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ABSTRACT

The success of the
2006-'07 Marconi Bea-
con Experiment shows
the skill and tenacity of
amateur historians and
amateur radio operators
on both sides of the At-
lantic. The Internation-
al Telecommunications
Union defines amateur
radio; “A radiocommu-
nication service for the
purpose of self-training,
intercommunication
and technical investi-
gations carried out by
amateurs, that is, by
duly authorized per-
sons interested in radio
technique solely with a
personal aim and with-
out pecuniary interest.”
[1] This technical inves-
tigation not only shed
welcome and favor-
able light on Marconi's
elaims of transatlantic
signals in 1901, it also
resulted in revisions
to one of today’s most
sophisticated radio
propagation models Lo
account for its success,
Maoreover, the critical
role of engineer John
Ambrose Fleming and
his high power pulse
transmitter (Figure 1) in
Marconi's success now
comes to the fore.

Lee, Craig & Matthew

The Marconi Beacon

Experiment of 2006-07*
©2008 Bartholomew Lee, Joe Craig
and Keith Matthew

INTRODUCTION

The Marconi Beacon Experiment, UK. eall
sign GB3SSS, created and documented an ex-
tended technical experiment in the service of
radio history: How did Marconi get across the
Atlantic in December of 19017 Did he do what
he claimed, that is, did he hear the letter “S",
the three dots, near Cabot Tower on the hill
overlooking St. John's, Newfoundland? Could
these jury-rigged primitive wireless outfits do
it in the daylight, between 14:00 and 18:00
London time? Did he hear it on the Soo KHz
frequency he thought it was transmitted on?
Could his 1901 transmitting and receiving ap-
paratus do it at all?

Some distinguished authorities, such as John
S. Belrose, VE2CV, are long on record that Mar-
coni’s 1901 elaim was at best self-deception, [2]
Marconi historians concede: “... the transmis-
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Fig. 1. A drawing of the Poldhu 1901 spark transmit-
ter, afler & contemporary photograph [see foolnote
29 belﬂw|]_l', note the spark gap by the window which
is retouched in the photograph. The inductors are
in the foreground (e.g., HT2), and the condensers
towards the back, with horizontal handles on their
drawers,

*This article is dedicated to the memory of
our colleague Lane Upton, IEEE.
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sion times and frequencies were, as
later learned, the waorst possible in
view of propagation conditions on
the North Atlantic path.” [3] Oth-
ers were enlirely persuaded, but
perhaps in part by the sheer audac-
ity of the attempt given the state
of the radio art in 1901, and take
comfort from Marconi's success-
ful February, 1902 transatlantic
shipboard (5S Philadelphia) tests.
Some have analvzed tﬁe circum-
stances of 1901 to have permitted
only high frequency harmonic or
spurious or parasitic radiation
to cross the ocean. [4] But with
respect to Marconi's claimed fre-
quency of 800 KHz (more or less,
about 360 meters wavelength)
modern E:mpagatiun simulations
by complex computer programs
implemented by experts hitherto
have simply declared: no way. But
Marconi did not believe in experts;
ithe had, he'd have been selling silk

in Bologna.

Several committed histori-
ans of technology came together
thousands of miles apart to think
through and then implement this
Beacon Experiment and related
investigations, In the U.K., one of
us, KM, helped persuade the Pol-
dhu Amateur Radio Club (PARC —
Figure 2) to put up a beacon in the
160 meter amateur band, which is
the band closest Lo the frequency
employed by Marconi from Poldhu
in 1g01. The special purpose beacon
transmitter (Figure 3) was designed
and built by Andy Talbot, G4.JNT,
for the Pnlcﬁm club, E.L.D."Davey”
Davev-Thomas, G3AGA, converted
an existing remote tuned doublet to

AT configuration, e then worked

long and hard to tune it against an
extensive radial system. This was
needed because effective ground-
ing posed extraordinary challenges
— which also have a bearing on

Fig. 2. The Poldhu Amateur Radio Club purpose-built “radio shack” and museum
on the MNational Trust Marconi Historical Site, from which the Beacon GE3555
and amateur radio station GE2GM operate. (Photo Bart Lee),
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Fig. 3. Andy Talbot's 1560 KHz Beacon
ransmitter, Gg&rﬁtiunal. {Photo Steve
Michols, GOKYA).

Marconi's success in 1901, (Figure
4). These radials then necessitated
the purchase of an electric fence
system to keep the cows at bay,
lest cow shocks corrupt the signal.
Davey-Thomas deserves consider-
able credit for the effectiveness of
the Poldhu contribution.

In Newfoundland, one of us, JC,
with the support of the Marconi
Radio Club of Newfoundland, set
up near St. John's (Figures 5,6) a
sophisticated monitoring system
to record and analyvze reception 24
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hours a day for months. The trans-
milter in Poldhu transmitted every
15 minutes, a standard amateur
radio beacon mode. The GB3RAL
beacon software (by Peter Marti-
nez, G3PLX) sampled 5 seconds
of this transmission. The program
sampled the noise for one minute
before the transmission. Sampling
was done at 8 KHz but effectively
sampled at 50 Hz. The software
enabled a 256 point Fast Fourier
Transtorm (FFT) to achieve an ef-
fective bandwidth of 0.39 Hz. This
in turn was normalized Lo a one Hz
bandwidth.

Also on his side of the pond, in
support of JC's work, Jeft Briges,
FE1ZM/VY2ZM [6] on Prince Ed-
ward Island (PEI) also monitored
the beacon. He listened lor, mea-
sured and recorded GB3S88S for
extended {)El‘inds {while racking
up a first place in the CQ magazine
160 meter contest).

Carl Luetzelschwab, KoLA, the
propagation columnist for WorldRa-
dio magazine, guided much of the

Fig. 4. An aerial view of the Poldhu site today, showing the former hotel, the
PARC/GEZGM building. and the remaining traces of the Marconi installations.
(Photo PARC).
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Fig. 5. A celebratory milepost at Cabot
Tower, Signal Hill. St. John's, New-
foundiand, pointing to distant Poldhu.
(Photo Bart Leg).

ongoing analysis of propagation
conditions. He has commented in
his column: “[1]t's encouraging to
see individuals applying sound en-
gineering methods to understand
the Marconi claim. My hat is off to
all those peaple for their efforts.”
[5] He used the Beacon Experiment
results, and the focused research it
stimulated, to modify a leading
computer propagation prediction
program. [5, 7| Lane Upton seized
the opportunity to replicate and
measure a mercury detector mod-

eled after Marconi's (Figure 7).
shedding light on the challenge of
the transatlantic tests of 1901 and
1902, He has concluded that as
a rectifving detector, on the con-
venlional assessment of Marconi's
power output, Marconi's mereury
detector could not have been sensi-
tive enrmgl,h to hear Poldhu, which
suggests higher power at work in
1901 than has been assumed. His
work appears in this volume of the
AWA Review. The ARRL's maga-
zine ST, WorldRadio, RSGB's
RadCom magazine and others [8]
have reported on the suceess of the
Beacon Experiment.

THE GEOPHYSICS OF 1901
This experiment came about as
i result of some research done by
one ol us, BL, almost ten vears ago.
[9] He asked if sunspot data could
support the suggestion that some
higher order harmenics or spuri-
ous emissions of Marconi’s 1go1
transmitter could have ecrossed
the ocean by way of ionospheric
reflection, which is known com-
monly as “skip.” (Spark transmit-
ters of that era dici nol generate
true harmonies, being more like
slot filters (series inductance and
capacitance) in their circuits, but
could generate significant emis-
sions higher than their “fundamen-
tal” frequency). The sunspot data,
however, pointed in the opposite
direction: the sunspot number for
December 1901 (and for February,

__Table 1, Sunspot numbers (SSN) and standard deviations
(SD) by year and month, from National Aeronautics and Space

Administration (NASA):

YEAR MONTH 55N sSD
1001 7 0.7 2.1
1901 8 1.0 2.7
1901 8] 0.6 2.0

YEAR MONTH SSN 8D
1901 11 1.8 4.3
1901 12 0.0 1,0
1902 1 5.5 81
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Fig. &, Cabot Tower on top of Signal
Hill, above St. John's, taken from the
approximate location of the long-gone
fever hospital in which Marconi set

up his receivin
(Photo Bart Lee).

apparatus in 1901.

1902) was zero; if nothing else, a
remarkable coincidence (Table 1).

This implies a very low davlight
maximum useable frequency (and
hence few if any skipping high
frequencies), but also a very low
absorption frequency. The practi-
cal absorption frequency depends
on power input, modulation, an-
tennas, and receiver sensitivity.
In December, 1901, the absorption
frequency could well support skip
propagation on Mareoni s declared
frequency, 8oo KHz, and up to
some low multiple of it, Modern
transatlantic reception in New-
foundland and Northern Canada
of European and North African
broadcast stations, under similar
conditions, is well documented.
(9]

Further research and analysis
suggested that propagation condi-
tions would be excellent at higher
latitudes at the winter solstice, pri-
marily by reason of less absorption,
which is inversely proportional
to latitude. [9] This 1s so because
those latitudes get the least solar
radiation in that season. and hence
the filtering D-laver of the iono-
sphere is the weakest. With a weak
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D-layer, reflection by the higher E-
layer and perhaps the highest Fi-
Fa layers comes into play. As one
expert, Thomas F. Giella, KNgLF
puts it: “Why is medium frequency
propagation poor the majority of
the time? At daytime Lhe D layer,
which is at an approximate height
of 30-60 miles in the mesosphere,
totally absorbs medium frequency
RF signals the majority of the
time ... the majority of the time
because at higher latitudes during
the winter season and especially
at the low part of a sunspot cyele,
daytime penetration of RF signals
through the weakened D layer and
then refraction via the E laver and
sporadic E (Es) does oceur.” [10]
Luetzelschwab posits that E-layer
skip was Mareoni's likely transat-
lantic conveyance. This is based
in part on the strength of today's
E-laver. [5] What the E-laver was
like in December, 1901 is an open
question; if it were then sufficiently
weak, F-layer reflection or refrac-
tion comes onto play.

There are several factors that
could affect the D-layer. One is the
amount of very short wavelength
radiation from the sun. This ra-
diation is at a minimum at the
winter solstice for Marconi's path
and at a minimum at the sunspot
minimum. Another is the related
amounl of ionizing nitric oxide in

Fig. 7, The actual Mercury Detector
used by Marconi at St. John's, now
on display at the Science Museum,
London (phota Bart Lee), Lane Upton
functionally replicated Marconi's de-
tector based in part on this photo,
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the D-layer, which has been mea-
sured to be lowest at the sunspot
minima such as winter, 1901, [11]
It is an open question whether a
greater amount of nitric oxide in
today’s atmosphere, from indus-
trial, vehicular and similar sources,
relative to 1901, makes todav's
daily D-layers more of a filter than
the D-layers of 1901, But according
to Luetzelschwab, the data suggest
aweaker D-layer in 1901 and hence
less absorption. [5]

Moreover, the time of day may
be of much less relevance than
hitherto appeared: Marconi was
close to gray-line (sunset termi-
nator) at Poldhu, transmitting
into daylight but not from much
davlight. In the terminator mar
(Figure 8), the signal path paral-
leled the northern terminator at
14:00 GMT/UTC, then the ter-
minator came to Poldhu from the
east. Grav-line enhancement of
transmitted signals is a well known
propagation phenomenon, and in
particular of medium wave trans-
atlantic broadeasts received in
Newfoundland in December, even
in not-so-low sunspot years.

THE IMPETUS OF THE zoo01
MARCONI CENTENARY AND
THE RESULTING BEACON
EXPERIMENT

Marconi and his legacy en-
joved much celebration in 2001,
al the centenary of his triumph.
Amateur radio operators regularly
communicate these days between
Poldhu via GB2GM and St. John's
via VO1IMRC and did so in 2001 in
the 20 meter band. Two of us (BL
and KM), were present at GB2GM
and JC was at VO1MRC for the
centenary contact.

Bul sunspots are nol respecters
of decades or even centenaries:
theirsis the eleven year cycle. That
gave rise to the question of when
the next sunspot number of zero
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would oceur. The best predictions
al the time for the end of cyele 23
turned out to be about December of
2006. (Very low sunspots numbers
have continued into 2008, permit-
ting further research). Enthusiasm
is contagious, and when one of us
(BL) suggested (at St. John's and
at Poldhu) partially replicating
Marconi’s experiment, %Uth the
Poldhu and the St. John's clubs
went to work. Our notion that
“Continuing cooperation between
Canadian and British amateur ra-
dio operators can thus play a part
in verification of one of the most
interesting events in the history of
our technology” [12] provided the
foundation for our work.

One of us, KM, summarized the
experiment in early 2006: “The
winter of 1901 coincided with a
sunspol minimum, and it was re-
alized that this coming December
2006 should show similar condi-
tions to those of December 1901,
The beacon will help understand
the possibility of low sunspol num-
ber transatlantic medium wave
propagation 24 hours a day, but es-
pecially 14:00 through 1800 UTC.
It was realized that a clear channel
would be necessary on the nearest
amateur band, and a temporary
license to operate a beacon on 160
meters was obtained.” [2] As he
explained to QST, the broadcast
band was not available and full of
other signals, but the 160 meter
amateur band is close. He and
John Gould, G3WKL, obtained
permission of the British authori-
ties (Ofcom) to put the 160 meter
beacon on the air as GB3S58. The
Poldhu club replicated the trans-
mission pattern of the 5 MHz 60
meter beacon, with step-downs
of power, CW identification and
PSK-31 digital signal as well. The
beacon sent out 1ts S signals from
November, 2006 through Febru-
ary, 2007.



Fig. 8. The earth as illuminated by the
sun on December 12, 2006 at 14:00
UTC. As the earth rotates counter-
clockwise (East) towards sunset in

the U.K., the edge of darkness, the
terminator, approaches Poldhu, the
Foldhu to St John's path is both nearly
parallel to and close to the termina-
tor. This graphic was Eenerated by
Sheldon Shallon's WEEL propagation
program,

JC in Newfoundland captured
that signal 24 hours a day — even at
100 watts of power, it crossed the
pond in daylight, just as Marconi’s
signals had. A 160 meter (one
wavelenglh) long unterminated
Beverage antenna at an average
height of about one meter gathered
the signals and the noise. A 4ymm
hardline coaxial cable connected
it to the receiver. A Yaesu FT817
receiver with the automatic gain
control (AGC) off, the pre-ampli-
fier also turned off, and a 500 Hz
filter selected, put the signals into
the computer, Careful tuning of
the radio produced a 500 Hz tone
with a received carrier of 1060.000
EHz An IBM Azom 500 MHz
Pentium 111 computer operated
from a linear power supply ran
the software. JC "decoupled” the
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transmission line to the antenna at
gach of the line's ends about 1 me-
ter above ground because feedlines
can act as antennas and reduce the
signal to noise ratio and perfor-
mance, (as well as pick up noise
from computers). At each end of
the transmission line he inserted a
1:1 transformer to reduoce the cou-
pling of the noise to the antenna
and receiver. JC also took a radio
to the top of Signal Hill, and also
captured there, for the first time
in over 100 vears, a medium wave
signal from Poldhu — GB3SSS.

The 24-hour graphs (Figures g,
10) display the 1'&5111"? of evervday’s
signals, averaged. The top curve
is the signal, the middle curve is
the noise level, and the lowest the
difference. The signal exceeds the
noise by an apparent six decibels
(dB) in full dm]]jlght and many dB
on the average. The shape of the
middle graph shows that the noise
level replicates the signal level; the
shapes are similar. The signal level
is. of course, the result of transat-
lantic propagation. That the noise
curve is similar in shape implies
that it too is propagated from the
cast nf\Iewfmmd and, i.e., Europe.
That noise is the man-made radio
frequency noise of modern electri-
cal civilizations; from motors in
factories to thyristors in dimmers.
[11 1901, such man-made noise did
nol exist to any substantial extent.
Marconi at St. John's enjoved a
very quiet ether. Winter atmo-
spheric noise, as it happens, isat its
lowest for the relevant frequencies
between 800 KHz and 3 MHz, as
appears in Figure 11, derived from
the work of Crawford MacKeand,
VPSCMY/ WA3ZKZ. [13]

The ether in 1901was indeed
both guieter and calmer: ... the
overall level of magnetic distur-
bhance from vear to vear has in-
creased substantially from a low
around 1900, Also, the level of
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Fig. 9. Craig's graphic record of the signal strength over noise of GB3SSS for
three months, set out by time of day averaged far all days.
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Fig. 10. A graph of t:ml‘F'l the averaged signal and noise data, and the difference,
from Craig's record of the SiEllr‘E' strength over noise of GB3SSS far three manths.
These graphs of Daytime Transatlantic MF Propagation, F’reliminar}f Results,
bE Joe raig first appeared in the Poldhu Amateur Radio Club Newsietter. No.
52, 02 July 2007.
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Fig. 11. Graph plotting noise levels and frequencies, showing atmospheric noise
least at relevant frequencies, (Source: RadCom, RSGE, after MacKeand).

mean vearly [index] aa [the oldest
magnetic ionospheric disturbance
index] is now much higher so that
a vear of minimum magnetic dis-
turbances now is typically more
disturbed than years at maximum
disturbance levels before 1900”7
says the National Aeronautics and
Space Administration. [14] On De-
cember 12 and 13, 1901 the aa index
varied between 2 and 5, a very low
disturbance level, promoting ski
reception. [15] Another graph
from JC's analysis shows signal
strength daily over the several
months, between 15:00 UTC and
17:00 UTC (Figure 12).

The best signal strength mea-
surements correlate inversely with
the polar A-index, similar to the
aa index, which also measures
the quiet or disturbance of the
ionosphere, It would be expected
that an ionospherically propagated
signal would be stronger the lower
the A-index. For example, for the
first nine davs of November, the A-
index averaged 3.4 and the graph
(the bottom clusters) shows a

quping of high signal to noise dif-
erences. Similarly the period from
about January 6, zoo7 through the
14th shows elusters of good recep-
tion. In this period the A-index
averaged 3.75. [16] Alan Melia,
G3NYK, a propagation expert, has
stressed that the maximum signals
are of more interest in the context
of this experiment. The maximum
levels varied considerably between
14:00 and 18:00 UTC at daily
and weekly time scales. Marconi,
after all, had only to hear, even
episodically, three clicks, not copy
complex data over time, such as a
message.

In early November, Jeff Briggs,
operating as VY2ZM, monitored
GDB355S5 from PEI, wesl of St
John's. He first logged the heacon
on November 3 and 4, 2006 dur-
ing the day, UTC {and London
time) 11:31 through 17:45 (average
A-index 4.5) and again Noveni-
ber 22 through December 4, He
measured the signals’ strength re-
peatedly as -g1dBm at 17:00 UTC,
sunset at Poldhu and afternoon

Volume 21, 2008 ¢



Marconi Beacon Experiment

&0

7O}

BO-

| »

St :. i :
1 . e i E
s aenBh ot e g TR
Nl A A ol

40 !:l:!ig'i'i“!b.-!-'!:[ itjstp el
*y wtakd il vtiivariae bile
ki

) '

0+

WE gl | B0 . B
il e Gt

E:
A0
" -
30  Maw " N Dec | _
o 10 20 n 40

Recephons bebween 1500 and 1700 alc

TS T
e : prilas I [
AL
i :i{ I:,:i .
PRI Ar 11 L i, Sl
2 (]
b ihin fine ] RS
i
ITLER I..
i
.';rl|_"|.r-'

i
it i 3

]

a0 100

Fig. 12. Craig's three month record of daily GE3SSS signals and signal to noise

ratios.

in Canada (keeping in mind an
approximate 8 dB antenna gain).
Briggs reported to us an absence
of noise at PEL: “There is No Noisk
at all ... no man-made at all and
al 1750z [UTC], the noise floor at
my RX [receiver] is close to zero.
In other words, when the beacon
sounds, it is like Biack Ink Srots
hitting a clean white sheet of paper
[his emphasis].” Nighttime signal
strength came in about 30 dB bet-
ter. Briggs also replicated earlier
medium wave broadeast station
monitoring: “At 1730z [UTC], UK
Spnrtszaﬁ\' on 1089 KHz ... and
Doha (Qatar) on 1521KHz were
perfectly readable with enjovable
programming content on PEI - and
at 1800z RNE Spain down around
835 KHz was in as well as was Ra-
dio Switzerland - somewhere in the
745 KHz range.”

Further reports came back to
the Poldhu club from as far away
as New Zealand (Mike McAlevey,
ZL40L) with several from North
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America. It is also interesting to
nole that a vear later (sunspots
and winter static remaining very
low), amateur radio experiment-
ers effected a 500 KHz aural
Morse code transatlantic contact
between GI4DPE in England
and WE2XGR/2 in New York,
a distance of 3039 miles. In the
winter of 2007-'08, the Poldhu
and Newfoundland experimenters
have run another GB3SSS beacon
in the 80 meter band, which JC is
monitoring. The 80 meter results
may shed further light on the 160
meter results,

The question is now how Mar-
coni succeeded, not whether he
did. The way all of this translates
to 1901 is a matter primarily of
qualitative analysis.

THE RECEIVERS

The Beacon Experiment uses
modern high sensitivity receivers.
JC logged and recorded the GB3-
SSS low-power signals consistent-



ly. Jeff Brigegs told QST “My own
conclusion suggests that Marconi
may well have heard what he said
he did — if his receiver was about 25
dB more sensitive...” [2] Modern
receivers are highly selective. Mar-
CONI S FECEIVET, even assuming use
of the “four-sevens” patent tuning
circuit, tuned broadly — but then
the signal had to have been fairly
broad itself.

Marconi used what has long
been regarded as a passive re-
celver, the mercury detector, and
he also reported use of carbon
filings coherers at St. John's, [17]
The mercury detector was invented
by the Indian physicist Sir Jagdish
Chandra Bose and then improved
bv Ttalian Navy electricians, [18]

Whether Marconi's receiver
was “passive” is an open question.
BL has pointed out that a Branly
filings coherer provides gain, as
can a relay. Each pulse of radio
frequency (RF) energy from the
antenna makes the filing cohere or
stick together, and conductive. The
coherer provides gain because il
is 2 monostable multivibrator [16]
when used in the feedback circuit
of the tapper that re-sets the fil-
ings to non-conductance after each
initial pulse of radio frequency
(RF) energy from the antenna.
The power that tlows through the
coherer as direct current (at the
DC bias voltage) to work the tapper
and inker exceeds the RF power
that alters the state of the coherer
filings, This is amplification in the
cybernetics sense of control of one
higher power process by another of
lower power [20] although it is not
and need not be linear.

The mercury detector re-
stores itself after each pulse with-
out a tapper. It was called an
autocoherer and a self-restoring
coherer, The Branly filings coherer
acts as a pulse amplifier because
the weak RF from the antenna

Lee, Craig & Matthew

gates a pulse of the circuit’s direct
current bias voltage, strong enough
to both activate (often through a
relay) the tapper and the paper
tape recorder stylus. In theory, the
mercury deteetor does the same
thing, i.e., acts as a monostable
multivibrator pulse amplifier,
although at much lower levels of
RF, because Marconi's eircuit for
it uses the same hias voltage ar-
rangement as a coherer, as shown
in his patent. The resulting DC
pulse is heard as the click in the
earpiece. [21] Early work on the
mercury detector measured a 301
ratio between high resistance and
low (“cohered”) resistance after a
pulse of RF energy. [22]

In the circuits that Lane Upton
used to show that the mercury de-
tector operates as a diode compa-
rable to a germanium diode (e.g.,
1N34), he did not observe a gating
of bias voltage even when shocked
bv a pulse of RF, but the bias, to
permit measurement, was in series
with the detector, not in parallel as
in Marconi's circuit. A germanium
diode may be said to have a sensi-
tivity in the range of -25dBm, and
the series-biased mercury detector
operating as a diode somewhat less.
Work a hundred years ago put the
sensilivity of the mercury detector
as “a thin-film breakdown device”
(a monostable multi-vibrator, not
a rectifier) as low as ten nanowatts
and less than a microwatt when
used with sensitive earphones, [23]
(In relative terms, that's -50dBm
and -30dBm). Marconi engineer
Elmer E. Bucher said: “Some
receiving detectors rely upon the
principal [sic] of rectification ...
and will convert an alternating
current of radio frequency to o
uni-directional current.” This,
of course, is the function of a di-
ode; but Bucher goes on: “others
have the property of rectification
combined with the ability to vary
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a local source of battery current
in @ manner much similar to the
working of an ordinary telegraph
relay...” (All emphasis Bucher's).
[24] This last is “gain.”

Detectors in general supply as
audio 1) less power than received,
or 2) the same amount of power, or
3) more power, depending on type,
circuits and configurations. In the
carly days of wireless, “gain” was
not an operative notion but rather
the question was whether one or
another detector was or was not
maore “sensitive.” (This was so at
least until the capacity of the De-
Forest Audion to amplify was un-
derstood). Bucher's analysis of the
carborundum detector suggests
many dB gain when biased and
operating at the steepest part of ils
characteristic (non-linear) eurve.
Wireless pioneer Robert Marriot in
Colorado (cirea 1904) used hiased
zinc oxide as a detector. Oleg V.
Lossev and others made hiased
zinc and galena crystals oscillate in
the 19203 and earlier. [25]

THE ANTENNAS

In this Beacon Experiment,
JC used a directional beverage
antenna, which diminishes om-
nidirectional noise; Jeff Briggs
on PEI (Figure 13) used a vertical
high gain (8 dB) directional array.
Marconi used a more or less verti-
cal 400 to 450 ool wire hanging
from a kite. The modern antennas
have a big advantage, especially
in diminishing overall noise, both
man-made (mostly from the south-
west) and atmospheric (largely
from the southern hemisphere).
O the other hand, Marconi's verti-
cal wire, running into his receiver
at the fever hospital near Cabot
Tower, may have been planned
to be, and may actually have been,
near resonant at a quarter wave
length on Marconi's intended
wavelength.
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It is undetermined the extent if
any to which Marconi's 1901 verti-
cal transmitting 50+ wire fan an-
tenna may have heen directional.
The zo06 Poldhu antenna was
omnidirectional. The transmit-
ting antenna in 1901 may well have
been as difficult to ground as the
2006 Poldhu Amateur Radio Club
antenna, which required a coun-
terpoise, as Daveyv-Thomas found
out. JC has looked at this in terms
of whether the 1901 antenna could
radiate at higher frequencies. He
concluded: “If the earthing system
at Poldhu was not elaborate, the
bandwidth of the antenna would
be broad, and the fan configuration
would tend to have a broadenin
effect.” Davey-Thomas reporte
that at Poldhu “...it is difficult to
get an effective earth because the
soil structure is a deep layer of
shale.” [8]

THE FREQUENCIES

A signal of about one half the
frequency of another (Marconi's
800 KHz relative to the beacon's
1460 KHz) can be expected to come
across with about one fourth the
strength. This is a propagation
rough square law at work and it
may nol be all that predictive at
medium frequencies. This does,
however, suggest about a 12 dB
advantage to the higher beacon fre-

F = ol [

Fig. 13. Jeff Briggs, K1ZM, operating
as VYZ2ZM on Prince Edward Island,
Canada.



quency. On the other hand, Flem-
ing’s transmitter could well have
emitted its three dots signals on
a frequeney higher than 800 KHz
as well as near Soo KHgz, and his
wire fan antenna, poorly grounded,
would not have acted as much of a
low-pass filter.

TRANSMITTER POWER

In this Beacon Experiment,
Poldhu put out only 100 watts
power (ERP). On the other hand,
Marconi’s transmitter has long
been understood to have a roughly
measured power of about 15 kilo-
walts (KW for a more than 2o dB
advantage to the 1901 transmit-
ter.

THEIMPLICATIONS OF MAR-
CONIENGINEER FLEMING'S

PULSE TRANSMISSIONS
Looking at these qualitative

Lee, Craig & Matthew

factors a passive receiver could
seem like an unlikely candidate
for transatlantic reception even
in the quietest moments of the
ionosphere, especially given Lane
Upton’s results, On the other hand,
transpacific reception of the long-
wave spark signals of Marconi
spark station KPH in California,
by way of erystal detectors, at least
5.000 miles, was several times
reported in the 1916 period. [26]
KPH ran a 300 kilowatt rotary
spark transmitter. Marconi en-
gineer Bucher reported that the
initial Marconi transatlantic sta-
tions circa 1907 initially employved
erystal detectors in a balanced
noise canceling circuit developed
with Marconi engineer H. .J. Round
[24]. These stations also emploved
very large antennas and 300 KW
spark transmitters.

All of these rough counterpoints
may, however, he offset by other

e L LIRS SEL o ST SRy P S - Ty PR

Fig. 14. John 5, Belrose presents this hand drawn diagram from Probir Bon-
d}rug)adhyay's research [17], captioned by Belrose as. "The circuit diagram of
the December 1901 Poldhu transmitter in J.A. Fleming's handwriting.” Fleming
wrote on it; “Arrangements made for sending signals across the Atlantic Dec
12th. 190717 [28, 29].
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considerations of many orders
of magnitude. Marconi's 15 kilo-
waltt figure is the result of known
factors such as the alternator's
power, reliable calculations and
an antenna ammeter, by reason of
its own electro-mechanical struc-
ture, integrating the power over
time, in effect averaging it. The
time-average power of the pulses
measured at Eﬂl)mll 15 KW, consis-
tent with the station's generator’s
capacity, but the individual pulses
were very short and very high-pow-
er spikes, Marconi engineer John
Amgmse Fleming's circuit was a
double-spark svstem designed to
put out pulses of milliseconds if
not microseconds duration, (see
schematic diagrams, Figures 14,
15). The 1001 transmitter has been
thoroughly analyzed by Desmond
Thackeray (in 1992) for AWA, who
concludes that about 450 joules
per second of power could be had
at the spark gap. [27] This trans-
lates as 450 watts averaged over
one second, but 450,000 watts for
one thousandth of a second, and
so forth. It is, however, also true
that very short pulses would have
been highly damped and there-
fore of wider bandwidth. JC has
expressed reservations about the
ability of the 1091 Poldhu aerial to
effectively radiate a pulse on the
basis of bandwidth arguments.
The pulses from Fleming's
double-spark transmitter have
been estimated to have been in
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Fig. 15. Simplified schematic diagram
of Fleming's double spark transmitter
[30]; the first spark discharge charges
the second stage spark circuit to very
high power for a very short duration
spark.
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the megawatt range, albeit very,
very briefly. [31] But all Marconi
had to hear for success was three
timed pulses, not any further
intelligence: the timing was the
intelligence. The relationship of
a 100 watl beacon even to a one-
megawatt pulse is four orders of
magnitude, or 40 dB (subject to
bandwidth, antenna and other ca-
veats). This implies that Marconi’s
receiver could have been 100,000
times less sensitive than a modern
radio and still have heard Poldhu's
pulses in 1go1. (Figure 16).
MacKeand [13] and Lee [32]
independently analyzed the mea-
sured 15 KW figure as an average of
much stronger pulses. MacKeand
writes: “... the received signal ...
would be enhanced by 40 dB...."
relative to a constant carrier, fig-
ured on a 5 micro-second pulse.
On the other hand, senior Radar
engineer Don Toman, K2KQ,
cautions that a very shorl pulse
will spread its energy over a wide
band of frequency, complicating
the analysis of what he points out
are difficult-to-model transients.
MacKeand also suggests significant
gain from the response Lo pulses by
the human ear, relative to a co-
herer and inker. As a result of his
own engineering study of what is
known of Fleming's Poldhu trans-
mitter, MacKeand suggests peaks
of radiation between 500 and 800
KHz, around 2 MHz and around
10 MHz. He further suggests that
the Maximum Useable Frequency
(MUF} in December 1901 could
have been as high as 10 MHz, and
that higher frequency skip, not
skip at the fundamental frequency,
put the three dots into St. John's.
In this he joins both Henry Brad-
ford [4] and an earlier analysis by
Craig [33]. The maximum useable
frequency in December, 2006
approached 10 MHz, and would
have in 1901 as well. MacKeand
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Fig. 16. Graphic analysis of the relation of various assumed Poldhu power
levels to receiver sensitivity and frequency, showing reception by a relatively

insensitive receiver at high transmitter power [5]. (Source:

KSLA, by permission),

also poinis out that ionospheric
“fading” is additive about 10% of
the time. Marconi, after all, did
not have to hear all of the Poldhu
signals all of the time, just some of
them some of the time.

If, however Marconi employed
his syntonic tuning cireuit of the
“four-sevens” patent (patented in
April, 1901), he would hear only
in the vicinity of the fundamental
frequency he was tuning for (as
demonstrated during his 1902
voyage [30]). Moreover, although
Marconi’s temporary antenna at
Poldhu (Figure 17) is reported
to provide a take-off angle of 45
degrees, it resonated at less than
one MHz. Davey-Thomas sug-
gests Marconi's fan could radiate
a third harmonic around 2.5 MHz
[2]; this would be consistent with
MacKeand's estimate of a power

eak around 2 MHz, Thackeray
F:J.?] notes that in 1901 Marconi
engineer Fleming brought the
antenna into resonance with the
transmitter circuits and measured

arl Luetzelschwab,

a maximum antenna current of 17
Y2 amperes. Thackeray suggests
a “double-hump” signal [q] was
likely at resonance given the tight
coupling of the circuitry, rangin

between about 200-400 KHz an

about 7oo-1,000 KHz and that
Marconi's ertu_al kite antenna at
400 feet would be a quarter wave at
600 KHz, well within this range.

G=

Fig. 17. A schematic drawing of the
Jury-rigged antenna at Poldhu, which
was a vertical fan of about 54 wires
[30] erected after a storm took down
a larger, planned cone-like multi-wire
antenna,
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CONCLUSION

The Marconi Beacon Experi-
ment of 2006 does not prove that
Marconi and his assistant George
5. Kemp told the truth in asserting
that they heard three dots from
Poldhu some 38 times in two days,
December12 and 12, 1901. But our
Experiment, and the analyvses it has
both engendered and unearthed,
shed mathematically precise and
highly favorable light on the claim.
The replication today of the sig-
nal path by eareful experiment
al low power, an appreciation of
the power inherent in Fleming's
design for the Marconi Company's
Poldhu pulse transmitter, a deeper
understanding of the receiver
technology, and of the geophys-
ics of the time, all come together
nearly to compel the conclusion
that Marconi did exactly what he
claimed. That is. he succeeded
in using the nascent technology
of wirezress telegraphy to signal
across the Atlantic for the first
time. Moreover, he likely did it at
the wavelength he posited. about
360 meters or 8o0 KHz or perhaps
up to two MHz above that inferred
requency. In February, 1902, asis
well known, he did it again on the
5§ Philadelphia, likely at the same
frequency, or at a lower (requency
used later in 1902, By October 17,
1907 (now a century age), using a
passive erystal receiver, Marconi
employed low frequencies and a
spark system of 300 KW to initi-
ate regular transatlantic wireless
service between Clifden, Ireland
(callsign MFT) and Glace Bay,
Nova Scolia, Canada. The bright
morning of the radio age, as it had
dawned in 10901 at St John's, illu-
mined the modern world. Figuring
out (beyond conjecture) how trans-
mitters and receivers that haven't
existed for a hundred vears actu-
ally worked at specific times and
places taxes both the imagination
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and engineering skills.
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plague near Cabot Tower, above St John's, Newfoundland,
(Photo Bart Les).

aly, and in generating international  can devote more of his time.
goodwill by amateur radio and
shared interests in radio history. Bartholomew Lee, KV6-
Wireless history as well asamateur LEE, holds a U.S. extra class
radio are now interests to whichhe  amateur radio license. He has en-
joyed radio and
radio-related ac-
tivity including
radio history in
many parts of
the world. The
AWA presented
its Houek Award
! to him in 2003
| @nd CHRS gave
him its Herrold
Award in 1901.
He has written
widely on, and
made many pre-
sentations on
radio in intel-
ligence opera-
tions (including

Author Keith Matthew, GOWYS, operating GB2GM at Poldhu the C1A on Swan
on December, 2005. {Photo Bart Lee). Island), wireless
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history, short wave radio, radio
ephemera and radio in emergency
response. In z2o01 during “g/11”
he acted as the New York City Red
Cross Deputy Communications
Lead from September 12 through
September 20. Bart 1s a trial law-
ver by trade, in San Francisco,
Calitornia and an adjunet profes-
sor in Law & Eeonomics at a San
Francisco university.

Jos Craig’s radioshack YO1MNA in his home near St John's,
enjoved by author Bart Lee, K\VBLEE, in the operator’s position,
in August, 2005, (Photo Joe Craig).
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