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Tesla: Inventor of Radio and
Modern-Day AC

(Marconi and Edison notwithstanding.}

Popular beliefs in history arc often not Inctue! and cannot bear scrutiny. Such is the
case for the history of electricity, which ultimately led to radio.

P
rom the time man started his up
ward march toward an advanced
technological society, only a

fe w e xceptiona l sc ie ntis ts have le ft
indelible marks. Ni kola Tesla was one
of those few. Born in 1856 of Serbia n
parents in what was once the great
Austro-Hungarian Em pire , and edu
cated at the Austrian Polytechn ic School
in Graz, he emig rated to the U nited
States in 18S4 and became an American
citizen.

Tesla brought with him the sec re t
of how to un leash an a wesome power
never imagined by his contemporaries
... the power upon wh ich . today, the
entire world runs ... polyphase ahemat
ing c urrent (AC).

The illnesses Tesla suffe red during
his childhood almost killed him . Later.
as an adu lt, the ridicu le and rejection
he suffe red , after showe ring the world
with many o f nature 's most e lusi ve sc ·
crcts. were severe enough to stifle
most me n. yet he remained dedicated
to sc ience. The great German philoso
pher Arth ur Schopcnhaucr probably
said it best whe n he stated : "A ll truth
passe s thro ugh th ree stages: First. it
is rid icu led ; Second , it is viole n tly
o pposed ; and Third , it is accepted as
sel f-ev ide nt."

S uch is the story of Nikola Tesla and
his strugg le to make AC the world
sta ndard. His rotating magnetic field
princi ple. basic to a ll power generation
and e lec tric motors. is as e terna l as the
w heel. Indeed, it has become as corn

mon as the whee l, and witho ut it. the
world wou ld he qui te d iffere nt.

The story of the rise of e lectr ic
power is long. and no one man should
have excl usive credit for its c reation.
O thers. such as Hans Christian Oersted
and Michael Faraday, made significant
discoveries in electrical sc ience . Their
d iscoveries of electromagnetism and
electromagnetic induction. respectively•
were pi vota l breakth roughs: without
the m. Tesla wou ld no t ha ve been able
to unleash the awesome power con
ta ined in the e lectrica l ge nie Faraday
di scovered in I HJ I .

For 5 1 years afte r Faraday 's discov
c ry. invest igators strugg led to increase
the electrical o utput of Faraday 's e m
bryonic generator. Gradually. magneto
electric generators became available. and
by 1872 uc direct current (OC) generator
reached its peak of refineme nt.

Nevertheless. all suc h ge nerators
proved to he ine fficient and tro uble
some, creating sparks and requ iring
freq uent maintenance . Moreo ver, DC

power was inherently inferior beca use
its losses increase as a fun ction of the
inve rse sq uare of the voltage . End-usc
voltage has to he re latively low for
sa fe ty reasons . With no inexpensive
method of c ha nging the voltage of DC
e lec tricity. the vo ltage of ge nerat ion,
transmission . and distributi on of DC
power had to be the same as the low
voltage of usc .

Unless massive copper bars as con
d uctors arc used to tra nsmit all the
a mperes necessary to transmit a large
quantity of power at low voltage. it is
impractical to d istribute DC a distance
greater than 1/2 mile fro m the generat
ing station. With AC power, the re la
tively inexpensive transformer changes
the voltage from high vo ltage trans
mission (over pe ncil -thin cond uctors)
to low voltage d istributi on ... and use .

Nine teenth-century techno logists be
lieved DC power was their only option
for harnessing Faraday's di scovery.
Everyone believed naturally occurring
AC was useless ... akin to a perpetual
motion machine. Tesla 's discovery of
the rota ting magnetic fie ld pri ncip le
proved everyone wrong . As the Circu it
Court in Connectic ut concl uded in up
ho ldi ng Testa ' s cla im of inve ntion
agains t attacks on its novelty, " What

73 Amateur Radio Today · April 2002 31



(No. 33642. Decided November 4, 1935]

8.~C_.Cl_8,] M ARCONI WIRELEss 'fELEoRAPH Oo,.e. U. S. .67L

On the Proofs

role was strictly as an entrepreneur
building larger generators than were al
ready commercially available. Edison's
briefforay into the power industry was
nothing more than an anomaly, and he
contributed nothing to the time line of
scient ific progress. His much-heralded
Pearl Street Station in Manhatta n pro
duced the same DC as the much earlier
arc-light DC centra l stations in San
Francisco and other locations, so there
can be no justification for scientific in
novation. DC is merely a historic rel ic,
and even its title docs not belong to
Edison.

While the rest of the world had their
eyes fixed on Edison's promotion,
Tesla was searching for a way to prove
his AC theories. The answer came to
him one day in IRR2 as he was walk ing
in a park reciting poetry. The idea ap
peared as a blinding flash in his mind,
and he knew instanlly that he had
found the missing link in Faraday's
great di scovery .. . how to extract the
awesome electrical power contained in
Michae l Faraday's discovery 51 years
earlier. Such was the power of his rotat
ing magnetic field principle. Faraday's
"new-born baby" suddenly became a
giant in his mind. Moreover, Tcsla
never realized at the time how difficu lt
a task he would have in overcoming
ignorance and greed. Th omas Edison
had spent mill ions of dollars of inves
tors ' money to promote ex isting, inef
ficient, DC techno logy, and he was not
about to have his empire destroyed.

Tesla worked for Edison briefly, but
he soon realized that Edison had fixed
interests and that they were stric tly en
trepreneurial. Tesla had loftier goals,
and they did not incl ude wasting his
time hui lding Edison's power stations.
which perpetuated a limited, inferior
technology. He simply co uld not un
derstand why Edison was unahle to
comprehend the super iority of his AC
system.

George Westingho use did not suffer
Edison's shortsighted mentali ty. He
knew Tesla had so lved the energy
prob lem that plagued scientists for
more than 50 ye ars, so he bought all
of Tesla's patents on the polyphase
AC system. Tesla had germinated the
AC seed. and now it was the

Appeals, Second Circuit, 1to F 753
(CA2- 1901l].

After Thomas Edison invented the
incandescent bul b. he immediately
sought investors to fu nd the construe
tion of power stat ions, usi ng ex isting
DC technology to power his lamps.
Hi s promoters immediately dubbed
him "The Ki ng of Electri city," hut his

Fig. 1. Excerpt from Marconi Wirele.u Telegraph Company of America v. the United
States. 81 Ct. Cis.
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Patent8; im.pT(n;ement:J in w i.releu telegraphlY; validittl and infl'inge
ment..,...-()n the questions of validity and infring_f'cmc-ul of the
following patents for Improvements in wn-etess telegrnphy, the
court held as follows : Marconi r eissue patent No. 11913, held
not infr inged. L DQ,ge , patent 609HH, held vrilid and Infelnged,
Marconi patent 763772, held invalid except claim 16, which 1&
held to be: infringed. Fleming patent 80.3684. held invalid and ' not"
infringed.

ROllaltV; construction: of contract of seze.c-wuere a contract of sale
to the United States of certain wireless telegraph stations by
the owner of patents on the equipment thereof provtded rbat
the contract price was for compensation In full to the seller, lind
that the Government was not bound to pay the setter any fur
ther sum as payment, royalty or other compensaeton "on account
of its patent rights involved 'In any Of the apparatus" thereby
transferred ; the exemption ot the Government from payment
or royalty on account of such patent r ights extended unly to thp,
use of the rerttcumr apparatus or equipment transferred In the sale;

Par t y e1Ititled to sue tor infrinoem.ent.-The general rule as to the
right to sue for the infringement of e patent 13 that the right
rests with the one who was owner of the patent at the time
the infringcment occurred.

Infrinllem8nt of oombination.-A new combination oe elements, [Ire
sentlng a new arrangement, and producing new and beuetlctnt
results does not infringe a former combtnatton by using some
of the elements thereof.

Va.liditl! at patent; a,pplication (tIed more tkan 8evC',~ tIInntll~ attor
tllint) of foreign a-pplica tion.-A patent is not iovolid under sec
tion 4887 Revised Statutes, as amended, because the nppllca tfoa
therefor was filed more tlmu seven months nfter the filing or
applica ti on tor a foreign patent unless t he invention was a tso
fi rst patented In the foreign country.

When invention. " {i.r, t pa tented" withi n- meaninu of $el-tlflll .1887
Revilea S latute8.-As used in section 4887 Revised Statutes, the
te rm "first patented" means the time when the patentee's r ights
to the patent become fixed and determined, which in Great Britain
Is the date when the patent is "sealed."

Lachell of owner of patent in enforcing r i ghl8 agaifl.8t infringer8;
effecl upon 8u.b8equent own.e7·.-Wh ere there was such Inches on
the part of the owner of a patent In enforcing its rlg'ht!l against
infringers that Interested persons might well believe the ratent
hn d been abandoned, a subsequent owner of the patent is not

. . -
MARCONI WIRELESS TE LEGRAPH CLlMPANY OF

AMERICA v..THE UNITED STAn,S

others looked upon as only invincible
barriers . . . he [Testa] brought under
control, and ... taught how to util ize in
practical motors in distant cities the
power of Niagara" [Westinghouse
Elcc. & Mfg. Co. v, New England
Granite Co., Vo l. 1m. Federal Re
porter, p. 95 1, at p. 972 (D. Conn.
19(0); affirmed by the Circuit Court of



en trepreneur's tum to cu ltivate the
power industry and reap its rewards.

Westinghouse, us ing Tesla's AC pat
ems. joined with General Electric
Company and in 1895 created the
Niagara Power Project. the first large
scale hydroelectric generating station
in the world. A mere 74 years later,
man was walking on the moon. Such
was the impact of Tcsla's discovery.
Now. virtua lly unlimi ted electrical
and mechanical power is available

~ anywhere.
Is it not classic irony that today our

perception of electrical history is so
flawed that Testa' s name is largely
unrecognized. and we pay tribute to
Thomas Edison. the ma n who fought
bitterly to defeat the rise of the poly
phase AC electrica l power used almost
universally throughout the world to
Jay'! Even our premier mu seum, the
Smithsonian Institution, hails Mr. Edison
as the founding father of our electrica l
power system. and recognizes Tesla
only as the inventor of the AC motor.
Its curator even attributes Ed ison's

incandescent lamp as being the catalyst
for the second industrial revolution .

It was not the lamp that industry
needed; it was the mechanical muscle
of Tesla's AC motor and the power to
make it ru n that sparked the second
indust rial revolution. But the greatest
triumph of the polyphase AC sys tem
was that its use permitted the integra
tion of utility systems to permit taking
advantage o f overwhe lm ing scale
economies in generation. No more was
it necessary to have an isolated gener
ating source for each different use of
electric power.

Tesla's intellect was such that once
he had solved the AC conundrum. he
continued his investigations into the
world above (lO cycles (AC) ... high
frequency. A few years earlier, the hr il
liant Scouish mathematician. James
Clerk Maxwell , established the laws of
e lectrodynamics by formulating four
equatio ns defini ng electromag netic
theory. He concluded that it is pos
sihle to transmi t energy by electro
magnetic waves at the speed of light.

Later, Professor Heinrich Hertz. in
Germany, set out to interpret and prove
Maxwell's work experimentally. His
experiments proved those postulates
- that e lectromagnetic waves are in
deed propagated in air at the speed of
light. Ma xwell and Hert z had now
laid the gro undwork for someone to
foll ow in thei r footsteps and create a
system for transmitting and receiving
intelligence.

Nikola Tesla was the first to recog
nize the need to investiga te the proper
ties o f high frequency alternating
currents probably because of
Edison's attacks on his high voltage
AC transmission system as unsafe.
The so-called "skin effect" of high fre
quency reduced its danger; and this
work with high frequency electric
power led to his sys tem of transmitting
intelligence (radio).

Tesla invented a high frequency air
core transformer capable of producing
high voltages at very high freq uencies .
It became know n as a Tesla coil. In
doi ng so. he discovered the secret of
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electrical resonance. a funda mental
necessity in all electronic circuitry.
Tes la again proved he was hot h scien
ti st and technologist. someone who
could discover new scientific truths
that advanced earlie r bel iefs and then
made them work in a practical way. In
short. he was the link between the pure
scientists and the technologists who
followed .

History is not kind to Testa. although
all of us are the benefactors of his
creative ge nius. The main reason his
name is not a houschold word is that
he left no industry or family to per
pe tua te hi s memory. Nevertheless.
his legacy - whether or not we ac
knowledge it - is a ll arou nd us in the
electrici ty that powers our homes.
schools. and factories. and in the AC
motors powering the many machines
that make our lives comfortable .

There is an overwhelming belief that
Thomas Alva Edison was the chie f ar
chitect of our electrical society. and
that Marchese Guglielmo Marconi was
the inventor of radio. Nonetheless.
there is indisputable evidence clearly
showing that Nikola Tesla was not
only the father of polyphase AC elec
tricity transmi ssion. but also the father
of radio.

Litigati on agai n is helpful in estab
lishing priori ty of invention of radio.
just as it did for polyphase AC trans
mission . The granting of a patent. by
itself. is not who lly determinative of
invention because that is an ex parte.
or one-s ided proceeding. Usually no
one is oppos ing its grant with facts
(outside those readily available to the
patent examiner). tending to show that
the claims of the patent applicant were
unwarranted. The patent examiner is
some help in avoiding grants based on
unwarranted claims of invention. but
his study is limited to papers on file in
the patent office or availab le to him
without great effort and expense. Even
concerning those. he is frequently de
pendent on the honesty of the lawyer
for the app licant in hringing prior art
to his attention.

In the case of radio. as well as elec
tric power systems. two-party patent
li tigation . and sometimes other litiga
tion. fortunately is available to help in
34 73 Amateur Radio Today · April 2002

determining priority of invention.
Such litigation with respect to radio
came to the U.S. Court of Claims
when Marconi Ii led a claim against the
government for the taking of his inte l
lectual property involved in four pat
ents; two claimed to be invented by
him. one in which the claimed inventor
was Sir Oli ver Lodge and assigned ( 0

Marconi. and one by J.A. Fleming,
also assigned to Marconi .

Four patents were involved. The
first was a patent by Marconi for a
two-circuit system for transmitti ng
signals and recei vi ng them remotely
with one circuit in the transmitter and
one in the receiver. A current analysis
by an expert in e lectrodynamics (be
low) shows that this was not a viable
system of rad io communication.

The two-circuit patent was Re-issue
:\0. 11.913 (Original No. 586.193).
granted to Guglielmo Marconi on June
4. 1901, for transmitting electrical im
pulses and signals and the apparatus
therefore.

The second patent was for a four-cir
cuit system of wire less telegraphy, No.
763.772, granted to G. Marconi on
Ju ne 28. 19~. This patent is the key to
the invention o f radio. The question
for the court was whether the patent
was properly issued to Marconi, who
claimed to be its inventor. or whether
its issuance was invalid becau se of
prior art .

The third patent at issue was No.
609.154. for the use of a variable in
ductance in tuning a circuit to resonance
with another. grunted to OJ. Lodge on
August 16. 1 89~; and the fourth patent
was for a rectifi er tube. No. 803.8M.
granted to J.A. Fleming on November
7. 1905. The total damages claim was
fo r 56.000,000 - which in 19 16 was
a lot of money - and j ustified full
development of the facts by the parties
to the litigation.

The fi ndings of fact and opinion of
the lower court (Court of Claims) can
be found in Marconi Wireless Tele
graph Company of America v. The
United States. XI Ct. Cis. 671 (1 935).
affi rmed in major part by the Supreme
Court 320 US I ( 194 3).

The Court o f Claims decided that
the government did not in fringe o n

Marconi 's two-circuit patent. The
government's suppliers had not used
that technology because long before
World War I. it was already obsolete. It
held that each of the components
Marconi utili zed in the two-circuit sys
tem was invented by others . hut that
possibly the combining of them justified
a clai m of invention for the two-circuit
system (even though it was not a vi
able system of rad io). Moreover. the
four-circuit system had revolu ti oni zed
the art . Clearly. the focu s of the litiga
lion in the Court of Claims was on the
four-circu it patent.

During the more than three years
after Marconi's initial f ling of the key
four-c ircuit patent on June 2X, 1904
was rejected for prior art. new applica
tions and petitions for revival were liled
and rejected by reason of the prior art
se t forth in the Braun British patent.
Lodge No. 609.1 54. and Marconi No.
627.650. but principally in Testa No.
tH5 .576.

In the early 193&. the Court of
Claims carefully analyzed Marconi 's
claim of invention of the four-circuit
system. Its examination showed how
patent office examiners time and again
rejected Marconi's claim on the four
circuit system due to Tcslu's prior
patent for the identical apparatus. his
"prior art." lt held that it was not nec
essary even to consider the Stone
claim. which was pri or to Marcon i's
but afte r Tcsla's, because Stone him
self credited Testa with its invention.
[John Stone ( 1869- 1943). one of the
many carly pioneers of radio. gave
Tesfu full cred it for its inveruion.]

At long last. Marconi had persuaded
the patent office to reconsider and
grant the patent. was it only by coinci
dence that this occurred just after the
influentia l investment banker. Morgan.
gave his hacking to Marconi'! Both the
Court of Claims. and later the Supreme
Court, in affi rming the decision of the
Court of Claims. remarked that the
fi rst examiners were correct, and there
was no apparent justification for the
valte face of the last examiner who
granted Marconi the invalid patent on
the four-ci rcuit system (opinion of the
Court of Claims on Liabili ty, 8 1 Ct.
C is. 67 1. 760 '0768).
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distance of more than 6,000 miles [ci
tations omi tted]." Brief for Pe titioner
and C ross-Respondent, March, 1943,

at p . 16.
Accord ing to the Coru m brothers.

who arc promine nt experimenters with
Tcs la coils, "Tcsla's stroke of ge nius
was to use tuned coupled coils, move
the energy sto rage capacitance to the

I "
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To one skilled in the art a transmitting station is shown at

fig. 10, havin g a M orse key and bat t ery in the primary cir
cuit, n ot shown, of an induction or Ruhmkor ff coi l c or other
source of high tension, high frequency current. A spark gap
d, c, e, d, in t he second ary circuit has one side grounded at E
and the other side connected to an elevated wire and plate 'U'

insulated f r om the earth on the pole v . "
The receiving st a t ion in fig. 11 has a coherer or im perfect

electrical con tact type detector j connected on one side to
a n elevat ed conductor w insu lated from the earth, while-

Fig. 2, Another excerpt,

the recei ver would he more se lective
(inductance in an e lectrical system is
the same as inertia in a physical sys

tem) . M oreover, even with the Lodge
patent , signaling only to short dis
tances, about eighty miles, was all that
was possible before the invention of
the [four-circu it] system which en
abled communication in 190 1 over a

" It is sometimes said [by those deni
grating Tcsla's invention of radio] that
Testa's purpose was only to transmit
electrical energy, but the electrical
waves transmitted by any wireless sys
tem arc merel y one form of electrical
energy. Moreover. the specification of
Testa's patent recited that the method
of energy transmission would be useful
when it was desired to tran smit in tell i
gible messages to grea t distances. In
view of this statement, it is within the
knowledge of those skilled in the art to

interrupt the cont inuous ge neration of
high frequency energy in the transmit
ting system by a te legraph key, and
substitute for the curre nt receiving in
strumentalities disclosed in connection
with the receiving system, a radio signal
detector device ."

The onl y thing le ft is to dete rm ine
of what significance is the Court of
C laims' marginal award of invention
to Marconi for the two-circuit system.

First, the government's lawyer claimed
that Marconi's two-circuit system was
basically the same system used by
Hert z to verify the theories of James
Clerk Ma xwell . Bri ef at 4 1.

Second, this is what Marconi 's own
lawyer said of the two-circ uit system:
"Marconi, in 1894, learned o f the
Hertz 1888 experi ments and in lS96
fi led an appl ication in the United
States upon which was aranted the, e

patent which was rei ssued as 11,913.
That patent, formerly in suit, described
a sending station and a receiving sta
lion without any tuned circui ts, T his
system would operate, hut only at
short distances, becau se there was too
much was te of energy. The transm it
ting antenna would quickly, and not
persistently, radiate the ene rgy app lied
to it. with the result that the tra in of
ether waves would he too sho rt instead
of being sustained . And at the rece iv
ing station, the antenna like wise would
qu ic kly absorb the rece ived wa ves,
instead of storing them up, and the
antenna also would recei ve undesired
waves from other transmitting antennas
[citat ions omi tted ]. T he Lodge patent
formerly in suit was an im provement:
hath the transmitting and the receiving
antennas being tuned with inductance,
so that each would vibrate longer and



primary side, and to add a ground con
nection. Tesla was the first to induc
tively couple the secondary circuit
[where the capacitance must he small]
to a tuned primary circuit, where the
energy storage element (capacitance]
may be huge by comparison. This re
markable innovation made possible the
generation of RF signals immensely
more po werful than Hertz 's apparatus
[and therefore the apparatus in Mar
coni's re issue patent] (TCTUTOR at
page 13. J& K Corum, D. Edwards ,
Corum & Associates, Windsor, Ohio,
1988, ISBN 0-924758-01 -5). Accord
ing to the Corurns. Hertz calculated his
peak power at 16 kW. They concluded
that his average radiated power was
trifling. In contrast, at Colorado Springs,
in 1899 , Tesla's average power was in
excess of 250 kW and his peak power
exceeded 76 megawatts - a long way
from Hertz in just a decade. Ibid.

Third. even Justi ce Frankfurter. who
dissented bitterly in favor of Marconi,
acknowledged that the two-circuit
patent was not a significant factor in
the innovat ion of radio: "That patent
did not embrace many of the crucial
claims here involved and its product
cannot compare in commercial useful
ness with that of the patent in suit"
320 U.S. I at 64, footnote 3.

The following technical evaluation
will clearly show the unviubility of the
two-circuit system as a means for
transmitting intelligence:

(1) Abstract, This work examines
the characteristics of the two-circuit
radio transmission and reception sys
tem (Patent Re-issue No. 11,91 3) used
by Marconi prior to the development
of the four-circu it system. The find
ings are that the circuit as described in
the named patent is an unviable system
of radio communication owing to a
number of drawbacks (to he examined
in detail) . In part icular, findings in
clude a wide inherent bandwidth in the
system (con sider the implications of
this in the usage of tcday's radio fre
quency allocations) and limitations on
the signal and receptive power of the
system as described in the patent (af
fec ting coverage and transmi ssion
di stance) .

(2) Transmitter Characteristics
(and their implications). The circuit
36 73 Amateur Radio roasv » April 2002

diagram of the transmitter (Marconi
Wireless Telegraph Company of
America v. The United States - Fig.
10,81 Ct. CIs. at p. 677] shows a con
ductlng plate (u) suspended by insulat
ing pole (v) to which is attached a
vertically hanging wire connected to
one end of spark gap (d .c.c.d). The
other end of the gap is connected by a
wire to earth. Across the spark gap is
connected an AC power source (c) (see
Fig. 2).

O bservations

It is not obvious from the diagram of
Marconi's two circuit apparatus (re
produced in the court 's findings of
fact) ur exactly which point along the
total length of the wire the spark gap is
connected. This may have an influence
on the resonant mode of the system
(due to impedances associated with the
power supply with respect to ground),
but it is also true that any monopole
resonator such as this will respond to a
number of frequencies. (Thi s is easily
demonstrated both by doing a fre
quency sweep of such a circuit using a
sweep generator and spectrum ana
lyzer, and is al so shown in graphic
detail in a simple mechanical system
- a metal ru ler standing in a vise is an
example of such a resonator.) It is as
sumed that the dominant II4-wave
mode is being used.

Consequences

A confl icting set of requirements
arises from the desirability of the sys
tem to be narrow band (selective) on
one hand and a good radiator on the
other. Thi s is not necessarily an im
pediment to a good narrowband trans
mission (the antenna used in the
typical AM station is unchanged ex
cept for the lack of a top-loading ca
pacitance) , and in modern radio
stations the signal fed to the antenna is
rigorously contro lled with regard to
frequency content.

In the transmitter in question , this is
not so. The signal is generated by
connecti ng a charged capacitance
(upper wire + plate) to earth by a
spark gap which conducts when the
breakdown potential across it is

reached. Conduction in the gap takes
place extremely rapidly (spark propa
gation of up to 108 cm/s) [High Po wer
Electronics, Sargent & Dollinger, pub,
TAB Books, Inc., ISBN 0-8306-9094
8, Ch. 6.1, pp. 187-190J and is essen
tially a step function. The result is the
generation of a broad spectrum of fre
quencies whose harmonic content and
harmonic amplitudes may be de
scribed by a Fourier Series or similar
[Advanced Engineering Mathematics,
Sth Ed. , Erwin Kreysig, pub. John
Wiley and Sons, ISB N 0-471 -8894 1-5,
Ch. 5.3 , pp. 2 11-2 16], al l of which
arc available to exc ite the ante nna in
many resonant modes additional to the
1/4·wave fundamental.

The Q of a circuit containing a spark
gap has been seen to be a severe limit
ing factor on the performance of reso
nators generally (particularly high Q
ones - however, any unwan ted losses
in a radiating circu it that do not con
tribute to the radiation arc undes ir
able). Not onl y docs the gap dissipate
energy (that could otherwise be use
full y employed in radiation) , bu t in
ex tingu ishing at low currents it sup
presses further oscillation in the antenna
before all energy in the circuit has
been usefully employed.

Finally, the top capacitance is used
as the primary energy store in the two
circuit system. Available system en
ergy is described by the equation E =:

O.5CY2
. To max imize transmission

power, this energy must he maxi
mized . An obvious ploy to increase
available energy is to increase the volt
age (Y), because not only does energy
scale as voltage squared, but antenna
capacitance must be kept low enough to
enable working at a desired frequency
with good radiation efficiency. The
geometry of the electrode dictates the
voltage it can be charged to, and high
voltages demand a large radius of cur
vature for the energy storage capaci
tance. It is clear that there arc limitations
on increasing both capacitance and
voltage in this system.

Transmitter summary

In this transmitter, the sole resonant
circuit is heing asked to do two jobs
with confl icting requirements. While



rad iating efficiently. it is a lso required
to achieve a high degree of harmonic
suppression. The four-circuit syste m
gels around this by se parating these
functions into two separate loosely
coupled circu its. each performing a
sing le function. Any c ircuit containing
a spark gap has a very lossy harmonic
ge nerator built into it. Effic iency is not
restricted to signal radi ati on a lone, and
the resonator (antenna) in th is system
is exci ted at a mult itude of frequencies
resu lting in a widehand tra nsmission.
In the fo ur-circuit transmitter, the gap
is removed from the antenna circ uit
and incorporated into se parate ci rcuits,
the degree of coupling between them
defi ning the bandwidt h of the c irc uit
unti l the gap is quenched. Ideal
quenching results in a single frequency
output. a fact well known in early ra
d io circles. Thi s scheme. whe n used
with cl ose coupling. allows e nergy
transfer fro m primary circuit to an
tenna to be effected wi th very few gap
conductions ... and hence. losses .

The four-circuit syste m still suffers
gap losses but enables the gap to be
quenched (removed) from the a ntenna
circuit while sti ll allowi ng the antenna
to ring at its natural freque ncy with
bette r e fficiency. The mome nt the gap
stops cond ucting in the two-circ uit
system. a ll oscillations cease. There is
a serio us problem when trying to in
crease power in the syste m to a le vel
suitable for long di stance transmis
sion. The requirements for the capaci
tor Iu} to be small for radiation
effic iency and large for energy storage
clash badly. The voltage the capaci tor
can be charged to is limited by its size
and shape - hence transmission
power is a lso restricted. T he fo ur-ci r
cu it system overcomes this by allow
ing use of arbitrarily large primary
storage capacitance charged to arbi
tra rily high vo ltages in a compac t
manner. Primary energy storage is rc
moved from the aeria l sys tem.

(3) Receiver characterist ics. The
receiver circuit appears in Fig. II
(Marconi Wireless Telegraph Com
pany of America v. The Un ited States,
8 1 o. C is. At p. 677), show n in F ig. 2.
Once again. a lossy clement (coherer)
appears in the antenna resonant circuit,

losing energy and widening the an
tenna frequenc y response . The degree
of coupling between the two resonant
c ircuits in the fo ur-circui t syste m de
fines overall system re sponse a nd re
moves the lossy coherer from the
antenna.

With that technical e valuation of the
two-circuit system as backgro und , we
can tum to two portions of the Su
preme Court opinion that arc some
times cited as preserving Marconi 's
priority of in vention .

First. a se ntence in the majority
opinion at page 37. The se ntence reads:
" Marconi' s reputati on as the man who
first achieved successful radi o trans
mi ssion rests on his origina l patent .
which became Re-issue No. 11.91 3.
and which is not here in q uestion." The
pronoun "which" has an ambiguous
antecedent. It is not c lear whether the
matter " not here in q uesti on" is Mar
coni ' s reputation. or the validity of the
two-circuit pate nt. Re-issue No. I 1,91 3.
It appears to the writer that it refers to
the latter. which was not in issue be
cause neither party sought review of
(he C ourt of C la ims decis io n on the
reissue patent since there had been a
finding of no infringement. But even if
it refers to the former, the state ment
wo uld have significance only if the
combination by Marconi of the cle
ments inv ented hy others played an
important role in the progress of rad io;
and as it has been shown above. it did
not. The two-circuit system cou ld only
transmit a few miles without the Lodge
improvement. which increased the range
to 80 miles. ln contrast. the fou r-cir
cuit system co uld reach 6.000 mi les
and lesse ned interference of other
transmitters . The two-c ircuit system
transmitter was ide ntical to that of
Hertz. The receiver merely substituted
a coherer - in vented by Branly - in
the Hertz rece iver. in lieu of the spark
gap used by Hertz for experimental
purposes.

The second ci tatio n is to the di ssent
ing opinion of Mr, Ju stice Frankfurter.
He conunenced his di ssent by pointing
out the inadequacy of lawyers. such as
himself, to follow a technica l di scus
sion. 320 U.S. 63. footno te I . It is clear
that he fo un d it difficult to unde rstand

the facts. because he fai led to c ite a
sing le one in support of his view that
those prior in time to Marcon i "d id not
have the ' flash' ... that begot the idea
in Marconi wh ich he gave 10 the world
through the in vention e mbodying the
idea ." Perhaps it was fo r this reason
that he fa iled to persuade the majori ty.
Jus t as in any other profcssion.Jawyers
and j udges apply principles to facts to
draw concl usions. The majority ap
pl ied legal principles to facts and
fou nd that Tcsla invented radio . Justice
Frankfurter apparently reached the
conclusion in his di ssenting o pinio n in
some other way.

Guglielmo Marconi deserves great
cred it for his vigorous promotion and
business development of wire le ss te
legra phy and radio, j ust as credit for
promoting the polyphase alternating
current system belongs to George
Westing hou se - not the in ventor, also
Nikola Tesla .

Marconi e valuated the commercial
opportunities arising from the inven
tions of Hertz and Tesla. and se ized
them. When Hulsmeycr, the inventor
of radar. tried to sell his in ve ntion to
shipow ners , he had no success. Being
a shrewd businessman, Marconi tied
his customers wi th cor nructs so tight
in exclusive dealing arrange men ts that
sh ipowners were fearful of dealing
with others to install radar systems for
sa fety purposes because the systems
also used Hertzi an waves. "The ve ry
fact that all reports and documents re
ferred to Hulsmcyer 's [radar] di scovery
as based on a forrn of wireless telegra
phy w a..enough to convince them [ship
owners ) that it was one and the same
thing. however different its use . and
shipping lines using wireless telegra 
phy in its acce pted sense were mostly
under contract to the Marconi monopoly.
The terms of the Marconi License
were strict and no one in those com
petiti ve times would dare risk a suit for
breach o f contract" [bracketed mate
rial added ] (Pri tchard. 11u' Radar ml1;

Thorsons Publishing Group, Welling
borough. Northamptonslure. NN8 2RQ.
Eng land. 1989. at p. 19).

Being a good businessman, Marconi

Continued 0/1 page 5 7
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Tesla: Inventor of Radio and
Modern-Day AC
connnued jf-om page 37

Gramme Electrical Company in 1882,
a group formed express ly not only to
fix prices but also to engage in paten t
litigation against "outside" electric
companies (Electrical Review. May
15, HHQ). The Sherman Act was not
enac ted until 1890 . It outlawed price
fixing and other restraints of trade (but
by 1890, the business was alreadypretty
well concentrated). In sum, evidence
available from historical documents
simply docs not support Marconi 's
claim of invention, but shows only a
strong incentive for claiming invention.

Marconi 's interest in wi re less
transmission of intell igence did not
comme nce until 1894.

In 1866, an American dentist named
Mahlon Loomis showed that one could
detect signals between two mountains
in Virginia. Loomis applied for and was
granted a patent for wireless telegraphy
in 1872. some 22 years before Marconi
learned of Hertz 's experiments.

In 1897, Marconi cou ld only reach a
distance of nine miles. Two years later,
he sent messages across the Eng lish
Channel (the English Channel is about
22 miles in width from Dover to Calais)
(Bruno, The Tradition of Technology,
Library of Congress. Washington. 1995,
pp. 110. 24 1).

In co ntrast, despite a laboratory fire
in 1895 that destroyed most of his
equipme nt, less than two years later
Tesla was tra nsmitti ng from his Hou s
ton Street laboratory in New York Ci ty
a dis tance of 30 miles up the Hudson
River to West Point (Nikola Tesla 011 His
Work With Alternating Currents, N.
Tesla. ed. L I .Anderson. Sun Publishing,
1992).

Tesla was so confident of his new
four-circ uit system that in 1899 he
wro te a letter to his friend Robert
Underwood Johnson procla iming
"how ... abso lutel y sure I am that I
shall transmit a message [across the
Atlantic] to the Paris Exposi tion with
out wire . .. l" (microfilm letter. Tesla
to Robert U. Johnson, August 16.
1899, Library of Congress) . f1J

CALENDAA EUENTS
continued from pag e 43

under 12 admitted free with adult admission.
Mobile check-ins and directions until noon on
147.315 and 443.225, backup 145.275. Free
parking. Handicap facilities available. Outdoor
flea market spaces $2 per 10 It section. Inside
tables $10 per table, gate admission not
included. Deatectlea market setup at 6:30 a.m.
Inside tables guaranteed until 9 a.m . with
reservation fee in advance; others first come.
first served. Dealer registration with SASE and
check or MO payable to : 20/9 Amateur Radio
Club, Inc., 55 $ . Whitney Ave., Youngstown OH
44509, Payment must be reccved no later than
April 15th. For more info contact Don Stoddard
N8LNE, Chairman, 55 S. Whitney Ave.,
Youngstown OH 44509, tel. 330-793-7072, E
mail [NBLNE1@neo.rr.com}:or RichHamaker,
Co-Chairman, 4939 E. Radio Rd., Youngstown
OH 44515, tel. 330-792-4019. Uniformed and
plain clothes security will be present. Alcoholic
beverages , fire arms, and questionable or
demoralizing materials are not permitted on
school property.

G A LVA , IL The Area Amateur Rad io
Operators club will hold the 3rd annua l
W9Y PS/AA9RO Hamfest "ARRO Fest 2002"
on Apri l 28th, 8 a.m. to 2 p.m. at the Galva
National Guard Armory. Handicap parking and
handicap accessible. Excellent parking . Large
outside flea market area. Electricity is available
inside the build ing; bring your own exten sion
cords. VE exams by reservation only. The
National Guard Auxiliary will provide an AII-U
Can-Eat breakfast as well as lunch. Advance
tickets are $5 with three stubs , $7 at the door
with one stub. To reserve tables and tickets. or
to receive more info, contact Matt Bullock, 419
E. College St. , Kewane e IL 61443,
(mbullock@bwsys.net}: or Phil /mes, 908Zang
Ave. , Ke wanee IL 61443, E-mail [kewphi/@
cin.net).

MAY 4, 5

ABILENE, TX The Key City ARC will sponsor
its 17th annual Hamtest at the Abilene Civic
Center from 8a.m. to 5 p.m. Saturday,and from
9 a.m. to 2 p.m. Sunday. Free parking. VE
exams. Wheelchair access. Umited RV parking
fo r a nomi na l fee. Tables $7 each . Pre
registration $7 (must be received by April 29th),
$8 at the door. Talk-in on 146 .1 60/.760 . For
reservations and info. contact Peg Richard
KA4UPA, 1442 Lakeside Dr., Abi/ene TX
79602, tel. 9 15-672-8889. E-mail {ka4upa@
arrl.netj.

MAY 11
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