
 
  

I 
N the very earliest days of railroading, the 
only communications needed had to do 
with letting the using public know when 

and where the train would leave, and when it 
was hoped to arrive at its destination. In most 
instances when there might be two trains on the 
same track, each sent runners ahead 
when curves or weather prevented clear 
vision ahead, and the going was slow.  
But it was faster than horse-drawn 
wagons and coaches, so it was 
tolerated, and eventually visible signals 
were devised, operated by railroad 
employees whose job was to detect 
(usually visually, but also by sounds on 
the rails) any rail traffic other than the 
train they were shepherding, and to set 
warning signals that “their” train would 
see and take heed.  Often these signals 
were placed before long curves,  in and 
around forests and mountains, and in 
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places where other tracks joined “their” track.  
If a siding were located upstream of the signal 
flagstaff, the train might be shunted onto the 
siding until the other traffic passed.  
 
Timing was critical, and every effort was made 

to keep trains on schedule, and failing 
that, spreading the schedule to avoid 
collisions.  The need for keeping to a 
tight schedule created the legendary 
“railroad watch.”  This was usually a 
21- to 23-jewel pocket watch that had 
Arabic numerals on its face, was never 
stem-reset, and came from a reputable 
maker. The Illinois Watch Company 
made many such watches, like the 
Bunn Special and the Sangamo 
Special.  It was customary for 
engineers, crew, and dispatchers to 

check their watches and, when the 
(Continued on page 3) 

 

RAILWAY COMMUNICATIONS 
BY ED LYON  

Many of us old timers recall the bistro ballads like “The Wreck of Old 97” and “The Ballad of Casey 
Jones.”  They were about freight train engineers that raced to try to regain slipped schedules, and per-
ished in the ensuing wrecks.  This piece is about the ways that railroad-men carried out critical commu-
nications over the history of rail traffic in America.  Radio came along, but only relatively recently, as 
we shall see. 

Typical railway sig-
nal light of c.1904 
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Navy finally got radio station NAA on 
the air on a full schedule, all such 
trainmen checked their watches 
against Naval Observatory time, 
relying on the belief that at the other 
stations, crews were doing the same. 
 
But in the 1840s, long before NAA, 
the telegraph had been invented, and 
the first users of that invention were 
the railroads [1].  Adopting the 
telegraph was very straightforward, 
since the railroads ran over relatively 
gentle ground, and were relatively 
straight, and therefore their rights-of-
way could easily accommodate 
telegraph lines on poles.  Since there 
were many places along the railway 
that needed to be contacted on a 
regular basis, such as at stations, where other 
lines joined or crossed, where sidings were 
located, and at bridges, tunnels, and coal/water 
replenishment stops, the need grew for selective 
signaling, in which the dispatcher, who was in 
overall charge of rail traffic on a given line, 
could converse with workers at all these places, 
without the necessity of running separate wires 
to each possible correspondent.  Telegrapher call-
signs were being used, and the operators all 
learned to recognize their callsign among the 
clattering of the talegraph sounders and other 
office noise, and would immediately respond and 
read the message, taking whatever action it 
required. 
 
Codes were developed for the telegraph system, 
so that messages could be kept brief.  The 
simplest codes were published in books kept 
securely by the dispatchers and key office clerks, 
and the meanings of most-used codes became 
common knowledge among the telegraphers, and 
were not really aimed at security, but to message 
brevity and reduced costs.  During the Civil War, 
though, additional security codes were developed 
and used, mainly to prevent the intercept and 
physical seizure of trains carrying critical 
material or important people.  Both Union and 
Confederate troops learned the telegraph codes 

(Continued from page 1) 

and would inject false messages, trying to 
entrap trains that might be loaded with 
materials they could use.  All this time the 
telegraphy system was supplementing and 
confirming the semaphore signals that were 
especially  vulnerable to false signaling by both 
field armies.  In maintaining military guard 
over the trains, the tracks, and the stations and 
signals the Union army generally succeeded in 
limiting the damage to the transportation 
system, requiring the presence of troops aboard 
trains, in stations, and at switches and railyards, 
as well as patrolling the wire lines along the 
tracks. 
 

(Continued on page 4) 

Edison telegraph with his phonoplex (at arrow) for doubling the 
number of messages per line. 
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But the main impetus in using codes in 
telegraphy on the railways was not for security 
or secrecy, but for condensation of messages to 
get more of them through the already crowded 
wires running trackside on most railroads.  
Edison, in the 1910-1920 decade, before the 
proliferation of these services via telephone, 
rather than telegraph, came up with his 
Phonoplex, a device that used such a small line 
current level that the users could dispense with 
one of the wires in a pair, and use the earth 
ground for the return. (It was cleverly noted, in 
that device’s use, that it was beneficial 
periodically to ground the tracks themselves, 
thus letting the track help return these signals.  
The issue then was the plan to use the track 
conductivity to control emergency semaphore 
and light signals for the train operators, such as 
in sensing the presence of another train in the 
section ahead, whose presence would short the 
tracks together, thus setting the signal lights.  
Incidentally, the Edison Phonoplex involved 
substituting a large telephone receiver or 
earphone for the usual telegraph sounder.  This 
rather oversized telephone receiver had a brass 
hammer-like device on the diaphragm which 
clattered against another brass arm to simulate 
the sound of a telegrapher’s sounder.  His 
telephone receiver was some ten times more 
sensitive that the regular sounder, and was 
markedly more sensitive than even a relay-
operated sounder. 
 
By the time the 20th century began, the 
telephone had grown in popularity with the 
railroads to the extent that it pretty much 
matched the telegraph in scope.  The phone 
could transfer instructions in far less time that 
could telegraphy, but the problem there was in 
selective signaling.  Tying many phones 
together via wires was not sufficient to allow 
them to be used effectively, until some sort of 
indication as to whom the message was directed 
could be devised.  In a train station housing the 
dispatcher, several clerks, some telegraphers, 
and a score of switchmen and rail workers, it 
was important to be able to direct a phone call 
to the person or office that could attend to the 

(Continued from page 3) issue at hand, since “word-of-mouth” relaying 
of such instructions or directions was fraught 
with errors, and could lead to disasters.  Codes 
were still in use, but these were aimed at further 
saving of time, since a simple two-digit number 
could tell a switchman to throw signals and 
switches to slow and then divert a short freight 
train onto a siding until some other train has 
passed through the area, whereas another two-
digit number might then reverse this action nd 
restore the original freighter’s progress. 
 
The lack of an effective way to direct phone 
calls on a line to a particular person’s phone 
was though to be solved several times, at least 
once by use of coded ring patterns.  It was just 
like a large party-line, but the noise levels in 
these places often upset the ring tone 
recognition, and led to the need to renew the 
call, sometimes several times.  What was 
needed was a selective calling system that 
would activate only the phone belonging to the 
person to whom the message is intended.  While 
the telephone systems first tried by the rail lines 
were privately owned, the problem of 
integrating these short-range networks with 
other nets moved the issue of collision or 
blockage avoidance in local short lines to the 
long-distance rail lines.  It was not long before 
major phone systems became involved, and 
compatibility problems surfaced.  The common 
use of coded ringing patterns continued, despite 
the delays they caused through mistaken call 
pickups owing to errors in recognition of ring 
patterns because of  high noise levels.  It was 
yet more difficult in large stations where several 
different phone systems were operating almost 
side-by-side.   
 
A second problem with the use of ring patterns 
for call direction was that these systems used d-
c ring voltages which caused blockage of voice 
signals during the ring periods.  Most major 
railroad companies had to resort to phone 
operators and switchboards to handle the call 
direction, but this was expensive to maintain, 
and still left the station or depot with the 
problem of individual phone lines from the 
switchboard to each phone instrument, plus the 
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the line for talking or listening.  The decoding of 
the pulses sent was the key that enabled this 
phone to operate. 
 
That decoding was clever.  As noted above, the 
total of code numbers would always be 17, but 
only Switchman 7’s phone decoder was set to 3-
6-8.  In the decoder was a pawl-and-ratchet 
operated wheel which advanced one notch for 
each half cycle of the slow a-c.  In other words, it 
advanced one notch with either a positive pulse 
of current, or a negative pulse.  So, when the first 
three-pulse string of pulses arrived, the wheel 
would be ratcheted around six full spaces, where 
on this particular wheel there was a pin inserted 
at that notch.  The pin was caught by a little 
metal flapper, so that the wheel would not spring 
back to zero immediately after the three pulses.  
Then after a pause, the wheel got advanced again 
by the string of 6 pulses, where , in this phone, 

(Continued on page 6) 

use of ring-pattern codes to separate the calls 
directed to different agents in a given office.  
Western Electric came to the rescue in this 
problem, with their No. 60 Signaling System 
which had the job of directing calls from the 
common phone lines to the specific phone 
instrument of the person who was intended to 
receive the call.  For example if the Dispatch 
office needed to have a set of rail switches 
thrown at a certain location, for shuttling some 
number of freight cars from a long train onto a 
factory siding, the call could be directed to the 
particular switchman’s shack near the siding even 
though his phone was party-lined with a dozen 
other similar offices along that section of railway.  
This was commonplace in industrial areas, and 
back in the late 1930s this author saw these 
arrangements in places like Pittsburgh’s nearby 
mill towns where the Pennsylvania Railroad 
passed by (or through) perhaps a hundred steel 
and assembly mills between Pittsburgh and the 
Ohio-Pennsylvania border.   
 
The WE No. 60 was a clever electro-mechanical 
system in which a-c signals were sent on the 
phone lines to actuate a ratcheting relay which 
toggled a rotary switch-like armature.  The a-c 
signal was actually created as a square wave, 
with a frequency of slightly more than 3 Hz.  The 
generation of these signals was by a rotary 
contactor that connected a positive d-c source to 
the line for about 16 milliseconds,  followed by a 
negative pulse of the same length, when released 
by the sender’s key.  Each recipient was assigned 
a code consisting of three numbers that added up 
to 17.  A typical code might be 3-6-8, which 
would release the contactor wheel to rotate to 
release three of these “cycles” of a-c followed by 
a pause, then 6 cycles, another pause, and finally 
8 cycles, and then a third pause after which the 
sender could talk, as soon as the recipient picked 
up the receiver and said “Switchman 7,” or 
whatever greeting was appropriate at the time.  
At the various receivers on the line, all would 
respond to the series of pulses in the same 
general way, but only one (the one in Switchman 
7’s shack) would connect the phone instrument to 

(Continued from page 4) 

Above: W.E. No. 60A Signaling System box. 
Below: The stepping pawl and ratchet wheel of 
the Model 60A unit. 
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by the phone companies, who began operating 
the phone systems for the railroads.  This system 
of communication – a mixture of telegraph and 
telephone, using wire lines alongside each other 
in most all rail rights-of-way became a familiar 
sight for the next half-century, when more 
modern methods gradually took over the task.  
 
Radio became a possibility as early as 1925, but 
found the service suffered from high electrical 
noise levels and poor coverage in urban, 
suburban, and hilly areas.  Furthermore, with the 
technology then available, privacy and security 
of the signals was another obstacle, necessitating 

(Continued on page 7) 

the wheel had another inserted pin, causing the 
wheel to stop again for the second pause.  Finally 
the string of 8 pulses arrived, and they ran the 
wheel around to the 17th possible stop, where 
there was a switch contact, which held the wheel 
and closed the circuit from the phone line to 
Switchman 7’s phone instrument, and lit a small 
lamp bulb on it.   He then could answer the 
phone and talk and listen to his instructions.  
Other phones on that line, and there would be 
many such, would have reacted somewhat 
differently, as they were set with different codes.  
For example, a phone with the code 4-6-9 would 
have had its ratchet wheel rotate to the three-
pulse position;  during the pause that followed, 
finding no pin there to hold the wheel in that 
position, that phone decoder would have released 
the ratchet wheel to spring back to the zero 
position.  The next string of pulses would also 
yield the same result, as would the third string, 
so that phone would never get connected to the 
line until a call directed to it, preceded by the 
proper pulse-train code, was sent by someone. 
 
In the transmission of these coded low-frequency 
a-c current waves down the line, the sharp 
square-wave-like shapes would become rounded, 
somewhat, because of the stray capacitance and 
inductance of the phone lines, but was switched 
onto the line asa square-wave by the caller’s 
instrument one a-c cycle at a time. A familiar 
sound in the phones was the thump-thump-
thump of the code pulses passing down the lines 
or nearby lines, a reassuring sound to the railway 
men that their phone system was up and running. 
This Western Electric selective calling system 
was first used just before our entry into World 
War I, and was adopted by the Pennsylvania and 
New York Central lines during the war.  The 
telegraph lines already in place along most 
railways, having been emplaced by the rail line, 
itself, or Western Union’s crews, were purchased 

(Continued from page 5) 

FOR THE RECORD: 

 
The current COVID-19 pandemic has forced the curtailment of all non-essential meetings and assemblies of 
persons, and that includes, of course, our radio club membership.  The January meeting consisted of a phone 
and internet-based ZOOM meeting, which was quite successful, with over 68 participants.  An auction of some 
old radios was featured in January, and, although the pace could have been more brisk, we were all learning 
how to do these on-line auctions.  Another is planned for the near future.  See the MAARC website for details. 

Phone service inside a deluxe express train; This 
phone could be reserved for a handsome tip, and 
was used only while the train was stopped in the 
station.  The attendant oversees the allotted time. 
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the use of codes, much like those of the merchant 
seamen of that time.  The code system required 
more time per message, though, and simply 
establishing solid and secure contact was very 
time- and attention-consuming, so that radio 
communications became restricted to local 
messaging between the train crews and the 
nearby station or dispatch office when the train 
was stopped or stopping at the trip’s beginning or 
ending times.  For privacy and security of any 
messaging between station and train, itself,, 
inductive transmitting and receiving coils were 
embedded beneath marked areas near the stations  
where the train could couple to those  as it rolled 
slowly or stopped, these linking with similar 
inductors under fuel-tender or crew car 
(caboose).  These systems used VLF or LF 
channels well below the broadcast band, and had 
to work in very high noise levels.  Ordinarily, 
however, there was in that era, no regular way to 
send text or voice messages from stations or 
dispatchers to moving trains.  In the event of 
some emergency, like a rail breakdown or 
accident in some distant location, trains enroute 
through that section of track can be signaled by 
trackside light or semaphore signals, originally 
manually set by the nearest track-crew, upon 
notification from the dispatcher of the outage.  If 
the area involved is double-tracked, trains known 
to be enroute that section would be warned of the 
outage by signal lights and the need to be 
switched onto the alternate track until past the 
outage and then switched back onto their 
scheduled track.  Signals involved would also 
slow all the traffic in that area to avoid possible 
accidents in the bypassing operation. 
 
Several manufacturers concentrating on LF and 
VLF equipment tried their luck with the 
railroads, but the obstacles were making the 
required R&D investment prohibitive, but they 
pressed some of their Navy LF radio methods on 
the Rail industry with poor luck.  In the WW2 
era, one company, Railway Communications, in 
Missouri, sought to make test equipment for the 
railways to use on their existing telegraph and 
telephone systems, and branched out into LF and 

Continued from page 6 

VLF radio gear, both transmitting and receiving, 
at low power, hoping for acceptance of 
multiplexed carrier-current systems using the 
existing telegraph and telephone wires, which ran 
directly along most railways, anyway, and might 
even work as ways of conducting signals directly 
to and from the moving train crews.  Tests were 
run, and communicating signals to the trains 
seemed to be feasible, but the return signaling 
was very weak and of poor quality.  They 
broadened their equipment offerings, and found 
their LF/VLF receiving gear, having been 
instrumented to be able to measure signal 
frequency, bandwidth, numerical signal strength, 
and distortion, made a good test/diagnostic instru-
ment to have at most any LF/VLF facility, and 
their railway equipment became better known as 
test gear for the VLF Navy than for any other 
users.  
 
Despite the limited coverage of ordinary AM 
broadcast stations, some passenger trains began, 
in the late 1920s, to provide broadcast receiver 
service on some trains, usually in the dining or 
club car, so that the passengers could catch the 
latest news, stock-market reports, or music.  
Reception was spotty, though, except in long 
stretches of the flatlands of the midwest. In the 
hilly east and mountainous west, these radios 
remained switched off, or removed from the cars.  
Several attempts at LF broadcasting (at 80 to 300 
kHz) to moving trains were attempted, but caught 
on only in Europe, where LF broadcasting had 
always been part of the radio picture.  In America, 

The author’s Rycom (Navy) model TS-2431/UR 
VLF-LF Signal Analyzer, combining a fine receiver 
and an A-C VTVM; 30 Hz - 430 kHz coverage. 
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 LF was attempted for maintenance crews and as 
a replacement for the railway telephone in areas 
where the lines would become fouled, such as 
along the Atlantic seaboard, or in the snowbound 
Rockies.  Reliability in the face of high electrical 
static-like interference was always an issue.  The 
use of LF or VLF radio did work, however, as a 
substitute for the telephone and telegraph, in 
areas relatively close to maintenance depots and 
in new construction areas.  This mode also found 
a niche in disaster zones, such as after hurricane 
strikes and floods.  In such events, the radio 
systems that were installed were operated by 
professional radio operators (and ham operators 
in dire emergencies) working alongside the 
railroad crews. 
 
The increase in use of telephone traffic on the 
railways coindided with a decrease in use of 
ytelegraphy on those same lines.  The gaggle of 
overhead wires often seen running along the 
tracks in rural areas kept their place during this 
transition from telegraph to phone, the 
ownership of the wires simply transferred or the 
unnecessary wires left in place as spares. 
 
Although the telegraph, and to a greater extent 
the telephone continued in use on railways, it 
was , after WW2, gradually being replaced by 
wireless links, especially in long stretches in the 
midwest and far west.  In those places, the phone 
companies erected microwave links to span great 
distances, and then resumed the wire ties for the 
congested areas, usually containing major rail 
hubs.  In those hubs, the system remained 
somewhat similar to that in the 1920s, except 
that coaxial overhead and underground cables 
often combined, through multiplexer electronics, 
to crowd many messages on a single cable which 
interconnected hubs where these multiplexed 
signals would be “de-muxed” and restored to 
individual wire lines, which, in recent years have 
given way to fiber optic lines and cellular phone 
links.  The electronics industry has tried to keep 
up with the times, by absorbing the changes in 
mode, and somehow maintaining the needed 
services to these aged modes of transportation.  
 
Currently, the railroads operate much like the 

airlines.  GPS location and time is relied upon, 
and in the case of long tunnels and metal-laced 
bridges, GPS service is maintained through the 
use of pseudolites, which take the part of GPS 
satellite transponders, smoothly substituting their 
pulses for those normally masticated by the GPS 
receivers everyone uses, including the railroad 
engineers.  For long-haul communications, the 
railways use satellite links, like television and 
radio networking does, adding cellular phone 
demultiplexing for local distribution of signals to 
the users.  Signal routing is controlled by the 
code (the telephone number) for each phone user, 
just as is done in the ordinary landline or cellular 
phone system.  It is not clear what the fall-back 
methods look like, or how seamless they might 
be.  In the event of some sort of major disaster, 
the cellular phone network in this country doesn’t 
fare well in the immediate disaster area, and 
more primitive, but stout, methods usually 
manage to get to the area and provide emergency 
communications until the normal links are 
restored. 
 
The COVID-19 pandemic has illustrated the 
effects of a large scale failure of long-haul 
passenger transport, affecting airlines, trains, and 
interstate buses.  In this case it was, of course, 
not a failure in the services, but an absence of 
passengers, but the result is similar - the service 
fails, and some parts may never be brought back, 
economically.  It is expected that any physical 
failure of  transportation would be kept localized, 
as in hurricane, earthquake, or other similar 
disaster, and therefore it must be expected that 
relief from such a disaster would follow past 
experiences, and would involve military, 
industrial, and amateur services pressed into the 
breach, plus a reliable memory of how we did it 
in prior such events. 
 
End note: 
 
[1] WWV became the time standard in later 
years, and the post-WW2 establishment of 
WWVL as an LF time standard allowed 
nationwide coverage of reliable time signals. 
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T 
HE year 1952 saw radio engineer John 
Dunlavy busy designing signal intercept 
systems for the U.S. Air Force.  Most of 

the characteristics of these systems were then 
classified, so that his work was never widely 
known through the usual papers delivered at pro-
fessional conventions.  He was faced with the 
task of designing antennas that efficiently cov-
ered a wide frequency range, and yet would fit 
on an aircraft of USAF choice.  The required 
gain figure was not onerous: 6 decibels would be 
sufficient, but space was limited and the fre-
quency range ran from 100 to 1000 MHz.  The 
directivity requirement could be met with simple 
Yagi-Uda (commonly referred to as “yagi”) an-
tennas which were very popular in the Ham com-
munity, and for the growing TV population [1].  
But a simple calculation showed him that he 
would need more that ten such antennas, making 
the aircraft appear to be related to the porcupine 
family. 
 
But his yagi calculations did show that it might 
be possible to combine the yagi antenna units 
onto fewer than ten mounts.  But first, let us see 
what constitutes a yagi antenna, just to get our 
readers all onto the same page.  The figure on 
this page shows a simple yagi , more exactly, a 
three-element yagi antenna.  It appears to be sim-
ply three rod-like dipole elements of slightly dif-
fering lengths and spaced somewhat irregularly.  
As a receiving antenna the nearly circularly-
shaped lobe shown in the figure represents the 
directive nature of the yagi design.  It shows that 
the directivity is modest, perhaps 60 degrees 
wide, meaning that signal sources over a 60-
degree directional span would be received rela-
tively uniformly well over that span – well, at 
least within two-to-one in received signal power.  
The problem with yagi antennas is that they op-

erate well only over a narrow bandwidth, per-
haps 10 - 15 % about the frequency at which the 
active driven element is a half-wavelemgth in 
span.  This bandwidth is possibly stretchable to 
20 % by making the rod-like elements fat or ta-
pered (outward)  in shape, like bow-ties. 
 
But Dunlavy saw another feature: the longest 
(rear) yagi element, acting like a reflector, and 
the shortest (front) element, acting like a direc-
tor, form a combination tending to make the one-
way directivity of the yagi possible, and it was 
known to be improved by adding more and more 
director rods, but was unaffected by adding more 
reflector rods.  So a yagi with a large number of 
director rods and an large number of mostly un-
necessary reflector rods would appear to be a 
triangular array of such rods, with one of these 
rods tapped at its center to become the active di-

(Continued on page 10) 

LOGARITHMICALLY PERIODIC ANTENNA ARRAYS 
BY ED LYON 

In 1956, Collins Radio began marketing a new antenna design that combined compactness with efficiemcy and 
constant gain over a near-decade of wavelengths. They intended it for amateur use, covering the ham bands 
from 40 meters to 5 meters, a full 8:1 frequency range.  Within five years a wide assortment of antennas de-

signed on the same principles were available, and everybody was making or buying them.  These were the now-
common logarithmically periodic arrays (LPAs). 

General concept of a simple Yagi antenna. Here,  
if it is transmitting, it sends to the right. 
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pole.  Furthermore, if he could tap into any of 
the rods in the array, it would still behave like a 
yagi antenna, but since the rods get progressively 
shorter toward the “front” of the array, and 
longer toward the “back,” some clever method of 
selecting the rod to be tapped at its center would 
allow him to make the yagi array work over any 
desired frequency span.  The calculated place-
ment of the many director rods (the progres-
sively shorter forward  rods) and reflector rods 
indicated that their spacings should be logarith-
mic, and not linear.  Their lengths would then be 
linearly related to the wavelengths, or inversely 
with the frequencies. 
 
The problem then was in how to move the feed 
point to the rod that was resonant at the fre-
quency to be received.  To work this part out, he 
converted the test antenna he had constructed to 
a transmitting role, rather than receiving, believ-
ing that antennas were reciprocal; that is, their 
receiving properties are very much like their 
transmitting properties.  As a transmitting an-
tenna, he could feed it very weak signals and de-
tect the radiation from the various parts of the 
antenna with a tiny “sniffer” probe that fed a 
sensitive receiver.  It was with this setup that he 
found that the shorter rods on the “forward “ side 
of the resonant rod of interest could be left con-
nected to the feedline that was feeding that reso-
nant rod, if their connections to the balanced 
feedline were alternated from rod to rod, since 
the shorter-than-resonant rods acted simply as 
capacitive lumps on the feedline, and alternating 
their feedline connections canceled any low-
level radiation they would produce.  This indi-
cated that this arrangement absorbed very little 
of the feedline’s current, for the bulk of the 
feedline current found a proper impedance at the 
resonant element and disappeared into that ele-
ment.  Meanwhile the rods beyond the resonant 
rod, acting as reflectors in the yagi mode, had 
very little current available, since it was all ab-
sorbed and radiated away by the rod which was 
resonant. 
 
This arrangement was also found to be useful in 
combining (arraying) two such “super-yagi” an-

(Continued from page 9) 

tenna arrays, side by side, if the builder also ta-
pered their placement so that similar-length ele-
ments in the two antennas were also at similar 
spacings from each other, wavelength-wise.  
Dunlavy filed for a patent on the antenna, but 
since the work was classified, the Air Force 
shelved his patent application, rather than letting 
the Patent Office handle it as a classified disclo-
sure.  The result was that others might stumble 
upon the same phenomena as Dunlavy did, and 
patent their findings, themselves.  And that is 
what did happen. 
 

(Continued on page 12) 

A very basic LPA, using dipoles.  Note that the 
feedline is transposed for each element.  Here, 
the user added a stub to the end of the feedline, 
to improve the impedance flatness vs frequency. 

A Collins LPA.  Note loops at ends of elements to 
reduce tendency for the formation of high-voltage 
corona streamers if transmitting at high power. 
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1. From the restorer’s bench: 
 
The problem of pilot lamp bulb burn-
out in restored ac-dc sets continues to 
vex many radio restorers. If real re-
placement resistance-incorporated 
power-cords were available they would 
tame down this problem, although 
cause several other, probably worse, 

problems.  The usual replacement for those cords, 
once they have either burned out or have become 
rigid and brittle, is to employ a silicon diode in their 
place, but that usually always requires the addition 
of another small amount of line resistance.  Most 
restorers get confused during these operations, be-
cause they try to measure the various voltages pre-
sent, to be certain not to exceed the ratings on 
tubes , pilot lamps, or other components.  The prob-
lem here is that the silicon diode half-wave rectifies 
the incoming power-line supply voltage, and the 
resultant waveform is not accommodated smoothly 
by most voltmeters.  To make matters worse, with 
the voltmeter set for a-c it may become polarity-
sensitive, and read differently with reversal of its 
leads.  And on the d-c scales, it is also unreliable, 
since the voltages being measured are composed of 
half-sine-wave-shaped bumps, and not pure d-c. 
Most restorers know enough about the circuits to 
apply Ohm’s Law when needed, to be sure the resis-
tances added are right, and are adequate in power 
rating.  But Ohm’s Law is only as good as the volt-
ages, resistances, and currents are inputted correctly. 
False voltage readings can cause errors in computed 
currents or needed resistance values.  
 
A simplified approach, when you’ve decided to use 
the cool-running 1N4007 silicon diode to cut the net 
current down to what the tube heaters need, presum-
ing this is a 300-mA heater series-wired string of 
tubes, is to use ordinary math, with the assumption 
that the 1N4007 in the circuit provides the equiva-
lent of 85 a-c volts for the tube heaters (and bulb(s)).  
In other words, the diode in the circuit makes the 
heater string appear to be fed by an 85-volt supply, 
rather than the 120 volts you know is feeding the 
circuit.  Meters applied here will not verify that; 
you’ll have to take it on faith.  So, with 85 volts of 
a-c, what do the tubes plus pilot-light bulbs require? 
 
Well, if there are 5 tubes, perhaps a 50L6, a 25Z6 , a 
6Q7, a 6K7, and a 6A8, or their older cousins, and  

Tidbits 
one bulb, usually a type 47 (but a type 44 will last 
longer), then the total required a-c heater voltage 
would be 74 volts.  That makes allowance of 5 volts 
for the bulb, to prolong its life and cut its brightness 
down a bit.  So, with 85 equivalent volts available, and 
a need for 74 volts drop across all the tubes’ heaters, 
and bulb, we need to dissipate another 11 volts, at the 
normal current rating of 0.3 ampere.  That would be 
about 37 ohms, so I would try for a 40-ohm, 5-watt 
resistor.  To prolong the tube/bulb life that might be 
rounded up to 50 ohms, also rated at 5 watts..  The 
bulb should also be shunted by a resistor of 25 ohms, 
which will not dissipate more than a watt or so, unless 
the bulb fails, at which point the resistor will be dissi-
pating 2 watts.  The bulbs make a very poor load in 
these radios, because of the huge difference between 
their cold resistance and their working (hot) resis-
tance. 
 
3. Your editor stumbled across an old brochure last 
month - one that another radio enthusiast sent many 
years ago, as a curiosity piece.  It was a pampllet 
printed in Israel, for Israelis, advertising an upcoming 
rold radio show or exposition.  I can’t tell, exactly, 
because there’s not an English word in it; it’s all in 
Hebrew. The cover is here; another sample is on p.14.. 

Please continue on page 14. 
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A few years later, Raymond Du-
Hamel, an instructor, and Dwight 
Isbell, a student/lab-worker at the 
University of Illinois, were work-
ing on flat (planar) arrays of an-
tennas such as would be made 
into “billboard” arrays, and dis-
covered some similar principles at 
work.  They found the flat bow-
tie-shaped metal plates arrayed in 
logarithmic spacing and size on a 
billboard-like flat plane produced 
wide-band characteristics, was bi-
directional, and had constant im-
pedance (as a function of fre-
quency),  and in 1955, published 
their work, as most academic peo-
ple do, in order to thrive, either economically or 
mentally.  Isbell continued working with the 
concept, and folded the billboard-like arrange-
ment at the center of a pair of such arrays, nose-
to-nose (one pointed downward into the other, 
which was pointed upward).  DuHamel worked 
with a different arrangement, in which the flat 
metal elements were curved into a spiral, fed at 
its center.  Soon after that work he left Illinois, 
to head Collins Radio’s antenna research effort, 
in Iowa [2].  Isbell continued the work, and dis-
covered the log-periodic principle also applied 
to duHamel’s spiral and conical-spiral-shaped 
antennas.  Fig. 2 shows a conical dual spiral an-
tenna developed from Isbell’s principles, this 
one working either as a transmitting or receiv-
ing antenna with equal ease, over the 300-to-
3000 MHz range, and providing about 7dB of 
gain over that frequency range.  It may be no-
ticed that in such a spiral array, the two spiral-
shaped elements are not only tapered in increas-
ing diameter from the pointed (feed-line) end to 
the large end of the cone, but are also tapered in 
the width of the copper ribbon comprising them.  
The actual size of this antenna is 2 inches di-
ameter at the base and 5 ½ inches long.  It radi-
ates in the direction it is pointed. 
 
John Dunlavy, had he known about the spiral 
configuration, could have made his antenna in 
this form, and it would have been about 6 or 7 
inches in maximum diameter and about 15 

inches in length.  His antenna designs lost all their 
secrecy as soon as DuHamel and Isbell published 
their findings, and Collins radio began selling their 
LPAs to hams all over the world.  Our company 
bought three of Collins’s HF models for use on 
OTH radar transmitting systems shipped to over-
seas locations in 1958-60.  The University of Illi-
nois secured a patent on the work of DuHamel and 
Isbell, but it was almost immediately breached by 
Collins, and then by Blonder-Tongue.  This latter 
company was sued by the University of Illinois but 
the University’s patent was found to be invalid, as 
having been anticipated by USAF project work, 
and Blonder-Tongue won their court battle, in a 
landmark decision [3]. 
 

All of these antennas, the 
yagi-like type made of 
rods, the bow-tie version, 
the spiral, and the conical 
spiral, form a family of 
antennas called logarith-
mically periodic arrays 
(LPAs).  They are remark-
able in simplicity, band-
width and in impedance 
and pattern behavior over 
almost any reasonable 
band of frequencies 
needed.  They are simply 
defined by the angle their 
element tips make with 

Log periodic monopole array being mounted on deck of WW2 air-
craft carrier USNS Core at Yokosuka dock, in preparation for 99-day 
radar mission in Indian Ocean, Operation Delta Gamma, 1962. 

Transmitting LPAs that 
use wire elements of-
ten need anti-corona 
“bells” at the tips of the 
elements. 
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respect to their center-line and the logarithmic 
spacing constant defining the lengths of its ele-
ments.  These antennas, in dipole form, became 
popular as television receiving antennas on many 
house-tops in America, in the 1960s-70s.  Many 
of the TV receiving type  were actually made up 
of yagi antennas for the VHF range, and log-
periodic arrays for the UHF television band.  
Those of us suburbanites in Maryland with such 
antennas on a rotator could measure the relative 
directivity by operating the rotator to both Wash-
ington and Baltimore television signals on a 
regular basis.   It seemed that the forward gain 
was not so spectacular, allowing fair reception at 
a broad range of rotator settings, but the null 
from the rear part of the antenna was relatively 
sharp, and could make the television picture turn 

to a snowstorm quite readily. 
 
End notes: 
 
[1]  The antenna was developed by two Japanese en-
gineers at Tokyo University, Yagi and Uda, and found 
a faithful following in America, by hams, and in Ger-
many, by the Luftwaffe. 
[2]  Collins chose to feed their LPA by bridging from 
dipole tip to tip, as shown in the figure , bottom of 
p.10. 
[3] The decision by the court has been called “The 
Blonder-Tongue Doctrine,” and it covers litigation to 
this day. 
 

This is an array of 16 vertically-polarized log-periodic dipole arrays  located at an overseas base, 
used for transmitting. The vertical wire elements are stretched from catenaries (strung between the 
tops of the tall towers on the right  and the tops of the wood  poles on the left) to ground anchors. 
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This is a page from the Israeli brochure someone sent to this editor long ago, appartently advertising 
an antique radio exposition or show.  We’d like to find someone who c an translate the text and we’ll 
share it with the readership. Send anything pertinent to Ed Lyon, address on p.2. 
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 Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

 

Wanted: 
Geiger Counter aficionados – I 
would like to correspond w/ mem-
bers interested in 40’s to 50's vin-
tage Geiger Counters. I’ve man-
aged to repair a couple of ‘em, 
including one made by HEATH, 
and would be pleased to discuss 
the trials and tribulations encoun-
tered. Please e-mail, snail-mail or 
telephone! 
 
Stephen Imms  
6035 E. Pine Crest Ct, Cornville, 
AZ 86325; 928 852 0881; Email 
steveimms@cableone.net 

For Sale:  Reproduction knobs, push 
buttons, tabs, and various rubber 
parts for  
vintage/antique radios. Many parts 
aren’t found anywhere else. (Latest 
product:  
Rubber feet for Zenith table-tops.) 
Go to www.RenovatedRadios.com to 
see the full selection of radio parts.  
 Ed Schutz  
http://www.RenovatedRadios.com  
 
WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
 Thanks -- 
John Okolowicz, (215) 542-1597, 
john@grillecloth.com.  
 

ment only at the NEM in Linthi-
cum MD. We will not be able to 
ship, but you can authorize a friend 
to pick up for you.  
  
All bidders must pre-register before 
the day of the auction. All paid-up 
members of MAARC will be auto-
matically registered with a bidder's 
number. (You don't have to bid, or 
even attend, but this makes the auc-
tion manager's job much easier.) 
Bidders will enter dollar-amount 
bids through the chat function of 
Zoom.  
We will have a demonstration and 
practice sale at the start of the auc-
tion. Please get familiar with Zoom  
before the auction.  Winning bid-
ders will receive an email invoice 
from MAARC. Payment must be 
online, through a PayPal account.  
Details will be announced on the 
website www.maarc.org  
  
More details will be shared in an 
email to members and on the 
MAARC.org website soon. After 
this first auction, we intend to hold 
auctions online regularly until we 
can meet in person again. So, open 
up those wallets, let the moths out, 
and buy some radios! 
 
ALWAYS CHECK MAARC’s 
WEBSITE FOR LATEST COVID- 
19-INFLUENCED NEWS ON 
MEETINGS, AUCTIONS, etc. 

MAARC’s 
SPECIAL NOTICE 

 
- ON-LINE AUCTIONs- 

 
MAARC's Second Online Auc-

tion is Coming Soon  
 

Check the MAARC website 
for date/time and any special 

tips on successful bidding. 
  
We've all been frustrated for lack 
of options for buying nice radios 
during the COVID pandemic.  To 
deal with this problem, MAARC 
will host another online auction, 
possibly in March, through Zoom. 
We are still working out some 
details, but here are the high-
lights.  
  
This is our second auction. On the 
block will be The vendors are Na-
tional Capital Radio and Televi-
sion Museum, Northern Virginia 
Radio and Television Historical 
Society, National Electronics Mu-
seum, and another estate handled 
by MAARC. (The museums' 
items were donated to the muse-
ums for fund-raising; they are not 
from the their collections, and 
they are nice.)  
  
All items will be photographed 
and described in a catalog to be 
published on the MAARC.org 
website. For the safety of all in-
volved, there will be NO onsite 
inspection. Winning bidders can 
pick up their items by appoint-

Regular ads have been saved, 
and will re-appear here  when  

conditions allow. 
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MAARC Your Calendar! 
MAARC meetings are held on the third Sunday of each month, unless 

specifically changed by the Board.  Watch these pages and MAARC.org 
website for any such changes. 

 RadioActivity 2020 and RadioFallFest 2020 were canceled, but monthly 
meetings via ZOOM (with either computer and/or telephone attendance) 
will be the rule until the COVID-19 pandemic has subsided. 

The March 2021 ZOOM meeting will be held on 21 March, 2021 

SEE SPECIAL PRESIDENTIAL AUCTION NOTICE ON P. 15 

The April 2021 ZOOM meeting will be held on 18 April, 2021. 

To attend these meetings, held via Zoom, follow these instructions: 

On your computer, go to www.zoom.us 

COMPUTER: Click on RESOURCES and download the appropriate Zoom client for 
your computer. Just before the scheduled meeting start time, start the Zoom client 
on your computer, and use this number as the meeting ID:  871 9732 6013 

PHONE: If you are dialing in on phone instead of computer, use any of these 
numbers: Maryland: (301)715-8592;  New York: (929)205-6099; Chicago: (312)
626-6799; TX: (346)248-7799; CA:(669)900-6833; WA: (253)215-8782. 

 When prompted, enter  871 9732 6013 on the phone keypad. 
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