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E great service of wireless telegraphy at sea is a matter of common
knowledge nowadays for every reader is familiar with the many inci-
dents wherein lives and property have been saved at sea as the direct
result of this means of communication. On land the

A Demon- value of wireless has not been as strikingly exemplified,
stration of but it is evident from what happened at Vera Cruz re-
Wiireless cently that its possibilities in war are at least as great.
Effectiveness Heretofore, when a detachment of an army has been
in Mexico cut off from communication with its base by wire the
only method of transmitting information has been by

the heliograph and this at its best has proven uncertain and unsatisfactory,
and more often not available at all.

Now an army needs to depend on neither wire nor heliograph for
maintaining communication with its base. Equipped with wireless appara-
tus, a detachment, no matter how far separated from the main body of the
forces, can keep in constant and instant communication with it.

How valuable this service may be was shown when the Mexicans
called on the detachment which was guarding the water works at El Tejar
under Major Russell to surrender. The force was a small one and might
easily have been overwhelmed by the Mexicans had it not been able to
reach Gen. Funston at Vera Cruz.

But as it was when Major Russell received the demand to surrender,
he sent the messenger making the proposal back to his commander and at
once sent a wireless message back to headquarters.

What followed is told by the Associated Press dispatch as follows:

“The wireless message brought about a quick change to active army
duty.

“Within a few minutes it had notified Major Russell that reinforce-
ments were on the way and in little more than an hour, instead of the 240
marines at the outpost there were 1,200 men, while the entire garrison
of Vera Cruz was ready for any movement that might be ordered.

‘“‘Seven companies of the Fourth Infantry regiment were sent forward
under the command of Col. Robert C. Van Vliet, as well as two battalions
and three companies of marines commanded by Col. John Archer Lejeune.

“When the reinforcements arrived at the water works station, Major
Russell and his men were not at all hard pressed. The Mexicans had con-
tented themselves with a scattering fire consisting of not more than four or
five shots. From Major Russell’s lines only one shot was fired. The water
works station post in the American lincs was placed so far out of the city
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only because the authorities regarded it as essential to protect the city’s
water supply.”’

If the war in Mexico is to continue, there is no doubt but the incidents
of this sort will become very common. Between the aeroplane and wireless
surprises and ambuscades will be very rare in warfare hereafter, a thing
which would give us an almost inestimable advantage in the sort of cam-
paign we should have to engage in in Mexico.

HILE the Railway Telegraph Superintendents convened at New Or-
leans are considering the merits of wireless as an auxiliary to “safety
first” in railroading, news comes from Vera Cruz that our fighting men
have applied railroad wireless to safeguarding passengers
“Safety in a broader sense.
First” on An outfit has been installed on the refugee train
the Refugee | which almost daily penetrates the Federal lines between
Train Vera Cruz and the capital to bring foreigners into the
zone of safety afforded by the United States flag. Five
wireless stations on the western side of the city keep vigilant watch day
and night for the call of “S. O. S.,” this being the signal agreed upon to
give notice that the train has been attacked and foreigners are in danger.
The apparatus is rigged on the rear platform of a Pullman car and
stands about five feet above the roof of the car. Its construction is due to
the inventive genius of Ensign Maddox of the battleship Utah. Chief
Electrician C. P. Porter of the battleship New Jersey has been detailed to
ride back and forth upon the train to keep the wireless plant in order and
to flash the warning signal if danger makes it necessary.
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NEWSPAPER editor in Boulder, Colo., voices his alarm in learning
the great peril in which the world is placed. He observes: ‘ This
matter of handling electricity is getting to be a dangerous thing.

At Madrid, Spain, Sefior Igelsias recently ‘lighted and

The extinguished at will fifteen electric bulbs at a distance
“Perils” of | of 600 yards.’ It is also claimed that in February Mar-
Wireless coni lighted an electric bulb at a distance of six miles,
Again by a wireless current. Electricity to do this must be

very powerful. In the hands of a villain, electricity
may yet be so used as to set whole cities on fire, kill individuals at will
without being liable to even the least suspicion. And if individuals can
be slaughtcred, why not entire armies and whole communities? One can-
not tell where all this will end.”’

We are indebted to the man who culled this clipping for the pertinent
observation that after much carcful consideration the only remedy he can
see is that we who have enemies who are electrically inclined refrain from
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carrying around with us in our pockets receiving plants strung up in series
with a pound of dynamite. This would be a great sacrifice, and yet, for
the sake of the world, we should do it.

"l"HE success of the wireless telephone experiments which Mr. Marconi
has been and is still conducting calls to mind the fact that the inven-
tor whose epochal discovery has meant the paving of thousands of lives
passed his fortieth milestone on April sth.

It is expected that he will now be honored by election

Oversea ? v
Phone to the Italian senate, to which he was elected over a year
Predicted ago but was prohibited from taking his seat because of
redaicie

the provision that an Italian senator must be not less
than 4o years of age.

Mr. Marconi has recently left London to personally superintend teleph-
ony tests between mercantile ships and the powerful English shore
stations. On his departure he is quoted as saying: “I think we shall be
able presently to telephone wirelessly from England to America. It may
be a question of years—I do not know how soon, but I think it will come.
Our chief difficulty is in controlling sufficient power to carry a message that
distance.”

Considering how conservative Mr. Marconi’s public utterances have
always been it now seems certain that the practical wireless telephone has
arrived at last. '

Tae EbITOR.
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Wireless Telegraphy 1n
Railroad Service

An address read before the Convention of Railway Telegraph Superintendents
New Orleans, May 19-22

By L. B. FOLEY
Superintendent of Telegraph Delaware, Lackawanna & Western R. R.

: THE Lackawanna Railroad company
has had in contemplation for the
past five years the installation of wireless
telegraphy for break-down, or emergency
service and in 19og conducted some ex-
periments in that direction, but the appa-
ratus at that time was not sufficiently
developed to be of practical use. During
the spring and summer of 1913 we
erected steel towers at Scranton and Bing-
hamton, obtaining wireless apparatus of
the Marconi company for two 2 K. W. sta-
tions, one at Scranton and one at Bing-
hamton, with a 1 K. W. installation on our
limited train running between Hoboken
and Buffalo.

On the roof of our Scranton passenger
station we erected a tower 70 feet in
height, giving a total elevation above the
surface of the ground of about 175 feet,
and from this point to a stack 175 feet
high at our locomotive shops, 750 feet
distant, installed a four-wire flat top
antenne. Lead wires were brought from
the eastern end of the passenger station
over the edge of the roof of the building
to the operating room on the second floor.
In this station is located a 2 K. W.radio-
telegraph equipment. The transmitter
includes a motor generator installed in
the basement of the station and which,
running at 1,750 r.p.m., converts the
sixty-cycle three-phase central station
energy into the required frequency at
250 volts for the radio outfit. The cur-
rent is then led through a sending key to
a transformer, where the electromotive
force is stepped up to 20,000 volts and is
used to charge a bank of six copper-
plated Leyden jars (total capacity .or2

microfarad) which discharge through a
multiple plate quenching spark-gap in the
usual manner, giving a high-pitched musi-
cal spark. )
Inductively coupled transmitting cir-
cuits are used, the radio-frequency trans-
former and inductances being wound of
strip copper in flat spiral form, clock
spring fashion. A hot wire ammeter in
the antenna circuits gives a reading of
14 amperes when the station is sending
on a wave-length of 1,620 meters. The
station is equipped with a small control
panel carrying voltmeter, ammeter, watt-
meter, frequency meter and generator
field rheostat. The motor generator is
started and stopped by two signal relays
operated by a hand switch. The detec-
tor used is of the double crystal form.
The receiving tuner is of the inductive
coupled type with a switch for connecting
the detector circuits directly to the an-
tenna for “picking up’’ under broad
tuning adjustment. No difficulty is ex-
perienced from interference and a broad-
tuned circuit is used altogether for work-
ing with Binghamton and the train.
Messages received at Scranton from
Binghamton (63 miles distant) are copied
on a typewriter. The Binghamton tow-
ers are 175 feet in height, with a four
wire flat top antenna 4oo feet long and
have lead wires from the middle point
to the station office which is located on
the second floor of the Binghamton pas-
senger station building and is equipped
with the same apparatus as that used at
Scranton. A change-over hand switch is
used to transfer the antenna from sending
apparatus to receiver. The quenching
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gap and blower are located just behind
the operator.

On the “Lackawanna Limited” train
the aetial or antenna is formed of wire
arranged in four rectangles, one on the
roof of each of the four forward. cars,
lengthwise, with an additional wire length-
wise, and all wires parallel with the top
of the car, each rectangle being carried
on porcelain insulators at the corners and
center of each car, with wire linking con-

nection between cars. The installation

of the additional wire lengthwise and
parallel with the top of the car, which at
first was omitted, increased the trans-
mission radius from the moving train to
fixed stations from so miles to 87 miles,
ie., 37 miles. The four car-antenna form
a flat top about 280 feet long, 10 feet wide
and 12 feet above the rails. The wires
clear the tops of the cars about 18 inches,
being low on account of bridges and other
overhead interferences; therefore, the
radiating power is limited, but it is ex-
pected to make changes later, in the
aerial on the train, to obtain a radius of
100 miles or more. The lead is taken
from the middle of the antenna through
the side of the second car, near the roof,
into a compartment two feet by four feet,
which contains the wireless apparatus and
operator. The wireless apparatus upon
the train is of 1 K. W. rating and similar
in principle and operation to that at
Scranton and Binghamton. The motor
generator on the train is operated on 30
volts direct current from the car-lighting
generator, which carries on its lines a set
of storage cells. This motor generator
draws about 40 amperes and provides
alternating current at 250 volts for the
radio transmitter, including a ten-unit
quenching gap, three glass jar condensers
of .0coz microfarad each, and the usual
radio-frequency transformers. The an-
tenna current is high, due to the peculiar
antenna conditions.

During the months of January and
February we were obliged to make use of
our wircless system to handle messages
and train orders between Binghamton
and Scranton on account of telegraph and
telephone wires being damaged and com-
munication interrupted by storms. On
Sunday, March 1st, one of the most dis-
astrous sleet storms known in this section
of the country, followed by a heavy fall of
snow and high winds, began in the after-

THE WIRELESS AGE

June, 1914

noon and continued for a period of 18
hours, prostrating poles and wires within
a radius of 100 miles from New York
in Pennsylvania and New Jersey. The
only service we had for a period of five
days was by wireless; we handled all of
our telegraph work by wireless between
Hoboken and Scranton for a period of
ten days. During the ten days 1125
messages were sent and received; on
March 6th, 120 messages were handled
by wireless between the above points
between g A.M. and 6 P.M., many of the
messages containing fifty words or more.

In addition to wireless installations at
Scranton, Binghamton and on the Buffalo
limited train, temporary wireless stations
were installed at Hoboken and Dover.

The Lackawanna Company now has-
five wireless stations as follows:

LocaTioN CarL  WAVE-LENGTH
Hoboken. ...... WBU 2100 meters
Dover......... WBX 1000 meters
Scranton...... WPT 1620 meters
Binghamton.... WB T 1620 meters
Limited Train.. WH T 1000 meters

We are equipping a 5 K. W. station at
Buffalo which, when completed, will give
us wireless service between Hoboken and
Buffalo. ,

On April 1st our company had a special
train, equipped with wireless telegraph
apparatus, from Ithaca to Hoboken,
carrying 550 Cornell students; our opera-
tor on board the train handled 128 radio-
grams from the train to fixed stations
at Binghamton, Scranton and Hoboken
for the accommodation of the students,
who were en route to their homes for
Easter.

Our experience with the wireless tele-
graph during the few months that we
have had it in operation has been invalu-
able in many ways and it has been de-
cided to extend the service over the en-
tire system.

We have recently made some experi-
ments with the wireless telephone in con-
nection with our present installations,
having transmitted communications a
distance of 63 miles between fixed sta-
tions and a distance of 53 miles with a
moving train. '

The wireless telegraph can be depended
on between fixed stations and between
moving trains and fixed stations. The
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transmission is as rapid and reliable as
that obtained over a Morse telegraph
wire; therefore its many advantages and
uses in railroad service can readily be
understood by practical telegraph men.
The cost of apparatus is a matter of
negotiation and may later on be standard-
ized by the Marconi company on the
lines of the present standard telephone
railroad agreement.

After a few weeks’ use of the wireless
we discovered many ways to use the ser-
vice to advantage and, at the suggestion
of one of our associate members, now in
the wireless field, Mr. Nally, I compiled
a list, on December 16th last, of some of
the advantages to railroads of having wire-
less service as an auxiliary to the tele-
graph service. Later on, in the great
storm of March 1st and 2d, we discovered
that the wireless was not an auxiliary
to the telegraph, but was a valuable sub-
stitute.

To the members who may not have read
the communication referred to I take
the liberty to quote a few of the con-
clusions:

““Communication by wireless telegraph
to and from stations and moving trains
is no longer an uncertainty. There are
many fields for the wireless telegraph in
railroad train operation. It will not be
necessary to increase the number of train-
men, as a trainman can easily learn the
telegraph alphabet, or a telegrapher can
be utilized to operate the wireless, also
performing the duties of a trainman.
Later on it may be found necessary and
profitable to install a telegrapher on
limited trains running long distances with-
out stopping to handle commercial tele-
grams for the public. Telegraph offices
on trains, in the future, may be of as
much value to the public as branch offices
in hotels or other places where large
numbers of people congregate. With
direct communication the train dis-
patchers can keep in touch with the con-
ductor of a train; in fact, the wireless
permits the dispatchers to board every
train. The Lackawanna company has
used the wireless for handling train orders
and finds it as accurate and reliable as the
telegraph or telephone in transmitting
these orders. The total loss of means of
communication between stations, caused
by prostrations of poles and wires, is a
thing of the past.”

THE WIRELESS AGE
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THE SHARE MARKET

New York, May 18th.

The Mexican influence has been felt
strongly during the week and the develop-
ments in the share market as a whole
have not been favorable. Yet notwith-
standing familiar discouragements and
the pessimism to which many are weakly
submitting there are fundamental rea-
sons for taking a more confident view of °
the future.

The crop outlook is good and business
conditions are generally sound. Persist-
ent liquidation has served to weed out
the weak spots, but because business has
been conducted on a bedrock basis com-
modity prices have shown a very con-
siderable decline. Right now there is
no oversupply of desirable merchandise,
and with basic conditions exceptionally
sound the situation is positively ripe for a
fresh movement. Confidence is the chief
element lacking.

The unreasoning antipathy toward
business enterprise is ‘a state of mind
which will have to exhaust itself. Sober
second thought and average common
sense strengthens the belief that the
present spell must soon run its course and
reason prevail, for it would seem that
the very worst had been discounted.

The slight gain in American Marconis
may be a sign of incipient reaction and
the fact that the local market stood the
recent strain well affords promise of bet-
ter conditions.

Bid and asked prices to-day:

American, 33{—4; Canadian, 13§—2;
English, common, 15Y4—17; English,
preferred, 12—14.

MOTOR LIFEBOATS FOR LINER

A cablegram from Glasgow, Scotland,
says that the first British motor lifeboat
has just been supplied to the new Clyde-
built Allan liner Alsatian, now sailing be-
tween Liverpool and Canada. The boat
is 28 feet in length with a beam of 8 feet
and is very compact. She is supplied
with a four-cylinder Gleniffer paraffin
motor, but her most striking feature is
the complete wireless installation which
she carries. The installation has a range
of oo miles.
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Ridin’ with the scout-screen,
Seein' what's to be seen,
Radio goes trottin’, mule team on a spree.
Soon it's ‘“Open Station!”
Workin’ like 'tarnation,
Settin' up the pack-set; poundin’ on the key.

IIL.

Huskies on the hand cranks
Makin' the old mill clank;
Humpin' up their shoulders, turnin’ out the juice.
Operator sweatin’,
Section chief a-frettin’,
Gotta get headquarters; won't take no excuse.

ARFARE teems with stories of strate-

gy and if the hostilities between

the United States and Mexico continue
it is likely that many of these tales will
be linked with stories of the achievements
of wireless telegraphy. In any crisis
which confronts a military force efficient
communication is an all-important factor.

V.
Driver of ‘a reel cart—
Tell you, that's a real art
Handlin’ of your clutches; payin’ out the line.
Lancemen ridin’ after
Ain’t got time for laughter;
Toilin’ with their pikepoles; dasn’t waste their
time.
V.
River swiftly flowin’;
Got to keep on goin’,
Ain’t no ford across it? Wig-wag, swim or flash.
Lines of information,
Miles of separation,
Must at once connect 'em, by the dot and dash.

When the far-reaching use to which wire-
less can be put in warfare is carefully
considered its possibilities in times of
strife seem endless.

Even in the early stages of hostilities
in Mexico wireless has already shown its
worth; the air has been filled with mar-
conigrams telling of the progress of the
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strife and containing news about Ameri-
cans whose fate was in doubt. Perhaps
the best tribute to the value of wireless
is contained in the story of how the com-
mander of a United States force, ordered
to surrender by Mexican troops, utilized
the art.

The Mexicans outnumbered the Ameri-
cans, but the commander of the latter,
instead of yielding to the demand for
surrender, sent a wireless message to the
commander of the United States troops
at Vera Cruz; and in about an hour the
small detachment of Americans had been
reinforced by almost a thousand men. It
is needless to say that there was no Ameri-
can surrender.

In the army the chief users of wireless
telegraphy are the members of the Signal
Corps. These men are detailed to ac-
company the main body of the independ-
ent cavalry, far ahead of the army. The
commander of the independent cavalry
is instructed to keep in communication
with the printipal American force—that
is, to send information as speedily as
possible concerning what he has learned
of the movements of the enemy.

The advance proceeds without incident
for some time. The men of the cavalry
are scattered far over the country, keeping
a sharp lookout for the enemy, blocking
its patrols from reconnoitering and pre-
venting hostile soldiers from obtaining a
position from which an attack could be
made in force. Day by day the advance
proceeds without any signs of the foe.
Then, without warning, a clatter of rifle
fire comes from the front. This is the
signal that the cavalry has come into
contact with the enemy. The comman-
der of the field army is far in the rear and
it is imperative that he should be in-
formed at once of the proximity of a
hostile force.

In years gone by mounted messengers
would have been sent galloping back.
The portable wireless set has made this
unnecessary.

The commander of the cavalry nowa-
days hurriedly writes a message to the
general giving him the essential informa-
tion and hands it to the sergeant riding
at the head of the Signal Corps.

Then the section chief calls “opgn-

station’”’ and the riders turn and dis-
mount. The horses are linked in a circle
and placed in charge of one man, while
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the others turn their attention to the
These animals accompany
the detachment, bearing boxes containing
wireless equipment, and sections of poles
attached to the pack saddles. The bur-
dens borne by the pack animals are
hurriedly yanked off and then begins the
task of putting the wireless apparatus in
position.

The leading pack horse bears a small
iron frame. The instant the latter touches
the ground one man springs upon it,
holding ‘a section of pole from which
radiate the wires of the antenna. Four
men are paying out these wires from hand
reels. The man on the frame raises the
pole, another man glides under it; there
is a snap, it is made secure and the pole
goes up higher. Section after section is
added and the mast finally extends sixty
feet in the air.

A wave of the hand from the section
chief starts a squad of men driving insu-
lated pegs into the ground. They fasten
the ends of the antenna and drag out
four long lines of rubber-covered wire,
composing the counterpoise or artificial
ground. A chest is opened and adjust-
ments of wires are made; then the chest
is coupled to a wire from the mast and
connection is made with the ground.
Upon the iron frame is fastened a small
dynamo, a half-kilowatt hand generator,
the cranks of which are grasped by four
men. The generator is connected to the
instrument chest and the crank men start
heaving.

A similar piece of apparatus is set up
in the headquarters of the army or in a
place designated by the general. This
set remains there during the day, for
the army moves slowly, while from it a
buzzer line extends to the actual where-
abouts of the commanding officer him-
self.

An incident that well illustrates the
usefulness of wireless telegraphy in war-
fare occurred when the Mexicans demand-
ed the surrender of the detachment which
was guarding the water works at El
Tejar. Major Russell was in command
of the American force, which was a small
one and might have been easily defeated
by the Mexicans. Instead of hoisting
the white flag, however, the American
commander sent the messenger carrying
the demand to surrender back to the
Mexican lines and dispatched a wireless
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message to General Funston at Vera
Cruz.

Within a few minutes Major Russell
was told by wireless that reinforcements
were on the way to aid him, and about an
hour afterward the little outpost con-
tained a garrison of 1,200 men instead of
only 240 marines; moreover, the entire
American force at Vera Cruz was in
readiness for an order to advance at any
moment.

When the reinforcements, consisting of
seven companies of the Fourth Infantry,

THE WIRELESS AGE
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air to Rear Admiral Fletcher in the har-
bor, and through him to Rear Admiral
Badger, fast approaching with another
division of the Atlantic fleet. A few
moments after the customhouse fell into
American hands a large force of Mexicans
was seen moving over the hills in the
western outskirts of the city. Their
intention, as read by-Captain Rush, was
to flank a battalion of our marines in the
railway yards along Montesinos Street.
No time was lost in getting word to the
Prairie, and in short order the transport’s

Animals accompany the detachment, bearing boxes containing the wireless equipment, and sections

of poles attached to the pack saddles.
yet they are securely attached to the saddle

as well as two battalions and three com-
panies of marines, arrived at the water
works station, Major Russell and his men
were not in the lcast hard pressed. The
Mexicans had contented themselves with
a scattering fire of not more than four or
five shots and only one shot was fired by
the Americans. .

In little more than an hour after
fourteen American marines from the
whaleboats of the transport Prairie landed
at Pier 4, Vera Cruz harbor, under com-
mand of Captain William R. Rush of the
flagship Florida, a squad of signal corps
experts had erected a mast on top of the
Terminal hotel. Information and re-
quests for instructions went through the

The masts and apparatus may be unloaded with great rapidity,

guns had broken up any hope of Mexican
interference from that quarter.

It is safe presumption that from day
to day the work of the field companies and
signal corps will figure more and more in
the war news. The public will discover
what the military man knows already:
that there are new units of war—the field
companies—whose work is as effective
and as necessary, if not as conspicuous, as
that of the fighting regiments and the
fighting companies.

The plans of the war department are as
follows:

For every division of the army there
are to be two field companies, each carry-
ing three complete sets of wireless equip-
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ment, with dynamo, transmitting appara-
tus, and forty or ninety foot masts. The
men of the signal corps have carefully
studied the field regulations sent out by
Major-General Leonard Wood, chief of
staff.

In these instructions it is ordered as a
working rule that the wireless shall be
used whenever the distance, the character
of the service, and the nature of the coun-
try prevents the laying of telegraph lines.
The fact that also it is to be used to
intercept messages of the enemy raises the
question of whether one may soon hear
of the “wireless spy”’ in warfare. It will
be of particular benefit to the mobile
cavalry, and it will also be used to keep
parallel columns in communication on
the march. .

The Marconi Wireless Telegraph Com-
pany of America recently completed at
its factory at Aldene, N. J., the first of
the new army cart sets designed for use
by the Signal Corps. The cart set com-
bines every essential required for the
hardest kind of service and will transmit
messages at least 300 miles under all
weather conditions. It will receive mes-
sages sent from any distance up to 3,500
miles.

The set consists of two carts which are
attached together to form a wagon when
the outfit is in transit. The carts, when
joined, are drawn by four horses or
mules, and carry eight men. The for-
ward section, or cart No. 1, holds a com-
plete sending and receiving outfit; the
rear cart carrics an 8-horsepower Sterling
motor, operated at 1,200 revolutions per
minute, which is connected direct to a
two-kilowatt generator. Eight lengths
of bamboo, jointed to form an aerial eighty
feet long, are strapped to the sides of the
cart. This pole carries the antenna
which intercepts the sound-waves in the
air and conducts them to the receiving
apparatus. The carts arc painted in a
shade of gray peculiar to the use of the
army signal corps. They are built to
withstand the severest strains incident to
hard usage and passage over rough
ground. The generator that supplies
power for the sending apparatus of the
outfit also supplies current for six incan-
descent lights for use at night.

Because of the whirring sound of the
generator the two carts are separated a
distance of about seventy-five feet while
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the outfit is being used for receiving
messages. The receiving set consists of
two pairs of telephone receivers, various
forms of tuning inductances, variable con-
densers, a wave meter, and two detectors,
three large voltage and amperage meters,
rheostats, and other appliances. The
transmitting apparatus consists of a send-
ing key, condensers, transformers and
generator, three large volt and ammeter
rheostats and other appliances.

The Marconi company is also complet-
ing an automobile wireless telegraph out-
fit, combining sending and receiving sta-
tions on the same chassis, which will be
equipped with a motor to serve the dual
purpose of furnishing power to operate the
car and also supply the power for the
generator. .

There has been a considerable change
of opinion during the last few years con-
cerning the wireless apparatus wanted for
military purposes. The following is an
example of the old specifications for
portable military stations:

“The sharpness of the tuning of the
stations is to be five per cent.—that is to
say, a change of wave-length of five per
cent in the tuning of the receiver must
render readable signals inaudible, after
which a corrfesponding change of five per
cent. in the tuning of the transmitters
must render the signals readable again.”

The authors of these specifications ap-
parently believed that they were guarding
as much as possible against interruption
of communication by hostile stations.
In order to meet these requirements,
however, experimenters developed very
sharply tuned transmitters. The stations
interfered little with the working of the
enemy’s stations, but provided no ad-
vantages for doing away with interference
of hostile sets with the communication
between their own stations. The opera-
tors at these stations discovered that
their receivers were not affected by their
own transmitters if their wave-length
differed by more than five per cent. They
discovered, however, that other stations
of a commercial type, differing in wave-
length by considerably more than five
per cent., interfered to a great extent with
their operations.

This is explained by the fact that inter-
fering stations were using closely coupled
transmitters which emitted a wave with
flat tuning and comparatively high damp-
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In the field regulations it is ordered that wire-
less shall be used whenever the distance, the
character of the service and the nature of the
country prevent the laying of telegraph lines

ing. The sharply tuned receivers of these
receiving stations were not affected by
the highly tuned transmitters of the
military stations differing slightly in
wave-length. In consequence the com-
mercial stations kept up good communi-
cation between themselves and effectually
interfered with marconigrams between
the military stations.

The conclusions of wireless experts
who have followed closely the operation
of wireless stations in war are as fol-
lows:

The transmitters should not be sharply
tuned; the receivers should be open to
extremely sharp tuning; changes of wave-
length, either in the transmitter or the
receiver, should be brought about by the
movements of a single handle controlling
all the circuits.

The Marconi field stations adequately
comply with all of these requirements.
The coupling of the transmitting circuits
gives flat tuning to the transmitting wave
and keeps maximum efficiency. The
movement of a single handle effects a
change of wave-length of both trans-
mitters; it also effects the change of
wave-length of the receiving circuit. By
arranging the receiver the sharpest possi-
ble tuning is given, even against inter-
ference from comparatively flat-tuned and
highly damping stations. Interference
can be escaped more easily if the enemy
uses sharply pointed transmitters.

THE WIRELESS AGE
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A new wireless station mounted on a
motor truck is being constructed with all
haste for use by the Signal Corps in Mex-
ico. The machine is being built on a
new design by Signal Corps engineers.

A new “rapid transmitting panel,”
containing the latest improved wireless
apparatus has been set about midway in a
big six-cylinder auto truck, which carries
in boxes at each side, a jointed portable
aerial reaching eighty-five feet into the
air when fully extended. The electric
power for the wireless is furnished by
the motor of the truck in direct connec-
tion with an electric generator, supplying
enough current to light the mounted wire-
less room and run the instruments at
their full capacity. The apparatus has a
range of 400 to 8oo miles in sending, and
of nearly 2,500 miles in receiving. The
machine is for service at the army’s gen-
eral headquarters, giving the commander
of forces easy communication with a fleet
at sea, or with any of the small portable
field instruments carried by sections of
the Signal Corps.

In recent preliminary trials the machine
was subjected to strict tests. As soon as
the work reaches a satisfactory stage of
completion field tests will be given and
the possibilities of the equipment accur-
ately determined. Quick shipment to
Mexico will follow.

It is likely that aeroplanes will be fre-
quently used by the American forces in
Mexico. Experiments with wireless tele-
graph sets on flying machines have led
to the conclusion that a station which will
be able to transmit communications more
than fifty miles under all conditions will
be a reality within a short time. The
Marconi aeroplane set was designed pur-
posely to make it adaptable, as far as
possible, to any type of flying machine.
In constructing aeroplane sets it was
found difficult to build sets which came
within the weight limits and provide an
effective aerial system. Designed to have
the widest possible margin for the distri-
bution of weight, the Marconi aeroplane
set has been made up into several sepa-
rately contained units.

The strength of the apparatus was
shown when an accident occurred in Great
Britain to a Flanders monoplane on which
a set had been installed. The aviator in
charge of the flying machine started on a
long flight. A peculiar accident occurred
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after the aviator had circled about the
surrounding country several times. The
machine was flying at no great distance
from the ground, and when he suddenly
descended to effect a landing, the first
skid of the machine caught in the earth.
The monoplane, which was flying at more
than sixty miles an hour, “turned turtle”
and the aviator was hurled to the ground,
sustaining serious injuries.

As a result of the accident the fusilage
of the machine was smashed in two places
and the propeller considerably damaged.
Although the wings escaped great damage
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used. It is now possible to use an aerial
wire contained in the machine. This is
a considerable advantage over the old
method because it enables the pilot to
steer his aeroplane nearer to other ma-
chines and does away with the difficulties
which might be experienced from a trail-
ing wire when making a landing in a con-
fined space.

Experimenting with wireless apparatus
on aeroplanes has not been done without

.loss of life. During a flight at the Brook-

lands Aviation Grounds, made for the
purpose of experimenting with wireless,

Wireless telegraphy is playing an imporiant part in present-day military operations, for these
stations have a range of many miles, are easy to transport, and carry messages independent of wire-

less that might be cut by the enemy

it was necessary to have them stripped of
their fabric and overhauled. The front
skid was broken in half and the exhaust
pipes, radiators and lubricating pipes on
the engine were damaged. The oil tank
to which the wireless apparatus was con-
nected was demolished, and, therefore, it
was expected that the installation would
be found out of commission. It was dis-
covered, however, that the set had not
been damaged in the least and was in
excellent condition to be operated. Even
the aerial wire, which was attached to
the broken fusilage, remained unbroken.

In the early experiments with wireless
sets on flying machines a trailing wire was

Mr. Fisher, the pilot of the Flanders
machine, was carrying a passenger. Fisher
was circling about the grounds for the
third time when he lost control of the
machine and it fell to the ground. Both
men were killed as aresult of the acci-
dent.

In the navy wireless fills as an important
place as it does in the army. Graduates
of the signal school of the Newport Train-
ing Station are aboard the vessels of the
United States fleet now in Mexican wa-
ters, keeping the Washington officials in-
formed by wireless of the conditions on
the coast of the enemy’s country, and
sending important communications,
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The Engineering Measurements
of Radio Telegraphy

By ALFRED N. GOLDSMITH, Ph.D.
Instructor in Radio Engineering, The College of the City of New York

Copyright, 1014, by Marconi Publishing Corporation

ARTICLE IX

A method of measuring inductance accurately at radio frequencies and low voltage, partly due to Dr.
Seibt, is considered in detail. Examples of measurements oblained by this method are given. In this
connection, a general method of studying an algebraic power relation between two related quantilies

s described, and its application to the relation bet

is shown.

WE passnow to measurements of induc-

tance at radio frequencies. The first
method described is a very convenient
null method, which is so simple in opera-
tion and is capable of application to
inductances of such widely different
values that it has been found of advantage
to keep the apparatus described perma-
nently set up, in order that permanent
means for rapidly determining unknown
inductances shall be available. Section
2s. MEASUREMENT OF INDUCT-
ANCE AT RADIO FREQUENCIES
AND LOW VOLTAGE BY THE MODI-
FIED SEIBT METHOD. The follow-
ing method is suitable for the measure-
ment of air-core inductances between a
microhenry and several hundredths of a
henry. In general, the frequency at
which the measurement is made is de-
pendent on the inductance to be deter-
mined. The method is largely due to
Messrs. Lester Israel and Alfred Kuhn,
and is based on the Seibt method of
measuring capacity.

(a) THEORY. Let the two oscillating
circuits, I (consisting of the inductance
L, and the capacity C,) and II (consist-
ing of the inductance L, and the capacity
C.) be connected so that their capacities

are joined in series as indicated in Figure -

51. Furthermore, suppose that the source
of electricity,.S, charges the capacities C,
and C,, and that these capacities are then
discharged through their respective in-
ductances producing free alternating cur-

the inductance of a coil and the length of the coil

rents in circuits I and II. We assume
that there is no reaction (or coupling)
between circuits I and II. Let i, be the
current that flows in circuit I, and i,
that in circuit II. We desire to find the
condition that must be fulfilled in order
that i; = i2. Let e; and e, be the poten-
tials to which C, and C; are charged.

To begin with, we know that the total
potential difference of the source S will
be divided between the capacities C,
and C, in inverse proportion to their
capacities. That is,

€1 C,
€2 Cx

When the capacity C, is fully charged,
the energy stored in it is

W, = 13 Cies? (64)

(63)

.When this capacity has fully discharged

itself, and the current through the induct-
ance L, is a maximum, the energy in the
magnetic field of the inductance is
=L Li? (65)
If we take the resistance of circuit
I as negligibly small (which is a condition
which is fairly easily fulfilled in practice),
we may take
We = Wy
by the law of the conservation of energy.
Consequently,

Y5 Li? = 15 Cies? (66)
and similarly for circuit II,
Y4 Laig® = }4 Coes? (67)
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We divide equation (66) by (67),
remembering that we have assumed that
i, = i,. We obtain, after algebraic sim-
plification,

LG e’

L.C, e’

Introducing now the condition of
equation (63), we find finally,

LG = L.C; (69)

Consequently, we reach the interesting

(68)

Fig. 51

conclusion, that for equality of currents
in circuits I and II, we require only
equality of periods (or wave-lengths) of
these circuits, quite regardless of the ratio
of the values of the inductance and ca-
pacity of each of these circuits. (This
is true only if the dampings of the cir-
cuits in question are negligible.)

Let us consider now the arrangement
shown in Figure s2. Circuits I and II
are each coupled inductively with circuit
III by means of the inductances L,
and L, We take L, =L, and we
arrange L, L,, L, and L, so that the mu-
tual inductance between L and L; is
equal to the mutual inductance between
L, and L, Also, we make L; = L,.
As will be seen, coils L3 and L, are con-
nected in opposition in the circuit III, so
that, if equal currents flow in L and L,,
the indicator I will not be affected. That
is, as we have shown above, there will be
no indication in circuit III if the periods
of circuits I and IT are equal.

The insertion of ah extra inductance
L, in circuit II and the changing of C,
to a new value such that the original
period is retained unchanged, will there-
fore cause no change in the indication in
circuit III. We will assume that we are
provided with one standard inductance
Ln, and that we desire to measure the un-
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known inductance L;. In succession we
arrange circuits I and II as indicated in
Figure 53, parts (A), (B), and (C). In
each of these cases, circuits I and II have
the same period as is shown by zero
indication in circuit III. As will be seen
from part (B), when the standard in-
ductance L, is inserted in circuit II,
the capacity C, must be changed to C;
for equality of periods; and when the
inductance L, is inserted, C; must be
changed to C;.
The following relations hold:

LC = L,C, (70)
LC = (Li+L,) C; (71)
LC = (L1+Lx) C3 (72)

From equations (70) and (71), we find
very readily,

C
Li=—L, (73)
. Ci—GC
and from all three equations, we find,
C: (CL—GCy)
Ly =———L, (74)
Cs (Ci—Cy)

So that, if we have the calibration of
the condenser of circuit I1I, and know the
value of the standard inductance L,, it
is possible to measure any unknown in-
ductance by merely inserting it in place
of L,, and noting the new setting C; of

()
N

Fig. 52

the condenser corresponding to a zero
indication in circuit III. Indeed, we
may calculate, with a given apparatus,
the values of Ly corresponding to any
particular C;, so that the operation of
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determining an unknown inductance can
be very readily accomplished.

(b) ARRANGEMENT AND DE-
SCRIPTION OF THE APPARATUS.
A wiring diagram of the entire apparatus

|1€ 1S
1 I
L (R) L
llc J|Ce
I [
Lw
L L () G,
llc 1Cs
I ]
La
L (c) L

Fig. 53

is shown in Figure s4. The buzzer A is
operated by the battery B, the current
being controlled by the resistance R.
In this way, because of the inductance
of the buzzer magnet winding the con-
densers C and C, are periodically charged.
It will be seen that, in the gap in circuit
II, there can be inserted either a short
piece of wire, a standard inductance L,
or the unknown inductance L,. Care
must be taken to place this gap in cir-
cuit II at the proper point. A common
mistake is to place the gap at one of the
points indicated by crosses on the lead
wires to the condenser C,. If this mis-
take is made, the apparatus will not
operate properly. As will be seen, L
and L,, which are the secondaries corre-

sponding to the primaries L and L,, are

connected in opposition. The indicator
used was a combination of crystal de-
tector D and telephone T. A galvanom-
eter was substituted for the telephone
receiver in one series of observations, to
compare it with the telephone. The
entire apparatus is shown set up in
Figure s5. The buzzer A was a small
“Lungen” high pitch buzzer. It is
shown, together with its controlling resist-
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ance R in the center background. The
two condensers C and C, are in the back
to the right and left. They were each
0.005 microfarad variable air condensers.
The two couplers, L Ly and L; L, are in
the center front. They are mounted at
right angles on a common base. Situated
between them, and with its axis at right
angles to that of each of them, is the
standard inductance L,. All these coils
were single layer coils wound with silk-
covered copper wire on wooden cores.
In the foreground are visible the crystal
detector (which was of the “Pyron”
type), the 2,000 ohm double head band
telephone receivers, a throw-over switch
for use in circuit II, and an unknown coil
on which some measurements of induct-
ance were made.

(c) PROCEDURE. With the gap in
circuit II short-circuited, the apparatus
is set in operation. If alteration of
capacity C, does not produce a silence
point in the telephones T, it is probable
that either C, is smaller than C or that L,
is smaller than L, or that coils L, and
L, are not properly connected in opposi-
tion. The first trial should be to reverse
the connection say of Ls,. Condenser C
should then be set to such a value that
the silence point is obtained with prac-

l_lgb—vww

— A
C,
172
1

] s 127

o
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T

Fig. 54

tically all the capacity C, inserted in cir-
cuit II. That is, the reading of capacity
C, for the silence point with no added
inductance in circuit II should be at
about 170° (on a condenser graduated
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from o to 180°). L, should then be
inserted in the gap, and the value C; for
silence obtained. And finally L, should
be inserted in the gap, and the silence
value of the capacity C; recorded. It is
to be noted that if the apparatus is
rigidly and well set up, the observations
of C, and C; may be taken once and for
all, and need not be repeated each time a
new unknown inductance is measured.
However, if there is any doubt as to
whether the apparatus has been put out
of adjustment between measurements, the
first two observations should be repeated
before each new measurement.

Since the effective damping of circuits I
and II is affected by the reaction on these
circuits of circuit III, it follows that, for
an equality of damping in these circuits,
the coupling between L and L; should be
the same as the coupling between L; and
Ls. The coils Ly and L, should therefore
be so arranged that by sliding or turning
them the couplings referred to can be
easily adjusted. A sharp silence point
is practically always dependent on this
adjustment. Furthermore, if an un-
known inductance of high resistance
(which therefore introduces a large damp-
ing in circuit IT) be measured, the sharp-

ness of the silence point will disappear, _

but can be at least partially restored by
slightly readjusting the couplings. Care
should be taken that the crystal detector

is in a sensitive adjustment, and that the
buzzer is working steadily, preferably on
a small current. In adjusting the capac-
ity C,, the body of the observer should
not be too near it. This measurement is
an extraordinarily sensitive one, and the
capacity of the body near C, is quite
sufficient to make a marked change in
the position of the silence point. If
condensers of the usual variable air type,
having movable plates mounted on a
vertical spindle, are employed, care should
be taken not to press downward forcibly
on the knob of the condenser in adjusting
it, since such condensers are generally not
sufficiently rigid to hold their capacity
unchanged under such treatment. The
knob should be rotated by applying a
tangential force of rotation to the cir-
cumference of the knob.

(@ ERRORS OF THE METHOD;

‘THEIR ELIMINATION; AND PROB-

ABLE ACCURACY. A single layer
standard inductance of (calculated) value
0.0001897 henry was tested against an
unknown inductance. The variable con-
denser employed in circuit II was a cali-
brated standard which, for the range of
settings employed, had capacities which
were proportional to the settings.
It was found that

Ci =171.4 £ 0.1°
C: = 58.6 £0.1°
C; = 84.9 £ 0.2°
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(The diminished accuracy in the case
of C; was due to the higher resistance and
distributed capacity of the unknown
inductance.)
Hence Ly = o0.0001004 henry
(Accurate to o.5%)

The unknown inductance used was
actually a precision o0.ooo1000 henry coil
wound with litzendraht (multiply strand-
ed wire) on a serpentine core. The agree-
ment of its theoretical value with that
experimentally determined is satisfactory.

Using as an indicator a galvanometer of
164 ohms resistance, and for which one
degree deflection corresponds to §.1 (10)®
amperes, the accuracy of the measure-
ment was 1%,.

From equation (73), we find that

- Ly = ¢6.7 (10)"® henry

So that the wave-length at which the
measurements were made is 1,310 meters,
corresponding to a frequency of 229,000
cycles per second. Furthermore, the dec-
rements of circuit II were of the approxi-
mate value of o.or; and for circuit I,
about o.005s.

A single layer inductance having a
number of fixed sections was then meas-
ured. It was wound with heavy copper
wire on a core 18.4 cm. in diameter, and
the lengths of the windings of each sec-
tion measured parallel to the axis of the
coil were measured. They were re-
spectively 3.8, 7.6, 11.5, 15.1 cm. The
inductances of these various sections,
measured in microhenrys, were 31.5,
04.6, 172, 258. It was decided to study
more in detail the relation between the
length of the sections and their induc-
tance, and since the methods used are
applicable in a wide variety of cases, we
shall consider them quite fully. -

Section 26. ON THE DETERMINA-
TION OF THE RELATION BE-
TWEEN TWO QUANTITIES (for the
case of an algebraic power relation).

Let us suppose that we have measured
two quantities, x and y. These quantities
depend on each other in such a way that
when one is changed, the other is changed
also. Thus, one may be the capacity of
a parallel plate condenser and the other
the distance between the plates; or one
may be the effective resistance of a wire
and the other the frequency at which that
resistance is measured. Or, as in the
case we are considering, one may be the
inductance of a cylindrical coil and the
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other the lemgth of the coil. What is
desired is the exact algebraic relation
between them. Unfortunately, unless

-this relation is of a very simple form it

is very difficult to determine it, and about
all that can be done is to note to what
extent the relation between the quanti-
ties under consideration differs from cer-
tain standard algebraic forms. This will
be the case with the relation between the
inductance of a coil and its length, for
the relation in that case can be shown to
be a very complicated one.

As is well known, the inductance of
solenoids is proportional to the square
of the length of the coil, provided that
the length is very great in.comparison with
the diameter of the coil. If the length
and diameter of the coil are not widely
different, the square law is not accurate,
and the smaller the length of the. coil
compared with the diameter, the less
accurate it is. Let L be the inductance
of any portion of the coil, and s its length.
Then, if L varies as s?, L/s? must be a
constant for all values of L and corre-
sponding values of s. We shall test this
for the coil we have just measured.

s | L l L/s
3.8 31.5 2.18
7.6 94.6 1.64
11.5§ 172.0 1.30
15.1 258.0 1.13

Here s has been expressed in cm., and
L in microhenrys. On examination of
the columns L/s?, it will be seen that it is
not constant, so that for these short coils,
the inductance does not vary as the square
of the length. However, the differences
between the successive values of L/s?
are 0.54, 0.34, and o.17. It will be
seen that these differences are rapidly
diminishing; that is to say, that L/s? is
approaching a constant value as s is
increased. Our original statement, that
for long coils the inductance varies as
the square of the length is thus verified,
and the deviation from this law for short
coils is also clearly indicated.

The method just shown for determining
the law connecting L and s suffers from
the drawback that if we do not know in
advance from theoretical considerations
that the inductance depends on the
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square or some other definite power of the
length, we should be at a loss as to how
to proceed. This defect is in large part
remedied by the following logarithmic
method, which applies broadly to every
case where one quantity varies directly
as some definite power of another quan-
tity, and that power is to be determined.

Let the quantities be x and y, and sup-
pose that

y =mx"

where m and n are constants.
equation we have,

From this

logy =logm +nlogx  (75)
or
log y —log m
— =71, (75)
log x

which is a constant.

Consequently, we may determine n as
a constant, if the relation between x and
y is the one stated. Suppose that we
take for our unit of measurement of x a
quantity such that the first (and smallest)
value of y corresponds to it. Then,
since the first value of y corresponds to a
value unity of x, we have, from equation

(75),

log y1 = logm C2))]
where y, is the first value of y. This fol-
lows because the logarithm of unity
is zero. Calling x, the first value of x,
we compile the following table in any
given case:

log y —log m
y x ((x/x))=X]|logylog X[ —8 ——
log X
i | xi. 1 logm O [Indeterminate
S I e e n
...... cee e n
etc.
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If we apply this to the case of the coil
we have been considering, taking L for
y, and s for x, we obtain the following
table:

logL-logm=n

L s |(s/s1) =S|logL|log S [—————
log S

31.5{ 3.8/ 1.00 (1.498[0.000] ...........
94.6| 7.6/ 2.00 |[1.976/0.301 1.59
172.0|11.5| 3.03 [2.236/0.481 1.53
258.0|15.1] 3.97 [2.412/0.599 1.51
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The conclusions to be drawn from the
values of n in the last column of this
table are identical with those obtained
from the first table. )

If the relation between the quantities
under consideration is more complicated,
some assistance can usually be obtained
from a knowledge the standard curve
forms and their corresponding function
relations as studied in Analytic Geometry.
In general, however, except in the simple
case just considered, the task of discover-
ing the relation involved between two
sets of observations is an extremely diffi-
cult one.

This is the ninth article by Dr. Goldsmith, in
a series on the engineering measurements of radio
telegraphy. Thetenth will appear in an early issue.

A CHAIN BETWEEN ENGLAND
AND MANXLAND .

An English newspaper declares that
wireless telegraphy between England and
Manxland is assuming tangible shape,
Lord Raglan having declared that tele-
phonic communication was practically
financially prohibitive. Lifelong experi-
enced maritime captains and globe-
trotters interviewed emphasized the com-
parative security and unique importance
of insular wireless installations.

AMATEUR PENALIZED FOR
VIOLATING THE LAW

A wireless amateur of Los Angcles was
reported to the United States Attorney
for operating his station without a license
and causing interference, being a viola-
tion of section one of the Act of August
13, 1912, to regulate radio communica-
tion, for which a penalty of $s00 is pro-
vided and the apparatus may be confis-
cated, in the discretion of the court.

]udge Wellborn of Los Angeles, in pass-
ing sentence upon the offender, stated that
as this was the first prosecution under the
law in his district, he would assess only a
nominal fine, with the understanding that
all future prosecutions under this Act
would be dealt with summarily, and the
punishment materially increased. In
view of the fact that the offender had
disposed of his apparatus shortly before
his indictment, the judgment did not in-
clude the confiscation provided by law.
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As the Marconi Trans-Oceanic

(1) View of the auxiliarv operating building and power house at New Brunswick. (2) Where
the messages will be recesved at Honolulu. (3) General view of the living quarters at New Brunswick,
with a view of some of the masts.
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(4) An interesting view of the switchboard at the New Brunswick station. (5) A typical pus
house, dllustrating how carefully the architectural features of the buildings are carried through
(6) Interior of the Homolulu power house, showing the blowers.
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The British Wiréless Chain——

Particulars

lN the course of a paper on wireless teleg-

raphy read before the North East
Coast Institution of Engineers and Ship-
builders, England, in which the subject
was covered generally and a comparison
of different systems made, H. Fothergil
recently gave the following details of the
stations which will form the British
imperial wireless chain:

Six high power Marconi stations are
to be erected. One station in England
for signaling in the direction of Egypt;
a station in Egypt for communication in
three directions—India, East Africa and
England; a station in East African Pro-
tectorate for communication in two direc-
tions—Egypt and South Africa—a sta-
tion in the Union of South Africa for
communication in the direction of East
Africa; a station in India for communica-
tion in two directions—East Africa and
Singapore; and a station in Singapore for
communication in two directions, namely,
India and Australia, where the erection of
another high power station is receiving
consideration. The station will be oper-
ated on the high speed automatic sys-
tem, and will be worked duplex.

The wave-lengths of all stations will
be as great as possible within the limits
of 15,000 and 50,000 feet (consistent with
keeping the capacity, inductance and size
of the aerials within reasonable limits) in
order to insure reliability of reception at
all times of the day and night; but the
wave-lengths transmitted from any one
station will be in all cases at least 257,
different from those transmitted from
other stations within its normal range,
and with which it has to communicate.
In all cases there will be a difference of
five per cent between the wave-lengths
emitted from any one station in order
that each corresponding receiving station
with which this station has to communi-
cate may be able to tune out the waves
emitted by the said station for the other
station or stations with which it is also
communicating. Where a station is re-
quired to communicate in more than one
direction a separate transmitting aerial
and a separate receiving aerial will be

of Stations

provided for each direction. The note of
each station will be different from those
of any other stations within its range, but
the notes of each transmitting circuit in
any one station will be identical.

The power plant at each station will
be in duplicate,and will include twowater-
tube boilers, each capable of generating
sufficient steam for the whole require-
ments of any one transmitting circuit.
In the case of a station required to send
in two directions three boilers will be
provided; and in the case of the station
in Egypt, which is required to transmit
in three directions at the same time, four
boilers will be provided. The boilers
will supply steam to turbines directly
coupled to alternating-current generators
which in turn will be coupled to revolving-
disk dischargers. The total power in-
cluding spares and auxiliaries at the
terminal stations will be approximately
1,300 horsepower and the power at the
intermediate stations will vary from 1,900
horsepower to 25,000 horsepower. Two
auxiliary sets will be provided at every
station, each consisting of a turbine
coupled to a direct-current generator for
supplying exciting current to the alterna-
tors and current for lighting and other
auxiliary purposes.

The transmitting aerials will be of the
multiwire directional type and will con-
sist of a number of horizontal parallel
wires supported 300 feet high by 10
masts, each wire being composed of
seven strands of No. 19 S. W. G. silicon-
bronze wire and brought down at one end
to the transmitting station. The masts
will be of the sectional-steel tubular type,
the aerial wires passing through insula-
tors attached to triatics stretched between
pairs of masts, each mast being capable
of withstanding a permancnt horizontal
strain of not less than two tons at the
head of the mast, in addition to windage
calculated at the rate of 30 pounds per
effective square foot. The center line
through the horizontal portion of the
aerial will coincide with the line of
direction of the station with which it is
desired to communicate, the free or

www americanradiohistorv com


www.americanradiohistory.com

708

elevated end of the aerial pointing directly
away from the communicating station.
The size of the aerials in each case will
depend upon the length of wave emitted,
but in no case will the length of each
aerial be less than one-twelfth of the
wave-length that the aerial is required to
radiate.

The ground system will consist of a
series of galvanized-iron plates buried in
a symmetrical position relatively to the
station house and connected to it by a
system of radial conductors of galvanized
wire leading to each plate from another
set of plates buried around the station
building.

Each transmitting circuit at each sta-
tion will be provided with five transform-
ers and a condenser consisting of about
soo cells. The high-frequency trans-
former for each circuit will comprise a
multistranded primary conductor form-
ing part of the oscillatory circuit, and a
secondary winding connected to the ra-
diating circuit and consisting of a special
solenoid of similar cable to the primary
winding but of smaller size. These
primary and secondary windings will be
entirely separate and arranged to be
moved away from each other so that the
coupling of the two circuits may be varied.
The disk discharger in the oscillatory cir-
cuit will consist of a studded wheel, the
number of studs corresponding to the
number of the alternator poles, so that
the condenser cgn be discharged at the
moment of maximum amplitude in each
alternation of the current. The two side
electrodes, between which the moving
studs pass, are of special construction and
consist of slowly revolving disks so as
continually to present a cool surface for
the discharge.

The receiving and operating stations
will be less than 1o miles distant from the
transmitting stations, and will be pro-
vided with balancing aerials so as to pre-
vent interference by the waves radiated
from an adjoining transmitting station.
The receiving aerials will consist of one
or more silicon-bronze stranded conduc-
tors about 8,000 feet long and arranged
similarly to the wires of the transmitting
aerials. The operating room will be
fitted with Morse hand keys and Wheat-
stone or other automatic transmitters of
similar type. These will be connected
by means of wires to the transmitting

THE WIRELESS AGE

June, 1914

station which will be operated from the
receiving station.

A NAVAL OPERATOR'S NERVE

Astride one of the huge antennz of
the big naval wireless station at Arling-
ton, Va., this young man appears very
much at ease, although he is suspended
some 450 feet above the earth.

The rope on which he has chosen this
lofty seat is of stranded wire, hardly over
an inch thick, and the insulator upon
which he sits, apparently quite comfort-

Comfortably seated on the Arlington aerial

able, is twelve inches in diameter of
porcelain.

The extraordinary nerve required to
climb down from the tower top, over the
small rope and swing to a sitting position
can easily be appreciated. This, after
over four hundred steps had been ascend-
ed to reach the tower top.

A view of the Potomac River and
the Washington monument can be seen
in the background, and to the extreme
left of the picture a glimpse of the Arling-
ton National cemetery.

www americanradiohistorv com


www.americanradiohistory.com

CHAPTER IX
MARCONI RECEIVER TYPE No. 101

E 101 Receiver consists of an induc-
tively coupled transformer with two
solid rectifier detectors and the necessary
accessory apparatus mounted on a hard
rubber panel and enclosed in a mahogany
case. The front elevation of this receiv-
ing set is shown in Fig. 29, the rear
elevation in Fig. 30, and the circuit dia-
gram on drawing, Fig. 31.
The aerial is connected to the binding
post markedy‘ Antenna,’” and the ground

purpose of the three other primary
switches is to vary the number of turns of
inductance in the circuit.

The secondary circuit contains the
transformer secondary coil whose induc-
tance is varied by the transformer second-
ary switch, the secondary condenser, the
cerusite and the carborundum detectors,
the switch for connecting either of these
two in circuit, the potentiometer and the
switch marked ‘““Send,” ‘Receive.”

Fig. 29

connection is made to binding post
marked “Ground.” The circuit between
these two points is adjusted to resonance
with the incoming signal by variation of
the two transformer primary switches, the
primary loading coil switch, the primary
condenser, and the primary condenser
switch, which is marked ‘‘Out, ”” “Series, ”’
“Shunt.” The purpose of this switch is
to connect the primary condenser in
series or in parallel to the aerial or to
disconnect the condenser entirely. The

The transformer secondary coil is
moved in or out of the transformer pri-
mary coil by means of the handle marked
“Coupling.” The capacity of the second-
ary condenser is varied by the rotation
of its handle and the potential across the
carborundum detector is varied by the
rotation of the potentiometer handle.

Supplied with this set is a mahogany
box containing four dry cells, having
three binding posts marked “1,” “2,”
and “3.” Numbers 1 and 2 connect to

www americanradiohistorv com


www.americanradiohistory.com

710

the two binding posts on the receiver im-
mediately under the word ‘Battery,”
while Number 3 is connected to the post
at the extreme right on the same level
with “Test” switch. This post connects
the battery to the test buzzer circuit.

Since the detectors work hetter with
the battery current flowing in one direc-
tion than in the other, it is necessary to
determine experimentally which binding
post to connect to the carbon and which
to the zinc electrode.

The head telephones are connected to
binding posts marked “ TELEPHONES.”
The binding posts marked “ANTENNA
SWITCH A-Posts 1 and 2 and “AN-
TENNA SWITCH B & C, Posts 1, 2

Fig.

& 3” are connected to points on Navy
antenna switch. When the Navy switch
is not used Posts A; & A;; B: & B;; C, &
C,;; and B; & B, are short-circuited with
pieces of thick copper wire. The posts
marked ‘“Extra Detector” are for con-
nection with an outside detector. If
outside detector requires battery, place
detector switch in position marked “ Car-
borundum,” if not place it in position,
marked ¢Cerusite.” Access to the in-
terior of the set may be had by removing
the threc upper screws in the panel and
the screws in the case along the lower
edge of the back and sides. The case
can then be lifted off, exposing the coils
and wiring, which permits the location
and repair of any trouble. The test buz-
zer is mounted within the metal cap
directly over the secondary condenser and
can be adjusted if necessary by removing
the two cap screws.

THE WIRELESS AGE
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Since the satisfactory operation of the
set depends to a great extent on the switch
blades making perfect connection with
the switch studs, it is necessary to see
that there is always a good, firm pressure
between them. If for any reason this
pressure becomes too weak, remove the
screw in the handle, take off the_handle
and remove the two screws holding the
switch blades in place. The blades can
then be bent slightly so that when re-
placed they will make positive contact.

Having connected the receiver in ac-
cordance with the instructions and draw-
ings, the method of adjustment and
operation is as follows:

Set the Primary Condenser Switch to

30

position “Out,” place coupling pointer
at about 7 on the scale, Detector Switch
to “Cerusite,” Secondary condenser point-
er to position “Out,” Potentiometer to
O, “Send” and “Receive” Switch to
“Receive” (if used with Navy switch or
break system relay, leave in ‘“Send”
position always), turn test switch to “In”
position, which starts the buzzer, adjust
Cerusite Detector point on crystal surface
until loudest response is heard. This
crystal requires very light pressure for
maximum sensitiveness and the point may
be screwed up or down by turning the
hard rubber knob to left or right. Hav-
ing found a sensitive point on the crystal,
vary the inductance of the two primary
transformer switches until the desired
signal is heard, then loosen the coupling
by rotating coupling handle to the right
until the signal is just audible, then try
other fpoints of transformer secondary
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switch and rotate secondary condenser
handle to the left until a combination is
found which gives maximum response.
The Primary should then be readjusted
more accurately until the best setting is
found and the coupling then adjusted
until the maximum strength of signal is
obtained. The longer the wave-length
the greater the number of turns of in-
ductance necessary in primary and sec-
ondary circuits. If more inductance is
necessary for a particular signal and can-
not be obtained by adjustment of trans-
former primary switch, place this in
position marked “Out” and rotate the
primary loading coil switch from its
position “Out” until sufficient turns are
in the circuit. If the wave-length to be
received is shorter than can be reached
with primary condenser switch in the
Out position, place it in the series position,
set the ten turn transformer primary
switch at o, the unit turn transformer
primary switch at 1o and rotate primary
condenser handle until maximum response
is obtained. Placing the primary con-
denser switch in the “SHUNT”’ position
increases the wave-length of the aerial
circuit corresponding to any given setting
of the inductance switches. This may
be done at any time instead of increasing
the inductance. Generally speaking, the
method of varying inductance is prefer-
able and gives a louder response, but in
exceptional cases a reverse is true and in
any particular case a trial of the two
methods can be made to find out which
is the better. The best secondary setting
for maximum response to any particular
wave-length is with the maximum induct-

ance and minimum capacity, -but the .

greatest selectivity will be obtained with
smaller inductance and greater capacity.
When using the Carborundum Detector
it will be necessary to adjust the Poten-
tiometer to a point which gives the great-
est sensitiveness. This latter detector,
while considerably less sensitive than the
Cerusite, is very permanent in its adjust-
ment and not easily disturbed by static,
loud signals or mechanical vibrations.
It should be noted that. when using the
Cerusite detector on very weak signals
the Potentiometer should always be in
zero position, but that on signals of
moderate intensity it does not matter
particularly what position this may hap-
pen to be in, In order that the operator
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may be able to measure approximately
the wave-length of the incoming signals
calibrations of the secondary are given
with each tuner, it being understood that
these are correct only when the secondary
is coupled very loosely to the primary.

With the 1or1 receiver are supplied ad-
justable head telephones which are tuned
to the group frequency of the transmitter.
Also the electrical circuit through the
telephones and the stopping condenser
is tuned to the same group frequency.

It is advisable occasionally to insert a
piece of paper between the spark points
of the antenna and ground binding posts
and telephone binding posts to make sure
they are not short-circuited.

CLASSIFICATION OF SHIP
STATIONS

The Bureau of Navigation has an-
nounced that the classification of vessels
as given in the “Regulations for Radio
Apparatus and Operators on Steamers,”’
edition of July 1, page 8, paragraph 7,
and *‘Regulations Govemmg Radio Com-
munication,” edition of July 1, page s,
“B,” “Ship Stations,’” have been amend-
ed to read:

First Class—Vessels having a continu-
ous service.

There shall be placed in the First Class
vessels which are intended to carry 25
or more passengers—

(1) If they have an average speed in
service of 15 knots or more;

(2) If they have average speed in ser-
vice of more than 13 knots, but only sub-
ject to the twofold condition that they
have on board 200 persons or more (pas-
sengers and crew), and that, in the course
of their voyage, they go a distance of
more than 500 sea miles between any
two consecutive ports.

Second Class—Vessels having a service
of limited duration.

There shall be placed in the Second
Class all vessels which are intended to
carry 25 or more passengers, if they are
not, for other reasons, placed in the First
Class.

Third Class—Vessels which have no
fixed periods of service.

All vessels which are placed neither in
the First nor in the Second Class shall be
placed in the Third Class.
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A glimpse of a street scene in picturesque La Pas.

The

difficultses of establishing communication between that city
and other sections of Bolivia were taken into account when
wireless klcgraphgewas considered as a means of linking the

divided areas of the country

Portable Station

lT seems fitting that wireless telegraphy
(the realization of one man’s dream)
should have a place in the foreground in
Bolivia—a country of dreams and ro-
mance. From La Paz, lying on the side
of a lake, to the smiling confines of
Riberalta or Santa Cruz; from the high
wastes where the royal condor sits in
solitude to the green plains where the
streamlets are the arms of the sea, the
whole land is one vast realm of fancy.
But it is this wealth of vegetation,
holding untold riches, that is the real
barrier to the development of nearly all
of Bolivia. It cuts the country in two
and makes communication between the
north and the south well-nigh impos-

Tests in Bolivia

sible. Wireless telegraphy was called
into service to overcome the obstacles
due to this extravagance of nature.
The adoption of some means for link-
ing up the divided areas of Bolivia was
a matter of grave concern to the govern-
ment of that country. It is necessary
for travelers from La Paz to Riberalta
to take to the river courses, and a two
months’ trip down stream means one
of four or five months on the return, for
the term river does not properly describe
the pouring waters which better deserve
to be called torrents; even then their
great waves and vast expanse make such
a description inadequate. Imagine a
large river leaping from cascades into
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rapids and from rapids into cascades and
you will have a clear idea of one of these
‘““streams” in Bolivia.

Trips on the torrents are made in
“boats’’ fashioned from creepers pressed
one against the other to form two huge
bundles, which are joined by a little
flooring of frail planks and make a prim-
itive sort of raft. Occupants of the raft
may well pray to be in the good graces
of the helmsman when it leaps the sixty-
mile-an-hour rapids. It goes hard with
those who strike a rock; the crocodiles
alone can tell the fate of these unfor-
tunates.

Such a hazardous and necessarily slow
means of communication makes the ex-
change of messages between the north
and south extremely rare, while the im-
possibility of laying a single telegraph
line in the forests is a foregone conclusion
to all who know the country. As the
most satisfactory solution of the prob-
lem, the utilization of Marconi’s inven-
tion suggested itself to General Ismael
Montes, the president of Bolivia. Ex-
periments were commenced at once, but
before a great deal could be accom-
plished, General Montes’ presidential
term expired, and his successor was
occupied with other urgent matters.

The question was brought up again
later, however, and the Marconi Com-
pany, unwilling to plunge into a venture
without first submitting a proposal to
the Bolivian Government, decided to
send out two portable installations, the
test performances of which would fur-
nish information of material value in the
construction of a general wireless net-
work. Many tests were made with the
two portable stations, some of the most
interesting of which took place during
the military maneuvers of 1grr. The
following account of the experiments
were related by a man who witnessed
them at close range:

“Leaving La Paz we set out. There
is trouble ahead of us. For the first time
in their lives, the mules are saddled with
European pack saddles with all their im-
peding leathers. They start by rolling
on the ground, and then, finding it un-
wise to rebel further, they accept their
lot and away we go.

‘“ After three hours’ climbing on a ten-

per cent grade from the hollow in which
lies La Paz, we reach the summit, 13,000
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feet above the city, where the wind blows
hurricanes. The thirty miles of the first
stages of the journey .are covered in
seven hours; the little Bolivian soldiers,

. scarcely five feet high, swing along joy-

ously, each carrying, in addition to his
equipment, a tent and food for about
ten days’ maneuvers, for one must not
reckon on a well-ordered commissariat in
this great country where villages exist
only every fifty miles or so.

“We halt at last, a little tired by this
first journey. But we are happy and
await impatiently the first experiments,
just a little impatient of what this sandy
and stony waste holds for us.

“The second day sees us thirty-eight
miles along the white road, gloomy and
dejected, relieved only by the endless
chatter of the soldiers who ask countless
questions about a new piece of apparatus
they are escorting. They are quiet, in-
telligent fellows, certainly little in touch
with this new development, yet so eager
to be instructed that it would show a
churlish disposition to be angry with
them. Reaching headquarters a little
behind time, we find that the second
wireless . station has arrived by rail.
Here we join forces. The members of
my little company have stood the journey
well. They are dusty, but fresh and
ready for the maneuvers next day.

“Wireless station A is with the state
major general; station B follows the Blue
army. At 5 A. M. we are up for the
first experiments and both stations are
erected. Station B accompanies the
Blues, but, to my intense dismay, no
message comes through. Mounting a
horse, I gallop to station A in order to
find out the reason for its failure to
communicate, and to my surprise, I dis-
cover that the soldiers have forgotten to
couple the dynamos to the mast. This
is soon remedied; A gets into touch
with us, and all goes well. An order
comes to take down B and follow the
Blue army. I gallop back to B station.

“] am held up by an amiable joker
who remarks that my way of sending
messages is very effective, but not very
original. That is because he has seen
me galloping from one to the other and
hasn’t a shadow of doubt but that it
was I who had carried the telegrams.

“In the evening we arrived at Chijta,
seventeen miles from Patacamaya, the
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headquarters of the state general. The
bugle sounds for supper, and we have
the first bite since morning. The mast
is erected to receive orders.

“Nineteen minutes later communica-
tion is established. The night is splen-
did, the signals are very clear, and the
orders are sent perfectly. My critic of
the morning I remember with heart
burnings; would that he were here so that
he might be convinced that the marconi-
grams had not traveled by courier this
time'

“On the following day we travel an-
other twenty-five miles. At night com-
munication is established. The battle
starts and orders are received right to
time. Again the mast comes down and
we get on the move. Fifteen miles fur-
ther on we set up the mast again; all goes
well.

“ ‘What! fresh orders?’ ‘Yes. You
are supposed to have no more ammuni-
tion. Retire to cannonments at Sica-
sical’ Another fifteen miles back. Down
comes the mast again and away we go.
But what a journey! It is midnight.
A lashing rain, and the world black as

This photograph shows a group of llamas.
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the pit. We have to put up the mast
again. It is quite evident we cannot
communicate forty-two miles in the
tempest, and how are we to set up the
station in the dark and in the middle
of a town?

“We find a street a little further on
and set up the mast by a sort of instinct.
When all is ready along comes a courier
at a gallop, collides with the stays, and
down comes the mast.

“At last we are ready again. The
spark is clear. Listen a moment. There!
We have got into touch, and the wireless
messages come, the signals being clearly
distinguishable from the muttered rum-
bling of the storm. The rain is still
pouring in torrents.

“ ‘Hurry this 140-word wireless mes-
sage to the general and we can get a
little sleep at last.” Itis 2 A. M. and in
what state do I sleep?—in the room of a
real general! Forty minutes later I
have the satisfaction of seeing a courier
arrive with a telegram which has come
by wire; it is a copy of the one which
came by wireless. What a success—
forty minutes ahead of the wire! The

These animals are used on occasions to carry messen-

gers, and are also employed for the transportation of freight
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next day I make an inspection of the
mast and am amazed that we have been
able to receive messages. The two wires,
for almost two-thirds of their length,
are laid on a roof of zinc. What harmony
between the antennz and the circuit!

““And so every day for ten days, erect-
ing and dismantling the station two or
three times a day without the slightest
mishap, everything going along splen-
didly.

‘“At last comes the hour of reward—
the review. The Marconi Wireless Corps
marches past with every eye upon them,
the men smart, the motors glittering,
the cases polished as if they had just
come from the works instead of having
traveled 350 miles on muleback through
dust and mud, this way and that.

“The admiration of the officers who
were cal'ed upon to give an account of
the services which this apparatus would
render in time of war was unbounded.
There were congratulations from the
president and two fine reports in the
general orders from the general-in-chief,
a German officer, and the general-in-
chief of the Blue division, who declared
that during the whole of the maneuvers
the apparatus worked night and day
without interruption.

“It was a triumph, for it must be
borne in mind that the apparatus was
worked for the first time by these sol-
diers, that the telegraphists borrowed
from the cable office were new to it,
and that the A station was directed by
an engineer who had only seen a wireless
apparatus for the first time a month
before.”

The tests were followed very closely
by the Bolivian government, and there
was a strong sentiment in favor of a
Bolivian chain. At length the Marconi
company obtained the contract for the
construction of the main chain of high-
power stations.

General Montes, who was chiefly re-
sponsible for bringing wireless telegraphy
into Bolivia, served his country in the
war with Chile, obtaining his commission
after a few months’ service. He was
seventeen years old and a student of
law at the University of La Paz when
he decided to enlist. He remained in the
service until he was made a captain.
While he was in the army he continued
his studies at the university.
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BELGIAN ROYAL DECREE

A royal decree concerning wireless teleg-
raphy has been published in the Moni-
teur, the Belgian government publica-
tion. It is in part as follows:

“Throughout Belgian territory and
aboard all Belgian vessels, any project
whatever for the installation of radio-
electric apparatus suitable to serve or
likely to interfere with the transmission
or reception of radio-telegraphic signals,
or any project whatever for the modifica-
tion of the position, composition or ca-
pacity of an installation already regularly
authorized must be submitted to the
Department for Marine and to the Ad-
ministration for Posts and Telegraphs.
The application for authorization must
indicate the nature of the installation,
the object of the exploitation, including
so far as the radio-telegraphic stations
aboard ship are concerned, a statement
of the taxes, if such are levied; details
of the apparatus and its manner of opera-
tion, length of the waves, hours of opera-
tion, and, in general, all information al-
lowing a close study of the project.

“The installations not regularly au-
thorized and which may have been in
service before the present decree has
come into force will enjoy no privilege
whatever; the exploitation must be sus-
pended forthwith and an application for
authorization must be made in confor-
mity with the stipulation of the decree.

“When entering Belgian territorial
waters foreign vessels fitted with electric
radio-telegraphic apparatus suitable to
serve or to interfere with the transmis-
sion or reception of radio-telegraphic or
radio-telephonic signals, must cease all
communications with any stations other
than the nearest state shore station.
Foreign vessels must signal their pres-
ence to this shore station and must wait
till this latter has authorized or allowed
them to communicate with either this
particular or any other shore station.
Foreign vessels, which prior to their ar-
rival in Belgian territorial waters have
obtained from the competent Belgian
minister a special permit to be used
regularly, are exempt from these regula-
tions. Neither do these regulations
apply to distress signals, nor to answers
to distress signals emanating from
vessels.
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THE AGE OF COMMERCIAL
~ OPERATORS

In view of the fact that following in the
wake of every ocean disaster a flood of
newspaper editorials score the officials of
the merchant marine for having “boys”
on board vessels serving as wireless
operators, the recent determinations of
the Bureau of Navigation are interesting.

As a basis of information the data given
by the applicant at the time licenses were
issued by the Secretary of Commerce was
tabulated; the results show that of the
first-grade operators 57 per cent were
21 years of age or older, while 83
cent were 18 or older. Of the second-
grade operators 49 per cent were 21
years of age or older, while 75 per cent
were 18 or older. Of both grades 82
per cent were 18 years of age or older.

THE WIRELESS AGE
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no reason why it should not be improved
still further in detail and also extended to
cover a wider range.

The club believes that th¢ number of
good amateur stations in the country is
great enough to make it possible for an
amateur to reach the far West and pos-
sibly the Mexican border, if the stations
were organized. The only thing needed is
to secure the names and addresses of the
owners of stations able to transmit fifty
to one hundred miles. If amateurs will
write to Mr. Clarence D. Tuska, Secre-
tary, Radio Club of Hartford, No. 136
Oakland Terrace, Hartford, Conn., blank
forms will be supplied which when filled
out will be used as a basis for appointing
official relay stations.

This plan seems to be about the only
one by which the amateur can reach dis-
tant points by wireless and without get-
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COUNTRY-WIDE AMATEUR
CHAIN

Hiram Percy Maxim is authority for
the statement that The Radio Club of
Hartford, Connecticut, of which he is
chairman, has organized a committee
whose object is to develop a system of
relay stations throughout as much of the
country as seems possible. At the present
time messages are being forwarded by
relay from Hartford, Conn., to Buffalo,
N. Y., via Northampton, Mass., and one
of several intermediate stations. This
plan has worked so well that there seems

ting into difficulties with the United
States Government. It is expected that
messages will be received and transmitted
by courtesy entirely and that no mcney
will be involved in any way, the effort
being to keep the plan strictly amateur in
every sense.

At a recent meeting of the Canadian
Central Wireless Club with headquarters
in Winnipeg, Harold E. Mott was elected
president, E. A. Dunn vice president, and
H. L. Pulford, Armstrong’s Point, Winni-
peg, Canada, Secretary and Treasurer.

www americanradiohistorv com


www.americanradiohistory.com

New Methods for the Production
of Continuous Electric Oscilla-

tions and for

therr Utiliza-

tion in Radio-Telegraphy’

By GUGLIELMO MARCONI

lT may be said that from its beginning

up to the present time practical radio-
telegraphy has depended upon the utiliza-
tion of discontinuous electric oscillations;
that is, of successive groups of oscillations
of unequal amplitude produced by the
discharge of a condenser or Leyden jar.

As is well known, electric oscillations
produced by the discharge of a condenser
were first investigated by Henry and
Lord Kelvin, afterwards studied mathe-
matically by Clerk Maxwell, and finally
verified experimentally by Hertz.

It is now well known that if two con-
ductors at different potential be elec-
trically connected together by means of a
spark, if the resistance of the circuit be
not too high, the potentials of the con-
ductors only reach equality after a greater
or lesser number of electrical oscillations.
As a consequence of this the conductors
become for a short time the seat of an
alternating current which may be of ex-
tremely high frequency.

If one of the conductors be the earth
and the other a vertical wire, we have the
essential features of the system with
which, in 1895, I initiated my experiments
in wireless telegraphy. Successive im-
provements have increased the reliability
and range of the apparatus. This is
well shown by the development of wire-
less telegraphy which resulted from the
syntonic coupling of the antenna to an
oscillating circuit, as first described in
my English patent of April, 1900, and
in the lecture which I delivered before
the London Society of Arts on May 15,
190I.

The damping ordecrement of the oscilla-
tions generated in the way I have referred

to, and the interval of time separating
the consecutive groups of oscillations (an
interval necessitated by the relatively
long time required to change the conden-
sers) present certain difficulties in regard
to wireless telegraphy, and still greater
difficulties in the case of wireless teleph-
ony. For this reason many workers in
this branch of science have been seeking
a method for the production and radiation
of continuous oscillations.

There are two fairly well-known meth-
ods for the production of continuous
waves. One is the so-called ‘““Duddell
Musical Arc,” perfected by Poulsen; the
other, the high frequency alternator typi-
fied in the Goldschmidt machine.

It is not my present intention to ex-
amine these two systems in detail, but I

* Translation of a Communication made to the R. Accademia dei Lincei in Rome, on March 1, 1914.
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shall only say that certain difficultiés in
working which have so far been an
obstacle to their practical application
exist in both systems.

The first arrangement by which I suc-
ceeded in producing continuous oscilla-
tions is described in my English patent of
April 11, 1907 (Fig. 1). It consists of an
insulated metallic disc, A, which is ro-
tated at a very great velocity by means of
a turbine or electric motor. Adjacent to
the periphery of this main disc are placed
two other discs, C; and Cs, which are also
rotated at a high rate of speed. These
I will call side discs.

The two side discs are connected by
means of brushes to the outside plates of
two condensers, K, connected in series,
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The working of the apparatus is prob-
ably as follows: Assuming that the
generator, H, gradually charges the
double condenser, K, and that the poten-
tial at the discs, C, and C;, becomes, say,
positive at C, and negative at Cs, then
at a certain instant this potential causes
a discharge across one of the small gaps,
suppose the one between C; and the main
disc, A. This discharge will in turn pro-
duce an oscillation through the induct-
ance, F, and the condenser, E, and this
oscillation, on reversing, will naturally
pass from the main disc, A, to the disc,
C,, the latter being already charged to an
opposite potential. The charge of the
condenser, E, will again reverse, acquiring
energy at each reversal from the conden-

Fig. 2

and these condensers are in turn con-
nected through . resistances and induct-
ances to the terminals of a high potential
continuous current dynamo, H, or else to
a high potential battery. .

The main disc is connected to the inside
plates of the two condensers, and forms
part of an oscillating circuit consisting
of the condenser, E, in series with the
inductance, F, the latter being connected
either directly or inductively to the aerial
wire, G.

When the condensers are charged from
a generator or a dynamo of sufficiently
high potential, an electric discharge oc-
curs between the side discs and the main
disc (this discharge being neither a spark
nor an ordinary arc), and continuous elec-
trical oscillations are produced in the
circuit, of a frequency depending upon
the inductance and capacity of the cir-
cuit itself,

sers, K, which are kept charged by the
generator, H.

This cyc