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CRADLE OF WIRELESS

How Marconi Conducted Early Wireless Experiments in the Swiss Alps

On September 26, 2003, the IEEE dedicated a “Historical Milestone,”
acknowledging some of the first wireless experiments conducted in 1895 by

Guglielmo Marconi in Salvan, Switzerland, a picturesque resort in the Swiss

Alps. This historical development had been described in detail by an elderly

citizen, who had assisted Marconi during his short stay in Salvan.

n 1965, inhabitants of Salvan, Switzerland,

located above Martigny in the Mont Blanc

region, “remembered” that a senior citizen
of their village had lived a very unusual experi-
ence seventy years before, when he was a
young boy. A mdm reporter was
vamhomng nearby, and Mau-
rice Gay-Balmaz, by then 80
years old (see Figure 1), told
him how he had met a “nice
young man,” who had arrived
with heavy equipment along the
mule path ascending from the
Rhone valley.! The recordings
made at the time describe a
crucial episode in the develop-
ment of wireless communica-
tions, which was until then un-
known to Marconi’s “official”
biographers.

AN OLD MAN TELLS AN
OLD STORY

The young Gay-Balmaz,
born in 1885, was pldwng near
his home in Salvan, when he
noticed some odd-looking bits
and pieces lying in the grass.

Seeing the boy’s interest, Marconi, who was
then a tenant in the uncle’s house, supposedly
said: “So, you're interested in that, are you.
youngun? If you'd like to work with me, I'll
take you on.”? In this manner, ten-year-old
Gay-Balmaz became Marconi’s little he :Iper,
very excited at the idea of carrying such fasci-
nating equipment. He enjoyed helping this
kind and generous summer resident, a man
very different from the area’s customary
tourist. Without realizing it, Gay-Balmaz was
about to play a role in one of the most signifi-
cant adventures of our time.?

Overlooking the village of Salvan is a flat-
topped erratic rock called “Pierre Bergere”
(The Shepherdess Stone) (see Figure 2), on
which Marconi installed his transmitter. His
equipment consisted of a battery, a Ruhmkortf
induction coil, a Righi spark generator and an
antenna (see Fzgure 3). A few meters away
from the rock, the boy held a two-and-a- “half-
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A Fig. 2

A Fig. 3 Reconstruction of Marconi’s
transmitter at the Salvan Marconi Museum.

The Shepherdess Stone in Salvan.

meter long pole,
along which ran a
metallic wire con-
nected to a receiver,
pmlmhl\ consisting
of a Branly coherer,
a battery and a bell
(see Figure 4). Ac-
tually, the Italian
word for pole is “an-
tenna.” This term,
introduced at the
time by Marconi,
has since been used
worldwide to desig-
nate what was pre-
viously called an
“aerial.” Part of the equipment had
been brought from Bologna by Mar-
coni and ]11\ elder brother Alfonso,
who by then had returned to Italy.

A lot of time and effort was need-
ed to get the system to operate. (,.u—
Balmaz recalled the long waiting pe-
riods: “At first the bell would not
ring, and then, after careful trials,
evaluations and adjustments of his
apparatus, it did ring at such a dis-
tance. Marconi’s face was beaming,
and he shouted to me ‘it is fine, now
it is starting to work!” He asked me to
move farther, maybe a hundred me-
ters away. And then
it took some time,

trials before the bell
rang again. But it
did ring! And we
went along in the
same \\’u_\'."2

With a broken
voice full of emo-
tion, the old man
showed the places
where he had
placed the receiver
and described how
the tests pro-
gressed. Soon, the

A Fig. 4 Recanstruction of Marconi’s receiver at the Salvan Marconi distance became

Museum.

too large to talk or

1. Les Marecottes, 2, I.a Combax 3 Ladray; 4. Crete dy Sqrre- 5. Les Maralches

A Fig. 5 Panorama from the Shepherdess Stone, showing the places where Gay-Balmaz carried

the receiver.
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to shout to each other, and flags were
used to exchange messages. Whenev-
er the bell rang, the boy raised a red
flag to show that the signal had been
received, while a w lnto flag meant
“not yet, keep trying!” The receiver
was moved farther and farther away
from the Shepherdess Stone, the four
or five initial meters soon becoming
hundreds of meters, finally reaching a
location at the top ul the next village
of “Les Marécottes,” at a distance of
roughly one and a half kilometers
(see Figure 5). The transmitter’s lo-

cation was not always visible from the
receiver, and then Gay-Balmaz had to
change his position in order to indi-
cate thc result of the test. The first
transmission without direct visibility
was thus realized in Salvan.

This last information is particularly
significant becanse, at that time, peo-
ple believed that electromagnetic
waves could only propagate along
straight lines — just like light — and
thm( fore could not reach the other
side of hills and mountains. It was
also felt that the curvature of the
earth would drastically limit the
transmission length. But such beliefs
had not been verified, and Marconi
proved that they were incorrect.

After several weeks of testing,
Marconi returned to Italy, leaving in

Salvan only some copper wire forgot-
ten in his room. But he did not forget
his young helper, who received a let—
ter from [t(l]\ Gay- Balmaz remem-
bers, “1 did not realize that he would
become so famous. So when he wrote
inviting me to come to Rome for a
few days, I did not even kee p the let-
ter. Alas, T was still very young, and
my parents did not let me go.” For
the rest of his life, Gay-Balmaz re-
sented this irrevocable decision. He
became a carpenter and spent his
whole life in and around Salvan,
working as a general handyman in a
sanitarium. He died in 1975 at the
age of 90.

Marconi’s life, on the other hand,
was extremely active. A few months
after the Salvan episode, a gunshot
sounded in the grounds of Villa Grif-
fone, near Bulu;_,na in Italy. It an-
nounced the successful transmission
of a message over two and a half kilo-
meters.? By then, flags were no
longer sufficient for \lL‘lldlillﬂ' In

1896, Marconi filed patent No. 12-
039 in London, followed in 1897 by
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the wireless transmission over all of

fourteen kilometers, between Laver-
nock Point and Flat Holme Island in
the Bristol Channel, officially record-
ed by the British Post Office.6 A sig-
nal crossed the English Channel in
1899, and in 1901 Marconi managed
the incredible feat of sending a wire-
less message across the Atlantic
Ocean, from Poldhu in England to
Signal Hill in Newfoundland.”

Marconi’s realizations were ac-
knowledged by the highest honors,
among them a dozen “honoris causa”
doctorates (quite a feat for a man
who had failed the entrance exams
for the University of Bologna) and
many scientific awards throughout
the world, including the Nobel Prize
in physics in 1909. He kept traveling
all .unund the globe and kept a close
watch on the '\ulutmn of his com-
mercial ventures, until a heart attack
ended his activity in the early hours
of July 20, 1937.5 What followed is
well known. Is it possible to imagine
the world today without radio, televi-
sion and cellular phones?

FUZZINESS OF HEARSAY
HISTORY

For a historian, oral testimony like
the one given by Gay-Balmaz always
contains some elements of doubt. Tt
is well known that memory does not
register facts, but interpretations
made by the observer. In addition,
when a st()n is reported seventy years
after the event, one may (\po(t some
inaccuracies. Inde pun(l(‘nt testimony,
or some written documents would be
welcome, to complete and corrobo-
rate oral descriptions. Unfortunately,
Marconi did not leave any report de-
seribing his experiments in Salvan, so

that one can only rely on hearsay

gathered many vears later.? In his tes-
timony, Gay- Balmaz recalled that he
was about twelve y years old, in which
case the encounter should have taken
place in 1897, but this cannot be true,
because by then Marconi’s waves
were traveling over much longer dis-
tances. Gay-Balmaz also reports that
Marconi was then around 26 or 27
years old,! which is some five or six
vears older than he actually was at the
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time. This is not too significant, per-
haps, because it is notoriously diffi-
cult for young children to estimate
the age of adults. The chronological
sequence of events shows that Mar-
coni’s experiments in Salvan were
made during the summer of 1895,
but a discrepancy of several years in
the testimony of Gay- Balmaz does
not shed doubt upon its validity. Who
can remember, within plus or minus
one or two years, what was going on
when he or she was ten vears old?
Two articles!®!1 describe Mar-

coni’s stay in Salvan as shrouded in a
thick veil of mystery; the first of
which even wonders whether Gay-

Balmaz might not have made up the
whole story, supposedly to impress
his wife. But the honesty of the old
man was proverbial, and only some-
one who did not know him could
shed any doubt on his testimony.
Many inhabitants of Salvan told of
this young gentleman, roaming
around the mclw woods and steep
meadows with a local boy, carrying
odd machines, poles ancl flags, and
the story wm‘un\ part of the “collec-
tive memory” of the village. Gay-Bal-
maz’s tcstlmtm\ is lCIlldll\dI)I\ de-

tailed and precise, de \'LI‘l])IIlU‘ in a
plausible way how Marconi ()pemted
and it pl(m(lvs interesting informa-
tion about what took place at that
time.! One should also note that, in
the absence of written documents,
Marconi’s official biographers are
faced with the very same situation
concerning this part of his life. They
must also rely on oral reports told
much later l)\ family members, ser-
vants or guests at the Villa Griffone.
For instance, a servant remembered
digging a hole in the ground to bury a
Luu- metal plate. It is known now
that, among other things, Marconi
discovered that by earthing his equip-
ment he could le Il“'t]ll ' the transmis-
sion range considerably, Marconi was
a man of action, who did not take
much time off to “look back™ and to
write his memoirs, so that some ques-
tions may remain forever unan-
swered.,

THE BEGINNINGS OF RADIO

For a long time, a recurring ques-
tion has been frequently asked, “Who
actually invented radio?” To answer it
properly, an indisputable manner of
what is meant by ‘invent’” and by ‘ra-
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dio’ should be defined. For reasons of

national prestige, several countries
claimed at various times that the sole
and unique “inventor of radio” was
one of their outstanding citizens. For
many years, unfortunate priority
quarrels poisoned the scientific com-
munity. Fortunately, these sterile dis-
putes have somewhat quieted by now.
The invention of radio, or rather its
development, is a long adventure in
which many scientists took part dur-
ing the nineteenth and twentieth cen-
turies. This saga was marked by
many, more or less important, mile-
stones. The existence of electromag-
netic waves was first predicted by
theory and then confirmed by experi-
ment. It was then found that these
waves could transmit messages,
equipment was developed for this
purpose and information was for-
warded over increasingly longer dis-
tances, l(nuhmcr lw now the confines
of the solar wsl(-m At first, the mes-

sages were primitive, made up of

spark noise modulated by the dots
and dashes of the Morse code. Later
on, technical developments made
pnqqihlc- the transmission of voice,
music, images and, finally, of comput-
er data. New technologies appeared:
solid-state detectors, electron tubes,
transistors, int(‘grutv(l circuits,
masers, snphisti(-atv(l transmission
codes and so on.

It is generally d(upt( :d that the
original * i(m srunner” of radio was the
])dmsh ph\slclxt Hans Christian Oer-
sted, who in 1820 showed that an
electrical current could rotate the
magnetized needle of a compass,
demonstrating for the first time that
electricity .md magnetism are some-
how related to each other. One year
later, the French mathematician An-
dré Marie Ampére repeated and
completed the experiment, and de-
veloped a theory to account for it.
Michael Faraday (1791-1867) discov-
ered magnetic ‘induction and intro-
duced the concept of lines of force.
Since he was an experimental re-
searcher without an academic back-
gmun(l (like Marconi later on), how-
ever, this concept was disputed until
the great physicist James Clerk
Maxwell made use of it to establish
his famous equations in 1864.
Maxwell’s theory predicted the exis-
tence of electromagnetic waves. It
still had to be discovered whether

130

these waves actually existed.% During
the winter of 1886-1887. Heinrich
Hertz, experimenting in Germany
with spark generators and dipoles,

detected for the first time the pres-
ence of electromagnetic waves and
thus validated the theory developed
by Maxwell in 1864. His detector had
a very low sensitivity, so that the
transmission range did not exceed a
few meters. Hertz died in 1894 at the
age of 34, Hertzs work had been
clus{ ly monitored by Oliver Lodge, in
England, who carried out a detailed
study of tuned circuits. In 1893, he
introduced in his receiver a “coherer”
recently developed in France by Ed-
ward Bmuh who noticed that the re-
sistivity of iron filings decreased
sharply when close to an electric
spark discharge. Lodge could then

transmit signu[s up to some tens of

meters, which was sufficient for
demonstrations to the Royal Institu-
tion and to his students. But he was a
fundamental scientist and did not
look for practical applications until
Alexander Muirhead, a telegraph en-
gineer, p()intvt] out that waves could
carry messages. The two collaborated
later on to develop wireless systems.
Lodge’s main contribution was proba-
bly l|l(—' memorial lecture presented at
the Royal Institution in 1894, in
which he described Hertz's work and
some of his own experiments. This
lecture, and several articles published
shortly afterwards,!3.14 had a very
strong impact. The whole world
heard of developments that had re-
mained mostly confidential until
then, and scientists in many places

SPECIAL REPORT

started experimenting with electro-
magnetic waves, among them Augus-
to Righi at the University of B()lngnd,
Many other scientists developed
interest in electromagnetism and ob-
tained more or less conclusive results
or filed patents, but did not con-
tribute significantly to the develop-
ment of wireless before Marconi’s
first successful transmissions.1> A cer-
tain amount of technical background
had been established at that time, in
theory as well as in practice, but the
spark of genius had yet to be fired.
This was the situation encountered
by Marconi when he started experi-
menting. People believed then that
electromagnetic waves propagated
along straight lines and traveled only
over short distances. It was not obvi-
ous that they could be used in practi-
‘al dpph(almns In addition, tele-
graphic transmission across several
continents and oceans had been avail-
able for some time. Why should one
spend time and effort to develop an-
other system, which, if it did work,
would unl\ duplicate an existing one?
Appare :ntly, no one had thought of
the pnlentml use of wireless transmis-
sion for maritime communications.

THEN MARCONI CAME

In 1894, Marconi was on vacation
with his family in Andorno, near San-
tuario di Oropa in the Italian Alps.
He learned of the death of Heinrich
Hertz, and became fascinated by a
technical article describing electro-
magnetic waves. Marconi had lived in
Leghorn, the main port of central
Italy, and right away foresaw that

A Fig. 6 How the village of Salvan looked in 1937.
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IEEE MILESTONE IN ELECTRICAL ENGINEERIN(
AND COMPUTING

Marconi's Early Wireless Experiments, 1835
y

On this spot in 1895, with local assistance, Guglielmo
carried out some of the first wireless experiments. He [irsl

transmitted a signal from this "Shepherdess Stone” over a few meters
and later, following one and a half months of careful adjustments,
over a distance of up to one and a half kilometers. This was the
beginning of Marconi's pivotal involvenrént Iy Wireress radio.

September 2003 '

®

-

these waves would offer tremendous
p()ssi])ilii‘it‘s for maritime communica-
tions. He decided that he would
“transmit a message without any
metallic connection between trans-
mitter and receiver.” Marconi had
seen Augusto Righi’s equipment in

A Fig. 7 1EEE milestone plague placed on the Shepherdess Stone. (Photo by J.F. Ziircher)

@ INSTITUTR OF ELECTRICARAND ELECTRONICS ENGINEERS

.

the University of Bologna and proba-
bly started by repeating Hertzs ex-
periments in the Villa Griffone attic.
He increased the distance covered by
the transmission across a room, then
along a passageway, and then be-
tween the house and the surrounding
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fields, It must be realized that, at that
time, he did not have technical man-
uals, nor suitable measuring instru-
ments, neither analysis nor simulation
tools, and could not call any special-
ized troubleshooter to repair defec-
tive equipment, all things taken for
gl‘mlt('d |1_\' engineers lm\\‘zu]u_\‘s. It is
hard to visualize what difficulties he
encountered. He was on his own, a
voung beginner with a limited techni-
cal background, who had failed the
entrance examinations for Leghorn
Naval Academy and for the Universi-
ty of Bologna. In addition, he gener-
ally met with a climate of skepticism
and incredulity, and even with hostili-
ty from his father, who did not ap-
prove of his son’s manual activities.
But from his youngest age, Marconi
had been a genial tinkerer, interested
in everything mechanical or electri-
cal, and he possessed the exceptional
practical sense and indomitable moti-
vation that allowed him to carry on in
the face of adversity and failure.!> As
Marconi |\'vpt increasing the trans-
mission range, the attic in the family
house became too small and he had
to move his equipment into the gar-
den, in full view of the whole family,
servants and visitors. At first, he was
pleased with the interest encoun-
tered, but later on he disliked the
time-consuming interruptions. He
looked for a quiet and remote place
to pursue his experiments, and select-
ed a “climacteric” alpine resort well
known at that time: Salvan (see Fig-
ure 6). He had nnl_\' crude equip-
ment to start his activity, and he
wanted to avoid disturbance while
adjusting it. Marconi already knew
that his cut-and-try endeavors, if suc-
cessful, would lead to a very signifi-
cant breakthrough and he wanted to
avoid any premature disclosure. Mar-
coni’s youngest daughter, princess
Elettra Marconi-Giovanelli, visited
Salvan in March 2001 and described
how her father was looking for a quiet
place, where nobody would under-
stand what he was doing. As he said
later on, “the idea was so elementary,
so simple in logic, that it seemed dif-
ficult for me to believe that no one
else had thought of putting it into
practice. There must be many more
mature scientists than myself who
had followed the same line of thought
and arrived at an almost similar con-
clusion.”'6 In his biography, his
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A Tio. 8 Prince G. Marconi-Giovanelli, Prof. F. Gardiol. Princess E. Marconi-Giovanelli,

Prof. ]. Mosig. Prof. G,

daughter Degna indicates that her fa-
ther was afraid that someone would
discover his secret, as il a ghost was
haunting him.?> Marconi did not ac-
cept any limitation, and devoted his

Falciasecca, Prof. Y. Fournier. (Photo by S. Vaccaro)

entire life to fulfilling the vision he
had had in 1894 in Andorno, the va-
lidity of which he started to check the
following year in the scenic surround-
ings of Salvan. In spite of the overall
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skepticism, he obstinately pursued an
endeavor that went contrary to gener-
ally accepted beliefs, and was never
discouraged by difficulties and fail-

ures. He succeeded in doing what
many others had considered impossi-
ble. A key to his success is that he re-
alized, quite early in his research, that
his activity had to be self- \lll)])nlillllf
Therefore, he set up a commercial
wireless telegraph service that en-
sured his financial independence. In
rather sharp contrast, several other
researchers spent considerable time
and effort locating and trying to con-
vince sponsors, and some even died
in abject poverty. As Marconi’s
daughter Elettra said 4 “The village of
Salvan can pride itself in having of-

fered its ideal setting for the first
stages of one of the most important
discoveries of our time, wireless
telegraphy.”

IEEE HISTORICAL MILESTONE

Feeling that this major episode in
the development of radio deserved
more widespread recognition, the au-
thors started the procedure to having
the location “officially” acknowledged
by the IEEE. The necessary docu-
ments were formulated and submit-
ted to the IEEE History Center,
where experts scrutinized them and
gave a positive response. The History
C 'ommittee of the IEEE acknowl-
edged Marconi’s early wireless exper-
iments in Salvan as a “Historical
Milestone” and a commemorative
Pl(l(lll( see r?g“f() “) was (i(“(]l( ate (l
on behalf of the IEEE by Raymond
Findlay, IEEE Past President, on
September 26, 2003, in the presence
of both Princess Elettra Marconi-
Giovanelli, youngest daughter of
Guglielmo Marconi (see Figure 8),
and Pascal Couchepin, president of
Switzerland.!7.18 The speakers re-
called that Salvan had been the the-
atre of a major event in the history of
electrical engineering and of man-
kind, as Marconi’s discovery brought
people closer together. Through ]IIH
intelligence and doggedness of pur-
pose, Marconi, father of wireless
communications, pr()\"i(]vtl an exam-
ple of creativity and inventiveness to
vounger generations. Couchepin con-

cluded hoping that this ceremony
would prompt us to meditate on the
importance of science and technical
progress in our civilization. W
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fast rise times, reliable construction, and ease of use.

AVR-5B-B

 Oito SO0V arlable These instruments include |EEE-488.2 GPIB and RS- Yves Fournier graduated in contemporary and Swiss history from

* 100 ns to 100 us 232 interfaces, and LabView drivers are available Fribourg University in 1992. He also followed a course in pu/»l’u

* 30 ns rise and fall time  Ethernet control is optional. Positive, negative, and relations (organizational communication) at the University of Quebec,
dual polarity outputs can be provided. All models can l

AVR-7B-B be internally or extemally triggered. A gate inputand a Canacla ‘\m'hm of numerous articles concerned with political ideology

* 0to 700 V, variable sync output are provided, for maximum flexibility. and international history, he has also been a scientific collaborator for

* . N 2 - Py v . . - . us

. ;gonzsrr;a?%ﬁ” ime  These models are ideal for pulse testing components the Dictionnaire Historique de la Suisse. His many cultural activities led

I H . ol 3. > » v

AVERAD such as resistors, attenuators, and transistors. him to pursue research in the history of science. He is now a history

* 0 to 1000 V, variable ;\Z?e:rioilse(:auni;\fgl Lor :&%‘;;“‘:%g’ gﬁr:']nigltlf:fé pmfr ssor and member of the management team at the College de

* 200 ns to 200 us e codias it s i RBAR con doler 3 I'Abbaye in Saint-Maurice, Swit= erland. He is also president of the

* 100 ns rise and fall time  cjean 20 Amp pulse, using standard coaxial cabling! Marconi Foundation, Salvan, Switzerland

Online data sheets and pricing - www.avtechpulse.com
Enter your specifications into the “Pick the Perfect Pulser” search engine!

A WX ﬁff'gsssgig?:um WHAT CAN YOU FIND AT www.mwjournal.com?

AV T E C H —N\—0 ph: 800-265-6681, 613-226-5772 > -
—TLE  fax: 800-561-1970, 613-226-2802 FREE ON-LINE BUYER'S GUIDE

e-mail: info@avtechpulse.com Use this invaluable reference source for locating
TR TE ; : . ; ‘
ELECTROSYSTEMS http:/iwww.avtechpulse.com companies, their products and services.
NANOSECOND - X . ¥ o Sy R
WAVERORM ELEcTRONICS  Sermany | Aust Swiz: Schulz-Electronic Is your company in the guide:

Japan: Meisho Corp.

SINCE 1975 Korea: MJL Crystek Taiwan, China: Quatek
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