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Far more than we can say about Weston
pre-eminence is revealed fully, unmistak-
ably, emphatically, in every detail of

Indicating Instruments

Their superiority is so marked, so easily
demonstrated by test, that only one de-
cision will be consistent after you have
made comparisons.
Weston Electrical Instrument Co.
27 Weston Ave., Newark, N. J.

23 Branches in the Larger Cities

Weston Round Pattern Switchboard In-
struments of 7-inch diameter are the stand-
-ard for use on Wireless Telegraph Panels.
As they are of the highest grade and de-
signed for commercial installation, they
are not adapted to experiments in wireless
work. Write for more specific informa-
tion.

When writing to Advertisers please mention THE WIRELESS AGE
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Marconi Institute Graduates
Are Making Good Everywhere

Why You Should Study Wireless Telegraphy at the Marconi Institute

\J o

N

g;«-??’@g NY man who has decided to engage in some capacity in the WIRELESS TELEGRAPH
¥ \% Art, cannot afford to neglect the ADVANTAGES accruing to him by pursuing his studies
in New York City, for here he comes in contact with a greater number of men actively identi-

fied with the commercial and scientific progress of radio than in any other city in the world.
New York City is the PRODUCTIVE CENTER for wireless telegraph equipment. The principal manu-
facturing companies are located here. It is the center of SCIENTIFIC WIRELESS INVESTIGATION and RESEARCH.
More wireless equipments are installed here and more men employed than in any other port in the United States.
The monthly meetings of the Institute of Radio Engineers are held in New York City. This organization comprises a
body of men who are the real leaders in the scientific and industrial progress of wireless telegraphy.

Opportunities for Education in New York City

There are many opportunities in New York City for study
along lines other than that of radio telegraphy. Local
colleges and universities give highly specialized academic
and engineering courses in connection with their regular
curriculum. There are several free night courses conducted
by the Board of Education. Some of the best commercial
schools in the United States are located here. A course can
be taken at one of these institutions in conjunction with
the wireless course at the Marconi Institute. New York
City’s public libraries open to students an unlimited field
for study and advancement in any art. Contact with the
cosmopolitan population of this city broadens the vision of
a student as no other city can. Board and room can be
obtained at rates as cheap as in any other large city.

The Marconi Institute

Chief among New York’s commercial scientific schools is
the MARCONI INSTITUTE, which is devoted solely to
instruction in WIRELESS TELEGRAPHY.

The Institute has trained more than 4,000 men in com-
mercial and government wireless telegraphy and 95 per cent
of its graduates have secured well-paying positions.

Our former students are serving in Armies, Navies and
commercial wireless telegraph companies throughout the
world. Many have been commissioned by our Government;
others are in manufacturing companies or in research lal-
oratories doing their share in the world-wide commercial
promotion and scientific research now being conducted.

The Institute students enjoy the advantage of our close
connection with the WORLD’'S FOREMOST MANUFAC-
TURING AND COMMERCIAL WIRELESS TELE-
GRAPH COMPANY. Our training staff has had experi-
ence in every department of wireless telegraphy. A begin-
ner cannot over-estimate the benefits he will
derive by coming in contact with our staff
of experts. They supply him with knowledge
best suited to the requirements of the day.

Since the war we have engaged in the
patriotic duty of training men for active em-
ployment in the Army and Navy. Ninety-
eight per cent of our enrollment is composed
of such men, but our classes are open to all
interested. .

Our tuition fees are moderate. A charge
of $15 per month is made to students in the
day class and $10 per month to those in the
night class.

Remember, that the DEMAND FOR EX-
PERT RADIO MEN IS NOWHERE NEAR
MET. ENGINEERS, SPECIAL LABORA-
TORY MEN. COMMERCIAL OPERA-
TORS, INSTRUCTORS and INSTALL-
ERS are being called for daily.

HELP UNCLE SAM BY PREPARING

YOURSELF TO ENTER A SKILLED BRANCH OF
THE GOVERNMENT SERVICE.

_ Laboratory Equipment

The Institute radio laboratory is unusually complete.
Students receive direct instruction on modern apparatus in
use this year, Everything irrelevant to modern methods
and systems is cast aside.

Part of our laboratory equipment includes VACUUM
TUBE TRANSMITTERS and RECEIVERS; 2 KW. 500
CYCLE TRANSMITTER; 1 KW. SUBMARINE
TRANSMITTER; 1 KW. AIRPLANE SET; 1 KW,
NON-SYNCHRONQUS TRANSMITTER:; 2 KW. 240
CYCLE SYNCHRONOUS TRANSMITTER; !4 KW.
CARGO TRANSMITTER AND OTHER TYPES OF
EQUIPMENT. Numerous WAVE METERS, SPECIAL
RECEIVERS and APPARATUS for radio measurements
are available.

Time Required

The average student requires approximately three
months’ instruction in the day class and four to four and
a half months’ in the night class.

Should you be unable to attend for the period of a
complete course, you will benefit greatly by joining our
classes for a period of a few weeks until you are calléd
by. our Government.

Board and room can be secured at local Y. M. C. A’s
at very reasonable rates.

Special attention is directed to the central location of
the Institute. We are situated in a most accessible quarter
for Greater New York and vicinity. It is possible for out-
of-town men to commute daily at distances up to 60 miles.

Address all inquiries to the

Director of Instruction

BREANUH YUHUvULD:

Room 861-70, Lenox Bldg., Euclid Ave, and E. 9th St., Cleveland, Ohio
New Call Building, New Montgomery St., San Francisco, Cal.

By the way, have you heard of our proposed class for RADIO SPECIALISTs?
Further information can be secured by addressing an inquiry to the Director of Instruction

When writing to Advertisers please mention THE WIRELESS AGE
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Wireless Apparatus Is Only
As Good As Its Insulation

The engineers, designers, manufacturers
and operators of wireless apparatus have
long since learned that

BAKELITE-DILECTO

on account of its mechanical and insulat-
ing properties is particularly fitted to
‘meet their very exacting needs.

It withstands high temperature perfectly,
and maintains its shape and insulating
qualities under heat, cold and dampness.

Furnished in Sheets, Rods and Tubes.

You will find it waterproof, permanent
and strong.

We also manufacture Vulcanized Fibre
and Conite for special insulating purposes.

Let us show you how our Standard Products
can be made to solve your insulating problems.

THE CONTINENTAL FIBRE CO.

NEWARK, DELAWARE

233 Broadway, New York City 332 S. Michigan Ave., Chicago, Ill.
525 Market St., San Francisco, Cal. 411 S. Main St., Los Angeles, Cal
301 Fifth Ave., Pittsburgh, Pa.

When writing to Advertisers please mention THE WIRELESS AGE
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DUBILIER
MICA CONDENSERS

For any voltage and capacity. .004 mf Units to fit all Standard Racks.
Used by the Marceni Company

MICA SELF HEALING

Protective Devices for all size equipments from ’ to 500 K. W.
Protect your Motors and Generators from burning out.

.Up to further notice only U. S. Government Equipments
will be supplied

DUBILIER CONDENSER CO,, Inc.
217 CENTRE STREET NEW YORK

For Creat Britain, Address DUBILIER CONDENSER COMPANY, Ltd.,
London, W. l., England

When writing to Advertisers please mention THE WIRELESS AGE
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This photograph, an official one taken by the Signal Corps in France and rel d by the C ittee on Public Information, shows how closely
allied is electrical communication with artillery ranging in modern warfare. The battery captain, with the megaphone, is withholding fire of
his field pieces until full data is received by the signalman at the foot of the tree
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WORLD WIDE WIRELESS

Wireless Is Greatest Aid to Alaskan Education

ASCHOOL teacher’s job in Alaska is anything but

a bed of roses. Seventy native schools main-
tained by the government throughout the territory are
in charge of men as resourceful as Charles N. Replogle,
-the government teacher at Norvik, who is required to
make a study of the reindeer industry in addition to
his hundred and one other duties.

The Eskimo is not as isolated as the geography
would indicate, for at some of the schools wireless
stations have been established and news of the world
is flashed to them. Concerning his enterprise Mr.
Replogle says:

“The greatest difficulty experienced in teaching the
Eskimos is not in teaching them regarding the facts
of life, but in getting those facts applied to their every-
day living. Instruction has, therefore, been of the
most practical kind. The morning exercises are large-
ly taken up with singing and telling the wireless news
from all over the world, as received at our wireless
station. So eager are the people to get in touch with
the world that it is common to have the schoolroom
full of adults to hear the news. In order to under-
stand it they must become acquainted with geography
and history. These studies have given them a compre-
hensive viewpoint such as was never possible to obtain
through the abstract textbook method of teaching.
This has had much to do with the change of the cus-
toms of the people themselves. To them the United
States and its government is no longer a matter of a
man or two, but is a big tangible reality.

“The wireless has done more in one winter to
awaken the slumbering intelect of the native than
years of abstract bookwork. His education has come
to him imperceptibly and has fastened itself upon the
consciousness without definite effort on his part.
There is no longer any balancing of the ‘native cus-
tom’ against the new knowledge. In room No. 1 a
class was organized for the study of electricity and
the “radio” code. With the very limited general
knowledge of the pupils, the progress was necessarily
slow and very tedious.”

British Take German Wireless in Spitzbergen
SEIZURF. by a British expedition of German mining

property and other development plants in Spitz-
bergen, including a big wireless installation, is reported
by the London Express. The coal and iron deposits
will be of the greatest importance to Great Britain
and the allies. The expedition sailed a few months
ago under the protection of the British navy. Sir
Ernest Shackleton, the Antarctic explorer, was the
commander, but he was subsequently obliged to leave
to take up other duties. His successor, F. W. S TJones,
took a large number of miners, an enormous quan-

tity of mining material and supplies sufficient for three
years. Work is now going on on a large scale. Capt.
Wild, who was with Shackleton in the Antarctic, 1s
in charge of operations. Mr. Jones says the expedi-
tion met with considerable difficulties, including en-
counters with eight German submarines.

———

Believe Austria Has Secret Wireless Station
A Vienna message to the Frankfurter Zeitung states

that the existence of a secret wireless installation
is suspected at Prague, and the Austrian authorities
are displaying considerable anxiety regarding it. Close
search having failed to discover it, the installation is
thought to be of a movable character.

Balloon Cable a Cross-Continent Aerial

'THE wireless station at Arcadia, Cal., by using for"

aerial the cable of a balloon, put aloft from the
training field, has intercepted messages sent by the
Brooklyn Navy Yard wireless stations, according to
an announcement by the War Department. This bal-
loon cable probably makes the highest aerial in the
world..

This announcement was made by the Division of
Military Aeronautics, indicating increasing efficiency
in both the work of students and the equipment of
the War Department’s various balloon training fields.
The balloon school at Arcadia has 106 miles of wire
in use in teaching military communicatién. For the
purpose of demonstration it has a complete system
of wiring strung as it would be in the front line
trenches on the battlefield. Communication posts and
stations for all kinds of messages are used by the
students the same as soldiers use them at the front.

A good part of the country southeast and southwest
of Arcadia is laid out with lines of communication to
this balloon school, similar to part of a sector at the
front. All of the balloons, when aloft, are so wired
that they can be lined together with any trench, dou-
bled up for any work together, or they can be cut off
from the trenches and talk-only with their own chart
room and winch or operating crew on the ground

below.

Isle of Pines Radio Resumed

HE Department of Commerce has received from
the American Consul at Isle of Pines, Cuba, in-
formation that that island once more is in telegraphic
communication with the world at large. A new wire-
less station has been constructed to replace the one
destroyed by a hurricane at Nueva Gerona last Sep-

tember.
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The new station is claimed to be far superior to the
one destroyed and it is said to be the second largest
in Cuba and to have a radius of 500 to 600 miles in
the daytime and about 1,000 miles at night. The
tower is 250 feet high and the cost of construction of
the station is estimated at $20,000. Messgges can be
sent direct to the United States at night, via Arling-
ton, Va., but may have to be sent via Havana, Cuba,
in the daytime.

A Wireless Message Around the World

A FEW years ago the news that a wireless message

had enveloped the globe would have been aston-
ishing, would have been the news of the day, notes the
N. Y. Times. News values have altered since August
1, 1914, and on October 2 the report of this event
was printed briefly. News value is an expression
which, being translated, means “what people are in-
terested in,” and in these days proportions are altered.

Ireland in the Columbus “Dispatch”
‘“Don’'t be impatient, Bill, you're going to feel it”

The short report printed was that direct communica-
tion between England and Australia, a distance of 12,-
000 miles, had been established.. Twelve thousand
miles is half way around the globe. But since the
electromagnetic waves move equally in all directions,
this message moved also in the opposite direction to
that in which it was aimed and covered the other 12.-
000 miles. It did more than that, it enveloped the
entire globe in every direction. Puck offered to spread
a girdle around the world ; this scientific Puck changes
the girdle into a mantle.

That, however, is a feature of the report which only
tickles the love of the marvelous. The practical side
of it is not the encirclement of the globe, but the send-
ing of the message to the intended receiver of it half-
way around the circle. “The messages were received
with perfect clearness.” They went from the Marconi
station at Carnarvon, Wales, to the Amalgamated
Wireless Company of Australia at Sydney. The
abounding achievements of science during the war,
many of them directly caused by the war. are getting
little attention compared to the bloody drama itself,
but after the war they will come into their own.

THE WIRELESS AGE
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American Marconi on Preferred List of Peace Stocks

STOCK of the Marconi Wireless Telegraph Com-

pany of America has recently shown marked activ-
ity in the New York Curb market. A leading special-
ist brokerage house is bidding 414 for the holdings of
ifs customers, stating that “among the so-called Peace
Stocks, Marconi Wireless is on the preferred list.”
The statement issued adds that this i§ due to the gen-
eral admission in commercial circles that the business
of the company will expand enormously all over the
world. The opinion continues that, when the war is
over, Marconi Wireless of America must be regarded
as one of the best and most profitable investments in
the industrial group, and the steady accumulation of
this stock, at a little below par (85) a share, is for
some of the best-posted authorities in \Wall Street.
who recognize that the outlook for Marconi is very
bright.

It is intimated that the strength of the issue has
partial foundation on the action of the company on
August 1, when a dividend of 5 per cent. was paid,
the belief being general that this dividend is the fore-*
runner of regular annual or semi-annual dividend pay-

ments.

Naval Radio Men Score 100 Per Cent. on Loan
HE FEleventh Battalion at the Naval Radio School
at Boston subscribed 100 per cent. to the Fourth
[.oan. The average subscription of each man was
861.22. As we go to press, $125,000 has been obtained
at the school, the Eighth Company ranking second
with 46 per cent. subscribed. Lieutenant W. D. Flem-
ing, assistant paymaster, was in charge of the sta-
tion’s campaign.

=—®-=

France Completes Radic Chain With Giant Station

THE American Army will soon be sharing with the

French in the operation of the highest and most
powerful wireless sending station in the world. This
is now nearing completion on the French coast—the
point cannot be stated—and its giant towers can be
seen rising 810 feet, or 300 feet higher than the Eiffel
Tower. Soon it will be in direct touch with America,
with far more power than ever before, supplementing
the cable for transatlantic service and perhaps with
its new power rivaling the cable for quick communi-
cation.

All along the front small wireless stations have been
set up to intercept enemy radio exchanges and locate
enemy stations. Messages are picked up from all the
capitals of Europe, and especially from the larger Ger-
man cities. This practice of intercepting messages
seems to be universally accepted as a war necessity,
and the crop daily gathered includes those from friends
as well as foe. The enemy has many small radio
stations along the front which are in constant com-
munication with Berlin and Hanover, the two central
enemy stations.

The American Army controls a quadruple cable line
across the English Channel, which connects the French
telegraph and telephone system directly with the Eng-
lish lines. Thus American officials are brought to-
gether for direct immediate exchange between Paris,
London and American headquarters at the front.

The Signal Corps has undertaken a huge work with
some 3 to 4 per cent. of the entire Army—or about
35,000 officers and men in a force of 1,000.000 men—
maintaining the steady flow of communication
throughout this nerve system of the American Army.
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Periscopes and Wireless on Army Tanks
YANKEE ingenuity provided many surprises for
the Germans in the St. Mihiel drive. Some of our
tanks were equipped with periscopes, enabling the
crews to look over the high ground in front of them.

The tanks attached to the American corps were con-
structed in France in accordance with American plans.
All are manned by American crews. The machines
are small, fast and powerful two-seaters, equipped with
strong offensive armament.

Each carried a wireless outfit, and many a message
was flashed from tanks to airplanes, which, in turn,
were sent back to headquarters in the rear.

The heavier armor makes our tanks nearly proof
against the German anti-tank rifles except for certain
direct hits.

One American chauffeur showed the greatest skill in
conducting his monster, stamping out the German
machine-gun nests by reversing one caterpillar and
putting full speed on the others, thus turning round
and round till the enemy strongholds were crushed.

New Galena Discovery Cuts Price From $112 to 7 Cents
Per Pound

THAT the unusual type of galena ore, used by the
government in wireless receiving apparatus and

formerly purchased from abroad at a cost of $7 per.

ounce, is found to some extent in two mines of Utah—
the Tintic Standard and the Scranton, both of Tintic—
is a fact that is leading to still further search for larger
deposits of the much sought for metal.

Only a short time ago the government had the bur-
den of the $7 per ounce price lifted by the discovery,
made by S. M. Soupcoff, of Salt Lake, of a quantity
of the ore in Smuggler mine, Aspen, Colo., which was
purchased at the price of 7 cents per pound. The ore,
about ten tons in volume, occurred in a big pocket
and the government bought all there was. This will
last probably a year, but not much longer, owing to
the rapid growth of the wireless industry, and the
search for another deposit equally as good is conse-
quently kept up.

Captain E. J. Raddatz states that the desired ore,
in small quantities, had been found in the Tintic
Standard mine, but never in a quantity sufficient to
make handling it worthy of consideration from a
commercial standpoint. A similar ore has also been
found in the Scranton, a shipping property of the Tin-
tic district. This, too was only in small quantities.

The ore required in the making of detectors for wire-
less is the purest galena that can be found, 86 per

cent lead.
—_——
Enemy Aliens Barred From Jersey Coast

UNDER a Presidential order issued October 2, prac-
tically the entire territory from Rockaway to
Point Pleasant, N. J., along the ocean front and for a
distance averaging three miles or more back is made
a zone barred to German aliens except under permit.

Rockaway Point, all of Staten Island and all of the
New Jersey shore resorts come within the restrictions
of the order, which was issued as a means of shutting
off all possible communication between the shore and
submarines operating at sea.

It is estimated by the Federal authorities that ap-
proximately 15,000 Germans are affected.

The order provides that “no German alien enemy
shall reside in or continue to reside in, remain in or
enter any of the areas so prescribed, except by permit
of the President and under such limitations or restric-
tions as the President may prescribe.”

WORLD WIDE WIRELESS .9

Where it is deemed advisable permits will be issued
by United States Marshals of the affected zones, with
the approval of the United States Attorneys or the
Alien Enemy Bureau of the Port of New York.

Since submarines first made their appearance on this
side of the Atlantic, reports have come persistently to
the officials of the Army and Navy Intelligence of
lights flashing from the shore and the operation of
secret wireless stations. The Highlands of Navesink
and the high points on Staten Island have been re-
peatedly subjected to investigation, as have other
points further south on the Jersey Coast.

In one case a small dismantled wireless apparatus
was found in the possession of a German. While proof
has never been obtained of actual communications
sent to sea, it was decided that the only safe way was
to bar Germans from all points of vantage.

German Wireless Officer Arrested in Rochester

THE Intelligence Department of the Army made a

great catch when its agents landed Lieut. Ernest
Adolph Buderus von Carlhausen in Rochester, N. Y.,
on February 16 last, after trailing him from New York.
Some of the facts concerning this man’s activities have
been given out by the Rochester office of the Depart-
ment of Justice.

s

J

Fitspatrick im St. Lowis Post-Dispatch

“This paper says Hindenburg is dead”
“Which one of the marines got him?”

The marines in France have lived up to the hest traditions of valor in the
service. The boys in Fitz's cartoon naturally conclude that their mates,
if anybody, would have ‘got him"

The German, it appears, is a wireless expert, and
while in Rochester attempted to purchase a tract of
land on Irondequoit Bay, in a secluded location, with
the intention of erecting thereon a powerful wireless
plant from which messages might have been sent di-
rect to Germany.

Carlhausen was employed at the Ritter Dental Man-
ufacturing Company while in Rochester, and lived
with a woman not his wife, according to information
in the hands of the authorities. His wife was arrested
shortly after Carlhausen . himself was captured, the
woman being found on Long Island. She is said to
have made a record before the war as a diplomatic
spy, and is believed to have succeeded in getting val-
uable papers into the hands of German agents. The
theft of a code book of an American battleship was
one of her most important coups. A naval officer was
court-martialed for this. .

Carlhausen was also receiving mail as Ernest A.
Buderus. He is a graduuate of the naval college at
Kiel, and is an electrical expert.

The German is now interned at Fort Oglethorpe,
Ga.
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Radio Frequency Changers

Reported Progress in Their Application to Wireless
Telegraphic and Telephonic Communication
By E. E. Bucher

Director of Instruction, Marconsi Institute

STUDENTS of radio telegraphy are familiar with
use of frequency-multiplying transformers for in-
creasing the frequency of a normally low-speed radio
frequency alternator to a value suitable for transmis-
sion at commercial wave lengths. This system has
not been widely adopted, in fact, prior to the war it
had been employed in but one instance in the United
State, viz., at the Telefunken Station, Sayville, L. I.

It is claimed by the inventors that this method of
multiplying frequencies possesses certain inherent ad-
vantages over the radio frequency alternators of either
the Alexanderson or the Goldschmidt reflector types,
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Figure 1—Diagram showing the fund

changer
chief among them being the reduced initial expense
of construction. In order to secure large power outputs
from either of these machines a very expensive design
is required. The high peripheral velocity of the rotor
is another factor difficult to get around except at the
lower frequencies.

In the frequency transforming system the alternator
frequency lies between 5000 and 15,000 cycles per
second, which partially reduces the mechanical and
electrical problems, particularly at frequencies ex-
ceeding, say, 75,000 cycles. Secondly, the length of
the wave motion radiated by a radio frequency
alternator is not readily changed, for it requires a
change of armature speed and a consequent readjust-
ment of the tuning circuits for electrical resonance
with the aerial, the readjustments being more com-
plicated with the Goldschmidt machine than with
the Alexanderson alternator. Furthermore, the maxi-
mum output of the radio frequency dynamo is secured
at some constant speed, which if changed to another
speed to give another frequency, results in uneco-
nomical operation. Other difficulties arise in the
control of the antenna currents from such alternators
for radio telegraphic and telephonic signaling. On the
other hand, the frequency of the antenna currents in
the frequency transformer system can be quite readily
changed by the aid of special circuits here to be de-
scribed. The iron and eddy current losses in the fre-
quency transformer sysiem, however, must be con-
siderable, as is evidenced by the fact that oil and water
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cooling facilities are provided. Just what commercial
application these frequency changers will have in the
future is difficult to state, for we are required to rely
on the statements of the inventors, solely, as regards
their efficiency.

The fundamental principle of the multiplying fre-
quency transformer system may be partially explained
by aid of the diagram, figure 1, where P and S are
the primary and secondary coils, respectively, of a
radio frequency iron-core transformer, fed by, say,
10,000 cycles from an alternator N. A DC excitation

Figure 2—Characteristic B-H curve

winding A, fed by a battery or dynamo B brings the
magnetism of the core to the “knee” of the character-
istic saturation curve or to the point where an increase
of current results in practically no increase in the
magnetism.

Such a curve is shown in figure 2. This is com-
monly called the B-H curve where H represents the
ampere turns of winding A and B the resulting mag-
netic flux through the core. Point A’ is the “knee”
of the curve.

Now in the circuit of figure 1 there is superposed
on the flux set up by winding A, the flux induced in
the coil by winding P (fed by the alternator) and when
P sends its flux in the same general direction of that
set up by winding A, it is evident from the curve
that the total flux is but slightly increased. The re-
sulting wave of magnetization is flat-topped and it,
therefore, has practically no effect on the secondary
winding S.

On the other hand, the reverse cvcle from N op-
poses the flux from A, resulting in a considerable
decrease, say to the point B’ (on the curve) and the
wave of magnetization becomes peaked, that is. there
is a large decrease in magnetism through the core,
which on the termination of the half cycle of current
from P, returns to the normal value of magnetization.

This decrease and subsequent increase of the mag-
netism through the core induces two pulses of cur-
rent in opposite directions through S; in other words,
a complete cycle of alternating current. In summary,
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the first half-cycle from P has no effect on S and the
second half cycle induces a complete cycle of current

in S. )
A transformer of the type described would have
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Pigure 3—Circuit employinso ::l: fransform

no practical value for only 14 cycle of the alternating
current is employed, in other words, a DC pulsating
current through P in the proper direction would have
the same effect. However, if two transformers are
employed, as in figure 3, both alternations of the com-
plete cycle from the radio frequency alternator are
utilized so that current of double frequency flows in
the complete circuit of S.

In the system shown in figure 3 the frequency of
the 10,000 cycle alternator N is increased to 20,000
cycles in the antenna circuit corresponding to a wave
length of 15,000 meters. T and T-1 are closed core
transformers suitably designed for radio frequency
currents. Primaries P and P-1 are wound in relative
opposition. Secondaries S and S-1 are wound in the
same direction. - The transformers are saturated to the
knee of the characteristic curve by windings X and
X-1, which are also in relative opposition. B is a
source of direct current, either a storage battery or
DC dynamo, and R a regulating resistance. Choke
coils (not shown) are connected in series with the DC
leads to prevent the induction of radio frequency cur-
rents in thé exciting circuit. One terminal of the
winding S and one terminal of the winding S-1 are
connected to the aerial and earth, respectively.

The circuit of the radio frequency alternator N is
completed through the variable condenser C-1, primary
windings P and P-1, through coil L-1. C-1 and L-1
tune the complete primary circuit to the frequency ot
the alternator.

Assume that the fluxes in the cores have the direc-
tion shown by the full line arrows, and moreover, for
a half-cycle from the alternator the direction of the
current is as indicated : the flux generated by winding
P then has the same direction as the flux in the core
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of transformer T, and as a consequence, no induction
takes place in S; but on the other hand, the flux
generated in P-1 opposes the flux in the core of T-1,
causing a complete reduction of flux and a' subsequent
rise to normal saturation. The result is the induction
of a complete cycle of current in the winding S-1 for
%4 cycle through P-1. For the next half cycle the
process mentioned takes place in secondary coil of
transformer T. Therefore, there will low in the an-
tenna circuit two cycles of current for each cycle
through P and P-1; in other words, the frequency is
doubled. Resonance as usual is established by the
aerial tuning inductance L-2, and maximum antenna
current is observed by the aerial ammeter A.

It is obvious that by an additional set of trans-
formers connected to the terminals of S and S-1, the
current of double frequency may again be doubled,
but the efficiency of the apparatus decreases as the
steps’of transformation increase. A complete system
for increasing the frequency by three steps is shown
in figure 4.

The phenomena involved in the induction of cur-
rents in the circuit of figure 3 can be explained
graphically by the series of curves in figure 3-A where
graph O-1 represents the alternating current sup-
plied by the radio frequency alternator N. In graph
O-2, the dotted line represents the normal flux through
the iron-cores set up by the DC excitation windings.
The flat-topped portion of the curve B indicates the
state of magnetism when the fluxes of the prima:
and excitation windings add up. On the other han
the peaked portion of the graph shows the change of
flux when the two fluxes in the core are in opposition.

The graph C shows the change of magnetization in
the second transformer; it is to be noted that the
peaks of B and C are separated by 14 cycle. The in-
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Pigure SA—Series of howi hically the phenomens involved
in the induction of curreats by circuit in figure 3
duction due to these peaks of magnetization is shown
in graph D which is seen to be of double frequency.
REeGARDING THE DESIGN OF THE FREQUENCY
TRANSFORMERS :
Each transformer in a frequency changing group
comprises an annular or rectangular closed arm yoke
composed of thin laminated iron sheets so constructed
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that each sheet is seamless and has the form of the
complete yoke. The thickness of the sheet decreases
with increase of frequency.

The variation of flux generated by the alternator
has a tendency to induce high voltages in the excita-
tion windings fed by the DC dynamo, and in order to
reduce these E. M. F.s to a safe value, it is of ad-
vantage in high power sets to divide the excitation
coils into groups A, B, C, connected in parallel as
shown in figure 5. A low voltage DC generator is
then employed. If several frequency changers are
used a single DC generator may be employed to excite
all the windings.

It is found that the greatest efficiency is secured
from these frequency changers when the effective
number of ampere turns for the radio frequency wind-
ing is approximately equal to the ampere turns of the
DC winding. The former should not exceed the latter
by more than 20%. It tends toward increase of ef-
ficiency also to keep the magnetic leakage of the
transformers at a minimum. The iron and copper
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Figure 4—System for tripling the frequency of a radio frequency alternator

losses must be reduced to the lowest possible value.
The windings must be uniformly placed over the
length of the yokes. In case very large power out-
puts are required the closed iron yokes should be con-
structed of individual insulated packs of sheet metal
with intervening air spaces. The windings should also
be arranged to give air space between the individual
layers. The entire apparatus should then be sub-
merged in oil circulated between the windings and the
packs of sheet metals.

THREE STEP MULTIPLIER

In the diagram of figure 4 the frequency of the
alternator N is doubled by group A, doubled again by
the group B and ‘doubled once more by the group C;
therefore if the frequency of N = 10,000 cycles per
second, the frequency of the current in the antenna
circuit will be 80,000 cycles, corresponding to the wave
length of 3,750 meters Resonance in the antenna cir-
cuit is then established by the aerial inductances L-4
and variable condenser C-4. It is to be observed that
a single DC generator excites the cores of groups A,
B and C, and that signaling is accomplished by opening
and closing the key K. The circuit between groups
A and B is tuned by inductance L-2 and condenser
C-2; and the circuit between groups B and C by the
inductance L-3 and the condenser C-3. Careful adjust-
ments must be made in this circuit for maximum effi-
ciency. ' ' I
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REDOUBLING TRANSFORMER SYSTEM

Von Arco and Meissner have recently shown mod-
ifications of figure 3, the objects of their design being
to still further multiply the frequency, to modulate
the antenna circuits at speech frequency for telephony,

Figure S—Showing method of reducing the x:oduction of high voltages
in the excitation co

or to permit telegraphic signaling Special designs
are offered to eliminate the induction of excessive high
voltages in the various circuits. In fact, the inventors
have encountered problems in the frequency trans-

" former system equally as severe as other investigators

have in respect to the high-speed radio frequency
alternator, but step by step they have described va-
rious means for eliminating undesirable phenomena
in the operation of the system.

A modified circuit in which the increase in frequency
is obtained by superimposing the current from the
secondary coils of a subsequent step upon the coils
on a preceding step, is shown in figure 6. Through
group A and group B there is induced in the coils S-4
and S-5 a frequency of four times the initial frequency,
which is fed back through the conductor D, variable
condenser C-1 and the inductance L-1 to the primary
coils P and P-1 of the first step. This current is again
doubled to eight times the initial frequency by group
A and to sixteen times the initial frequency by the
group B, the latter current flowing in the antenna cir-
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Figure 6—System for redoubling the frequency by superimposing the
current of the last step upon the first step

cuit which has been carefully tuned to this frequency
by the inductance L-4 and the condenser C-4. If the
frequency of the alternator N is 10,000 cycles per
second, the frequency of the antenna oscillation will
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Figure 7—Diagram showing simple method of tuning the radio frequency
changers

be 160,000 cycles per second, corresponding to the

wave length of 1,875 meters. This brings the radiated

wave down to a value suitable for transmission on the

larger classes of vessels where large aerials can be

erected.

It is evident that several paths must be provided
for the currents induced in S and S-1 and that they
must be carefully tuned to the various frequencies.
Thus, -inductance L-5 and condenser C-5 provide a
path and act as tuning elements for the current of
twice the fundamental frequency, and L-6, C-6 a path
for the current of eight times the fundamental fre-
quency. In all other respects the circuit is identical
with figure 4.

APERIODIC FREQUENCY MULTIPLIERS

Von Arco and Meissner have found through prac-
tical experience that the procedure of tuning the sev-
eral circuits of cascade frequency multiplying systems
such as shown in figures 4 and 5 becomes exceedingly
tedious, for these circuits must be tuned to the im-
pressed frequency of the alternator and any slight
change in the frequency of the alternator will require
a total readjustment of the circuits. The range of
resonance is small and due to the extremely tight
coupling between the various transformers, inductive
disturbances arise which make it difficult to locate
the resonance adjustment quickly. Again it is de-

sirable in many stations to provide apparatus permit-.

ting the wave length to be quickly changed, but
obviously if the transformer system has a multiplicity
of tuning elements, it offers too many complications
to permit this to be done quickly.

Two solutions of the problem have been given by
the inventors whereby the problem of tuning becomes
relatively simple. The circuits are shown diagram-
matically in figure 7 and figure 8 In figure 7 ad-
justable resistances R have been placed in the gen-
erator, intermediate and antenna circuits to increase
the damping. During the first adjustments to re-
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sonance, they are thrown in the circuit at full value
and as the inductance and capacity are changed for
resonance (as will be observed from the reading of
the aerial ammeter), the resistances are gradually re-
duced until the maximum efficiency of conversion is
secured. The foregoing process greatly assists the
preliminary adjustments of the apparatus at any par-
ticular wave length, the circuit being first tuned
roughly and finally more sharply.

In the system shown in figure 8 the tuning of all
steps is eliminated except that of the antenna circuit,
the intermediate circuit being adjusted for very high
damping not by the insertion of resistance coils as in
figure 7 but by giving the various windings a greater
number of ampere turns so as to increase the damping.
In the diagram A and B are two frequency trans-
formers with the usual intermediate circuit, S-1, P-2,
S-2 and P-3 and the excitation or magnetizing wind-
ings L. The antenna circuit is connected to the last
set through the transformer M-1 with the adjustable
secondary.

Owing to the high damping provided by these wind-
ings they act like ordinary transformers in which the
phenomenon of resonance is not so evident. The re-
sistance of the windings is comparatively large as is
the self-inductance. The capacity of the condensers
C, C-1 and C-2 is also very large to assist materially
the damping factor.

Transformer M-2 is wound with a large number of
turns to make the circuit of the generator nearly at
aperiodic. The adjustable secondary of the trans-
former M-1 permits the E. M. F. in the antenna cir-
cuit to be adjusted to a safe value. If the frequency
changer secondaries were supplied with variable sec-
ondary windings, the same results would be secured.
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Figure 8—Aperiodic radio frequency changers

The inventors remark that the efficiency of conversion
of this type of apparatus is comparatively good and at
high powers the loss of energy due to the lack of re-
sonance is negligible considered from a commercial
view-point. '

(To be continued)

Age” will therefore, be very timely.

December Wireless Age

Unique methods of controlling the antenna current for radio telegraphic and tele-
honic signaling are among the most recent developments in the art of wireless.
l1)'he second instalment of “Radio Frequency Changers” in the December “Wireless
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Mobility of equipment is equally as important as troop transport, so the caterpillar tractor goes forward on a speedier motor truck

\
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An actual scene on the first line with the battle raging across No-Man’s Land. This is the view that the Signal Corps man gets as he

maintains the lines of

] t,

in the tr

Under Fire With the Signal Corps

WHEN the average man hears the Signal Corps men-
tioned he has a somewhat hazy idea of its work
and of how it is connected with the vast organization of
the modern war machine. Even to the man in the army
the Signal Corps is more or less an unknown quantity.

The activities of the Signal Corps are so wide in scope
and their development of so recent a date that this
vagueness is not to be wondered at. Until the time of
the Civil War, armies and their units had been small
enough to permit the commander to keep sufficiently in
touch with his forces by runners and mounted messen-
gers. During the Civil War, however, armies grew so
large and unwieldy that their efficiency began to be im-
paired through lack of a perfect system of communica-
tion. It was seen that no matter how perfectly trained
an army might be in its various activities, if it was unable
to know the proper time to perform, its efficiency was im-
perilled. In fact, it was already realized that a perfect
army is nothing more than a perfect soldier on a vast
scale and, like that soldier, in order to be of any service
or accomplish its aims, it must have a nerve and control
system just as perfect as his.

The first step in improving the signal service was the
use of the telegraph which, at the time of the Civil War,
had been commercially perfected. While some progress
was made at that time in its use, it was not until the
time of the Spanish-American War that the signal service
of the army was employed on anything like the scale of
today. During that war the Signal Corps was an en-
tirely mounted organization and was required not only
to be as mobile as the cavalry but was even required to
anticipate the needs of the cavalry and immediately have
stations, where all officers could transmit messages, open

and working as soon as the cavalry came to a halt. Our
Signal Corps had developed a system of communication
for open warfare that was practically perfect; in fact
one which would have given any number of pointers to
even the perfect German war machines. :

At the opening of the present world war it was seen
that the signal service as organized for open warfare
would not be applicable to the different conditions re-
quired in trench warfare. As our entry into the war
seemed so remote there was nothing done actually to
change our methods, but at the same time the Signal
Corps was making a study of the various means of com-
munication in use by the different armies in Europe.

"As soon as war was declared it was known at once
just what the duties of the Signal Corps would be during
the several months before the actual entry of our troops
upon the firing line. It was known that the moment our
force set foot on foreign soil to study and determine the
method of warfare to be adopted it would be necessary
to keep this force in constant communication with the
authorities at Washington. As soon as it was decided
that our operations would be in France the material and
the personnel for laying trunk telephone and telegraph
lines from the various seaports through the heart of
France over to the theatre of operations were at once
assembled, and this personnel was among the first actual
troops to be sent over. Today there is scarcely a city
in the principal part of France through which an Ameri-
can telephone line does not pass.

As soon as it was decided that we were to adopt the
French methods of warfare we began to make a study
of the French system of signaling. While we speak of
having adopted the French system of warfare, this is

15
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The Marines, too, have their signal units; here they are shown grouped
above a telephone switchboard used at division headquarters

only approximately true as concerns the work of the
Signal Corps. The main problems were to see what
different kinds of messages had to be transmitted, the
various ways the French had of doing it, whether any
of the English methods were an improvement, and, lastly,
whether we could not work out a system combining all
the merits of the others, at the same
time omitting their defects. This
has been done so far as possible,
and the United States Signal Corps
now has a system of signaling as
applied to trench and semi-open
warfare which represents the most
modern ideas of all the armies now
at war, including even the German.

The success of this system is at-
tested not only by the way in which
it works in trench warfare but even
more forcibly by the manner in
which it has enabled perfect com-
munication to be maintained in the
first big offensive of the Ameri-
cans.

The lines of information from
the various army headquarters are )
continued practically in the same manner as the main
trunk lines that run through France in the service of
supplies. Radio begins to play an important part in
the game. However, it is within the division itself that
the development of all means of communication takes
place. Here every method of signaling that has ever
stood up under the ordeal of battle plays its part. The
whole area within ten miles of the front line is a maze
of “lines of information.” For convenience these lines
may be divided into four great net works, any one of
which may be depended upon as a complete and inde-
pendent means of transmitting information.

The first and most complicated is the wire net. This
begins at division headquarters and reaches its tentacles
out toward the front in all directions. Its large central
telephone exchanges located at intervals over the entire
front, sometimes in half-demolished dwellings, some-
times in dugouts 40 to 50 feet deep, are the busiest spots
on the battlefield. Its lines must furnish communica-
tion for the artillery, machine guns, the infantry, the
trench mortars, the balloons, the engineers, the field hos-
pitals, and all the other units that go to make up the
war machine. In fact, the telephone system is much
more elaborate and more complicated than in a young
American city.

The problem of laying the wires under shellfire and
keeping them in repair at all times is enormous. While
the Field Signal Battalion of the Signal Corps is directly

valuable ai

In the dugout the quick-witted signalman is a
to the guns which are
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in charge of all systems of communication within the
division it is assisted by telephone men from all the
other units who work under it and carry out its ideas.
The wires are often in the form of large buried lead
cables, for whose installation it is necessary to employ
highly specialized cable splicers, who carry on their work
often with shrapnel raining around them. Lines radiate
from these cables in smaller trunk lines, all of which
have to be buried, but as these lines approach the front
they are laid along the sides of the trenches the soldiers
use.

It would be necessary to bury cables or wires fifteen
to twenty feet to make them at all immune from shell-
fire, and as it is almost impossible to accomplish this, it
can be seen how great are the troubles which the signal
men encounter in trying to locate and’repair breaks,
especially in rain and snow or on dark nights, when the
mere lighting of a match would be a welcome target for
the enemy. All the wires have to be so carefully tagged
and labeled that the telephone men can creep along a
wire and merely by feeling these labels know exactly
from what point the wire starts and where it terminates.

Another system which works independently of the
wire system and which will interest the man who is
inclined to wireless rather than wire’ work, is the radio
net, which in itself furnishes complete lines of informa-
tion throughout the area. In this net are employed
radio instruments such as the aver-
age American radio man never
dreamed of. Beginning at the front
line are little radio sets with an-
tennae so small that they can easily
be concealéd in a dugout. A little
further back are trench radio sets
whose transmitting range is larger
than those in the dugouts, but
whose antennae are so small that
they can be placed just off the
ground and not be seen by the
enemy, or can even be placed in an
unused communication trench.

The radio serves a great mission
in the artillery, where it is relied
upon as the fundamental means of
communication between the artil-
lery and the airplanes which see
and control the fire of its guns. Each shot is observed
by one or more airplanes, which at once send with their
radio sending sets the exact information of the result of
the shot to the radio receiving set back by the guns. In
this way it is possible accurately to adjust the fire of
the guns on a target, which without the use of the radio

(Continued on page 36)

ring overhead

When an advance is made the signalman goes over the top, too, for
laying wires under shellfire is a routine part of his job
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Code Practice for Receiving

The Principle, the Four Stages,
and the Basic Law

By Gordon Lathrop

IN last month’s article the writer specified four

stages of code sending, through which the code
student must pass before he becomes expert in trans-
mitting messages.

. Phrased a little differently, though fundamentally
identical, four stages may be defined through which
the receiver must pass.

The first stage in sending finds the aspirant learning
to ‘construct each letter, numeral and punctuation
mark in proper form.

The first stage in receiving is when the beginner is
learning to detect, and write down, each letter, nu-
meral, and the punctuation marks of common usage—
to detect each, moreover, as a sound, an individual
cadence.

The second stage in receiving is like the second
stage in sending. This stage in sending has already
been described as: “Learning to make a succession
of letters to compose a dictionary word, code word or
cipher combination in rhythmic steadiness.” Applied
to receiving, the second stage would be: Learning to
detect and write down, accurately, and with compre-
hension of the word in its entirety, a succession of let-
ters to compose a dictionary word, code word or
cipher combination.

It is not enough to write down the letters blindly.
Connection of the letters in word form should be
made. That part of the brain which has to do with
the registration of the cadence of each letter should
be co-ordinating with those faculties which consciousiy
recognize the word in its entirety.

Short, commonly used words, arranged in alpha-
betical relation, should be sent the beginner of this
" stage. Greater speed of transmission of words of in-
creasing length may be gradually applied. Code words
and cipher combinations may be included as part of
the practice during this stage.

BuiLping Up ENDURANCE

The third stage in receiving, as is the third stage
in sending, is that period during which the student is
building up telegraphic endurance, so that he can last
throughout the sustained periods which practical teleg-
raphy calls for. Sentence practice should be added
to word practice in this stage. Practice, practice,
practice, aiming for accuracy and “clean” copy, rather
than for speed, is the prescription for this stage.

The fourth stage in sending is when the aspirant
puts on his sending the final touches which produce
stvle and speed. In receiving, this stage finds the
code man learning, in general, the tricks of the speedy
telegrapher. Specifically, his aim should be to learn
the forms of telegraphic communication which prevail
in the particular branch of the art in which he desires
to become a worker. Knowledge of the methods and
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forms, and of the phraseology employed in each of,
the branches of the telegraph field is essential to be-
come an “all-round” expert telegrapher. Press,
brokef, commercial, railroad ; radio in its increasingly
numerous military and civil sub-divisions—each of
these has its bag of tricks to be learned. Not until
these become familiar can the telegrapher work at
high speed in any particular branch.

Roughly, then, the four stages, in both receiving
and sending, may be defined as (1)—The “A.B.C.”
stage; (2)—The word stage; (3)—The stage which
makes for endurance, and (4)—The finishing-touches
stage.

It should be noted that these four stages run into
one another and are of indefinite lengths. What one
student may acquire in telegraphic facility in one
month may take another three months. Every teleg-
rapher, however, must go through these four stages.
Every one does, in fact, whether consciously or uncon-
sciously ; whether in proper sequence or haphazardly.

THE Basic Law oF PROGRESS

A single principle rules throughout the four stages
noted in the foregoing. The principle applies to re-
ceiving as well as sending, though perhaps not so
obviously. It is self evident to even the novice in the
code that the correct principle of sending is to keep
the members which have to do with the process—the
hand, wrist and forearm—in constant balance.

Even in such a physical process as sending, however,
the hand, wrist and forearm will not keep in balance
if the mind is not in harmony with telegraphic laws
of progress.

“Progress in the order indicated by Stages 1, 2, 3
and 4,” is the writer’s conception of the basic law of
correct progress in the code. “Do not pass from one
stage to another until each has been thoroughly mas-
tered in proper sequence,” is its inevitably corollary.
If an over-zealous student tries to whip an untrained
hand and wrist into a speed which his desire wills, his
sending will reflect the mental fault. He is out of
balance, telegraphically.

The earnest endeavor of the student should be to
resist the temptation to leap from one stage to an-
other before he has thoroughly mastered each one in
proper sequence. The practice of the code is peculiar
in that one may experiment—after a fashion—and one
is continually tempted to do it. The last stages of the
art beckon invitingly to the novice immediately after
he has learned the alphabet. But the student who
tries for speed in sending before he has learned steadi-
ness, is endangering materially his chances of ever
becoming either a steady or a speedy sender. And he
is not progressing. Time spent in trying to receive
press matter, for instance. before he has learned to
copy a succession of five-letter dictionary words with
comprehension, is wasted.
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THE ACQUISITION OF BALANCE

In applying to the receiving process the principie
which is expressed in the one word “balance,” the
writer conceives the working of the mental apparatus
in the same manner he would of a system of tele-
graphic machinery in proper relation and coordination.
As a matter of fact, “in balance” is the term applied
by technical men to such frictionless interworking of
the telegraphic system. The whole will not balance if
a part has been neglected. Moreover, the assembling
of the apparatus must be done systematically.

The sequence of instruction given the beginner in
telegraph receiving should likewise be systematic. Re-
ceiving is a process of taking on one conceptiof after
another; then of tucking them away—through the ef-
fort made by practice—in that part of the mind where
are stored the things one knows so well they function
without conscious effort. Not until the ideas of any
particular stage function without conscious effort is
the receiver “in balance” at that particular stage. The
test of the student’s right to progress from one stage
to another should be whether he has learned to fulfill
the requirements of each stage with a minimum of
conscious effort.

NoVEMBER, 1918

In the first stage, there must be the correct con-
ception of the letters “A” to *Z,” for instance.
Throughout all the intermediate stages, to the point
where the radio man can detect cipher combinations
through heavy interference, or to the point where the
speedy press telegrapher, working with Phillips Code,
will associate, for example, the letters “az,” as sent,
with the word “applause,” the process of receiving is
one of taking on and tucking away a sequence of cor-
rect conceptions.

The duty of the code instructor, as the writer sees
it, is to render the student’s progress as free as possible
of needless handicaps. Further, the instructor should
lay out a system of practice material. It is the
writer’s opinion, based upon experience and demon-
stration, that this system should be built around the
principle laid down in the foregoing; governed by
the law of the code as stated, and its corollary, and
arranged in recognition of the four stages of progress
which have been specified.

In next month’s article the writer will present an
arrangement of exercises which he believes will help
the beginning telegrapher as much as any prepared
system can help. Primarily, in code as in everything
else. the burden of achievement rests upon the indi-
vidual.

Instruction in the adjustment of wireless receiving apparatus is given in the Marconi Institute during the period in which the students are pcrfecting

their skill in receiving the code messages.

In the photograph above members of an advanced group are shown operating various types of receiving

apparatus, the nature of war service in which they will soon engage requiring familiarity with marine sets of varying powers from battleship equipment
to submarine and Signal Corps apparatus for land and airplane use.
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Marconi’s Improved Radio Transmitter

READERS of THE WIRELESs AGE are already familiar
with the apparatus developed by G. Marconi for the
production of continuous oscillations by over-lapping
wave trains. This system has proved most effective for
long distance communication at high power. It has
done away with many of the intricate mechanical and
electrical problems encountered in the construction of
radio frequency alternators or arc transmitter system.
Moreover it makes an apparatus capable of generating
damped oscillation at any spark frequency desired.
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Figure 1—Circuit showing improved of pr
oscillations by overlapping wave trains

In this system a number of spark discharges are made
to occur successively in such a way, that the resulting
trains of oscillations induced in the antenna circuit, over-
lap in synchronism. This results in the flow in the aerial
circuit of oscillations of constant amplitude.

Numerous circuits have been devised by Marconi to
carry out this fundamental idea, among which those
shown in figures 1, 2 and 3 stand out prominently. The
apparatus shown in figures 2 and 3 are modifications of
figure 1. . .

In these diagrams, 1 and 2 are two high voltage con--
densers which are charged from the same source of
current 3 (usually a direct current dynamo or a large
storage battery), to inductance 4 and 5 respectively.
These condensers discharge through primary coils 6, 7,
the quenching spark discharges 8 and 9 and a disc dis-
charger 10.

The electrodes 11 and 12 belonging to the condenser
circuits 1, 6, 8 and 2, 7, 9 respectively are so arranged
that discharges take place from 11 and 12 to the disc
studs alternately at regular intervals and the interval be-
tween the commencement of the discharge of one con-
denser and the commencement of the discharge of the
next condenser should be equal to or an exact multiple
of the period of the aerial and intermediate closed cir-
cuit assuming that 6 and 7 are wound in the same way;
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if, however, they are wound in the opposite way, the
interval should be equal to or ‘an odd multiple of the
half period. The primary coils 6 and 7 are coupled to

.common secondary 13 which forms part of an aeriai

circuit.

The inductances 4, 5 should be large compared with
inductances of the other parts of the circuits, but should,
of course, not be so large as to prevent the condensers
being sufficiently charged in the time available.

Figure 2 shows a modification in which a single in-
ductance 14 through which both- condensers discharge is
employed, instead of the two separate inductances 6 and
7. This inductance is not coupled directly to the aerial
but to an intermediate oscillating circuit 141 which is
itself coupled to the aerial.

Figure 3 shows a modification in which each discharge
circuit includes a spark gap which is of such nature that
the normal working potential will not spark but which is
capable of being ionized by a second or trigger spark,
which by reason of the shortness of its wave length and
also because its circuit has little interaction with other
circuits gives more accurate timing than is possible with
the dischargers in the main circuits.

The main condensers 1 and 2, which are charged from

E 3,
b
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Figure 2—Modified circuit of figure 1

the high tension battery 3 or other source of S}lpply
through inductances 4 and 5, discharge through primary
coils 6 and 7, quenching arrangements 8 and 9, the sec-
ondaries 15 and 16 of two small oscillation transformers
and electrodes 11 and 12, respectively, to the main ‘disc' 10.

Auxiliary or trigger condensers 17 and 18, which are
small in comparison with 1 and 2, are charged through
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suitable inductances 19 and 20 from a high tension bat-
tery 21 or other source of supply. These condensers dis-
charge through the primaries 22 and 23 of the small
oscillation transformers, and electrodes 24 and 25, re-
spectively, to a trigger disc 26.
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Figure 3—Showing the use of a trigger spark

This trigger disc is preferably coupled to the maindisc

10 and the electrodes are arranged so that when a stud on
10 is opposite 11 or 12 a stud on 26 is opposite 24 or 25,
respectively. The main circuits 1, 6, 15 and 2, 7, 16
are both coupled and tuned to the aerial circuit. The
trigger circuits 17, 22 and 18, 23 have preferably a very
much higher frequency than the main circuits; the sec-
-ondaries 15 and 16 of the oscillation transformers are
preferably shunted by small condensers 27, 28 placed
across them and the circuits 15, 27 and 16, 28 are tuned
to the trigger circuits 17, 22 and 18, 23, respectively.

Immediately either condenser 17 or 18 discharges, a
high potential is induced in the oscillation transformer
secondary 15 or 16 causing a spark at 11 or 12 thus allow-
ing the main condenser 1 or 2 to discharge.

A Novel Radio Telegraph Aerial

THE ordinary receiving aerial responds best to radio

signals, the frequency of which coincides with its
natural frequency. It has also been observed that such
an aerial system will oscillate at its own period when
excited by electro-magnetic waves having a widely dif-
ferent period. This is particularly true when such elec-
Iro-magnetic waves emanate from nearby powerful
transmitters or are the result of atmospheric electricity.

Roy A. Weagant, chief engineer of the American Mar-
coni Company, has made an exhaustive investigation of
this phenomenon and he believes it to be due to the dis-
tributed capacity, inductance, and resistance of the aerial.
He has found that by placing a series of coils in the
antenna from the earth to the free end, the aerial takes
on a characteristic which permits it to respond only to
radio signals of the frequency to which the complete
antenna system is tuned.

By adopting this construction he was enabled to elimi-
nate the interference of transmitting stations operating

THE WIRELESS AGE
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on short wave lengths located in proximity to the large
receiving aerial employed by the Marcont Company in
transoceanic communication.

The fundamental construction is illustrated in figure 1,
and a modification in figure 2. In figure 1 a series of
inductance coils i, preferably of equal dimensions, and
placed at substantially equal distances apart, are inserted
in the antenna system. The usual receiving transformer
is indicated by the primary coil 10 and the secondary
coil 11. The presence of the coils i in the receiving an-
tenna impart to it a fundamental oscillating characteristic,
which blocks out oscillations of higher frequency than
those which it is intended to receive.

LA

new xypc of aerial with series of coils inserted
eft)—A modification of figure 1

In the ordinary aerial system, the antenna can be set
into oscillation at its own natural period, either by the
repeated application of minute impulses at the frequency
of the antenna, or by shock excitation such as might be
caused by one or more uni-directional impulses or oscilla-
tory impulses of relatively great strength, but at a fre-

uency differing from that of the natural frequency of
the antenna.

Mr. Weagant declares the construction as in figure 1
to be so effective in this respect, that it became possible
at the Marconi factory in Aldene, N. J., to receive sig-
nals transmitted direct from Nauen, Germany, with the
ordinary factory antenna while the operation of testing
transmitters in the factory building was going on. The
inventor mentions that this aerial is most effective in the
reception of continuous oscillations.

Method for Exhausting Vacuum Tubes

AS mentioned in previous articles it is highly de-
sirable that the anode of a three-electrode vacuum
tube be heated during the exhaustion process to free it
of all occluded gases.

In the construction of vacuum tubes in which it is
desired to maintain a high vacuum, it has been found that
unless the electrodes and walls of the vessel have been
subjected to a vigorous preliminary treatment, the gases
wetained by them will slowly leak out with the result that
the vacuum is soon decreased and ionization by collision
with the gas molecules can then take place.

This preliminary treatment is usually carried out by
heating the walls of the vessel externally, and by direct-
ing a stream of electrons towards the anode or plate.
These electrons upon striking the anode liberate all 1oniz-
able matter which may be removed in the pumping
process,

To do this effectively it is essential that the energy of
the striking electrons shall exceed their velocity during
normal operation of the vacuum tubes.

An apparatus has recently been devised by Ellsworth
Buckley, which provides for heating the anode by vigor-
ous bombardment of electrons without endangering the
cathode (or filament), this being the method by which
gases are driven from the plate.

It has been found that in preparing vacuum tubes it
is not allowable to draw from the cathode a much larger
current than is used in normal operation, for the effect of
that treatment is to disintegrate the cathode. The present

Figure 1 (ﬂghtml:. A
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invention insures that the electrons striking the anode
shall do so under the influence of a large voltage and
consequently with large kinetic energy, while at the same
time this large voltage is not able to draw more than
normal current from the cathode.

In a thermionic device of the type described, if the
potential of the auxiliary electrode is made negative with
respect to the cathode a larger voltage between anode and
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Figure 1—Showing apparatus used in Buckley's method of exhausting
vacuum tubes
cathode is necessary to produce the same current from
the cathode as would appear in the absence of such a
voltage applied to the auxiliary electrode. But the kinetic
energy of the electrons striking the anode increases with
increased voltage, and it is therefore possible by apply-
ing a negative potential to the auxiliary electrode, to
increase the voltage effective in driving electrons to the
anode very much above the normal value, wh.ile main-
taining the current at its normal value. By this process
vigorous bombardment of the anode is possible without
drawing more than normal current from the cathode.
Buckley’s process will be more completely understood
in connection with the drawing figure 1, in which 1 rep-
resents a vacuum tube of the usual type consisting of
an evacuated vessel containing cathode 5, anode 6 and
an auxiliary electrode 7. This vessel is inclosed in an

oven 2 which may be heated externally. The glass tub-.

ing 3 serves to connect the tube with a molecular pump 4
or other suitable means for exhausting it. The liquid
air-trap 10 is included in this line of tubing for the usual
purpose. The filament 5 is heated by means of alternating
current furnished to it through the medium of the trans-
former 8, whose primary winding is energized by means
of the source of alternating current, not shown in the
drawing. The voltage between anode and cathode is
supplied by means of the direct current generator 9, while

the electromotive force required to maintain the auxiliary

electrode negative with respect to the cathode is obtained
from the battery 11, whose negative pole is connected to
the auxiliary electrode. -

During the process of evacuation the pump is operated,
the filament heated and a discharge started between anode
and cathode. The battery 11 is then applied and the
voltage of the generator. 9 increased. The current
through the tube is adjusted to approximately normal
value and the bombardment of the anode at the increased
voltage is continued until no evidence of gaseous ioniza-
tion in the tube can be detected.

.scheme of connections is shown in figure 1.
:short wave condenser, L is the antenna inductance, °
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As an example of the voltages employed in one type of
tube, it has been found that in the early part o?e the
process a maximum of about 200 volts can be maintained
between the cathode and the anode. By applying 110
volts between the cathode and the auxiliary electrode
making the latter negative, a maximum of volts or
more may be obtained with consequent more rapid re-
lease of gas from the anode. In the later stages of ex-
haust a potential difference of 750 volts or more may be
maintained by the use of the negative auxiliary electrode,
while if that electrode were disconnected it would not be
more than 550 volts.

A Combination Circuit for Tube and Crystal

THE English Marconi Company has developed a

novel circuit for the combined or individual use
The
Cis

of the vacuum tube and the crystal rectifier.

L-1 a coil which acts as a primary winding of a re-
ceiver tuner for use with the crystal detector D, or
as a regenerative coupler for amplification by the
vacuum tube. L-2 is the secondary of the tuning
transformer for use with the crystal or a tuning ele-
ment of the plate circuit for regenerative coupling in
connection with the vacuum tube. C-1 is the plate cir-
cuit tuning condenser. D is a carborundum rectifier,
P-1 a potentiometer, B-2 the plate battery, T a tele-
phone transformer and P-2 a pair of low resistance
telephones.

It will be clear, from close observation of the dia-
gram, that if the filament F of the vacuum tube is
cold, the crystal detector D alone may be employed to
detect spark signals. L-1 is then the primary of the
tuning transformer and L-2 the secondary. If, on the
other hand, amplification of the incoming signal is
desired, the filament F is brought into play. The grid
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Figure 1—Circuit for the combined or individual use of vacuum tube and
crystal rectifier

element G is then connected to the antenna inductance
L and by suitable adjustment of the reaction L-1, L-2
and of the grid circuit potentiometer P-3 the circuits
of the tube will be set into self-oscillation. The ap-
paratus then receives by the phenomenon of beats or
by careful adjustment of L-1 and L-2. Amplification
of the incoming signal can be secured without the
beat phenomenon. ‘

There is thus provided a receiving apparatus which
is independent of the vacuum tube, for should it be-
come inoperative, such as by burning out of the fila-
ment, signals can still be received by the crystal de-
tector alone. For longer distances. the vacuum tube
circuits are brought into action for amplification. The
apparatus clearly is responsive to undamped waves
as well as damped waves. -
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Above, in circle, one of the riveters with his electric machine endeavoring
to maintain the high speed of his crew, record breaking which has
astonished the world being a daily occurrence with these loyal workers

To the left, an underneath view of the belly of a wooden ship showing
the calking of her seams in progress. So well are these wooden vessels
constructed that Lloyds’ give them an insurance rating as high as steel craft

A glimpse of the famed Hog Island shipyard, the largest in the world, though but <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>