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EDITORIAL: 
 

Well, ANTENTOP # 001 come in! 
ANTENTOP is just authors’ opinions 
in the world of amateur radio. I do 
not correct and re-edit your articles, 
the articles are printed “as is”. A little 
note, I am not a native English, so, of 
course, there are some sentence 
and grammatical mistakes there… 
Please, be indulgent! (continued on 
next page) 
 
73! Igor Grigorov, RK3ZK 
 
ex: UA3-117-386, UA3ZNW, 
UA3ZNW/UA1N, UZ3ZK 
op: UK3ZAM, UK5LAP, 
EN1NWB, EN5QRP, EN100GM 

 

 
 

Copyright: Here at ANTENTOP we just 
wanted to follow traditions of FREE flow of 
information in our great radio hobby 
around the world. A whole issue of 
ANTENTOP may be photocopied, printed, 
pasted onto websites. We don't want to 
control this process. It comes from all of 
us, and thus it belongs to all of us. This 
doesn't mean that there are no copyrights.  
 
There is! Any work is copyrighted by the 
author. All rights to a particular work are 
reserved by the author.  

 

 
 

Contact us: Just email me or 
drop a letter.  
 
Mailing address: 
Box 68, 308015, Belgorod, Russia 
Email: grigorov@bel.ru 
 
NB: Please, use only plain text 
and mark email subject as: 
igor_ant. I receive lots spam, so, I 
delete ALL unknown me 
messages without reading. 
 

ANTENTOP is FREE e-magazine, available FREE at www.antentop.bel.ru 
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Welcome to ANTENTOP, FREE e - magazine! 
 

ANTENTOP is FREE e- magazine, made in PDF, 
devoted to antennas and amateur radio. Everyone 
may share his experience with others hams on the 
pages. Your opinions and articles are published 
without any changes, as I know, every your word has 
the mean.  

Every issue of ANTENTOP is going to have 100 
pages and this one will be paste in whole on the site. 
Preview's files will be removed in this case. I do not 
know what a term for one issue will need, may be 2-3 
month or so. As I have counted, a whole issue of 
ANTENTOP will hold nearly 10 - 20 MB .  

A little note, I am not a native English, so, of 
course, there are some sentence and grammatical 
mistakes there… Please, be indulgent!  
 

Preview: Some articles from "cooking" issue will be 
pasted for preview on this site, others no. Because, 
as I think, it must be something mysterious in every 
issue.  

Note, in preview, ALL files more than 200 KB are 
zipped. 

Publishing: If you have something for share with 
your friends, and if you want to do it FREE, just send 
me an email. Also, if you want to offer for publishing 
any stuff from your website, you are welcome! 

Your opinion is important for me, so, 
contact if you want to say something! 

 

 
Copyright Note:  
 
Dear friends, please, note, I respect Copyright. 
Always, when I want to use some stuff for 
ANTENTOP, I ask owners about it. But… sometimes 
my efforts are failed. I have some very interesting 
stuff from closed websites, but I can not go to touch 
with their owners… as well as I have no response on 
some my emails from some owners. 
 

I have a big collection of pictures, I have got the 
pictures and stuff in others ways, from FREE 
websites, from commercial CDs, intended for FREE 
using, and so on... I use to the pictures (and seldom, 
some stuff from closed websites) in ANTENTOP. If 
the owners still are alive, please, contact with me, I 
immediately remove any Copyright stuff, or, if it is 
necessary, all needed references will be made there.  
 

I do not know, why the owners do not response me. Are they still alive? Do their companys are a 
bankrupt? Or do they move anywhere? Where they are in the end? 
 
 
Business Advertising: ANTENTOP is not a 
commercial magazine. Authors and I (Igor Grigorov, 
the editor of the magazine) do not get any profit from 
the issue. But off course, I do not mention from 
commercial ads in ANTENTOP. It allows me to do 
the magazine in most great way, allows me to pay 
some money for authors to compensate their hard 
work. I have lots interesting stuff in Russian, and 
owners of the stuff agree to publish the stuff in 
ANTENTOP… but I have no enough time to translate 
the interesting stuff in English, however I may pay 
money to translators, 

and, they will do this work, and we will see lots 
interesting articles there. 
So, if you want to put a commercial advertisement in 
ANTENTOP, please contact with me. A commercial 
advertisement will do ANTENTOP even greater 
interesting and various! I hope, readers do not 
mention against such commercial ads. 
Book Advertising: I do not think, that Book 
Advertising is a commercial advertisement. So, 
Book Advertising is FREE at ANTENTOP. Contact 
with me for details. 
 

 
Mailing address: Box 68, 308015, Belgorod, Russia 
Email: grigorov@bel.ru  subject: igor_ant 
 

NB: Please, use only plain text and mark email 
subject as: igor_ant. I receive lots spam and viruses, 
so, I delete ALL unknown me messages without 
reading. 
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Introduction into Antenna Studies: by Prof. Natalia K.Nikolova 
Dear friends, I would like to give to you an interesting and reliable antenna theory. 
Hours searching in the web gave me lots theoretical information about antennas. 
Really, at first I did not know what information to chose for ANTENTOP. Finally, I 
stopped on lectures “Modern Antennas in Wireless Telecommunications” written 
by Prof. Natalia K. Nikolova from McMaster University, Hamilton, Canada. 
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Unusual Antennas 
 

EH ANTENNAS: by Ted Hart W5QJR 
 

Ham Radio has been a birthplace for and nurtured many important inventions and 
discoveries. I have participated in some of those and benefited from others over 
the last 55 years that I have held the call W5QJR. Although I have previously 
presented new concepts to Hams (including the Antenna Noise Bridge in 1967 
and the Small High Efficiency Loop Antenna in 1984), I now have the privilege 
and opportunity to present one more, one that will benefit every Ham. 
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I trust in EH antennas! by Igor Grigorov, RK3ZK 
 

I carried out many experiments with CFA- EH antennas, well, not all my 
experiments were successful, but some of these experiments have forced me to 
trust in opportunities of CFA- EH antennas. I hope, that I be able to finish my 
experimenters with the antennas up to level when I could publish my work not 
being afraid that I will undergo to severe criticism. But now I want give you some 
examples of CFA- EH antennas in ex- USSSR Military Forces. 
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Practical Design 
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Nonlinear effects on antennas: by Igor Grigorov, RK3ZK 
 

TVI and RFI appeared suddenly when my transceiver worked on amateur ranges 
of 10-20 meters. Earlier the transceiver worked everywhere without TV and FM 
radio interferences. I did not do anything either to the transceiver or the antennas. 
For search of the cause of interferences the transceiver was switched off from the 
outside antenna and loaded to a dummy load. No interferences! The transceiver 
was switched on to the indoor magnetic loop. Again, no interferences! 
Interferences appeared when the transceiver was switched on to the outside 
antenna. An additional low-pass filter at transceiver output did not influence the 
level of arising interferences. So, located on a roof antenna was the source of 
interferences. 
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Multi- Range Vertical Antenna UA1DZ: by Igor Grigorov, RK3ZK 
 

Antenna UA1DZ is a very interesting multi- range vertical antenna designed by 
known Russian radio amateur UA1DZ. The antenna was very popular in use in 
the former USSR. Russian radio amateurs widely use the antenna at present days 
also. The antenna works with a low SWR on 40-m, 20-m and 15m. Firstly UA1DZ 
told about his antenna in the ether, and after that, lots Russian radio amateurs 
have did the antenna and Antenna UA1DZ became very popularity. 
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Hula- Hoop magnetic Loop:  by Yuri Kazakevich, EW6BN, 
 
After long QRT (birth of my daughter, changing my QTH) I was going again RV!!!  
So, I needed an antenna! But where can I install it? It was not possible to install 
any antenna on the roof of my house. I had only place for installation of an  
antenna, the place was my balcony of my house. Well, it was very place. What an 
antenna can install at the place? I though, it was only a Magnetic Loop Antenna. 
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Once again about a magnetic loop …  by Igor Grigorov, RK3ZK 
 
For those hams who want to engage in experiments with magnetic loops on basis 
of hula- hoops, I have made calculations of magnetic loops antennas made on 
basis of hula-hoops with diameter 77 cm and 100 cm. 
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Twins Delta Loop for 145 MHz: by Nick V. Derenko, US8AR 
 

Just a Twins Delta Loop for 145 MHz 
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9 

Keys for QRP- expeditions:  by Igor Grigorov, RK3ZK 
 

The two articles, putting below, were published at SPRAT, the journal of the G- 
QRP – C # 114 and 115  accordingly. However, I think, the keys will be interesting 
for all amateurs. 
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10 

QRP beyond belief:  by Igor Grigorov, RK3ZK 
 

Work on QRP is wonderful when with only several  watts of power to do a DX QSO. 
But the surprise is especially great if a radio amateur does not know that he works 
on QRP... later he looks into his log and does not belief it! About such improbable 
work on QRP I want to tell. 
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Old computer’s PSU gives useful parts for antennas: by Igor Grigorov,     
                                                                                                        RK3ZK 
 

A personal computer has become an ordinary thing in the recent time. Nearly every 
radio amateur has his own personal computer. With the course of time some 
computer’s blocks fail and are replaced by new ones. Soon the old computer is 
replaced by a new one. Finally, a radio amateur accumulates faulty computers as 
well as faulty and unnecessary computer’s pieces. But do not throw away the faulty 
pieces! It is possible to find useful applications for them in a ham practice. This 
article is a chat about the practical usage of an output transformer from a faulty old 
Power Supply Unit (PSU). 
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136 kHz LF 
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Superloop receiving antenna for 136kHz: by Peter Dodd, G3LDO, 
 
About a year ago I made a receiving loop for 136kHz using computer ribbon cable 
housed in plastic waste pipe. It wasn't very successful. It would appear that the low 
Q caused by the construction of the ribbon cable was the problem. I have since 
made the G3LNP loop although I had difficulties with the amplifier. I finished up 
using a low impedance pick-up loop without the 
amplifier - this worked reasonably well but it did lack sensitivity. I decided to 
redesign the plastic waste pipe special because if its inherent weather resistant 
structure 
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Measuring the earth resistance of an LF-antenna system:  
by Dick Rollema, PAOSE 

 
There were some requests for info on the way I measured the earth resistance of 
my antenna system. In 1988 …. 
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14 The First Russian LF expedition: by Ed, RU6LA 
 

Just photos 
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Antennas in the mountains: By Igor Grigorov, RK3ZK 
 

Those radio amateurs who are going on a high-mountain radio expedition must 
know about the following thing. Clouds and snow do harmful effect to antennas in 
the mountains. During my previous mountain trips I ran into this effect. 
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Antenna – Island: by John Doty 
 

Another surprise was longwave. I'd never really heard any longwave broadcasters 
before. From my home in Bedford, Massachusetts I can occasionally hear a word or 
two in between noise bursts and beacons, but never anything listenable. However, 
from the island I found that I could often hear European longwave broadcasters …. 
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Pedersen ray propagation: by Robert Brown, NM7M 
 

Pedersen ray propagation takes place at the transition from one ionospheric region 
to another, the lowest being between the top of the E-region and the bottom of the 
F1-region while the highest at the F2-peak which divides the bottom and topsides of 
the F-region. 
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Earth Shadow, propagation related to earth shadow:  
                by Michael Higgins, EI 0 CL, 
 

Not well understood it seems but the Earth Shadow has an enormous effect on over 
the horizon single and multi hop propagation on the HF bands. 
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19 

LDE, another look to inexplicable effect: by Igor Grigorov, RK3ZK 
 

Sometimes we receive strange radio signals delayed compare to sent radio signals. 
The delaying time may take up to 30 minutes! We do not know yet, where the 
signals travel in the delaying time. Modern experiments confirm LDE, and scientists 
keep silence about the inexplicable effect. Only supporters of UFO respond to it 
confidently… 
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EARTH ACUPUNCTURE: Feedback on the problem… 
 

I think, that our planet, the Earth, has specific spots, which are almost identically to 
acupuncture spots placed on a human body. I called them “White Spots”, “Black 
Spots” and “Inverse Spots”. We have a good radio transmitting or receiving in White 
Spots, very bad radio transmitting or receiving in Black Spots, and we have some 
strange things in Inverse Spots. I guess, that many of hams do not agree with me. 
They say, “The propagation of radio waves obeys only to known laws. Okey, I do 
not want to argue with the hams, I only want to show my FEEDBACK. But, before 
the FEEDBACK, I want to tell once more my observation of the unusual effect, 
called EARTH ACUPUNCTURE. 
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Black holes in the ether: by Sergey A. Kovalev, USONE, 
 

In the beginning I shall quote Igor Bunich's book " Fuhrer’s Pirates". The book 
describes one strange event, which was while a campaign of German raider 
"Atlantis" at the end of August, 1941…. 
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Russian Far and Near Space Antennas: by Alexey EW1LN, 
 

All of the Antennas are located near Evpatoria, between village Vitino and 
Molochnoe…..    Just photos with comments 
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Recognizing some of the many contributions to the early 
development of wireless telegraphy: by Leonid Kryzhanovsky St. 
Petersburg, Russia and James P. Rybak Grand Junction, CO USA 
 

At an earlier date, Popov had written: "The credit for the discovery of the 
phenomena which have been taken advantage of by Marconi is due to Hertz and 
Branly; then go a number of applications initiated by Minchin, Lodge and many 
others after them, including myself; and Marconi was the first to have the courage to 
take his stand on a practical ground and reached 
large distances in his experiments" 
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Fessenden and Marconi: Their Differing Technologies and 
Transatlantic Experiments During the First Decade of this Century 
                                                          by John S. Belrose, VE2CV 
 

Many scientists and engineers have contributed to the early development of 
electromagnetic theory, the invention of wireless signaling by radio, and the 
development of antennas needed to transmit and receive the signals. These 
include, Henry, Edison, Thomson, Tesla, Dolbear, Stone-Stone, Fessenden, 
Alexanderson, de Forest and Armstrong in the United States; Hertz, Braun and 
Slaby in Germany; Faraday, Maxwell, Heaviside, Crookes, Fitzgerald, Lodge, 
Jackson, Marconi and Fleming in the UK; Branly in France; Popov in the USSR; 
Lorenz and Poulsen in Denmark; Lorentz in Holland; and Righi in Italy. The inventor 
of wireless telegraphy, that is messages as distinct from signals, is Italian-born 
Guglielmo Marconi, working in England; and the inventor of wireless telephony is 
Canadian-born Reginald Aubrey Fessenden, working in the United States. 
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25 Black Magic Design: The Complete Smith Chart 
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 Feel Yourself a Student! 
 
Dear friends, I would like to give to you an interesting and reliable antenna theory. Hours searching in the web 
gave me lots theoretical information about antennas. Really, at first I did not know what information to chose for 
ANTENTOP. Finally, I stopped on lectures “Modern Antennas in Wireless Telecommunications” written by Prof. 
Natalia K. Nikolova from McMaster University, Hamilton, Canada.  
 
You ask me: Why? 
 
Well, I have read many textbooks on Antennas, both, as in Russian as in English. So, I have the possibility to 
compare different textbook, and I think, that the lectures give knowledge in antenna field in great way.  Here first 
lecture  “Introduction into Antenna Study” is here. Next issues of ANTENTOP will contain some other lectures.  
 
So, feel yourself a student! Go to Antenna Studies! 
 
I.G. 
 

 
 
 
 
 

 

McMaster  University Hall 
 

 

Prof. Natalia K. 
Nikolova 

 

 

 
LECTURE 1: Introduction into Antenna Studies 

by Prof. Natalia K. Nikolova 
 
Definition and circuit theory description. Brief historical notes. General review of antenna geometries and 
arrangements. Wireless vs. cable communication systems. The radio-frequency spectrum. 
 
1. Definition and circuit theory description. 
 
The antenna (aerial, EM radiator) is a device, which 
radiates or receives electromagnetic waves. 
 
The antenna is the transition between a guiding device 
(transmission line, waveguide) and free space (or 
another usually unbounded medium).Its main purpose 
is to convert the energy of a guided wave into the 
energy of a free-space wave (or vice versa) as 
efficiently as possible, while in the same time the 
radiated power has a certain desired pattern of 
distribution in space. 
 

 
 

 
 

a) transmission-line Thevenin equivalent circuit 
of a radiating (transmitting) system 

 
 Vg - voltage-source generator (transmitter); 
 Zg - impedance of the generator (transmitter); 
 

 
Rrad - radiation resistance (related to the radiated 
power) 
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RL - loss resistance (related to conduction and dielectric 
losses); 
 
jXA - antenna reactance. 
 
Antenna impedance: 
 

 
 
One of the most important issues in the design of high-
power transmission systems is the matching of the 
antenna to the transmission line (TL) and the generator. 
Matching is specified most often in terms of VSWR. 
Standing waves are to be avoided because they can 
cause arching or discharge in the TL. The 
resistive/dielectric losses are undesirable, too. They 
decrease the efficiency factor of the antenna. 
 

b) transmission-line Thevenin equivalent circuit of a 
receiving antenna system 
 
The antenna is a critical component in a wireless 
communication system. A good design of the 
antenna can relax system requirements and improve 
its overall performance. 

 
 

 
 

2. Brief historical notes. 
 
 
James Clerk Maxwell formulates the mathematical 
model of electromagnetism (classical electro-
dynamics), “A Treatise on  Electricity and Magnetism”, 
1873. He shows that light is an electromagnetic (EM) 
wave, and that all EM waves (light included) 
propagate through space with the same speed, which 
depends on the dielectric and the magnetic properties 
of the medium. 
 

James Clerk Maxwell 
 

 
Heinrich Rudolph Hertz demonstrates in 1886 the 
first wireless EM wave system: a / 2 λ - dipole is 
excited with a spark; it radiates predominantly at about 
λ.8 m; a spark appears in the gap of a receiving loop. 
Hertz discovers the photoelectric effect and predicts 
that gravitation would also have a finite speed of 
propagation. In 1890, he publishes his memoirs on 
electrodynamics, simplifying the form of the 
electromagnetic equations, replacing all potentials by 
field strengths, and deducing Ohm's, Kirchhoff's and 
Coulomb's laws. 
 

Heinrich Rudolph Hertz 
 

 

May 7, 1895, the first wireless telegraph message is 
successfully transmitted, received, and deciphered. A 
brilliant Russian scientist, Alexander Popov (also 
spelled Popoff, Poppov), sends a message from a 
Russian Navy ship 30 miles out in sea, all the way to 
his lab in St. Petersburg, Russia. The Russian Navy 
declares Popov's historical accomplishment top secret. 
The title “Father of Radio” goes to G. Marconi. 
 

Alexander Popov 
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Guglielmo Marconi (the Father of Radio) sends signals 
over large distances. In 1901, he performs the first 
transatlantic transmission from Poldhu in Cornwall, 
England, to Newfoundland, Canada. The receiving 
antenna in Newfoundland was a 200-meter wire pulled 
and supported by a kite. The transmitting antenna in 
England consisted of 50 wires, supported by two 60-
meter wooden poles. 
 

Guglielmo Marconi 
 

 
The beginning of 20th century (until WW2) marks the 
boom in wire antenna technology (dipoles and loops) 
and in wireless technology as a whole, which is largely 
due to the invention of the DeForest triode tube, used 
as radio-frequency generator. Radio links are possible 
up to UHF (about 500 MHz) and over thousands of 
kilometers. 
 

WW2 marks a new era in wireless communications 
and antenna technology. The invention of new 
microwave generators (magnetron and klystron) leads 
to the development of the microwave antennas such 
as waveguide apertures, horns, reflectors, etc. 
 

3. General review of antenna geometries and arrangements. 
 
3.1. Single-element radiators. 
 
A. Wire radiators (single-element) 

 
 
There is a variety of shapes corresponding to each 
group. For example, loops can be circular, square, 
rhombic, etc. Wire antennas are simple to make but 
their dimensions are commensurable with the 
wavelength. This limits the frequency range of their 
applicability (at most 1-2 GHz). At low frequencies, 
these antennas become increasingly large.  
 
B. Aperture antennas (single element) 

(a) Pyramidal horn 

 
 

 
(b) Conical horn 
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Aperture antennas were developed before and during 
the WW2 together with the emerging waveguide 
technology. Waveguide transmission lines were 
primarily developed to transfer high-power microwave 
EM signals (centimeter wavelengths), generated by 
powerful microwave sources such as magnetrons and 
klystrons. These types of antennas are preferable in 
the frequency range from 1 to 20 GHz. 
 
C. Printed antennas 
 
The patch antennas consist of a metallic patch etched 
on a dielectric substrate, which has a grounded 
metallic plane at the opposite side. They are 
developed in the beginning of 1970s. There is great 
variety of geometries and ways of excitation. 
 

 
Printed Patch Radiators 

 
(b) Circular patch 

 

 
 

Printed Patch Radiators 
(a) Rectangular patch 

 

 

Printed Patch Radiators 
(c) Printed dipole 
 
 

 

Forms of Patches 
 

 
 
PRINTED SLOT RADIATORS 
 
Slot antennas were developed in the 1980s and there 
is still intensive research related to new shapes and 
types of excitation. They are suited for integration with 
slot-line circuits, which are usually designed to operate 
at frequencies > 10 GHz. 
 
Both patch and slot antennas share some common 
features. They are easy and cheap to fabricate. They 

are easy to mount; they are light and mechanically 
robust. They have low cross-polarization radiation. 
Their directivity is not very high. They have relatively 
high conducting and dielectric losses. These radiators 
are widely used in patch/slot arrays, which are esp. 
convenient for use in spacecraft, satellites, missiles, 
cars and other mobile applications. 
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PRINTED SLOT RADIATORS 

 
 

  
 

D. Leaky-wave antennas  
 
These are antennas derived from millimeter-wave 
(mm-wave) guides, such as dielectric guides, 
microstrip lines, coplanar and slot lines. They are 
developed for applications at frequencies > 30 GHz, 
infrared frequencies included. Periodical  
 

 

 
discontinuities are introduced at the end of the guide 
that lead to substantial radiation leakage (radiation 
from the dielectric surface). 
 
The antennas in the mm-wave band are of big variety 
and are still a subject of intensive study. 

 
  
E. Reflector antennas  
 
A reflector is used to concentrate the EM energy in a 
focal point where the receiver/feed is located. Optical 
astronomers have long known that a parabolic cylinder 
mirror transforms rays from a line source on its focal 
line into a bundle of parallel rays. Reflectors are 
usually parabolic (paraboloidal). Actually, the first use 
of a parabolic (cylinder) reflector was used for radio 
waves by Heinrich Hertz in 1888. Rarely, corner 
reflectors are used. Reflector antennas have very high 
gain and directivity. Typical applications: radio 
telescopes, 

 

 

Typical Rrflectors 
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satellite telecommunications. They are not easy to 
fabricate and, in their conventional technology, they 
are rather heavy. They are not mechanically robust. 
 
The largest radio telescopes:  
 
● Max Plank Institut fur Radioastronomie radio 
telescope, Effelsberg (Germany), 100-m paraboloidal 
reflector;  
 
● National Astronomy and Ionosphere Center (USA) 
radio telescope in Arecibo (Puerto Rico), 1000-ft 
(304.8-m) spherical reflector; 
 

  

●  The Green Bank Telescope (the National Radio 
Astronomy Observatory) – paraboloid of aperture 100 
m. 
 
F. Lens antennas 
 
Lenses play a similar role to that of reflectors in 
reflector antennas. They collimate divergent energy 
into more or less plane EM wave. Lenses are often 
preferred to reflectors at higher frequencies (f > 100 
GHz). They are classified according to their shape and 
the material they are made of. 
 

 

 
 
3.2. Antenna arrays 
 
Antenna arrays consist of multiple (usually identical) 
radiating elements. Arranging the radiating elements in 
arrays allows achieving unique radiation 
characteristics, which cannot be obtained through a 
single element. The careful choice and control of the 
phase shift and the amplitude of the signal fed to each 
element allows the change of the radiation pattern 
electronically, i.e. electronic scanning. Such arrays are 
called phased arrays. The design and the analysis of 
antenna arrays is a subject of its own, which is also 
related to signal processing. Intensive research goes 
on nowadays, concerning smart antennas, signal-
processing antennas, tracking antennas, etc. Some 
commonly met arrays are shown in the figure on the 
next page. 
 

4. Wireless vs. cable communication systems. 
 
There are two broad categories of communication 
systems: those that utilize transmission lines as 
interconnections (cable systems), and those that use 
EM radiation with an antenna at both the transmitting 
and the receiving end (wireless systems). In areas of 
high density of population, the cable systems are 
economically preferable, especially when broadband 
communication is in place. Even for narrow-band 
communication, such as voice telephony and low-
data-rate digital transmission, it is much simpler and 
cheaper to build wire networks with twisted-pair 
cables, when many users are to be interconnected. 
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Such lines introduce an attenuation of around 2-3 
dB/km at frequencies about 10 kHz. These lines are 
not suitable at higher frequencies because of the 
higher losses and dispersion. At higherfrequency 
carriers, carrying broadband signals (TV transmission 
and highdata- rate digital transmission), coaxial cables 
are commonly used. The loss is around 4-5 dB/km. 
The least distortion and losses are offered by the 
optical-fiber transmission lines, which operate at three 
different wavelengths: 850 nm (. 2.3 dB/km), 1300 nm 
(. 0.25 dB/km) and 1550 nm (. 0.25 dB/km). They are 
more expensive though and the respective 
transmitting/receiving equipment is costly. 
Transmission lines provide a measure of security and 
noise-suppression (coaxial, optical-fiber), but they are 
not the best option in many cases (long distance, wide 
spreading over large areas, low frequency dispersion). 
 

A fundamental feature of all transmission lines is the 
exponential increase of loss power. Thus, if the loss is 
5 dB/km, then a 20-km line will have 100 dB power 
loss (input power is reduced by a factor of 10-10), a 
40- km line will have a 200 dB power loss. This makes 
it rather obvious why wireless systems are preferred 
for long-range communications, and in scarcely 
populated areas. In most wireless channels, the 
radiated power per unit area decreases as the inverse 
square of the distance r between the transmitting and 
the receiving point. Doubling the distance r would 
decrease the received power by a factor of 4 (or 6 dB 
will be added). Thus, if a particular system has a 100 
dB loss at r=20 km, doubling of its distance will result 
in 106 dB loss (as compared to 200 dB loss in a cable 
system). The comparison between the coaxial-line 
losses and free-space attenuation at f=100 MHz is 
given in the figure below. 
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Modern personal mobile communications 
services 

 
 ● cordless elephony home environment 

businesses – PABX (Private Automatic Branch 
Exchange) 
PHS (Personal Handyphone System) in Japan 
 

 ● digital (and 
analog) cellular 
telephony 
 

Northern America: PCS-1900 (Personal 
Communication Services) 
Europe: GSM-900 (Global System for Mobile 
Communications) and 
DCS-1800 (Digital Communications Systems) 
 

 ● mobile data 
transport 

packet-switched data transfer (MOBITEX, 
DataTAC, etc.) 
PCS two-way data communications; paging 
 

.  ● personal satellite 
communications 

INMARSAT, EUTELTRACS, Iridium, Globalstar 
 
 

.  ● global navigation 
systems 

GPS, GLONASS, ODYSSEY 
 

 
Besides, there is a variety of special application of wireless technology in 
● radar systems 
● microwave relay links 
● satellite systems (TV, telephony, military) 
● radio astronomy 
● biomedical engineering, etc. 
 
5. The radio-frequency spectrum. 
 

 

Table 2.1: General designation of frequency bands 
 
 
Frequency band EM wavelength 

 
Designation 
 

Services 
 

3-30 kHz 
 

100-10 km 
 

Very Low Frequency (VLF) 
 

Navigation, sonar● , submarine 

30-300 kHz 
 

10-1 km 
 

Low Frequency (LF) 
 

Radio beacons, navigation 
 

300-3000 kHz 
 

1000-100 m 
 

Medium Frequency (MF) 
 

AM broadcast, maritime/ coastguard 
 

3-30 MHz 
 

100-10 m 
 

High Frequency (HF) 
 

Telephone, telegraph, fax; amateur radio, 
ship-to-coast and ship-toaircraft, 
communication 
 

30-300 MHz 
 

10-1 m 
 

Very High Frequency (VHF) 
 

TV, FM broadcast, air traffic control, police, 
taxicab mobile radio 
 

300-3000 MHz 
 

100-10 cm 
 

Ultrahigh Frequency UHF) 
 

TV, satellite, radiosonde, radar 
 

3-30 GHz 
 

10-1 cm 
 

Super high Frequency 
(SHF) 
 

Airborne radar, microwave links, 
satellite, land mobile communication 
 

30-300 GHz 
 

10-1 mm 
 

Extremely High  
Frequency (EHF) 
 

Radar, experimental 
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● Sonar (an acronym for Sound, Navigation and Ranging) is a system for underwater detection and location of 
objects by acoustical echo. The first sonars, invented during World War I by British, American and French 
scientists, were used to locate submarines and icebergs. Sonar is an American term dating fromWorld War II. 
 
 
 

Table 2.1: Microwave-band designation 
 

 
Frequency 
 

Old 
 

New 
 

500-1000 MHz 
 

VHF 
 

C 

1-2 GHz 
 

L 
 

D 

2-3 GHz 
 

S 
 

E 

3-4 GHz 
 

S F 

4-6 GHz 
 

C G 

6-8 GHz 
 

C H 

8-10 GHz 
 

X I 

10-12.4 GHz 
 

X J 

12.4-18 GHz 
 

Ku J 

18-20 GHz 
 

K J 

20-26.5 GHz 
 

K K 

26.5-40 GHz 
 

Ka K 

 
 
 
 
 
 
All lectures are available at: http://www.ece.mcmaster.ca/faculty/georgieva/antenna_dload/ 
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EH ANTENNAS 
 

 
Ted Hart W5QJR 

CEO EH Antenna Systems 
 

www.eh-antenna.com 

 
 
INTRODUCTION: 
 
Ham Radio has been a birthplace for and nurtured 
many important inventions and discoveries. I have 
participated in some of those and benefited from 
others over the last 55 years that I have held the call 
W5QJR. Although I have previously presented new 
concepts to Hams (including the Antenna Noise Bridge 
in 1967 and the Small High Efficiency Loop Antenna in 
1984), I now have the privilege and opportunity to 
present one more, one that will benefit every Ham. 
 
 I have invented and patented a new antenna concept 
called the EH Antenna. Note that it is a concept, rather 
than a particular antenna, and is therefore applicable 
to all antennas. What will it do for Hams? It will allow 
reduction in the size of the antenna, increase the 
efficiency, increase the instantaneous bandwidth, 
reduce receiver noise, and virtually eliminate EMI. 
Maybe not all of those virtues are important to you, the 
reader, but the one that is important justifies using an 
antenna that has most or all of those features. 
 
Sound too good to be true? That is what many have 
said until they actually used an EH antenna. Yes, you 
can buy one from the factory in Italy or a kit from 
George, but more importantly, you can build your own 
with very little expense in time or money. We will 
include details in this article. In addition to being able 
to construct an EH Antenna, this is a new area for 
experimentation that can be enjoyed by all Hams. Now 
you can conveniently build and test an antenna for 
frequencies as low as seven MHz in the Ham shack. 
 
THE CONCEPT: 
 
All antennas to date (except the CFA) are based on 
the Hertz concept of resonant wires. Unfortunately, 
these antennas have a very large E (electric) and H 
(magnetic) field near the antenna and do not create 
Poynting Vector radiation until the fields have traveled 
about 1/3 wavelength from the antenna. This is known 
as the boundary between the near and far field of the 
antenna. The EH Antenna creates the Poynting Vector 
radiation at the antenna, thus it essentially moves the 
far field to the antenna. This effectively reduces the 
magnitude of the E and H fields to the physical sphere  
 

of the antenna. Since the E and H fields have been 
reduced in magnitude, EMI has been virtually 
eliminated. When used for receiving, the EH Antenna 
allows transformation of radiated energy to the 
receiver terminals, but does not allow local E or H 
fields to be transformed, thus “noise” is eliminated. We 
need to examine each of the virtues of this new 
concept to allow the reader to understand and be able 
to apply this new concept to the reader’s antenna 
farm. 
 
ANTENNA SIZE: 
 
A small antenna will radiate as well as a large antenna 
– if you can feed it properly. Unfortunately, as the size 
of the wire antenna is reduced, so also is the radiation 
resistance reduced. In addition, the inherent capacity 
of the antenna is also reduced. When a wire antenna 
element (2 elements make a dipole or 1 element  
against ground makes a ground plane antenna) 
approaches . wavelength, it becomes self-
resonant,meaning that the value of self-capacity 
equals the inductance of the antenna. As the wire 
becomes very short compared to the wavelength at 
the operating frequency, there is very little inductance 
and very little capacity. Thus, a large loading coil is 
needed to restore resonance. The coil has loss 
resistance and that resistance can be much larger 
than the radiation resistance, thus the overall 
efficiency of the antenna becomes very low. For 
example, a 75-meter mobile antenna with a large 
center-loading coil is less than 3% efficient. If the 
capacity of a short antenna is increased by making the 
antenna diameter large, the necessary loading coil 
inductance is reduced, thus the efficiency increases. 
However, since the radiation resistance remains low, 
the efficiency has been increased but remains low. 
 
Now, how can we increase the radiation resistance 
without increasing the size of the antenna? We can 
convert this antenna to an EH Antenna, allowing the 
element length to be short, yet the antenna system 
can now have high efficiency. How can we convert a 
typical Hertz antenna to an EH Antenna? We will 
present that information later, after we have discussed 
the other virtues. 
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INSTANTANEOUS BANDWIDTH: 
 

Short loaded antennas and small loops are noted for 
their narrow bandwidth. Bandwidth is related to the 
ratio of the tuning inductance (loading coil) to the 
resistance of the antenna system (the sum of loss 
resistance and radiation resistance, including the loss 
resistance in the coil). We have already explained that 
the loading coil can be significantly reduced if the 
natural capacity of the antenna is increased. Thus, by 
reducing the necessary tuning inductance and 
increasing the radiation resistance, we can have a 
wide band antenna, commonly referred to as a low Q 
antenna. In this case, Q is not quality factor, but simply 
the ratio of the operating frequency to the 
instantaneous bandwidth, and also the ratio of the 
inductive reactance of the tuning coil to the resistance 
of the antenna. In this case, low Q is good. There are 
special cases where resistive loading is incorporated 
to lower the Q (increase the bandwidth) while 
sacrificing efficiency. We do not want to settle for less 
than both low Q and high efficiency. 
 
NOISE: 
 
When an antenna is used for reception, we would refer 
not to hear the noise generated by motors, power line 
leakage, or other forms of E or H field noise, including 
that from lightning strikes. This type of noise is not 
radiated noise, but rather the presence of a local E or 
H field. When a wire antenna is in the presence of an 
E or H field, the wire will develop a current that is fed 
to the receiver as noise. In the case of an EH Antenna, 
only radiated signals will be converted to energy 
applied to the receiver. Again, this will become obvious 
later. By the way, there are three components from 
lightning, a radiated field and large E and H fields. The 
EH Antenna can only reject the E and H fields. The 
radiated field occurs primarily at very low frequencies, 
with large harmonics. 
 
EMI: 
 
Either an E or H field, not a radiated signal, normally 
causes electromagnetic interference (EMI). This is a 
similar action to the noise discussed above. However, 
in this context we are discussing “noise” radiated from 
the antenna. In the case of a Hertz antenna, the E and 
H fields are very large to allow combining the fields to 
create Poynting Vector radiation at a large distance 
from the antenna. The E and H fields of the EH 
Antenna are contained within the sphere of the 
antenna, since the radiated field is created at the 
antenna. The small fields virtually eliminate EMI. The 
small EH Antennas have an additional feature – since 
the phasing is correct only over a relatively narrow 
frequency range, these antennas virtually eliminate 
harmonics. 
 
 

IMPLEMENTING THE EH ANTENNA 
CONCEPT: 
 
By now you are saying WOW, was this written on April 
1 as a joke? How can we improve on Hertz antennas 
that have been around for 120 years? Simply by 
aligning the E and H fields of the antenna to be in time 
phase, the Poynting Vector radiation occurs at the 
antenna, not at some far field distance. And how do 
we do this? Simply by adding the appropriate amount 
of phase shift. Actually, once the antenna has been 
brought to resonance, we need only add a phase 
delay to cause the current to lag the voltage 90 
degrees. There are many ways to do this, but I have a 
favorite I will share with you. In fact, I use a simple 
network that provides both the appropriate delay and 
also provides the proper impedance matching. 
 
E AND H FIELDS OF AN ANTENNA: 
 
You need to understand the E and H fields of an 
antenna before going into the circuit details of the 
network. Figure 1 depicts a short fat dipole. However, 
a wire dipole would have similar electric (E) and 
magnetic (H) fields. It is important to note that the E 
field lines (only a few are shown) must leave or enter 
the surface at right angles to the surface and are 
circular between surfaces. The E field lines are shown 
in red and only a cross section is depicted. H field lines 
are orthogonal and surround the E field lines. 
 

 
 

Since the magnitude of the fields increase and 
decrease at the rate set by the operating frequency, 
we can depict their amplitude variation as sine waves 
as shown in Figure 2. Note that the H field lines are 
ahead of the E field lines in time phase by 90 degrees. 
The applied voltage between the two elements of the  

 
Figure 2 – RELATIVE PHASE OF THE E AND H 

FIELDS 
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antenna creates the E field lines. The H field lines are 
a result of current flow through the natural capacity 
between the elements, thus that current is called 
displacement current. Since current through a 
capacitor leads the applied voltage, the H field leads 
the E field in time phase. To create an EH antenna, it 
is only necessary to delay the current relative to the 
voltage with a simple network between the feed line 
and the antenna. 
 
By delaying the phase of the H field 90 degrees, the 
two fields are then in phase and radiation is created. 
My friend George prefers to think of this as power 
factor correction, where maximum power is radiated 
when the fields are in phase. Nature effectively does 
this at a distance (in the far field) from the Hertz 
antenna. This has been referred to as a happy 
accident of Nature. The independent E and H fields 
are considered to be reactive fields because they do 
not radiate power. On each half cycle, the fields build 
up then collapse back on the antenna. If the large 
magnetic field encounters a ferrous object, for 
example a chain link fence, eddy currents will be 
induced on the fence creating heat. That wasted 
power prevents some of the H field from returning to 
the antenna, thus the overall efficiency of the antenna 
is reduced. The E field can also be affected by items in 
the field. An obvious example is my favorite antenna 
test equipment, a fluorescent tube. Another example is 
the variation of radiation resistance as a function of 
height for a horizontal dipole. Conversely, when a 
vertical EH Antenna is raised above ground there is 
some affect on tuning, but the radiation resistance 
does not change significantly because of the small E 
and H fields. 
 
It is very important to note that the radiation resistance 
of a EH Antenna is a function of the phasing described 
above. For a Hertz antenna, the current and voltage 
applied to the antenna are in phase, thus the E and H 
fields are 90 degrees out of phase. When the current 
is delayed relative to the voltage, to align the E and H 
fields in time phase, the radiation resistance increases 
as evidence of being an EH Antenna. Tests indicate 
that a phase shift of about +/- 3 degrees from 
alignment is equivalent to a change from a VSWR of 
1.0:1 to a VSWR of 2:1. 
 
To effect radiation, the ratio between the E and H field 
must always be 377 ohms. Since the smaller is the H 
field, by increasing the capacity a larger H field can be 
developed relative to the applied voltage due to a 
reduction in the impedance of the antenna. For wire 
antennas, this occurs as the wire length increases. 
Many years ago, an equation that was empirically 
derived was presented in QST to quantify this 
relationship. RR = 273(LF)2 x10-8 where L is length in 
inches and F is frequency in MHz. This applies only to 
a wire antenna used as a conventional Hertz antenna. 
It is interesting to calculate the radiation resistance of  
 

 
a Hertz antenna of a given size, then convert it to an 
EH Antenna and note the difference. One example – 
for a wire that is 15 inches in length at 14.2 MHz, RR = 
0.124 ohms. For an 8 foot mobile whip on 75 meters, 
RR = 0.4 ohms. 
 
By the way, it should now be obvious why we named 
this new concept the EH Antenna. Many have said the 
EH Antenna can not be true because it violates the 
laws of Physics. It is true that it does not obey the 
same laws as the Hertz antenna, because it is no 
longer constrained to be a simple resonant wire 
antenna. 
 
A PREFERED PHASING NETWORK: 
 
With an understanding of what to do; now we turn to -> 
how to do. Let us assume we have an antenna with a 
capacity of about 10 pFd and a radiation resistance of about 
20 ohms operating on 40 meters. At seven MHz, the 
reactance of the capacity is 2,274 ohms. The phase 
angle of the antenna impedance is a leading 89.5 
degrees. Please see Figure 3 – not drawn to scale. 
The leading phase angle must be compensated by 
adding a lagging phase angle of 89.5 degrees. In other 
words, add an amount of inductive reactance to equal 
the capacitive reactance. This antenna would then be 
defined as being resonant. To convert the antenna to a 
EH Antenna, we need to add an additional lagging 
phase angle of 90 degrees (to correct for the phase 
lead of displacement current), for a total of 179.5 
degrees. Therefore, we can now say the impedance of 
the transmitter/receiver is 50 ohms and the antenna 
impedance is 20–j2274, and we need a phase delay of 
179.5 degrees. 
 
 
 

 
 

Figure 3 – VECTOR DIAGRAM OF AN 
ANTENNA 
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Figure 4 – PHASING OF AN EH ANTENNA 
 
A network that will handily provide this transformation is 
composed of an L network followed by a T network. If we 
choose to allow the L network to transform from 50 to 25 
ohms, there will be a corresponding phase delay of 45 
degrees. Therefore, that amount of phase delay can be 
subtracted from 179.5 to give 134.5 degrees, the 
necessary design value for the T network. With that 
information, you can go to the web site of Dr. Grant 

1) Radiation resistance 
 
2) Antenna capacity, and 
 
3) Antenna inductance. 
 

 
Figure 6 – ANTENNA EQUIVALENT CIRCUIT 

 

Bingaman (www.qsl.net/km5kg ) and it will readily allow 
you to use a program to determine the component 
values of the network. By the way, if you do any 
experimenting, this program is a must. Another program 
written by Jack will be found in the tools section of this 
web site. A schematic of the network is shown in Figure 
5. A T network is comprised of two coils and the L 
network has one. We have combined the input coil of the 
T network with the L network coil, thus the overall 
network has been reduced to two coils. For most 
implementations, I use a single coil with taps, except I 
place part of L2 between the dipole elements. There are 
two (2) reasons for this. First, if the feed wires going to 
the dipole are phased properly to cause the antenna to 
radiate, there will be radiation from the feed wires. A few 
turns at the antenna will cause a phase difference in the 
feed wires and prevent radiation from them. Secondly, 
there is a concern of high voltage, and this is reduced on 
the feed wires going to the antenna by the use of a coil 
as shown. 
 

The radiation resistance is self-explanatory. The 
antenna capacity is also obvious. Since we have a 
very small antenna, how can there be inductance? 
We have said there is displacement current through 
the antenna capacity. Where there is a current, 
there is inductance. Maybe that is eas ier to 
understand if we say that current flowing on a wire 
creates an inductance. Note that it is not the wire, 
but rather the current that creates the inductance. 
 
The current through the antenna is calculated from 
the equation P=I2RR. The voltage across the 
antenna is calculated as the current times the 
impedance of the antenna, or V=I(RR+j(XL-XC)). As 
you will see from the example 20-meter antenna 
below, the current is high due to the small radiation 
resistance, and the small capacity results in high 
capacity reactance, thus the voltage is high. This is 
another reason the L+T network was chosen. The 
network capacitors are low voltage, while the high 
voltage is developed across L2. The tradeoff  

 
 

Figure 5 – A PREFERRED NETWORK TO FEED 
AN EH ANTENNA 

 
The equivalent circuit of an antenna, as shown in Figure 
6, has the following items in series; 
 

requires the capacitors to have high current 
capability. The amount is specified in the Bingo 
program. 
 
Above we went through an example using only 
capacity and radiation resistance. We have found 
that the inductance can be estimated as follows: 
measure the capacity of the antenna and multiply 
that value by about 1.4 times. In other words, the 
inductive reactance subtracts from the capacitive 
reactance, thus effectively creating a larger virtual 
capacitor than measured. Now, go back and redo 
the example with this new value of virtual capacity 
for a more accurate model of the antenna. 
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For those of you who do not have a technical 
background, please have someone in your Ham club 
explain all of this to you. It simply is not possible to 
explain this new concept without getting into this level of 
detail. Later we will present an example antenna you can 
duplicate without doing any math. 
 
VARIATIONS ON THE THEME: 
 
 
Antennas come in many physical configurations. We 
want to first detail a 20 meter EH dipole and feed network 
that you can easily duplicate. All you need is a piece of 
pipe that is made of insulated material such as wood or, 
preferably, plastic pipe. The dipole elements for 20 
meters will only be about 7.5 inches long – yes, 7.5 
inches long on 20 meters – and can be made of 
aluminum foil from the kitchen. You will need a couple of 
capacitors and some wire for the coils. You can readily 
build the antenna and tune it in a single evening. Then 
you can test it to prove to your self that it performs as 
well as that commercial 20 meter vertical (16 feet tall) 
with a large ground radial system. For those who prefer 
to chase DX, increase the length of the elements of the 
EH antenna. We know that a 5/8 wavelength vertical 
produces more signal at low angles than does a 1/4 wave 
vertical. In the same way, a longer element of an EH 
Antenna will produce more signal at lower angles. Why? 
This is best answered by looking at the E field lines of the  
 

antenna in Figure 7 (they are a little exaggerated). 
The E field lines cause the H field to increase in 
size, thus enhancing the radiation by narrowing the 
pattern. Another method of enhancing the antenna 
pattern gain is the use of a bi-cone as shown in 
Figure 8. Here, if we consider the intensity of the E 
field lines in volts per meter, then thelesser length of 
the lines increases the intensity. I told you there 
was a lot of room for experimenting with the EH 
Antenna. Just so you know, I prefer to use 45 
degree cones for the bi-cone antenna with a sloping 
radius of 1% of a wavelength or greater. However, I 
have had excellent results with cones that are only 
0.5 % of a wavelength, but larger cones give more 
gain. To put that in perspective, on 20 meters a 
wavelength is 984/14x12 = 843 inches. Therefore, 
0.5% = 0.005x843 = 4.2 inches. That is a small 
antenna. You do need to understand that we prefer 
element lengths of 1% to work low angle DX, but on 
the low bands (below 10 MHz) we prefer 0.5% 
elements to give a broader antenna beam width for 
general Ham communications. So why did we pick 
7.5 inch elements (0.9%) for our example? There 
are a large number of back packers that use 
portable QRP rigs, and they need the smallest high 
performance practical antenna to stuff into their 
bag, and the extra gain will help and has a minimal 
increase in size or weight. 

 
 

Figure 7 – E FIELD LINES FOR LONG 
ANTENNAS EXAGERATED 

 

 
Figure  8 – BI-CONE TO ENHANCE THE E 

FIELD 
 
 
 
ANTENNA HEIGHT: 
 
Although we can build very small antennas with very 
good bandwidth, there is one very important concept that 
must be emphasized – the laws of Mother Nature. The 
antenna can not radiate at low angles unless the center 
is about 1/4 wavelengths above ground, or a multiple of 
odd quarter wavelengths, with a null along the horizon 
when the antenna is 1/2 wavelength above ground. 1/4 
wavelength at 14 MHz is 17.5 feet. Any value between 12 
and 20 feet is good. 
 

A 20-METER DIPOLE: 
 
Now we will design and construct a very real, very 
practical, and very compact 20-meter antenna. This 
antenna can be scaled to other frequencies. For this 
antenna, purchase a piece of plastic pipe that has 
an outside diameter of about 1-inch. The pipe is for 
water, thus the pipe will be specified as an inside 
dimension. 1/4 inch pipe will have an OD of about 
1-inch. 
 

 
www.antentop.bel.ru Page 18 
 
 

http://www.antentop.com/


ANTENTOP- 01- 2003, # 002    EH ANTENNAS 
 
Step 1. Wrap the pipe with aluminum foil, copper, or 
other conductive material to make 2 elements spaced the 
diameter of the pipe. You can put glue on the plastic pipe 
or wrap the foil or metal with either clear tape or scotch 
tape. We had some thin sheet copper, and that is what 
you see in the photograph. You can also use copper pipe 
for the elements and separate them with a plastic spacer 
available at the plumbing store. 
 
Step 2. Measure the capacity between the elements. 
Ours has a value of about seven pFd.  
 
Step 3. – Since we do not currently have an equation to 
predict the value of radiation resistance, from 
experiments I can tell you it will be about 30 ohms. 
 
Step 4. Now we have the necessary information to 
calculate the network values. Use the programs 
suggested previously. The network values are as follows: 
 
·  C1 = 225 pFd and must handle a current of 1.4 amps at 
71 volts RMS for 100 watt transmitters. 
 
·  C2 = 291 pFd and must handle a current of 3.4 amps at 
133 volts RMS for 100 watt transmitters 
 
Buy, beg or steal the necessary capacitors. Beware of 
the current rating for the power you operate with. Any 
capacitor will work for QRP. Mica compression trimmers 
are good for any power thru 100 watts. 
 
·  L1 = 0.92 uHy. This translates to 2.5 turns on #16 wire 
around the plastic pipe. 
 
See the photograph for detail. 
 
·  L2 = 13.61 uHy. This translates to 21 turns of #16 wire 
around the plastic pipe plus 4 turns between the antenna 
elements. Space L2 about one diameter below the lower 
cylinder. Due to capacity between the coil and the 
elements, closer spacing will effectively place capacity 
across the antenna and thus reduce the bandwidth. 
 
Step 5. A – Tuning the antenna requires adjusting the 
amount of total inductance to set the desired resonant 
frequency. Course adjustment is determined by the 
number of turns, final adjustment is done by spreading 
the turns. Alternately, I put a small piece of wire soldered 
to the lower cylinder and placed across the gap. Bending 
that wire allows frequency adjustment of several hundred 
KHz. Slug tuning also allows adjusting the inductance. 
 
Step 5. B – To achieve minimum VSWR it is necessary 
to adjust the value of the T capacitor (C2) and where it is 
tapped on the coil. C1 can be a fixed value because it is 
not necessary to adjust it. However, if it is variable, it is 
easily tuned to correct for a slight change in inductance. I 
prefer to do my initial tuning with a signal generator and a 
simple diode field strength meter. The signal generator  
 

allows changing frequency while the field strength 
meter indicates the frequency of maximum signal, 
then the relative signal power while adjusting the T 
capacitor. Antenna experimenters will have their 
own techniques and test equipment. Final 
adjustment is then done by trimming the T capacitor 
and spreading L1 for perfect VSWR. Once the 
VSWR is set, the frequency can be changed over a 
wide range with almost no change in VSWR. 
 
Step 6. Record the 2:1 VSWR bandwidth. This one 
measured 245 KHz. 
 
Step 7. Measure the +/- 3 dB bandwidth. For this 
antenna, it is 390 KHz, about the same bandwidth 
as a full size dipole. This is a Q of 36.4. Now, since 
Q = XL/R, then R = XL/Q. Since XL =1296, then R = 
35.6 ohms. Since the RF resistance of the coils is 
2.18 ohms (from the program), the radiation 
resistance is the total minus 2.18, therefore the 
radiation resistance = 33.43 ohms. For fun, 
compare that to the radiation resistance of the same 
antenna length if it were a Hertz antenna. 
Previously we calculated a value of 0.124 ohms. 
Now, we can calculate the efficiency as RR/(RR+RL) 
= 94%. This is equal to -0.27 dB, not bad for a very 
small antenna. Now you see the true effect of the 
EH Antenna concept.  
 
Step 8. Calculate the current thru the antenna. For 
100 watt transmitter power it is P = I^2R, therefore I 
= (P/R)^.5 = 2.8 amps. For 5 watts QRP it is 0.14 
amps. 
 
Step 9. Calculate the voltage across the antenna 
where V =IZ, where Z = the sum of the radiation 
resistance and the capacitive reactance. For a100 
watt transmitter V = 2.8*(33.4+j1144) = 3204 volts. 
For QRP the voltage is 160 volts RMS. Just be 
careful of RF burns near the center of the antenna. 
he result of this activity is shown in Figure 9, a 
photograph of the antenna (with the author in the 
background). 
 
SUMMARY: 
 
If there is a mystery surrounding the EH Antenna, it 
must be to find an answer to the following question: 
Since the concept is so simple, why has it taken so 
long to discover the EH Antenna concept?  
 
It is my hope that all hams will benefit from this new 
concept. There is much more information posted 
on our web site www.eh-antenna.com.  
 
Because there are many Hams that are not able to 
get on the Internet, please feel free to copy this 
article and give it to other hams or publish it in your 
Ham magazine. Building these antennas is a great 
club project. 
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HAM TESTIMONIALS 
 
I measured an angle between the plate and cone in 
my disc-cone E-H antenna. It is 52 degree (temporary 
choice). What's about a pattern gain, let we refer to a 
5/8 wavelength vertical. In many sources we can to 
read, that it is an antenna for DX QSOs only. Some 
autors maintain, that there is a free zone, where QSOs 
on this antenna are impossible. Some years ago I had 
a 5/8 wavelength vertical fo 20m band. It did a good 
job. Especially I was satisfied, when in the VK/ZL 
contest 1999 in pileups I got QSOs with VK/ZL 
stations. But I not felt a free zone. The QSOs for a 
middle distance (Asiatic Russia UA9/UA0) I did as 
well, as QSOs for a long distance. For a short distance 
RS(T) were lower, than for a dipole, but QSOs were 
possible! Refer to an antenna analyse program 
MMANA, build a vertical gain diagramm and you will 
see, that a radiation (more or less) is possible for all 
vertical angles. 
 
Let we refer now to a disc-cone. In the CQ WW CW 
contest on the 40m band I had the same feelings, as 
with 5/8 wavelength vertical for a 20m band. I worked 
the stations at all distances. Yes, of course, when we 
test an antenna in the contest, we have as positive as 
negative moments. 

 

POSITIVE: There are many QRM on a band and at 
summary - high noise factor. And only a good antenna 
is needed for an effective work. 
 
NEGATIVE: The leading contest and DX-pedition 
stations have an equipment (antennas also), allows to 
work worldwide QRP stations. May be, I was one of 
them. 
 
What's about a disc-cone? I think, the peak of gain is 
at a middle of angle between the plate and cone, but a 
radiation (more or less) is possible at other vertical 
angles also. I think, the inner side of a cone makes a 
radiation also, because it is not RF isolated. Sorry, I 
have no time for detail research of it, because now I 
build a new version of the E-H antenna. It needs too 
much time and materials. 
 
 
For the both contests I had a main task - to screen, is 
an E-H antenna a deserving rival for the classic Herz 
antennas? Now I can to say - yes, yes, yes! 
 
73! UT4EK, Alex. 

 
Dear friends, your feedback to your experimenters with EH antennas are WELCOME! 
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I trust in EH antennas! 
Igor Grigorov, RK3ZK 

I am frequently asked, really do I trust in CFA-EH 
antennas? Really are they work? Indeed do I not see 
that the antennas cannot work?  
 
 Well, what can I answer to this question? Of course, 
I may give only facts and no more the facts!  
 
But at first, I want to remind the 17 century and the 
most famous in the times French Academy of  

 
Sciences. The academia very easy closed the 
question about meteorites. They sad: 
 
“ Meteorites cannot be to exist. The meteorite is a 
stone, and stones cannot be in the sky therefore the 
sky consists of air, and air cannot keep stones. ” 
 
Of course, “ Meteorites cannot be to exist.” And 
these stones were thrown out from many museums 
of the world because the famous Academy forbidden 
the phenomena. But times are changed, and now we 
know, that is right, the sky consists of air, but at the 
same time meteorites are. 
 
What can I do, when I hear: “Antennas CFA - EH 
are beyond the bounds of the modern antenna 
theory,  

 

 

thereof, the antennas are trickery and the antennas 
cannot work”. 
 
Of course, I think, “Te antennas cannot work and 
meteorites cannot be to exist.” 
 
It is very easily to have even a minimal knowledge 
on antennas and physics and on the base to prove, 
that CFA- EH antennas do not work, moreover, the 

 

 

antennas can not work, and they newer will work … 
Ah, yes, “ stones can not be in the sky therefore the 
sky consists of air, and air can not keep stones ”. It 
was already early. 

 
http://tank.malyshevplant.com 

 
 

  
But it is much more difficult to carry out experiments, 
to construct a working design of the antennas, to 
compare it to other antennas. Certainly, it demands a 
great time, and in general it is easier to close the 
subject with the CFA- EH antennas, to have proved, 
that the antennas do not work. 
 
I carried out many experiments with CFA- EH 
antennas, well, not all my experiments were 
successful, but some of these experiments have 
forced me to trust in opportunities of CFA- EH 
antennas. I hope, that I be able to finish my 
experimenters with the antennas up to level when I 
could publish my work not being afraid that I will 
undergo to severe criticism. But now I want give you 
some examples of CFA- EH antennas in ex- USSSR 
Military Forces.  
 

Malyshev Plant 
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One my old friend (we together were studied at 
Kharkov Radio Institute) worked at Malyshev Plant in 
Kharkov city. (Now he lives and works at other place.) 
May be you know, that Malyshev Plant produces tanks. 
May be you know, that tanks have a radio and have a 
huge antenna, sometimes the antenna has length more 
then 3 meters. Such long antenna is not sustainable in 
a battle.  
 
So, the friend told me (it was at the end of 80), that at 
some experimental groups of tanks the huge antennas  
  

were changed for a small one. The small antenna was 
as an apple in its shape and in sizes. The antenna was 
established at the back of the tower of the tank.  And 
the antenna did equal operation as the huge three 
meters antenna. At that time I even have seen some 
photos of tanks with such strange small antennas. I 
know nothing how the antenna worked, I did not 
manage to get any data on it, but the antenna is very 
similar to CFA- EH antennas on its view. After 
disintegration of the USSR, the designer of the small 
antenna left Malyshev Plant for an unknown direction. 
 

May be the tanks have a secret short antenna, that is very sustainable in a battle. 
 

Main battle tank T-84 

 
 

Main battle tank T-80 UD 

 

It is other example. I think you know, that underground 
wire antennas use for underground radio centers of 
global communication (see Reference [1]). These 
antennas have many lacks, and I do not want about 
the specific lacks. I want say about another thing. One 
my friend, who in due time worked on services of such 
underground radio centers, told to me, that he did 
works to replacement the long underground wire 
antennas to antennas, which were similar to their 
shape to the CFA- EH antennas. Suddenly I found out 
the prove to his words at Monitoring Times 
magazine, September, 2001, page 75. There is a 
picture of an antenna that is referred as “a Russian 
signal source location antenna”. May be, may be…. 
a signal source location antenna… I do not want 
argue, though, I have some arguments... But, let it be 
so …a signal source location antenna.  
 
But every one can to compare the antenna with a CFA  

(I reproduce the CFA antenna from www.cfa-
kabbary.tripod.com. They produce CFA antennas for 
many countries of the World.), and, can see, that the 
antennas are equivalent to each other! (I take courage 
to reproduce the antenna from MT without the 
permission of the magazine, because all my attempts 
to get in touch with the magazine are failed. They do 
not answer to me…)  
 
 So, nevertheless military use the antennas… Why 
then there is such criticism of CFA- EH antennas for a 
civil use? I do not know… I only may do guesses. Well, 
now every one can try CFA- EH antennas and make 
own decision.  Ted gives us very good guide for them! 
 
Reference: G.A.Lavrov, A.S. Knyzev. Spreading  and Underground 
Antennas. Moscow: Soviet Radio, 1965. 

A  Russian signal source location antenna 

 

CFA antenna 
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Nonlinear effects on antennas   
 

 by Igor Grigorov/RK3ZK 
  
TVI and RFI appeared suddenly when my transceiver worked on amateur ranges of 10-20 meters. Earlier the 
transceiver worked everywhere without TV and FM radio interferences. I did not do anything either to the 
transceiver or the antennas.   
 
 For search of the cause of interferences the transceiver was switched off from the outside antenna and 
loaded to a dummy load. No interferences! The transceiver was switched on to the indoor magnetic loop. 
Again, no interferences! Interferences appeared when the transceiver was switched on to the outside antenna. 
An additional low-pass filter at transceiver output did not influence the level of arising interferences. So, 
located on a roof antenna was the source of interferences.   
 
But how can the antenna create TV and FM radio interferences? Why did the interferences disappear some 
days later and the antenna worked well again?   
 
 

www.antentop.bel.ru

 
The heart of the effect 

 
These interferences are caused by a nonlinear 
conductivity (like a semi-conductor) at an oxide film 
covered metal parts, which comprise the antenna 
or are located near the antenna. For example, a 
copper oxide is a good semi-conductor. The oxides 
of many other metals are good semi-conductors 
too. A pressing junction of one metal to another, 
especially if a galvanic couple is formed there, 
often has a semiconductor’s effect.  
 
Let’s examine the things that take place if a 
transmitting antenna or metal objects which are 
placed near this antenna have parts causing the 
nonlinear effect. When the antenna works at 
transmitting mode, RF currents flow through these 
semi-conductor sites, and these RF currents can be 
significant. The antenna or metal objects placed near 
an antenna, that have sites keeping nonlinear 
conductivity through which RF currents flow, will work 
like a mixer or a multiplier of radio signals. In this 
case, radio signals emitted by a ham’s transceiver, 
can be mixed in different combinations with radio 
signals from a television center or from VHF 
broadcast or service stations, with main buzz of 50 
(60) Hz, or multiplied by each other. 
 
The secondary signals, obtained as a result of it, with 
frequencies formed by different linear combinations of 
frequencies of original signals, can be radiated back 
in the ether. It will cause different electronic 
equipment interferences at the activity of a ham 
transmitter.  

 
The nonlinear effect of mixing signals can appear at a 
power going to an antenna starting from several 
watts.  

 

Everything depends on the location of these 
nonlinear sites. At placing them directly on the 
antenna, on the antenna mast, on guys, a small 
power will be enough for forming secondary signals.  
At removing the nonlinear sites from the antenna, a 
considerable power going to the antenna will be 
needed for forming secondary signals.  

 
If the nonlinear sites are placed on the metal objects 
that have resonances at the operating frequencies of 
a ham’s transmitter, a small power going to the 
antenna will be enough for creating secondary 
signals.  If the metal objects keeping the nonlinear 
sites have resonances on the frequencies of the 
secondary signals, the radiation of the secondary 
signals will be especially great. 

 
 The causes of sudden occurrence of 

the nonlinear effect 
 

 
Let's examine the effects that can cause sudden 
occurrence of the effect of nonlinear conductivity. I 
think that acid rains and dust containing particles of 
metals can cause these effects.  
 
Acid rains cause a strengthened corrosion of metal, 
and, hence, occurrence of an oxide film keeping the 
effect of nonlinear conductivity. Many hams observed 
that sometimes after rains the transceiver that worked 
before without interferences suddenly started to create 
interferences. The dust, containing particles of metal 
and suddenly brought with a strong wind, can create 
sites keeping the effect of nonlinear conductivity.  
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Metal dust covers the metal objects placed on and near 
the antenna, acid rains cause some chemical reactions 
between the metal dust and metal that this dust covers. 
As a result of it, after a strong wind which contains 
particles of the metal dust and acid rains, a transceiver 
starts to create TV and FM radio interferences. 
 
As a rule, suddenly created sites, keeping the effect of 
nonlinear conductivity, suddenly disappear. Some 
time after the rain and dusty storm, the sun dries up 
the oxidized surfaces, and (in my opinion) destroys 
the film of oxide formed by acid rains. The effect of 
nonlinear conductivity disappears, and a ham’s 
transceiver does not create interferences in its work.  
 

Dangerous nonlinear sites 
 
The sites, keeping the effect of nonlinear conductivity, 
that are created for a long time, are the most 
dangerous, because, as a rule, they do not lose the 
properties under effect of the sun. The sites, keeping 
the effect of nonlinear conductivity, that are created 
for a long time, at first create weak interferences. In 
the course of time the sites produce still stronger 
interferences.  
 
For example, if a drop of water gets under paint cover 
of an antenna, the drop can create a site keeping the 
effect of nonlinear conductivity. To find the site is 
rather difficult! Copper and brass antenna parts, and 
copper and brass objects placed near the antenna, 
which are unprotected by paint, in the course of time 
are oxidized. Aluminum antenna parts with scratches 
are also subjected to oxidation. This oxide can have 
the effect of nonlinear conductivity. 
 
It was noticed by me, the sites, keeping the effect of 
nonlinear conductivity, which were created during long 
time, demand some "additional charging" so as not to 
lose the nonlinear effect. That is, if an antenna, that 
has the sites, keeping the effect of nonlinear 
conductivity, is not used to transfer, the sites lose the 
qualities But as soon as the antenna starts to work to 
transfer, the sites, keeping the effect of nonlinear 
conductivity, restore the nonlinear qualities for a short 
while. Thus, external atmospheric conditions influence 
a little the restoration of these nonlinear qualities, 
work of the antenna to transfer influences much. 
Nonlinear qualities can be restored both in dry and 
rainy weather, both in heat in the summer, and in a 
frost in the winter. 
 

Searching of sites keeping the effect of 
nonlinear conductivity 

Let's examine how it is possible to find out the 
sites keeping the effect of nonlinear conductivity.  
 

I used two methods for search of the sites. The first 
method is a visual method, the second one is a tool 
method. 
 
The visual method consists of a visual inspection of 
the antenna design and places located near the 
antenna. By using this method we visually find 
suspicious oxidized places and suspicious pressing 
junctions of one metal to another. We also find 
metal objects located near the antenna that should 
have resonances within the antenna operation 
ranges.  
 
After that a tool method is used. This method 
confirms or denies whether the visually found 
places can create interferences, or, that is the 
same, they have the effect of nonlinear conductivity 
or not.   
 

Nonlinear effects in resonant objects  
 

 Using the tool method we can measure 
resonances of metal objects that are near  the 
antenna or used in the design of the antenna (for 
example, masts, guys, etc.). It is possible to find 
resonances with the help of a GDO. This method of 
measuring  resonances of masts and guys with the 
help of a GDO is described in reference [1]. 
 

If metal objects have resonances within 
operational ranges of a ham’s transceiver, 
significant RF currents can flow on surfaces of 
these metal objects when the transceiver works to 
transfer. When significant RF currents flow on 
surfaces of objects that have sites keeping 
nonlinear conductivity, these objects will work like a 
mixer or a multiplier of radio signals. In this case, 
radio signals emitted by ham’s transceiver, can be 
in different combinations mixed with radio signals 
from a television center or from VHF broadcast or 
service stations, with main buzz of 50 (60) Hz, or 
multiplied by each other. My experience shows that 
a pressing junction of such resonance objects 
produces a very high level of interferences.  

 
Photo: Finding of resonance of  the mast ith help 

a GDO 
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Photo: Finding of resonance of  the guys with help 

a GDO 
 

For example, a metal mast with television antennas 
was near my transmitting antenna. There were 
strong TV interferences when my transceiver 
worked to transfer at a range of 30-M.  As it 
appeared, this mast had a resonance frequency 
10100 kHz, or on the amateur range of 30 30-M. 
When a ferrite ring from a deflection system of an 
old TV was installed at the base of the mast, the 
resonance frequency of the mast became equal to 
9800 kHz.  TV interferences disappeared when my 
transceiver worked on the 30-M range.  
 
Photo: Finding of resonance of  the antenna mast 
with the ferrite core at its base with help a GDO 
 

 

 
If to change the resonance frequencies of these 
objects, a level of the RF currents, caused by work of 
the antenna to transfer, will be sharply decreased. In 
this case the level of the interferences will be 
considerably decreased too, or the interferences will 
disappear entirely. It is possible very simply to change 
a resonance frequency of a metal mast (to shift it 
downwards), if at its base to install a ferrite ring from a 
deflection system of a TV. 
 
Photo: Ferrite core installed at the antenna mast 
base 

 

 
 

Unfortunately, when the ferrite ring was installed, a 
resonance on a range of 15-M appeared at the 
mast. TV interferences appeared too. For 
elimination of this resonance I used a magnetic 
tape from an old videocassette. When I wound the 
centre of the mast with the tape, my GDO did not fix 
any resonance on amateur ranges. By means of an 
old magnetic tape from old videocassettes it is 
possible to eliminate easily parasitic resonances of 
masts and guys on high-frequency amateur ranges 
of 15-6 meters 
 
There is one more way of eliminating parasitic 
resonances of metal objects. It consists in painting 
these objects in graphite paint. This way, and also 
manufacturing of the graphite or coal paint, is 
described in reference [1]. It is the most effective 
way of struggle against this phenomenon. 
 

Direct detection of sites keeping the effect 
of nonlinear conductivity 

When the parasitic resonances of metal objects 
placed near the antenna are eliminated, start a 
further search of the places creating interferences. 
For that a transceiver is turned on to a small RF 
power, when the effect of nonlinear conductivity 
begins only to appear in the antenna system and 
objects placed near the antenna. 
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Try to find places where the interferences are formed 
by an indicator of interferences. 
 
Photo: Wrapping the antenna mast by magnetic 
tape 
 

 
 
 

This receiver allows to search for the interferences on 
a wide range of frequencies.   
 

Finding the interferences 
 
Smoothly moving a TV set or a receiver around an 
antenna, try to find places where the level of 
interferences is maximum (see Fig. 1). Try to find the 
interferences near the already visually found oxidized 
sites, places of pressing junctions of metals, near 
metal parts that have parasitic resonances. Usually in 
this case the pattern of interferences is very spread.  It 
is clear, combination frequencies are created on small 
nonlinear segments, where there are conditions for 
their appearance, and they are radiated through 
sizable parts - guys, metal enclosure of a roof, 
antenna, etc. However, the maximum of intensity of 
interferences will be near the places where they are 
created.  
 
Photo: Finding of the interferences  

 

 

Indicator of interferences 
 

It is possible to use either a portable TV-set or a 
hand-held receiver working on a wide range of 
frequencies as an indicator of interferences. A TV - 
set quickly and reliably helps to find a place where 
interferences are formed and shows the influence of 
TV interferences. It is very simple to find 
interferences with the help of a broadband receiver. 
The receiver hisses and rattles and receives 
imaginary stations near the places keeping the 
effect of nonlinear conductivity. 

 
I prefer to use a broadband receiver for finding 
places keeping the effect of nonlinear conductivity. 
A hand – held receiver has smaller sizes than a 
portable TV, but a receiver, as well as a portable 
TV, allows quickly to find interferences and places 
where the interferences are formed. For example, 
for a long time I have used a broadband radio 
receiver “Tecsun-R1012” for finding interferences. 
This receiver works at MW, SW (5-22 MHz), VHF- 
FM (60-110 MHz) and VHF – TV (1 - 12 TV 
channels). 
 

After that proceed with searching of the exact places 
where interferences are formed. 

 
Localization of the interferences  

To determine the placement of a site keeping the effect 
of nonlinear conductivity the suspicious place is 
irradiated by RF energy. 

 
 

Figure 1 Search of sites keeping the effect of 
nonlinear conductivity 
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An RF Lantern is used for this purpose. The design 
of the RF Lantern is simple.  
 

RF Lantern 
A dummy load that is connected to the end of the 
feeder going from a ham’s transceiver can serve as 
a RF Lantern. The dummy load must be unscreened. 
10- 40 watt going to the dummy load will be enough 
for the RF Lantern to work. It is possible to use an 
incandescent bulb that has a resistance equal to the 
wave resistance of the feeder and a proper power as 
a dummy load.  
 
A dummy load has a small field of radiation at 
immediate proximity near it. It allows to irradiate a 
suspicious site placed near the dummy load and 
check the site to keeping the effect of nonlinear 
conductivity. Fig. 2 shows the method. A TV set or a 
radio receiver should be near that place where 
occurrence of nonlinear effect is supposed to be. 
 

 
 
 
Photo: Localization of a suspicious place  

 

 
 
 

Figure 2 Localization of a suspicious place 
 
 

 
 
"Shining" by the radio field of the RF Lantern the 
suspicious places, such as the oxidized surfaces of 
metals and pressing junctions of metals, it is possible 
very precisely to define whether interferences are 
created there. The coaxial cable that feed the RF 
Lantern should provide free moving around the 
places that are suspected of keeping the effect of 
nonlinear conductivity. RF Lantern on the base of an 
incandescent bulb is especially convenient to search 
for such places. In this case, “shining” a suspicious 
place by the light of the bulb, we check this place on 
the creation of secondary frequencies.  
 
When the places keeping the effect of nonlinear 
conductivity are found, start to eliminate the effect of 
nonlinear conductivity. Ways of liquidating nonlinear 
effects depend on the reasons for their occurrence. 
Let’s examine the ways of eliminating  interferences 
arising at a place of pressing junction of metals. 
 

Touching metals 
The effect of nonlinear conductivity arising at 

places of pressing junctions of metal, for example, at 
places of winding of metal guys or at a touch of a 
metal guy to a metal mast, could be eliminated by 
isolating metals from each other.  
 

Metal guys are broken by insulators, a touching 
place of a metal guy to a metal mast is broken by an 
insulator plate or tape.  

 
However, in some cases it is not possible to eliminate 
the touch of metals to an antenna mast or an antenna 
guy. Some samples of antenna metal masts have 
designed pressure junctions of metals among 
themselves. That is why the elimination of these 
pressing junctions of metals will entail alteration of the 
mast. 
 
For elimination of the effect of nonlinear conductivity 
arising at places of pressing junctions of metals that 
are impossible to break by insulators, use food foil or 
graphite paint. For this wrap up this place in a food 
foil or paint it in graphite or coal paint. 
 

Graphite paint 
 
The universal way of eliminating the effect of nonlinear 
conductivity consists in covering  the places keeping 
the nonlinear effect with graphite or coal paint. The 
way of manufacturing graphite or coal paint is 
described in reference [1]. 
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Photo: Wrapping a suspicious place by aluminum foil 
 

 
 
It is possible to rub the places with graphite or coal if 
a ham has no graphite or coal paint. What is the 
effect of rubbing metal objects or parts of these 
objects, keeping the effect of nonlinear conductivity, 
with graphite or coal paint?  
 
Firstly, by covering metal objects or parts of these 
objects with graphite paint we will essentially reduce 
Q- factor of these objects on high frequencies that 
results in significant decrease of a level of high-
frequency currents which are induced at work of a 
closely located transmitting antenna. Elimination of 
resonances in the field of frequencies of work of the 
transmitter considerably will lower the efficiency to 
create secondary frequencies. Elimination of 
resonances in the field of the secondary frequencies, 
produced at places keeping the effect of nonlinear 
conductivity, will lower the efficiency to radiate the 
interferences.  
 
Secondly, the layer of graphite, located atop of a 
site keeping the effect of nonlinear conductivity, 
provides additional absorption of a high-frequency 
energy in a wide spectrum of radio frequencies. The 
graphite layer provides absorption of the signal 
radiated by the ham’s transmitter, affecting the site 
keeping the effect of nonlinear conductivity and 
being the reason for creating secondary frequencies. 
The same graphite layer provides additional 
absorption of the secondary frequencies created on 
sites keeping the effect of nonlinear conductivity. It 
will considerably reduce an overall performance of 
the sites keeping the effect of nonlinear conductivity 
to create  secondary frequencies.   
 
Thirdly, the layer of graphite located atop of a film of 
oxide or atop of pressing junctions of metals creates 
an equalized effect of an RF- potential on the surface 
where this graphite layer is allocated. It considerably 
lowers an overall performance of sites keeping the 
effect of nonlinear conductivity as a mixer of radio 
signals.  

 
 
 

It was repeatedly noticed by me that painting of 
pressing junctions of metals or oxidized places of 
metals usually reduces to full elimination  nonlinear 
effects arising on these sites.   
 

Panoramic Spectrum Analyser in search of 
nonlinear sites 

 
If a ham has a possibility to use a Panoramic 
Spectrum Analyser, he is capable not only of finding 
interferences, radiated from the sites keeping the 
effect of nonlinear conductivity, but also in defining 
parameters of the interferences. Hence, it will be 
possible to assume what equipment will be affected 
by the interferences. A Panoramic Spectrum Analyser 
allows to see the effect of painting in graphitic paint 
the places, where there are nonlinear phenomena or 
to see the effect from separation pressing junctions of 
metals from each other.  
 
A source of nonlinear effects can be most 
unexpected. In one of my cases, a bay of a bimetallic 
wire (copper cover above iron wire) placed on a roof 
near my transmitting antenna caused  TV 
interferences.  After the bay was removed to the other 
side of the roof, the interferences were stopped. 
 
I wish successes in struggle against nonlinear 
effects! 
 

Reference: 
 

Grigorov I.N.: Antennas:  Adjustment and Tuning. 
Moscow, RadioSoft, 2002, ISBN: 5- 93037-087-7 
(in Russian) 
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Multi- Range Vertical Antenna UA1DZ 

 
Multi- Range Vertical Antenna UA1DZ 

 
by Igor Grigorov, RK3ZK 

 
Antenna history: Antenna UA1DZ is a very interesting multi- range vertical antenna designed by known 
Russian radio amateur UA1DZ. The antenna was very popular in use in the former USSR. Russian radio 
amateurs widely use the antenna at present days also. The antenna works with a low SWR on 40-m, 20-m and 
15m. Firstly UA1DZ told about his antenna in the ether, and after that, lots Russian radio amateurs have did the 
antenna and Antenna UA1DZ became very popularity. First printing papers about antenna UA1DZ appeared in 
reference  [1]. This antenna has gain 3,67 dBi at 40-m, gain 4 dBi at 20-m, gain 7,6 dBi at 15m (reportedly to 
VA3TTT, reference  [2]). 
 
Antenna construction: Figure 1 shows the 
construction and matching device of multi-range 
vertical antenna UA1DZ (based on reference  [1]). The 
vibrator of the antenna has the length in 9.3 meters 
and four counterpoises of the antenna have length in 
9.4 meters. Why has the antenna such sizes? Well, for 
his multi range antenna UA1DZ used an old military 
vertical antenna and this one had such sizes. 
 
If you have not such old military vertical antenna, of 
course, it is possible to do home made vibrator and 
counterpoises!  The vibrator and counterpoises must 
be made from copper or aluminum stuff. Do not use 
iron wire for HF antenna at all! Iron does not work 
properly in HF transmitting antennas, especially at 
upper amateur HF ranges. 

 
Guys must be used with the antenna for providing 
wind strength. Use acryl cord or iron wire “broken” by 
insulators to one - meter lengths. Base insulator 
should have high mechanical and electrical strength 
because antenna vibrator has a large weight and there 
is high RF- voltage across the base insulator in 
transmitting period. 
  
Matching device: It is made on one length of two – 
wire opened line and two lengths of a 75- Ohms 
coaxial cable. With the matching device the antenna 
can work on ranges 40-m, 20-m and 15m with a SWR 
in coaxial cable no more than 2:1. Two wire opened 
line  “A” does initial matching the antenna input 
impedance with feeding coaxial cable. The line has 
characteristic impedance of 450 Ohm and one meter 
initial length. As usual, the line has ended length about 
0.7- meter. 
 
Coaxial cable “B” with characteristic impedance of 75-
Ohm and with length 2.5 meters makes further 
matching for input impedance of the antenna system 
with feeding coaxial cable. An opened on the end 
length of coaxial cable “C” makes compensation of a 
reactive part of the input impedance of the antenna 
system.   
 
Two wire line (part A) and the matching parts B and C 
must be placed not less the 50 centimeters above the roof. 
Parts A and B should be placed in straight line.  It is 
possible to coil the part C in a bay. 
 

Antenna tuning: The antenna UA1DZ is tuned as 
follow.  
 
●  An RF bridge is turned to input terminal of antenna 
matching device (see Figure 1).  
 
●  Shift antenna resonance frequencies in amateur 40- 
and 15-m bands by gradually diminishing the length of 
matching section A. Five centimeters truncation the 
length of matching section A does frequency shift up 
to 200 kHz on 21 MHz, and up to 60 kHz on 7 MHz. 
 
It is quite possible to tune the length of matching 
section A so, that antenna UA1DZ will have the 
resonance frequencies inside ranges 21 and 7 MHz. If 
the antenna UA1DZ has resonances on these ranges 
(40- and 15-m), it will have a resonance frequency 
inside 20-m range. 
 
Two-wire opened line: It is possible to use either 
commercial made two-wire opened line either 
homebrew one. Remind, that two-wire transmission 
line with aerial dielectric and 450 Ohm characteristic 
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impedance has relation between the diameter of its 
wires and the distance between these wires nearly 20 
(see Figure 2). 
 
RF – choke should be used: An RF-choke should be 
installed on the coaxial cable at the antenna terminal.  
This RF-choke precludes leaking of RF currents on the 
outer braid of the coaxial cable. 
 
Without such RF-choke the outer braid of the coaxial 
cable will serve as a radiating part of the vertical 
antenna. It causes big level of RF interferences when 
the antenna works on transmission. 10 -30 ferrite 
rings, hardly dressed on the coaxial cable at the 
antenna terminal, make the most simple an RF- 
choke. The place for a RF choke is shown in Figure 1.  
 

References:  
 

1. RB5IM.: Ground plane UA1DZ. Bulletin   UC
1993, С.27.   

2. A. Barskiy, VA3TTT: About antenna U
www.krasnodar.online.ru/hamradio 

 
 

  
Hula- Hoop magnetic Loop 

 
by Yuri Kazakevich,  EW6BN, ,  ew6bn@tut.by 

 
 

 
 
After long QRT (birth of my daughter, changing my 
QTH) I was going again QRV!!!  
 
So, I needed an antenna! But where can I install it? It 
was not possible to install any antenna on the roof of 
my house. I had only place for installation of an 
antenna, the place was my balcony of my house. Well, 
it was very place. What an antenna can install at the 
place? I though, it was only a Magnetic Loop Antenna.  
 
I remembered, when I still went to school, I used a 
Magnetic Loop Antenna made from old coaxial cable 
for my work on CB - range 27 MHz. The antenna 
worked very well. Well, I decided to use a Magnetic 
Loop Antenna for my very restricted area for a work at 
14 MHz.  
 
Lots information about Magnetic Loop Antennas I 
found in the Internet, in particular in reference [1], it is 
a free e- book on antennas (in Russian).  
 
I decided to make my Magnetic Loop Antenna on the 
basis of an aluminum hula - hoop. Hula – hoops in 
diameter of 77 centimeters and with 17 mm tube 

diameter were on sale in my local shop. The hula – 
hoop tuned at 14 MHz with two capacitor- one variable 
capacitor 10- 50 pF, and other, bridged to the variable 
capacitor, a fixed capacitor in 27 pF. The capacitors 
placed at the top the hoop. For my loop I used gamma 
feeding, because it has very high efficiency. Figure 1 
shows my Magnetic Loop Antenna. I have got 1:1.3 
SWR with the gamma match. 
 
The Magnetic Loop Antenna was installed on the 
third floor of a brick five-floor house. A wooden stick 
hold the antenna almost in one meter aside from the 
balcony. It was impossible to do a rotary design of 
the antenna for my conditions, so I just fixed the 
antenna on the line West – East. My house is 
situated at outskirts of the city, so, the West is 
opened, only one imperfection, a high-voltage power 
electric line on 110 kV is in 50 meters from my 
antenna…. 
 
On reception the antenna worked perfectly. But, 
unfortunately, there was a small handicap from the 
high-voltage power electric line.  
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Figure 1 Magnetic Loop Antenna 
 

 

 
 
The antenna had very good results at transmission 
mode. See my first QSOs, that I have made straight 
away after installation of the antenna.  
 
18:50 UTC, 13 July 2003:  
I heard  “CQ de G3KXV”. I pressed on key – “G3KXV 
de EW6BN/QRP...” 
 And … ”EW6BN/QRP de G3KXV” op Vic. 
YES, the QSO is made! 
I gave RST 579 QSB.  
He gave me 569, also QSB, 100-w and a dipole, your 
mag loop 77 cm doing very well! 

19:25, UTC, 13 July 2003:  
HB9DRK/QRP stayed on CQ, he received my call, 
gave me 329, I gave him the info about my mag loop, 
and HB9DRK/QRP gave me a  new rprt 559, he used 
5-w and a delta. 
  
Perfectly... My soul was singing, but I had to do QRT 
for a while… 
 
So, my balcony Magnetic Loop Antenna allows me to 
be in the ether again and to do interesting QSOs over 
the World!  

 
Reference: 
 1. Igor Grigorov: “ Antennas for radio amateurs - 1998, Majkop, e-book, 
Available free at    http: // cqham.ru/ftp/rk3zk/zip 
 

EW6BN:A  Field Operation 
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Once again about a magnetic loop … 
by Igor Grigorov, RK3ZK 
 
I made probably hundreds various magnetic loops 
(and on basis of hula- hoops, of course!) for work in 
ranges of frequencies from 136 kHz up to 148 MHz. 
And always I have got rather quite good results, as at 
work of these antennas on reception, and at their work 
on transfer. And I am certainly glad, that Jury too has 
engaged in magnetic loops antennas! 
 
For those hams who want to engage in experiments 
with magnetic loops on basis of hula-hoops, I have 
made calculations of magnetic loops antennas made 
on basis of hula-hoops with diameter 77 cm and 100 
cm. KI6GD 

Magnetic Loop Antenna Calculator V.1.3 was used 
for this calculations. This program rather well counts 
parameters of magnetic loops antennas, and I 
recommend for all hams to use it. Table 1 and Table 2 
show data of this calculation/ 
 
I also calculated sizes for gamma matching and Table 
3 shows it. The sizes, of course, need to be corrected 
at a real antenna design.  
 
I wish you good luck in experiments with magnetic 

loops antennas! 
 

Table 3 
 
Band, m             80      40     30      20     17       15 
 
Hula- Hoop        500    300   250   200    180    200    
100 cm OD 
 
Hula- Hoop        600    350   300   250    200    180    
77 cm OD 
 

 
The Gamma Match consists of from 1-mm OD (#18 
AWG) placed at 50 mm above the Hula- Hoop 
Download Free files for Mag Loop at : 
 
http://www.qsl.net/dl2kq/mmana/4-3-7.htm 

 
Table 1 

 
Loop dimension:  77 cm OD, Aluminum tube 17 mm OD 

Loop Property: Loop Area 1.5 meter, Inductance 2.282 µH 
Frequency, 

MHz 
3.6 7.03 10.1 14.06 18.1 21.1 

Bandwidth, 
kHz 

8.1 11.6 14.8 20.7 31 43.1 

Capacitor 
Value, pF 

849 217 101 48.6 26.3 17.4 

Capacitor 
Voltage (at 5 

Watts Power), 
V 

 
300 

 
600 

 
700 

 
800 

 
900 

 
900 

Conductor 
Wavelength, λ 

0.031 0.06 0.086 0.119 0.153 0.179 

Efficiency, 
% 

0.2 2.5 8.3 22.4 41 54.4 

Inductive 
Reactance, 

Ohms 

51.6 100.8 145 201.6 259 302.5 

Loop Q, Qres 442 604 681 680 585 489.5 
Radiation 

Resistance, 
Ohms 

 
0.00 

 
.0002 

 
0.009 

 
0.033 

 
0.091 

 
0.168 

Resistance 
Loss 

0.058 0.081 0.098 0.115 0.131 0.141 
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Table 2 
Loop dimension:  100 cm OD, Aluminum tube 17 mm OD 

Loop Property: Loop Area 2.6  meter, Inductance 2.287 µH 
 

Frequency, 
MHz 

3.6 7.03 10.1 14.06 18.1 21.1 

Bandwidth, 
kHz 

8.4 12.4 16.8 27.1 47.5 73.3 

Capacitor 
Value, pF 

671 169 77.3 36.4 17.7 10.6 

Capacitor 
Voltage (at 5 

Watts Power), 
V 

 
400 

 
600 

 
700 

 
800 

 
800 

 
700 

Conductor 
Wavelength, λ 

0.04 0.077 0.111 0.155 0.199 0.232 

Efficiency, 
% 

0.5 5.3 16.5 38.7 61 72.3 

Inductive 
Reactance, 

Ohms 

64.9 126.8 182.2 253.6 326.4 380.6 

Loop Q, Qres 427 568 600 520 381 287 
Radiation 

Resistance, 
Ohms 

 
0.00 

 
.0006 

 
0.025 

 
0.094 

 
0.259 

 
0.478 

Resistance 
Loss 

0.076 0.106 0.127 0.149 0.17 0.183 

 
 

Twins Delta Loop for 145 MHz 
by Nick V. Derenko, US8AR 

 

 

ex UB5AEO, UB4AR    mailto:us8ar@qsl.net 
 http://www.qsl.net/us8ar 
http://us8ar.narod.ru  

 
US8AR 

 

 

SOMEWORDS ABOUTE MYSELF 

Hello ! If it's interesting I'll tell some aboute myself. 
I was born 25 may 1957 y. in Snesznoe town of 
Donetsk obl. of Ukraine. After finishing Primorsko-
Akhtarsk's school in 1974 I worked a locksmith and a 
turner. In 1975 I entered in Taganrog radiotechnical 
institute and finished it in 1980. After it I living and 
working in Romny town of Sumy oblast of Ukraine. I 
worked an engineer in Romny's branch of Leningrad 
NPO "Krasnaja Zaria" and seniorengineer in Special 
Design Bureau "Poisk". Since 1997 I working a 
foreman of powerenergetics of "Akhtyrkaneftegaz". 
I am married and have daughter and son. 

 
 
 

Specification: 
 
- Directional diagram:  “Eight” with low-altitude beam 
to horizon; 

- Input  resistance:        50 Ohm; 
- Polarization -                Vertical; 

- Gain                               6 dB; 
- SWR                              1,01:1. 

 
Figure 1 shows the antenna. 
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Figure 1 

 
The antenna is made from a copper or aluminum wire 
in diameter of 4 mm. A copper or brass tube also will 
do well. The wires fastened by collars to a dielectric 
plate in 4 mm thickness. I use a plate from PC stuff. 
The plate fastened by collars to the antenna metal 
mast.  
 

A coaxial cable is connected to points "A" and "B" (the 
central core to "A", the braid to "B").  
 
Below, there is a file of the antenna in MMANA. 
 

(MMANA available FREE at www.qsl.net) 
 

 The great collection Antenna Files at: 
http://www.qsl.net/dl2kq/mmana 

Twins Delta For  145_50 MHz 
* 
145.5 
* wire * 
7 
0.0, 0.6845, -0.3505, 0.0, 0.6845, 0.3505, 0.002, -1 
0.0, 0.6845, -0.3505, 0.0, 0.0, -0.02, 0.002, -1 
0.0, 0.6845, 0.3505, 0.0, 0.0, 0.02, 0.002, -1 
0.0, 0.0, -0.02, 0.0, -0.6845, -0.3505, 0.002, -1 
0.0, 0.0, 0.02, 0.0, -0.6845, 0.3505, 0.002, -1 
0.0, -0.6845, -0.3505, 0.0, -0.6845, 0.3505, 0.002, -1 
0.0, 0.0, -0.02, 0.0, 0.0, 0.02, 8.000e-04, -1 
*** sources *** 
1, 1 
w7c, 0.0, 1.0 
*** load *** 
0, 1 
*** Autosegment *** 
400, 40, 2.0, 1 
*G/H/M/R/AzEl/X* 
0, 5.0, 0, 50.0, 0, 0, 0 
 

Enjoy! 
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Keys for QRP- expeditions 
by Igor Grigorov, RK3ZK  

 G-QRP-C #  6363 
The two articles were published at SPRAT, the 
journal of the G- QRP – C # 114 and # 115 
accordingly.  However, I think, the keys will be 
interesting for all amateurs. 

 
Telegraph key for a QRP-expedition 
 
 
It is a problem what a key to use in a QRP-
expedition, hand or electronic. An electronic key 
does not provide a good operation at a QRP-
expedition for the following reason. At first, it need 
in an external feeding for it, at second, as rule an 
electronic key made on the CMOS 
(Complementary Metal Oxide Semiconductor) 
chips is undergo of dampness. From dampness it 
would leave out of operation in the most improper 
moment. A standard telegraph key, usual for 
routine radio amateur activity, is complicated in 
application in field conditions because the key 
should be reliably fixed to any fixed base. The 
matter is not always possible in a field QRP- 
expedition. Often expedition key is keeping in one 
hand (or even on a knee) and by other hand 
working on it. Certainly, it is very inconveniently for  
 

 

 

job in the ether and rate of transmission is very low 
in that case. My special self-made a hand telegraph 
key has no the defects. Fig. 1 shows drawing for 
the key.  
 
It consists of from a rectangular part of PC- board 
(item 1), which is connected to “ground” of a 
transceiver and a keying unit (item 2), made from 
a copper thick wire in 3 mm diameter or #11 
BWG, or # 9 AWG. 

 

At operating in the ether the rectangular part places in a 
hand, on a knee or on any fixed basis. The other arm 
does keying. Ever it is possible to paste this slice of PC 
– board with help of an adhesive tape to a transceiver 
case or to floor of a tent. This key was used at operation 
from any possible most inconvenient positions. For 
example, laying in a tent, and even laying in a sleeping 
bag.  Certainly, the keying rate is not so high, up to 60 
symbols per one minute. But it is quite sufficient for 
operation from a QRP expedition, where the high speed 
do not use usually. 
 

Electronic keying for an electronic key 
 
When I used an electronic telegraph key made 
on CMOS chips during my QRP- expedition, I 
found out that the key is very sensitive to 
dampness. Even when I covered a PC- board of 
the key by paraffin (it is possible easily to delete 
paraffin with the help of hot water and after that 
with petrol, if a repair is necessary), the failures 
in activity of the key continued.  
 
Also I found out that small drops of water 
influenced on key operation, i.e. the drops 
covered contacts of the key’s manipulator and go 
to false operation. 
 
Only reed relays (magnetically operated with 
hermetically sealed contacts) helped me to solve that  
 

problem and make reliable work of the electronic key in field 
operation. 
 
Only reed relays (magnetically operated with hermetically 
sealed contacts) helped me to solve that problem and make 
reliable work of the electronic key in field operation. 
 
The reed relays were placed on the PC- board of the 
automatic electronic key, near keying “dot” – “dash” chip. I 
used old reed relays, taken from burned old relay of a 
telephone station.  Fig. 1 shows the scheme of the unit. The 
PC- board of the automatic electronic key with the reed 
relays was covered with paraffin. Manipulator of the key was 
placed outside the key’s body. The reed relays had a self- 
made windings. Each winding contained several thousands 
turns, coiled by copper wire 0.1 mm in diameter or #36 
BWG.  
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Winding of reed relay consumed current near 3- 4 mА 
at 12 volts of key power voltage. Such small current 
did not load much key battery. 
 

The electronic telegraph key, consisted of such 
electronic keying unit and PC- board covered with 
paraffin, reliably works even while raining. Also the key 
was serviceable in the morning when both key PC- 
board and manipulator were covered with dew. 
 

QRP beyond belief 
by Igor Grigorov / RK3ZK 

 
 G-QRP-C #  6363 
The article was published at SPRAT, the journal of the 
G- QRP – C # 114.  However, I think, the keys will be 
interesting for all amateurs. 

 
  
Work on QRP is wonderful when with only several 
watts of power  to do a DX QSO. But the surprise is 
especially great if a radio amateur does not know that 
he works on QRP... later he looks into his log and 
does not belief it! About such improbable work on 
QRP I want to tell. 
 
It took place on the 10th of December 2001, during the 
QRP expedition on Ai - Petri plateau. This expedition 
was held in honor of the centenary of Marconi’s First 
Transoceanic radio contact. The UR-QRP Club 
arranged the expedition. The call EN100GM was 
used. We used an old military Russian made radio R - 
143. It provided 8 watts RF- power at 1.8 to 18 MHz. 
An ATU (Antenna Tuning Unit)  (see reference [1]) 
was used with the military transceiver. Fig. 1 shows 
the scheme for the ATU.   

 
 Photo: December 10, 2002 

 

 

 
By mistake, one of the operators connected our 
transmitting antenna to jack J4 instead of jack J2. In 
other words, our antenna was connected to R4, the 
dummy load, installed inside the ATU. The dummy 
helped to do right matching a transmitter with the ATU. 
 
So, during several hours we worked in the Air with the 

antenna, connected to R4, not to the 
transceiver. It is beyond belief, but we made 21 
QSOs! One QSO was made on a range of 40-m, 
three QSOs were made on a range of 17-m and the 
others 17 QSOs were made on a range of 20-m. Only 
casually the mistaken connection was detected when 
we could not make QSOs on a range of 80-m... Tab. 
1 shows the page from EN100GM log with the QRPP 
QSOs.. 
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Certainly, when tank L2C1 (see Fig.1) is tuned in 
resonance with the input frequency, a high RF voltage 
is on the tank, and a little part of the RF energy from 
the tank L2C1 is induced on the dummy load R4. 
Hence, a small RF voltage is presence on R4, and a 
very little power goes in the antenna.  Off course, a 
little RF energy also is induced on current transformer  
  
T1 (see Fig. 1). So, the RF- transformer shows a RF 
current.  
 
When we stayed on receiving, I think a little part of RF 
energy from R4 was induced to L2C1, and from L2C1 
goes to input of Р-143. This military radio station could 
provide quite a good reception even at very poor radio 
signals. 
 
After our expedition, when I have arrived home, I have 
measured the level of the RF power what could be 
induced on the dummy load, R4.  
 

Table 1 
 

 

 When I run 10 watts in to the unloaded ATU, I 
obtained, that it was 0.5 – 0.8-V RF across the dummy 
load. Hence 5 -15 milliwatts were dissipated by the 
dummy load. When an antenna was connected to the 
dummy load the induced RF power shares with the 
antenna.  
 

Ooops, we worked while several hours with several 
milliwatts in our antenna! Four hams, UU4JCQ, 
US1REO, USIRCH, RK3ZK, observed the wonderful 
work.   
            Reference 
1. Grigorov I.N.: Antennas:  Adjustment and Tuning. 
Moscow, RadioSoft, 2002, ISBN: 5- 93037-087-7 
(in Russian) 
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Old computer’s PSU gives useful parts for antennas 
 

Igor Grigorov, RK3ZK 
   
 
 
A personal computer has become an ordinary thing in 
the recent time. Nearly every radio amateur has his 
own personal computer. With the course of time some 
computer’s blocks fail and are replaced by new ones. 
Soon the old computer is replaced by a new one. 
Finally, a radio amateur accumulates faulty computers 
as well as faulty and unnecessary computer’s pieces.  
 
But do not throw away the faulty pieces! It is possible 
to find useful applications for them in a ham practice. 
This article is a chat about the practical usage of an 
output transformer from a faulty old Power Supply Unit 
(PSU). 
 

 
Photo: Old PSU 

 

 
An output transformer is the most useful part of a 
PSU 
 
I believe an output transformer is the most useful part 
of a PSU and this detail can find its useful application 
in antennas. An output transformer has a large ferrite 
core and works on high frequencies (60- 200 kHz). In 
addition an output transformer has a qualitative 
electrical isolation between its primary and secondary 
windings. The isolation withstands 300 volts across 
the windings.  
 
It is to be mentioned that there is a good deal of 
different models of computers’ PSUs. However a 
PSU’s output transformer has practically identical data 
for all PSUs having the same power. I had a faulty ATX 
PSU. Fig. 1 (see next page) illustrates the circuit of the 
ATX PSU. The output transformer from the ATX PSU 
had a mark  “ATX-33T”. The transformer was soldered 
out  accurately,  and I started to experiment with it.  

 
Photo: Opened PSU 

 
 

 
 
ATX- 33T transformer as an RF transformer   
 
Fig. 2 shows ATX-33T transformer’s circuit cut out from 
the circuit of the ATX PSU. ATX-33T transformer has 
the primary winding connected to output transistors of a 
DC/DC converter, and the secondary tapped winding 
providing several low voltages necessary to feed a 
computer. The secondary winding has fewer turns than 
the primary one. I supposed the ATX-33T transformer 
could transform a low RF voltage to high with low 
losses. In this case the ATX-33T transformer could be 
used to transform the coaxial cable low impedance (50 
Ohms) to a high impedance 300 (450, 600) Ohms. In 
this case an ATX-33T transformer could be installed at 
feeding terminal of high – resistance antennas, for 
example, at a Beverage or T2FD antenna.  

ATX- 33T  transformer 
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Figure 1 ATX PSU 
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Experiments, experiments 
 
I made a considerable amount of experiments with 
my ATX-33T transformer. I investigated its input 
impedance on all amateur HF ranges and I worked 
out its efficiency on the ranges. Part II will contain 
the description how I researched the ATX-33T 
transformer. Note: Any RF transformer should 
have a good efficiency. Efficiency (Eff) is the ratio 
of useful power dissipated at transformer’s load to 
input power incoming to the RF transformer. 
 
I scrutinized all the data received due to my 
experiments and found only three usable 

ATX- 33T  transformer 
 
 

 
while the ATX-33T transformer worked well as a RF 
transformer.  All of the three usable connections are 
described below.  
 

An optimum RF transformer 
 
Let’s begin with the best connection. AT- 33T 
transformer works quite well as an RF transformer 
while its low- voltage winding with summary voltage 
of 17 volts serves as an input winding. Fig. 3 
shows the connection.  Mind, there are two almost 
equal connections, bottom (points D- G, Fig. 3A),  

and top (points C- F, Fig. 3B). The connections differ 
from each other very little in their parameters. Use that 
connection (experimentally find it) where the RF 
transformer has the maximum efficiency. 
 
Data for the RF transformer are shown in Tab. 1- 3. Tab. 
1 shows data for the RF transformer while this one is 
loaded to 300 Ohms. Tab. 2 shows data for the RF 
transformer while this one is loaded to 450 Ohms. Tab. 
3 shows data for the RF transformer while this one is 
loaded to 600 Ohms.  
 
 

An optimum transformer 
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Table 1 An optimum transformer loaded to 300 Ohms 

 
 

Frequency, MHz 
 

1.9 
 

3.7 
 

7.1 
 

10.1 
 

 
14.2 

 
Input resistance, 

Ohms  
 

 
35 

 
27 

 
42 

 
40 

 
30 

 
VSWR   relative to 50 Ohms 

 

 
 

1:1.49 

 
 

1:1.93 
 

 
 

1:1.24 

 
 

1:1.16 
 

 
 

1:1.31 

 
Efficiency, % 

 
85 

 

 
98 

 
60 

 
20 

 
12 

 
Table 2 An optimum transformer loaded to 450 Ohms 

 
 

Frequency, MHz 
 

1.9 
 

 
3.7 

 
7.1 

 
10.1 

 
14.2 

 
Input resistance, 

Ohms 
 

 
38 

 

 
35 

 
45 

 
40 

 
40 

 
VSWR   relative to 50 Ohms 

 

 
 

1:1.37 
 

 
 

1:1.49 

 
 

1:1.16 

 
 

1:1.31 

 
 

1:1.31 

 
Efficiency, % 

 
93 

 

 
98 

 
40 

 
20 

 
12 

 
Table 3 An optimum transformer loaded to 600 Ohms 

 
 

Frequency, MHz 
 

1.9 
 

 
3.7 

 
7.0 

 
10.1 

 

 
14.2 

 
Input resistance, 

Ohms 
 

 
 

45 

 
 

46 

 
 

38 

 
 

40 

 
 

38 

 
VSWR   relative to 50 Ohms 

 

 
 

1:1.16 
 

 
 

1:1.14 

 
 

1:1.37 

 
 

1:1.31 

 
 

1:1.37 

 
Efficiency, % 

 
96 

 
98 

 
35 

 
18 

 

 
12 

 
Note: The data given in Tab. 1- 3 were taken while the secondary winding (points A – B) was not grounded. 
The grounding slightly changes the data. If the grounding is necessary, use that connection to the ground  
(find it experimentally) where the RF transformer has the maximum efficiency. 
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Using data from tab. 1-3, I made diagrams for three 
transformer’s loads – 300, 450 and 600 Ohms. The 
diagrams show: 

- An input resistance vs. frequency (Fig. 4), 
- A VSWR relative to 50 Ohms vs. frequency 
(Fig. 5), 
- The efficiency vs. frequency (Fig. 6). 
 

Input resistance vs. frequency 

 
 

VSWR relative to 50 Ohms vs. frequency 

 
 

The efficiency vs. frequency 

 
 
The most important parameter of any RF transformer is 
its efficiency. This RF transformer (Fig. 3) has a high 
efficiency only on ranges of 160 and 80 meters. The 
efficiency falls up to 60-35 percent (it depends on the 

transformer’s load) on a range of 40 meters. It means 
that nearly half of the RF power going to the transformer 
heats its core but does not go to an antenna. Really, the 
transformer’s core was very hot at my experiments 
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 with this transformer on 40 meters and upper. Other 
upper amateur HF ranges are dead for the RF 
transformer, and transformer works like a dummy load 
there. The RF transformer loaded to 300 Ohms has a 
VSWR almost 1:2 on a range of 80 meters. Such 
VSWR is not good for a work to transmit. 
 
Conclusion for the connection shown in Fig. 3: The 
transformer can be used both in a transmission and 
reception mode on ranges of 160 and 80 meters with 
the transformer loaded to 450 or 600 Ohms. (An 
antenna Beverage or T2FD can be such a load.) The 
maximum of an RF power going to the transformer 
must be limited to 60 watts on the ranges. A 50-Ohm 
coaxial cable is to be preferred to use. 
 

An egg “Chupa - Chups” 
 

 

It is possible to use the transformer in a transmission 
and reception mode on a range of 40 meters while the 
transformer loaded to 300 Ohms, however the RF 
power going to the transformer should be limited to 10 
watts.  
 

Note: Do not use the transformer without a load! It 
causes a high VSWR and damage to the transformer. 
If the transformer is used outside it should be 
protected against atmospheric influences. It is 
possible to use an egg from a sweet – surprise  
“Chupa - Chups” for such a protection. 

  
Transformer inside 

 

 
 

Second variant of the connection for AT- 33T transformer 
 

Second variant of the connection of a RF transformer 
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AT- 33T transformer works well as a RF transformer 
when its low- voltage winding with summary voltage of 
24 volts serves as an input winding. Fig. 7 shows the 
connection. 
 
Data for the RF transformer are shown in Tab. 4- 6.  

Tab. 4 shows data for the RF transformer while this 
one is loaded to 300 Ohms. Tab. 5 shows data for the 
RF transformer while this one is loaded to 450 Ohms. 
Tab. 6 shows data for the RF transformer while this 
one is loaded to 600 Ohms.  
 

 
Table 4 RF- transformer loaded to 300 Ohms 

 
 

Frequency, MHz 
 

1.9 
 

3.7 
 

7.1 
 

10.1 
 

 
14.2 

 
Input resistance, 

Ohms 
 

 
 

50 

 
 

60 

 
 

65 

 
 

65 

 
 

50 

 
VSWR   relative to 50 Ohms 

 

 
 

1:1 

 
 

1:1.15 
 

 
 

1:1.25 

 
 

1:1.25 
 

 
 

1:1 

 
Efficiency, % 

 
75 

 

 
50 

 
50 

 
20 

 
12 

 
Table 5  RF- transformer loaded to 450 Ohms 

 
 

Frequency, MHz 
 

1.9 
 

 
3.7 

 
7.1 

 
10.1 

 
14.2 

 
Input resistance, 

Ohms 
 

 
 

60 

 
 

65 

 
 

60 

 
 

60 

 
 

50 

 
VSWR   relative to 50 Ohms 

 
 

 
 

1:1.15 
 

 
 

1:1.25 

 
 

1:1.15 

 
 

1:1.15 

 
 

1:1 

 
Efficiency, % 

 
93 

 

 
69 

 
37 

 
32 

 
15 

 
Table 6  RF- transformer loaded to 600 Ohms 

 
 

Frequency, MHz 
 

1.9 
 

 
3.7 

 
7.0 

 
10.1 

 

 
14.2 

 
Input resistance, 

Ohms 
 

 
 

75 

 
 

70 

 
 

64 

 
 

50 

 
 

45 

 
VSWR   relative to 50 Ohms 

 

 
 

1:1.44 
 

 
 

1:1.34 

 
 

1:1.231 

 
 

1:1 

 
 

1:1.16 

 
Efficiency, % 

 
97 

 
85 

 
47 

 
42 

 

 
12 

 
www.antentop.bel.ru Page 44 

http://www.antentop.bel.ru/


ANTENTOP- 01- 2003, # 002    Old computer’s PSU 
 
Note: The data given in Tab. 4- 6 were taken while the 
secondary winding (points A – B) was not grounded. 
The grounding slightly changes the data. If the 
grounding is necessary, use that connection to the 
ground  (find it experimentally) where the RF 
transformer has the maximum efficiency. 
  

Using data from Tab. 4- 6, I made diagrams for three 
transformer’s loads – 300, 450 and 600 Ohms. The 
diagrams show: 
 
- An input resistance vs. frequency (Fig. 8), 
- A VSWR relative to 50 Ohms vs. frequency 
(Fig. 9), 
The efficiency vs. frequency (Fig. 10). 

  
An input resistance vs. frequency 

 
  

VSWR relative to 50 Ohms vs. frequency 

 
 

The efficiency vs. frequency 
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 As it was mentioned above, the efficiency is the most 
important parameter of any RF transformer. The 
transformer has rather high efficiency and a small 
VSWR on a range of 160 meters while this one is 
loaded to 450 or 600 Ohms. As for a range of 80 
meters the RF transformer shown in Fig. 7 has less 
efficiency and higher input resistance compared to the 
RF transformer shown in Fig. 3. The efficiency falls 
down to 50-37 percent (it depends on the transformer’s 
load) on a range of 40 meters. As for a range of 30 
meters the efficiency is 42 percent while the 
transformer is loaded to 600 Ohms. It means that more 
than half of an RF power going to the transformer 
heats its core but does not go to an 
 

antenna. In fact, the transformer’s core was very hot 
at my experiments with this transformer on ranges of 
30 and 40 meters. A range of 20 meters is dead for 
the RF transformer. 
 
Fig. 8 shows that the RF transformer (Fig. 7) has a 
high input resistance. So it is wise to use the 
transformer together with a 75-Ohm coaxial cable 
because a VSWR relative to 75 Ohms is less than a 
VSWR relative to 50 Ohms. Tab. 7 shows a VSWR 
relative to 75 Ohms vs. frequency while the 
transformer is loaded to three different loads - 300, 
450 or 600 Ohms. Using data from Tab. 7, I made 
diagrams for three transformer’s loads. Fig. 11 shows 
the curves. 
 

Table 7 VSWR relative to 75 Ohms vs. frequency. 
 

 
Frequency, MHz 

 
1.9 

 

 
3.7 

 
7.1 

 
10.1 

 

 
14.2 

 
VSWR relative to 75 Ohms to transformer’s load 300 

Ohms  
 

 
 

1:1.5 

 
 

1:1.25 

 
 

1:1.16 

 
 

1:1.16 

 
 

1:1.5 

 
VSWR relative to 75 Ohms to transformer’s load 450 

Ohms 
 

 
 

1:1.25 
 

 
 

1:1.16 

 
 

1:1.25 

 
 

1:1.25 

 
 

1:1.5 

 
VSWR relative to 75 Ohms to transformer’s load 600 

Ohms 
 

 
 

1:1 

 
 

1:1.08 

 
 

1:1.18 

 
 

1:1.5 
 

 
 

1:1.67 

 
A VSWR relative to 75 Ohms vs. frequency 

 
Conclusion for the connection shown in Fig. 7: 
The transformer can be used both in a transmission 
and reception mode on a range of 160 meters with the 
transformer loaded to 450 or 600 Ohms. (An antenna 
Beverage or T2FD can be such a load.) A 75-Ohm 
coaxial cable is to be preferred to use while the 
transformer loaded to 600 Ohms and a 50-Ohm 
coaxial cable is to be preferred to use with the 
transformer loaded to 450 Ohms. The maximum of a 
RF power going to the transformer must be limited 
to60 watts on a range of 160 meters. 
www.antentop.bel.ru 
 

The transformer can be used in a transmission and 
reception mode on a range of 80 meters with the 
transformer loaded to 450 or 600 Ohms. The 
maximum of the RF power going to the transformer 
must be limited to 30 watts on a range of  80 meters. 
On ranges of 160 -80 meters it is possible to use the 
transformer only for a reception mode with the 
transformer loaded to 450 or 600 Ohms and its 
primary winding is connected to a 75-Ohm coaxial 
cable.                   To be continued…. 
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Superloop receiving antenna for 136kHz 
 
 
By Peter Dodd, G3LDO,  e-mail g3ldo@ukonline.co.uk, Web <http://web.ukonline.co.uk/g3ldo> 
 
About a year ago I made a receiving loop for 136kHz 
using computer ribbon cable housed in plastic waste 
pipe. It wasn't very successful. It would appear that the 
low Q caused by the construction of the ribbon cable 
was the problem. I have since made the G3LNP loop 
although I had difficulties with the amplifier. I finished 
up using a low impedance pick-up loop without the 
amplifier - this worked reasonably well but it did lack 
sensitivity. 
 
I decided to redesign the plastic waste pipe special 
because if its inherent weather resistant structure  This 
time I made it twice the size and used Litz wire from 
the Crawley club source. This antenna turned out to 
be very good and outperformed all other loops built 
previously. Furthermore, this design does not need an 
amplifier. A description of its construction follows.  
 
The loop housing comprises 34mm plastic waste pipe 
forming a square loop, 2m per side as shown on the 
right. The corners are joined using 90 degree elbow 
joins. The structure is held in place with an aluminium 
T section comprising a 45mm pole and an angle top 
piece.  
 
The loop itself comprises 10 turns of 2.5mm Litz wire 
and a single turn pick-up loop. The loop is assembled 
by cutting 11 x 8.3m lengths of wire and feeding them 
through a single 2m length of waste pipe. One 90 

 

degree elbow is fixed to the end of the first 2m length 
of pipe after first feeding the wires through. The wire 
bundle is then fed through the second section of pipe 
and a second joint added. The third section of pipe 
and joint are then added. Construction should be done 
with the plastic pipes laying on the ground - at this 
stage the whole structure is very floppy. 
 
The wires are then fed through the fourth length. This 
is where it gets a bit tricky. The final 90 degree elbow 
should have two slots cut in it on the outside part of 
the elbow so that the wires can be fed through and still 
be clear of the pipes when they are fixed in. When the 
wires are fixed in place the first and the fourth lengths 
of pipe can be pushed into the elbow joint.  
 
The fourth elbow forms the bottom part of the loop 
(shown right) is strengthened by fixing it to a piece of 
weather-proofed plywood using standard waste-pipe 
wall-mounting brackets. This plywood base also 
provides a method of fixing the loop to the support 
mast.  
 
The loop is fixed to the support mast and the top T 
section using appropriate sized U bolts. 
 

 

 
www.antentop.bel.ru 
 

Page 47 

mailto:g3ldo@ukonline.co.uk
http://web.ukonline.co.uk/g3ldo
http://www.antentop.bel.ru/


ANTENTOP- 01- 2003, # 002   Superloop receiving antenna for 136kHz 
 

Each of the wires has now to stripped of insulation and 
tinned. They also have to be identified using a 
multimeter so that they can be connected together to 
form a continuous 10 turn loop. The 11th turn, the pick 
up loop, is connected to the receiver coax feed. I used 
connector blocks in the prototype because of the 
rather experimental nature of the project. They are 
sprayed with spray grease to prevent corrosion. You 
could solder the wires together with a shrink wrap 
cover.  

The main loop is resonated with a mixture of 6 x 
150pF fixed capacitors and a 500pF variable (meshed 
about two-thirds) giving a resonating capacity of 
around 1200pF. The whole of the bottom of the loop is 
wrapped in plastic sheet, held in place with clothes 
pegs, to keep out the rain 
 

Peter, G3LDO 
 

 

If you can't find Litx wire you could use PVC insulated 
wire. The Litz wire used here has a wire diameter of 
approximately 1.5mm; the diameter including the 
insulation is 2.5mm. If you use electrical wire check 
that it has an insulating thickness of at least 0.5mm 
because, with this construction the insulator material 
determines the wire spacing. The wire should also be 
fairly soft and flexible to ease construction. 
 

Additional from Peter to the article: I find that Litz 
wire for the loop was not as good as I thought at first. 
The performance of Litz wire can be badly affected by 
damp and humidity. Moisture can be trapped in the 
plastic tubing and I have found that electrical wire with 
as thick as insulation as possible is best. You could 
reduce the number of turns and increase the 
capacitance if necessary. 

Peter also is the author from several excellent books.  I want  to present  the books below.  Sure, every 
one will enjoy these books!  I.G. 

The Low Frequency Experimenter’s Handbook: 
In the summer of 1996 the frequency band 71.6 to 
74.4kHz came available to UK amateurs as an 
experimental band for a limited period. It was available 
by special permit (Notice of Variation) until June 1999. 
(since then the 73kHz NoV has been extended until 
June 2003). On January 30th 1998 a new low 
frequency band of 135.7 to 137.8kHz was allocated to 
radio amateurs in the UK followed by an increasing 
number of countries throughout Europe and Canada. 
To meet the increasing demand for information on LF 
the LF Experimenters Handbook was produced and is 
a collection of articles written by individuals (in a 
similar style the the popular ARRL Antenna 
Compenduim series. The book is divided into several 
sections, each covering a specific topic; i.e. receivers, 
transmitters, antennas, specialist modes and 
measurement. Of the constructional articles shown in 
this book very few have previously been published. 
 
The Antenna Experimenter’s Guide (second 
edition) is mainly concerned with measurement 
(impedance, resonance and field strength, including 
beam pattern measurement) although there are 
chapters on antenna and mast construction. In 
addition there are chapters on experimental antennas 
and antenna modelling and antenna modelling 
software.  The book also includes some computer 
listings of programs for measuring antenna impedance 
and antenna polar diagrams. 

 Backyard Antennas: This is a practical book on 
antenna construction and how to overcome the 
limitations of suburban locations. It contains 10 
chapters on Centre-fed antennas, End-fed and 
Marconi antennas for HF and LF, Matching and tuning, 
Loops and slot antennas for HF, Small rotary beams 
for HF, VHF and UHF antennas, Antenna materials, 
construction and supports, transmissions lines and 
Baluns and Estimating and measuring antenna 
performance. This book now is due for a reprint, which 
will include a printed update. 

Amateur Radio Mobile Radio: The technology of 
both vehicles and radio has changed considerable 
since a book on mobile amateur radio was last 
published. This book addresses the problems of 
installing radio equipment in a modern vehicle and 
finding somewhere to fix the antenna. It also covers 
Maritime Mobile, bicycle mobile and pedestrian 
mobile. This book was published early November. 
See  Mobile Addendum  for technical updates. 

These books are available from the RSGB, see the 
RSGB Website at:  http://www.rsgb.org/ (book sales) 

They are also available from the ARRL bookshop at 
http://www.arrl.org/  ( RSGB Publications). 
 

 
www.antentop.bel.ru Page 48 
 
 

http://web.ukonline.co.uk/g3ldo/Mobile.htm
http://www.rsgb.org/
http://www.arrl.org/
http://www.antentop.bel.ru/


ANTENTOP- 01- 2003, # 002    Measuring the earth resistance 
 

Measuring the earth resistance of an LF-antenna system 
 

By Dick Rollema, PAØSE  
 
There were some requests for info on the way I 
measured the earth resistance of my antenna system.  
In 1988 I made an impedance bridge with a noise 
source. (See the circuit diagram below.) Most bridges 
of this type have a transformer between the noise 
amplifier and the bridge circuit. But I found it 
impossible to make the bridge frequency independent 
up to 30MHz. By putting the transformer between the 
bridge circuit and the detector I managed to make the 
readings reliable up to 30MHz. When the bridge is 
used at LF only the matter of frequency compensation 
does not arise.  
 
For measuring earth resistance I connect the bridge 
between the bottom end of the loading coil and the 

Noise bridge 
 

 
 

earth connection, after disconnecting the transmitter 
from the coil. The X-control is left at the zero (centre) 
position. (C2 is then equal to C1). The detector is 
tuned to the frequency f0 where the earth resistance is 
to be measured and the vacuum capacitor in parallel 
with the loading coil (or the coil itself) and R3 of the 
bridge varied for minimum noise. The minimum is so 
frequency-dependent that it becomes deeper as the 
bandwidth of the receiver is reduced! The total 
resistance of the antenna system can then be read 
from the R-control R3. But for better accuracy I 
measure the value of R3 using a digital multimeter. 
From the value so found I subtract the loss resistance 
of the loading coil. What remains I call the earth 
resistance. Of course in that value are also included 
the radiation resistance and the resistance of the 
aerial and earth wire, But these quantities are 
negligible as compared to the earth resistance.  
 
In the earth resistance will also be included losses in 
the antenna insulation and in the capacitance of the 
antenna to surrounding objects like trees (no trees in 
 

my case). But these losses are impossible to separate 
from the real earth resistance.  
 
Measuring earth resistance at 50Hz has no meaning 
for the loss at LF because the earth resistance 
(impedance is more correct) is frequency dependent. 
At low frequencies the earth acts like a resistor, at high 
frequencies like a capacitor in parallel with a resistor.  
 
I find the loss resistance of the loading coil as follows.  
I use my W & G signal generator and tracking 
selective voltmeter type PSM-5. The generator is 
connected to a one-turn loop that is positioned at 
some 35cm from the bottom end of the coil. An 
oscilloscope probe is connected to the level meter and 
hung near the top end of the coil. The antenna is 
replaced by a variable capacitor (broadcast receiver 
type). The PSM-5 is adjusted to f0 and the variable 
capacitor tuned for maximum voltage over the coil and 
its value noted. The PSM-5 is then tuned to the higher 
frequency f1 and lower frequency f2 where the voltage  
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over the coil has dropped to 0.707 (-3dB) of the 
maximum. The frequency difference f1 - f2 = B (I use a 
frequency counter to improve accuracy; B is rather 
small). This yields Q = f0/B . The value C of the variable 
capacitor is then measured. This yields the reactance of 
the capacitor X = 1/6.28 * f * C ohm. Because there was 
resonance this is also the reactance of the loading coil 
in parallel with its tuning capacitor. We now find for the 
loss resistance of the loading coil: R = X/Q. 
 

My measurements support the findings by Alan 
Melia. The earth resistance is higher in winter than in 
summer and is maximum when the earth is soaked 
with water. When the water freezes the resistance 
goes down.  
 
I hope this info is of some use.  
 

Learn more about Long Wave with 
 

www.lwca.org 
  

 
The First Russian LF expedition 

by Ed, RU6LA 
 www.136.ru 

 
 

LF QSL 
 

 

LF input filter 
 

 
 

Pileup for RU6LA on 137,7 ( received  from  DK8KW) 
 

 
LF shack outside 

 

 

LF shack inside 
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Antennas in  the mountains 
 

By Igor Grigorov, RK3ZK 
 
Those radio amateurs who are going on a high-mountain radio expedition must know about the following thing. 
Clouds and snow do harmful effect to antennas in the mountains. During  my previous mountain trips I ran into 
this effect. 
 
However, the harmful effect very obviously arose on Ai - Petri plateau during the UR- QRP-C radio expedition. 
This effect essentially corrected the schedule of our radio expedition. All members of the radio expedition 
observed the effect and they could confirm the truth of my observation. 
 
Clouds against antennas  

 
 So, it happened in May, 2001, during the radio 
expedition of the UR-QRP-C on Ai - Petri plateau. We 
used a special call sign EM5QRP. For work on short 
waves we installed two antennas. One antenna was a 
usual long wire in length of 55 meters. The second 
antenna was a GPA-30 vertical multirange antenna, 
made by the Fritzel corporation. More detailed 
information concerning our antennas, ways of their 
installation and accommodation of the expedition in Ai-
Petri shelter can be found in reference [1] (in 
Russian). 
 
Though the main part of Ai-Petri plateau is only 1200 
meters above sea level, clouds would often cover the 
plateau. They constantly fall down to Ai-Petri plateau 
from the sky. Then the wind slowly moves the cloud 

Clouds down 
 

 

over the plateau in various sides. It occurs that the 
weather changes dramatically within five minutes. The 
Sun shines, then a cloud falls down to the plateau, it 
rains, the wind blows away the cloud, and the Sun 
shines again.  
 
The cloud does not choose a side where it moves on 
the plateau. The wind controls the cloud. If the cloud 
moves over the plateau aside our antennas, it does 
not influence the work of our radio expedition. But, if 
the cloud "sits" directly on our antennas, the work of 
our radio station becomes impossible. We named this 
harmful effect as “Ai-Petri effect “. 
 
How it was opened 
 
At first I thought that the reason for periodic 
deterioration of reception and transmission on the 
radio station of our radio expedition was due to bad 
contacts in antenna’s terminal of ATU (an Antenna 
Tuning Unit). The wires of the antenna and grounding 
were repeatedly and carefully cleaned and plugs were 
tightly twisted. It felt as if we observed the "imaginary 
effect" caused by these actions. 
 
It was like you turned off contacts, cleaned wires, 
stretched twirled contacts, and the work of our radio 
station again renewed. But in spite of periodical 
cleaning of the contacts, reception and transmission 
on our radio station vanished away and appeared 
again. Obviously, the true reason for periodic  

deterioration of work at our radio station was not in 
bad contacts … 
 
Dielectric cloud around  the antenna 
 
Dielectric permeability of a cloud differs from that one 
of the air, which is equal to 1. Therefore, if a cloud sits 
on the antenna, antenna’s electric length changes. It 
results in a change of resonant frequency of the 
antenna. Input resistance of the antenna also 
changes.  
 
Usually, a cloud is sitting on an antenna for a rather 
short time, for one - three minutes.  Within the 
minutes the current in the antenna varies in a few 
times. ATU’s RF ammeter shows these current varies. 
Certainly, it is impossible to provide constant tuning of 
the ATU within the minutes!  
 
Screening of the antenna 
 
It turned out that a cloud does another even more 
harmful effect to antennas than the change of the 
resonant frequency of antennas in the cloud. The 
effect is the screening of the antenna by the cloud. 
The cloud consists of billions of tiny droplets, and each 
one can bear a small negative (concerning the surface 
of the ground) charge. Also each of the tiny droplets is 
not an insulator due to thunderbolt, each droplet has a 
small conductivity to electricity 
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Hence, the cloud has a small conductivity to electricity 
and a negative charge concerning the ground. And 
this substance covers our antennas. It is like when a 
metal sheet covers our antennas. Still some minutes 
ago there might be a magnificent reception. Within a 
couple of minutes the cloud covered our antennas 
and the reception is completely stopped.  This effect 
was observed mainly in the afternoon when the 
white clouds covered the antennas.   
 
A black cloud is not dangerous 
 
It was noticed by us, if a black cloud covered our 
antennas, the reception was present, though it was 
weak. It remains a riddle for me. The black cloud is 
usually much denser than the white one. When a 
black cloud covered me, I was under the impression 
that I was in fine douche. A lot of microscopic droplets 
of water gathered round me. The droplets fell on my 
clothes and hair, got in my nose and ears. It is darkly, 
that such a black cloud influences the reception much 
less  that a white one. 
 
A night is better than a day 
 
At night a full stopping of the radio reception due to 
clouds was not observed. Usually   only the effect of 
detuning of the antennas appeared when a cloud sat 
on antennas or passed through them. At this time 
reception became unsatisfactory, antenna current  
varied at transmitting mode. It was necessary  to stop 
work on our radio station temporarily and wait until the 
wind  blew away the cloud from our antennas. 
 
Other amateurs faced  the phenomena 
 
Hams who worked in mountain conditions also faced 
the effect of influence of the cloud on antennas.  
Andrey Blinushov/UA3SGV writes about his amateur 
radio work during his trip across Hibina Mountains 
in2002 [2]. 
 

Andrey Blinushov 
 
 

 
 

" On August 11, alpinist group with my guys left our 
mountain camp for a three-day ring trip, and I danced 
from impatience - quickly to my transceiver! But within 
one hour a dense cloud, bearing fine rain suspension, 
descended the mountain ridge Chasnochorra to the 
place, where I stayed, and covered our mountain 
camp. And for all the day - only 14 QSOs! I heard 
about the radio expedition of EM5QRP on Ai- Petri. 
When such a cloud sat on their antennas, the radio 

 communication broke. It was a surprise for me at that 
time. Now I have faced such a  phenomenon 
myself…” 
 
Cloud cancels directional antennas  
 
We had to refuse the installation of directional wire 
antennas, which I had taken with me because of the 
cloud effect. Really, a greater part of time  Ai- Petri 
plateau is covered with clouds. So, our antennas are 
also covered with clouds… It was not wise to install 
directional antennas, which will not function a greater 
part of the time. Inside a cloud the elements of 
directional antennas, for example such as YAGI, will 
not have  those resonant frequencies which are 
necessary for their proper work. Hence, these 
antennas will have no proper diagram directivity.  
 
Antennas with phased feeding would not help us. 
Clouds have variable dielectric permeability through 
their volume, and moreover, these clouds are 
constantly moving through our antennas. So, the 
electric distance between elements of the phased 
feeding of the antenna will be constantly changing. 
Hence, the diagram directivity of such  a phased 
antenna will change according to unknown law. That 
is why we could use only simple single-element 
antennas for work during the radio expedition on  Ai- 
Petri plateau. 
 
Antenna current from clouds to the ground 
 
We noted one more very interesting effect at covering 
our antennas by a cloud. My ATU, which we used 
during our radio expedition on Ai- Petri (circuit of the 
ATU is given in  reference [3]), had an RF ammeter in 
antenna circuit. The meter indicated a hundred 
milliamperes whenever a dense white cloud quickly 
passed through our antennas. It was completely 
useless to hope for any reception in these conditions. 
Only a steady crash and roar was in our headphones. 
 
If only this useless current, flowing between a cloud 
and the ground, one could direct for useful needs. For 
example, it could charge accumulators. This idea 
sounds fantastic, but such high current is quite 
capable not only to interfere with reception but also to 
do some good things, for example, to charge 
accumulators. 
 
Electrically grounding   is mandatory for 
antennas 
 
It shows that electrical grounding is an important thing 
for any antenna in the mountains. The antenna 
terminal at my self-made ATU was electrically 
connected to ATU’s case (I used a resistor by 
resistance of 100k Ohm / 2 watts), and the case was 
grounded to the real earth. Cloud current flowed from 
a cloud to the earth, and did not do us any harm 
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The antenna terminal of the R-143 radio, which we 
used for work in our expedition, was not electrically 
connected to the case of this one. As a result of it, if 
clouds covered our antennas, this radio station could 
not work in the ether without ATU. Without ATU, a 
neon bulb, placed near the antenna terminal of the R-
143 radio, shone. Sparks jumped from the antenna  
terminal to the case of the R-143 radio. It might 
damage this radio station if the antenna accumulated 
too big static potential.  
 
The Ai- Petry effect in winter 
 
In December 2001, the UR-QRP-C organized 
expedition to Ai – Petri plateau. This expedition was 

dedicated to the centenary of the first wireless contact 
of G. Marconi across the Atlantic Ocean.  
 
There were used two antennas for short waves. One 
of them was an antenna of a Long Wire type. It was 55 
meters in length, the top end of which was fixed to the 
mast of rescuers. The second antenna was a CB- 
dipole. Each wing of this dipole was 2,7 meters in  

 
 
length. The dipole was fed through a thick coaxial 
cable with characteristic impedance of 75 Ohm. The 
coaxial cable was 8 meters in length. This CB- dipole 
worked well on ranges of 10-20 meters. Each antenna 
was connected by its own separate ATU to our 
transmitting equipment. In winter we also encountered 
the influence of weather mountain conditions on our 
antennas. In winter this effect was caused by snow.  
 
Snow has effected the antennas 
 
Almost constantly there was snowfall on Ai- Petri 
plateau. It was very beautiful when  large white 

Ai- Petry Meteo 
 

 
snowflakes slowly fell onto the ground. Alas, each 
snowflake carried a small negative charge. It caused a 
weak click in earphones if such a charged snowflake 
discharged our antenna. The click was much stronger 
if10, 20, or 100 snowflakes simultaneously discharged   
 

the antenna, or rather there was a constant crash 
from weak to a loud one in the earphones. During a 
strong blizzard, when the snow enveloped our 
antennas, it was almost impossible to work in the 
ether because of a loud crash in the earphones. 
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 Snow produced an antenna current  
 
When the blizzard was very strong, there was an 
atmospheric current between the antenna and the 
ground. The RF ammeter located on our ATU 
confidently registered this current. But the current was 
not so strong as in the spring 2001, when white 
clouds passed through our antennas. Snow caused a  
current near 10 milliamperes (reportedly to the RF 
ammeter of the ATU). 
 
During snowfalls we did not observe a full stopping of 
radio reception as it was in the spring when a white 
cloud sat on our antennas. Certainly, it was difficult to 

Snow Cloud is going 
 

 
work in the ether with strong crashes in the 
earphones. But a couple of days later we adapted to 
the crashes in our earphones. Dry snow did not 
strongly affected our work in the ether. Only damp 
snow hindered our work. 
 
Damp snow attacks our antennas 
 
Damp snowflakes seldom carried a negative charge. 
At contact with our antenna such snowflakes did not 
cause clicks in the earphones. When the snow  was 
damp, there was a silence in earphones, however it 
was a deceptive silence. Damp snowflakes stuck to 
our antennas. Gradually the antennas became thicker 
and thicker in their forms, they  looked like  thick white 
exotic snakes.  

Near a Snow Cloud 
 

 
 
So, damp snowfall dressed our antennas in a thick 
"snow sleeve" or a thick dielectric sleeve. Dielectric 
permeability of snow and especially damp snow is 
much higher than 1. Hence, this snow sleeve changed 
the electric length and input impedance of our 
antennas. 
 
During damp snowfall the antenna parameters 
constantly changed while snow was sticking to 
antenna wires because the electric length and input 
impedance of the antennas depended on thickness of 
this snow covering. Almost constantly it was 
necessary to tune the ATU connected to each 
antenna. 

 
Snake Antennas 

 

 
Snow dancing and Antenna shaking 
 
After some time of the damp snowfall the ATU could 
not tune the antennas. The antenna current "floated" 
at transmission mode, the reception was very bad.  
 
Then one of us dressed warmly, took a long stick and 
went out to shake off the snow from antennas. After 
that the antennas were operable for some time again, 
up to the next sticking snow. As a rule, it was 
necessary to shake off snow from our antennas 
several times a day. But during strong snowfalls it 
was necessary to shake them almost each hour.  
 

 
There was a lot of snow on Ai- Petri plateau! It was 
necessary to "float" through that snow to our antennas 
standing up to belt in snow and in some place up to 
breast to beat the antennas with a long stick. 
 
Soon snow was in pockets of overcoats, in footwear, 
in sleeves. At the unsuccessful strike, snow from 
antennas fell under the collar, in the nose and ears, in 
the mouth, covered the glasses. The man came back 
stuck round with snow like a big snowball and ran to 
our fireplace to warm himself.  
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Half an hour later our traces near antennas were 
snowed in. To shake off the snow from antennas it 
was necessary to make a new path again… again to 
go through snow up to belt. 
 
Silent night 
 
Certainly, we could shake off snow from our antennas 
only in daytime. At night our lantern gave us about 
several meters of good visibility in strong snowfall. It 
was unsafe to go at this time up to belt or up to breast 
in snow to any side from our shelter. Therefore, at 
night we did not work in the ether. Let me remind you, 
our radio station operated in the ether each night in 
the spring, 2001. 
 
In the morning our antennas being stuck with snow 
bent almost to the ground or to be correct to the snow 
lying on the ground. Thickness of the snow, stuck to 
our antennas and coaxial cable of CB dipole, 
sometimes reached  20 centimeters in diameter. Each 
morning I thought with horror that our antennas would 
not sustain snow and break. It would be very difficult 
for us to restore them in conditions of constant 
snowfall.  Metal mast, where upper end of LW 
antenna was tied, was covered with ice for the second 
day of our expedition. It was impossible to climb it. 
 
The roof of the shelter was covered with ice and  a 
thick layer of snow. It was impossible to climb this roof. 
Hence, it would be impossible to restore both the LW 

 
Shaking_of_antennas  

 

 
In the morning after snow in the plateau 
 

 

In the morning after snow 
 

 
 
and the dipole antenna. When the expedition was over 
and we left the shelter, our antennas stayed hanging 
in their places… 
 
In the morning it was impossible to tune the antennas 
covered with snow. Antenna current "floated", 
reception and transmission was unsatisfactory. Only 
after shaking the snow off it started to work. And the 
station EN100GM again was operating in the ether! 
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Antenna - Island 
 
by John Doty,   Home: jpd@w-d.org  , Work: jpd@space.mit.edu 

 
Sharbot Lake, Ontario, Canada lies a couple of 
kilometers south of the Trans-Canada Highway, 
about at the halfway point between Montreal and 
Toronto. It is perhaps 60 kilometers north of 
Kingston, which is at the northeast end of Lake 
Ontario. My grandfather bought a small island in 
Sharbot Lake in 1948, and I've travelled there 
regularly since I was 9 months old.  
 
The island is about 150 meters long, but only about 
25 meters wide. The long direction lies roughly 
northeast/southwest direction. There is a cottage 
near the northeast end. On official maps, the island 
is known as "Bradley's Island", but on some locally 
made maps it's known as "Rupert's Island" (Mr. 
Rupert was my grandfather). It's at 44 deg 46' north, 
76 deg 42' west.  
 
The island is wonderfully quiet in the radio spectrum. 
Our hydro (that's Canadian for AC power, eh?) and 
telephone connections are via underwater cables: 
this effectively blocks the noise that normally rides 
utility cables.  There are no nearby cities or powerful 
radio transmitters. Ignition noise from passing 
motorboats is an occasional annoyance, but it's not a 
serious problem.  
 
Even family members who are not radio hobbyists 
have for many years enjoyed  "Medium Wave 
DXing": it's what you end up doing if you turn on an 
ordinary AM radio at night on the island. I've often 
brought my Sony 2001 up there for shortwave 
DXing. However, before this summer I had never 
brought a real communications receiver or the 
makings of a serious antenna system to the island.  
 
This year I brought my Drake R8 and a bunch of 
antenna wire with me. Initially, I set up two antennas. 
Antenna #1 was about 120 meters of insulated wire, 
running nearly the length of the island, at a bearing 
of about 230 degrees. It was supported by trees at a 
height of 3-4 meters above the lake, 1-3 meters 
above the ground. 22 meters of bare copper wire 
submerged in the lake provided a ground, and an 
ICE Model 180 matching transformer coupled the 
antenna through 15 meters of cheap 75 ohm coax to 
the R8's input #1. Antenna #2 was about 8 meters of 
wire suspended almost vertically from a tree 
overhanging the cottage, connected directly to the 
R8's high impedance input #2. The ground for this 
antenna was provided by the grounded shield of 
antenna #1's coax: this arrangement is not good at 
rejecting noise from the power line, but with very 
clean power and few noise generating appliances it 
was usually acceptable (especially as I could always 
switch to #1). Antenna #1 was intended to be a 
nonterminated (bidirectional) Beverage, while #2 was 
intended to be  

omnidirectional. The following analysis assumes that #2 
*was* omnidirectional. 
 
Tests of the Beverage on shortwave were disappointing: 
while reception of many stations was excellent, there 
was very little difference in reception between the 
Beverage and the vertical. The orientation of the 
Beverage was such that I expected New Zealand to be 
in the forward lobe, and Europe to be in the back lobe. 
S-meter measurements in the 49 meter band revealed 
little difference between signal strength of RNZI, the 
Europeans, and other relatively distant stations on the 
vertical and on the Beverage, while relatively nearby 
stations such as WSHB and WWCR were substantially 
stronger on the Beverage. This implies that the 
Beverage had a strong preference for high angle 
radiation: this is not the way a Beverage is supposed to 
behave.  
 
On the other hand, the Beverage showed substantial 
directivity on medium wave. Furthermore, the directivity 
was off the ends of the antenna, as it was supposed to 
be, preferring stations to the northeast and southwest 
over stations to the southeast (I didn't ID anything to the 
northwest: there's not a whole lot of civilization in that 
direction). This was rather surprising, since the 
Beverage was less than 1/2 wavelength long over most 
of the standard AM broadcast band! The Beverage was 
more efficient than the small vertical at MW also, so 
even signals off to the side were stronger on the 
Beverage. The front/side ratio was about 10 dB, which 
was enough to make a significant difference in many 
cases. For example, in the daytime the dominant station 
at 900 kHz on the Beverage was CHML in Hamilton, 
Ontario to the southwest, while on the vertical it was a 
station I never positively ID'd, but whose community 
service announcements referred to communities in 
northern New York, to the southeast. At night 1370 kHz 
was generally a confused mutter on the vertical, but the 
Beverage could usually pluck WXXI in Rochester, New 
York (more south than west, but still in the beam) out of 
the mess.  
 
Despite the Beverage's directionality, the most distant 
mediumwave station I heard was best on the vertical: 
Radio ZIZ, St. Kitts on 555 kHz. A directional antenna 
only helps if it's pointed in the right direction!  
 
Another surprise was longwave. I'd never really heard 
any longwave broadcasters before. From my home in 
Bedford, Massachusetts I can occasionally hear a word 
or two in between noise bursts and beacons, but never 
anything listenable. However, from the island I found 
that I could often hear European longwave  
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broadcasters at night: I hadn't realized that they could 
be heard so far from the ocean. Here's my log from 
around 0300 UT on August 11: 
 
Freq    SINPO   ID  
252     22252   Clarkestown, Ireland  
234     22252   Junglinster, Luxembourg  
216     33353   Roumoules, France  
183     24353   Saarlouis, Germany  
162     22352   Allouis, France  
 
All of the above were in French except for Atlantic 252 
in English.  
 
The Beverage didn't seem to be especially directional 
down there. I didn't really check it carefully, though: 
beacons aren't my thing, and the broadcasters were all 
in about the same direction. The vertical was just too 
short to adequately feed a 500 ohm input below 200 
kHz, so the Beverage was the better antenna down 
there. The stations above 200 kHz sounded about the 
same on both antennas, although the signal from the 
Beverage was, of course, much stronger on the S-
meter.  
 
The unusually poor directivity of the Beverage at 
shortwave, and its unusually good directivity on 
mediumwave puzzled me. I guessed that the island 
itself must have something to do with this 
phenomenon. The ground under a Beverage is an 
important component of the antenna: could the island 
be acting differently from a more uniform surface? If 
the island was perturbing the behavior of the 
Beverage, could it be acting as an antenna all by 
itself? I realized then that there was a way to turn the 
island and the surrounding water into an antenna. A 
"slot" antenna is just a slot (usually 1/2 wavelength 
long) in a conductive sheet. The island could act as a 
slot in the conductive lake water! A slot antenna is 
usually fed by connecting a transmission line between 
the sides of the slot at its center. I didn't have enough 
coax to reach the center of the island, so I just fed it 
where I'd already put my "ground" connection into the 
lake, about 25 meters from the northeast end. I 
disconnected the Beverage, and ran an insulated wire 
about 15 meters long to the other side of the island. 
Having no additional uninsulated wire, I used a metal 
bait bucket as my contact in the water. I connected  
the feed wire to my matching transformer.  
It worked pretty well! The signals from the slot antenna 
were weaker than those from the Beverage, but below 
10 MHz the signal to noise ratio was generally about 
the ame. The slot was a poor performer above 10 
MHz. It did not seem to be very directional on 
shortwave. On medium wave, the slot was noticeably 
directional, but in a rather different way from the 
Beverage. At the low end of the standard broadcast 
band, it seemed to have a "cardioid" pattern, with good 
response in every direction except northeast. The front  
 

to back ratio was about 10 dB. At the high end, the 
pattern was more like that of a dipole oriented like the 
island, with good response broadside, and poor 
response off the ends. CJCL 1430 in Toronto was 
especially weak, more than 15 dB down relative to 
stations off to the side (always using the vertical as a 
reference). Longwave was also good on the slot. I 
added Nador, Morocco at 171 kHz to my list of 
stations logged down there.  
 
Although my antenna experiments were a bit of a bust 
at shortwave (nothing beat the simple vertical, no 
matter where the signal was coming from), shortwave 
reception was nevertheless very good at this quiet 
site. My home site in Bedford is also pretty quiet at 
shortwave, however, so there were few surprises in 
what I was able to hear. One exception was the main 
transmitter site of Radio Japan at Yamata. Asian 
stations are generally weak and unpredictable in 
eastern North America, but Yamata seems to be 
particularly bad in New England. Why this should be I 
don't know, but I've never positively ID'd it from the 
Boston area, despite trying for several years from two 
sites with several different antennas. However, from 
the island I could hear Yamata on 9535 kHz! For 
example, at 1720 on August 10, I had it at S4, SINPO 
25332 on the vertical. Not a breathtakingly good 
signal, but *much* better than I'm used to!  
 
I also believe I heard Papua New Guinea on 3220 one 
night, but I made the log entry on a piece of scrap 
paper in the dark (to avoid waking my wife), and I can't 
read the time or date now. It sounded a lot like Steve 
Byan's recordings. If you think the R8's ergonomics 
are bad normally, you should try operating it in the 
dark!  
 
Analysis:  
 
I think the reason that the Beverage lacked 
directionality at shortwave was that it wasn't arranged 
symmetrically with respect to the island. I tried to keep 
the antenna straight. However, the island, although it 
is long and narrow, is not perfectly straight, so the 
antenna was not centered on the island. The return 
current through the ground plays an important role in 
the function of a Beverage, and the unsymmetrical 
placement of the wire relative to the more conductive 
lake water undoubtably severely distorted the current 
pattern in the ground. Next time I may try running the 
antenna as close to the island's centerline as possible: 
it won't be quite straight, but it just might work better.  
The use of an island as a slot antenna turns out not to 
be a new idea: I found a paper on it in a library at MIT. 
There was both theoretical and experimental work on 
the use of large islands as VLF antennas published 
around 1960. The paper I found (by Harold Staras of  
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Technion and RCA Laboratories) analyzed large 
islands in seawater, and concluded that they would 
make poor VLF antennas. His analysis makes sense, 
but he used some approximations that are only valid 
for large islands (kilometers in length) in seawater 
(much more conductive than fresh) at VLF, so his 
conclusion does not apply to my case. 
 
 
 

 For a smaller island in fresh water at LF/MF/HF the 
theory is much more complex since Staras's 
approximations don't apply (even with his 
approximations, the math in his paper was quite 
heavy). I have no conclusions to offer, except that this 
is an interesting area for experiment. The theory looks 
too complex to be a useful guide.  
 
John Doty : "You can't confuse me, that's my job." 

Pedersen ray propagation  
 

By Robert Brown   mailto:bobnm7m@cnw.com 
 

Pedersen ray propagation takes place at the transition 
from one ionospheric region to another, the lowest 
being between the top of the E-region and the bottom 
of the F1-region while the highest at the F2-peak 
which divides the bottom and topsides of the F-region. 
This form of propagation happens when a ray which 
came up from below the transition region has been 
refracted such that it is finally moving parallel to the 
earth's surface at the ionospheric boundary and 
continues that way for some distance. 
 
Pedersen ray propagation results in long hops for 
signals in the HF part of the spectrum but any change 
or gradient in the electron density in the top of the F-
region, an increase or decrease, will refract the signal 
away from that direction, down to ground or up to 
Infinity from the F-peak.  In practice, this mode is 
rather unstable and appears briefly (see p. 181 of 
Davies' recent book for experience on North Atlantic 
paths.) 
 
Turning to 1.8 MHz signals, something resembling 
Pedersen ray propagation can take place at the top of 
the night-time E-region. In case you have missed it, I 
have written on this topic several times, pointing out 
that long E-F hops can take place, covering distances 
up to 3,000 km instead of the more familiar 1,000 km  

E-hops or 2,000 km F-hops.  Such E-F hops are 
expected on theoretical grounds because of the nature 
of the electron density distribution, a deep valley 
above the E-peak developing after sunset.  
Experimentally, a valley distribution is well-
documented and has been seen for years, by 
incoherent scatter radars from Puerto Rico to Northern 
Norway, leaving no room for any dispute. 
 
Beyond the theoretical idea, one can explore the 
computational side of long E-F hops by means of ray-
tracing of paths across the ionosphere.  Mainframe 
computer programs developed in Boulder by the 
Department of Commerce radiophysicists in the 60's 
and 70's allowed such studies, even including the 
effects of the earth's magnetic field.  Those programs 
have now been brought down to the PC level in the 
PropLab Pro program, available for use in amateur 
circles.  (Let me recommend it to you!) 
 
Briefly, such ray-tracings show that E-hops on a path 
are found at low radiation angles incident on the 
bottom of the E-region. Then, by advancing the 
radiation angle in small steps, one finds the E-hops 
become longer and longer til they go over to E-F 
modes where the path rises to a peak in the F1-region 
and then retraces itself down through the E-region to 
ground: 
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Pedersen ray propagation 

 
Finally, at slightly higher radiation angles, signals are propagated by F-hops instead of E- or E-F hops: 
 

 
  
The fact that ray-tracings show 1.8 MHz paths are 
limited to the lower ionosphere, rising no more than 
about 200 km instead of to the 300+ km F-peak, stems 
from a fundamental result of ionospheric theory.  
Briefly put, only a fraction of the 1.8 MHz operating 
frequency is effective in carrying Top Band signals 
obliquely up into the ionosphere.  That fraction is 
found by multiplying the QRG by the cosine of the 
angle by which the signal goes into the ionospheric 
region.  Thus, for a 30 degree take-off angle, RF 
approaches the ionospheric layer with a 60 degree 
angle from the vertical and the effective vertical 
frequency would be 0.9 MHz. 
 
So signals would peak at an altitude where the local 
plasma frequency is 0.9 MHz.  Of course, that would 
depend on latitude but would not come close to the 
height of the F2-peak where plasma frequencies are 
always greater than 3 MHz, even at solar minimum. 
  
     Now everything that I have said above can be 
verified by using the PropLab Pro program in 2-
dimensions.  Just pick a path in darkness, start at a 
low radiation angle, say 10 degrees, and slowly 
increase the angle, 0.1-0.2 degree at a time.  First you 
will see E-hops, then E-F hops and finally F-hops.  
Nothing to it! 
 
Those simple paths would apply to Top Band 
propagation except for the presence of the 
geomagnetic field.  The theory is much more involved 
now but the results are much the same, at least as far 
as how high Top Band signals rise in the ionosphere.  
With PropLab Pro, you can use the same incremental 
technique and explore paths. I have done it thousands 
of times! 
 

What you see when you take the program to 3-
dimensions is about like before: first, E-hops at low 
radiation angles, then E-F hops, then either F-hops at 
a slightly higher angle or a DUCTED PATH, slightly 
skewed, where the ducting amounts to a string of E-F 
hops in series.  But that is Pandora's Box (in more 
ways than one) and I will have to stop right here. 
  
This is obviously a complicated matter and I won't 
belabor the subject further.  Simply let me say that HF 
ideas are quite out of place when it comes to Top 
Band propagation and a whole new approach is 
required if you still think that way.  But this is not news; 
it has been around propagation circles for 50 years! 
  
If you're interested in these matters, I have an article in 
the Spring '98 issue of Communications Quarterly as 
well as a shorter one in the Top Band Anthology 
published recently by the Western Washington DX 
Club.  Background material may be found in issues of 
The DX Magazine, 1996 and onward.  I had hoped 
these ideas, old as they are, would not continue to 
remain well-kept secrets but that seems to be the 
case. 
  
Finally, I hope I haven't offended anybody.  I didn't 
invent these ideas; I am the "messenger" and am just 
trying to tell it like it is, REALLY IS!  With that I will hold 
my peace. 
  
73, 
  
Bob, NM7M 
 
FAQ on WWW: http://www.contesting.com/topband.html 

Submissions:    topband@contesting.com 
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Earth Shadow, propagation related to earth shadow 
 

by Michael Higgins, EI 0 CL, Email:  mhiggins@airtel.net, http://www.cellcom.ie 
 
Not well understood it seems but the Earth Shadow has an 
enormous effect on over the horizon single and multi hop 
propagation on the HF bands. 
 
Once the Ionized Layers are illuminated by the sun we 
generally get good refraction above certain frequencies 
which can and do vary (dependant of course on take off 
angle and so on). As we approach the poorer part of the 11 
year cycle we can see this phenomena better. 
 
With the Earths rotation relative to the sun we naturally and 
inevitably get areas on Earth which are gradually illuminated  
and then darkened by the apparently moving shadow (the 
earth is spinning & rotating too silly) relative to the sun in this 
case-- also we are moving relative to the other galaxies 
outside our own solar system. 
 
When darkness comes as a result of this rotation so the 
refraction characteristics change too. 
 
In the evenings then the East to West HF propagation at MUF 
(regardless of what it actually is in MHz) is usually better than 
the West to East. 
 
The shadow appears to move Westwards at appx. 1000MPh 
at the equator so its quite noticable. (In fact the Earth is 
rotating Eastwards at the same speed) speaking from Planet 
Earth 
 

The West to east suffers attenuation (in fact 
signals not being refracted) or going straight 
through the less ionized layers-while the East to 
West signals are better refracted (less 
attenuated) being refracted by the more existed 
(by the sun) ionized layers. 
 
Attenuation is my way of describing less than 
perfect refraction in the above case. Just in 
case someone loses focus, I'm not discussing 
attenuation per se or even levels of attenuation. 
Just the phenomena we like to call by that 
name. 
 
This phenomena is best observed in the twilight 
zone. 
 

  

 

 
Michael Higgins, EI 0 CL 

 

 
If we project ourselves well out into space and view the Earth 
and  Sun from a distance we would have a better overview. 
Observe it and see for yourself even from Earth. 
 

By the way I have just discovered that the 
"Black Hole " in our very own Solar system is 
actually located in Ireland. Try it and see for 
yourself. It took me many years to discover this. 
 

 
At first the article was published at www.qrz.com. The article calls a great 
discussion about the shadow influence to propagation of radio waves. I agree with 
Michael, there is the influence! And, of course, it must be studied.  
 
73! Igor Grigorov, RK3ZK 
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LDE, another look to inexplicable   effect 
by Igor Grigorov, RK3ZK 

 

Sometimes we receive strange radio signals delayed 
compare to sent radio signals. The delaying time may 
take up to 30 minutes! We do not know yet, where the 
signals travel in the delaying time. Modern experiments 
confirm LDE, and scientists keep silence about the 
inexplicable   effect. (More about LDE- just click 
GOOGLE. Subject LDE)Only supporters of UFO respond 
to it confidently…   
 
 

Aliens do LDE! -  they say 
 
 
The following hypothesis was put forward and 
scientifically proved by professor Ronald Bracewell 
(see his photo) at Stanford University, the USA, and 
astronomer Duncan Lunan from Scotland [1]. Having 
put on axes XY the force of the received in 1927 echo 
of the signal and its time delay, they detected, that the 
obtained picture reminds the constellation of Bootis 
visible from the Earth, though with small distortions. 
(Constellation of Bootis is shown at photo Bootis)  
They calculated that the shape the constellation is 
exhibited in the graph, was visible from the Earth 
12,000 years back. 
 
On this graph the aster Epsilon from this constellation 
Bootis was particularly prominent. These scientists  

Professor Ronald Bracewell 
 

 
consider that from one of planets of the aster Epsilon 
(Bootis) 12.000 years ago an interplanetary probe 
was sent. Having flown up to the Earth and having 
defined, that on this planet there was a life, it 
occupied a place in space on elliptic orbit equidistant 
from the Earth and Moon. Italian - French 
mathematician Josef Lagrange earlier mathematically 
justified the possibility of existence of such an orbit 
[2]. In his name this orbit was called Lagrange orbit, 
on which the alien space station is supposed to be.  
 
As soon as this alien space station received the first 
narrow-band radio signals from the Earth, it began to 
relay them back to the Earth with the coding about the 
probe. The examination of other known delayed 
signals allowed the scientists to clarify some other 
surprising things. 
 

 
Constellation Bootis 

 

 
With flow of time the supporters of this theory of 

LDE origin researched almost all known LDEs. Taking 
into consideration the time delay and the force of 
reception of delaying radio signals they attempted to  

 

find some regularity, and from here to find the useful 
coded information which is kept in the time delay.  They 
attempted to detect this interplanetary probe, using  
modern means of space observation. 
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But meanwhile this version (as well as however some 
others, less fancy) remains unproved, and it exists only 
in the circle of the supporters of UFO. By means of 
space observation devices this probe wasn’t detected. 
(Well, one my friend told me, that a Soviet Far -Space 
Radio Location Station detected the probe at Lagrange 
orbit, but I do not find prove for the information…) It is 
impossible to warrant that the regularity which is in the 
time delay and the force of LDE signals was also found. 
Certainly, this version with an interplanetary probe 
cannot be eliminated  from consideration, as it was not 
confuted. 
 

May be the probe looks like this one… 
 

 
But nevertheless it is interesting if the aliens could not 
find any other way of attracting our attention to tell us 
about themselves, as only by relaying delayed in time 
and different in force radio signals of the earth radios… 

 
Modern researches confirm LDE 

 
R.J. Vidmar and F.W. Crawford at Stanford 

University, the USA confirmed the presence LDE, but 
they conclude that we still do not know which of the 
known mechanisms are valid for LDE. It is or pointed 
to presence of any natural phenomena promoting LDE 
and still unknown to us, or … or gives scores in hands 
of supporters of extraterrestrial reason of LDE… 

 
Till now LDE is puzzle 

 
Well, in all times it was characteristic for mankind to 
ascribe supernatural forces to some phenomena, which 
were not explained by natural forces. We know, ancient 
Greek believed that the Gods made rains, lightning, a 
convulsion of volcano.  
 

 
Greek god Zeus 

 

 

Concerning to our time, mankind believe that some 
puzzle things produced by space intelligence and 
UFO… 
 

 

Concerning to our time, mankind believe that some 
puzzle things produced by space intelligence and 
UFO… 
 
But in due course many of these before mysterious and 
inexplicable phenomena were explained by quite 
earthly laws. 
 
I believe, that in the future it will be possible to explain 
this mysterious phenomenon, and in tutorials on Radio 
Propagation the phenomenon will be described without 
any mysticism only using strict formulas.  Perhaps in 
the future today’s schoolboys will be able to do it. The 
main thing is not to be afraid any mysterious and 
inexplicable phenomena and to investigate them 
bravely.  
References: 
 

1. www.et.presence.ndirect.co.uk 
2. www.ufos.about.com/mbody.htm 
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EARTH  ACUPUNCTURE    
Feedback on one problem… 

 
In 2001 year I have sent a short message to Ukraine ham forum at KPC WebSite (www.krs.poltava.ua), and the 
message was published in QUA-UARL #46 in that 2001 year. Below I retell the message in few words.  
 
“I think, that our planet, the Earth, has specific spots, which are almost identically to acupuncture spots placed 
on  a human body. I called them  “White Spots”, “Black Spots”  and “Inverse Spots”. We have a good radio 
transmitting or receiving in White Spots, very bad radio transmitting or receiving in Black Spots, and we have 
some strange things in Inverse Spots.” - I guess, that many of hams do not agree with me. They say, “The 
propagation of radio waves obeys only to known laws. Okey, I do not want to argue with the hams, I only want 
to show my FEEDBACK. But, before the FEEDBACK, I want to tell once more my observation of the unusual 
effect, called EARTH  ACUPUNCTURE. 
 
Igor Grigorov, RK3ZK    
 
Victor Zinenco, the chief of the lab of check- out 
equipment from one of gas-distillation factory located 
near Oposhnya town, says: 

I know such Spots! 
 
White and black spots at the Poltava region  
 
At September of 2002, I was at Oposhnya, the 
Poltava region, Ukraine. I met with my old friend 
Zinenco Victor.  He showed me others examples of 
influence of White and Black spots to activity of radio 
electronic and mechanical equipment. 
 
Photo: Gas Torch near Oposhnya 
 

 
 

Within four years Victor works as the chief of the lab 
of check- out equipment of one of gas-distillation 
factory located near Oposhnya. The factory cleans 
gas and makes gasoline. His lab attends to serve 
equipment for measuring a gas pressure in gas tubes 
and for measuring gases volume, passing through the 
gas tubes. The equipment consists of electronic and 
mechanical parts.  
 
Photo: Into Zinenco office (Victor and me) and 
workplace 
 

 
 

 
 

www.antentop.bel.ru Page 63 
 
 

http://www.krs.poltava.ua/
http://www.antentop.bel.ru/


ANTENTOP- 01- 2003, # 002    EARTH  ACUPUNCTURE    
 
As Zinenco Victor said, identical equipment were used 
at all gas wells. The equipment tested thoroughly 
before their installation. However, in some time, 
strange things happened to the equipment. In some 
places the equipment worked reliably very long time. 
On others gas wells the equipment were broke soon. 
Interesting things, at some places only mechanical 
parts of the equipment were broke, at other places 
only electronic parts of the equipment were broke. 
 
There are places, where both as electronic, as 
mechanical parts of the equipment were broke. Victor 
also noted, that the breakages of the equipment were 
bound to names of places, where the equipment were 
installed. 
 
Name of a place is very close bound up to character 
of the place in the Poltava region. For example, 
there is a terrain with the name “Cool Hole”. It is a 
shallow cavity, near 50 meters in the depth and near 
3 kilometers in the diameter. The check- out 
equipment, installed at a gas- well placed in this 
terrain, often stopped to work.   
 
A lot of places’ names are connected to an evil spirit. 
There are such places as “Hag Well”, “Devil’s 
Ravine”, and “Goblin’s Forest”. At water – wells, 
disposed at Hag Well, water periodically disappears 
and then appears again. Devil’s Ravine is a pine 
forest where the pine doubled and tripled at their 
root. Goblin’s Forest is a small forest disposed 
among small hills. However the natives do not go 
there because, in spite of the fact that the forest is 
small, it is very easy to lose the way in this forest. 
Natives do not recommend use mushrooms and 
berry from this forest for meals. Even good sorts of it 
may cause poisoning.  
 
As Zinenco Victor said, equipment installed at gas- 
wells located at these “evil” places broke very often. 
Personal from the gas- wells frequently fall to sick. 
 
 
Photo: Near village Light Windmill 
 

 
 

Another deal is with the gas- wells located in good-
named places. There are such places as “Happy 
Village”, “Green Village”, “Light Windmill”. Till now, 
there is an old wood windmill at the Light Windmill 
place. Equipment installed at the gas- wells located 
at these “happy” places work without breakages for 
a long time. 
 
A lot of evil – named places were renamed for 
nothing speaking neutral names at the Soviet 
times. However, natives keep old names in their 
memory. Among themselves people named 
villages and places by the old names.  
 
Tat’yana, the wife of my friend Victor, works at the 
historian museum of Oposhnya. She told me 
surprising national legends, bound with the names 
of the places. Her stories and data concerning 
breakages of equipment, installed in such strange 
places, assured me that Black and White Spots 
exist.  
 
We do not know yet, how the strange places 
influence to electronic and mechanical equipment 
and also to the propagation of radio waves, but the 
influence is.  
 
I had another interesting meeting in Oposhnya. I met 
with few native hams from the town. One of the 
oldest from them was Ivan Hrapach. His call sign is 
UTOHI, he is a radio amateur with the 30-year’s 
experience.  
 
He told me a lot of interesting and mysterious things 
about his activity in the ether from the Poltava 
region. His stories confirmed my assurance about 
Black and White places and about Inverse places 
also as my assurance that the Poltava region 
contains a lot of such places…  
 

Welcome to  Dikan’ka, a mystery place near 
Oposhny! 
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And another story from Alexandr Maxurov, UA6LTO 
Alexandr Maxurov, UA6LTO, former chief of radio 
communication department of the Vorkuta geophysical 
expedition 
 
“… Therefore it would be desirable to say some words 
in support of the idea about acupuncture of the Earth.  
 
1.  The theory of “acupuncture of the Earth”  is not 

new, it has been discussed for a long time. 
Moreover, rather large experimental and factual  
stuff  has been stored in some science 
departments... 

 
2. Personally  I  accumulated rich data of this kind. 
They were stored by me throughout 1988 when I 
worked as a chief of radio communication department  
of the Vorkuta geophysical expedition. It was a very 
successful combination to study the problems of radio 
communication in polar tundra in connection with 
geophysical component. What a blessing it was that  
equipment  for this purpose  was quite good.  
 
Seventeen field batches of Vorkuta geophysical 
expedition were scattered  in terrain from Nar'yan - 
Mar  up to Salekhard, the main base was in Vorkuta. 
Batches  roam from place to place  practically 
annually, therefore the research  area was rather 
large.  
The batches used a short wave radio for 
communication inside tundra and with the main base in 
Vorkuta. 
 
But personally for me the question of a particular 
interest was  to find out the relation between 
geophysical conditions, in which the field batch was, 
and the quality of a radio communication between 
“field” and “base”. The same equipment in the field 
batch-  transceivers – “RSO –30”, “Polosa”, “Groza”, 
“Almaz”, “Angara”, “Carat” ( all of them Russian made) 
and  the same antennas behaved completely 
differently  when a field batch moved to a new place.  

 
Transceiver Groza 

 
 

There were also tragedies: the topographers, 
working around  a field batch in radius up to 10 kms 
and equipped with a hand held HF transceiver  
“Сarat”, sometimes were found frozen in winter. 
Using quite good radio set they could not contact on 
frequencies 1600-1800 kHz of the field batch the 
base radio when they were 5-6 kilometers from the 
base! 
Transceiver Carat 

 
 

 
 

Transceiver Angara 
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Certainly, any radio amateur after changing QTH, could 
personally be convinced that his equipment  in a new place 
behaved in a different way. But I in this case speak about  
another thing: about a pure experiment. A move to another 
area,  where there is another relief of district, other buildings 
and  a level of man-made interference is one thing. But a   
move of a field batch 10-20 km in one side, with full back-up 
of disposition of living place, antenna masts and other 
equipment in Bolshezemel'skaya’s tundra (i.e. practically on a 
flat place) is a different thing.  
 
As a matter of fact,  at  changing a place on the Earth ( or 
changing the acupuncture of the Earth ), the quality of radio 
communication is changed  greatly. Therefore, the quality of 
radio communication  depends on   what  is beneath our feet! 
 
 Besides, if the radio amateur, having changed  his QTH, 
does not always know the qualities of the new place, in my 
case, practically everything was known: 
 conductance of soil, 
composition of  high layers of the earth,  
climatic map, 
 geomagnetic component (you see, the  expedition is 
geophysical!). 
 
In such conditions, during 1988-1992 years  I managed to 
store a large stuff on subjects, which were interesting for me - 
conformity of geophysical parameters and conditions of   
radio waves  propagation in Trans-polar circumstances. By 
that time I had already been a  radio engineer (I had 
graduated from the Moscow Institute of Electronic 
Technology), these data were used  by some of my friends 
for receiving Ms and Ph degrees.  
 

 
Transceiver Polosa  

 

But all the same, in need of a serious special 
software study, this stuff is still awaiting a  
serious study... 
 
3. A part of the practical guidelines on the 
choice of a place for antenna installation and 
generally for QTH of radio sets I promised the 
members of club "Arctica" to publish in a a 
special  brochure - application to the club 
bulletin “Radiotop”… 
  
I want to support EVERYTHING  what is 
written by RK3ZK in his article  “Acupuncture 
of the Earth”, as everything mentioned in it  
has practical affirming by the stuff, stored by 
me. 
 
Moreover, all radio amateurs who are 
interested in compiling such “Acupuncture  
map of the Earth” could  contribute to it, 
having analyzed  their own experience and 
QSOs  journal.  
 
Quite often  the following  may be heard in the 
ether:  
 
“Your area goes to me on 59 at any 
propagation!” 
 
 It is also necessary to collect in one place data 
on such “couples” of  QTH, which have in 
common such a notion  as “at any 
propagation”.  It will be interesting to place 
them on the geographical map of the Earth and 
to see what it looks like. Certainly, it will be only  
the first,  not precise approximation… 
 
According to my data, the points, congenial for 
arranging antennas,  are situated in nodes of 
grid 10 by 10 m, but common negative or 
positive characteristics of a node, as it is truly  
noted in the article of RK3ZK,  can be 
expanded to 1-2 kms… 
 
4. As far as the toponymy of the areas  is 
concerned (dependence of the name of the 
place and its features), there, in  the North,  it 
is well-marked and corresponds to reality. You 
see, in tundra the places can be distinguished 
by the fact that on one of them reindeers 
graze, breed and  put on flesh, and on the 
other – die. 
 
5. For the sake of justice, I want to mark, that  
the following people who worked together with 
me also participated in gathering the data: 
Alexandr Babin (UA9XLG) and Vladimir 
Artyukevich  (RA9XQ, exRA9XBF). 
 
73! Alexandr Maxurov, UA6LTO (ex UA9XGB, 
RA9XO) 
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INTERNATIONAL RADIOCLUB "ARKTIKA" 
 

www.arktika.boom.ru 
 

International northern radioclub 
"ARKTIKA" was founded on Sept. 24, 1989 in 
Russian Arctic city Vorkuta (North part of UA9X 
region). Many HAMs from UA1Z, UA0B, UA1P, 
UA0K,UA0Q, JW, arctic DX-peditions to FJLand North 
Pole took part in this club organization.  

 
The main aims are:  
- to connect all polar radioamateurs and members of 
an arctic DX-peditions;  
- to set up new arctic awards and contests;  
- to organize DX-peditions to Russian Arctic area;  
- to develop new and digital modes of HAM-radio in 
north QTH's;  
- technical help and HAM-tutorial to young HAMs in 
small arctic QTH's;  
- to set up regional and national arctic ham-ventions;  

- peace, friendship and collaboration in World 
Arctic area.  

-  
 To entry into club "ARKTIKA" need:  
- live in (or travel to) any QTH under the North 
Polar Circle and make from this QTH one or more 
QSO;  
 

or - take part in any arctic (or antarctic) DX-pedition;  
or - win 1-3 places in contest "Arctic Cup" in any 
group;  
or - win all 3 units of "RAA" program (Diplom, Pennant, 
Medal).  
No time limit. Any amateur from any country can entry 
in club.  
  
 Needed data: arctic callsign, QTH and time 
period, when this callsign was active. All members to 
get "life" membership number and club periodic info-
bulletin "Radio-Top". There are 220 members in RC 
"ARKTIKA" on Sept 2002. RC "ARKTIKA" is very 
popular in Russia (see "RADIO" magazine #6/2002 -
for example), but all info was spreading on Russian 
language only: http:\\www.arktika.boom.ru 
 More info by privat e-mail to Club HQ: 
UA6LTO@mail.ru 
  

  

  
UA6LTO, Alexander MakSurov, President  of RADIOCLUB "ARKTIKA" 

p.o. box 8, Novocherkassk, 346400, RUSSIA   e-mail: UA6LTO@mail.ru 
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The message, dated on December 18, 2002, was 
published by Alexander (Ed) Lesnichy (RU6LA) at 
The Radiotechnical "Hz" Forum. Ed says his 
opinion on Black and White Spots: 
 
“ … I remember how UB5IF worked, may be, there 
is anyone, who else remembers he. Twenty years 
back ago, UB5IF "rattled" on 40-м everywhere. And 
what is the most surprising, he had only VS1AA 
antenna (VS1AA is a simple wire antenna) and only 
200 watt going to the antenna. 
 

 
Data for “VS1AA” wire antenna 

 
        Ranges, m         L, meters                  A, meters 
 
       80, 40, 20, 10            41                           13,6 
 
         40, 20, 10              20,43                        6,84 
 
  

Photo: Ed RU6LA (left) and UA6LFQ 
  

 
 
 

We have had 3 elements YAGI for 40-m and 
1000 watts output at that time, but UB5IF worked 
better us. UB5IF explained his success his 
correct made VS1AA. During long hours he told 
to us, how right to do the antenna.  
 
But… Some days UB5IF moved from his old house 
to a new one. This new house was only several 
kilometers near his old house. And… He felt silent! 
His equipment have begun to work as it must work! 
So, anyone from far radio stations did not answer 
him. UB5IF remade again and again his VS1AA, 
then he moved his old VS1AA from his old house to 
his new house. Useless! New his place, evidently, 
was a Black Spot!” 
 
73! ED, RU6LA 
 
FEEDBACK from Dmitriy, RK6AOH 
 
Dear Igor:  
 
I completely agree with your article Earth 
Acupuncture. My experience has proved me in 
showed me in existence such spots. I have had no 
time to do a good antenna, and I decided to try a 
substitute antenna. The antenna had only 3.5 meters 
length and this one was installed at my balcony, I live 
at 6-th floor. As antenna ground I used copper foil 
hidden under wool carpet in my shack.  
 
I turned on my 10-watts transceiver, and… what is 
surprise! I worked without hard for several thousands 
kilometers! I heard far stations they heard me, too. 
But my close neighbors from my hardly heard me, 
they did not hear the far stations. My friends did not 
believe me, that I used only 10 watts and 3.5 meters 
rod. 
 
My work was or very excellent or very poor.  Or I 
hear all, and all hear me, or I hear nothing in the 
ether. It was very interesting and unusual work in the 
ether. It was sorry for me, but I had to stop my work 
in the ether on transmitting for some while… But, 
when I will work again, I tell you more about my 
White place. 
 
Yours faithfully Dmitriy, RK6AOH. 73! 
 
 
Well, I know, there are lots pessimists who did not 
believe in the Black and White Spots… Okey, may 
be the next article gives you some feed for the brain.  
 
 

So, go to next page! 
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A Gravity Map of Earth 

Credit: GeoForschungsZentrum Potsdam, CSR U. Texas, JPL, NASA  
 

 
 
 
Explanation: Is gravity the same over the surface of the Earth? No -- it turns out that in some places you will 
feel slightly heavier than others. The above relief map shows in exaggerated highs and lows where the 
gravitational field of Earth is relatively strong and weak. A low spot can be seen just off the coast of India, while 
a relative high occurs in the South Pacific Ocean. The cause of these irregularities is unknown since present 
surface features do not appear dominant. Scientists hypothesize that factors that are more important lay in deep 
underground structures and may be related to the Earth's appearance in the distant past. To better map Earth's 
gravity and hence better understand its interior and past, NASA plans to launch the Gravity Recovery and 
Climate (GRACE) satellite in February. 
 

The article was published at: 
http://antwrp.gsfc.nasa.gov/apod/ 

http://astronet.ru 
  

 

 
 

 
Well, I Think, it is very an interesting  info, and it gives lots feed for  though… 
 
Dmitriy gives us own thinking about as the phenomena as about LDE. Go to the next page!  
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And some conceptions from Dmitriy, RK6AOH, about White Spots and LDE 
 
Now about some researches, supervision and reasons 
for White Spots and LDE: 
  

1)   Geological / geophysical conditions at my 
place: 

 
                            My QTH contains acid clay ground 
with sandstone, it is situated between two nearest 
large breaks of the earth's crust - one in the north, in 
area Loo – town, the second - in the south, in territory 
of Georgia.   
  

2)   Supervision over the phenomenon of a White 
Spot:  

 
                          1. The majority "strange" QSOs in the 
afternoon are spread in the direction conterminous to 
the direction of magnetic lines of the Earth, in the 
evening and the night time - on the contrary, in the 
perpendicular direction, basically to the west, in the 
direction of the sunset (that is good to match with 
usual theories of propagation of radio- waves). 
 
2. The phenomenon of a White Spot has arisen at 
21:25, June, 21, 2003, in ham range 80-m. I listened 
to the range because my substitute "antennal" does 
not allow to work on transfer in effectively way.  
 
As well as always, I herd  on the  range neighbours’ 
ham stations from 6-th area of Russia, Crimea, 
Ukraine, common everything, that are in the radius of 
300~500 kilometers around me.  
 
Suddenly (again suddenness!) somewhere in middle 
of the range, a "failure" was appeared. In one second, 
in the "failure" I began to hear already familiar stations 
from 9-th area of Russia (4000 kilometers away from 
me!), all were at first on 35., then 47., then all the 
station were on 59++!! 
 
 The level of signals of the stations grows linearly in  
 

the time. I heard about 5 stations from 9 areas of 
Russia (it is approximately 4000 kilometers from me!), 
which worked in a net. Signals from all of the stations 
had almost equal levels. I did not hear the usual 
ether’s noise. At first I could not understood at once 
that occurs, and I did not written down the calls. The 
phenomena took 40- 60 seconds, then click, silence, 
and again I hear only my neighbours... 
 
 
3) LDE and the connected points 
                                               
May be radiowaves penetrate through the connected 
points of the Earth which, probably, form original 
liaison channels, practically on any distances on the 
Earth. It is possible, that in these liaison channels, 
radio waves are distributed faster, than in natural 
conditions. 
 
Probably, the “conjugate” points suddenly can 
disappear and appear and also move over surfaces of 
the Earth owing to what that of the reasons.  
 
May be, when a radio wave have entered into one 
conjugate point, another conjugate points is coupled 
with the first point (that point, where the radio wave 
have entered). Hence, the radio wave will go to a 
circle in such having got in such liaison channel. 
 
May be, the radio wave can be even go to the time, 
not to the space. The modern physics know very little 
about properties of the time… After disconnection of 
these conjugate points, the radio wave leaves them in 
space, forming LDE … 
 
Depending on properties of the conjugate points there 
can be LDE with various time delays, from seconds to 
tens minutes. 
 
Yours faithfully, Dmitry, RK6AOH 
 

  
If You Can Read in Russian, Go to www.hamradio.online.ru 

 
Huge library with tens FREE e- books at: 

 
www.cgham.ru/lib.htm 

 

The Best Technical Site in Russian! 
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Black holes in the ether 
 

Sergey A. Kovalev,  USONE, mailto:us0ne@vinnitsa.com 
  
In the beginning I shall quote Igor Bunich's book " 
Fuhrer’s Pirates". The book describes one strange 
event, which was while a campaign of German raider 
"Atlantis" at the end of August, 1941:  
 
" Have been going on the edge of pack- ice of 
Antarctica  "Atlantis" has rounded New Zealand and  
was going to Kermadec islands, that are in seven 
hundred miles to the north… skip … Has passed 
Antipodes islands, "Atlantis" faced with a strange 
effect. The ship went in mysterious zone, where ship 
radio was dead on the all bands. It seemed, all radio 
world has died out. Even atmospheric static 
interferences were no present. "Atlantis" has passed  

USONE 
 

 
almost two hundred miles while the external world 
gave notice by a radio station from Australia." 
 
I give the quota because I was in the same citation. 
There was in August, 1989,  when I served in an air 
base “Chindan” near forgotten village Borzay, the 
Chita region, Russia. 
 
 In one of the August days, I come home for dinner (at 
13-14 local time), and I decided to listen my receiver 
R- 309. The receiver work fine from 1 to 36 MHz. It 
was inexplicably for me, but I found out, that there is 
not any reception! I did not hear even crashes of 
static. Wow, I turn on my TV “Vesna- 326”, also 
absolutely nothing! Well, nearly one hour have 
passed, when very weak reception began to appear. 
 
I can not find any explanations for the effect.  
 
   By the way, in that day, when I observed the strange 
effect, the sky had unusually yellowish color. At that 
time for myself I have explained it, by that probably, in 
desert of Gobi (Mongolia - China), there was a 
powerful dusty storm. 
 
 Dust was deserted in average layers of the Earth 
atmosphere. Borzay is in 20 kms from border with  
Mongolia. But there is the question, why there was no 

 
Sergey on air base “Chindan”,  near  forgotten 

village Borzay 

 
propagation of surface radio waves? I  did not hear 
LW, MW and VHF- TV! 
 
                  Yours faithfully, Sergey A. Kovalev - 
US0NE 
 
On the next pages there are pasted some 
facts about the phenomena, collected by 

Sergey, US0NE 
 

R-309 
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Michael RW6AT:  
 
I faced with the phenomena. It was in the spring 2001, 
at 12 o'clock in the afternoon, after a strong magnetic 
storm. All bands, HF and VHF were dead. I even did 
not hear local VHF station with 50 watts, located near 
5 kilometers from me… 
 
Igor UT5UCY: 
 
 The similar effect I observed in the summer 1978. 
One of days of the test (I do not remember what the 
test was - if it will be interesting I can see old logs) I 
met with absolutely absence of radio propagation on 

Michael RW6AT 

 

all bands. I checked my equipment- it was all right… I 
did not understand, what happened and switched off 
my equipment. All worked well in another day…. 
 
Stanislav UA9XP: 
 
In February 1961, approximately at 22 o’clock, a QSO 
on 10-M band with my friend, living from me at 
distance of 350-400meters, failed. Such impression, 
that our radio stations A-7B, failed. But in forty 
minutes the communication was restored. In the time 
we saw northern lights. 

Northern lights 
 

 
 

Andrey,  RW9WA:  
 
Ten years back I observed similar phenomena in CQ 
WW SSB. There was very fine propagation, I called a 
KN6 station, and when I turned to reception - was a 
death silence in the ether… I checked antennas, 
transceiver, coaxial cables.  Then I made a call to my 
friend in my town, UW9WW. He also heard nothing, 
and also disassembled his transceiver! A hour later, 
static interferences and a very weak reception began 
to appear. 
 
George UY5XE: 
 
Antipodes islands (IOTA - ZL-f) probably, for the given 
reasons, till now are a NEW ONE!  
 

Radio station A-7B 
 

 

Nikolay UT2UZ: 
 
Such failure in radio propagation is very rare, but it 
happens. About half-year back (2001 year) I faced 
with full closing at all ranges while forty minutes.  May 
be unusually big solar flash destroyed reflecting layer 
in ionosphere…  
 

And very interesting message is on the next page. 
Go to the page! 

 
 

The info was published at: 
www.qrz.ru 

 
Great site with great info for hams  

(well, in Russian….) 
 

www.qrz.ru 
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Pavel,  UA1CBX  http://north-pole.narod.ru/ 
                                               
I was a polar radio operator for four polar expeditions. 
So, I of course met with very strange effects at 
propagation of radio waves. The closer to geomagnetic 
poles of the Earth, the more often it happens. HF 
propagation is almost absence in the winter near the 
pole.  Only very rare stations you can hear there. 
Especially it is at the northern lights. I often met with an 
one sided propagation, when I received lots station 
with 59++, but nobody hear me.  
 
 
Very interesting event was with me and with Ivan 
Zhukov. He worked from plane IL-14 on 20-M band on 
the way to our polar station. There was great pile- up, 
but I heard nothing.  But when the plane lowered to 2 
kilometers above ice, Ivan sad, that his radio dead!  

Pavel,  UA1CBX , near the North Pole 

 
Our scientist from the polar station did not found any 
explanation for the effect. Well, I met and with others, 
very, very strange phenomenon at propagation of radio 
waves…. 

 

Soviet Polar station 
North Pole – 27, radio shack 

 
 

 
 

Ivan Zhukov faced with the effect on a plane! 
 

 

White Bear do not know about hams… 
 

 
  

Do you faced with the effect?  
 

Write us about it! 
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Russian Far and Near Space Antennas 
 

by Alexey EW1LN, http://www.qsl.net/ew1ln 
 
All of the Antennas are located near Evpatoria, between village Vitino and Molochnoe, Ukraine 
 
There are antennas (two photos below and one on 
the right) of the Far Space. They worked with Russian 
Mars Satellites Fobos-1 and Fobos-2. The antennas 
have hundreds meters in sizes! You can see two 
chimney- pipes of a boiler- house located just near 
the antennas. One pipe has high in 70 meters and 
other pipe has 30 meters high. The Antennas made 
from super strong Russian steal. 
 
 

 

 
 

 
On the left corner of the photo (placed below the text) you can see a 4 petals – antenna.  Russian calls the 
antenna “chamomile”. The antenna worked with legendary space station “MIR”. On the photo the chamomile 
antenna is in a working position, it has direction to horizon  and it is waiting for space station “MIR”. The antenna 
is directed vertically when it is out of work.  
 

 
 

 

 
 

EW1LN  

 mail to ew1ln@qsl.net 
find my on ICQ 167441331 

SMS to mobile phone +375 29 7505835 
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Well, here are two antennas in a waiting mode. The antennas also were intended for communication with space 
station “MIR”. You can see main antenna (on the left corner) and the same reserve antenna (on the right 
corner). It is a Phase Antenna, consisted from hundreds special resonator tanks. The antennas used for TV 
reception of from space station “MIR”. 
 

 
 

And at the end, this “very little” antenna transmitted all information, which was received through above pictured 
antennas, to Moscow’s Control Centre (located at Schelkovo). 

 

 
 
 

 

ALL the photos are taken from http://www.qsl.net/ew1ln and 
placed here with the kindly permission of Alexey EW1LN 
  
Thanks, Alexey! 
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HISTORY 
 
This part devoted to History of Radio. During a long time, many people contributed their effort to radio. Also we 
know that radio tried lots path in time its development. So, you will find stuff about the people and about the 
ways. For this issue of ANTENTOP, I used two articles, which are written by known scientists. I believe that 
these articles show radio history very well. I include several additional pictures in these articles and I hope, the 
pictures can help  you to know  the great world of the Radio in most full way.  
 

73!, Igor Grigorov, RK3ZK 
 
Reprinted with Permission from Poptronics magazine, 
copyright 1993. Check out our website at 
www.poptronics.com 
 

As the 100th anniversary of Marconi's journey to 
England to demonstrate his wireless telegraphy 
equipment nears, it is appropriate to reflect not only 
on his early wireless achievements but also on those 

Recognizing some of the many 
contributions to the early development of 

wireless telegraphy 
 

of several of his contemporaries. In addition, it is 
valuable to consider possible reasons why Marconi 
succeeded in developing a workable wireless 
telegraphy system while the others did not.  Heinrich 
Hertz. In 1887 and 1888, Heinrich Hertz (1857-1894) 

by Leonid Kryzhanovsky St. Petersburg, 
Russia  and  James P. Rybak Grand Junction, 
CO USA 
 

The concept of invention as a "point event," i.e., one 
person's momentary creative act, is erroneous. 
Instead, invention should be considered as a process 
involving time-dependent facts subject to re-evaluation 
[1]. This is exactly the case of the "invention" of 
wireless telegraphy. It is not possible to identify a 
single date   for the "invention" of wireless or even to 
name all who contributed to its development. The 
intended purpose of this paper is to demonstrate this 
point by summarizing the achievements, motivations, 
and distractions of but several whose work led to the 
development of wireless telegraphy.  
 

Guglielmo Marconi (1874- 1937) 
 

  
 

conducted a series of experiments in Germanywhich 
convincingly demonstrated the existence of the 
electromagnetic waves predicted in 1864 by James 
Clerk Maxwell (1831-1894). Hertz conducted only 
indoor experiments with electromagnetic waves. 
These experiments clearly   showed the similarities 
between electromagnetic waves and light which 
Maxwell had postulated. Hertz never tried to use 
electromagnetic waves for signalling and even 
denied the practicability of such an undertaking [2]. 
Hertz died at the age of 36 before he could 
reconsider that contention. Oliver Lodge. In Britain, 
independently of but concurrently with Hertz, Oliver 
Lodge (1851-1940) also experimentally verified the 
existence of electromagnetic waves. Hertz, however, 
published the results of his work prior to Lodge. In 
1894, Lodge improved Hertz's experimental 
apparatus by using, as the wave detector, a filings 
tube coherer based on that developed in 1890 by 
Edouard Branly  (1846-1940)[3].  
 
 
 

Clerk Maxwell (1831-1894). 
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Oliver Lodge (1851-1940) 
 

 
 

Hertzian oscillator energized by an induction coil. A 
telegraph key connected to the primary winding of the 
induction coil was used by Lodge's assistant to send 
both long and  short duration trains of waves 
corresponding to Morse code dots and   dashes [8].    
 
Lodge clearly had all the necessary elements of an 
elementary wireless telegraphy system. While it can 
be argued successfully that Lodge did indeed 
achieve signalling of a sort, there is no indication that 
the sending of any "messages" was accomplished or 
even attempted with this apparatus. It was not his 
intent to do so.  Oliver Lodge never considered using 
his equipment for communicating, although the idea 
of wireless telegraphy had been suggested two 
years earlier by William Crookes [9]. The purpose of 
Lodge's demonstration at Oxford was to propose that 
perhaps there exists an   analogy between the way a 
coherer responds to electromagnetic waves   and the 
way the eye responds to light [10].  
 
 

Perhaps Lodge's most important improvements to the 
filings tube coherer were the evacuation of the air 
from the filings tube and the development of an 
automatic "tapping back" device which utilised a 
rotating spoke wheel driven by a clockwork 
mechanism. The mechanical impulses provided by the 
tapping back device thereby restored the filings tube 
coherer to its non-conducting state at regular 
intervals, independent of the detection of 
electromagnetic waves. This filings tube coherer 
detector was considerably more sensitive than the 
wire loop "resonator" with a spark gap used by Hertz 
and was more convenient to use than was the 
spherical knob coherer detector Lodge had previously 
developed [4]. 
 
Lodge used his improved coherer together with a 
Hertzian oscillator as part of a demonstration for a 
commemorative lecture entitled "The Work of Hertz" 
given in London at a meeting of the Royal Institution in 
June of 1894. A sensitive mirror galvanometer was 
connected to the coherer so that the detection of the 
electromagnetic waves was visible to the audience 
[5,6]. Later that same month, Lodge used a small 
portable receiver connected to a mirror galvanometer 
to demonstrate the detection of electromagnetic 
waves at the annual "Ladies' Conversazione" of the 
Royal Society in London [6,7].  
 
Oliver Lodge demonstrated essentially the same 
apparatus at a meeting of the British Association held 
at Oxford in August of 1894.  For that demonstration, 
however, he replaced the mirror galvanometer with a 
marine galvanometer of the type normally used for the 
detection of submarine cable telegraphy signals.  
 
Lodge's source of   electromagnetic waves, located in 
another building some 55 metres away, consisted of a  
 

Lodge later admitted that, at the time, he had not seen 
any dvantage in using the relatively difficult process of 
telegraphing across space without wires to replace the 
well developed and   comparatively easy process of 
telegraphing with the use of   connecting wires [11]. 
He, like virtually all of his contemporaries, believed at 
the time that electromagnetic waves travel only in 
straight lines as does light. (Maxwell, after all, had 
shown that light is nothing more than electromagnetic 
waves with very short   wavelengths.) Consequently, 
Lodge assumed that the maximum possible  range 
attainable using wireless signalling would be very 
limited.  
 
These reasons help to explain why, in Lodge's own 
words, ". . .   stupidly enough no attempt was made to 
apply any but the feeblest  power so as to test how far 
the disturbance could really be   detected" [12].  In 
fairness to Lodge, however, one should never think 
that he was  lacking in either insight or in astuteness. 
His exceptional perceptiveness and keenness of mind 
when conducting experiments had been demonstrated 
time and time again. What likely is the principal  
reason he failed to investigate any practical 
possibilities for wireless signalling is that Lodge, first 
and foremost, was a  scientist and a teacher. He was 
interested in advancing science and  teaching others 
about science, not in the development of commercial  
applications of science [13].  
 
Alexander Popov. Highly respected as an 
outstanding lecturer and experimentalist in virtually 
all aspects of electricity, Alexander Popov (1859-
1906) taught at the Russian Navy's Torpedo School 
at Kronstadt. After having repeated Hertz's and 
Lodge's experiments, Popov demonstrated on May 
7, 1895 his "instrument for the detection and 
recording of electrical oscillations." 
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The sensitivity of the filings coherer Popov used in this 
instrument had been improved substantially by him in 
early 1895 after considerable experimentation. Popov's 
detection instrument featured a coherer tapping- back 
mechanism which functioned automatically after the 
detection of each pulse of electromagnetic waves [14]. 
Since Popov used neither earth connections nor a 
transmitting aerial nor resonance, he could not 
successfully employ his equipment for long distance 
signalling, although his signals did span distances of 60 to 
70 metres. Nevertheless, Popov's receiving instrument, 
when connected to a vertical wire or to a lightning rod 
which functioned  as an aerial, was successfully used as a 
recorder of lightning discharges receiving what one now 
could call "Marconigrams" from the  sky from distances as 
great as 30 kilometres.  
 
 
The concept that a filings coherer could be used to detect 
thunderstorms did not originate with Popov, however. 

The fact that a substantial decrease in the 
resistance of a filings tube occurs during a 
thunderstorm had been recognized since the 
1850s [15] and the use of a coherer for 
investigating the waves arising from a 
thunderstorm had been suggested in 1894 [16].  
In the January-March 1896 issue of the Journal 
of the Russian Physico-Chemical Society, a 
highly respected Russian scientific quarterly, a 
detailed description of Popov's receiving 
instrument appeared (Fig. 1). Popov concluded 
his paper by writing: "With further improvements 
in my apparatus, it can be applied to   signalling 
at a distance using fast electrical oscillations as 
soon   as a source of such vibrations is found 
possessing sufficient power"  [17]. Clearly, 
Popov believed that increased transmitter power, 
rather than increased receiver sensitivity, was 
the key to long distance wireless 
communications. 

 

 
First  Popov’s   Receiver 

 

 

 
Like Lodge, Popov believed that electromagnetic 
waves propagate only in straight lines as does light. 
Scientists did not abandon this belief until Marconi had 
repeatedly demonstrated that transmission far beyond 
the horizon was possible. Again like Lodge and in 
contrast to Marconi, Popov could not focus his efforts 
exclusively   on wireless. His teaching duties, regular 
summer work at the power station supplying electricity 
to the Nizhni Novgorod Annual Fair, and broad 
scientific interests (e.g., in 1896 Popov was one of the 
first to repeat Roentgen's x- ray experiments) did not 
allow Popov to focus his efforts on the development of 
a wireless telegraphy system. Regrettably, in his 
efforts to increase the communication             range of 
his equipment, Popov increased the power of his 
transmitter but did not attempt to increase the 
effectiveness of his   transmitting and receiving aerials 
or the sensitivity of his receiver through the use any 
form of resonance [18]. 

Guglielmo Marconi. It is reported that Guglielmo 
Marconi (1874- 1937) first read about electromagnetic 
waves in an 1894 eulogy to Hertz written by the Italian 
physicist Augusto Righi (1850-1920). Marconi 
immediately began work at his family's estate in Italy 
to  determine if these waves could be used to 
communicate at a distance.  In the spring of 1895, he 
took his wireless experiments outdoors and soon 
discovered that an intervening hill was no barrier to the 
reception of electromagnetic waves. Being intent on 
developing wireless telegraphy, Marconi used a Morse 
telegraph key to produce the dots and dashes 
generated by his transmitter. By using earthed vertical 
aerials of proper dimensions for both transmitting and  
receiving (these provided a very simple form of tuning 
or resonance), Guglielmo Marconi increased the 
distance at which his signals could be received reliably 
to about 2 kilometres by the autumn of 1895 [19].  
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In February of 1896, Marconi brought his wireless 
equipment to England. Guglielmo hoped that his 
mother's English relatives could provide introductions 
to important people in positions to help him get 
support for the further development of his equipment.  
On June 2 of that year, Marconi filed a preliminary 
patent application for his wireless telegraphy system. 
Because of the need  to protect his patent interests, 
the specific details of Marconi's  equipment were not 
disclosed publicly until June 4, 1897 when William 
Preece (1834-1913), Engineer-in-Chief for the Post 
Office  gave a public lecture at The Royal Institution in 
London. (The relatives of Marconi's mother had 
provided him with an introduction to Preece.) The 
lecture was published in the next issue of 

The    Electrician [20]. Marconi was granted a patent 
on July 2, 1897 (the complete patent   specification 
had been filed on March 2, 1897). This was the world's  
first patent related to wireless telegraphy. Marconi's 
receiver  (Fig. 2) turned out to be quite similar to 
Popov's instrument.  However, unlike Popov's design, 
Marconi employed two separate batteries. The smaller 
of the two batteries was used power the coherer 
circuit; i.e., it was used to establish the optimum 
quiescent point of the coherer and to provide the 
current which flowed when a pulse of electromagnetic 
waves made the coherer tube conduct. The second 
battery was used to power the tapping-back and  
recording instruments [20].  
 

 
 

Marconi with his First Transmitter and Receiver 
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  The tapping-back mechanisms developed by Popov 
and by Marconi warrant further discussion. A relatively 
simple method for automatic tapping-back had been 
suggested much earlier by Lodge in conjunction with 
his original metal spherical knob coherer. Lodge had 
positioned the electric bell he used to announce the 
detection of a pulse of  electromagnetic waves so that 
the bell's mechanical vibrations were conducted to the 
coherer.These vibrations broke the cohesion which  
occurred between the metal spheres [21]. It is 
generally assumed  that both Popov and Marconi 
were aware of this tapping-back  mechanism used by 
Lodge.  
 
Popov and Marconi, independently of each other, 
developed and utilised an improved tapping-back 
device also based on the use of an electric bell 
mechanism. In each of these tapping-back 
mechanisms, the coherer, upon the arrival of a pulse 
of electromagnetic waves,   activated a relay which in 
turn activated the tapping-back devices. The actual 
tapping-back device employed by both Popov and 
Marconi to tap the coherer tube directly was the 
"hammer" or "trembler" from an electric bell. Other 
similarities between Popov's and Marconi's receivers 
are evident. Inductance was placed in the coherer 
leads by Popov to  eliminate false operation of the 
coherer due to sparks produced at   the relay contacts 
[22]. Marconi similarly used inductance in the   
coherer leads. In addition to keeping unwanted high 
frequency   currents from reaching the coherer, these 
inductances kept the  desired high frequency currents 
supplied by the aerial from being  shunted around the 
coherer through the battery. Marconi also used   
capacitance, high resistance, and inductance at 
various other locations in his receiving circuit to 
eliminate false operation of   the coherer due to 
sparks produced at the relay contacts and   elsewhere 
in the circuit [23].  
 
In addition to advantages over Popov's design such as 
the use of transmitting aerial and earth connections on 
both the transmitter and receiver, Marconi's equipment 
featured a sophisticated, sensitive and stable coherer 
he had developed which used a mixture of fine nickel 
and silver particles between tapered silver plugs in an 
evacuated glass tube. The volume of particles could 
be varied by rotating the tapered plugs. This technique 
was used to obtain the maximum coherer sensitivity. 
Popov's improvements to the Branly filings coherer, 
although numerous and important, were less extensive 
than were Marconi's. Although Marconi's receiver was  
similar to Popov's, it seems unlikely that Marconi knew 
of Popov's  work. Popov wrote at the turn of the 
century: "Whether my instrument had been known to 
Marconi or not, which seems more probable, it was, in 
any event, my combination of a relay, tube and 
electromagnetic tapper-back that served as the basis 
for his first patent for a new   combination of already 
known devices. It is beyond all question that  the first  
 

practical results in wireless telegraphy over 
considerable distances have been attained by Marconi 
before others" [24]. 
 
At an earlier date, Popov had written: "The credit for 
the discovery of the phenomena which have been 
taken advantage of by Marconi is due to Hertz and 
Branly; then go a number of applications initiated by 
Minchin, Lodge and many others after them, including 
myself; and Marconi was the first to have the courage 
to take his stand on a   practical ground and reached 
large distances in his experiments" [25].  
 
 In contrast to Popov and Lodge, Marconi immediately 
decided to pursue commercial applications of his 
achievements in wireless experiments. Marconi's 
achievements, indeed, had impressed his 
contemporaries. As early as September of 1896, he 
had transmitted   and detected signals over a distance 
of 2.8 kilometres. In comparison, it was April of 1897 
before Popov had succeeded in signaling over a 
distance of 1 kilometre [26]. (Some sources report  
the distance as 1.5 kilometres [27].) By March of 
1897, Marconi had succeeded in transmitting and 
detecting signals over a distance of 7.5 kilometres and 
by May of that year he had increased the distance to 
14 kilometres. Intent on pursuing the commercial 
applications of wireless telegraphy, Marconi 
established "The Wireless Telegraph and   Signal Co., 
Ltd." (later to become "The Marconi Wireless 
Telegraph Co., Ltd.") in July of 1897 [28].  
 
Marconi's goal was to demonstrate that wireless 
telegraphy could be used to communicate with ships. 
He returned home to Italy in 1897 where he 
demonstrated very convincingly that wireless could 
be used  to communicate between a land station and 
ships as far away as 18 kilometres, even when the 
ships were below the horizon. By the end of that 
year, he also demonstrated that a wireless station 
located on the Isle of Wight in the English Channel 
could communicate   reliably with ships to a distance 
of 30 kilometres [29].  
 
 On March 27, 1899, Marconi showed that wireless 
could be used to establish a communications link 
between England and the European Continent when 
he sent a message from a station he had built at 
Wimereux in France to his English station at South 
Foreland. The   distance between the two stations 
was 50 kilometres [30]. In the summer of that year, 
the British Navy invited Marconi to install and 
operate wireless stations on three warships engaged 
in naval maneuvers. Signals from a land based 
station were received to a distance of 160 kilometres 
while signals between two ships were   exchanged 
reliably to a distance of 110 kilometres and 
occasionally to 136 kilometres. Not only did these 
tests show that wireless   telegraphy was vital to 
modern fleets, it now was unquestionably clear that  
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wireless signals could be received at great distances 
beyond the horizon [31]. 
 
The transmitters and receivers used by Marconi at 
that time lacked any sort of effective tuning. What was 
needed was some way to enable the transmitters to 
generate only one frequency and to enable the 
receiving stations to respond only to the signals 
desired.   Otherwise, hopeless interference occurred 
when two or more transmitters were operating 
simultaneously. Marconi was aware of and refined 
some of the tuning or "syntony" principles which Oliver 
Lodge had demonstrated as early as 1889 and   which 
Lodge had improved and patented in 1897. Lodge's 
tuning system, like Marconi's early attempts, provided 
only a moderate amount of selectivity [32].  
 
 

 
John Ambrose Fleming 

 

 
Experimentation by Marconi directed toward achieving 
increased  tuning continued. By 1900, Marconi had 
developed an effective aerial   coupling circuit which 
featured a tapped inductor together with a capacitor 
which could be varied. Marconi's system provided for 
tuning both the oscillator circuit in the transmitter and 
the coherer circuit in the receiver [33].  
 
Marconi still believed that the shipping industry would 
provide the first significant commercial market for 
wireless telegraphy. In  1900, he told the directors of 
his newly formed "Marconi   International Marine 
Communication Company" that he wanted to build two 
high power wireless stations with the goal of having 
signals   span the Atlantic Ocean [34]. Marconi was 
convinced that trans-Atlantic signalling would be 
possible if sufficient   transmitter power were used 
[35]. Before long, Marconi altered his plans and 
settled on attempting one way trans-Atlantic signalling 
 

between a transmitting station he was  building at 
Poldhu, on the southwestern tip of England, and a   
receiving station in Newfoundland, the closest North 
American land  mass. He employed John Ambrose 
Fleming to design the high power  transmitter needed 
[36].  
 
Marconi and two assistants sailed for Newfoundland 
in November of 1901 to locate a suitable reception 
site and to set up the necessary receiving 
equipment. The Poldhu station was instructed by 
cable message to have its 25 kilowatt transmitter 
which Fleming had   designed send the letter "S" in 
Morse Code continuously for several hours each day 
beginning on December 11. On the afternoon of 
December 12, 1901, Marconi heard the faint but   
unmistakable repetitive sound of three clicks 
followed by a pause on three separate occasions. It  

 
Marconi’s  Notebook with First Transatlantic 
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was clear to Marconi that his goal of establishing a 
worldwide system of wireless communications now was 
attainable [37]. However, it would require six additional 
years of experimentation and development until the first 
reliable commercial trans-Atlantic communications system 
was established between Clifden, Ireland and Glace Bay, 
Nova Scotia in Canada [38]. 
 
It should be noted that Marconi, himself, "invented" or 
"discovered" relatively few things in his early work. 
Basically, he early on had   used Righi's transmitter, 
Branly's coherer, Lodge's resonant circuits, as well as the 
earthed vertical aerial suggested by Nikola  Tesla (1856-
1943) and others. Marconi did, however, make numerous 
very important improvements to each of these elements of 
his   wireless system. He had the necessary ability to 

Nikola  Tesla (1856-1943) 
 

 
  "make things work" thanks not only to his talent but also 
to his single-purposed devotion to the idea of using 
Hertzian waves for long distance     communication.  To 
the general public, however, Marconi's name soon 
became   associated with all aspects of the "invention" of 
wireless. The     reason for this is simple. The "world" 
typically gives its acclaim   to those who produce exciting 
results which it (the "world") can understand. The "world" 
did not understand what Maxwell, Hertz, Lodge, Popov, 
and others had done because most of their achievements  
were of interest largely to scientists and these 
achievements had  not been widely publicized in the non- 
scientific press. The "world" could easily understand what 
Marconi had accomplished because the  basic concept 
(signalling at a distance) was simple and Marconi had 
made sure that his achievements were well publicized. 
Consequently, Marconi received virtually all of the popular 
acclaim for having "invented" wireless telegraphy.  
 
Additional Reasons for Marconi's Successes. Both 
Marconi and Popov wanted to use electromagnetic waves 
for wireless signalling. What reasons, in addition to those 
already mentioned, likely were   responsible for the 
differences in their levels of success?   Thanks to his 
successful demonstrations for officials of the British  Post 
Office and Admiralty which had been arranged by Preece, 
Marconi had obtained financial and engineering support 
from British  authorities in 1896 (later on, he also obtained 
support from the   Italian government) whereas the 
Russian Ministry of Navy did not support Popov until the 
summer of 1897. If one wishes to compare Popov's and 
Marconi's achievements, one must also take into account 
the socio-economic background in both Russia and 
England at that time. The development of a new 
technology such as radio did not, and could not, take place 
as rapidly in Russia as it did in England, an  industrial 
leader. Giving Credit Where Credit is Due. Lodge was the 
first to  demonstrate a receiver which could have been 
used as part of a  wireless signalling system. At the time, 
Lodge did not publish the technical details of his 
equipment. The publication priority for a workable receiver 
which was used not only for limited distance wireless  
 

signalling experiments but also for meteorologic 
purposes  belongs to Popov. In addition, Popov's 
lightning recorder may be  regarded as the world's 
earliest applied radio-engineering apparatus 
designed for practical applications resulting from 
the detection of electromagnetic waves (but used 
for purposes other than wireless communication, 
however). Marconi, of course, received the first 
patent for wireless equipment and achieved the 
first truly practical  long distance wireless 
telegraphy system.  
 
There have been controversies concerning the 
priority of the "invention" of radio for almost a 
century. Such an attempt to identify only one to 
whom all the credit should be given is   incorrect, 
however, as pointed out in the beginning of this 
paper.   It also should be noted that the "struggle" 
for establishing the priority of invention for 
propaganda purposes typically is characteristic of 
totalitarian states. Thus, Mussolini's regime  
presented radio as an "Italian invention," and 
concurrently with   exalting Marconi's 
accomplishments, the "invention" of the coherer  
was attributed by that regime to the Italian 
physicist T.Calzecchi-Onesti (1853-1922) [39].  
  
 
 Similarly, in Russia (and later the U.S.S.R.) since 
the turn of the century, Popov became known as 
the "inventor" of wireless telegraphy    (in more 
recent times, he has been called the "inventor" of 
radio or of radio communication). Interestingly, 
even in the early days of   this century, not 
everyone in Russia shared this viewpoint of  
Popov's achievements. It is also important to note 
that Popov himself never claimed that title. In 1908 
D. Sokoltsov, an  instructor at the Military 
Electrotechnical School, called the popular 
Russian version of the invention of wireless (by 
Popov) an  "old patriotic tale" [40]. Under Stalin's 
rule, however, the popular   Russian version of 
events became canonical. 

  
  
www.antentop.bel.ru Page 82 
 

http://www.antentop.bel.ru/


ANTENTOP- 01- 2003, # 002   Marconi- Popov 
 
Everyone in the U.S.S.R.  writing or speaking on 
the history of wireless was expected to  adhere to 
the official version of "history." Any deviations from 
it   were dangerous in the Soviet era.  Thus, when 
Matvey Bronstein (1906-1938), a young Leningrad 
scientist and science writer, refused to "correct" his 
brochure entitled The   Inventors of Wireless 
Telegraphy, he was asking for serious trouble.  
Even the title of his work ran counter to the official 
version,  i.e., the single-handed invention of 
wireless by Popov. Eventually, Bronstein's book 
ready for publication and Bronstein himself were  
destroyed (he was shot down in the basement of a 
Leningrad prison)    [41].  
 
 
 
The risks associated with deviating from the official 
Soviet version  of history did not end with Stalin, 
however. There also was a case  known to one of 
the authors where the editor-in-chief of an 
engineering journal in which had been published 
an allegedly "biased" article favourable to Marconi 
was dismissed from his position and the author of 
the article was deprived of the right to  defend his 
D.Sc. dissertation. The year was 1974, the 
centennial of    Marconi's birth.  No matter what 
Popov's overall international importance in the 
development of wireless was, he must be given 
credit for his outstanding contributions to the 
development of wireless telegraphy in Russia.  
 

 
Alexander Popov (1859-1906)  

 
 

Popov truly was Russia's wireless pioneer. In addition 
to  his achievements already mentioned, Popov set up 
Russia's first manufacture of wireless equipment, 
organised the training of  wireless personnel, and 
established relations with European  specialists in 
wireless equipment. Of special significance was 
Popov's cooperation with the French scientist, 
engineer and businessman Eugene Ducretet (1844-
1915). Ducretet manufactured and sold wireless 
receiving equipment based on Popov's design. This 
cooperation coincided with the Russo-French 
rapprochement which occurred at the turn of the 
century. From 1899 until 1904, the Ducretet Company 
supplied electrical equipment, including wireless  
apparatus, to the Russian Navy. 
 
There were many throughout the world who 
contributed to the  development of wireless. Marconi 
gets, and deserves, the lion's share of the credit for 
the development of practical long distance  wireless 
telegraphy systems but it must be remembered that 
many others also made important contributions. 
Alexander Popov's name and achievements are not 
well known in the West. Nonetheless, the significance 
of Popov's work, like that of Lodge and others, must  
 

never be underestimated in the annals of 
communication technology  history.   "We see here 
scientists' disinterested work and engineers' and  
technicians' more purposeful efforts come together just 
as brooks  born in different countries flow together to 
form a big river,  scientific discoveries and industrial 
inventions have joined to   bring about great 
accomplishments in radio." Louis de Broglie   (1892-
1987) [42]. 
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Fessenden and Marconi: Their Differing Technologies and Transatlantic Experiments 

During the First Decade of this Century 
 
by John S. Belrose : International Conference on 100 Years of Radio -- 5-7 September 1995 
 

1. Introduction 
Many scientists and engineers have contributed to the 
early development of electromagnetic theory, the 
invention of wireless signaling by radio, and the 
development of antennas needed to transmit and 
receive the signals. These include, Henry, Edison, 
Thomson, Tesla, Dolbear, Stone-Stone, Fessenden, 
Alexanderson, de Forest and Armstrong in the United 
States; Hertz, Braun and Slaby in Germany; Faraday, 
Maxwell, Heaviside, Crookes, Fitzgerald, Lodge, 
Jackson, Marconi and Fleming in the UK; Branly in 
France; Popov in the USSR; Lorenz and Poulsen in 
Denmark; Lorentz in Holland; and Righi in Italy. The 
inventor of wireless telegraphy, that is messages as 
distinct from signals, is Italian-born Guglielmo Marconi, 
working in England; and the inventor of wireless 
telephony is Canadian-born Reginald Aubrey 
Fessenden, working in the United States. 
 
According to Marconi, he was an amateur in radio: in 
fact this was far from the truth. He foresaw the 
business side of wireless telegraphy. He was aware, 
however, of his own limitations as a scientist and 
engineer, and so he enlisted (in 1900) the help of 
university professor John Ambrose Fleming, as 
scientific advisor to the Marconi Company; and he 

MICHAEL FARADAY (1791-1867) 

 

chose engineers of notably high caliber, R.N. Vyvyan 
and others, to form the team with which he surrounded 
himself. Marconi's systems were based on spark 
technology, and he persevered with spark until about 
1912. He saw no need for voice transmission. He felt 
that the Morse code was adequate for communication 
between ships and across oceans. He was a 
pragmatist and uninterested in scientific inquiry in a 
field where commercial viability was unknown. He, 
among others, did not foresee the development of the 
radio and broadcasting industry. 
 
For these reasons Marconi left the early 
experimentation with wireless telephony to others, 
Reginald Fessenden and Lee de Forest. 
 
Fessenden was a radio scientist and an engineer, but 
he did not confine his expertise to one discipline. He 
worked with equal facility in the chemical, electrical, 
radio, metallurgical and mechanical fields. He 
recognized that continuous wave transmission was 
required for speech and continued the work of Nikola 
Tesla, John Stone-Stone, and Elihu Thomson on this 
subject. Fessenden also felt that he could transmit and 
receive Morse code better by the continuous wave 
method than with the spark apparatus that Marconi 
was using. 
 

Reginald Fessenden 
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This paper overviews the differing technologies of 
Fessenden and Marconi at the turn of the century, and 
their endeavours to achieve transatlantic wireless 
communications. 
 
2. Transatlantic Wireless Communications 
Began at LF 
 
Heinrich Hertz's classical experiments were conducted 
in his laboratory using a small end-loaded dipole 
driven by an induction coil and a spark gap for his 
transmitter. His receiver was a small loop, and 
detection was by induced sparking. Since the 
frequency generated by a spark transmitter is 
determined by the resonant mean frequency of the 
antenna system, his experiments in 1887 were 

Lee de Forest 
 

 

at VHF/UHF (60 to 500 Mhz) -- the corresponding 
wavelengths (5.0 to 0.6 metre) being practical for 
indoor experiments. 
 
Marconi started experimenting with Hertz's apparatus 
in 1894. He was fascinated by the idea that by means 
of Hertzian waves it might be possible to send 
telegraph signals, without wires, far enough for such a 
system to have commercial value. By 1896 he 
achieved a transmission distance of 2.5 kilometres, by 
using an earth and an elevated aerial at both 
transmitter and receiver (nowadays called a Marconi 
antenna). His first permanent station established a link 
between the Isle of Wight and Bournemouth, England, 
some 22 km away (in 1897). He established 
communications across the Channel in 1899. By now 
he must have been using frequencies in the low HF 
band, since his aerial systems were much larger. 
 
In 1900 he decided to try and achieve transatlantic 
communications. The required aerial size, and so the 
signalling frequency, at best could only be projected 
by extrapolation 

 
Figure 1: Marconi's antenna system at Poldhu, 
Cornwall, December 1901. (John Belrose)  

 

 

from values successful over a range of much shorter 
distances. The aerial at Poldhu, Cornwall in December 
1901 (see Fig. 1), more by circumstance than design 
(to be discussed), radiated signals in the MF band 
(about 500 kHz). 
 
Marconi kept building larger antenna systems, larger 
since he was striving for greater transmission distance 
and improved signal reception, which lowered the 
operating frequency. At Poldhu the frequency of his 
station in October 1902 was 272 kHz. His initial 
station at Table Head, Glace Bay, NS in December 
1902 was a massive structure comprising 400 wires 
suspended from four 61 metre wooden towers, with 
down leads brought together in an inverted cone at 
the point of entry into the building. The frequency was 
182 kHz. By 1904 his English antenna had become a 
pyramidal monopole with umbrella wires, and the 
frequency was 70 kHz. In 1905 his Canadian antenna, 
moved to Marconi Towers, Glace Bay was a 
capacitive top-loaded structure, with 200 horizontal  
 

radial wires each 305 metres long, at a height of 55 
metres, and the frequency was 82 kHz.   By late in 
1907 he was using a frequency of 45 kHz. 
 
Fessenden's early experiments using spark 
transmitters were probably conducted at a frequency 
in the lower part of the HF band, since initially he 
was testing over short links of a few kilometres using 
50-metre masts to support wire aerials. His belief 
was that radio transmission should be by way of 
continuous waves (CW), not the damped-wave or 
whip-and-lash type of transmission provided by 
spark-gap transmitters. The only way he knew to 
generate true CW was by a high-frequency 
alternator, and in the period 1890-1905 10 kHz was 
the highest frequency achieved using an HF 
alternator. But the efficiency of practical aerial 
systems was very poor at such a low frequency. So 
he strove to increase the speed and frequency of his 
HF alternator. In the meantime he invented the 
synchronous rotary-spark-gap transmitter. His  
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transatlantic experiments in 1906 were conducted 
using such a transmitter and 420-foot umbrella top 
loaded antennas at Brant Rock, MA and 
Machrihanish, Scotland, tuned to a frequency of 
about 80 kHz. 
 
3. Marconi and Fessenden - Their Differing 
Technologies 
 
Marconi, those working with him, and most 
experimenters in the new field of wireless 
communications at the turn of the century, were 
unanimous in their view that a spark was essential 
for wireless, and he actively pursued this technology 
from the beginning (in 1895) until about 1912. 
 
Fessenden was a proponent of the continuous wave 
(CW) method of wireless transmission. Somewhat 
alone in this direction in 1900-1906, his CW patents 
had little impact on the users of radio technology. The 
golden age for spark was from 1900 to 1915; 
dominated by Marconi, who fought to quell any 
divergence from that mode. The fact that the damped 
wave-coherer system could never be developed into a 
practical operative telegraph system and that the 
sustained oscillation method should be used was 
perceived by Fessenden in 1898 [see Electrical 
World, July 29, August 12, September 16, 1899 and 
Proceedings American Institute of Electrical 
Engineers, November, 1899, p. 635 and November 
20, 1906, p. 7311. In 1900-1902 only two methods 
were available for generating CW: 1) the HF 
alternator; and 2) the oscillating arc. 
 
Plain Aerial Apparatus 
 
Marconi's early experiments employed plain aerial 
apparatus, and placed the spark gap directly across 
the terminals of his vertical wire aerial-ground 
antenna. His receiver employed a similar set-up, with 
a coherer type of detector. The transmitter/receiver 
systems were untuned, excepting by the natural 
 

amplitude-frequency response of the aerials. 
Unbeknownst to him his transmitter and receiver 
were in effect "tuned" to different frequencies. The 
oscillating damped wave on the transmitting aerial, 
which was in effect "connected" to ground through 
the low resistance of the conducting spark, was in 
effect "tuned" to the fundamental quarter wave 
resonant response of the aerial. His receiver 
however, awaiting reception of the spark signal, 
would in effect be tuned to the half-wave resonant 
frequency of the wire aerial -- since the coherer prior 
to the reception of the RF impulse-like signal would 
present a high impedance between the aerial and 
ground. 
 
This problem was solved by using a closed tuned 
circuit for the receiver; and for the transmitter by 
using the circuit arrangement devised by Braun, in 
which the oscillatory circuit (discharge capacitor and 
spark gap) was placed in a separate primary circuit 
transformer-coupled to the antenna system. This 
latter arrangement also lengthened the duration of 
the damped wave signal, since when the spark 
ceased, the oscillation in the antenna circuit 
continued, damped only by its natural L-C-R 
response. 
 
Transmitter Technology 
 
The Poldhu transmitter was a curious two-stage 
circuit, in which a first-stage spark at some attainable 
lower voltage provided the energy for the second 
stage in tandem (Fig. 2), to spark at a specified higher 
voltage. While this voltage multiplication system was 
innovative in the field of wireless at the time, it carried 
with it many problems, and the inefficiencies of two 
spark stages. 
 
Marconi clearly realized that to achieve high power 
from a spark transmitter it was necessary to charge 
the condenser to a very high voltage (voltages of up to 
150 kV were spoken about and may have been 
realized); and that a very large discharge capacitance  
 

 
Figure 2: The circuit diagram of the December 1901 Poldhu transmitter in J.A. Fleming's 
handwriting. (Bondyopadhyay)  
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was needed, since the stored energy in the condenser 
was understood (Energy equals 1/2 CV2). But he 
carried the latter requirement to an extreme. 
 
The power capability of the Poldhu AC generator (25 
amperes at 1500 volts) in 1901 was quite insufficient 
to recharge the condenser every period. It seems like 
several periods of the supply generator (operating at 
36 Hz) were required to bring the condenser voltage to 
gap break-down potential. Fleming's estimates of the 
spark rate lie between wide limits. Thackeray [1992] 
has estimated that the spark rate for the primary circuit 
was 7.5 to 12 sparks/sec at most; and the spark rate 
for the secondary circuit might have been as low as 
two or three sparks/sec. After that time there was 
clearly a redesign to a single-stage transmitter that 
sparked directly from the power transformer; and 
Fleming began to develop rotating     dischargers in an 

Rotary discharger of Poldhu transmitter 
 
 

 

attempt to achieve rapid quenching of the spark. 
 
It is perhaps ironic that the low spark rate was 
compromised by Marconi himself, when in 
Newfoundland he put a telephone receiver to his ear 
to listen for the dot transmissions from Poldhu. At the 
low spark rate he employed all he would hear would 
be a click, not distinguishable from an atmospheric. 
But recall that Marconi's early experience was with 
coherer-type detectors, which worked best when the 
spark rate was low. 
 
Before leaving our discussion about Marconi's 
methodology, let me comment on some of the physical 
arrangements for his stations. The discharge capacitor 
for his Clifden and Marconi Towers, Glace Bay 
stations consisted of thousands of steel plates hanging 
from floor to ceiling, which filled the wings of the 
building, and this room was subsequently called the 
"condenser building" (see Fig. 3). The power supply 
was a 15 kV DC generator (three 5 kV generators in 
series) driven by a steam engine. Note the power 
source was DC. Standby batteries (6000, 2 volt, 30 AH 
batteries in series) at both stations may well have 
been the largest battery the world has ever seen. The 
heart of his Clifden/Marconi Towers stations was a 
whirling five foot spark discharge disk, with studs on its 
perimeter. Each time a stud passed between two  

 
Figure 3: Clifden, Ireland condenser under 

construction. (Marconi Company) 
 

 
electrodes, a 15 kV spark jumped the gaps. The 
regular spark rate was about 350 sparks/sec. The 
awesome size of the station and the din of the 
transmitter must have been something to behold. The 
power consumed by these stations was in the range of 
100 to 300 kW, and the spark was a display of raw 
power. It is said that the awesome din of the 
transmitter could be heard several kilometres away. 
 
Fessenden's technology and circuit arrangements 
were very different. He tried all the various methods of 
generating wireless signals in the early days, by spark, 
by arc and by the high frequency alternator. It is likely 
that he would have used the HF alternator     from the 

 
outset, see for example his patent No. 706,787 filed 29 
May 1901; excepting that a suitable HF alternator, 
generating frequencies above about 10 kHz was not 
available until 1906. There is no fundamental reason 
that long distance wireless communications could not 
have begun at VLF, except for the practical realization 
of efficient antenna systems for such a low frequency. 
 
Fessenden's work was dominated by his interest in 
transmitting words without wires. By 1903 and 1904 
fairly satisfactory speech had been transmitted by the 
arc method, but the news of Marconi's attempts to 
achieve transatlantic wireless telegraphy transmission  
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had caught the attention of the world. Since the 
development of his HF alternator was taking longer 
than anticipated, Fessenden set his mind to make a 
more CW-like spark transmitter. This led to the 
development of the synchronous rotary-spark-gap 
transmitter. An AC generator was used, driven by a 
steam engine, which as well as providing the energy 
for the spark transmitter, was directly coupled to a 
rotating spark gap so that sparks occurred at precise 
points on the input wave, viz. at waveform maximum 
for best efficiency. The spark was between fixed 
terminals on the stator and terminals on the rotor, 
which was in effect a spoked wheel, rotating in 
synchronism with the AC generator. 
 
As the speed of the wheel and the AC frequency both 
depend on the speed of the generator, the number of 
times/sec at which the condenser voltage reaches a 
peak value and the number of opportunities it has for 
discharging can be made equal, and the positions of 
the stator terminals can be arranged so that these 
conditions occur simultaneously. Another advantage 
was realized, since in effect a rotary gap was a kind of 
a mechanically quenched spark-gap transmitter. The 
oscillations in the primary circuit ceased after a few 
oscillations, when the rotating gap opened. The 
quenched gap was more efficient and certainly less 
noisy than the unquenched gap. With a synchronous 
spark-discharger phased to fire on both positive and 
negative peaks of a 3-phase waveform, precisely at. 
waveform peak, a 125 Hz generator could produce a 
spark rate of 750 times a second. These rotating gaps 
produced clear almost musical signals, very distinctive 
and easily distinguished from any other signal at the 
time. It was not true CW but it came as close as 
possible to that, and the musical tone could be easily 
read through noise and interference from other 
transmitters Fessenden's Brant Rock and 
Machrihanish stations employed a rotary gap 1.8 
metres in diameter at the rotor. Its rotor had 

interval between sparks is not absolutely constant. In 
addition, the energy stored in the condenser and the 
proportion radiated in the separate wave trains is 
variable. The result is that the note heard at the 
receiving station is impure. 
 
By the summer of 1906 many of the difficulties had 
been overcome and the Alexanderson HF alternator 
developed by GE for Fessenden giving 50 kHz was 
installed at Brant Rock. Various improvements were 
made by Fessenden and his assistants, and by the fall 
of 1906 the alternator was working regularly at 75 kHz 
with an output of one half a kilowatt. This was the 
beginning of pure CW transmission, c.f. Alexanderson 
[1919]. 
 
Continuous waves was the method of generation 
Fessenden had long sought, since he wanted to 
transmit words without wires. He inserted a carbon 
microphone in series with the lead from his alternator 
to the antenna, and he had an amplitude modulated 
transmitter. But more on that later. 
 
Receiver Technology 
 
The ability to receive wireless signals at the turn of the 
century was very poor, for several reasons: 1) Initially 
the receiver was untuned or if tuned the selectivity was 
poor; 2) there was no means to amplify the signal; and 
3) a sensitive detector had yet to be invented. 
 
The early experiments employed a device called a 
coherer. The coherer as we have noted was a device 
which normally exhibited a high resistance, but when 
subject to a voltage above a given threshold there was 
a marked decrease in this resistance. The change in 
resistance could be detected by means of a secondary 
relay circuit, or by listening to the current change with 
a telephone earpierce. The filings coherer was a  
 

50 electrodes (poles) and its stator had four. It was 
driven by a 35 kVA alternator, powered by a steam 
engine. 
 
The synchronous rotary gap spark discharger should 
not be confused with the asynchronous rotary gap that 
was in more general use at the time (e.g. by Marconi 
ship-borne equipment, and radio amateurs in general 
used asynchronous rotary gaps). Here the speed of 
rotation of the wheel is entirely independent of the 
speed of the generator, and while it was possible to 
realize several sparks during one cycle of the 
generator, the sparks occur at different points on the 
cycle.  The conditions are not exactly repeated each 
time as in the case of the synchronous spark, because 
the charging current from the generator is charging up 
the condenser during different parts of its own cycle of 
variation, and hence neither the voltage to which it is 
charged, nor the breakdown voltage is constant. Not 
only is it possible to miss a spark altogether, but the  

 
Ernst F. W. Alexanderson  

(1878 – 1975)  
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bistable device. It needed an electrical voltage to 
effect one transition, and a physical shock (a tapper) 
to return it to its initial state. The sensitivity of the 
device was poor; the action of the receiver depended 
upon a voltage rise and so was independent of the 
energy of the signal; it did not discriminate between 
impulses of different character, viz. between signals 
and atmospherics; the selectivity of the receiver was a 
function of the state of the coherer; and it could not be 
used as a detector for continuous waves. 
 
For his transatlantic experiment in 1901 Marconi had 
two types of receivers, and three types of coherers. 
One was a tuned receiver, which he referred to as a 
"syntonic receiver", that is a receiver tuned to the 
frequency of the transmitter. The second earlier 
receiver was untuned. The three types of coherers that 
he used were: one containing loose carbon filings;   
another designed by Marconi containing a mixture of 

Metal filling coherer 
 
 

 

carbon dust and cobalt dust; and thirdly the Italian 
Navy coherer (see Fig. 4) containing a globule of 
mercury between a carbon plug and a moveable iron 
plug. This latter device, when critically adjusted or 
more or less by luck, acted like a crude form of a 
rectifier, but its performance was poor and 
unpredictable [Phillips, 1993]. Later, in 1902, he 
devised a form of current operated receiver, called a 
magnetic detector, which greatly enhanced his 
receiver sensitivity. This detector was used by Marconi 
until it was replaced by the vacuum tube in 1913. 
 
When Marconi designed the receiver he intended to 
use for the first transatlantic HF experiment, he 
designed it so it could be tuned, and so respond 
selectively to signals of different frequencies -- his 
famous four sevens patent of 1900. This idea was 
however not his own, as was the case for many of 
Marconi's "inventions", but was devised by Oliver  
 

Lodge, who in 1897 had filed four patents. Two dealt 
with improvements to coherers, and two to "tuning" or 
"syntony" [Austin, 1994]. 
 
Fessenden was convinced that a successful detector 
for reception of wireless signals must be constantly 
receptive, instead of requiring resetting as was the 
characteristic of the coherer. Although his experiments 
with wireless receivers began when he was a 
Professor of Electrical Engineering in the Western 
University of Pennyslvania, in 1896/97; it was not until 
1901/02 that he discovered the electrolytic detector. In 
1902 and 1903 he patented the first practical detector 
[US Patents 706,744 and 727,331] -- which he called a 
barretter, a name coined from the French word for 
exchanger. This name implies the exchange of AC for 
DC, i.e. the device behaved like a rectifier, c.f. 
[Pickworth, 1994]. 

Figure 4: The Italian Navy coherer as patented 
by Marconi in September 1901 (Brit. Pat. 18 

105). (Phillips) 
 

 

 

Mercury coherer 
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In Fig. 5 we sketch one of Fessenden's early radio 
receivers using this detector; which was the standard 
of sensitivity for many years until it was replaced by 
the vacuum tube some ten years later. 
 
Fessenden's barretter detector was however useless 
for reception of unmodulated CW. All that one would 
hear would be the clicks as the Morse telegraph key 
was closed and opened. However, very early, some 
11 years ahead of its time, Fessenden's fertile mind 
had already devised a solution. He invented the 
methodology (and the word) for combining two 
frequencies to derive their sum and difference 
frequencies, viz. the heterodyne method of detecting 
continuous waves (US Pat. No. 706,740 dated 12 
August 1902; and Nos. 1,050,441 and 1,050,728 
dated 14 January, 1913). But it was not before 1912-
1914, when the triode's versatility to be an oscillator, 
or RF source, was established, that the heterodyne 
receiver became a practical method for detecting CW. 

Figure 5: An early version of Fessenden's 
receiver which employed an electrolytic 
rectifier (his barretter), a battery and 
earphones. (John Belrose)  

 

 
Today, heterodyning is fundamental to the technology 
of radio communications. 
 
Fleming in 1904 invented the valve diode (known as a 
Fleming valve). The patent which covered its use as a 
detector of Hertzian waves became the property of the 
Marconi Company, and eventually, but not until after 
WWI, Fleming valves were put into operation in 
Marconi stations. 
 
Meanwhile de Forest, who was following the footsteps 
of Fessenden, experimenting with the electric arc as a 
CW wireless transmitter for telephony needed a good 
detector. The electrolytic detector that he had been 
using was judged by The Courts in 1906 to be an 
infringement on Fessenden's patent. As a result he  

 
First Flemming diodes 

 

 
had to change all of his stations to use the silicon 
detector, which had been patented in 1906 by H.H. 
Dunwoody, an officer in his company. Because of this 
incident, de Forest resigned from the company in 
November 1906. De Forest started looking for a better 
valve detector. He made some Fleming valves, and, in 
a moment of inspiration, he added a third element, a 
control element shaped like a grid-iron, called a grid. 
De Forest patented his audion, the first three-element 
valve in 1907. Although the audion was more sensitive 
as a detector than the Fleming valve he was 
prevented from using it for commercial purposes, by a 
lawsuit launched by the Marconi Company (claiming 
infringement in spite of the fact that it was a different 
valve). De Forest did not understand how the valve 
operated, and it remained for Langmuir, Armstrong, 
and van der Pol to discover its full possibilities. The 
time interval between Fessenden's heterodyne 
receiver (1902) and Armstrong's "feedback" receiver 
or regenerative receiver (1913) is the 11 years 
mentioned above. Armstrong's superheterodyne 
receiver was not invented until 1918. 
 

 
Sir John Ambrose Fleming   1849 – 1945 
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4. The First Transatlantic Experiment 
 
On 12 December 1901 signals from a high power 
spark transmitter located at Poldhu were reported to 
have been received by Marconi and his assistant 
George Kemp, at a receiving station on Signal Hill, 
near St. John's, Newfoundland. The signals had 
traveled a distance of 3500 kilometres. Even at the 
time of the experiment there were those who said, 
indeed there are some who still say, that he misled 
himself and the world into believing that atmospheric 
noise crackling was in fact the Morse code letter 'S'. 
 
A little later, in February 1902, when Marconi returned 
to England on the SS Philadelphia, using a tuned ship 

Marconi and Kemp 
 

 
-borne antenna, he received signals using his filings 
coherer from the same sender up to distances of 1120 
km by day and 2500 km by night. Even these 
distances are rather remarkable considering the 
receiving apparatus he used. 
 
We discuss here in detail that first transatlantic 
experiment. 
 
The Poldhu Station 
 
Marconi's ambition at the turn of the century to 
demonstrate long-distance wireless communication, 
and develop a profitable long-distance wireless 
telegraph service, led to his pragmatic proposal in 
1900 to send a wireless signal across the Atlantic. He 
conceived a plan to erect two super-stations, one on 
each side of the Atlantic, for two-way wireless 
communications, to bridge the two continents together 

Poldhu conical aerial  
 

 

in direct opposition to the cable company (Anglo-
American Telegraph Company). For the eastern 
terminal, he leased land overlooking Poldhu cove in 
southwestern Cornwall, England. For the western 
terminal the sand dunes on the northern end of Cape 
Cod, MA at South Wellfleet, was chosen. 
 
The aerial systems comprised 20 masts, each 61 
metres high, arranged in a circle 61 m in diameter. 
The ring of masts supported a conical aerial system of 
400 wires, each insulated at the top and connected at 
the bottom, thus forming an inverted cone. Vyvyan 
[1933], the Marconi engineer who worked on the 1901 
experiment, when shown the plan, did not think the 
design sound. Each mast was stayed to the next one, 
and only to ground in a radial direction, to and away 
from the centre of the mast system. He was overruled, 
construction went ahead, and both aerial systems 
were completed in early 1901. 
 
However, before testing could begin catastrophe 
struck, the Poldhu aerial collapsed in a storm on 17 
September, and the South Wellfleet aerial suffered the 
same fate on 26 November, 1901. 
 
At Poldhu Marconi quickly erected two masts and put 
up an aerial of 54 wires, spaced 1 metre apart, and 

suspended from a triadic stay stretched between these 
masts at a height of 45.7 m. The aerial wires were 
arranged fan shaped, presumably insulated at the top, 
as was his conical wire aerial, and connected together 
at the lower end, see Fig. 1. This photograph has been 
published and republished, and clearly one can see 
only 12 wires -- but the view generally held is that the 
aerial system as described above by Vyvyan [1933) is 
right, that is there were 54 wires, and the photograph 
has been retouched. 
 
The antenna was driven by the curious two stage 
spark transmitter, previously discussed. There were 
many problems in getting it to work at the high power 
levels desired [see Thackeray, 1992]. Our principal 
concern here is the frequency generated by the 
Poldhu station. The oscillation frequency is determined 
by the natural resonant response of the antenna 
system, which includes the inductance of the 
secondary of the antenna transformer T2, since in 
effect the antenna system is a base-loaded monopole 
(see Fig. 2). 
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Note: The following four paragraphs have been 
revised to correct an error (inductance values of 
aerial jigger transformer) in the original version 
of this paper. 
 
The inductance value for the secondary of the 
oscillation transformer or aerial "jigger" (transformer 
T2, in Fleming's sketch in Fig. 2) has long been 
debated, since the original transformer is lost, there 
are no drawings, and reports about it differ (both in 
number of turns and size of frame).  Fleming's notes 
record that the primary was 2 turns paralleled, and 
the secondary had 9-turns; but Entwistle said there 
were 7-turns.  Possible limits for the size of the 
windings range from 45 to 60 cm on a square former.  
Fleming did however tune the oscillator circuit by 
varying the value of the capacity of the discharge 
condenser (Cp), a parallel series connection of 24 
condensers, to maximize the RF current (at 17.5 
amperes). Vvyan has given the value of the 
discharge condenser (Cp) for resonance as  0.037 
µfd. Thackeray [1992] has postulated on possible 
values for the primary (Lp) and secondary (Ls) of the 
oscillation transformer aerial jigger, based on 
measurements by George Grisdale in 1985.  
Grisdale did not make a copy of the coupled coils as 
described by Vyvyan, but a copy of an 1899 coupled 
spark transmitter coil (in the Archives of the British 
Science Museum) on a 20 cm side width wooden 
frame.  Thackeray's supposed values, based on 
these measurements but scaled to a 45 cm side 
width frame, and including (estimated) additional 
stray inductances of 0.29 µH in the primary circuit, 
and 11.5 µH in the secondary circuit, are 2.65 µH 
and 53.8 µH respectively. 
 
I have rather rigorously numerically modelled (using 
the MININEC antenna analysis code) Marconi's 
Poldhu antenna, assuming the fan comprised 12 
wires.  The impedance versus frequency response, 
predicted by MININEC, not shown in this 
reproduction of the original paper, shows that the 
antenna is sharply resonant at a frequency of about 1 
MHz, i.e. the antenna reactance changes rather 
abruptly from capacitive to inductive as frequency is 
changed; and resonance is again approached, 
reactance approaches zero, at a frequency of 3.5 
MHz.  Using Thackeray's postulated values for the 
inductances of the oscillation transformer and aerial 
jigger, the resonant frequency of the primary 
oscillatory circuit (comprising Lp and Cp) and of the 
antenna circuit (comprising Ca, La, Ls), are 508 kHz 
and 477 kHz respectively.  The antenna circuit itself 
is not separately tuned, but resonance is established 
by tuning the discharge capacitor in the primary 
circuit of the coupling transformer to maximize the 
antenna current. Since the resonant frequencies of 
the oscillatory circuit and the antenna circuit are 
closely the same, which they should be for maximum 
 

power transfer, we postulate that the radiation would 
spread about a single frequency, on a frequency of 
about 500 kHz. 
 
Historians have speculated that the transmitter might 
have radiated on a high-frequency as well the 
fundamental frequency, since the receiver used on 
Signal Hill was untuned, and propagation conditions for 
a HF signal would have been more suitable for 
transatlantic communications (to be discussed), see for 
example Ratcliffe [1974].  If Marconi had used a thin 
wire transmitting antenna at Poldhu or the base loaded 
tower that Fessenden used, instead of the multi-wire 
"thick" antenna systems that he consistently employed, 
his antenna would have been sharply resonant at odd 
harmonics of the fundamental resonant frequency (and 
the fundamental resonance response itself would have 
been sharper which would have more closely confined 
the spread of frequencies about the transmit 
frequency).  In fact even though the oscillator circuit 
and antenna circuit were tuned to a MF frequency, it is 
possible that at some HF frequency the antenna could 
have been sufficiently capacitive to resonate with the 
inductive reactance of the secondary of the coupling 
transformer. But the antenna employed is inductive for 
all frequencies greater then its fundamental resonant 
frequency (1 MHz).  Therefore even though the 
antenna's self reactance is approaching zero in the 
vicinity of 3.5 MHz, this is unimportant, since the 
reactance of the antenna circuit is dominantly 
determined by the rather large and increasing with 
frequency inductive reactance of the secondary of the 
jigger transformer, which at 3.5 MHz is + j 1183 ohms.  
One must conclude therefore that the Poldhu spark-
transmitter system radiated efficiently only on the 
coupled tuned resonant frequency of the oscillator 
circuit and antenna system -- about 500 kHz 
(Reference: Belrose, “A radioscientist’s reaction to 
Marconi’s first transatlantic experiment – revisited”, 
Conference Digest, IEEE AP-S Symposium, Boston, 
MA, July 8-13, 2001, Volume 1, pp. 22-25. See 
www.telecommunications.ca/Edited_Manuscript.pdf 
). 
 
Marconi himself has been evasive concerning the 
frequency of his Poldhu transmitter.  Fleming in a 
lecture he gave in 1903 said that the wavelength was 
a1000 feet or more, say, one-fifth to one-quarter of a 
mile (820 kHz is the generally quoted frequency). 
Marconi remained silent on this wavelength, but in 1908 
in a lecture to the Royal Institution he quotes the 
wavelength as 1200 feet.  But in a recorded lecture in 
the early thirties he apparently said the wavelength was 
approximately 1800 metres (166 kHz) and the power 15 
kW, see Bondyopadhyay [1993]. 
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Reception on Signal Hill 
 
For his transatlantic experiment, Marconi decided to 
set up receiving equipment in Newfoundland. In 
December 1901 he set sail for St. John's, with a small 
stock of kites and balloons to keep a single wire aloft 
in stormy weather. 
 
A site was chosen on Signal Hill, and apparatus was 
set up in an abandoned military hospital. A cable was 
sent to Poldhu, requesting that the Morse letter " S " 
be transmitted continuously from 3:00 to 7:00 PM 
local time. 
 
On 12th December, 1901, under strong wind 
conditions, a kite was launched with a 155 m long 
wire. The wind carried it away. A second kite was 
launched with a 152.4 m wire attached. The kite 
bobbed and weaved in the sky, making it difficult for 
Marconi to adjust his new syntonic receiver which 

Kite in the sky above Signal Hill 
 

 

employed the Italian Navy coherer. "Difficult" I will 
accept, but how he determined the frequency of 
tuning for his receiver is a mystery to me. Whatever, 
because of this difficulty, Marconi decided to use his 
older untuned receiver. History has assumed that he 
substituted the metal filings coherer previously used 
with this receiver for the newly acquired Italian Navy 
coherer, but Marconi never really said he did [see 
Phillips, 1993]. He referred only to the use of three 
types of coherers. 
 
Despite the crude equipment employed, and in our 
view the impossibility of hearing the signal, Marconi 
and his assistant George Kemp convinced 
themselves that they could hear on occasion the 
rhythm of three clicks more or less buried in the 
static, and clicks they would be if heard at all, 
because of the low spark rate. Marconi wrote in his  
laboratory notebook: Sigs at 12:30, 1:10 and 2:20 
(local time). This notebook is in the Marconi 
Company archives and is the only proof today that 
the signal was received. 
 
The Enigma 
 
Today we know that signals (depending on frequency 
used) can indeed travel across the Atlantic, and far 
beyond. But in 1901, anyone who believed that they 
could, and did, believed so as an act of faith based 
on the integrity of one man -- Marconi. 
 
If 500 kHz was indeed the frequency used, the tests 
took place at the worst time of day, because the 
entire path would have been daylight, and the 
daytime skywave would be heavily attenuated, even 
though it was a winter day, in sunspot minimum 
period, and there were no magnetic storms at the 
time, or for ten days before. The day-time absorption 
of an ionospherically-reflected signal is a maximum in  

the LF/MF band. Ratcliffe [1974] has deduced that, 
from a knowledge only of propagation conditions, 
reception on Signal Hill is consistent with the observed 
limiting ranges of reception on the ship only if the 
untuned landbased receiver was 10-100 times more 
sensitive than the tuned receiver on the ship. 
 
It is therefore difficult to believe that signals could have 
been heard on Signal Hill, since the receiving 
equipment after all consisted of a long-wire antenna, 
coupled to an untuned receiver which had no means of 
amplification whatsoever, and the type of detector used 
was less sensitive and its performance unpredictable 
compared with Fessenden's barretter detector, or the 
galena crystal detector which evolved a few years later. 
. 
 
5. The First Radio Propagation Experiments 
 
 
 
There is no evidence that Marconi made any serious 
attempt to systematically investigate the 
charactericistics of the HF, MF and LF portions of the 
radio frequency spectrum when he began the 
downward frequency trend, in his struggle to achieve 
transatlantic wireless communications. He did not do 
this until 20 years later, in the early 1920's, when 
attracted to the HF band by amateur radio operators. 
The radio amateurs had been banished to the then-
believed useless frequencies higher than 1500 kHz. 
 
The first record showing qualitatively the variation of the 
intensity of transatlantic messages transmitted between 
Brant Rock, MA and Machrihanish, Scotland, at night, 
during the month of January 1906 is reproduced in Fig. 
6 [Fessenden, 1908]. Nothing at all was received that 
month during daytime. 
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Figure 6: Curve showing the variaton of the intensity of transatlantic signals for the month of 
January, 1906. Unity corresponds to a just audible message. Such a curve is certainly one of 
the first reocrdings of LF propagation data. (Fessenden)  
 

 
 
 

 It was found (measurements made during 1906) 
that absorption at a given instant was a function of 
direction as well as distance, since on a given night 
the signals received by stations in one direction 
would be greatly weakened, while there would be 
less weakening of the signals received by stations 
lying in another direction; and a few hours or 
minutes later the reverse would be the case. It was 
also found that variations of absorption on 
transatlantic signals appeared to have a quite 
definite relation with variations of the geomagnetic 
field, i.e., the greater the absorption the greater the 
magnetic variation [Fessenden, 1908]. 
 
Experiments were made between Brant Rock and 
the West Indies, a distance of 2735 km, during the 
spring and summer of 1907. Frequencies in the 
band 50 kHz to 200 kHz were used. It was found 
that the absorption at 200 kHz was very much 
greater than at 80 kHz, and that messages could be 
successfully received over this path in daytime at the 
latter frequency. Antenna radiation efficiency was an 
important factor for frequencies less than 80 kHz. No 
messages were received in daytime with the higher 
frequency. 
 

6. Verifiable Transatlantic Radio 
Communications 
 
The first East-West transatlantic radio transmission was 
made during October 1902 from Poldhu, Cornwall to 
the Italian cruiser Carlos Alberto anchored in the 
harbour of Sydney, NS with Marconi aboard. The 
frequency employed was about 272 kHz. This 
successful transmission was considered an 
experimental prerequisite to the start-up of the 
permanent land based wireless Marconi station under 
construction at Glace Bay, NS. 
 
The first West-East transatlantic radio transmission was 
recorded on 5 December 1902 between Glace Bay and 
Poldhu. The frequency was about 182 kHz. 
 
The first Canada/UK transatlantic radio message (as 
opposed to hearing the signal) was sent from Glace 
Bay to Poldhu on 15 December 1902. It was a press 
message from a London Times correspondent at Glace 
Bay to his home office. 
 
 

The fact that these experiments were made during 
summer, that the receiving station was in the 
Tropics (high noise levels), and the fact that the 
distance, 2735 km was practically the same as 
between Ireland and Newfoundland was reported 
by Fessenden [1907]. After publication of the above 
results, Marconi, in early October, 1907 abandoned 
his previously used frequencies, and immediately 
succeeded in operating between Glace Bay and 
Clifden, a distance of more than 3000 km, the 
frequency being about 70 kHz. The same 
messages were received at Brant Rock, MA, a 
distance of nearly 4825 km. A little later Marconi 
moved to an even lower frequency, 45 kHz. 
 

Marconi magnet detector 
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The first USA/UK transatlantic radio message 
received at Poldhu from the Marconi station at South 
Wellfleet, MA was from President Roosevelt to King 
Edward VII, on 18 January, 1903. 
 
History has recorded that the above messages were 
successfully transmitted, but how well these 
messages were received is a matter of conjecture. 
In 1902-c.1912, both the Clifden and Glace Bay 
stations were using "disc discharger" transmitters, 
and a form of current operated receiver (Marconi's 
magnetic detector). It is clear that Marconi was still 
struggling in 1908 to achieve reliable transatlantic 
radio communications. It is interesting to read a 
letter written on 19 March, 1909 to Hon. Chauncey 
M. Depew, US Senate, Washington, DC, signed by 
five members of The Junior Wireless Club (now The 
Radio Club of America). The thrust of the letter was 
to comment on a proposed bill before the Senate, 
that would in effect restrict the use of the air waves 
by radio amateurs, because of presumed malicious 
interference caused by radio amateurs. I quote from 
a part of that letter, which can be found in the 
Seventy-Fifth Anniversary Diamond Jubilee Year 
Book of The Radio Club of America, 1984: 
 
"At the Narragansett Bay there were certain Naval 
tests made about two years ago, and the various so-
called Wireless Companies wanted to get the first 
news to the newspapers of these tests, so as to 
boom their companies' stocks, and to say the news 
was received first through their company, and when 
some of them found they were unable to cut out 
interference between themselves, in order to prevent 
other Wireless Companies from getting the news 
first they sent a lot of fake messages of confused 
dashes. 
 
Only a few of the so-called Wireless Companies have 
efficient methods of cutting out interference, and 
these are the companies that are now crying for the 
most protection. 
 
"You probably have heard of the tests made last 
year between Glace Bay, NS and Clifden, Ireland, 
when the National (Electric) Signaling Company 
(Fessenden's Brant Rock station) picked up the 
messages, which Marconi, on the test, was unable 
to deliver between his own stations, from both Glace 
Bay and Clifden, Ireland, in spite of the fact that the 
Marconi Company kept up a constant interference of 
dash, dash dash, from their Cape Cod Station for 48 
hours without interruption, but the National (Electric) 
Signaling Company paid no attention to such 
interference and picked up all the messages, which 
Marconi was unable to exchange between their own 
stations, and all these messages were handed over 
to Lord Northcutt at the Hotel St. Regis." 
 

Marconi himself, in his 1909 Nobel Prize address said: 
"What often happens in pioneer work repeated itself in 
the case of radiotelegraphy. The anticipated obstacles 
or difficulties were purely imaginary or else easily 
surmountable, but in their place unexpected barriers 
presented themselves, and recent work has been 
directed to the solutions of problems that were neither 
expected or anticipated when long distances were first 
attempted". Certainly after Marconi's first transatlantic 
radio experiment in 1901, he found that the realization 
of reliable transatlantic radio communications was more 
distant (for him) than he realized at the time. 
 
The first two-way transatlantic radio telegraphy 
transmission took place on 10 January 1906, between 
Fessenden's stations at Brant Rock, MA and 
Machrihanish Scotland. Repeatedly regular exchange 
of messages across the Atlantic Ocean took place on 
most days during winter, spring and into early summer. 
The frequencies used were in the 80-100 kHz band. 
The reliability and the quality of signal reception (signal-
to-noise ratio) for the Fessenden system must have 
been very much better than anything Marconi could 
achieve at this point in time. Fessenden was using his 
synchronous rotary-spark transmitters at both ends, 
and tuned receivers with his barretter detector. The 
signals were superior to other signals used at the time, 
which by comparison were rough and ragged. His 
antenna system was an umbrella top-loaded radiator 
128 metres high. The Marconi antennas were multi-wire 
conical structures, or wire antennas with extensive top 
loading, 61 metres high. Since the radiation efficiency 
of electrically short antennas varies (approximately) as 
the height of the antenna red, Fessenden's antenna 
systems were probably four times more efficient than 
Marconi's. 
 
Radio telephony 
 
At the turn of the century Fessenden was using a spark 
transmitter, employing a Wehnelt interrupter operating 
a Ruhmkorff induction coil. In 1899 he noted, when the 
key was held down for a long dash, that the peculiar 
wailing sound of the Wehnelt interrupter could be 
clearly heard in the receiving telephone. He must have 
had a detector of some sort that was working for him, 
even at this early stage in the development of wireless. 
This suggested to him that by using a spark rate well 
above voice band (10,000 sparks/sec), wireless 
telephony could be achieved; and this he did 
transmitting speech over a distance of 1.5 km on 23 
December 1900, between 15 metre masts on Cob 
Island, MD [Belrose, 1994a; 1994b]. 
 
In autumn of 1906 Fessenden had his HF alternator 
working adequately on frequencies up to about 100 
kHz. About midnight in November, 1906 Mr. Stein at 
Fessenden's Brant Rock station was telling the operator 
at a nearby test station at Plymouth, MA how to 
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run the HF alternator. It was usual for these two 
operators to use speech over this short distance. 
However his voice was heard by Mr. Armor at 
Machrihanish, Scotland with such clarity that there 
was no doubt about the speaker, and the station log 
books confirmed the report. 
 
Fessenden's equipment was working exceptionally 
well in the early hours of that morning, and 
(remarkable for that time) the echo of the telegraphy 
signals from the Scotland station could clearly be 
heard one fifth of a second later, having travelled the 
long way around the earth. 
 
The Machrihanish tower crashed to the ground on 5 
December, 1906 during a severe winter storm. The 
station was never rebuilt, and so Fessendeil's 
transatlantic experiments came to an abrupt end. 
 
Fessenden's greatest success took place on 
Christmas Eve 1906, when he and his colleagues 
presented the world's first wireless broadcast. The 
transmission included a speech by Fessenden and 
selected music for Christmas. Fessenden played 
Handel's Largo on the violin. That first broadcast, 
from his transmitter at Brant Rock, MA was heard by 
radio operators on board US Navy and United Fruit 
Company ships equipped with Fessenden's wireless 
receivers at various distances over the South and 
North Atlantic, and in the West Indies. The wireless 
broadcast was repeated on New Year's Eve. The 
transmitter was an HF alternator, in which one 
terminal was connected to ground, the other terminal 
to the tuned antenna, and a carbon microphone was 
inserted in the antenna lead. 
 
Recall that Fleming, in the first edition of his book on 
Electromagnetic Waves published in 1906, stated 
that an abrupt impulse was a necessary condition for 
wireless transmission, and that high frequency 
currents, even of sufficient frequency could not 
produce radiation. The highest frequency of HF 
alternators prior to the summer of 1906 was about  
 

7. Concluding Remarks 
 
There are those that say that Marconi's greatest 
triumph (the mother of all experiments) was when he 
succeeded in 1901 in passing signals across the 
Atlantic. There are those that say that he misled himself 
and the world into believing that atmospheric noise 
crackling was in fact the Morse code letter 'S'. Whether 
Marconi heard the three faint dots or not is really 
unimportant. His claim "sparked" a controversy among 
contemporary scientists and engineers about the 
experiment that continues today. 
 
Certainly engineers and scientists of the present day 
are unanimous in admiring the bold and imaginative 
way in which Marconi attempted to take one 
spectacular step forward, to extend the range of 
wireless communications from one or two hundred 
kilometres to the 3500 kilometre distance across the 
Atlantic ocean. 
 
The world has acclaimed Marconi as the "father of 
wireless", although some say that Alexander Popov and 
Oliver Lodge were first in the field. History has 
accredited Marconi with the invention of an early form 
of radio telegraphy. 
 
Fessenden's continuous waves, a new type of detector, 
and, his invention of the method as well as the coining 
of the word heterodyne, did not by any means 
constitute a satisfactory wireless telegraphy or wireless 
telephony system, judged by today's standards. They 
were, however, the first real departure from Marconi's 
damped-wave-coherer system for telegraphy which 
other experimenters were merely imitating or modifying. 
They were the first pioneering steps toward radio 
communications and radio broadcasting. 
 
Today, heterodyning is fundamental to the technology 
of radio communications. Some historians consider 
that Fessenden's heterodyne principle is his greatest 
contribution to radio science. 

10 kHz. This belief, and an earlier belief that the 
terminals of an antenna had to be bridged by a 
spark, show how wrong some of the early "experts" 
were. 
 
Continuing in the same vein, Fessenden in his 1908 
paper restated his long held view: "The coherer is 
well adapted for working with damped waves, but the 
coherer-damped wave method can never be 
developed into a practical telegraph system. It is a 
question whether the invention of the coherer has not 
been on the whole a misfortune as tending to lead 
development of the art astray into impracticable and 
futile lines, and thereby retarding the development of 
a really practical system". 
 

SIR OLIVER JOSEPH LODGE (1851-1940) 
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Edwin Howard Armstrong's super-heterodyne 
receiver is based on the heterodyne principle. Except 
for method improvement Armstrong's 
superheterodyne receiver remains the standard radio 
receiving method today. 
 
Fessenden, a genius, and a mathematician was the 
inventor of radio as we know it today. 
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