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PREFACE

he Nikola Tesla Museum is publishing the third book from the legacy of Nikola
Tesla — his research diary written in Colorado Springs.

The previous two books contain works that had already been published and
had thus been accessible to the public.

The most significant of Tesla’s works had been selected and published in their inte-
grity in the first book (Nikola Tesla: Lectures, Patents, Articles, Beograd, 1956 fin English /)
while the most important reviews of Tesla’s works and the appreciation of their significance
for world science are contained in the second book (Tribute to Tesla, Beograd, 1961).

Tesla’s manuscript (written in English), that has up to now remained unpublished
and unknown to the public, is appearing in this book for the first time.

Nikola Tesla did not write his diary for the public, but exclusively for his personal
use. Obviously, he was writing it to have an insight into the course of his research and due
to the exceptional extent of the experiments of his research in the isolated laboratory he
had erected in 1899 on the slopes of the mountain Pikes Peak, he was probably writing it
with the wish to leave behind some evidence in case of fire or destruction of his laboratory.
Tesla evidently did not intend to publish this diary and left it among his other notes and writ-
ings. It was not until the whole legacy of Nikola Tesla had been systematically examined
and put in order in the Nikola Tesla Museum that the manuscript of this diary was discovered.

Like all testimonies of this kind, the diary of Nikola Tesla has the value and fascination
of a most genuine testimony because it reveals Tesla’s ideas in an important period of his
research. It reveals the extraordinary enthusiasm and fervour of his inexhaustible and stri-
kingly exploring imagination. In fact, this diary brings to light all that made Tesla different
Jrom all other researchers: his creative spirit which often bewildered, amazed and infuriated
many of his contemporaries and even some well-informed scientists, to whom it seemed that
Tesla’s ideas belonged to the sphere of illusion rather than to the acknowledged course of
science. Tesla thus shared the fate of all exceptionally great and far-sighted explorers.

In fact, when one carefully studies the entire work of Tesla one can see that his prin-
cipal aim was very clear: to search for the inexhaustible possibilities of dominating the forces
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of nature and subordinating them to human purposes thus increasing immensely the power
of man and mankind in order to live more lumanly. All that Tesla had done was subordinated
to this principal aim. All his experiments in Colorado Springs, dealt with in this diary, had
also been dedicated to this basic aim. Because of the extraordinary dimensions of his experi-
ments, which would be unusual even for present-day experimental work in this field, this
diary is not only a valuable historical testimony but also an inexhaustible inspiration for
further research even when some mistakes are spotted. Tesla was so ingenious and devoted
to his indefatigable search for new knowledge that he could permit his little errors to feed
all kinds of small-minded people who learned how to calculate well but could never learn
to seek for new ways of knowledge because they didn’t have a creative gift.

Preliminary arrangements to prepare this diary for publication required a lot of time,
effort and collaborators. The Nikola Tesla Museum thanks them all and especially the author
of the commentaries, Prof. Aleksandar Marinéié.

By publishing this diary the Nikola Tesla Museum wishes to mark the 120th anni-
versary of Tesla’s birth, which has been celebrated all over the worla, as well as to underline
the deep devotion which Tesla felt towards this country where he was born.

Beograd, December 1977



INTRODUCTION

In 1898 Tesla’s creativity in the field of high frequencies was at its peak. From his
initiai 1deas in 1890 and his first, pioneering steps, he had worked with such intensity that
many of the inventions and discoveries which he had given the world by this time have
remained unsurpassed to this day. Even the loss of his laboratory on Fifth Avenue in
1895, a severe blow for him, did not hold him back for long. He soon resumed his experi-
ments in a new laboratory, on Houston Street, continuing to make new discoveries and
inventions applying them with unflagging energy.

Tesla’s polyphase system essentially solved the problem of generating, transmitting
and utilization of electrical power. When he started working on high frequencies, he almost
immediately began to perceive their vast possibilities for wireless transmission of “‘intel-
Ligible signals and perhaps power”. He worked on the practical development of his first
1deas of 18911893 at such a rate that by 1897 he had already patented a system for
wireless transmission of power and an apparatus utilizing this system. Shortly before
this, during the ceremonial opening of the hydroelectric power plant on Niagara, at a time
when the world was only just coming around to Tesla’s polyphase system which for the
first time in history enabled the transfer of electrical power over distance, he said: “In
fact, progress in this field has given me fresh hope that I shall see the fulfillment of one of
my fondest dreams; namely, the transmission of power from station to station without
the employment of any connecting wires.” (16)

Always true to the principle that ideas must be experimentally verified, Tesla set
about building powerful high-frequency generators and making experiments in wireless
power transmission. The Nikola Tesla Museum in Belgrade posesses a Tesla’s own slide
which confirms that the experiment described in the patent “System of transmission of
electrical energy” (13) was in fact carried out before the Examiner-in-Chief of the U.S.
Patent Office. For experimental verification of his method of wireless power transmission
“by conduction through the intervening natural medium”’, on the global scale Tesla needed
still higher voltages and more room (in the Houston Street laboratory he generated vol-
tages of 2 to 4 MV using a high-frequency transformer with a coil diameter of 244 cm),
so towards the end of 1898 he began looking for a site for a new laboratory. Mid-1899
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he finally decided on Colorado Springs, a plateau about 200C m above sea level, where

he erected a shed large enough to house a high-frequency transformer with a cett diameter
of 15 meters!
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Fig. Ic. Diagram of an apparatus demonstrating transmission of electric power through rarified gas
(Tesla’s own slide now at the Nikola Tesla Museum, Belgrade)

Tesla’s arrival in Colorado Springs was reported in the press. According to the
Philadelphia “Engineering Mechanics™ Tesla arrived on the 18th of May 1899 (according
to(68) he left New York on 11th May 1899), with the intention of carrying out intensive
research in wireless telegraphy and properties of the upper atmosphere. In his article
“The transmission of electric energy without wires” (1904(1)) Tesla writes that he came
to Colorado Springs with the following goals:

1. To develop a transmitter of great power.
2. To perfect means for individualizing and isolating the energy transmitted.

3. To ascertain the laws of propagation of currents through the earth and the at-
mosphere.

Tesla had some ten years of experience with high frequency AC behind him by the
time he moved to Colorado Springs. In 1889, on his return from Pittsburg where he had
been working as a consultant to Westinghouse on the development of his polyphase sy-
stem, he began work on the construction of an alternator for generating currents at much
higher frequencies than those used in ordinary power distribution. In 1890 he filed ap-
plications for two patents(2) for alternators working at over 10 kHz. One of these patents
was in conjunction with a method for achieving quiet operation of arc lamps, but this
was in fact a first step towards a new application of alternating currents, which soon
became known as “Tesla currents”. Tesla’s alternators were an important milestone in
electrical engineering and were the prototypes for alternators which were used some

quarter-century later for driving high-power radio transmitters, and later on also for
inductive heating. (24)

Soon after he had started his research in high frequencies Tesla discovered there
specific physiological action and suggested the possibility of medical applications. He did
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a lot of work on the utilization of high frequency AC for electric lighting by means of
rarefied gas tubes of various shapes and types. During 1891 he publicized his results-in
journalsG); patent applications15) and in his famous lecture to the AIEE at Columbia
College(4). This lecture, before a gathering of eminent electrical engineers, brought Tesla
widespread recognition and soon made him world-famous. This success was due in good
measure to his convincing experiments too, which included a demonstration of rarefied
gas luminescing in a tube not connected by wires to the source of power. This was the
first experiment demonstrating wireless power transmission, and marked the birth of an
idea to which Tesla was subsequently to devote a great part of his life. The necessary
powerful electric field was created between the plates of a condenser connected across
the secondary of a high-frequency transformer, whose was connected via a series condenser
to a high-frequency alternator. The system worked best when the primary and secondary
circuits were in resonance. Tesla also made use of the resonant transformer with his spark
oscillator, enabling easy and efficient generation of high-frequency AC from a DC or
low frequency source. This oscillator was to play a key role in the development of HF
engineering. Only a few years later it was to be found among the apparatus of practically
every physics laboratory, under the name of the Tesla coi1l(20),

The first record of Tesla’s high-frequency coupled oscillatory circuit with an air-
-cored transformer is to be found in Patent No. 454622 of 23 June 1891 (application filed
25 April 1891) under the title “System of electric lighting”. The oscillator converts low-
-frequency currents into “current of very high frequency and very high potential”, which
ien supplies single-terminal lamps (see kig. 2c¢). Induction coil PS produces a high secon-

No. 454,622. Patented June 33, 1891.
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Fig. 2c. System of electric lighting

dary voltage which charges condenser C until a spark occurs across air gap a. The discharge
current flows through the air gap and the primary of the high-frequency induction coil P’.
The discharge of the condenser in this case differs from the discharge through coil with
ohmic resistance studied by Henry(22), already known by that time. In Tesla’s oscillator
the energy of the high-frequency oscillations in the primary circuit is gradually transferred
to the secondary circuit. The secondary circuit contains the distributed capacity of the
secondary winding and the wiring and the capacity of the load, and is thus also a resonant
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circuit. After energizing of the secondary circuit, the remaining energy is returned to the
primary, then back to the secondary, and so on until losses reduce it sufficiently to inter-
rupt spark across a in the primary circuit. Then condenser C begins to recharge from
source ¢ via induction coil (transformer) PS. Oberbeck 29) published a theoretical analysis
of Tesla’s oscillator in 1895.

Tesla presented much new information about his discharge oscillators and his further
research on high frequency currents in the lecture he gave to the IEE in London, February
1892 which he subsequently repeated in London and then in Paris(5). He described at
length the construction of a type of air-cored HF transformer and drew attention to the
fact that the secondary voltage cannot even approximately be estimated from the primary/
[secondary turns ratio. Tesla also did a lot of work on improvements of the spark gap
and described several designs, some of which were subsequently attributed to other auth-
ors*4), In describing the apparatus with which he itlustrated this lecture he explained
several ways for interrupting arcs with the aid of a powerful magnetic field ; using compres-
sed atr; multiple air gaps in series; single or multiple air gaps with rotating surfaces.

He describes how the capacity in the primary and secondary circuits of the HF
transformer should be adjusted to get the maximum performance, stating that so far
insufficient attention had been paid to this factor. He experimentally established that
the secondary voltage could be increased by adding capacity to “‘compensate” the inductan-
ce of the secondary (resonant transformer).

He demonstrated several single-pole lamps which were connected to the secondary,
describing the famous brush-discharge tube and expressing the opinion that it might find
application in telegraphy. He noted that HF current readily passes through slightly ra-
refied gas and suggested that this might be used for driving motors and lamps at consi-
derable distance from the source, the high-frequency resonant transformer being an impor-
tant component of such a system.

The drawing shown in Fig. 3c dates from early on during Tesla’s work with high
frequencies, 1891—1892. It is taken from Tesla’s original slide found in the archives of
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Fig. 3c. Various connections of HF transformer used by Tesla in 1891 —1892
(Tesla’s own slide now at the Nikola Tesla Museum, Belgrade)
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the Nikola Tesla Museum in Belgrade. According to Tesla’s caption these diagrams are
“lllustrating various ways of using highfrequency alternator in the first experiment at
Grand Street Laboratory 1891—1892”. It seems that Tesla made these to prove his priority
in a patent suit3s), Only some of these diagrams have been published in ¢ 6 13) so
that this 1s an important document throwing new light on an exceptionally fertile but
relatively little known period of Tesla’s work. It i1s, for example, clear from these dragrams
that he mtroduced an HF transformer in the open antenna circuit. Circuits like that in
Fig. 3c—4 are to be found later in two patents filed in 1897(13,14) op his apparatus and
system for wireless transmission of power (these patents refer to Tesla’s disruptive dis-
charge oscillator as an alternative to the high-frequency alternator).

In February 1893 Tesla held a third lecture on high-frequency currents before the
Franklin Institute in Philadelphia(®, and repeated it in March before the National Electric
Light Association in St. Louis. The most significant part of this lecture is that which refers
to a system for *“transmitting intelligence or perhaps power, to any distance through the
earth or environing medium”, What Tesla described here is often taken to be the founda-
tion of radio engineerinig, since it embodies principles ideas of fundamental Importance,
viz.: the principle of adjusting for resonance to get maximum sensitivity and selective
reception, mductive link between the driver and the tank circuit, an antenna. circuit in
which the antenna appears as a capacitive load”". He also correctly noted the importance
of the choice of the HF frequency and the advantages of a continuous carrier for
transmitting signals over great distances(2).

Between 1893 and 1898 Tesla applied for and was granted seven American patents
on his HF oscillator as a whole25), one on his HF transformer(26), and eight on various
types of electric circuit controller@7), In a later article28) Tesla reviews his work on HF
oscillators and reports that over a period of eight years from 1891 on he made no less
than fifty types of oscillator powered either by DC or low-frequency AC.

Along with his work on the improvement of his HF oscillators Tesla was conti-
nuously exploring applications of the currents they produced. His work on the Improve-
ment of X-ray generating apparatus is well known — he reported 1t in a series of articles
In 1896 and 1897(7) and in a lecture to the New York Academy of Sciences(!17). In a lecture
before the American Electro-Therapeutic Association in Buffalo September 1898(18) he
described applications of the HF oscillator for therapeutic and other purposes. The same
year he took out his famous patent “Method of and apparatus for controlling mechanism
of moving vessels or vehicles”(59), which embodies the basic principles of telemechanics
a field which only began to develop several decades after Tesla’s invention.

On 2nd September 1897 Tesla filed patent application No. 650343, subsequently
granted® as patent No. 645576 of 20th March 1900U3) and patent No. 649621 of 15th
May 1900¢14), Unlike other radio experimenters of the time who worked either with
damped oscillations at very high frequencies(43), Tesla investigated undamped oscillations
in the low HF range. While others principally developed Hertz’s apparatus with a spark-gap
in the tank circuit (Lodge, Righi, Marconi, and others) and improved the receiver by

* The second of the two patents by which Tesla protected his apparatus for wireless power trans-
mission, known as the “system of four tuned circuits™, is particularly important in the history of radio.
It was a subject of a long law suit between the Marconi Wireless Telegraph Company of America and the
United States of America allcged to had used wireless devices that infringed on Marconi’s patent No. 763772
of 28th June 1904. After 27 years the U.S. Supreme Court in 1943 invalidated the fundamental radio

patent of Marconi as containing nothing which was not already contained in patents granted to Lodge,
Tesla and Stone(65).
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introducing a sensitive coherer (Branly, Lodge, Popov, Marconi, and others), he set about
implementing his ideas of 1892-—1893. How far he had got in verifying his ideas for wireless
power transmission before coming to Colorado Springs may be seen from patent No.
645576 and the diagram 1n Fig. Ic.

Tesla based his hopes for wireless power transmission on the global scale on the
principle that a gas at low pressure is an excellent conductor for high frequency currents.
Since the limiting pressure at which the gas becomes a good conductor is higher the higher
the voltage, he maintained that it would not be necessary to elevate a metal conductor to
an altitude;" of some 15 miles above sea level, but that layers of the atmosphere which could
be good conductors could be reached by a conductor (in fact an aerial) at much lower
altitudes. “Expressed briefly, (cit. patent 645576) my present invention, based upon these
discoveries, consists then in producing at one point an electrical pressure of such character
and magnitude as to cause thereby a current to traverse elevated strata of the air between
the point of generation and a distant point at which the energy 1s to be received and uti-
lized”. Figure lc proves that Tesla did actually carry out an experimental demonstration
of power transmission through rarefied gas before an official of the Patent Office. From
the patent it may be seen that the pressure in the tube was between 120 and 150 mm Hg.
At this pressure, and with the circuits tuned to resonance, effictent power transfer was
acheived with a voltage of 2—4 million volts on the transmitter aerial. In the application
Tesla also claims patent rights to another, similar method of transmission, also using the
Earth as one conductor, and rendered conductive high layers of the atmosphere as the
other*,.

Tesla spent about eight months in Colorado Springs. Something of his work and
results from this period can be gleaned from articles in “American Inventor’” and “Western
Electrican’. For instance, it is stated that Tesla intended to carry out wireless transmission
of signals to Paris in 1900. An article of November 1899 reports that he was making rapid
progress with his system for wireless transmission of signals and that there was no way
of interfering with messages sent by it. Tesla returned to New York on the 11th of Ja-
nuary 1900(68),

The diary which Tesla kept at that time gives a detailed day-by-day description of
his research in the period from lst June 1899 to 7th January 1900. Unlike many other
records in the archives of the Nikola Tesla Museum in Belgrade, the Colorado Springs
diary is continuous and orderly. Since it was not intended for publication, Tesla probably
kept it as a way of recording his research results. It could perhaps also have been a safety
measure in case the laboratory should get destroyed, an eventuality by no means unlikely
considering the dangerous experiments he was performing with powerful discharges.

~Some days he made no entries, but usually explained why at the beginning of the month.

* In the late eighties of the last century very little was known about the radiation and propagation
of electromagnetic waves. Following the publication of Hertz’s research3) in 1888, which provided con-
firmation of Maxwell’s dynamic theory of the electromagnetic field published in 1865(60), scientists became
more and more convinced that electromagnetic waves behaved like light waves, propagating in straight
lines. This led to pessimistic conclusions about the possible range of radio stations, which were soon refuted
by experiments using the aerial-earth system designed by Tesla in 1893(6), Tesla did not go along with the
general opinion that without wires “electrical vibrations” could only propagate in straight lines, being
convinced that the globe was a good conductor through which electric power could be transmitted. He
also suggested that the “upper strata of the air are conducting™ (1893), and *““that air strata at very moderate
altitudes, which are easily accessible, offer, to all experimental evidence, a perfect conducting path™
(1900)41), 1t is interesting to note that this mode of propagation of radio waves was initially considered
as something different from other modes 61 then to be forgotten until recent years. In the 1950’s Schum nn,
Bremmer, Budden, Wait, Galejs and other authors34), working on the propagation of very low (3 to 30 kHz)
and extremely low (1 to 3000 Hz) electromagnetic waves, founded their treatment on essentialy the same
principles as Tesla.
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Accordig to his notes, Tesla devoted the greatest proportion of his time (about
567;) to the transmitter, i.e. the high-power HF generator, about 21%/ to developing re-
ceivers for small signals, about 16% to measuring the capacity of the vertical antenna,
and about 67 to miscellaneous other research. He developed a large HF oscillator with
three oscillatory circuits with which he generated voltages of the order of 10 million volts.
He tried out various modifications of the reciever with one or two coherers and special
preexcitation circuits. He made measurements of the electromagnetic radiations generated
by natural electrical discharges, developed radio measurement methods, and worked
on the design of modulators, shunt-fed antennas, etc.

The last few days covered by the diary Tesla devoted to photographing the laboratory
inside and out. He describes 63 photographs in all, most of them showing the large oscil-
lator in action with masses of streamers emerging from the outer windings of the secondary
and the “extra coil”. He probably derived special satisfaction from observing his artificial
lightning, now a hundred times longer than the small sparks produced by his first oscil-
lator in the Grand Street Laboratory in New York. By then many leading scientists had
been experimenting with “Tesla™ currents but Tesla himself was still in the vanguard
with new and unexpected results. When he finally finished his work in Colorado Springs
he published some photographs of the oscillator in a blaze of streamers causing as much
astonishment as had those from his famous lectures in the USA, England and France
in 1891—1893. The famous German scientist Slaby wrote that the apparatuses of other
radio experimenters were mere toys in comparison with Tesla’s in Colorado Springs.

The descriptions of the photographs in. the diary also include detailed explanations
of the circuitry and the operating conditions of the oscillator. The photographs themselves
give an impressive picture of the scale of these experiments. Tesla maintains that bright
patches on some of the photographs were a consequence of artificially generated fireballs.
He also put forward a theory to explain this, still today somewhat enigmatic phenomenon.
Research on fireballs was not envisaged in his Colorado Springs work plan, but belonged
to the special experiments which, in his own words, “were of an interest, purely scientific,
at that time”(68), which he carried out when he could spare the time.

Tesla used some parts of the diary in drawing up the patent applications which he
filed between 1899 and 1902. Keeping such notes of his work was more a less a constant
practice; they provided him with an aide-mémoire when preparing to publish his dis-
coveries.

The diary includes some descriptions of nature, mostly the surroundings of the
laboratory and some meteorological phenomena, but only with the intention of bringing
out certain facts of relevance to his current or planned research.

Immediately after he finished work at Colorado Springs Tesla wrote a long article
entitled “The problem of increasing human energy” in which he often mentions his
results from Colorado Springs“?. In 1902 he described how he worked on this article(68):
“The Century” began to press me very hard for completing the article which I have pro-
mised to them, and the text of this article required all my energies. I knew that the article
would pass into history as I brought, for the first time, results before the world which
were far beyond anything that was attempted before, either by myself or others”.

The article really did create a sensation, and was reprinted and cited many times. The
style he uses in describing Colorado Springs research differs greatly from that of the diary.

’ 17



Tesla wrote about his Colorado Springs work again in 19040}, Some interesting
data is tc be found in his replies before the United States Patent Office in 1902, in con-
nection with a patent rights dispute between Tesla and Fessenden(68). This document
includes statements by Tesla’s assistant Fritz Lowenstein and secretary George Scherff.
Tesla took Lowenstein on in New York in April 1899. At the end of May that year he
summoned him to Colorado Springs, where Lowenstein remained until the end of Sep-
tember, when family matters obliged him to return to Germany. Tesla was satisfied with
him as an assistant and asked him to return later, which he did, again becoming Tesla’s

assistant 1n February 1902.

Tesla did not break off his research in the ﬁe}}d of radio after visiting Colorado

Springs. Upon returning to New York on the 11th of January 1900(68) he took energetic
steps to get backing for the implementation of a system of “Worid Telegraptiy’’. He erected
a building and an antenna on Long Island, and started fitting out a new laboratory. From
his subsequent notes we learn that he intended to verify his ideas about resonance of the
Earth’s globe, referred to in a patent of 1900¢42), The experiments he wanted to perform
were not in fact carried out until the sixties of this century, when it was found that the
Earth resonates at 8, 14 and 20 Hz.C#® Tesla predicted that the resonances would be
at 6, 18 and 30 Hz. His preoccupation with this great idea slowed down the construction
of his overseas radio station, and when radio transmission across the Atlantic was finally
acheived with a simpler apparatus, he had to admit that his plans included not only the
transmission of signals over large distances but also an attempt to transmit power without
wires. Commenting on Tesla’s undertaking, one of the world’s leading experts in this
field, Wait@D  has written: ... “From an historical standpoint, it 1s significant that the
genius Nikola Tesla envisaged a world wide communication system using a huge spark
gap transmitter located in Colorado Springs in 1899. A few years later he built a large
facility in Long Island that he hoped would transmit signals to the Cornish coast of En-
gland. In addition, he proposed to use a modified version of the system to distribute power
to all points of the globe. Unfortunately, his sponsor, J. Pierpont Morgan, terminated
his support at about this time. A factor here was Marconi’s successful demonstration 1n
1901 of transatlantic signal transmission using much simpler and far cheaper instrumen-
tation. Nevertheless, many of Tesla’s early experiments have an intriguing similarity with
later developments in ELF communications.

Tesla proposed that the earth itself could be set into a resonant mode at frequencies
of the order of 10 Hz. He suggested that energy was reflected at the antipode of his Colorado
Springs transmitter in such a manner that standing wave were set up.”

| In a letter to Morgan(69) early in 1902 Tesla explained his research, in which he
envisaged three “distinct steps to be made: 1) the transmission of minute amounts of
energy and the production of feeble effects, barely perceptible by sensitive devices; 2} the
transmission of notable amounts of energy dispensing with the necessity of sensitive devices
and enabling the positive operation of any kind of apparatus requiring a small amount
of power; and 3) the transmission of power in amounts of industrial significance. With
the completion of my present undertaking the first step will be made™. For the experiments
with transmission of large power he envisaged the construction of a plant at Niagara
to generate about 100 million volts.(1)
However, Tesla:did not succeed in getting the necessary financial backing, and after
three years of abortive effort to finish his Long Island station he gave up his plans and
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turned to other fields of research. He wrote several times about his great 1dea for wireless
transmission of power, and remained convinced to his death that it would one day becomié
reality. Today, when we have proof of the Earth’s resonant modes (Schumann’s resonan-
ces34)), and it is known that certain waves can propagate with very little attenuation,
so little that standing waves can be set up in the Earth-ionosphere system, we can judge
how right Tesla was when he said that the mechanism of electromagnetic wave propagation
in “his system” was not the same as in Hertz’s system with collimated radjation. Naturally,
Tesla could not have known that the phenomena he was talking about would only become
pronounced at very low frequencies, because it seems he was never able to carry out the .
experiments which he had so brilliantly planned, as early as 1893.(6) It is gratifying that
after so many years Tesla’s name is rightfully reappearing in papers dealing with the
propagation of radio waves and the resonance of the Earth(21,54,62,72) In a recent book
of a well known scientist (Jackson(54)) it is stated that “this remarkable genius clearly
outlines the idea of the earth as a resonating circuit (he did not know of the ionosphere),
estimates the lowest resonant frequency as 6 Hz (close to 6.6 Hz for a perfectly conducting
sphere), and describes generation and detection of these waves. I thank V.L. Fitch for

this fascinating piece of history”. We believe that further studies of Tesla’s writings will
reveal some interesting details of his ideas in this field.

The publication of the Colorado Springs diary, a unique record of the work of
a genius, means an enrichment of the scientific literature, not only in that throws light
on a particularly interesting period of Tesla’s creativity, but also as a source for the study
of his work as a whole, and particularly of his part in the development of radio. It also

facilitates the identification of many documents now at the Nikola Tesla Museum in
Belgrade which lack date or description.

The preparation of this manuscript for publication required considerable time and
labor 1n order to present its content in a form not deviating essentially from the original
but more accessible to study. No alterations have been made even where the original
contains certain minor errors, sometimes also in the use of power and energy units; some
more important calculation errors which influence the conclusions drawn are also repro-
duced but are noted. A section at the end of the book contains commentaries on the Diary
with explanatory notes, and a survey of his earlier work and that of other researchers.

For these commentaries reference was made to the large body of literature and documents
in the archives of the Nikola Tesla Museum in Belgrade.

Aleksandar Marincié
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To this to be added two applications filed with Curtis and some other patent matters
chiefly foreign.






Colorado Springs
June 1, 1899

The following secems to be the best plan for constructing small batteries of very
high e.m.f. required for exciting vacuum tube to be used as receiver in telegraphy: As

CONNECTION
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PLUG

ZINK

CARBON cae
STICK I

CONNECTION

the current for exciting the tube need be only very small the battery can furnish a minute

current. From previous experiments about 1 amp. 1s amply sufficient. Approximate
20,000

dimensions of box 1/4 cu. foot. The price will not be prohibitory. Tin caps, plugs and
carbons will be readily obtainable.

The connection of the receiver is to be as in experiments in New York: If necessary
the resistance R; will be used to strain the tube exactly just to point of breaking down.
It 1s very important as in all sensitive devices so far used that the dielectric is strained

e O

AIR
R, CAPACIT Y

L
-

; r DELICATE
—= M RELAY FI(NE
'I' BATTERY WIRE

-

MAGNET STRONG
MANY WINDINGS
FINE WIRE

EARTH

exactly to the breaking point. The magnet M is to have a resistance nearly equal to the
internal resistance of the battery, so as to get best output. The relay will suit as it is with
1000 ohms resistance. The magnet must be strong to blow out tube when lighted. This
device should by vefy sensitive and should break down by very minute currents propagated
through the earth from a similarly connected oscillator.
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Colorado Springs

I
|
|
l

|

June 2, 1899

Ships

Land

Cables (this very much so,
but powerful apparatus
required).

Ships

Iceberps } Collisions

Electricity

Magnetism
Static
Atmosph.
Farth currents
Solar influence etc.

} Electricity

Magnetic
Non-magnetic by reflection

In connection with Roentgen rays, other rays
and dark rays of the sun. Most important.

Resist., current., e.m.f, efc,
Intensities, light, heat etc.

Telegraphy
Signalling
Valuable
Uses of -
Condenser
Methods
l Protection
Aninal
Plant
Terrestrial
Research Disturbances
Locating
on deposits
Measurements
ctc.

Meters

power
current
integrators of all kinds
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Colorado Springs
June 3, 1399

Various modifications of a principle consisting in accumulating energy of feeble
impulses received from a distance and utilizing magnified effect for operating a receiving
device. Several modes of carrying out the same, generally considered:

Resonance
Commutating currents and charging
L by baiteries .
Condenser Directing currents { ¢ and charging
gas valves
Using direct currents of high tension
Commutating currents for relay
Magnet L batteries
N Directing currents through relay {
valves
I I Commutating currents field
L batteries i
Directing { direct
valves
Using direct currents current
Dynamo Low frequency currents in field
. . i e e e et e et
principle High frequency Direct currents
currents in armature in armature
P o — —— e e ———————
heating device relay, field magnet
electromagnet dynamo,
condenser, etc, condenser, etc.
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Colorado Springs
June 4, 1899

Telephony without wires.
General observations:

one impulse for one telephone
Senders ] .
several impulses impulse.
. several impulses for one telephone
Receiver ] .
one impulse impulse
Static action Static
Two currents
Current action attraction,
repulsion
light Form of Magnetic
Form of £ shel
ener Ravs heat energy Cathode rays
&Y Y Roentgen  affecting Heat rays
sender : .
etc. receiver Light rays
Cathode mecha-
Magnetic action nical action
Deflection by
Sound action mech. displace-
ment
[ Static machine ..
Receiving
Induction coil instruments
_ suited for to be worked
single .
_ . the various out
Oscillator | terminal .
. transmitting
fwo termi- . ¢ ts
Instruments nals rstrimen
to be used _
Batteries,
Dynamos alt.

(high frequency) direct

{ Rheostatic Mach.

Condenser Oscillator

Arrangements of circuit etc. to be worked out.
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Colorado Springs
June 5, 1899

[nduction method; results with apparatus to be used calculated from

2 2
M=F ﬂWPE (This formula is very problematical)
322 D5 52
M = Power in secondary or receiving circuit
p = 2nn, estimated 40,000=4 x 10*
s = length of side of square circuit =1200=12x10? cm.

Wp = power spent in primary =4x 101 ergs assumed.

Vi = total volume of wire in both circuits =25x10* cu.cm.
D = distance from center to center of circuits (horizontal)
§ = specific resistance of wires =1.7x 10’

Taking M to be the minimum 0.3 ergs to affect relay, it is found that with above
circuits and under such conditions about 1 mile communications should be possible.
With circuits 1000 meters square, about 30 miles. From this, the inferiority of the induction
method would appear immense as compared with disturbed charge of ground and air
method.

Colorado Springs
June 6, 1899

Arrangements with single terminal tube for production of powerful rays.

There being practically no limit to the power of an oscillator, it is now the problem
to work out a tube so that it can stand any desired pressure. The tubes worked with in
New York were made either with aluminium caps or without same, but in both cases
a hmit was found so that but a small fraction of the obtainable e.m.f. was available. If
of glass, the bottom would break through owing to streamers, and if an aluminium cap
were employed there would be sparking to the cap. Immersion in oil is inconvenient,
likewise other expedients of this kind. The best results will probably be obtained in the
end by static screening of the vulnerable parts of the tube. This idea was experimented
upon in a number of ways. It is now proposed to test the arrangements indicated below:

1.
. ra "

i [ _ —_
| METALLIC ENCLOSURE | g :'
“ i BUT INSULATED 50 j 7 ':-
- i | -~ 5 FREE TERM. |
! _j: — T j
FREE : f FREE .: f
TERMINAL | TERM. 5 |

THAT OBSERVER CAN 5 f I .

!

| |

i STEP INSI = .
] h ()
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In each case there would be an insulated body of capacity so arranged that the strea-
mers can not manifest themselves. The capacity would be such as to bring about maximum
rnse of em.f. on the free terminal.

Colorado Springs
June 7, 1899

Approximate estimate of a primary turn to be used in experimental station.

A 3 A 2
Ls:’}'[ 4A(|0g¢-8—~—~ “2)'1—2‘1(]0&3 §“) --a 210gc"8A +19)
a a 4 {6 A a

Here A radius of circle =25 feet = 300 inch = 300x2.54=762 cm.

13— 13:>< 2.54 =1.03 cm.

32 32

A
8 4 = 5919 log, 84 _ 3.772248 x 2.3 =8.6762

da a

44 —3048 2a=2.06 a:=1.061: 164=12,192

1.061
12,192

a ., ,, cable =

L = n[3048 x (8.6762 — 2) + 2.06 x (8.6762 — 1.25) x (17.3524 + 19)]

last term being negligible, we have

Ls=3.1416 X (3048 % 6.6762+2.06 X 7.4262)=
—3.1416 X (20,349.06+15.3)=3.1416 < 20,364.36 =

Ls=63,976.67 cm.

Or approx: 63,900 cm.

Two turns in series should be approx. 255,600 cm.

Approximate estimmate of inductance of primary loop used in experimental oscil-
lator on vertical frame in New York.
Diameter of loop=28 feet=244 cm.

13ff
This gives A=122 cm diam. of cable = Y
13!‘1\"
a= X 2.594=1 cm. nearly
32
A
84 =976 log, 8 4 = 2.98945 x 2.3 =6.875735
a a

a‘=1 4A4—=488 164 =1952
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' 2 7 A
L=m 4A(logc 8A~-2 +2a(lo;.g;L= _{4_3_)__@ (2logc-8—+l9)
a a 4 16 A a

" (488 < 4.875735+ 2 x 5.625735 - —— x 32.75)-_-

1952
=7(2379.3600+11.2515 — small fraction)

=7t X 2390.6115=3.1416 % 2390.6115 1.=7210.345 cm.

this 1s a trifle more with ends close enough 8,000 cm.

Colorado Springs
June 8, 1899

Method and apparatus for determining self-inductances, also capacities,
particularly suitable for determining small inductances.

Since resistance can be neglected when the frequency of the currents is high the
inductances can be easily compared in the following way:

STANDARD
OF SELF INDUCTANCE
INDJCTION -
. N '; 10 BE
AN \) . MiTASJRED
v 7O L
- &2
A\ s
“k\‘ " SOURCE
‘ - _;Lji.l-_j ,DszCT OF LURRE\']
G OF VYFRY
-~ HIlO e
TELEPHO L FRCQ JENCY
) T
RES. RES.

A standard of self-induction is provided with a sliding contact so that any number of
turns can be inserted. Two resistances, suitable for the source of high frequency current
and the inductance to be measured, are connected in the manner of a bridge. The two
opposite points, one movable, are connected through a telephone. When no sound is
heard then we have the two inductances — that is, the one to be measured, and that part
of the standard which corresponds to equilibrium or silence in the telephone-practically
equal 1f the quantities are suitably chosen. By determining inductances capacities may
from these be easily measured. It is possible that the high frequency source might be dis-
pensed with and a very sudden discharge of a condenser passed through instead. The
auxiliary resistance should be so determined that the resistances in the two parts through
which the current divides are equal or nearly so.
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Colorado Springs
June 9, 1899

Consider the practicability of using a column of air or other gas as detector of dis-
turbances from a distance. This would be on the principle of the Ries thermometer as
experimented with in New York. The arrangement of apparatus is illustrated in the diagram
below. There is a reservoir V, preferably of polished surface, made in the manner of
mirrors to reflect rays to center. In this reservoir is placed a resistance r of minute mass.
This resistance may be conveniently
obtained by connecting with pencil
marks m m two terminals T and T,,
holding a glass plate P. The mass
must be minute so that the smallest
amount of current would raise the
temperature of the marks or con-
ductors and thus heat the air in the
reservoir which, expanding, would
drive a minute column of liquid ¢
contained in tube t towards con-
tacts a b. The liquid should be very
light and need not be highly con-
ducting, barely enough to allow the
relay R to be worked by battery B when contact between a and b is established. The
resistance r, may be used to regulate battery strength. The terminals 77, I would prefe-
rably connect in the manner I generally resort to, that is, one to the ground and the
other to a body of some surface and elevated. Suppose air is used, we would want
0.1696 Ca per °C per gramme. It will be now easy to calculate how much the air can
be expanded per erg of energy supplied.

(to work out)

Colorado Springs
June 10, 1899

Suppose a very fine mercury column were prepared of resistance R, length L and
connected to a ground and an elevated insulated conductor of capacity in the manner

tllustrated in diagram.

Then if a current 7 be passed through it the energy lost in the column and converted
into heat will be RI? watts. The current is, of course, minute and we could scarcely calcu-
late on more than | erg in telegraphy being transmitted to a great distance from the trans-
mitting station; the question is what can be done with that little amount of energy.

If the mercury be raised to a temperature ¢t degrees above normal it will expand
for each degree 0.00018 of its length hence its length will be L-4Ltx0.00018=

L(1+4-0.00018 ¢). This value is a little greater than would actually be found in a glass tube.

|
Suppose the tube were 10 mm. diam. and 10 meters long; its resistance would be approx.
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. L 1
taking onc erg as encrgy supplied, gives I*=

1000 ohm. Thenh RI?=1000 I*’= .
ch 107 TILL

I= {05 amp. The column in the tube would expand for one degree 0.00018 x 10=0.0018
meters or 0.18 cm or 1.8 mm.

The volume of the column 9
would be 0.01 X 10,000=100 cu.mm. L’;Sl&‘ggg Sﬁoml?:me
or 0.1 cu.cm. Now this would weigh " VERY FINE MERCURY COLUMN
0.1 x13.6=1.36 gramme. The mass

. 0.00136
of this would be —78—1—— . Now VERY LONG cﬁ?éﬁiﬂ%?p?:

. o COLUMN
to raise water 1°C we want

41,600,000 ergs per gramme. Spe-
cific heat of mercury being

0.0319 we would want 41,600,000 x

Ve -—-—-—:?—2-9——-=41,600 % 32 —about RELAY BAITERY  RES
10,000

1,330,000 ergs. EARTH

This shows that on the above assumptions, indication of disturbances by mercury
column would be hardly practicable unless the column could be made much thinner.

Colorado Springs
June 11, 1899

The following method and apparatus for detecting feeble disturbances transmitted
through a medium seem to be particularly adapted for telegraphy. The idea was followed
up in New York but results were not satisfactory. Now the experiments are to be resumed
with apparatus as illustrated below.

The general idea is to provide a path for the passage of a current such that it will
diminish in resistance when the current passes and also such that it will be of as minute
a mass as possible. The specific heat of the material forming the path for the current should
also be as small as possible, The best way I have so far found is to make a mark of the
required thickness with a carbonstick so as
to connect two terminals through a conduc-
tor of high resistance so deposited. This — CAPACITY

) CARBON MARK

conductor I preferably connect with one end ' ELEVATED
to the earth and with the other to an elevated

object of a large surface., The conductor is

further connected in circuit with relays and RELAY SREAK

batteries in any way suitable, as for instance
in the arrangement here shown. Now when — yer i
a feeble impulse passes it reduces the resi- EARTH
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stance of the carbon and more of_ the battery current can pass through and so on until
the relay is brought into action. The relay then, in any way suitable, breaks the current
of the battery and a normal regime 1s established. The relay itself may be utilized to
break the current or an auxiliary magnet may be employed as illustrated. The carbon
mark may be connected in the manner of a bridge to increase sensitiveness.

This to be followed up.

Colorado Springs
June 12, 1899

A convenient way of obtaining a conductor (rather a poor one) of small mass, such
as will be instantly evaporated or disintegrated by a battery current, and one which is
also automatically renewed 1in a simple manner, 1s the following:

Two terminals are fastened to an insulating plate, preferably of glass, and provision
i1s made once for a film of poorly conducting substance to be deposited on the plate thus
bridging the terminals and establishing sufficient contact between them to allow a current

to pass.
The best manner to carry this idea out seems to be the following:

In a small bottle, having a stopper with two terminals, is placed a quantity of iodine
and the bottle 1s by any suitable means kept at a temperature such that the haloid is de-
posited in an exceedingly fine film causing a leak of the battery current through a relay.
A stronger current may then be passed by establishing a suitable connection with the relay
and the film of iodine may thus be destroyed and the terminals again insulated, this pro-
cess being repeated in as rapid succession as may be desired. This film may be used 1n
the detection of feeble impulses as in telegraphy through media, in which case it is con-

nected to ground and capacity.

Colorado Springs
June 13, 1899

Arrangements of transmitting apparatus for telephony at a distance without wires.
M\-—_—-——_\_A___n_ N —

The most difficult part in the practical solution of a problem of this kind of telephony
IS to control a powerful apparatus by feeble impulses such as are produceable by the
human voice.

One of the best ways is to use carbon contacts as in the microphone, but when po-
werful currents either of great volume or high e.m.f. are used, as they must be in such
cases, the problem offers great difficulties.

34



A solution which I have before described is offered in the following scheme,
illustrated diagramatically below. '

S 1s a source of preferably direct current as a powerful battery or dynamo, C a
condenser which is connected with a primary p and break 4 as usual in an oscillator.
The break 4 is such that at the number of breaks resonance is obtained.

A secondary s is provided which is connected to the ground and an insulated body
of capacity and elevated as shown, and normally the adjustment is such that the secon-
dary with its capacity and self-induction is in resonance with the primary p. From the
latter a shunt is made by two contacts ¢ ¢ preferably of carbon. Normally these carbons
tquch loosely but by speaking upon funnel f
they are harmonically pressed together and _O ¢
the primary current is diverted thus destro- o :
ying the resonance and greatly diminishing
effect in the secondary rhythmically with S -
the undulations of the voice. In this manner s * . : .
very minute variations in the contact resi- —T_ d
stance are made to produce great variati- | |
ons in the intensity of the waves sent out. ' ,
The breaks at d must be much above undu- \ |

Jations of the voice. y A

Colorado Springs
June 14, 1899

The following arrangement, considered before in a general way, seems to be parti-
cularly suitable for telephony at a distance without wires and for such purposes where
it is necessary to effect control of a powerful apparatus by feeble impulses such as those
produced by a human voice.

CAPACITY
AlR

<

R p d >
< {'}
!
ARC g
CONTROLLER Cb(: VERY RAPID
BREAK
EARTH

The idea is to use an ordinary oscillator, preferably one operated from a source
of direct currents with a break (mercury or simply an air gap) which is much higher in
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frequency than the vibrations of the voice. At any rate, there will be an arc, whether In
the primary of the secondary which will be blown out, or the resistance .of which will be
enormously increased, rhythmically with the vibrations impressed by voice or otherwise,
as the case may be. The control of the arc is effected by a jet of air or other gas issuing
under pressure from an orifice the opening of which is controlled in some convenient
way by the vibrations. An arrangement of such apparatus is illustrated in the diagram
below, the arc controlled thus being in the secondary. The source of direct currents S
charges a condenser C and the discharges of the same (a very great number) through a break

d and primary p energize a secondary s with the usual connection in telegraphy as I have
introduced. The air or gas under pressure is controlled by a diaphragm and valve v. The

outlet pipe ¢ can be screwed up as close to the diaphragm as is necessary for the best resuit.
In this or a modified way a powerful apparatus may be controlled by very feeble undula-

tions, as those of the human voice.

Colorado Springs
June 15, 1899

First experiments in the station were made today. The e.m.f. of the supply trans-
former was 200 volts only. The break on the disk, which was driven by a Crocker Wheeler

motor, varied from 800—1200 per second. «w was found to be 800 approximately.
Under these conditions the secondary from the New York high tension transformer

could only charge from 3—4 jars and it was impossible to obtain more than a harmonic

of the vibration of the secondary system of the oscillator, which required many more jars.

The secondary was wound on a conical framework, there being 14 turns of an average

length of 130 feet each, that is approximately.

The primary was formed by one turn of cable, used in New York laboratory for
the same puRE; consisting of 37 wires No. 9 covered with rubber and breading. The
details of construction are to be described later.

Note: Sparks went over the lightning arresters instead of going to the ground
This made it necessary to change the connection to the ground, separating that of the se-
condary of the oscillator from the ground of the arresters. By connecting the
to a water pipe, and leaving the ground of the arrester as before, the sparks ceased. This
indicates a bad ground on the arresters. The Jatter work exceedingly well. The ground
conpection was made by driving in a gas pipe about 12 feet deep and gammoning coke
around it. This is the usual way as here practised. w

The power taken in these first experiments was small, 1/2—3/4 H. P. only. The
spark on the secondary was 5’ long but very thick and noisy; indicates considerable ca-
pacity in the secondary. The variation of the length of the spark in the break did not
produce much change. The weather was very stormy, hail, lightning.
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Colorado Springs
June 16, 1899

Experiments were continued today. A new ground connection was made by dig-
ging a hole 12 feet deep and placing a plate of copper 20" X 20" on the bottom and sprea-
ding coke over it again, as customary. Water was kept constantly flowing upon the ground
to moisten it and improve the connection but in spite of this the connection was still bad
and to a remarkable degree. It is plain that the rocky formation and dryness is responsible
and I think that the many cases of damage done by lightning here are partially to be at-
tributed to poor earth connections. By keeping the water constantly running the resistance
was finally reduced to 14 ohms between the earth plate and the water main. By connecting
the carth plate and water main again, the lower end of the secondary being connected
to the latter, sparks would again fly over the arresters. When the water main was discon-
nected they again ceased.

The action of the waves spreading through the ground was tested by a form of sen-
sitive device later to be described and it was found that there was a strong vibration pas-
sing through the ground in and around the laboratory. The device was purposely unsen-
sitive, to get an idea by comparison with former experiences in this direction. It did not
respond when placed close to the oscillator, but unconnected to ground or cépacity, but
responded 200 feet from the shop when connected to the ground with one terminal. It
responded also all along a water main, as far as it reached, although it was connected
to the ground fairly well. The action on the device was still strong when there were no
sparks from the secondary terminal. This is a good indication for the investigation of
waves, stationary in the ground. It was concluded the earth resistance was still too great.
Possibly the ground affects the primary and the secondary, more than assumed, by the
formation of induced currents.

To be investigated.

Colorado Springs
| June 17, 1899

Measurements of resistance between ground wire and water main showed the sur-
prising fact that it was 2960 ohms, and even after half an hour watering it still was
2400 ohms, but then by continued watering it began to fall rapidly. Evidently the soil
lets the water run through easily and being extremely dry as a rule it is very difficult to
make a good ground connection. This may prove troublesome. The water will have to
be kept flowing continuously. The high resistance explains the difficulty, from a few days
before, of getting the proper vibration of the secondary. The first good ground was evi-
dently at the point where the water main feeding the laboratory connected to the big
main underground and this was several hundreds of feet away. This introduced additional
length in the secondary wire which became thus too long for the quarter of the wave as
calculated. The nearest connection to earth was as measured about 260 feet away and
cven this one was doubtful. '

Measurement of inductances primary, secondary and muwtual induction.
Readings for two primary turns in series showed:

I=34, E=7,  R=0015, =716, I—
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Neglecting R? we have wl =0.206 and L,=287,000 cm approx.

For secondary 14 turns on conical frame average length of turn 130 feet.

E 4
E=51.7 T:-4.57 w2[?2=16.49 Ls'—_716_0.0056 henry approx.
I=12.65 2
w716 (—}-) =20.98 wl=4 approx. or Ls—=35,600,000 cm. approx.
R=2.12 R?*=4.49
Coefficient of mutual induction, 2 primary turns in series:
E =6
9 p
M = By 0x10 = 783,300 cm. I.=10.7
wl, 716x10.7
S w=1716

This will reduce L. Reduction estimated from

2 2
M 7 (l M
N NL

L

)=Lx064

Colorado Springs
June 18, 1899

Experiments were continued with the oscillator showing that proper vibration does
not take place, evidently owing to some cause which 1s still to be explained. To see whether
the trouble is due to poor induction from the primary, a coil-wound on a drum of about
30 diam, 10"’ long, 500 turns approx. of No.26 wire, used in some experiments in New
York — was connected to the free end of the secondary and with this coil a great rise
was obtained, streamers about 12 long being obtained on the last free turn even with
a small excitation of secondary. The trouble seems to be due to internal capacity. The
total length of a quarter wave with coil was about 2400 feet, which agrees fairlyJwith the
calculation from the vibration of the primary circuit. The experiments with the coil show
strikingly the advantage of an extra coil, as I call it, already noticed in experiments 1n
New York: that is, a coil practically not inductively connected but merely used to raise
the impressed electromotive force.

Measurements of inductance of the secondary as used: 12 turns on tapering frame
1 1/4” apart from center to center showed:

Current through secondary E.m.f. on terminals w
10.9 74V 710

from this L’s was found =9,500,000 cm.

Readings for mutual induction:
E.m.f. on primary (one turn) W
10.9 4.75 710

E
gave M ’:}—":0.00062 H or 620,000 cm.
W

38



Compared with the first winding (14 turns far apart) the second winding was better
because¢ of both higher self-induction and greater mutual induction coefficient.

Measurement of capacity of condenser in sections:

The condenser was compared today with 1/2 mfd. standard by wirebridge and
telephone receiver, according to the Maxwell method. There are 80 sections in the conden-
ser, 40 on each side, which can be connected by plugs as desired.

They are: 14+2,+2,+5+10+10420430=80
The measurements made by Mr. L. today gave 0.153 mfd per unit.

This to be verified.

Colorado Springs
June 19, 1899

Sensitive automatic device for receiving circuits in telegraphy through the natural

media, purposes of tuning, etc. The device in simple form is illustrated in the diagram
below.

In a small glass tube ¢ are fixed two thin wires w w of soft iron or steel carrying
contact points of platinum ¢ ¢ on the top. A spool § wound with wire surrounds tube 7.
The contact points are shaped so that the wires can deviate con-
siderably without the separation becoming too great. When the
current passes through coil S the wires w w are separated and
the distance between the contact points, ¢ ¢ increased. The tube

&

I - 4]
is moderately exhausted. The dielectric between the points is f*i : ni
strained, as 1n sensitive powders, very nearly to the point of break- ff 5 1
ing down by means of a battery and when the disturbance rea- ez | | Bwiis
ches the circuit the dielectric gives way under the increased i"*:h : ; i

130T ASSRR BB EY

strain and the battery current passes through coil S separating
the terminals and now breaking the battery current. It is sup-
posed 1n this instance that the contact points c.c and coil S are
connected in series with the battery, but the connection may be
made in many other ways for the purpose of securing the same result — that is of
automatically 'jnterrupting the current after the signal has been received. The contact
pomts must be very close together and pointed. Stops p p p are provided to limit the
movement of the wires ww and prevent vibration upon each action. An additional
coil may be placed upon § for the purpose of adjusting the wires so the points will
be at the required minute distance from each other, which is easily effected by gra-
duating the strength of the current passing through the additional coil and an indepen-
dent relay may be connected in the circuits in any convenient way for registering the
signals. The degree of vacuum may also be made adjustable. In the first device coil .S had
24 layers, 94 turns per layer=2256 turns, No. 21 wire, res. 14.7 ohms.
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Colorade Springs
June 20, 1899

Approximate estimate of some particulars of apparatus. With new jars the capacity
will be about 0.174 mfd. that is with two sets of condensers in series as usual. Assume

20,000 volts on the supply transformer, the energy per impulse will be

4 x108x 0.174

5108 = 34.8 watts estimated roughly.
X

Suppose 1600 discharges through the primary per second, the condensers will deliver
34.8 X 1600=55,680 watts or a little over 74 H.P. With ten thousand volts they would

74 -
still deliver i 18.5 H.P. Now the vibration of the primary will be approximately:

2 7>< 104 22
— R —— = —— T e————
T Tk TG x0.174 105 -\/07)(0 17 105 or 16

This gives n=45,500 per sec. about. This vibration supposes only one primar_yf turn.

A
The wave length calculated from this is about 4 miles or 21,120 feet and i 5,280 feet.

As cach turn has, on the average, 130 feet we shall want to make up the length of a quarter
5280

130
as before, the wave length will be doubled and 80 turns will be needed. Let it then be as-
sumed that 80 turns are used, the self-induction of the secondary will be not far from

165 106 em. The period of the secondary will then be;

- _2r /165x 106)( 38
1103 10° 9 x 10°

assuming no internal capacity or that it is overcome by suitable construction and only
a ball of 30" diam. or approximately 38 cm. radius on the free terminal of the secon-
dary. We have then

wave

=40 turns about. Or, if two primaries are used in series, the capacity remaining

T, 202 and N=61,000 approx.

107

But this vibration will not be in harmony with the primary vibration. To effect this the
self-induction of the secondary can be estimated. We have namely:

1 21 38 I
45,500 1000 V 9x 10° *

where L, is the self-induction of the secondary required.

T =

10
From this Lﬂ-é—i henry or Ls=312,500,000 cm. Suppose the wire wound on the

same spool or frame and the Iength to remain as before, the turns necessary can be esti-

165 x 105 6400
. from which follows N2=12,102 and N=110 turns.

mated from —————— = ,
312 x 108 N2
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In addition to the wire already on hand this would cost about $ 250 but with 80 turns

only $ 100 will be necessary. To keep the vibration of the secondary the same;-the capacity
on the free terminal will have to be increased. The capacity necessary will be

C and we have:

1 _ <= \ /M c from which follows C=67.3 cm.
45,000 1000 107

2r
A Ball of this size is not to be had. If we employ a disc we have —=67.3, r=356 cm. A disc

1"
could scarcely be employed except with small pressures, there would be too much leakage.

All these estimates assume, of course, that the distributed capacity of the secondary
is overcome in some way or other as by condensers in series, for instance. It is quite certain

that the vibration of the secondary will be much slower.

Colorado Springs
June 21, 1899

Considerations of the various particulars of apparatus to be used, continued:

The present supply transformers can furnish 26 H.P.

Assume this energy consumption, that is, 26X 750=19,500 watts and 1600 breaks
19,500

1600

roughly. Let us further suppose that an excess of power is supplied so that the secondary
receives clear 12 watts per each discharge of the primary. This means to say that the ca-

pacity on the end of the secondary will be charged 1600 times per second to a potential p.
z 24
If C be the capacity on the free end we have 12=-p§- C from which p2-—--—6 . Assume Cto

=12 watts

or charges of the condensers per second. This gives per each break

be a sphere 38 cm. radius we have

11
i; =p2=?j lg'é x 24 , from this
9 x 101!

p=3x 105 \/.23585’-: 3% 10° 1/6.32=3x 10°x 2.51 =753,000 volts

Approximate estimate of primary voltage necessary for above output.

To get e.m.f. lowest value it would be necessary to connect condensers in multiple,
both sets. This would give a capacity of 0.174x4=0.696 mfd. Calling p, the primary

e.m.f. necessary for this output, we have

0.696 x pi

T 2x 106 12.
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109
29
breaks per sec.)

With this e.m.f. assume 4 ohms res. of arc, the initial current would be 1500 amp.
through the primary. From these assumptions the loss in the primary may be computed.

F'rom this pi= and p1=6000 volts approx. '(26 H.P. expenditure, 1600

Colorado Springs
June 22, 1899

Wire for the new secondary ordered from Habirshaw No. 10 B.& S. rubber covered:;
all in ali about 11,000 feet needed (more nearly 10,500 feet). This will do for 80 turns of
an average length of 131 feet each.

5.26
No. 10 am. gauge 5.26 mm. square or T sq.inch

5.26
100 feet will have: a5 X 1200 = 9.8 cu.inches.

The weight of this, taking 5.13 ounces per cu.inch will be

5.13
16

X 9.8 =23.14 Ibs.

Accordingly, 11,000 feet will weigh 345.4 1bs. This will give still less copper in the
secondary than there is in the two primary turns. With secondary wire double we shall
have 40 turns and with four wires (for quick vibration) 20 turns. The weight of copper
should be equal and some of the No. 10 cord may be used on the first low turns.

Some arrangements were tried aiming chiefly at prolonging the vibration in the
primary after each break. One of these was as illustrated in the diagram below:

R. COIL OR BOX
BREAK

_C—HTIF_QD “HI e

The condenser C; was placed in shunt to the primary P. Since there was no spark
gap in this circuit and the magnifying factor was very large, the resistance being minute,
the vibration continued much longer after each break as would be the case with the ordi-
nary connection. A very curious feature was the sharpness of tuning. This seems to be
due to the fact that there are two circuits or two separate vibrations which must accord
exactly. The sparks were strong on terminals of the secondary always when C=a Cy,
a being a whole number (no fraction), and particularly when a=2 or 4.

This arrangement was carried out in New York on one of the later type oscillators
and similar results were observed.
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In this form there was a loss in circuit p since this part did not act upon the secondary
in inductive relation to P. A modification consisted in including in circuit p-one or more
turns of the primary P or independent turns which acted inductively upon the secondary.

An arrangement intended for the same purpose was also tried. It consisted of pro-
viding two primaries, one independent of the break and merely shunted by a condenser,

FREE
TERMINAL
SPARK GAP
4
SEC. =
— ;
o (S ; <D
COIL Ve .
—
VOO0 ~
REG. BOX

as 1llustrated. This plan was also experimented with in New York and it was found that
it is good when the break number is very small. When the break is very rapid there is not
much difference. In making the adjustments C’P’ was first tuned to the vibration of C P,
then the secondary was adjusted.

This to be followed up.

Colorado Springs
June 23, 1899

Approximate self-induction of Regulating box brought from New York to be used
in primary.
Dimensions: diam. of drum 12°=30.48 cm.

Length ,, ,, 18"=45.72 ,,
Number of turns =24

Area inclosed by one loop -;-—d2=730 cm. sq.

From this
47 N:S 12.57T%x576x 730
l 45.72
=0.275x 576 x730=115,600 cm.
: ) : 115,600 o
From this for approximate estimates we may take T=4800 cm per turn. This will

2
be too much, as turns are far apart and thick. After Langevin’s formula L,=%—- . Here

& total length of wire is 30.5x3.1416 X24=2300 cm approx.
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2 3002 - 5,290,000
45.72  45.72
L’'=115,700 cm., remarkably close.

Experiments with oscillator secondary 36 1/2 turns were continued. Many modified
arrangements with auxiliary condensers — one of which is illustrated in the sketch below —
were tried. All these chiefly aimed at prolonging the vibrations in the primary after each
break and also at effecting sharper tuning of the circuits. In using auxiliary condensers
in this way circuits are obtained containing no spark gap in which ths damping factor
was cxtremely small and the magnifying factor very great.

This would give value L'=

e .
a4 +l
L TURNS ~/ (=
No. 2 —
- RAPID “—\ % SECONDARY
- } BREAK X o 364
S
Ci 4 a
c Ly =
TWO TURNS X
PR CABLE
. : C
In this arrangement the relation E-L== C\L,
_ L C
had to be attained for the best result. Or L,-=—4— Cl=4x_{
Resonance was obtained with 15 jars on each side, 6 turns primary. With 4 turns
. 36 .
primary there would have been necessary 15 X -l—6=34 jars or thereabouts. On thick cable

about 68 jars. (for reference)

Note: Several rates of vibration were tried with such arrangements. Remarkable
was the sharp tuning in some of them, one turn of the regulating coil being sufficient to
entirely de troy the effect or to produce a great maximum rise of pressure. The jars broke
down frequently, owing to sudden rise, as the handle of the regulating coil was turned.

Colorado Springs
June 24, 1899

The following plan of producing a conducting path of extremely low resistance
suitable for resonating circuits and other uses offers the possibility of attaining results
which can not be reached otherwise. It is based on my observation that by passing through
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a rarefied gas a discharge of sufficient intensity, preferably one of high frcciuency, the
resistance of the gas may be so diminished that it falls far below that of the best conductors.

T oy i

So through just a bulb of highly rarefied gas an immense amount of energy may be passed
and currents of a maximum strength such that they can not traverse a copper wire, owing
to its resistance and impedance, may be made to traverse the rarefied gas. The plan now
is to constitute a circuit composed of a rarefied gas column, heated by auxiliary means
to a very high incandescence so as to offer an inconceivably small resistance to the pas-
sage of the current and use this column for the purpose to which it is suited. To illustrate
the use of this idea in telegraphy, for instance the dia-
gram below is shown in which § is a source of oscilla-
ting currents of preferably high frequency, C a conden-
ser 1n shunt to same, L a coiled glass tube containing
the rarefied gas which is kept at a high degree of exci-
tation. The conductor L is connected, as in my system,
to earth and a capacity preferably elevated. Through
this path the currents of a distant transmitter are ma-
de to pass which are of the same frequency and cause
a great rise of the e.m.f. on the terminals of conductor L,
which may then be utilised to affect a receiving instru-
ment In many ways.

(To follow up).

Colorado Springs
June 25, 1899

The following plan seems to be well adapted for magnifying minute variations
such as are produced by the action of a microphone, for example. Suppose that on a ro-
tating or, generally speaking, moving surface of iron (polished or smooth) there is ar-
ranged a brush of soft iron, steel or at least having a surface of such magnetic materials
whatever they be then there will be a certain amount of friction developed on the contact
surfaces between the brush and moving surface and the brush will be dragged in the direc-
tion of movement of the surface. A spring may be used to pull the brush back against
the friction and to maintain it in a position of delicate equilibrium. Let now the brush

—or -surface be but slightly magnetized, then the friction between the magnetic surfaces
will be enormously increased and the brush will be pulled forward with great force. A small
variation in the magnetization of the

. surface will thus make great changes In

 Erseeoce) the force exerted upon the brush, and

| the movements of the latter may be utili-

sed for any purpose, as for instance In
loud speaking telephones, or in perfec-
ting a “wireless telephone” or such pur-

poses. A simple form of apparatus is illu-

strated below: A4 is a rapidly rotating
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cylinder with a polished iron surface, if not all of iron; b is a small bar or brush bearing
upon the cylinder and also of soft iron. This light plate or bar is held in a balanced position
by differential spring s 5, so as to bear lightly on the cylinder A. S is a solenoid energized
through battery B in series with a microphone M. By speaking upon the latter the bar b
will be vibrated back and forth and the movements of the bar may control any other
apparatus, for instance a valve or other microphone.

Colorado Springs
June 26, 1899

In following up an old idea of separating gaseous mixtures by the aplication to
them of an excessively high electromotive force, the following apparatus is to be adopted

with a new oscillator.

L

\
NS

(L7

R

Note: in this apparatus it will be preferable to use a form of oscillator with mercury

break supplied from a source of direct current, so that the WI be mostly uni-
-directional. Any other generator developing the necessary e.m.f. should, however, ac-
complish the same result.

Three tubes ¢, 1, t, (assuming only three will be needed) are slipped one into the
other, being held apart by insulating plugs a b c. In these plugs are fastened outlet tubes
A B C to lead the several separated gases away to reservoirs into which they may be com-
pressed. It 1s therefore to be understood that there is the desired degree of suction on
the outlet pipes, or else the mixture is forced under desired pressure through a tube ¢
serving to let in the mixture. The high tension terminal T is led in through an insulating
plug P fastened into the largest tube ¢,. The particles of the gas coming in contact with
the active terminal are thrown away with great force and are projected at different distances
according to their size and weight, hydrogen farther then most others. The latter element,
if it be present, will therefore pass through tube A4, that is mostly, the heavier and larger
molecules through the other tubes. By repassing the gases drawn off through the apparatus
again, any degree of purification or separation is obtained.

47



Colorado Springs
June 27, 1899

Arrangements of apparatus in telegraphy through the natural media aiming at
exclusion of manager, in accordance with method experimented with in New York. This
Is not quite so good as the method used with condenser of commutating individual im-
pulses, but great safety can be secured nevertheless. The idea was to provide more than
one synchronized circuit and to make the receiver dependent in its operation on more
then one such circuit. Experiments have shown that a great degree of safety is reached
with two circuits. I think with three it is almost impossible to disturb the receiver when
the vibrations have no common harmonics very near to the fundamental tones. Several
arrangements experimented with are illustrated below. These are to be followed up.

L ELEVAIJED
2. TERMINAL

: -
- .9
ey PRIMARY THROQUGH
WHICH HIGH
~) FREQUENCY
X DISCHARGES MAKE ANOD
) ARE PASSED BREAK
| | . BEVICE
SOQURCE HIGH
POTENTIAL

J 00

“ r 1y ADJUSTABLE RES. .

Figs. 1., 2. and 3. illustrate some arrangements of apparatus on the sending station by
means of which two vibrations of different pitch are obtained. A greater number is omit-
ted for the sake of simplicity. In case 1. are provided two sending circuits which should
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be some distance apart and which are energized alternately by discharging condensers
of suitable capacity through the corresponding primaries. In Figures 2. and 3. one sending
circuit is arranged so that its period is altered by iInserting some inductance as in 2., or
by short-circuiting a part of the circuit periodically, by means of an automatic device.
It is not necessary to use such a device; however, arrangements of this kind will be later
illustrated. On the receiving station two synchronized circuits responding to the vibrations
— each to one — of the sender. The receiver R responds only when both circuits I and II
affect sensitive devices a a,. The diagrams are self-explanatory.

Colorado Springs
June 28, 1899

Approximate estimate of the secondary with 20 turns on tapering frame, before
referred to, from data of the secondary with 36 turns on the same frame. In the latter
the wires 3 notches apart, in the former 7 notches.

Roughly, the capacity of the secondary with 20 turns will be, if C be that of the
secondary with 36 turns:

Cl=@x—3—C= 60 =g-9 C=-—1-9 C——-——E-C

36 7 252 84 42 21

and the self-induction L; of the secondary with 20 turns compared with L — that of the
secondary with 36 turns, will be

2 2
L,=(-2-—q) x36x3 L=(—5—-) xg-z L=—-6-1§—L Now L=383x 10°

36 20 x 7 9 35 2835
C=1200cm.
383
Therefore C, _2 x 1200 =290 cm. and L, =-——8- X 675 x 10°=9x 10°cm. From this
21 2835
2x [ 290 9x 1056 107 .
- - L= — : f :
T ° V9% 108 % 10° g7 aPProX as period of sec. system (roughly) and
7
n =%= 93,458 per sec. Now the length of wire for 20 turns, about 139 feet per

A
turn, will be 139X 20 feet. This gives A=11,120 feet or —i—=2780 feet and this would

correspond to n=90,000 approx.
Adding a ball of 38 cm. capacity would give a total capacity

290+ 38 =328 V328=18.11 \/290=17 approx.

17
hence by adding a ball the secondary vibration will be reduced by a ratio of: TRY or it

17
will be - TR X 93,460=88,000 approx. This would be too quick a vibration to best suit

the apparatus as then we would have only 4 jars on each side of the primary.
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With the additional coil of 1500 cm. capacity added in series with secondary on
free terminal, the capacity would be 15004-290=1790, that is about 6 times as much as

before. The vibration will then be slower \/ 6=2.5 approx. times slower, about 37,400 per
sec. This better suited.

Colorado Springs
June 29, 1899

The first good trial of a new wound secondary with 36 turns was made today. The
wire was No. 10 cord, the turns being wound in every third groove. The distance of wires
1S approx. 1 7/8".

Vibration under the conditions of the first experiments: Approximate self-induction
of secondary about 5x 107 cm. Additional coil connected to free end of secondary, the

coil having 240 turns, spool 6 feet long, 2 feet diam. Estimated self-induction of coil roughly
107 cm.

- 2900 x 240% x f‘:_t___ 576 x 29 x 104 % 12.57

A=2900 sq.cm. I =
183 183
N=240 turns
{ =183 cm. =1140X10*=114x 105 for rough approximation =107

The wave length should be (ignoring capacity):

4 X |5280 (sec)+ 1440 (spool)]=4 x 6720=26,880 feet or about 5 miles.

To give this wave length the primary vibration should actually be 187,000 ;: 5=
=37,400 per sec. (same number before found).

The capacity Cp in primary to be found:

1 27 \/7x104xCp_21t\/7xCp
37,400”""%\/1‘(30‘ 100 103 10

2 — 3 1000
— 2T % 0.841/C,, \/C,=——u1" _19

374 10° 27w x0.84x374 1975
C, = 0.7 mfd

or 0.5 approx.

0.7 233

This would require jars=233 jars with two primary turns in multiple and 2

or about 58 jars total with two primaries in series. As so many jars were not available evi-
dently only a higher vibration was obtainable. This explains why first results unsatisfactory.

Arrangements of apparatus experimented with in carrying out condenser method.
(This for Curtis application)




L

@ a

Colorado Springs
June 30, 1899

Simple formulas to be used in rough estimates of the quantities frequently wanted.

27w
In formula 7= T \/ LC, L 1s in henry but usually is wanted in cm. We may
therefore use
2T —

Ti=— ———— +/ LC or approx. when L is in cm.
" 10% x 104 \/10\/ PP

T, = 2 VLC C in mfd. (1)

107
F L Tix 10t we have
rom L=—/>> .
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2
T:X 10“
(= — ar (2)

Introducing jars for C we have C=nx0.003

T3 x 1017
therefore n = T AR (3)

Introducing again A in miles in place of T

T, bcing=——l———- we have:
187,000
A= 3;‘;‘: VLC or, since usually —3—- 1S needed
A 93.5
= LC <« oo eeeeen. 4
4 104 \/ )

Observations made in experiments with oscillators, 36 1/2 thirns and additional coil:

The additional coil is, as observed in the New York apparatus, an excellent means
of obtaining excessive electromotive force. But it is peculiar that to properly develop the
independent vibration of such a coil 1ts momentum should be very great with respect to
the impressed vibration. When such a relation exists the free vibration asserts itself easily
and prominently. But when the impressed vibration is very large and the coil’s own mo-
mentum small, the free vibration can not assert itself readily. It is exactly as in mechanics.
A pendulum with great momentum relative to the impressed momentum swings rigorously
through its own period but when impressed momentum is very large relatively it is ham-

pered, for then the impressed dominates more or less. This I look upon as distinct from
L
the magnifying factor which depends on pTi- :

It was evident that in such excitation of the additional coil there should be, for the
best result, three vibrations falling together: that of the coil, that of the secondary and
that of the combined system. In view of the above 1t is of advantage to place inductance
between the secondary and additional coil to free the latter, when impressed vibration is
too powerful to allow the intended vibration of the coil to take place readily.

From experiments it further appeared as though it would be of advantage to have
_some self-induction in the primary spark gap. This is to be ascertained. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>