhaps all of this was related to differing MUF’s associated with the rapid descent toward sunspot minimum but we
really don’t know. Certainly there were sufficient recurrent geomagnetic disturbances to have triggered the reception
pattern we had learned by previous experience to associate with enhanced, skewed path morning reception from South
Asia.

It seems possible that we (collectively) are not always using low-enough angle antennas. In other words, the
Beverage antennas which had served us well may not have been as suitable for signals arriving at a different, possibly
lower, angle in the most recent season.. Tony erected his. ‘Carolina Beam’ (refer to Guy Atkins’ review article in this
edition) in January of 1994 and noted reception of Indian stations well past local SR that were inaudible on his standard
long-wires. This kept the Indian season going for him for several weeks longer than would have been the case otherwise
as the terminator inexorably retreated back to the east, and eventually, even the superior low angle performance of the
Carolina could do little to help.

GREAT CIRCLE AND NON GREAT CIRCLE LONG PATHS

During the primary fall, winter and early spring Tropical Band season, SWBC DXers -- especially those living in
ECNA -- have come to better understand in recent years the possibilities for longpath reception from Southeast and
South Asia during the late afternoon and early evening hours, and how this relates to the approach of sunrise on the
Asian continent. Bill Tippett’s previously cited article in Proceedings 1991 was especially useful in opening up new
vistas of understanding for many SWBC DXers. Tippett outlined the two most important Asian low-band longpath
opportunities for us: the path from Southeast and South Asia in the late afternoon/early evening to Eastern North
America, as well as the morning path from India and East Africa to Western North America. We would like to develop
the discussion further here, with particular reference to our ECNA experience.

Enhanced openings are almost without exception associated with the transitional phase marking the onset of a
significant geomagnetic disturbance. North American DXers living in the Eastern time zone and at more northerly
latitudes, including the present authors, are especially well-positioned for the Southeast Asian long path.

One aspect of this that we have not yet seriously considered is our potentially favorable position in Southern
Ontario relative to the ‘Mid-Latitude Anomaly’ discussed in Bob Brown’s article. It may be that because we are situated
in the sub-auroral zone and close to the steep ionospheric gradients marking the Mid-Latitude Anomaly, the apparently
enhanced ducting of signals around the auroral zones is more pronounced at our 43 degree N latitude than at other
locations further south, even within ECNA. The affect our position might have with respect to enhanced reception on
the longpath, however, remains problematic.

While it seems plausible to associate increased geomagnetic activity with a skewing of signals around the north-
ern or southern auroral zone, the spectacular signal strengths we sometimes experience on the afternoon longpath
suggests there is an enhancement effect associated with passage across the ‘Equatorial Anomaly’ as well. Even the
earlier literature envisages the possibility of an enhanced chordal mode (albeit in association with enhanced MUF)
governed by the crests of high F-layer ionization fixed at about 15 degrees on both sides of the geomagnetic equator. It
is interesting to note that the peak ionization occurs in the late aftenoon (between 1700 and 1900 local time) and again
in the evening (between 2000 and 2300 local time), at the equinoxes and at solar maximum. These trans-equatorial
propagation (TEP) modes are known as afternoon-type and evening-type TEP respectively. We suspect that aftenoon-
type TEP may be an enhancement factor, even at much lower Tropical Band frequencies.

Yet-another aspect that intrigues us is that the longpath circuit from Southeast Asia apparently passes directly
through the ‘South Atlantic Anomaly’ whose approximate position we have sketched in Figure 5. This is the zone where
the contours of strength of the earth’s geomagnetic field - expressed in terms of “‘electron gyrofrequency”, are the lowest
anywhere in the world. Purely in the realm of speculation, we suspect that this may, in some way, contribute to the late-
afternoon signal enhancements we experience from Southeast Asia.
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