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COVER DESIGN

The front cover image this year was created by Staffer John Bryant. It is a puzzle.
Most of the puzzle’s mosaic images were created from portions of logos from electronic
manufacturers or from pennants or stickers sent to listeners by international SW broadcaster
stations. For example, the second element from the top on the far the right-hand side is
a portion of the familiar RCA logo turned upside-down. Why not turn back to the front
and see how many of the other elements you can identify? In total, there are images from
eight equipment manufacturers and four international broadcasters. The "answers" to the
puzzle will be found on the last page of one of the articles in Proceeding 1992-1993.

COPYRIGHT 1992 by John H. Bryant, AIA for fine tuning

All rights reserved. No part of this book shall be reproduced, stored in a retrieval system,
or transmitted by any means, electronic, mechanical, photocopying, recording or otherwise,
without written permission from the publisher and from the author of the article. No
patent liability is assumed with respect to the use of the information contained herein.
While every precaution has been taken in the preparation of this book, the publisher and
authors assume no responsibility for errors or omissions. Neither is any liability assumed
for damages resulting from the use of the information contained herein.

International Standard Book Number application has been filed.
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introduction

THE FIFTH ANNIVERSARY EDITION

Welcome to the Fifth Anniversary Edition of Fine Tuning’s Proceedings. As many of our readers know,
Proceedings grew out of a survey of FT members in 1987. That survey identified a need for specialized in-
depth articles about the many aspects of hobby radio of interest to "senior” radio enthusiasts. In general, the radio
hobby commercial press must serve the needs of the beginner and intermediate hobbyist. This is usually true
of the hobby club bulletins, as well. Further, both forms of journalism have rather severe page count limits that
discourage and/or eliminate lengthy articles.

Proceedings’ "founding fathers" Mitch Sams and John Bryant also hoped that Proceedings could raise
the level of discourse about all hobby-related aspects of radio. This has been accomplished through the
mechanism of rigorous peer review of all articles, and by focusing the articles on the small population of life-
long radio enthusiasts. )

From the beginning we also hoped that Proceedings would act as an intellectual bridge between the
various radio hobbies. Simply put, we had noticed really valuable pockets of knowledge in the MW DXing
hobby and in amateur radio that were not being tapped by the SWBC DXing hobby (and visa versa). We believe
that Proceedings is succeeding in this goal as well. Proceedings is now widely read in all the listening hobbies
and is being purchased by senior radio amateurs. as well. Leading members of each hobby are also involved
in the creation of each Proceedings as both authors and editors.

Proceedings has always been an international effort, with participation in all phases of the work by North
American radio enthusiasts on both sides of the Canadian/US border. We are also pleased to report that we
have readers on every continent and in the following countries: Australia, Papua New Guinea, Indonesia,
Malaysia, New Zealand, Japan, Taiwan, Korea, Sri Lanka, Canada, USA, Cayman Islands, Ecuador, South Africa,
Israel, Italy, Switzerland, France, Belgium, Netherlands, Germany, Denmark, Finland, Norway, Sweden and Great
Britain.

In this edition, we welcome HCJIB’s Rich McVicar as our second overseas author. In future years, we
hope to have more authors from other continents join in our efforts.

Indeed, in five years Proceedings seems to have become a radio hobby institution. We hope that it adds
depth and pleasure to your enjoyment of the wonderful world of radio.

OUR BIENNIAL FUTURE bi.en-ni-al (bi en’g 5l)

As you may have detected from the cover, we are introducing you to Proceedings 1992-1993. Since the
inception of Proceedings we have maintained a constant focus on the quality of editorial content. We do think
that those of you who own every volume will have observed progressive improvements in graphics, printing and
consistency of presentation. Now, with the collective experience of five volumes behind us, we think that
Proceedings has attained a professional standard in all respects. Since the articles are, we believe, the best our
hobby has to offer, we feel strongly that both our authors and our readers deserve this correspondingly high
quality of printing and graphics.

As you might imagine, the laser-printing, half-tone pictures, professionally drawn charts and illustrations
found in recent our editions have added immensely to our overall staff workload. So, while the preparation of
each volume has been very much a "labor of love", the truth of the matter is that reality has caught up with us.
Simply stated, we have recognized the need for an adjustment.

At our annual staff meeting in August, with many, many hours of "finishing touches" still ahead before
we could bring you this edition, we reflected on the matter very carefully. Collectively, we determined that
effective with this fifth edition, a biennial publication cycle would be the best approach. Apart from rationalizing
the planning and production workload of the staff, this will also allow more time for authors’ research and
development of "cutting edge" articles that you, our readers, have come to recognize as the hallmark of
Proceedings.

In the field of European fashion and product design and art, very special international exhibitions are
held every two years. Since a Biennale exhibition is necessarily limited in scope, only the very best works are
accepted for exhibit. Art and design patrons eagerly look forward to each event from one cycle to the next. We
hope that each biennial edition of Proceedings will be a Biennale experience for all of us.
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TO THE NEW READER

If you are new to Proceedings, you should be aware that the process of creating Proceedings is unique
in the radio hobbies. Each article goes through a nine month long gestation period that is modeled on the
process used by most scholarly journals. That process, though cumbersome and complex, insures that each article
is accurate, as complete as space will allow, and worthy of publication.

A description of the process and a list of the members of the Editorial Review Board are found in the
section called "Editorial Process." An appendix at the back of this book contains brief biographies of authors,
editors and staff members. For the first time, we are also listing the mailing addresses of the authors for your
convenience.

You should be aware that Proceedings is intentionally a potpourri of articles ranging broadly across the
spectrum of hobby radio. It is intended as a long term reference. Like our staff and long-time readers, we
expect that you will find some articles more interesting than others. Also like the rest of us, you will probably
find yourself rereading some of those "not so interesting” articles several years hence as your own interests
change. Enjoy!

Finally, you may not be aware of Fine Tuning as an organization. The section called "About Fine
Tuning" details our range of activities. It also contains the addresses for subscribing and contributing to the Fine
Tuning SWBC DX newsletter, or purchasing further editions of Proceedings.

The staff extends a special welcome to new readers. We hope that Proceedings is of real benefit to you
as you pursue your own interests in the world of radio. We would enjoy hearing any feedback that you might
offer to help us improve succeeding editions.

COSTS AND SUCH

It should have come as no surprise that the total cost of Proceedings has gone up about 10% this year.
Fortunately, this is our first price increase since 1989.

Looking back over the past five years, Proceedings sales have grown about 400%. That growth has
allowed us to achieve some economies of scale. For a while, these economies off-set our gradual increase in unit
costs. Everything from postage to paper to printing seems to increase every year. This same rapid growth in
readers very quickly drove the scale of some of our production tasks beyond the size that our unpaid volunteer
staff could handle.

Two years ago we began paying NON-staff people to handle the shipping, answer the many general
inquiries and do the bookkeeping. All of this is being done for the flat rate of $2.00 US for each book shipped.
So, since the beginning of the 1990 issue, our true shipping and handling cost have been $4.05 for US orders
(postage + padded envelope = $2.05 for US orders). For the first year of this new arrangement, we were able
to absorb this $2.00 cost increase through those "economies of scale.” However, increasing costs caught up with
us in 1991/92 and we actually lost money. Unfortunately, now our other costs have risen to the point that we
MUST pass the true complete shipping and handling costs along to each of you.

. We should also reiterate that each of our staff continues to serve in a totally unpaid volunteer mode.
The staff, the Editorial Review Board and, indeed, each author continues to pay full price for their personal
copies of Proceedings. This somewhat unusual arrangement is an effort to keep the costs to the reader at a "true
cost” level. We regret this increase but have little choice, since neither the FT organization nor Proceedings have
any other source of income or subsidy.

PROCEEDINGS 1992-93

As you will see, this edition has produced another group of truly excellent articles. Each will be of
major benefit to many readers. You will find one expanded element in the Proceedings 1992-93 mix. For the
past several years, our staff has been aware of the growing interest in the "Roots" of radio and in older radio
gear. We began to address this burgeoning interest last year with Match Sams’ great article on SWBC in the
1980s. This timer, Jerry Berg takes us to the other end of the spectrum with a superb article on our "Roots”
in the *20s and *30s. That article is accompanied several other articles featuring some of the most prominent
radio receivers of the past: The HRO series, the Hallicrafters S-38 series, the Collins 51S-1 and the Hallicrafters
SX-28. Although you may have slept through "History” in school, we think that you will enjoy these features.

You will also find reviews of the two most popular current major receivers, the Drake R-8 and the JRC
NRD-535. Proceedings could have published reviews of these receivers last year. However, we view Proceedings
reviews as the definitive USER reviews. As such, we think that the reviewers should use the equipment for at
least a year before making definitive evaluations. We trust that you will find the long wait worthwhile.



IN APPRECIATION

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

We would also like to thank several prominent individuals and organizations for their help and support
in the Proceedings effort: Jonathan Marks of Radio Nederland, Glenn Hauser, Rich McVicar and the staff of
HOB, Harold Sellers and the entire staff of ODXA, Bob Brown and Bill Oliver of NASWA, Ed Janusz of
SPEEDX, Arthur Ward of World Radio Club, Larry Magne, Phil Bytheway of IRCA, and of course, Gerry
Dexter and Don Jensen.

Most of all, we would like to thank the authors of Proceedings 1992-93. It continues to be 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 exciting 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 1992-1993!!|

Y Ay Dave B

n Bryant Fritz Mellberg Guy Atkins David Clark Elton Byington
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editorial process

Since the editorial process of Proceedings is unique in hobby journalism, it may be of interest to readers.
First, where do the authors and articles come from? Mostly, they are recruited by the staff, though some of our
very best articles also come from volunteers or arrive unsolicited. Authors submit rough drafts in March. Those
rough drafts then take a twin track through the editorial process. One track runs through Hawarden, Iowa,
where Fritz Mellberg edits all rough drafts for style, conciseness and clarity. A journalist before answering a
higher call, Fritz is responsible for helping us communicate intelligibly with each of you. Please note, however,
that Fritz works his magic at the Rough Draft stage! Since many of the articles are extensively rewritten for the
Final Draft, grammatical errors, a few typos and some few instances of murky style creep back into the published
articles. As with most scholarly journals, each author is entirely responsible for those matters in the final draft.
We hope that you will understand and forgive us a few imperfections.

The second editorial track for Rough Drafts runs through suburban Toronto. There, David Clark assigns
six or so members of the Editorial Review Board and at least two of the five Staff to review each article. David
assigns these review responsibilities very carefully. He selects one or two members of the Review Board for their
own expertise in the subject matter of that article; he chooses several to represent the "average” reader and one
who neither knows nor cares much about the subject at hand. The Editorial Review Board is responsible for
maintaining the standard of excellence for which Proceedings is known. The second and probably more important
role of the Review Board is to assist each author with constructive suggestions so that the final article may have
the benefit of the ideas of several experienced DXers. Most authors perform major revisions and incorporate
many of the Board’s suggestions and Fritz’s markings in their final draft.

Guy Atkins has staff responsibilities for all of our publicity, including creating the striking and legible
announcements and press releases that you have seen. His very professional work is a source of pride for the
entire Staff. Guy also alternates with John Bryant as designer of the front cover. Elton Bymgton joined the
staff in 1991 and has become our resident staff expert in several important areas. His career in both journalism
and the technical aspects of telecommunication and his broad interests in virtually every aspect of radio afford
"Bi" insights which have been very valuable to us all. John Bryant continues to be our straw boss or ‘designated
worrier’, running the finances and generally overseeing operations. However, John wants it known that as
Proceedings has matured, editorial decisions, big and small, are almost entirely made by the collective Staff.
Except for the still computer-less Fritz, we are all in almost daily contact via Compuserve E-mail during the
nine-month long gestation period of each edition. Proceedings is truly a collective effort.

The "peer review” process of Proceedings is, we believe, unique in hobby journalism. We patterned our
process on the quality control peer review system used by most respected scholarly and learned publications.
We believe that this elaborate, expensive, and rather ego-deflating process insures that the articles finally
published in Proceedings are truly the best the hobby has to offer. We hope you agree.

Service on the Editorial Review Board is a difficult and thankless task. Each member must sit in
sometimes rather harsh judgement of work done by fellow radio enthusiasts. The work of the Board is time
consuming and must be done to a short and very rigid time schedule. Proceedings as an institution and each
of its readers owes a very real debt to the members of the Review Board.

EDITORIAL REVIEW BOARD

Guy Atkins Gerry L. Dexter Fritz Mellberg
Bonney Lake, WA Lake Geneva, WI Hawarden, IA
John Bryant Bob Eldridge Don Moman
Stillwater, OK Pemberton, BC Sherwood Park, ALB
David Clark Werner Funkenhauser Don Moore
New Market, ON Guelph, ON Big Rapids, MI
Harold Cones Nick Hall-Patch Bruce Portzer
Newport News, VA Victoria, BC Seattle, WA
Richard D’Angelo Don Jensen Mitch Sams
Wyomissing, PA Kenosha, WI Blue Springs, MO
Harold Sellers

Cﬂne T @ Willowdale, ON
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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 FI'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 NEWS LETTER

The newsletter portion of fine tuning’s services is published weekly during the DX season and bi-weekly
during the North American summer. The 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 productlon of the weekly issues of ﬁne tuning. Four
outstanding DXers serve as editors, each being responsible for two issues before handing off to the next editor.
The weekly editors are: Dave Valko, Larry Yamron, Mitch Sams and Mike Nikolich. The back-up editor is John
Wilkins. Managing Editor Mitch Sams also maintains FT subscriptions, finances and responds to sample
requests. Publications of FT is handled by Larry Yamron.

Cost per issue of the fine tuning newsletter is 65 cents per issue in the US, 70 cents (U.S.) in Canada
and overseas is 80 cents via AIRMAIL. Minimum order of 30 issues. Make checks or money orders payable
to FINE TUNING

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

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

SPECIAL PUBLICATIONS

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

FINE TUNING’S SPECIAL PUBLICATIONS
c/o John H. Bryant ~

Rt. 5, Box 14,

Stillwater, OK

74074 USA

fine funing fine tuning
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COMPARISON TESTING

EIGHT ACTIVE OUTDOOR ANTENNAS

Bill Bowers

INTRODUCTION

A number of articles have been written on the various technical aspects of active antennas. Lawrence
Magne in his White Paper on the subject[1] lists the gain versus frequency, 3rd order intercept and the noise
figure of the electronics. Ted Benson[2] in his Antenna Survey gives an excellent description of the performance
of a number of active antennas. The U. S. Army Electronics Command[3] publishes a pamphlet on "Electrically
Small Antennas" which covers in depth all of the factors involved in active antenna design performance. With
all of this information and the detailed manufacturers description given in the short wave equipment catalogs,
it would seem like a simple matter to choose the "best" active antenna. This is not the case!

Several years ago, in Houston, Texas, four active antennas were placed in a large attic space (no outside
antennas permitted) and equal leads run to a four position switch and on to the receiver. With this set-up, it was
very easy to find the best performing antenna in a subjective way. The procedure was that the antennas were
switched around to find the one that gave the best signal. In many cases there would be one antenna that was
significantly better than the others. The antenna that produced the best results was not always the one with the
most impressive technical specifications or with the highest price tag.

Having now moved to Oklahoma with plenty of space the comparison testing of active antennas was
repeated and expanded to include seven active antennas. Again they were set up through switches so that a
direct comparison of performances could be measured and judges. In this new series of tests in Oklahoma a
passive eighty foot sloper antenna was added to the test set up as a good accepted reference antenna.

TEST SET-UP

Some preliminary testing was done to find out how close the antennas could be placed without affecting
their performance. It was surprising to find that the whips could be as close as two (2) feet without any
noticeable change in reception. This test was not extensive or carefully controlled so to be on the safe side the
antennas were mounted about six feet apart.

A 32 foot 2 by 6 inch board was placed across the garage roof, supported level, and running generally
North and South. This board was about 17 ft. above the ground. The antennas were then secured to this board
at equal intervals. The DATONG AD-370 dipole was mounted in a vertical manner at one end of the board.
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FIGURE 1. TEST CONFIGURATION
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All mounting was temporary so that in the end, antenna positions could be changed to be sure there
was not bias in the location.

Equal forty foot lengths of RG 8-X were used to connect the antennas to the switch boxes. Four
antennas each were connected to a Daiwa CS-401 switch and the output of these two switches connected to a
Daiwa CS-201 which was connected to the receiver. (Figure 1)

For the receiver a R-9000 was chosen over others simply because it has a 10 db. and 20 db. antenna
input attenuator which was felt might be necessary with all the gain in some of the active antennas. The R-9000
also has a very large S-Meter and a spectrum display. These features helped in measuring signal and noise
strength. Experience quickly proved it was very difficult to measure numerically the values of signal and noise
on the S-meter so the spectrum display proved to be the best way to compare relative signal and noise values.

(Figure 2)
CALIBRATION

Since the test of these antennas was to be a comparative one, it was not necessary to obtain an absolute
calibration of the set up. A simple calibration of the spectrum scope deflection was carried out. This was done
by selecting a strong signal and adjusting the R. F. gain to give a deflection of exactly 5 large divisions on the
scope. The antenna attenuators were switched to give 10, 20 and 30 db attentuation. With each change of 10
db, the signal deflection decreased on the scope by one large division. This indicated that the scope was
logarithmic and that each large division was 10 db.

Because the scope deflections were logarithmic then the ratio of two reading is their arithmetic
difference ie: (S+N)/N db = [(deflection signal) - deflection of noise)] x 10 db.. [Remember from your algebra

log A/B = log A - log B]

-25 KHZ THED +25 KHZ

6 r

/---SIGIIIAL

2 5 b
2, 44— ¢ SIGNAL+NOISE
2 /‘M S+N-4.2
= 4 4  ADJACENT
W T | = STATIONS
&, «P L]
3 \ 4

1 € NOISE

N=1

FIGURE 2. R-9000 SCOPE DISPLAY

TESTING

The tests were carried out on two different types of signals to cover the different interests in SWL. Test
I was on signals of listening quality. This was usually S-5 or better. The second series, Test II, was for the
DX’er who is trying to pull some intelligence out of a cesspool of noise.

PROCEDURE TEST |

The test procedure was quite straight forward. The R-9000 was set on AM, narrow IF, fast AGC and
unless indicated, the antenna attenuator was at 0 db. A station was tuned in and then the strength and noise
were observed on the scope and the deflections recorded. With the spectrum display, it was easy to observe the
height of the signal and the height of the noise deflections either side of the signal. (Figure 2)

The antenna selector switches were than moved to the next antenna and the signal and noise again
recorded. This procedure was repeated through all the other antennas. After all 8 antennas were measured,
the switches were then returned to the first antenna and the readings taken again. If the second reading of the
first antenna differed by more than 1/4 scope division, all readings were repeated. If the propagation conditions
were changing so rapidly that repeatability could not be achieved, then the test on that station was abandoned
until a later date.

Time stations were used for most of the measurements, because of their uniform modulation and narrow
band width. This allowed for enough space between adjacent signals to get a good noise reading,

In all cases, the antennas were operated at maximum gain, where adjustment was provided. At this test
location there are no nearby AM, FM, or TV stations that could overload the amplifiers.

A1l 3.2



DATA TEST |

The measurements below are in units of deflection on the R-9000 scope. As explained previously these
deflections are logarithmic; therefore the difference between the two readings is the ratio of (S+N)/N and since
each unit of deflection was 10 db, then multiplying this difference by 10 gave the (S=N)/N value in db.

F-MHz .060-WWVB 0.512 XKQ 1.0-5K\'I<VI:S?OKMILES 2.5-WWV
uTtcC 19:00 19:47 20:15 20:28
ANT S+N S+N S+N S+N
S+N| N N db|[S+N| N N db] S+N | N N db|S+N| N N db
1 0.2 2 0.7 0 7 3.3 0 33 35 | 0.2 33
2 20 | 05 15 - 2.1 0.1 20 - 3.0 0.1 - 29 46 | 15 31
3 0.5 0 5 1.7 | 01 16 3.5 0 35 35 | 1.0 25
4 3.1 1 21 33 |07 26 5.3 0.5 48 60 | 25 35
5 2.1 0.7 14 3.5 1.0 25 - 6.0 0.5 55 6.0 | 3.0 30
6 0 0 0 0 0 0.3 0 3 2.0 0 20
7 3.0 | 3.0 0 20 | 03 17 4.0 0.1 39 §5 | 20 35
8 35 | 20 15 22 | 05 17 3.0 0.1 29 45 | 15 30
F-MHz 3.330-CANADA 5.00-WWV 7.335-CANADA 10.00-WWV
utcC 02:38 02:50 03:11 18:33
ANT S+N S+N S+N S+N
S+N| N N db|S+N| N N db| S+N | N N db|{S+N| N N db
1 30 |15 15 ° 60 | 15 45 - 35 | 15 20 §0 | 0 50
2 30 | 10 20 - 52 |10 42 - 3.0 0.5 25 4.1 0.1 40
3 30 | 1.0 20 - 50 | 1.0 40 - 30 | 1.0 20 50 | O 50
4 40 | 20 20 65 | 1.5 50 ° 40 | 20 20 55 | 0.9 46
5 50 | 3.0 20 ° 65 |15 50 - 50 | 20 30 60 | 1.0 50
6 0.5 0 5 30 | o1 29 20 0.1 19 3.0 0 30
7 40 | 20 20 - 4.0 1.0 30 4.0 1.2 28 5.2 1 0.1 51
8 42 | 20 22 4.5 1.0 35 4.0 1.5 25 55 | 0.2 53
F-MHz 14.670-CANADA 15.00-WWV 20.00-WWV
utc 18:25 19:23 20:10
S+N S+N +
S+N | N N db|S+N| N N db| S+N | N N db
1 25 0 25 28 0.1 27 1.0 10
2 35 | 05 30 3.0 1.0 20 2.0 0.3 17
3 2.8 0 28 22 | 0.1 21 1.0 0 10
4 35 | 06 29 30 | 1.0 20 1.5 0.2 13
5 40 | 08 32 3.0 | 05 25 2.0 0.6 14
6 28 | 0.1 27 2.0 0 20 0 0 0
7 3.0 |08 28 27 | 06 21 1.0 0 10
8 20 | 0.2 18 1.7 | 0.1 16 0.5 0 5
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RESULTS TEST |

There is no clear cut winner in these tests. There are however several important general conclusions
that can be made:

1 Antenna # 6 (Diamond D-707) has very low sensitivity and it provided a usable signal only between 5
to 15 megahertz. The gain of this antenna was so low that it was double checked. The co-ax cable was
changed, the amplifier was changed and finally a second antenna was installed, but the results were the
same. Unless you have excessive gain in your receiver, this antenna would not be a good choice.

2, Antenna #5 (Datong-370) and #4 (MFJ-1024) followed closely by #2 (McKAY DAMEK DA-100D)
and #7 (DRESSLER ARA-60) gave the best performance across the frequency test range. These
antennas appear to be the best over all in gain and signal to noise ration. The choice of the best suited
for a particular set up might be in the different features in the control boxes and price. (See Appendix)

PROCEDURE TEST Il

To test antennas for Dx'ing, a barely readable signal was tuned in using the reference antenna and then
each other antenna was switched in rapidly to determine if the signal was "the same”, "better", or "worse", or
not readable at all.

For this test the reference antenna would be No. 1 (Alpha-Delta Sloper) and then each antenna would
be rated as: S, the same; -1, poorer, but readable; 0, not readable at all; or +1 and +2 as better than S. This
type of test is very subjective and no numerical signal valves can be measured at these levels as the signals are
well below the S-meter readings, but the results are meaningful.

In looking at the results, keep in mind that the Alpha-Delta Sloper is an excellent outside antenna so
that an S or even a -1 rating of an active whip antenna is a good performance.

The receiver used in this series of tests was a RACAL-6793A. This receiver is extremely stable, has
a low noise front end, wide dynamic range and tunes in 1 Hertz steps. It was set in the AM mode, fast A.G.C.
and a 3.2 khz IF filter.

No attempt was made to stay on a station long enough to identify it as it was important to switch
antennas rapidly before propagation conditions changed.

DATA TEST i

Bl vr | mw | 120 | e0o | 7 | 60 | a0 | @1 | a 25 21 1 | 18 | 18] n
F | 206 | 720 | 2300 | 3250 | 3913 | 4800 | 6090 | 727 | 9540 | 11655 | 13666 | 1763 | 17.68 | 2145 | 259
ut | o156 | 0400 | 1215 | 12:20 | 12:30 | 0228 | 12:80 | 1285 | 13:00 | 0248 | 1310 | 12:20 | 1245 | 13:00 | 13:30
1] s | s s s s | s | s | s s s s s s s | s
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B-Band in Meters, Except: LF=.15 to .5 MHz, MW=.50 To 1.7 MHz; F-Frequency in MHz; UT-Time in UTC

RESULTS TEST Il
The S rating is a station received on the Alpha-Delta Sloper that was barely distinguishable in the noise.
This data indicates that active antennas compare favorably with and outside antenna. In fact, some active
antennas surpassed the sloper antenna in several frequency ranges. It is important to remember that a +1 or
+2 rating means that as the antenna switch was flipped back and forth between the active antenna and the
reference antenna, there was a definite improvement in signal readability.
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CONCLUSIONS

For general SW listening, all of the active antennas, with the possible exception of NO. 6, provided very
good performance. The best choice would probably depend on the frequency range of interest, the features of
the control box and of course, the price.

For DX hunting, three of the antennas; McKay Dymek DA-100D (2), MFJ-1024 (4), and Datong
AD-370 (5), regularly produce signals as good or sometimes better than the long wire sloper.

If I were to pick one active antenna as being the overall best, it would be the DATONG AD-370. It
gave top performance in both series of test, however it is pricey and lacks many control box features that could
be important to someone else.

One other factor that is important to consider in the choice of an active antenna is overloading. If these
antennas are used near a strong AM station, the system can be overloaded at both the antenna amplifier input
and the receiver input. The receiver input problem is easily solved with a filter or attenuator, but there is no nice
solution to the problem of antenna amplifier overload. The problem of overload was not included in these tests.
If you live in a strong signal area you should also consider the information in the references.

APPENDIX

' After a thorough search through the literature, the following seven active antennas were chosen as
apparently the highest quality available on today’s market. Only antennas suitable for outside mounting were
considered.

1 ALPHA DELTA DX-SWL SLOPER* 5. DATONG AD-370

Frequency range - 0.5 to 30 mhz
Output impedance - 50 ohm
Antenna length - 60 feet
Universal Radio - $67.95

2. McKAY DYMEK DA-100 D
Frequency range - 0.5 to 30 mhz

Output impedance - 50, 100, 500 ohms

Attenuator - 0, 10, 20 db
Gain Control - none
Antenna height - 56 inches
Universal Radio - $179.95

3. SONY AN-1
Frequency range - 0.15 to 30 mhz
Output impedance - 50, 75 ohms
Attenuator - 0, 20 db
Gain Control - none
Antenna height - 59 inches
Universal Radio - $84.95

4, MFJ-1024
Frequency range - 0.05 to 30 mhz
Output impedance - 50 ohms
Attenuator - 0, 20 db
Gain Control - none
Antenna height - 54 inches
Universal Radio - $129.95

ENDNOTES

Frequency range - 0.2 to 30 mhz
Output impedance - 50 ohms
Attenuator - none

Gain Control - 0, 12 db

Antenna height - 2 X 4 in., dipole
E. E. B. - $149.95

DIAMOND D-707

Frequency range - 0.5 to 1500 mhz
Output impedance - 50 ohms
Attenuator - none

Gain Control - 0 to 20 db
Antenna height - 37 inches
Universal Radio - $149.95

DRESSLER ARA-60

Frequency range - 0.2 to 30 mhz
Output impedance - 50 - 75 ohms
Attenuator - none

Gain Control - 0 to 10 db
Antenna height - 37 inches

Gilfer - $189.95

R. F. SYSTEMS DX-1

Frequency range - 0.05 to 50 mhz
Output impedance - 50 ohms
Attenuator - 0, 6, 10, 20, 30, 40 DB
Gain Control - none

Antenna height - 48 inches
Universal Radio - $359.95

1] Magne, Lawrence "RDI Evaluates Active Indoor Antennas”, Radio Data Base International

2] Benson, Ted WAG6BEJ "The SWL Antenna Survey", Tiare Publications

[3] Goubau, G. and Schwering, F. "Proceedings of the ECOM-ARO Workshop on Electrically Small Antennas",

U. S. Army Electronics Command

(fine tuning )
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LISTENING TO A DREAM

Don Moman, VE6JY

When someone mentions a high frequency log periodic antenna, one thinks of massive arrays on embassy
buildings or at government and military monitoring stations. They are also used by the maritime and aeronautical
services, as well as by anyone with the need to communicate over a variety of distances and frequencies in the
HF spectrum. They maintain their gain and other electrical properties more or less uniformly over the design
range of the antenna, without any need for traps, mechanical switching or antenna tuners. The log-periodic design
is characterized by a logarithmic taper in both element length and spacing from one end of the antenna to the
other. You can see many smaller examples of the log-periodic design if you live in an area where *all-band" TV
antennas are popular.

Several years ago, most likely in the early eighties, I recall seeing an abandoned log-periodic antenna
in an industrial area on the south side of Edmonton. It was massive, sitting on a wooden pole that must have
been ninety feet tall and three feet across at the base. For someone with a small city lot and no supporting
structure heavier than a collection of wooden poles, it was preposterous to even think about such a monster.
Since it really was abandoned, I recall bringing a new receiver along one day and hooking it up to the severed
coaxial cable. The receiver was the Radio Shack DX-300 and the result was complete overloading of the front
end rendering the entire zero to thirty megahertz spectrum useless. All that accomplished was to convince me
of the tremendous signal gathering properties of the log-periodic as well as the inadequacies of the DX-300.

Several years later, I found that a radio club in British Columbia had a very similar log periodic for sale.
It had been donated to them by an oil company in Calgary and was too large for the tower the radio club had;
so I wound up purchasing it. Without any paperwork or specifications, it’s hard to be certain but evidence points
to the antenna as being manufactured by Telrex and covering 9 to 16 mhz using a 46 foot long tubular boom.
It was a start but what I really wanted was something that covered at least 6 to 30 mhz.

It was about then that I got real lucky! A local amateur acquired exactly what I had been dreaming about
- a large log-periodic array covering the 4 to 30 mhz region. The boom length was over 60 feet, the largest
element was over 80 feet long and the entire array weighed over 1000 pounds. It was not new but it had never
been assembled, and was still in the original shipping crates with all the hardware and instructions. It even was
complete with the matching rotator. The story I heard was that the antenna was originally ordered from Sabre
Communications [1] by Imperial Oil as a replacement for a similar antenna which had just been destroyed by
an ice storm in Alaska.

This was apparently the "foul weather" version, strengthened to survive under the worst conditions. The
project then was cancelled and the antenna sat around in a warehouse in Edmonton for several years. To make
a long story short, which isn’t possible at this stage, I convinced him I needed the log-periodic more than he did
and purchased it from him. The rotator stayed behind to turn a massive 50 Mhz Moon Bounce antenna array.

It’s a good thing the blueprints were still enclosed because it really was a gigantic meccano construction
set. The boom of the log-periodic is a 18 inch triangular tower, made entirely of aluminum and bolted together,
not welded or riveted. Apparently the blueprints were not for the version I had, since they showed a welded
boom. After a few trial and error sessions all 62.5 feet of tower/boom was assembled. Even at this early stage
of construction, it was already too heavy to move about by hand. By the time one adds the 19 elements and
the mounting hardware, the entire antenna weighs in excess of 1100 pounds. The log-periodic that failed in the
arctic broke in half due to severe icing conditions. Even though mine was the heavy duty version, I decided it
would be wise to install a truss support for the boom. The elements are not trussed so there is a fair bit of sag
in the larger elements, but they are constructed of very substantial aluminum tubing, starting at 3 inch OD with
25 inch wall thickness and tapering down to .5 inch at the very ends. The first 4 elements use loading coils to
increase their electrical length to resonate in the 4 to 6 mhz region. Overall, the first 5 elements are 82.5 feet
long, with the other elements progressively shorter, with the nineteenth element only being about 6 feet long. In
total, nearly 1000 feet of aluminum tubing is used in the antenna. You should stand under the tower with a stiff
wind blowing and listen to the wind in the rigging!

Installation of such a heavy and cumbersome antenna is best accomplished with a large hydraulic crane.
The manual shows a "simple” way to erect the log-periodic on an eighty foot tower with a winch and gin pole
arrangement. It doesn’t look that simple. In my situation, with the 120 foot tower already in place, the crane was
the quickest, simplest and the safest. The log-periodic is bolted to a saddle arrangement that is bolted to a short
section heavy mast. The crane picked up the entire assembly and merely lowered the mast into the thrust
bearings already mounted in the tower. The process took less than 45 minutes, the culmination of weeks of
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preparation and years of dreaming. The log-periodic is installed 121 feet above ground level, on fairly high
ground which provides a good takeoff angle in all directions. The tower is situated about 150 feet away from the
house and the antenna is fed by 300 feet of 1/2 inch low loss heliax cable. All control and signal cables run
underground from the tower to the radio room.

As one can imagine, a rotator capable of turning, stopping and holding this array has to be a substantial
unit. The specifications indicate a wind area of 40 square feet, but that is for the original version. As mine uses
much wider bracing material, plus with the added truss hardware, I'd estimate the wind area to be at least 50
or 60 square feet. Initially I used a large Wilson 1000 rotor, rated for 40 square feet, as a S8temporary measure.
I kept shearing the bolt that either joined the
two sections of mast inside the tower or the __ Figure 1
one that pinned the mast to the rotator. After
shearing a 1/2 inch grade 8 bolt, I decided that
the next thing to go would be the brake and
gears in the rotor, so I got busy and installed
the unit that is still in use now, and which has
been essentially trouble free. A large worm
gear with a 60:1 ratio was installed at the 80
foot level. It is driven by a 3/4 horse,
reversible, electric motor and connected to the
worm gear with some reduction pulleys.
Overall turning speed is set to make one
complete revolution in just over 2 minutes. No
brake mechanism is required as the worm gear
design provides its own braking action. The
motor has plenty of torque to get the system
turning, even at -30 degree temperatures with
a 80 km breeze. Getting the performance at -
30 degrees and even colder meant draining the
oil from the gearbox and replacing it with
kerosene!

PERFORMANCE

According to the manufacturer’s
literature, the Sabre MLP-4 has a rated gain of
9 db at 4 mhz, increasing to 13 db at 8 mhz
and above. Front to back ratio, never a strong
point of the log-periodic design, is rated at an
average of only 12 db. Since no db reference is
given, such as dbi or dbd, one cannot compare
these figures directly with other antenna
specifications which are usually referenced to
the gain of a dipole, dbd. I was told by
someone knowledgeable about such things,
that they usually added in a 5 or 6 db "ground
reflection gain" to arrive at the above figures.
The antenna is a compromise in both spacing and element length at the lower end of its coverage. The literature
states that the "MLP-4 is a fore shortened log-periodic array covering the 4.0 thru 30 Mhz frequency band
continuously with a reduced physical size of approximately one-half that of a full scale array.”

The arrival angle of signals can have a dramatic effect on the performance of any antenna. Looking at
the plot for the vertical radiation pattern at various frequencies one can see there is a main lobe at a fairly low
angle plus, depending on the frequency, one or more other high angle responses. These plots are for an antenna
80 feet high, mine is at 120 feet so the main lobe of my antenna will be at a slightly lower angle. In between
these are angles where the gain of the antenna is very low, and in some cases, the response of the beam in a
certain direction might be better if the back of the antenna was pointed at the signal! In the real world I have
noticed large variations in the front to back and front to side performance of the antenna, especially below 8 mhz.
Sometimes the antenna can be rotated through 360 degrees and the signal hardly changes at all. Other times the
signal will rise out of the noise floor to S9 plus, real armchair copy. It all seems to depend on the arrival angle,
a difficult entity to measure or predict.

Installation using a crane
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Figure 2 Vertical Patterns over average soil, Antenna @ 80 feet
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As a good friend of mine is always telling me, having one antenna is like only having one idea - how
do you know if it’s any good? The log-periodic has been up since June 15, 1989. It has been compared and
tested thousands of times against other antennas, both receiving and transmitting. Other antennas include: 5
element 20 meter monobander at 72 feet, Cushcraft ATB-34 10/15/20 meter triband beam at 50 feet, various
wire antennas including 80 meter inverted Vees and delta loops, 160 meter inverted Vee, 132 foot transmitting
vertical for 160 and 80 meters, a 60 meter sloping dipole oriented toward Africa, and assorted beverage antenna.
All the wire Vees and dipoles were hung at various points off the 120 foot tower that also supports the
log-periodic.

Going back through my logbook for the summer of 1989, I noticed I had jotted down a few quick signal
comparisons. In the "Other" column I used whichever of my other beams and wire antennas that gave the best
signal. Meter readings are from a reasonably well calibrated Kenwood TS-440 transceiver.

Station Log Other Station Log Other

2500 WWV s2 S9+10 14918 Kiribati s2 S2 (5 el 20m)

4880 S. Africa S1-2 S1, poor (60m) 15010 Vietnam S5 S7 (5 el 20m)

4890 PNG s2 het, no audio 15084 Iran S5 S2, noisy

5020 Solomons S9+10 S2, not listenable 15171 Tahiti s7 S5 (5 el 20m)
S2 with beam at 90 degrees 15175 Denmark s7 S6 (5 el 20m)

6080 CKFX sS just detectable 17705 New Zealand S6 sl

6160 CKzU S8 S1-2, noisy, fading 21810 BRT Belgium 5S4 S2 (triband)

7255 Nigeria S9+10 s? 25730 Norway weak,clear nothing

In many cases and especially so on the 60 and 49 meter bands, the advantage of the log-periodic is even
greater than the simple advantage in S meter readings, due to the reduction in QRM and noise due to the
directional characteristics. On the higher SWBC bands, the log-periodic is often able to separate two co-channel
signals, as long as they are arriving from two directions differing by 60 degrees or more. The overall
improvement in signal readability using the log versus other non directive wire antennas, is often enough to make
the difference between comfortable listening and just being able to tell there is something there. Beams designed
for the amateur bands usually perform well on adjacent SWBC bands, for example the 20 meter monobander
performs very well on 19 meters. Trapped beams usually have more of a narrow response, the 10/15/20 meter
tribander I have performs reasonably well on the 13 meter band but poorly on 19 meters.

The lower limit of the log-periodic is rated as 4 mhz and as such performs poorly on the 120 and 90
meter bands. Recently I have become keenly interested in 80 meter ham band DX, where the SSB DX window
is around 3790 to 3800 khz. The log-periodic exhibits a very high SWR below about 3950 khz so I can’t use it
for transmitting down at 3800, but it does prove to be a superb listener there. It acts just like a beverage, the
background atmospherics, static crashes and even local powerline noises are often reduced dramatically in
relation to the desired signal. The log does exhibit a bit of directionality down this low, but with very minimal
front to back. At this frequency, it’s likely acting more or less as a rotatable dipole. About 99% of the time it
is the best 80m DX receiving antenna I have. On rare occasions, the Vee or delta loop will exhibit the same
* signal to crud ratio as the log-periodic, but usually they are far noisier. On certain nights the beverages work well,
and I remember only a couple of instances where they were superior to the log, hence the other 1% goes to
them. For non DX 80 meter contacts the inverted Vee is usually the winner.
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On the higher amateur bands, the log has proven to be a very good performer. No other 40 meter beams
are presently in use here, but tests with other amateurs show comparable performance to other 2 and 3 element
monobanders. On 20 meters, the log often gets compared to the 5 element monobander, which is at a lower
height. The two are quite often even in performance but occasionally one or the other shows a significant
advantage. This is most likely due to the difference in heights favouring a certain arrival angle. On 15 meters
and especially on 10 meters, the log-periodic is often too high and is easily outperformed by the tribander at 50
feet! However on certain paths, or during unusual or transitional propagation conditions, the extra height helps.
Although not a very scientific result, I seem to have noticed that while the received signal may be the same or
even lower than the tribander, I am heard a lot better when using the log. This has been observed in many
contest and pileup situations, after calling with no response many times on the other antennas, I'll rotate the log
around and get through on the first or second call.

For those interested in pursuing their own dream antenna, the manufacturers [1],[2],[3] listed at the end
of this article are among the ones that produce "small" log-periodic arrays with lower frequency limits of 6 Mhz.

Figure 3 Final Installation at 120 feet

Finding, installing and using the log-periodic has been quite an adventure, from the beginning to the
present. It has also been quite an education! I had no significant formal or practical knowledge about erecting
large guyed towers or dealing with rotating such a large array. I do now. Was it worth it all? Yes. Would I do
it again? Yes, and I probably will. Lately, I've been thinking about what I could do with say, 160 acres of antenna
land. Rosettes of beverages, arrays of rhombics..... then the dream ends. Or perhaps it is just beginning... again.

[1] Sabre Communications Corporation, 3400 Hwy 75 North, P.O. Box 536, Sioux City, Iowa 51102.
(712) 258-6690 fax (712) 258-8250

[2] KLM/Mirage Communications, PO Box 1000, Morgan Hill, CA (408) 779-7363

[3] TELEX/Hy-Gain, 9600 Aldrich Ave So., Minneapolis, MN 55420
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GROUNDS FOR IMPROVED RECEPTION

Nick Hall-Patch, VE7DXR

It's usually recommended that a receiver be attached to a "good ground", often without much detail as to
what this consists of or why one should do it. This article will define a ground, discuss the difference between
powerline and RF grounds and describe how each works, enlarge upon the reasons for using a ground, describe
methods of grounding, and, after giving the results of some experiments using different ground systems, will
provide some pointers to what sort of ground to use in specific situations. It will be assumed that the reader has an
initial mental picture of a "ground” as a copper rod or water pipe in soil, although other approaches will be
described later.

WHAT IS A GROUND?

A ground is a point of zero potential, a reference point. For example, the chassis of a receiver is regarded
as a ground by the circuits of the receiver. However, the zero reference point for the "live" side of the AC
powerline is the earth itself. An external ground is an attempt to place a body of metal (the pipe or rod), and the
receiver chassis to which it is connected, at the same potential as the earth itself. This approach will be described
first, then it will be decided if that is what is really required for improved medium wave and tropical band
reception.

The electrical resistance between the system and the earth itself is known as ground resistance and can be
easily measured (see Appendix I). Ideally it should be zero; practically it may be in the tens to hundreds of ohms.
The bulk of this resistance occurs between the surface of the ground rod or pipe and the soil itself and is dependent
upon soil conductivity.

Conductivity is the ability of a material to pass electric current. The more conductive the soil is, the
greater the chance of getting that chunk of metal to nearly the same potential as the earth. Conductivity increases
with soil moisture, soil temperature and soluble mineral content. Unfortunately, surface soil moisture and
temperature vary throughout the year, causing varying conductivity. The traditional ground system uses rods of six
feet or more to take advantage of the more stable soil moisture and temperature at those depths.

Local ground conductivity can be improved by keeping the soil moist around a rod but a more radical
difference can be made by the periodic addition of a handful of rock salt or Epsom salts to the area. Only the
immediate area (within a foot of a rod) need be treated with salt, as the concentric layers of soil immediately
around the rod are the most important so far as total ground resistance is concerned. Salts can sterilize soil so keep
them away from valuable plants. Also, watch out for corrosion of the rod at the surface. Finally, salt will be
leached away over time and will need to be renewed periodically.

Incidentally, surface ground conductivity can be measured with simple equipment. See Jerry Sevick's
"Measuring Ground Conductivity" in March 1981 QST, p. 38; also see the ARRL Antenna Book but note that an
AC isolation transformer was found necessary. A way of deducing ground conductivity from ground rod resistance
is found in Appendix I of this paper.

POWERLINE GROUNDS AND RF GROUNDS

A ground which is designed only for minimum DC resistance from ground rod to earth will be described
here as a powerline ground, as it is the type of ground used at a building's main breaker panel to keep one side of
the 110 volt AC line at earth potential. A powerline ground should provide a low impedance path from the
equipment to earth at DC and low AC frequencies. Therefore ground rods should have a low resistance to earth
and though length of the connecting cable from equipment to the rods isn't that important, it should have low DC
resistance.

The household electrical ground could act as a receiver RF ground but noise problems are likely. Also an
RF ground lead must be electrically short, i.c. much less than a quarter wavelength. At 5 MHz, "short"” should be
under 10 feet, and though longer runs might be tolerable at lower frequencies, most house wiring will not provide a
short enough connection to provide a good ground. For a receiver RF ground, the connection could be made of
large diameter stranded copper wire (#10 or better). Copper braid is supposed to have lower impedance and the
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braid from junked coaxial cable (the bigger the better) is an inexpensive substitute. Also, copper strip (copper
flashing) or 1/4" copper tubing works well if the ground clamp will accept them. Ground clamps should be clean,
placed over shiny metal, and be weatherproofed once attached. Low ground resistance continues to be important,
though for higher frequencies and greater soil conductivity, resistance to the surface soil is more important. Also,
the capacitance of the rod to earth becomes significant at higher frequencies as capacitive reactance decreases.

An RF ground is used with an unbalanced antenna such as a vertical, a random wire (inverted "L" or "T")
or a Beverage, and its purpose is to complete the circuit at a receiver's input. A radio wave can induce a current
flow in the antenna towards the receiver, but an equal amount of current must flow away from the receiver. In a

dipole for example, the current flows toward the other half of the dipole. A vertical antenna or random wire! is
normally modelled as one half of a vertical dipole, while the RF ground acts as the other half of the dipole. In this
case, the equal amount of current is induced in the soil (and from the ground rod) by the portion of the radio wave
which is travelling under the earth's syrface. (Note that half a cycle of the radio wave later, current will flow out of
the earth, through the receiver, and into the antenna).

Because radio waves cannot penetrate deeply in conductive soil, especially at higher frequencies, the bulk
of the earth currents are generated within five feet of the surface, implying that a short ground rod may be all that
is needed at shortwave frequencies, as long as it has low resistance to the surface soil. (See Figure 1)
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FIGURE 1. lllustration assumes a vertically polarized wavefront with no titt and no slowing down of
wavefront in the earth.

With a Beverage antenna, the RF ground also completes the antenna circuit, but in this case, the earth (as
coupled to by the RF ground) is acting as the other side of a two-conductor transmission line.

One class of RF "grounds” has so far been left out of the discussion altogether: the radial system. Radials
are lengths of wire laid on or under the ground to which the ground terminal of a receiver or transmitter is
connected; they radiate outwards from the base of a vertical antenna. Notice that this type of "artificial ground”
may have an infinite ground resistance if there is no DC connection with the earth, but they still complete the
antenna circuit, the same way that the other half of a dipole does. Ground rods can be part of a radial system, and
are often used at the base of an antenna.

WHY DO WE USE EXTERNAL GROUNDS?

The reasons for using an external ground are safety, reduction of received electrical noise, and for
increased received signal strength. The last of these reasons is probably the most important for the diehard DXer,
but the other two should also be considered.

GROUNDS FOR SAFETY

DXers' equipment is normally powered by household AC, and if a (rare) receiver fault occurs which puts
household AC voltage on its chassis, it could subject the user to a shock. If the receiver chassis is placed at earth
potential and the same receiver fault occurs, the resulting short circuit (remember that one side of the 110 volt line
is at earth potential) will blow a fuse.

The third pin on AC power outlets is connected to the building's power line ground and if the receiver
uses a 3-pin plug, it is likely grounded for safety. One needs to be cautious about connecting an external ground to
the chassis of a receiver which uses a 2-pin AC plug. In vacuum tube receivers particularly, there may be a type of
line filter which forms an AC voltage divider; as a result, current could flow between the chassis and an external
ground. One can test for this potential danger by connecting a light bulb between the chassis and external ground;
if it lights, there is a problem. Even if it doesn't light, check for current flow with an AC milliammeter. If there's
no flow, you can connect the chassis to ground. However, if a recently-made unmodified receiver has an
underwriters' approval sticker on it, then it is probably as safe as it needs to be, even if it uses a two pin AC plug.
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Another concern is the safe discharge of static electricity, which can be built up on a wire antenna by
precipitation or wind, thereby endangering sensitive receiver circuitry. On older receivers, such static charges were
bled off to ground via inductive coupling to tuned RF amplifiers, but newer receivers rarely use that kind of circuit.
It's therefore advisable to connect the antenna to ground outside the receiver via a 10k resistor and a neon bulb as
suggested by Don Moman elsewhere in this book. Again, the third pin of the AC power plug should provide an
acceptable ground for this sort of protection.

Although a ground can bleed off static electricity from an antenna, one should not trust a simple ground to
protect your antenna or receiver against lightning. Elaborate low-resistance systems based on multiple ground rods
and plenty of connective cabling have been used in commercial and amateur transmitting stations (cf Altman in the
December 1987 CQ, pp. 76ff, or the treatment of the subject found in the ARRL Antenna Book), but the best and
easiest protection for the listening post is to configure the antenna lead-in so that it can be easily disconnected
where it enters the building. When lightning threatens, the antenna lead-in may be grounded externally to the
building or it may be left hanging. It is also advisable at this time to pull out the AC power plugs to your
equipment.

GROUNDS FOR NOISE REDUCTION

Man-made electrical noise is the only type which is affected by the type of external ground used with the
receiver. Unfortunately, connecting an external ground to a receiver may make such noise problems worse than if
one used no external ground at all.

To understand why such noise problems should develop, picture. the live side of the AC powerline either
as an antenna picking up electrical noise or as a conductor of electrical noise from elsewhere. The noise signal
covers many frequencies, including the one being monitored, and can be capacitively coupled from the powerline
to the receiver chassis. If an external ground is connected to the chassis, the noise signal will travel to earth
through the ground resistance.
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FIGURE 2. The ground resistance must be very low, otherwise the noise voltage developed across it
may be capacitively coupled to the receiver antenna input. A "good" ground cuts down on the developed
noise voltage which weakens the strength of received noise.

In some cases, local noise problems may mean that it is not practical to connect an external ground,
particularly a mediocre one, to the receiver chassis. One possibility not tried here is to wrap the powerline around a
ferrite rod just before it enters the receiver, providing an RF choking effect. Another possible solution is to use an
input isolation transformer using a separate ground from receiver or powerline ground. The beverage matching
transformer found in Proceedings 1988 will work well; see diagram below.

EXAMPLE:
35 TURNS/11 TURNS
ON AMIDON
FT50-43 CORE COAX TO RECEIVER ANT
O l—=9 L INPUT
/7]7 RCVR
GND

FIGURE 3. Note that this set-up also provides a path to ground for static discharge from the antenna.
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GROUNDS FOR IMPROVED SIGNAL STRENGTH

Many DXers have found that connecting an external ground to a receiver has not improved receiver signal
strength, yet Patrick Martin in Seaside, Oregon found that MW signal strength on his SP-600 improved as he
added more ground rods to his system. For most of us however, the household power line ground seems to be as
good an RF ground as anything that we are able to put into the earth ourselves.

Patrick's success with additional ground rods was probably due to his very conductive Pacific coast soil,
but for the rest of us it is perhaps time to look at practical RF grounding systems to discover which are likely to
deliver improved signal strength.

PRACTICAL GROUNDS

The use of a cold water pipe or copper rod as a ground have often been described before here and in other
literature, but a brief recap is in order. If a copper water line enters a building near the receiver, it can be used as a
ground connection, simply by attaching a short length of suitable cable (see "RF Grounds" above) from the receiver
to a grounding clamp fitted onto the pipe.

Water pipe grounds may not work well if a joint underground is threaded, or mates with plastic pipe.
The rest of the building's water system may also act as an antenna which could contribute to increased electrical
noise or spurious signals.

Copper coated steel rods made for powerline grounding are available and are commonly 1/2" in diameter
by six or eight feet long. Such a rod can be pounded into the ground near the receiver location, and again be
attached to the receiver via a grounding clamp and suitable cable. Length of a ground rod is more important than
diameter; doubling the diameter reduced ground resistance to earth by less than 10%, while doubling length
reduced resistance by 40%.

If the local soil is dry or rocky, or if only short rods are available, or one simply wants the lowest ground
resistance possible, then a multiple rod system might be the way to go. Such a system inexactly parallels the
resistance to ground from each rod with the ground resistance of all the other rods. The classic arrangement has
the rods spaced at 6' or more from each other, usually in series. These are connected together with braid, cable or
copper tubing via ground clamps, and one end of the system is connected to the receiver with as short a conductor
as possible.

,-IRCVR I

FIGURE 4. The SWG ground.
A variant of the multiple rod ground is the surface-wire ground (SWG) developed by the U.S. Army
Signal Corps. It is 70 feet of 1/8" diameter wire configured in a loop on the ground around the radio equipment

and held in place by 15 to 18 specially formed ground rods only 10 inches long. The loop is connected to the
equipment by three equidistantly spaced cables.

SAMPLE GROUND STAKE,
FORMED FOR MAXIMUM
EXPOSURE TO SOIL

FIGURE 5.
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One might contemplate using radials as a receiver ground, but the FCC requirements of a "minimum of
120 buried radials each 1/4 wavelength long" for AM broadcast stations would certainly be discouraging. However,
those figures are for use with a 1/4 wavelength vertical; most low-band DXers use antennas with vertical segments

much smaller than that. Fortunately, radio amateur researchers? have found that an antenna only a fraction of a
wavelength long needs many fewer radials (no more than 40; even 4 or 6 gave reasonable results), that they need
be no longer than 0.2 wavelength, and can be different lengths to fit the available space. A yet more efficient
system was created when the ends of the radials were joined together. It was recommended that radials should be
insulated and not be buried more than a couple of inches due to poorer penetration of radio waves through
conductive soil as frequency increased. In fact, a counterpoise system (radials raised to six feet above ground) was
the system of choice. It seems likely that a simple radial or counterpoise system could make a reasonable RF
ground for receiving. In fact, a simple system may not look that much different from the SWG described above.

SOME OBSERVATIONS

I got the idea for this article when I realized that, although I was using very poor grounds on Beverage
DXpeditions, I was getting quite reasonable signal strengths at the receiver. The soil at the expedition sites was
damp but not particularly conductive; its rocky texture also meant that I was very lucky to get a rod into the ground
more than 18 inches or so.

Indeed, experiments during July 1991 showed that a really minimal ground rod (8") in gravel and treated
with salt water, delivered MW signals only one or two dB down from those heard using a 3 foot rod in salt treated
mud. A Beverage matching transformer was used between antenna and receiver, as in Figure 3 above. Later, Don
Moman told me that his Beverages with matching transformers delivered as much signal using a 6" ground rod in
swampy soil as when using a 3 foot rod. Further experiments are needed to compare these "poor” grounds with a
really low resistance ground once I can design one. But it did encourage me to find out whether "poor" grounds
could also be successful with the more common random wire.

Similar experiments were attempted at home using a random wire made of a horizontal loop about 130'
circumference at 15' high (using a 15' downlead). For frequencies up to a few MHz, this corresponds to a short
vertical with a sizeable capacity hat. The reference ground system was four series-connected 6 foot long ground
rods each separated by about 6 feet and directly connected to receiver ground as in Figure 4.

The following results were observed while using a Beverage matching transformer to couple the
antenna/grounds to the receiver, as in Figure 3 above.

"Ground system” was the same as the multiple rod system used for reference, but was used with a
matching transformer as indicated above. —local ground is clay loam; this was late summer 1991, and the soil
surface was generally dry; 8" rod was in an area that had been watered. —"rod with salt" observations took place
after the area had been treated with salt water.

f (kHz) Ground System 8" Rod 8" Rod with salt
530 +9dB +7dB +8dB

830 +8dB +4 dB +6 dB

1560 0dB -4dB -1dB

2500 0dB 0dB 0dB

5000 +4 dB +2dB +6dB

10000 0dB +3dB -

15160 0dB +3dB -

NOTES:

"Ground system" was the same as the multiple rod system used for reference, but was used with a matching transformer as in
Figure 3 rather than directly connected as in Figure 4.

A15-5




Local ground is clay loam; this was late summer 1991, and the soil surface was generally dry, 8" rod was in an area that had
been watered.

"Rod with salt" observations took place after the area had been treated with salt water.
No local electrical noise problems were noted when small rod was used.

For MW, a homebrew receiver was used, described in IRCA Reprint M56. It has a 50 ohm input, and due to inductive coupling
to its first tuned circuit, provides a DC path from antenna to ground. Powerline ground is coupled -to chassis ground via stray
capacitance.

For SW the Drake SPR-4 was used. It has a 50 ohm antenna input, also with a DC path from antenna to ground. Powerline
ground is directly connected to chassis ground.

Early in 1992, similar experiments were performed, only this time, antenna and ground were connected
directly to the receiver rather than via a matching transformer. The same reference ground was used as in the
above set of tests and additional types of grounds were also evaluated.

f(kHz) Receiver Powerline Small 6 Random SWG

Ground Rod Radials
530 Homebrew  -3dB -3dB -3dB -3dB
(noisy) (noisy)  (noisy)
530 2010 -5dB -3dB 0dB -5dB
830 Homebrew -1dB - -9dB -5dB
830 2010 -8dB -4 dB -4 dB 0dB
1560  Homebrew  -12dB '9dB  4dB +2dB
1560 2010 -22dB 8dB +3dB -10dB
2500 2010 -20 dB 0dB -6 dB 8dB
2500 SPR-4 -8dB -7dB -4 dB 8dB
(noisy)
3360 SPR-4 0dB 0dB 0dB 0dB
(noisy)
5000 2010 0dB 0dB +3 dB 0dB
5000 SPR-4 0dB 0dB 0dB 0dB
10000 2010 0dB -2dB +3dB —
15160 2010 0dB 0dB 0dB —
NOTES:

"Powerline ground" is whatever path to the AC powerline ground offered by the receiver in question.

Random radials varied in length from 14 to 35 feet arranged every 20 degrees over 100 degrees lying on the ground underneath
the horizontal loop. An optimum system would have longer radials for the lower frequencies, cover the full 360 degrees, and
be joined at the far ends.

SWG is surface wire ground as described above, (Figure 5) but ground rods were lengths of 3/4 inch copper pipe rather than
the ground stakes.

When the 8" rod was used, little change in the results occurred when the area around the rod was treated with a salt solution.
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Local soil is clay loam, damp at the time of the tests, likely with good conductivity. Ground resistance of various systems as
derived by the set-up in Appendix I:

Multiple rod ground system.............. 3.5 ohms
Small 1od (8") ..coveveeereereceererenenns 575 ohms
SWG......ccierieieeeeeeee e 24 ohms
6radials.........c.ccoeeeeieciiecereeeeens infinity

2010 is the SONY ICF-2010, which does not have a DC path from antenna to ground; input impedance varies from 75 to over
200 ohms. Powerline ground is likely coupled to radio's DC ground via stray capacitance in its wall transformer.

Where "noisy" is parenthetically noted, local electrical noise was heard that was not observed using the reference ground
system.

The above observations verify conventional wisdom, as long as the antenna and ground are connected
directly to the receiver. The ground with the lowest resistance to earth (the collection of 6' ground rods), delivered
the best signal strength with the lowest electrical noise, at least through 2500 kHz. Above 2500 kHz, that ground
quickly lost its advantage.

The results were quite different when a matching transformer was used. A short ground rod delivered
nearly as much signal as the larger system, with no worse response to local electrical noise. This is a particularly
striking observation when the amount of work put into making the respective systems is compared. Note also that
these observations took place when the surface ground conductivity was likely poorest, and therefore worst case for
this area. In addition, the matching transformer with a "poor" ground almost always delivered a stronger signal
than the best ground system did when it was connected directly to the receiver using the same antenna. Finally, the
matching transformer provides a static bleed-off path and minimizes noise response if it is connected to a ground
isolated from receiver and powerline ground. These experiments point out that the matching/isolating transformer
is a powerful tool for those who cannot build the best possible ground system.

EXPLANATIONS

These are somewhat tentative, but are included for those who might investigate this subject further.

Why should the input transformer make such a radical difference? As far as rejection of electrical noise is
concerned, it is important to isolate RF ground from chassis ground to prevent noise currents circulating through
the chassis and being coupled to the antenna. The matching transformer does this very well.

Why does the Beverage work well with a poor ground and a matching transformer? The Beverage antenna
can be modelled as a generator with a 500 ohm internal impedance; the load for this generator is provided by the
input winding of the matching transformer and the resistance to earth of the ground rod. All these impedances can
be modelled as resistances at medium and low frequencies; capacitive and inductive reactance exist but can be
ignored. At higher frequencies, the capacitive reactance of the rod to earth in parallel with the ground resistance
becomes significantly small, reducing ground resistance further.

l . AAA
ELECTRICAL EQUIVALENT 00,
70 A ' : 500a

BEVERAGE ANTENNA&

FIGURE 6.

INPUT IMPEDANCE OF RCVR
RECEIVER OR MATCH. XFMR.

AAA
A4

A
VvV

GROUND RESISTANCE
SHUNTED WITH REACTANCE

- '-..

Using voltage divider theory we will find that with a ground resistance of zero, half the voltage generated
on the antenna will appear across the input winding of the matching transformer. But with a "poor" ground's
resistance of 500 ohms, fully one-third of the voltage generated at the antenna will appear across the matching
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transformer winding. This is 3 dB down from the voltage developed with a ground resistance of zero....one half an
S-unit. Such a difference might be significant in logging weak signals at dawn, but for temporary installations, the
relative ease of setting up a "poor” ground may be more important than the loss in signal strength.

The explanation for why a poor ground and matching transformer should work well with a random wire is
essentially the same, but the model of a random wire and ground is somewhat more complicated.

Fe===—=- i INPUT IMPEDANCE OF RCVR.
ELECTRICAL EQUIVALENT | AN v OR MATCHING XFMR.
T0 A | 1000tn 4 SHUNTED BY INPUT INDUCT.
RANDOM WIRE ANTENNA— | ' $
} ® ! foeseees GRND RESISTANCE
! L 3 SHUNTED WITH
' T 3 CAPACITIVE REACTANCE
] . .
b= — \—ANTENNA CAPAGITANCE TO EARTH

FIGURE 7

In this case, the random wire may look like a generator with an effective resistive impedance of well over
1000 ohms. The load is the inherent capacitance of the random wire to earth in parallel with the voltage divider
formed by the input impedance of the receiver in series with ground resistance. Once again, capacitive reactance of
receiver ground to earth can be ignored except at higher frequencies, where its low value is beneficial. Although
the impedances involved are more complex in the case of a random wire, the basic voltage divider between the
input of the receiver and ground resistance still exists. When a high impedance receiver input is used (such as is
found when using a matching transformer), the voltage drop across a higher ground resistance becomes less
significant, and relatively greater signal is delivered to the receiver.

In both the situations above, a receiver input of 50 ohms will have a correspondingly lower voltage
dropped across it compared with the voltage dropped across the ground resistance. When using a low impedance
receiver input, it is therefore important that ground resistance be low.

- It is important to note that the Beverage matching transformer is not optimized for use with a high
impedance (at medium frequencies) random wire. Further observations should be made using a 1600 or 2000 to 50
ohm transformer to see if yet greater signal strength results when using a poor ground.

CONCLUSIONS

A) The traditional emphasis in ground system design has been to get as low a resistance to earth as possible,
implying deeply driven multiple ground rods. Although AC powerline grounds, transmitting grounds and lightning
protection systems require a low resistance to earth, it is not essential for improved radio reception, unless one is
listening at lower frequencies with a low impedance input receiver and with the ground system connected directly
to the receiver chassis.

B) Safety considerations might seem to require a low resistance path to earth from a receiver chassis, but:
—-Newer receivers need to have passed various underwriters' safety tests to be allowed on the market;
if a safety ground is required, it will be provided via a 3-pin power plug.

--Older receivers should be assessed on a unit by unit basis before external grounds are connected;
there may be a potential difference between chassis and earth, which would require that an external
RF ground be connected via an isolating transformer.

--Direct Connection of an external ground may actually increase receiver response to local electrical
noise.

--Bleeding off static charge from an antenna does not require a low resistance path to earth, simply a
DC path. Other safety grounding requires a low resistance path to earth.

0) Using a matching transformer with an antenna and isolating the earth ground on the antenna side of the

transformer from chassis ground on the receiver side will meet most DXers' requirements for improved reception
with low response to electrical noise, especially below 2 or 3 MHz, even when using a "poor" ground.
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APPENDIX |

MEASURING RESISTANCE OF GROUND ROD TO EARTH AND EARTH
RESISTIVITY

One requires (in addition to the rod being measured): two ground rods of two or three feet length; a
voltage source, I've used 6 and 12 volt batteries; a milliammeter (an inexpensive digital multimeter may be
preferable to a VOM, as measured current may be quite small); ten feet or more of insulated wire.

Pound the two rods into the ground at least ten feet from each other and from the ground rod to be

measured, in a triangular arrangement:

GROUND ROD 9) A
TO BE MEASURED /T\

/ \
R1/ \R2
/ \\
/ \
B / \C

A
TEMPORARY ROD—19 | ~TEMPORARY ROD

FIGURE 8. Connect one battery terminal to the ground rod to be measured (A), and connect the other
(through the milliammeter and length of wire) to ground rod B. Using the voitage of the battery, the
current through this circuit, and Ohm's law (R=V/I), calculate the resistance between the rods. This will
be R1. Repeat the observation and calculation between rods A and C for R2, then for rods B and C for
R3.

The ground rod resistance to earth (Rg) is found from the following formula:

(R1+R2-R3)
Rg =
2

(I have not seen the following documented elsewhere, nor have I tried it, but the Sankosha Corporation in
San-Earth Technical Review suggests finding ground resistivity using ground resistance (Rg) and the length of a
ground rod (L) and its diameter (d):

275RgL
Resistivity = in ohms-meters
log (4L/d)

The inverse of the above is ground conductivity.

Acknowledgement: My thanks to John Bryant, David Clark and Don Moman for providing some of the
background material for this article. ‘
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D) A "poor" ground might be due to low soil conductivity, a short ground rod or both, but should still be
connected to a matching transformer using as short a wire length as possible.

E) Soil conductivity can be improved by moistening the soil in the immediate vicinity of a rod, especially if
salt is added. Improved surface conductivity seems to be improve signal strength, particularly below 2 or 3 MHz.

F) Unless the soil has very poor conductivity, ground rod depth becomes less important at higher frequencies,
even if the rod is connected directly to the receiver. At these frequencies, the bulk of the ground currents generated
by an incoming wave are close to the earth's surface. Above 5 MHz, an external ground doesn't seem to be of
much use. Radials may help, but should not be buried more than a few inches. In fact they could be placed high
enough to qualify as a counterpoise. For reception purposes, radials can be fewer and shorter than are the
standards for AM broadcasting.

G) With a loop or dipole as a receiving antenna, an external ground does not appear to improve signal
strength or response to electrical noise.

ENDNOTES:

1The sort of random wire which can fit on a city lot is modelled as a vertical for frequencies below 5 MHz, as the
bulk of the signal pickup is on the vertical portion of the "L" or *T" with the horizontal portion acting as
a "capacity hat", giving the antenna greater capacitance to earth.
It should also be pointed out that an RF ground is unlikely to improve the signal pickup of a balanced antenna such
as a loop or a dipole. I haven't noticed any improvement in rejection of electrical noise using earth ground
with these antennas either.

2poty, Frey, and Mills, "Efficient Ground Systems for Vertical Antennas", QST, February 1983, pp.20-25
-—-Frey, "The Minipoise", CQ, August 1985 pp.30-39
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THE COLLINS 51S-1

AN ‘S’ LINE CLASSIC
David Clark

"All the major communications receiver manufacturers were in deep trouble
during the second postwar decade, 1955-65...Collins lasted longer than the others because they
were leaders and correctly judged the future shape of communications equipment.

"So, in 1957, as the old-line manufacturers [Hallicrafters, Hammarlund and
National being the majors] made bigger and heavier receivers, Collins introduced the KWM-1,
a complete 175 watt SSB transmitter and receiver, less power supply, in a package...weighing
15 pounds!

"Collins continued to push the new, small concept in 1958 when they replaced
the 75A series with the 75S-1 receiver. They introduced their new ’S’ line of ham equipment
in November, 1958, with four page, full colour advertisements...its new long and low
appearance can still be recognized in most receivers and transceivers to this day. The general
coverage 'S’ line receiver was the 51S-1 which was manufactured from 1959 to 1972." -
Raymond S. Moore [1]

Figure 1. lllustration of the Collins 51S-1 Receiver

UNVEILING THE MYSTIQUE

Raymond Moore 's research work indicates that there were two prototype designs preceding the release
of the 51S-1. He notes that only one copy of a prototype model 51J-5 was ever produced. In 1957, the 51J-6 was
conceived and appeared in a 1958 Collins catalogue. It seems that it was probably never produced but it did look
very much like the forthcoming 51S-1. [2]
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Both the 758 series and the 51S-1 were upgraded over the years and remained in production into the
mid-1970's. What is the mystique that made this Collins series so desirable and enduring...or is it mystique? As
one reviewer put it in 1969:

"There are special features in this equipment that were originally developed or
pioneered by Collins for the attainment of a high order of frequency stability, calibration and
readout, as well as RF and IF selectivity. These, along with soundly engineered design
principles, have largely contributed to the success of much of the present-day [S-Line]
equipment...The fine construction and workmanship found in the Collins gear, along with its
refinements and excellent performance (as well as the cost) have instilled many to call it the
Cadillac of amateur equipment. While this may be a matter of personal opinion, there does
appear to be something about this equipment that makes one feel he is handling a product that
bespeaks of rich quality". [3]

As compared with the fine but more popularly-priced general coverage receivers available to hobbyists
through the 1960 's from manufacturers such as Hammarlund, National and Hallicrafters, very few of the vastly
more expensive Collins receivers found their way into the hands of SWBC DXers. The majority were delivered
to military markets and other government agencies. Although it ' s design was not originally mandated by military
specifications as was the case for the earlier R-390 series, there are specific military designations for various
versions of the 51S-1. In addition, a number of original manufacture 51S-1's were modified for the US military
by another defense contractor. Limited quantities of this somewhat different-looking version appeared some years
ago as surplus.

The 51S-1 was first available to the public in 1961 and sold for a hefty $1828. The 1963 selling price was
already almost $2600...big bucks for any hobbyist in those days! The 51S-1 was listed for the last time in the
1979 edition of Popular Electronic's annual Communications Handbook with a "commercial class" price-tag
of $4770!! By that time, Collins was no doubt selling off the remainder of the last production run from several
years earlier. Raymond Moore says total production of the 51S-1 was 8,500 units. [4]

The 51S-1 was clearly designed as a top-of-the-line general coverage communications receiver. Actually,
it is quite a bit more sophisticated (and expensive!) than its 'S' line amateur band brethern, the 75S-1/2/3,
which appeared between 1958 and 1964.

Fifteen or twenty years ago, a used 51S-1 commanded roughly $1200. Today with the renaissance of
interest in hollow state communications gear among both hams and SWL's, the 51S-1 is one of the hottest
collector 's items on the market. A receiver in clean condition easily fetches $700 or more. The trend indicates
the price is heading back up.

A search of old North American DX bulletins uncovered only one brief user review of the 51S-1. In a
submission to the April, 1972 edition of the North American Short Wave Association's FRENDX, Frank Peters
explained that after some correspondence with Collins, he was able to obtain and install a 3.1 kHz mechanical
filter for improved AM/ECSS reception. With that modification, Mr. Peters rated the 51S-1's performance as
fairly close" to the Hammarlund HQ-180 which he characterized as "the best DX-receiver on the market".

Apart from that submittal, a scan of the 52,000+ entry radio amateur bibliographical database
(*FBTO"') revealed just one minor profile of the 51S-1. [5] So, there is precious little documentation concerning
the 51S-1 to be found in the hobby press.

TECHNOLOGY IN TRANSITION

The success of the Collins Radio Company through the years was due to its leadership role in developing
state of the art" equipment. The 51S-1 is evidence of this, for although it is generally classified as a tube-type
receiver, it was in fact an early hybrid. In addition to its impressive lineup of 17 tubes, it also utilizes 1
germanium transistor and 20 semi-conductor diodes. Remember - this was 1959!

To put this into context, it wasn 't until late 1964 that the National Radio Company released the first,
all solid-state high performance general coverage receiver - the famous HRO-500. Two years later, R L Drake
released its first hybrid (partially solid state) receiver called the model 2-C.

It is also interesting to note that the 51S-1 was, I believe, the first commercially produced receiver to
incorporate a Q-multiplier for variable rejection tuning. It was subsequently introduced into the 75S line with
the 75S-3 in 1961. Other manufacturers produced only a handful of receivers utilizing a built-in Q-multiplier,
although it certainly became popular for quite some years as an outboard device.
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We should not overlook the fact, however, that Collins did not abandon its pioneering accomphshments
first manifest in 1946 with the introduction of the 75A series. The last of that lme, the 75A-4 (1955-58) is still
considered by many to have been ‘'the' classic tube-type amateur band receiver. It was the immediate
predecessor of the 'S' Line.

Throughout the decade of the 50's and even through most of the 60's, other receiver manufacturers
continued to utilize a tuned HFO (high frequency oscillator) with a crystal controlled second oscillator to achieve
double conversion in an otherwise conventional superheterodyne circuit. No-so with Collins as Raymond Moore
explains...

"This receiver [the 75A] introduced the multi-conversion fixed HFO circuit
which eventually became the basis for most quality receivers well into the 1980’s, until the
step-tuned, fully synthesized receiver took over. In the 75A the HFO was crystal controlled and
the tuning done with a permeability tuned VFO. The result was a degree of frequency stability
and readout accuracy never before approached." [6]

It is significant that the 51S-1 and its 75S brethern retained the same basic conversion scheme of their
75A ancestry.

GETTING TO KNOW THE 51S-1

Specifications from the very thorough Collins Instruction Manual are reproduced in Figure 2 below.
Figure 3 on the next page is a block diagram of the 51S-1. It shows the principles of operation for this
sophisticated receiver. Several tube substitutions in this diagram are indicative of later productions runs of the
51S-1, probably after 1964.

518-1

FREQUENCY RANGE:

2-30 mc continuous coverage. Additional
coverage from 0.2 to 2.0 mc for limited
monitoring or laboratory use. With 55G-1
Preselector. 0.2-2.0 mc can be used for
communications.

TYPE OF RECEPTION:

USB or LSB, AM. CW and RTTY.
CALIBRATION:

I ke per dial division. Direct reading in
megacycles and kilocycles. Circuit compen-
sation for crystal finishing tolerances mini-
mizes the need for recalibration when switch-
ing bands.

TUNING:

Frequency range, divided into linear one
megacycle bands.

FREQUENCY STABILITY:

After 90 minute warm-up, frequency stability
will be nominally within 100 cps per week,
at normal room temperature.
SENSITIVITY:

$5B and CW — 0.6 uv for not less than 10
db carrier on-carrier off (2-30 mc); 3 uv
for not less than 10 db carrier on-carrier
off (0.5-2.0 mc); 4 uv for not less than 10
db carrier on-carrier off (0.2-0.§ mc). With
55G-1, 1.0 uv (0.2-2.0 mc).

AM — 3 uv for not less than 10 db S4-N/N
(2-30 mc); 15 uv for not less than 10 db
S+N/N (0.5-2.0 mc); 20 uv for not less
than 10 db S4+N/N (0.2-0.5 mc). With
55G-1, 5.0 uv (0.2-2.0 mc).
SELECTIVITY:

SSB — 2.75 kc mechanical filter, 2.4 kc
optional.

CW — 800 cps crysul filter, 300 cps
optional.

AM — 5 kc (normal IF transformers), 6 kc
with mechanical filter optional.

AGC TIME CONSTANTS:

Rise time — 0.8 millisecond.

Decay time — 0.1 second.

AGC CHARACTERISTICS:

Audio output variation less than 6 db for
RF inputs from 5-50.000 uv. Not more than
3 db change in audio output with RF signals
from 50,000 uv to 1 v.

REJECTION NOTCH:

Not less than 40 db.

BFO:

Supplied by 500 ke crystal.

RF INPUT:

50 chms unbalanced.

CROSS MODULATION: (2-30 mc)

Desired | Interfering Signal uv and % Removed
Signal 1% 2% 4%
5 uv 25,000 | 100,000 | 300,000
50 uv 50,000 | 150,000 | 800,000
500 uv 100,000 | 300,000 lv

SPURIOUS RESPONSE:

Not less than 70 db (2-30 mc) except for
4.8-5.2 mc which is not less than 40 db.
Image rejection is not less than SO db
(2-25 mc) and not less than 40 db (25-30
mc) measured at midband.

UNDESIRED RADIATION:

Antenna radiation is less than 500 picowatts
across 50 ohms resistive (2-30 mc).

INPUT-OUTPUT METER:

Input calibrated in decibels above AGC
threshold. Output level calibrated for either
0 dbm or +10 dbm.

IF OUTPUT:
500 kc; not less than 50 millivolts at S0
ohms with § uv RF input signal.

AUDIO OUTPUT:

4 ohms and 600 ohms unbalanced 1.0 watt.
distortion less than 10%. Separate 600 ohm
balanced output for connection to telephone
line, distortion less than 1.2% at 0 dbm.
AUDIO FREQUENCY RESPONSE:

S5B — within 3.5 db, 350-3050 cps, line
output; within 3.5 db, 350-3050 cps, local
output.

AM — within 6 db, 100-2500 cps, line out-
put; within 6 db, 200-2500 cps, local output.

AMBIENT TEMPERATURE RANGE:
0°-50° C.

AMBIENT HUMIDITY:

Up to 90%.

POWER REQUIREMENTS:

125 watts. 115 v or 230 v, 50-60 cps. 400
cps operation with reduced hum specification
at full audio output. For 28 v dc operation.
the internal ac supply unit is replaced by an
optional dc unit.

DIMENSIONS:

Rack mounted — 197 W, 8%” H, 15 D
(48.26 cm W, 22.23 cm H, 38.10 cm D).

Cabinet mounted — 14%” W, 7%” H, 14"
D (37.47 cm W. 19.69 cm H, 35.56 cm D).
WEIGHT:

28 Ibs. (12.69 kg).

Figure 2. Specifications of the Collins 51S-1 Receiver
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Figure 3. Block Diagram of the Collins 51S-1 Receiver
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GENERAL DESCRIPTION AND FEATURES

Primary frequency coverage of the 51S-1 is 2 to 30 MHz in twenty-eight linear 1 MHz ranges. The
desired range is determined by the Megacycles Selector Switch. (Refer to the Figure 1 illustration for
identification of the front panel operating controls.) Direct frequency readout is provided with an odometer-type
counter. The MHz Counter and the Tenth MHz (100 kHz) Counter which is ganged to the Main Tuning Control
appear in the upper window. One kHz divisions (0 to 100 continuous) appear on the kHz dial window.
Interpolation to within 500 Hz is possible when the Zero Set Control is used to align the hairline marker at the
nearest 100 kHz point with the built-in Crystal Calibrator. A variable capacitor adjustment is accessible on the
upper chassis to zero beat the calibrator to WWV. A Dial Lock slide switch is provided immediately below the
main tuning knob.

A low frequency converter/bandpass filter combination is used to provide additional coverage, " for
laboratory applications and broadcast monitoring" in the .2 to 2 MHz range, making for thirty ranges in all. An
optional 55G-1 preselector (with built-in 4 ohm 5 x 7 inch speaker) must be connected for communications-grade
performance below 2 MHz. The preselector provides for manual peaking of the signals in two switchable ranges
- 200 to 600 kHz and 600 to 2000 kHz, and there is a bypass position. To date I have not be able to locate a
55G-1 and I suspect it is a mighty scare item.

The Instruction Manual specifies that "51S-1 series receivers require a good antenna with 50 ohm
unbalanced feed”. The RF front-end features an impedance-matching transformer and double-tuned antenna
inductors to minimize spurious signal response and adjacent channel interference. As distinct from the less
sophisticated 75S receivers, a preselection control (antenna trimmer) is not required since "band-to-band
frequency coincidence" is achieved for each frequency range.

Image rejection characteristics are governed by the use of triple conversion for the .2 to 7 MHz bands
and double conversion for the 7 to 30 MHz bands at a 500 kHz intermediate frequency. (The 758 series receivers
used the more common 455 kHz IF.) As for frequency stability, the permeability tuned oscillator is claimed to
limit drift to a nominal 100 Hz PER WEEK - after warmup at normal room temperatures, of course! The PTO
is said to be "medium temperature-compensated”, although there is no crystal oven.

The 51S-1 is capable of receiving USB/LSB, AM, CW and RTTY modes and selectivity at the output
of the Third Mixer stage is governed by mode as selected with the Emission Switch. The AGC circuit is not
switchable but is capable of providing automatic gain control to the RF and IF amplifiers such that AF output
varies by not more than 6 db across a wide range of RF input voltages. Relative RF input levels can be observed
on the high quality meter when the Meter Switch is set to ' RF'. Instructions specify that calibration should be
adjusted to indicate 40 db for a 100 microvolt signal.

I think it's fair to say the 51S-1 was optimized for SSB reception. Upper and lower sideband are
individually selectable with INDEPENDENT 2.75 kHz mechanical filters, so oscillator shifting is not required.
Skirt-to-nose selectivity (60 to 6 db down) is unstated but probably a nominal 2 to 1, typical of Collins filters.
The fast attack, slow-release time constants of the AGC seem tailored to optimize SSB reception too. An 800
Hz crystal lattice filter is provided for normal CW reception.

Standard AM selectivity is very wideband (5 kHz at -6 db; 22 kHz at -60 db), being governed solely by
two coupled 500 kHz IF transformers. This is a serious limitation for AM mode DXing and even progam
listening, except for strong, in-the-clear signals. It is interesting to note that the 51S-1 Instruction Manual suggests
invoking the ECSS mode in circumstances of selective fading or adjacent QRM. However, for some reason
Collins was never very interested in passband tuning - it would have been a welcome adjunct.

A switchable, series-type Q-multiplier between the first and second IF stages provides a bridged
T-rejection notch filter centred at 500 kHz. It can be moved through the IF passband with the Rejection Tuning
Control to deliver a minimum notch depth of 40 db for heterodyne rejection.

The Instruction Manual contains a special caution applicable for use of the Q-multiplier in AM mode:

"During AM reception with an interfering signal present, the resulting
heterodyne may be tuned out by either of two settings of the Rejection Tuning Control.
However, only one of the settings will allow the desired signal to be detected properly. Select
the Rejection Tuning setting which yields the better intelligibility".

In a review of the Collins 75S-3B which incorporated the same Q-multiplier circuit, Wilfred Scherer
offers another useful tip:
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"It should be noted that during on-the-air operation, the maximum
effectiveness of the rejection notch (and sideband suppression) occurs when the RF gain is
tumed down, so that little or no AGC is in operation; otherwise the AGC may tend to defeat
the purpose. This applies to other receivers as well". [7]

The AM mode diode detection is conventional but the Product Detector for SSB/CW modes is unique.
It consists of four diodes in a diode-ring configuration. Here a 500 kHz crystal is used to inject the signal from
the Beat Frequency Oscillator. The BFO is crystal controlled and not tunable. The aforementioned transistor
is used in a SSB/CW preamplifier stage to provide impedance matching and gain between the output of the
Product Detector and the first of the two-stage audio amplifiers. Notice that there is an identification error on
the block diagram - it is labelled as an ' AM/SSB AF Preampl', whereas the circuit path correctly shows that
output from the AM detector is fed directly to the audio output stages.

Two separate (two-stage) AF amplifiers are provided. The local amplifier provides 1 watt of audio
output for an external speaker (either 4 or 600 ohms, unbalanced) and headphones - apparently 4 ohms although
this is not specified. Plugging in headphones disables a speaker connected to the 4 ohm audio output. Rated
audio frequency response is tailored to optimize voice intelligibility.

The line amplifier (600 ohms, balanced) provides a very low distortion 1 mw output, typically intended
for remote monitoring devices or connection to a telephone line. As with other hollow state receivers having
provision for a line output in the 500-600 ohm range, I use this to feed a tape recorder. The line AF gain, as
indicated on the meter when the Meter Switch is set to the 0 or 10 DBM position, can be tailored with a
set-screw adjustment located in the centre of the local AF Gain Control.

On the rear panel (see Figure 4), provision is made for a variety of external connections, most of which
are mated with RCA phono plugs. Notice that there is provision for external RF gain control (by simplexing the
audio output line) and an external VFO connection which allows for use of an external stabilized master
oscillator for fixed channel selection purposes - these provisions would typically accomodate certain military or
commercial installations. Although not mentioned in the Instruction Manual, the necessary provisions are
available to "slave" two 51S-1's for diversity reception, either by frequency or by antenna spacing,

INPUT TO EXTERNAL RG=88/U 500-600 OHMS UNBAL
0.2 TO 2.0MHZ RF € ) oo TO SPEAKER OR LINE
TUNER, IF USED IF USED

OUTPUT FROM

RG=88/U HIGH IMPEDANCE
EXTERNAL 0.2—2.0MHZ>— < SIDETONE INPUT
RF TUNER, IF USED 1) ot IF USED
SEE NOTE 3
a TO 4 OHM SPEAKER
>3 > IF USED
51S=1 RECEIVER )

.

O (REAR VIEW) O
LA 6 b PLUG INTO PHONES
JACK ON FRONT PANEL
N

" m
\ RG=88/U FROM EXTERNAL VFO,
%o@c + J— IF USED. THIS CABLE PLUGS IN-

f, 0 [% o TO J6 ON CHASSIS, NEAR Va

TO REMOTE_RF_GAIN CONTROL
3 WIRE AC CORD FOR l

& > DO NOT USE IF REMOTE MONITOR=GAIN
18 % 230% fower . \ “‘ CONNECTION IS USED AS SHOWN?
) SEE FIG. I~2 FOR OPTIONS
NOTES: RG-S8/U

I. LINE GUTPUT AND REMOTE GAIN HOOKUPS AS SOOKHZ, S0 OHM UNBAL IF MONITOR

SHOWN FOR 600 OHM BALANCED LINE WITH RG=88/U

CENTER TAP GROUND REFERENCE. FOR —Q—> TO ANTENNA

OPTIONAL BALANCED LINE AND REMOTE

GAIN CONNECTIONS SEE FIGURE 1-2.

€00 OHM
2. SIS-1A REQUIRES 28 VDC POWER. BE I
SURE TO USE POWER CABLE SUPPLIED. goo oMM | BAL INPUT

3. EXTERNAL TUNER NOT SUPPLIED. s‘;.'ﬂﬂf& CTR TAPPED

4. (F REMOTE RF GAIN CONTROL IS REQUIRED,
REMOVE STRAP FROM TERMINALS 2, 3, AND MATCHED IMPEDBANCE
4 AND MAKE JUMPER BETWEEN TERMINALS | TO REMOTE MONITOR
2 AND 4 AS SHOWN. | SEE NOTE |

m

250K
TO AC OUTLET. 3RD WIRE GROUND :FE “G‘:‘l’s
IS ROUND PIN. IF ADAPTER IS USED,

CONNECT GREEN WIRE TO GROUND.
e —_ e —

Figure 4. 51S-1 Rear Panel External Connections
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The power connection to the 51S-1 is provided through a large, nine-pin connector which accomodates
either 115 or 230 volts AC (28 VDC in the case of model 51S-1A). Separate colour-coded power cable kits (gray
chord for 115 volts; black chord for 230 volts) were originally supplied with the receiver. Unfortunately, my
second-hand receiver came without a power cable and a suitable mating plug was not to be found at any surplus
dealer in Toronto. It was necessary to have a technician friend trace the power supply circuit and replace the
chassis connector with a standard, three-wire AC cord for 115 volt operation. Buyer beware! Power consumption
is rated at 125 watts.

OPTIONS AND ACCESSORIES

An optional rack mount was available for both the 51S-1 and the (optional) 55G-1 preselector. An
optional S-Line station speaker, model 312B-3 was also available in a rack mounted version. For high vibration
(mobile) applications, a base shock mounting kit was available.

Several optional IF filters were available for the 51S-1. For each of USB and LSB, the standard 2.75 kHz
mechanical filters could be replaced by a 2.4 kHz bandwidth, the latter being the standard in most military
configurations. Later advertising cited a 3.1 kHz mechanical as another option. A sharper (300 Hz maximum)
crystal lattice filter was an option for CW. Only a 6 kHz mechanical filter was listed as an option for AM mode
but this would have been highly desirable in lieu of the wideband IF transformers - unfortunately my receiver
is not so-equipped.

VARIATIONS AND CONFIGURATIONS

The following table shows the information I have concerning the various commercial and military
configurations of the 51S-1:

—
MODEL | MILITARY SSB RACK NOTES
DESIGN'N | FILTERS | MOUNT
518-1 - 275 N Standard Model
518-1 R 1122/GR 240 N
51S-1B ? 275 N Military Connectors
51S-1F R 1156/GR 2.40 Y
51S-1F R 1156A/GR 275 Y
51S-1A R 1430/UR 240 N 28 VDC
51S-1AF ? 240 Y 28 VDC
51S-1F G133F 240 Y LTV Modified

The G133F is a 51S-1F which was specially modified for the US Air Force by LTV Electrosystems of
Greenville, Texas (now E-Systems Inc). According to the manual revisions, the G133F was supplied between 1964
and 1978. The principal modification was the addition of an "electronic package" that enabled processing by
external equipment to determine the tuned frequency of the receiver and included a video output for spectrum
analysis. In addition, a switch-selected AM-BFO was provided with variable frequency tuning up to 15 kHz on
either side of 500 MHz. The stated purpose was to provide a means of varying the tone of CW signals being
received.

Some years ago, the G133F was available from Fair Radio Sales in Lima, Ohio, in "used/checked"
condition for $975. I am not aware of the quantities that were released as surplus or whether this military version
is currently available.

PERFORMANCE

The greatest pleasure that I experience in using the 51S-1 comes from its obvious look and feel as a
quality piece of communications gear. Everything about the way it handles feels " solid". I really do ENJOY
operating the 51S-1! But quite frankly, you don 't have to spend the kind of money the 518-1 commands to get
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better DXing and serious SWLing performance.

Sensitivity on the HF bands is certainly good enough, although effective sensitivity is limited somewhat
by internal noise - the noise floor is not as low as I might have expected. In that respect it reminds me of the
R-390A. For weak signal reception, I find that switching on the Rejection Control from its 6 o' clock * off"
position and setting it somewhere between 7 and 9 o clock usually helps to cut down the internal noise and QRN
without significantly muting the audio response. There is no noise limiter or noise blanker provided with this
receiver.

The audio quality in AM mode, especially on strong, clear signals, rivals that of the better hollow state
receivers. The audio response of an HQ-180 is somewhat more bassy but weak signal intelligibility with the
'180" holds up very well - better than the 51S-1. Neither the 51S-1 nor the HQ-180 is as quiet as the
Hammarlund SP-600 but then the SP-600 has remained virtually in a class by itself over the years, at least in my
opinion.

Still, the audio clarity of the 51S-1 is definitely superior to that of a top-rated, solid state DX receiver
such as the Drake R-7. I find it hard to compare the audio of most hollow state receivers, including the 51S-1,
with the fine audio of the new Drake R-8. They' re quite different, but who 's to say which is better? The Collins
audio is crisper; the R-8 audio is smooth and mellow but also very intelligible. I guess I have always be a fan
of "tube" audio. Who wouldn 't be, considering the disgraceful audio we ' ve put up with from most of the solid
state Japanese imports over the past ten years?

The 51S-1's rejection notch seems to sweep across the IF passband as it is moved between about 9
o' clock and 3 o' clock. Adjustment of the rejection tuning for the best balance between audio intelligibility and
rejection of background QRM or noise is somewhat tricky. While it does help in cutting heterodynes and
sideband splatter, the audio response is muted quite appreciably, certainly more-so than with the T-notch circuit
in the HQ-180.

Apart from the Rejection Control, the only procedure requiring some finesse is tuning in SSB signals
or AM signals in ECSS mode. While the Main Tuning Control is very smooth (except for the detents as it clicks
over every 100 kHz), zero beating for natural audio is a bit of a chore and requires a steady hand. A tunable
BFO would have been helpful here.

It is apparent that my receiver is not in tip-top shape because any tuned frequency will not hold with
sufficient stability to allow unattended taping in sideband mode. Even after an extended warmup, the receiver
tends to waver by about 50 cycles, more than enough to render audio reproduction of a sideband signal
unacceptable. So, unfortunately I cannot confirm the vaunted stability of the receiver that is supposed to make
it suitable for unattended monitoring. Elton Byington provides a better testimony. He says that stability was one
of the prime reasons that a new 51S-1 was purchased for the Associated Press engineering lab in 1972. Elton
recalls that the unit was rock solid - "it would remain perfectly tuned for months of continuous use on one of AP’s
RTTY frequencies!"

Notwithstanding the stock provision of independent upper and lower sideband mechanical filters, the
biggest drawback with the 51S-1 is the lack of flexibility inherent in the selectivity arrangement. As noted,
selectivity is governed by the mode that is currently selected. This means that the 2.75 kHz mechanicals cannot
be used for AM reception and one is stuck with the wideband selectivity curve of the IF transformers - nice
audio for listening to the BBC but grossly inadequate for Tropical Band DXing. I imagine the previously
mentioned optional 6 kHz mechanical filter would be a vast improvement. The IF filters (apart from the
transformers) are shielded within a metal can which I have not attempted to remove. I imagine that incorporation
of the mechanical filter for AM mode would require some adept rewiring. The Instruction Manual provides no
clues for installing the optional filter.

Even if I had the 6 kHz mechanical which would have been fine for relatively wideband audio for the
stronger signals, it is obvious to me that this filter would not be satisfactory for most serious DXing applications
in AM mode. Unfortunately there are no *blank" filter slots so only the one selectivity position is available for
AM mode reception.

Another limitation derives from the non-standard 500 kHz IF frequency that Collins engineers selected.
IF filters for a variety of bandwidths remain commonly available for the more standard 455 kHz IF but not for
other, less common intermediate frequencies. So, while I would love to install a mechanical filter of about 3.1
kHz for AM DXing, I don't believe such can be found, except perhaps by pilfering a filter out of an old
"junker" Collins 51J-4 which also utilized this 500 kHz IF frequency.

While the mode-derived selectivity limits SSB/ECSS reception to only the one bandwidth, I must say
that the stock 2.75 kHz filters are quite nice for ECSS reception except when tighter selectivity is required. On
balance, however, the optional 2.4 kHz filters would likely be preferable for DXing purposes.
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The 500 kHz IF also means that neither the MAP (Version I) nor the recently-available cascaded IF
filter modules from KIWA Electronics [see James Goodwin ' s review in this edition of Proceedings] can be used
with the 51S-1.

In spite of these limitations, all is not lost! There is at least one other way to enhance the performance
of the 51S-1 and that is with the Hammarlund HC-10 Converter. Fortunately, the HC-10 is tunable to
accomodate receiver IF 's between 450 and 500 kHz. The upper boundary of the HC-10"'s IF range adjustment
just fits with the IF of the 51S-1. The HC-10 is essentially the IF and AF stages of the HQ-180. It provides vastly
improved flexibility in terms of the selectivity required for digging out those difficult DX signals. Every owner
of the 51S-1 would be well-advised to invest about $150., the typical going price for a used HC-10. The required
IF output for connecting the HC-10 is provided on the rear panel of the receiver.

EVOLUTION OF THE 'S’ LINE

When radio hobbyists think or speak of the S-Line, what usually comes to mind is the well-known 75S
series of receivers still beloved by many radio amateurs. Now we know that the general coverage 51S-1 was very
much a part of that line, even though its widest application was not in the hobby market. There were other
receivers that followed and, at least in terms of their nomenclature, kept the S-Line alive.

In 1970, while the 51S-1 was still in production, Collins released the 651S-1, a solid state design with
electronic, digital nixie tube frequency readout. This receiver was "space-age" design in its time and was a
complete departure from traditional Collins design. The $4000+ price-tag increased to five figures by 1980. It 's
obvious the market was almost exclusively confined to military and commercial applications. I' m not sure that
it would be correct to characterize the 651S-1 as the general coverage successor to the 51S-1.

In 1982, Collins, which by this time was a subsidiary of Rockwell International, released the 451S-1. It
replicated the style of the KWM-380 transceiver which came on the market in 1979. A full-page ad promoting
the 451S-1 appeared on page 35 of the 1982 WRTH. An improved version of the receiver section of the
KWM-380 formed the basis for the 451S-1 and in his preliminary review, Larry Magne characterized the 451S-1
as being "intended to replace the 51S-1". [8]

The 451S-1 sold for just less than $5000, excluding options, and featured a couple of departures from
traditional Collins design: all-mode passband tuning for one, as well as provision for up to five crystal filter
selectivity postions. Apparently some number of this receiver was produced but nothing more was heard of it
in the hobby press and I can only surmise that the 451S-1 may be close to impossible to find in the used market.

CONCLUSION

"The 51S-1 is probably the last American-made general coverage receiver of its quality that will be available
for Amateurs and SWL’s for a long, long time." [9] That was the view in 1975 by the author of the only review
of the 518-1 in CQ Magazine I was able to find. In some respects he was certainly right, although it must be said
there are better, and in some cases less expensive choices for the diehard DXer or the program listener. The
51S-1 would best be classified as a durable monitoring receiver.

Still, for the serious collector of classic hollow state gear, the 51S-1 has become a "must have" item.
This sentiment, reflecting a strong rebirth of interest in tube-type communications receivers, is the driving force
behind today's market interest.

For a long time I'd yearned for a 51S-1 and now that I've invested in it, I have no intention of letting
it go. While it lacks some of the features and flexibility of better DXing receivers, the mystique - that special
feeling, if you will - is rekindled every time I switch it on. The 'S' Line, perhaps especially the 51S-1, will retain
a special place in the hearts and minds of hollow state fans for many more years to come.

|

== GCOLLINS
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A NEW METHOD OF RECALIBRATION
OF RECEIVERS, BFO’S, ETC.

Bennett Basore, W5ZTN

Many short wave and amateur receivers and VFO’s are stored in attics and sheds over the country,
having been replaced by modern digital synthesized receivers and tranceivers. But the older gear is still of
interest to those who restore old equipment as well as those who are just getting started in amateur radio and
aren’t prepared to fork out the price of a digital rig. A common problem with the older equipment is that, as
a result of aging, tube substitution, or mis- adjustment, they are no longer accurately calibrated. Because
standard recalibration techniques involve tedious and often confusing (even divergent) repetitions of adjustment,
the needed recalibration is often left undone, or worse, attempted to the point of giving up as the techniques
seem to lead nowhere.

The availability of counters and hand calculators makes possible the use of a calibration technique that
the author devised and believes to be original. This method shortens the calibration process by several steps,
sometimes even an order of magnitude. In particular, the slowly converging process of adjusting inductor and
capacitor trimmers at the top and bottom frequencies of the dial can be reduced to as few as three adjustments!
dl('I;hi.e method is not intended for use with receivers with a padding capacitor for adjusting the low end of the

ial.)

RECEIVER ALIGNMENT

With even a cheap RF generator connected to a frequency counter to provide calibration signals, one
can begin. The following steps are in the context of variable-capacitor tuning, but are applicable to
variable-inductor tuning by simply interchanging references to capacitors and inductors. Before attempting
alignment of the oscillator and RF stages of the receiver, be certain that the IF stages are properly aligned on
the original IF, modified only if the crystal filter (if any) has drifted off a few hundred hertz. Next, make sure
that the dial is properly fixed to the variable capacitor shaft. Usually there is a mark that corresponds to the fully
meshed position. It is also necessary that the capacitor plates be relatively free of dust or grime so that the
capacitance is close to what it was originally for each setting of the dial.

First, set the receiver dial to the lowest frequency of interest on the band being aligned. Set the
calibration signal to this frequency. For example, on the broadcast band, set the dial and the signal generator
(as measured on the counter) to 550 khz. This frequency is designated fa. Trim the inductor for the oscillator
stage to pick up the calibration signal as accurately as possible.  Next, tune the receiver dial to the desired
high-end frequency, which is designated fb. In our example, this might be 1550 khz. Now adjust the signal
generator until it comes in "on the nose”. Read the counter, recording the frequency at least out to the nearest
Khz. This frequency is designated f1, and generally will not be equal to the desired frequency, fb. If it is, stop
now; the receiver is in calibration on this band!

The three frequencies now provide enough information to reset the inductor and capacitor trimmers to
the values needed for accurate calibration. Using the formula below, compute f2.

IF)°
2

-+
+

1F)° - (f,
1F)° - (f,

+ IF) b

(f, + IF) = (f, ”
1

IF)

I+

+

Use the (+ IF) as shown if the local oscillator frequency is above the received signal, but subtract it (- IF) if it
is below.

Suppose f1 in our example turned out to be 1562 khz. Then inserting the three frequencies into the
formula, each having been increased by the 455 khz IF, we get f2 = 1546 khz.

Set the signal generator to f2 as read on the counter, again to the nearest khz or closer. Without
adjusting the receiver dial, trim the capacitor trimmer to bring in f2 as accurately as possible. Next, adjust the
trimmer capacitors on the RF and ANT stages for maximum signal to be sure they do not affect the tuning of
the calibration signal. (Chances are they will to some extent.) Readjust the OSC trimmer if necessary. As the
last step, set the signal generator and the receiver dial to the low frequency, fa, and readjust the inductor to
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tune in this calibration signal. This step should complete the calibration of the dial, and only adjustment of RF
and ANT stage inductors should be needed to finish alignment on this band. Check the dial at several
frequencies to see. If mid-range frequencies are off but the end frequencies are exact, it means that either the
tuning capacitor is not properly aligned with the dial, or that the capacitor has actually changed its
capacity-versus-position curve since the dial was originally calibrated. Some older tuning capacitors have
bendable outer plate segments that could be adjusted somewhat. (This mid-range problem could also result from
poor quality control at the time of manufacture.)

VFO ADJUSTMENT

The technique works equally well with VFO’s. Connecting the counter to the VFO output provides
accurate frequency data, so that no signal generator is necessary. The addition or subtraction of the intermediate
frequency is also unnecessary, and the formula becomes:

2 2
fb 'fa

1 2 2
f1 'fa

This technique can be justified theoretically, and is exact for ideal inductors and capacitors. It is also
quite accurate where some distributed capacitance is present in the inductor and its wiring, and some inductance
in the capacitor wiring, as long as these minor contributors do not change as the capacitor changes position.
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JUSTIFICATION

Resonant frequency is inversely proportional to the product of the inductance and the capacitance. Thus
a variable capacitor "tunes" the frequencies that correspond to the changing capacity, which is the sum of the
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