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introduction

Welcome to the 1990 Edition of fine tuning’s PROCEEDINGS, the third annual volume of articles written by and for
experienced shortwave DXers. When fine tuning first began work on this project in 1987, we hoped to establish a
forum which could provide a stable intellectual and informational underpinning to the hobby of SWBC DXing. By
trusting other organizations to fulfill the very important role of educating beginning and casual radio enthusiasts, we felt
that PROCEEDINGS could be free to publish in-depth advanced articles of merit and interest to those who have made a
long-term commitment to the avocation of radio. We hoped that the existence of such a forum might actually foster
advancements in the radio hobbies. Today, we feel that those goals and more are being fulfilled. Few, if any, of 1990’s
major articles would have been attempted if the forum of PROCEEDINGS did not exist. It is a great privilege for us on
the staff to feel that we are contributing to the advancement of the state-of-the-art. We hope that each article in
PROCEEDINGS 1990 meets at least one of our three major content goals:

A) Provide a forum for "cutting edge” articles which may advance the state-of-the-art.
B) Provide material relevant to experienced radio enthusiasts which is not available elsewhere.
C) Raise the level of discourse about the avocation of radio.

One of our other goals was to help break down the artificial but very real intellectual barriers between the various radio
hobbies, i.e. SW DXing, MW DXing and Amateur Radio. PROCEEDINGS, as an institution, appears 1o be doing just
that. The Editorial Review Board and our authors come from the leadership of both the MW and SW DX communities
and a number are also amateur radio operators. The readers of PROCEEDINGS are equally cosmopolitan in their radio-
related interests with many radio amateurs and MW DXers joining SWBCers as fans of PROCEEDINGS. As our
financial and administrative structure have begun to stabilize, and the readership and support from the radio community
continues to grow, we look forward to fine tuning’s PROCEEDINGS continuing to serve the radio hobbies for years to
come.

1988 AND 1989 EDITIONS

Even though each edition of fine tuning’s PROCEEDINGS was designed to be a long-term reference for radio
enthusiasts, we originally planned to keep each edition of PROCEEDINGS “in print" only for 12 months. This was
primarily a financial decision; we are a small organization and are totally without capital funds. Bluntly, printing 50 to
100 "extra" copies to keep as long term stock would tie up $1000 to $2000 that we simply do not have. Naively, we
hoped that "everyone" would hear about PROCEEDINGS in its first year and buy a copy. We were happily mistaken; it
seems that new radio people, both here and abroad, are continuing to discover PROCEEDINGS. If they find the current
edition useful, and most do, many want to purchase the previous year’s issue. Thus a modest level of demand continues
for PROCEEDINGS 1988.

To respond to that, we are announcing a third "final" print run of the 1988 volume. We will ask our printer to make a
very small run to meet all orders which reach us by 1 October, 1990. If finances allow, we will order a few 1988
volumes for stock, also.

With the success of the 1989 edition, we plan to keep it in print for at least two years. We hope to make the same
commitment to the 1990 edition.

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, they are recruited by the editorial staff, though some of our
very best articles also come from volunteers or arrive unsolicited. Rough drafts are submitted in March of each year and
then take a twin track through the editorial process. One track runs straight through downtown Hawarden, Iowa, where
Reverend Fritz Mellberg edits all articles (except this!) for style, conciseness and clarity. Among the authors, Rev.
Mellberg is known as "Fritz the Chopper." A joumnalist before answering a higher call, Fritz is responsible for helping us
communicate intelligibly with each of you. The second editorial track runs through a Distributing Editor to six or so
members of the Editorial Review Board and at least two of the five staff. The Distributing Editor, this year David Clark,
assigns review responsibilities very carefully. Of the six or so reviewers, one or two are selected for their own expertise
in the article’s subject; several are chosen to represent the "average" reader, and one is specifically chosen 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. At the Board’s suggestion, several articles were withheld from
publication again this year. These withheld articles, by very respected figures in the hobby, just simply required more
development before publication. We are very grateful that most authors who receive such news do so with grace and are
willing to put forth more effort on what we all believe are important projects. 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 and knowledge of several experienced DXers.



The "peer review" process of PROCEEDINGS is, we believe, unique in hobby journalism. It is unashamedly copied from
the quality control process of the most respected scholarly and leamned 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.

WHO DID WHAT...

The PROCEEDINGS staff organization was a bit unusual this year since our "quarterback” was on the road most of the
nine-month-long production. John Bryant, normally a Professor of Architecture at Oklahoma State University, was on
sabbatical leave studying at the East Asian Library, University of Washington, Seattle. About half the time, John and his
wife were living on Lopez Island in the San Juans, and half the time they were camped out at various parks around the
Northwest. Although John continued to provide overall administration, his erratic schedule made hands-on management
impossible. To fill the gap, Guy Atkins became our "back-up quarterback.” Guy, also located in the Seattle area,
provided on the spot decision making, served as John's contact point with "the real world," and handled all
PROCEEDINGS publicity. David Clark took over the complex and sensitive job of Distribution Editor to the Review
Board, and continued to be PROCEEDINGS’ greatest advocate in the northern half of the continent. And Fritz continued
to guide us all toward intelligible writing. Readers and authors alike owe Fritz a real debt for his professional editing of
some very difficult material.

Our newest PROCEEDINGS staff member is Kevin Atkins of Pinson, Alabama. Kevin's name is familiar to most of our
readers since he is a prolific DXer and also very active in other aspects of the hobby: he serves as one of the four
primary editors of fine tuning’s newsletter, and as the chair of the Graphics Committee of NASWA. He was kind
enough to join the PROCEEDINGS staff and lead the effort to upgrade our graphics and reproduction. Midway through
the print runs of PROC 89, we changed to a much higher quality printer located near Kevin. Starting with the first print
run of this edition, all photographs will be "screened" by Kevin and should reproduce much more legibly. Thanks Kevin
and Welcome Aboard!

FINANCES AND SUCH

As far as we know, our financial structure is unique. No one involved in PROCEEDINGS--authors, Editorial Review
Board members or Staff--is compensated financially. Further, every one of us purchased, at full price, our own copies of
PROCEEDINGS. The people involved did so to insure that this book could continue to act as an intellectual base for the
furtherance of the hobby. The financial concerns of modern publishing, particularly of books structured as this one is, are
merciless. The wide-ranging review process is very expensive, costing several thousand dollars of photocopying, mailing
and long distance telephone charges. Further, since our hobby is so small and the number in our hobby able to afford
PROCEEDINGS smaller yet, low volume, expensive print runs are required. The increasing success of the 1989 volume
allowed us to repay the debts incurred in our first year. Our slight financial residual from 1989 has been reinvested in
better printing and photo reproduction of this edition, as noted. Thanks to all involved and to the support of our readers,
careful management should allow PROCEEDINGS to continue to "break even" in future years!

IN APPRECIATION

First and foremost, we would like to thank our readers for their enthusiastic support. That support, expressed through
letters and in conversations at meetings, makes all of the work worthwhile. Thank you very much for your continued

support.

We would also like to thank a number of prominent individuals and organizations for their help and continuing support of
the PROCEEDINGS effort: Jonathan Marks of Radio Nederland, Ian MacFarland of Radio Canada Intl, Brent Allred of
HCJB, Bob Brown of NASWA and the ANARC SWL net, Glenn Hauser, Goran Eriksson of Swedish DX-Kop, Arthur
Ward of World Radio Club, Larry Magne, David Newkirk of QST, and of course, Gerry Dexter and Don Jensen.

Finally, the production of PROCEEDINGS 1990 was a real joy for the staff. It is a wonderful experience to work with
some of the best minds in the hobby as they wrestle with the difficult task of writing. It is almost magical to watch

rough ideas turn into thoroughly developed and clearly written articles. We are sure that many of these articles will be
helpful to the hobby for years to come.

WELCOME TO PROCEEDINGS 1990!

G?M Fritz zrg David Clark Guy Atkins Kevin Atkins
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about fine tuning

fine tuning is an organization dedicated to supporting the hobby of Shortwave Broadcast DX. 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 today 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 newsletter portion of fine tuning’s services is published weekly during the DX season and bi-weekly during
the North American summer. The newsletter, also called fine tuning, is a journal 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 five 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 Valco, Kevin Atkins and Mitch Sams. They are supported by Back-up Editor Kirk Allen.
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. The staff of fine tuning’s Special Publications consists of John Bryant, Guy
Atkins, David Clark, Kevin Atkins, Fritz Mellberg and Don Moore. Jon Williams serves this arm of FT as well
as manager of the FT/OZDX Indonesian Database.

Cost (US) per issue of the fine tuning bulletin 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 newsletter may be obtained from Headquarters in Blue Springs for $1.00 US.
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NOTES ON ~
TROPICAL BAND PROPAGATION

John Bryant < David Clark

FOREWORD

In the past thirty years, there have been surprisingly few serious articles and only two "non-professional” books
published which attempt to address the propagational needs/concerns of the Tropical Band DXer. There are
three books familiar to many veteran DXers which form the intellectual foundation of serious propagation
discussions in the radio hobby community today. They are:

* JONOSPHERIC RADIO COMMUNICATION, published in 1962, by the US Dept. of
Commerce.

* THE SHORTWAVE PROPAGATION HANDBOOXK, edited by Jacobs and Cohen and
first published in 1979, by CQ Magazine.

* LOW BAND DXING, by ON4UN John Devoldere and published in 1986 by the ARRL.

Each of these references is highly recommended. However, for Tropical Band DXers, each suffers deficiencies.
The Department of Commerce text is well written and quite understandable. Still it suffers from age, for much
progress has been made in the 30 years since its publication. The Jacobs/Cohen book is also becoming rather
dated. Further, the book is biased toward the upper half of the HF spectrum and little time is spent on the
special characteristics of the lower shortwave frequencies. However, it is unparalleled as a beginning
propagational text. The publication of LOW BAND DXING in the late 1980’s did advance the state of the art
but it offers only a small portion on propagation. '

Tropical Band propagation (2 to 6 MHz) has been largely ignored as a research subject by governments and
academia. In the years since WWII, most research interest has focused on either UHF (radar, telemetry) or VLF
(military) propagation.

There is also a grand tradition in the hobby which states that professional writing and research is oriented to the
"normal" propagational modes in use 90% of the time and to strong signal propagation, whereas Tropical Band
DXers are interested in weak signal propagation and in the 10% of propagation that is NOT typical. The authors
have come to believe that this attitude simply allowed experienced DXers to rationalize the fact that the behavior
of the ionosphere, as they observed it, did not fit conventional models of ionospheric propagation. Had that
tradition not existed, we all might have questioned some of the basic theoretical premises of conventional
propagation sooner.

The authors do not question current theory concerning the basic refractory interaction between radio waves and
a diffuse, ionized atmosphere. We note, however, that in the past decade some professionals and some members
of the hobby community have come to feel that the conventional model of HF ionospheric radio propagation is,
itself, badly flawed.

The purpose of this article is to bring to the hobby community current thinking as it relates to the conventional
model of propagation and to begin discussions which will, we hope, lead to greater dialogue in the hobby and
eventually, a more useful understanding of Tropical Band propagation. We will first "sketch" the state (as of 1990)
of scientific understanding about the physical nature of the ionosphere as it affects Tropical Band propagation.
Secondly, we will state the conventional view of Tropical Band Propagation as clearly and simply as possible. In
our study, we have searched the literature of the other branches of the radio hobby to identify any material which
could shed more light on our murky subject. We were successful and offer an article by well-known amateur
radio DXer Yuri Blanarovich. Finally, we have attempted to point the way to a more useful working model of
propagation for the Tropical Band enthusiast.
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We would caution that this article is not intended to be an all-inclusive study of Tropical Band propagation. For
example, the reader will not find an in-depth discussion of solar terrestrial aspects such as the sunspot cycle or
the cause and effect of ionospheric and geomagnetic storms. Rather, attention has been focussed on the
geophysical characteristics of the ionosphere and the interaction of HF radio waves between the earth and the
refracting medium.

This article is structured in Sections which are intended to serve as logical building blocks from one to the next.
However, due to the length and complexity of some of the material presented, we have adopted the use of
"Abstracts” to summarize the central theme and content of each of the respective major Sections.

In undertaking this discussion and those sure to follow, the authors strongly encourage all parties to adopt clear
definitions of several terms whose sloppy use has clouded much hobby literature. Among these is the term
"graylining" Terrestrial physicists, astronomers and most amateur radio operators would agree that "grayline
propagation” is the proper term only when BOTH the transmitter and the receiver are in the planet’s "twilight
zone." This obtuse issue, along with the definitions of the other four forms of twilight-related propagation
enhancement will be addressed in Section B. Even experts such as John DeVoldere tend to intermix these terms
at times. This confusion makes logical analysis and even communication difficult. As well, many of us have come
to speak of "the width of the grayline" as a variable phenomenon: narrower at the Equator and wider at polar
latitudes. We will address why we feel that perception is dangerously flawed.

The terms "refraction”, "reflection,” and "deflection" are used interchangeably by some professional propagational
authorities while others have very precise definitions for each term. We suggest that all signal bending in the
ionosphere be referred to as REFRACTION. All "bounces’ off the surface (to the extent such exist) will be
called REFLECTION. The term DEFLECTION will be avoided as much as possible.

Several terms are introduced which may be unfamiliar, even to seasoned DXers, and they will be dealt with
carefully if they are central to this article. Other unfamiliar terms may be found in references excerpted from
professional work. These will be defined if necessary to the main thrust of the material.

The point of this whole effort is to help us all hear the DX we want to hear on a more predictable basis. Some
of the following discussions reinforce long-held views. Others call into question some basic propagational
assumptions which have endured for decades. In either case, we will try to be simple and clear in our discussion
and we will state our sources. Our objective is to apply the most recent scientific research -and thinking to
everyday Tropical Band DXing problems and experiences.
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SECTION A

A TROPICAL BAND DXER'S GUIDE TO THE IONOSPHERE: THE BIG PICTURE

ABSTRACT -

The historical foundation of ionospheric research with attention to the evolution
of the well-entrenched multi-hop model of HF propagation is traced. An
excerpted description of the geophysical structure and diurnal characteristics of
the layers of the ionosphere is also provided.

The authors introduce the concept of Spherical Divergence and Convergence as
an important determinant in the eventual strength of a received signal,
demonstrating that the strength will vary inversely with distance travelled beyond
6,250 miles. This concept is coupled with tilt zone mechanics as a fundamental
basis for twilight enhancement of Tropical Band signals.

Referencing a little-known action taken in 1978 by the ITU/CCIR, the
probability of long haul propagation occurring without intermediate ground
reflection points is introduced.

INTRODUCTION

The ionosphere is that portion of the earth’s atmosphere which makes long range transmission and reception of
radio signals possible. Its particular character at every point along the transmission path is critical to all who are
interested in radio communication, and most especially to those who are concerned with the propagation of
relatively weak signals over planetary distances.

As the physical sciences developed rapidly between 1880-1930, a number of startling discoveries and the
conclusions drawn from them gave theoretical underpinning to the emerging field of radio propagation. In the
late 19th century, Heinrich Hertz demonstrated that radio waves travel in straight lines. But in 1901, Guglielmo
Marconi became the first transatlantic DXer and his signals hardly travelled in a straight line! The next year,
independent studies by Arthur Kennelly (U.S.) and Oliver Heaviside (U.K.) suggested that the upper atmosphere
consisted of an electrically conducting region that "deflected” signals across the Atlantic.

In the 1920s, a British research group led by Sir Edward Appleton established conclusively that radio signals
from a nearby transmitter were "reflected" off something in the upper atmosphere. The conventional view of the
physical means of long distance propagation of shortwave signals developed from that seminal work.

Stated simply, this conventional model of shortwave propagation (all frequencies from 2 to 30 MHz) holds that
the radio waves from a transmitter are refracted off the ionosphere and returned to earth. Propagation over long
distances takes place via multiple "hops", with the refracted downward wave being bounced (reflected) off the
earth and returned to the ionosphere for yet-another hop. Most texts also mention the Chordal Hop and
Whispering Gallery modes of propagation, but these are spoken of as rare and exceptional cases. These modes
will be examined in Section B.

GENERAL DESCRIPTION

From those early experiments by the pioneers and similar efforts continuing to the present time, we have come
to know the generalized structure of the ionosphere rather well. The following excerpt from a recent scholarly
paper serves to provide a foundation description:
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"The ionosphere is the region of the atmosphere in which free ions and electrons exist in sufficient
numbers to affect the properties of electromagnetic waves that are propagated within and through it. The
ionosphere can usually be assumed to extend from about 50 to 2000 km above the earth’s surface. The
structure of the ionosphere is highly variable, and this variability affects the performance of
communications systems whose signals are propagated by the ionosphere.

Historically, the D region of the ionosphere is treated as the lowest ionospheric region. It has an altitude
range from 50 to 90 km and the electron density increases rapidly with altitude. The D region is under
strong influence with maximum values of electron density occurring near local noon during summer.
Between 70 and 90 km, ionization is caused primarily by solar X-rays; below 70 km, cosmic ray-produced
ionization dominates. The high collision frequency between the electrons and neutral particles in the D
region gives rise to substantial absorption of radio waves that are propagated into it.

The E region is the next highest ionospheric region. It spans the altitude range from about 90 to 130 km.
The normal E layer closely resembles a "Chapman” layer with a maximum density near noon and a
seasonal maximum in summer. The maximum density occurs near 100 km, although this height varies with
local time. During the nighttime, the ionization approaches small residual levels. The normal E layer is
formed by ultraviolet radiation ionizing atomic oxygen. Collisions between electrons and neutral particles,
while important in the E region, are not as numerous as in the D region. The electron-neutral collision
frequency generally decreases exponentially with altitude throughout the E region.

Embedded within the E region is the so-called sporadic-E layer. This layer is an anomalous ionization
layer that assumes different forms - irregular and patchy, smooth and disk-like -and has little direct
bearing to solar radiation. The properties of the sporadic-E layer vary substantially with location and are
markedly different at equatorial, temperate and high latitudes.

The highest ionospheric region is called the F layer. The lower part of the F region (130 to 200 km)
displays different variations than the upper part, and for this reason, the terms F1 and F2 (region above
200 km) are applied. The F1 region, like the E region, is under strong solar control. It reaches a maximum
ionization level about one hour after local noon and its presence is generally only obvious during the
summer. At night, the F1 and the F2 regions merge and are simply called the F region.

The F2 region is the highest ionospheric region. It is also the most variable in time and in space. The
maximum values of electron density occur well after noon, sometimes in the evening hours. The height
of the maximum ranges from 250 to 350 km at mid-latitudes and from 350 to 500 km at equatorial
latitudes. At mid-latitudes, the height of maximum electron density is greater at night than in the daytime.
At equatorial latitudes, the opposite behavior occurs.

The F2 region is strongly influenced by neutral-air winds, electrodynamic drift, and ambipolar diffusion
that compete along with ionization processes to control the ionization distribution. The relationship
between the direction of the geomagnetic field and the direction of the neutral winds and electrodynamic
drifts plays a major role in F2 region structure. It is the plasma response to the dynamic processes in the
presence of the geomagnetic field that gives rise to the observed variations in the F2 region.

Within the F region, the collision frequency between electrons and neutral particles decreases markedly.
However, collisions between electrons and ions, being Coulomb-type collisions, can give rise to relatively
high effective collision frequencies. Substantial absorption of high frequency (HF) radio waves can occur,
for example, near the peak of the F region.

The F region extends upward into the topside ionosphere. The topside ionosphere is as variable as the F
region, if not more so. The variations become increasingly larger with altitude. Because the electron
density continuously decreases in the topside ionosphere, ionization becomes less and less important in
terms of affecting most radio propagation systems.

At any location on the earth, the vertical distribution of electrons in the ionosphere can be expected to
differ. Many of the ionospheric models that have been developed over the years are limited to specific
geographic regions because the mechanisms that lead to the formation and changes of the ionosphere tend
to vary in their dominance of the overall distribution in specific geographical regions. This is particularly
true for the ionosphere in the equatorial and high latitudes.” [1]

Figure A-1 depicts the major regions (layers) of the ionosphere and their relative electron densities for both
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daytime and nighttime conditions. This characterization is typical for mid-latitudes at sunspot maximum.
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Fig. A-1: THE IONOSPHERIC REGIONS AS A FUNCTION OF THE DIURNAL CYCLE AND
HEIGHT ABOVE THE EARTH’S SURFACE [2]

INVESTIGATIVE INSTRUMENTS AND TECHNIQUES: THE IONOGRAM

An understanding of the variability of the physical structure of the ionospheric layers is essential to any discussion
about HF propagation. The most important characteristics of the layers are their critical frequencies and virtual
heights. Pulse-sounding equipment is commonly used to measure the effective height of the ionospheric layer(s)
which is capable of "reflecting" vertically polarized RF radiation at various frequencies. The critical frequency is
the highest frequency “reflected" by the ionosphere. This frequency can be converted to values which relate to
the electron content of the ionosphere and the height of the "reflecting” layers. A device called an Ionosonde is
used record these altitude-frequency characteristics of the ionosphere in the form of a photograph known as an
Ionogram.

It is useful to imagine an ionogram as a photograph of a vertically oriented HF radar screen. The white lines
represent the areas which are "returning” refracted signals to a ground station receiver. It is clearly possible to
see the refractive regions and to relate height (vertical scale) to frequency (horizontal scale).
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Fig A-2: DISPLAY OF AN IONOGRAM [3]

LONG DISTANCE HF RADIO PROPAGATION

The direct experiments by Appleton, and others by Briet and Tuve of the United States in the mid-1920’s,
measured the vertical angle of radio waves transmitted from nearby stations and found that the direction was
downward from above, rather than in a horizontal plane with the stations’ transmitting antennae. From there,
it was a small step to postulate the existence of a refractive layer high in the atmosphere. Shortly thereafter, the
"hop" or "skip" method of propagation was accepted as the major mode of long distance radio transmission.

Figures A-3i and A-3ii are two of the best diagrams of the refraction method of propagation that we have found.
Note that these are illustrations of a smgle hop" model representing ray paths for a fixed frequency with varying
angles of elevation (takeoff) Notice the existence of some high-angle rays which are partially bent by refraction
but which still radiate into space. Notice especially the trajectory of ray "9" in Figure A-3i (corresponding to ray
"5" in Figure A-3ii) - it will be discussed in a later Section.

SINGLE HOP MODELS OF TRAJECTORY OF RAYS OF A SHORTWAVE SIGNAL

Fig. A-3i: [3]
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Fig. A-3ii: [4]

In the 1980’s, computer-based field strength prediction models were quite accurate for single hop propagation.
Figure A-4 is the result of such a computer study. Note the dead zone (Skip Zone) and the area of maximum
field strength. Note also the area of declining field strength (upper right hand corner).
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Fig. A-4:

COMPUTER-GENERATED FIELD STRENGTH
MODEL [1]

Early propagational authorities realized that the geometry of signal propagation by a single hop from a region

just several hundred kilometers

overhead could not explain communication paths which were already in daily use

over transatlantic distances. These pioneer researchers postulated the now-familiar "multi-hop" model as the
NORMAL means of long distance HF radio propagation. This model (Figure A-5) has been accepted by virtually
all authorities for over fifty years.
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Fig. A-5: MULTI-HOP MODEL OF HF PROPAGATION (3]

But in the early 1970’s, some members of the amateur radio community and some professional propagationists
began to seriously question the multi-hop model, at least as it applied to "long haul" distances. In 1977, German
authorities published the results of a decade-long study of the field strength of Deutsche Welle transmissions
from Germany to Australia. The International Telecommunication Union/International Radio Consultive
Committee (ITU/CCIR) field strength predictions of the day (based on a CCIR formula established in 1970)
were shown to be understated by about 25 dB (that’s 4 S-units!). [5]

The following year, the relevant committee of the CCIR developed a second prediction formula based on
antipodal focusing gain and ionospheric propagation over long distances WITHOUT INTERMEDIATE
GROUND REFLECTIONS. [6] That formulation is now the standard for predicting field strengths at
transmission distances beyond 10,000 km.

This is a startling reversal in the thinking of propagation specialists as to the NORMAL mode of long haul
ionospheric propagation at shortwave frequencies, and more than a decade later, it remains virtually unknown
in the hobby community!

The authors seriously question the validity of the multi-hop model over any distance. We have not found ANY
primary research which confirms the intermediate reflection of Tropical Band (or any other HF frequency)
signals at the earth’s surface, though such may exist. The ITU-approved field strength computations out to 10,000
km still assume multiple hops.

In early field research, the signal strength at the receiver was measured and was a known factor. The normal
amount of attenuation in the ionosphere over a single hop was known after 1925. Could it be that early
researchers developing multi-hop field strength formulae simply subtracted the known ionospheric attenuation
from the original signal and then assigned all of the "extra loss" needed to validate measured field strength to
“ground loss"? In other words, could all of the major methods of predicting field strength beyond 2,000 miles
simply be reconfirming the same flawed assumption? We don’t really know!

Another large-scale ionospheric phenomenon of great importance to the Tropical Band DXer is the rapid
vertical movement of the refracting regions of the ionosphere at both dawn and dusk. This movement is in part
attributable to the rapid increase in ionization (at dawn) and the process of recombination (at dusk). It was this
rapid movement that first led Appleton and his colleagues to "discover” the ionosphere. The movement creates
a band of "tilted" refracting layers which is about 500 km (330 miles) wide.

This "tilt zone" is thought to be responsible for both true grayline enhancement and for the four more common
modes of "twilight enhancement" experienced as the zone passes above either the transmitter or the receiver twice
daily. The geophysical mechanics associated with reception over these "partial darkness" paths will be addressed
in Section B. Ionospheric tilts are also believed to be a complementary factor associated with "spherical
convergence" (ray focusing) which will be discussed as we conclude this Section.

Figure A-6 is an excellent example of the tilt zone (on a north-south path crossing the Equator) at the

terminator. The exact physics of tilt-zone enhanced propagation (which seems most dramatic at, but is not
necessarily confined to Tropical Band frequencies) is not known with any precision at this time.
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Fig. A-6: IONOSPHERIC TILT [4]

Finally, one other major inter-relationship between the planet and the ionosphere is of special interest to the
Tropical Band DXer: Spherical Divergence and Convergence (also known as ray defocusing and focusing,
respectively).

We have always assumed that the farther from the transmitter a signal reaches, the weaker the signal will be due
to absorption losses associated with multi-hop refraction and reflection. Although radio is propagated as waves,
the dispersion of the signal is often represented as radial rays. Assume an omni-directional vertical antenna and
the diagram always looks as in Figure A-7 (left-hand drawing):

Spherical DIVERGENCE
f C?— *Equator’ at 6,250 miles
Spherical CONVERGENCE

Signal strength wil NCREASE

(if other types of losses are ignored)
as the receiver is moved further than
6,250 miles from the transmitter!ll

T

Fig. A-7: PRINCIPLE OF SPHERICAL DIVERGENCE/CONVERGENCE

The rays actually represent the wave. Field strength or density at any distance out from the transmitter is directly
proportional to the distance between the rays. What we, and even the ITU, forgot or ignored until recently was
that Figure A-7 (right-hand drawing) is a "floor plan” drawing, looking straight down on the centre of a spherical
surface. Each of those rays is actually a Great Circle seen edge-on. If the rays originating at the transmitter are
followed clear around the earth, it can be seen that they will converge on a spot on the exact opposite side of
the planet. This is known as "antipodal focusing".

The rays do not travel in a straight line. They and the waves that they represent are travelling in a relatively
narrow spherical void between two spherically curved surfaces. Further, since field strength is proportional to
the distance between the rays, once the rays travel beyond the 6250 mile distant "equator”, the field strength
will INCREASE with distance (if other attenuating factors are ignored).
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To put it another way, imagine yourself at a transmitter at the North Pole. IF THERE WERE NO OTHER
FORMS OF ATTENUATION, THE SIGNAL WOULD DROP EACH MILE THAT YOU TRAVELLED
TOWARD THE EQUATOR ("Spherical Divergence").

IN A LOSSLESS ENVIRONMENT, AFTER PASSING THE EQUATOR, THE SIGNAL LEVEL WOULD
BEGIN TO INCREASE WITH EACH MILE TRAVELLED TOWARD THE SOUTH POLE ("Spherical
Convergence").

UPON REACHING THE SOUTH POLE, THE SIGNAL STRENGTH WOULD EQUAL THAT AT THE
TRANSMITTER. Based upon the German research accepted by the ITU/CCIR, focusing gains of 12 dB can
be expected at 16,000 km and for practical purposes, a maximum of 30 dB gain at the antipodes (18,750 km) has
been defined.

This is one of the most important of the previously ignored factors which caused the formulae of the ITU/CCIR
to be incorrect or understated by as much as 25 dB. It was, and is, an easy error for any of us to make because
it seems totally wrong-headed to conceive that field strength INCREASES with distance!

Taken as a whole, the current understanding of the large-scale elements of the ionosphere, its refractive regions
and their interaction with each other, with the sun, and with electromagnetic waves, seems reasonable. With the
exception of the recently recognized spherical divergence/convergence principle, the foregoing model is the
foundation upon which the conventional view of HF radio propagation is built.
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SECTION B

TROPICAL BAND PROPAGATION - A DIFFERENCE OF NIGHT AND DAY

ABSTRACT

A clear understanding of the typical orientation of signal paths within the
darkness zone is essential for Tropical Band DXers, so great circle paths from
representative locations in North America to Asia are presented.

Particular attention is accorded to the five possible partial darkness propagation
situations generally recognized as being responsible for signal enhancement, with
examples appropriate to North American DXers. The astronomical properties
of the grayline zone are thoroughly discussed and signal behavior in this medium
is distinguished from the dawn to dusk enhancements that occur at either the
transmitter or the receiver.

The geophysical phenomena associated with the refraction process during
twilight periods, including ionospheric tilts and signal ducting, are discussed. The
classical view of dawn enhancement in terms of the multi-hop model is found to
be wanting.

The authors postulate that predictable but heretofore unexplained seasonality
patterns experienced by Tropical Band DXers in North America may be
associated principally with ionospheric phenomena taking place in the region of
the transmitter, not the receiver.

INTRODUCTION

The historical basis for conventionally accepted views of HF propagation was outlined in Section A. In that
regard, reference was made to the multi-hop model, as modified or enhanced by the effect of a "tilt" zone at
sunrise and sunset.

In the amateur radio community, DXers are also familiar with the concept of “round-the-world" signal
enhancement due to "antipodal” or "near-antipodal focusing" at path-lengths approaching 12,500 miles. But the
terms Spherical Divergence and Convergence may be relatively new to most shortwave broadcast DXers. The
difference in the two concepts is that due to spherical convergence in the hemisphere opposite the transmitter,
signals tend to become stronger the further you travel from the transmitter (beyond 6,250 miles). This is not a
phenomenon limited to the area at or near the antipodes! We suggest the reader keep this concept in mind, since
as Tropical Band DXers, we are commonly interested in planetary distances of 6,250 miles and more (a minimum
of three "hops" in conventional parlance).

Applying these geophysical criteria to Tropical Band propagation, this Section will focus on darkness signal paths:
the "total darkness" path and more importantly, the "partial darkness" path, of which we shall find there are five
distinct variations.

The purpose of this Section is to establish a better understanding (at least in terms of commonly accepted
propagation models) of why certain preferred (partial darkness) paths contribute to enhanced reception of long
distance Tropical Band DX.

In North America, signal enhancement is also frequently associated with distinct seasonal reception patterns.

The discussion will serve to introduce the possibility of other criteria for seasonal signal enhancement which fall
outside the boundaries of today’s "conventional wisdom". :

pa. 11



GREAT CIRCLE PATHS

Shortwave signals normally propagate between any two points on the earth’s surface by following a great circle
path. The shortest planetary distance between those two points is called the short path. Conversely, if a signal
were to propagate from the transmitter in the opposite direction, it would follow the long path route to reach
the receiver.

Sometimes, solar-terrestrial events and/or geophysical factors at work in the ionosphere may cause a shortwave
signal to adopt a "path of least resistance” which is a non-great circle path. For example, "signal bending" is often
associated with signals crossing over or near the polar caps (see 'DXing Asians on the Tropical Bands - The
Auroral Factor’ by David Clark in PROCEEDINGS 1989.
The authors wish to acknowledge the anomalous occurrence of these signal bending phenomena. However, they
are not of primary concern for the purpose of this article.

The traditional North American DX season on the Tropical Band extends from approximately mid-September
until mid-April. With rare exception, signals arrive at our receivers by travelling the short great circle route. This
applies to Asian and South American signals which, for most of us, follow a north-south and south-north path
respectively. As well, it applies to African and Pacific signals whose respective signal paths to North America are
essentially east-west and west-east. Since the primary interest of the authors is associated with DXing Asian
stations, we will frequently refer to our experience as the basis for illustration throughout the article.

Perusal of azimuthal equidistant projections for
various locations confirms that for DXers in
Eastern and Central parts of North America, the
short great circle path for most Asian signals
(except for Austral-Asia) falls within + /- 20-25
degrees of a north-south orientation. The
opposite long path route (south-north) would
intersect the southern polar zone during the
hemispheric summer and thus would be subject
to total D layer absorption, also known as "solar
blanking" (see 'Terminator Mechanics and Trans-

NEXR AIDATMAL CRIDISTANT AP CENTERED ON

NEWMARKET, ON

n..‘_

Polar Solar Blanking' by John Bryant in =

PROCEEDINGS 1988). w3

For DXers located near the West Coast of North ™o Y=

America, the azimuth of Asian signals is : (} Q’ B v/ :
somewhat different. Short path signals from =% iy Foe
South-Central Asia (ie. in the direction of the - é/ ) g

Indian Sub-continent) do follow a NW-SE path,
but signals from Southeast Asia follow an
essentially west-east route. Long path signals
travelling in the opposite east-west direction S
would unavoidably intersect the daylight side of L e S
the earth and thus would be lost to 'D’ layer
absorption too.

To illustrate the short path for Southeast Asia,
we’ve selected Banjarmasin, Kalimantan, because
its position on the island of Borneo basically
divides the breadth Southeast Asia in half. The considerable differences in orientation of the great circle route
from eastern, central and western parts of North America are readily apparent by examining the broken lines
in Figures B-1, B-2 and B-3. For South-Central Asia, the other broken line to Colombo, Sri Lanka, shows a wide
swing in the heading of the short path, varying from NE to NW as you move from east to west across North
America. ‘

Fig. B-1: SHORT PATHS TO ASIA - NAm EAST

The solid line on each of these maps represents the great circle path from Asia towards North America which
passes through the "donut-hole" in the centre of the polar cap (ie. intersecting the North Magnetic Pole). This
reminds us that reception of signals from certain parts of Southeast or South-Central Asia is going to be
influenced by the surrounding auroral zone and/or conditions within the polar cap itself.
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owledge of great circle paths is important to Tropical Band DXers who must be concerned about
pointing directional antennas to achieve optimal weak

In general, a kn

where it’s dark and where it’s not. It is also useful for

signal pickup. Finally, it is critical to know if the heading of the signal is in the direction of the auroral zone.
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FACTORS CONTRIBUTING TO ENHANCED PROPAGATION

The particular orientation of the short path for any signal originating in Asia is an important consideration to
most Tropical Band DXers in North America for three reasons.

First, as noted above, signals intersecting the northern auroral absorption zone may be subject to anomalous
enhancement as they travel through the polar "donut-hole” or are "bent" around the outer periphery of the auroral
ring. Clark’s article in PROCEEDINGS 1989 focusses specifically on signal enhancement related to solar flares
and the onset of geomagnetic disturbances.

Secondly, for Asian signal paths whose arrival azimuth lies somewhere between NW and NE, it is appropriate
to recognize that at certain times of the year, this great circle path will be a "true grayline" path. Signals travelling
in a west-east orientation will not be enhanced as a direct result of this phenomenon.

Note that both of these signal-enhancing factors could be happening at the same time, thus having a mutually
complementary effect. These criteria, taken separately or together, are the most likely explanation for unusually
strong reception of Tropical Band Asians sometimes experienced by DXers in Eastern North America in late
afternoon during the DX season.

Third, and most important to us in this article, is the enhanced propagation experienced by all DXers based on
the incidence of dawn or dusk at ONE end of the signal path. Most DXers equate this with dawn enhancement
at the receiver, although this is just one of four such possibilities. We will compare this carefully with the "true
grayline” path.

DARKNESS PATH DEFINITIONS

I. Total Darkness Path:

Tropical Band reception is possible because the entire end-to-end signal path at the prescribed time is contained
within the darkness side of the earth. As a general rule, though, Tropical Band Asian signals do not seem to
propagate as well as might be expected during the total darkness period.

Note that signal levels do not constant throughout the timeframe that a total darkness path exists between two
points. This was pointed out by the late Ronald Schatz, a medium wave DXer who, some ten years ago, published
several papers dealing with "Terminator Transit Mechanix". [1]

Basically, Schatz was concerned with E layer skywave reception on the BCB as it is affected by the occurrence
of sunset or sunrise along the signal path. He dealt with signal behavior from first audio at sunset fade-up, the
post-sunset peak followed by an initial fade, and then sometimes a secondary peak before a signal level
subsequently settled evenly for the duration of the all-darkness period (see Figure B-4). The converse would
occur during the sunrise period until final post-sunrise fade-out.

Schatz qualified his conclusions by stating that signal behavior based on F layer propagation at shortwave
frequencies was not consistent with the pattern at medium wave and longwave frequencies. The extent to which
the influence of the E layer (and/or Sporadic E) may extend to Tropical Band frequencies

has been a contentious issue for years. The extent of the influence of the F layer on upper BCB signals is also
controversial. The authors have no desire to proliferate that worthy debate in this article. Nonetheless, Schatz’s
observations are interesting. Our mutual experience and other scholarly papers confirm the pattern shown in the
illustration, up to the point of the post-sunset secondary peak. This signal behaviour pattern inherently starts
with sunset enhancement at the transmitter. But the horizontal line extending to the right and indicating a steady
signal level throughout most of the rest of the night appears incorrect. Part of the reason for this will be found
in Section D when we examine diurnal changes in the virtual height of the F layer.

DXers of Asian signals on both the Tropical and Medium Wave bands experience a period a signal enhancement
with the arrival of sunset at the transmitter when the receiving location is in total darkness. This phenomenon
is usually more noticeable in central and western parts of North America, but enhancement of signals at dusk,
Pacific time, can be experienced also in the East with surprisingly good signals at times. Typical examples are
the fade-up of Solomons on 5020 kHz around 0730, sometimes followed by the numerous Papua New Guinea
stations at +/-0830.
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Fig. B-4: TYPICAL TERMINATOR TRANSIT CURVE (Sunset Fade-Up) [1]

On the West Coast, a second post-sunset peak may be observed (about 9 PM local time at the transmitter).
Thereafter, for the duration of the all-darkness period, the signals will typically fade down severely, if not

disappear altogether as the path appears to "wear out’. They will re-appear at commencement of the familiar
dawn peak in North America.

We will revisit this very interesting second peak later in the article. Note, however, that it is seldom
distinguishable to DXers in the East because 9 PM at the transmitter often corresponds with the period of
sunrise enhancement at the receiver. '

I1. Partial Darkness Paths:
(a) TWILIGHT AT ONE END OF PATH-LENGTH

This is the classic situation of dawn or dusk twilight enhancement when the relative strength of the Tropical Band
signals shows a marked improvement over the total darkness path. By definition, dawn or dusk enhancement
relating to a partial darkness path occurs at either the receiving end or the transmitting end of the path, but NOT
both. In all such cases the remainder of the path-length is on the dark side of the earth. Note the distinction from
a "true" grayline path. .

Clearly there are four such partial darkness situations, taking into account dawn and dusk twilight at the receiver,
or at the transmitter. Each situation can influence - potentially enhance - Tropical Band reception. They are:

1. Sunrise at the Receiver - Transmitter in Total Darkness
2. Sunset at the Receiver - Transmitter in Total Darkness
3. Sunrise at the Transmitter - Receiver in Total Darkness
4, Sunset at the Transmitter - Receiver in Total Darkness

Let’s examine each of these respective windows of signal enhancement as it relates to North American Tropical
Band DXers:

TWILIGHT AT THE RECEIVER
1. The enhanced sunrise-dawn period of reception is familiar to most DXers. It can be experienced with

respect to Asian signals by DXers situated throughout North America. Some would say dawn enhancement
is the most pronounced. In his *Propagation’ column in CQ Magazine, George Jacobs consistently says that
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propagation conditions on 7 MHz and lower frequencies "will tend to peak just as the sun begins to rise on
the light, or easternmost, terminal of a path.” Best reception is usually near the end of a period of relatively
quiet magnetic conditions.

The numerous PNG’s on 90 meters are commonly heard in Eastern North America at this time. On occasion
(generally in late fall or early spring), dawn enhancement may find certain channels dominated by
Indonesians instead. In that case, typical reception would include RRI-Palangkaraya on 3324.9, RRI-Ternate
on 3345, RRI-Kupang on 3385 and RRI-Tanjungkarang on 3394.9 kHz. On that same reception day, the co-
channel PNG’s might well have been heard several hours earlier at Asian sunset. In addition, sub-continentals
vie for prominence on the band at sunrise during their brief “season” in mid-winter. AIR-Delhi on 4860 has
for years been the standout performer.

2. Enhanced sunset-dusk reception of Asians is a phenomenon confined almost exclusively to DXers in
eastern North America, especially in mid-winter when the early sunset precedes sunrise in Asia anywhere
from Jawa and points further west. At this time, RRI-Ujung Pandang from Sulawesi on either 4719.3 or
4853.3 is commonly heard. Stations from Sumatera tend to peak in October and again in February. These
trans-polar openings are invariably most pronounced at the commencement of a magnetic disturbance and
more-so at sunset than at sunrise.

West and Central African signals are sometimes heard well at local dusk in mid-winter by DXers in Central
North America and even on the West Coast, better than several hours later when the Africans commence
their morning broadcasts. DXers in the East will often find these signals rising to good strength an hour or
more before dusk throughout the DX season.

TWILIGHT AT THE TRANSMITTER

3. Asian sunrise-dawn signal launch enhancement is again most noticeable during mid-winter in Eastern
North America when evening darkness is already established prior to sunrise at Sumatera and points further
west. On occasion, reception of Sumatrans may extend to Central North America at mid-winter. As in (1)
above, the trans-polar signals are frequently enhanced with the onset of a magnetic disturbance.

Sunrise at the transmitter is the alternative time for North American DXers to log East Africans (0300+),
Central and West Africans (0400+) and South Americans (0800+) - beginning with Eastern Brazil.

4. Asian sunset-dusk signal launch enhancement is rarely as pronounced in Eastern North America as the
sunrise period of reception enhancement which follows several hours later. One example, however, is the
brief appearance of stations from Jawa at local dusk around 1130, some two hours before dawn in the
eastern time-zone at mid-winter. The sunset enhancement of Asian signals is dramatically more pronounced
in central and western regions of the continent. Normally, a quiet geomagnetic field would be preferred.

Throughout much of North America, dusk at the transmitter is an ideal time to log Latin signals, especially
from Bolivia and Peru. Note that in the eastern time-zone, this peak occurs in the hour or so after darkness
has set in at the receiver. While reception might normally be best during relatively quiet conditions, trans-
equatorial routes are at times, apparently enhanced in the early stages of a disturbance.

West Coast DXers often find their best reception of Pacific stations to be the thirty or forty minute period
of enhancement commencing with sunset at the transmitter. For example, the only reliable time to hear
Radio Northern (PNG) on 3345 kHz is to "DX sunset at the transmitter". Many mornings, it is possible to
hear Radio Northern fade up to good reception levels around its local sunset. After nearly an hour of decent
reception, the PNG fades down and the co-channel Indonesian powerhouse, RRI-Ternate arrives to dominate
the frequency.

To conclude this discussion of partial darkness paths associated with twilight at one end of the path-length, we
would like to relate a personal experience. In March, 1990, the authors met for a four-day DXpedition at
Grayland, WA, camping out in a state park fronting onto the open Pacific. As it turned out, conditions were
especially good for reception of Medium Wave, as well as Tropical Band signals from the South Pacific and into
East and Southeast Asia. '
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The morning of March 19th provided an outstanding example of DXing the sunset enhancement period at the
transmitter. We had prepared for this opportunity by running a computer listing of sunset times for virtually every
broadcast site from Hawaii to Thailand. Beginning at about 0600, we were able to tune-in to a given Pacific
Island medium wave channel about ten minutes before the appropriate sunset time and wait. More often than
not, the desired signal would rapidly fade up off the receiver noise floor precisely at the station’s sunset and then
hold at astonishingly good levels for some time.

For the next several hours, we DXed the western sunset, logging most of the Pacific Islands on medium wave
in the process! Even two PNG medium wave outlets were logged, parallel their respective 90 meter channels.
Most of the 90 meter Papuans were at "armchair" S9+ levels at 0830 on this morning. Reception was so
exceptional (even for the West Coast) that John Bryant taped a one-half hour bandscan which was later sent to
Gordon Darling in Port Mdresby.

As the night progressed, several 120 meter Indonesians were heard, as well as the rarely reported RRI-Merauke
on 3904.9. 'Down-Under’ loggings from Australia and New Zealand on medium wave were too numerous to
mention. It was an exciting night as we rode the wave of sunset enhancement across the Pacific. Of course, we
readily acknowledge that a choice of 2000 foot beverages pointed west and southwest (terminated a few hundred
feet from the shoreline) contributed to our success!

(b) GRAYLINE - TWILIGHT ALONG ENTIRE PATH-LENGTH

Propagation along graylie paths seems to be enhanced by more efficient signal refraction and "ducting’
phenomena. This often results in signal levels reaching their optimal potential; at least that is the generally
accepted understanding.

A "true grayline" path occurs when both the transmitting location and the receiving location are in a period of
dawn or dusk twilight. Provided the signal adheres to the great circle paih, the entire path-length and shortest
distance from transmitter to receiver will be along the narrow zone of twilight dividing the darkness and daylight
sides of the earth. This dividing line between darkness and daylight is also called the "terminator".

All true grayline paths to and from North America vary between NW-SE and NE-SW, depending on the season
and whether dawn or dusk at the receiver in North America. At the Equinox, when the dividing line between
darkness and light lies along a true north-south axis, it is sometimes possible to hear the same station, initially
at the morning grayline and later the same day, at the dusk grayline. The seasonal positioning of the grayline is
shown in Figure B-5.
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Fig. B-5: SEASONAL ORIENTATION OF THE GRAYLINE [2]

Assuming we are facing the western hemisphere in the above illustration, the grayline orientation at the summer
and winter solstices would be representative of the dawn grayline at our receivers. At dusk, the corresponding
angle from True North would be reversed.

In the western hemisphere, grayline reception from Latin America is always based on dawn (or dusk) twilight

along the entire signal path. However, since Asia is in the opposite hemisphere, Asian twilight at dusk will
correspond with dawn twilight in North America and vice versa.
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Recently available computer software provides an ideal way of visualizing the grayline separating the sunlit and
darkness sides of the earth and actually observing the east to west movement of the grayline in "real time". The
azimuthal equidistant map can be customized so that it is centred on the location of the DXer’s receiver. The
short and long path from the receiver to a specified transmitter target is also displayed.

Fig. B-6: COMPUTER-GENERATED GRAPHICAL DISPLAY OF
DUSK GRAYLINE [3] (April 29 UTC at Frederick,
Maryland)

GRAYLINE - THE ASTRONOMICAL PROPERTIES

It is critical to note that while the relative width of the terminator as shown in Figure B-S is exaggerated for
illustrative purposes, the actual physical width of the grayline zone is correctly shown in astronomical terms as
being equal at all latitudes. In other words, the zone is EXACTLY the same width throughout its circumference.

It has become common parlance in DX circles to talk about the "width" of the grayline in terms of time duration,
thus implying that its actual width is a function of latitude and season. But the physical reality is that it’s the
length of time that any spot on the planet spends in the grayline zone which varies substantially. There are two
reasons for this.

First, the absolute speed of rotation of any spot on earth varies a great deal: very fast at the equator but very
slow approaching the polar caps. Any spot on the Equator for instance is in the grayline zone for only a short
period of time, varying only by a few minutes throughout the year, while a similar spot within the Arctic Circle
will spend much longer moving through the same width grayline zone.

Secondly, the zone of twilight is inclined at various angles related to the seasons. Again, the length of time varies,

in this case according to the diagonal path at which the zone is passing over any spot. Thus we could say the
apparent (or visual) width of the grayline varies but the real width is constant!
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Given this understanding, the DXer is better-equipped to evaluate the duration of a grayline condition for a given
signal path. The entire signal path along the terminator must be considered. For example, most signals from
Southeast Asia originate within the Equatorial Zone - Indonesia itself straddles the Equator. Thus, even at mid-
winter when the grayline "width" at the receiver may be more than hour in many parts of North America, the
effective width of the grayline zone, where the transmitter is located in the Equatorial Zone, is not more than
twenty minutes.

Figure B-7 is a partial listing of grayline targets at Clark’s QTH (Newmarket, Ontario) for December 31st,
generated using John Devoldere’s "Low-Band DXing’ software. [4] This happens to be about the mid-point of
the six-week annual period when the sub-continentals are "in season". Notice that the grayline "width" is + /- 38
minutes of 12:54 Newmarket sunrise, whereas the "width" at Colombo, Sri Lanka is only + /- 10 minutes of 12:35
sunset. Thus, the time when the grayline zone is in place along this entire path-length is limited to the brief
period of "overlapping" twilight from 12:25 to 12:45.

YOUR LATITUDE 1S 44.5 DEG. NORTH YOUR LONGITUDE I5 79.47 DEG. WE:ZT
TIME OF YEAR (MONTH/DAY) = 12 / 31

‘OUR SUNRISE IS AT 12.54 UTC YOUR SUNSET 1S AT 21.47 UTC

SRAY LINE WIDTH IS 76 MINUTES. MINIMUM TARGET DISTANCE IS 7000 MILES
PREFIX COUNTRY CITY MILES START END MIN/TRRG
4S SRI LANKA COLOMBO 8653 12.25 12.45 20
8Q MALDIVE MALE 8677 12.55 13.15 20
9M6 EAST MALAYSIA KOTA KINABALU 8753 22.07 22.25 20
AL OMAN MUSCAT 7033 13.12 13.32 34
BV TAIWAN TAIPEI 7448 22.21 22.25 36
DU PHILIPPINES MANILA 8151 22.08 22.25 25
KCé REP.OF BELAU YRP 8026 21.09 21.14 21
VK6 - AUSTRALIA PERTH 11233 21.09 21.23 20
Vvss BRUNEI 8902 22.18 22.25 20
vu INDIA BOMBARY 7713 2.27 12.57 29
vu INDIA NEW DELHI 7173 12.16 12.24 40
vu INDIA BHOPAL 7514 12.16 12.31 34
Vu INDIA ALIGARH 7232 12.16 12.23 39
VU INDIA MADRAS 8257 12.16 12.35 24
vu7 LACCADIVE ISL. 8292 12.46 13.08 21
YE INDONESIA-JAWA CIREBON 9777 22.23 22.25 20
YE INDONESIA-JAWA PURWOKERTO 9817 22.19 22.25 20
YE "INDONESIA-JAWA YOGYAKARTA 9828 22.14 22.25 20
YE INDONESIA-JAWA SEMARANG 9771 22.15 22.25 20
YE INDONESIA-JRWA SURAKARTA 9806 22.13 22.25 20

Fig. B-7: GRAYLINE TARGETS FOR NEWMARKET, ONTARIO, ON DECEMBER 31 (partial list)

Interestingly enough, on those infrequent occasions when the Sri Lanka Broadcasting Corporation outlet on 4902
kHz is heard in Ontario, the signal will normally fade up and peak between 12:45 and 13:00 - crossing the sunrise
boundary at the receiver but already post-sunset at the transmitter. That seems like partial darkness dawn
enhancement at the receiver, more-so than "true grayline” enhancement!

Looking further down the list, another interesting example is the case of AIR-New Delhi (4860 kHz),
undoubtedly the easiest log of any of the sub-continentals. Based on its 12:04 sunset, the theoretical grayline peak
is confined to the few minutes between 12:16 and 12:24. This station does not sign on until 12:45 but the signal
consistently peaks later - around 13:00, and it is often readily heard to 13:30 in Ontario.

By way of comparison, at Bryant’s QTH in Stillwater, Oklahoma, sunrise does not take place on December 31st
until 13:43 which results in a calculated grayline "width" of + /- 28 minutes. Both Asian sites are clearly in total
darkness for more than an hour before sunrise at the receiver. The fact is, however, Bryant enjoys very good
reception approaching sunrise and until 14:30 or later. There can be no confusion about this. Optimum reception
has occurred in association with dawn enhancement at the receiver.

There are three points to be made here. First, the period of signal enhancement attributable to the grayline may
not be of the duration implied at the receiver - the entire path-length along the terminator must be considered.
Secondly, peak reception in many cases may not co-incide with the grayline duration per se. To the extent that
we may enjoy extended "max dawn" enhancement of Asians (post-sunset at the transmitter) during the winter
months, this ought to be understood as enhanced reception based on a partial darkness path but not a "true
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grayline" path. Finally, one must remain aware of the seasonal aspect. We hear the sub-continentals at December
31st because they happen to be at their seasonal peak.

We have stated that any path associated with grayline enhancement (to the extent such exists) must follow the
terminator. This brings up the point that the mechanics of grayline propagation within (along) the terminator
has not been satisfactorily explained in any of the professional work that our research has covered. In the
absence of any adequate explanation, we would concur with this statement by John Devoldere in Low-Band

DXing:

"It is not clear whether propagation proper inside the grayline along the terminator benefits from its
existence. It is clear, however, that signal launching at the transmit end and receive end does benefit
greatly from the mechanism". [5]

A little confusing perhaps? Small wonder even the "experts” tend to use terms such as dawn or dusk enhancement
and grayline enhancement interchangeably. We again quote Mr. Devoldere:

"Some authors have mentioned that grayline propagation always happens along the terminator. On the
low bands [meaning the 120, 80 and 40 meter amateur bands) there has been occasional proof of such
propagation although most of the grayline situation benefits have been noticed on paths typically
perpendicular to the terminator." [5]

Surely the author is referring to partial darkness paths with dawn or dusk twilight at one end of the path or the
other. In that case we would agree. But to associate "grayline benefits" with paths "perpendicular to the
terminator” is a contradiction in terms!

The authors regard the distinction to be significant. Our experience as cited in the foregoing examples, and that
of others, is that optimal reception is most often associated with a partial darkness path wherein the twilight
condition is present at just one end of the path, not wholly along (within) the terminator!

Most important of all for us in this article, enhanced reception implied by a grayline path often does not "hold
up” when the seasonal factor is taken into account. For example, many DXers were pleased to hear Bhutan as
a new country in January of 1990 when the word spread that they had switched from the 49 meter band to 5023.1
kHz in the 60 meter band. That was the time to hear it because stations near the Indian Sub-continent were still
"in season". By the end of the month, Radio Bhutan had virtually disappeared, at least in Ontario.

As winter turns to spring, there is a "perfect grayline” path from Bhutan to Oklahoma on April 1st (see Figure
B-8) when sunrise at Bryant’s QTH and sunset at the transmitter co-incide to the minute! It would be wrong to
say that it’s impossible to hear Radio Bhutan in April, as "true graylining" does work some percentage of the
time. Even so, the chances of hearing a good signal are minimal because the season just isn’t right.

13.43 23.24 JAN 1 00.52 11.18

13.42 23.37 JAN 15 00.53 11.28 BHUTAN
OWN QTH 13.33 23.54- FEB 1 00.49 11.41 THIMPU
------- 13.19 00.1 FEB 15 00.39 11.52 meeesssccccoo--
LONG = 97.5 13.02 00.23 MAR 1 00.27 12.01 LONG = -89.65
LAT. = 36.83 12.41 00.37 MAR 15 00.12 12.09 LAT. =- 27.53
12.18 00.51 APR 1 23.54 12.18
=xzscasssx))) 11.56 01.04 APR 15 23.38 12.26 (((mmsszss===

11.37 01.17 MAY 1 23.24 12.34
11.22 01.30 MAY 15 23.13 12.43
11.13 01.43 JUN 1 23.06 12.51
11.10 01.51 JUN 15 23.06 12.58
UTC TIMES 11.14 01.53 JUL 1 23.09 13.01

Fig. B-8: COMPARATIVE SUNRISE/SUNSET TIMES AT STILLWATER, OKLAHOMA AND
THIMPU, BHUTAN (partial list)

r3.20



Earlier in this Section we referred to a "second peak" occurring about 9 PM at the transmitter (ie. about three
hours behind the dusk terminator). In many cases for Asian signals, this will correspond with dawn at the receiver
in North America, especially in the Eastern and Central time-zones. Now refer again to Figure B-8. As compared
with the "true grayline” on April 1st, notice that on January 1st, sunset in Bhutan precedes sunrise at Stillwater
by some two and one-half hours. In this case at least, the maximum signal (seasonal peak) from Bhutan occurs
after' the terminator has already passed over the transmitter several hours previous, whereas it is dawn at the
receiver.

It took us a while to notice this relationship but when we did, we rapidly concluded this was a phenomenon that
warranted further study. We shall return to the seasonality issue at the end of this Section and in following
Sections. .

TROPICAL BAND PROPAGATION MECHANICS - THE CONVENTIONAL VIEW

Accepting the conventional view of shortwave propagation as outlined in Section A, the signal path from
anywhere in North America to a given location in Asia requires a minimum of four hops, assuming about 2,000
miles per hop based on night-time F layer propagation. This translates into signal losses associated with a
minimum of four refraction points in the ionosphere and three intervening ground reflections. Let’s think about
that! To cite Yuri Blanarovich, whom we shall introduce in Section C, "considering the natural dispersion of the
signal with distance and loss per [refraction] off the ionosphere and [reflection off] the earth, it seems to me that
it is very unlikely that we could have any signal left at the other end". [6]

But, if there were some way in which the number of hops could be reduced, complemented by a decrease in the
amount of absorption at each point of refraction/reflection, this could mean a useful increase in the strength of
the signal by the time it reaches us. This is what seems to take place with partial darkness or twilight propagation,
thus affording greatly improved reception.

Partial darkness at either end of the path offers significant advantages when compared to an all-darkness path,
while twilight at both ends of a path is presumably more advantageous than twilight at only one end. Thus, "true
grayline" is commonly considered to be the preferred path.

Let’s consider four geophysical phenomena associated with twilight propagation. In each case, enhanced signal
levels could occur due to less signal absorption resulting from the manner in which the signal is refracted and/or
“ducted"” in the ionosphere: '

1. Less Absorption Due To Fewer Signal Hops:

During daylight hours, the D layer of the ionosphere is present and absorbs skywave signals at Tropical Band
frequencies, thus making long distance reception impossible. Daytime MUF’s often exceed 20 MHz.

At dusk, however, the D layer begins a period of rapid decomposition as a result of the process known as
"recombination”. Although it does not totally disappear until some hours after sunset, the D layer ceases to be
a major propagational factor after dusk.

The reverse process occurs during the dawn period. As the sun rises above the horizon, the D layer begins to
form, slowly at first, then rapidly until it reaches peak strength near local noon. Note than "sunrise” at ionospheric
heights occurs some minutes before sunrise at ground level. The initial formation of a weakly ionized D layer
at dawn again is advantageous. How is this so?

During these twilight periods, the D layer has ceased to be (or is not yet) strong enough to absorb the Tropical
Band skywave signals. What it does is "deflect” or more precisely - refract, the skywave signal from the
transmitter in a way that the angle at which it reaches the higher F layer (the "angle of incidence”) is such that
the wave is flattened out or lowered to some degree. The intervening E layer may play a complementary role
in this process as well.

As a result of this change in the wave angle, the signal travels further in this modified trajectory before being
refracted back to earth. The geometry of this event is clearly shown in Figure B-9, although the wave angles and
height of the layers are very exaggerated in this sketch. Signal "B" is launched from a from a transmitter in the
twilight zone at local dawn, whereas signal "A" is launched in total darkness.
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In addition, the lower angle of arrival after
refraction means the wave has travelled
correspondingly farther before the initial
reflective "bounce” on the earth’s surface. This
longer hop ultimately translates into fewer hops
required to travel a given distance from
transmitter to receiver, and thus, less absorption.

The effect of the “tilt region" shown in Figure
B-9 will be discussed later. Notice also that the
two-dimensional drawing, if taken literally, shows
sunrise enhancement at the transmitter. A
grayline path would require that the signal travel
along the terminator (looking straight down the
page). In a partial darkness situation where
twilight is occurrin_g at the receiver location
instead, correspondingly enhanced refraction of Fig. B-9: D LAYER "DEFLECTIVE’ REFRACTION IN A
the final hop would seem to account for the
it . TWILIGHT ZONE (4]

distinct dawn or dusk signal peak.

In a grayline situation, both signal launch at the

transmitter and reception at the other end of the

path are deemed to be beneficiaries of this twilight enhancement. What is not well understood is the
propagational behavior along the terminator between the transmitter and the receiver. Here, one might speculate
that the presence of a moderately ionized E layer along the path could be an important factor. We just don’t
know. But whatever the interaction between the signal and the ionospheric layers, if the signal leaving the
transmitter remains focussed on the terminator it would be following the great circle or shortest path to the
receiver. Sometimes, however, the signal may "veer" into the darkness zone along the way. Typical causes might
be a differential MUF due to "patchy clouds” in the ionosphere or bending around the auroral zone. While this
would result in a skewed path, the enhancement associated with twilight at both ends of the path might well still

occur.

2. Less Absorption Due To More Efficient Refraction:

We have seen how refraction by "deflection” in the twilight D region reduces ultimate absorption because the
number of signal hops to travel a given distance is reduced. A second beneficial effect deriving from D layer
refraction at twilight serves to reduce absorption even more: an actual reduction in the amount of absorption at
the time the F layer refraction process takes place.
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Fig. B-10: IONOSPHERIC REFRACTION OF A LOW AND HIGH
ANGLE WAVE FRONT [7]
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When a radio wave reaches the charged particles composing a refracting region of the ionosphere (for our
purposes this is generally the F layer), it penetrates the refracting layer and is gradually bent back towards the
earth. Refer to Figure B-10. A certain amount of energy is absorbed or lost during this "conduction” process due
to the interaction with free electrons which are also present in the ionized region.

If the radio wave arrives at a high, almost vertical angle, it must penetrate the ionized region further before
interacting with a sufficient concentration of charged particles to be refracted. This means a significant loss of
energy.

On the other hand, a signal which reaches the ionosphere at a lower angle, such as we determined would occur
during a twilight period, is more easily refracted with less penetration of the ionized region. The result of this
more efficient refraction is, of course, appreciably less absorption. Amateur radio operators working DX try to
take advantage of the same principle by using an antenna system that will provide a low "takeoff angle” from the
transmitter.

3. Ionospheric Tilts:

Twilight signal enhancement has been described in terms of reduced absorption from two points of view: fewer
hops and more efficient refraction, both deriving from the manner in which the weakly ionized D layer, and
possibly the E layer, "deflects" the originating signal before it reaches the higher layers of the ionosphere.

Reference was made in Section A to the rapid vertical movement of the layers during the dawn and dusk period.
This transitional process affecting the E and F layers is another regular occurrence in the ionosphere which is
not sufficiently understood. However, the refracting layer(s) in the ionosphere are literally tilted at twilight,
possibly producing even flatter wave-paths. This complementary effect would contribute to an even longer hop
than would be defined solely by the process associated with the twilight D layer. In addition, it is noted that a
tilt zone (at the receiver) may augment the increased signal strength naturally resulting from Spherical
Convergence at distances beyond 6,250 miles.

So, while the process is not entirely understood, there is little doubt in professional circles that ionospheric tilt
mechanics is another important factor contributing to enhanced twilight propagation and reception.

4. Si Ducting in the Ionosphere:

Conventional views of Tropical Band propagation recognize Chordal Hop, Whispering Gallery and Ducting
modes as possible but very exceptional means of shortwave propagation. An ionospheric tilt condition seems to
be the common denominator associated with these three phenomena, all of which are associated with twilight
propagation.

Simplified views of ionospheric tilt can be seen in Figure B-11 and Figure B-12 appearing on the next page; also
refer back to Figure A-6.

(i) CHORDAL HOP

With the right ionospheric tilt condition occurring near the transmitter and a complementary ionospheric tilt
present near the receiver, the twilight propagation mode referred to as "Chordal Hop" may occur.

In this situation, when the signal from the transmitter reaches the F layer it is refracted in such a way that it is
not immediately bent back towards the earth. Instead, the trajectory of the signal under the F layer is flattened,
resulting in an extended skip distance without actually returning to earth. Eventually, the signal is returned to
earth, ideally when it encounters a corresponding twilight tilt condition at the receiving end. Since several
intermediate hops are eliminated, absorption is greatly reduced so the signal may be much stronger.
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Fig. B-12: WHISPERING GALLERY
PROPAGATION [4]

Fig.B-11: CHORDAL HOP
PROPAGATION [8]

(ii) WHISPERING GALLERY

In this vanation of the same general phenomenon, the signal from the transmitter undergoes twilight D layer
"deflection” to reach the F layer, whereupon it is initially refracted in such a way that it adopts a multiple
refraction mode in the ionosphere and travels an extended distance before returning to earth.

(iii) DUCTING

This is a process of multiple “reflections” between the underside of one layer or sheet and the convex upper side
of a lower layer, apparently with minimal absorption. Ideally with the right twilight condition, probably associated
with an ionospheric tilt, a strong signal is eventually returned to earth at the receiving end of the path.

In the PROCEEDINGS 1989 article relating to "The Auroral Factor’, Clark discusses why he believes these signal
ducting modes may well facilitate enhanced trans-polar propagation on north-south great circle paths crossing
the auroral zone from Asia to North America, especially during periods of magnetic storming. Trans-equatorial
(south-north) paths from South America may also benefit from ducting phenomena, again seemingly associated
with the early stages of a magnetic disturbance.

SEASONALITY

No discussion of Tropical Band propagation from a North American perspective would be complete without
some consideration of the seasonal characteristics of weak signal propagation, particularly that from Southeast
and South Asian regions. The interesting thing about seasonal peaks is that they seem to be COMMON across
most of the continent, notwithstanding that considerations such as partial darkness paths and the auroral factor
introduce a high degree of variability in day-to-day reception, depending on the DXer’s location.

Throughout North America, Indonesians normally peak near the fall and spring equinoctial periods: mid-
September to mid-November and again, mid-February to mid-April. Reception from the Indian Sub-continent,
however, is essentially confined to about six weeks per year, centred on mid-December. This is a consistent
pattern, notwithstanding the great variation in the great circle and grayline paths from widely separated locations
in North America. '
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There also seems to be a relatively consistent Papua New Guinea season which is basically the "summer” half
of the year. Reception in the East does tend to be noticeably better near the Equinox, however, because high
static levels during the hemispheric summer frequently mask the PNG’s.

Medium wave DXers from the West Coast also note a seasonal swing in the "preferred path” which is generally
consistent with our experience on the Tropical Bands. The "Asian Season" for stations from the Southwest Pacific
and coastal China is near the Equinox, while other Pacific and 'Down Under’ signals are predominate during
our summer months - winter in the Southern Hemisphere. Strangely enough, the medium wave "mid-winter
anomaly” occurs at the very same time that Tropical Band reception from the Sub-

continent exhibits its short, dramatic seasonal peak.

Where does this leave us with the seasonality question? The issue has not been accorded any serious attention
in hobby publications. Even with a good deal of searching, the authors have found no scientific or engineering
work on the subject either, beyond the simple notion of the cyclic rotation of the day/night terminator. In that
regard, we have already noted that seasonal peaks certainly don’t necessarily follow the "rules” for grayline paths.
This was the clue that eventually caused us to recognize that seasonality seemed to be much more associated with
some phenomenon taking place at the transmitter, rather than at the receiver.

UNRESOLVED ISSUES

The foregoing is a general explanation of Tropical Band propagation, largely supported by a variety of respectable
sources. In most respects, the conventional view of the mechanics of Tropical Band propagation is a satisfactory
"everyday’ working model. It has been the accepted view for over half a century and is the basis for many
international agreements concerning use of the entire radio spectrum.

But, over some twenty years or so, the authors have observed a number of phenomena which cannot be suitably
explained by the conventional view of propagation, especially as it applies to the Tropical Band. Here are three
rather consistent reception conundra that remain unresolved:

(1) The mystery behind the distinct seasonality of much of our DX is the central issue. The PNG’s are heard in
the North American summer (especially in central and west coast areas) when the Pacific and Southeast Asia
are about the only areas of Asia in darkness. At the Autumnal Equinox, the season moves west into Indonesia
and eventually into the Sub-continent for a short while at mid-winter. By late-January, the seasonal pattern has
begun to reverse itself. '

Why are the PNG’s not heard, except for a few rare mornings, during most of the traditional Tropical Band DX
season in North America? There is a darkness path the full distance. We will acknowledge that the winter of
1989-90 was somewhat atypical in this regard. '

(2) West Coast DXers in particular have noticed a very interesting fade pattern when listening to a Central or
South Pacific stations that operate late into the night. After the initial fade-up and peak at terminator sunset (at
the transmitter), signals will usually diminish somewhat and then climb again two to four hours later, centred on
9 PM at the transmitter. This second peak may even be stronger than the initial showing. Why is this so? The
path-length is in full darkness at this time. .

In this Section we identified the relationship between the time of the dusk terminator and the seasonal peak of
Bhutan during the sub-continental season. Can it be that the situation at the transmitter is associated with the
seasonality of our DX on the Tropical Band in North America?

(3) Central North American DXers note another phenomenon. For about four weeks centred on the winter
solstice, it is possible to hear stations from Central and West Africa. Sometimes this may be sunset enhancement
at the receiver; other times, the signal is travelling a total darkness path. In most cases, the signals heard at
African signoff (around 2300-2400) are substantially stronger at this early evening hour than the signals from the
same transmitter at sign-on (0300-0500) on the same local night. Why is this so? Both receptions are on the same
path, usually in total darkness. Even on the East Coast where the Africans are much more consistent, the initial
afternoon peak at the receiver very often yields the best reception. We wonder if this phenomenon is also more
closely associated with the geophysical situation in the region of the transmitter, rather than at the receiver.

Finally, we remain unsatisfied with the classical explanation of sunrise enhancement at the receiver. The
conventional understanding seems plausible on the surface: less attenuation in general and fewer hops due to
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tilt geometry. However, for this to work, the geometry would have to conveniently change enough to eliminate
a full hop, for example, reduce a four-hop path to three hops. Alternatively, the ionospheric dawn would have
to "cut off" or substantially absorb the higher angle rays, allowing only the lower angle ray to reach the receiver
unimpeded. The classical multi-hop model of sunrise enhancement at the receiver is shown in Figure B-13 with
all regions and wave angles idealized.

et

RECEIVER

Fig. B-13: CLASSICAL MODEL OF IONOSPHERIC REFRACTION AT DAWN AT THE
RECEIVER .

Our difficulty with this model stems from the fact that it does not fit with physical reality. We don’t believe it
adequately accounts for dawn enhancement when the ray path is perpendicular to the terminator and it most
certainly can’t account for "true grayline” enhancement!

If this model was true to physical reality, before commencement of dawn enhancement the two-hop ray path
would mix with the three and four-hop ray paths, regardless of the signal level. We would expect considerable
multipath distortion and fading due to different arrival times, at least until the initial formation of the overhead
D layer at ionospheric dawn might absorb the downlink of the higher angle paths to the receiver. At best, phase
cancellation might sometimes augment and other times decrease the signal level but we would still expect deep
fades to occur. Neither do we notice the more rapid flutter fading due to phase shifts typical of HF frequencies
of shorter wavelengths. Moderate cyclic fading is of course normally experienced.

Simply stated, in many hundreds of DX sessions at dawn over the years, we have NEVER noticed any form of
transitional fading, or distortion, at the beginning of dawn enhancement when signals which were totally absent
or barely detectable rise above the receiver noise floor in a very smooth, elevator-like fashion. During good
openings, even very low-powered signals such as the Indonesian RPD’s with typical power of only one or two
hundred watts can sometimes appear in a matter of minutes and reach quite listenable, undistorted levels.

To us, the consistent behavior of Tropical Band signals during dawn enhancement calls the entire conventional
explanation of twilight propagation into question.

The three reception conundra cited above and the lack of a satisfactory explanation of twilight enhancement have
also been troublesome to other experienced DXers. So, the authors decided to investigate what might exist in
the body of knowledge of the scientific world and the practical world of amateur radio that might better explain
Tropical Band propagation. The results of our search were startling, to say the least!
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SECTION C
ELECTROMAGNETIC WAVE PROPAGATION BY CONDUCTION [1]

[1] This Section was excerpted from an article by Yuri Blanarovich, VE3BMV, and appears here with the kind
permission of the author. Mr. Blanarovich’s work originally appeared in CQ Magazine (June, 1980), and was
reprinted in his own publication, RadioSporting, in December, 1986.

ABSTRACT -

Mr. Blanarovich draws upon his extensive experience as an amateur radio DX
contester to explain why he regards the traditional multi-hop model of skywave
propagation as being fundamentally flawed. His main premise is that the
ionospheric layers do not so much "reflect’ RF energy back to earth at regular
intervals as they do refract and "conduct" the energy along the edge of or
between two layers at relatively low loss and for much greater distances.
Blanarovich cites practical support for his ‘“refraction” model based on
experimentation with very highly directional antennas and on determination
of optimum takeoff and arrival angles.

Bryant and Clark comment on their reaction to the Blanarovich work, citing
general agreement with his observations to the extent they suggest a model
which is far more consistent with the authors’ own experiences with twilight
enhancement as Tropical Band DXers.

Quite often, new advances in technology and measuring equipment can produce some surprising results. In my
case, it was the opportunity to advance from wire and vertical antennas into rotatable antennas. Being interested
in the mechanics of radio wave propagation, observing the various modes of propagation and trying to put two
and two together, I was not always satisfied with available explanations in the literature.

The matter was aggravated when I started to play with high performance antennas: the Razor Beam of my own
design. As far as I was able to tell, these antennas produced maximum obtainable gain per given boom length
with excellent front-to-side and front-to-back lobes. The real test of the antennas came with the CQ contests
when a number of things could be observed that normally would be unnoticed when using "ordinary” antennas.
Contests allowed me to observe a number of anomalies and exceptions to present propagation theories by virtue
of the great amateur population on the air at the same time all over the world.

The antenna system allowed me to observe various angles of radio wave propagation. The deeper I got into my
observations, the more I became convinced that the present theory of electromagnetic wave propagation, which
tells us of signals bouncing between the ionosphere and the earth is not entirely consistent and perhaps not valid.

More thinking and sorting out of ideas led to some interesting conclusions that I would like to present here. It
is my hope that this article will stir up quite a bit of controversy and discussion, and that it will contribute to the
clarification of the matter. Presented here are observations that I was able to collect in the limited time
available...more work must be done to collect more accurate supporting evidence.

REFLECTIVE THEORY

The present radio wave propagation theory is based on the assumption that radio waves are propagated by
reflections from a mirror-like ionosphere, returmng to the earth’s surface, bouncmg off it back to the ionosphere
and so on. Let’s call the present propagation theory “reflective”.
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Reflections are only one possible explanation for getting the signals from the sky at those angles. It is
unfortunate that early propagation scientists such as Heaviside, Appleton, Briet and Tuve apparently did not get
exposed to more of the work that was being done in optics at that time. In 1870, John Tyndall presented the
earliest recorded scientific demonstration of a peculiar optical phenomenon: light being trapped in a stream
of water. In his demonstration he showed that when a stream of light was allowed to flow through a hole in the
side of the vessel, light was conducted along the curved path of the stream, This was the closest thing to fibre
optics. Too bad they did not see the similarity between radio waves and light and get the idea of another way
of propagating radio waves. Today we know that light is on the high end of the electromagnetic spectrum.

So this was a handy explanation: "mirrors in the sky" reflecting radio waves back to earth. The generally accepted
idea has carried to the present day and any anomalies have been judged as exceptions. All kinds of explanations
have been tried in order to explain the mechanics of unusual propagation modes.

A CRITICAL LOOK

Let’s have a look at the reflective theory and see how well
it fits real life. The first thing that really hit me is that the
earth is usually drawn on one scale and the ionospheric
layers are drawn to another scale, about 10x (Figure C-1).
It explains how signals might reflect but does not
approximate the real geometric condition.

When the earth and the ionospheric layers are drawn to O ERF
scale, it seems that we need about four hops to propagate
a signal one quarter way around the world (assuming an
average launch angle of 11 degrees and F2 layer height of
about 500 km on a summer day). Working Europe on Fig. C-1: TYPICAL PRESENTATION OF
long path would require about twelve hops. Considering IONOSPHERIC LAYERS

the natural dispersion of the signal with distance and loss

per reflection off the ionosphere and the earth, it seems

to me that it is very unlikely that we could have any signal

left at the other end (Figure C-2).

500km
‘\L Ay >
F2 layer by
.~

Fy layer >,
77

Fig. C-22 CONVENTIONAL MODEL OF MULTI-HOP
PROPAGATION WITH THE EARTH AND
IONOSPHERE DRAWN TO SCALE

The typical picture of the mechanics of reflection from the ionosphere (Figure C-3) is also questionable. In order
to reflect signals, one would expect a good reflective surface, larger than the wavelength and of good conductivity
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with a clearly defined surface border. But we know the
ionosphere is very thin and the molecules are widely
separated.

I find it hard to believe we can get sufficient reflection of
signals from that type of medium to yield the signal levels that
can be experienced. The shape of the curve is also very
unusual - it looks like refraction over about 270 degrees. In
reality, the ionosphere would rather absorb the signal energy
than "turn it around".

Various propagation modes that cannot be explained by
present theory are labelled exceptions and a great deal of
speculation and effort has been used to try to make them fit Fig. C-3: CONVENTIONAL

with conventional theory. We will try to explain these REPRESENTATION OF

exceptions with a new theory. IONOSPHERIC REFECTION

THE NEW THEORY

We have problems understanding the mechanics of radio wave propagation because it is virtually impossible to
simulate the many variables associated with the real situation in a laboratory setup. The best we can do are
studies using satellites and electromagnetic wave sources in space or here on earth.

The closest analogy we have available is optics and fiber optics. Radio waves and light do have one thing in
common: they are electromagnetic waves with different wavelengths. Recent advances in fiber optics can help
us understand the behavior of light propagation, as well as radio waves. But it still difficult to make a good
analogy because of the many variables in the atmosphere and the biggesi contributor to ionospheric variations
is radiation from space, mainly from the sun.

When looking for a better explanation of radio wave propagation, it struck me that there must be more
"conduction” going on up there than reflection. As a result of my observations over a number of years, I came
to the conclusion that radio waves propagate in a medium that resembles a cloud or a cross betwéen a cloud and
fiber optics.

The basics of this new propagation theory can be summarized in the following statements:

A majority of radio waves are refracted and propagated (ie. conducted) along the borders of
media with different dielectric constants and are accompanied by scintillation. The geometry
of propagation is dependent on the frequency used and the condition of the atmosphere.

The propagating medium has a cloud-like formation with the density and conductivity varying
along its profile and dependent on the physical condition of the atmosphere and the amount
of radiation from space.

INTERPRETATION

Accurately visualizing the mechanics of radio wave propagation is difficult because we are dealing with a three
dimensional medium with varying density and a cone of radio signals propagating through that medium. The
situation is further complicated when considering a broad spectrum of frequencies and different angles of
refraction and conductivity, dependent on the frequency.

In Figure C-4 we have the earth and the ionosphere drawn to scale. To simplify matters, the beam of transmitted
radio signal will be shown as a ray: using a solid line for a strong signal, a broken line for a medium strength
signal and a dotted lone for a weak signal. Ionospheric density or radio conductivity will be shown as a heavier
shaded area for good conductivity and with a lighter shading for poorer conductivity.

The signal is transmitted from point A. Line of sight strength decreases after point B. But the main lobe of the

antenna puts most of the signal into the atmosphere and refraction begins at point C. A portion of the signal gets
refracted immediately and a portion passes through to point D. Then the refracted signal continues through
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points E, G and H, more or less following the curvature of the earth. Scintillation along the path is noticed as
backscatter and sidescatter. A portion of the signal is refracted back to earth and received at points W, X, Y and
Z. At point D, a major part of the signal was refracted but a portion continues through D to point F where it
either now gets refracted or continues on into space. A portion of the refracted signal on the higher path can
be refracted back to earth at point K, at a different angle. It may combine with the signal propagated by the
lower path, causing considerable fading.

Fig. C-4: SCALE DRAWING OF A PORTION OF THE EARTH AND A CONDUCTIVE
IONOSPHERE SHOWING WAVE PROPAGATION

In real life, the situation is rather more complicated due to the wider beam-width of the transmitted signal,
irregularities in the medium and the range of frequencies and angles of the transmitted signal. There is also an
indication that the rate of travel of the radio waves can vary in different layers, and this, combined with the
scintillation or scattering of the signal, can be observed as a Doppler shift of the signal’s frequency.

Scintillation in this case can be compared to the situation where we have a strong source of light with its beam
going through a patch of fog. Particles of fog will be glowing or scintillating and become visible. A portion of
the beam will continue to propagate after passing through the fog patch.

SUPPORTING EVIDENCE

When observing the rising or setting of the sun or the moon, we observe refraction of light in the layers of the
atmosphere. It is a well-known fact that the sun or moon can be "seen” after they actually set below the horizon,
the lag being about 12 minutes. Also, the image or the size of the sun or the moon quite often appears to be
larger than normal. This is definitely not reflection. We do not see the "mirror image®, but rather the actual
"picture”. Why shouldn’t radio waves behave in a similar manner? Whereas light is an electromagnetic wave
having a very short wavelength, the longer radio frequency wavelengths are easier to refract or bend, but harder
to reflect.

During overseas contacts, sometimes a sudden frequency shift, very similar to what we call "selective fading", can
be noticed. I have observed fading on a DX contact’s signal, accompanied by a slight shift in the frequency of
his signal. ' '

The familiar “arctic flutter” and raspy signals propagated from the aurora are another example of the frequency
shift caused by propagation of signals through the medium. Arctic flutter can be simulated by tuning two
receivers to the same signal and then slightly detuning one receiver’s VFO. The signal will sound as if it has
just passed over the Pole with familiar flutter. Signals propagated through the auroral region exhibit multiple
frequency shift. Another noticeable feature of this frequency shift is the absence of the higher notes in the audio
response of the shifted signals.

One important thing is apparent from these observations. When one is calibrating a receiver to WWV and his
location is such that he is receiving a backscatter signal, then there is a good chance that he might be slightly off
the absolute frequency. [Mr. Blanarovich makes reference to frequency shifts in the order of 500 Hz, although
this would be a much greater magnitude that is mentioned in any professional sources we have found.}
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Let’s assume for now that signals are propagated by conduction rather than reflections and we will look at the
various modes to see how well they fit the theory.

SHORT PATH

We again assume a single ray of radio signal in Figure C-5 which shows a signal transmitted from point A. The
skywave ray gradually bends (refracts) through the atmosphere until reaching point D - a distinct border of two
layers with different dielectric constants. The main portion of the signal follows the border along points D, E and
G. Some portion of the signal refracts back to earth and allows us to receive the signals with relatively even
strength along the line represented by points W, X, Y and Z. Depending on the refractive angles, we can receive
signals under low (path D-Y) or higher (path D-X) angles. Note that point V (in the skip zone) gets almost no
signal because the angles of refraction will not supply any signal. Very weak (backscatter) signals may be received
as a result of scintillation at points E and G. A portion of the signal transmitted from point A at higher angles
is refracted or partially refracted (paths A-C) and reaches another layer or escapes into space.

Fig. C-5: SHORT PATH WAVE PROPAGATION THROUGH CONDUCTION AND
REFRACTION

Whereas the dotted line shows the path A-M-W as explained by the reflective theory, it appears that we are
actually propagating the main portion of the signal at considerably lower heights than previously thought. Having
antennas with low angles of radiation extends the useful range of propagation under adverse conditions with
lower angles or refraction.

DAY - NIGHT VARIATIONS

Figure C-6 shows a signal being radiated on a 45
degree bearing from Ontario, across Europe to Asia.
It’s early morning in North America, the sun is over
Europe and it’s evening in Asia. The atmosphere is
warmed by the sun’s radiation, raising the height of
the layers over Europe and ‘changing the dielectric
constant of the media affecting the refractive angles.
The "hump" over Europe causes the signal to change
its direction and at about 1400 local time, only weak
signals, mainly resulting from scintillation, are audible
in that area. Ontario and Asia have no problem
communicating, with conditions actually peaking
between the two points. This is a changing situation
with time of day, radiation from the sun, frequency
and angles of refraction. The example given is typical
for the higher frequencies in the range of 14 to 30 Fig. C-6: ILLUSTRATION OF DAY-NIGHT
MHz. VARIATIONS IN PROPAGATION

It is known that with increased sunspot activity, the
thickness (electron density) of the ionosphere increases. The height of the propagating layers also increases, and
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thus increases the height and length of the signal "arch’, allowing us to span longer distances and propagation
on the higher frequencies is extended later into the night. '

We have been told that during peaks of solar activity, the lower bands are very poor, due mainly to D layer
absorption. But at night the D layer disappears and at time of writing (1980), propagation on the lower bands
has been better than what we experienced during the sunspot minima. It appears again that the (nighttime)
refracting layers are higher, allowing us to work longer distances with stronger signal levels.

LONG PATH

Long path can be explained as an extension of the
short path propagation with the signals following the
higher layers where the losses can be lower, thus
resulting in less signal attenuation. As shown in
Figure C-7, we still get some refraction towards the -
earth and the signals are heard along most of the
path.

The path does not have to be a (great circle) straight
line. Quite often we experience a skewed path which
can be the result of side refraction (with quite strong
signals) or the result of scintillation (with weak
signals at low angles).

The best case of long path would be the situation \
whereby signals get “trapped’ in layers with low A /
attenuation and travel a number of times around the N

earth, causing long delayed echoes. S~

Fig.C-7:  COMPARISON OF LONG AND SHORT
PATH PROPAGATION

GRAY LINE PROPAGATION

Here we have the case where the medium is more or less at the same height, the refractive layers are more
uniform - without major humps, and this allows us to propagate signals along that path over a wide range of
frequencies with relatively little attenuation or refraction in the unwanted directions. Again, low angle antennas
should perform best.

When signals are aimed in the direction of the gray line, just about any point on earth on the gray line can be
communicated with, especially at the lower frequencies.

ONE WAY PROPAGATION

Quite often we experience basically one way propagation. For example, in the late afternoon, strong signals are
heard on the 40 meter amateur band from Europe but it is nearly impossible to work the Europeans from North
America, either with high or low angle antennas. Later on, signals become stronger on a low angle antenna and
contacts become possible.

This can be explained by scintillation, suchas we see on the end of a fiber optic fiber. When light exits a fiber
and the exit end of the fiber is ragged rather than smooth or when there are impurities in the fiber at the exit
point, the light is dispersed at broad and random angles as it exits. Under those circumstances, it is easy to
visualize the impossibility of returning light along the same route to the original source. A similar situation can
exist with radio signals and the conducting layers.

Another form of one way propagation is caused by different refractive indexes at each end of the path. Going
in one direction, signals can be refracted gradually and due to local conditions at the other end they can exit or
be refracted towards the earth. For the transmitted signal, the angle of refraction can be different and the
ionosphere will not refract the transmitted signal into the same layer that the received signal is being propagated.
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TRANSEQUATORIAL AND OTHER VHF PROPAGATION

This type of propagation was discovered when stations located close to the same meridian were able to work each
other across the equator. This propagation usually peaks just after sunset and appears to be another form of gray
line propagation where we have a uniform medium with gradually changing height near the equator resulting in
propagation over great distances. I would predict that given good conditions, it might be possible to establish
contacts on the 2 meter band between Ontario and Argentina.

If refraction replaces reflection and scintillation replaces scatter, then many of the "unusual" VHF propagation
modes can be explained and better understood. Horizontal polarization seems to be better for long haul VHF
propagation at lower heights than previously assumed based on reflection. This is probably due to the fact that
the orientation of borders of media (ie. layers) with different dielectric constants are oriented horizontally, thus
enhancing the refraction of horizontally polarized signals.

RECEIVE vs TRANSMIT

Having different antennas available and switching between higher and low angle antennas, I have found during
numerous tests that there can be quite a difference between the angles of transmitted and received signals. The
optimum angles change from hour to hour and day to day too. In addition, choosing the optimum angle for
discrimination against noise can improve the signal-noise ratio tremendously.This has been observed on all
amateur bands from 10 meters down to 80 meters.

On the higher frequencies (eg. 15 meter band) it has been found that most "short skip" signals are strongest at
a low angle. This also supports the refractive theory.

CONCLUSION

Hopefully this article will inspire hams, [shortwave DXers] and scientific institutions to do more in-depth study
which will eventually enable us to make more sense of radio wave propagation with fewer exceptions, and to
develop more reliable means of forecasting propagation based on the factors known to affect it. Let’s not be
afraid to challenge a long-accepted theory.

What I have tried to present in this article is an expression of what I feel, what I have observed and what I feel
makes sense. I find it quite difficult to describe or express exactly what I have been experiencing. This is partially
due to the absence of a good clean analogy, and partially due to the difficulty in verifying and expressing
accurately what is happening up there.

I hope that I have succeeded in getting my main message across: maybe there are no mirrors up there but more
likely something like layers or clouds which can conduct or refract radio waves.

COMMENT: By Bryant and Clark

When we first discovered this article a decade after its original publication, we were reminded of how little
information actually flows from one part of the radio hobby to another; we were also reminded that since WWII,
practically none has flowed either way between the "hobby" and "professional” worlds. This was not true in the
early days of radio and is not the case today in some areas of endeavour, such as naval architecture, aeronautical
engineering and automotive design. We are each less knowledgeable because of these artificial barriers.

The responses to Mr. Blanarovich’s article at initial and second publication were quite curious. They seem to
fall into one of three camps:

1. The traditionalists steadfastly maintained that "the experts can’t be wrong", so multi-hop
must be the primary mode of skywave radio propagation. They are obviously unaware of the
change of stance of the CCIR and the ITU regarding propagation beyond 10,000 km. In
1978, the "experts” had already changed their minds, at least concerning long haul
propagation.
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2. The muted response of the second camp was: "Big deal, it’s been in the Handbook since the
early days". This group misses the point entirely. Blanarovich contends that the mode
known variously as "Chordal Hop, Whispering Gallery or Single-sided Ducting" is not a rare,
exceptional mode of propagation, rather, it is the NORMAL, and maybe only mode. To our
knowledge, no one in the hobby has taken that radical a stance before.

3. The third group of respondents, very few in 1980 but in increasing numbers after the 1986
re-print, acknowledged that Blanarovich’s observations matched their own propagational
experiences much more closely than the classical multi-hop model. They are inclined to
agree that the author is on the right track in terms of "what’s really happening up there".

Our reaction is this:

If HF radio propagation, at least on the Tropical Band, is primarily accomplished by refraction into near-lossless
sheet-like layers, the five modes of terminator-enhanced propagation discussed in Section B become eminently
understandable.

If we assume the geophysical reality underlying the observations of Blanarovich and others is essentially correct,
we can also visualize a transmitter in darkness being able to "upload” energy into the layers of the ionosphere.
Let’s take another look at the refraction model showing the various ray paths or takeoff angles of a skywave
signal entering the ionosphere:

Fig. C-8: SINGLE-HOP MODEL OF TRAJECTORY OF RAYS OF A SHORTWAVE
SIGNAL

Consider the 9th ray in Figure C-8, repeated from Section A. Once it is travelling in a sheet or layer parallel to
the horizon, there is no obvious reason for it to come down, unless it strikes an irregularity and is randomly
refracted downward; or, UNLESS THE IONOSPHERE IS TILTED and the signal is "dumped” down to the
waiting receiver. In that case, it is plausible to comprehend the kinds of reception that Tropical Band DXers
experience consistently. Consider the following three suppositions:

1. Assume that "uploading” from the transmitter in an all-darkness situation is fairly inefficient.
A dependence on random irregularities to refract the signal back down to a receiver in full
darkness is also inefficient. This mode would only work well relatively close to the
transmitter ("one or two hop" distances) and would work very poorly at longer distances.
Most of the time at those longer distances, a signal on a full darkness path would not rise
above the noise floor of the receiver. At least that would be the case for weak, Tropical
Band signals travelling 8,000 miles and more from Asia.

2. At the twilight "tilts" of the ionosphere, assume that the layers or sheets are "more exposed”
and that uploading is a highly efficient operation during that brief time when either sunrise
or sunset twilight is occurring at the transmitter. Then, we can easily understand the sunrise
and sunset AT THE TRANSMITTER enhancements. '
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3. Assume that the twilight tilt of the ionosphere at dawn and dusk also causes a dumping of
the signal at a relatively low angle above the horizon. The sunrise and sunset AT THE
RECEIVER enhancement modes then also become understandable.

The authors recognize that Mr. Blanarovich’s work is controversial but that doesn’t mean we should dismiss it'
We do not suggest that he is proposing a revolutionary, unsubstantiated new theory of propagation. Rather, we
credit a non-professional hobbyist like ourselves who has grappled with the thorny problem of proposing a
MODEL for long haul propagation which fits reality. It is hardly surprising that we would witness a conflict
between the academic, “theoretician’s interpretation” and the rough and tumble, real-world “radioman’s
interpretation". As a very successful DXer, Blanarovich certainly qualifies as one who can speak from experience.

If the complex geophysical variables which govern shortwave propagation were well-understood, even in
professional circles, this article in Proceedings would likely be without purpose. For the very reason that our
understanding lacks precision, any proposed analogue, such as Blanarovich’s use of the optical fibre analogy, is
at best a compromise and open to criticism. We would point out, however, that in the course of our own
investigations we have found more than fifty major articles published by the IEEE in recent years which use the
optics/radio propagation analogy. That discourse continues to this day! Perhaps Blanarovich was ahead of his
time because he certainly didn’t have the benefit of a number of professional articles written within the past six
years which focus on the ionosphere as a vast array of layered sheets, or which discuss ionospheric irregularities
in great detail. '

The Blanarovich article was of value to the present authors because it offered a viewpoint based on the very

practical perspective of a proficient HF DXer. It encouraged us to take the next step - to seek out professional
work that we assumed must be available in the scientific community.
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SECTION D

A TROPICAL BAND DXER'S GUIDE TO THE IONOSPHERE:
DIURNAL EFFECTS AND TROPICAL ZONE IRREGULARITIES

ABSTRACT -

In pursuit of a better explanation for dawn/dusk enhancements and the seasonal characteristics
of Tropical Band propagation, the authors expand their study of the geophysical characteristics
of the F region in equatorial latitudes, since this region is the origin of the vast majority of the DX
signals.

The diurnal variations in the equatorial F layer are examined. One principal characteristic is found
to be the rapid changes in vertical height of the layer in the six hour period between sunset and
midnight. A sharp rise to a peak height in mid-evening is identified.

Drawing heavily on research papers presented to a conference of The Advisory Group for
Aerospace Research and Development of NATO, the authors investigate the principal
characteristics of the spread F phenomenon. The formation of field aligned irregularities (or
spread F) is found to be a statistically regular event in periods of quiet magnetic activity during
the evening hours in the tropical zone. Research indicates that signal conduction associated with
the presence of spread F may provide an alternative yet similar explanation for other ducting
models. '

Spread F activity is found to be most concentrated at about 9 PM in the equatorial latitudes,
corresponding precisely with the peak virtual height of the refracting layer. There is a suggestion
that the close relationship between these two phenomena may be linked to the seasonality
associated with weak signal Tropical Band reception.

INTRODUCTION

Most of us have stared at our receivers very late at night and wondered about the extent to which the unusual
propagation that we have observed closely over the years had a basis in the current body of knowledge.

In Sections A and B, the major physical attributes of the ionosphere were discussed. Processes such as spherical
divergence/convergence and tilts were noted. These two Sections together examined geophysical
inter-relationships between the earth and the ionosphere and how certain of those may enhance long haul
Tropical Band propagation, especially over partial darkness paths. In so-doing, the authors have challenged the
long held belief which recognizes the multi-hop model as the "normal" mode of HF radio propagation. The
Blanarovich "conduction” model presented in Section C continues to develop that theme.

So, for the dedicated Tropical Band DXer, we surmised that further investigation into the geophysical
characteristics of the F layer in particular might lead us to a better understanding.

Although most of the DXers reading this article probably live in the mid-latitude temperate zone, the vast

majority of our Tropical Band DX originates in the low latitude equatorial zone, so this is where we have
focussed our efforts.
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DIURNAL CHANGES IN THE IONOSPHERE

Any description of the ionosphere records the formation of the D layer at local dawn, the partial solar control
of the E layer, and the split of the F layer into the F-1 and F-2 layers as regular diurnal ionospheric changes. The
converse processes occur at dusk.

Only a few hobby sources make passing reference to the fact that the virtual height (h’F) of the F layer varies
radically and with great speed at certain predictable times of the local day (differing also as a function of
latitude). Virtual height (h'F) is the height at which signals, by geometry, appear to be "reflected” from the
ionosphere. It is determined by measuring the angles of take-off and arrival.

We are unsure why this radical change in our main refracting medium has been given such superficial treatment.
h’F is covered here at some length because this factor could be one of the primary driving forces in the changing
propagation we notice, especially during the all-important twilight periods discussed in Section B.

The virtual height of the ionosphere changes at different rates and times in the tropics, in the temperate zones
and at polar latitudes. Since most of our propagation paths travel through at least two of these zones, the
relationship of DX signal paths to the changing heights of the ionosphere is quite complex.

Jacobs and Cohen contribute the classic secondary source information on h’F:

"During the daylight hours, there are two well-defined regions: the F-1 layer, which begins
slightly above the upper boundary of the E layer at about 150 km, and extends up to about 250
km, and the F2 layer, whose height varies seasonally, ranging up to about 350 km during the
winter and close to 500 km during the summer.

Although more highly ionized, the F1 layer behaves very much like the E layer. Maximum
ionization occurs near noon when the sun is most directly overhead, and the layer disappears
during the hours of darkness.

Unlike the other layers, ionization in the F2 region exists at all times. This region is the most
highly ionized and most important of the ionospheric layers. During the nighttime hours, the
F2 layer height varies approximately between 250 and 420 km. Because the recombination rate
in this region is relatively slow, the layer exists around the clock. Were it not for this fact, long-
distance short-wave radio communication would be virtually impossible during the hours of
darkness." [1]

EQUATORIAL VIRTUAL HEIGHT

Figure D-1 illustrates the virtual height of the F layer above Ibadan, Nigeria (at 7 degrees, 22 minutes N.; 3
degrees, 58 minutes E.) in the International Geophysical Year (IGY) of 1957-58.

The curve connecting small, solid DOTS represents magnetically disturbed days; the more volatile curve
connecting open CIRCLES represents magnetically quiet days. (Please note these Legend criteria, as they apply
to several of the illustrations to follow.)

Note that the vertical movement at initiation (at, or soon after sunset) is almost 200 km/hour until a peak is
reached at about 2200. Note also that the virtual height returns to the approximate 250 km height by local
midnight during about 60% of the year and stays elevated somewhat later into the post-midnight hours during
the Northern summer. As the night progresses, the height gradually declines, reaching its lowest level just prior
to dawn.
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Fig.D-1: NOCTURNAL VARIATION OF VIRTUAL HEIGHT OF

FLAYER (Ibadan, 1957-58) [2]

Figure D-2 is also from studies made during the IGY and tells the same story for three rather widely scattered
Pacific Island locations at the Equinox. The picture is identical: rapid vertical acceleration of the F layer at dusk
followed by an almost symmetrical decline to 250 km by local midnight. We should note that the IGY was the
Cycle 19 sunspot-maximum year, still the highest cycle on record.
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Fig. D-2: F LAYER VIRTUAL HEIGHT NEAR EQUATOR (3]

Authorities have identified two other factors which influence the rise in equatorial virtual height of the F layer
during the early evening hours:

"The rapid change of the virtual height of the F layer (h’F) at 1800 local time, is not necessarily
entirely due to an actual vertical motion. Two other mechanisms which are known to be present
will contribute to the rise. First, there is the ’eating away’ of the bottom of the F layer by
recombination due to the higher recombination coefficient lower down and solar radiation is
no longer producing ionization to replace it. [The authors take the foregoing to at least partly
refer to the dissolution of the F-1 layer at dusk.]

Secondly, in equatorial latitudes in the day hemisphere, the ionospheric drift motions [of patches
and irregularities] are from East to West and in the night hemisphere they are from West to
East. If these motions represent real motions of ionization, then there will be a further loss of
jonization due to the divergence [change of direction) of horizontal drift around this time of day.
The influence of cooling may also affect the situation. The actual contribution of all of these
effects to the F layer rise is still uncertain." [2]
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As compared with the equatorial latitudes, accurate

primary

height of the F layer(s) at mid-latitudes is surprisingly

difficult

information that we could find in the scientific world.

So, we are presented with an F layer in the equatorial
zone (25 degrees North to 25 degrees South) whose

research data on the diurnal variation in the

to find. Figure D-3 illustrates the best
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12 midnight, local time. The temperate zone Local time

200-300km at about 10 PM local time. MAXIMUM. [4]

It should be interesting to Tropical Band DXers that

this rapid vertical movement of the F layer AFTER DARKNESS and IN THE TROPICS does not seem to
have been previously been discussed as it relates to our hobby! What’s more, the occurrence of this movement
bears a strikingly close relationship to the incidence of another phenomenon which has received scant attention

except in isolated professional circles and yet may be very important to all Tropical Band DXers.

THE PHENOMENON OF "SPREAD F*

From the development of the ionosonde and ionogram in the early 1930’s, researchers noted an aberration in
the F layer readings: when using the ionogram, often the rather precise "layers” of the ionosphere became
smeared or spread. Since the image of the layers denotes the refracting layer, a spreading or smearing denoted

increases in the width and depth of the refracting region. This condition is known as "spread F".

Figure D-4 is an excellent illustration of the onset of the spread F phenomenon. The top two ionograms, taken
at 1740 and 1750 local time, are classical representations of the "stable” ionosphere. Moving down the sequence
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"For many years this phenomenon was considered mainly as a difficulty to be contended with
in measuring such parameters as h’F and foF2. Booker and Wells appear to have been the first
workers to consider the possible causes of spread F. They concluded that it was the result of
Rayleigh scattering by irregularities in the electron density of the F region. Since about 1948,
considerable interest has been centered on the study of spread F, and principally because of
their easy availability, most of the work in this field has been done using ionograms as the
source of data.

The wide geographical distribution of ionosondes and the availability of virtually continuous data
from many of them, especially during the IGY, has led to a number of extremely useful
geomorphological studies of spread F, and it is mainly in this field that the ionosonde data has
been used. The ionosonde has also provided useful data regarding some of the conditions in the
ionosphere before and during the occurrence of spread F.

However, although the ionosonde is able to provide much useful information, it is basically
unsuited to a detailed study of the irregularities which cause spread F. Indeed, so far as the
ionogram is concerned, spread F is a disturbance which degrades the quality of the data to be
obtained from it, and for this reason the sensitivity of ionosondes is usually adjusted to minimize
the effects of spread F...As a result of these difficulties encountered when using ionograms as
source of data a number of more specific experiments have been conducted. SEVERAL
PHENOMENA RELATED TO THE PROPAGATION OF RADIO WAVES IN THE F
REGION ARE CLOSELY CORRELATED WITH THE OCCURRENCE OF SPREAD F
ON IONOGRAMS.

It is now believed that these phenomena are the result of the same basic mechanism in the
ionosphere. The term "spread F" has in fact come to describe the ionospheric condition rather
than just its manifestation of the ionogram, which must now be considered as merely one
aspect of spread F." [2]

Fig. D-3: DIURNAL VARIATION IN ALTITUDE
o . A . _ OF BEGINNING OF THE F-2 REGION
shift in the effective height. Figure D-3 AND ALTITUDE OF THE F-2



of photo’s in 6 to 10 minute intervals, one can see the phenomenon grow to full flower by 1843 local time, in this
case at Ibadan, Nigeria.

"GMT.

e) 1740

b)1750

c)1806

d)i8t2

e) 1818

471823

h) 1843

Mc/s

Fig. D-4: IONOGRAMS SHOWING ONSET OF SPREAD F, IBADAN
SUNSPOT MAXIMUM 2] :

The occurrence of spread F is neither isolated nor unusual. Figure D-5 illustrates the percentage of occurrence
during the IGY over Ibadan, Nigeria. When it is winter season in the northern hemisphere, spread F occurs
on more than 90% of the magnetically quiet evenings. Note the seasonal variation associated with the occurrence
of spread F during magnetically disturbed conditions: most prevalent during the northern hemispheric summer
and quite infrequent at the Equinox. Finally, note in particular that spread F occurs in the equatorial latitudes
ONLY at night and that the concentration of occurrences is highest around 9 to 10 PM local time during much
of the year.
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Fig. D-5: PERCENTAGE OCCURRENCE OF SPREAD F, IBADAN,
1957-8 [2]

In contrast to equatorial spread F, the phenomenon at temperate latitudes is more responsive to magnetic
disturbances, exhibits a winter maximum and the peak period of activity is later in the night. However, at high
magnetic latitudes (above 60 degrees), there is some evidence that the occurrence of spread F co-relates with
the pattern in the equatorial zone, which is to say spread F is not usually detected when the magnetic field
becomes disturbed. Polar latitude spread F does exhibit a positive co-relation with magnetic disturbances during
the equinoctial period, however.

Early work by Booker and Wells (1948) took the position that spread F smears on the ionograms should be
viewed as indications of other not-as-yet-understood elements or processes of the ionosphere, and that these
smears were worthy of intense study. Further, they postulated that the phenomenon was most probably caused
by "field aligned irregularities.”

Most authorities translate the term "field aligned irregularities” to mean patches or clouds in the F layer whose
major axes are all aligned with each other and whose alignment has some clear relationship, ie. parallel, to the
earth’s magnetic field. It should be noted that these irregularities are heightened or expanded areas of refraction:
they are returning more echo over a broader area to the earth station. Referring again to Figure D-4, we also
observe that during the evening peak, the spread F phenomenon extends from about 1.4 MHz to about 10 MHz,
totally encompassing the Tropical Bands.

The possible implications of spread F on both military and civilian shortwave communication sparked intensive
study during the ’57-58 IGY and throughout the 1960’s. Much of this research was sponsored by the military of
each of the major powers. In 1966, the Advisory Group of Aerospace Research and Development of NATO
hosted a major scientific conference on the subject. This meeting was a forum for the presentation of numerous
scholarly papers and is still a major source of spread F information.

The papers presented related research on the elements of spread F using backscatter and forward scatter
techniques, as well as studying flutter fading, Doppler shifts and the scintillation of radio signals from sources
beyond our atmosphere (satellites and radio stars). Work had also been done using topside soundings from
spacecraft, in addition to the traditional upward-looking ionosonde.

MECHANISMS OF SPREAD F

"Spread F displayed on ionograms taken at equatorial locations varies considerably in its
appearance. It would seem, however, that two basic categories exist, and that these are the
result of two fundamentally different mechanisms.

The two basic forms have been termed range spreading or equatorial type spread F, and
frequency spreading or temperate latitude-type spread F...Equatorial type spread F is
characterized by a general widening and diffusion in range of the normal F layer echo on
ionograms. This diffusion may extend from the lowest to the highest frequencies at which
echoes are observed, and during its presence the effects of group retardation near to foF2 may
be partially or, more usually, completely obliterated.
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When only temperate létitude type spread F is present, the low frequency part of the ionogram
may be little changed, and the presence of spread F indicated only by the appearance of that
part of the ionogram near to foF2." [2]

Space limitations prevent us from relating in detail the research methods and findings pertaining to the causes
and characteristics of spread F. We will summarize here and rely on further short excerpts from the NATO
papers. The authors strongly encourage interested readers to consult the original source material.

Researchers confirmed by several methods that the equatorial variety of spread F is the result of the scattering
of the exploring radio wave transmitted by the jonosonde. Further, they determined that this scattering was
caused by field aligned irregularities. The elongation of these irregularities is rather large and their long axis is
aligned with the planetary magnetic field. The axial ratio of the elongation of the irregularities has been variously
reported from 7:1 to 100:1. [2] This finding of irregularities and their causal relationship to equatorial spread
F is not in question at this point.

Researchers at the NATO AGARD Conference also discussed the causal mechanism of spread F at mid-
latitudes:

*The mechanism suggested for temperate latitude type spread F by (several researchers) is
similar to that postulated by (others) for Arctic spread F. They suggest that the irregularities
in electron density may form "ducts" or "wells" in the F region aligned with the magnetic field.
At frequencies near to the critical frequency the direction of the wave normal at one point in
the path of the wave may become parallel to the direction of the field. Under these conditions
the wave could enter the duct, which would act as a wave-guide.... The wave would be reflected
from the end of the wave-guide, and retrace its path to the ionosonde.

Although this theory...appears to be capable of explaining the characteristics of temperate
latitude type spread F, it is difficult to test experimentally. MULDREW  [5] HAS
ANALYZED THE PROPAGATION OF A WAVE IN AN IONOSPHERE CONTAINING
FIELD ALIGNED SHEETS OF IONIZATION RATHER THAN DUCTS OR WELLS. HE
HAS SHOWN THAT DUCTING OF THE WAVE ALONG THE SURFACE OF THE
SHEET CAN OCCUR, AND THIS MIGHT PROVIDE AN ALTERNATIVE, ALTHOUGH
SIMILAR EXPLANATION TO..(THE DUCTING THEORY)." [2]

ONSET OF SPREAD F
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(2]

We must note that the researchers stressed repeatedly the gaps in their knowledge. They were
particularly unsure about the mechanisms of production of these irregularities and what
specifically determines their individual life cycle.

"...Observations by Kent (private communication) may throw some light on the initial stages of
spread F development. Using an East-West split-beam aerial capable of observing either
eastward or westward he was able to watch the appearance of satellite (echoes) and to establish
some directional information. It seems that the satellite echoes first appear mainly in the East.
Kent’s experiment was able to observe the commencement of spread F first in the East and
then in the West, in fact, to follow the "front" of spread F across the ionosphere from East to
West and to observe that at least on occasions it moved with a speed close to that of the sunset
line 1500 km/hr. It would appear most improbable that the irregularity causing a satellite
should itself move ahead of the sunset line, as the velocity involved is much higher than those
normally associated with ionospheric irregularities; indeed, Kent’s results provide some evidence
that the satellites move from West to East at about the same velocity as spread F irregularities.
Many more detailed experiments of this nature are required to examine this early critical period
of the incidence of spread F." [2]

SUNSPOT CYCLE EFFECTS

"The influence of the sunspot cycle on the incidence of equatorial spread F is not at all clearly
established. There is some evidence that at the equator there is more spread F at sunspot
maximum. However, it is extremely difficult to be sure, as over a period of years the constancy
of the ionosondes and the reduction of the ionograms will rarely remain the same.

Deductions concerning the increase or decrease of occurrence of irregularities made from an
ionogram analysis over a sunspot cycle are further complicated, since the average maximum
electron density at a given time of day varies by about a factor of 4 between sunspot maximum
and sunspot minimum, and the thickness of the F layer is some 30% greater during sunspot
maximum. These changes will probably influence the "visibility” of a given size of irregularity...
The height changes associated with spread F which are so marked at sunspot maximum are
greatly reduced at sunspot minimum and do not seem to have been fully analyzed." [2]

MAGNETIC CONTROL
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"It is now clearly established that in equatorial regions on magnetically disturbed days the
occurrence of spread F is reduced. The equatorial belt where this is true is quite closely
coincident with the equatorial spread F belt and also the belt in which the F layer has a large
height increase around sunset. In fact on the disturbed days the sunset rise is considerably
reduced. This is added evidence for the association of the occurrence of spread F with the rise.
It would seem that the occurrence of magnetically disturbed conditions lead to electrodynamic
forces on the equatorial F layer which oppose the normal vertical movements. It is possible that
some of this effect could be due to a temperature increase resulting from the disturbed



magnetic conditions.

The magnetic control is much more marked at sunspot maximum than it is at sunspot
minimum. It is also much less marked during local summer conditions. In fact at sunspot
minimum local summer the influence of the magnetic disturbance may even be reversed.” [2]

The data portrayed in Figure D-8 was derived at sunspot
maximum and clearly illustrates the relationship between
equatorial spread F and the magnetic equator. It also
shows that far more spread F occurs during quiet
magnetic conditions than disturbed conditions, except
during northern summer.

Note also that there is an increase in spread F at the
northern polar latitudes during disturbed days at the
Equinox. During the winter, both curves show a rapid
increase above 40 degrees N. latitude. Of potential
interest as it might relate to trans-polar Asian DX, those
curves which rise in the northern high latitudes are not
replicated in the case of the southern hemisphere. Subject
to the one exception noted above, however, all equatorial
spread F appears to occur between 30 degrees N. and 30
degrees S. latitude.

MACRO-STRUCTURE OF SPREAD F

There is considerable evidence that the irregularities
which give rise to spread F occur in patches, rather than
as a continuous distribution. There have also been a
number of studies of the sizes of these patches of
irregularities and the results appear to correlate fairly well
when one considers the variety of techniques and
frequencies used in obtaining them.

Studies of the maximum size of patches found them to be,
on average, 300 to 400 km in horizontal extent. Research
results from several projects to measure the thickness of
patches were very mixed, with maximum thickness figures
varying from 10 to 150 km.

Only two results were discussed with regard to the
lifetime of patches of irregularities. One research group
considered that the patches, once produced, often would
last throughout the night while they travelled from west to
east. The other researchers found that they could observe
a single patch for a mean time of 20 minutes.

These two results are difficult to reconcile. The short 20-
minute lifetime could be the result of a north-south drift
of the patches, as the north-south aspect sensitivity would
prevent direct back-scatter occurring from a patch which
had drifted to the north or south of the ionospheric
station.

The velocities of patch drift of the irregularities did co-
relate very well in the various studies, averaging about 100
meters per second. This converts to 360 km per hour.

100

80

60

40

20

o

100

80

60

40

20

PERCENTAGE OCCURRENCE OF SPREAD F

80

60

40

20

1 (o) NORTHERN
° SUMMER

: °

(-]
“ ;0 . 1
60 40 20

S.
(b) EQUINOX
(-]
(] (-]

H . Q
L - . ! o o

605‘40 20 O 20 40N60

: (c) NORTHERN
WINTER

605.40 00 0 20 4ONbO
MAGNETIC LATITUDE

Fig. D-8:

VARIATION OF SPREAD F
OCCURRENCE WITH
MAGNETIC LATITUDE FOR
MAGNETICALLY QUIET AND
DISTURBED DAYS, AFRO-
INDIAN ZONE (2]

A thorough compilation of research results in this area is contained in our source reference. [2]
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SUMMARY

A number of theories have been advanced since the 1930’s for the production of the irregularities responsible
for spread F. These tend to be grouped into two broad categories. The first can be called the Vertical Drift
Theories. In general, they hold that the movement of the F layer vertically across the essentially horizontal
magnetic field generates ripple-like irregularities in the layer. [2]

The second group is referred to as the Height Theories which postulate that something happens when the F layer
reaches a certain critical height. For instance, it could be possible that when the F layer reaches a certain height
and becomes more diffuse for that reason, it becomes electromagnetically unstable and sort of curdles! Another
of the Height Theories says that the irregularities are always there as sort of whirlpools in the topside layer.
When the F layer reaches their height, it is thought to conform to the already existing areas of instability. [2]

For our purposes, the exact generator of these irregularities may not be relevant. What is important is that we
gain a better understanding of spread F, its close relationship with diurnal changes in the virtual height of the
F region, and taken together, their influence on weak signal propagation at planetary distances on the Tropical
Bands.

In Section E to follow, we shall endeavour to co-relate these geophysical characteristics of the F layer to the well-
documented but heretofore unexplained "seasonality” that experienced DXers have noted on the Tropical Bands.
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SECTION E

SPECULATION ON THE GEOPHYSICAL FOUNDATION OF SEASONAL TROPICAL BAND
DXING...A THEORY FOR ALL SEASONS

ABSTRACT -

The reception conundra and seasonal patterns discussed in Section B are
revisited and explained based on the authors’ supposition that a peaked band of
refractive or conductive enhancement, statistically centred on 9 PM, develops in
the Tropics. The principal geophysical activities characteristic of the equatorial
ionosphere at that time are the peak in F layer virtual height and the
concentration of spread F activity.

The apparent linkage between the location of the equatorial spread F zone and
seasonal dawn enhancement in North America is extensively illustrated utilizing
the DX Edge.

INTRODUCTION

The recognition of true seasons in Tropical Band DXing is not entirely new for the authors or for the hobby in
general. However, there has been an absence of discussion about the causes of "seasonality”. We have all long
recognized that Tropical Band frequencies only propagate over planetary distances across the darkness
hemisphere. We have also recognized that the area of darkness at any given moment varies with the seasons.
Until recently, it seemed that our knowledge stopped there.

However, in recent years the DXing hobby has been undergoing a quiet revolution as we have acquired more
sophisticated analytical tools. The DX Edge’ has been available and widely used for about a decade. An
inexpensive slide-rule-like world map device, it gives the DXer instantaneous and relatively accurate information
on the current areas of daylight and darkness of the planet. We shall use the DX Edge as an illustrative tool later
in this Section. :

John Devoldere’s 'Low Band DXing’ software introduced in 1986 has proven extraordinarily useful to many of
us because it provides daily sunrise and sunset times throughout the world and plots daily lists of other locations
positioned on the same grayline as that of the DXer. An example of this was used in Section B for purposes of
addressing the "width" of the grayline.

SEASONAL PATTERNS

But soon after beginning to use the graylining software, the authors also became more acutely aware that the
presumed predictability of grayline reception did not necessarily fit with what seemed to be a specific "season”
of DXing peculiar to portions of Asia and the Pacific during early mornings in North America. As introduced
in Section B, we noted that these seasons were largely INDEPENDENT of where a DXer was located in North
America.

This was first observed in relation to Javan and Sumateran stations which seem to "peak” near the Equinox.
Another season well-known to many experienced Tropical Band DXers is the Sub-continental season which is
centred on the Winter Solstice and consistently exhibits an annual duration of about six weeks. These seasons
are predictable, virtually irrespective of the DXer’s location in North America.
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Finally, it seems that the season for Papua New Guinea stations is the three months centred on Summer Solstice,
although in the East the. signals are frequently masked by seasonally high QRN originating further to the west
of dawn at the receiver. An exception to this seasonal pattern might be the West Coast, which hears the Papuans
at the PNG sunset extraordinarily well throughout the year.

DIURNAL ANOMALIES

Some serious thinking about these seasonal patterns which were largely independent of receiving location led to
a strong conviction that the "seasons" must be governed by what was occurring in the region of the
TRANSMITTER, rather than at the receiver. The supposition was that this must be something very different
from, although probably complementary to the various "partial darkness" enhancement possibilities that have
addressed.

At first, we suspected that true graylining to Eastern North America plus sunset-at-the-transmitter enhancement,
more noticeable for Central and West Coast locations, would explain the seasons of dawn Tropical Band DXing.
They do not! As we first noted in Section B, the times are wrong in many cases.

Then we began to notice that often the timing of our DX catches did not co-incide with sunset at the transmitter;
rather, best levels co-incided with 8 PM to 10 PM local time AT THE TRANSMITTER. We were puzzled by
this seeming paradox until we put it together with the other two apparently anomalous experiences mentioned
near the end of Section B. They were:

The experience of John Bryant and others DXing from Hawaii and from the West Coast of North America: some
noted that signals to their west (for example, Solomons and PNG) would reach a peak at transmitter sunset, drop
slightly, then climb in strength for about three hours. Thereafter, the signal strength would start a long, slow slide
to near inaudibility prior to dawn at the receiver. (In DXer’s parlance, "the path seemed to wear out"!)

Figure E-1 illustrates the propagation path "wearing out” between a receiver in Hawaii and transmitter in the
Solomons and PNG. As can be seen, during the early part of the reception period (before midnight in Hawaii),
the area of equatorial spread F blankets the entire signal path. Six hours later, near Hawaiian dawn, the entire
area of spread F has cleared out of the path. '

Finally, the experience of DXers in the Eastern and the Central Time Zones, sometimes on the West Coast too
at mid-winter: hearing signals on an east-west path from Central Africa at excellent levels at 2200-2300 sign-off
(early evening in the Central U.S.) and finding the same stations five to six hours later being MUCH weaker at
their sign-on (near dawn in Central Africa) on the same path, the same local day at the receiver.

Figure E-2 illustrates the position of the equatorial spread F zone in mid-winter and at the Equinox, at dusk
in Central North America. Notice that in mid-winter, the area of spread F is perfectly positioned between the
receiver and stations in West-Central Africa. The spread F area has cleared the path completely five hours later
when some of the Africans are signing on.

Three months later at the Equinox, the spread F zone is no longer ideally positioned for early evening Africans
that might still be on the air at dusk at the receiver. Note however the superb positioning for reception of Latins
throughout the evening.

(Please refer to Figure E-1 and Figure E-2 on foliowing pages)

P3.48



15 DEC 0830 UTC
(HAWAII: 10:30 pm)

- -
E -
-t Ld -
|
A=
The DX EDGE
".:hnh.b" L=

15 JUNE 0830 UTC
(HAWALII: 10:30 pm)

15 DEC 1500 UTC

(HAWALIL 5 am)
* o ’
e Je M
- - -
s ) . »
. - g _J 1
o X s =
) v
- ]
‘ - - .
eh _,_-"
T’\/ -
The DX EDGE '
2 9 e ol oirer| o] ¢!

15 JUNE 1500 UTC
(HAWAIL: 5 am)

Fig. E-1

MIGRATION OF EQUATORIAL SPREAD F COVERAGE FOR THE HAWAII TO
SOLOMON ISLANDS/PAPUA NEW GUINEA PATH

P3.49



15 DEC 2300 UTC 15 DEC 0400 UTC

- Jd =
- } 'f. - "
N C ._..- »
- '-l .-- .'
49/' t
- \// J
EDGE
'Kl O )
15 MAR 0030 UTC 15 MAR 0400 UTC

Fig. E-2: EVENING POSITIONING OF SPREAD F ZONE AT MID-WINTER AND EQUINOX FOR
RECEIVER IN CENTRAL NORTH AMERICA

P3.50



THE SPREAD F FACTOR

Now, let’s take another look at some of our spread F findings, with commentary appropriate to this Section.
Figures E-3 through E-7 are repeated from Section D.

NORTHERN WINTER EQUINOX NORTHERN SUMMER
600
k.
400
200 LTI IrrIx ) N G S S S S |
18 4 GMT o6 B 24 CMT ob ® 24 CMT 0% '
Fig. E-3: NOCTURNAL VARIATION OF VIRTUAL HEIGHT OF

F LAYER (Ibadan, Nigeria, 1957-58)

400 T

km

300 b=

VIRTUAL HEIGHT, h'F

PALMYRA

200 1400 1600 1800 2000 2200, 2400
LOCAL TIME e hours

Fig. E-4: F LAYER VIRTUAL HEIGHT NEAR THE EQUATOR

NORTHERN WINTER " EQUINOX NORTHERN SUMMER
'9,.°
80 - oKt
40 -
4. DISTURBED
(o] e e . ————
M) 24 oMT ob 18 W o6 18 Mo 0b

Fig E-5: PERCENTAGE OCCURRENCE OF SPREAD F (Ibadan, 1957-58)

P3.51



These and other studies confirm the rapid rise of the virtual height of the F layer and are our first indication of
a phenomenon spanning the equatorial latitudes during the local tropical evening, conveniently centred around
9 PM -local time.

Figure E-5 renders a clear indication that spread F is the NORM during magnetically quiet tropical evenings.
It is almost too much of a coincidence that most of our Tropical Band DX is heard during or near the end of
quiet periods.

The notable exception to the "magnetically quiet” condition is the experience of David Clark and other DXers
in Eastern North America who find enhanced reception of Tropical Band Asian stations across the northern
polar region soon AFTER the commencement of a geomagnetic disturbance. For example, certain Indonesian
stations (primarily Sumaterans) are heard under these circumstances in the late afternoon North American winter
at very much higher levels than those same stations are typically heard along the same path at "maximum dawn",
regardless of geomagnetic conditions. Referring again to Figure E-2, it is clear that the position of the spread
F zone is NOT the contributing factor to this particular phenomenon. For a thorough discussion of trans-polar
signal enhancement during magnetically disturbed conditions, the reader is referred to "The Auroral Factor’ by
David Clark in PROCEEDINGS 1989.
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The preceding two illustrations are the most important to us, personally, in our interpretation of spread F and
its seeming co-relation to optimal Tropical Band DX propagation. Local time is shown the horizontal axis. If we
assume that the raised level of the ionosphere and the strengthened refractive capabilities of the irregularities
are real properties of the ionosphere, this may be the mechanism which explains many formerly puzzling but
most definitely real-world DX experiences.
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E-7 further confirms the strong relationship of magnetically quiet conditions with spread F and defines the main
location of the phenomenon in the Tropics.
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PUTTING IT ALL TOGETHER

After much discussion, the authors could find only one premise that seemed to account for all three of the
diurnal anomalies which were cited: THERE MUST BE A BAND OF ENHANCED PROPAGATION, ABOUT
SIX HOURS WIDE, FALLING IMMEDIATELY BEHIND THE SUNSET TERMINATOR. Further, this
enhancement must peak at about 9 PM local time at the transmitter. At least, this must be the case for
transmitter sites located in the tropical latitudes.

This peaked band of enhancement very neatly explains the seasons of Tropical Band DX discussed above.
Actually, we were both stunned when John Bryant delved into the contents of the NATO book on the spread
F phenomena. The geophysical patterns as related in Section D matched too neatly with the three diurnal
conundra and with the authors’ own DXing experience to be ignored.

Now, if we accept the concurrent evening phenomena within the equatorial latitudes - a rapid rise of h’F and the
onset of spread F - as being responsible for this six hour-wide zone of enhanced reception, with both criteria
peaking at about 9 PM local time, then all three of the conundra are satisfied:

1. The North American dawn DXer’s seasons are neatly defined by when sunrise in the eastern two-thirds of
the country co-incides with any particular time within the central three hours of the enhancement zone
(varying according to the time of the year).

For the West Coast DXers - closer to the targets - the 9 PM enhancement occurs before local dawn in many
cases but even so, this time often provides the best reception.

2. The Hawaiian/West Coast experience of the path "wearing out" is also resolved. The peak signal occurs when
the 9 PM mark passes the transmitter, with the latter half of the enhancement zone falling between Hawaii
and PNG. After that it is "all down hill." '

3. The enhanced reception of Central Africans after dusk, particularly in the Central Time zone of North
America, is explained by the fact that the steeply inclined terminator and the spread F zone (positioned from
NW to SE at mid-winter) neatly connect the transmitter and receiver with the full band of enhancement.

TOWARDS A BETTER UNDERSTANDING

This Section is titled "speculation” and it is just that. We have no capabilities as individuals to test our convictions
as they relate to everyday long haul and weak signal Tropical Band DX propagation, much less translate them
into a theory which meets the test of sufficient equations and correlation of "real" data with the geophysical
factors we are attempting to come to grips with. For that matter, we empathize with Mr. Blanarovich - surely
he found himself in the same boat!

We hope and expect that this discussion of seasonality and DXing in general as it relates to spread F will spark
thorough and wide-ranging discussion. We hope that discussion will cross hobby lines to the radio amateur and
medium wave communities. Possibly, these discussions may even raise a few "eyebrows" in the scientific and
professional world.

The authors are convinced that a linkage of the spread F phenomena with our practical, real-life DX experience
over many years seems to provide a much more plausible explanation of Tropical Band DX propagation than
any other we are aware of.

We have abandoned any notional fixation with "true graylining” too. We have come to believe that "9 PM at the
transmitter” is the real '‘SWEET SPOT".

The following diagrams are worthy of careful study by serious DXers. Utilizing the DX Edge as the authors did,
it is not difficult to replicate these illustrations for any receiving location. The criteria for plotting the location
of the spread F zone are simply local time between 7 and 11 PM in the equatorial latitudes between 25 degrees
N. and 25 degrees S.

In so-doing, the authors invite interested readers to consider the following question: can it be that the seasonality
of Tropical Band DX in North America is ultimately associated with the spread F phenomenon, where 9 PM at
the transmitter co-incides with dawn at the receiver?
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AFTERWORD

As our title implies, we consider this article an "in progress" report to the hobby. While sections of the article
are undoubtedly controversial, most of it is actually straightforward reporting of well-established aspects of
physical reality. Only the last Section relating the phenomenon of spread F to Tropical Band seasonality is purely
speculative.

So, while this is acknowledged to be an "in progress” work, we feel confident that some observations and
conclusions can now be drawn, relative to the major geophysical considerations we have studied:

1. Spherical Convergence:

The phenomenon of spherical convergence of long-haul signals discussed in Section A and elsewhere is almost
totally new to hobby discussion. However, it was publicly accepted as fact by the ITU/CCIR in 1978! We are
at a loss to explain the lack of awareness of this important phenomenon in the radio hobbies. Please note that
this phenomenon is only loosely connected to "antipodal focusing.” Also note that spherical convergence has an
amplifying effect on ALL signals which travel more than 6,250 miles to reach your antenna.

SPHERICAL CONVERGENCE IS SIGNIFICANT BECAUSE IT HELPS TO ACCOUNT FOR BETTER
RECEPTION THAN MIGHT BE EXPECTED FROM WEAK SIGNAL TROPICAL BAND DX AT
PLANETARY DISTANCES FROM OTHER THAN AT THE ANTIPODAL POINT.

2. Single Hop Model:

The acceptance by the ITU of the concept that true long-haul HF propagation beyond 10,000 km happens
NORMALLY without intervening ground hops is a startling fundamental shift in the theoretical basis of HF
communication! We were staggered when we stumbled upon records of this ITU action taken fourteen years ago.
When this action by the most competent international body in its field is coupled with other research findings,
the weight of evidence begins to shift heavily in favour of a single hop model for ALL high frequency
communication.

D.B. Muldrew of the Canadian Defense Research Telecommunications Establishment is the acknowledged father
of conventional "ray tracing" techniques. These are the techniques used by authorities to model all forms of radio
propagation. As early as 1959, he published a rigorous application of ray tracing: "The method was applied to
an oblique path between Ottawa and Slough, UK. (5,300 km) to determine certain properties of the one-hop
mode. From this it is shown that at times one-hop direct ray propagation is possible over this path.” [1]

If the authority on ray tracing publicly accepts the single hop mode as possible at 5,300 km, and the ITU states
that the NORMAL mode of propagation beyond 10,000 km is single hop, we wonder what DIRECT evidence
exists that the multi-hop mode ever is the normal mode of HF propagation at any distance. We are coming to
believe that very little, if any, real physical evidence exists for the multi-hop mode, at least within the frequency
spectrum that concerns shortwave broadcast DXers.

THE SINGLE HOP MODEL IS SIGNIFICANT BECAUSE IT DISASSOCIATES ITSELF FROM THE
PROBLEMS WE HAVE WITH THE MULTI-HOP MODEL AS THE NORM, SUCH AS THE ISSUE OF
MULTIPLE REFRACTION/REFLECTION LOSSES AND THE ABSENCE OF MULTIPATH
DISTORTION AT SUNRISE/SUNSET ENHANCEMENTS.

3. Conduction:

The deeper that we have gone into recent published scientific research, the more admiration we gain for the work
of amateur radio operator Yuri Blanarovich. Please note that his article was first published by CQ Magazine in
1980. It is true that some research was published in the 1960’s and 1970’s which pointed the way to new
understandings of radio wave propagation in the ionosphere. However, the majority of the experimentation and
publication of research which supports IONOSPHERIC CONDUCTION as the primary mode of long haul
propagation has been published in the 1980’s. At the very least, Blanarovich’s work affords us another slant on
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thinking gbout “refraction”, making a clear distinction, as it does, from the concept of reflection. We feel that Mr.
Blanarovich’s insights will someday be considered quite visionary.

It is interesting to note that the Canadian government is planning to fly a major satellite aboard the Space
Shuttle in 1992 for the expressed purpose of making detailed "topside” investigations of the ionosphere AS IT
RELATES TO HIGH FREQUENCY RADIO PROPAGATION. We think the message here is that there is
still much to be learned! '

THE CONDUCTION CONCEPT IS SIGNIFICANT BECAUSE IT COMPLEMENTS THE SINGLE HOP
MODEL, TAKING INTO ACCOUNT IONOSPHERICLAYERED SHEETS, SIGNAL DUCTING AND TILT
ZONE MECHANICS AT SUNRISE/SUNSET.

4. Spread F:

The connection between the well-documented phenomena associated with spread F and the seasonal
characteristics of Tropical Band propagation is, at this point, classed as speculation. However, we feel that the
weight of evidence is almost overwhelming. The seasonal characteristics of Tropical Band DXing, at least from
North America, have been proven by the daily experiences of three generations of DXers. This seasonality is not
readily explained by current theoretical models of shortwave propagation. Neither are the three conundra
(mysteries) discussed in this article explainable by the currently accepted models of HF propagation.

TROPICAL ZONE SPREAD F PHENOMENA ARE SIGNIFICANT BECAUSE IN TERMS OF TIME
HORIZON, GEOGRAPHIC LOCATION AND GENERAL CONSISTENCY WITH MAGNETIC
CONDITIONS, THEY CAN BE SHOWN TO BE THE COMMON DENOMINATOR, AT THE
TRANSMITTER, WHICH IS ASSOCIATED WITH OPTIMAL NORTH AMERICAN DAWN RECEPTION
FROM ASIA AND THE PACIFIC, AND POSSIBLY AT DUSK FROM AFRICA AND LATIN AMERICA.

FIELD ALIGNED IRREGULARITIES MAY ENHANCE THE REFRACTORY (CONDUCTION) PROCESS
AND OPTIMALLY "PROJECT" CERTAIN RAY PATHS IN ACCORDANCE WITH THE LONG HAUL
SINGLE HOP MODEL.

SUMMING IT UP:

We do NOT contend that our observations and those of others whom we have cited meet the level of rigor that
one might expect to find if we were proposing a new “theory” in the classical sense.

We DO contend, however, that the results of our study to this point raise serious doubts about the fundamental
validity of commonly accepted “theoretical models" as they relate to multi-hop propagation and sunrise/sunset
enhancements on the Tropical Bands.

Furthermore, we DO contend that our observations meet the "simplicity test" of the Scientific Method. This
test holds that where multiple explanations of an observed physical phenomenon exist, the MOST SIMPLE
explanation is usually closest to the truth. Neither the three conundra discussed in this article nor the consistent
seasonality of Tropical Band DX are readily explained by current propagation models.

Both a conduction-based model of sunrise/sunset enhancements and a direct linkage between spread F and
Tropical Band seasonality are elegantly simple explanations of phenomena-which conventional models fail to
satisfy, even by the most tortured means.

Finally, we DO contend that our observations are significant because they meet the ultimate test of simplicity:
they are entirely consistent with the practical, real-world experiences of several generations of dedicated Tropical
Band DXers.

WHERE DO WE GO FROM HERE?

The authors are very grateful to have been at the "right place at the right time" to have made this contribution
to what we hope will be collective discussion among interested groups. We acknowledge that we probably have
raised more questions and issues than we have resolved.
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Both of us are primarily dawn-oriented DXers of trans-polar and trans-Pacific targets. We have some indication
from the review process of PROCEEDINGS 1990 that North American evening DXers of African and Latin
American targets recognize a similar connection between their Tropical Band seasonality and that discussed here.
What do you think? :

Some members of both the professional and hobby communities will find the classical models of multi-hop
model of HF propagation and sunrise/sunset enhancements impossible to abandon, no matter what the ITU says
or some research data indicates. We invite rebuttal. We do urge, however, that PRIMARY research data be
cited. As we all know now, just because the ARRL Handbook (or the ITU Green Book) says, "it’s so" is no proof
at all!

We would welcome articles, in fine tuning’s PROCEEDINGS 1991 or elsewhere, from other geographic
perspectives. Just as we experience "seasons” in North America, we suspect that DXers in Europe, the Far East,
Latin America, Down Under, etc., may be able to co-relate their seasonality patterns with tropical zone
irregularities (spread F). Perhaps this will bring us to a closer understanding of the geophysical phenomena which
surely influence reception patterns elsewhere in the world.

Finally, we see a great loss to us all from the almost impenetrable intellectual barriers between the various radio
hobbies, and between the hobby and professional worlds. This must not continue. We think it’s time for the
classical theorists and the pragmatists who rely on their everyday experience to combine their energies.

We also suffer from artificial intellectual barriers between the frequency band-oriented areas of study. Yes,
there are differences between propagation at UHF/VHF, at HF and at MW/LW. We believe, however, that
both the professionals and hobbyists have concentrated far too long on those differences and should look more
closely for commonalities. The professional community, particularly in the fields of terrestrial and astrophysics
has started down this road. It is time for the hobby community to follow.

REFERENCE

1] Muldrew, D.B. "An Ionospheric Ray-Tracing Technique and Its Application to a Problem in Long-
Distance Radio Propagation”. IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION.
pp. 393-396; October, 1959.

P3.60






T2FD - THE FORGOTTEN ANTENNA
Guy Atkins

If a survey were taken of all shortwave DXers to find the antennas they use, I suspect the majority would be
found using the random wire. Next in popularity would likely be the commercially available sloper antennas
and trap dipoles.

However, an antenna’s popularity does not necessarily reflect excellent performance. While being simple and
inexpensive to erect, the randomwire is susceptible to electrical noise, and presents a wide range of impedances
to the receiver, depending on received frequency.

The terminated, tilted, folded dipole (T2FD) is a little known antenna that performs excellently. Compact in
size compared to a half-wave dipole (approx. 67 feet long at 60 meters), the T2FD provides signal gain, wide
frequency coverage, and exceptionally low noise characteristics.

An early discussion of the T2FD appeared in the June 1949 issue of QST, a popular magazine for radio
amateurs. The author of this article continued his examination of the T2FD in the November 1951 QST as
well as the February 1953 issue of the same magazine. A more recent article on the T2FD appeared in the
May 1984 73 Magazine.

The World Radio Television Handbook for 1988 gave a brief description and diagram of the T2FD, and that
year's WRTH Newsletter provided additional construction information. Further details were given in the 1989
WRTH. However, some misleading and incomplete information is given in these WRTH sources, which this
article will later clarify.

DESIGN

Some have called the T2FD a "squashed rhombic" antenna. It does bear some design similarities to the
non-resonant rhombic, but theoretically it is admittedly inferior. However, the T2FD performs well in a
modest amount of space, while a rhombic antenna can be immense—virtually impractical-at all but the highest
SWBC bands.

The T2FD is essentially a closed loop design with the element ends folded back and joined by a non-inductive
resistor (see figure below). The feed line can be 300 to 600 ohm twinlead or open line.

Because twinlead and open line can be affected by nearby metallic objects (downspouts, metal window frames,
etc.), a better feed line is coaxial cable connected to an impedance transformer (balun).
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The T2FD has a characteristic 5 or 6 to 1 frequency ratio, which means that it works effectively from its
low-end design frequency up to 5 or 6 times that frequency. For instance, the T2FD which I use is designed
for optimum performance at 4.9 Mhz, but can operate up to the 25-29 Mhz range. In practice this antenna
also works satisfactorily down to the 75 & 90 meter tropical bands, but not as well as a dipole or delta loop
designed for 75 or 90 meters.

The formulas for calculating T2FD dimensions are as follows:

1. The length of each leg ("A") from the center is equal to 50,000 divided by the lowest desired
operating frequency (in kHz) and then multiplied by 3.28. The answer is in feet.

2. The spacing between radiating wires ("B") is equal to 3000 divided by the lowest desired operat-
ing frequency (in kHz) and then multiplied by 3.28. The answer is in feet.

3. The sloping angle for a non-directional pattern should be on the order of 30°, but 20-40° is

acceptable.

EXAMPLE: to design a T2FD for the center of the 90 meter band (3300 kHz) and up:
"A" = (50,000 / 3300) x 3.28 "B" = (3000 / 3300) x 3.28

"A" = 49.70 feet "B" = 2.98 feet

Total length of the antenna would be 99.4 feet (2 x 49.7), and the width would be 2.98 feet ("B").
The total wire used to complete the loop equals 204.76 feet (4 x 49.7) + (2 x 2.98).

PERFORMANCE

The United States Navy conducted extensive transmiting and receiving tests of a single T2FD antenna in the
late 1940s at Long Beach, California. They employed a Model TCC Navy 1 Kw transmitter, with a frequency
range from 2.0 to 18.0 Mhz. After a year of use on all frequencies, the T2FD was found to be superior to
individual antennas on the various bands. The other antennas were removed from the Long Beach site after
the tests.

Similar results during the same period were experienced by the Kyushu Electric Communications Bureau of
Japan. Their experiments indicated that the terminated, tilted folded dipole was superior to the "zepp" and
half-wave dipole types previously used. They noted wideband characteristics, and the T2FD gave a 4 to 8dB
signal increase at their various receiver sites.

My experience has shown the T2FD to be a fine performer when only a single shortwave receiving antenna
can be erected, due to its wideband nature. It also has the advantage of electrical noise rejection (to a degree)
compared to a random wire or even a dipole.

On the following page is a comparison of a 60 meterband T2FD, a 500 ft. longwire, and a 50 ft. random wire
antenna. Tests were conducted at the home of Fred Carlisle, a DXer from rural Yelm, Washington. Nearby his
home is a large dairy, whose processing equipment operates day and night and generates some amount of
electrical interference. The noise was rarely audible on the T2FD, yet signal strengths were comparable to (or
better than) the other antennas in use, on a range of frequencies:

The 500 ft. and 50 ft. antennas were switched in and out of the receiver’'s high impedance input; the T2FD
fed the 50 ohm coax input. The receiver used was a JRC NRD525 with a custom, highly accurate analog
S-meter. The meter is calibrated to the industry standard S-units/microvolts scale.

As the results show, the T2FD antenna did not begin to drop off in performance until down in the 120
meterband. This is well below the 60 meterband design frequency of this particular T2FD.

THE TERMINATING RESISTOR

According to the QST articles mentioned, the value of the terminating resistor is rather critical. Its value
depends on the feedpoint impedance, and is normally above it. For instance, if 300 ohm feed line is used (or
75 ohm coax into a 4:1 balun) the correct termination value is 390 ohms. For 600 ohm feed line, a 650 ohm
value is best. If a 450 ohm feed line is in use, the correct resistor would be in the vicinity of 500 ohms. I have
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not discovered why the optimum
terminating resistance is higher
than the feedpoint impedance, nor
do 1 know of a formula for
calculating this relationship.
The terminating resistance becomes
more critical as the feedpoint
impedance is lowered. With lines of
lower impedance (including a
directly connected 50 ohm coaxial
cable), the value is critical within
about 5 ohms. (The QST articles did
not state an exact recommended
value when using a low impedance
line.)
The WRTH editions give the
erroneous impression that T2FD
antennas REQUIRE a 500 ohm
resistor and a 10:1 balun
transformer, used with 50 ohm coax
cable. This is not the case, although
these values will work fine if you
have the 10:1 balun available
(normally hard to come by). A
T2FD built with 75 ohm coax
(RG-59 or RG-6), a common 41
balun, and a 390 ohm terminating
resistor is recommended.

The resistor used MUST NOT be a
wire-wound type; its inductance
would affect performance to &

substantial degree. A carbon resistor of 1/2
Newsletter in 1988 said that the wire for a
In reality, the exact thickness and type of wire have very Litt
ing. Your main consideration will be wire strength, regardless of diameter.

CONSTRUCTION TIPS

A T2FD takes more hardware to construct than a typical dipole. Maintaining a uniform spacing between the
parallel wires, as well as sturdiness, are the primary considerations. My first attempt at a T2FD self-destructed
underestimated the strain the wires would be under. My current
th 14 gauge stranded, cold-drawn copper wire.

when the antenna was hoisted into the air. I
T2FD has been in use for over 1-1/2 years, and was built wi

The spacers or spreader bars can be fashioned
rod if available. Drill appropriate sized holes at
spreaders should be secured to the wires so that

FREQ./STN.

17680 RNZ
17700 RM
17795 RA
15440 RBI
15435 BSKSA
15330 RAI
12085 RD
11955 RJ
11940 RJ
11505 RB

9895 RM

9425 VoG
9375 RT

7355 WYFR
7335 CHU
7255 VoN

6165 RN

6150 RI

6135.4 RFO
5030 TBC
5000 WWV
4985 R.Bras.Cent.
4915 Anhanguera
4885 O. del M.
4865 L.V.de C.
4765 RM

3990 VOA Liberia
3975 BBC
3330 CHU
3385 Rebelde
2500 WWV
1610 TIS stn.

T2FD(NW-SE)

S9
S7-S8
S8
$6-S7
S7-88
S5-S6
$8-S9
S9+10dB
S8
$4.85
S9+10dB
S$6-S7
S8
S8-S9
$8-S9
S7-S8 slight noise
$9+15dB
S7-S8
S7-S8
S5 slight noise
S$9+10dB
S5
$4-S5
S6

S6

S7
$4-S5
S5

S5 strong noise
S5

S6

S5

50'(N-S) 500'(E-W)
$8-S9 w/buzz S9 wibuzz

S7 wibuzz S7 wibuz

$6-S7 wibuzz S7 wibuzz
Séw/floudbuzz  S6 wfloud buzz
S7wfloudbuzz  S7 wfloud buzz
S5wlloudbuzz  $5-S6 wfloud buzz
S8-S9 slight noise $8-S9 slight noise
S9 $9-S9+10dB

S9 S9

S4 moderate noise S4-S5 slight noise
s7 S9

S5 S6

S6 slight noise S7 slight noise
$6-S7 s7

S6 S7-S8

S5-S6 mod. noise S6-S7 slight noise
S9+10dB S9

S7 S6
S6somenoise  S6

barely audible S5 slight noise
$9+10dB S9

S5 S6

S5 noisy S5 some noise
S6 slight noise S6 slight noise
S6-S7 S5-S6

S7 slight noise S$6-S7

S5 S5

S5 S5

S5 strong noise S5 strong noise
S5somenoise  S6 some noise
S6-S7 some noise S8

barely audible $8-S9

with a short piece of stiff wire and solder to the antenna wire,

It is essential that you encase the terminating resistor inside a plastic cylinder or other support, and

to 1 watt in size is perfect (for a receive-only T2FD). The WRTH
T2FD must be made of pure copper between 3mm and 5mm thick.
le bearing on the T2FDs performance for receiv-

from 5/8" (minimum) diameter wood dowels, or even acrylic
each end of the spreader bar for the wire to pass through. The
they do not slide; one method is to "jumper” each spreader end

weatherproof the assembly. Be positive that the resistor will not receive the strain from the wires.

I prefer to use eyelet bolts on

the end spreader bars for the antenna wire to pass through. An alternative
would be some type of rod or strong, small diameter tubing cut to the length of dimension “B". The wire
would simply thread through the rod.

Most amateur radio supply stores sell 4:1 baluns that only need a wrap of "Coax Seal" around the connections

to be totally waterproof. The type with a coax connector that will accept a PL259 plug is perfect.

The diagram on the following page illustrates this type of construction, using the commonly available 4:1
balun, 390 ohm resistor, and 75 ohm RG-59 coaxial cable:
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Typical construction details for T2FD.
Actual dimensions calculated per formulas on page A10.2.

WIRE PASSES
380 Ohm THROUGH EYELETS
TO SUPPORT RESISTOR N\
-
TO SUPPORT
4:1 BALUN

DOWEL

SPREADER

75 Ohm COAX

Performance of the Terminated Folded Dipole, C.L. Countryman, QST, November 1951.
More on the T2FD, C.L. Countryman, QST, February 1953.

A Little Gem for QRP, 73 Magazine, May 1984,

World Radio Television Handbook, 1988 & 1989, Billboard Publications.

World Radio Television Handbook Newsletter, 1988,
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SHORTWAVE DIRECTION FINDING:

GETTING STARTED
Joe Farley Mitch Sams

14 you told me five years ago that it would be possible to obtain an accurate
DF bearing on Bhutan on 60 meters using a relatively small loop antenna indoors
I might have suggested that you join the queue at the ticket windaw far the _
Disoriented Express. Of course, some fortuitous scheduling by the frequency
management staff in Thimpu did not hurt, but this previocusly absurd feat has
been accomplished by both authors. And, we hope, yocu may be able to do it
also.

A loop possesses a nhumber of desirable properties which taken together makes it
an attractive candidate for serious DX work. A compact loop coupled with a
suitable aamplifier will exhibit sensitivity in its resonant bandwidth which
will rival or exceed wire antennas occupying significantly greater real estate.
A small loop tends to be quieter than a wire antenna of comparable output.
These two factors taken together can give a decided edge to a loop in marginal
reception conditions.

Most importantly, a small loop can exhibit enocugh directionality at shortwave
frequencies to make it useful where controlled reception is desired . Attenua-
tion of both local and distant sources of GRN is possible under many circue—
stances. This can offer the “edge"” necessary to extract precious audio from a
signal near the noise floor. Additionally, a small loop can provide enough
discrimination to allow more than casual determination of the azimuthal bearing
of a wave’s arrival. This opens a lot of possibilities to the serious DXer,
and Mitch will discuss this in a later section.

All of this does not come without a price, and the price may be substantial in
terms of dollars, time, and effort. To get into this area, you will have to do
a bit of homework and determine the most efficient design. Luckily, loops are
flexible and forgiving. With a little research and experimentation you should
be able to design and build one to suit your needs.

To do accurate DFing at shortwave with a loop, one must be able to make judg-
ments on signal strength at various loop positions while working at or near the
raeceiver noise floor. These loops will exhibit null depths of only 30 dB or
%0, and as such, an S-meter is virtually useless as a null detector in the pre-
sence of fading. The receiver noise floor and your ears are used to determine
the null position, and an artificially high noise floor (due to local GRN) will
limit the quality of signals you can hear. More importantly, this noise will
severely limit your ability to make judgments. At this time, DF loops are be~
ing used by Mitch Sams, Guy Atkins, and myself. Only Mitch appears to be in an
environment with local house noise low enough to allow the DFing of weak sig-
nals indoors on a steady basis. Guy and I are able to DF the more powerful
stations, but this is very frustrating.

The following sections are intended to give you a better understanding of SW
loops and the various tricks (DFing in particular) which are possible with
them. I hope to also give you a better understanding of the obstacles you sust
overcome to be successful in your pursuit of this exciting technique. Rather
than being a connect-the-dots approach to building a DF loop, I hope that this
compendium of selected topics will better serve the majority of DXers. In the
absence of comparable commercial offerings, you will undoubtedly be forced to
*"roll your own".

ABOUT DF LOOP CONSTRUCTION

A brief description of the loop which Mitch and I are using is now offered so
that you may better visualize the following sections.
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The loop and frame are similar to those described in [31. The loop itself is
an “air-core* winding and consists of & turns of 20 AWG insulated wire wound
into an 18 inch square coil. Adjacent turns are separated by 1/2 inch. The
loop is electrostatically balanced; the two ends of the loop connect to the in-
puts of a balanced FET amplifier, while the loop center—tap is at ground poten-
tial. The loop is supported on a conventional X-shaped wooden frame as de—
tailed in €33. This loop frame needs to be rigid. In practice, the nulls are
extremely sharp, and sloppy frame construction could possibly decrease one’s
ability to determine nulls. Wood frame construction is the usual approach, but
PVC frame construction should also work nicely.

The loop amplifier mounts to the lower frame arm with a patch of hook and loop
fastener and cable ties. The wire length between the loop windings and the am—
plifier was kept to a practical minimum to eliminate stray pickup. This ampli-
fier will be dealt with in greater detail in a later section.

The loop frame is mounted on a support arm which is (roughly) C-shaped. The
upper end of this support arm is forked, and the lower ara of the loop frame is
held in this fork by a bolt. This forms a pivot which allows the loop to be
tilted in elevation. To the lower end of the support arm is attached a 1/2
inch steel shaft (about 10 inches long) which extends vertically downward.
This shaft is the azimuthal pivot point of the loop and support arm.

An azimuth pointer was fashioned from a piece of acrylic sheet (scrap window
glazing available at most hardware stores). It was scribed with a sharp knife,
and was mounted on the bottom of the loop support arm so that the scribe line
was perpendicular to the plane of the loop.

The base for the loop is fashioned as a small table. The table top is made
from a 10 x 12 inch piece of 3/4 inch thick plywood. On this table is mounted
an azimuth scale and also the loop control (tuning) box. The table is in turn
bolted to a pedestal which is made from two 3 inch PVC closet flanges joined by
a 7 inch length of 3 inch PVC tubing. A ball bearing was mounted in the table
top in the center of the azimuth scale; a second bearing was also installed in
the pedestal near the bottom of the PVC tube. These bearings accept the 1/2
inch steel shaft and allow for exceptionally smooth loop rotation. As the loop
is rotated, bearings can by read off the azimuth scale through the pointer.

This arrangement solves most of the probleas I had encountered with loops I had
made previously. It is relatively compact and does take up precious desk
space. Most of the mass in the loop is concentrated towards the bottom which
of course aids its mechanical stability. The overall balance of the loop is
good enough that the lower flange will prevent the entire loop from tipping
over in all operating positions. The use of ball bearings results in a very
nice "touch® when adjusting the loop in aziauth.

Remember that this loop and frame represent ay preferences in construction.
They are also a reflection of what was in ay junk box and wood scrap bin. You
can choose any construction methods with which you feel cosfortable. Just keep
in mind the desirable attributes of a good DF loop: rigidity and stability of
both the loop and base, fresdom of rotation in both the aziauthal and eleva-
tional planes, and a good amplifier to allow the DFing of that elusive DX. You
should also try to keep the elevational pivot point vertically aligned with the
center of azimuthal rotation, and try to minimize the overall height. Both of
these will aid sechanical stability. At some point you will become aware that
your loop is more than just an antenna but is also a sensitive instrument for
measuring the arrival angles of incaoming radiation.

1 recommend strongly that you consult relevant National Radio Club publications
such as [2) and [4]. These publications contain a wealth of ideas which may
guide your construction. In particular, either the 2 or four foot NRC laop
frames can be scaled to the 18 inch dimension suggested for shortwave. Also
offered are several noteworthy approaches to building a base. A catalog of
available NRC publications is also available from the National Radio Club, Pub-
lications Center, P.0. Box 164, Mannsville, New York 13661.

THE FARLEY LOOP: A USER'’S REVIEW Dby Mitch Sams

Over the past two years Joe Farley and myself have spent a fair amount of time
on the phone discussing directional antennas for shortwave. We traded ideas
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and opinions about just what would be a reasonable approach to a directional
antenna system for shortwava. Joe’s article in PROCEEDINGS 1989 [31 laid the
groundwork for the exceptional loop antenna which he has now built, and which I
have had the opportunity to use for the past three months.

I was very impressed with the professional quality of work which Joe had put
into the 1loop. Heavy duty wood construction in the 1loop with countersunk
screws, beveling, wooden dowels, and everything. The electronics (amplifier
and tuner) were custom made and looked like they had just come off the assembly
line at JRC. Even the ball bearing assembly used to swing the antenna in azi-
muth was smooth as silk.

1 reconstructed the loop and hooked it up. Turning it on with ay receiver 1
noticed no signal level being reported at the receiver. "No problem, just need
to tune the antenna preamp and I should see a little gain out of it". Boy was
I surprised. My S-meter on the FR6-7 came to life; this loop was hot! At the
time all I had was a &5 foot longwire running east-wast, and a 65 foot longwire
running north-south. When I switched between the loop and either of the long-
wires, the loop outperformed both by 1-3 dB! I couldn’t believe it. Later 1
was able to compare the loop to a 100 foot and a 200 foot longwire. The loop
put the S-meter about 3 dB below where the longwires did, still surprisingly
good and not that noticeable to the ear.

1 remembered a user review of Joe’s loop by Mike Nikolich. Mike pointed ocut
that the loop seemed quieter than the longwire. I agree, the loop at times is
quieter than the longwire. In my case 1 think the noticeable difference in the
levels of noise present on the longwire versus what is present on the loop is
due to some low-level background that the loop is able to reject.

I should also point out that in the three months I have owned the loop I have
only used it indoors. I have the loop on the second floor of cur wood frame
home. I have also used the loop while inside a metal exterior trailer home.
The results I will report were obtained while indoors at both locations. 1
would expect some amount of improvement if I were to move the loop outdoors.

AZINUTH DIRECTIONALITY. The Farley loop tunes from 120 meters to just below 49
meters, but it is still useful outside of that range. Two nulls exist broad-
side on both sides of the plane of the loop, with the peak of the pattern oc-
curring when the edge of the loop is pointed at the station. One shouldn’t get
the idea that the loop nulls are extremely deep and pronounced; this is not al-
ways the case. Depending upon the mode (number of hops, etc) and signal—-to-
noise ration at the receiver, the nulls may be very noticeable or difficult to
find.

1 first tried the nulling capability of the loop by tuning a strong Latin on &0
meters. No problem finding the null; the station was attenuated by about 40
dB. As I swung the antenna back and forth across the station I could see the
S-meter dip again and again. On wesaker stations the null would put the signal
into the noise, completely eliminating the audio.

But this is not always the case. On very weak signals the null can be diffi-
cult to find and is hard to hear. Fading also makes nulls extremely difficult
to locate. It is hard to tell the difference between a fade down and a null
while scanning with the loop. Fading also changes the phase relationship of
the incoming signal, which sometimes makes the null move around.

With practice I can achieve about 5 degrees of accuracy in azimuth for deter-
mining the bearing of a station.

ELEUATION DIRECTIONALITY. It is possible to tilt the loop in elevation as well
as azimuth. At first this didn’t seea to be very useful, however, I’ve since
learned that this is very effective against local noise. In most cases, this
noise is very directional, even in elevation. For example, when the TV is on
at night I can point the loop broadside to where the TV is located downstairs
and at the other end of the house and the TV interference will go completely
away. This is a help later in the morning when the tropical bands begin to
fade and are overtaken by local noise. I can delay the complete washout of the

band a bit by using the loop.

As far as elevation directionality for shortwave stations, I’ve not had auch
success there. However, there is one interesting thing that can be deduced
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froa the elevational directionality that is a big help. I believe that I am
able to tell the difference between a one hop station and a multi-hop station
by tilting the loop in elevation. The one hop station usually peaks about +10
degrees while long distance stations with multiple hops are near +3 degrees.
When the higher elevation angle peak is detected I can assume, under normal
canditions, that the received signal is probably within a 2000 mile radius of
ay location.

EXANPLES. Now, let me relate some specific loggings and how the loop per-
formed.

At 0140 UTC with ay longwire switched in, I tuned to 4755 kHz and the Brazil-
ian, R. Educacion Rural, Campo Grande. There was a pulser ute interfering with
the Brazilian on this frequency. I switched in the loop and swung the antenna
around to the socutheast. At a bearing of 140 degrees, the S—seter dipped to its
lowest point. I loocked on my aziamuthal—-equidistant map plotted with ay QTH
(Wichita) in the center, thus providing a straight line path to any other point
in the world along an angular bearing in azimuth. Campo Grande was at 144 de-
grees; 1 was off by only 4 degrees! The most significant thing about this log-
ging, though, is that the pulser ute on this frequency was nulled enocugh to
where it was not a probleam anymore. I swung the null around looking for the
ute’s bearing. I found it ti be at 250 degrees. This was the ideal case for
an interfering station; it was 90 degrees away from the desired station. A
null could be put on the pest while the desired station would be near the peak
of the loop response.

Other stations were checked. Rebelde, Cuba, on 5025 kHz was right on with no
arror at 130 degrees. R. Tarma, Peru, was at 150 degrees with a 2 degree er-
ror. Buenas Nuevas, Guatemala, was right on target at 160 degrees.

URIDENTIFIED STATIONS. What a help this loop is in gathering clues to the
identity of unidentified stations. For example, I tuned to a Brazilian at 0230
on 4815. There is more than one Brazilian listed here and I didn’t have an ID
yvyat. The null was at 145 degrees which was very close to the city of Benjamin
Constant, home of a Radio Nacional outlet. The other listing on 4815 in Lon-
drina is much further east and is located at 138 degrees.

The loop can save a lot of time by giving you strong evidence as to the identi-
ty of an unknown station which may turn cut to be something you are not inter-
ested in DXing. For example, another unidentified station was on 4840, a Latin
at 0235. Should 1 waste ay tiae here? “Not if it’s Radio Valera. But if it's
the Ecuadorian or Peruvian, that aight be worth sticking arocund for®” I thought
to myself. Swinging the antenna arocund I found the null at 145 degrees which
ruled ocut Valera. Later it turned ocut to be the Peruvian.

It is now easy to tell which Canadian regional I have an 61460, Vancouver or St.
Johns, because the angular spacing between the two is so great.

One morning I came across a carrier on 3277 during a good opening to the sub-
cantinent. I was naturally interested in this one since Kashair is active on
this frequency, but I didn°t want to waste time here if it was Jakarta while
other Indian regionals were coaing through elsewhere on 90 meters. A null
check with the loop revealed just what I had hoped; the bearing was right on
for Kashmir, not Jakarta. I stuck with it and sure snough it was Kashair. The
locop did a good job of clueing me in on somse potential DX and allowed for more
efficient use of ay tiame.

TRIANGULATION. Recently I wrote a simple computer program which allows me to
take two bearings for the same station from two different locations and trian-
gulate the location of the received station. If the station is located near
broadside to a line drawn between the two DXers® locations then the accuracy of
determining the station’s latitude and longitude is within 0.5 degrees. If the
station is more parallel to the imaginary line then the accuracy gets pretty
bad. If there were a group of DXers strategically located across North America
then it should be possible to accurately determine the position of received
signals.

It is particularly interesting to find the location of a clandestine station.
So far my results have pretty amuch matched the published locations of some
clandestines. I’a waiting for a new aone to come an the air to test out the
system. (I guess this capability might make pirate broadcasters shudder a bit!)
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SUNNARY. 1 am extresely happy with the performance of this loop, and I am sur—
prised. Nulls are about 40 dB deep on average and about 20 degrees wide. It
has sufficient gain, effective noise reduction capability, it’s portable, works
indoaors, and of course is directional and steerable. I find that the loop is
now used a majority of the time when I am DXing the tropical bands.

GETTING STARTED

You amight be tempted to dive right in and begin assembling a DF loop of your
own, and that is understandable. Before you do, however, it would be very
worth your while to investigate your listening environment, solidify your ex-
pcc:ations, and gauge how much time and money you wish to invest in this pro-
ject.

Without a doubt, the first step is to gauge the intensity of noise pollution in
your listening shack. In the ideal situation you would like to be able to both
hear and DF tough DX in the coafort of your shack. The loop described will
have enocugh sensitivity to hear DX indoors. But sensitivity is a double-edged
sword as the loop will also be able to hear the local GRN emitted by appliances
in your house. In ay experience, noise has been traced to most of the classic
GRN sources such as the refrigerator, furnace, lamp dimmers, VCR digital read-
out, etc. This is nat a major problem; just pull the plugs during DF sessions!

More serious is the noise which is apparently and aysteriously conducted along
and radiated by the house infrastructure. This includes house wiring and con-
duit, gas and water pipes, telephone wires, and possibly even the CATV cabling.
In many houses (including mine) electrical service is just plain noisy from the
service entrance on. Filtering outlets IS effective in reducing noise in the
receiver when an external antenna is employed. An indoor antenna still sees
the noise radiated by conduit et al, and this type of noise seems to be the ma-
jor obstacle to serious DFing here. It is a pernicious type of noise that ap-
pears in bands coinciding roughly with the 120, 90, and 40 aeter bands. Natch!
The intensity and “"signature” of the noise varies daily, but it is typically at
§9 or better with an indoor loop. It is always inaudible with a similar loop
sited outdoors about 30 meters from the house. The noise seems to take vaca-
tions; typically one day in fourteen is quiet encugh to do any serious work.

You might benefit from this hindsight by surveying your listening environment
for noise sources with a portable receiver tuned to a clear channel in a band
of interest while it is active. Gauge the stations that can be simultaneocusly
heard on that band, and their strength relative to the noise. Do this over a
period of several days if possible.

Alternatively, you aight wish to install a temporary antenna consisting of a
10-20 foot length of wire near the ceiling in your shack. Use a wire antenna
tuner if you have one. Try to DX with this antenna, while gauging the relative
reception of both DX and noise. Try also to compare noise pickup to the exter-
nal antenna with which you noraally DX. If you do this over a period of tiae,
you should be able to get a fairly good idea of the noise in your shack rela-
tive to outdoors.

If the results of your surveys indicate that you are consistently able to hear
@odest DX with a relatively low amount of noise, I think that you should con-
sider building an indoor loop. A good approach would be to obtain or build a
loop amplifier, and to build a test loop on an 18 inch square cardboard box or
scrapwood frase. Use the dimensional guidelines cited in [3], but don’t be
overly concerned about getting the dimensions exact. The idea here is to make
a crude test loop. DX with it and try to obtain nulls on a variety of stations
by steering it with your hand. Try using the locop in different rooms in your
house if possible, and by all means, Qive it a try outdoors. Gauge whether its
performance indoors justifies the construction of a good frame and base. Gauge
the outdoors performance; would it justify the time and expense of putting the
loop on a rotor? Think again about your goals and expectations, and use the
solid facts you learn along the way to determine the course corrections you

nust make.

If the results of your surveys indicate that you are consistently unable to
hear modest DX with a relatively low amount of noise pickup, your choices are
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more limited. The probability that a DF loop will work well for you indoors is
not very high. If you are intent on DFing, you could assemble the makeshift
loop and analyze its performance indoors and outdoors. If it does perform to
your expectations indoors, that is great; the decision to build a frame is
yours. If it does not perform well indoors but does work ocutside, you might
still wish to build a good frame so that you could DF outdoors or on DXpedi-
tions.

You may decide that your only recourse is to mount the loop outdoors and use a
calibrated rotor to steer it. Personally speaking, this is the course of ac-
tion which will best solve the noise prablems in my particular environment.

A light duty commercial ARO rotor such as the HyGain AR-40 (about $180) should
easily be able to steer this loop in azimuth. I cannot comment as to its accu-
racy, but a rotor of this type should be suitable for low accuracy DF work. It
amight also be useful for those who wish to investigate the possibilities of us-—
ing a laoap to avoid co-channel GRM or local GRN.

Radio Shack and Handy Andy (or similar DYI superstores) carry a light duty ro-
tor meant for FM and TV antennas. These run in the neighborhood of S0 to &0
dollars and are a bargain. Other names in the rotor market include Alliance
and Daiwa, and you can check the catalogs of amateur radio supply houses for
more details.

GETTING YOUR BEARINGS

As I scan the bands I find a signal which gets my heart pumping. It is weak
and is fading periodically. It shows a fair carrier, and a trace of audio.
Let’s see how to go about getting a bearing on it.

1 like to spend the first couple of minutes slowly scanning the loop panorami-
cally (rotating a full 360 degrees and then back) while watching the S-meter
and listening for clues to a tentative null bearing. It is not easy to find a
null, but after several full scans I become convinced that the signal strength
always decreases as the loop pointer crosses 4 degrees and 180 degrees approxi-
mately. The null at 4 degrees is more pronounced, and I mentally log this as
ay tentative null location. I do a few more scans and I note that the signal
always seems to peak near 89 degrees and 273 degrees. My confidence is bol-
stered, as the loop seeams to be showing a good response pattern. I gould ac-
cept this bearing as being the wave arrival, but I do not have smuch confidence
that the null is found at this singular bearing; the best I can guess is that
it is in the general area of 4 (possibly plus/minus 5) degrees. I want to get
a more accurate bearing by doing some “fine" scans.

1 swing the loop around to 89 degrees (one of the signal peaks) and ensure that
the loop tuning is peaked. I then switch off the receiver AGC and preamp (if
on) and set the audio gain to maximuam. I swing the loop around to the tenta-
tive null at 4 degrees and adjust the receiver RF gain so that the signal is
barely perceptible as audig. I sweep the loop through a small arc between 340
and 20 degrees while riding the RF gain control. 1 make several passes through
the tentative null while adjusting the RF gain between scans to account for pe-
riodic fading. What I am trying to find is a setting for the RF gain which
will cause the audio to disappear at one precise loop position. I am watching
the loop pointer only as 1 swing the loop, while listening to the audio. I
find that if I park the loop near the suspected null that I can deepen the null
by adjusting the loop’s elevation. I continue scanning while I keep a mental
average of the azimuth at which the audio disappears on each pass. 1 disregard
any apparent nulls which seem to be caused by a sudden fade down, and try to
use only those nulls which are caused by loop rotation alone in my mental aver-—
age. As the data accumulates I realize that ay initial estimate was not that
bad; the majority of the nulls on these fine scans show up at about 2 degrees.
1 decide that I really do have a high confidence level in this bearing; into
the logbook it goes!

This technique requires much manipulation of your loop and receiver RF gain
control. Alternatively, the loop tuning control can be used to make fine gain
adjustments, especially if you used a ten—-turn pot for the tuning control. If
you asount the control box on the loop base then everything you need to make
these fine bearing measurements is right there in front of you. There is noth-
ing to distract you from what is important, and that is taking good data!
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ABOUT CALIBRATION

I do not think that you can discuss DFing geographically distant stations with-
out mentioning how to calibrate your loop to global geographical coordinates.
Your DFing results obviously cannot be accurate if your calibration is not ac-
curate. There are several methods available, and you must experiment to find
one which suits you.

It would appear that the simplest method would be to use a magnetic compass
(mounted on your loop table) to align the O degree bearing of your azimuth
scale to magnetic north. To do this, you aust account for the fact that in
most areas in the world magnetic north does not coincide with geographical
north. Also, you must compensate for the fact that in most locations the mag-
netic north you measure on a compass does not coincide the the north magnetic
pole. It generally differs by a small value known as the local magnetic decli-
nation. I do not recommend this approach except for a quick DF check in which
accuracy is not that critical.

A better method is to use stations with known transmitter sites (operating in
your band of interest) as references. Before a DF session, you can take bear-
ings on two or more known stations with the loop (and therefore the azimuth
scal@) in a fixed position. You can then obtain theoretical bearings on these
reference stations from your azimuthal-equidistant map or from a bearing gener-
ation program such as the one supplied in the Laow Band DXing software package
(by John Devoldere, ON4AUN, available from the ARRL, 225 Main Street, Newington,
CT 06111). VYour loop (or scale) can then be rotated so as to give a best fit
between the theoretical bearings and the bearings you measured. Or, you can
leave the loop where it is and add or subtract an offset (the amount you would
have to rotate the 1loop) from all subsequent DFs. This method allows you to
know the station location while you are nulling it.

All DXers are aware that it is quite easy to imagine a station ID; given the
speaker’s language, a scrap of music, and a frequency/time/propagation fit, you
will hear an ID no matter what was said! Similarly, if you do your calibration
before you DF, 1 guarantee that you will always hear a null at the precise
bearing at which you hope it will show up! Within a few days of starting DFing
you will have memorized the arrival bearings of all your favorite quarry. It
will be quite difficult to keep this knowledge from biasing your results, and
this fact suggests a third method of calibration.

In this method you do your DFing first, with the loop and azimuth scale firmly
fixed in a random position so that the scale bearings do not correspond to
world coordinates. After DFing, you calibrate against known stations as previ-
ously discussed. The azimuthal correction factor that you derive from this
calibration is then used to correct any bearings you took in the DF session.
The major advantages of this mathod of “blind calibration® are:

1) In the event of a band opening (especially a quick one) precious
time is not wasted in calibration.

2) You have no concrete knowledge of the actual bearings you are try-
ing to determine; bias is minimized.

3 In the evaent that you take no *high confidence” bearings in a ses-
sion, no calibration is required!

A "UNIVERSAL" LOOP AMPLIFIER

The amplifier described in [3)] is suitable for use in a DF loop. With a loop
inductance of 32 uH, a coverage of 1800-5200 kHz will typically be possible.
“"Raemote” tuning is used in this scheame, and only a single coaxial cable is re—
quired between the control (power supply) and the loop amplifier.

Fig. 1 and Fig. 2 illustrate an improved amplifier and control scheme which 1
recommend for anyone wishing to experiment with DF loops. Fig. 1 describes an
amplifier in which the coaxial cable is used to return RF to the receiver via
the simplified controller described in Fig. 2. This coax is also used to bring
a fixed +18 volts to the amplifier. The tuning voltage has been segregated
from the drain supply; a saeparate wire is used for the tuning function. This
circuit arrangement offers the following advantages:
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Fig. 2 LOOP CONTROL BOX
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1) The overall circuit power dissipation is significantly reduced.

Battery operation is feasible, and three 6 volt lantern cells in series will
help to ensure quiet amplifier operation, and they will have a long life. Bat-
tery operation will also allow the loop to be used on DXpeditions.

2) The control box is greatly simplified; both cost and construction
complexity are minimized.

3) This circuit will produce a tuning voltage of 0-18 volts. Although
it is not a recommended practice, running the varistors at a reverse bias of 0
volts will result in a tuning minimum of approximately 1400 kHz. MW stations
of known location may then be used for azimuthal calibration points. The
MVAM115S (NTE618) diodes are specified for a 15 volt reverse bias maximum oper-—
ating, and 18 volts msaximum. The controller described in Fig. 2 will allow
operation up to the 18 volt liamit. This does not appear to pose any threat to
the dicdes; every unit that I have tested withstood 21 volts reverse bias
(*high temperature®) without degradation. Practical experience suggests that
the ability to tune a couple of hundred kHz higher (to 35400 kHz typ) is worth
pushing the limits on these devices.

4) This circuit will work nicely for either an indoors DF loop ar for
an outdoors loop on a rotor.

The amplifier should be built along the guidelines ocutlined in [3], and should
be housed in a metallic enclosure. I like to use a 3.6 x 1.5 x 1.0 inch aluami-
num diecast box (Hammond Manufacturing #1590A or Bud #CU-123) that has tight-
fitting 1id which is secured by four machine screws. This enclosure helps to
make the amplifier a compact and rugged unit, and it can be easily waterproofed
for external use.

The MVAM11S5 diocdes will be difficult to find in small quantities. A suitable
replacement is the NTE&418, which is an aftermarket replacement for the Motorola
part. Mouser Electronics distributes the NTE line, and although they do not
currently list the ’618 in their catalog, they should be able to get them for
you. The price should be about $2.50 each. Information on this and other am—
plifier parts can be found in the reference section at the conclusion of this
article.

The MPF102 JFET pairs should be selected and matched for zero-gate drain cur-
rent (Idss) as described if [(3]. Using these FETs, the amplifier gain should
be suitable for most applications and listening environaments. If you have ac-
cess to some U310 JFETs, you may try thea instead of the MPF102s at G3 and Q4.
This will result in a somewhat “hotter® loop, and it may be useful in areas
free from local RF pollution. If you wish to go this route, keep the U310 gate
leads in your layout as short as possible. Also, choose Q1 and Q2 to have the
highest matched Idss possible; a value of 12-15 mA would be acceptable.

The control box is quite straightforward to construct, and it may be built in
an enclosure of your choosing. The ten-turn pot and counting skirt (optional)
may be aobtained from Digi—Key Corporation.

Connectors and cabling are not critical, and should reflect your preferences.
The loops I built use R6~-174 miniature 50 chm coax for the RF path between the
loop amplifier and control, with BNC connectors at the loop amplifier and con-
trol enclosures.

EPILOGUE

The potential for DFing with small loops has barely been explored in the short-
wave hobby. Many questions remain unanswered, and there are many areas yet to
be explared. Among the most interesting are:

1) For the most part, the null patterns ocbserved in practice are con-
sistent with simsple theory. In some instances, "pattern skewing® (and/or de-
generation into single or multi-lcbed response patterns) is observed. Why is
this so0?

2) These lcops generally produce the classic “figure 8% response, and
a station which shows an arrival null at a given bearing will generally show
another 180 degrees away also. The accumulated knowledge of propagation, band
openings, and station identifiers will usually allow the easy elimination of
one of the possibilities. For example, there is probably not much reason for a
Slavic language numbers transmission to be arriving from the far southern Pa-
cific rim at 0500! It is waell known that the pattern of an omnidirectional an-

A11.9



tenna (short vertical?) can be combined with a loop response to generate a pat-
tern with a single null (cardioid). This would be a great area for some indi-
vidual research.

3) Improved calibration methods are needed, and a larger user pool
will allow a better determination of the accuracy which is possible.

4) More research into elevational arrivals is needed. Such informa-
tion is vital in attempting to reconstruct a hypothetical transmission path
back to the transmitter.

S) I make no pretenses that the loop and amplifier combination is
ideal; it simply works. The loop area, number of turns, loop @, tuning range,
winding spacing, and amplifier have settled into a recipe which I tend to du-
plicate with each new loop. Card holding members of the Tinkerers Union are
welcome!
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12033 Otsego Street
N. Hollywood, CA 91607

Digi—-Key Corporation -Electronic components
701 Brooks Avenue
P.0. Box 677
Thief River Falls, MN
S56701-0677

Mouser Electronics —-Electronic components
P.0. Box 699
Mansfield, TX 76064

To help to support your efforts, I will be able to supply the “universal® loop
amplifier described in this article in kit, partial kit, or assembled and test-
ed fora. For details, send an SASE to Joe Farley, 910 Westwood Avenue, Addi-
son, IL 60515 USA.

a11.10






ANTIQUE COMMUNICATIONS RECEIVERS:
COLLECTING AND RESTORING TECHNIQUES

Chuck Dachis

"The Hallicrafter Collector”

PART ONE: THE STORY

My involvement with electro mechanical devices extends back to my early childhood. As a toddler I
was not interested in playing with the usual toys designed for children of my age, but rather the
neighbors discarded toaster, burned out electric fan, or an old carburetor! My mother didn’t see
any problem with this until one of her friends admonished her for letting me play with this
*junk® instead of buying me “proper® toys. Being embarrassed by this, and also sensitive to my
needs, she decided to convince me to play with "normal® toys by using a very logical approach.
She told me that all these old things were dirty and could cause germs, so it would be a good
idea not to play with them any more. I have always had a very logical and orderly thought
pattern, approaching that of the "scientific process”. At age 3 or 4 my response to this problem
of "germs® was simple. I took all my "junk®, through it in the bath tub and washed it! Mother
told her friend to mind her own business!

I have always had an affinity for mechanical and electronic devices, and wanted to know what made
them work. My dad wouldn’t let me take apart the family radio because, he said, "it works fine,
and if it works - don’t fix it®! So at age 8 I found an old Philco "Cathedral®, plugged it in,
and watched it smoke and blow a fuse (no, I didn’t wash it in the tub). I excitedly rounded up
some of my dade tools and started an autopsy, completely disassembling the set and studying all
the weird little parts it yielded. During the next few years I dissected probably 200 radios,
most of which collectors would give their eye teeth for. By age 12 I was quite familiar with the
?echari\ical principals of radio construction, and could identify parts and understand their
unction.

One of the radios I purchased at the local ®Goodwill® store for one dollar (a half weeks
allowance) was an RCA 816K. It was scheduled for major surgery so it would fit in my ‘“rocket
ship® control panel ("Tom Corbet® and "Captain Video® were my heros). I had it out of the cabinet
and on the bench when it’s grandeur suddenly hit me and I couldn’t cut it up (the 816K has always
been very special to me and though I sold it a year later and haven’t seen one since I have had
many dreams about it). I decided I would get it working, and I did! It was a real triumph, and
also marked a turning point in my relationship with radio.

I was no longer interested in taking them apart, but rather wanted to fix and use them. The more
frequency bands, tubes, dials and knobs they had the better I liked them. I called these sets
*super radios". My first Hallicrafter was the SX-28, which certainly fit the “super radio"
classification. It was also my first communication receiver. I became an avid AM and short wave
DX listener. Whenever we would take cross country tripe my dad was always amazed because no
matter what city we were in I knew the call letters and frequencies of the stations.

THE DREAM STORE

During the next 13 years I was looking for bigger and better radios and found few, but always
hoped I°d find a "dream store® with wall to wall and floor ceiling "super radios® at a price I
could afford. I never found that store! My interest in radio waned for a decade or so and most of
what 1 had acquired was given away or sold.

In 1973, I decided (again) to start a collection of "super radios® of all brands. The first radio
I wanted, for nostalgic reasons, was the SX-28. Not knowing where to look, it took over & months
of advertising in the local newspaper to find one. The one I found had been in a flood, was full
of mud and in awful condition. It had taken so long to find that I considered it rare, and
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proceeded with my first *modern® restoration. While looking for the SX-28, I came across an S-36.
Until this time I never knew Hallicrafters made anything other than SX-28's, and realized if
there was a 28 and 36, there must be a 29 and 37. With almost no documentation available, finding
and collecting all Hallicrafter products, technical data, advertising and promotional items would
be a challenging and exciting project. It quickly became apparent that I would need to
specialize. My collection currently contains over three hundred different major equipment items
displayed on wall to wall and floor to ceiling shelves, and hundreds of original technical
manuals, advertising brochures, and smaller accessory units. ! have created my “dream store"!

Because I acquire about ten to fifteen sets per year, display space for the collection is a real
problem. The bulk of the collection is currently in the second largest bedroom in the house,
which has been full for at least two years. There isn’t a closet that doesn’t have at least one
radio stored in it, and they are starting to creep out into the other living areas! I am building
a 500 square foot addition to house the collection, but that too will be outgrown shortly. My
goal is to open a museum with adequate space so this wonderful and unusual collection can be
enjoyed by any one who is interested.

When most of us think of Hallicrafters we remember the SX and HT line of Ham and SWL sets. This
is a small portion of what was actually produced. Documentation has become as important to me as
acquiring the products. Most of the original company records were either lost or destroyed years
ago. and until I publiahed the first edition of ny comrehensive product list, THE HALLICRAFTER

kneu Just what the conpany produced This 'list' is over thlrty pagea of condeneed type and
contains the model numbers, names, production dates, original prices, and a brief technical
description of as many Hallicrafter products as I am aware of, along with some historical
information on the company and comments on some of the equipment.

I am constantly finding new models and product lines I never knew existed, and just published the
third edition in late 1989. This *list® is an invaluable tool for any beginning Hallicrafter
collector, or for someone who wants information on the products, and is available from me at
$11.00 post paid. There is no book currently available dealing exclusively with Hallicrafters or
it's complete product line but I am working on it, and will use the *list® as the foundation for
the product section.

There are several books available that give a good cross section of information on many different
brands including Hallicrafters. Two that 1 would recommend are *A_Flick Of The Switch 1930-1950"
by Morgan E. McMahon, published by *Vintage Radio® (Box 1331, North Highlands, CA. 95660), and
*Communication Receivers, The Golden Years® by Raymond S. Moore (RSM Communications, P.0. Box
218, Norwood, MA. 02062).

What were the biggest, best, and most exotic general coverage receivers built by Hallicrafters?
There were four. The most exotic was the Sky Rider Diversity, model DD-1, produced in 1938 at a
cost of $550.00. A twenty-five tuber that stood nearly four feet tall, three feet wide and two
feet deep. It’s frequency coverage was .55 to 45 Mhz in six bands. The unit was actually two
receivers using a common power supply and audio amplifier. The black steel and chrome tuner sat
on top of the walnut speaker enclosure, which also had a pull out writing desk. The separate
power supply and audio chassis sat on shelves in the speaker cabinet along side the sealed base
reflex speaker compartment containing the Jensen 15 inch pm speaker.

The "best® receivers were the SX-28, SX-73 (R-274D) and the SX-88. The DD-1 and SX-88 are very
difficult to find, the SX-28 is still relatively common, and the SX-73 is becoming scarce but can
be found. Other ‘®good® Hallicrafter sets are the SX-42, SX-62, SX-100, and SX-122. Good non
Hallicrafter radios I recommend are the HQ-170 and 180 by Hamarlund, The NC-183 by National, the
R-390/URR, and there are many others (see photos at end).

What can the beginning collector expect in the 1990’s? In the early 1970°s there were only a
*handful ® of serious radio collectors, most had no interest in communication gear, but rather in
the grand old Scotts, Midwests, Atwater Kents and Zeniths, to name a few. This left the field of
collecting vintage communication equipment wide open and relatively inexpensive. There was little

r13.4



demand for it and I was able to buy many radios in the five to twenty dollar range, and as often
as not was told I could have it if I would just haul it off!. Unfortunately, this is not the case

today.

In the past few years there has been a tremendous resurgence of interest in antiques and
collectable items of every description, especially antique and vintage radios of all types. This
has driven the price of most of these items to levels where only the well off can contemplate a
collection of considerable size. Most of the radios bought today are by what I call ‘*mini
collectors®, those who want from one to a dozen or so sets. For most, the emphases is on owning
these radios and not on restoring them. Don’t despair, there are still some good deals out there.

The twenty to sixty year age of these vintage radios means they will almost certainly need
considerable work to bring them back to their original glory. Once properly restored they will
usually provide many more years of good service. For those of you who are not technically
inclined but want to own and operate one of these radios, good news! One of the “spin-offs* of
the antique radio *boom" is the reappearance of technicians who know how to work on these sets.
Several advertise in the magazines mentioned later in this article, and in any larger city there
is likely to be one or more vintage radio repair shop listed in the phone book. But be careful
for it would not be unusual to spend $300.00 to $400.00 to have the SX-28 or other vintage "super
radio* restored! For those doing their own restorations and who want a refresher course in radio
rmlz I recommend Practical Radio Servicing by William Marcos and Alex Levy, published by McGraw
H n 1953.

PART TWO: THE RESTORATION

*This radio has been completely restored®. How many times have you heard that statement? What
does it mean? “"Restored® can mean different things to different people. I have seen radios where
“restored” meant that the dust was wiped off, a tube or two and a capacitor was replaced just to
get them to work. I have also seen °*restored" radios that have been completely disassembled, all
retal parts refinished to exact paint or plating formulas, new lettering silk screened on the new
finish, all components and wiring replaced with "new" components of the same type and vintage,
and new plastic parts molded from old formulas. Would this radio be restored, or is it new? For
me the answer lies somewhere between. The level of detail for each restoration I do will depend
on the initial condition of the radio, rarity, its value, and the availability of parts. For
m. other considerations may include funds to purchase parts and on ones own skill, time, and
re.

Start the restoration with an overall physical cleaning and examination of the radio’s general
condition. Any physical or mechanical problems or modifications that would impede the electrical
restoration are handled first. Remove any non original switches, °magic tuning eyes®, or meters
that may have been added and fill the resulting holes in the front panel, chassis or case. This
can be tricky! I generally back the hole with metal duct tape, then fill with several thin coats
of automotive "Bondo®, lightly sanding between each coat. Once it is dry and sanded smooth I
‘spot® paint the repaired area with an ‘*air brush®, blending it into the existing finish.
Matching the paint is very important, and will be discussed in more detail later. Depending on
the location of the hole, the panel may have to be removed and if any original controls or
switches are broken, bad, or missing, they will be replaced at this time.

Having fixed the physical and mechanical problems we can move to the electrical restoration.
Remove all modifications, rework sloppy former repairs, and return all circuitry to the
specifications of the original factory schematic. Next check the small components, starting with
paper and wax by pass capacitors. To check these capacitors you need not remove them, but can
carefully de-soldered one lead, disconnecting it from the circuit, then check for °*leakage®
resistance on the high range of a good analog VoM (the digital units do not work well for this
test ).

It has been my experience that most of these capacitore are "bad®, and have a typical leakage

resistance of 100 K ohm to 10 megohm, I generally replace all of them. There are three reasons
*leaky* capacitors are replaced; First, a circuit will not operate properly when a capacitor ie
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acting more like a resistor. Second, the leakage current through a dozen or so capacitors can
create enough additional ®load" on the power supply to cause failure of the power transformer,
rectifiers, and other power supply components. And last, when I restore a set I want it to work
for a long time. If I didn’t replace all these capacitors, sooner or later (usually sconer), they
will fail. The mica and ceramic capacitors are almost always good and will not generally need to
be replaced or even checked.

Any resistors connected to the terminals we de-soldered wile checking and replacing capacitors
will also be checked at this time, and replaced if necessary. Resistors are the next biggest
culprit in degrading the performance of the equipment. It is typical for many of them to “look®
perfectly good but be any where fron 10 to 200 percent higher in resistance then the marked value
(they are rarely lower). This causes a serious voltage deficiency in a given circuit, not
allowing it to function properly. Any resistor that is more than 10% out of tolerance (high or
low) should be replaced. A quick check of resistors can be done in circuit with the VoM. When you
check in circuit it is not possible to get a reading higher than the marked value unless the part
is bad. A suspected bad part can be de-soldered as we did with the capacitors, and a detailed
check can be made. I recommend that only one part at a time be checked or replaced to avoid
confusion. When replacing small components I use °state of the art® *mylar® capacitors (usually
600 working volts) to assure continued long lasting performance, and new resistors of proper type
and values. These parts can be ordered from most electronic supply houses.

Now I get brave and apply power to see if it works, or smokes!. Usually it works but not always
well. This means there is more to do. Check and replace any bad tubes, and any major component
that may be bad (transformers, IF cans, and electrolytic capacitors). “Clean® the controls and
switches with control cleaner, and finish the physical cleaning of the chassis and major
components. Next we do a complete IF (intermediate frequency) and RF (radio frequency) alignment,
:n g?at order, following the factory instructions. The set should now work as well or better than
t did new!

What do we do about dirty paint and lettering on the case and front panel? Most of the time the
paint and lettering can be restored to it’s original brilliance by using various cleaners and
rubbing compounds. A mild automotive rubbing or polishing compound can be found in the automotive
section of most K-Marts and will work well for this purpose. A light weight oil such as °*WD-40"
also works very well for cleaning and bringing back the sheen to dull paint. Caution should be
exercised with some cleaners on some surfaces. Test everything on a small inconspicuous area
first. There is nothing more disheartening than to take a dial or lettered panel and "clean® all
the numbers or lettering off the surface! A mild dish washing detergent will usually remove most
of the dirt and grime with no damage to paint or lettering. Extreme caution should be used in
cleaning the nusbered side of glass or plastic dials. Start with plain water and a soft cloth and
do not rub hard. Avoid "Windex® and other glass cleaners because they contain ammonia which can
dissolve the lettering.

Next you can touch up any paint scratches and replace any missing or faint letters with “dry
transfer® lettering. The lettering I use ie °MarKit JR.® made by Russell Industries Inc. and is
available at most electronic supply houses.

Your radio should now work and look almost as it did when it left the factory. Sounds simple
doesn’t it! Well, it's not! Here are a few more tips. Lead °*dress® is very important. New
components should be installed in the same space the old one occupied, terminals should be de-
soldered and old leads removed. Keep new leads as short as possible and follow the same wire path
as the old component. Making a drawing may help here. Some of these components are in places that
seem nearly impossible to reach so it helps if you have some training as a brain surgeon and lots
of patience.

TOOLS

In addition to the °usual® tools, 1 find surgical hemostats and tweezers very useful. A magnifier
light is essential for those of us with failing eyesight, as ie the service manual which will
give the alignment instructions, parte lists and schematic. The only essential electronic tool
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for most restorations is a good analogue VOM. Oscilloscopes, frequency meters, and signal tracers
can make the job easier but are not necessary. For RF alignment I recommend using a signal
generator, but it can be accomplished without one by using broadcast stations of known freguency
on the standard broadcast band and WWW on the short wave bands. IF alignment can be done “by
ear®, but again I recommend a signal generator for accuracy and maximum performance.

MATCHING PAINT

Matching paint for cabinets and panels once presented problems until I took clean examples of the
dozen or so shades of Hallicrafter gray and black to a local automotive lacquer company and had
them mix up a quart of each. If a panel or cabinet is in very bad condition, I will acquire
another rather than do a complete repaint or re-lettering job, unless of course the radio is very
rare.

MAJOR COMPONENTS

Unlike the emall components my philosophy ie to use only original parts when replacing power,
audio, and IF transformers. There is no comeercial source for these parts so where do you find
them? Well, the answer is simple, although somewhat costly. Sometimes I will purchase as many as
five radios of the same or similar model to get enough parts to restore one. Many of the
Hallicrafter models from a given time period used the same or very similar components. This gives
me a choice of models to choose from, making acquisition of parts easier. If the radio is rare
and needs a power transformer, and the chance of finding another is slim, I would have the
transformer re-wound. One company doing transformer re-winding is The Peter Dahl Co. of El Paso
Texas.

How do you find a forty year old radio of particular model to use as a source for parts let alone
for your collection? 1 have been collecting Hallicrafter products since 1974. About eighty
percent of my collection is acquired through my continuous ads in the national radio magazines,
like "aST* (the journal of the *American Radio Relay League® 225 Main St. Newington, CT. 06111),
*Antique Radio Classified® (P.0. Box 2, Carlisle, MA. 01741), and °Electric Radio® (P.0. Box 139,
Durango, Co. 81302). Others are acquired at swap meets. It is my policy to buy any Hallicrafter
product whenever it is offered if °*the price is right® regardless of how many of the same model I
already have. After 16 years I have built quite a stock of °parts radios® as well as duplicate
sets used for trading.

This stock of extra radios makes restoration much faster than would otherwise be possible. If a
front panel, dial, or power transformer is needed, it’s off to my °parts department® with out
waiting weeks or months to locate and obtain the part. I usually purchase tubes, and sometimes
capacitors, resistors, power cords, and small items like rubber grommets, at swap meets. I have
bought many hundreds of *new® military surplus tubes, usually in lots of a hundred or more for a
few dollars. Admittedly, this is getting harder to do as most people are now selling by the tube
and for a much higher price.

Purchasing radios and parts in these quantities is probably not a good idea for everyone. There
are commercial sources where most tubes, manuals, and some components can be purchased in saall
quantities. One such source is °Antique Electronic Supply® (688 W. First St., Tempe, Arizona
85281). 1 can usually supply photo copies of Hallicrafter manuals, and if I can’t °“Ardco
Electronics® (P.0. Box 95, Berwyn IL. 60402) usually can. For other brands you could use °"HI
Inc.® (P.0. Box H 802, Council Bluffs, Iowa 51502), but there is a charge for their catalogue.

If it's a Hallicrafter you want, 1 enjoy helping others fulfill their nostalgic fantasies in
either finding a specific model, finding parts to restore one they have already found, or just
giving information about the company. I will answer any and all questions I can on Hallicrafters
and the equipment. All I ask is a self addressed stamped envelope.

As a result of writing this article I suffered a acute nostalgia attack over the RCA 816K. I am
happy to report that I have found one and have recovered. It is restored to museum quality and is
once again part of my conscious life. The dreams have stopped! Happy hunting and good DXing.
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GETTING THE MOST OUT OF ECSS

Gene Pearson

Many contemporary receivers used by DXers make reception in the ECSS mode very convenient. We
switch to USB or LSB and tune through the signal until audio clarity is obtained. In most situations, the
ECSS reception achieved in this convenient way is quite adequate, but it will not in every instance yield
the most QRM rejection or readibility obtainable in the ECSS mode. And in the case of signals having
one sideband QRM free, this approach does not render the full a.f. response obtainable from that
sideband in the ECSS mode. The BFO offsets engaged by the USB and LSB switches are not chosen for
maximum a.f. response but for typical ham band SSB applications. Yes, there is more to ECSS recep-
tion than can be had simply using the USB and LSB mode switches.

To take full advantage of the merits of the ECSS mode, we need to Z?Ipass the limitations imposed on
our ECSS technique by the USB and LSB switches. Not all receivers low us this option. Our receiver
must have a panel BFO control to vary the BFO frequency through a continuous range of at least 4 to 5
kHz, and preferably 6 to 8 kHz. We must also be able to select manually any of its i.f. voice
bandwidths when the receiver is in the CW mode. The JRC receivers - NRD-505, 515, & 525 - possess
this flexibility, although the BFO frequency range of 4.5 kHz on the 525, the only one of these I know,
is not wide enough to use with the stock "wide" filter for true ECSS. All the vintage "hollow state"
radios used by DXers have the necessary flexibility. The current Icoms and the Kenwoods do not.

The purpose of this article is to describe how to use the kind of receiver flexibility just outlined to get
the most from ECSS reception. This technique is not new. It was in use four and more decades ago,
before USB and LSB mode switches, product detectors, and microprocessors were added to the radios
used by DXers and hams. These devices did not create the possibility of ECSS reception. The BFO
(also appropriately called a carrier injection oscillator) and i.f filters are what make ECSS reception pos-
sible. All receivers capable of CW reception contain a BFO. When the BFO is on, as it must be for
CW, SSB and ECSS reception, it generates an unmodulated carrier on or near the receiver’s last i.f.
The BFO frequency control tunes the BFO carrier to any frequency between the control’s endpoints; if
properly aligned, at 12 o’clock the control makes the BFO frequency equal the i.f. The USB and LSB
mode switches found on contemporary receivers simply activate the BFO at frequencies removed or of-
fset from the i.f. by a preset number of Hz. Each switch is, in effect, a BFO frequency control offering
us only one BFO frequency.

In CW, SSB and ECSS reception the BFO carrier is injected into the detector stage where it is mixed
with the received signal arriving from the last stage of i.f. amplication. When an AM signal is received
in the ECSS mode, only one, or part of one, of its sidebands arrives at the detector unattenuated. Its
other sideband and the carrier are attenuated by the i.f. bandwidth filter before they reach the detector.
The role of the injected BFO carrier in ECSS reception is to replace or ’exalt’ the AM signal’s at-
tenuated carrier reaching the detector so that the detection process will not distort the audio of the AM
signal. The BFO carrier "pinch hits" for the attenuated carrier of the AM signal.

You can easily experience for yourself the effect of this "pinch hitting". In the AM mode tune "nose
on" to the carrier frequency of a QRM free AM signal. Begin gradually detuning from the carrier fre-
quency into the sideband of your selection until the audio distorts. How far you must detune before this
occurs depends on the i.f. bandwidth. It should occur detuned from the carrier frequency approximately
half as many Hz as the 6 db i.f. bandwidth. Detuned that many Hz, the AM carrier is placed at the
edge of the 6 db i.f. passband, which means the carrier strength will be 6 db less than it was when you
were tuned to it "nose on"; the rejected sideband of the AM signal lies outside the 6 db passband and is
rejected by an even larger factor. Now with the BFO frequency control set at 12 o’clock, switch to the
CW mode. Tune the BFO until the heterodyne caused by the mixing of the BFO carrier with the AM
signal’s attenuated carrier is eliminated; fine tune the BFO within the heterodyne free zone until the
audio is clarified. The audio distortion heard earlier at that frequency in the AM mode will now be ab-
sent. You have just achieved ECSS reception with the "old timey" technique. Switch back to the AM
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- mode and the distortion will reappear as you withdraw the "pinch hitting" BFO carrier. If in this ex-
periment you could not eliminate the heterodyne, your BFO range is not great enough to achieve ECSS
at that i.f. bandwidth. If you are using a vintage receiver like the R-390A, resetting the BFO control
knob farther back on its shaft may free the control from a mechanical stop restricting the BFO range.
With this trick you can increase the BFO range of the R-390A considerably beyond its normal 7 kHz.
If this solution doesn’t apply, you will not be able to attain ECSS reception with that bandwidth; switch
to your next narrower i.f. bandwidth and start the experiment from the top.

The number of Hz you detuned the BFO from the i.f. to achieve audio clarity in the above experiment
equals the number of Hz you detuned the receiver from the AM signal’s carrier frequency. If, for ex-
ample, you detune to 15067 from the BBC carrier on 15070 to produce audio distortion, then when you
switch to the CW mode, you will have to tune the BFO to a frequency 3 kHz higher than the i.f. to
eliminate the heterodyne and obtain audio clarity. This follows from the fact that in detuning from
15070 to 15067 you moved the 15070 carrier from the center of the i.f. passband, where its frequency
equaled the i.f., to a position 3 kHz higher in the passband. To "pinch hit" for the attenuated AM car-
rier lying in the passband 3kHz above 1.f., the BFO carrier injected at the detector must also have a fre-
quency 3 kHz higher than i.f.

When we use the USB and LSB mode switches for ECSS, we reverse the above procedure: we offset
the BFO carrier from the i.f. first; then we tune the receiver so as to place the AM carrier at the same
position in the passband as occupied by the BFO carrier. Selecting LSB on the NRD-525, for example,
activates the BFO at 456.5 kHz, precisely 1.5 kHz higher than the 455 kHz i.f. Therefore, I must tune
1.5 kHz below an AM signal’s carrier to make the frequency of the AM signal’s carrier, as it appears in
the i.f. passband, equal to the preset bfo frequency. For true ECSS I must also select an i.f. filter
which will attenuate by at least 6 db those frequencies 1.5 and more kHz from the receiver’s frequency.
Only then will the carrier and upper sideband component of the AM signal be sufficiently attenuated for
true lower sideband ECSS. Given the 525’s stock filters-the "wide" with its 6 kHz 6 db bandwidth and
the "intermediate" with its 2.2 kHz 6 db bandwidth, the "intermediate" bandwidth is the only option. It
attenuates by at least 6 db frequencies 1.1 kHz and more from the receiver frequency.

Given the "intermediate" filter’s bandwidth, it is clear that using the "old timey" technique, ECSS
reception can be attained detuned by as little as 1.1 kHz from the AM signal’s carrier. Further, experi-
ment will verify that ECSS reception can be obtained with the same bandwidth detuned from the the
AM signal’s carrier by as much as 2.1 kHz from the carrier frequency. Detuned by that amount you
lose some of the bassier audio frequencies contained in those sideband frequencies lying closest to the
AM carrier, but the gain in greater attenuation of a QRM source on the other side of the carrier may be
worth the sacrifice. Audio becomes unusable when you detune from the carrier frequency by much
more than 2.1 kHz with the "intermediate” bandwidth. I summarize this by saying that the "inter-
mediate" bandwidth on the NRD-525 has an ECSS range between 1.1 and 2.1 kHz, meaning that with
that bandwidth I can achieve ECSS reception using the "old timey" technique detuned from an AM sig-
nal’s carrier by any number of Hz between 1.1 and 2.1 kHz. (See illustration at end of article)

Why be restricted by USB and LSB mode switches to detuning from the AM carrier by the same num-
ber of Hz in every situation? In some situations detuning by some other number of Hz within the
selected bandwidth’s ECSS range provides better QRM rejection or readability. "Old timey" ECSS
technique allows you to do this. And in situations where one sideband of an AM signal is free of QRM,
why settle for the narrow bandwidths required for ECSS reception with the USB and LSB mode
switches? If your receiver’s bfo range is wide enough, you can use a 6 or 8 kHz 6 db bandwidth and
enjoy full range a.f. response. Detune your receiver from the AM signal’s carrier frequency into the
desired sideband half as many kHz as the selected i.f. filter’s 6 db bandwidth. Turn on the BFO and
proceed by the "old timey" technique. The only listening better than this on SWBC is phase locked,
synchronous ECSS whereby the bfo carrier is phase locked to the attenuated AM carrier.

To become adept at the "old timey" ECSS technique and to determine at the same time the ECSS range
for each of your receiver’s i.f. voice bandwidths, the following procedure will work. Set your receiver
for the AM mode and select an i.f. bandwidth for which you want to discover the ECSS range. Find a
medium strength QRM free AM signal. Tune "nose on" to its carrier frequency. Then begin detuning
in either direction from the signal’s carrier frequency until the audio begins to distort as in the earlier
experiment. The difference between the frequency at which the distortion begins and the signal’s car-
rier frequency represents the lesser figure in the ECSS range for that bandwidth. Change to the CW
mode and obtain ECSS reception by the "old timey" technique of synchronizing the BFO carrier with
ttfle é‘\M carrier. You have obtained ECSS reception at the beginning of the ECSS range for that i.f.
andwith. ,
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Remaining in the CW mode, begin detuning farther from the carrier frequency in very small increments
(100 Hz or less), stopping at each increment and resynchronizing the BFO’s carrier with the attenuated
AM signal’s carrier. If your receiver doesn’t have a product detector, with a moderate to strong signal,
as you slide the AM signal’s carrier farther down the i.f. filter’s response curve with your continued
detuning, an audio distortion will begin to appear which you cannot correct by resynchronizing the BFO
carrier with attenuated AM carrier. This distortion, due to detector overloading, is remedied by back-
ing off the r.f. gain until the distortion disappears. I don’t find the reduction of r.f. gain necessary on
weak signals, so there is no sacrifice of maximum sensitivity when it is needed.

As you continue your incremental detuning and resynchronizing of the BFO carrier with the AM sig-
nal’s carrier, you will reach a frequency at which the AM signal’ s carrier is so attenuated it will no
longer produce an audible heterodyne against the BFO carrier. At that frequency and beyond, it helps
to switch temporarily to a wider i.f. bandwidth after each additional detuning increment. This step al-
lows you to recover an audible heterodyne to assist you in resynchronizing the BFO’s carrier with the
AM signal’s carrier. Once audio clarity is again achieved, switch back to the original i.f. bandwidth
and make your next detuning increment. You will reach a frequency at which you will not have usable
audio when you switch back to the original bandwidth. The frequency to which you tuned just before
you reached this condition represents the end of the ECSS range for that bandwidth.

Follow the above procedure to obatin the ECSS range for each of your available bandwidths. I have
learned that the ECSS range for the 2 kHz bandwidth on my R-390A lies between 1 and 2 kHz from the
AM carrier frequency; for the 4 kHz bandwidth it lies between 2 and 3 kHz from the AM carrier
frequency; for the 8 kHz bandwidth it lies between 4.5 and 6 kHz from the AM carrier.

USB/LSB MODE SWITCH ECSS
vs.
THE "OLD TIMEY® ECSS TECHNIQUE
with
NRD-525 "INTERMEDIATE" BANDWIDTH

0 - The USB mode switch compels
you to place the AM carrier
: l 5 at position "a” for ECSS, but
6 upper sideband ECSS reception
is possible with the AM carrier
- Placed anywhere in ECSS range
' A’ using the "old timey  tech-
nique. Similarly, the LSB mode
A B switch compels you to place
the AM carrier at position b’
. o b for ECSS, but lower sideband
ECSS reception is possible with

— the AM carrier placed anywhere
\L in ECSS range "B’.

o ZO——rpCczm—A->
|
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Q
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SYNCHRONOUS DETECTION

Craig Siegenthaler

Radio signals are converted to audio at the detector. The detector is one of the most
important elements of a receiver because it ultimately determines the sound quality. If the
detector performs poorly, the audio will sound rough and edgy. When the detector can recover the
audio exactly as received, the sound quality improves without introducing any additional
distortion. Synchronous detectors are more nearly "ideal” detectors in performance than
conventional detectors found in most receivers.

SYNCHRONOUS DETECTION VS. ENVELOPE DETECTION

The conventional AM detector found in all but a few receivers is called an envelope
detector. It receives it's name by the way it strips the envelope or audio information from the
carrier. The typical envelope detector is extremely simple, costs pennies to the manufacturer, and
is usually nothing more than a germanium diode. The radio pioneers of the early twenties used a
"cat's whisker" detector which is identical in performance to the germanium diode, and seventy
years later, little has changed!

What's wrong with envelope detection? The most serious problems occur during multipath
reception. This is a common occurance with shortwave signals as two different signal
wavefronts arrive at the antenna with different phase characteristics. At one moment the signals
might add, another moment they might subtract. This is one way that fading is created. The
distortion resulting from a deep fade is a familiar sound to any shortwave listener.

During a fade, the balance between the audio (sidebands) and carrier is sometimes upset.
The envelope detector creates severe intermodulation distortion when this balance is altered. An
imbalance between the carrier and sidebands is a type of selective fading. Selective fading can
also occur between the lower and upper sidebands which also creates distortion with the envelope
detector. The following diagram shows the difference between envelope detection and
synchronous detection with a radio signal modulated with an audio tone.

Spectrum Signal Conditions Signal Envelope Synchronous
Wavetorm Detector Detector
E Output Output
(&)
1] m
“1]1° -|||||||||'||‘m”‘*' AVERAV
Normal
Reduced
Carrier -|| |||||||||||| “;. M\ %
Level

sors A ARNAY
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The benefits of using a synchronous detector are as follows:

1. It does not suffer from distortion when there is an imbalance between the carrier and
sidebands.

9. It does not suffer from distortion when there is an imbalance between the upper and
lower sidebands.

3. Using a synchronous detector will generally result in lower audio distortion compared
to an envelope detector especially at the higher modulation levels. -

These characteristics describe the "ideal" synchronous detector. There are numerous
ways of creating synchronous detection and no one method is perfect. Each method has
advantages and disadvantages but overall, the performance is significantly better than the
envelope detector.

BASIC DEFINITION

What is synchronous detection? The Oxford Am i Dictionary defines synchronous
as:1. existing or occurring at the same time. 2. operating at the same rate and simultaneously.

A synchronous detector is simply a detection process that uses a signal that is synchronous
with the original carrier (occurring at the same rate or time).

For those interested, a better definition can be explained mathamatically ,where an AM

monaural signal can be represented by the followingl.
E(t) = (1 + m(t)) cos wt
In this equation the m(t) is the envelope or modulation and the cos wt is the carrier.

An analog synchronous detector is a multiplier whereby the original AM waveform is
maultiplied by a signal that has the same frequency and phase characteristics as that of the carrier.

It's that simple. Mathamatically, this is represented byl:

Detector Output D(t) = (1+m(t)) cos wt x cos wt

Note that the original waveform is multiplied by cos wt. Now if the multiplying cos wt is
identical with the original carrier, (same frequency and phase characteristics) the equation

results inl:
D(t) = (1+m(t)) cos wt x cos wt
= (1+m(t)) 1/2 (cos (wt-wt) + cos (wt + wt))
= (1+m(t) 1/2(cos 0 + cos 2wt)
= (1 +m(t)) 1/2(1 + cos 2wt)
=121 + m®) + l1+m
The left half of the final product (1/2 (1 + m(t)) is an exact replica of the original
modulation (hence detection), only level shifted with DC offset. The right half (1/2(1 + m(t) cos
2wt) is a high frequency component that can be filtered out after the detection process.

Probably the most important element of the mathamatical definition is the fact that the
equation does not specify how the multiplying (cos wt) should be created. Or in simpler terms, it
does not specify how the synchronized signal should be created.

How this signal is developed determines the type of synchronous detector. The remainder
of this article will explore the various models of synchronous detection and their performance. It
should be mentioned that the following models will refer to the original waveform (carrier and
sidebands) as it is converted within the receiver to an IF signal. Also, it is important to point out
that the term "multiplier" is synonymous to a "product detector”.

SYNCHROPHASE DETECTOR

The first example of synchronous detection is the synchrophase detector. The term
"synchro-phase" was used by Drake with the introduction of the R-7 receiver. A similar detector
is now used in the Japan Radio NRD-525 receiver.

R15.2



IF Signal Multiplier

Audio Output

Limiter

MODEL 1 -
SYNCHROPHASE DETECTOR

The basic building blocks of a synchrophase detector are the limiter and multiplier. The
limiter is a high gain amplifier that removes the audio from the input signal, leaving only the
carrier. The multiplier is the actual detector where the original waveform is multiplied (or
detected) by the synchronizing signal (output of the limiter). The output of the multiplier is audio
mixed with a high frequency component which the lowpass filter removes. It should be made clear
that this type of detector is true synchronous detection. It models the mathematical definition
perfectly, since the original waveform is multiplied by it's own carrier.

The main problem with this detector occurs during severe selective carrier fading or when
the carrier fades into the noise. Under these conditions, there is insufficient carrier level and no
amount of limiting will properly extract the carrier signal.

An improved synchrophase detector has been developed by KIWA Electronics. This
detector is designed for low level signal detection and is a feature of the Multiband Am Pickup or
MAP. The MAP uses a process of regenerative carrier feedback to improve the detector's
performance during selective carrier fading or when the carrier is subjected to noise. In field
tests with the NRD-525, the MAP's detector was able to extract weak audio from DX signals where
the original receiver's detector was only able to extract noise®.

BASIC PHASE LOCKED LOOP

The next model is a basic phase locked loop design. As with the synchro-phase detector,
there is a limiter to extract the original carrier, and a multiplier. The elements of the phase
locked loop consist of the VCO-voltage controlled oscillator, the phase comparator, and the loop
filter.

IF Signal Multiplier Audio Output
- X W\ I—~
Lim Low-Pass
imiter Filter
Phase - l

Comparator

Controlled
Oscillator

MODEL 2
BASIC PLL

How does it work? Notice how a circular path or loop is established between the phase
comparator, loop filter and voltage controlled oscillator. The name "phase locked loop” describes
the operation of this circular path. Basically, the phase comparator compares the original carrier
with the output of the VCO. Any difference in phase (meaning frequency) creates a correction
voltage that retunes the VCO accordingly. When the VCO is tuned to the original carrier, the PLL
is said to be "locked". This process creates a second carrier signal that is identical to the original
in frequency and phase and this new signal becomes the synchronizing signal for detection. It is
important to point out that the PLL only generates the second carrier. Detection still takes place in
the multiplier, as in the first example.

Why generate a second carrier? The original is often plagued by noise and a simple
limiter as in Model 1 will not remove the noise adequately. The second carrier is for the most part
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noise free, which improves the detection process. In effect , it becomes a more accurate example of
what the original carrier should be when reception is difficult.

Unfortunately the PLL has its limitations. The first is that it is dependent on the limiter
for the carrier signal. If the carrier signal is plagued with severe noise, the limiter will also have
noise which in turn confuses the tuning of the PLL. This can create a condition where the PLL
will "unlock” creating a howl or a loud snap. The same situation can occur with co-channel
interference. The second limitation is at the loop filter. The loop filter is a lowpass filter which is
necessary to slow the tuning of the PLL. Without it, the PLL would try to retune with impulse
noise. A properly designed loop filter will provide short term memory, holding the VCO's
frequency and phase characteristics when subjected to interference from impulse noise or if the
carrier level momentarily drops into the noise. The advantage of using a loop filter with memory
becomes a disadvantage when one considers propagation. A shortwave signal seldom arrives at
the antenna from the same direction. The changes in propagation means the carrier phase
characteristics are changing from one instant to the next. If the PLL is slow to retune to these
phase changes, it will create artificial fading. (This condition occurs when the carrier and VCO
phase characteristics differ by 90° or 270°. ) It is interesting to note that portables using the basic
PLL detector with a short whip antenna would exhibit less of this problem than receivers with a
similar detector and using a wire antenna that can effectively capture several signal

wavefrontsz.

The advantage of using this type of PLL and for that matter the synchrophase detector, is
that it is possible to offset tune the receiver. That is, the receiver can be tuned above or below the
carrier frequency to favor one sideband. As long as the carrier is within the passband established
by the IF filters, synchronous detection is possible. With proper choice of IF bandwidths, these
basic detectors will allow synchronous detection of nearly the entire upper or lower sideband or
somewhere in between. This has definite advantages to the DX'er, since the receiver can be tuned
to the exact spot of least interference. Tuning to one sideband will reduce selective fading from the
opposite sideband. The degree of isolation between the sidebands is determined by the IF filter
response. Sharper filters (filters with good shape factors) will provide better isolation between the
sidebands. The disadvantage of using this tuning scheme is that the audio frequency response
suffers when the receiver is tuned off center frequency. This is the result of phase differences
between the sidebands, established by the IF filters and combined in the detection process. On the
other hand, it can also be an advantage since tuning off carrier will capture more of the higher
sideband frequencies which may improve intelligibility - especially if these frequencies are in

the 2.5 kHz to 3.2 kHz range. An example of a similar PLL appeared in last year's Proceedings 3
and other designs have appeared in magazines4 and club publications.

SYNCHRONOUS DETECTION WITH AUTOMATIC SIDEBAND SELECTION

The next model is the most difficult to understand, but it is important to include it within
this discussion because it is a PLL design that offers the ability to select either sideband. A
similar design is used in the SONY ICF-2010 receiver.

Like the basic PLL, there are a few building blocks that are similar. First, there is a
limiter to extract the original carrier. Second, there are the basic elements of a PLL (VCO, phase
comparator, and loop filter). But notice there are two multipliers (detectors); one labeled I, the
other Q. The I multiplier is the "In-phase" multiplier, meaning the synchronizing signal is
"in-phase" with the original carrier. The Q multiplier is the "quadrature multiplier”, meaning
the synchronizing signal is "in-quadrature” or phase shifted 90° from the original carrier. This
phase shift is established by the 90° phase shift network. It is important to note that the Q multiplier
used in this detector has no relationship to the Q Multiplier used in receivers to enhance the
selectivity of an IF circuit.

The output of the I multiplier is detected audio, in-phase with the original signal. The
output of the Q multiplier is detected audio that exhibits a 90° phase shift difference. Both
multiplier outputs enter all pass audio phase shift networks.
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MODEL 3
PLL WITH SELECTABLE SIDEBANDS

In the example shown, the in-phase audio is phase shifted +45°, the Q audio is phase shifted
-45°. The total phase shift difference between the I and Q signal paths now totals 180°. The
established 180° phase difference between the two audio signals allows sideband selection when
combined in a summing amplifier. As shown, the switch in the upper position will select the lower
sideband - LSB. The USB - upper sideband is selected with the switch in the middle position. Both
sidebands are present (DSB) when only the I audio is selected as shown when the switch is in the
lower position.

This is probably the easiest detector to use for general listening. It is very easy to flip to the
other sideband if one is subjected to interference. However, it does not allow tuning to the spot of
least interference if both sidebands are subjected to interference. Listening to one sideband will
prevent selective fading from the opposite sideband. But it will not prevent selective fading from
the sideband you are listening to.

The degree of isolation between the two sidebands is called "ultimate sideband rejection”.
The more isolation there is between the two sidebands results in less chance of hearing, for
instance, interference from the upper sideband when you are listening to the lower sideband.
Ultimate sideband rejection is mostly dependent upon the accuracy of the audio phase shift
networks. Any phase shift other than 90° (between the upper and lower networks) degrades the
ultimate sideband rejection. A design using high quality precision components can exhibit
sideband rejection of more than 30 dB. Most manufacturers settle for less exact components
resulting in sideband rejections that are less than optimum.

The other detector models can often exhibit better sideband rejection when they are used
with offset tuning. Mediocre IF filters can reject signals outside their passband with more than
30 dB rejection. It should also be mentioned that the selectable sideband PLL detector does not
exhibit the problems of "artificial fading" as with the basic PLL.

SYNCHRONOUS DETECTION WITHOUT THE CARRIER

This model has been included because it establishes a PLL synchronous detector without
reference to the carrier (contrary to published information)s. The design uses a VCO that is tuned
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by the output of an audio phase comparator. When modulation is present, and the PLL is locked,
the output of the Q multiplier will contain no audio. If the VCO is slightly mistuned, audio from
the Q multiplier will be in-phase for one direction of VCO phase shift and will be the opposite
polarity for the other direction. By combining the detected outputs in an audio phase comparator, it
is possible to obtain a correction voltage that will tune the VCO accordingly.

| Multiplier | Audio Phase
IF Signal Shift Network

i X) T

VCO

Audio Phase Voltage Summing Amplifier
Comparator Controlled . Audio
Oscillator Reject USB - Output
Reject
\ / LsB_| . )
90°
Phase e DSB
Shift Sideband Rejection
Switch
Q Audio Phase
- Q Multiplier Shift Network

MODEL 4
PLL WITHOUT CARRIER REFERENCE

This type of detector requires audio for the PLL to lock. Once audio is absent (the
announcer stops talking), the PLL goes out of lock. Lock-up response time will be determined by
how far the VCO is mistuned and by the response time of the audio phase comparator.

This detector offers advantages over other models that are referenced to the carrier. This
is especially true during selective carrier fading. In fact, this model will perform with DSB
signals that have suppressed or no carrier.

SUMMARY

These are just a few of the ways synchronous detection can be created. All of them are
dependent upon extracting some element of information from the original signal for the detection
process. This automatically imposes limitations as to how the detector will perform when
subjected to different types of propagation, signal strength and interference.

What is the best detector? For general listening, the selectable sideband PLL detector is
excellent. But for DXing, the PLL may not be the best choice. Their tendency to un-lock with weak
signals makes them difficult if not impossible to use. A synchronous detector that only extracts
the original carrier for detection will out perform the PLL under weak signal conditions.

The radio enthusiast should be aware of the various types of synchronous detection

available, especially if planning to purchase a new receiver or any other device that offers
synchronous detection. Remember, not all synchronous detectors are the same!
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A REVIEW OF THE KENWOOD R-5000

By Don Moore
With Technical Comments by Kent Willis

Why choose a Kenwood R-5000? Among the three current top-of-the-line communications receivers (ICOM
R-71A, JRC NRD-525, and the R-5000), the Kenwood seems to be the least used by North American DXers, if DX
club contributors lists are any indication. Two years ago, when I realized I would soon be financially able to buy a
replacement for my hardy FRG-7, I decided to carefully look over the three choices. Whichever I chose would be
my main receiver for at least five or six years. I quickly dropped the ICOM from consideration when ICOM had to
drop passband tuning from the receiver. Of the remaining two, I tried each of them out in showroom conditions,
and pored over everything I could find on them, especially Larry Magne’s White Papers. Principally based on
Magne’s writings, I came to the conclusion that, with their own relative pluses and minuses, the R-5000 and NRD-
525 were equal as DX receivers. The Kenwood, however, had two important advantages. First, it was reputed to
have superb audio quality. Secondly, the stock model was $350 cheaper than the NRD-525.

After moving and settling into a new home in Michigan, I finally got the receiver in August, 1989. Since then, I've
given it almost a year of very heavy use. Dual VFOs, memories, and stable easy-to-use ECSSB reception (that
doesn’t offset frequency when switching between USB/LSB) have revolutionized my DXing, and added a lot of
stations to my totals. The excellent audio has made listening to DX more enjoyable than ever before. The R-5000
is not perfect, but its drawbacks are minor. In short, I believe I chose the right receiver for me, and I believe more
DXers should consider it when purchasing a top-notch communications rig. So, let’s take a in-depth look at the
R-5000.

SOME BASIC OBSERVATIONS

In my view, the R-5000’s crisp and clean audio section is its shining star. After all, it doesn’t matter what the rest of
the receiver does if the end product isn't easy to understand—especially when trying to pick out IDs in foreign
languages. There is practically no hiss or other background noise like so many other receivers I've tried. I like the
R-5000 audio so much, that I still haven’t gotten around to hooking it up to my graphic equalizer. Still, it wouldn’t
be a bad idea, since Kenwood neglected to put a tone control on the R-5000. There is an audio notch filter deep
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enough to eliminate most hets. The notch helps in pulling weak signal audio out of the mud.

The R-5000 is a very sensitive receiver; I have been impressed with how well it handles weak signals. When
sharing tips via phone with other DXers, I have been amazed at how much better I am hearing a particular station.
What’s more, the audio section makes weak signals readable. If no major QRM/QRN is present, an S-1 signal can
be made 50-60% readable with a little tweaking of the controls. That has helped me ID a number of otherwise
hopelessly weak signals, such as Latin harmonics and 100 milliwatt MedFER beacons on the 1600 khz band. For
example, last New Year’s Eve I was tuning through the 2 MHz band, looking for harmonics. There seemed to be
audio on 2060, but it was hard to tell with a ute just above the frequency. I was already on the 2.4 khz filter, so I
switched from AM to LSB. The interference was gone, but the signal was still a bit muddy. A little adjustment of
the notch filter and I could understand most of what the announcer was saying, despite a signal strength that barely
budged the S-meter. The station turned out to be the harmonic of an Ecuadorian MW station. I called up a DX
friend a few hundred miles away, and tuning in he agreed there was some sort of weak signal there, but couldn’t get
any usable audio out of it.

Like most modern communications receivers, sensitivity is intentionally reduced on the MW broadcast band. I find
that frustrating, since I live in a rural area without nearby high power stations. Overall MW reception seems weak
when using a wire antenna, such as a beverage. I believe that some firms modify the R-5000 so that the better SW
sensitivity also works on MW. I will eventually have that done. At least in rural locations, the receiver’s three step
attentuator should be adequate for any overloading problems.

“Excellent sensitivity is maintained through very low noise design. A review of the complete
schematic indicates very careful selection of all discrete semiconductors, especially diodes, and
FETs. The RF amplifier, mixer preamplifier, first mixer, mixer postamplifier, and voltage
controlled oscillators (which provide inputs to the mixer from the VFO) use only low-noise FETs
as opposed to ordinary bipolar junction transistors. Front end selectivity is achieved through a
parallel combination of 10 separate bandpass filters which greatly reduce overloading. For a
given frequency range, the design of the bandpass filters permit only a minimal amount of out of
band signal energy from reaching the RF amplifier, maintaining the high overall image rejection.

“Don has mentioned the intentionally reduced AM sensitivity for the BCB, listed as less than 32
microvolts for the 500 khz to 1.8 MHz range in most advertising literature (the service manual
claims 16 microvolts). Many solid state receivers have difficulty handling bonecrushing AM
BCB signals which are often present when listeners live near 50 kw transmitters. Reducing
sensitivity certainly will help to prevent overloading, but there is much more to strong signal
handling capability than sensitivity reduction. The 10 to 30 dB attenuator should prevent
overloading under virtually all conditions. ” (Willis)

TUNING

There are several ways to tune the R-5000. First, there is the old-fashioned “big round knob” in the center, which I
use most of the time. It has a good smooth “feel” to it, and the “drag” is easily adjusted. There are dual VFOs,
chosen by an “A/B” button. An “A=B” button makes it easy to temporarily save a frequency while checking on
something else. Readout is to the nearest 10 Hz, but is varied by a “step” control. With the step control on, the
receiver tunes in 100 Hz increments in AM, SSB, & CW at about 50 kHz per dial revolution. With step off, it tunes
in 1 kHz increments in AM at 20kHz per revolution and 10 Hz ones in SSB/CW at 10kHz per revolution. Because
tuning is via digital steps, it is not possible to tune any finer than within 10 Hz. Generally I keep step on, unless
fine-tuning in SSB. In AM, I find the 20 kHz per revolution tuning rate to be annoyingly slow when tuning in 1
kHz increments. If the dial is spun fast enough (3 revolutions per second according to Kenwood) the tuning rate
will increase geometrically in accordance to dial rotation speed. I'm not sure if it’s possible turn the knob that fast,
since it lacks a finger dimple. Fast tuning up and down the band is also accomplished by plus/minus 1 MHz
slewing buttons, which may be held down until the desired MHz frequency is reached. Sometimes I wish that were
switchable to plus/minus 100 kHz, but I know of no receivers which offer that feature.

Tuning may also be accomplished by direct keypad entry. The multi-function keypad serves for direct frequency
entry, and as push buttons for mode change and antenna choice. The default position is for mode and antennas,
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which means before entering a frequency, one must push the “ent” button, telling the receiver that modes are not
being switched. In practice, this is simple, quickly learned, and no problem. The R-5000 keypad is, however,
annoying in two ways. First, initial zeros must be entered. For example, to keypad tune 4975 kHz, one must hit
“Ent-0-4-9-7-5-0-0". Trailing zeros do not need to be entered, if one rehits the enter button instead, e.g. “Ent-0-4-9-
7-5-Ent”. When I want to go from 60 to 90 meters, I usually hit “Ent-0-3-3-Ent” for 3300 khz. With keypad entry
to the nearest 10Hz, I see why all these extra zeros are necessary. If the R-5000 used a floating decimal, like Sony
receivers, I would complain about having to punch in the trailing two zeros after the decimal point. However, I
think everything would be simpler and just as useful if keypad tuning was with a floating decimal, but only to the
nearest 1 kHz. Anything finer than that is easily done by hand. The second annoyance of the keypad is the
arrangement of the numbers in a “2x5” bank. That is, there is a row of keys numbered 1-5 over a row of keys
numbered 6-0. Punching in a frequency like 2060 or 4607 Khz requires a lot of back and forth finger movement.
This arrangement seems to be harder to learn than the more standard 3x3+1. I still can’t accurately punch in a
frequency without looking at the keypad. Still, despite these annoyances, I find keypad entry useful and usable in
checking out specific frequencies. Also, when going from 5 to 15 MHz, it is a lot faster than using the slew buttons.

The keypad is also used in setting and selecting the R-5000’s 100 memory channels. This is less than some other
receivers, but I have yet to need them all. I use about 50 for DX frequencies, about 20 for working memories, and a
few for WWV and RCL. Each channel saves the exact frequency, mode, and antenna choice. To use a memory
channel, first the “VFO/M” button is pushed. This switches the receiver from the current VFO to whatever the last
memory channel used was. Pushing it again will bring back the VFO.

Once in memory mode, memory channels are easily selected by one of three methods. To get to a specific channel,
the actual memory number, e.g. 54, may be entered in the keypad. Alternatively, the entire memory bank, or a
portion of it, may be “tuned” by tuming the main tuning knob. Similarly, in memory mode the 1 MHz up/down
slewing buttons instead tune up and down through the memory channels. Either method is very useful for quickly
checking out a select group of scattered frequencies. For example, I keep a number of evening Bolivian frequencies
in the 50s range, and a sample group of Indos in the 40s range. It is also possible to use either of these methods to
scroll through the memories while listening to something else via the VFO circuit. As Larry Magne points out in his
review, the R-5000’s memories are not tunable. However, that is no big deal. They become tunable by pushing the
M>V button which transfers the memory data to the current VFO, switching to VFO mode at the same time. I use
that method a lot of times to get to 60 meters, going via my SMHz WWV memory.

The R-5000 has a scanning function, which can either scan preset banks of ten memory channels or a set range of
frequencies. Although scanning is generally not useful on SW, I thought it might be nice in listening to 2 MHz
Coast Guard channels, where stations go on and off a lot like VHF/UHF stations. However, the scanner stops at
each scanned channel for a full 5 seconds, taking almost a minute to go through a bank of 10 memories. A quick
message can take less than half that ime. When a station is encountered, scan still automatically goes on at the end
of five seconds. Universal offers a carrier option that will allow the scanner to stop on a frequency when a station is
heard, but I don’t believe it will speed up the scanner. I didn’t get the option because it requires use of the dimmer
switch, which I wanted to keep. Perhaps the modification could use the nearby voice switch instead (unless the
optional voice synthesizer unit is added).

SELECTIVITY

The stock R-5000 comes with two filters, a 6 khz AM filter and a 2.4 khz “wide” SSB/“narrow” AM filter, and
accomodates a total of four. According to Magne, the wide filter’s skirt selectivity is “disgraceful”, while the
narrow one is quite good. Kenwood offers two optional voice bandwidth filters, at 6 kHz and 1.8 kHz for “narrow”
SSB and AM, as well as several very narrow CW filters. Universal (and maybe some other dealers) offers an
optional 4 khz filter. According to Magne, these are good to excellent. What really gladens the heart of the DXer is
that all filters are individually selectable in any mode. No being forced to use SSB in order to use a narrow filter,
Alternately, the filters may be switched to “auto”, which automatically uses the wide filter for AM, the 2.4 kHz for
SSB, and any narrower one for CW.

“One of the most impressive features of the R-5000 is the IF filter circuitry. Many receivers with
multiple bandwidth selection have a parallel filter arrangement. After passing through a mixer,
the signal at the IF frequency enters only the selected filter of the desired bandwidth without
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passing through any other wider or narrower filters. In contrast, the R-5000 employs a series
(cascaded) filter arrangement. For example, if we have selected the 2.4 khz bandwidth, the mixer
output signal would have first passed through the 6 khz filter. The wider filter(s) ahead of the
final selected filter passes the signal with essentially no attentuation. This “prefiltering”
introduces a negligible time delay, but no other undesirable side effects. The advantage of such a
scheme is increased attentuation of inteference outside of the selected filter passband. This is how
Kenwood achieves the very high guaranteed minimum attentuation of 80 dB, for example, within
about 10 khz of the received frequency with the optional YK-88A-1 6 khz AM filter. With a little
circuit board “chop and swap” and manipulation of some programming jumper wires, just about
any cascaded filter combination is possible.

“No mechanical AM filters are available for the Kenwood because of the very high and unique
second IF frequency of 8.830 MHz. Communication receivers that either contain or
accommodate mechanical filters use a 500 khz or lower (typically 455 khz) last IF frequency.
There are no mechanical filters for such high frequencies. Mechanical filtes with a center
frequency higher than about 1 MHz can not be produced with existing technology.” (Willis)

When I purchased my R-5000, I hoped to get the stock wide filter replaced with Kenwood’s 6 khz filter, and add the
4 khz and 1.8 khz filters to fill in the four slots. Unfortunately, because of the technical arrangement of the filters, at
that time Universal could not put in both the 6 khz and 4 khz filters. Each could only go in the emptied 6 khz slot.
Being primarily a DXer, I choose the narrow 4 khz filter, leaving me with three selectivity options. The 6 khz filter
would probably have been better for general SWL use. Iam glad I choose the 4 khz filter. I was worried that it
would be too narrow to adequately appreciate the Kenwood’s superb audio quality in the general listening that I do.
To the contrary, it is as pleasant to listen to as is my Sony. Moreover, because it is relatively narrow, it is usuable in
real DX situations. Even listening to very weak signals is enjoyable, if they arefree enough of QRM to use this
filter. The 4 khz filter is a good choice for the serious DXer who doesn’t do a lot of SWLing. Still, I'm sure the 6
khz filter would be better yet for general listening, and wish I had been able to add it. Universal has recently been
supplied with some new technical data, showing how both the 6 khz and 4 khz filters could be added. Iknow they
have done this to at least one receiver.

The 2.4 khz filter does a great job of eliminating nearby QRM. With it, I can listen to Radio Reloj on 4832 with
hardly a trace of QRM from Tachira on 4830 and Tezulutlan on 4835. What’s more, the audio quality is still
pleasant to listen to, and very understandable. The 1.8 khz filter performs similarly well. However, in my opinion,
it is redundant. The differance between it and the 2.4 filter is minimal. What is gained in selectivity is lost in the
less listenable narrower audio bandwidth. In seven months of use, I have found only one or two cases of SWBC
DX where the 1.8 khz filter made a significant positive differance over the 2.4 khz one. I'm so hardboiled that I
don’t believe that’s worth eighty bucks. Even in SSB ute DXing, I haven’t found the 1.9 khz filter particularly
useful. I wish now that I would have gotten a CW filter instead.

In sum, the best arrangement would be to replace the stock 6 khz filter with the optional 6 khz one, and add a 4 khz
filter. Serious DXers who want to keep the cost down a bit, could consider just getting the 4 khz filter. Those with
an interest in CW may want a narrow CW filter.

“Pass-band tuning is accomplished through circuitry which permits shifting of the IF passband
approximately +/- 1 khz without changing receiver center frequency. The fact that you can shift
the IF passband by almost 2 khz with rapid attentuation is proof of the very steep skirt of the
overall IF passband fltering circuit. The audio response will also shift from a highpass to lowpass
mode as this control is rotated. Unfortunately the stock model does not permit using this very
powerful inteference reducing technique in the AM or FM modes. Of course, utility and SWBC
DXers who use ECSSB techniques will love this feature. ” (Willis)

CONTROLS AND MORE

When Theresa first saw my new R-5000 unpacked and setting on my desk, her first comment was “Oh, it’s cute!”
She always thought my large, clunky, utilitarian FRG-7 was ugly. The bright display colors and compact size may
give the R-5000 a certain cuteness, but that doesn’t mean it’s not solidly built. Not only does it “feel” solid, but
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Universal told me that, excluding non-receiver fault problems like power surges, they get fewer R-5000s back for
repairs than anything else they sell.

“The mechanical packaging is impressive. It contains separate removable and replaceable printed
circuit board subassemblies for each of the major units including the RF, IF, PLL and switching
control modules. Such a design simplifies fault isolation and repair and contributes to the very
high degree of reliability attested to by several major SW equipment dealers. Consequently,
malfunctions should be few, but when they do occur, repair costs will be reasonable. ” (Willis)

Unfortunately, that solidly-built compact size also contributes to the R-5000’s most serious drawback: most of the
controls are small and closely spaced together. I have long narrow fingers, yet still occasionally hit the wrong
button, or grab the wrong ring on the two-function concentric knobs. DXers with large “ham” hands may well want
to try out an R-5000 before purchase. But, one can’t complain about the convenience of what all these fancy
buttons and knobs do.

Under the frequency display there is a series of small lights which indicate whether various functions, such as the
notch filter, are being used. These are very useful in remembering to turn off or switch functions. One of my little
pet peeves with the R-5000, however, is that there is no indicator light to remind the user when the IF shift is
engaged. Thus, after using it to flush out some rare DX, I frequently go about bandscanning with the IF shift off
center.

The R-5000 comes with two adjustable noise-blankers. The first one is for pulse noises, such as ignition. I
occasionally get a pulse-type noise on the tropical bands in the evening from a neighbor. I push the button and it’s
gone. I've never even had to adjust it. The second noise-blanker is for dealing with the “woodpecker”. I haven’t
yet had to try this one, since I do most of my listening in the tropical bands. The R-5000 includes a clock, or
actually two clocks which share the same display. The two clocks are chosen via a slide switch; a third position is
“off”, with no clock displayed. Unlike, for example, the NRD-525, the clock does not share display with the
frequency. If the receiver is turned off, the clock is still displayed until either the clock is switched off or the
receiver unplugged. On the negative side, the clock, however, does not display seconds. Clock one can be used to
turn both the receiver and an outboard taperecorder on and off. I have yet to use this function, but believe it will
only control a taperecorder via the DC remote control jack, unlike, for example the old FRG-7000 that controled via
the AC plug. This makes it impossible to remote record with a stereo tape deck.

When the receiver is unplugged, the clock and memory channels are kept alive by a built-in rechargeable NiCad
battery. Kenwood says a full charge should last about ten days. A fanatic about lightning protection, I normally
unplug the receiver when not in use, yet I have had no problem in keeping the charge up. The receiver even kept its
charge despite being unplugged for a month while I was out of the country. Note that the acutal software that runs
the receiver is permanent, so no worries like with the ICOM R-71A!

Two seperate antenna hookups on the rear allow for some antenna flexibility. Hookup one is a coax jack for a
balanced input. Hookup two allows either a 50 or 500 Ohm unbalanced hookup. I connect various outdoor
antennas via a B&W switch to the coax input, and my ferrite loop to the unbalanced connection. Antennas are
switched via two of the keypad buttons. There are two dial indicator lights which display which is currently in use.
There are jacks on the front panel for headphones (1/4”) and a taperecorder (1/8”). The tape level is just right for
both my cheapo Radio Shack recorder and my old Technics cassette deck. There is a 1/8” jack on the rear of the
receiver for attaching a seperate speaker. The inboard speaker is in the top of the receiver, so sounds a bit muffled,
especialy with a shelf just three inches above it. Kenwood sells an optional speaker, but I bought a Radio Shack
Miinimus-7 on sale, which sounds fine.

“I use an external speaker with an Autek QF-1A audio filer. The QF-1A is used to satisfy the
minimum power input requirements of my Realistic Minimus-3.5 speaker as well as compensate
somewhat for the different frequency response of my external speaker. The optional matching
speaker for the R-5000 has only one advantage in my opinion. It matches. In my opinion, it
sounds worse than the internal top-mounted speaker and isn’t worth $65. I recommend an
external high efficiency speaker with good mid and high frequency response. The R-5000 can
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supply approximately 1.5 watts into a nominal 8 ohm load, but you could connect anything with a
4 to 16 ohm impedance with a corresponding power loss due to the impedance mismatch. The
compact size, top mounted speaker, optional under dash mounting bracket and 12 VDC input
capability all indicate the R-5000 is well suited for mobile applications.” (Willis)

Optional RS-232C interfaces are available for connections between the R-5000 and a personal computer. Several
companies offer software control programs designed for IBM-PC/compatible machines as well as Apple Macintosh
computers which can control the receiver.

Finally, the R-5000 comes with a detailed manual that clearly explains everything there is to know about operating
the receiver. I believe in reading and following the instructions on anything I buy, and have high standards on how
an instruction manual should teach the reader. The R-5000 manual is the only set of instructions that I’ve seen in
years where I haven’t ended up cussing out the writers. Kenwood should give classes in instruction writing to other
companies!

CONCLUSION

The R-5000 is a good choice for the serious DXer, especially if he/she also wants to enjoy great audio. I enjoy
listening to it so much, that I probably spend more time DXing than I would otherwise. A new R-5000 is a bargain
for about $1000 with two added filters. Anyone looking for a new receiver and who expects value for their money
should give the R-5000 strong consideration.
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MODIFYING THE SONY ICF-2010/2001D

A Compendium

Gordon Darling

THE ULTIMATE PORTABLE?

When I first started IKing, mery more years ago than I care to remarber, second hand (usually Wi2
surplus) equipment was the order of the day. IKirg on holiday or while lazing on the beach was
impossible. The equipment was hulky, ran fram hefty mains power supplies ad had inaccurate
analoge frequency readout. In short, it was neither easy to use mor portable. However in the
seventies things began to change for the better. This ''change' was the gradml availability of
reasanably portable receivers and, if mot digital, at least acaurate analogue frequency readout.
Tre Barlowiiadley XR-30 (released 1972) and the SONY ICF-5000W (1979) are obvious exanmples of
this first geeratin of quality portsbles. The next development was the affordsble, true
digital-readout portable receiver the SINY IGF-2001. Simce then other manufacturers have followed
INY's lead, same with rotably less success than others. Late in 1984 SOW released the IGF-2001D
(¢ IF-2010 in the S market). In same respects this portsble was a quantum leap ahead in
consumer techrology with its synchronous detection and other advanced features. Been mow, six
years after its release, the I(F-2001D has very little campetition. Not even Grundig's Satellit
500 is threateming SIW's miche in the market. With mimimal carpetition fram rival manufacturers
W has virtually no incentive to hrirg out a replacament and both SINY Australia and SONY Japen
dery a replacament for the IF-200D is in the pipelire. So, we are stck at least for the
immediate fuhre with the IF-2001D as THE portable of choice far serious SWL or K use. Despite
its reprtation as the best in its class the IF-2001D has meny shortoamirgs. This article hopes
toacﬂreassareof&nsednrtcmﬁrgs, Sipgest improvements, and attermpt to attain the 'ultimate
portable’.

Rr17. 1



IMPROVEMENT AREAS

mordermp:adde&emstmeﬁﬂirfmmﬁminmeasﬂymeablefmitmsdecizbdm
bresk the modifications/inprovements to the ICGF-2001D down into sections. These fall into the
ratural categories of Adio stage, Antema/RF stages, IF/Mixer/Selectivity stages, power
supply, ad miscellaneous hints. However, a WARNING before proceeding. SONY used a mix of
_discrete carponents, QT ard ISI components on doble sided printed circuit boards in the
constrction of this receiver. IF YOU DON'T KNOW WHAT YOU ARE DOING DON'T EVEN TRY. Having said
that, many of the followirg tips/hints require little tecriical knowledge. But don't atterpt ay
mdiﬁcatimifymammts.meofyarabﬂitis,adbearinnﬁrdﬂatmyofﬂe
mdifications will woid your warranty. For a large number of the modifications detailed below
access to the full SOV service mangl is essential, SOV part # 9-951-647-12 including update
# S1-647-91.

POWER SUPPLY

The bgicalpla:emstartvd&laypzrtableisﬂepmers;plys&ﬁmaﬂm'sbattay
arrangaments far the IGF-2001D have certainly attracted criticism.
a). The memxy batteries are a majar bone of contention becase of the tendercy of the receiver
marbitarilyvﬁpe&enmmis,dmkadﬁmratmmtsofmstﬁmmiene.hmb]m
adssfm&estadadsagajmtv&ﬁdﬂnttaisaemmtsi.hECsp&iﬁcaﬁmform
batteries does mot specify physical size in absolute temms but in temms of maximm and minimm
limits as to lergth, diameter, etc. As a consequerce sate M cells (TEC R6) are slightly larger
than others. The batteries specified by SOW Bveready # 1015 are, for exanple, slightly larger
in diameter than Mallary cells. Therefore sare batteries sit more sngly in the battery
than other bramds. The problem of memory loss is camsed by movement of the
batteries within the campartment casing moise on the memry supply rail, rather then actual
'flgsljmcgmm&emnymrpamts. Now, there are various solutions to the problem as
?

i) Simplest are is to wrap tape aroud the mamry batteries to increase their diameter ard
ensure a tight fit in the battery compartment. Al&a@mtatotalare, this technique
considerably redices the nunber of times that 'memory wipe' ocowrs.

ii) An altemative is to hardwire a LITHIIM memory beck=up cell into the memry battery
campartment. Bear in mind that nomel A cells (IEC B6) are 1.5 volts exch. Lithium cells are
rmﬁm]lyaru.rdBvoltspercellsomlycrebattexyismﬁmd.As.ﬁtab]elithiunce]lis
ﬁ'eRadiosmrsAAsiza:l]iﬁﬁuncdlvtﬁchisfittaivdmsoldertags(mrt#592-313). Note
that Lithium cells, unlike Nickel-Cadmiim cells, are rot nommelly rechargesble. Be careful to
observe correct polarity vhen installing the battery. Lithium cells have a very lag shelf life
ard in conditions of low arrent drain (as in this application) effective life is also very
lorg.

i1i) A third possibility is to back up the nomel AA memxy cells with a high valie, low
woltage electrolytic capacitor. Fim Ritz Jorgensen in a contribition to DBKI (Ref 1)
indicated he had used a 2000F 10WC electrolytic capecitor to provide backip (and same
smoothing of the moise an the suply rail) for the A memory cells. The capacitar mst have
both leads on the same ed (ie: mtma:dallezlaicq:a:ita:).'ﬂelezhcmbeectaﬂedwim
with "Sperglie’’ or similar. The positive wire is camected to the positive tag on the right
Mﬂaﬂofﬂemnrylntterywrparmmt.h@dveleaigoesm&emestmﬁmtw
graxd lard. I have also used a 10,000 6VIC electrolytic suecesfully and my own IGF-2001D is

allow charging of the mamxy batteries with mo loss of the mamxy contents. With the ane Farad
electrolytic, the ICF-2001D will nn far over ten minutes with the batteries removed before the
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is lost. Similar large valte electrolytics are available fram Meplin Electronics (see
Saurces). A are farad 5.5VC electrolytic (42x32.5x15m) part # FA2C is available at £:%. A
peb mounted one Farad electrolytic (8x2L.5m dia) is available as pert # JRO8 at £3:9.

b)'ﬂ'enajna.mea:s.;plysemstobe]ssofapxoblanﬁmﬂ'enmnrybackms.gﬂy,b.xt
Same caments are neECessary.

i) It should be moted that in a receiver costing close to $400 SINY chose to save 10¢ an a
p:owcdmdiahfw&eactamlmhpxmcket.&tamlpama{plyrwasalmucase&e
ICF-2001D to suffer severe intemal pains of a terminal nature! This is mot a problem in most
aress as SN's on power syply is available with the receiver. In the Australian market,
hmaseoflmalaergysmlyaﬂmity@ﬂ&das,&el@-mmsommﬁmtmm
power supply. Far the benefit of Australimn (and New Zealad) Sds and [Kers, there are far
vasiasofmdiﬁamtpm?ra@hsmﬂable.hagxqﬁateaeworderis'%dapwr,

J’i)Ifymtseapa»ars.g)lyotherﬂ'mm’sywmstasre&'at&emirmtphgtoﬂ’e
receiverisnegativetip.'Ileeasistvayto;xotectﬂ'eI(F-MDistofitap:otectimdiode
m&e&ﬁpﬁsodetwiﬂﬁn&emca’.ver.Aaeatprateddiode,or}ﬁger, soldered across
ﬂeam:qﬁatepointsm&ejxkboard(seerdevatp%sm&emmml)wlp:wi@
"erovber’' protection against power suply reversal. Effectively the diode does rothing when a
Ms;plyof&ecormctmhrityismted.kbeva:&ediodemmadealém
c:i.ru.tittoareversedpwers.n;ply.']l'lisnﬁgttmtcbt}epmers.mlyanygoodatallb.ltit
will protect the IGF-2001D!

iii) &NY'sampafa:s.mlyfarﬂ'eICF-ZDlDismtr%tﬂateiadinfa:tﬂ'emceivervﬁJl
}ag)ilyrmmS.Swltschﬁg}evdﬂntdamgedspite&ermﬁmla.Swltm;ﬁmmt. I
Pavemnyaml@-mmmmlroﬂsm&masolarpadﬂﬁdlpnddsarmﬁmlr@ﬂabsd
6 wolt (in fact nearer 5.8 wolts). The solar panel used is a flexible unit that looks rather like
afo.rrlrgbi:da:.Wmmfolcklitnaasmﬁ]/ZxQS/g'aﬁisles&myS"ﬂ'ﬁck.'ﬂ'e
wnit cames with a smll regulatar ad provides a regulated 6, 9 ar 12V at wp to 400M in full
snlight. Bren with half the wnit covered it still powers the ICF-2001D quite happily. The unit
isec&smlyweﬁﬂfmﬂﬁrgm&ebaaﬁaatapoolsichhrba:efx&nseﬁnﬁvemsny
climes ad wish to save on battery costs. The wunit is a "'Sin Pal 105" ad further infomation can
be obtained fran Sovarics (see Sources).

iv)’ﬂ'eoa'sa's.sofﬂ'nsel'veta]ledtois&at,inmmall.se,A]leljneDceJls(]ICRZ))are
far more cost effective then ardinary zinc-carbon D cells. On a trip roud SE Asia in Dec/Jan
88/89 I used my ICF-2001D heavily an a daily besis through 7 cantries over 17 days. The alkaline
Dceﬂsve:efittaimnat&ebegﬁrﬁ:gof&euﬁpadsﬁllhstaifm‘mdsafm
dspiteveryl'eavytse.Asmaltenativeymnﬁ@t]iletowside:bﬁdel—@rﬁun(’ﬁi—@')
cells. Jdn Albert (WASFVP) in Momitoring Times (Ref 2) describes the use of re-chargesble
l\ﬁcads.'n'ep:oblenwimbﬁ:aisis&atmeyaﬂ.yp:cd.nel.wra&er&m&el.Wof
Zim-Carbmcells.'Hmeebﬁcaisactlnptoaﬂy&eraﬂm&mﬂ‘e&SVonim—Caﬁmceﬂs.
hicap distart at 3.3V aproximately which means that the Nicads are
i ine. Jam used two ardinary C cell size Nicads and two
cells fit sngly into the main battery carpartment
samre overall lergth as three D cells. Jdm also describes in
msardde&ezﬁiﬁmofadargasodetm&elﬂ‘-mwpmdtdnrgirgﬂebhadsmm
a WV adaptor. O'argirgcmtakeplaceoxmﬂgitorvtﬁlstﬂerxﬁoismﬁ:gofﬂ'emal
@cta:rala.Smeeragply.ﬁepartsoo.ntfor&edarga:mdiﬁcatimisnﬁrﬁnalh;titdas

i inet surgery to or the effectiveness of this
mﬁimﬂamdiﬁmﬁm.Afterreaﬁrngn'sarddeIfittaibﬁcaisaddﬂrgahpmwwam
ICF-2001D ad have mot had to purchase batteries since! Jdn has indicated he can answer
mﬂﬁshtplaaseaclmemﬂmpxtageaﬂarespasemymtbeﬂmeﬂiatedemmres
fran other projects. For Rropean owners of the ICGF-2001D Maplin Electronics (see Saurces) also

:
c)
g
:
;
:
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stock"st'styleNicais.ﬁseoe]lsaret@ed(al&n.gh&etgscmbermmed)arﬂare
mtadedfa'nndelradio-cmuolprposa.ﬂeymeAthg(CcensamSmeDcdlsare
6lm). So, tiree D cells are 183m in lergth at 4.5V nominal, vhereas two x C cells plus two x
stce]JsarelS(mnlorgat&Serﬂnal.Partnnba:ofﬂ'ese"x'ceJls(\hidlisvi'ntb'hp]jn
call them) is JF98G ad cost is £2:45 each.

AUDIO PERFORMANCE
In vhat amunts to a fairly sophisticated (ard expensive) partable, SONY didn't get things right
as far as the axio performence. Carplaints have surfaced about the IF-200ID's adio",

adio distortion ad low level tape cutput amrg others. Certainly SONY hasn't been able to
Ixodmapormb]em&ﬁsmmmgewim&eld:dofadioasmdabadwim&utﬁgpodnts,
dspiteS(NY'sp:umtra:kra:ordinPﬁ-Ficamrerelechmics.

i)'Delmls/elmtpmfmt@irgsearsmbeacmmmmlajntwi&mmstSZNYMFWSJ
mrtablsaﬂsearsmbeadeljba:atechsiglploy. It would appear that the output level and
i is desi to interface with the micro jmut of SNWY's portable cassette
recorders. Certaﬁﬂy&el(F—ZDlD'stapeamthp:mxBarearperfectm@m&euﬁaoﬂne
input on SW's sami-professi TM-500EV cassette recarder. Dale Wagner also motes that the

ICF—ZI)]DtapeaJthtp:od.nesamrd3.itﬁintoalﬁghinpaia'ce(():et\gdm)loedfora- )
Msigalmdﬂataiatﬁ)%wiﬁall&h&e.&mtdmﬁﬁxgmtrjxgs&ﬁsladlpmm
V. You'll have to experiment with resistor values to fird a good imput level match to the
parﬁaﬂartapereccrde:yma:emirg.misaverysm]lsrf&emntrsiswrm&e
actrme]eftkardsideofﬁenainhmdaﬂisa:caﬁblem&mtmja:djsrmdjrgof&e
receiver. Steve Whitt (Ref. 9) Suggests redicing RX0 to 10 Kildms fram the ariginal 18 Kildms,
adﬁuasﬁgRZ)lmZJM&unﬂEQigirdlKﬂdmmislwatedimaﬁamlybelm
mm&enainmadisdmaaﬁmenantw.mgmmlp:Mdeabetta
impedarce match to a cassette recorder line irput.

el viiile the other syrc/stereo chamel cauld e fed to a sall mro arplifier and spesker
carbination. Ircidentally, has ayore ay infamation an the syrchromous-detection (X587 IC (eg:
a data sheet) with infamation an sigals available (if any) an the uused pins?

iii) &ﬂﬂe&emdm&eapaSagemATS—&BAﬂeIQ‘Mchesmtmﬁrhster&kmdﬁm
alq:JthMdﬁdiismmforumtemndssiminamceiverof&ﬁsp:ice.Weﬂer&e
reu:ofittirgofaEMstereoaxmmisreallymr&ﬁﬁleiSLpto&eirdividal.Il'aved:nesme
@cpaﬁnmtatimtsirgabhﬁnalSemmﬁnwrslMl&DHLFMStermDamdﬂatcr(Ref. 3) vhich
requires yafenadditjaalparts(seebiag:ancm). I'm ot sure it is worth the time and
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DIAGRAM ONE

iv) S provided very camrehensive timer facilities to allow tapirg of yor favaurite IX
programe, but the ICF-2001D has mo facility far remtely switching a tape recarder. This is
ot a;xddsnfbrneas1mraﬁ1FJ+31EV<2ssaxe:nramhrtas\KX<;enniz1aqnhﬂitks.]h
addition I dn't like leavirg a cassette recorder in the recard position for long periods of
time. If the recorder's pinch wheel is left pressed against the tape cagpstan it can case
evential damge to the pinch wheel. So, remwte switching is mot an area that I hawe
irvestigated. Others have though, as follows;

A) Qrrent sensing. The circuit in Diagram Two was used by Leo Barr (Ref. 4) for remte
switching a cassette recorder with a Sangean ATS-803A. The cirauit is designed to sense the
wﬂuggdnpcfeaZSV(nnmxﬂ)emznnlpaersqphlﬁrncmnmntisdnmn.Khzn&eAm}axk
switches an the arrent dran camses a voltage drop across DI ad 2 switching on TR1, the
BCI08 transistor then switches the relay (a 5 volt relay in this circuit). This circuit can be
modified for use with a SOV extermal power supply ad an appropriately lower voltage Zener
dkﬂeenﬂréby.Driinuﬂy,theUSeqﬁwﬂamcfiheBCKBistheZNB&»m:ZQZQ.Thlghas
Nkklkﬂl&hnixpa&tscuusaqlsmﬂlshgalNHQtnzsﬁﬂnrvdllwm&:ﬁ1&ﬁscﬁmun;
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o4t To radio D1/D2 1N4001
DY~
3 R
1 TR2
R 2 %
Ov To radio 3
Rly contacts

_L to T/Recorder
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f
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B) Direct switching. The cirauit used by Michael 1aba from New Zealard is probebly the simplest
form of remte tape recorder control possible far the IGF-2001D. The anly camponents required
are a reed switch, a coil ad phgs/leads for camections. Micheel canstrcted a coil roud the
reed switch by "pile'" windirg aproximately 150 tums of 35 swg enamelled copper wire on the
middle of the read switch, which gave a nominal DC resistarce far the coil of 3 Gms. The coil
is comected in series with the ICF-2001D's extermal power supply. When the IGF-2001D's timer
switches an the arrent through the coil (and the megretic field so prodced) is sufficient to
operate the read relay contacts. The reed relay contacts are then used to switch the tape
recorder. The wnit Micheel huilt was mounted inside a smell 400m x 30m x 15m plastic box with
the necessary wander leads add a plg to fead the ICF-200ID's IC imput socket. The unit hes
worked succesfully for three years with mo problems. Saretimes the sinplest ideas are the best!
Michael mekes the point that this cirauit should only be used to switch low DC voltages and NOT
mains arrent. Leo Barr (item A sbove) also makes the point in his article that meny cassette
recorders, vhen switched to standby, only discomect the cassette motor and not the rest of the
recorder's electronics. leaving yarr cassette recorder an standby for hours to record IX in the
middle of the night may drain the batteries even though the cassette motar is not rumirg.

C) Tre easiest approach of all. For those who dislike soldering irons, the simplest way is to
huy it pre-fahricated. Saul Berger of Soltramic, famerly the Solar Light (o., maufactures a
cassette controller called the @C 2020. The cost is around $37:50 ad Soltromics address is
listed in the Sources list at the end of this article. The principle, which seams to be aurrent
sensing, is similar to above ideas in temms of the comections required. The information in
Diagram 3 should be self explamatory. Saul advises that (C 2020 can also be used with Sagemn
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DIAGRAM THREE

v) Now, a look at the headrhones output. The headphone autput socket an the IGF-2000D is a
stereo socket hut wired for mom. As swch it can be usad with either stereo Walkmn style

ar with moro headphones. Bill Babb camented, that since he uses headphones almost
exclisively, the headphore socket terded to came adrift fram the printed cirauit board.
Hairline cracks mamifested themselves alorg the solder holding the socket to the board. The
socket is easily accessible an the jack board when the rear cover is removed. It's an easy job
to resolder the socket. In the Janary 1989 issue of "Mmitaring Times" a contributor, Dog
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Derius, suggested bypassirg the limiting resistor(s) to ide sufficient level to drive an
extermal speaker swch as the Grove SP100 "Soud ', These two resistors are marked as
ROL ad R o the SW circuit diagram. Ore is wired in each leg of the stereo socket and
are 47 s each. These two are surface mount camponents easily accesible an the jack board of
the ICF-2001D when the rear cover is remved.

vi) Finally, the overall question of the IF-200ID's adio "quality’’. One further altemative
is to bpass the AW axdio stages carpletely. A solution would be the Kiwa Electromics
Miltiberd AM Pickup (MAP) which picks up a receiver's IF signal (as lorg as its 455KE) ad
p:uddsﬁﬂlsymkmnsdeta:ﬁmaﬂaﬂiopmm@sﬁgf&iﬁdes.’ﬂeuﬁtisa@ﬂablefm
arard $30 (plus post & pecking) fram Kiva Electronics, %815 6lst South, Seattle, WA 3118,
Phore (207) 72-KR. Far an excellent review of this unit I would recomend the article by Gy
Atkins in the 1989 edition of Fine Tuning's Proceedings.

ANTENNA & RF STAGES

There are a number of problams with the antema input arrangements an the IF-2001D ad also
with the RF stages.

i) Firstly a word of warming for those contemplating buying an IGF-2001D fran an overseas
duty-free sarce. There are effectively five different versions of the 2010/2001D. The stardard
faniliar version appears as either the IF-20ID ar the IF-2010, has full uninternupted
coverage fran 150-29,99.9%4k, full BM coversge fram 761084k, provides airberd coverage ard
is fitted with USBLSB selection. Some models, with the same model rumbers, are supplied with
pamutations of the followirg, No airbad coverage, o USB/LSB switchirg, restricted
87.5-108M FM coverage, a gap in coverage at 285-530kk, ar coversge ending at 2,100k an
AM. If you buy oversess be cartios ad ask questions. That is o consolation for those stick
with a restricted coverage receiver becase of local regulations as in Gemay, Frawe or the
Middle East. Fortunately it is relatively easy to restore same of the missirg coverage. There
are far links on the keyboard printed cirauit, associated with diodes D511 ad D512, which
ﬁfﬁbitﬂesigalhnes&an&eand&l&'ﬂseﬁﬂsﬁiﬁbitfarseperateﬁmﬁas.l)
fram 285-530kEz, 2) Coverage of the Airbard, 3) Coverage fram 76-87.3k, and Coverage
fran 26,100-29,999.9¢k. All that is required to restore full FM coverage ar full AM coverage
ismmm&eq;xqﬁatesolcbrﬁﬂs.'nehnlsaemteasﬂyarasibleadcareful
dismentlirg of the receiver is required. If you have a restricted coverage versian of the
ICF-2001D it's probebly well worth the effort though. Restoration of the AIR berd is probebly
not econamical as the selection switch is missirg fram these versions alorg with a cowple of
dozen components. From the SN menwel it would seem that in same versions of the receiver
everythirg is installed for UB/LSB switching except the push buttons on the front parel - the
keyboa:dna&ixis&esarefwaﬂvasias.m:&nsevﬂhrgmuyamgayitdnﬂdbe
i to dismatle the receiver, drill holes in the appropriate positions, ad use a
matchstick ar similar to operate the USB/LSB switches on the keyboard matrix. Qerently the
chespest sources of duty-free IQF-200IDs are (in cheapest first order) Dubai or Abu Dhahi
airpwtdqs(urbrlﬂ&&)athﬁnﬁ);hstachn'sﬁﬁpldmt;ﬁm&ahim}hg
Kog; and the Pecple's Park in Sirgapore. For travellers in the Southern Hemisphere the
Astra]jmdlty-ﬁeemﬂetsin]ﬁsbaeadmmmearefairlygoodvalm(hxtymckn'tget
the power supply with the receiver).

ii) The ariginal version of the IOF-2001 had ro protection in front of the first RF transistor.
N learmt the lesson ard later serial numbers of the ICF-2001 had protection diodes fitted to
the irput of the first RF stage (a 25K107 JFET). That lesson was also transferred to the design
of the ICF-2001D. Protective double diodes D30% ard D305 are comected between the telescopic
antema and the first RF stage. BUT, wen an extermal antema is plugged in to the IF-2001D's
external anterma socket these diodes are removed from circuit! Assuming you use SNWY's mifty
little antema comectors the solution is sinple. Dicdes exhihit a "knee voltage" befare vhich
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they will rot comdct. So, beck to back diodes will mot affect the wesk RF signal you are

#276-1122 ard cost as 10 for $0.99. Both the two ad four dicde solution are shown in Diagram
Faur.

External antenna junction box

Jlug to
“radio F

L

DIAGRAM FOUR

iii) K, so you didn't have ay protection ad you had a beverage antema camected durirg
thurderstomm. What do you do if yau heve prematurely terminated the life of the imput JFET?
Lickily Q03 is easily acessible as it is located an the jack board and mot the main RCB.
However, be very careful when working an this board as it is very easy to break the thin wires
goi:gtoﬂ'efexritemdmtema.hZSGSZismttootmdtocmeWarﬂSNYwﬂla;ply
it. The problem with substitution is the low supply rail used by SN in this receiver. The
rail woltage of 3 wolts severely limits doice of replacament. Fim Ritz Jorgensen says he
ended wp usirg a dual-gate MSFET (a 40673). By comecting gate 2 directly to the drain of the
cbnce}eadsitpmma&meetemnmlmm&tfarbetternpm;xotamm&mthastock
2152, The 40673 has worked so well that Fim says he never bothered to install the 2K152 he
got from SINY later. Guy Atkins used a Motorola MFI02 JFET as a substitute. As Gy rotes the
MFFI(2 is available virtially worlwide. Fram Motarola's data sheets I would say that the MFPI2
is working virtually an the lower limit of its drain/saurce woltage arve with a 3 wolt rail
but Gy says it works just as well as the 2K152 ad sears to be less static sensitive. Other
substitutes/equivalents recamerded have been the BG312, J304 and 2N5951.

iv) Front erd overload. The ICF-2001D has a less than spectacular dynamic range when campared
with a receiver like the R71A, the NRDS25 ar the R¥00 hut it does cost a lot less. The
IGF-2001D, like amy portable, is designed to provide adequate sensitivity with its built in
antemas. Also ulike the ariginal IGF-2001, SINY's aurrent offering has mo badpass filtering
intl'efrmta'd.A]lRFsigalsfmnmtodayhgltag:ematd'egateoft}'efrmta'dJFET
an the 150-29,99.9E rage (the Airbaxd does have bardpass filtering). On top of all this
SNY chose to place selectable attenmtion in probebly the worst place possible. The RF gain
control is virtually useless at preventing cross-modulation since it is located after the pair
of 2X152s cawprisirg the first mixer stage (U & Q). Ay overdriven mixer is irherently
rmon-linear ad cross-modulation is inevitable if these transistors are faced with high umanted
RF levels. The IK/Local switch is more effective but it still cames after Q303 (that front erd
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JFET again!). If you wish to use an extermal antema then either limit yourself to SOW's
supplied lergth of anterma wire (even this is too long far RF alleys like Westem Fmope) or
use attenation and pessive preselection between the antema and the receiver. Note, I said
passive. May of the available mekes of active antema will give the IG-200ID severe RF
indigestion. There are at least two possible exceptions to this. I have used succesfully a
Datag A270 indoor active antema hut with a stepped attenator between the AP0 ad the
ICF-2001D. Guy Atkins ard myself have also used a very nifty active antema called the AC-1
micramodule antema from Inline Camponents (see Sources). This antema warks very well with
the ICF-2001D as it does ot have excessive gain. In addition it is irdeed 'Wicro' in size and
is ideal for the travellirg DNer wo has to travel light. The unit cames with a "sicker'' like
hook to harg the antema fram your hotel bedroan and a ferrite rod coupler is available far
BB/MV listening. Wes Olsen of Inline Camporents is very helpful and he suggests that anyore
jnterested in the AC-1 contact him far details. Costs are $31:00 far the AC-1, $58:00 for the
AD-2 AX/IC partzble version, ad $15:00 far the ferrite antema capler, Prices are exclusive
of shippirg charges. However, the caeat still gpplies. With the IG~2001D, be very wary of
cam:ﬁrg]argeora:ﬁvemtamscapameofp:odﬂrgtﬁghRFlselsmm&efmtadof
the receiver. Crossodulation is inevitsble in anything but a very quiet RF ewirament ad
there are faw of those places left! The SIW active antera, AV-1, seams to have been designed
with the ICF-2001D's (and other SOW receivers) shorteamings in mind and has very low overall
gain to the point of insensitivity.

v) Camection of BB/MW antemas to the IF-2001D is another problem. When an external antema
is pligged into the AM antema jack on the receiver all of the INMY circuitry is
discomected. This inchides the ferrite rod antema, the 2K152 RF awplifier (QQ2), ad the
2502785 AXC stage (QQ01), and in ay case the IF-2001D circuitry is deliberately desensitised
telowv ME as part of SNY's design philophosy. This, in fact, works well wen a tuned loop
antema is used hut creates problams when a randan wire is used. I have anly dore a little
e@aﬁnmﬁdmin&ﬁsamasoayhpﬁaﬂideasmﬂdbemlmm.&rimomatasweda
'hagicdi&"fmtemtam.ﬂﬁsispﬂd:&iwwmddadﬁrk(sam)adis&esim
of an IP record. It is suyplied fixed-tuned to IF's chamel. Erico substituted a variable
365pf capecitor to meke the unit tuneshle. With the ICGF-2001D mounted inside a wooden support
frame, and the "Imgic disc’" an top, a marked improvement in BCB/MW reception is noted. Fram
Frrico's Totes and sketch, cagpling between the ICF-2001D ard the 'tegic disc is indictive.
Frrico says that the "Megic disc' is sent free of charge by [IF to Bropen listerers who
@qmiamdiffiaﬂtymrecd\drgm'smﬁsias.'&edsdoeiswsdym;mdnead
obtahﬂgaendgltbedifﬁmltifymh\eamsideﬂmcpe.mubbﬂbergalsomw&at
Radio West in Califamia (see Sources) prodre a simple tunesble ferrite rod antema which
will imdrctively cagple with the IF-2001D ad inprove BB/MV reception. Hirico Oliva also
detailed his are far overload ad sprioss signals fram his 30 metre longwire antema. Inside
INY's antema terminal box he mounted a 0.0L uF capacitor in series with the anterma ard a 41
(tm resistar fram the braid of the incaming co-axial cable to the tip camection of the lead
to the ICF- 's antema irput socket. Finding the right carbination of capacitor/resistor
will require same juggling to match your own antema set wp.

vi) Steve Whitt (Ref. 9) suggests a novel method of restarirg the lack of sensitivity below
ME. If the 3.5m antema plig is mot fully pushed into the anterma socket an the ICGF-2001D,
bit anly just inserted, the input filter vhich camses the desensitisation is bypassed.
However, ance again beware of front ed overload.

vii) Beverage antemas. If you went to try a with the ICF-2001D (assuming you have
fitted protection dicdes in the antema comector!) Steve Whitt describes an interestirg
mtclﬁrguﬁt.'ﬂemitxssa%ﬁfmiﬁfvaﬁablecqmitoraﬂs«immdﬁﬂntors
rargirﬁrginvahmfmnG.Sm@O&L'Dmearestmkw]mssocoilvﬁrdﬁgismt
required.

viii) Fim Ritz Jorgensen uses a magretic loop with coverage fram 9 to 3ME (don to 5.3k

rR17.9



with added capacitare) vhich cures the front end selectivity problems on Fim's IG-2001D.
The loop consists of a o diameter loop of 50 (m co-axial cable. The cable used is high
cliahtywi&lasohd(mt&aid)wterscrea\.A7-1509fvariab]ecapa:itorismntedma
! ee"pimeofperspamtﬂetcpofﬂelomfwhrﬁrg.’&emdalcableisl&mﬂadﬂe
co-ax with the aiter insulation stripped off. A 37an loop of insulated hook-up wire is
soldered between the auter amd immer cares of the co-ax at the bese of the loop ad the
pidqpfeaim&eIG‘-ZDJDistakmfmn&ﬁspomt.Rrﬂerhfmﬁmmloopmtams
for portable receivers is available in Ref. 12.

ix) As roted in iv) the easiest method to get around cross-mod problems with the IF-2001D's
front end is to use passive preselection. Steve Whitt describes a passive preselectar in his
series of articles (Ref 5. & 9). Jdm Tow has suggested the circuit in Diagram Five.
S1 - 2 pole/6 way rotary
Postn  Band Coupling
2.2-6Miz High
" Medium

o to radio grnd. L ) A 1

to radio_ﬂt. in Coil = 16 turns per inch. #20 Enameled copper

— wire.
- ml ¢ 3t |pst | 8tfpt2e|catfy 38e 1)

Total length of coil = 3 inches. Turns as indicated.
Sixteen turns per inch on a one inch former.

ﬂﬁspa&dvegesele:taowasZ.Zml&&iantdadrags.hmcqmitm
allows cimxithobepeakedtomceincmjucﬁmwiﬂiﬁetapmdecoﬂ.ﬂn
tns&itﬁsuﬁtinap]asﬁccasewi&xamtalhdmdﬁ&ﬂemﬁ:gcapmita:mmted.
Be used a stock coil hut a similar coil cab be woud on a piece of AT tube with # 20 SG
enammelled copper wire. The varisble capecitor is a standard varisble (around 365 to 300 pf
maximm capacitace). Dn't use the minature style used in mdem transistar portables - the
mirdmm capacitance is too great. Far those wo prefer mot to "homebred', MEJ menufacture a

<>

SELECTIVITY

Mrh hes been written abaut the selectivity of the ICF-200ID. Selectivity however is a two
sided coin. Selectivity can be measured in carpletely objective temms specifying parameters
sch as 3 ar 6db barkidth, 60db badwidth, passbend ripple, etc. But selectivity is also
abjective. Deperding an yor interests (ad your hearirg!) what is too wide a filter far
yumpmpossnaybetoorarmvfcrsameelss.mcarmﬁseijtstasayo&er
designer has todovtm;xudnirgoawrerelectruﬁcs.ﬂlﬂtﬂtojtggleoost,ﬂysical
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size to fit m a cramed KB, good adio respmse an strag local stations an BB, ad
reasable selectivity on fading, wesk shortwvave signals. All this in a mass-market
portable. Whether SINY got the balarce right is very mrch a matter for individal judgement.
Those that have been dissatisfied have tackled the task of effectirg a "better'' choice of
bandwidths. Diagram six shows SINY's IF filtering arrangaments for the IGF-2001D.

]
Q3 2sK2i12 Q09 2SKI0SA-20
AM IST F AWP AV 20 WX WP 031,353,354 M8
8 v
UIE R 812 + 25 A1 g5
04,5 ISSI6E Py 2 decs 03j jsss  EHIR
5 iy edv gg 6.3v P —

w3 28 | |
H 2200 (OV) ov
[{]] ) gu ; 0.0 .

¢
S o 52 L

.....

The two filters marked MF 1 ard 2 are first IF roofing filters. The actial IF selectivity
is provided by the filters marked W 1 (wide) ad GW 2 (narrow). These filters are
naninally (at -6 db) 11Kk wide ard 4.4k narrow. Changirg them far either narrower filters
or filters with a better shape factor is tricky for two reasons. The filters are munted an
the very densely crowded main board. Carmponents are flow soldered to both sides of the board
in the vicinity of the filters and care is required when renoving ad replacing the original
filters. Secodly, because of the limited space, any replacement filters need to be the same
physical size ad to be pin tible. The existing filters are made by Mrata ad are part
# CFW455G (vﬁcb)admmzrm).Annberofmtaﬂﬂsofrqﬂmtfﬂtascmbe
foud in Saurces.

i) Steve Whitt, in an excellent and highly recamendad series of articles an the  2001D
(Ref. 5) replaced only ane filter. Steve used a filter fram Radio West (see Sources) to

the narrow filter axd then used the original narrow filter to replace the wide
filter. This resulted in measured -6db bandwidths of 2.95kz rarrow ard 4.2dE wide. Steve
also points out that as the filter in the wide position is used for Airbend this
modification results in an improvement in selectivity for this bard as well.

ii) Fim Ritz Jorgensen (Ref. 1) went ane stage further and replaced both filters. The AM
wide ceramic filter was replaced by a (GAS5G and the marrow filter by a (FG435J. Both these
are Mrata caponents ad the GG filters have a markedly better shape factor then the GW
filters. However, the (G filters are mot direct pin campatible, drop in, replacements,
althogh they are the same physical size as the ariginals. You'll need a megnifying glass
ad a pair of tweezers to berd the filter's pins to the right agle. Fim chose those
filters to give an acceptable level of fidelity in the narrow selectivity position. Mrata's
specifications far these filters are - QRA55G 8.0/20.0kz bandwidth at 6/60db, QFG4SAT
3.00.0d berdwidth at 6/60db (althogh Fim qotes 9.13/13.64E ad 5.2/7.54E
respectively). These filters (and the full range of OW, (U and GG Mrata filters) are
available from Bonex in the (K (see Saurces). However I've been unable to locate a US source
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wp will suply in small quantities.

jji)JdnA]bertinl'ﬁs'Vmitorjrg'ﬁnm"artic]e(Fef. 2) describes inproving the
selmtivityofl'ﬁsICF-Z(l)lDWLsirga'leFLI)fﬂter. It is uclear fram Jdm's
description just where in the cirauit e used the FLY. In addition, this is a fairly large
Filter ard Jdm irstalled it by tapirg it inside the receiver and extendirg it to the
agxogiatepomtsm&ePCBwi&lsixmgﬁddalvdres.ﬂdsim'tamdiﬁcadmI'd
m:mnadbecasesu:aycapmitane&m&eéﬁeldeivﬁr&vmlseverelydegrarbde
ultimate stop bard figures of the filter. Jdm's article thogh is a very interesting
saurce of ideas far the ICF-200ID.

iv)Innyamcase&eﬁltashsedvamasfoﬂm.AGW&Siﬂ‘msmedmreplme&e
m:bfﬂter.'ﬂﬁsisapincmpaﬁbledrcp-mrqﬂmmmtadisaétheatGddemad
181d-lznﬁdeat60dbdwnsoitstﬂlxetairsareasa'ab]emmidﬂlfor"easy]istaﬁrg".
Irr:idmta]_lytl'eMn:amfilte:swiﬂ'lﬂ'eaﬁitiaal letter T in the type mumber have a

aelmﬂy).'&ﬁsfﬂterisﬁysim]lylargar&m&eedsﬁrgfﬂtersmtvassrdlmg\
fmmmMmsﬁ.ffvdxewi&ﬁnuﬂJjnemaf&eKB.'Reiantinselectivity
in&emmposiﬁmism&ﬁ:gdnrtofswrdirgmkﬁgcqyofﬁasfb:iﬁcm
“gplits" far easier than an a stock ICF-2001D. Tre wide filter is still wide enough for
mnmlhstaﬁrghﬁgetsﬁdofamyirgid-htetmdynsmticeablemmumdiﬁsd
IG-2001D.

v)Istlym&SSkHzfilters.Ifymarestqpﬁ'garardforr@]mmmtfﬂterskﬂeare
ﬂere]smtspecjﬁcaﬁasfw&eu@edsﬁrgfﬂters.hwtaﬂammgﬁdacem
Chms; ﬁserﬁmlmsedb;plysicalsizemmla'g,ﬁmvﬁ:h,&itmkﬁgnhm&ddﬂs

ified in Mmata's literatre are GWASSG * 4.5 at -6db ad * 104k at -50db;
CFWLSSIT 3tz at -6db ad * Sk at -50db.

vi)']le]Fbardﬂidmofﬂ'eICF-ZDleVHF/FMisfairlywjde, at least 00k wide at 6db
down. 'Dﬁsisfﬁefcrsta:mhmifymtaveminta\timofe:@adnmﬁrgviﬂlstereo
chmda:s&mminmlmtisgsdble.Armbadddﬁnﬂlglwbetteraijmt
chamel rejection far M Kirg, The jate 10.ME IF filters are marked as (F1 ard
(FZm&eICF—ZD]D'sdmitdjmm'Rmeareidmﬁsaluﬁts.PqﬂmermtpUddsa
nﬁru:;nblﬂnba:asecf&ene&ndlyvtﬁdlmfﬂtersarenmfa:um.’ﬂe
mmfmuﬁrgpmess;rodmavﬁchs;realofcmm&mstiesam&ngh&ecam
frequercy is y10.7M-lz.Mmta'scerardcfiltens,fa:e)axple,arep:odrdin
batches which are then colour i
red, orage ad white spots m .
10.67, 10.70, 10.73 ad 10.7 ME respectively. It is essential that the two replacement
filters are a matched pair. Alﬂu@zemoffsetfmnlO.?M-lzisideal,inp:a:tjcet}e
p:eciseoffsetfrm&elO.?bfhmrﬁmloamﬁeqmyismt&atcriticalaslcxgas
toth filters have identical offsets. The MM IF filters in the ICF-200ID are the
ird.stry-widesta'dardnﬁmb.n:emitsvﬁ.&prim-in]jne.'ﬂ'eadstjrgfiltersaremrata
SFE 10.7 MA. Mmata quotes a 280 Kz badwidth at -3b ad 650 kk at -20db with an
insertjmlosofedb.mmmlEMﬁltamﬂdbelSOI&lzwjdewim sides to
accanodate normmal B broadeast deviation of #75 K. Steve Wiitt (Ref. 9) suggests
_ tof&eadsﬁrgfilterswi&btmtaSEEl.?Minlta:s.'Ikeemveaqnted
-%mﬁdmimﬁhada-mmdmofém&bvﬁdmisatﬁgmmt.
Hoawever, &meﬁlterskaveawdbirsertimlos.Repla:irgboﬂqfﬂta:svﬁJlgivea
Peftyaklit:’mal&dblossﬂm@&el(F—ZI)lD'sIFmtcpofﬂ'efa:tﬂat&ermeiva:
ismtpartiaﬂatysmsitiveaymy.InnyamcaseIx.sedMn:ataSEElO.?b’Blfilters
vtﬂquaveash@ﬂyvﬁda-%bnbﬁd&nof1&)1d-lzh1talirsertim]o$ofaﬂ.y3.5db.
Trese filters are so cheap (60 pearce exch in the K) that experimentation isn't going to
break the bark. Basica]ly,aryrqnlmatfﬂta'meds-tommﬁ'sertimlosofﬁdba:
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]ms,atmﬂ»ﬁdthofamrdl&l&badmmqummdmewﬂ)am.h
mfﬂtersarelocatedm&eICFMD'snainP(Baﬂareeasiermr@Ia:e&m&eﬁM
filters. Banex in the (K (see Saurces) stock a full range of of Mrata ceramic filters.
It should be noted, however, &atdel(fZ(DlDismzergoirgtonaleabt—s’thMD(
mechine. Its semsitivity isfairlypoorﬂnghﬂﬁscmbekelpaiwi&x&emeofa
loft/attic or outdoor anterma ard a preamplifier. BUT, as well as beirg deaf the
IG‘-ZXMDisvayp:ae&imep:oblammﬂe%lO&&bzﬂ.'ﬁﬁsmﬂfestsitsdfty
statiasbeirgkeardm&ejrmtﬁmlfre;ﬂtyada]soatume&elf‘freqscybelm
the correct frequery. :astrcrgstatimml(D.BMIzcmalsobekeardat?Ssz
(1(D.3thz-2x10.7NHz.A}ﬁgxgainantaravﬂllmlyrraletmsp:oblenmrse.

MISCELLANEOUS TIPS AND HINTS

Inaiﬁ.Mmﬂeamascwereddneanﬁsceﬂzyofpointsmemisedw&nseﬁn
resporded to my original letter. So, in ro particular order;

i) Nigel Reid motes ﬂ'atﬂ'eairpm'tXraynai'ﬁrmin&elBAca'sismtlywiped&e
fes/clock, etc. Apparently by resetting the microprocessor.

ii)BiJlBabbmts&'atchspitethe"coarse"l(l)ﬂzutﬁrgstepstetadmdiffimltyin
copying RITY. Bill wses an E.T.L 730 damdulator drivirg a Siemens Mdel 100
teleprinter.

iii) RnchAp erors. BiJlFlymoama‘lts&'ate:rcmcusmn:iscmbec]earad
Matelytytﬁtﬁrgﬂe%l'leyviﬁ&muns&emas&a}scymtaed(orm
o AIR as gpropriate).

iv)ﬁriooOlivamts&at&eI(F—ZDlDtasmsqeldlomtxolasaﬂhm&esqa]&
cim.lit,utﬂjseddrj:gscarrdrg,cmbemed.lfmﬁ.tad:gasirgle , enter it
into a memory chamel ad "'skip all others ad use "hemxy scan'’’. The autamatic squelch
level works well, particularly an Air bard.

FURTHER POSSIBILITIES

Itisdﬂtﬁﬂ&ntvekmeqptmlﬁ&ecaneptof&edﬁmtegrtzbl&ﬁmdma
rmeiva'vi&ldeperfmraneomeD-SZSbmmsavaﬂah]emapaiegeﬂEsizeofa
dgaretteprk&erevﬂllsﬁllbeyﬁdelyvaq&rg\dasstovtatmtimtesﬂe
"ultimate'". l-kpe&ﬂlysmeofﬂeahwemdiﬁcatiasvﬁlll'e]pymtoirrp:weyur
ICF-ZD]Dadhjrgitreara:toyuricbaofaperfe:tpcrtable.&tvtatofﬁrﬂer
experimentation? Iets take a look at sare possibilities. =

i) The ICF-2001D suffers &unpuumalﬂmemiseadraﬁmlnﬁ:drg@ef. 6).
Steve Whitt (Pef.S)inmtigataiﬁﬁsareainkﬁssaﬁsofartids.Inparﬁnﬂarte
looked at the poor perfamarce of the receiver's oscillatars. Steve's receiver gppears,
fran photograghs talm&unaspe:mma'alyse:disp]ayarddminl'ﬁsserisof
articles, to have had worse problams than my own ICF-2001D. Nonetheless, spurious
prodcts fran the first oscillatar (V01) in my receiver are clearly visible with the
vmstatmlyASdbdwaniagmnSam.kyusmdspriasmtmtsfmnei&er
V(IlmV@vﬁJl;xodmmmtednﬁ:d:gmdcts.A]lofvﬁ&amtnim. Steve

is "fiddly" rather then difficult to a accaplish. It irvolves the removal of the shield
platem&eosciﬂatordmitsm&enainKBaﬂ&eﬁlitimof&mesbﬂﬁmume
ceramic capecitars. Icmvudqu'&eeff&tivermsof&ﬁsmdiﬁcatim&itredned
a]lsp.rjasmtpxtsfmnvmltobelmﬂemiseﬂmrmnymlﬁ-m.mmzdof
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warrﬁrgmﬂ'ﬁ.smdﬁn@.maeICF-ZDlD(Ser#MSH)asideeffectoffhe
modification was to prodce severe instahility vhen the receiver was tuned closed to the
final IF frequacy of 455 Kk. If these symptoms appear try jugglirg with the exact
1midaﬁrgof&ecapa:itorsadmlesxe&at&of&etagsm&edﬁe]dplaﬁekave
been resoldered to the appropriate groud lad.

SONY ICF-28010. Ser#112645 VCO1 MKR A4 8.1 kH=
ﬁu REF -52.3 <Bm ATTEN B d&B —-47. 88 4B
1@ &8/

E— -

| ‘ . . At )
CORR’ D 1 k\“}’ I l . |

CENTER 651. 8854 MH= SPAN 182. 08 kH=
RES BwW 388 H= VBW 18 H=

Ircidentally, Steve collated all the infommation in Short Wave Magazine articles into a
booklet called "Gettirg the best fram your SN IGF-200D" which is available directly from
Steve at 21 Caildwell Avene, Ipswich, IP4 4B, United Kirgdom. Cost is £:00 in the K,
S:mmBIK‘sajnrailtoEnq:eaﬂs.rfa:emilfcxﬂ'emstoftl'emrld;a'd.m:ma:
13 IRCs aimmail worldwide. The booklet contains information ad further research vhich was

ii) Steve also supgests modifications to the "'S" meter circuit in the IF-200ID to give a
mmﬁanlm]aﬁaﬁnipbeﬁmmoeivedsigallevelaﬂnntsroflﬂbht.'ﬂe
unrﬁﬁcatimreqﬁm&emintimofRGO(seeSNYnaml)ﬁﬂ&elaelofs&siﬁvity
req.ﬁmiisremlnd.'ﬂﬁsismtamdiﬁmﬁmltavetrieiht&ﬁsisapo&dﬂearea

ﬁi)hsyrdmnsdet&twin&al@‘-lblbms&ebst&ﬁxgsimeshceimm
the receiver first appeared, becase it was &E_c_r_ﬂ.xsyrdmu.scbtectoravailableina
consumer at the tine. However, the years have shon sae of the circuit's
shorteamirgs. The I -2001D has difficulty in “syrc'’ mode, dealing with SWBC stations using
dyradccarde:om&ol.&asemdﬂabsiraﬁodatasystmsamailymﬂnpem
stations (Ref. 7) sch as IIF, BEC ad RIF also case the syrc circuit to have hearthum,
$d>inte:fadrgsignlsle.§&m50}haeyﬁun&evmtalm. Inprovements to the
p&fmof&emdmnsdate:tormﬂdmtobeaﬁnﬁtfulareafcrﬁr&er
m&aﬂﬂn&aintermtainay]ﬂetorefe:mmardde’wm&uds@ef. 8)
ﬁﬁdmdmibsmadvacdsyrﬂmnsdet&tm.'&edmﬁt@ibaip:wicks]@,l&,
UB, ISB/Stereo spread, ad Quadmature outputs.
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iv) The IF-X0ID's AX circuit terds to ' " o SB signals becamse of the time
constants chosen by SW. Jdm Albert (Ref. 2 also irvestigated modifying the AC with
the aidition of a two transistor cirouit to give a fast attack, slow decay AC time
constant far SB reception.

V)Anobdasareaforﬁrﬂ'erin[xwarmtis&eaxﬁpqn]ityfmn&elm-m.
&gstiasfaveimhrklpiddrgxp&edetecteda.diohaforeﬂ'emtpdtlc, feading it
&m.ghap:eatp/grqﬁcqa]isermrbﬁmtimadﬁecemasq:eratempljﬁer.
Unfortunately the IQF-2001D then ceases to be a portable! Ay suggestions for a suitable
rq:lmarmtforﬂ'elAl;l%axﬁ.oarp]jfierICLsaiinﬂ'ereceiva'?

vi)ﬂeICF—ZﬁDtﬁmmirg:alrniselﬁrﬁ.ter.mmtasﬁrgICPasrecmﬂym
re]eme:lbrSp.'agt.e(Ref..]l).ﬂﬁsisacarpletemiseblaiermadﬂp.']}eICis
available in 16 ar 18 pin, D]I,G:Mpa::l@sardﬂeextamlpartsco.ntreq.ﬂredis
nﬁrﬁnal.']}edﬁpa:tsamemiseblaierin&EIF/RFadindainmﬁerﬁmjlstasa
misedjgner.'ﬂempinversimissirgleda'ml,vtere%ﬂempdnversimisdnl
charel for AM stereo receivers. Apmxtly&leICismlyarrmtlyavailablein
m%mqmﬁdeswitm be a fruitful area far research when more widely
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