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The recently discovered radiopetroglyph depicted on the front cover incorporates an image computer-
enhanced by Guy Atkins. Were the ancient Anasazi indians of the Southwest U.S. onto something? Leading
theorists speculate that a form of “border radio” may have predated Marconi and deForest by many centuries.
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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 Jones, 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 modem 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 Jobn 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 boo! ,” 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.

. o> I Dawe

ohn Bryant Fritz Mellberg Guy Atkins David Clark
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editorial process

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 Drafts 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, 1A
Harold Cones Newport News, VA Bruce Portzer Seattle, WA
Richard D’Angelo Wyomissing, PA Mitch Sams Blue Springs, MO
Gerry L. Dexter Lake Geneva, WI 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 leaming aboutthe | oo
top-side of the ionosphere and its interaction with regions s
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- o
ciation by ultra-violet (UV) radiation from the sun. There ! {ONOSPHERE
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
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magnetic forces on electrons affect their motions when AR AR S
exposed to radio waves and that results in propagation T N R
which is frequency-dependent. In particular, the way in =~ | e e
which a radio wave propagates through the ionosphere _sT,:_:::ESP"EE_
depends on how its own frequency (F) compares with aroons Y v e e
several other frequencies determined by the local proper- R LI L cm‘o. .
ties of the medium itself. ELECTRONS /em

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

Figure 1 - Daytime variation of the electron density
with altitude. (From McNamara, 1994)
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Figure 2 - Refraction and penetration of the ionosphere by waves from 3 to 30 MHz in 3 MHz steps.

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 O°latitude)

jonized 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. In a 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-II. 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
ionosphere, 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
ionization complete and ends in the ionosphere where the earth’s magnetic field is weak and the ionization of its
atmosphere only slight.

P6.4 fine tuning’s PROCEEDINGS 1994-95



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-
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- T
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 i
where the geomagnetic field is confined to a cavity carved
out of the stream of interplanetary plasma going by, some-
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
known 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 asa 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.

radiation beit and
ring current

Figure 5 - The earth’s magnetosphere
(From Davies 1990)
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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
5 107 2 5 101 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 mdlca.tes that solz.u' wind p}asma 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 mear:: 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 ov: - St.
John, Newfoundland in April 1965 from the records of ground-based and satellite-bome 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 modern 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
ionic 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.

STORM NONSTORM

HEIGHT (km)
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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 ionosphere 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 24 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.

Ionospheric 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 imregularities 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 eiectron 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 / 1 / 92 from 1228 to 1254 utc ~—

7
%
S

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 and
a different explanation required for the observations.

An independent verification of those observations was obtained from Scotland where the station logs of GM41HJ
showed no less than twelve cases of similar, distant signals from the RS-12 beacon coming across the polar cap during
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 corrobo-
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
empbhasis 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
ionospheric 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 U K. 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: lonospher-
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 low-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 pattern 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 Northem 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.
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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
. o . . path likened to the trajectory of an uncoiling garden hose
Figure 2 Simplified Diagram of Earth-Magnet in the suddenly 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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FIGURE 3: REVIEW OF GEOMAGNETIC ACTIVITY (DRX INDEX): DECEMBER. 1993 TO JUNE. 1994
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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- I s o
) . e ens . ) A U &

tuating geomagnetic activity ‘2’ is characterized by a NN

broad head and shoulders pattern across the years of so- / N

lar maximum ‘M’. The less frequent and random intense / 3 \\

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
shows the average distribution of geomagnetically quiet
days. (Simon and Legrand, 1992) Finally, we should rec-
ognize that, superimposed on the long term solar cycle,
is the seasonal propensity for geomagnetic storms to oc-
cur most often during the spring and fall equinoctial pe-
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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 aiso frequently along skewed or bent
Non Great Circle (NGC) short and long paths between Asia and North America. Longpath enbancements 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 t0o, 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
Djakarta 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 JSrom 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. 1 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
10 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 §9+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 dus%/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 thorny 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 the 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 morning 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, morning 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 moming 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 afternoon (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 afternoon-
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.

Whatever the confluence of circumstances, the reward is great, for typical signal strengths during a good opening
from some transmitter locations are far stronger than during the traditional morning listening period.
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THE ECNA AFTERNOON/EVENING PATH FROM ASIA

How does the afternoon/early evening signal path from Asia compare to the typical moming path and what are the
hallmark geomagnetic circumstances? Simply stated, the typical path is not short, as for ECNA in the mornings, rather
it is long path, although in most cases skewed to a greater or lesser degree from the implied great circle route. David will
readily admit that he has virtually abandoned the premise advanced in Proceedings 1989 which associated short path
openings during geomagnetic disturbances with enhanced propagation through the northern auroral “donut hole”. (Clark,
1989) Still, rare afternoon shortpath openings continue to be observed near the equinoctial periods. But the long path is
clearly dominant through the winter and, except for the most easterly paths outside the southern auroral zone, typically
associated with the transitional onset of a geomagnetic disturbance.

The most westerly Indonesians (Sumatrans) begin to make an appearance by early September with the approach
of the autumnal equinox and these same stations are the last to disappear after the vernal equinox in early April because
of their much later sunset. Remember, the Indonesian archipelago extends some 3,000 miles and spans three time
zones!

At midwinter solstice, however, the terminator is at its shallowest angle relative to both the equator and the
geomagnetic equator. As we have mentioned already, this results in a near-grayline condition from Southern Ontario as
far east as Irian Jaya. Unfortunately, sunrise at PNG stations is a little too early to enable even winter solstice longpath
reception in ECNA. It should be noted (refer to Figure 5) that all of Antarctica is in daylight, and the terminator has
reached its farthest extension away from the SMP, so absorption is at a seasonal minimum. Even so, as outlined in the
preceding January 11, 1994 reception example, Irian Jaya signals are weak and usually audible only for a matter of
minutes, peaking 15 to 30 minutes before our SS and at or just following SR at the transmitter. They are heard best on
a southeast Beverage, although they may first appear from the East, more perpendicular to the terminator but then
becoming basically parallel to the terminator on the southeast antenna at approximately 150 degrees. Openings are best
during either quiet conditions or a positive phase enhancement just prior to a disturbance.

Then, through sunset, post-sunset dusk and progressively into the early evening darkness at our receivers, it is
possible to receive stations strung across Central and Western Indonesia, coastal China, and the Indo-China peninsula,
as the Asian sunrise terminator works its way westward towards the Subcontinent. Once the path shifts into Central
Indonesia and points west, the great circle long path to ECNA now encroaches on the southern auroral zone and the
Antarctic summer daylight. So, quite apart from the enhancement pattern associated with the onset of a geomagnetic
disturbance, the apparent skew of the signals into a low loss twilight or darkness path around eastern Antarctica be-
comes pronounced. Afternoon wintertime reception is dominated by the trans-equatorial long path and is again general-
ly heard best on a Southeast Beverage. At times the S-9+ signal strength of Ujung Pandang (presently on 4753.4 kHz)
and certain Sumatran stations on both 60 and 90 meters (e.g.. Tanjung Karang-3395.1 kHz) can be outstanding given the
right transitional conditions. The same holds true for quite a number of China-coast stations with CPBS2-4905 kHz the
standout. Sometimes the onset of a major disturbance brings about 15 minutes of perfect armchair copy from the North
Korean station on 2850 kHz. The better openings yield brief audio from rarer catches such as the only Taiwanese
Tropical Band outlet, on 3335 kHz. To reiterate an earlier point, the ECNA midwinter reception peaks of Southeast
Asians lying to the west of Ujung Pandang are quite at variance with the peak pattern cited above for Irian Jayans far-
removed to the east. Now we find that signals peak 15 to 30 minutes prior to sunrise at the transmitter and this may
correspond to 30 minutes or more past sunset at our receivers.

By way of comparison with our northerly latitude ECNA situation, DXers living in the Midwest or at more
southerly latitudes in the Eastern time zone must await the trailing slope of the sunset terminator for the afternoon Asian
path to open up. But for a short period at midwinter, the approach of sunset at the receiver coincides with sunrise at
transmitters located in Sumatra. Somewhat limited reception is then possible, as John Bryant and others from the
Midwest have reported in recent years. As far as we can tell, the onset of geomagnetic storming is still an appropriate
precondition, albeit far less pronounced in its effects west of ECNA. At midwinter of the 1993-94 season, Guy Atkins,
living in Seattle, recognized the advantage of favorable inclination of the approaching sunset terminator. He demon-
strated that even on the West Coast it was possible to detect a signal from the western reaches of Sumatra (Medan
4765.8 kHz) at transmitter sunrise almost two hours before his local receiver sunset, as long as you were far enough
north. While scratching out usable audio was a daunting task, there is no doubt about what Guy was hearing and this was
truly a landmark accomplishment! Not surprisingly, Guy’s several tentative logs coincided with superior openings here
in Southern Ontario. If RRI Banda Aceh (3904.8 kHz) in extreme northwestern Sumatra ever returns to its traditional
morning program period from 2300 s/on (inactive during the 1993-94 season), it would be another ideal target for the
West Coast crowd.

After 2400 in the winter, nearly all of North America is in darkness as the sunrise terminator reaches the Indian
Subcontinent. Then, in both Eastern and Central North America (with scarce reports from the West Coast), signals from
India and nearby Subcontinental environs can be heard at their morning sign-on which in many cases is very close to
seasonal sunrise at the transmitter.
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The manner by which afternoon longpath signals may rise out of the mud to exceptionally strong, clear and steady
levels seems little short of magical at times. Although openings are typically brief, the point has been made that some of
these transmitters, most notably from Southeast Asia on skewed paths, simply cannot be heard as well in the mornings
here in ECNA. In 1991, John Bryant visited David over the post-Christmas winter holiday period and had his first taste
of the ‘afternoon Indo’ experience. Fortunately there were several excellent openings during his one-week stay. John
observed that several Sumatran stations exhibited spectacular peak levels that rivalled the best he had ever heard them
at in the morning — shortpath of course — from either his principal residence in Oklahoma or even from DXpedition
sites on the west coast! Small wonder David has been able to lure Tony back onto the Tropical Bands to scout for the
more elusive afternoon Asians.

NON-GREAT CIRCLE PROPAGATION:
ADDITIONAL OBSERVATIONS

In retrospect it seems obvious that signals will travel the path of least resistance — or lowest loss —— between
transmitter and receiver. It is also apparent that this will normally be the shortest, or Great Circle path. That these two
directions do not always coincide requires explanation. The effect is in evidence daily on higher frequencies, but may be
just as common on lower frequencies of most interest here, though masked by the greater difficuity of accurately
determining arrival direction on the Tropical Bands. Tony has long struggled towards an explanation of NGC paths and
found some clues on the other side of the globe...

TW: In 1980 I was getting set to journey on DXpedition to the Chatham Islands. These lie about 500 miles east of
Christchurch at a latitude of 44 degrees S. I prepared one of my favorite DX tools. This is one of those cheap inflatable,
nominally 12 inch, globes. I used one in my Auckland shack on a daily basis. It is suspended between gimbels centered
at your own location, and its antipodal point. Ninety degrees from my location 1 had drawn a new equator, and duly
labelled it with the long and short path bearings. It is the quickest and simplest way to establish the azimuth to anywhere
on the globe that I know. From Auckland the long path to Britain goes due South over the pole —- close to the SMP and
right through the absorption zone. Shortly after sunset each day the path loses its directional stability. On 20 meters,
even with my highly successful home-brew 4 element mono-band yagi at 65 feet, signals fade, and become watery.
Contact can be maintained over the transition period, which averages about 30 minutes or so duration, by maneuvering
the antenna along any bearing from south all the way around to the true short path --- north of course. But on most
evenings there is a 10 to 20 minute period when the best signal is to be obtained along a bearing close to 40 degrees.
(Figure 8a) Though this had always puzzled me, I had no success at figuring out what was going on with this classic case
of bent path propagation.

Cut to the Chatham trip. On arrival and setup there it became obvious that the path to much of Europe in general
and parts of the British Isles in particular was far better than I had ever been used to, despite the use of DXpedition
antennas that were good, but in no way comparable to the hardware available at my home station. While the difference
was quite marked on 20 meters, on 40 meters it was nothing short of spectacular. And five seconds with the globe
disclosed that the true long path bearing to the stations of Eire, for example, was now about 30 to 40 degrees East.
(Figure 8b) The puzzle pieces were falling into place. A signal in Auckland heading out over the Pacific on a bearing of
40 degrees or so was intersecting a low loss direct Great Circle path from Chatham to northwest Europe. With a
relatively small change of less than 10 degrees, the signal had a low-loss ride for the rest of its journey. What seemed to
be a bent path involving a warp of nearly 40 degrees from the Great Circle route was in fact far less spectacular it
turned out.

We now believe many examples of apparently large shifts in signal direction originate similarly. Particularly in
the case of routes passing through and just beyond the antipodal point, the great circle bearing can vary enormously to
locations clustered quite close together. The converse is less often considered but also important. A 500 mile shift in
receiver location can make a very large difference in the path to some DX targets, and in particular may, as in this
Chatham example, move the great circle route out of the auroral absorption zone. Or, a convenient NGC path may open
up as in the case above. The globe deceives us easily.

The significance of this is that we are seeking a mechanism to explain relatively small direction changes — not
apparently large diversions — and this is not a difficult task. McNamara, for example, depicts scattering by “field-
aligned irregularities” to one side of a trans-equatorial great circle path causing signal deflection. He comments further
that a similar effect may occur on paths near the auroral oval. (McNamara, 1991) We are thus reminded that we have
noted the AIR Madras (4990 kHz) signals often appear to be in the process of switching from long path (south from
Ontario) to short path as transmitter sunrise approaches, between sign-on at 0000 and 0045, on those occasions when it
is heard. We infer this from the watery reception of the relatively high-powered transmitter. In March or April, the signal
may peak to the south very briefly at sign-on, fade down, and then peak up again even more strongly on a northeasterly
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| antenna 30 to 45 minutes later at transmitter SR. In the intervening period the signal is weak and no antenna direction
\ seems particularly favoured. In midwinter, however, solar blanking closes Antarctica to direct signals from the Subcon-
tinent.
Another example: near the Vernal equinox in 1994, the AIR Delhi signal on 3365 kHz exhibited several dramatic
occurrences of the apparent switch from long to short path. On more than one occasion, the signal suddenly rose to S9
levels approaching 0105 transmitter SR, then faded sharply just 10 or 15 minutes later.

ANTIPODAL FOCUSSING:
THE ULTIMATE IN SPHERICAL CONVERGENCE

That there is an enormous difference in the true bearing to stations not far removed from the antipodal point has
been noted above. This is not immediately obvious to most of us living in North America. Most of New Zealand,
however, lies directly opposite Spain, and Southern Europe. Over its one thousand miles or so extent from North to
South there are quite astonishing differences in the direct paths to and from Spain, Portugal, France, and the many
stations of the British Isles in particular. New Zealand hams rapldly get used to hearing their neighbors working stations
that are inaudible to them.

Ever since I started DXing from New Zealand —- like David, at about the age of 10! — I have been aware that
certain areas and certain stations were particularly blessed. I was indeed puzzled that the little 1 kW 49 meter outlets
that used to inhabit the Tangier special zone were remarkably easy to hear considering their low power. In fact 1 kW
omnidirectional from Tangier was considerably easier than 100 kW from Munich, to pick one example. When I migrat-
ed to Medium Wave a few years later, it was a poor morning indeed that Nice on 1557 kHz could not be heard. And this
was remarkably independent of the conditions on the day.

TW: Dusk approaches, and the view from my Auckland shack window across the harbor to the setting sun is
grand. My NZ call is ZLIAZYV, and it gets much airing on the DX and DXpedition frequencies in these declining years of
the 1970’s. Tonight I swing the ICOM s electronic VFO through 3795 kHz while the tubes warm on the linear. Not much
there yet, but the band sounds good, and it’s early. Ahah...There's Bill, EA9EQ in Melilla, North Africa calling CQ. We
have talked many times on 80 meters, because he lives mere miles from my exact antipodal point and there is magic
between us in the ionosphere. I run a pair of phased and switchable quarter-wave verticals with 5000 laboriously-laid
Jeet of ground-wire underneath them. “You 're not too strong tonight yet Bill, just strength 7, but perfectly in the clear”.
“WeII you're pinning my needle at 20dB over S9 says he...by the way, I'm running the low powered rig tonight...1 watt
out.” “Hang on”, says I, “I'll bring the Argonaut in from the car”. 5 minutes later we are in earnest conversation

ssb .1 watt output each...across half the world.

Here in the Toronto, Ontario area we are not so fortuitously placed. Our antipodal spot is way out in the Indian
Ocean (Figure 9) and we are offered few chances — particularly away from the ham bands -— to test the character of
antipodal focussing. The RRI station at Ujung Pandang is perhaps the best example we have, though focus may also
benefit a few other stations in the general region at times. As noted elsewhere, the strength of Ujung Pandang’s 60 meter
signal is at times quite remarkable. Notice that the long path from Toronto to Sulawesi passes through our antipodal
point and somewhat beyond. We think the enhancement effects associated with spherical convergence discussed exten-
sively by Bryant and Clark in their 1990 paper are still a factor.

More than antipodal focus is of course at work here. After all, casting a 4000 Km diameter circle around UJ will
encompass many other stations. But few of these also line up on the midwinter grayline at times when that path is far
removed from the SMP -— currently off the shore of Antarctica south of Adelaide Australia. This seems to be another of
the keys to understanding our relationship to stations on the other side of the globe. The terminator migrates rather
rapidly over many of the stations of Asia as the DX season waxes and wanes, but as it moves east of Ujung in early
December it starts to run out of steam before backing up to the west during January. This puts UJ in the favoured
spotlight for nearly two months. David has found it convenient to recognize the path to UJ as separating two target areas
- one to the east and another to the west -— that behave quite differently at times. Looking at the longpath geometry we
see that stations west of UJ can come to us directly via Antarctica only when that continent is in darkness. This is most
probable on the shoulder months of the midwinter solstice. But there are times when ionospheric conditions are just
right, and these stations seem to duct around the expanding auroral donut and on to us with fine signals indeed. The long
path barely reaches east of the UJ line, but the excitement of afternoon West Irian openings has been conveyed above.

SUMMARY AND CONCLUSION

If it was easy we would have had it all figured out by now, and have no need to write this paper, or try to push the
envelope out a little further. If it was easy most, if not all of us, would be doing something else. Imagine an electronic
ear tag for signals and electronic binoculars to watch. Which way does the signal go? What does it do? How does it
change direction? Not in our time...we hope.

P7.22 fine tuning’s PROCEEDINGS 1994-95

.



VISV WOU3 NOUVOVdOdd ANvE TvDIdOil

0
o
N
W

21:48 UIC
DEC 31

270

2

7150 TARGET IS:
Ujung Pandang

MAP CENTER IS:
Antipode

'-'-""
-

FIGURE 9: AZIMUTHAL-EQUIDISTANT MAP CENTERED ON ANTIPODE OF TORONTO, ONTARIO, SHOWING 2140 UTC DEC 31 POSITION OF
GRAYLINE AND TERMINATION OF LONG PATH CIRCUIT (FROM TORONTO) FOR DX TARGET AT UJUNG PANDANG, SULAWESI (MAP
GENERATED USING DXAID V4)



Another perspective; possibly the mysteries of HF, and in particular Tropical Band propagation are, like the
weather, at least partially chaotic phenomena not susceptible to rigorous predictive analysis. Still, there are certain
observations and empirical conclusions based primarily on recurrence that do seem valid to us:

-It is quite clear that dawn and dusk paths — “partial darkness” paths and sometimes grayline paths -
— usually render optimum propagation on the HF bands and this effect is even more apparent on the Tropical
Bands. On these lower frequencies, seasonal migration of the terminator is also an important factor in
reception patterns.

—Certain twilight paths generally exhibit optimum propagation during an extended period of quiet
geomagnetic conditions. But the short and long great circle paths for many signals transported by the iono-
sphere between Asia and North America are influenced by the presence of the geomagnetic poles and, in
particular, the surrounding auroral zones. With the onset of a geomagnetic or an ionospheric storm, the
auroral zones become magnetically active or disturbed and apparently are the main contributing factor
causing signals to adopt low loss bent or skewed (non great circle) paths which render enhanced reception.
The mechanism of enhancement is not yet known but is a ripe topic for further research.

—Non great circle paths, especially long paths, seem to open up more often with the onset of a geo-
magnetic disturbance. This is usually when signals inaudible or very weak under “normal” circumstances,
even on the short path, can be heard at astoundingly enhanced levels on the long path. There is no apparent
correlation, however, as might be expected, between optimum reception on the long path and the incidence
of solar minimum. If anything, there is a growing body of evidence that the converse may be the case.

-Long path signals from Asia to North America are quite possibly subject to enhancement to varying
degrees in complex and compound ways by a variety of other factors, complemented by the onset of a
geomagnetic disturbance. These other factors may include spherical convergence and antipodal focussing,
the incidence of equatorial and/or mid-latitude spread-F, ionospheric ducting for extended distances, in-
cluding across the equatorial anomaly, without intermediate, loss-inducing earth reflections, and so on.
There are no easy or consistent answers. .

Whatever the combination and interaction of contributing factors, signal enhancement and reception patterns on
the Tropical Bands -—— especially along routes between Asia and North America — seldom, if ever, fit the mold of
conventional theories of HF propagation. The field is still wide open and we, as Tropical Band DXers, can have an
important and continuing role in opening up new vistas of understanding and in expanding our knowledge base. To that
end, David has compiled a rather exhaustive analysis of Asian reception patterns based on his own DX listening during
the 1991 through 1994 Tropical Band seasons. This study was originally intended to form an Appendix to this paper but
packaging it in a form that hopefully would be a useful reference for others has proven to be a daunting task that requires
more work. It is anticipated that the study will be published at a later date, possibly under the auspices of Fine Tuning’s
Special Publications. Availability will be announced through the usual hobby media at the appropriate time.

It is increasingly a binary world full of zeros or ones. Applied to the present endeavor this means “we hear ‘em or
we don’t”! But lifting signals above the noise floor is a process with lots of little incremeants to it, and we hope you have
a few more ideas that you can try for yourself than you had before. If we are to raise what we do — as Tropical Band
DXers - to a science, we need to understand what we do. And we need to be able to make predictions that we can test
against the real world and modify as necessary. We reiterate once more our feeling that much of the conventional
wisdom in propagation research fails to adequately describe what we hear at the dials in our rather cobwebbed comer of
the spectrum. But we hope we have signposted some leads to pursue for our future understanding. It is not, strictly
speaking, absolutely essential that we understand it all of course, but it would make it even more fun than it is already.
There are lessons for us all out there...if only in humility!
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APPENDIX A: SOFTWARE AIDS TO PROPAGATION STUDY

Broadcast Engineers have had available to them for some years now a number of path-prediction programs, and
the increasing power of personal computers has of course made these readily available to DXers of all stripes. (Sams,
1988) Attempts have been made to apply these to the Tropical Bands with mixed results. We feel that at present mini-
MUF and variants bring generally inappropriate and often hidden assumptions to the paths and frequencies of interest
here. What DXers need is accurate knowledge of sunrise and sunset times at their own and target locations, and the
ability to display the dynamics of path and terminator relationships about the globe. Two DOS programs admirably fit
this brief, and we have used both extensively in preparing this paper, and in our DXing.

GeoClock by Joe Ahlgren is in version 6.0 at time of writing, and widely available as shareware on services such
as CompuServe, or directly from the author and his own support-BBS. (Joseph R. Ahlgren, 2218 N. Tuckahoe St.,
Arlington, VA 22205-1946). Peter Oldfield’s DXAid is now in a greatly enhanced version 4 and is available from the
author. (Peter Oldfield, 251 Chemin Beaulne, Piedmont, Quebec JOR 1K0) These programs complement rather than
compete with each other. Both offer accurate determination and display of the position of the terminator and hence
grayline on the globe, and have sunrise/sunset information. The Ham extension to GeoClock (available separately) adds
an equidistant altazimuth projection map of the globe centered at a location of your choice at time of registration —
typically your home site. The new version of DXAid has an even more powerful feature. By clicking on a chosen
location on the main Mercator map of the world you can generate an equidistant azimuth map display centered on any
location. This is a tool of obvious power in attempting to understand signal paths to distant points — and in fact Peter
was kind enough to add this marvelous feature at our request as we struggled with the preparation of this article.

Since DXAid includes a database of locations (user-editable), and propagation prediction routines we commend it
to you; with the sole caveat noted above. GeoClock is also readily customizable and comes with a potentially enormous
library of detailed maps of the globe that will suit the geographic specialist admirably. You can watch the terminator
creep across West Irian in real-time as you DX (witha well-shielded computer system!) or research the exact moment to
expect short-lived signal peaks from difficult targets. GeoClock also allows you to animate the display, and it is partic-
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ularly useful to freeze the sunset terminator at your own location, and watch the march of the corresponding dawn on the
other side of the globe, noting the changing distance of this magic line from the SMP for example. You can shift to-and-
fro between detailed regional and global views in real- or virtual time at the click of a mouse.

It is difficult to overly-stress the importance of graphic visualization in attempting to understand signal paths, and
propagation to distant regions. Few serious DXers are without the DX Edge (Bryant, 1988), and in some respects these
two programs start where the DX Edge leaves off. After a considerable battle with a number of serious typographical
errors in the published formulae, Tony adapted Devoldere’s (1987) favoured algorithm for sunrise and sunset to an
Excel equivalent for use with an extensive list of Tropical Band stations. This allows sorting of targets by SR or SS as
these change through the seasons, and both Tony and David have found this a useful list to have at their elbows during
sessions at the dials.
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THE CAROLINA BEAM ANTENNA

Guy Atkins with Tony Ward

Despite growth in the number of shortwave listeners during the 1990s, there are still few commercial outdoor
antennas designed specifically for the SWBC enthusiast. In comparison the amateur radio community is much larger
and the ham operator has many more commercial antennas to choose from.

Although it has a ham radio heritage, the Carolina Beam® antenna is useful for the SWBC DXer and it is reviewed
from this perspective with an emphasis on tropical band DXing.

The Carolina Beam is one of many high performance wire antennas offered by the Radio Works company of
Portsmouth, Virginia, USA?. Besides complete antennas, The Radio Works sells insulators, wire, coaxial cable, support
ropes, high quality baluns, and some unique items such as Line Isolators® and Remote Baluns®. This firm as well known
in amateur circles and advertises frequently in the major publications. Among shortwave listeners The Radio Works is
virtually unknown. Perhaps the best known product of the firm is their Carolina Windom® antenna, a star performer
during the 1992 Navassa and Albania amateur radio DXpeditions. This is the antenna that the Carolina Beam is pat-
terned after, and the Carolina Windom uses a special impedance matching transformer (balun) and Line Isolator which
the traditional windom does not have.

34 FT. SPECIAL BALUN 50 FT. 16 FT.

16 FT.
16 FT.

22 FT. RG-8X

32 FT. ALTERNATE
VERTICAL ELEMENT
LENGTH

LINE ISOLATOR

USER-SUPPLIED
COAX TO RECEIVER

DESCRIPTION

In the words of The Radio Works’ catalog, “the Carolina Beam combines the best characteristics of the Carolina
Windom and the very high performance wire beam, the Bobtail Curtain”. )

The [bobtail curtain] antenna system uses the principles of cophased verticals to produce a broadside, bidirection-
al pattern providing approximately 5 dB of gain over a single element. The antenna performs as three in-phase top-fed
vertical radiators approximately 1/4 wavelength in height and spaced approximately a half wavelength. It is most
effective for low angle signals and makes an excellent long-distance antenna for either 3.5 or 7 MHz?

The Carolina Beam does not exhibit real gain below 20 meters. Instead, it performs similar to the Carolina
Windom with a low-angle radiation pattern for DX reception and transmission. On higher frequencies its gain is notice-
able and useful.

The Carolina beam has the three elevated vertical elements of the bobtail curtain, but has similar horizontal
spacing to the Carolina Windom as well as incorporating a balun and Line Isolator. It can be erected to be either 84 or
100 feet long, in either a flat-top or inverted-V configuration. The users manual recommends the 100 ft. flat-top orien-
tation, although reconfiguring to 84 ft. long can be useful in moving the pattern nulls to different azimuths.

The antenna may be erected level or at a slope. Recommended mounting height is 40 ft. or greater, although 30 to
40 ft. is useable. I noticed lower noise levels after raising my Carolina Beam to its current height of 68 feet.




The antenna is rated for 1500 watts on transmit, and a transmatch is required on all bands to ensure low Standing
Wave Ratio (SWR). Frequency coverage for amateur use is 80 to 10 meters including the WARC bands.

The Carolina Beam is described in the Radio Works catalog as “the perfect high performance antenna choice for
the DXer, traffic-handler, rag-chewer, or dedicated SWL. ”,
It was this final phrase and the WARC band coverage
that convinced me the Carolina Beam was broadbanded
enough for SWBC DXing. Its current price is $99.95 in
U.S. funds.

CONSTRUCTION

The quality of construction is very high through-
out. The antenna uses thick-wall PVC tubing for the bal-
un and Line Isolator housings, 7 x 22 ga. hard-drawn
stranded copper antenna wire, glass-filled ABS copoly-
mer insulators, stainless steel hardware, and low loss RG-
8X coaxial cable for the center vertical radiating element.

The Radio Works publishes full specifications and
bandwidth charts for its current-type baluns and Line Iso-
lators, and it is clear that the firm is proud of the perfor-
mance and construction of these items. The balun for the
Carolina Beam is a special unit that cannot be inter-
changed with another design. However, it has features
similar to other Radio Works’ 4:1 Current-Type® baluns:
double-cored and wired in a cross-coupled “X” pattern
for exceptional output balance and symmetry; a massive
toroidal ferrite core; high winding inductance; high feed-
line isolation; hand assembled and tested to exceed spec-
ifications; filled with foam potting compound; and L-C
network compensation for a wide bandwidth.*

According to Jim Thompson W4THU, president of

The Radio Works, the L/C network is a very important part of the balun. The circuit compensates for some of the

| compromises imposed by this design, and vastly improves the bandwidth and the reactive nature of the balun.

The (SWR) of a Radio Works’ balun is typically less than 1.1 : 1 from 3.5 MHz to 28.0 MHz, and rises to about 1.4

| - 1 at 1.8 MHz. I believe this nearly flat response is part of the reason for the good performance of the Carolina Beam on
the SWBC bands.

What is a Line Isolator? It is a current-type device that operates as an RF choke in series with the outer braid of the
coax cable and prevents RF current (transmitted or received) from flowing along the outer surface of the feedline’s
shield (i.e. below the Line Isolator). The Line Isolator has no effect on the signal carried by the cable and does not
introduce a reactance that could adversely affect system matching. This unit allows the center vertical element of the
Carolina Beam to function both as feedline and vertical radiator. According to The Radio Works, the Line Isolator is
much preferred over a coiled-coax type of choke, which is useless below 14 MHz because inductance is too low.

Current-Type Balun for Carolina Beam antenna

Line Isolator for Carolina Beam antenna
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The center vertical element of the Carolina Beam is a key to its good low angle response. The Radio Works
catalog states that
“The Carolina Windom has popularized radiating feedline sections that improve low angle ver-
tical radiation. Extensive computer analysis has shown that improvement in vertical patterns can be
applied to other antenna types. The technique is called “VERT”, Vertically Enhanced Radiation Tech-
nique... [antennas using VERT] have the advantage, increasingly, as the propagation favors longer
propagation paths. Daytime, high angle operation will show little difference.”

Radio Works’ products that incorporate the VERT principle include the Carolina Windom, the Carolina Beam,
Vertical Radiating Dipole, and Dipole/2 antennas.

The Carolina Beamn comes with a fifteen page users manual that contains sections on installation, troubleshooting
(from the perspective of ham-band transmitting), coaxial cable lengths, weatherproofing, and performance (general
comparisons to a Carolina Windom and halfwave dipoles).

To help keep the vertical elements at the ends from swaying in light breezes, I attached two 1-1b. lead weights at
the bottom of each wire. I also use 12" long, screen-door springs between each support rope and the antenna end
insulators, which should help the antenna to survive moderate wind storms.

PERFORMANCE

For performance comparisons, the Carolina Beam was erected between tall cedars at a height of approximately 50
feet in the 100 ft., flat-top orientation. The axis of the antenna runs NW-SE, giving a broadside directionality that
nominally favors Australia/South Pacific and Europe/Africa. In practice I have found the antenna to work well in all
directions, but directionality increases on the higher (daytime) bands.

My home is located on a small island in a good-sized lake. Some antenna texts indicate that the far-field radiation/
reception patterns are affected by ground conductivity changes such as those from bodies of water. The performance of
my antennas may be enhanced or changed by the surrounding lake.

Initially the Carolina Beam was compared to my other DXing antenna, a terminated (500€2) 300 ft. “mini-Bever-
age” that is coax-fed through an impedance matching transformer and separate ground system. The mini-Beverage is
directional off the far end at 260 degrees true north and performs very well for reception from Papua New Guinea and
Irian Jaya. The main downfall of the mini-Beverage is noise pickup from nearby homes.

For tropical band stations located “‘down the barrel” of the mini-Beverage, signal strengths on the Carolina Beam
are usually somewhat less. However, reception is often better due to less noise. During quiet conditions with threshold-
level signals the mini-Beverage outperforms the Carolina Beam, but only for tropical band Papua New Guinea and Irian
Jaya stations. In all other directions and frequencies the Carolina Beam is a better performer—often by as much as 5 S-
units—especially on the higher frequencies.

A more realistic antenna for comparison is a 100 fi. randomwire, typical of what many shortwave listeners use.
The following chart compares reception between the Carolina Beam, a 100 ft. randomwire (inverted-L), and an imped-
ance-matched 100 ft. randomwire (using the same matching transformer and separate ground system as the mini-
Beverage described earlier). The 100 ft. randomwire was connected directly to the 5002 input of a Drake R8 receiver,
and the other antennas were directed to the 5002 unbalanced input via a coax switch. Both randomwires were erected 25
ft. high. (Note: refer to the article “Impedance Matching for Simple Wire Antennas” elsewhere in this edition of Pro-
ceedings 1994-95 for details of improving reception with matching transformers.)

The charts on the following pages show that the Carolina Beam sometimes made the difference between hearing
or not hearing a particular station. (Note the randomwire entries marked barely audible or not audible.) This was true
more often on the higher frequencies, where the Carolina Beam’s gain and low-angle reception out-performs a simple
randomwire. “QRM” in the charts is used in the SWL sense of the term: local man-made sources such as light dimmers,
powerline hash, and other RFI, rather than adjacent or co-channel stations.

The Carolina Beam and the two randomwires had approximately the same performance on the 25 meter band; on
every other band the edge went to the Carolina Beam, sometimes by a significant margin.

I expected the Carolina Beam to be a good DXing antenna due to its low radiation angle, but I did not expect the
lower noise levels. This was a pleasant surprise! A further reading of The Radio Works catalog revealed information I
had overlooked previously: the Line Isolator can often reduce noise at the receiver:

Here is one explanation for the noise reducing action of the 4KV-LI [Line Isoiator]. There may
be very low level RF current flowing through or along the surface of the ground (earth). Fast rise-time
pulses created by motors, switches, leaky insulators, etc. produce RF energy that we hear as noise.
Several houses in a neighborhood are connected via the power lines. Unfortunately, improper ground-
ing of household systems is more the rule than the exception. A complicated electrical network is
established. RF (noise) current may be flowing between houses or electrical power ground systems as
our modern household noise makers seek a path to ground.
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2325
2340
2485
2500

3245
3250
3255
3260
3265.1

3320

3335
3395.1
3915
8925
3981.1
4740
4753.3
4770

4815

4875
4915
4920
4970
4991

5975

6165
6195
7250
7355
7412
7425
9515

10000
11625
11680
11695
11760

FREQUENCY

STATION
VL8T Australia
Fujian PBS, China
VLBK Australia
wwv
CPBS1, China
AIR Lucknow
PBS, Pyongyang
BBC, Lesotho
PBS, China
RRI Bengkulu
R. Cultural, Guatemala
PBS, Pyongyang
CHU, Canada
BCC, Taipsi
RRI Tanjung Karang
BBC Singapore
R. Tanpa, Japan
Unid. stn. (China?)
R. Yunost, Tajk.
RRI Ujung Pandang
V. of Nat. éalvation
LNBS, Lesotho
R. China Inti., China
V. of the Strait, China
A. Moscow? Russia
V. of Jinling, China
Quangxi PBS, China
R. Quito, Ecuador
RTM Kota Kinabalu
R. Ancash, Peru
wwv
BBC, Antigua
R. Australia

R. Nederland, Neth. Antilles

BBC Singapore
R. Moscow

WYFR, USA
AIR, Aligarh
WEWN, USA
BBC, Sackville
R. Australia
DW, Germany
wwWv
Vatican R.
China R, (Fr, Guiana)
R. France Intl.

" R. Havana

CAROLINA BEAM

S-6
S-5

S-5 + slight QAM

S-6
S-8
$-5
S7
S-5
S$-5
S-5
S-7

S-7

S-5

S-4

S-6

S-3

S-4
S-8
S-5

§-9 + 20db

S-6

S-9+10_d>

S-2

5‘-94-20&

S-4
S-9

100 ft. w/Matcher

100 ft. Hi-Z

S-6 + srong QRM S$-6 + strong QRM
S-5 + strong QRM S-5+ QRM
S-5 + QRM S-5 + QRM
S-5 S-5 + QRM
S$-5 + QRM §-5 + QRM
S-2 S-3 + strong QRM
'S4 + QRM $-4 + strong QRM
S-3 + QRM S-4 + QRM
'§-3 + QRM S-3 + strong QRM
s-3 S-4 + QRM
8-5 S-5 + QRM
S-5 S-5 + QRM
S-4 S-5+QRM
s-2 S-2 + QRM
§-2 S-3
S-5 + QRM S-6 + QRM
S-5 55
S-5 + QRM S-4 + QRM
S-1 S-8 + QRM
S-6 S-7
S-5 S-6
S-5 S-5
S-4 S-4
S-2 + QRM s-2
S-4 -5-4
S-5 + QRM S-5
S-6 S-5
S-2 S-2
§-5 S-5
S-2 S-2 + QRM
S-7 S-7
S-8 S-8
S-6 S-6
S-5 S-5+ QRM
§-5 S-5+QRM
S-7 S-6 + QRM
§-5 S-4 + QRM
S-2 S-2+ QRM
S-4 S-4
S-3 S-3 +QRM
S8 S-7
S-6 S-6 + QRM
S-9 S8
S-1 S-2 + QRM
S-9 + 20db
S-4 S-4 + QRM
S-9 S9+5dd
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FREQUENCY

STATION

CAROLINA BEAM

100 ft. w/Matcher

100 ft. Hi-Z

11795
11805
11826.8
11930
11940
11945
11950
11960
12040
12060
13595

13675

13700
13740

15460
15490
15505
15475
17760
17775
17790
17795
17845
17890
18640

21475
21480

21455 USB

DW Germany
R. Moscow, Kazan'
RFO Tahiti
VOIRI, lran
R. Jordan
UAE R., Dubal
Kazakh R.
HCJB, Ecuador
Unid,, rel. pgm.
R. Moscow (Armenia)
WJCR, USA
R. Australia
UAE R., Dubai
R. Nederland {Flevo)
VOA, Ohio
wWwWv
RFPI, Costa Rica
AR, Delhi
HCJB, Ecuador
RFO Tanhiti
R. Moldova Int1.?
‘R. Japan
R. Australia
R. Moscow (site?)
BBC, Oman
VOFC, Taiwan
R. Japan
BBC, Singapare
R. Australia
‘BBC, Ascension
VOA, Greenvilie
R. Jamahiriya, Libya
R. Pakistan
R. Moscow, Krasnoyarsk
R. Moscow, Tula
R. Kuwait?
Africa Numero Un
R. Pilipinas, Philippines
KVOH, USA
BBC, Ascension
R. Australia
R. Japan
R. Moscow, Irkutsk
unid. FAX xmsn.
HCJB, Ecuador
VOA, Philippines
R. Moscow, Petropaviovsk

S-6

S-7
S-7
S-2
S-3
S-8
sS4
S-7
S-9
S-9 + 5db
S-9 + 10db
S-3
S-6
S-9 + 10db
s-7
S-3
S-8
S-9
84
S-6
S-9
S-9 + 10db
S-5
S-8
$-9
S-8
S-5
S-5
S-6
S-5
S-5
S-4 + QRM
S5
S-7
S-6
S-6
$-7 mixing w/VOFC
S-6
S-4
S-2
s7
$-9 + 10db

S5
S-2 + QRM
S-5
S-5
S-7
S-7
S-5
S-7
barely audible
barely audible
S-7
S-2
S-6
S-8
S-9 + 5db
S-7
barely audible
S-3
S-8
S5
not audible
S-5
S-5
barely audible
S-4 + QRM
S-5
S-8
barely audible
S-5
S-5
S-5
S-2
S-3
§-3
S-3
barely audible
S-2 + QRM
S-5
s7
S-6
S-6
S-7 Japan oniy!
S-5
S-1
barely audible
S-4
S-8

S-5
S-2 + QRM
S-6
S-5
S-8
87
S-6
S-6 + QRM
barely audible
not audible
S-7
S-4
S-7
S-9
S-9 + 5db
S-7
barely audible
S-4
S-9
'S-6
barely audible
S-4
S-6
barely audible
S-5
S-4
S-9
barely audible + QRM
S-6
'S-8
S-6
$-3 + QRM
S-4
§-5
S-4
barely audible
QRM only
S-4
S-7
S-6
S-7
'S-6 Japan only!
S-5
S-3
S-2
S-5
S-9

THE CAROLINA BEAM ANTENNA
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| A well installed vertical antenna will have two ground systems. One is at the antenna and the
other is at the radio equipment end of the coax. We have different ground systems at each end of the
coax feedline. A voltage gradient probably exists between the two grounds. The differential voltage
between these two grounds will be conducted directly by the coaxial feedline and coupled to the
station receiver. We hear the result as noise. The 4KV-LI [Line Isolator] isolates the two ground
systems from one another and reduces the noise pulses that may be flowing along the coax. This is, of
course, only one explanation. The capacitive coupling between coax and ground also will have a
similar effect.’

The above explanation applies directly to a vertical monopole with a ground connection. All antennas, however,
form an electrically complicated system affected by other antennas, local RFI, transmitting/receiving equipment, anten-
na feedlines, ground system(s), and nearby metal objects. The Line Isolators sold by The Radio Works have negligible
loss and are worth experimenting with in any coax-fed antenna system.

In an urban or suburban environment the noise level is the limiting factor in DX reception, and the Carolina Beam
is an unusually quiet—and unconventional—antenna. I have not directly compared the Carolina Beam to a delta loop
antenna, but going from memory it seems to be as quiet an antenna as the 60 meter band delta loop I have used.

Ontario DXer and Proceedings author Tony Ward purchased a Carolina Beam after hearing of my good results.
He is in the fortunate position of DXing with a number of longwire antennas about 500 feet long, which are lengthy
enough to be considered true Beverage antennas (unterminated) on many frequencies. How does the 100 foot Carolina
Beam compare with a Beverage, usually considered the ultimate antenna for the serious SWBC DXer? Surprisingly
well, according to Tony:

“The Carolina Beam is performing well, even at its low (25 feet at the house, 35 feet at distant
end) elevation. I would expect this in a vertical array. It occasionally equals my longwires on the
evening long-path, but has never beaten them (ie the best-performer on a given station) so far. If you
had no room for long-wires it would be considered a superb choice for a single antenna. On the
morning path (when my antennas have to work off their feed-ends — it is normally the best performer
on 60 & 90 meters by an S-unit or more. Some mornings saw it bring in Indians inaudible on any long-
wire... I am well pleased.

Because of the peculiarities of my location I can run longwires radially from North around to
South towards the east. This means I can direct them towards the evening long-path (NE, SE etc) but
they must work off the fed-end back at the house on the morning Asian short-path to west and north-
west. I currently have 4 (soon to be 5) of these unterminated long-wires up, and they are all about 500
feet in length.

The overwhelming advantage of the long-wire is its extreme simplicity, and great directional
performance. The Carolina Beam was originally installed in its long mode, with two 16 fi. and one 22
fi. vertical elements. The 16 ft. element closest to the house as less than 10 ft. from aluminum siding,
and I could not see it performing fully to spec. I recently reversed the antenna, which allowed me to
dangle a now 32 ft. vertical element from the top of the tree at the back of the house — a 50 ft. support.
The shortened horizontal extent of the antenna in this format carries the housewards (west end) 16 ft.
vertical a further 20 ft. away from the siding, while keeping the 22 ft. driven vertical on my own
property. Preliminary results confirm the expected improvement in low-band performance. At sunset
tonight, for example, Ghana on 3366 was slightly stronger on the Carolina Beam than on the best
longwire. Stations now runs neck-and-neck with the Carolina Beam — not bad at all for a single
antenna versus four others to choose from.

Daybreak monitoring shows that the Carolina Beam maintains its advantage into Asia on mom-
ings when low-angle signals are arriving. During the daytime it makes an excellent all-purpose receiv-
ing antenna on the higher frequencies, sometimes with the edge, other times not (as expected). Low
angle late afternoon Asians are often better on it (Delhi 9910, Korea 15575) but most signals are
coming in at fairly high angles, where almost any antenna will work.

Tonight I tuned Radio New Zealand on 15115 at about 2300, 45 minutes before my local sunset.
The best antenna was the 75 degree longwire — working off its rear without a doubt — by about 2 S-
units. A recheck at 0120 showed a dramatic reversal of the situation. On the longwire the signal was a
watery S3-4, with occasional peaks to S6. On the Carolina Beam however the signal was a perfect
S9+10 to 20dB. This is on the RS, pre-amp off. Presumably the propagation was low angle, and
particularly suitable to the Carolina Beam. The Carolina Beam had the edge up and down the band on
many stations at different distances, but the advantage was most spectacular on RNZ. The sucker’s
paid for itself!
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One further comment is important. Long-wires are desirable because of directional gain, good
signal/noise ratio, extreme simplicity, AND the less-often mentioned but rather important factor of
resistance to short-term fading. Long-wires often seem to hear better because signal strength gathered
along their appreciable lengths is steadier and less choppy. I notice this diversity effect in favour of the
long-wires, even when the Carolina Beam leads in peak signal strength. But the Carolina offers excel-
lent performance for its size, and for situations in which there is a one-antenna limit, it's unbeatable.”

FINAL COMMENTS

Some weeks after my comparison testing, I lowered the antenna to take close-up photographs. I was surprised to
discover that the Line Isolator was filled with a considerable amount of water! I thought I had thoroughly waterproofed
all connections and seams with the supplied Coax Seal® but I clearly missed something. I drilled two small holes in the
Jower cap of the Line Isolator to drain the water, and then plugged the holes. The owner’s manual recommends complete
weatherproofing, and they aren’t kidding. I do not know if the unit was waterlogged during my comparison tests, but dry
Line Isolators and baluns are certainly preferred! I later discovered that water had entered the unit where the coax exits
the top of the Line Isolator. VERY liberal application of Coax Seal® is my recommendation.

The excellent low-angle reception pattern of the Carolina Beam has been emphasized in this review. However, the
antenna’s horizontal element also contributes to its all-around performance. Unlike Tony Ward, I prefer the 100 ft. long
configuration for best tropical band performance at my location. I have switched between the two lengths a number of
times and continue to like the 100 footer below 5 MHz. Fortunately it is a ten minute job to reconfigure the length of the
Carolina Beam.

The Radio Works company would be wise to advertise this antenna in the SWL community, perhaps after “tweak-
ing” the antenna to our frequencies of interest. At $99.95 the Carolina Beam is an excellent value. It’s ironic that the
best commercial antenna I’ve ever used for SWBC DXing—the Carolina Beam—is an amateur radio antenna!

REFERENCES

'The Radio Works Inc., P.O. Box 6159, Portsmouth, VA 23703. Phone: (804) 484-0140; fax: (804) 483-1873. A
price catalog and a 128 page Reference Catalog are available together for $6.00 postpaid (inquire directly for pricing to
Canada and foreign addresses). The Reference Catalog is particularly useful to antenna experimenters; it contains a
wealth of “how-to” information, antenna construction and maintenance tips. Highly recommended!

The ARRL Antenna Handbook, 14th Ed., American Radio Relay League (ARRL), Newington, CT 06111; “Mul-
tielement Directive Arrays”, pg. 6-13.

3The Radio Works Inc., loc. cit.
“The Radio Works Inc., loc. cit.
$The Radio Works Inc., loc. cit.

Note: the terms Carolina Windom, Carolina Beam, Current-Type Balun, Line Isolator, and Remote Balun are copyright © the Radio Works Co.
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THE KIWA MEDIUMWAVE LOOP ANTENNA

Everything | ever wanted in a mediumwave loop and more

Werner Funkenhauser

PREAMBLE

Back in 1958, I bought a SONY 9 transistor BCB portable which taught me about loop antenna direction and
nulling. Along the way, I also discovered that nulls could be improved by tilting the radio. My High School shop
instructor just shook his head when I explained why I built a tilting “Lazy-Susan” cake-server with a SONY radio
fastened atop. Since then, I have used all kinds of loops, air and ferrite core, shielded and unshielded. Most were
unamplified but some had amplifiers, including the regenerative variety. Those were sensitive but generally unstable,
easily breaking into uncontrolled oscillation. As well, they were critically sensitive to detuning because of hand capac-
itance. Over the years I came to prefer large air core loops. I found that unlike the ferrite variety, large loops seemed to
provided deeper nulls and gave good signals without the need for amplification. This type performed well in noisy
conditions and considering my engineering skills and carpentry methods, they were electrically if not physically stable.

The Kiwa Loop’s advance publicity now almost two years ago, spoke in terms like “compact”, “stable regenera-
tion” and “balanced” design. The idea of a small, high-performance, circular loop with tilt capability and regeneration
interested me. I wondered how it would compare to a Connelly wire/loop phasing unit which I used with a 1 meter air-
core loop? Frankly, I didn’t think that pair’s performance could be improved. They had rewarded me with logs of
Quito’s HCRP1 on 880, and Buenos-Aires’ LRA-1 on 870. The 1 meter loop with Connelly’s phasing unit was my
benchmark against which I compared all other loops. Still, I was curious.




e -

SOME MORE OVERVIEWS AND OPINION

My friend George Hakiel, told me he suggested using regeneration to the Kiwa'’s designer, Craig Siegenthaler, at
an IRCA Convention. At the time, Siegenthaler was still formulating his product. During preparation of this piece,
Siegenthaler wrote me, “The idea to develop a MW loop antenna began at an IRCA get together in Seattle when I had
a chance to see a popular ferrite loop in operation. It performed well, but when studying the design, I thought there were
ways to improve the mechanical requirements. The tilt control was difficult to use and often the presence of one’s hand
upset the null position due to body capacitance.”

In the same letter he described the loop’s theory of operation. “It is a balanced design of two identical sets of
coils. The antenna windings are tuned with a matched-pair of varactor diodes used as capacitors for tuning of the coils.
This balanced assembly drives a matched pair of surface mounted FETs whose output drives the regenerative windings

for bandwidth/gain control. The same FETs also drive a balanced (matched pair FET) differential amplifier where the
outputs of each antenna coil/preamp is summed together, allowing the cancellation of noise that might be common to
both antenna coils. Noise pickup from power lines is heavily filtered with circuitry that “scrubs” the AC before reaching
the DC rectifier/filter. The summed signal is sent to the control surface from which two buffer amplifiers drive two
isolated 50 ohm outputs. The preamplifier also acts as an active Balun.”

Craig designed his loop to overcome major shortcoming of many other loops. He addressed obvious problems and
engineered stability, balance, and ruggedness among other features into the design. As well, he considered aesthetics,
for which I'm glad. Some commercial loops look “home-brewed” and are just plain ugly. The Kiwa is stylish, “art-
deco” in looks. Operating features, excellent performance and looks embodied in one design, undoubted factors consid-
ered by WRTH when granting the Kiwa Mediumwave Loop its prestigious “1994 Product Of The Year Award”.

FIRST IMPRESSIONS
Harold Sellers obtained of one of the earliest Kiwas which he let me use for awhile during late Spring of 1993.

That test was an eye-opener! The Kiwa was highly sensitive, very stable and suffered no hand capacity detuning unless
touched. After coming away from my trial, my only complaint was that tuning was somewhat easier on lower frequen-
cies than at the high end where it was more critical. However, using the antenna was simple. First I coarse tuned the
frequency of a station, then fine-tuned it, adjusted the loop for maximum null, reduced RF gain then advance regener-
ation. Several tilt/aim trials with a little more fine-tuning/regeneration adjustment to tighten nulls and reduce noise/
QRM topped off the process. A lot of twiddling? Only the first few times, and much easier to do than to describe. The
sequence quickly became automatic.

Among my logs, I counted HCRP1-880 and KPRM-870 on nighttime power of 1 kW (despite WWL and WHCU).
I managed several 1610-TIS stations that were easily separated from the Caribbean Beacon. The Kiwa had features that
I wanted without shortcomings that I had experienced with many other loops, including my beloved 1 meter unit. I was
impressed and felt qualified to comment in my DX Ontario column “Mediumwave International”, and also discussed it
on the FIDO shortwave echo. I wanted one! After reading Phil Bytheway’s “Kiwa MW Loop Antenna Review” in the
NRC Bulletin, I wanted one even more but held off because of cost. The clincher was having to DX with a McKay
Dymek DA-5 attached to my ICOM R71A. My 1 meter loop was gone, thrown out by my former landlady when I moved
and forgot to bring it along. In fairness, the DA-5/R71A were very good together. After years of hearing time pips and
tentative IDs on 870 kHz, in November 1993 I had a spectacular 20 minute reception with that setup. It earned me a
much-treasured LRA-1 QSL. Based on my experiences with Harold’s Kiwa, I was certain it would have performed
better under similar circumstances. Shortly after Christmas I ordered one directly from Kiwa, and spent several weeks
waiting for it come. Somehow they seemed longer.

DESCRIPTION

The loop arrived via UPS in a single box, protected with expanded foam and newspaper padding. There were four
pieces — the antenna assembly and its cable, the base, a control box which Kiwa calls a “control surface” and a wall-plug
power supply. Small parts and manual were in a separate bag. Everything was unpacked, assembled, and ready to go in
10 minutes! Mechanical installation involved attaching the loop to its base with a large nylon bolt and a lucite washer
between the two pieces. Assembled, the Kiwa’s black teflon-coated finish with its artistic white control labels reminded
me, like Bytheway, of nostalgic equipment.

The antenna’s eight foot cable attached to a DIN receptacle on the back of the control surface. This cable may be
as long as fifty feet and custom lengths fitted with DIN hardware can be ordered from Kiwa. Longer cable allows remote
operation in the event of electrical or receiver display noise.

The AC power supply plugged into the back of the control surface. The Kiwa may be powered with 13.7 VDC
from an automotive battery through two polarity-marked terminals. The DC power source is diode-protected and impos-
sible to damage through a reverse polarity error. The antenna just fails to work.
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All that remained was the receiver connection. Output from the control surface is via two PL-259 sockets. Either
75 ohm or 50 ohm coaxial cable with appropriate connectors may be used, but 50 ohms is recommended. The receiver
can be connected to either output, or two receivers can be connected to the antenna at the same time (handy on a
DXpedition and for sideband-diversity reception). I connected both outputs to the Icom’s two antenna inputs. The
R71A’s mediumwave range (antenna B) cuts off at precisely 1600 kHz and I often tune above that frequency for out-of-
band mediumwave DX. Routing the cable to the Icom’s antenna A (the PL-259 socket) through an antenna switch
allows me to select between Kiwa or a random wire antenna for shortwave reception as I continually look for parallel
programs on those bands.

AIMING AND OTHER CONSIDERATIONS

The Kiwa’s reception pattern is the classic figure eight. Like Bytheway, 1 measured this simply by aiming for
maximum signal on a local station then I swung the antenna around 180 degrees. S-meter readings were exactly the
same! This test was conducted with local station signals during daytime, on the yard, and well away from house wiring
and furnace ducts. Good equal nulls without the need for tilting occurred exactly 180 degrees apart in a similar swing-
around test.

Mounted atop the loop is a compass which may be used to read station bearings directly. After I aligned the
compass with true North, I could aim the antenna for maximum signal along its plane and read the station bearing in
degrees. The accompanying manual gives good examples of how to determine true North. I photocopied and enlarged
one of Cedric Marshall’s ODXA Sunrise-Sunset azimuthal maps centered on Toronto. After trimming it I punched a
hole at the centre and placed it between the lucite washer separating the antenna from its base. Aligned against the
compass, the map provided a large scale that could easily be read with an indicator taped near the base of the loop.

Bruce Portzer, one of the original beta testers of the Kiwa loop, commented after reading my draft article. “You
might also talk about nulling locals by alternately tweaking the azimuth and tilt controls until the local loses out
(hopefully) to the DX station. I've gotten my best nulls of all times on the Kiwa (after having previously used a Radio
West 12" ferrite, 4 foot box loop and a Space Magnet).”

Located inside the antenna hoop, at the bottom, is a plastic mini-box that houses a 25 db attenuator switch. A
dummy box mounted inside, at the top, acts as a counterweight. The 25 db attenuator substantially reduces strong
signals and thus the receiver’s AGC action. That materially helps to find optimum tilt-angle and azimuth to null locals.
Signal peaks and nulls are very sharp, but accurate adjustments which yield good results are easy to make. The antenna
assembly with base are heavy and physically stable and the antenna rotates freely without binding on its base. Weight,
size and action permit smooth direction adjustment. Tilt operations have little or no backlash. Smooth action of the
knob-driven tilt mechanism on the front of the antenna is accomplished through a precision gear mechanism. A large tilt
angle scale is marked 90 degrees left or right of vertical. As with aiming, the loop’s sturdiness, weight, and size all
contribute to stability and backlash free tilt procedure. All-in-all, repeated adjustment of tilt and direction is a snap.
However, I found the location of the 25 db attenuator switch awkward. It’s position on the antenna element made it too
easy to inadvertently change the tilt-angle when switching it out.

OPERATING FEATURES AND PERFORMANCE

I've been using my Kiwa for over two months and it outperforms both the DA-5 and a new 1 meter loop. It
consistently delivers stronger signals than either, and its excellent smooth tilting action helps reduces local electrical
noise while providing excellent nulls.

Compared to the DA-5, the Kiwa's sensitivity seems markedly better without regeneration, but when regeneration
is set at the maximum usable level (just below the point of oscillation), the Kiwa’s weak signal capability is far superior
to the DA-5°s. When properly set in this mode, the amplifier showed no susceptibility to overload from strong local
signals and I found no unexpected birdies or signals from strong locals appearing in odd places on the dial.

The manual warns about keeping the antenna away from nearby metal objects and interference sources, including
the receiver. Metal objects may degrade the receiving pattern. Modern digital receivers often produce display noise and
some older receivers with poor shielding may generate internal signals which the antenna is capable of receiving. I
located my loop about 4-5 feet away from my Icom R7 1A and have few problems from its noisy display, except when
signals are really weak. Then I get a little warble on certain frequencies. My listening location, in the basement of a
“row-house” is very noisy because of many nearby electrical appliances. I operate below ground level, 20 feet away
from the furnace whose ducting runs across the ceiling along with assorted TV, telephone and electrical cables some of
which are also found in the walls. This speaks highly of the Kiwa’s usefulness under degraded listening conditions.
However, background noise may be masking some of the Icom’s weaker display noises and so I want to try remote
operation with the Kiwa on a rotator under some kind of dome and away from the townhouse. The possibility of having
to forego the loop’s tilt capability is an important impediment that has kept me from doing so yet. Tilting is absolutely
essential for maximum nulls and noise cancellation.
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The Kiwa performs very well to deliver DX in the presence of nearby co-channel stations. First, the local is nulled
and then the DX signal is fine-tuned without readjusting the antenna. In this case, the antenna may not be aimed/tilted
for maximum DX signal level, but it is often possible to raise its level substantially through a combination of regener-
ation and fine-tuning. As Ken Comell stated in one of his articles describing the construction of a regenerative loop, “If
you 've never used a regenerative amplified loop, you're in for a treat. Weak signals seems to pop up from beneath
noise.” The Kiwa is not unlike other regenerative antennas in this regard. Unlike others however, the Kiwa remains
stable at near-oscillation. In this mode, it behaves as a kind of passband device, like IF passband tuning or crystal
phasing, but at RF frequencies. Near regeneration, the antenna is sharply frequency-selective. The signal may be made
even more intelligible by fine-tuning either upper or lower sidebands for both audio shaping and QRM reduction. It is
often possible to use a broader IF filter in this mode, increasing signal intelligibility even further.

The ability to precisely tune desired signals at near-oscillation finally allowed me to log Tahiti-738 kHz from my
southwestern-Ontario location (after years of trying) one recent morning. Around 0830 UTC, I had listened to WIAC-
Puerto Rico on 740 kHz, noting a familiar 2 kHz het caused by a carrier on 738 kHz. I had audio there only once or twice
that late before (although Spain had appeared on 738 kHz as late as 0700+). A signal, sometimes as late as 0900+ had to
be Tahiti. Bits of French and music bridges surfaced around 0845. A quick check with both the DA-5 and 1 meter loop
allowed me to hear carriers in SSB, but no audio. With the Kiwa connected, I alternated between the Icom’s dual VFOs
where I had entered both RFO frequencies, 738 kHz and 11826.8 kHz (miraculously usable!). By 0852 the two signals
were clearly the same! Typically, modulation level was poor relative to signal strength on both channels. Absurd as it
sounds, WIAC which is itself a reasonable piece of DX, slopped RFO’s 738 kHz signal. I nulled WIAC at some expense
to the RFO signal. However, the Kiwa’s extreme selectivity and sensitivity near the point of oscillation, and the ability
to precisely fine-tune it, allowed me to peak RFO’s lower 738 kHz sideband. I don’t count hets or carriers as logs and so
I owe this audible one to the Kiwa.

FREQUENCY CALL KIWA DA-5
560 i Ll NHIND 55 S3+
560 CFOS $9 +20db <S7
630 . cFeo Sp4200 @ <S7
760 WJR $9 +20db S7toS9
1010 ! CFRB $9+40db $9+
1460 cJoy ' $9 +40db <S9
1575 Spain-low power S8+ il only carrier heard w/SSB
1611 Vatican (Santa Maria de Galeria) S5+ barely audible

Informal comparison of selected signals: RF gain at maximum on the DA-5, and RF gain/regeneration levels
set for peak results with the Kiwa.

NITPICKINGS AND REBUTTALS

The Kiwa has been described by some as “monstrously huge”. That makes me chuckle. A one meter loop is huge!
Try tilting and aiming that smoothly. The Kiwa is heavy, larger than ferrite loop antennas, but hardly monstrous.
Weight, size, and layout are optimum for effective operation; tilt and aim are easily adjusted (no need to grab at little
elements or knobs.) The separate control surface with a 5 inch square panel has conveniently-sized and well-spaced
knobs for tuning, RF-gain and regeneration. Their position on the control surface allows all operating adjustments at the
receiver, save aim and tilt. Lack of other controls on the antenna surface allowed the tilt mechanism to be optimally
designed with convenient sized control knob and large tilt angle scale.

1 don’t recommend using the Kiwa with a portable receiver like a GE Superadio. Such receivers are housed in
plastic cases and the internal ferrite loop may offset the Kiwa’s nulling/aiming capabilities. Portable receivers are also
prone to overload from something as powerful as the Kiwa. I read a complaint on the FIDO Shortwave Echo about the
Kiwa “overloading a Sangean-803A”. The same complainant will attach a 200 foot longwire to the little Sangean and
boast how it is now possible to daily hear The BBC on mediumwave. The Kiwa can overload even a receiver with a good
front-end but not in the hands of a knowledgeable user. The trick always, is to use minimum RF gain and maximum
usable regeneration. With too much RF-gain, the connected receiver will suffer front-end overload. Too much regener-
ating causes oscillation and the Kiwa may transmit minor QRM to nearby radios. It is probably less interference than
from nearby TV oscillators but will overload the receiver even further.

Another note of detraction, this one in the Ham Radio conference of CompuServe complained about the Kiwa’s
size, cost, and questioned why the Kiwa wasn’t made electrostatic. The writer inferred that the Kiwa had poor “E-field”
performance compared to the SM-2 and McKay-Dymek but did not cite any good reasons, nor examples of why he held
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those views. The comment reminded me of some of the “near-technical” but nonobjective discussions that one some-
times hears on CB. My experiences have been the direct opposite. In sensitivity, and weak signal performance, the Kiwa
simply blows away the DA-5 (and outperforms an SM-2 as cited elsewhere here). As for “E-field” performance, in one
test the DA-5 delivered only light dimmer noise from the floor above, while the Kiwa gave me ZLS on 526 kHz. You
have to learn to use it, but it works, believe me!

REAL PROBLEMS

Instability and drifting isn’t usually a problem in the Kiwa after it warms up. It will wander during the first half-
hour or so. At times it may detune slightly as electrical devices turn on or off and it may even loose its null for the same
reasons. The manual wams about this but when I first used mine, it really drifted off-frequency and would sometimes
break into oscillation for no reason. When I powered it with an RV battery, the instability disappeared. I traced the
problem to my AC source which according to volmeter readings fluctuated from 114.3 to 122.7 volts, especially after
mid-evenings when I was doing most of my DXing. Craig offered to replace the control surface but suggested I first try
a stable AC source like my computer battery backup system. It cured the problem. Even though the fault lies in my AC
source (and is not the result of poor power supply design in the Kiwa) this may pose a problem to users who live in areas
where AC service is unstable.

Harold Sellers transported his antenna on its side in the trunk of his car while travelling to the ODXA 1994 Bolton
DXpedition. The Kiwa’s wire loops unraveled after slipping off the form and he had to rewind them. On my Kiwa, the
windings are tight and seated in deeply-machined grooves on the form surface. The wire loops on older Kiwas may not
be as tight-wound as on newer ones. Craig suggests carefully dabbing epoxy across the windings near the antenna tilt
axes, where the epoxy least affects the loop’s appearance.

My postscript to this section on complaints is the critically sensitive tuning in the top end of the band. More
important is the awkward position of the RF attenuator device inside the antenna hoop. However, I can live with both.

FINAL COMMENTS

Bill Bowers commented on my draft article, “...I agree with the conclusions. It is the best, by far, commercially
available loop!” Kiwa products enjoy excellent reputations and The Kiwa Mediumwave Loop is no exception. This
reputation is no accident. Instead it’s the result of careful research, good design and excellent engineering. According to
Siegenthaler, about 200 have been delivered at time of this writing (March 1994). Demand continues despite its fairly
high cost which ranges between $320.00 to $330.00 (US) plus shipping, depending on the source. In Canada, brokerage,
GST, and exchange add to the cost. It is pricey but you get what you pay for!

It is evident from this review that I am pleased by my Kiwa’s performance. Aside from doing comparisons, I've
used only the Kiwa since I got it. Was it worth the money? I've exhausted the DX potential of my existing equipment.
Definitely! In fact, I am considering the purchase of a second Kiwa for remote use. It is a piece of gear for the serious
mediumwave DXer. State-of-art performance and operating features don’t come cheap but give a decided edge to the
user who is willing to learn how to extract all the performance this unit is capable of. My benchmarks were proven
performers but the Kiwa is simply better, and beats anything I've ever used, hands-down! As conditions continue to
improve, I'll be ready with my Kiwa (or Kiwas) and you know, I might even finally hear Brazil.

KIWA LOOP SPECIFICATIONS

Tuning Range: 30-1700 kHz Continuous tuning using main and fine tuning controls.

Regeneration: Adjustable bandwidth control provides a 70-75% reduction in bandwidth from minimum
position.

-6 db Bandwidth: (with regeneration control at minimum) The maximum -6db bandwidth occurs at 1700
kHz which -typically measures +/- 7.5 kHz (15 kHz). The -6db bandwidth narrows as the frequency
decreases. At 650 kHz the -6db bandwidth is 6 kHz.

Attenuator: Adjustable from full sensitivity to an off condition.

Outputs: Two independent outputs capable of simultaneously driving two 50 ohm receiver inputs via PL-
259 connectors.

Power source: 12 VAC @ 300 ma. wall-plug transformer or 13.7 VDC battery source for field operation
(typical current drain 50 ma.). K

Dimensions: Overall -height 17 in (43 cm), - width 18 in (46 cm). Antenna coil size - 12.75 in (32.5 cm) in
diameter.

Total weight: Antenna, control surface and power transformer - 14 pounds or 6.3 Kg.

KIWA MW LOOP ANTENNA A17.5







VERY LARGE FERRITE LOOPS

Bill Bowers and John Bryant

Over the years, there have been several medium wave and /or Tropical Band ferrite bar loops on the market. These
have included the Palomar loop, the Space Magnet, the Dymek DA-9, the Radio West 22" and the Quantum Loop. Of
these, only the Dymek and Palomar continue in production today. After testing most of these loops several years ago, it
was clear that the loops with the larger ferrite bars gave noticeably better performance than the others, especially when
used in a low noise environment. This observation coupled with the “normal” DXers’ craving for ever more effective
antennas prompted us to investigate loops with much larger ferrite bars.

The Radio West Antenna, with it’s 22" bar assembly, was the leader among the commercial loops we tested.
Unfortunately, it is no longer available. The next largest commercially available ferrite bar was the 12” x 3/4” rod used
in the Dymek DA-9 antenna. This antenna gave very satisfactory performance and was used as a reference for compar-
ison with the much larger loops that we designed and constructed during for this project.

THE ANTENNAS

After a good bit of reading and calculating, we determined that the largest ferrite bar that we could build would be
a 16 foot long composite bar constructed from approximately 112 bars of Amidon Type 33 ferrite material, each mea-
suring 12" x 3/4" and arranged in a bundle with a 7 bar cross section. This undertaking turned into a major construction
project since the ferrite rods alone weighed well over 100 Ibs. Our finished product, now known as “The Monster”
rotates and tilts just like most smaller ferrite rod loops. The Monster’s frame is constructed primarily of wood, alumi-
num, and plastic. As design work on The Monster proceeded and its size and weight became obvious, we decided to
construct an intermediate size loop as a prototype. This second antenna is the one noted as the 4-foot bar in the discus-
sion below. It was constructed of a bundle of three Type 33 material bars each of 1/2" diameter. Later, as we began to
suspect that sharpness and depth of nulls was directly proportional to the slimness of the ferrite bar, we constructed an
antenna 1/2" in diameter and 8-foot long. It is also evaluated below.

With the exception of the 8-foot antenna, each antenna was constructed of Amidon Type 33 material which was
readily available to us. Type 33 material is most effective in the LF and MW frequencies. For this reason, all of our tests
were performed at medium wave frequencies. The rods in the 8-foot loop were Type 43 material which is useful to
higher frequencies. Both types of bars had a permeibility of 850.

ANTENNA CROSS SECTIONS

Shown at Half True Size

o e ®

Dymek DA-9 4-Foot 8-Foot The Monster
3/4" X 1 Foot 3 X 1/2" X 4-Feet 1/2" X 8-Feet 7 X 8/4" X 16-Feet
ROD ASSEMBLY

The loops that were tested contained ferrite core assemblies as listed below:

CROSS EFFECTIVE

ANTENNA SECTION DIAMETER LENGTH MATERIAL
Dymek DA-9 1 X 3/4° 0.44 0.75 12* - 18 A1
4-Foot 3xi1/2" 0.59 © 087 4g* 55 A2
8-Foot X2 ol 0.5 96" 192 1 N
Monster 7 X4 5.25 2 192" 9 A1 J

A-1: AMIDON R33-075-1200  A-2: AMIDON R33-050-750 N: NEBRASKA SURPLUS SALES, CAT. #ICH-FEROD-8



COILS

The coils on each of the larger loops were wound using 50x36 AWG Litz wire, since we had a generous supply of
this wire available. Actually a 36 AWG wire is too large to afford a significant improvement in performance over a coil
| wound with normal solid wire. Litz wire of 42 AWG or 44 AWG strand is far more suitable for this application, but was

not available.
| The number of turns in the coil of each antenna was adjusted to give an inductance as close to 0.25 mh as possible.
| This inductance made it possible to tune down to 530 kHz. with a standard 365 pf variable condenser and up to about
1600 kHz. with the smaller antenna/coil assemblies. However, the distributed capacity of the coils on the larger anten-
nas made it difficult to reach to quite 1600 kHz. with the 365 pf variable capacitor we were using. Therefore, all of our
high frequency tests were performed at 1490 kHz.

During the early phase of this project, we conducted experiments on the length of the pick-up coil. We tested coils
wound with extremely wide spacing, intermediate spacing and close wound. No significant improvements were noted
for any particular coil winding configuration. Our final coils were wound in the center of the rod assemblies with a gap
between each turn approximating one wire diameter.

TEST ARRANGEMENT

During testing, the four antennas were not mounted as shown in the photograph. For actual performance testing,
the antennas were positioned about 50 feet apart in a semi-circle around the receiver. During those tests, the whole set
up was located in the open prairie several hundred feet from any structure.

To equalize the measurements of the signal output of each antenna, a single preamp from a Radio West 22"
antenna was used. It was moved from antenna to antenna as the tests were made. The coax from the preamp was
connected to a precision RF 20 db step attentuator and then to a Drake R-8 receiver. The R-8 receiver was modified by
replacing the built-in S-meter with a large 50 microamp meter connected to the receiver by a 50 foot extension cord.

Co-author Bill Bowers with the Monster and the Four-Footer.
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This made it possible to move the S-meter to each antenna location to measure the signal output at the maximum and
null position of the antenna. Because of the logrythmic nature of an S-meter circuit, the step attenuator was used to keep
the meter in the most sensitive range. Before conducting the final performance tests, the S-meter and the step attenuator
were calibrated with known R.F. signals. For these measurements and for the tests, the R-8 was set at A.M., Fast AGC,
and 2.3 kHz IF filter.

TEST SIGNALS

We had a number of different ideas for sources to be used as test signals in the final antenna tests. Deciding which
type of signal to use in the performance tests was very difficult because we wanted to obtain both the most accurate and
the most relevant results. Because of the constantly changing medium wave propagation conditions in the evening,
signals from distant stations proved to vary far too much due to normal fading to be used for accurate comparative
measurements. The final performance tests were run using signals from three near-by low power stations. To assure
maximum accuracy, the test measurements were made between 10:00 AM and 3:30 PM when the signals from these
stations were the most constant. Since these signals were virtually 100 percent groundwave, there was no need to tilt our
antennas during the tests; this simplified matters considerably.

CALL

LETTERS LOCATION DISTANCE

WWLS Moore, OK 48 Mi.

KBYE OKC, OK 48 Mi.
1490 1KW KOKC Gutherie, OK 40Mi.

Tests were conducted by tuning the receiver to one of the test stations and then connecting the preamp to the first
antenna. We recorded signal strength readings at the maximum signal and then at the deepest null. The preamp was then
moved to each of the other antennas and the procedure repeated. When the signal strength was so high that it deflected
the S-meter past 3/4 scale, the step attentuator was used to bring it back to a more sensitive range.

RESULTS
The table below records the maximum signal strength measured in microvolts from the preamp when it was
connected to each antenna. The signal strengths shown are an average of five readings taken over 3 days.

Maximum Signals in Microvolts
ANTENNA 890 KHz 1490 KHz
Dymek DA-9

4-Foot

8-Foot g
Monster 5200 1300 1000

The results were somewhat as expected, but were also in many ways disappointing. The disappointment was that
we expected the output of The Monster to be much greater. With the cross-sectional area of The Monster nearly 10 times
larger than that of the 4-footer (5.25 square inches vs. 0.59 square inches) and the L/D ratio being almost twice as much,
we expected that the output of The Monster would be at least 10 times that of the 4-footer.

Since both antennas were constructed using the same Amidon Type 33 material, initially, there was no clear
explanation for the lower output of The Monster. One factor that was not fully investigated was the possibility that the
preamp input impedance may have loaded the higher Q Monster coil more than that of the 4-footer. Also, the preamp
may have been over-loaded or non-linear when dealing with the stronger signals coming from the Monster. We were
puzzled by these results during the tests but did not identify these potential causes until after testing was completed.

All of the antenna outputs dropped at the high frequency end of the spectrum. This is contrary to classic antenna
theory and is probably due to losses inherent in the Type 33 ferrite material. Amidon suggests that Type 33 only be used
up to about 1000 kHz. This signal drop-off may have also been due to the greater propagational losses inherent in the
higher frequencies. This should have been checked with an air core loop and was not.
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NULLS

All DX’ers know the advantages of using a moveable antenna which generates deep nulls and can therefore
eliminate strong interfering stations. In our testing, the nulls were carefully and repetitively measured. It is important to
note however, that a simple list of the minimum micro-volt signals at a null would have been very misleading. The
maximum signal generated by that antenna on that station must also be considered in comparison with the minimum
signal from that same station and antenna. For this reason, the table below lists the ratio of maximum signal/minimum
signal. This approach means the larger the number listed below, the deeper the null achieved.

NULLING ABILITY: MAX. SIGNAL/MIN. SIGNAL
ANTENNA LD 890 KHz

The result of these tests clearly indicate that the deepest nulls are obtained by the antenna with the highest L/D
ratio (or the most “slimness”) of the ferrite rod assembly. However, there is more to the null story that the null numbers
would indicate. In the case of the Dymek antenna, nulls look respectable numerically, but when a deep null was achieved,
there was usually nothing but noise remaining. After all, these tests were being run in the middle of the day. However,
with all the larger antennas, there were always one or more other stations audible in the same null during these same
mid-day tests! This was particularly true when using The Monster.

VARIOUS CONCLUSIONS

GAIN: It is obvious that we confirmed the supposition that raw gain goes up with the size of the ferrite bar used.
However, as we have noted, the gain increase obtained with The Monster was not as much as we expected. We will be
pursuing this issue further.

“EFFECTIVE “ or “USEFUL” GAIN: A general attitude in antenna design is that after a certain point, antenna
gain is useless; and may even be counter-productive by causing receiver overload. The general idea is that if the antenna
has enough gain so that the “noise of the band” is heard, every signal peaking above that noise floor will also be heard.
The saying is that “Everyone in the boat goes up with the rising tide.”

Although the above is certainly true, you must first be sure that you are actually hearing band noise. The Dymek
antenna is a beautifully built commercial grade antenna based on a 12" x 3/4" rod. It has produced prodigious results in
the hands of astute DXers. However, the difference in “hearability” or “effective gain” between the Dymek antenna and
the 4-foot bar antenna was very striking! Signals that were weak and noisy with the Dymek became armchair copy with
far less noise with the 4-foot bar. As we noted, when nulling strong stations with each of these antennas, we also noted
significant differences. During these daytime tests, we often noted an “open channel” under the dominant signals with
the Dymek and yet found one or more copyable signals in the same null with the 4-foot bar. This was even more
apparent, of course, using The Monster.

DEEP NULLS

We were initially surprised that the nulls of The Monster and the 4-foot bar were similar. Eventually, we came to
understand that the sharpness and depth of the nulls are somewhat proportional to the slimness of the bar. The 8-foot by
1/2" bar antenna was constructed primarily to test this hypothesis. Note that the slimness ratio of the 8-foot x 1/2" bar
was 192, as compared to 55 for The Monster. As illustrated in the null figures, this very long 1/2" diameter antenna did,
in fact, produce the deepest nulls.

OTHER LOOPS

This project was not designed to evaluate commercially available loops. We did not do so. However, since there is
considerable interest in the performance of these antennas as compared to the larger ones that we have tested, the
following general observations are reasonably accurate.

THE RADIO WEST 22" LOOP: The performance of the Radio West 22" antenna tracked that of the 4-foot
antenna, but with somewhat less sensitivity and depth of nulls. Like the other ferrite loops at the null position, there
were usually one or more signals audible during our daytime tests where the Dymek DA-9 often only produced what we
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thought of as “band noise” before we knew any better. The difference in performance between the Radio West 22" bar
and the 4-footer was significant enough for any owners of these fine antennas to seriously consider adding length to
their Radio West bars.

THE KIWA AIR CORE LOOP: The Kiwa Air Core loop became available after our testing program of commer-
cially available loops was completed. Because of the wide interest in this innovative antenna, a few preliminary com-
parative tests were performed. First of all, we must mention that the Kiwa Loop has set a new standard for both beauty
and professional quality mechanical design. The regeneration control of the amplifier is quite effective in providing a
great deal of selectivity. It does, however, make the operation of the Kiwa loop somewhat more complex than the other
antennas. If you are looking for a station on a specific frequency, the regeneration control can be peaked to give very
narrow band width and maximum sensitivity. If, on the other hand, wandering around the band is in order, the regener-
ation must be decreased to a minimum and some retuning is necessary.

Compared with the 4-foot bar, the Kiwa loop gave noticeably BETTER performance above 1.2 MHz.! On the
lower portions of the band, the 4-foot bar gave somewhat better signal strength and nulls. We were pleasantly surprised
that any 1-foot diameter air core loop could ‘keep up with’ a very large ferrite antenna.

It is not fair to draw any final conclusions on these latter general comments. More detailed tests comparing an
optimized 4-foot ferrite bar antenna with the Kiwa loop will be conducted and reported in the medium wave press.

THE BOTTOM LINE

After many configurations and tests, it is clear that bigger is better, but in this case, not all that much better. We
will continue to experiment with The Monster for some time to come. Bill is determined to prove that classical theory
is correct, even at this giant, off-the-design-chart, scale. John has plans to mount a John Deere tractor seat on the vertical
column of the Monster so that we can ride it! We could control the thing with our feet and spin and point it just like a
WWII antiaircraft gun! On the other hand, a 16 foot bar antenna that requires half the local high school football team to
move around the yard probably is well beyond the law of diminishing returns. Whether one can afford the ferrite or not,
The Monster is just not a practical DXer’s antenna.

However, we are both fascinated with the capabilities of the 4-foot bar that we initially built as an intermediate
prototype. It generates very good nulls, has very good gain and is amanageable size in the shack or on DXpedition. John
has done some informal comparisons between the 4-footer and his wagon wheel array of 450’ Beverage antennas. The
bar may not have quite the same gain in every case, but it is most certainly in the same league. We like the 4-footer so
well that we now each have one in our shacks. We also hope to construct a 4-footer of ferrite of the correct type to work
well on the Tropical Bands. Such an antenna would be able to null at least some local noise while possibly having very
good gain. There is also a very good possibility that a ferrite bar Tropical Band antenna would be inherently quieter than
many more conventional antennas.

AUTHORS’ END NOTES:

Cost: The Amidon 7.5” x .5” Type 33 rods used on our first 4-footer now cost $20.00 each
(AMIDON phone: 310-763-5770). A less expensive alternative would be to use their 4” x .5”
rods at $6.00 each. The Amidon 12” x .75” Type 33 rods cost $20.00 each a number of years ago
but are not now available. Amidon is willing to fill pre-paid special orders of the .75" rods for
$75.00 each with a minimum of 10 rods.

A better alternative for rods may be the Nebraska Surplus Sales (1502 Jones Street, Oma-
ha, NE, 68102-3112. Phone: 402-346-4750). Their 8” x .5” Type 43 rods cost from $9.00 to
$12.00 based on quantity. The Type 43 material works quite well at both MW and Tropical Band
frequencies.

4-Footer Construction Notes: Our design for the 4-footer consists of 18 eight inch long
Nebraska Surplus rods bundled in a 3 rod cross section as shown early in this article. It is
extremely important to stagger the ends (joints) of the rods. It is also important to bind the rods
together so that no air gap developes between the ends of individual rods. The coil should
consist of from 20 to 24 center-tapped turns, depending on the tuning capacitor available. We
plan to publish a fully detailed construction article as soon as development is complete.
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Central portion of the Monster showing coil and preamplifier shelf.
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IMPEDANCE MATCHING DEVICES

For Simple Wire Antennas
John Bryant and Bill Bowers

In recent years, it has become standard practice to use 52 ohm coaxial cable lead-ins for almost all wire receiving
antennas used by DXers. This trend is no doubt driven by the rapid increase in RF interference-producing devices in
almost everyone’s home and neighborhood. With simple end fed antennas, standard practice has been to connect the
center conductor of the coaxial cable to the antenna wire and leave the braid/shielding unconnected at the top. The braid
of the coax then shields the center cable; RF interference is drawn off the braid at the receiver and goes to ground. This
strategy is very successful in reducing near-field noise.

As this practice developed, many DXers have been concerned about the potential signal loss at the junction
between the main antenna and the coaxial cable. Simple wire antennas are inherently bigh impedance devices and the
coaxial cable is , of course, quite low impedance. Many DXers wondered if this obvious mis-match (and thus, signal
loss) really made any difference at all. The conventional wisdom has been that it does not. The reasoning is that if the
antenna system is well matched to the receiver AT THE RECEIVER, all is okay. The reasoning continues that if an
antenna has enough gain so that you can clearly hear ‘band’ or atmospheric hoise, then any additional gain is really
unnecessary; you will hear any signal which shows above the general band noise.

Several factors led us to question this wisdom:

A) In DXing, we are often trying to hear very weak signals right at the noise floor of our receivers. It scems wrong
to willingly accept a loss of gain through a severe antenna/lead-in mis-match when it can easily be corrected.

B) There are many times that even the Tropical Bands are extraordinarily quiet. Under those conditions, reception
may very well be limited by circuit noise in the receiver. Under these conditions, a higher gain antenna would be very
useful.

C) At least two devices intended for use between coax lead-in and simple wire antennas have been marketed in the
past two years. It seemed reasonable to test their effectiveness.

ANTENNA IMPEDANCE

A single straight run of antenna wire, end fed, is generally considered to be a high impedance device, usually
measuring 400 to 700 ohms. However, it is very important to note that impedance naturally varies with frequency and
antenna length. The end impedance of an end-fed antenna is related to its electrical wave length. There is always high
impedance at the far end of the antenna wire. Antennas which are one-quarter wave length (or odd multiples of 1/4 wave
length) present LOW impedance to the receiver. An antenna of less than 1/4 wave length, or 1/2 wave length (or its
multiples) presents HIGH impedance the receiver. So, if an impedance matching device is used to significantly lower
the impedance of the antenna (say a 10 to 1 device to reduce 600 ohms to 60 ohms) there will be frequencies where the
impedance will be transformed to too low a value.

Radio amateurs solve this problem by operating over a restricted frequency range or its multiples and designing
appropriate length antennas. SW and MW DXers are in a much more difficult position since the frequency ranges of
their interests are so much broader. They are faced with either not using impedance matching at the antenna/lead-in
interface and having a severe impedance mis-match at most frequencies, or, using an impedance matching transformer
and dropping the impedance too much near those frequencies where the wire represents 1/4, 3/4, 5/4... wave length. The
only complete solution to this problem would be the have a remotely controlled variable antenna tuner at the junction
between the antenna and the coax lead-in. Our concem in this project was to determine whether an impedance matching
device was actually beneficial.

TEST SET-UP

Over the past two years, we have done a good bit of comparison testing of antennas. The results were published in
Proceedings 1992-93 (“Active Antennas”) and in this edition (“Very Large Ferrite Loops”). The testing apparatus em-
ploys mechanically and electrically identical coaxial cable lead-ins, low-loss coax switches and an ICOM R-9000




receiver. This receiver is particularly useful because its spectrum display of received signals is marked off with 10 dB
signal level increments. Most of our measurements were made using a combination of the spectrum display and the R-
9000’s large mechanical/electrical S-meter.

We did several different runs of the tests presented below. The first runs were made using two identical 150'
antennas about 20' apart. Although the data generally appeared to be quite acceptable, there were a few anomalies
which might been due to interaction between the two antennas. The final tests presented below were made using a single
wire antenna. Two identical coax lead-ins were run to the antenna. At the antenna, two 12v relays were used; they were
wired so that one lead-in was active while the other was grounded. Thus, we could instantaneously compare signal
levels between a ‘bare’ lead-in and one with an impedance matcher in-line between the antenna and the lead-in.

THE IMPEDANCE MATCHERS

The ICE Model 180 Antenna Receive-Only Matching Assembly
Industrial Communications Ltd. PO Box 18495, Indianapolis, IN 46218-0495. 1-800-423-2666. Cost $32.00 + S/H
The ICE Matcher is an extraordinarily well made device enclosed in an RF-tight cast aluminum box using stain-
less steel hardware. It is based on a ferrite-cored transformer tapped so that impedance transformation is set for 300,450
or 600 ohm input from the antenna. Output ia a standard 50-239 ‘coax’ connection. The device is intended to be pole or
mast mounted at the receiver end of the wire antenna. Unlike any other device tested, the ICE model 180 includes a
resistor and neon bulb arrangement to bleed off harmful static electricity from the antenna. Further, this matcher con-
tains a capacitor in series with the signal so that low voltage DC may be run up the coax to control switches, etc. There
is also an external grounding lug, if grounding the transformer at the antenna is desired. Like other products from
Industrial Communications Engineers, this device is very well made using excellent components and is fairly priced.

The Magnetic Longwire Balun
RF Systems/Doevon Electronics, The Netherlands. Obtained from Universal Radio, Reynoldsburg, OH
1-800-431-3939 Cost: $59.95 + $3.00 S/H .

The Magnetic Longwire Balun is completely encapsulated in a cylindrical plastic bousing with a binding post on
one end and a S0-239 coax connector on the other. There is no external grounding stud and the impedance transforma-
tion ratio (about 9 or 10 to 1) is not user selectable. The unit is intended to hang from the antenna wire, with the lead-
in hanging below the balun itself.

To quote from the manufacturer’s 4-page pamphlet....
“The Magnetic Longwire Balun is a compact, weather-proof matching unit. It consists of a special
patented transformer with magnetic field coupling. The impedance transformation ratio changes
with frequency. The end result is a simple device which you connect to the end of a longwire antenna
(or in the middle of the “T" antenna). The other end of the unit has an SO-239 socket designed to
match 50 ohm coaxial feeder cable. The advantages are immediate. The lead-in cable is immune
Jfrom local man-made interference, and doesn’t have to be isolated from its supports.”

This is but the first of several places where the manufacturer makes the claim that the ‘transformation ratio
changes with frequency.’ At the end of the tests, the authors cut the Magnetic Balun apart. The housing is rather cleverly
assembled from a short section of plastic plumbing pipe and two end caps. Inside the case we found what appears to be
a normal ferrite-based transformer further encapsulated in plastic ‘potting’ material. Rather than cutting further, Bill
put the device on his sophisticated test bench. Sure enough, DX Systems’ claim that ‘transformation ratios change with
frequency’ is simply NOT TRUE and is, at best, very misleading advertising and a clear misrepresentation. The manu-
facturer also states that this “balun” provides “static protection” This is also not true in the accepted technical sense of
the term since there is no external grounding stud on the unit. The only path for static charges to take to ground is down
the coaxial shield to the receiver chassis. You should also note that the parts and material costs of this device, if
purchased RETAIL on the open market, cannot exceed $6.00, less than 1/10th of the purchase price. Finally, this device
is NOT a balun. The normally accepted definition of “balun” is a transformer which converts from balanced to unbal-
anced configuration. This unit is an impedance matching device designed to attach an unbalanced feed line to an
unbalanced antenna. Although the foregoing description is harsh, the “Magnetic Longwire Balun” is misrepresented by
the manufacturer and is VERY unfairly priced.
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Hall-Patch Impedance Matcher “Mini-Circuit” Impedance Matcher
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The Hall-Patch Impedance Matcher

(Home-brew device. Details were first published in Proceedings 1988. See sketch above.)

This matcher uses a torroidal (doughnut-shaped) ferrite core which is available from Amidon Associates, Dominguez
Hills, CA. Phone: 310-763-5770. Note that ferrite torroids are produced with differing frequency characteristics; the
one used was a FT-50-43 and the design was selected to optimize performance MW and the Tropical Bands. Binding
posts are shown in the drawing above for the connection. However, most DXers prefer to install an SO-239 connector.

The ‘Mini-Circuit’ Impedance Matcher

(Home-brew device. Details were first published in Proceedings 1992-93. See sketch above.)

The ‘Mini-Circuit’ balun is quite similar to the other home-brew impedance device above. However, in this latter
case, the impedance transforming device is a RF transformer chip (similar in appearance to an integrated circuit chip)
manufactured by RF Mini-Circuits, P.O. Box 350166, Brooklyn, NY 11235-0003. Phone: 718-934-4500. Inside the chip
is a very small transformer wound on a ferrite bead the size of a large match head. Like the cores from Amidon, the RF
Mini-Circuit transformers must be selected for the frequency range of interest. The tested unit is based ona 9 to 1 ratio
transformer (T9-1) whose RF range is .15-200 MHz.

CONCLUSIONS AND RECOMMENDATIONS-SHORTWAVE

The accompanying chart records our comparison of signal strengths (in decibels) between the 150’ test antenna
with and without the impedance matcher in place. As you can see, both of the commercially produced impedance
matchers worked well on shortwave. They were particu-
larly effective on the Tropical Bands and on the higher : - . .
frequency International Bands. The dip in performance Signal ngth omn 10. Decs
of all the matchers at the 5 to 8 MHz frequencies is prob- FREQ. 650 ohm 300 ohm BALUN BALUN Circuits

ably due to the 150' antenna being at lower impedance iy

over those frequencies. The Mini-Circuit based ‘home- |74

brew matcher also performed relatively well on short- CHU 20 g 0 i 2
wave, showing no losses at any frequency and good gain 5&#&" 5 5 3 .6 0
on the Tropical Bands. The other home-brew matcher 7335 wmrz

based on the hand-wound torroid also performed very well CHU s 2 0 i o
on 90 and 120 meters. However, significant losses were ‘°xw‘\‘,“‘ 3 5 0 -2 2
noted at and above 5 MHz These losses were almost cer-  [150 MHz i @ . 0 .

tainly due to the core material selected. WWV
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If you are interested in purchasing a ready-made matcher, there is no choice: buy the ICE unit. At the 600 ohm
setting, it performed about identically with the “Magnetic Balun”. It offers full static protection, a choice of grounding
configuration and also allows a choice of impedance ratios to meet individual preferences. Note, however, the comment

150 Ft. Wire Antenna 50 Ft. Wire Antenna
e s e Lo M
o el 3 8 9 8 .. 18 3 33 33 20
e 6 9 9 8 T @ 4 1 11 10
s 10 8 5 7 5 e 6 11 13 9
k. ' & 8 3 2 2 et 5 13 12 8
2.0 3 0 -4 -3 e 10 12 13 10
1220 vEl 0 2 7 | a -l 12 12 12 )
Rl -5 5 -8 i sy 4 10 9 11 7
Ko 5 2 2 0 LD, 12 18 21 18
e 2 3 2 0 3 s 8 12 20 13

Signal loss or gain in decibels Signal loss or gain in decibels

related to the blocking capacitor which is found in the Medium Wave recommendations to follow. If “home-brewing” is
your choice, it is hard to go wrong with the Mini-Circuit based design. If you would like to construct a matcher based on
ferrite torroids, we suggest that you select the core material with particular attention to the intended frequency range.
With either home-brew design, we suggest adding full static discharge protection similar to that used in the ICE unit.
This can be achieved by connecting a small neon bulb (Radio Shack #272-100) from the signal path to ground.

CONCLUSIONS AND RECOMMENDATIONS-MEDIUM WAVE

As with the shortwave tests, the accompanying charts record the differences in signal strength (in decibels) be-
tween the antenna with and without the impedance matcher being tested. Please note carefully the differences between
our first test using a 150’ antenna and the second one using 50' of wire! Discussing performance with the 150’ wire first:
The almost uniform loss pattern in the upper half of the band is due to the fact that the 150' wire was performing as a 1/
4 wave antenna as discussed at the beginning of this article. Antenna impedance had dropped low enough at these
frequencies that we were OVER transforming and incurring losses because the antenna plus matcher was presenting far
too low impedances to the 52 ohm coax. This theoretical supposition was proved in the second medium wave tests using
only 50' of wire. Antenna lengths of 100’ or less always present high impedance to the lead-in at medium wave frequen-
cies since those lengths are less than 1/4 wave length, even at the top of the medium wave band. As you can see, all
matchers performed very well using the shorter antenna. SPECIAL NOTE: The blocking capacitor in the ICE unit
begins to think that signals below about 600 kHz. are DC current and to block them. Unless you plan to run DC up your
coax, we recommend opening the ICE box and placing a jumper across the capacitor.

Again, if you wish to purchase a ready-made matcher, the ICE unit connected at 600 ohms is the only choice. If
you wish to home-brew your matchers, either a ferrite torroid of appropriate material or the Mini-Circuit chip seem to
perform equally well on medium wave.

FINAL REMARKS

It seems clear that appropriately selected impedance matching devices will improve the gain of simple wire
antennas. Your S-meter will go up using one of these gizmos. However, our test numbers DO NOT address the issue of
effective useful gain. Were the experts right when stating “everyone in the boat goes up with the rising tide? Our
findings in this area are more subjective. However, during our tests, we DID notice a number of instances where the
signal-to-noise ratio of weak signals was improved significantly. We also noticed that the ‘valleys’ of most rapidly
fading signals were filled in by the stronger signals available using an impedance matcher.

If you are using a simple wire antenna, we strongly recommend using the appropriate impedance matcher if you
wish to use coaxial cable lead-ins.
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ANTENNAS FORTROPICAL BAND DXing

Some Neglected Considerations
Tony Ward, VE3NO

Short-Wave Listeners and DXers have been somewhat slower than amateur operators to appreciate the delights of
high-performance antennas— and not without good reason. For international shortwave broadcasting station powers are
high and getting higher. And if coverage is a problem the chances are a major broadcaster will bring the signal to you via
a local relay. Peak listening periods— breakfast, and early evening- coincide with the best band conditions. If a piece of
wire out the window works well enough there seems little incentive to move to a better antenna design. Hams have
different problems to solve. Many of them of course are quite content to stay with local coverage, but the hard-core ham
DXers have always pushed the envelope of sophisticated antenna design in order to maintain reliable two-way contact
with distant areas of interest, using far more modest power than the major broadcasters. The feeding-frenzy that results
when a DX station tumns up for a spin on one of the low bands in particular, provides a very public showcase for
successful antenna setups, and this is a powerful incentive to improve system performance. Listening DXers have more
in common with ham DXers than with SWLs. Perhaps they have a tendency to work in greater isolation from their peers
than is the case for hams, but many of the lessons to be learned are the same. So please bear with the ham-radio
examples, and assess the thoughts that follow in conjunction with the article by David Clark and myself on Tropical
Band Propagation, elsewhere in this volume.

There are other ways than antenna improvements to increase the quality of one or two-way contact, and the pages
of Proceedings document many of them; both simple and esoteric. Narrow-band transmission and reception— ssb for
example— or the use of filters, make easier the detection of the faint and distant signals that are the meat and potatoes of
our DXing interest. Which are the best radios; the best filters; these are the stock-in-trade of many a fine conversation
between DXers. And now here come the new generation DSP’s hot on the heels of het-killing notch filters! We need all
these goodies of course (as our loving spouses all agree!), but nothing can beat improvements in antenna efficiency
ahead of the receiver. For DXers the horizontal and the vertical directivity of an antenna are among its most important
attributes, particularly when trying to understand the vagaries of propagation . The horizontal payoff is fairly obvious
and generations of DXers at their homes— if they are lucky— or at least on DXpedition have erected arrays of travelling-
wave antennas to enjoy the benefits that long wires can bring.

ARRIVAL ANGLES, DIRECTIVITY AND POLARITY

While there are many different kinds of antennas designed with special aims in mind- savmg space, or low
visibility for example— few of these make good DX weapons. The often extreme sensitivity of modem solid-state
receiver front-ends allows surprising performance from unelaborate designs, but it should come as no surprise that there
is a price to pay. Very little can beat a long piece of wire pointed in the direction you want to hear. DXers interested in
ultimate no-compromise performance, and in analyzing the behavior of the signals they hear, need both horizontal and
vertical directivity however. The first of these factors has received by far the most attention. We shall revisit it, but I
wish to stress the importance of the angle of arrival of DX signals, and the vertical directivity of antennas here. Some of
the references appended cover these and more general topics in greater detail, and give construction details omitted in
the present article.

Horizontal directivity accomplishes at least 3 major goals. 1) It allows the targeting of specific areas, 2) it permits
nulling unwanted stations, and differentiation for example between Africa and South America, and 3) it often facilitates
discrimination against atmospheric noise. Vertical directivity accomplishes the above goals also, and often very dramat-
ically. In addition, if an antenna can be persuaded to concentrate its sensitivity on signals arriving at low angles it will
very often outperform— perhaps dramatically— antennas that receive high angle signals best. And the top-gun DXer’s
edge comes mostly from the low-angle performance of their antennas. Once you have made the step from a simple
directive long-wire array, switchable to select directions of interest, the next logical move is to add the ability to null
signals arriving at high angles. You should choose your antenna with the above in mind, and should ideally erect a
number of antennas to perform clearly differentiated tasks. As conditions change, so should your choice of antennas.
What works may vary from year to year, season to season, and even minute to minute. There are some signals you would
kill for that may make it to your location for a matter of minutes per year. And the message here is that waiting for them,
properly equipped, is not just a matter of blind luck— though it surely does not hurt.




.

Polarity of the antenna is of great importance to DXers. The incoming rays are themselves randomly polarized
after even a single encounter with the ionosphere, but the type of antenna you choose gives you some control over the
incoming angle best received. There are two major types of polarization to consider also; horizontal, and vertical, and
despite the similarity of terminology these should not be confused with either directivity (above) or even whether the
antenna itself is largely vertical or horizontal (below). Loop antennas may look identical in either case for example, but
their polarity is determined by the location of the coax feed-point. And the famous Beverage antenna- a long horizontal
wire— in fact performs as if it were responding to vertically polarized incoming waves.

VARIOUS APPROACHES

From the humble dipole to the elaborate yagi the quarter wave horizontally polarized wire or tube is the most
common antenna variety. The main advantage is relative simplicity. The main disadvantage is that improvements in low
angle performance come only from raising the antenna height. A dipole at one quarter wave above ground or less is most
receptive to signals arriving from directly above. The lower the frequency, the greater the ground loss, and the more
difficult it becomes to get the wire up high enough to perform well. I do remember full well butting heads on 40 meters
with a New Zealand farmer who had a dipole strung between two hills 300 or more feet above ground, facing off down
a broad valley to Europe. The dipole easily outperformed my two element rotatable beam, and opened and closed the
band- when signals arrive at their lowest angles— most convincingly.

But since the high road is not open to many of us, serious DXers should concentrate their attention on vertically
polarized setups. The Beverage is (perhaps surprisingly) the best example of a vertically polarized antenna. Incoming
waves are tilted by electrical ground resistance and build signal voltage in the horizontal wire. The theoretical butterfly
wing pattern of lobes fills in off the ends because of proximity to the ground, and unlike almost any other antenna, they
work best over poorly conducting earth— as is the case at David Clark’s DX barn for example. Terminating them in their
characteristic impedance makes them usefully unidirectional, or more elaborate two-wire arrays allow easy direction
switching. On the minus side of the ledger vertical polarization is particularly efficient at picking up man-made electri-
cal noise, which makes such antennas noisy for receiving weak signals in urban environments. This is another reason
why travelling-wave (long-wires) seem to fly so much better on DXpedition. But if you live in a subdivision with buried
reticulation backing onto a ravine, as I do, or in rural splendor as David did till recently, it is very hard to beat 4 or more
low wires one to two wavelengths long pointed in major directions, as a receiving setup. The directivity varies enor-
mously from night to night as conditions vary, but I usually see 3 and (rarely) as many as 5 S-units discrimination
between say Africa (bearing 105 degrees, 500 feet of wire 10 to 20 feet above ground) and South America (175 degrees,
500 feet, 10 feet height). And a powerful argument can be made for making such antennas unidirectional with David’s
evolution from ‘auroral donut short path believer’ to ‘prophet of the long path’ between 1989 and the present. Most of
the epiphany was accomplished by terminating his bidirectional long-wires. Interestingly perhaps my experience with
yagi beams on 40 meters, and a 2-element vertical switchable array on 80m in New Zealand allowed the expectation of
afternoon Indonesian reception from Toronto as the norm, rather than the exception, and to anticipate that these signals
would be coming via longpath. And when signals arrive along a broad horizontal front— often the low-band case—
concentrating on vertical directivity may accomplish more than improving azimuth gain when seeking improved signal
strength. Note also that while a long-wire extension of two-wavelengths seems about the optimum length-for-gain
trade-off, longer arrays show improved low angle performance. Legend attributes better DX characteristics to Beverag-
es than they fully justify, as low-angle receptors at least. This is no doubt in part because the cogniscenti invariably set
them up as close to saltwater as possible, where low angle performance is much enhanced.

The erection of large yagis remains a fantasy for most DXers, although there is of course no intrinsic reason why
this should be so. Committed hams have erected 3 and 4 element full-sized beams on 80 meters after all, and the results
are dramatic, and well above that to be expected by the theory of moving from a one- to two- to three- element design.
Just how much can be gained, and why? From my Auckland NZ ZL1AZYV site I operated on 40m with a vertical
mounted on a tin roof for excellent elevated ground conductivity, and compared signals with Mike (now ZL1HY)
frequently on his regular weekly sunset schedule over the high-absorption South African path. I was typically S2, and
Mike S9+5 dB. I built a fair copy of the linear-loaded KLM design 2-element double driven beam— that Mike also used
in two stages, and put it up at the same 65 foot mark on the tower. The first week I tried a single element version—
basically a shortened rotatable dipole. My signal jumped to S7. The following week I had the second element in place,
and the beam tuned- boy have I left out a few details here!- and now my signal was equal to Mike’s over this difficult
path. Don’t be misled by the theoretical gain figure of 5.6dB for a 3-clement yagi over the humble dipole. When the
angle of signal arrival is taken into consideration the difference may often be 5 S-units or more. This is also why
monoband yagis comfortably outperform even well-designed tri-band beams. In a single-band design cancellation of
unwanted high angle lobes is much more completely realized than in the multiband beam- or in the wide-band many-
element log periodic design favored by the military and some international broadcasters.
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My most dramatic illustration of this effect came when I mounted a tri-band beam above a highly optimized 4-
element 20m monoband beam prior to a Chatham Island trip discussed elsewhere in this Proceedings volume. On the
morning longpath ragchew into Maritime Canada over Australia the Sydney regulars in the 3-way were S9 on the
(higher) tribander, and S3 on the 20m mono-band beam. At the business end of the path in Canada the results were
reversed, with the mono-bander far the better performer. But even that antenna was put to shame in comparisons with
Mike’s very long-boom 5-element mono-bander, on the particularly tough long path from New Zealand, west three-
quarters of the way around the world to the high pampas of Argentina. While height alone controls the actual angle of
lobes leaving an antenna, the intensity of these lobes is affected by the interaction between the elements. Signal leaving
at high angles is lost to the more desirable lower angle lobes. Long-boom designs are much easier to tune for this than
those with shorter booms, or compromised for multiband operation. No gain without pain!

FAVORITE SKYWIRES

Fewer SWL DXers specialize in single spectrum stretches than do hams of course, and thus the task of erecting
monoband antennas to cover a wide range of frequencies tends to inhibit experimentation. Optimizing a monster for
4800 to 5060 kHz is not beyond the resources of everyone however, and there are other routes than the big yagi to
consider. Loop antennas— deltas, quads, squares, rectangles— have shown a lot of promise. The delta loop supported at
two points, apex down, and fed at either of the upper corners favors an arrival angle of a bit less than 30 degrees. That
this is a vast improvement on the performance of a dipole at a similar elevation— and little more difficult to mount— I
have demonstrated to my own satisfaction many times. Closed loops tend to be quiet antennas also, and this makes them
good for listening in particular, even though they should be in vertical polarization configuration for DX use. The
single-band bob-tail curtain is a deserved favorite for low-band work, and it has simpler variants that require little
attention to ground conditions. I recently erected the commercially available Carolina Beam and its impressive perfor-
mance on low angle signals is discussed in a review by Guy Atkins, elsewhere in this publication, that contains some of
my comments. This is a multiband design with great promise. I hope to explore the possibility of a 2-element version
optimized for 90 through 60m that could be phased to give a switchable pattern. Similarly, should you have two high
trees aligned suitably it is not difficult to experiment with multi-loop arrays favoring suitable directions. A high rope
supported by pulleys to the trees allows easy access for the inevitable fiddling, maintenance, and tuning.

Verticals and arrays of verticals are easier to work with than most believe. Their main drawback is the requirement
for an extensive ground system, but even this is not too difficult for the weak-signal impaired. A loop of #6 copper wire
with radials about one-quarter wave long each braised to the loop and laid over the ground is all that is required. Lay
that down before the first flush of spring, and pin the end of each radial taut with a nail, and the earthworms will bury
them for you in weeks in any humid climate. I have had friends who used chicken mesh successfully as a ground net!
Low angle performance is again the payoff for effort. The better the ground system the lower the ground loss and the
more efficient the antenna’s performance— particularly at the lowest angles. Radials should number 16 or so to start, if
possible, and if you add more, double the number each time—to 16, then 32, then 64 and so on. The poorer the earth (dry,
stony, bedrock) the more attention needs be paid to the ground. As with dipoles there is more payoff than you might
expect from doubling the array to two, and then four elements, and once again low angle performance is the chief
beneficiary. Amateur switching networks to phase 2- or 4-element vertical arrays are fairly easy (though not cheap) to
come by.

Using phased verticals in 80 meter band contests gave spectacular results for me as ZL1AZYV. There is one condi-
tion though which makes an interesting point. I had the good fortune to operate on both 160 m and 80 m using a 200 foot
(temporarily) disused broadcasting tower from New Zealand. This was at a site fairly close to the ocean, with full
Broadcast standard ground radial system. On 80 meters this tower was close to 5/8 wave tall, which gives a fine low
angle lobe. And when the band went long you could hear the difference, against almost any other antenna— it was quite
spectacular. But some careful comparisons under a range of conditions with Mike, who was using a traditional quarter
wave vertical with an adequate radial system (when the goats left it alone!) showed that for much of the time under
moderate sunspot number conditions the shorter, higher angle radiator, performed as well or even better than the big
stick. As the MUF drops with the sunspot cycle too low an angle of radiation (or reception) can fail to get a signal off to
a good launch. I am sure that at sunspot minimum (close, at present writing) such an antenna would enjoy more success
more of the time.

In general antennas should be full-sized when possible for DX purposes. Some compromise is of course possible
and may be essential for the low-bands where size is getting to be a problem. Verticals can be capacitively (top-hat)
loaded with little performance loss for example. Wire and/or tubing sizes should be large where possible. Taper of
aluminum tubes is an acceptable compromise. Greatly shortened antennas are ticklish to match, and easily detuned by
metal objects around them. This is less of a problem for receiving than transmitting, but still always a consideration.
Low efficiency antennas may show improved Signal/Noise ratio, and provided the signal is there in the first place, this
can be a benefit— as in the classic broadcast loop. The T2FD design , as has been noted by Guy Atkins, is a neglected
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loop variant with interesting DX characteristics, and the very low profile DDR antenna is another design to consider.
Both of these antenna types have been explored in previous Proceedings volumes. Variants on the sloper have been used
to good effect by many— including me— but it is often forgotten that this is really one half of a dipole fed at the top. It
thus is missing the second side to work against. In a typical ham installation comprising a series of wires draped off the
tower below a tri-band beam— providing an inverted ground-plane— the antenna can be expected to exhibit far better
characteristics than the “solo on a wooden pole” configuration adopted by many SWLs.

Thus a ripe field for DX research remains antennas. While there are still many lessons to be learned about the
azimuth of arriving signals I suspect some real gains are to be made concentrating on vertical angles of arrival, perhaps
by experimenting with some of the new phasing networks becoming available. For many of the weak paths of interest to
the Tropical Band DXer low and very low angle receiving antennas are an essential tool. And it is after all impossible to
have roo many antennas to choose from...
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BEVERAGE ANTENNA ARRAYS

Two Approaches
Don Moman, VE6JY and John Bryant

ON THE MOVE AGAIN: MOMAN

Much of the following discussion on beverage construction and remote antenna switching has recently been put
into practise at my new antenna farm. As hinted at in my article for Proceedings 1992-1993, “Listening to a Dream”, 1
have moved a little further out of town onto 80 acres ideal for antenna farming. At present I have two beverage arrays;
one full rosette in the center of the property and one half array at the west boundary. The second site allows longer
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Figure 1. Beverage layout at VE6JY

beverages into Europe, Africa and South America. Some of these may become remotely reversible and steerable in the
future. The first site is 450 feet away from the radio room and has 8 beverages centered at 40, 70, 110, 140, 180, 225,
275 and 320 degrees. Length varies between 700 and 1100 feet. The second site is 1400 feet away and will contain
several more beverages, although not all of them are completed. The longest is 2500 feet long at 20 degrees, great for
hearing Yellowknife, NWT on 1340 kHz but not much else so far. Feedlines are RG-8, RG-11 and CATYV hardline. Only
a few of the beverages have been properly terminated but I will finish that task this summer. Most of the beverages have
their own impedance matching transformers, constructed when researching matching techniques, for Proceedings 1992-
1993,

A Sony AN-1 active antenna is mounted at the convergence of the eight beverages at the first site, about fifteen
feet above ground. I am certain there is some interaction between the AN-1 and the beverages, because the Sony has
never worked better! It makes an ideal omnidirectional choice for casual listening and scanning. The beverages can then
be selected to further improve the signal and determine the direction of signal arrival. This can be quite useful as it has
been my experience that signals often arrive at other than their direct bearing. I used this beverage array on a daily basis
throughout this past winter. Obviously certain paths are Long Path, like 60 meter Africans at 1700 UTC in the winter but
many other paths can be quite skewed from either Short or Long Path bearings. This is most common on European




signals, which often come in best at 70, 120 or even 150 degrees. This is directly related to geomagnetic disturbances
which disrupt the normal polar route. This past evening the northern lights were incredible, WWV indicated major to
minor storming and the BBC on 3955 was S9+ on the southern beverage but barely listenable on the “proper” 40 degree
beverage. At this latitude (53 north) a skewed path is very common. This has prompted me to add several beverages to
fill in various gaps. One remaining gap is at 90 degrees, which may be useful under certain conditions.

The technical and theoretical aspects of beverage antenna have been well covered in past issues of Proceedings.
Some of the more practical aspects will be discussed here especially dealing with remote feeding and switching, with
ideas that are applicable to both weekend DX’pedition or permanent beverage installation, big and small. While the
word “beverage” will appear many times, please keep in mind that most of the discussion on wire, feedlines and remote
switching schemes could be equally applied to other types of wire antennas.

WIRE: MOMAN

For permanent installations, a steel cored wire with a higher conductivity coating is desirable. Since the majority
of RF energy flows on the surface of the conductor, the core material need not be an especially good conductor. The
ideal wire is copperweld — a copper covered wire with a steel core. The steel adds a great deal of strength and reduces
the stretch, which occurs when using pure copper wire. Copperweld is very stiff and springy and not pleasant to work
with. It’s not all that common to find locally, although I do see one ad in a amateur radio magazine for a supplier who
has 14 gauge copperweld for 7 cents per foot. A similar type of wire is the “electric fence” wire which is galvanized
instead of copper covered steel. It also is stiff and springy but is common in most parts of the country at farm supply
stores and is quite inexpensive at about one cent per foot in 1320 foot rolls. It’s very strong and can be pulled tight
enough to span 300 to 500 feet with minimal sag. While you’re at the farm supply store, you might stock up on the
various types of plastic insulators you’ll need to complete the installation. They also offer fiberglass stakes that could be
used to hold up the wire. However, they are quite expensive and only three to four feet high. Perhaps they can be orderec
in “giraffe” size?

Unfortunately, none of the above wire types are well suited to beverage expeditions. There you want something
easy to work with that can quickly be rolled back up on the re=l. Insulated wire is best so the additional task of installing
insulators can be avoided, at least for a weekend type of installation. Stranded wire is better as it is less likely to kink
and break. Soft, insulated, stranded “hookup” wire in the 18 to 22 gauge size is nice to handle but may be fairly
expensive. Surplus stores and amateur radio flea markets may often have suitable wire available. I was lucky to find a
number of reels of teflon insulated, 22 gauge stranded wire at a local surplus shop for only 5 dollars for 2000 foot roll.
This insulation, besides being very tough and light, makes the wire easier to retrieve because of the slippery nature of
teflon.

FEEDLINES: MOMAN

At mediumwave and the lower shortwave frequencies the choice of feedline is not critical. Losses are not high
unless the cable run is extremely long. Coax can be either 50 or 75 ohm, both will work well. Suitable types include RG-
58, RG-59, RG-6 or the larger diameter RG-8 or RG-11 cables. The thinner types are obviously more suitable for
temporary and DXpedition installations. For direct burial and longer life under any conditions, RG-213 would be a good
choice. For a first class installation on a budget, an ideal choice would be 75 ohm CATYV coax. Roll ends are often cheap
or even free from cable TV installers. I was lucky enough to spot an ad in a local newspaper for a giveaway item - 7 large
cable reels. These make handy picnic tables or workbenches but much to my surprise, I found they still had anywhere
from 100 to 800 feet of half and three quarter inch CATV hardline still on them! This type of hardline is ideal, it usesa
solid aluminum jacket covered with a tough plastic coating designed for direct burial. This type of cable also has a very
sticky substance just under the jacket, which prevents water from migrating under the jacket should a small nick occur.
These are referred to as “self healing” types of hardline. Bare aluminum CATV cable such as that used for overhead
cable TV wiring is not suitable for burial, as the exposed aluminum may not survive long in some types of soil.

Connectors for CATV coax are expensive but alternatives are available from your local plumbing store for a dollar
or two. Half inch 75 ohm CATV hardline with the jacket removed, is exactly the right size to take a half inch copper
compression fitting. The barrel of a PL-259 coax connector is also this exact size! Bare enough of the center conductor
to solder into the center of the PL-259 and you have a solid, reliable RF connection good into the VHF region.

REMOTE ANTENNA SWITCHING: MOMAN

Designing the whole system for maximum flexibility in receiving has been an ever increasingly complex task, as
the number of beverages grow. In addition to the SWL aspect, amateur radio contesting with multiple transmitting and
simultaneous receiving needs has to be figured into the antenna switching system. The system that John Bryant de-
scribes in his article is perhaps the most basic and at the same time, a very flexible approach. One relay per antenna, one
control wire per relay allows multiple beverages to be connected together, occasionally providing a combination that
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my case where I have 8 or more beverages. Flipping toggle switches to see where the signal peaks is not nearly as
convenient as rotating a switch. If possible, the switch could be set up so the indicator also shows where the beverage is
pointing.

Because of the number of beverages and the distance involved, I have used a somewhat different technique. Four
conductor telephone type wire is quite inexpensive compared to other types of control cable so my system is built to
switch up to 8 antennas using just 3 wires plus ground. Each additional wire will double the number of antennas so I
could expand to 16 antennas using only 4 wires plus a ground. One could expand the system even further without
additional wires by using steering diodes and/or zener diodes along with both plus and minus DC voltages as well as |
AC. However, this can get a little tricky and I have an aversion to using diodes around RF, since they can rectify and
create mixing products.

My system is modular in construction with each SPDT relay in its’ own box. I used weather proof diecast alumi-
num boxes with BNC connectors. This allows for easy modification and maintenance. BNC connectors are easy to
mount and work with but they had an unexpected advantage that I discovered last season. Some of the beverage trans-
formers in my initial system had SO-239/PL-259 connections. The tension in the wires is significant and the wires can
build up quite a vibration, which travels down to the matching transformer. This vibration would loosen the ring on the
PL-259 and back it off, causing all sorts of noise due to the lack of a solid shield connection. BNC’s with their twist lock
action gave no problem at all.

Most general purpose low power relays are quite suitable for use as low and medium frequency antenna switches.
I use small 26 volt military surplus relays, the type that are hermetically sealed in a small metal can. This should prevent
oxidation of the contacts from a harsh climate out there. Isolation between the adjacent contacts in the relay can be
measured using a signal source and an attenuator. Isolation decreases with increasing frequency, but most common
relays provided at least 50 db at 5 MHz and 60 to 70 db at medium wave frequencies. In the interests of maintaining a
sanitary beverage pattern, each matching transformer is switched between two adjacent beverages. In this way, the lead-
in to each transformer input can be kept to a minimum. Again, this makes repairs easy. By adding more units the system
can be expanded. Certainly this system or any of the ones described here are not limited to switching beverage antennas.
I would be comfortable using these for any type of HF receiving antenna and even up to 100 watts for transmitting, more
if larger relays were used.

When current flow in a relay coil is interrupted, a back voltage or EMF is developed. This voltage can be quite

high and although it’s not likely to harm anything with the sizes of relays we're using, it’s a good idea to suppress this
switching transient as much as possible since it can produce an annoying pop in the receiver each time you switch
antennas. A diode connected across the coil with the polarity such that it conducts only on the back EMF will help.
Beverages
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Figure 2. Switching 8 antennas using 3 control wires
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Another type of switching that I have experimented with in the past is the rotary type, which can be driven by low
RPM motors or rotary steppers. A common and inexpensive source of 12 volt 4 position rotary steppers is found in old
8 track players, as they were used to change tracks. Disadvantages of this type of switching are the larger control
conductors needed due to the higher power necessary to switch, and lack of nearly instantaneous A/B comparisons. Also
without some sort of indexing scheme, it can be hard to determine the position of the switch. They are better suited for
adjusting the termination resistor value, something I intend to experiment with in the future. With proper coupling and
isolating components, ratcheting type stepper switches could be driven directly using the beverage wire as the conduc-
tor, thus saving a great length of control cable (figure 3). This same technique can be used to send DC over a coaxial line
at the same time RF is flowing back into the receiver, such as is usually found in an active antenna. This technique can
also be used for remote relay switching in beverage systems. You could, for example, change the length of the beverage
by switching in or out additional segments of wire. Such a system is described by ON4UN, John Devoldere, in his book
on Low Band DX’ing.

The value of capacitors and inductors is not critical. The capacitor serves to block DC but pass the RF. A .1 uf
capacitor has a reactance of 1.6 ohms at 1 MHz so its’ effect as a series resistance is negligible. The inductor serves the
opposite purpose; it must pass DC and block RF. A 1 mh inductor has a reactance of 6280 ohms at 1 MHz, again a small
shunt resistance in a 600 obm (approximately) system. The small wire used in the inductor may cause a problem if you

(are trying to pass enough DC current to drive some larger relays. Inductors used for 12 volt DC power line filters on car
stereos would be a good choice, providing they have enough inductance.

If you are using the Mini-Circuit type wide-band RF baluns, care must be taken not to exceed the power handling
capability of their extremely small core and windings. C2, C3 and L2 serve to bypass DC around the transformer. If a
more robust transformer is used, it would be simpler to install a single .1 uf capacitor in the ground lead of the trans-
former.
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Figure 3. Basic DC switching and isolation techniques

1 look forward to much more experimenting with this array, as I plan to improve the RF grounds at critical points,
add termination resistors to all the wires and fill out the second SW site with even more beverages. Even at this stage,
using the array has been very rewarding. Later this year, I hope to reinstall the log periodic at about 90 feet here at the
new site, and it will be most interesting to compare the log with the beverage array. The results might even make an
article for a future Proceedings.

A HALF-WAGON WHEEL OF BEVERAGES: BRYANT

Most of us have a dream antenna system we suppose we could never afford. My dream had always been to have a
permanently mounted ‘wagon wheel’ of Beverage antennas, with me DXing away at my favorite rig in the middle. I
knew it was an impossible dream; I could never afford the thousands of feet of antenna wire and coaxial lead-in, much
less the land to put it on. Over the past three years, I've found that I was wrong on all counts.
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My first discovery was that antenna wire wasn’t as expensive as I thought. I learned that many amateurs use
smooth galvanized steel wire -the kind manufactured for electric fences - for Beverage wire. It turns out that RF currents
flow on the surface of antenna wires and that steel wire works just as well as copper for most receiving antennas. I was
still suspicious until I saw Bill Tippett’s (WOZV) system he described in Proceedings 1991. Bill used electric fence
wire drawn very tightly with posts and insulators at 100" intervals. 2500' rolls of electric fence wire sell for less than $30
at most farm supply stores. Some of the electric fence insulators are pretty nifty, too.

Next, I discovered an excellent source for coaxial lead-in: Davis RF (P.O. Box 230, Carlisle, MA, 01741 Phone
508-369-1738 or 1-800-484-4002, Ext. 1356) sells 52 ohm coax with excellent spec’s for 17 cents/ft. in 500 ft. rolls.

I also learned that Beverages of about 450 to 500 feet are about optimum length for 60 and 90 meter DXing. I had
always imagined needing much longer antennas. I now know that even ‘mini-Beverages’ of as little as 150" will exhibit
some directional characteristics.

REMOTELY SWITCHED BEVERAGES: BRYANT

My real revelation was seeing Bill Tippett’s antenna switching system while we were visiting in Colorado. Bill
had a wagon-wheel system in a field next to his house. Five Beverages came together at the center of the field and were
individually switched by a home brew system into one single coax lead-in, which then ran the 600’ or so to his basement
shack.

I had always supposed that Beverage switching systems had to be very elaborate to keep the antennas from
coupling together and destroying directionality. NOT SO! Bill used 12 volt DC ‘reed’ switches from Radio Shack and
ran a 6-conductor cable out to the switches to throw them ON or OFF. The gizmo was mounted in a plastic box. Bill
switched the signals coming in directly from the Beverages and then had one ferrite toroid-based impedance matcher
mounted right before the signal entered the coax lead-in. At first, I couldn’t believe that so simple (and cheap) a system
would work! It did. Each of the antennas exhibited very individual characteristics and, since Bill regularly ‘worked the
world’ on 160 meters, the system was obviously a good one.

1 developed my own switching system based on Bill’s but using double pole single throw relay switches which are
‘normally off” (RS part #275-248) as shown in Figure 4. As you can see, when the relays are OFF, the antennas are
grounded to prevent static buildup and to reduce antenna interaction. When a relay receives 12 volts from my indoor
control box, it switches the RF from that antenna to the ‘bus’ going through the impedance matcher to the coax lead-in.
The entire switching system cost me less than $15 for the indoor control box and 6 control switches and about $20 for
the outdoor box, perf mounting board and five relays. It works like a charm and, as far as I can tell, there is no coupling
between antennas. Each antenna exhibits very distinctly different and distinctly directional reception patterns.

Besides saving a great deal of money on expensive coax, switching Beverages remotely also can allow you to
arrange Beverages most efficiently on your land. I live on a semi-rural ‘ranchette’ site that is about 450' square. My
house is in the middle of the site. (Figure 5)
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Figure 4. Remote Beverage switching unit
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As you can see, by leaving Beverages 2,3 and 4
1 5 unterminated, I can cover dawn Long Path to Asia and
evening Short Path to Europe with Beverage 2. I aim right
at evening Long Path to Asia, Short Path to southern Af-
rica and dawn Short Path to East Asia with Bev. No.4. I
cover dawn Short Path to central and south Asia with Bev.
No.3 which is also my best Latin antenna. Beverages 1
and 5 run on the fence line and point at mid Pacific and
western/central Africa respectively.

THE AMERITRON
REMOTE COAX SWITCH

MODEL RCS-8: BRYANT
, Several months ago, I learned that the Ameritron
Corporation (Ameritron: 921 Louisville Road, Starkville,
MS 39759; (601) 323-8211; Fax: (601) 323-6551. RCS-
Figure 5. A=House B=Beverage Switching Site 8V costs $149 w/S0-239s, $169.95 with Type-N connec-
2,3,& 4=450 ft. unterminated Beverages 1 & 5=750 tors. They also have a 4-position remote switch, the RCS-
ft. terminated Beverages on the fence line 4, priced at $134.50. Prices per Feb. ‘94 0ST) manufac-
tures and sells a very nice remotely controlled coax switch
which will handle up to five transmitting or receiving antennas. The unit sells for under $200 and works much like my
home-brew system. The remote switch itself is remarkably well built and uses five large relays mounted directly on a
glass PC board. The switch is a COAX switch, so input to the switch box must be via 52 ohm coax. For us, this means
using an impedance matcher at each Beverage and then a short run of coax from each matcher to the switch.

The control box in the shack is also very well made with LED’s which light to indicate the antenna in use. The
antenna selection switch in the Ameritron unit is a rotary switch. This limits you of course, to having only one antenna
active at a time. My home brew system, using 5 SPST in the shack, allows you to have any or all antennas active at the
same time.

If you would like absolutely maximum antenna isolation and would rather not build your own switching system,
the Ameritron RCS-8 is very nice.

DOYOU REALLY NEED THIS: BRYANT

If you can string several mini-Beverages on your property (or that of friendly neighbors), I'd strongly recommend
that you at least invest in a homebrew system similar to one of those covered in this article. My now three year old ‘new’
antenna system has improved my DXing ability more than any new receiver ever has! After Tippett’s Proceedings 1991
article convinced me that Tropical Band signals often can and do follow the Long Path, I put up my half wagonwheel.
In less than one season, I logged all but two of the twenty-some All India Radio transmitter sites. I heard Tropical Band
Subcontinentals VERY REGULARLY and very well from late October until early March rather than the ‘normal’ 6 to
8 week midwinter ‘Subcontinental Season.’ Almost 100% of those receptions were Long Path on the Beverage pointing
southwesterly. Even on those few occasions when Long Path signals were only equal to Short Path signals ‘over the
Top’, the Long Path was significantly quieter. I should note that after two wonderful Indian Long Path seasons (91-92
and 92-93), the 93-94 season has been very disappointing on 90 meters. Short Path seems to be dominating this season
and signals from the Subcontinent seem to down generally.

The single greatest advantage of a multiple Beverage array similar to ours is the significant improvements in
signal-to-noise ratio. Directional antennas only ‘see part of the sky’ and therefore only part of the noise. My current
system lets me maximize signals and minimize noise.

Devoldere, John. ON4UN Low Band DXing. ARRL 1987, pp 1I-120
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THE WATKINS-JOHNSON
HF-1000 DIGITAL RECEIVER:

First Impressions
David Clark and James Goodwin

HF-1000 1

Figure 1. MODEL HF-1000 GENERAL COVERAGE RECEIVER

INTRODUCTION

The Watkins-Johnson HF-1000 has created a great deal of interest among DXers and SWLs since it was intro-
duced in September of 1993. It has almost everything anyone could want, including some features no hobbyist could
have even dreamed of just a short time ago. The capabilities of its digital signal processing circuitry give us an early
view of what is coming in the years ahead, but at a price approaching $4,000.

Late last winter, David Clark obtained an HF-1000 on a brief loan from Norham Radio, a leading Toronto-area
dealer which is also the sole Canadian retailer of the receiver. Although Proceedings normally waits at least a year after
the first reviews of an important new product are out to publish its “definitive user’s review”, this was too good an
opportunity to let pass for some comment on an initial test run.

What follows is not intended as an exhaustive review. We give an outline of the HF-1000’s major features and state
our findings from a rather abbreviated test period. We have added our individual remarks where appropriate, in italics
and they are indicated by (DC) and (JG).

After our receiver try-out, Watkins-Johnson introduced a firmware upgrade providing synchronous AM detection
and programmable AGC. Included is some Company-supplied information on these features and on future plans we
learned in June, 1994 discussion with an engineering representative.

In order to provide a broader perspective, we have also incorporated other user comments posted in recent months
on computer bulletin boards. The authors wish to acknowledge the co-operation of Ben Krepp in forwarding a number
of the postings to us.

We also acknowledge the cooperation of Bill Bowers and John Bryant who made available some test results which
relate the digital RF interference generated by the HF-1000 in comparison with several other currently popular, high-
performance communications receivers.

RECEIVER AND CIRCUITRY

Anyone who has used only the consumer-type communication receivers of the last 20 years may find the HF-
1000’s size initially unsettling. Because the HF-1000 has been derived from the WJ-8711, a receiver designed for
military/commercial use, some of its dimensions were designed to meet rack-mount requirements. The receiveris 19 in.
wide, 5.25 in. high and 20 in. deep. Modern miniaturization makes for a rather empty box weighing only 15 Ibs.




The HF-1000 consists of an analog tuner, IF digitizer, digital signal processing and analog reconstruction circuit-
ry, and front panel control logic. These operating components are contained on three printed circuit assemblies which,
with the power supply, comprise the complete receiver. At first glance it appears deceptively simple. In reality it is an
extremely complex unit, incorporating extensive state-of-the-art DSP processing capabilities.

The receiver is tunable in 1-hertz increments over the range of 5 kHz to 30 MHz. Detection modes are synchro-
nous AM (see further notes following), FM, CW, USB, LSB and ISB.
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FIGURE 2. HF-1000 SIMPLIFIED FUNCTIONAL BLOCK DIAGRAM

Figure 2, taken from the manufacturer’s Technical Data Sheet, shows a simplified functional block diagram of the
HF-1000. The received RF signal is mixed with that of a first local oscillator, which tunes from 40.455 MHz to 70.455
MHz in coarse 1-kHz steps, to produce a first IF of 40.455 MHz. A filter limits the signal’s bandwidth to 8 kHz. Further
successive mixings with a 40-MHz oscillator and a 430-kHz oscillator produce 2* and 3" IF’s of 455 kHz and 25 kHz
respectively.

The 25 kHz signal is digitized to 16-bits resolution at a sampling rate of 100 kHz. The digitized signal is applied
to a programmable DSP chip that performs the functions of noise blanking, fine tuning to 1-Hz resolution, IF filtering,
passband tuning, tunable IF notch filtering, manual and automatic gain control, signal strength and squelch functions,
signal demodulation and BFO, generation of a multiplexed digital data stream containing one or two demodulated audio
channels, and a post-filtered IF signal.

The receiver’s IF/Audio Output Subsystem then performs the analog reconstruction of the IF and audio signals
provided by the DSP Subsystem in digital form. The reconstructed analog IF signal is upconverted to 455 kHz and made
available at the receiver’s rear. The reconstructed audio is directed to various audio outputs, including an 8-ohm 4-inch
internal speaker under the receiver’s top cover, the 600 ohm front-panel phones jack and the several outputs available
from the rear panel.

MANUAL

The Manual which came with our test receiver is titled “Intermediate Level Maintenance Manual for the HF-1000
Digital HF Receiver”. It is clearly written and fully explains the receiver’s operation. With almost 200 pages of text and
illustrations, it has chapters on general description, installation, local operation, remote operation, circuit description,
maintenance, replacement parts (referenced by manufacturer) and schematics.

Every receiver coming off the assembly line is subject to an extensive burn-in and specifications check before it is
delivered. A seperate bench test report is provided with each receiver too.
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FRONT PANEL DISPLAYS AND CONTROLS

The size of the front panel has enabled Watkins-Johnson to provide numerous uncrowded and easy to use controls.
Mostare single purpose, the principal exception being the Auxiliary Parameter Edit control knob whose functions are
outlined below. The available space permits the luxury of four LED displays although there is no clock.

The front panel layout includes three shaded areas which group particular sets of keys which are associated with
specific functional operations. The shaded area on the left side includes all keys and the display associated with the
memory and scan functions. The shaded area in the center of the front panel contains the keys, displays and control knob
associated with receiver auxiliary parameters such as detection mode, IF filter selection, tunable IF notch, Noise Blank-
er, Passband Tuning, and so on. Finally, the shaded area right-of-centre highlights the 16-key keypad.

The over-all arrangement is logical and with the very helpful Manual at hand, no new owner will need much time
in to become a capable operator. The manual contains a large fold-out illustration of the front panel controls, LED
indicators and displays, cross-referenced to the appropriate sections of the text. Figure 3 on the following page (taken
from the Technical Data Sheet) highlights the ergonomics and some of the features of the front panel organization.

FREQUENCY DISPLAY AND TUNING

The tuned frequency display is a highly visible 8-character LED display, reading in megahertz. The display
contains two digits, a decimal point, and six more digits, in the format xx.xxx xxx.

There are two tuning systems, the common decade method and Step Tune. Either the tuning knob or two up and
down arrow keys may be used.

With decade tuning, the tuning-rate increment can be single hertz, 10 Hz or 10x multiples thereof, i.e. 100 Hz, 1
kHz, 10 kHz etc., all the way up to tens of megahertz. The increment is set by using the right and left arrow keys below
the frequency display to move a cursor to the digit of choice. The position of the cursor is indicated by the digit which
is constantly changing in intensity, a mild blinking that is not irritating.

The tuning knob is 2 %” in diameter, has a fixed tuning dimple and is apparently unweighted.

The light-weight knob mechanism caused one of the few criticisms I had about the test receiver. The very small
additional weight of the dimple seemed to be enough to upset the knob'’s balance so that when the dimple was in the 9-
o’clock position, the slightest touch to the knob would set it in motion for a quarter turn to put the dimple down at 6-

o’clock. (JG)
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FIGURE 3. HF-1000 FRONT PANEL LAYOUT AND FEATURES
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With decade tuning in effect, each press of either the up or the down arrow key increases or decreases the tuned
frequency by one increment only. The tuning knob is the more efficient method of the two in most circumstances.

As an alternative to normal decade tuning, the Step Tune key may be activated. The step-size frequency increment
currently in effect for frequency scanning in the Memory/Scan section then becomes the default increment for tuning -
a change which is still made either by the tuning knob or by the up and down keys. This increment may be anything from
1 hertz to 25 kHz.

A Tune Lock key and LED can be activated to disable the tuning knob and the up and down arrow keys.

KEYPAD

The keypad serves for tuned frequency entry, either in kilohertz or megahertz, and for numerical entries for the
various receiver parameters such as BFO etc. Included in the keypad are the MHz and kHz keys which serve as frequen-
cy-entry terminators. A CE or clear entry key cancels any partially made and unwanted entry.

We found the large, convex-shaped keys require a relatively soft-touch, making for convenient and error-free
fingertip usage. On our test receiver, one of the numeric keys had a tendancy to stick when depressed and this sometimes
necessitated repetitive re-entry of the intended frequency. This apparent mechanical fault causes us concern about the
long term reliability of the keypad, since we have knowledge of another purchaser's situation where the keypad was also
faulty. Hopefully these difficulties have been resolved in later production runs.(DC)

AUXILIARY PARAMETER SECTION

This section, at the center of the front panel, has two 12-character alphanumeric displays. The upper display
normally shows the gain control mode, the BFO frequency and the noise blanking level. The lower display normally
shows the IF bandwidth, the detection mode and the squelch level.

Below each displayed parameter (or function) is a combination key and LED light which when activated permits
a change in the parameters’ setting. While each of the keys may be repeatedly pressed to cycle through the respective
parameters’ setting choices, the all-purpose Auxiliary Parameter Edit knob is a more efficient method. For many of the
section’s parameters, this knob can be used to display and put into effect one of a parameter’s settings.

The Special Function key is used to select Passband Tuning mode, IF Bandwidth Select mode, and a number of
other functions which are infrequently used.

SELECTIVITY AND THE DSP FILTERS

One of the most talked-about features of the HF-1000 is its array of 58 user-selectable IF bandwidths with their
excellent skirt selectivities and shape factors. The DSP circuitry has produced a capability that could not have been
obtained with older, conventional techniques. :

For the bandwidth specifications, Watkins-Johnson uses the width at -3 dB rather than -6 dB. The 58 bandwidths
range from 56 Hz to 8 kHz at -3 dB, while the -3/60 dB shape factors vary from 1.45 to 1.20, depending on the
bandwidth selected. The shape factors would be even more impressive if stated in the more commonly-known -6/60 dB
ratio. In the SSB mode, only the widths from 900 to 3200 Hz can be used with the current software.

The user is able to select for quick access only those bandwidths ordinarily used. With the Special Function key,
widths can be quickly added to or taken out of this up-front group. It is a simple matter at any time to activate the IF
bandwidth key and with a twist of the Auxiliary Parameter Edit knob, to run through the up-front bandwidths and hear
their effect on a signal.

I made a number of listening comparisons with the HF-1000 and my Racal RA-6790/GM. The Racal has only a
limited number of crystal-lattice filters, and most have 60/3 dB shape factors of 2. It does have a 3.24 kHz filter with a
factor of 1.33.1 put both this and the similar DSP filter in the HF-1000 up against the worst adjacent-channel interfer-
ence situations I could find, using both AM and ECSS modes. Lab tests might dictate otherwise, but I couldn’t distin-
guish one receiver from the other. They both seemed to have the same relative successes and failures.

The HF-1000’s narrowest filters are an improvement for the CW DX er. The single-crystal Lamb filters in the old
tube receivers could provide a nose selectivity of less than 50 Hz, but the skirts were several kilohertz wide. The narrow
CW filters of modern receivers have much improved skirt selectivity, but their nose widths of possibly 100's of hertz
don’t permit the best signal-to-noise ratio for weak signals. This has often dictated the use of audio filters. The narrow-
est DSP filters either equal or improve upon the best features of past methods, although they may not give the signal
boost that the Q that some Lamb filters provided.

While the range of DSP filters certainly offers the broadcast DX’er far more flexibility in dealing with “tight

- signal” interference suppression, they are tailor-made for the RTTY user too. No other receiver has had enough filter
choices to deal well with the variety of RTTY bandwidths. The multiplicity of selectable DSP filters is a big step toward
obtaining better signal-to-noise ratios for all manner of RTTY transmissions.(JG)
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Bill Bowers tell us that he finds the 75 Hz position absolutely superb for DXing longwave beacons. For general
SWBC purposes, however, Bill considers the Japan Radio NRD-535D to be his number one receiver and superior to the
Drake RS because of the flexibility afforded by the Variable Bandwidth Control.

1 do little utility DXing (CW and RTTY modes) but side by side tests of the HF-1000 with a Drake R8 fed concur-
rently by the same antenna through a multicoupler rendered similar results, for approximately equal bandwidths on the
Tropical Bands.(DC)

The following comment posted on Internet does, however, constitute another user’s assessment of an apparent
difference in performance between DSP and analog filters:

It seems to me in listening and comparing the HF-1000's weak signal performance that the difference
has something to do with the difference between analog and digital filters. I can use a digital filter whose
bandwidth is much smaller than an analog filter and hear about the same audio response. For example, the
HF-1000s 1.8 kHz filter sounds very much like the NRD's (525 with Eska) 2.4 kHz filter.And yet filter
curves I have generated on the NRD 2.4 and HF-1000 2.4 filters really do have that bandwidth. I think the
difference lies in the phase characteristics of the two filters. It is possible to design a digital filter with linear
phase, but the NRD analog filters are not linear phase. The phase rotation at the filter edge with an analog
filter must allow more noise to get through with less coherent signal. - John Reed, KASQEP

SENSITIVITY, THE PREAMP AND ATTENUATOR

We found the receiver’s sensitivity to be quite good, though unexceptional. Man-made and natural noise, particu-
larly at lower frequencies, will be the limiting factors for most weak-signal reception.

The front panel RF Input key selects either normal reception, 10 dB signal preamplification or 15 dB signal
attenuation. Preamplification is disabled when the tuned frequency is 500 kHz or less. On a 10 dB S+N/N basis, the HF-
1000 is said to have at least the following sensitivities over the 500 kHz to 30 MHz range:

STATED SENSITIVITY
WITH PREAMP

not stated
not stated

STATED SENSITIVITY
MODULATION |.F. BANDWIDTH WITHOUT PREAMP

AM (50% mod., 400 kHz) 6.0 kHz 1.58 microvoh
USB/LSB/ISB 22 kHz 0.56 microvolt

My URM-25F signal generator is not a lab instrument, but it is fairly well calibrated. A number of current
receivers I measured came out with figures well in line with their advertised sensitivities. I found the test HF-1000 did
somewhat better than what is claimed. The following are the average measurements at many frequencies over the .5 to

30 MHz range. Variations were generally +/- 10 percent. (JG)

MEASURED SENS.
WITH PREAMP

MEASURED SENS.

MODULATION I.F. BANDWIDTH WITHOUT PREAMP

AM (50% mod., 400 kHz) 6f0_lqjlz 1.0 micrqvolt ‘ .65 microvolt
AM (30% mod., 400 kHz) 4.0 kHz 1.3 microvolt /85 microvot
SsB 3.2kHz 0.3 microvolt .20 microvolt

Watkins-Johnson says the preamplifier gives a 10 dB signal gain and the attenuator a 15 dB reduction. I found this
to be true, although my 10 dB gain figure was simple signal gain and did not take account of the increase in noise. With
this taken into account, the net signal improvement provided by the preamp varied from 3 to 4 dB.Using a Grove TUN4
preamp/tuner instead of the receiver’s preamp resulted in respective averages of .50 and .65 microvolt in place of the
preceding figures of .65 and .85 microvolt.

As for the lowest frequencies, there was very little decrease in sensitivity from 500 kHz down to 100kHz. Even with
high ambient noise and a modest Palomar amplifier/loop, there was enough sensitivity down in the 11 kHz area for me
to detect at times the Omega navigational signals from North Dakota and Hawaii.

The HF-1000 without its preamp had about the same sensitivity as the RA-6790. (JG)
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STABILITY

All fixed local oscillator frequencies and critical timing signals in the receiver are derived from a 10-MHz refer-
ence oscillator. The latter can be locked to an external oscillator’s input of 1, 2, 5 or 10 MHz. The internal reference
oscillator's stability is stated to be better than 1 part per million.

A convenient way for checking stability of a receiver like the HF-1000, wuh its single reference oscillator and
precise BFO zero-setting capability, is to tune to WWYV in the CW mode with BFO set at zero, find the exact frequency
of zero-beat, and note any change in the frequency over time. I noticed no evident change in the zero-beat frequency,
’ although this wasn 't continually checked.

At 15 MHz, I found the oscillator in our HF-1000 to be off slightly, as indicated by zero beat for WWYV. I registered
zero beat at 15.000015 MHz.This suggested a 10 Hz error in the setting of the 10 MHz reference oscillator. There is
normally a trimmer in such a receiver for making very small corrections to the oscillator’s frequency, but I haven’t
noticed it mentioned in the manual. (JG)

| DYNAMIC RANGE

Watkins-Johnson claims “High Dynamic Range: +30 dBm 3-order intercept typical.” In the Manual, the compa-
ny expands on this by stating the 3™-order intercept point to be “+30 dBm typical, +25 dBm minimum (for signals
separated by 20 kHz minimum).” Unfortunately, the measurement bandwidth is unstated.

Elton (‘Bi’) Byington commented on an article entitled “Key Components of Modern Receiver Design” by Dr.
Ulrich L. Rohde, the first part of which appeared in the May 1994 issue of QST. Bi cited one feature of the HF-1000’s
design that would contribute to good dynamic range:

|

Rohde’s argument centers around a receiver’s AGC design and how it impacts on the set’s dynamic
range. He contends most modern radios are susceptible to intermodulation distortion because they derive |
their only AGC voltage from a point beyond their 2™ IF.

In the article, Rohde argues persuasively for a two-section AGC system - one part controlling the 2~
IF’s gain in a traditional manner, the other part controlling the gain of the first IF and the receiver'’s front
end. His point is that intermodulation distortion can be produced at the set’s 2* mixer - and hence in the
radio’s second IF without its components having any effect. The argument is quite persuasive.

Only two receivers I know of limit the gain of the first IF from a signal derived from the first IF itself:
the Lowe HF-225 and the W-J HF-1000. Lowe uses a PIN diode to limit the gain of the first IF (45 MHz); the |
W-J uses a controlled bipolar amplifier.

SYNCHRONOUS AM

The upgrade for synchronous AM was issued after our receiver try-out. It is of the double-sideband type. A W-J
spokesman tells us that the pros and cons of double sideband and selectable sideband have been considered, and it is
probable a future synchronous AM system will be of the selectable sideband type. We certainly endorse such a move.

NRD + ESKA HF-1000 + SAM

PARAMETER
YVeak signal lock range ‘

The following comment on the signal-lock performance of the present system was posted on Internet:

This past week I received the firmware for installing Synchronous AM (SAM) detection in my HF-1000
receiver. I was able to install it in about half an hour and it worked great. In testing it I compared it to the
ESKA phase-lock AM board installed in my NRD-525. Here are the results for strong and weak signals.

As an on-the-air test I tried to lock onto Radio Pyongyang, 13760 kHz, at 1300 UTC. The signal was
weak and fading rapidly and was (actually) on 13760.1 kHz.The HF-1000 was able to lock onto it immedi-
ately even when set to 13760.000. The NRD was not able to lock it at all, even when set to 13760.1. Impres-
sive!/- John Reed, KASQEP
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GAIN CONTROL MODES
Our test receiver had the standard control mode options available; Manual, AGC Fast and AGC Slow. The spec
sheet’s figure for typical attack time was 15 msec and for fast decay time, 25 msec. The slow decay rate was not
specified.
Further specifications were: AGC range 100 dB minimum; Manual range greater than 100 dB. The AGC threshold
was said to vary with bandwidth and was typically 10 dB above noise floor, being .56 microvolt for a 6 kHz width and
.12 microvolt for a 300 Hz width.
Since our receiver try-out, Watkins-Johnson has released a firnware upgrade that provides a third AGC decay rate
- Medium, an adjustable AGC-threshold mode in addition to the relatively fixed AGC threshold described above, and ‘
adjustable AGC-decay time. The following comment was posted on CompuServe:

AGC SETTING DEFAULT DECAY TIME RANGE LIMITS (USER-SELECTABLE)
FAST 20 msec 10-100 msec
MEDIUM 200 msec 100 msac - 1 sec
SLOW 2 sec 1 sec - 5 sec

It’s interesting, and certainly more than a coincidence, that the HF-1000's AGC setup is now similar
to the Racal 6790/GM - fast, medium, slow, manual, and fixed or adjustable threshold. I think you’ll find
that there’s enough variation here to compensate for almost any signal condition you'll encounter.

- Steve Share

The HF-1000’s upgrade, however, takes AGC flexibility farther than that in the Racal, a receiver whose design is
about 15 years old. The HF-1000 owner can program in an AGC-decay time for each of three settings.The attack time of
15 msec is said to be unchanged.The decay times are as follows:

PASSBAND TUNING

This feature is limited to use while the receiver is in the CW mode and allows for a +/- 2 kHz shift relative to the
passband. W-J has indicated a future upgrade will make available passband tuning in the SSB mode. The maximum shift
will be increased for SSB, but we are told the exact limits have not yet been set.

TUNABLE IF NOTCH FILTER

In our test HF-1000, the filter appeared to be sufficiently deep for removing a strong heterodyne. The notch depth
is said to be typically in excess of 60 dB. This is an impressive number, comparing favourably with the best IF notch
arrangements in some earlier Drake, Collins and Hammarlund receivers of the past.

The function operates in the AM, FM, USB, LSB and ISB modes. The notch nominally can be adjusted +/- 9999
Hz relative to the tuned carrier frequency, although the actual tuning limits become progressively narrower as the
bandwidth is narrowed. Either the Auxiliary Parameter edit knob or the numeric entry keys can be used to vary the
relative notch frequency.

BFO FREQUENCY ENTRY

When the receiver is in the CW detection mode, the BFO entry key in the Auxiliary Parameter section can be
activated to allow adjustment of the BFO frequency to anything within the range of +/ - 8000 Hz. Entry is made by the
numeric entry keys or by adjustment of the Auxiliary Parameter edit knob. The ability to call into use a precise BFO
frequency is especially useful for RTTY because the various frequency shifts that may be employed each call for a
specific BFO frequency for best reception.

Repeated pressings of the +/- Zero Key cycle through three positions, either setting the existing BFO frequency
above or below the carrier frequency, or setting the BFO frequency to zero.

SIGNAL LEVEL METER

The analog meter indicates signal strength both in ‘S’ units and in dBm (decibels referenced to 1 milliwatt). The
scale range is -120 to +10 dBm, with the maximum on the ‘S’ scale being 80 dB over S9. The meter calibration is not
affected by switching in either the preamplifier or the RF attenuator.

MEMORY CHANNELS
The HF-1000 has a capacity of 100 memories, or memory channels, as the manufacturer calls them. Memory

backup is provided by an easily replaceable lithium battery.
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To store a currently tuned frequency and other receiver parameters, it is a simple matter of first pressing the
Channel View key on the left side of the front panel. Then, either the Memory/Scan edit knob or a numeric key entry for
a particular channel, will bring the channel number and any existing frequency entered in the channel to the Memory/
Scan display. Once the desired memory channel is displayed, the user presses the Store Key to place the tuned frequency
and other parameters into that memory.

For the reverse procedure, changing receiver parameters to those stored in a memory channel, the same steps are
performed; pressing the Channel View key and using either the edit knob or a numeric key entry to bring up the memory
channel to the display. Pressing the Channel Execute key updates the receiver with the parameters from the memory
channel.

SCAN MODE

Three types of scan operations are available - memory channel scanning, frequency-to-frequency scanning, and
frequency-to-frequency scanning with lockout frequencies inserted. For this latter type, the number of frequencies
locked out can range in number up to 100.I n frequency-to-frequency scanning, the choice of frequency increment is
within the range of 1 Hz to 25 kHz. .

A Dwell key is used to set the time the receiver will pause at a signal before moving on. The time length can be
from .5 to 20 seconds in duration or it can be infinite, i.e. until either the signal drops below the user-adjustable squelch
threshold for 8 seconds, or the operator restarts the scan.

The first review of the HF-1000 in the commerical press that we are aware of appeared in the June 1994 issue of
the British publication, Short Wave Magazine. The reviewer, Mike Richards, was especially enthused with the flexibil-
ity of the frequency scan mode for hunting down utility signals. Ease of use of the scanning modes also received high
marks thanks to the user prompts in the menu system provided through the auxiliary displays.

BUILT-IN-TEST FUNCTION

The Built-in Test Function, or BITE, permits testing the internal circuitry of the receiver. A successful BITE test
provides confidence that the receiver is performing normally. BITE is accessed and started with the Special Function
key. Sixteen tests are performed.If all are successful, ‘Bite Pass’ is displayed; otherwise, a failure of any individual test
registers as a specific number in the display. The meaning of each error code is described in the Manual.

AUDIO

The audio is clear and of good quality, although the Short Wave Magazine reviewer was somewhat disappointed
with the measured distortion level through the speaker and headphone outputs. There are internal and external speaker,
headphone and line outputs as follows:

Speaker: Level adjustable up to 1 watt into 8 ohms, with a bandwidth 100 Hz to 13 kHz, +/- 2 dB.
Headphone: Level adjustable up to 10 mW into 600 ohms; % in. stereo jack. (This is an ideal match
for the Japan Radio ST-3 communications phones used by many DXers.) Two unbalanced outputs
with channelsfor USB and LSB in ISB mode; otherwise, outputs are combined.

Line: Level 0 dBm, or 1 mW, into 600 ohms. Two balanced outputs with channels for USB and LSB
in ISB mode; otherwise, outputs are combined.

Bill Bowers pointed out to us that the internal speaker is not muted, even if the headphone jack is engaged or the
external speaker connections are used. Since there are seperate speaker and headphone volume controls, this is not a
problem when using headphones, provided the speaker volume is set at minimum output. However, the single speaker
volume control governs the audio level for both the internal speaker and the external speaker outputs. This oversight
interferes with the usefulness of adding a better quality external speaker.

Another convenience shortcoming is the absence of a tape recorder output although the 600 ohm line output works
well for this purpose.

POWER SUPPLY

The receiver will automatically adjust to a connected power supply that is in the permissible range of 97 to 253
volts AC, 47 to 440 Hz. The power consumption with receiver options included is typically 35 watts. DC operation is not
available. E
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RS-232 REMOTE OPERATION

The receiver can be controlled remotely by a computer or other controller device that is equipped with an RS-232
serial interface and capable of transmitting and receiving ASCII-standard encoded characters. Physically, only a trans-
mit, a receive and a ground line are needed between controller and receiver. Twenty-nine different receiver parameters,
ordinarily under local operator control, can be controlled or monitored over the RS-232 interface. There are 28 pages in
the Manual explaining this form of remote operation.

CSMA REMOTE CONTROL

An alternate method of remote control, probably of much less interest among radio hobbyists, is through another
interface type; Carrier Sense/Multiple Access with Collision Detection, or CSMA for short. This is a media access
method whereby a number of stations, from 2 to 63, share a common line or bus medium. Eight receiver parameters can
be remotely controlled. The Manual devotes a further 15 pages to this system.

REAR-PANEL CONNECTORS

On the rear panel are the following connectors:

Individual BNC connectors for RF input, HF-1000/PRE preselector input and output, signal monitor
output,post-filtered IF output, reference oscillator input.

Mini-phone jack as CSMA remote interface port.

D-25 as RS-232C remote serial interface port.

D-15 for two 600-ohm audio line outputs, DC-coupled audio output, speaker output, remote signal
strengthindication ouput, squeich output and mute input.

Grounded (three-prong) male receptacle for line cord.

The D-15 multi-pin plug is most inconvenient. The specifications pages in the Manual and the text in the market-
ing brochure indicates these outputs are provided by terminal strip (ie. screw terminals). That’s what should have been
provided but it isn’t!

RF INTERFERENCE FROM DISPLAYS

Bill Bowers has performed some tests to measure the relative noise at mediumwave (812.7 kHz) and the 90 meter
Tropical Band (3127 kHz) frequencies emitted by the digital displays of the HF-1000 and several other receivers. A
Sony ICF-2010 (with 24 inch whip, in AM mode at wide selectivity and RF at maximum) was placed progressively
farther away from the front face of each receiver to determine the distances in inches at which the Sony’s signal-strength
LED’s went out (test #1) and further, when even the slightest audio noise ceased to be detectable (test #2):

In the following chart, lines one and two show the results of test #1 and test #2 respectively on Medium Wave for
the subject receivers. Lines three and four correspondingly show the results of test #1 and test #2 on Tropical Band.

RA-6790 NRD-535 HF-1000

The clear winner in both tests on both frequencies is the Drake R8. Generally speaking, the Racal RA-6790 ranks
2. The HF-1000 and the Icom R-9000 can be seen to be in a close race for 3™ ranking, while the Japan Radio NRD-535
is slightly inferior still.

These tests should be taken into consideration by anyone considering using a loop antenna in the immediate
proximity of the receiver, or indeed any form of antennae with unshielded lead-in.

Using at first an unshielded antenna lead-in, I thought the noise (radiated by the receiver and picked up by the
antenna lead-in) from the HF-1000's displays was very low in both the AM broadcast band and in the shortwave
spectrum up to about 11 MHz. It was from there to 30 MHz that the noise gradually increased, to the point where it
exceeded weak signals. It seems necessary for any tuning in the higher frequencies to have a coax lead-in from an
antenna. A W-J engineer told me they had had no indication at present that display noise is a particular problem. (JG)
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My experience at my urban residence with an unshielded random wire was the same as James: severe hash was
received at 10 MHz. It became progressively worse as the frequency increased. Furthermore, the blinking cursor asso-
ciated with the frequency display was easily detectable at almost the same speed as the beat tones of WWV on 5 MHz.
Perhaps there was some form of shielding fault specific to our test receiver? I should add, however, that none of these
noise problems was experienced using coaxially-fed Beverage antennas at the DX barn on my rural property.(DC)

POSSIBLE FUTURE ENHANCEMENTS
Watkins-Johnson has confirmed the following enhancements are under consideration:

FSK Demodulation: This additional capability could be either an internal or outboard enhancement

Additional SSB bandwidths: Some owners have requested that the maximum IF bandwidth in the
SSB modebe higher than the current limit of 3.2 kHz. The limit may simply be removed, making any width
of up to 8kHz available for SSB use.

PC Signal Monitor: output for computer RF spectrum displays.

Adaptive audio filtering for automatic notching out of multiple heterodynes and for wideband “white
noise”reduction. This would seem to be a “natural” for extension of the inherent DSP capabilities, to incor-
porate some of the features now provided by accessory units such as the NIR-10 and units in the line of DSP
filtersfrom JPS Communications.

Speech compression for remote operation by modem.

We have been told that any of the last three enhancements may come about either by using the current DSP chip
or an additional one. The capacity of the current chip is almost fully utilized but if the hobby community has little use
for the reconstructed analog 455 kHz output, its removal could free up some capacity and permit an upgrade of the
present chip to accomodate these changes. This approach would avoid having to put an additional daughter-board in the
receiver, an alternative that could cost at least $700.

HF-1000/PRE: SUBOCTAVE PRESELECTOR OPTION

This optional filter device mounts inside the rear wall of the receiver’s chassis. The preselector filters unwanted
out-of-band energy from the RF applied to the receiver and therefore might be a worthy addition for anyone operating
from an especially high signal level environment.

Each one of eleven filters covers a part of the RF spectrum in the range of 0 MHz to 30 MHz. The receiver’s tuned
frequency determines the selection of the appropriate filter which improves the receiver’s second and third intercept
performance. The preselector also features two RF voltage overload-protection circuits.

CONCLUSION

Our early impression is that the HF-1000 is a worthy purchase for the well-heeled hobbyist who must have the
“latest and greatest”, especially given the enhancements added since our test. In side-by-side comparisons with James’
RA-6790 and David’s R8, however, we found no significant differences in tough-signal “DX-ability”, except for utility
modes. Certainly the array of IF filters with their outstanding skirt selectivity characteristics is a major advance. But
from a DXer’s perspective, similar reception capabilities can be attained from other “conventional” top-end receivers
like the NRD-535D and the R8, albeit sometimes with a bit more “knob twiddling”. The value for the current pricetag
of the HF-1000 is debatable. We would like to think that as has been the case with most new and emerging technologies,
the price of DSP chips could come down significantly. It might be worth a wait.

On the other hand, we hope the HF-1000 continues to sell well as it apparently is. It would be a pity if a quality
outfit like Watkins-Johnson was discouraged from developing a presence in the hobby marketplace. W-J has already
established a good reputation for its interest in and responsiveness to user feedback, so all indications are very positive.

Universal Radio in Reynoldsburg, Ohio quotes the HF-1000 at $3,799. The optional preselector is priced at
$599.95. In Canada, Norham Radio in Toronto, Ontario quoted the Canadian funds price at $5,200 based on the prevail-
ing exchange rate for the US dollar. A Canadians funds price for the preselector was not available.
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UPDATE:

MORE ON THE WATKINS-JOHNSON HF-1000 RECEIVER
(Current Version as of August, 1994)

Submitted by: George Zeller  Compiled by: David Clark

Editor’s Note: The appearance of the HF-1000 in the fall of 1993 caused such a stir in the marketplace that we
resolved to provide an “early” review in this issue of Proceedings. The preceding article by David Clark and James
Goodwin was necessarily captioned a “first impressions” review. In late-winter 1994, they had time-limited use of an
early version HF-1000 on loan from the Canadian dealer. Since then, e-prom upgrades have been implemented which
enhanced the AGC capabilities and delivered the planned synchronous AM capability.

In midsummer 1994, George Zeller acquired a new HF-1000 which incorporated all of the more recent e-prom
upgrades. He also purchased the optional preselector to ensure optimal front-end performance. Just before Proceedings
1994-95 was going to press, George informally shared his more extensive findings and insights with us, including
perspectives based on his own direct dialogue with Watkins-Johnson. The editorial staff are grateful for George's
authorization to compile this timely and highly useful Update for inclusion in this edition.

OVERVIEW

Let’s begin with two very important statements. First, I believe this receiver dramatically outclasses every other
receiver in the consumer shortwave radio marketplace, regardless of price. I am absolutely delighted with it so far! 1
want to emphasize that the relatively few problems I have identified and my suggestions for improvements should not
be construed as detracting from my overall enthusiasm for the product.

Second, Watkins-Johnson is to be commended for their open policy of communication with their customers.
When I called the ‘800’ iumber, I was treated in a very friendly fashion while Michael Cox of the W-J Engineering
Department was on another line. I then enjoyed a half-hour conversation with Mr. Cox who was very friendly and
helpful. I have since sent him a lengthy letter which outlines my findings and recommendations based on the month or
so of experience that I have had with the receiver. I am confident I can anticipate a constructive response in due course.

My comments begin by highlighting just some of the many outstanding features of the HF-1000. Then I outline
the more significant deficiencies or shortcomings that I have found. These findings form the basis of a longer “wish list”
of suggestions for future upgrades. I believe these suggestions merit and probably will receive serious consideration by
W-J. Finally, I have compiled a list of further “nice-to-have” enhancements that may not be feasible to implement based
on practical memory limitations and/or the physical design of the HF-1000.

OUTSTANDING FEATURES

Any discussion of the HF-1000 must start with the 58 IF filters which all seem to have nearly vertical shape
factors. These DSP-derived filters are the principle technological breakthrough that places the HF-1000 in a class by
itself.

But there are other unique features that deserve strong kudos. The BFO, Notch, and Step Tune are adjustable to a
resolution as fine as 1 Hz, with corresponding readout on the front panel display. The frequency readout is available to
1 Hz resolution as well. The PBT is adjustable to 10 Hz resolution although it is only operative in CW mode. The
threshold levels of the three AGC positions (plus Off) are adjustable as well. The ten-position Noise Blanker is very
effective. No other receiver has this combination of features and flexibility. They are wonderful.

The general performance of the receiver is better than I have experienced with any other radio. The sensitivity is
very good and has been found to be better than the ICOM R-9000 is some ‘A-B’ tests I did with a single antenna. The
front end seems to be built like a battleship. I do have the optional preselector installed and have not noticed any stray
signals. Dynamic range and blocking seem superior to other receivers I have used. The acid test for me is the nightly
situation on 7415 kHz which I tune for pirate DXing purposes. When WEWN signs on 7425 kHz with its very powerful
500 kW signal and broadband slop, my other receivers can’t handle the mess. I can get rid of WEWN on 7415 kHz
entirely in LSB mode with the HF-1000.

The memories are all tunable and you can tune between the memories with a knob. This is a very useful feature
that I haven’t seen on other current receivers except the Japan Radio NRD-535D. The Drake R8 tunes between the
memories but the memories themselves are not tunable.
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The layout of the front panel is pretty good. It didn’t take too long to learn how everything works and general
ergonomics are good. Functions and displays are spread out over a lot of space, so you really can’t push the wrong
buttons by mistake. The owner’s manual is extremely good. It is clearly written, comprehensive and includes schemat-
ics, parts list and computer control parameters. The General Binding spiral binder is good for adding future manual
update pages.

I think the audio is very good, especially in the AM synchronous mode which is the latest software upgrade and
has been implemented in the model I purchased. Audio is better than that of the R-9000 which is also very good. It rivals
the audio quality delivered by the Philips DC-777 shortwave car radio which, in my opinion, has the best audio of any
current shortwave receiver. This seems to be mainly a result of the filter flexibility and the synchronous detector,
although audio is quite good in single sideband mode too. I will modify this assessment with later remarks concerning
audio hiss and the internal speaker that cannot be disabled.

Taken collectively, all of these flexible features and functions mean that there is no better shortwave receiver
currently for sale, although it certainly is expensive. I don’t believe any other receiver even approaches the level of
capability of the HF-1000. It is a great technological breakthrough in useful DX performance. In fact, I am running out
of adjectives to describe its literally astonishing overall performance characteristics.

THE BAD NEWS

Aside from the enormous price-tag which unfortunately places prospective ownership of the receiver beyond a
large majority in the shortwave receiver consumer market, I have identified five aspects that I feel can be classified as
definite flaws, although only one is really serious. Of these, the first four are problematic, so I do hope W-J will give
some thought to fixes, most importantly with respect to the digital hash characteristic that David Clark and James
Goodwin identified in their review. The fifth flaw is less salient but nevertheless, it is a problem.

1. DIGITAL HASH: The receiver puts out a very unfortunate level of digital computer hash noise. It seems to
come from the front panel but W-J says that their probes indicate the problem may originate with the e-prom that drives
the front panel. The condition makes it difficult to use an indoor medium wave loop antenna such as the Kiwa model
that I have in the immediate proximity of the receiver. It also creates serious shielding problems for feedlines from
outside antennas (see also 3. following). Although evidence of the hash is certainly a concern on the lower frequencies,
I should add that it is much worse on frequencies above 12 MHz.

This is the worst fault with the HF-1000 by far...the one really significant blemish on an otherwise super receiver.
If the problem indeed lies with the e-prom, this might just be a question of providing improved shielding.

2. SOFTWARE FAILURE: On one occasion the memories suddenly went dead and after a couple of minutes, the
entire receiver seized up. A strange 26 MHz frequency appeared on the display but otherwise, all other panel indicators
were frozen in the initialization mode. No knobs or buttons worked and there was no audio output. Turning the receiver
off and then on again started a new initialization cycle (analogous to a “soft boot” on a computer) which terminated in
the same frozen condition.

Fortunately there is a cold start (“hard boot”) mode programmed into the receiver software. This is invoked by
depressing the Clear/Entry key at the same time the receiver is powered on. When this was invoked, normal operation
resumed, except that all memories and other settings were not retained. The receiver returned to default mode as it
comes out of the box. Apart from this one incident, it has worked perfectly ever since. The sequence of events has been
communicated to W-J and their diagnosis is hopefully going to identify and resolve the presumed software bug.

3. BIRDIES: In normal use, I find there are dozens of birdies in the receiver. The worst of them are concentrated
in or near the 20 meter ham band and the 31 meter SWBC band. The birdies sound like the digital hash and are present
in two categories; those which are extremely strong and others which are not as strong but still very noticeable. The
extremely strong ones have been found at 3500, 8000, 11200, 11400, 12400, 12800, 13200, 14000, 14400, 14800,
16000, 17600, 24000, 28000 and 30000 kHz. The other audibly bothersome group have been located at 7000, 10800,
11500, 11600, 11700, 11800, 11900, 12000, 12500, 12600, 12700, 13000, 13100, 13300, 13500, 13600, 13800, 13900,
14300, 14500, 14600, 14700 and 18000 kHz.

There is a significant difference between the two categories. The extremely strong birdies are audible, albeit
weaker, when no antenna is connected. The second category disappear when the antenna is disconnected but reappear
when the antenna is again connected to the receiver. So it seems that the birdies are a by-product of the digital hash
which is apparently being reradiated into the receiver, even through a coaxial antenna lead-in. A better internal shield-
ing arrangement is an imperative.

4. AUDIO HISS: It is strange that the HF-1000 exhibits two of the problems that plagued the Japan Radio NRD-
525; digital hash and hiss noise in the audio output. The hiss is not nearly as bad in the HF-1000 but it is nonetheless
audibly noticeable and distracting, especially when using headphones. The level seems to be related to the filter in use;
the hiss is more bothersome when a wider filter is used.
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While the fault is not nearly as serious as the digital hash interference, it is something to be concerned about. The
addition of a DSP audio processor ought to resolve this annoying problem.

5. AUDIO ‘OUT’ IDIOSYNCRASIES: The multipurpose A2J16 pin output is utterly nonstandard in the radio
hobby. Fortunately, I spotted this before I purchased the receiver from Universal Shortwave. They soldered some con-
nectors to the pin plug for me. I now have two RCA jacks for the USB/LSB/ISB audio out. I also have the external
speaker audio out wired to a 1/4" plug which in my case is used to drive an M-8000 RTTY decoder.

The audio through the small, internal speaker is quite poor. 1 was then annoyed to find that the audio to this
speaker cannot be disabled, even when an external speaker is engaged.

The independent AF gain control for the headphones is a very nice touch, although here the adjustment range of
the gain control could be improved; it has to be turned up well-past the halfway point before adequate volume is
received through the headphones.

UPGRADES NEEDED - WISH LIST

It is understood that the memory capacity on the present DSP chip is almost exhausted. This means that in the
absence of, or pending an expensive ($700-1000 range) major upgrade, some software upgrades might have to come at
the expense of removing some of the existing features. I have a few observations in this regard.

1 am not using the IF out provision so I probably wouldn’t miss it unless it was to be used for an external spectrum
display. I do find the “false stereo” effect of the ISB mode on an AM signal to be an interesting novelty. In some cases
it seems to provide the most usable copy of a DX signal so I would be reluctant to lose that mode.

If a proposed selectable sideband AM synchronous detector works as well as the present double-sideband version,
then I would be interested. But if that degraded the wonderful audio delivered by the current implementation, then I
would certainly not want to lose it. I understand as well from talking with W-J that expanding the range of filters
available for SSB mode would consume significant additional memory.

Taking these caveats into account, as well as the more serious problems I have identified, following is my current
wish list of needed and strongly recommended upgrades.

1. Fix the Digital Hash: Since this is the only really serious problem with the receiver, improved shielding or
other modifications to deal with it should be the number one priority. My experience indicates that if this was to be
resolved, the numerous strong birdies would be greatly attenuated as well.

2. Provide DSP Audio Processing: It is understood that provision has been made for the future extension of DSP
to the audio stage. This would seem to be a “natural” for expansion of the already impressive DSP utilization. It ought
to be a significant improvement since it would surely eliminate the hiss noise currently noticeable in the audio output.

3. Enable PBT in Sideband Modes: I can’t understand why the PBT only functions in CW mode. Many DXers,
including myself, frequently do a lot of tuning and DX listening in sideband modes, including ECSS reception of AM
signals. PBT is often useful for interference rejection and often obviates the need for a filter that is too narrow for
reasonable audio reproduction. For this proposed implementation, the present PBT tuning range (+/- 2 kHz) should be
expanded to +/- 3 or 4 kHz.

4. Enable Wider Filters in Sideband Modes: It seems strange that AM and CW can be received at any filter
bandwidth, yet SSB reception is limited to the filters within the range of .9 to 3.2 kHz. It is recognized that a 3.2
sideband bandwidth renders about as much audio as a 6 kHz filter in AM mode, but expanded provision for filters wider
than 3.2 kHz would still be desirable, especially when toggling between AM sync and SSB modes.

5. Provide Selectable Sideband AM Synchronous Mode: As noted, there are times when user-selectable upper
or lower sideband selection is desirable for optimum ECSS reception. The present double sideband implementation, as
provided for example in the Lowe HF-225/Europa, should be retained if possible. Maximum flexibility would be great
if provision could be made for selectable sideband as well, as has been implemented for example in the Lowe HF-150.

6. Resolve Audio Out Deficiencies: There are four issues here. The pin connector should be replaced with a
terminal strip or by providing of an adaptor that allows an array of pre-wired RCA audio jack outputs to be plugged into
the connector. Next, the internal speaker should be automatically disengaged (or switch selectable) when the external
speaker out is connected. Improve the “balance” across the range of the headphone volume control. Finally, the front
panel switch to regulate ‘USB/LSB/ISB Out’ only affects the audio output to the external speaker output via the connec-
tor. It doesn’t work with either the headphones or the internal speaker. Given that my external speaker out is used for the
RTTY reader, I get no use at all from the switch as currently configured.

ITWOULD BE NICE...

Here are other items on my current “wish list”, although these are mostly in the convenience improvement catego-
ry, some probably limited by the front panel design, and certainly noncritical to the performance of the receiver.
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1. Spectrum Display: I find a valuable feature of the ICOM R-9000 is its very user friendly and virtually real time
spectrum display. As there is no built-in CRT display in the HF-1000, I suppose any spectrum analysis capability would
need to be handled by an outboard device via the IF out.

2. Programmable Alpha-Numeric Memory Designations: A number of receivers, including portables such as
the Sony SW-55 & 77 and certain Grundig models, allow the user to program an alphanumeric designation for each
memory channel. This would be a convenient addition to the HF-1000’s capabilities but I'm not sure how display might

| be handled on the front panel.

3. Another 100 Memories: Like the Drake R8 the HF-1000 only provides capacity for 100 memories. Many of
the better receivers today provide 200 or more memory channels. The addition of another 100 (tunable) memories
would be useful for some owners, especially those who like to take advantage of the complementary scanning functions.

4. Mode Buttons: Most users are very annoyed by carousel-style mode change buttons. The worst offender in this
regard is the Drake R8. At least with the HF-1000, the carousel is bidirectional so it is relatively easy to toggle back and
forth between the USB and LSB modes but the design is inconvenient for invoking offsets in CW, RTTY and FAX
modes. The ICOM R-9000 arrangement of individual buttons for each mode is a superior design but I don’t know where
individual mode selection buttons would go on the existing HF-1000 front panel.

5. Keypad Format: The familiar touch-tone telephone keypad sequential numeric format with zero and other
entry functions on the lowest row is provided on most shortwave receivers which provide keypad entry facilities. The
inverted format of the HF-1000 keypad takes some getting used to. Is this a leftover from a military or commercial
standard?

6. Improved Smoothness for the Main Tuning Knob: The feel of the main tuning knob “wheel”, as it is dubbed
in the Owner’s Manual, is quite stiff. This may seem minor but during long DXing sessions, a comfortable feel such as
that rendered by the Drake R8 is important. Using the big knob on the HF-1000 feels like turning the main wheel on an
ocean liner. Maybe it needs a dose of power steering!

7. S-unit Conversion: The dBm calibration on the signal strength meter is interesting, seems precise, and fortu-
nately is precisely correlated with the dBm units governing the Squelch control. But this unit of measurement is non-
standard in the radio hobby. Most other good receivers contain S-meters or equivalent graphical displays that are
calibrated in S-units and decibels over S-9. Apart from converting to an S-meter, a simple conversion chart defining
equivalent S-units in microvolts that could be inserted into the Owner’s Manual would be a valuable “no cost” service
to most purchasers.
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PRE-WAR CONSOLE RADIOS
AN SWL'S DELIGHT

John Bryant

Many SWBC DXers of the 1930s used consumer grade “console” radios for DXing as well as program listening.

This was probably due to the rarity and cost of most communications receivers of that era. Many current hobbyists first
heard shortwave broadcasts on the family console, as well. As my own interest in the history of radio matured, I became
very curious about the possibility of using one of these old giants as a modern SWL receiver. After seeing numerous
consoles at several vintage radio auctions, I also came to appreciate their beauty as major pieces of furniture. This
interest led to a good deal of research, primarily related to Zenith consoles, and to my eventual purchase of two beauties
from the pre-War era. My experience with all-wave consoles has been so enjoyable that I want to encourage others to
acquire one.

BACKGROUND

Prior to the modern era of mass produced ‘consumer products’, artisans hand-crafted the furniture, carriages,
clothing and possessions of the wealthy. As mass production began to make household goods available to the emerging
middle class in the 1920’s, these new ‘consumer’ products were generally either relatively poor copies of ornate hand-
crafted objects or strictly utilitarian in appearance. Many new products maintained the appearance of the technological-
ly obsolete objects that they superseded. For instance, in the early years, automobiles (horseless carriages) were almost
exact copies of the carriages of the wealthy. In fact, carriage and buggy design aesthetics dominated most of automotive
styling until the early 1930’s.

The styling trends in radios, the most popular of
the new products of mass production, closely paralleled
those of other consumer goods of the day. The earliest
home radios looked very much like the laboratory instru-
ments or engineer’s breadboard prototypes that they so
recently were. By the late 1920s, these very utilitarian
radios became wildly popular and the family radio be-
came the centerpiece of many middle class living rooms.
Quite naturally, there was then pressure to upgrade the
utilitarian appearance of most radios. The new styling
trends of these 1920’s receivers seem predictable from
this perspective: chameleon-like, they very quickly took
on the appearance of major pieces of living room furni-
ture. The “radio as furniture” trend was accelerated in
the mid 1920’s when tubes were developed which could
be run on AC house circuits rather than messy storage
batteries. Receiver chassis were placed in ornate tables,
in side tables, credenzas and desks. Zenith advertising in
the late 1920s and throughout the 1930s spoke of their
wooden cabinets as:

«... the finest example of the furniture makers art ‘- . ;
with the finest of veneers. You are assured of the finest New Zemth

furniture in durability, excellence of woods, beauty of " DeLuxe
design and acoustical perfection. ... A Zenith owner is Chinese Model |,
always justly proud of Zenith furniture.” W oo blivin >

rLos illuminated dial, single
‘CE control specially construct-

1
This early marriage of ornate hand-crafted furni- 3 & hE Bith Badio Sleagle
ture and electronics led rather logically to the major con- .
sole radios (former armoire) of the 1930’s and 40°s. (Fig-
ure 1) Console radios became very popular in the latter Figure 1. 1926 Zenith Console which sold for $2000!




1930s. The main advantage of consoles over table models was that the entire lower area of the console cabinet could
become an enclosure for a very large speaker. Some Top-of-the-Line consoles even sported multiple speakers. Most
mid-priced consoles offered audio amplifiers so powerful that they could cause real pain if run at anything like full
volume. In fact, many Top-of-the-Line consoles were actually purchased to provide music in ballrooms and dance halis
rather than for home use.

The popularity of consoles occurred almost simultaneously with the development of international broadcasting on
shortwave and America’s growing concern over European and Asian conflicts. As interest in international affairs and
broadcasting increased, the American electronics industry responded with very sophisticated console radios.

AT THE ZENITH RADIO COMPANY

Commander Eugene F. McDonald, the genius behind Zenith, was a dedicated internationalist who played a key
role in the adoption of shortwave frequencies for long distance communication in the mid-1920’s. Commander Mc-
Donald also positioned Zenith radios at the top of the mass-produced consumer radio market. By the late 20’s, Zenith
was known for its excellent radios and by three slogans: “Zenith: Long Distance Radio,” “Zenith’s cost a little more but
they do MUCH more,” and the still familiar “The Quality Goes In Before the Name Goes On!” It is little wonder then,
that Zenith was an industry leader in the development of both “all-wave” and console radios.

1933

Not even Zenith produced a radio that tuned significantly above 1.6 MHz before 1933. In that year, four Zenith
models were introduced with a new (to Zenith, at least) dial type. The dial was a large translucent plastic disk which was
parallel to but behind the front face of the receiver. A backlit portion of that disk appeared in a wedge-shaped dial
escutcheon opening. As the disk rotated, the dial numbers swept past a fixed marker denoting the tuned frequency. Each
of these four new radios tuned ‘Foreign Broadcasts on Short Wave’ as well as standard MW. There were 13 other radios
in the 1933 Zenith Line, but none of them tuned shortwave.

1934

The real watershed Zenith model of the tube era
appeared in 1934 when Zenith introduced the still revered
“Zenith Stratosphere... $750 and worth it!”. The Strato-
sphere (Figure 2) sported 25 (!) tubes and the very first of
the still famous BIG BLACK DIALSs. The dial was about
10" in diameter and had an ‘airplane dial’ pointer mount-
ed on a shaft at the center of the fixed circular dial. There
were 5 concentric strips of dial markings painted on the
dial. These separate strip dials denoted separate “bands’
which covered from 510 kHz to 43 MHz, continuously.
Along the outer edge of the dial disk were ‘clock hour’
markings, with 12 at the top, 6 at the bottom, etc. This
was the logging scale dial that worked with a second dial
pointer which ran on a gear reduced shaft from the same
center of the disk as the main airplane pointer. This log-
ging scale feature was soon changed to clock hour mark-
ings with a 0 to 60 second scale. This new logging scale
was known as “Split Second Tuning.” “Amazing! NO
‘GUESSWORK'’ TUNING WITH THE BIG BLACK
DIAL.”

The 1934 brochure in the Alan Jespersen’s Zenith
Brochure Book lists 14 models, in all, and no model ex-
cept the Stratosphere mentions ‘Short Wave’ or ‘Foreign
Broadcasts.” None of the other 1934 models has a Big
Black Dial, either. It is probable that the four 1933 all-
wave models were continued through 1934, because there
was a big change in the line coming up in 1935.

RCA also introduced several all-wave consoles in
their 1934 Line.

Figure 2. The Famous 25-Tube Zenith Stratosphere
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1935

Most of the 1935 Line of Zenith radio models had fully exposed, fixed, disk-shaped dials with ‘airplane’ pointers
just like the Stratosphere, except that these dials were only about 4" to 6" in diameter and were white rather than black.
Of the 24 Zenith models in the 1935 line, all but 4 had the new round dial... the odd four were all small table models and
look like hold overs from the 1934 Line, but with new model numbers.

Of the 20 round dials in the Zenith 1935 Line, 18 of them clearly tuned Short Wave and it is probable that the other
2 did as well, though the documentation on this aspect of their performance is unclear. Some of the sets covered only up
to 5 MHz, others went up to 18 MHz or above. Zenith advertising featured Mussolini, the French (flyer?) Herriot and
Ramsey MacDonald. There are clear records in the Zenith archives that indicate that Commander Eugene McDonald
was intensely interested in the very unstable political situation in Europe. Apparently, so were the rest of the upper and
middle class purchasers of Zenith radios.

The near total commitment of the Zenith 1935 Line to all-wave coverage is very startling, since it happened
almost overnight. Zenith went from offering one all-wave set out of the 14 receivers in the 1934 line to probably 20 all-
wave sets out of 23 in 1935! From casual observation at a number of radio auctions, it appears that the other manufac-
turers also introduced all-wave sets in 1935 or early 1936. RCA, Philco and Crosley appear to have been particularly
interested in this market. However, none of these manufacturers matched the almost-total commitment to the all-wave
concept made by McDonald’s Zenith. '

1936

By the time that the 1936 Line was introduced, most Zenith models featured a Big Black Dial which emulated the
legendary Stratosphere. The 1936 dealer’s brochure shows 21 radio receiver models. All but four of these models have
the full-sized Big Black Dial. (Similar to Figure 3) The only set in the Zenith 1936 Line which did nor cover SW was a
four tube “Farm Radio.”

In the 1936 Line, the 25-tube Stratosphere was joined by two 16-tube versions of the Stratosphere. These Strato-
spheres were three of the most beautiful consoles ever made.

1937

Zenith designers updated the Big Black Dial for most of the ‘37 Line models. The dial was still round, but the
surrounding escutcheon was now more-or-less square with knobs located at the four comers. (Figure 3) These knobs
were the On/Off, Bandswitch, Sensitivity (foreign/domestic) and Tone controls. The 1937 Big Black Dial also had
“Target Tuning” which used a visual signal strength indicator similar to the well-remembered green “tuning eyes”.

By 1937, all the major American radio manufacturers were providing some shortwave coverage on the majority of
their radios. RCA introduced two shortwave consoles in 1937 that were unique in their commitment to international
broadcast listening. The model 813K (13 tube) and Model 816K (16 tubes) each offered five 10-inch long horizontal
slide rule dials. The first of these dials covered medium wave. The other four were bandspread dials, each dedicated to
one of the international broadcast bands. These dials were far easier to use than even Zenith’s Big Black Dials. Truly,
these RCA dials were superior to those of any other radio until the digital dial era. [Review follows].

1938 AND BEYOND

The 45 or so models of the 1938 Zenith Line all had Big Black Dials. All of these radios tuned shortwave ‘Amer-
ican and Foreign Broadcasts’ except the cheapest three models. The major technical innovation at Zenith in 1938 was
the introduction of the ‘Robot Dial.’ for console radios. This “Robot” was actually a total redesign of and successor to
the Big Black Dial. The Robot Dial is what collectors today call ‘the shutter dial.’ This dial was still big, round and
black and it still had the ‘Split Second Tuning’ markings around the periphery of the dial. However, that is about where
the similarity to the old Big Black Dial stops. Most of the dial is actually taken up by a donut-shaped cutout. Behind the
cutout are three or four pairs of half-disk shaped shutters which snap into place from left and right as the bandswitch is
turned. Each pair of shutters fills the donut-shaped hole entirely and presents a single circular dial to the operator. The
dial is very easy to read. The mechanics behind the dial are at least as complicated as this explanation! The introduction
of the ‘Robot Dial’ in 1938 was, though, a clear indication of the intense level of interest in foreign broadcasts at Zenith
and within the American public. Almost all 1938 Zenith console radios had the new Robot Dial. The only exception was
the 25-tube Stratosphere which was again continued at The-Top-of-the-Line. Counting the 39 Robot Dial all-wave sets
plus the Stratosphere these were 40 all-wave receivers out of a total of 45 radio models in the Zenith 1938 Line.

The major technical innovation in the radio industry in 1938 was the introduction of the radio-phonograph. This
new product type was probably introduced as a response the increasing affluence of the American middle class and to
the development of the technology for mass producing vinyl records.
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ALONE GIVES YOU ALLTHESE
VNeow Fealites

For twenty-one years — FIRST — with every major radio development . . . Radio features that are
years ahead of the industry — imitated by others but never duplicated . . . Years of engineering
ingenuity and knowledge are incorporated in every new Zenith.

ACOUSTIC ADAPTER

Gives you that best-seat-in-the-

house effect. The oniy device ncw
made that adiusts for different size
rooms, different ceiling heights —
adjusts for perfect pertormance in
any size room,

IMPROVED OVERTONE
AMPLIFIER

The secret of Zenith's rich, full
tone-depth, Preserves the natural
overtones of music and voice. Just
like a pisno sounding board.

LIGHTNING STATION
FINDER .
"Emde Spinner Method"

From Tokio to Berlin in one
quick spin. Twirl the con-
trol and the pointer speeds
to the station you want,
No slow, [aborious knob
twisting.

TARGET TUNING
You tune with the eye as
well as with the ear. When
the shadow bullet is in the

center circle of the target,
you're tuned in perfectly.

NEW "PRIYACY PLUG-IN"

Gives threes important advantages:

{a) Hard - of - hearing may use the
Zenith special lightweight head
phones with separate volume
control, while others use loud
speaker, (This unit at slight ex-
tra cost.)

{b) You may plug-in another speaker
placed in another room.

{c)} You may listen with headphones
while loud speaker is either “‘on"
of “off"

For night owls, short wave fans.

SPLIT-SECOND RE-LOCATER

Only means yet devised to re-locate
short wave foreign and domestic
stations, and enables you to return
{0 them easily and accurately,

VOICE-MUSIC-HIGH FIDELITY
CONTROL

BIG BLACK IMPROVED DIAL METAGLAS TUBES
With the "*Squared Circle' and' Tell ANl 1937 Zenith models exce

o e o pt farm models
I:::d IS:::::: .:gaiZ: ni'r'nhpsroxgs.' é’:s'y ’ are designed tc use ei!fher Metaglas or
to rcad—easy to tunc. You don't \ :::’:'i:’:ll’f" They ore as new as the metal
need glasses, n .

DIMENSIONAL TONE - TRIPLE FILTERING - SECRET VOLUME GOVERNOR - REMOTE SPEAKER

Yolce Control adius's for natural speaking
voice without “boor'* for the first time. In
addition, Normal, High Fidelity for startling
realism, Bass for soothing effects, Foreign for
best tone results with foreign stations.

Figure 3. The 1937 Big Black Dial from the Zenith catalog



In the remaining years before America entered WWII, radio-phonograph combinations came to dominate the
upper end of the market and consumer interest in all-wave consoles declined. In 1938, the Zenith Line contained 19
console radio models (all tuned SW) and two radio-phonograph consoles, (both tuned SW). The 1942 Zenith Line
carried only five radio consoles (all tune SW) and offered ten models of radio-phonographs (8 tuned SW).

It appeared that the production of all-wave radios and, by inference, the interest of the general public in Foreign
Broadcasts, was much more extensive during the 1930s than many of us have thought. RCA, Philco and Crosley pro-
duced sets with SW capability with almost as much alacrity as Zenith. Although I have not studied these lines in detail,
observation leads me to believe that at least 2/3 of the console models of 1935-1942 were all-wave. A similar ratio
appears to hold for the larger table models. I am also continually surprised at the numerous small Crosley and Philco
models which covered shortwave. The dials of these smaller models, however, leave much to be desired. They probably
discouraged as many potential shortwave listeners in the 1930s as have the modemn cheap all-wave portables now
offered by many manufacturers.

The Top-of-the-Line consoles of each major manufacturer are still well regarded as shortwave radios. It is also
worth noting that the almost custom made radios of the very rich and famous by manufacturers such as McMurdo Silver,
Silver Marshall, Scott and Midwest were almost all MW/SW capable and are very highly regarded by those lucky few
who own one today.

The Decade before America’s entry into WWII was truly shortwave RADIO ACTIVE.

IN USE: THE ZENITH MODEL 12S568E (1941)

I bought this Zenith console at a vintage radio auction in Kansas City for $120 which was about half of its “book
value” within the vintage radio hobby. The cabinet was nearly flawless in three dark tones of beautiful veneer. When I
got it home, the radio played. However, asa precaution, I replaced all of the paper and electrolytic capacitors. Working
on old consoles is usually very easy. The old deep chassis and relatively low parts counts make electronic restoration of
these old war horses seem like doing plumbing work rather than electronic restoration. All of the components are large
and widely spaced. After a brief realignment, the 12S568E took an honored place in the Bryant living room. Figure 4 is
a copy of the information on the 125568 from a 1941 Zenith salesman’s pocket catalog.

Like most Zenith consoles of that era, this one was designed to work without an external antenna. Medium wave
reception is via an electrostatically shielded rotatable box loop (about 5' x 16") located behind the speaker in the lower
cabinet. The shortwave antenna is a single wire loop run around the back edges of the large cabinet. Frankly, with those
antennas, I didn’t expect to find much on the dial. I was wrong! The medium wave and both shortwave bands were alive
with signals. After a year of listening with that antenna arrangement and a few evening using a Dymek DA-100 active
antenna and a Beverage, I can attest that this 12-tube 1941 console is very pearly as sensitive as most modern commu-
nications receivers. I can listen to major shortwave broadcasters on this set just as easily as my SP-600 or NRD-525!

From a modern perspective, the common weakness of all of these pre-War radios was selectivity. I do not have the
instrumentation to measure selectivity and shape factor. However, the selectivity of consoles from this era seems to me
to be about 6 kHz, but with very wide skirts. When the radio is centered on a strong signal, there is no background noise
present and the audio range and fidelity are awesome. However, if there is a quite strong signal 5 kHz away, there will
be a 5 kHz hetrodyne in the background of the audio. Neither Harold Cones, who has a 1937 Zenith 10-tuber, nor I find
the selectivity to be a problem when listening to most major international broadcasters.

These consoles were designed for shortwave and to provide excellent audio. My 12S568E has a 14" diameter
speaker driven by a 5-tube audio amplifier. The audio to truly awesome. The volume will blow us out of the very large
two-story living room and, as you might expect, the bass response will rattle the windows. Most Zenith radios of the
1936-50 period offered tone control via an arrangement of five tone switches known collectively as the “Radiorgan.” On
the 12S568E, the switches are labeled from Treble to Lo Bass and may be set in a large variety of combinations. The
audio of this console is so outstanding that I have installed a low power AM transmitter (available in kit form) to
rebroadcast the local FM classical station at 1000 kHz on MW. I now listen to fine classical music on my 1941 Zenith
Model 12S568E.

The Robot Dial and Split Second Tuning combine to make retuning a previously logged shortwave signal very
easy. The gear driven “Second Hand” pointer rotates around the dial 20 times while the main dial pointer goes around
once. The periphery of the dial is marked off in 60 “seconds”, so a station may be logged as “5 MHz plus 40 seconds”™
or “7 MHz plus 23 seconds,” etc. Due to the 20 to 1 gear ratio, there are 1200 “seconds” available as logging scale. On
the upper SW band (5.7 to 18.3 MHz) that means that there are about 10 kHz per “Second” mark. With the radio warmed
up for about five minutes before taking logging numbers, I have found retuning to a previously logged signal to be
almost perfectly accurate. The dial itself is bit inaccurate at the end points. However, even there, tuning to a known but
unlogged frequency of an international broadcaster is still very easy.

All, in all, the 12S568E is a wonderful addition to our home. It looks great in the living room and sounds even
better!

PRE-WAR CONSOLE RADIOS R30.5



9°0€d

§6-7661 SONIKIIIDOAd s,Bulun euy

‘BoereD 18%00d S,UBWSSIES Ly6L Y} WOl B|0SUOD 89GST I YL ‘v ainbiy

=5
= I
et

5B

4

‘/

<

n "

gl

LAURRY o
&

UNDERWRITER

ENLT I~ arrroven

MODEL 125568...AC
HBealured: . . .

OUTER CIRCLE R.F. CIRCUIT: Ireincuduun increase in sensilivity
throngh tuned R.F. Awplifier atuge on all wave hands. New reception
“reach.” Seven tuned circuita innure gomd selectivity.

SUPER POWER TRANSFORMER: Of speciul design 10 provide

proper voliages regardlens of load conditiona.

GOLIATH CHASSIS: Giant in size . . . no crowding of vitul parte.

Beautiful hammered gold fininh.

TRIPLE SPECTRUM ROBOT DIAL: New colors of the specirum
on threce wave hande an tlhie disla change. A big black dial . . . a hig
gold dial . .. a big blue disl . . . appear at a touch of the Robot Control.
ROTOR WAVEMAGNETs Flectrostaticully shielded built-in aerial
device for minimizing man-made static anl elimination of aerials in
muny locations. Wavemagnet can be rotated to increase signal strength.
BUILT-IN SHORT WAVE AERIAL: Unier proper conditions affords
ahort wave reception without outside aerial or ground connections . . .
no apecial imlnll-lion needled.

RADIORGAN TONE COLOR SLENDER: Six organ type stops

peemit 61 distinet and different 1onal comhinations.

TELEVISION BUTTON:; Many televinion receivers are designed for
icture only and the accompanying sound is rebroadcast on a much
I:wcr frequency in which care this Zenith receiver may be used to
receive the televisian sound. The highest {requency autlomatic button
may I by adjusting to the frequenc)' »e given In the Zenith
receiver instruction book.,
MISCELLANEOUS FEATURES: Spinner tuning. Foreign station
relocator for acenrate logging of shorl wave stations. Outside aecial und
geound connectinues.

POWER OUTPUT: 15 watts.

CIRCUIT: 12 tube superheterndyne including two heater catbode

vectifier tubes.

TUBES: 1 —6KTG Tuned .F. Amplifier 1—6)5G Lot Audio Amplifier
1—6ARC First Detoctor 2—6]5G Phusec Invecters
16356 Omcillator 2--6V6C Beamn Power Out-
1—6K7CG L.F. Amplifier put Tubes
1—6J5C 20d Detector uml AVC 2—6X56 Rectifiers

f‘A‘g!NET DIMENSIONS: Height, 41 in: Wildth, 28 in.; Depth,

2810,

SPEAKER: Mcllow, deep toned 10 inch electrodynamic.

CONTROLS: Tuning. Volume and Power Switch. Six-blitton Radi-

organ ‘fone Coloe Blender. Band Switch.

CONDENSER: ‘I'hirec gaug, rubber floated.

WAVE BANDS;: Vuning range of three bands covering:

540- 1600 K.C. (556 -1B87.5 meters)
1500. 5200 K.C. (200 - S7.5 meters)
5700.18300 K.CC. ( 52.6- 16.4 melers)

AUTOMATIC TUNING: Eight buttons. Separate circuits with

C;lfllll!fdl ranges for each button. Stations can be easily set from front

of calnnet.

POWER RATING: 110125 Vol Line A.C., 50-00 cyclen.
PRICE §

ALWAYS A YEAR AHEAD WITH ZENITH
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IN USE: THE RCA MODEL 813K (1937)

Chuck Dachis, “The Hallicrafters Collector” waxes poetically about his RCA 816K console. When I found a
partially restored 813K (an almost identical radio) at a friend’s house for only $200, I resisted less than 10 minutes! The
now fully restored 813K resides in my combination office/shack and is generally playing when I’m not DXing. Figure
5 is a snapshot of my 813K.

The 813K’s audio is about equal in quality and power to the Zenith’s, coming from a four-tube audio section
driving a 15" fully enclosed speaker. The selectivity is about the same, as well. The 813K and its big brother, the 816K,
offer three things that the Zenith did not:

Band Spread Dials: The four shortwave bands
are each spread out over a 10" wide horizontal dial. The
dial is marked at each 10 kHz and the marking are each
about 3/8" apart. It is very easy to read the dial to about 2
kHz accuracy! The dial tracks very accurately except for
the very ends. If you want to tune to 6133 kHz for a Latin
“split,” you just tune it there. The 813/816K’s are the
easiest radios to tune of any I have operated prior to dig-
ital dials, including the R-4 Drake series. The weakness : B F
of the 813K/816K tuning system is that it tunes the four G L el
main International Bands A4S THEY EXISTED IN 1937.
5970-6240, 9410-9690, 11680-11920, 15090-15380.
Obviously, the receiver will not tune a few broadcasters
who transmit in the widened modem versions of these
bands. It also ignores the “new” international bands allo-
cated since 1937.

Green “Magic Eye” Tuning: Most of us have
seen the wonderful green “Magic Eyes” of the late 1930°s.
Zenith offered them only on 1938-40 radios. RCA and a
few other manufacturers began offering them earlier. I
am not familiar with any postwar American receivers that
used a Tuning Eye. I find the Magic Eye to be both fun
and a very real aid to tuning to the exact center of a sig-
nal. I wish my NRD-525 had one.

Motorized Tuning: Mechanical preset push but-
tons had not yet been perfected in 1937, so the RCA de-
signers developed an electric motor-driven system of gears
and cams which physically moves the tuning capacitor
and dial pointer to user-selectable preset position. It is
just flat fun to put the radio in Electric Tuning mode,
push one of the five preset buttons and watch the tuning  Figyre 5. The RCA 813K Console from 1937.
knob spin and dial pointer fly across the dial!

Long-term, I think the Magic Eye, the wonderful dial and the motorized tuning will win out over the beauty of the
Big Black Dial Zenith. My daughter and her husband would like to have one of these prewar beauties in their living
room, so the Zenith will likely be moving to their home in Baja Okiahoma soon.

FINDING YOUR OWN

If you would like to enjoy a console shortwave radio in your home and know little about them, here are several
pointers from my experience and that of Harold Cones:

Age: The very best years for consoles were 1937-42. Anything earlier is not as good technically. Postwar consoles
were not really designed for all-wave reception.

Tube count: The quality of a tube radio can be roughly judged by the number of tubes. Five, six and seven-tube
consoles were the Bottom-of-the-Line and will probably perform that way. Harold’s 10-tube Zenith performs wonder-
fully. Try for 10 to 15 tubes.

Brand: Zenith was intentionally at the top of the market in each price bracket and produced radios that sold very
well in that position. However, the very top models of Philco and RCA perform very well, too. The more nearly custom-
built Scotts, McMurdo-Silvers, etc. were wonders, but are now very rare and very expensive.

PRE-WAR CONSOLE RADIOS R30.7




Price: Within the hobby of vintage radio, Top-of-the-Line consoles are currently selling for $200-$500. The 25-
tube Stratosphere is a special case—be prepared to pay from $3,000-$6,000! Prices to the general public at antique stores
and vintage radio stores are about double those inside the vintage hobby.

Where: The best place to find consumer type vintage radios is within the vintage radio hobby. There are several
national organizations and one national magazine: Antique Radio Classified, (PO Box 2-V78, Carlisle, MA 01741, 508-
371-0512, Fax: 508-371-7129.) Subscription to ARC via First Class mail is currently $47.95 per year. Via 2nd Class
mail, ARC is $31.95. Sample copies are available FREE! Most states or regions have an active vintage radio club and
their activities and contact numbers are listed in the ARC magazine. Most of the local clubs have at least one auction a
year. I bought my Zenith at the annual auction of the Mid-America Antique Radio Club in Kansas City. Harold Cones
bought his from a collector that he met through the Mid-Atlantic Antique Radio Club.

Size and Weight: Before you commit to buying one of these beauties, be aware that each of them is a large and
heavy piece of furniture. Consoles take up a significant amount of space. Further, many of them weigh well in excess of
100 pounds.

Figure 6. This 1937 photo shows Zenith's founding president, Commander Eugene F. McDonald, Jr. at the
controls of the 15 tube “chairside” model 15U246. The chairside was a popular cabinet style derived from the
more standard console models of the late 30s. Photo courtesy of Zenith.
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TWO TRANS-OCEANICS

Harold Cones John Bryant

-
103 5y
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Pt X

Model A600 Zenith Trans-Oceanic

The Zenith Trans-Oceanic is a name still recognized by most of the American public over 40 years of age. That is
as it should be. The Trans-Oceanic was a fabled series of portable radios; through much of their existence, they were
also the most expensive radios for sale to the general public. They were the single most popular radio marque during the
first 50 years of radio. Zenith sold about 1,500,000 Trans-Oceanics during their 40-year long run. Many people now
involved in the radio hobbies first heard a shortwave broadcast as teenagers on someone’s Trans-Oceanic.

Today, few people know that the Trans-Oceanic was a direct outgrowth of the life style and shortwave broadcast
listening interests of the founding president of Zenith, Commander Eugene F. McDonald, Jr.. By the late 1930’s, Zenith
Radio Corporation was a giant of the new radio industry and Commander McDonald was one of America’s wealthiest
and best known men. He was a member of the ‘jet set’ before there were jets and lived aboard his 185' yacht, Mizpah,
moored most of the year near Zenith headquarters in Chicago. Well known for his Arctic explorations and for his
leadership of Zenith, he entertained many world-renowned people aboard the Mizpah and took many of them to his
summer fishing camp on the Canadian shore of Lake Superior. As war clouds gathered in the late 1930°s, the Command-
er became more and more interested in hearing news directly from Europe while he was fishing in Canada. Long a
shortwave enthusiast, McDonald charged his Zenith design team with creating a portable shortwave radio that he could
use anywhere.

At the time of McDonald's directive, portable (medium wave-only) radios based on new low-drain 1.5 volt tubes
were themselves a very recent development. The Zenith design team produced a series of prototypes for ‘The Com-
mander’ based on those new Zenith medium wave portables. After the first few general coverage prototypes, The
Commander, complained of needing ‘micrometer fingers’ to tune in a SWBC station and suggested a multi-band ‘band-
spread’ model that eventually became the first Trans-Oceanic, the 1942 Trans-Oceanic Clipper.




The ‘Clipper’ was only produced for a few brief months before Zenith shifted to war production. The few thou-
sand produced were wildly popular with the troops and on the Home Front. After the war, Zenith produced tube-type
Trans-Oceanics by the hundreds of thousands, eventually offering four main post-War civilian models and one special
military version. In late 1957, Zenith offered the first transistorized model Trans-Oceanic, the Royal 1000. Zenith went
on to produce three other solid-state models before closing out the marque as they bowed to overseas competition and
ceased radio production in the early 1980s.

As the vintage radio hobby developed over the past decade, both tube and solid state Trans-Oceanics became
eminently collectable. Many SWBC DXers who have ‘collected’ a Trans-Oceanic have been surprised with the qualities
of the “T-O” as a working shortwave radio. The following two brief reviews highlight what we consider to be the two
best-of-breed Trans-Oceanics.

THE ‘600 SERIES’ TUBE MODEL TRANS-OCEANIC
Harold Cones

Sitting down to a listening session with a tube-type (hollow state) Trans-Oceanic is a formidable experience.
There before you sits a “Black Stag” covered wooden-cased object 17" wide, 19" high (with the front open) and 8" deep.
A 60" telescoping antenna with the base diameter of a hot dog shoots up from the top of the cabinet. In normal usage,
with the radio sitting on a standard 29" high table, the whip antenna stops just short of touching the ceiling in a typical
eight foot room. Getting the receiver to the table requires hefting 19 pounds (unless you have managed to find a set of
7985 batteries, in which case you brought 25 pounds to the listening site). An impressive radio, for sure, and one that
conjures up thoughts of steaming jungles, military battlefields and snowy mountain tops. The Trans-Oceanic was al-
ways marketed to adventurers, both real and imagined, and that feeling rubs off on you as you enjoy this radio.

From the introduction of the Trans-Oceanic in 1942 to the end of the hollow state series, there were five main
models: the Clipper, the 8G005, the G-500, the H-500 and the 600 Series. Each was an evolutionary step above its
predecessor, incorporating improved circuitry and components and some variation in case design.

The last incarnation of the tube-type Trans-Oceanics was the Model 600. Although there were six radios in the
600 Series, each with a different letter and number designation, they all were basically the same receiver. Unlike its
airplane dial predecessors, the 600 Series introduced an elongated, horizontally stretched slide rule dial which greatly
simplified tuning. When coupled with the electrical bandspread, the 600 Series was one of the easiest consumer radios
to tune until the advent of digital readouts in the 1980s. As with other tube-type Trans-Oceanic models, band selections
on the Model 600 are made with seven push buttons located to the right of the dial. In addition to the four specific
portions of the shortwave broadcast band (16m, 19m, 25m and 3 1m), there are two continuous coverage bands for “ship-
to-shore” and “weather” (2-4 MHz and 4-8 MHz) . The 600 Series also introduced a power cord take-up reel and the first
dial light in portable radio history. Zenith also reintroduced the attached log book that was last seen on the Model
8G005Y Trans-Oceanic in 1949. The 600 was available in the standard Black Stag covering or, for the first time, a
genuine cowhide covering; the cowhide model had brown plastic parts and a brown dial face instead of the black found
on the Black Stag models. Many (myself included) feel that the leather covered 600 was the most beautiful of the entire
Trans-Oceanic line.

IN USE

A representative of the 600 Series was chosen for this informal review. A recently cleaned and aligned model
A600L (“L” for “leather’”) was put through its paces with its selectivity and sensitivity loosely compared with an NRD-
525.

STABILITY: Hollow state equipment requires a short warmup time before full stability is reached. For this test,
I tuned to WWYV at 5 MHz., then turned the radio off and let it sit for an hour. I then turned it back on and used
sophisticated test instruments (my ears) to listen for tonal changes over time. I could detect none, which affirmed my
past listening experience with the Trans-Oceanic—it is a pretty rock-solid receiver.

AUDIO QUALITY: In my mucking around with radios, I have never found a portable radio with the audio quality
of a Trans-Oceanic. The four switch RADIORGAN allows you to manipulate “Treble,” “Bass,” “Voice” and “Alto” into
as many as sixteen different listening combinations. The result is rich, full audio with enough volume to annoy the
whole family if you so wish. An automatic volume control circuit prevents strong station “blasting” in general use.
Those who have listened only to recently produced portables are in for a major surprise when they hear a Trans-Oceanic
for the first time!
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A Brief History of Shortwave

(It's amazing how much of it has been written by Zenith)

If the history of shortwave in this country
were put into a book, you'd run across the
name of Zenith on practically every page.
The latest chapter is being written in the
outposts of the U. S. Services all over the
world. There, the Zenith Super Deluxe
TRANS-OCEANIC portable is doing the
valiant morale job of keeping servicemen in
constanttouch withhome. Thisis thesame...

(2) famous Zenith shortwave that has
been carried by diplomats, explorers,
world celebrities on missions all over
the globe. Its list of owners reads like
Who's Who. For 13 years it has worked
faithfully under very extreme conditions

U A P of cold and tropic humidity . . . on ships,
r— — * trains and planes. The original. ..

(3) Zenith TRANS-OCEANIC portable
introduced just before World War II,

75> was the realization of Zenith Command-
_J’Q,IL er McDonald’s insistence on a practical
= _—portable that would handle shortwave as
B o easily as standard broadcast. It took
AN®. Zenith's engineers over two years to de-
4§ velop such a set and ...

Zenith leadership in the development of shortwave has ro-
sulted from 36 years of devotion to engineering and manufac-
turing radionics products exclusively. The know how born of
this experience has been at the constant service of the Govern-
ment . . . as, for instance, in the manufacture of the proximity

fuses which played a major role in World War IL

(4) the production of the now famous
Zenith TRANS-OCEANIC portable was

in 1941. This was only after Com-
mander Donald B. MacMillan, noted
Arctic explorer, reported from off the
coast of Greenland that never had a
radio worked so well under Arctic con-
ditions as the battery operated short-
wave set Zenith had supplied him. Even
more dramatic . . .

(5) was the year in the early 20’s when
Commander McDonald persuaded the
Navy, bound for exercises off the coast
- of Australia, to take along a shortwave
transmitter and receiver. aboard the bat-
tleship “Seattle.” When all standard
radio failed, this equipment maintained
direct contact with the U. S. That was

%— the turning point in the Government's

recognition of shortwave.

e sorary o RADIO ooc TELEVISION®

Bukdby“ymotkwinmhwmkdu&dy
ALSO MAKERS OF FINE HEARING AIDS
Zexith Radio Cerporaties, Chicsgo 39, Illinois
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it's 7=3. m. tomorrow
J in Bombay

New ""Dial-O-Map" feature on Zenith
Trans-Oceanic calculates time anywhere!
Tune in the world with this latest version of the
world’s only 14 year proved shortwave portable
radio. Its list of owners reads like an interna-
tional “Who’s Who.” I1s list of features includes
patented detachable Wavemagnet® antenna,

exclusive Radiorgan®tone control, tropic treated .

against high humidity, Patented pop-up
Waverod® antenna, voltmatic regulator, bat-
tery saver switch, spread band tuning, push-
button band selectors.

Now Zenith has added a rotating directional

feature to the Wavemagnet® antenna and two

other new ““extra service” features to help your
new Trans-Oceanic serve you better:

“DIAL-O-MAP”. (Shown above.) In log chart com-
partment. Set disc for time where you arc listening
—scc at a glance correct time in principal spots
around the world.

)

PHONO-JACK. Plug in your
. record player, and use the
) Trans-OcEANIC’s powerful
and sensitive Zenith-built
speaker to enjoy your
favorite records.

The TraANns-Oceanic shown is in durable Black
Stag, model R600, $139.95*. It is also available in
luxurious top-grain cowhide, model R600L, at
$159.95°, Operates on AC/DC or battery.

ENITH.

the royalty of RADIO and television
Backed by 36 years of Leadership in Radionics Exclusively
ALSO MAKERS OF FINE HEARING AIDS

ZENITH RADIO CORPORATION ¢ CHICAGO 39. ILLINOIS

* Bioily phor in far Wast and Seuth.
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SELECTIVITY: For this test I tuned in a number
of shortwave stations with close adjacent stations and com-
pared selectivity to the standard radios. The Trans-Oce-
anic was quite capable of rejecting a low powered station
5 kHz away but could not reject a big broadcaster at the
same interval. It did surprisingly well at rejection at 10
kHz increments for stations of all powers except the very
biggest. All in all, I was quit pleased with selectivity—
the Trans-Oceanic is selective enough to make an accept-
able DXer’s radio.

SENSITIVITY: Although hard to believe, I found
that if there is a signal there, the Trans-Oceanic can hear
it with either its whip antenna or a long wire attached to
its external antenna terminal. Generally, I found that the
lower the frequency, the greater the need for an external
antenna. Sensitivity was acceptable for general listening
in the Tropical Bands, however, the attachment of my
tuned dipole to the antenna terminal made the receiver
“hot.” I certainly never imagined that a 40 year old porta-
ble radio could produce such very respectable results!

I tuned a number of Papua New Guinea stations
with the NRD-525 and then “found’ them with the Trans-
Oceanic attached to the external antenna—they were there
with equal strength! Most, but not all, could be found
with just the whip antenna but were much weaker. The

. Trans-Oceanic can get them, but in normal shortwave lis-

tening situations, the low powered stations would most
likely be missed because of the analog tuning (although
a calibrated second scale at the top of the dial allows
accurate return to a station).

I checked the performance of an “as is” model A600
recently bought at a flea market (I had not yet peaked it
up) and found that the same sensitivity was absent. The
hollow state circuitry of the tube-type Trans-Oceanic is
based on components that can change value over time
and can therefore change the performance of the radio
from its intended design specifications. Any Trans-Oce-
anic which will be used for every day listening should be
realigned and should have all its capacitors changed to
receive maximum benefit from its quality design.

THE BOTTOM LINE: 600 SERIES

The bottom line on the 600 Series Models is that
they are very sensitive and selective all band receivers
with some of the richest audio you will encounter. They
are not only excellent general listening radios (I keep one
in my office) but it is also a decent shortwave DXing
radio.

Throughout the eight year run of the 600 Series,
the retail price of the Black Stag covered versions was
$139.95. The versions covered in genuine cowhide cost
$159.95. These figures, from 1954 convert to about
$800(Black Stag) and $900 (cowhide) in 1994 dollars.

The major problem with the tube-type Trans-Oce-
anics is that they are no longer made. They are available,
however, at ham fests and vintage radio meets and through
publications such as Antique Radio Classified.



THE ROYAL 7000 SERIES TRANSISTORIZED TRANS-OCEANIC
John Bryant

There were three models series of transitorized Trans-Oceanics: the Royal 1000 Series, the Royal 3000 Series,
and the Royal 7000 Series. The Royal 7000 Series was followed in 1979 by an integrated circuit-based R-7000 Series
which closed out the line as the R-7000-2 in 1981. These designations are noted as “Series” because each contained
several sub-models produced during their lengthy production runs.

The Royal 7000 Series was introduced in the 1969 Zenith Line as an “11 band portable powered to span the globe
and receive more information locally.” The “local” comments referred to a new band which tuned VHF weather trans-
missions. The Royal 7000 model was followed by the Royal 7000Y-1 and then by the Royal D7000Y. The primary
difference between the three sub-models was in details of the VHF coverage. The Royal D7000Y was last offered in the
1979 Zenith line. The retail price at the introduction of the Royal 7000 was $275. At the close of the inflation-ridden
*70’s, the price had only risen to $300. The introductory $275 converts to nearly $1000 in 1994 dollars.

In modern terms the Royal 7000 is a very large and heavy transistorized portable. Opened for use as in the photo,
it measures about 13"W x 12"H x 7"D and weighs in at a whopping 17 pounds with batteries aboard. (In contrast, the
Sony ICF-2010 measures aprox. 11"W x 6"H x 2"D and weighs a petite 4.5 lbs. including batteries.) The Royal 7000
measures almost 6 feet from the base of the receiver to the tip of its oversized whip antenna. It is fair to say that the
Royal 7000 continued the design theme set a generation earlier when Commander McDonald put performance and
audio quality ahead of all other design concerns.

It is important to note that the Royal 7000 also continued the traditional Trans-Oceanic focus on bandspread dials
for International Band listening rather than being a general coverage receiver. The 11 bands were the VHF Band, FM,
Long Wave, Medium Wave, continuous coverage of 1.7 MHz to 8.0 MHz in two bands, 9.4 to 10.1 (31 meters), 11.4 to
12.3 (25 meters), 14.6 to 15.8 (19 meters), 17.1 to 18.5 (16 meters) and 20.6 to 22.4 (13 meters). Although this approach
left large areas of the shortwave spectrum uncovered, it made the Trans-Oceanic one of the few analogue receivers
which could be used easily and reliably by the general public wishing to tune international broadcasts.
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For the first time in the Trans-Oceanic Line, the Royal 7000 provides switchable selectivity, a variable BFO, and
RF GAIN control and a combination Battery Level and Signal Strength Meter. The Royal 7000 also contains an on-
board AC power supply and a well designed battery box for nine 1.5 volt ‘D’ cell batteries.

IN USE

My measures of a “listener’s radio’ are ease of tuning, frequency stability, audio quality, selectivity and sensitiv-
ity, in that order. A listener’s radio should be as easy to use as any other piece of consumer electronics and should deliver
the major international programs beamed to North America with ease and high reliability. The radios of the Royal 7000
Series do that and more.

EASE OF TUNING: Thanks to Commander McDonald’s commitment to bandspread coverage of the major
International Bands, Trans-Oceanics (except the final R-7000 general coverage model) are among the easiest analog
receivers to tune for international broadcasts. For instance, the 31 meter band is marked off 9.4, 9.5, 9.6, etc. through
10.1. The markings are about 1/2" apart, so it is rather easy to interpolate the dial marker to the nearest 10 to 20 kHz or
so0. Before running the tests for this article, I aligned my Royal 7000-1 and was able to tune all of the normal power-
house broadcasters with no problems at all. '

STABILITY: The temperature compensation of the Royal 7000 is outstanding. I found no noticeable drift whatso-
ever during warm-up. The same thing is true for basic oscillator stability. Unlike their replacement, the R-7000, the
Royal 7000 series are truly “set and forget” receivers.

AUDIO QUALITY: Almost from the beginning of the company, Zenith enjoyed a reputation for excellent audio
quality. The Royal 7000 is no exception. The audio section is rather formidable five transistor circuit with a first audio
amplifier, a pre-driver, a driver and an individually matched pair of andio output transistors in push-pull. This circuit
drives a high quality 4" x 6" oval speaker which useshas the large case as an unported enclosure. The audio is powerful
enough to more than fill my living room with undistorted and quite mellow sound. I informally compared the audio of
the Royal 7000 to my Sony ICF-2010. Both in quality and quantity, the Royal 7000 makes the 2010 seem like a plastic
toy.

SELECTIVITY: The Royal 7000 was the first Trans-Oceanic to provide switchable (Wide-Narrow) selectivity.
The Wide setting is only useful on Medium Wave and the very strongest International Broadcasters. The Narrow setting
provides narrower selectivity than previous Trans-Oceanics, but the filter skirts and still wide enough to admit annoying
hetrodynes in a few cases. A KIWA 4 kHz. filter would solve those problems; however the problem hetrodynes are so
rare that I will probably not bother.

SENSITIVITY: I compared my Royal 7000-1 to the Sony 2010 and the JRC NRD-525 using wire antennas, a
McKay-Dymek DA-100 active antenna and the whips of the two portables. On very weak signals, the AGC action of the
Royal 7000 was not as effective in holding the audio level even when compared to the other two radios. Fading was
more apparent. Medium and strong signal reception was about the same on the three receivers when using the active
antenna or the outside wire antenna. The Royal 7000 really “struts its stuff’ when operated on its large whip antenna.
Well it should; it is the culmination of almost 25 years of design pointed toward creating shortwave radios for consum-
ers who had no desire to string wires up in their back yards. There was no comparison between the Sony 2010 and the
Royal 7000-1 when they were operating on whips. The Zenith won hands down.

All in all, the Royal 7000 Series Trans-Oceanics are the receivers to own if you want a transistorized Trans-
Oceanic. Unlike the Royal 1000, it tunes the FM band. Unlike the Royal 3000 Series, it offers selectable IF bandwidths
and a considerably more sophisticated design. Receivers of the Royal 7000 Series are beautifully designed radios in
chrome and black leatherette and is a welcome addition to any room.

FINDING AND BUYING A TRANS-OCEANIC

Within the vintage radio collecting hobby, there is brisk trade in Trans-Oceanics. Probably the easiest way to
access this market is by subscribing to Antique Radio Classified (current US rates are $30/yr. 2nd Class and $45/yr. First
Class Mail. P.O. Box 2, Carlisle, MA 01741. ph (508) 371-0512.) This monthly publication carries hundreds of classi-
fied ads for all sorts of vintage radio gear, a number of informative articles as well as notices of local and regional
vintage radio club meets, flea markets, regional auctions, etc. ARC espouses a “no questions asked” retum policy for its
advertisers. Each issue carries around a dozen ads for various models of Trans-Oceanics. Prices vary quite a bit between
various parts of the country; they vary even more based on the quality and condition of the radio in question. Junker
“parts sets” go for around $10 to $20. A very well preserved 600 Series Trans-Oceanic varies from about $90 to $150,
with the most elegant leather version of the 600 Series usually costing an additional $30 or $40. The Royal 7000 Series
receivers are somewhat rarer than the tube models and generally bring from $125 to $175 or so.
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“Direct from La Scala...the opening performance of PagliaCCi."zsmeerband

“Wave heights expected: 15 to 18 feet off Montauk Point." 16255 MHz weather bang
*The British are 100 for 5 at cricket in Karachi.” 19mecroans =

“This is North American Service of Radio Moscow with the news.” e meter bana
“Boise: altimeter, two miner seven niner. Ceiling, twenty-five hundred.” iso-100 kitz bana

“This is ZD8ZAD Ascension Island calling WIDCN Peoria.” s meer tand
“"We've taken two marlin here at Pompano...looks g00d." 1635 xmzum
“Next tone begins at 14 hours, 6 minutes, Greenwich Mean Time." 31 meter band

“"Hurricane winds of Force 12 expected from 20 hundred hours." .55 sz bane
“Bulletin: the Coast Guard has sighted survivors.” sandrd Broadcast band

“And now WEFM presents West Side Story.” e srosdcas band

Presenting the Zenith 11 band Trans-Oceanic.

The last word in radio. About $270."

Built to tunc in the world
with simplified precision
tuning. Eleztronic band
spread tuning widens dial
spagc for easier station se-
{cction on five shortwave
bands. BFO control for
Single Side Band and CW
code reception. Tuning
meter shows signal peaks
for fine tuning. Manual RF
gain control to pinpoint
RDF locations ard facili-
tate:SSB and CW reception.
*Model Royal 7000Y-1,
price optional with dealer.

ENITH

L ]
The quality goes in
bejore the mame goes on
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A FINAL NOTE

Neither of us uses our Trans-Oceanic as a portable
l radio. We don’t want to risk the accidental ding or dent ’
that would forever mar such a thing of beauty. Although Round the
batteries are no longer available for the tube model Trans-
Oceanics, portability is still possible through a special
| adaptor battery pack from Antique Electronics in Tempe,
Arizona. This pack costs about $90 and runs on owner-
| supplied D cell batteries. The Royal 7000 and the other
transistorized models were designed to run on D cell bat-
‘ teries. Drainage is low and one set of batteries lasts sev-
| eral hundred hours.

| FROM THE EDITORS:

Harold Cones and John Bryant currently have a
manuscript in the final editing process at Schiffer Publi-
cations of Pennsylvania. The 160-plus page book will be
very extensively illustrated. Titled The Zenith Trans-
Oceanic: The Royalty of Radios, it will be the definitive
reference on Zenith Trans-Oceanics. Thanks to a lot of
cooperation by Zenith Electronics Corporation and by
many retired Zenith employees, Harold and John have
unearthed much never before available information on
these fascinating radios. Look for publication notices in
late 1994. The book will be available directly from the
authors at The Radio Professors, P.O. Box 592, Stillwa-
ter, OK 74076 USA.

Give your ears a vacation,
with the radio that's powered to
tune in the world. Eleven-band
reception, including FM, AM,
long and short wave, marine,
and weather bands. Runs on 9
“D”-cell flashlight batteries or
plugs into any 115- or 230-volt
AC outlet. Includes built-in
antennas, earphone and jack,
flip-up time-zone map, and log
chart compartment listing world
station frequencies from
Poughkeepsie to Peking. Hear
The Trans-Oceanic portable,
model D7000Y, at your
Zenith dealer's.

*$279.95 Mir's suggested retail price.

The quality goes in
before the name goes on.
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THE SX-42 AND SX-62

TWO HALLICRAFTERS FAVORITES

John Bryant and James Goodwin

In the closing days of WWII, the major American manufacturers of communications gear faced a very real dilem-
ma. As the War ended, it was obvious that the US government would find itself far over stocked with serious communi-
cations gear. This equipment was sure to flood the post-War market at very low prices. The dilemma was especially
difficult for Bill Halligan’s Hallicrafters Company; this Chicago firm had risen to prominence in the 1930’s by offering
a full line of low and mid-priced receivers as well as top of the line receivers. If the Hallicrafters philosophy were
continued after the War, why should anyone buy a new mid-priced Hallicrafters receiver for $130 when an 8-tube BC-
348 was almost universally available at war surplus outlets for $50?

INDUSTRIAL DESIGN AND RAYMOND LOEWY

One of Mr. Halligan’s responses to this dilemma was to retain professional consultants to do the “styling” or
“industrial design” of the entire Hallicrafters post-War line. Mr. Halligan himself had long been interested in the ap-
pearance of his products. He extolled the idea of styling in the late *30s, wanting to” bring the radios in from the
garage.” In retrospect, it is rather obvious that Hallicrafters receivers, almost from the beginning, were designed with
more attention to appearance than were those of competing lines. However, although most consumer radios were being
designed by industrial designers in the late pre-War period, it does not appear that Hallicrafters or any other communi-
cations gear manufacturer retained an industrial designer in the pre-War period. The distinctly Art Deco look of the
Double-Diversity (DD-1) Hallicrafters receiver, the SX-23, the SX-28 and others were all achieved by engineering
designers who were obviously influenced by the design trends of the consumer products of the day.’

Industrial design had developed in the Depression years as a consulting profession for consumer products. These
designers, at first drawn from the ranks of artists and architects, became responsible for applying the principles of visual
design, new materials and production processes and the principles of the field that we now cal ergonomics to the
external configuration of mass-produced products. In the 1930’s industrial designers had been responsible for the stream-
lined look of everything from locomotives and autos to children’s bicycles. They also introduced the European Art Deco
style to American products as diverse as silverware, table radios and skyscrapers.

Mr. Halligan retained the industrial design firm headed by Raymond Loewy to design the cabinets and front
panels of the entire post-War line, making Hallicrafters the first communications gear manufacturer to retain profes-
sional industrial designers.? Raymond Loewy was one of the most famous industrial designers of both the pre and post-
War periods. After WWII, he operated a national practice with offices in New York, and Chicago. Loewy was responsi-
ble for the design of many products for leading American manufacturer including Coca-Cola, Greyhound, Mobil Oil
and many others. The Chicago office had been opened to serve long-time Loewy client the Studebaker Car Company.
The Chicago Loewy office was eventually responsible for the classic Studebaker lines of the early 1950’s and for the
Studebaker Avante sport coupe. Fritz Wagner, head of the Loewy Chicago office, was personally responsible for the
Hallicrafters account in the early years of their association with Hallicrafters.

THE POST-WAR LINE

Again, in retrospect, it is easy to see that the re-emergence of Hallicrafters radios in 1946 was a very carefully
thought out styling, design and public relations blitz. ..The new post-war line initially consisted of one low-priced
“entry” receiver (Model S-38), one medium priced receiver (Model S-40), and one top-of-the-line receiver (Model SX-
42). Hallicrafters maintained an advertising presence throughout WWII in QST and elsewhere with patriotic ads high-
lighting Hallicrafters contributions to the war effort. These changed in January 1946 to full-page ads promising a whole
new chapter in radio communications and noting that “log books are opening all over the world.” In February 1946
double-page ads introduced the Hallicrafters new Model S-40.

“New design, new utility in a great new communications receiver...handsomely designed, ex-
pertly engineered, Hallicrafters points the way...Look at the sheer beauty of the S-40, listen to the
amazing performance...Beneath the sleek exterior of the S-40 is a beautifully engineered chassis...”




.

The jet black exterior of the S-40, with beautiful glowing green dials was a complete departure on styling from all
previous communications gear. It was sleek, businesslike, but distinctly un-military. The massive ad campaign introduc-
ing the S-40 continued through May 1946. In June, Hallicrafters introduced the S-38 with an ad campaign equal to the
S-40. The S-38 ad also carried a letter from Mr. Halligan in which he stated, “for Hallicrafters, the introduction of the S-
38 and S-40 is only a beginning” The ad campaign was repeated in July 1946. In August and September 1946, Halli-
crafters continued double page ads, showing both the S-38 and S-40.

INTRODUCTION OF THE SX-42

The Hallicrafters double full page ads in October and November 1946 carried an artist’s rendition of the new SX-
42 and was headlined “The First 100 Sets Are the Hardest”. Ad copy went on to discuss the unprecedented frequency
range (.54 to 110 MHz) of the receiver and stated that ‘The first 100 sets were now in the hands of radio technicians,
engineers and amateurs all over the world’ for evaluation. The artist’s rendition was quite accurate.

The December 1946 QST magazine was the venue for the introduction of Hallicrafters new top-of-the-line receiv-
er, the SX-42. In an eight-page (') ad Hallicrafters discussed the features of the SX-42 in loving detail. As if an 8-page
presence in a single issue were not enough, virtually all main Hallicrafters dealers each purchased SX-42 ads in that
same issue. All of these ads were identical except for size and city name. There were 78 (!) quarter page SX-42 ads, 15
half page ads and 5 full page ads in this December 1946 QST. Fully 40 pages of the 150-page QST issue were covered
with photos of the new SX-42! The SX-42 was well and truly introduced!

A UNIQUE RECEIVER

The SX-42 was a truly unique receiver; its attributes probably reflected Mr. Bill Halligan’s own view of and
interest in radio more closely than any other Hallicrafters radio. The comparative failure of the SX-42 in the market-
place must have been a great disappointment to him.

The most remarkable characteristic of the SX-42 is its continuous frequency coverage from .54 to 110 MHz. This
coverage may have come about as an attempt to compete with the Hallicrafters SX-28 and other top-of-the-line receiv-
ers which would be on the war surplus market. Mr. Halligan and his designers could well have seen an FM-broadcast
reception capability as one answer to the problem.

There is reason to believe the idea of the wide-spectrum SX-42 was conceived before 1945, during a period when
the radio manufacturing industry regarded FM as the coming force in post-war domestic broadcasting and was even
postulating the disappearance of most local AM broadcasting stations.’ The photograph on the cover of the SX-42
owners manual shows an apparent prototype dial with a logging scale and four bands, rather than the six of the actual
production model. The top band of the prototype appears to cover a range reaching well up beyond 30 MHz but not as
far as 100 MHz. This dial layout suggests that the prototype was developed before January 1945 when the Federal
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Communications Commission ordered FM stations to move from their 42-50 MHz band to 88-108 MHz. If this suppo-
sition is true, the Hallicrafters designers would have then been faced either eliminating the FM capability or adding
bands and spectrum up to the new much higher FM broadcast band. For whatever reason, the spectrum coverage of the
SX-42 and its SX-62 clone was the widest offered by any single commercial set until the introduction of the ICOM R-
9000 in the late 1980’s! :

The second most notable feature of the SX~42 is its tuning scheme. Main Tuning, Bandspread and Dial Lock
Knobs are all mounted concentrically on a single shaft. The Dial Lock knob is the inner-most bow-tie shaped knob.
When tuning, the operator turns the main dial with the outer knob, locks it and unlocks the inner Bandspread knob with
a half turn of the locking knob and completes final tuning with the Bandspread knob and dial. We do not know whether
this unique tuning system was developed by Hallicrafters or the Loewy designers. In any case, this knob scheme was not
well received by radio amateurs; it was never repeated in any known receiver design.

The third unique characteristic of the SX~42 is the very strong commitment to the shortwave and FM Listener
throughout the design and documentation of the receiver. The owner’s manual begins with a letter from Mr. Halligan
which stresses using the SX-42 for “all wave world-wide reception” and noting that the manual is broken into two
sections: a non-technical set of instructions and a second section of technical discussions “for the advanced amateur.”
The attention to the non-hobbyist user is also seen in the color-coding of the non-tuning controls. Red dots on the knobs
show the normal settings for AM reception. Green dots show the setting for FM reception. The needs of the all-wave
listener were also addressed throughout the circuitry: special wide selectivity settings, “high fidelity” audio circuit
design, unusual tone controls (including “bass boost”), and a full 8 watts of audio power developed from 2 6V6 tubes in
push-pull. The circuitry provides an essentially flat audio response from 50 to 15,000 cps.

Like most top-of-the-line tube receivers, both the SX-42 and the succeeding SX-62 are enormous by modemn
standards. The front panels measure 20 inches by 10 inches and the (interchangeable) cabinets are 16.5 inches deep.
Each weighs in at a backbreaking, 60 pounds, as well! ‘

The matching R-42 and R-45 (rack mount) speakers were also designed for the audiophile. The 8" speaker (large
magnet) is enclosed in a ported “bass reflex” enclosure; a two-position switch on the enclosure offers “Communica-
tions” and “High Fidelity” settings. The audio qualities of the SX-42 are excellent, even by today’s standards. Listening
to classical music on FM with the SX-42 driving either the R-42 or a modern stereo speaker enclosure is a wonderful
experience.

CIRCUITRY (SX-42, SX-62)

The receiver covers the range of 550 kHz to 108 MHz in six bands: 550 - 1600 kHz, 1.6 - 5 MHz, 5-15MHz, 15
- 30 MHz, 27 - 55 MHz and 55 - 108 MHz. The circuitry for the first four bands has an intermediate frequency of 455
kHz and provides AM and CW reception. Bands five and six have an i.f. of 10.7 MHz for reception of wide-band AM,
CW and FM signals. All i.f. signals pass through three transformer cans, each containing two tuned circuits in parallel,
one for each i.f. frequency. The SX-42 is basically the communications receiver type that had evolved before World War
11, with the addition of the FM circuit introduced by Edwin H. Armstrong in 1933.

The first SX-42 s that appeared at the end of 1946 had the following 15-tube complement: two 6AGS5 r.f. amps.,
7F8 converter, 6SK7 1st i.f., 6SG7 2nd i.f., 6H6 low i.f. AM detector/noise limiter, 7TH7 1st FM limiter, 7H7 2nd FM
limiter/ high i.f. AM detector, 6H6 FM discriminator, 7A4 b.f.0./FM meter amp., 6SL7 a.f. inverter, two 6V6 a.f. output,
VR150 voltage regulator, and SU4G rectifier. In the latter part of 1947, the first 7H7 was made a 3rd i.f. amplifier and
the second 7H7 became the single FM limiter and AM detector. After the first production run of the SX-62, the Loktal
7H7 s and 7A4 were replaced by their octal counterparts, 6SG7 s and a 6J5. The SX-62/A/B has a 6C4 in the 500 kHz
calibrator circuit.

The circuitry underwent no fundamental changes during the almost two decades the SX-42 and SX-62/A/B were
on the market. During the first few years a number of successive small improvements were made for the signal path in
the final i.f./detector area. The re-design for the SX-62 brought in the 500 kHz calibrator and took out the ganged
bandspread capacitors, front-panel crystal phasing control and the combined S-meter/FM tuning meter. The only mod-
ification in the audio section over the years was the change of the original output impedances of 500 and 5000 ohms to
3.2, 8 and 500 ohms in the SX-62A.

The components that failed the test of time were the tubular paper capacitors in the early receivers. Any such set
surviving today either will have had these replaced or will need to have the work done. Many small economies were
effected in the early receivers to help hold the line on costs. One false economy was the failure to provide a fuse in the
primary of the power supply. A fuse was included in the design of the S$X-62A when capacitor failures in the earlier sets
were seen to be causing damage.
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Selectivity and sensitivity figures obtained on James Goodwin’s SX-42 are:

Selectivity of the three L-C filters at - 6dB: 6, 7 and 13 kHz, with -60dB/-6dB shape factors averaging 3.5.
Selectivity of the three crystal filters at -6dB: widths within the range of 50 to 1500 Hz (each filter s width being set by
an internal trimmer), and at -60dB, widths of about 7 to 9 kHz.

AM sensitivity with a 6 kHz bandwidth: an average of .75 microvolt over the range of 1.6 to 30 MHz, and 4
microvolt on the broadcast band. With a modern 4 kHz filter inserted, the preceding figures are reduced to about .55
microvolt and 2.7 microvolt. (10 dB signal + noise / noise, 400 Hz tone, 30% modulation)

USING THE SX-42

John Bryant: I never use my restored SX-42 as a serious DX receiver. It lacks pass-band tuning and a notch
filter. Further, its narrowest L-C IF filter has very broad filter skirts while the broadest crystal filter is a bit too narrow
for my DXing tastes. If my SX-42 were fitted with a couple of KIWA filters and an outboard digital read out, it would
be a credible DX receiver, but it would still lack both passband and notch. I use the SX-42 as the program listening
receiver in my shack and it is running more than any of my DXing radios. I am lucky enough to have the matching R-
42 speaker and really enjoy listening to Afro-Pop or the music of the Andes with the IF wide open and the mode switch
in the “high fidelity” position. The audio is wonderful!

When James Goodwin restored my ’42, he installed a KTWA 4 kHz filter.* Since both the 10.7 MHz and 455 kHz
IF signals flow down the same signal path, James took the trouble to make the filter switchable so that I could switch the
filter out and listen to FM normally. This also allowed me to evaluate the performance of the SX-42 both stock and
modified. In truth, the rather pedestrian stock IF filters of the 42 are adequate for about 75% of my program listening.
However, the rest of the time I can really improve the signal/noise ratio, or remove a pesky hetrodyne with the very
steep-sided KIWA filter while still getting a fairly wide-spectrum audio.

What | like most about the SX-42: I absolutely love the quality of the audio and I like the tuning system. The
concentric knobs are both handy and fun to use. The flywheel-backed main tuning knob and brass gearing makes tuning
sensual and the design of the index line (actually a 3-D blade) makes it easy to tune the main deal very accurately. Ilike
the looks of the SX-42. It’s very nice to have such a beautifully designed radio in the shack.

What | like least about the SX-42: The S-meter is beautiful but just a bit too small for my bifocaled eyes.
Also, apparently to reinforce the “clean look” the Loewy designers talked the engineers into placing the ‘band-tuned’
indications (5-15 MHz, etc.) on the 1/4" wide horizontal EDGE of the band switch knob itself! This is very difficult to
read, even in a well lit shack and was a bad design decision.

James Goodwin: I've used my 1946 SX-42 almost daily since I got it third-hand 37 years ago. The i.f. section
was up-dated to an SX-62A s 30 years ago, and today it has Kiwa filters with actual bandwidths of 4.5,3.5 and 2.5 kHz.
I’ve added an outboard digital read-out. The receiver has been run concurrently over the years with a total of 25 other
receivers. The 42 is near the back of the pack for oscillator stability, but, with comparable i.f. filters, the sensitivity is
about equal to the best tube receivers and is better than that of most solid-state models with broadband front ends. The
receiver has one main use. Since I m interested in all 5.w. bands and transmission modes, there are a lot of frequencies
to check at times like the dawn-enhancement hour. A receiver with good sensitivity and frequency agility is needed.
Because the SX-42 has three s.w. bands rather than the five of other good tube models, I can band hop with it more
quickly, and with greater freedom of frequency choice than what the memories of a modem receiver can provide.

SIC TRANSIT GLORIA

It is not possible to determine at this point just why the SX-42 was dropped from the Hallicrafters line after only
two years. Retail price was probably not the issue. The competing National HRO-5TA-1 and Hammarlund SPC-400
were each selling at $300 each, while the SX-42 was priced at $275 (almost $2000 in 1994 US dollars). Most likely,
several factors contributed to the receiver s lack of success with both radio amateurs and all-wave listeners. For the ham,
a comparison of the SX-42 with the much less expensive surplus SX-28, showed both had about the same selectivity and
sensitivity, but the 28 had features that were downgraded or eliminated in the new receiver. These included elimination
of the 28’s antenna trimmer, a less capable noise limiter, reduced shielding of the tuning capacitors, a cutback in
temperature-compensating capacitors which lead to increased warm-up drift and a number of other more subtle econo-
mies. These sacrifices were probably made to maintain a ceiling on receiver price while adding the new FM and
altemate i.f. circuitry. For the all-wave listener, the SX-42 was an excellent product, but, it still looked and operated like
a traditional ham receiver rather than like a radio for the home. What ever the cause, the SX-42 passed into history with
the end of the 1948 model year.
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THE SX-62

Like the SX-42, the SX-62 appears to be an outgrowth of Bill Halligan’s conviction that there was a significant
market for a very expensive “high fidelity” all-wave listener’s radio similar to the Scotts and McMurdo-Silvers of the
1930’s. Since so much of the circuitry of the SX-42 was devoted to the needs of high fidelity AM and FM reception,
deciding to develop a true listeners-only all-wave receiver based on the SX-42 chassis must have been very easy.

The SX-62 was introduced in 1948 as “the world’s finest receiver for the all-wave listener...will outperform any
other broadcast receiver on any frequency, standard broadcast, shortwave or FM...” (See ad copy below). The evidence
indicates that Halligan and Hallicrafters had finally found the niche market that they had been seeking with the SX-42.
The SX-62 was produced in both the US and Canada more or less continuously from 1948 through 19635, the longest run
of any Hallicrafters model.* The price rose from $269 at introduction to $525 in its final model year. That equates to
$1565 and $2340 in 1994 dollars. Throughout most of those years, the SX-62 was the most expensive radio in the
Hallicrafters catalog.

Hallicrafters engineers simply removed the band spread capacitor and added a 500 kHz crystal calibrator circuit
based on a single 6C4. Otherwise, the tube compliment and general circuity of the first run of SX-62’s was identical to
that of the now abandoned SX-42.5

FRONT PANEL DESIGN

The front panel, dial face and dial mechanism designed by Loewy’s office for the SX-62 were the largest and most
useful all-wave dials ever produced. Like the SX-42, the main tuning knob drove a very heavy flywheel as well as the
tuning capacitor, enabling quick frequency changes. The large dial pointer itself could be adjusted plus or minus about
172" independent of tuning capacitor position by using the small Pointer Reset knob. With this pointer reset capability
and the crystal calibrator, it is easy to maintain the dial so accurately that any international broadcast may be found
quite quickly. Beyond the usefulness of the massive slide rule dial, the overall design of the dial, the front panel and the
cabinet are such that the SX-62 was and is at home in the Board Room or the Living Room. The SX-62 is a classic of
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1950°s understated elegance. The dial itself is over 15" long, spreading the spectrum out over almost 8 feet of dial. The
dial is also quite romantic for the radio aficionado, as many of the locations listed on the dial are either spelled archa-
ically (e.g. Djakarta) or no longer exist (Belgian Congo, etc.)

Although the SX-62 has no band spread or incremental tuning, it is quite easy to tune. The mechanical design of
the dial is “geared down” so that it requires quite a few turns of the tuning knob to tune across the huge dial. This allows
easy fine tuning with the main (only) tuning knob. Movement across the dial is aided by a large flywheel.

IN USE TODAY
John Bryant: Since I spend at least as much time program listening as I do DXing, I find great pleasure in

owning what I believe to be the finest all-wave receiver ever built. I have used the SX-62 as my bench receiver for a year
or so and have found it very enjoyable. With the proper antenna, I can listen to the local TV broadcasts on channel 2-6
as well as FM, MW and of course SWBC. Although I own an R-42 speaker, I found that one of my old large stereo
speaker enclosures matched the high fidelity of the SX-62 very well. The S$X-62 sounds wonderful whether on FM
classical stations or listening to some of the music aired on HCJB.

Recently, I built a coffee table-height speaker enclosure with the same footprint as the SX-62. The SX-62 now sits
atop its speaker enclosure in my office. It has generated numerous conversations about radio, geography and such; I'm
also the only guy around our office who can choose to listen to the 5:00 PM news from London, or from National Public
Radio or from Channel 4!

The only weakness of the SX-62 that I have noticed is the L-C IF filtering discussed the SX-42. Although I could
install a KIWA filter, I have never found that selectivity weakness to be a real problem in program listening. I use my
SX-62 almost every day and I enjoy it very much.

SHOULD YOU OWN EITHER ONE?

With the exception of some specialized CW applications, the SX-42 is not really a DX receiver by modem
standards. If you want a tube era DX machine to compete with the best of the solid state crowd, an SP-600 or an R-390A
aided by a Hammarlund HC-10 is a good bet. So, t0o, is the still popular Hammarlund HQ-180-A. However, if you
would like to own a truly unique piece of major league radio history, or if you would like to use a communications
receiver for program listening, an SX-42 may be in your future. Be prepared to look for one. Since they were only
produced for two years, SX-42s are fairly rare. Currently they are selling for $200-$500 based on condition.

The SX-62 was never intended as a DX receiver. It remains today just what it was advertised to be in 1948: the
finest all-wave receiver ever made. SX-62’s are currently fairly common on the vintage receiver market, though they
bring similar prices to the rarer SX-42’s,

If you have serious interest in either of the magnificent tube radios, you should move quickly. Prices are going up
rather rapidly.

AUTHOR’S END NOTES

!Interview with Mr. Robert Samuelson as in “The Hallicrafters SX-28” fine tuning’s Proceedings, 1992-93.

National retained industrial designers to style their 1947 line, the HRO-7, NC-57, NC-173, etc. Hammariund
most probably never retained professional industrial designers.

SEmpire of the Air by Tom Lewis, Edward Burlingame Books, an imprint of Harper Collins, 1991. A history of
radio in the U.S. viewed from the perspectives of the careers of Lee De Forest, David Sarnoff and Edwin Howard
Armmstrong.

*Communications Receivers 2nd ed., Moore. Raymond Moore lists production as SX-62 1948-51 (price $269),
SX-62A 1955-63 (Price $350), SX-62B 1965 (Price $525)indicates that the tube compliment of all SX-62’s was the
same as that of the SX~42. This is not correct. The Hallicrafters owner’s manual labeled ‘SX-62, 2nd Run’ lists the more
modem tube compliment (elimination of the loctal 7H7’s) that Moore shows only with the SX-62A/B.

sibid. Note: Raymond Moore indicates that the tube compliment of all SX-62’s was the same as that of the SX-42.
This is not correct. The Hallicrafters owner’s manual labeled ‘SX-62, 2nd Run’ lists the more modern tube compliment
(elimination of the loctal 7H7’s).

““The KIWA LF. Filter Module” by James Goodwin, fine tuning’s Proceedings 1992-93 or KIWA Electronics, 912
S. 14th Ave., Yakima, WA, 98902 Phone 1-800-398-1146 or 1-509-453-KIWA.
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THE HAMMARLUND SP-600

Phil Bytheway
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Figure 1: The Hammarlund SP-600-JX

Look at that monster; it must weigh a ton! No, actually the SP-600-JX-xx weighs between 75 and 95 pounds
depending on whether or not it comes in a cabinet.

The SP-600 (Figure 1) comes from a long line of snazzy Hammarlund ‘Super Pro’ receivers, the most notable
being the subject of this review. Some models come with a ‘J’ added to designate a ‘militarized’ version which used
“components having characteristics which are the equivalent of military component specification insofar as practica-
ble™. The “X’ versions can receive 6 fixed channel crystal frequencies in the 0.75 - 54 MHz range. The xx number after
the final hyphen indicates the model number within the series which ends with the -26 model. Its design dates from
1950 and variants were built up to the early 1960s. It was advertised for sale in QST as late as 1969. Most were
originally sold to the military, government agencies and research laboratories for $1000, but they are now available for
a between $50-200 depending on condition.

The SP-600 sports a 20 tube complement, self contained power supply (no solid state!) and can easily be mounted
in a 19 inch rack. It is 10 1/2 inches high and 16 1/2 inches deep. The SP-600 was designed for the reception of AM, CW,
RTTY and can be used in diversity applications. Coverage is continuous and ranges from 540 kHz up to 54 MHz (6




meters) in 6 bands. The band breaks are at the following frequencies: 1.35, 3.45, 7.40, 14.8 and 29.7 MHz. There is
some overlap between the bands. The power supply is designed to operate from AC between 50 and 60 Hz and line
voltages between 95 and 270 volts (8 tap settings on main transformer). The marsh mellow toasting factor or typical
power draw is 130 watts (1.25 A at 117 volts maximum).

First class construction techniques were used throughout the SP-600-J series. The main tuning capacitor is gold
‘plated and the RF coils for the different bands are contained within a silver turret assembly which rotates the proper
coils into position. The VFO drive train is a well made brass gear assembly and the chassis is made from anodized
aluminum. To top it off, some sets have all solder connections coated with conformal coating for corrosion protection.

Over the course of my research, I sent questionnaires to 15 SP-600 users, an will quote their responses throughout
this review.

FRONT PANEL

Figure 2 shows the front panel of a SP-600-JX-17. Noted SW DXer John Bryant feels that the general appearance
of the SP-600... ,

“is one of the most beautiful major receivers made (SX-28 being first, then the SX-

88, maybe tied with the SP-600). Unlike the R-390A, the SP-600 is just a pleasure to sit in front of.

I also think all of the large knobs are just exactly the right size for hours of use (others have made

this exact same comment). Using this receiver shows me, clearly, what we gave up to the miniatur-

ization thrust of ‘modern’ receivers. Finally, the size and feel of ALL of the controls lets you know

that you are dealing with a SERIOUS radio.”

Other survey responses are in agreement with John and no one indicated a desire to relocate any of the knobs.

A tour of the front panel follows. Numbers correspond to those used in Figure 2.

1) The “PHONES” jack delivers 15 mw to an 8000 ohm load if the 600 ohm output (on the back panel) is driving
500 mw to 600 Q. Audio is very weak with 8 ohm headphones as expected. However it does work well into “auto-level”
and “adjustable level” tape recorders. The user can also use the 600 ohm outputs on the rear chassis for audio.

2) This switch is used to select the fixed crystal controlled frequencies and must be set in ‘ VAR’ for normal tuning
operation.

3) Selects between internal and external 2nd mixer frequencies (some models). I have not seen this on any of the
sets I've viewed and no one mentioned having a set with this switch, so the manual I have is somewhat unique.

4) BFO internal/external, AVC fast/slow control (some models). Once again, I have not seen this on any set but
certainly some sort of AVC control is preferred. John Leary mentioned that he built a separate AVC circuit for his set. In
the course of normal DXing, situations will arise in which the user needs more than on/off AVC control. On BCB, the
‘flutter’ associated with so called ‘graveyard’ (local) channels demands a much slower AVC than on the regional or
clear channels. '

5) Turns the BFO on/off. Definitely a preferred feature. So often the ‘modern’ radio designers have decided when
to enable the BFO, often excluding certain bandwidth selections unless in SSB. You can use the SP-600s BFO with all
selectivity selections.

6) Puts the set in standby, thus disabling the RF amplifiers via screen voltage. B+ is applied at all times.

7) RF gain also contains the AC on/off switch.

8) Tuning knob. This is connected to a flywheel counter balance which allows for very easy tuning (and high
speed spinning!). John Bryant notes: “the aesthetic thrill of giving the tuning knob a spin is WONDERFUL! The gear
train and the big flywheel seem perfectly matched to move quickly and accurately across the bands. Clearly, the best
main tuning knob in the business.” Anti-backlash gear tensioners are used in all interfaces and there is no discemible
backlash when tuning. The ratio for tuning to main dial is 50:1.

9) This large knob is used to change bands. Like all boat anchors, it is difficult to turn and a good grip with high
torque is required. Keep in mind that 4 sets of coils are being manipulated when changing bands (a 1a HRO!).

Note: the tuning/band knob arrangement of the Super Pro series differs from the ‘traditional’ Hammarlund/Col-
lins arrangement of leftmost knob for tuning, rightmost knob for band changing/band spread. For someone moving
between an HQ-180/R-390A and the SP-600, a bit of reorientation is necessary. Do NOT try standing on your head.
Those of us who are left handed (a minority to which I belong) are further hampered by having to cross the front of the
receiver to tune the set. I still love the ease of tuning however; it really flies!

10) This allows +/- 3 kHz variation of the tuning frequency when in the fixed crystal mode... nice to have front
panel fine tuning when using a crystal.

11) Readout in 10 kHz to 1.35 MHz, 20 kHz to 3.45, 50 kHz to 7.40, 100 kHz to 29.7 and 200 kHz to 54 MHz. In
addition, at the top, a 0 to 5 log scale is provided for use with the vernier dial (explained later).
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Figure 2: SP-600-JX-17 Front Panel

12) S-meter, 0-200 pA, calibrated directly in kHz with respect to 455 kHz. This one also shows AF strength,
although most folks don’t use this feature. More users rated the S-meter performance as ‘ok’, a couple indicated ‘accu-
rate” and only one called it ‘poor’. There are adjustments on the rear chassis for this so perhaps a wide range of opinions
are possible. On my set, I noted that there was less than full deflection when tuning in locals and slight deflection when
tuning in weak signals, much more dynamic than a lot of signal strength meters I’ve used. I prefer a meter that doesn’t
pin easily, which allows me a visual means of ‘peaking/tweaking’ antennas and tuners. If the S-meter pins easily, one
can still use the slightly detuned BFO audio technique for peaking external devices.

13) Locks the internal tuning mechanism, although the tuning knob still rotates.

14) The Vemnier dial is a full 0-100 with markings every 0.5. This dial, combined with the log scale at the top of
(11) can be used to return to a known frequency within 1 kHz, you just have to write the log value down!

15) Bandwidth, 13.0, 8.0 and 3.0 kHz bandwidths are available without the crystal filter. The crystal filter is
switched in for bandwidths of 1.3, 0.5 and 0.2 kHz. Most folks use either the 1.3 or 3.0 kHz position for DXing and the
3.0 or 8.0 position for casual listening. Close DX situations almost always require the 1.3 kHz filter.

16) This control is used when in the 1.3, 0.5 or 0.2 positions to adjust the phasing of the single pole crystal filter.
The single notch can be moved through the passband. I can’t find any documentation on the notch depth. The manual
describes it as ‘extreme selectivity for the high attenuation of closely adjacent interfering sigmals.’’ Most users rate the
usefulness of this feature as “excellent” to “good”.

17) The noise limiter tends to mess up the audio, because it is designed for to reduce noise from ignition systems
and other pulse noise sources.
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18) The BFO frequency control is very handy. It is calibrated to +/- 3 kHz in 0.5 kHz increments that are at least
1/4 inch apart. When combined with ‘normal’ band station separation (10 kHz BCB, 5 kHz SW), it can be used to
determine the frequency of off channel stations within 0.1 kHz. Of course a frequency counter/readout would be a better
solution, but for a strictly analog readout, this setup is most impressive.

19) Enables/disables the AVC. It’s a shame this set doesn’t have an adjustable AVC timing. It would help out quite
a bit in some BCB flutter frequency situations.

20) This allows the user to switch between RF and AF readings on the ‘S-meter’. AF is generally only used for
adjusting low-level audio into a telephone cable. These receivers were often installed in remote receiver sites. Audio
outputs went to a control station through telephone circuits in which levels needed to be closely controlled. For use with
a speaker at the same site as the receiver, the AF meter option really isn’t needed.

21) Controls the volume into the headphones and rear 600 ohm outputs.

22) A good idea to keep track of the crystal values plugged into the crystal rack, just in case you forget such
things.
23) It’s also a good idea to know what band the set is tuned to, even though the pointer (24) moves up (and down)
as the band is changed. .

25) Combined with the pointer in the Vernier window (26), station ‘log’ values are tabulated.

So much for the front of the set. The antenna connection is located ‘inside’ the set mounted on top of the RF
chassis (mine is BNC). On the back there is a power connection, a couple of fuses and a spare fuse box (usually
missing!). You will also find an array of screws for the diode output, AVC and audio output connections. A four line
‘remote’ female connector allows access to various internal signals. A PL-259 connector is available for the IF output
(not specified, but measured 3.5 V peak-to-peak). Rear mounted screw adjustable potentiometers allow for BFO and °S-
meter’ adjustments for both the RF and AF modes. On the -17 versions, two additional PL-259 connections provide
inputs for externally supplied 2nd VFO and BFO signals. '
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Figure 3: SP-600-JX-17 Block Diagram

CIRCUIT DESCRIPTION

Figure 3 shows a simple block diagram. Four band dependent tuned circuits are switched in for the 95 ohm
balanced antenna input (before first RF), first and second RF (both 6BA6) and first VFO (HFO-6AC7) circuits. In the
fixed crystal controlled mode, the crystal controlled oscillator is connected in place of the first VFO (thus implying that
the fixed crystal frequency is not the same as the desired frequency). Depending on band selection, the first mixer
(6BE6) produces a 455 kHz signal for bands 1-3 - below 7.4 MHz, or 3955 kHz signal for bands 4-6 - above 7.4 MHz.
The second VFO (6C4) generates a crystal controlled 3.5 MHz signal for the 2nd mixer (6BE6). On some sets, this
second VFO is selectable from the front panel to an input on the rear chassis. This all means the set is single conversion
below 7.4 MHz and double conversion above, with 455 kHz as the final IF frequency.
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The 455 kHz signal via the gate (6BA6 - below band 4) or 455 kHz output of the 2ad mixer (band 4 and above) is
selected for injection into 2 IF stages (both 6BA6). The selectivity switch adjusts all 3 IF coils (before st IF, between
1st and 2nd IF and following 2nd IF) with the first (before the 1st IF) being the location of the crystal filter and phase
adjustment. The output of the 2nd IF is buffered (12AU7) to a connector on the rear chassis. This output can be used
with a matching panadaptor for viewing post filtered IF behavior. The RF gain potentiometer controls grid voltages of
the 2 RF and to a lesser extent the 2 IF tubes. Following the driver (6BAG), the audio is extracted with a diode detector
(6ALS5). The BFO circuit (6V4 LC controlled oscillator followed by 6BA6 buffer) is coupled at the driver. Once again,
in some receivers, the BFO is selectable to a rear chassis connector via a front panel switch (which also adjusts AVC
attack speed). The AVC is buffered (6AL5) and drives the gain of the 2nd mixer/gate and both IF amplifiers, as well as
the S-meter (when in the RF mode).

The output of the detector is clipped by the noise limiter (6ALS - when enabled) and fed into the Audio gain
controlled AF amp (12AU7) and presented to the single, class A output driver (6V6) which drives the 600 ohm (at 2
watts) and headphone outputs and the S-meter (when in the AF mode). The B+ is regulated to 150 volts (OA2).

THE THREE S’S AND MORE ,

SENSITIVITY. The SP-600 manual rates sensitivity at 2.3 uV or better over the entire tuning range for a signal to
noise ratio of 10 db at 20 mW output with RF at maximum (1 uV for CW). For John Bryant,

“The intelligibility of weak signals is EXCELLENT. It was far better than my NRD-

525 in many careful comparisons. When using the 525 and MAP combination to compare to the SP-

600, the SP-600 was almost always better or tied with ‘the best solid state can do’. The SP-600 is

very sensitive and then the tube audio quality really improves intelligibility.”

Bill Kleronomos says

“Comparing it head to head with the R-3904, HQ-180, SPR-4 and R-70, using sim-

ilar antenna, I did not find any situations in which the SP-600 was unable to receive a signal the

others had. Sensitivity was measured using a 30% modulated carrier to check the 10db S+N/N

rating of this receiver. For those of you not familiar with this test, it takes into account the thermal

and other noise produced within the receiver and provides a figure of merit used by the electronics

industry. Merely hearing a signal is not good enough if it is masked by a high internal noise level!

The sensitivity was checked at 1, 4, 14 and 50 MHz and measured 0.6, 0.6, 0.7 and 1.5 pV, respec-

tively. This is not bad for AM sensitivity. CW signals were readable at 0.1 uV or less throughout the

range. Overall, this receiver has very good sensitivity with somewhat high thermal background

noise.”*

SELECTIVITY. (Figure 4) Selectivity is variable: 13, 8 and 3 kHz bandwidths are available without the crystal
filter. With the crystal filter, bandwidths are 1.3, 0.5 and 0.2 kHz. The filter’s phasing knob allows for the frequency
adjustment of the single notch. When properly adjusted, the single pole crystal filter provides very, very good single
signal CW reception using the narrow bandwidths.

For domestic BCB DX, the SP-600 performs well. I typically use the 3 kHz position, as the 1.3 kHz was too
narrow for my tastes. Foreign splits are readable in the 3 kHz bandwidth. What with domestic broadcasters squeezing
every kHz out of their bandwidth, a loop antenna is almost mandatory for adjacent channel reception, even with the best
of selectivity enhancements. I sometimes used the 1.3 kHz position to DX. However, in my SP-600, there appears to be
quite a bit of loss associated with the crystal filter... perhaps mine is not perfectly aligned.

John Bryant adds

“For use on shortwave, either listening on the International Bands or DXing on the

Tropical Bands, the selectivity of the SP-600 - stock - is not up to modern standards and almost

makes this otherwise wonderful receiver unusable. The L-C IF filters are not well suited for AM

reception on the modern densely packed International Bands. The 13 kHz filter was always too

wide for anything except local powerhouse MW reception. The 8 kHz filter can be used to a degree

on the International Bands, but the shape factor is so bad that all sorts of ‘trash’comes in under the

skirts of the filter: There is also a continual 5 kHz whine from adjacent channel signals even when

tuned to the strongest International signals. The 3 kHz filter also has such wide skirts that the

continual weak 5 kHz hetrodyne is present. The 6 dB width of this filter is, however, too narrow for

really good audio when SWLing. For casual listening, a low pass audio filter would clear up the

hetrodyne, but rob you of the higher audio fréquencies. The 3 kHz filter is marginally useful asa DX

setting, however, the terribly wide filter skirts still let in a lot of trash. The 1.3 kHz crystal filter is

a good DX setting for the Tropical Bands, but very careful tuning is required. I have no experience

DXing with the narrower crystal settings.
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STABILITY. Per the manual, frequency drift after a 15 minute warm up period ranges from 0.001-0.01%. I can’t
really argue as I’ve never noticed any stability problems. Bill Kleronomos notes

“A series of stability tests were conducted after a 1 hour warm-up. Due to the ther-

mal inertia exhibited by the massive silver-plated cast front end assembly, I observed that stability

continued to improve until thermal equilibrium was reached. This took about six hours! For the

most critical applications, I recommend leaving this receiver on all the time in standby mode. 1 also

noted that stability was greatly improved by using the 130 volt tap in my area (versus the 117 volt

tap typically used) where the nominal line voltage is 123 volts. After warm up, I measured the

stability over a 10 minute period. This receiver held to within 30 Hz at 14 MHz and 10 Hz at 7 MHz.

The BFO drified less than 1 Hz over the same period. In crystal control at 10 MHz, drift was less

than 2 Hz over 12 hours. Mechanical stability was checked at 14 MHz. Shaking the operating desk

produced no change. Frequency only jumped a few Hz when a sharp blow was applied to the

cabinet.”?

IMAGES: There is a weak birdie on 910 kHz, and the normal expected mixing spurs from locals are evident across
the BCB. Using a loop antenna only alleviates the problem if you null the offending dominant station. The preselection
provided by the loop’s tuning doesn’t seem to help. The two RF stages are perhaps more a problem than a blessing in the
SP-600 (many signals get into the first mixer). Image and Spurious responses are rated at better than 74 db. Bill Kler-
onomos again “These were checked at 40MHz and were unmeasurable due to test equipment limitations, which means
90 db or better; an outstanding figure.”

AUDIO DISTORTION: Measured distortion at 1kHz ranged from 3% at 100mw, 6% at 500 mw and 10% at 1 w.
Audio response was basically flat from 100 Hz up to the selectivity limit.’ The only audio distortion I noted was when
the Noise Limiter was switched on. Although the limiter works very well on noise, it also distorts the audio, often
making signals difficult to understand.

PRACTICAL USE AND STUFF

ANTENNAS: John Bryant has used 90 meter full wave deltas, an array of 450' Beverages and an amplified ferrite
bar loop (for MW). All are impedance matched to 50 ohms. All seem to work well with the SP-600’s antenna input (95
ohm) on Tropical Bands. John does not own an antenna tuner, however, with impedances already closely matched, he
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feels that a tuner would not improve matching. On the other hand, my experiences with various MW loops (4-5) has
been somewhat different. I was unable to get my ‘Wedge’ loop to perform well with the SP-600. The Wedge has a single
ended FET input amplifier with a 50 ohm emitter-follower output stage. The Space Magnet loop (with a similar, but
different emitter-follower output stage) was the best of the bunch, as it appeared to have little or no loss. There is no
antenna trimmer on the SP-600. Those surveyed indicated a preference for one and most users indicated that they used
an external tuner. It is a clear necessity if interfacing with a wide variety of antennas.

TUNING: I've found tuning on the BCB to be very nice with this set. Naturally, the BCB has the largest distance
between stations... I can imagine the serious SW DXer having problems in crowded bands where the space between 5
kHz stations is a breath away. Using the variable BFO, it is fairly easy to nail BCB stations within a kHz; even eye-
balling to 0.1 kHz when appropriate, although I really don’t have much experience using the SP-660 to hear ‘off
frequency’ foreign stations. Since the BCB is broken into two pieces (breaks at 1350 kHz), the flywheel action is a
MUST for bandscanning. The entire BCB readout is to 10kHz, including the portion on band 2 from 1350 to 1600.
Above 1600, marking moves up to every 20 kHz as noted above.

John Bryant adds

“From an aesthetic point of view, I love the SP-600 tuning. However, from a practi-

cal point of view, it leaves much to be desired. The commitment to a single tuning rate, rather than

main and band spread, forced the designers to compromise on gear ratios; this is one receiver that

really needs a stick-shift transmission. The counterweighted flywheels do make moving from one

part of the dial to a distant point a fairly easy and rapid task. However, for fine tuning or slowly

sweeping across one of the Tropical Bands, the gear ratio is wrong... you truly need the touch of a

safe cracker. I find that I always need to throw on the BFO to make sure that I am exactly tuned to

the signal. I do wish that there were either gear-driven or electrical incremental tuning. On the

other hand, tuning the SP-600 is FUN... you are aware of controlling a real radio and you are

aware that it takes practice and skill to get the most out of this beauty. It is sort of the feeling that

F-16 pilots must have... it ain’t easy, but is sure the heck is fun.

“I have only used the logging scale a few times just to see if it would work. It works

like a charm. The receiver is stable enough that I can return to the same signal days later very

easily and very predictably. If I was not lazy, I would have developed the frequency charts neces-

sary to be able to read frequencies to the kilohertz. Instead, I have installed the digital frequency

readout by CCI which is reviewed in Proceedings 1992. I feel very guilty about this, I should be a

purist and use charts. I have both a 200 Hz and a 1 MHz crystal calibrator on board my SP-600.

Using those to judge how much the dial is ‘off ’in a particular area, I can read the main dial to +/

- 5 kHz. Not bad. 1t is also rather easy to see that the dial itselfis not quite linear with the radio. It

is quite close, however.”

SPEAKER: I never got a speaker for the set because it has a 600 ohm output. The scarcity of 600 ohm speakers is
one of the drawbacks to buying any surplus receiver. I have used the SP-600 as a Trans-Pacific parallel checking set, it
gets the stronger NHK stations easily enough when using a 150’ longwire. I switch it into my ‘audio system’ consisting
of a multiple selection switch feeding the input of a reel-to-reel tape recorder always kept in the ‘record’ mode. Volume
adjustments are easily made with the audio gain knob on the SP-600 or the record level knob on the tape recorder.

COMPARISONS

David Clark rates the SP-600 better than an HQ-180 on BCB, but gives the edge to the HQ-180 on Tropical Bands,
and generally prefers the SP-600 over an R-390A. Jef Jaisun notes that it outperforms a GE Superadio IT and Sony ICF-
SW7600 on MW. Bill Kleronomos prefers his SP-600 for casual listening and fast tuning, something impossible to do
with his R-390A. Hank Holbrook prefers the HQ-129X which is far superior for crystal tuning. Shawn Merrigan prefers
the tuning of the SP-600 when bandscanning and against the R-390A and NRD-525 it compared favorably, though
harder to find a specific station.

MODIFICATIONS - ELECTRICAL PROBLEMS

BLACK TUBULAR CAPACITOR: This is documented over and over; they simply must all be replaced. These
black tubular capacitors (39 - 0.01uF, 14 - 0.02 puF) are famous for developing leaks and shorts thus clobbering the
performance of this set. And a potential fire hazard as well! They should be replaced with 1 kV disc ceramics. Unfortu-
nately, a number of space problems will arise when doing so, as the circuitry is often crammed. People used to doing
this kind of work usually spend about 100 hours at it! It is an exercise in dexterity and perseverance and should not be
attempted by any but the most experienced people. An excellent technique is to make small drawings of the circuitry
BEFORE removing the tubulars, then, with the help of the schematic few errors are made. It’s also a good idea to test
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your replacement capacitors BEFORE installing them. Interesting descriptions of the task can be found in Hollow State
Newsletter #19, p 7-8, #20, p 2.> Thanks to Bob Kulow for pointing this out to SP-600 owners... and yes, all users
surveyed had either replaced their capacitors or had problems with ‘blown’ ones (and have their fingers crossed!).

FILTER CHOKE LEAKAGE: Remove all wires from both filter power supply filter chokes and measure the
resistance to ground. Many are less than 15 ohms indicating poor internal isolation from ground. It’s best to insulate the
chokes from ground by enlarging the base plate mounting holes, and then remount the chokes using insulated step
washers. Don’t forget to remeasure the resistance after mounting to be sure they are completely isolated. Hollow State
Newsletter #18, p 4.2

SELECTIVITY ENHANCEMENT: Dallas Lankford describes a technique for adding Collins mechanical filters
within the filter preceding the first IF in the Hollow State Newsletter #15, p 4-7.

Three excellent and interesting articles by Bill Kleronomos in Electric Radio #20, 21 and 22 describe several

. additional receiver ‘tweaks’ and modifications. These include: frequency drift due to poor B+ and filament voltage

regulation (vastly improved SSB and CW reception), construction of a high performance product detector (everyone
needs a product detector... although quite a bit of reworking the set is required), and tube exchanges to improve perfor-
mance. The third of these is worth mentioning further because it is the most useful. It’s also the easiest to do.

Tube substitution of the RF amplifiers with tubes of lower noise figures greatly improves the overall noise figure
of the SP-600. Replace the RF 6BA6s with a 6DC6, 6DK6, 6GMS6, 6JK6 or 6GUS5. The list of tubes is in descending
order of equivalent noise resistance; even the 6DC6 change is a vast improvement.

OVERALL OPINION
John Bryant:
“My SP-600 is a completely remanufactured unit which was stripped to parts and
then reassembled using as many new components (including tube sockets, all caps and resistors,
etc.). It also has a new audio section (design similar to the Collins 7544) and a new SSB module
and two crystal calibrators. It’s RF and IF sections for AM are stock, however. For all purposes, it
is an electrically brand new unit with better audio. I am using an HC-10 unit with my SP-600.
“With the SP-600/HC-10 combination, I have found the main receiver that I will use
for fixed base DXing and for program listening for as long as I continue in radio. I have spent many
hours comparing the SP-600/HC-10 with my highly modified NRD-525 and MAP combination. In
almost every DX situation, the SP-600/HC-10 either wins or ties the NRD combo. Besides being as
sensitive, more or less, and as selective, more or less, the vastly superior audio quality of the SP-
600/HC-10 is extremely useful when trying to understand audio that is at the noise floor.
“What this system CAN NOT offer, however, is the convenience and nimbleness that
the memories and other fruits of automation bring to the major solid state receivers of the late
1980s. Personally, I think that I will continue to use something like the 525 to FIND the DX and the
SP-600/HC-10 to HEAR and UNDERSTAND it.”
Having used many receivers over the years, I can truly say I enjoyed the many hours spent in front of my SP-600.
As John has pointed out, it is a wonder to tune. I originally purchased my SP-600 shortly after I was married in 1976 and
it was set up for DX in the ‘spare room’ of our house until my son was born in 1980 (thus terminating the designation
*spare room’). I did have some problems interfacing my loops with the set, and you all know that loops are a BCB DXers
best friend! So I drifted away from the set in favor of a R-392, which had a built in antenna tuner; and better readout too.
The SP-600 was soon sold in favor of a smaller, more compact set which fit my slightly revised DX style. In preparation
for this article I obtained another set and used it head-to-head with the other radios in the shack, including two solid
state sets. | was once again impressed with the performance of the SP-600; it’s definitely a ‘keeper’... I'm glad it’s back!
I would like to thank the many SP-600 owners/users that assisted me with this article including: John Bryant,
David Clark, James Goodwin, Hank Holbrook, Jef Jaisun, Bill Kleronomos, Dallas Lankford, John Leary, Pat Martin,
Shawn Merrigan, Rick Setliff and Jack Woods.
I would also like to thank the organizers and editors of Proceedings for giving me this opportunity to ‘hit the big
time’ by generating this review. They have been more than patient with all my various delays, still finding it within to
encourage me to keep working. Thank you folks...

REFERENCES

1 GENERAL PURPOSE COMMUNICATIONS RECEIVER MODEL SP-600-JX AND MODEL SP-600-J INSTRUC-
TIONS, published by The Hammarlund Mfg. Co, 460 W 34th St., New York NY (out of print I would suspect)

2 Bill Kleronomos KDOHG, ‘Hammarlund Super-Pro: SP-600JX-17’ and ‘Update That Super-Pro’ (series), Elec-
tric Radio, issues 7?, 20, 21 and 22; P.O. Box 57, Hesperus, CO 81326.

3 Hollow State Newsletter reprints are available from HSN, PO Box 1831, Perris CA 92572.
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SSB RECEIVING EQUIPMENT
SP-600 Receivers/SPC-10 SSB Converter

For Commercial/
Military applications

The Hammarlund Manufacturing Company
now offers a complete line of commercial/
military communications receiving equipment
incorporating unexcelled performance and
valae for al! communication modes from
10 KCS to 54.0 MCS. This modern Hammar-
lund equipment is designed in modular, or
package form to enable the user to buy what
he needs to meet his specific requirements,
whether it is a brand-new installation, or the
addition of more sophisticated performance,
inciuding SSB, to present equipment.

Hammarlund maintains a complete commu-
nicaticns equipment ergineering facility that
is ready to serve you in any communications
problem. The Hammarlund reputation for
quality, plus the Hammarlund history for
value, adds up to your guarantee for the best
buy possible . . .
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The Hammarund SP-600




1. Normal independent operation wherein the receiver is POINT-TO-POINT RECEPTION—With its six crystal-con.

operated in conventional fashion. trolled fixed-frequencies, the SP-600 is the perfect receiver
for point-to-point and network applications. Operators of
these receivers con pre-arrange day and night fixed-fre.
quencies to provide the best reception possible. By using
crystal control, the operator can select a channel imme-
diately without searching.

2. Master Operation wherein one high frequency crystal
oscillator within one receiver supplies output for the
purpose of controlling the frequency of another receiver
as well as controlling itself.

3. Slave Operation wherein the receiver is controlled by

another receiver operating as o Master, Whether you want to operate on o fixed-frequency for

contact with on individual station or network, or roam the

4. External Opergtion wherein the receiver obtains its entire receiver range from 540 KC to 54 MC in search of
high frequency local oscillator injection from on ex- other contacts, you can't operate a finer receiver than the
ternal source common to two receivers. SP-600-JX.

SPECIAL DIVERSITY MODEL

$P-600-JX-17
Some a3 $P-600-JX except provisions for master
SPECIF|CAT|ONS or slave operations, i.e., internal or externol H.F.
oscillator, 8.F.0., ond adiustedle A.V.C.
Stendard Model 6 Bands ... .0.54 16 54.00 m¢ Bond 3 .3.45t0 7.40mc Bond 5 ......14.801029.70 mc
Frequency Renge Band 1 .......... 05410 1.35mc Bond 4 ....7.401t01480mc Bond 6 ... .29.70 10 54.00 me
SP-600-JX Bond 2 ..........1.35t0 3.45mc
Speciol Lew-Frequency Bond 1 .. ... ... 1000200 ke Bond 3 . 1.3510345mc Bond 5 ... 7.45t0 148 mec
Models SP-600-JL end Bond 2 .. ... 20010400kc Band 4 ... ...3.45t07.45mc Bond 6 ... 148 to 29.7 me
$P-600-JLX
Very Low Frequency Receiver
Medel SP-600-VLF Note: All specifications same as SP-600, except the following:
Frequency Renge: Bond 1 ... 10to 16 kes Bond 3 .. .28t S0kes Bond 5 ... 100 10 217 kes
Band 2 ... 16t026kes Bond 4 . S0to100kes Bond 6 ..........217 t0 540 kes
Fixed Frequency Reception: Four crystal-controlied positions for any frequency within ronge of receiver.
Meximum Undisterted Approximately 2.0 watts.
Audio Output
Output impedence 600 ohms. Bolonced split windings.
Phone jock-winding: delivers 'I‘g milliwatts to an 8000 ohm resistive load, when the audio outpu!
to the 600 ohm power load is adjusted to 500 milliwotts.
AVC Action Maintains the output constont within 12 db when the input is increosed 80 db.
Verieble Selectivity Thmlcary:tol filter ond three non-crystal filter positions provide 6 db bandwidths from 200 cycles
to C.
Sensitivity 0.75 to 1.0 mv on CW ond 1.50 to 2.3 mv on AM for a signal to noise ratio of 10 db.
Antenne lnput Op&mu:d coupling from o 100 ohm transmission line. Bolonced doublet or single wire ontenno moy
Double Conversion Double conversion is employed on frequencies between 7.4 mc ond 54.0 mc.
Imege Rejection Reties Better thon 72 db throughout the frequency ronge
Beet Frequency Oscilleter Varioble from zero beot to 3 ke.
Tube Complement Totol—20 Detector, “’C’’ Bias Rectifier and Noise
RF, IF ond BFO Amplifiers ...................... 7—6BAS Limiter and Meter Rectifier ........
HF, 2nd Conversion ond BFO Oscillators ....3——6C4 AF Amplifier and IF Output 1—12AU7
Crystai Controlled HF Oscillator .............. 1==b6AC7 Power Output ................ .. )\ —b8VEGT
MilBFE .........comtersssnncnsansrerasssssassrsrnsassarassoa 2—6BES Rectifier ........... 1—5R4GY
Voltoge Regulotor .........c.coooviiiinns 1—0A2
Vemnier Log Scele 600 vemier divisions for eoch frequency bond readable to one-tenth division making 6000 readoble
divisions per bond.
Power Supply Requirements Ling ROtiNG ......ccoomviemerienunnnnad 95, 105, 117, 130, 190, 210, 234, ond 260 volt taps, 50-60 cycles.
(A-25 60 cycle model is also available.)
Power Consumption . 130 wotts, 1.25 omps. ot 117 volts.
Tuning Meter Colibroted in db from 1 microvolt on AVC and in db from 6 milliwatts audio output.
Front Panel Equipment Main Tuning—Vemier (combined)  Selectivity CW-—Modulation Switch
Dial Lock BFO Pitch Limiter On-Otf Switch
Bond Selector Switch Crystal Phumg' Tuning Meter
Band Indicator Window Send-Receive Switch Phone Jock
RF Gain (with On-Off switch) AVC—~Manual Switch Meter-Switch
AF Gain
Reer Ponel Equipment BFO Injection AVC—~—Detector Diode Output AF Mater Adjustment
Convenience Outiet Bolonced AF Amplifier Outiet RF Meter Adjustment
Balanced Antennc Input tF Output
Crystal Contrel For operation of the “JX” and “JLX" models on fixed frequencies obove 750 Ke, ony one of six
mk or VFO is sslected by o front ponel selector-switch. Additional focilities on these modeis
) Crystal Frequency Vemier  Chonnel Chort .
Dimensions Size of the cobinet model is 21 ¥4” wide, 123%4" high ond 17%4" deep. Waight 8714 Ibs.
I:obv:dt model is 19” wide, 10%4" high ond 16¥2” deep from rack mounting surfoce. Weight:
APDSIY Soecificotiens subject to chonge witheut notics.
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No communications receiver has ever established a rec-
ord for performance and dependability such as that of
the Hammarlund SP-600. It is used throughout the world
for military, commercial, oand amateur users. |t com-
pares with receivers costing far more, and now, through
the oddition of the Hammarlund SPC-10, offers opera-
tional features exceeding virtually all other receivers at
any price.

The SP-600 communications receiver is a 20-tube dual
conversion superheterodyne, available in three frequency
models ranging from 10 KCS to 54.0 MCS. Receiver
frequency ranges are listed under Specifications. It con-
tains its own power supply. Operation of any one of six
crystal controlled fixed frequency channels within the
range of the receiver is immediately available, while
variable tuning of the receiver range is accomplished over
six continuous bands. Stability is excellent, ranging from
.01% or better at 540 KCS to less than .001% at 54
MCS. Image rejection is 74 db down, and spurious re-
sponses are at least 100 db down. Sensitivity is a maxi-
mum of 1 microvolt CW and 2 microvolits AM. Selec-
tivity for the three crystal and non-crystal filter positions
is from 200 cycles ot the narrowest bandwidth to 13 KCS
at the broadest bandwidth. Radiation is negligible with
no cross-talk in multi-receiver installations.

MECHANICAL DESCRIPTION—This 20-tube radio com-
munications receiver is supplied in either a well-venti-
lated steel cabinet finished in dark gray to complement
the lighter gray front panel, or for mounting in a stand-
ard 19 relay rack. Power input requirement is 130
watts. The standard power supply has taps to permit
operation from various power sources, 90 to 260 volts and
50/6|0b<l:ycles. A 25-60 cycle power supply model is also
available.

The standard model covers a frequency range of 540 KC
to 54 MC divided into six bands operated by a band
selector switch on the front panel. A speciol low fre-
quency model with a range of 100 to 400 KC and 1:35
to 29.7 MC is also available.

The single tuning control is massive and of special de-
sign to permit maximum traverse speed as well as operat-
ing ease. It controls both the main end vernier dials.
An anti-backlash gear-train provides extremely close cali-
grlotion accuracy (0.25% or better) and accurate reseta-
ility.

" The ratio of the vernier dial to the main dial is 6 : 1|
and the tuning control to the main dial is 50 : 1. Ap-
proximately six complete revolutions are made by the
vernier dial while the main dial makes its complete band
coverage. An arbitrary outer scale on the main dia! indi-
cates the revolutions made on the vernier scale in each
particular band. The vernier scale provides 100 major
divisions with half division markers for individual station
logging. Because it is easy to estimate 1/10 divisions on
the vernier scale, this system makes it possible to divide
each frequency band into approximately 6000 readable
settings.

A tuning lock provides for positive locking oction with-
out affecting the frequency setting. A bond indicator
window on the front panel shows the frequency range
of the band in use, and at the same time, a dial frequency
indicator is aligned with the proper dial s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>