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WIRELESS TELEGRAPHY.
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ITS USES AND LIMITATIONS.
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In this paper is presented a brief resumé of the history
of wireless telegraphy, a statement of the principles on
which it is founded, an attempt to explain its mechanism, and
a discussion of its uses and the difficulties yet to be sur=

mounted in its application.




HISTORICAL RESUME.

M. Quglielmo Marconi, the inventor of this method of com-
munication, made his first experiments on his father's estate
in 1895, having conceived the idea while a student under I'rof.
Righi who had taken up the work of Hertz in investigating the
properties of electric waves.

Prof. William Crooke (best known as the inventor of
Crooke's Tubes) had foreseen the possibility of utilizing elec-
tric waves to transmit intelligence, and in 18862 published cn

article from which the fdllowing extract is taken:

"Whether vibrations of the ether, longer than those which
affect us as light, may not be constantly at work around us, we
have, until lately, never seriously inguired. But the re-
gsearches of Lodge in England and of llertz in Germany give us
an almost infinite range of ethereal vibrations or electrical
rays, from wave-lengths of thousands of miles down to a few
feet. lere is unfolded to ugs a new and astounding world -
one which it 1s hard to conceive should contain no possibili-
ties of transmitting and recelving intelligence.

"Rays of light will not pierce through a wall, nor, as is
known only too well, through a London fog, but electrical vi-
brations of a yard or more in length will easily pierce such

mediums, which to them will be transparent. There, then, is
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revealed the bewildering possibility of telegraphy without
vires, posts, cables, or any of our present costly appliances.
Granted a few reasonable postulates, the whole thing comes
within the realms of possible fulfiliment. At the present time
experimentalists are able to generate clectrical waves of any
desired wave-length, from & few feet upwards, and to keep up
a succession of such waves radiating into space in all direc-
tions. It is possible, too, with some of these rays, if not
with all, to refract them through suitably shaped bodies, act-
ing as lenges, and so direct a sheaf of rays in any given di-
rection; enormous lens shaped masses of pitch and similar bod-
ies have been used for this purpose. Also an experimentalist
at a distance can receive some, if not all, of these rays on a
properly constituted instrument and by concerted sipgnals messa-
ges in the Horse Code can then pass from one operator to an=-
other.

"what, therefore, remains to be discovered is firstly,
simpler and more certaln means of generating electrical rays
of any desired wave-length, from the shortest, say of a few
feet in length, which will easily pass through buildings and
fogs, to those long waves whose lengths are measured by tens,
hundreds and thousands of miles; secondly, more delicate re-
ceivers which will respond to wave-lengths between certain de-
fined limits and be silent to all others; thirdly, means of
darting the sheaf of rays in any desired diroction, whether by



lens or reflectors, by the help of which the sensitiveness of
the receivers (Epparontly the most difficult of the problems
to be solved) would not need to be so delicate as when the
rays to be picked up are simply radlating into space in all
directions and fading away according to the law of inverse
SQuUAares.

"Any two friends living within the radiug of the sensibile
ity of their respective instruments, having first decided on
their special wave-~length and attuned their respective instru-
ments to mutual receptivity, could thus communicate as long and
aas of'ten as they please by tuning the impulses to produce long

and short intervals on the ordinary ilorse Code."

This clear exposition of the methods and needs of wireless
telegraphy, clear today, probably attracted momentary attention
as a scientist's dream and was then forgotten.

However, the properties of clectric waves continued to be
an interesting fleld foar investigation.

Iranly, in 1891, had discovered their effect on various
kinds of metallic powders or filings. These, which are normal-
ly in imperfect contact when in small masses and offer resist-
ance to the passage of electric currents, bececome conducting
when acted upon by electric waves of sufficisnt intensity and

thus afford a valuable mecans of detecting them. They remain in
this conductive state until tapped or shaken when their normal

condltion is restored.
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Sir Oliver Lodge explained this action, improved the manue
facture, called the completed wave detector a coherer, and used
it in 1894 for detecting waves generated at a distance of 40
yards. Fopeff, in 1895, invented an automatic tapper for re-
storing its non conductivity and (attached to short vertical
wires) used the coherer as a wave detector for lecturing pur-
poses and for indicating waves generated by the approach of
ordinary thunder storms. He hoped "that his apparatus with
further improvements would be adapted to the transmission of
gsignals at a distance by the aid of quick electric vibrations."
Ko one, however, had seen how to construct nor apparently con-
ceived the commercial importance of a system of telegraphy
without wires, except Crooke. The instruments were ready but
their practical combination was not yet made. As previously
stated, Marconi was a friend and pupil of Prof. Righi, a noted
investigator of the properties of electric waves, and it was
while assisting at Righl's experiments that he became convinced
of the possibility of wireless telegraphy. He at once commenced
experimenting, and in 1885 successfully transmitted intelligible
messages up to a distance of 2 miles, using a Righi osclllator,
a Branly-Lodge coherer, and a Popeff tapper.

In the summer of 1896 he conducted experiments in Zngland
for the British Postal authoritles, covering a distance of 4
miles. His firgt British patent is dated July 24 of that year.
In 1897 further experiments werec carried on for both the English

and Italian governments, messages being exchanged at distances




up to 10 miles, and in August a company was formed in Zngland

to exploit the invention. These experiments attracted wide ate-
tention; other governments were not slow to perceive the value

of this method of communication to their naval and merchant

ships, and a host of investigators, stimulated by the attractions:
of a new science or the vista of commercigl reward, plunged

into the study of this fascinating subject.

Cf so many now well known names, it seems invidious to
mention any, but it appears that Prof. Braun of Strasburg and
Lodge were the earliest to apply the hnown laws of electrical
vibrations in conductors to wireless telgraphy, and possibly
the most influential in pointing the way to the present prac-
tice of the art.

In 1898 messages were exchanged by tlt Marconi system up
to 25 miles, and in 1899 to 70 miles. The great changes made
in the Marconi apparatus about this time show the effect on
his ideas of the work of other investigators, and thc decided
increase in range obtained shows that the changes were in the
right direction. So radical were these changes that the appar=-
atus brought out is sometimes called larconi's new system, and
it has been claimed in patent suits that he abandoned the ma-
terial of his original invention, retaining only the idea and
adopted the material ol others as being better adapted to the
commercial exchange of intelligence. In 18389, during the
English Raval maneuvers, & maximum of 50 miles was obtained.
M. Marconli came to the United States dﬁring the fall of tre
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_same year to superintend the use of his system in reporting
the international yacht races off Sandy Hook. At the regquest
of the Bureau of Lquipment a Board of orficars.was appointed
to witness and report on this use of the system.

Immediately after the yacht races larconi sets were install-
ed of the NEW YORK, MASSACHUSETTS and Torpede Boat PORTER, and
at the Highlands of Navesink. Tests between the NEW YORK and
MASSACHUSETTS were successful up to 36.5 miles, and one way up
to 47 miles, botwﬁqn the Highlands and a ship 16.5 miles, and
between thc PORTER and MASSACEUSETTS 8.5 miles. The Board rec-
ommended that the system be given a trial in the Navy.

In 1900 the British Admiralty made a contract with the
Marconi Company to supply 32 sets of apparatus provided that
messages were successfully exchanged between ships at Forts-
mouth and Portland, a distance of about 50 miles, with land
intervening. "This was dene and tle apparatus supplied at cost
. price and an additional royalty of 100 ﬁ per vear on each set
- of instruments installed. A similar offer was made about this
time tc the United States Navy Department, but & satisfactory
agreement could not be reached, and it may bo stated here that
the policy of the Marconl company to retaln control over its
instruments - tc license them, in cther worde, for particular
uses -~ has up to the present time prevented that company

from supplying any material to the Navy Department. Sometime
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subgsequent to the tests of Marconl's apparatus, a Bpard ap-
pointed to consider the use of homing pigecns in connection
with the transmission of messages, recommended that the use of
homing pigeons be discontinued when some system of wireless
telegraphy was adopted. This Board met at the “ar College,
and I have here a blue print of wireless telegravh receiver
connections for communication with Newport which shows gquite
unintentionally the union of these two methods of transmitting
intelligence, ths water mark of the paper (& bird with a letter
in its beak) having prénted as well or better than the diagran.

Other companies, in the meantime, entered the field and
nearly all governments conducted experiments in wireless tele-
graphy. Notably, in the United States, the Signal Corps of tle
Tar Department, and “rof. Feasenden for the Yeather Dureau of
the Agricultural Nepartment. About this time (1300.1) the
gffect of daylight in decreasing distance of transmission, the
screcning effect,in certain cases, of high land, and interrup-
tion due to atmospheric sipnals were noted.

In 1801, usaing Marconi's modified gystem, previously.ro-
ferred to, communication was obtained between the iLizard agnd
the Isle of Vight, a diatance of about 160 miles, with an ex-
penditure of but 150 watts, about 1/5 of a H.P. "

incouraged by this success Marconi boldly attempted to
span the Atlantie, and duting 1901 built two large atatiqﬁp;
one at “"oldhu, in Cornwall, Ingland, the other at Soutﬁ wgi%-
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fleet, Mass. (on Cape Cod). Both gtations were badly damaged
by storms but the Foldhu station was rebuilt and Karconi having
arranged a sending program with Poldhu proceeded to Cape Race,
near St. Johns, Newfoundland, and attaching his receiver to a
wire about 400 feet long suspended from a kite, announced to
the world on December 12, 1501, that letters agreed upon had
been received at the intervals agreed upon. This statement
excited wide spread interest (and much controversy) and con-
grapulations and attentions were showered on l. Karconi.

While the Cape Cod station was being reconstructed, M.
Marconi made a trip from Southampton to New York on the American
liner PHILADELPHIA, which vessel had been provided with his best
typre of receiving apparatus. On his arrival in New York the an-
nouncement was made that a complete message had been received
when 1550 miles from Poldhu, and letters at a dlstance of 2081
miles. Luring the same year the Italian Government placed the
CARLC ALBERTO at his disposition for the purpose of conducting
further experinents. IJliessages were received on the CARLO
ALBERTC from Foldhu at intervals during the entire time of a
voyage from I"lymouth, England, to Spezia, Italy, and subse-
quently on a similar voyage to Cronstadsg, and while lying.in
the harbor of Sydney, liova Scotia.

puring the summer of 1502 a station was built on Table
Head, Cape Breton Island, and on December 2lst three messages

were sent to Poldhu. One from the Goverﬁ%@&iﬁﬂ%anada to the



Xing of ingland, one from the Captain of the CARLO ALBLRTO
to the iling of Italy, and one to the London Times from its
spaclial correspondent.

on the completion of the Cape Cod station in 1803, the

following message was sent to Foldhu, January 19th:

"His Majesty, Edward VII, King of England.

"In taking advantage of the wonderful triumph of
selentific research and Ingenulty which has been achlaved
in perfecting a gystem of wireless telegraphy, I extend
on behalf of the American people most cordial greetings
and good wishes to you and to all the people of the
British Empire.

‘:LT ."

h‘

E

THECDORE RQOSEV

The reply was by cable.

Since that time, though both the 7oldhu and Cape Cod sta=
tions are working in connection with steamers, and reports are
occasionally recelved that lincrs are simultaneously in connec=-
tion with both stations, nc attempt has bhean made to conduct
trans-.tlantic business. The Cape Face station 1is being rebuilt
and regular communication to compete with cable lines is promis-
ed.

The Yational Zlectric Signaling Company of Washington, D.
Cey is also consirmicting stations with this end in view.

The U.5. Navy Department, while watching and investigating
the progress of wireless telegraphy abroad and at home, made no
attonpt to conduct experiments on 4ts own account from 1893 to

19c2. In the meantime, Fessenden and D¢ Forest in the United
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States, Slaby and Braun in Germany, Rochefort and Ducretet
in PFrance, and Lodge and Muirhead in England had developed
and operated systems differing largely in instruments and
methods, and to some extent in principles.

In August 1902, the Chief of the Bureau of Equipment
directed the trial of sets from each of the above, (except
Braun and Fessenden), which had been purchased for the
purpose. These tests extended from August 1902 to July 1903,
stations being established for the purpose at Annapolis and
Washington and on the TOPEKA amn@ PRAIRIE. The instructions
to the Board were specific in the points to which particular
attention was to be paid, vhich were as follows:

(a) Distance of reliable transmission for givem height
of aerial wire.

(b) Energy employed in transmission.

(e) Accufacy and reliability.

() Rapidity of transmission.

(e) Adjﬁstmenta negessary for varying distance of
transmission.

(f) Effect of heat, fog, rain, and general varying
atmospheric conditions.

(g) Effects of vibrations due to neighboring machinery.

(h) Effect of interference from heighboring electric
circuits or magnetic disturbances.

(i) Effect of rolling or pitching of ship.

(j) Danger from the sparks from sending wire.
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(k) Interference from any cause whatever.

The best results between ship and shore were obtained
with the Slaby-Arco apparatus, and were as follows:

Annapolis and PRAIRIE - Annapolis 84 miles, PRAIRIE 107 miles
. " TOPEEA * T * TOPEKA 70 v

The Board reported that the Slaby-Arco apparatus was the
one best adapted to Naval use among all the systems tried,

(not only on account of its groater range, but from its
reliability, freedom from interference, adjustability, and
‘ease of manipulation by unskilled or poorly trained operators),
and recommended the purchase of sufficient sets for the equip-
ment of vesaelé and: shore stations.

About 55 sets in all were purchased and the work of supe
pPlying ships and shore stations was bagun, and has been con-
tinued up to the present time.

These sets were guaranteed to give a range of about 50
miles regularly. This has been fulfilled and generally o:coeded{

In 1904 another series of tests were conducted, using the
stations at the Highlands of Navesink, Navy Yard, New York,
and the TOPEKA. The instructions to the Board were similar
to those issued b® the previous Board, particular attention
being devoted, however, to methods of preventing interference
and ensuring secrecy in transmission otherwise than by the
use of a cypher code. The systems tried were the Bull, the
De Forest, Rochefort, Telefunken (formerly Slaby-Arco), Fessen-

den and Lodge-Muirhead.
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In distance the best results were obtained with the
Pessenden apparatus, between the Highlands of Navesink and the
TOPEKA - 181 miles. One way from TOPEKA, 201 miles; words per’
minute, 27.

The Marconi Company, though at first signifying its
willingness to submit apparatus for test, withdrew for reasons
not pertinent to this discussion.

Special interference tests were made with the De Forest,
Telefunken and Fessenden systems. The Fessenden Company pre-
sented a secrecy sender for test, but the test of this method
of preventing interference and reading was inconclusive and
further tests are desirable. The Bull system of selective
signalling zave promising results but was slow in action. The
Fessenden interference preventer also gave promising results.

In reference to preventing interference, it may be remarked
that the operator in charge of the Department's Cape Cod station
keeps his receiver so adjusted that he cen receive messages from

Boston on trhe coherer while the large Warconi station at South
wellfleet is sending.

In the meantime, the Signal Corps of the War Department
and the Weather Bureau of the Department of Agriculture had been
experimenting extensively with wireless telegraphy, and the
Weather Bureau had in view the bullding of a system of coast
stations.

The subject having been brought to the attention of the

President, a Board was appointed to consider the entire guestion
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of wireless telegraphy in the Service of the National Governmantf
The report of the Board was approved by the President July 29,
1604, and is in part as follows:

"That the necessary steps be taken that the Navy
Department shall install a complete coastwise, wireless
telegraph system covering the entire coast of the United
States, its insular possessions and the Canal Zone in
Panama. That the wireless stations of the Navy Departe-
ment shall receive and transmit to the ocean, or to islands,
or to other places vhere the information can be made useful,
the storm warnings of the Weather Bureau.

"That as fast as Naval wireless telegraph stations are
put in operation the Navy Department shall be directed to
receive and transmit, through these stations, free of
charge, all wireless messages to or from ships at sea, pro=-
vided such stations do not come into competition with come
mercial stations, until such time as Comgress may enact the
necessary legislation governing this subject.

"That the Navy Department shall request all vessels
having the use of its stations for the receipt of messages,
to take meteorological observations of the weather at
least once daily, when within communicating range, and
transmit them to the Weather Bureau, and to transmit obser-
vations oftener when there is a marked change in barometer.
That to prevent the control of wireless telegraphy by
monopolies or trusts, that any legislation on the subject
should place the supervision of private stations under
the Department of Commerce and Labor."

Following out these recommendationg,the Bureau of Equip-
ment published a list of the c¢all letters and names of its
stations; adoﬁted and published in Notices to Mariners rules
governing the interchanga of commercial messages; announced a
standard wave length of 320 meters to which stations would be
tuned for the present; and, through the Hydrographic Office,
keeps the merchant marine informed as to the facilities for
service, etc.. The most important service thus far is vessels
reporting from the Nantucket Shoals Lightship via the Torpedo
Station. A proposed bill lncorporating the ideas recommended by

the Board was prepared but failed to reach Congress.
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The Bureau has now in operation 23 ghore stations. 11
shore stations are under eonstruction, mogt of which are nearing
completion. 8 stations will probably be built on the Pacific
Coast during the next fiscal year and several in the Fhilip-
pines.

outstanding contracts exist with five wireless telegraph
companies and a sixth is installing three sets for test at its
own expense.

of the principal European countries in all of which govern-
mental control of wireless telegraphy exists, Germany has adopt-
ed a wave-length of 365 meters for public service and announced
the opening of 7 shore stations. 7These are supplied exclusively
with Telefunken apparatus as is also the German Navy. None of
the other countries have published the wave-length adopted. The
English Post (ffice authorities have made arrangements with the
Marconi Company for transmission to and from ships at sea through
the company's stations of telegrams sent from eny place in the
United Kingdom. Special legislation providing for the licensing
of all private wireless telegraph stations has been enacted
there and in Canada. Italy has 16 shore stations in operation
and others under construction, some for public use, others for
military service only. Marconi's instruments are used exclu-
sively in the inglish and Italian navies. 7The company enjoys
an entire monopoly in Italy and a practical monopoly in England.
France has a pumber of shore stations in operation and is build-

ing others.
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Rochefort and Ducretet with Captain Ferrie and others, de-
veloped the system in use in the French shore and ship statlons,
and Captain Jackson of the British Navy has been influential in
adapting wireless apparatus to ship's use and has investigated
atmospheric and other conditions which affect results. '

The use of tlke De Forest system on the Hai lun is the early |
part of the Russo-Japanese war is fresh in mind, and led probably
to tle announcement by both belligerents that persons in charge
of wireless telegraph outfits on board private vessels captured
* in the vicinity of operations would be considered as spiles.

Practically all of the larger vessels in all important
navies are egquipped with wireless telcgrahp outfita, and its use
in outlying parts of the world vhere it is not feasible to: build
telegraph lines or lay cables is rapldly extending.

Its usefulness on men-of-war previous toc action is undispute
ed, but as to its actual usefulness in action only meagre and
contradicting statements are yet avalilable. This will be refer-
red to in another part of thig paper.

In the United States several companies have established
stations for commercial and experimental purposes and distances
comparable with the best overland results abroad have been cove
ered.

At present the theoretical basis is fairly well established,
but methods of application are still widely divergent, due large-
ly to search for suitable combinations of material to achieve
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desired ends. Though progress has been very, one may say won-
derfully, rapid in the ten years since ilarconi's first experi-
ments were made, the art of wireless telegraphy may fairly be

described as still in the formative period.
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THE PRINCIFLES OF WIRELESS TELEGRAPHY.AND
The Mechanism of thelr Application.

As an introduction to the mechanism of the art, I propose
to review a few basic facts of electricity and magnetism.

filreless telegraphy is closely connected with the very
groundwork of both.

Everyone is familiar with pictures of the field surround-
ing a magnet as shown by the way in which iron filings place
themselves when held over it., The curved lines which thoy
form are the physical basis for the conception of magnetic'
lines of force, as showing the manner and direction in which
magnetic force acts.

Figures similarly made show the magnetic field around a
conductor carrying a current. The direction of the latter
field, - that is, the direction a magnetic needle will take
when free to move in it, depends on the direction of the current;
but in every case the needle points at right angles to the wire, -
to the right when placed above a wire in which the current is
flowing away from the observer, to the left when placed below it.
These directions reverse with the Eiﬁ:é:?%n of the current.

Hence the statement that.lines of magnetic force surround every
wire carrying an electric current, increasing and decreasing in
strength with the current and reversing in direction with 1%, and
these lines enclose circles in planes at right angles to the di-

rection of the current. These lines of force are of the same na=-
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ture as those in the vicinity of e permanent magnet. They are
produced by the current, and they in turn produce currents
when moved in the wicinity of conductors, or when conductors
ere moved in their vicinity.

"hen magnetic lines of force cut or are cut by a conductor,
a current starting azfgutting point 1is produced in the conductor
and the result is such as to produce other lines of force
oppesite in direction to the inducing lines; in other words, to
resist the motion. This is purcly a mechanical illustration
and may poorly represent the real facts. Just how the effect
is produced is not knowm, but it appears that all magnetized
and electrified bodies in the universe are connected to an
elastic substance which transmits stralns In 21l directlions,
so that Efx:ﬂgﬂf¢in any one body produces movement in and is
opposed byﬁell the others. This influence of one magnetiged
or elect ~ified body on every other, however infinitesimal it
is, always exists. This lact should be kept clearly in mind.

In relation to our subject we have then, that when lines
of magnetic force cut conductors, currents are produced. It
might better be stated that a Sendency to current flow is pro-
duced. The rate of cutting is the measure of the force (is the
force) tending to make currents flow, - the e.m.f. Currents
actually do flow if the conductor forms a closed circult, if
not, sufficlent manufacture, so to speak, of electricity takes
place to produce electrostatic charges at the surface and ends
of the conductor.

rlectrification can also be produced by lriction.
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If amber is rubbed with silk an electrostatic charge is
produced thereon, the presence of which can be shown by means
of an electroscope or by its property of attmacting light
bodies. The silk is sald to be positively, the amber negatively
electrified. fmen separated, lines of electric force are
get up between them, just as lines of maznetic force are set up
between two opposite magnetic poles. They attract each other.

If joined by a conductor the charges neutralize each other.

S0 in the gconductor referred to in the preceding paragraph
its ends are kept in states of opposite electrification as
long as the cutting of or by magnetic lines of force continues,
and lines of e¢lectrlic force are set up between these ends. They
attract each other. 7%hen the cutting of lines ceases the charges
on the ends neutralize each other through the body of the
conductor. The electric lines of force joining these ends are at
right angles to the circular lines of wmagnetic force produced
vhen the charges blow towards each other.

Our ordinary view of the fields surrounding magnetized and
clectrified bodies is that these fields are limited, and for or-
dinary purposes they are limited; but for the discussion of wire-
less telegraphy it is necessary to bear clearly in mind the fact
that they ar:::i}y pervasive, tenuous, but existing everywhere.

in magnets, lines of megnetic force join two points of op-
posite polarity, or magnetization,around electric currents they
form circuits. Lines of electric force join two peints of oppo=-

gite electrification. Llnes of force of either kind appear to

be mutually repulsive, which may be the cause of thelr shape
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and of thelr pervasiveness, and they tend to contract in the
direction of their length, which may be the cause of the attrac-
tion which exists between the bodies from which they proceed.

It 1s found that if two bhodies oppositely electrified are
brought within a certain distance of each other, that a spark
passes between them and their charges disappear.

Theory indicoted, and it was proved by the late I'rof. Rowlanq
of Johns lopkins University, that an electriec charge, if moved,
creates and iIs surrounded by a magnetic field. Therefofo when an
electric spark passes a magnetic field is produced. .

Electric charges moving in quick succession with the velocity
of light, we call electric currents. This view of electric
curréents serves to explain their production by chemical action,
as in batteries. The view previously given, of currents being
generated by lines of force cutting conductors, - serves to ex-
plain the sction of dynamo electric machines. Both views are
suitable for our purpose.

I heve just stated that moving electric charges are sure
rounded by circular magnetic lines of force and connected by elec-
tric lines of force. Now imagine two charges approaching each
other; at a given instant the electric or electrostatic lines of
force, as they are usually called, can be imagined as the meridians
of longitude of a sphere of which the two charges are the poles
and the magnétic lines of forece the parallels of latitude, both
electric and magnetic lines moving outward at the same rate
(that of light) but the ends of the meridians moving toward each
other; when the chanrgcs meet the spherical condition has been

changed to that of a smoke ring, ever widening, progressing
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outwards. #hen the charges pass eaeh other another sphere
begins to grow but with oppositely directed meridians and par-
allels of eleotric and magnetic lines respectively. Having
reached the ends of the condugtor, the charges return, approach
and pess, throwing off this time a ring in which all bhe lines
are reversed in direction. It is thus that an attempt is made
to imegine the way electric waves are produced.

It is found that spsrk limits between the sane charged
bodies can be'incroaaad, that is, the sparking possibilitles
or potential cun be varled. Again, sparks between large bvodies
have greater volume, are latter, so to speak, than between
small bodies at the same distance. The larger bodies appear
to hold wore electiicity; thelr capacity is greater. Capadity
may be deflned as the quality a body has of receiving an elec-
tric charge in propoption to its surface, without increasing
its sparking distance or potentisl. Capucities may be said to
be related to each other in the same way as rubber bags inflated
with air. There may be more air in a large bag, but it is making
no agreater effort to escape persg.in. than in a small bag
at the same pressure., It will, however, require a longer time
and more alr to charge the large bag up to a certain pressure,
and its power of doing work is correspondingly greater.

The charge or discharge of any capacity being a movement of
electricity creates a current, and this current is surrounded
by circular magnetic lines of force which are produeed by the
current, and which reguire work to produce. It might be stated
that to produce (in sir) or to cut one line of foree requires
one erg of work. #ith the same power (e.m.f.) to create the

current, the time taken to create it will depend on the number
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of lines of foree to be produced; in other words, the amount
of work to be done. The number of lines of foree produced
or indueed in a cireult when unlt current is made to flow is
celled the self induction of the circuit. It represents the
resistance of the circuit to change of coandition. This we
usually cell inertia, and self induetlion is zometimes called
clectromagnetic inertia to distinguish it from the inertias
of ordinary matter.

with the seme e.m.f., that is, the same power to do work,
the creaticn of a glven current in a circuit of large ﬁolr
induction will tuke & longer time than in one of small self
induction, and if will take longer to charge a large capacity
than a small one. It will also teke longer to charge or dis-

charge any capacity through a circuit of large than of small

gself induction. It can be inferred from this that both capacity

and self lnductlon affect the time it tekes te produce electri-
cal effects in a clrcult. All circuits havé both induction
and capecity. ‘ -
Inertia repregents resistance to change of condition,
vhether of motion or of rest and effects spark discharges in
this way:- when two electrified bodies are brousht within
sparking distence, the passing charges may be likened to the
gudden rolease of a compressed cspring or of s taugftened bow
string. 1Its inertia causes it %o overshoot, so to speak, the
mark, (which is the position of equilibrium); it passes from
one condition of tension to another, and osclillates until the
energy is lost in heat end vibration transmitted to other
bodies, when rest ensues. 0Jo the two charges appear to fly

past sach other when suddenly released by the breaking down
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of the air gap.

It had been suspected by various scientists that spark dis-
charges consisted of several sparks in alternate directions ine
stead of a single spark in one direction only, before Lord
Eelvin in 1853 deduced the equatlion governing them; showing
that if the resistance of the circuit in which the spark dis-
charge takes place is greater than ?GIL. that it is gredual;
but that if the resistance is less than Eﬁﬁ%" vhich is usually
the case, the discharge is oscillatory. He showed further that
time time of the oscillation depends entirely on the self in-
duction and capacity of the circuit, and is @qual for a complete
oscillation to i?fzid Therefore, the time for any electrical
action to take place in a circuit depends entirely on the self
induction and capacity of that circuit.

This has bheen called the furdemental ecquation of wireless
telegraphy.

In 1863 Prof. Clerk liaxwell, from theoretical considera-
tions predicted that lLight and electricity are bo;h forms of
ether vibrations, differing only in length. He died before his
theories were proved, but they had made a profound impression
on many scientific minds, and in 1886 Henrich Hertz, a German
scientlist, then Professor of Physics in the Technical High
School at Carlsruhe, proved the entire truth of mnxwell'n.}heory;
showing that the oscillating spark discharges referred to
produce true ether waves, similar in &ll rQSpecfs.excopt ﬁghgth,
to light waves and sibject to all the laws of light waves, such
as reflection, refraction, diffraction and polarization. H‘;

further proved that these waves coming in contact with conduct-
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ors, produced oscillatory currents in them which he could detect
by means of the minute sparks produced in a nearly closed circult
by waves from spark discharges in another circuit at 2 distance.

Hertz laid the foundation of wireless telegraphy by pro-
ducing ether waves and detecting them. These waves are called
Hertzian waves, and it has beeén proposed to call the methed of
transmitting intelligence by thelr means Hertzlian Wave Telegra-
phy. Hertz showed that substances opacgue to light, ecxcept con=-
ductors, are trensparent to electrlc waves. 7t was with these
facts at command that Marconl began his experiments in 1895.

Hls wave producer was what i1s known as @ Righl oscillator, which
consisted of an induction coil whose terminals charged (by

means of sparks) two spheres a short Glstence apart, the short
waves produced by the osclllating spark discharges between

these spheres being used for transmission. The spheres were
placed in the focus of & paravelic mirrer ard the waves sent

in any desired direction. Marconi's wave detector was the coherer
of Branly-Lodge and popoff connected by means of a relay to a
recording apparafus.

The operation of all coherer recerding receivers 1is briefly
this: Current from & single cell in circuit with the coherer
and a sonsitive relay actuates the relayténguo when the ceherer
is rendered conducting by the impact of electric waves. The
movement of the relay tomgue closes a stronger circuit shich
gstarts the ilorse tape and inker, and also actuates & bell tapper
which strikes the coherer, rendering it non conducting. The
movement of the tapper tongue should he arranged to break the

tapper recorder circuit before the coherer is tapped, so that
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there will be no break and consequent spark and injury to the
relay tongue. The coherer is protected by a condenser in shunt
with it.

It was soon found that better results were obtained when
capacity plates were added to the spark balls of the Righi os-
cillator and to the coherer. This increased the wave length to
such an extent as to render a reflector impracticable, but im-
proved reception despite this loss. Further experimenting to
increase distance brought about the substitution of the earth
for one capacity plate, and the elevation of the other both for
sending and receiving. Then it was found that the added capac-
ity due to increased height of vertical wire compensated for
the elevated capacity plete, or, rather, that the desired capac-
ity could be obtained by increasing the number of vertical
wires (see Fig. §).

Theory showed no reason why wave propogation should depend
on an earth connection to the air wire. Irof. Braun long after
Marconl's use of an earth connection constructed artificial
earths or capacities of various forms which, like Marconi's
first setsa, were successful for short distances.

The exact role of the earth in the production or transmis-
sion of electric waves is still the subject of controversy; but
the welight of authority is in fevor of the view that electric
waves have the further property of being gulded by conductors,

and that when ground connections are made the electrostatic
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lines of force (which join points of opposite electrification

in the elevated wire and the ground) keep one foot on the ground
at all times, so to speak, and when snapped or crowded off from
the wire are guided over the earth's surface as loops or half
waves following its curvature, and can therefore be detected at
points far distant from what would be possible if they were
propogated like light, in straight lines only.

Marconi had always in mind the fact that, other things be-
ing equal, reception should be better if the natural time peri-
ods of the sending and receiving circuits were the ifﬁ%}ﬂﬁf’
have seen that when the resistance is small the timehpf one
complete oscillation in any circuit is Jxﬁ‘VZfQ;Ebeing glven
in practical units, and the wave-length of the circuit in me-
ters is this fractional part of 300,000,000 meters (the veloci-
ty of light per second).

The inductance and capacity of a straight wire are so re=-
lated that when the wire is placed vertically at a distance from
other capacity bodies its electrical length is qqual to its nat-
ural length, and the wave-length is twice the length of the wire
for a complete oscillation. If one end is held (attached to
the earth) its wave-length is four times the length of the wire,
following in this respect the wave-lengths produced by closed:
and open organ pipes.

The waves produced, whether propogated like the smoke
rings referred to or gliding as half waves over the earth's
surface, have, when genersited in a vertical wire, their magnetic

lines of force in circles parallel to the earth's surface, and
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therefore at right angles to the vertical receiving wire. Cur-

rents are produced in this wire whon it is cut by the advancing
lines of force and the higher the wire the greater the number
of lines which are cut by it and consequently the greater cur-
rent flow. This is one explanation of the greater efficlency
of elevated wires. Another is that the longer wave-lengths, up
to 2,000 meters or more, seem to travel with less attenuation
over land than the comparatively short waves of 200 to 5C0 me-
ters, and longer wires produce longer wave-iengths.

When the period of the waves producing oscillations in the
receiving wire is equal to the natural electrical period of the
wire, the current impulses produced are timed so &s to increase
the effect, just as timed pressure on a spring board produce vi-
brations which increase until the dissipation of energy per vi-
bration is g@qual to that received. It will ghus be easily seen
that waves properly timed can build up currents in the receiving
wire which can be detected when a single impulse would give no
indication. Marconi's tuned circuits up to 1900 were as shown.
(See Fig. 1).

There are two defects in a sending circuit with elevated
straight wire and spark gap in series with the wire and the
ground, and usually called plain aerial. One is that its low
self induction gives it less inertia and makes it in consequence
a less persistent vibrator. The oscillations die out quickly,
three or four sparks at the most passing. All of the energy is

radiated in a few rapidly diminishing waves. The other defect
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is that its small ocapacity combined with its small self induc-
tion gives a corresvondingly short wave-length and high fre-
quency; that is, number of oscillations per second. ¥Yow capac-
ity of a body decreases as the oscillations per second increase.
Within limits, the higher the voltage used and the longer the
spark gap, the greater the wave energy produced; but with any
high frequency a limiting voltage can be reached beyond which
the capacity body spurts electricity (in the shape of brush and
glow discharges) in all directions like dry linen fire hose suds-
denly subjected to water pressure. The dielectric breaks down
everywhere; the directed energy that it can transmit is limited.

As we have seen, properly timed vibrations can build up the
current in & receiving wire to a point where it can be detected
when any single wave cannot. The limitations on number and am-
plitude of single waves from a atraight vertical wire with a
spark gap in series have just been pointed out.

Many inventors have claimed the distinction of first ine
ductively connecting a persistently vibrating circuit to a good
radiating open circuit so as to be able to take advantage of the
resonant current which can thus be built up in the receiving
wire and increase the radius of transmlission without reaching
the limiting voltage. OSuch persistently vibrating circuits con-
sist of comparatively large capacities and inductances arranged
in a small space, so as to give low resistance and small heat
loss. The lines of force generated by the current vibrations

in the closed rersistently vibrating circuit, cut the open cire
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cuit (air wire) and produce equivalent currents in it, which are
rapidly dissipated by radiation, but the loss is continually
supplied from the closed c¢ircuit. Advantage can be taken here !
also of resonant or properly timed impulses to increase and main-
tain the amplitude of the outgoling waves.

Specially designed appliances to give comparatively large
capacities in small spaces are called condensers, the most fa-
millar example of which is the Levden jar, - a glass jar with
inner and outer coatings of tin-foil.

Two capacities charged at a distance from each other to the
same potential and then brought near each other show & lowered
potential as if the pressures were reduced or the charges con-
densed, - hence the term condenser. The amount of this effect
depends alsc upon the material between the charges, glass and
other insulators producing a much greater effect than alr. The
best glass for this purpose having 9 times the effect of alr at
atmospheric pressure in increasing capacity. In fact, the charge
is in the glass and the best glass has ¢ times the storing capac-:
ity for electricity that is posseased by air at atmoaphnr{c pres
sure. \&

The tin-foil being a conductor is used only to convey the
chgrge to and from, and spread it equally over the glass. \xs
stated above, the charge 1s in the glass or other material uﬂ@d

as a dielectric, and subjects it to a mechanical stress which Eg
shown by the change of shape when charged. Glass of the bQﬂt 3
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quality has the highest known capacity fa storing energy in
the shape of electricity, but micanite, paraffine, oiled paper,
air under pregsure, etc., are all used fa condensers, and when
so used are called dielettrics.

Condensers formed of batteries of Leyden jars are commaexnly .
used in wireless telegraphy as well as those composed of interlac-:
ed plates of glass or micanita_covered with tin-foil. Metal plu&::
are used for variable condensers either in oil or air, the insula-
tor being the dielectric; these are connected with inductances
made of several turns of wire of comparatively large diameter.

The lines of force produced by the current in each turn cut
all other turns and in so doing produce additional lines of force
which also cut each turn so that ‘the total number produced for
unit current, and therefore the self induction, 1s largely increes-
ed over what it would be in the same length of straight wire.

As has been stated, the time of a complete vibration depends
on the product of self induction and capacity, so that it is pos-
sible to get (by using condensers and coiled wire) a long wave-
length in a small space; this is combined with the open circuit
inductively as shown (see Fig.), and its equivalent is used by
practically all wireless telegraph companies both fa sending
and recelving.

At the receiving end the wave detector is placed on a per-
sistent vibrating circuit and inductively connected with a ver-
tical open circuit which will respond to waves of any length ,

but the current set up by it and in 1ts attached persistent
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vibrating circuit tend to oscilate in their natural period;

if this does not coincide with the oscillations produced by the
pass ing waves, the resultant currents will be weakened and may
neutraliged. The more persistent the vibrations of the receiv-
ing circuit the more marked will be the effect, so that persistent
wibration both for sending and receiving tends to selectivity
{that is, persistent vibrating circuits respond well only to those
waves whose length iz nearly the same as theirs) as well as to
increased radius.

Adjustment of sending and‘reoeiving wave-lengths to each
other is called tuning and the precise wave-length assigned to
a station may be called its tune.

Proportioning the time periods of vibration of the various
circuits to oacﬁ;:i; of the greatest importance in wireless tel-
egraphy and wavoﬁmetera have been invented and are in use for
this purpose.

For communication with stations using the same tune, selec-
tivity is very advamtageous, but when it is necessary to be ready
to receive from stations having different or unknown tunes, as
an explorer, so to speak, a strongly damped vibrator is best, -
as has been explained, but the distance of reception is thereby

cut down. So in sending to stations having different or unknown

tunes, highly damped waves are more likely to be received but

the receiwing distance is decreased.
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The sending apparatus consists of a current source in cir-
cuit with the primary of a closed or open core step up transform-
er (an open core transformer is called an induction c¢oil). The
gsecondary of the transformer is in circuit with the condenser
which it charges. The current in the secondary is induced by its
turns being cut by the lines of force produced by the primary
current.

There is probably no difference in fact, and there is very
little difference in theory, between the way the current in the
primary produces a current in the secondary of an induction coil,
and the way electric waves affect a receiving wire at a greater
distance. Great stress 1is laid on the difference between effects
produced by electric waves and by magnetic induction, and Marcﬁni
has stated that without the eleectriec spark there is no electric
wave. But it is submitted that no current is made or broken with-
out setting up surgings not only in its own conductor but in all
others, so that it appears that the difference is one of degree
and not one of kind.

It 1s commonly stated that all the energy returns to the wire
with the.roversa of current when it is reversed without a spark,
while when electric waves are produced it does not, and that this
is due to some peculiarity about spark-produced surgings; but pa-
tents have been granted for wireless telegraph senders in which
no spark is used, an alternating current generator being directly
connected to the sending wire. It is probable, therefore, that

in particular forms of circuits more non returnable energy, 8o
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to: speak, is sent out than in others, by reversing currents.

Fleming states that to detach & free electric wave from a
radlator it is necessary to have a certain high frequency, not
sharply defined, but involving a relatlvely very sudden reversal
of the electric force, but he gives no lower 1limit of frequency.

7o return to the sending apparatus, of vhich clementary dia-
grams of the principal systems are shown (see Figs.), the primary
of the transformer may be supplled with interrupted or alternate
current. 7The current induced in the secondary (which has a high
voltage on account of the greater number of turns compared with
those on the primary)charges a condenser which is in c¢ircult with
the inductance and thg spark gap. The length of the latter de=-
pends, to a certaln extent, on the petential of the secondary
which must be greater than the amount necessary to tause a spark
to pass across the gap. This pctential for short gaps is about
4500 volts per millimeter, but voltage per millimeter decreases
as the length of gap increases, being for a gap of one centimeter
about 30,000 volts, that 1s, 3,000 volts per millimeter.

The resistance of the spark gap is so high that no current
pagses until the strain on the dielectric (the air betgeen the
spark electrodes) is brought to the point of rupture by the in-
creasing potential. This same sirain exists between the faces
of thse dielectric forming the condenser. ¥When the air gap
broaks down, its reslstance (in the time it takes light to trave

el its length) drops to, in many cases, & fraction of an ohm,

and thus removes the only obstacle to the uniting of the charges
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on the condenser and other parts of the circuits. Thus suddenly
released theif inertia causes them to fly past each other. The
condenser becomes charged in the opposite sense and the action
is renewed in the opposite direction. A spark passes at each
reversal, until the potential drops below the sparking point,
when the visible surgings cease.

The high sell induction due to the iron core of the induc-
tion coil or transformer prevents these surgings from being com-
municated to the secondary and reactance cpils are put in where
leads are long. The secondary is out of resonance; in other
words, its inertia is too great to permit it to be set in motion
by the rapid blows given by the oscillatory currents, so that the
c¢ircuit formed by the condenser K inductance, and spark gap oscil-
lates in practically its own period until the potential drops
below the sparking point, when, as stated, the vigible energy
ceases, the c¢ircuit is again charged by the secondary to the
sparking potential, and the action commences again.

Suppose a spark gap of 5§ millimeters, which requires a potene
tial of 20,000 volts to rupture it; suppose further that the maxe
imum secondary potential is 40,000 volts and that the cycles or
interruptions are 80 per second.

Spark discharges begin about 1,320 of a second after the
voltage begins to rise; i.e., as soon as difference of potential
across the gap is 20,000 volts. If the oscillating circuit has
a wave=-length of 300 meters, its frequency is 1,000,000 per

second, and if 8 sparks pass in each train (i.e., before the po-
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tential falls below the sparking point) the duration of a train
is 1/250000 of & second. As many &s 200 sets of oscillations
have been measured by Prof. GC.W. Plerce of Harvard University
in one alternation or half cycle of current; that is, the con=
denser was charged and discharged 200 times in & certain fraction
of a second, producing 200 trains of waves in that time, each
wave train (if the circuit above described were the case in
point) consisting of four complete waves, lasting 1/250000 of a
gsecond; intervals between trains 1/16000 of a second. The spark=
ing and silent intervals are as 1 to 15; leng intervals of si-
lence, so to speak, between trains and much longer intervals
(about 1/160 second) between groups of trains. Successive
sparks have been photegraphed and the intervals between them
measured.
. The vibrations of the closed sending circuit are inductive=-
ly or directly impressed (by mecans of an air core transformer of
a few turns) on the open radiating circuit, and waves in trains
end groups of trains sent out in all directions. The current in
the primary, and thus the production of thc waves in the manner
just described, is controlled by the sending key, by means of
which it is closed at intervals to correspond in length with
the dots and dashes of any desired code. A dot, therefore, is
made up of many waves in trains and groups of trains, and a dash
of a still greater number.

We are accustomed to think and speak of electrical action

as being instantaneous, though we know it is not. This habit
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.prpducea confusion of thought, and in order to consider the

subjoct of wireless teloegraphy understandingly, time must be
kept clearly in mind. The time rates of vibration, that is,
the number per second, is given here as a matter ar'interoat

in this connection, for a number of different phenemena.

¥e percelive air vibrations, which we call sound, by meansg
of the ear, a special sense organ for the purpose. The ear dis =
tinguishes notes of from 16 to 40,000 vibrations per second as
gound, though the ordinary human volce has a range of but 3
octaves, from aprroximately 100 to 1000 vibrations per second.

With the eye we perceive esther or electromagnetic vibra-
tions, which we call light, from 43C,000,000,700 to 740,000,000,000
per second - a little less than one octave, i.e., from red to
violet light.

By means of their action on certain substances (that is, by
photography) we ﬁerceivo vibrations from 870 trillions to 1500
trillions of vibrations per second and beyond - ultra violet and
X rays.

Between 430 and 300 trillions of vibrations per second we
have what 1s known as the infrarouge rays, which are known for
thelr medical effects.

Below 3CC and down to 2C trilllions of vibrations per second,
we detect ether vibrations by our sense of feeling, ether vibrae
tions through these four octaves being known to us as heat.

45 octaves lower down on the same scale are the ether vibra-
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tions which we call electric waves and which are used in wireless

" telegraphy. The shortest of these yet measured are .2 of an

inch in length; the longegt ones over one million miles. The
latter have a period of 6-1/2 seconds and give evidence of elec-
tric displacements in the sun.

%We have, thercfore, the gamut of eother waves, running from
the infinitely small to the infinitely great, with an unexplored
range of 45 octaves between the longest heat waves and tho short-
est electrical waves yet measured.

For electric waves before the researches of Hertz, we had
no detecctor. His micrometer spark gap, in which tiny sperks
were produced by the impact on ite circuit of electric waves,
was the first made for the purpose. The coherer of Branly and
Lodge we may call the second, and this last still does duty far
the purpose, but since its invention many others have been dis-
covered -~ first, those of the various forms of carbon whose ex-
treme sensitiveness to pressure (even to the extent of register-
ing the movements of a fly's foot,f)in its electrical proper-
ties) had long been known and utilized in the various forms of
microphones and telephiones.

The action of all forms of imperfect contact wave detecctors
or kumascopes, as Fleming proposes to call them, in which are in-
cluded all coherers and microphones, can be pxplained on the
principle of electrostatic or magnetic attraction, whether self
restoring or otherwise.

The heating effect of the induced oscillating currents has
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ﬂbeen utilized for the purpose of detecting electric waves, nota-
bly in the hot wire barretter of Fessenden.

In 1896 the action of electrical oscillations on iron was
investigated by Rutherford who devised a form of magnetic wave
detector which has been perfected by Marconi. 7The magnetization
of iron always lags appreclably, in time, behind the cause which
produces it. While being magnetized it is extremely sensitive
to any change in the magnetizing force, any sudden increase in
which produces a disproportionate increase in the magnetization
of the iron. In Marconi's form of magnetic wave detector, a band
of iron wire is revolved continuously in front of a magnet, so
that its magnetizatlion 1s always changing. The receiving wire
is iIn circuit with a coll surrounding the moving band, and the
oscillatory currents due to the passing electric waves produce
sudden changes in the magnetization of the hand. These changes
induce currents in a coil of fine wire surrounding the band and
in series with a telephone, in which thaq are hﬂaré%dota ard
dashes. Different forms of imperfect contact, thermal, and elec-
trolytic wave detectors (the latter yet to be described) will
act only as relays to increase or diminish current in a local
circuit, and thus require in conncction with their use local bat-
teries and means for adjusting their strength.

The magnetic detector 1s free from these accessories and
therefore simpler to use.

The best form of electrolytic or chemical wave detector is

just now the subject of important patent sults. These hinge,
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I.boliev., somewhat on the character of the action in the de-
tector.

It consists of a cup of acid or alkaline solution having an
anode of fine platinum wire and a kathode of heavier platinuh
wire in circuit with a local battafy, and an adjustable resist-
ance. The senslitiveness of the cell is said to depend on the
area of the anode exposed. 'This consiats generally of a fine
platinum wire sealed in glass so that the point only is exposed
to the electrolyte. A very good form is guickly made by taking

out the filament of an instrument lamp, leaving the platinum

leading in wires intact and covering them with a dilute solution |

of sulphuriec or nitric acid. This form i3z due to the ingenuity
of a Chief Rilectrician in the Wavy (Delaney).

Its action appears to be that the gas generated at the anode
by electrolytic action in the cell, due to the current from tle
battery, is momentatily pushed away by the oscillating current;
Iin other words,the cell 1s momentarily depolarized, and the cur-
rent thercby increased. It is stated to be not reversible; that
is, that the small wire must be the anode. In the instrument
lanp receiver just referred to, both anode and kathode are of
the same size but neither very small. It is also claimed that
the heat generated at the anode'by the oscillatory current ren-
ders the electrolyte surrounding it, momentarily, a better con-
ductor and thus produces sounds in the telephone.

The latest form (from which excellent results also have been

obtained) has the local battery and the detector combined in the

i
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same receptacle and requires no adjustment. On account of the
extremcly small change in resistance produced in electrolytic
detectors by the impact of electric waves and the consequently
small current chenge, better reception is obtained by the use
of telecphones with a great many turns of fine wire, which in-
creagses the magnetic effect on the diaphragm of the telephone.
These are called high resistance telephones.

Marconi states that he has perfected a call for his magnete
ic detector, but though promised, no one has yet produced a sat-
isfactory call for the electrolytic detector. |

Under the same circumstances that an ordinary coherer will
receive messages up to 80 or 120 miles, the best electrolytic de=-
tector will recelve up to nearly twice that distance. w;th the
latter, readiness to recclive depends on the telephone strapped
to the operator's ear, while with the coherers an electric bell
attracts his attention, oy the tape will receive without atten-
tion. P

“lectrolytic detectors lend themselves more readlly than ‘
coherors to selectivity; that 1s, are more asuitable for use in
persistently vibrating circuits, and the use of the telephones
pernits that of a still more highly selective instrument, - the
human ear, which has very high qualities as an interference pre-
venter, and can selcct the note it desires to receive from a

number of others occurring at the same time.
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"he kind of smrk, i.e., whether produced by intorrupted
or an nlternatiﬁg current, also affccts the wave sent out. An
alternating durrent spark 1s preferrod; it secws to be clearer
and sharper. Vith & certain voltage current and length of spark
gap an arc may be formed. 4 spark gap so short that it 15 nec-
gssary to use & current of air acrogse it to prevent forming an
arc sonstimes glves good results. 4djustiment has much to do

with the performance of hoth sending and receiving stations.



ERERGY USED IN TRANSMISSION.

It has been calculated by Dr. Kennelly that a vertical
wire 100 feet high, charged to 30,00C volts and suddenly and com-
pletely discharged, would have an output, if conversion were per-
fect, of about 3.5 foot 1lbs - 46,000,070 erzs - of energy, and
that, 1f no losses of any kind occurred, the energy of the wawe
would be capable of producling an e.m.f. of 1 volt at 1,000 km.
in a wire of the same height. This postulates perfect radiation
and conversion.

Fleming states that 40 to 50 foot 1lbs. per cubic foot is the
greatest amount of electrical energy that can be stored in glass
when arranged in the best manner. The maximum amount of power yet
installed in any wireless telegraph station is about 50 K.W.,
equal to somewhat over 2,000,000 foot 1lbs. per minute, or 35,000
foot 1lbs. per seeond. kﬂa"L*@APﬁ***f”“ﬁ**° ”‘j§ P nse-

If the wave-length of a station using 50 K.v. is 3,000
meters its frequenecy is 100,000 per second, and if radiating 5%
of the time, that is, if the interval between wave trains is 20C
times the length of the trains, the total ecnergy in each wave
train, (if conversion were perfect) is equal to about 7 foot
pounds. There is no known means of accumulating wave train ef-
fects when produced by spark discharges. The outlook in this di-
rection is towerd the high frequency alternating current, impress-
ed directly on the sending wire. Foincaré, Fleming and Marconi,

all high authorities, unite in saying that such alternations
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without the spark do not produce electric waves.

Turning now to tle receiving end, Prof. Fessenden states,
as the result of guantitative experiments, that the relative
sensitiveness of various forms of detectors are as follows:

1. Marconl - nickel, silver, mercury coherer, 4 ergs per
2. Gold 95%, bismuth 57 alloy b dot .

3. Golari receiver and various types of carbon
steel, steel aluminum and steel mercury

rececivers .22 -
4. Magnetiec hysteresis receivers «100 i
5§« Hot wire barretter 3 .08 9
6. Liquid barretter « 007 »

The following record of calls and messages heard by the
operator at the wireless telegraph station in the ¥ashington
Eavy Yard, between 8 and 10 p.m., May 18th and 19th, is inter-
esting as showing the carrying powers of the small amcunt of
enerzy set free in any one wave train under favorable circum-
stances. Two or three foot pounds of energy set free in Ports-
mouth, N.H., making itself intelligently felt in Washington, bor-
ders on the marvelous. I may add that these reporte have been
verified. (See reports). (Not being in Massachusetts, I vene
ture to relate than a few months ago I spent a night in Salem,
having in my possession a wave-meter. Imagination falls to pice
ture the effect the possesasion of such an instrument would haw
had on the inhablitents of that now peaceful city some hundreds

of years ago.)
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"JH" call "VE" at §:

"

n
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May 18,

1806.

(Bermudian) calling "G" (Calilee, H.J.) at 8 p.m.

"R.Y.Y (42 Erﬂadrﬁ?. H.Y,) at

8:04 Pl
"EA" (Cape Hatteras) at 8:0'9p.m.
IR at 8:17 p.m.
PR.YLY at 8: 20 p.m.
"VR" (New Haven, at 8:22 p.m.
Conn.) .
"PGY (Boston K. ¥Yd.) at 8:25 p.m.
"R.Y." at 8:31 p.m.
*YR" at 8:41 p.m.
"YR® at 8:45 p.nm.
"y" (Fall River st 8:57 p.m.
boat PURITAK) ‘
"BAY at 8:57 p.«m.

"UN" replied "Nothing doing.
"JR" replied "0.K." "G.B." (Good bye)

"JE" call "RE" at 85:04 p.m.

"JH."

New York Yard communicating to some station at 9:090 p.m.
talking about some one being in the clase there.
(lay have been talking to Highlands, H.J., or to

Rewport, R.I.)

"G" calling "FB" (City of Atlanta) at 9:33 p.m.

(?) " "PK" (Newport, R.I.)
apge  ®  "pgw (point Judith?)

at 5:38 p.m.

at 9:50 p.m.
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From ¥Wireless Station. Rec'd May 15, 1905, 8 to 10 p.m.

8:06 p.m. Heard "N.Y." (42 Broadway, I'.¥.) calling "VR"
(Rew Haven) and sending message in rapid lorse code.

8:08 Heard "PC" (Portsmouth Navy Yard, N.H.)} msking
signature and finish after making call tc some
station or sending message.

"N.Y." ealling “"YN" 8:11 and 8:13 pm. No reply from "VR".
At 8:85 p.m. "HA" (Cape Hatteras) calling "QK" (Cape Henry).

At 8:27 p.m. Heard "CD" calling "CS". Am certain of the calls
but not certain as to wheme they came from as "CD"
is the BROCKLYE and "CS" the CHATTANCCGA, and both are
in laitian or Nomingoan waters I think. (Operator
here received lettor from CHATTANOOGA this a.m. mailed
in Tompkinsville yesterday). I know of nc other ships
or stations using thess calls. At 8:47 heard "CS"
called agaln but aid not get sig. of station ealling.

At 8:34 "PG" (Boston Wavy Yard) called "P5E" (Thatcher's Island)
and sent:
"w11l u pls. give me that msg. u sald u got from
rortsmoﬁth this p«m. I forgot to get a copy of it. "PG,
PG; PG _
At 8:39 & 8:45 "Pg" repoated tha above mcssage.; It cang in clear
and distinct tho' not loud. :

"PG" called "PE" again at 8:46, 9:03 & 9:05 p.m.

At 8:40 p.m. "MO™ (S.S. MONROB) calling " R"; called again at
8:45 p slile

At 9:13 pem. "K.Y." oalling "AX" (Atlentlic City).

At 8:16 p.m. "HE" ( U.S.S. HAIEE) ealled " K" & sent msg. but
too weak to read as slight atmospharic was inter-
fering.

At ©:36 p.m. some station calling "PV" & "HHE" (New & old cell
for Highlands, K.J.).
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Much difference of opinion still exists as to the best forms
of ground connection. As has been stated, theory shows no neces-
sity for ground connections at all, and if I am not mistaken, two
of the leading investigators still believe that batter results
are obtained by using large capacity bodies at the base of the
air wire without earth connectioﬁ.- However, thus far greund con-
nections are generally used, and the more points of good conteact
with moist earth that can be obtained the better the results,
generally speaking.

The shape of the open radlating cireuit, the aerial as it
is usually called, has passed thpough many changes from the cae
pacity plate at top connceted with a single wire, to a single
vertical elongated wire, then through the Slaby-Arco squirrel
cage and rattall and De Forest looped aerials (excellent, by the
way), to olevated grid of horizontal wires connected tomone or
more vertical wires leading to the sender or receiver, and this
id the form now generally used. So also different forms of sine
gle and multiple spark gaps and compreased air spark gaps are
used, the object of all being to find a more efficiént way of
radlating larpger quantities of encrgy. Improvements are constant
ly being made.

Selectivity, and therefore pervention of interfecrence, is no
as easy to secure in practice as in theory. The waves we send
out are not pure but have impressed on them overtﬁnaa, humps and
riprles, to an extent that will require a liberal apprlication of
Fourier's theorem to analyze them completely, if this is ever

done .
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Investipation of the manner, sequence and causes of the ef-
feots producéd are daily inereasing knowledge or-the sgub ject and
placing the art on a firmer basis.

Lr. John Stane Stone and others have patents on arrange-
ments of sucéasqgve persistent vibrating circuits for filtering
out irregularities in order to impress a pure wave on the radiate
ing circuit.’ Ha.nlso announces a fool proof receiver.

It appears that a wave form more nearly approaching the the-
oretical can be obtalned and at the samec time loss of energy, due
te reflectlon, secondary vibrations, heating, etc., can be avold=-

'od, by care in;;hb design of circui(s so as to avoid abrupt
changes of resistance, self induction, capacity and direction
in the d{fferent parts. In other words, by meking circuits more

nearly if not wholly electrically homogsnéous.
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USES OF WIRKLESS TELEGRAPHY.

Many of its uses have appeared incidentally in the course
of this discussion; new and unexpected ones are constantly bee-
ing discovered. One novel idea, which has possibly not been
utilized (but is patented, and is certainly unexpected), is
for lighting by means of electric waves kerosene torches in
orange groves to protect the fruit from frosts.

liowever, its most important use and principal application
thus far has been to maintain communication with and between
vessels at sea. It is now vital to all navies, if they are to
fulfil the object of their existence, and is spreading rapidly
in the merchant marine.

In addition to its use as an ordinary means of conveying
private information betwecn individuals, ashore and afloat, it
adds to the safety of sea voyages by cnabling masters of vessels
to be forewarned - which 1s forearmed -~ of approaching weather
and to assist in predicting the weather by furnishing their own
local observations from points hitherto inaccessible to the
%ecather Dureau. In distress, they can call {'or assistance;
their approach or departure is reported; noon time signals can
be reccived from shore; chronomesters compared at other times -
between shlps or between ships and shore stations. Destina-
tion of ships that have left port can be changed.

Though I am not aware that it has yet been done, I wish to
point out the fact that the International Signal Book lends



itself as readily to assist communicaticn by wireless telegra-
phy as by flags. Cperators of any nationality eam converse
by its use, and 1t 1s no stretch of the imagination to state
that navigation laws will gometime require mates and masters
of vessels to be, not experts, but able tc send and recelve
tle alphabet by wireless, just as they are now required tc de
able to signal by flags, and that its use will be required by
the same laws, or forced by the marine insurance companies.
All modes of application to the merchant marine of this
method of signaling are equally applicable to the Navy, and
in addition, it enables a commander-in-chlef to keep in touch
with his units, =t all times, regardless of weather, prlace,
hour, and to a coertain extent, dlstance; and in this lies its
great and peculiar advantage over other forms of slagnaling,
and therefore its value to the Navy. In one view of tlh mat-
ter it may be said that 1t lessens the chance for individpal in-
itiatlve, Lut this figld is still wide. Cable catting is now
useless; the last hope, the only relief for an ndmiraig: to
get to sea and ba let alone -~ 1ls, or scon will be, gone: A
separated fleet no longer becomes instantly a lot of unrelated
units. Or, in another view of the matter, it gives the abil-
ity to control and direct from & distance, which multiplies
the value of an army or a fleet. It also calls ror'tﬁa high-
est qualities in ihe dira%}or, as having tho means, he must

also have the knowlsdge to direct. It 1s in the hands of the
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commander-in-chiel, a new tool, which will agsist him best, who
knows beat how to use it. It 1s not possible in the limits of
this paper to refer more than briefly to its particular uses,
as in scouting, but it may be pointed out that a 20 word mes-
sage relayed Trom ship to ship at 100 miles apart and allowing
5§ minutes for recelving and re-dispatching - which is ample =
will travel towards its destination at ths rate of 1200 miles
per hour. It i expected that reliasble communication between
gships at 120 nautical miles will soon be an accomplished fact.
Six sets o apparatus guaranteed to exchange messages at 250
nautical miles have recently been installed and a digtance of
225 miles has heen obtalned. There is every reason to believe
that 250 mlles will be obtalned under favorable circumstances
with an expendlture of not more than 3 horse-power. “The work-
ing radlus of the sets first installed was 40 to 70 miles.

As 1s well known no reliable information aa to its use
during action has yet been made publicj experiments during
target practice indlcate the ability of & properly mounted re-
cord:r to operate during actual firing, but reception by tel-
ephone is Aifficult, and with more than one gun firing, im-
practicable, unless a sound proof booth can be constructed.

Of course stations that are useful in actlon should be behind
armor, though the range of reception is thereby decrsased.
Further experiments will be undertaken at the first battle

efficiency practice.
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In the Army, portable wircless telegraph sets will replace
to some cxtent the present flield telegraphs and telephones.
Combined land and sea operations will be assisted by its use.
The Signal Corps in its line to Alaska has filled one gap of
177 miles with wireless telegraphy which is working dally on
commercial and governmental. business. !ajoe Squf¥£, of the
Signal Corps, has recently discoverad the value of trees as
receivers.

The Artillery use it in long range target practice. Also
its commgrcial ®#se 1s extending in outlying parts of tle
world, whers cables or land lines are d4ifficult or too expen-
sive to construct. Stations are being built on the Amazon,
tle coasts of Lentral America and elsewhsre by companies hav-
ing large intorests in thcse guarters.

It will form an integrzl and important part of thv coast
gsignal systems of all marétime countries in peace and war.

Ites promoters firmly believe that it will compete with
cables on the Atlantic. 1t is proposed to have centra;'sonding_
gtations In large cities to suprly news and market gquotations
to reccivers In outlying citles and towns. Hew mining caﬁ&p

can Lo connocted with wireless, orior to building the regul&f\
\
means of communicatlon. ?\
] 8.5
Snough has been sald te show that wireless telegraphy has $ﬁ
N

a wide field of usefulness, public and private. lts use of\
the ether is bound toc extend aml mutual arrangements, 1&3131;-
tion and international agreement will all in time he neconuarﬁ

\ \

tc secure the greatest efficlency. \
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Many of the limitations as well as the uses or wireless tele~
graphy have appeared elsewhere in this paper. Some, or most of
them, we hope will p31? uwayzkas our knowledge increases. Our dig-
tance limitations ar;igiiiﬁiﬁ Just been stated, about 25C miles
with 3 H.P. between ships. Ve can devote more power and space and
aerial wire to this service and this distance can be greatly in-
creased, but probably not without interfering somewhat with other
equally important functions of tie vessels. 250 miles achieved un-
der favorable condltlons should give a working radius of 125 miles
at all times.

On shore the distance 1s, we hope, practically unlimited, but
this has yet to be fully proved.

The Department's shore stations will be spaced so that ships
with a communicating radius of 125 miles will be practically at all
times in touch when within 100 miles of the coast, and be able to
receive (from powerful stations) practically anywhere in the West
Indies or "hilippines.

The precise number of wave lengtha, or tunes, which will be necs
essary for the use of a fleet, sc that its different squadrons and
Aivisions can communicate with each other and the flag without mu-
tual interference, depends on the sige of the fleet. The precise
interval between tunes which will prevent interfcrence is not yet
definitely known for all cases. Interference from waves varying

3 per cont from the standard has been successfully prevented.
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Interference prevention has been, and is being, made the
sub ject of mnch'atudy and experiment. If in general practice a
wave variation of 3 per cent will suffice to prevent interfer-
ance, a range of tunes which will accommeodate all classes of
business can easily be provided. Then the problem of successful
intercommunication between stations having aifferent tunes must
be solved, in order that sherp tuning (extreme selectivity) will
not prove as embarrassing asc universal'respondera.

Stations are already provided vith tuning curves, showing
within their limits thé wave lengths of both the open and closed
circuits, so that these can be adjusted to any tune within the
range of the apparatus; but means of quickly making these ad-
justments have not yet been installod, emcept in two or three
shore stationa. If the mathod adopted there proves satisfactory
its use will be extended. All this implies graduated varliable
condensers and variable inductances in both open and closed
¢ircuits, preferably graduated in wave lensgths.

There are several very convenient and well sraduated forms
of condensers and inductances, both variable, but an entirely
gatisfactory ascheme of repid of rapid and certain tuning is
not yet the property of any one systom.

Having solved the problem of interference by providing res-
onators which will pleck out each its own note from complex cther
vibrations, the further problem of interference by vibrations
sent out in the same tune by the enemy must be attacked. Thiﬁ

may be done by clockwork, using Creenwich time, or some cypher
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or other pre-arranged system of tune chenging, which wiii block
interference until it is ugeless. .

Hallelous interference in time of peace can be pravented
in the courts, and sccrecy assured by cypher codes.

Just at present, in applying wireless telegraphy to Raval
purposes, much embarrassment is caugsed by the multiplicity of
codes. It has been decmed necessary, in order to make signale
1ing by wireless conform with other Naval codes, to use the
7ig~¥ag Code in dots and dashes for officlal Raval use. 7ith
private shore stations and U.S. stemmships it is necessary to
use American lorse. VWith Torelgn vessels and shore stations
Continental itiorse. Occasionally an operator, expert in all
three codes, can be developed, but the use of three militates
strongly against expertness in any, and hampers very greatly
the organigation of an efficient corps of operators, the pos?
sescion of which, it cannot but be evident, is absolutely es-
sential in order to utilize the capablilities of wireless tele-
graphy.

Continental l!lorse 1s used by all cable companies, and
universally abroad. It is probably easier to read, if not as
rapid to gend, as american lYorse; it is more rapid than the
Kavy Code and is as well adapted for use in the ¥Wig-Wag Code.
Amerilcan llorse, on account of spacing, is not well adapted
for wig-wagging.

In international telegraph code is greatly te be desired
and I hope in time will be forced by ships' use of wircless

"
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telegraphy. In the meantime, with three codes feorced on our
operators, the developsent of the srt in the Navy will continue
to be greatly hempered gnd retarded. This ls cspecially true
in sending and glso in receiving when the telephone is used.

This brings us to the guestlon of audible vs, visible
reception.

Ye learn that the strong waves sent out by the Foldhu
station are read o the coherer in the iaterior of Germany
many hundreds of miles distant; but the fact remains that the
coherers now in use decrease the receiving range nearly 50 per
cent, as compared with the te¢lephone, and they have not the
selective qualities of the human ear. Any vegrant wave that
inpresses itself on the coherer will make as good & mark on
the tepe as any dot or dash ever regularly sent out.

Bearing in mind the fact that practically all telegrams
recelived in the united states are read by sound, a record,
though very desirable, cannot be considered necessary, especially
88 the range of communicatlion is thereby much decreased when
conpared with telephonic reception.

A coherer opersated station reguires a smaller force nnd
is lese fatipuing than where the telephone iz used, since the
latter, having no call, requires unremitting sttention. A call
that will work to the greatest dlstence of the telephone is
greatly needed.

puring bright sunlight or hot sultry weather much graatqr

energy .o required to send a pgiven distance than ls needed to
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send the same distance at other times, and this is often a
serious limitstion. Transmisslon in daylight is always poor
in comparison with transmission at night, but the amount of
diflerence ls very variable.

At some statlions stmospheric discharges produce serious
interference. At Dry Tortugas, for lnstant, during certain
hours of the day reception is impossible. These discharges are
the product of vagrant waves of various kinds which have their
own perliods of recurrence and occurrence in different latitudes
at differend scasons of the year, ani though they may be
partielly selected out, they cannot be enjoined.

There are further limitations due to local conditions at
stations vwhich we are not thus far able to foresce, and not
always able to overcome. An imperfect reflecting screen only
occacionally lifted, seems to surround some localities. Little
gores in, and 1ittle goes not. They remain in the dhadow contin-
wally. Other stations, agalin, appear to be tht meeting point
of e¢lectric waves of all kinds {rom all quartabs. and are exe
ceptionally zood both for transmitting and receiving. The
screening effect of high land or heavy undersrowth and tall trees
in the vicinity of a station 1s well settled, but is not
definite in anmount.

In fact there is a =recat deal more gualitative than quan-
titative information sv:ilable concerning wireless telegraphy,
but a number of expert investipators are now conducting ex=-
periments which cannot fall to add greatly to our-knowledgg of
the actions that take place, and to indicate the direction in
which improvenents can be made.
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For Instance, FProfessor pierce of Harvard has shown that
when the ordinary spark gap is ropleced by a Cooper-Hewett
mercury interrupter, the recelved energy is increassed four times,
other things belng quall

This shows how great the Toss: i the ordirery form of

®

spark gap must be, producing ms it does sound, light, heat and
¢loctric waves simultaneously.l

¥ireless telcegraphy has not yet Leen duplexed. Nore than
one messagze can be regeived at the same time ot the same station.
Two umessagcs can be sent from the Eame stotion at the same time
also, but no statlon is yet prapnréﬂ to send and receive at
the sexe time. |

This practically limits the capacity of wircless seldgraﬁh
gstations to aporoximately 38 wcr#ﬁ per minute, one way, under
the zost lavorauble circumstances, with one s&hd.rnand one{fcéeivar.
If arranged to send or receive two or aore tunes at the same
time, the capacity is incressed but is stlill pniy one way.

A company has recently been;formed for the purpose of ex-
ploiting an invention to detect éhc direction lrom which the
waves proceed. This, if successful, will be directly epplicabdble
~ to nfwigation for the plotting of ships® positions.

. irof. Artom, an Italian scientist, has recently made extended
experiments in the production of eliptically polariged waves in
which the energy predominates in the longer axis of the ellipses.
This is an effort, - and it is sald to have been successful, -

to direct the wave enerzgy.

—
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As has been previously stated, the leng'h of the waved now
used prohibits the idea of using reflectors to firect them.

Marconi's first apparatus generated waves approximately 10 in-
ches in length, which were directed by means of a parabolic
mirror.

We have inefficlent means of producing waves of any desgir-
ed length, of breaking them up so as to form signals, and of
recelving these signals at gzreat distances. But due to the only
partial selectivity of our receivers we are liable to interrup-
tion and confusion when two or more wave traing of the same or
different periods arrive at the same place at tﬁe game time.

e have no practical means of directing the waves produced
s0 as to intensify their action in the desired direction and
prevent their detection out of the plane of transmission. DBut
wilth good selectivity this iz not essentlial. I have pointed
out, in attempting to describe the way in which the waves are
produced, that the oscillating discharge of a condenser spreads
the energy, small in any case, over a series of waves which is
called a wave train and that the interval between wave trains
is great in comparison with their lemgth. 3o great that no vie
bratory effect produced in the receiver is likely to last over
from one train to the next.

If the wave detector ig such that it operates by virtue of
the potentlal or current effect produced and not by the heating
effect of the current, any number of oscillations per wave train, :

beyond that necessary to produce & maximum in the_receiver, for
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the energy prer osecillatlon received, is wasted, and the same
gnergy had better be concentrated in a less number of waves,
just that number necessary to produce a maximum in the recelv-
ing circuit. The waves per train are a function of the length
of spark gap and potential as well as of the capacity and in-
ductance of tle circuit. For instance, if there are 2C waves
in a trair and the maximum effect in thec receiver 1is produced
at the passing of the 10th wave, the energy in tlr remaining
10 waves is wasted.

It would be better to have the same energy concentrated in
10 waves, each of greater amplitude, and thus produce a higher
maximum in the reccelver.

Again, as Dr. De Forest has pointed out, the receiving
circuit can be 3o designed that it will have produced in it by
equally spaced vibrations, stationary waves, such as are pro=-
duced in Lecher wires, with alternating nodes and lcors of po-
tential and current, and the wave detector can be placed at
points of maximum current or potentisl according to its mode
of action.

Ireduction, Transmission, Regception, all present some un-

solved problems, but the progress made in ten years gives as-
surance that In another decade Wireless Telegraphy will be es-
tablished on a firm theoretical and practical basis.




