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PREFACE
It is believed that this is the first book devoted exclusively to high
frequency currents as related to radio communication and associated fields.
The authors have been interested in short-wave developments for many years.
Recently it was decided to make a survey covering the latest short-wave
achievements throughout the world. Inquiries were directed to over 150
IcadiAg radio engineers. It was indeed surprising that many of these engineers while intensely interested in short-wave research, had not conducted any original :nvestigations. In other words the present developments
attained, have been the result of work by a relatively small number of organizations and individuals.
Another interesting angle, is the fact that the practical progress made
to date, has been in advance of the theoretical explanations. The advan-

tages of short waves for radio communication were quickly realized and
systems put into actual operation which have many superiorities over the
low frequency equipment. During this rapid progress, the desire to obtain
practical results was the first consideration and the technical explanations are
following. Naturally under these circumstances the theories will be subjected
to decided revisions from time to time.

No doubt, in due course, short wave communication will be a weans
to bring 2 much closer international relationship with the various foreign
countries of the world. The near future need of an international language
is instantly apparent. There are many thrills left for the broadcast listener,
instead of trying fur Los Angeles from the eastern United States, they are
now trying for Sydney, Bombay, Paris, Berlin, etc. It does not take much
imagination to picture the future, after broadcasting has developed in the
foreign countries, equal to. the present systems in the United States. Important events in the United States are broadcast world wide and of great
interest to our foreign friends. This will be followed by foreign broadcasts
of the similar important events of the leading cities of the world, which will
lie available for reception in the United States. For example instead of
watching the well known newsreels, in a theater. we will eventually have the
entire audible description available in our homes and later with the visual
accompaniment, and practically the same instant it occurs.

The most interesting details of present short-wave developments have
been gathered together and compiled in this text :mil special acknowledgment

is due Dr. Charles Grimmingcr, for his efforts in translating contributions
received in various foreign languages.
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SHORT WAVES
CHAPTER I
Historical Review
The iecords of civilized history describe many remarkable paste. From
the old manuscripts we read about the early discoveries relating to necessities,
art, astronomy, mathematics which even at that time had reached very high
standards. Sonic of the early discoveries have not yet been duplicated in
these modern times and others only comparatively recently.
These historical records also describe the centuries of ruthless passions,
continued wars, oppressed peoples, during which time the progress of science

was naturally retarded and the principal scientific work confined to a few
individuals and within some monasteries. It is agreed that the invention of
the art of printing was the start of the new scientific age. The "steam age"
terminated in the last century and we are now in the "electrical age", the
richest period in the entire history of the world. One outstanding discovery
is now being presented after another and in rapid succession. A decided
Achievement is the ability of radio communication engineers to electrically
bridge all'distances. The day is gradually approaching when telephone subscribers in most any part of the world will be able to communicate with
telephone subscribers in any other part of the world. The study of short
waves in radio transmission is responsible for this decided advance in international communication and this text describes the present achievements
and also the results obtained in allied fields of research.
In 1865 James C. Maxwell, an expert in mathematical physics, believed
and stated that visible light consisted of waves in the ether and that electromagnetic waves of other frequencies not visible as light also existed. Hein-

rich Hertz in 1887 gave an aetnal demonstration proving that these latter
waves existed. Guglielmo Marconi in 1894 started experiments with a
coherer, a device which would respond to these waves, the coherer being
Marconi improved upon Hertz's method'hy connecting
one side of the spark gap to ground and the other to an elevated conductor,
the first antenna. By 1898 Marconi had been successful in transmitting
telegraphic radio messages 14Y2 miles and in 1901 covered 200 miles, Cornwall,to the Isle of Wright. The same year he was successful in transmitting
the Atlantic and in 1903 a complete message was received
simalsinvented by BranIcy.

over 0163 saint distance.
Si Oliver Lodge invented inductive coupling, still extensively used

today: 'ickard and Dunwoody introduced the crystal detector, in
11

1906.
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Poulsen, by using an electric arc in a hydrogen gas chamber and in a strong
magnetic field, was able to produce electromagnetic waves of a continuous
amplitude instead of damped as obtained from spark transmitters. The
frequencies obtained from the arc at that time were approximatdy 20,000
to 30,000 cycles corresponding to relatively lung waves. Fessenden, Alexanderson and Goldschmidt developed high frequency alternators, in reality

an alternating current generator of high frequency current.

Due to the

mechanical and electrical limitations, they were only suitable for long Haves.
Pro;Ably the most outstanding development in the history of, the radio
art is the vacuum tube. In common form, the construction consists of a glass
tube having an internal filament, a plate electrode spaced some distance from
the filament and a grid electrode placed between the filament and the plate.
The glass tube is pumped out to leave the internal elements in a vacuum.

Fie,. I

Short -11'ave Radiophone
Communication Eking
Boat to Aircraft

Carrirr.

The filament when heated, gives off electrons which arc attracted to the plate

and passing through the grid. Even extremely small values of electrical
energy applied to the grid have a marked effect on the current flowing from
the plate to filament and the tube has a decided amplifying effect. Fleming
invented the .first vacuum tube having only the filament and plate, used
principally as a rectifier or detector. DeForest is credited with introducing
the grid or third element in 1906. At that time the tubes were subject to
irregular operation in actual practice, due to lack of methods to secure a
high vacuum in the tubes. Without high vacuum, a small amount of residual
gas remained and effected the tubes characteristics. In 1912 the Gcaeral
Electric Co. and Bell Telephone System started their research depLrtn ants an

the development of vacuum tubes, In addition to the radio appl cations,
simultaneous progress was made with tubes fo: X -Ray work and -urrent
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rectification, duc to the improvements in obtaining very high vacuums. A
new tube was developed suitable for telephone repeating stations on long
distance lines and led to the development of larger tubes for radio telephony.
In 1915 the largest tube available for radio work was rated at 25 watts.
That same year a bank of these tubes were used to successfully span the
Atlantic Ocean with radio telephony in an experimental manner. Incidentally, the same vacuum tubes were used as modulators for these experiments,
modifying the radio frequency currents so that they embodied the characteristic of speech. This was a great iniprovement over placing a ,bank of
microphones directly in the antenna circuit of a transmitter. In recent years,
water cooled tubes were developed and arc now standard equipment in ratings

as high as 10 and 20 kilowatts. Experimental tubes of much higher rating
arc also used regularly.
Even much earlier than the transmitting developmeno, the vacuum tubes
were used to greatly improve the results obtained by radio receivers. The
tubes can be used as detectors, oscillators and amplifiers and the sensitivity
to which a receiver can be constructed is only limited by the interfering
noise which, of course, is 'amplified with the signal. This has led to the
development of directional aerial systems which eliminate noise interference
from two or three directions, Ncw types of filaments have been discovered in
recent years, reducing the power necessary to operate the tubes without any
reduction in efficiency. Early as 1914 amateurs were using a one -tube
receiver fnd with spark transmitters covered distances up to 3000 miles
with radio -telegraphic signals under favorable conditions, the wavelength
being 200 meters. This was accomplished by adapting the regenerative
feature to the vacuum tube, the output of the tube being coupled back to
the grid again for further amplification.

Even during the last war, most receivers, of the vacuum tube type
had one tube, the detector. Some audio amplifiers were available and the
amplifying transformers used did not have an iron core, simply air. The
loop, having the directional qualities of transmitting and receiving most
efficiently in the direction of its own plane, came into prominent use during
the war. This form of antenna is the basis of the present radio compass direction finding systems and for devices to guide and navigate aeroplanes. The
multiple tuned antenna was deveoped for large transmitting stations to raise
the radiation efficiency. A typical antenna of this type is suspended on Steel

towers 400 feet high and having a total of twenty towers over a straight
line several miles long. American amateurs were heard in Scotland by
Godley in 1921 through the use of a wave antenna and super -heterodyne
receiver at the receiving end. A wave antenna consists of a single straight
wire, actprox:inately.as long as the wavelength desired to be received. It
is sum arted throughout its length by short poles. This form of antenna is
ilrectional, being highly sensitive to signals from the head on direc-
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tion and greatly attenuating signals from the other directions including that
opposite to the head-on direction. By using this form of antenna and in some
cases in connection with two or more Similar antennae forming an array, great
progress has been made in reducing static interference.
With the event of short waves, it has been possible to design and use
antennae of a still higher order of directional qualities. This new type
antenna is used for both receiving and transmitting. In the case of transmitting it has sometimes been called a Beam transmitting antenna, as the
translhitted energy is concentrated in one narrow direction. Vy con
centrating the energy in this manner, the necessary power to cover long
distances has been reduced. In a like manner the use of these highly directional receiving arrays has enabled reducing static or other electrical inter-

ferences from all directions except that from which the signal

is

being

received.

The vacuum tube was responsible for the rapid progress made with
radio telephony due to the fact that these tubes provided a convenient
method of generating high frequency oscillations and also enabled modulating
them .for telephony. Bell Telephone experiments in 1915 included radio

telephony from Arlington, Virginia to Paris, Canal Zone, California and
Hawaii, in the latter case the distance being over 5000 miles. During the
war radiophone conversations were carried on between airplanes and ground
stations and between airplanes. The recent increased interest in the aviation
industry isgthe cause of further devel6pments of radio equipment for aircraft.
Between 1920 and 1922, radio broadcasting became established as a
means of entertainment for the American public. The use of high power
water cooled tubes at the transmitters has increased their reliable service
range. The use of Quartz crystal oscillators enables having the stations
maintain their assigned frequencies, preventing interference between stations.
Improvements in the broadcast receivers, particularly in regard to the fidelity
of reproduction have been steadily made. In the last few years battery
operated receivers have been discarded except in rural districts, in favor
of apparatus which secures all the necessary power from the home electric
lighting circuit. The controls for the receiver have been simplified and in
nicest cases reduced to simply a wavechange or station selector, volume control

and switch. The dynamic speaker, although known for inky years,. is
now regarded as ideal for the best quality of reproduction. This type
speaker brought out the low notes that were entirely lost in the earlier magnetic horn speakers, and probably the reason for its instant acceptance. The
dynatnic type speaker can now be used to secure excellent musical reprotlue-

tior. as the large power tubes available supply the proper output for this
purpose.
In 1927 the broadcast services were extended from the stations studios

16
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to remote points such as churches, concert halls, athletic events, etc., by
Following the same system.
telephone lines were provided which enabled several stations in different
parts of the country to transmit the saute program simultaneously. Special
engineering attention had to be given to the connoting telephone lines in
order to faithfully transmit all the low, medium and high notes corresponding
at that time from about 100 to 5000 cycles.
From 1921 to 1924, initial experiments were made to extend the regular
means of suitable connecting telephone lines.

Bell Telcphone system at ships at sea. In 1929 this service was first opened,

the initial ship installation being placed upon the Leviathan. Since then it
has been extended to other ships.
New developments in water cooled tubes and antenna designs has resulted in the discovery of an improved method of modulation known as "side
band" transmission, Experiments also were made indicating that for the
region of 60 kilocycles, atmospheric disturbances in northern latitudes were
at a minimum. These two factors enabled opening the transatlantic telephone
service in 1927. The 60 kilocycle channels now employed include an outbound station at Rocky Point, Long Island and a receiving station at Cupar.

The return channel is from Rugby, England to lionIton, Maine.
This low frequency telephone system was supplemented in 1929 by a high
frequency system, Lawrenceville, N. J. to I3aldock, England and from Rugby,
England to Netcong, N. J. Terminal points were established in New York
and London where the land line connections arc made to the telephone subscribers throughout North America and Europe. Other radio telephone
services have been opened between Madrid and Buenos Aires, Amsterdam
and Java, Paris and Algiers, Berlin and Buenos Aires and between Berlin
and Bangkok.
The use of high frequencies is now commanding considerable attention.
Even in 1917, 150 meters was considered a short.bave. Recent experiments
have been conducted with wavelengths of 5 meters and even less. The use
of higher frequencies as compared with low frequencies has many advantages. A moderate sized antenna can be used for the higher frequencies and
much less power for a given range. Certain frequencies arc especially suitabl for daylight transmission where the lower frequencies would require
tremendous Sized transmitters to cover the same distances. The higher
frequencies also seem to have greater freedom front atmospheric disturbances. On the other hand the higher frequencies have some disadvantages.
Scotland.

the received signal often varying considerably in strength over different
The wave propagation is erratic in some instances the signal can
be heard with great strength several thousand miles from the transmitter
while reception a few hundred miles from the transmitter is impost ible, this
phenomenon being termed "skip effect." This is in direct contras' to low
frequency signals which usually diminish rapidly with increased 'stance
periods.
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The distance carrying properties of the higher frequency waves
vary greatly, clay and night and in different seasons of the year. In actual
practice communication between two points can only be carried reliably by
varying the frequency day or night or for the distance to be covered. The
earth's magnetic disturbances during some periods has rendered all high
frequency reception inoperative. Until further improvements have been
made the high frequency system of communication cannot be considered to
compare favorably with wire communication.
Hihh frequencies have beer. used chiefly for long distance radiotelegraphy between fixed points by the radio communication companies, government and amateurs. It is not unusual for an amateur in one part of the
world to communicate with other amateurs in ten or more different foreign
countries in one twenty -four-hour period. Due to the time difference and
;thinly of high frequencies to travel great distances in the daytime, international communication is obtained over the 24 -hour period. Short wave
equipment has been installed on ships and aircraft and this application is
being rapidly extended.
Quartz crystals have provided a means to accurately control these high
frequencies. These crystals have the piezoelectric property of slightly
altering their shape upon the application of an electric held and conversely
covered.

producing an electrical potential difference when a mechanical

As a Jesuit of these characteristics, one of the natural frequencies of 14.
crystal can be reproduced electrically by proper connections to..a vacuum
tube. This current furnishes an accurate means of maintaining the frequency

of transmission. The natural frequency of the crystal is increased with a
decrease in mechanical dimensions. For extremely high frequencies, the
crystal would be mechanically weak due to being ground very thin. This
obstacle is overcome by using a heavier crystal of lower natural frequency

and then doubling or multiplying the frequeneyethrough vacuum tube frequency doubler circuits.

Signals for the transmission of pictures or television can be sent over
radio transmitters in a similar manner to that employed over regular wire
lines, RCA have a "photoradio" service for facsimile transmission in operation

between New York and London; San Francisco and Honolulu and New
York and Sau Francisco. Initially, it required about one-half hour to transmit* a picture 7 by 9 inches. A rapid system of this type would enable

transmitting whole pages of newspaper copy probably faster and more
accurately than high speed radio telegraphic equipment.

Rapid strides in television development have been made in the past
three years. The Bell system gave a practical demonstration between Washington and New York in April, 1929, over land lines. The perforr.ers

speakers at Washington were readily recognized on' the receivinz screen
at New York and their voices were reproduced through loud sza::!:ers at
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that point. At the same time a radio television demonstration was given
over a smaller distance, Whippany, N. J.. to Nov York. 22 miles. Crystal
systems for controlling the frequencies at both the receiver and transmitter
eliminated the necessity of transmitting synchronized currents, this feature
being added in 1928. Other improvements made possible the transmission
of television scenes from the open air with ordinary sunlight and the transmission and reception of televisitm in colors. The General Electric Co.
has been active in this field and gave a demonstration of television the full
size a a moving picture screen. C. Francis Jenkins, of Washington,Jtas also
been active in this field. European scientists have also made great progress
along these lines. Baird, in England, has used both visible and infra -red
light and has been reported to have clemonstrated the reproduction of television in colors. Karolus in Germany has perfected a cell through which light
passes in variable amounts tinder the control of an clketric field. This
furnishes a rapid means of varying an intense beam of light. Ilelin, in
France, has been experimenting with optical transmission using a cathode
ray oscillograph and Zworykin, of the Westinghouse Co., has made improve minus along this same method.

The progress made so far has been rapid, but the actual reproduction
u far does not approach the fineness of detail of the regular motion picture.
The outstanding popular tkvelopment in radio is the broadcasting of
11;ws music and other material front radio telephone stations. Norntally,

Fig. 4
.Socket? Broadiast Installation. Dynamic Speaker in patio diiguised

ts a chimney (upper left), residence Philip K. Wrigley, Catalina
bland, Calif.
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the radio waves from a transmitter travel in all directions and spread over
a considerable area, making it an ideal method for one way communication
service to reach a large audience. Station KDKA of Pittsburgh started
the first regular published broadcasting schedules in 1920. Immediately
thereafter the number of broadcasting stations increased rapidly with a
corresponding increase in the number of receiving sets installed to use this
service. By transmitting the same program through a number of stations
strategically located over the country, it is possible to reach a larger audience
than by any other method. This makes it economically feasible to piepare
elaborate programs and employ the highest grade talent and artists. The
program time or lease of the facilities is sold to national advertisers, which
contributes to supporting the broadcast stations. This is a favorable method

of bringing the advertiser's name or the name of his product before the
public, especially tvith the use of original programs and not "over advertising."

The National Broadcasting Co. has three chains of stations totaling 67
Other
stations are sometimes connected in for special features. Altogether over
150 stations arc available for chain transmission, the land line circuits making
transmitters. The Columbia Chain serves 58 permanent connections.

all these connections total over 34,000 miles.

Broadcasting service in other countries has followed the lead of the
United States. In many of these countries, the receiving stations arc required to be licensed and a fee paid their government. Part of these proceeds
arc used to finance the broadcasting stations. Outside the United States
there arc approximately 500 broadcasting stations as compared with 614 in
the United States in November, 1929.
The Radio Corporation of America now has radio -telegraph transmit-

ting stations in the east at Rocky Point, L. I. Marion, Mass.; New Brunswick, N. J. and Tuckerton, N. J., used for the exchange of messages with
about 15 countries in Europe, Africa, North and South America. Australia
is reached via Montreal. The control point of all these stations is located in
New York City and known as "Radio Central". The transmitting is all done
by machine senders. Handling the messages from this point makes it convenient for their distribution in the New York City district. On the Pacific
Coast, the same company has stations at Bolinas, Ca:if., Kahuku, Hawaii and
Manila. Associated receiving stations arc located at Marshall, Calif., Koko
Head, Hawaii and Manila. These stations transact business with Hawaii,
four points in Asia and the Philippine Islands.

The Tropical Radio Co. transmit from Miami or New Orleans'to 13
different points in Central and South America. During 1929.thI English
radio and cable interests were merged. A similar Merger tias begin under
discussion for the American interests.
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Additional extensions have been made to the transoceanic radio -telephone
service, principally due to improvements in short wave transmission and reception. In September, 1929, the transatlantic telephone service was placed
on a 24 -hour basis. A telephone subscriber in the United States can now

reach anyone of more than 28,500,000 telephones in the United States,

Fig. S

Airp:ane equippeel with rigid vertical antenna for short ware reception.

Canada, Cuba, Nlexico, twenty European countries and Ceuta, Africa. The
new extension In Argentina. South America is to he opened in 1930.
Extensive raditptelegraphie service betwrcn ships and shore stations and
between singes is maintained by the Radiontarine Corporation of America,

Mackay Radio & Telegraph Co. and others. Transmitting stations arc
located along the Atlantic anil Pacific Coasts. Gulf Coast and Great Lakes. The

most powerful station of this type is located at Chatham, Mass. This station can communicate with ships on their entire trip across the Atlantic. Approximately 12,010 ships arc equipped. The obmiletc spark transmitters arc
being rapidly replaced by vacuum tube transmitters. resulting in more reliable
service, greater service range* and freedom frinn interfering with broadcaA
programs. Radio compass stations are in continual operation. ambling ships
to obtain their exact position while located up to a few hundred milts front
sltore.

The U. S. Navy system furnishes locations to ships as requested but can
only handle one request nt a time along a given section of the coast. .The
Lighthouse Bureau system is different. having radio beacon transmitters on
land and requiring; radio compasses aboard the ships. can handle unlimited
traffic. Yhe number of such beacons along the American coast is approximately J5 and throughout the rest of the world there are 57 others. In the
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middle of 1929 over 1,903 ships were equipped with radio compasses, and it
should be mentioned that this feature is not required by law. This device is
extremely helpful in locating ships in distress and several notable rescues
have been effected in this manner. The trend is to equip all ships with radio
apparatus and the larger boats also with radio compasses.
On the American Airways, radio beacon transmitters arc being erected
rapidly to guide the pilots. The associated receiving apparatus on the plane includes an electrical indicator showing when the plane is following the exact
course or showing the deviation either side of the course. Some airway transport companies arc equipping their planes with radio -telephone apparatus enabling communication between planes and between the planes and the airports.
The Department of Commerce in addition to maintaining the beacon stations
also has a complete set -vice for supplying weather information to the plane
pilots. Continuum. wave telegraphy is being used for long distance communication over the airway water routes.
The latest achievement of short wave transmission (fall, 1930) was the
international broadcast originating from three widely separated points.
United States, Great Britain and Japan. President Hoover spoke from
NVashington, Prime Minister MacDonald from London and Premier Hamaguchi from Tokio. In each case the principal speaker was also pros ided with
a receiving equipment sn that he could hear
other speakers after he had
finished. They n11 spoke on the London Naval Treaty, and the radio pm -

grams were made available throughout the United States, Great Britain.
Japan and any other country equipped for short wave reception, as the transmission in addition to being sent over the regular broadcasting chains was
also forwarded through the short wave transmitting stations of these chains.
Almost simultaneously, the A. T. & T. Co. announced the opening of the
extension of telephone service from subscribers in the North American Continent to Australia, via England.
Reviewing the present status of short-wave transmission as related to
broadcasting we find there is a definite trend toward the use of these higher
frequencies, especially for long distance communication. It is believed broadcasting will be supported by the revenue from the advertisers. In any event,
economically, the broadcasting stations must reach the largest possible atrdicn,cc and during the daytime as well as at night. Under present circumstances,
the large cities are given the best service and a fairly large area around each
of these cities is covered in an effective manner. Sonic of the medium-sized

communities have some of the advantages of metropolitan broadcasting
through the adaption of ''chain programs." Electrical reproductions, using
phonograph records are broadcast by the stations, in smaller cities, a substitute for practical talent.
It is estimated that a high -power broadcasting station such al wEAF
and WJZ (New York) using a power of 50 kildwatts, could be depend d upon
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to serve the Metropolitan district or Greater New York only. Even under
these circumstances, there are certain locations within the city, which due to
shielding from the high steel buildings, bridges, etc., arc not served satisfactorily. Station KDKA (Pittsburgh) with a view to extending the service
range, has installed a new type of transmitting antenna designed to provide
sufficient power for good local reception arid at the same time to divert a
good percentage of the power from the arcial at a higher angle that will enable it to reach a greater distance satisfactorily.
Tht daylight range of high -power broadcasting stations varies greatly
and different results arc noted from observation points throughout the
country. For example from New York City it is difficult to obtain satisfactory daylight reception from any distant stations except possibly from Philadelphia or Schenectady. However at Philadelphia or Schenectady good reception can be obtlIned from the New York stations during favorable radio
weather. Down through the southern states, even as far as Miami, WEAF
and WJZ can be received in the afternoon, providing weather conditions are
favorable and during the winter months.
Observations made from an experimental laboratory at Altoona give
some interesting data. This city is at an altitude of approximately 1,000 feet
and partially surrounded by mountains that raise to approximately 3,000 feet.
It is usually quite cold during the winter and at that time coast reception is
commonly expected. The daylight range varies greatly, however during the
winter and on cold days a range of 500 miles can be covered satisfactorily,
using a sensitive receiver, During the summer, daylight reception of broadaisting stations over any distance is uncertain and invariably unsatisfactory
due to static interference, that is as far as the regular broadcast band is concerned.

Now on the short-wave bands we find an entirely different situation.
Even during the hotcst summer days, when statfcinterference is unbearable
on the regular broadcast band, the short -ware stations such as WJZ and
WABC in New York and WENR in Chicago, the first named about 300
miles distant and the latter about 500 miles, away arc received very satisfactorily, on about 47 meters. Under exactly the same circumstances, the identical prograivs from the same stations being sent out on their regular broSdcut wavelengths could not be received. Now the most interesting point of
this comparison is the fact that the power used on the short wavelengths was
only a small fraction of that used on the broadcast band wavelength. Short
waves can therefore be used as a medium to extend the daylight range of
broadcasting stations and to an area which is practically without limit.
In the tropical countries static interference on the regular broadcast 1!and
is of very serious proportions and the radio season Iv: any distant reception
is extremely short, in most of these countries. not over four months, corresponding to their winter season. After that period their source ol enter-

Fig. 5(b)

to the main Central Control Position in New York.

Receiving Station at 114xilton, Maine, for transatlantic rblio telephone communication between the enited State!. and
F.nglanti. Thit- system works on long was lengths and is stipplensetuary to the three assrciatol links which work between
these two conntrics on slvrrt waelength. The rtcautunieations received at this point are sent over land telt:pin-nit lirat's
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tainment is limited to the local stations or short-wave transmission from distant stations, and there is a greatly increasing interest in the latter. A good
short-wave receiver in Havana, Mexico City or similar tropical locations will
give satisfactory reception from New York on short waves and with service
day or night. The service is of course not limited to the reception from New
York, as their are many other European and other foreign stations to choose
from.

In the United States, the most well known short-wave transmitters. are
KDKA i(Pittsburgh), \VGY (Schenectady), WJZ (New York) and WENR
(Chicago). There arc numerous others, all of high quality and becoming
more popular each day. In Continental Europe, PCJ at Eindhoven. Holland,
due to its pioneer work is probably the most internationally popular short
wave broadcast station; confirmed reports on its transmission have been received from practically every part of the world.
Japan's leading broadcasting station JOCK (Tokio) which has been
heard occassionally in California and the west coast on the regular band, has
now added supplementary short-wave transmitting apparatus. The initial
results Nvcrc, very satisfactory and the signals on these wavelengths were
picked up in California and Nebraska with sufficient strength to enable rebroadcasting.

radio -telephone service between the United
Statesoand England, the American Telephone am! Telegraph Co. first installe.1
apparatus of high power and to work on a comparatively long 1%-avelength.

The supplementary link, on the other hand. was constructed to have lower
power but to work on a short wavelength. When additional links were required these were also constnicted for short-wave work.
Short wave equipment is absolutely essential for aircraft installations,
due to the weight limitations. For example .on a transatlantic flight a radio
transmitter weighing 100 pounds and designed for 600 -meter transmission
would have a maximum range of not over 100 miles, not sufficient to be in.
teresting. A similar transmitter, same weight, but designed fur short-wave
work would under favorable conditions enable communication from the time
the plane left one shore until it reached the other.
Short-wave equipment is equally essential for exploration vork.
Byrd South role expedition was in daily communication with the New York
Times Oration in New York City and a daily story of the expedition's progress
was printed in the Times and associated papers. Likewise the Byrd planes
on their flight were in constant conununication with the base via short-wave
radio. The Byrd expedition had capable short-wave receivers which enithled
the reception of short-wave broadcast entertainments, including special pro-

grams sponsored for their benefit, these usually being, sent tbrough station
KDKA. It is of course not difficult to sec the many advantages of such a
communiattion system and what it would have ineant to some of the ,early
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Fig. 6

Edward Start; five language
atinconcer. at short-wase sta-

tion PCJ. Einclhovrn. Holland.

explorers who ran into difficulties awl had no means of summoning assistance.
The Polite telegraph and telephone systems in the large cities are quite
complkated. They have been effective althinigh there has always been the
disadvantage of lack of direct communication between headquatters aturthe
mobile units. Short-wave radio equipment is now in use in over a dozen
cities of the United States for dime' communication between headquarters
:And the mobile units such as Ciders automobile, Squad Cars, Riot Cass, etc.
Fur this thus of communication within city limits, the use of a short-wave
channel is not essential. 1Vavelengths above the broadcast band are not

available for this purpose and accordingly a frequency had to be selected
which fell below the broadeast band. The transmitting station is supposed to
have sufficient power to reach any of the mobile stations regardless of where
they may be located in the city. The automobile receivers used are of rugged
construction and not cap le of any fine adjustment and for that reason the
power requirements at the transmitting cnd arc higher than actually necessary.

From New York. it is not unusual to hear the Detroit Police transmitting
station; So far the police radio systems have the decided disadvantage of not
having any secrecy feature and the communications or instnictions arc open
to anyone with the sane type short-wave Ma -king set.
Recently a complete radio -telephone installation was inadt upon one of
the New York City Fire Boats. The demonstration given was to sow now
constant communication could be had between Firc Headquarters and the
boat under all conditions. The apparatus used was of special design and Construction so that a skilk-d operator was not necessary at either cnd. Previously. once the boat was dispatched, it was impossible to recall it until "ir had
reached its destinatiop, a decided disadvantage.
In 1932 ;here will be an international radio conference at Madrid 7hich
promises to prove very interesting. Undoubtedly the regular broadcast band
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Mg.

14.4 Tranunittcr, Eindhoven.
The Eindhoven btatiou is one of the piusieer short-watc trainonitters
of the world. The frequency turd is maintained by a quartz crystal

oscillator, in a combination with frequeni.7 doubling stages. Tlbe final
power tubes arc of the water-cooled type. individual indicating
meters arc placed at all essential point,. to cheek the 411CrailM:

P CJ bas a daily progr.un and a StIlitstulfy of all repnrts
received intricate; that the star of had. a v.arldwitle range, during
COrlditiOn.

favorable radio etaklitions.
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will be extended beyond the limits of 200 to 560 meters. Canada has already announced its intention to place some of its stations on wavelengths
between 560 and 600 meters which is higher than most receivers at present
in use can tune to. This coming conference will probably influence the design
of new broadcast receivers during the coming year or two. Without any
doubt these new receivers for broadcast reception should be suitable to use

with a short-wave super -heterodyne adapter and in addition the receiver
should preferably cover a wavelength range of approximately 150 meters to
650 Meters and provision made to extend the range still higher if Jcquired
at a later date.
It is of course difficult to design one radio receiver which will cover an
extremely wide wavelength band. The tuning condensers most suitable for
the regular broadcast band arc unsuitable for the shorter waves, likewise the
small tuning condensers required for short-wave work ark nut satisfactory on
the broadcast band. Furthermore below 20 meters, the receiver design problem becomes still more complicated. It is believed the average experimenter
will prefer, as a matter of convenience, a radio receiver that will cover the
broadcast band and still give good results on the shorter waves at least down
to 20 meters. This can be accomplished in at least two satisfactZn-y manners.
In one system the regular broadcast band is covered by a high-grade tuned
radio frequency receiver; the short-wave band covered with a super-heterocl!..ne adapter using the tuned radio frequency receiver as the intermediate
radio frequency amplifier, second detector, audio amplifier. The efficiency of
this arrangement is only limited by the performance of the tuned radio frequency receiver. With this system, the adapter can lie designed to work at
a very high degree of efficiency. Furthermore if the tuned radio frequency
receiver has interchangeable radio frequency transformers the tuning range
can be extended above the broadcast band as may be required.
The second possible vatern would consist of a super -heterodyne receiver
designed for the broadcast band, but having interchangeable coils to extend
the range down to the short-wave bands. To secure good results, the tuning
condensers should be in two sections, the entire condenser being used to tune
the broadcast bands and only part of the condenser for the short waves. This
would be a complicated design if single dial tuning was specified and undoubtedly result in low efficiency. The super -heterodyne ICI be selective
should have tuned filter circuits preceeding the first detector for operation'on
the broadcast band. It would be difficult to continue to use these on the shortwave bands and they would have to be switched out of the circuit,
At the present time, the short-wave receivers generally available for experimental purposes do not compare with the apparatus used for commercial
,purposes as des,-cribed,in this text. The main reason being that they arc built

to a price which of course immediately limits the performance of the apparatus. At a later date when the advantages of short wave are more gen-
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Fig. 7(a)
NVave Aerial at Itoulton. Ntaine. Used for TranhattatAit Radio Telephone Itercpti,os
From England (on the Long -H'av'e

trally appreciated it is expected that much higher -grail' receivers for this
purpstm, Will

At the present time the broadcast transmitters, as far as meeting the
scientific requirements are concerned, arc far superior to the regular rim of
brbadcast receivers. There is a definite reason for this and it is a matter of
price comiderations. At the transmitting end. the owners have gime to almost unlimited expense to have the best equipment possible. In the first place
preliminary investigations are made to find a suitable location for the transmitting apparatus, rentoml front the city limits and at a point which wit! give
efficient wave propagation. At this location it is necessary to crcct

steel towers for the antenna system and to either construct an elaborate
ground or counterpoise system. Then there is the construction of the main
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building and service !millings. The transmitting apparatus in the main building and the associated power equipment alone could cost one lnlinlred thousand dollars.
The studios most be lueated in the: city at a prominent location and a
leading station must have five to seven different studios, the proper construction of which is an expert's work. Associawd with the studio arc the monitoring rooms, main control room with 11w amplifying apparatus for each of
the studios. Provision must be made for studio, telephone and signal lines
between the studio control room and the transmitter located outside, of the
city. Similar facilities must also be in -tolled to communicate and connect
with other stations throughout the country when the station is operating as a
unit of a chain. Tlw main offices of the operating company are usually housed

Fin. 8

PC) Trammitter.flown_
In this view the water-cooled power tubes are shown with the associated tuning
ittilit-tutees and other instruments. Nutc that the retaining frame of the transmitter
's built of %vivid to prc.ent electrical abwetAion which would occur with metallic
structures.

In urdct to continue new experiments the apparatus his not been as embled
is a permanent shape.
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in the same building as the studios and this requires still more valuable space.

Figuring on full service, it is readily seen that a force of 200 to 300 employees would be kept busy to run a high-powered broadcasting station of
this type.
Tile transmitting stations are made practically in an individual manner.
Each new instrument manufactured has the new improvements that have been
made due to continuous research. These new improvements arc often added
to older transmitters although they have only been in service a short time.
Oa the other hand take the situation with the radio broadcast receivers,

the tendency during past years has been toward lower prices and yearly
models, There is no doubt but what the leading manufacturers have all the
necessary data which would enable them to build radio receivers that would
have the ability to meet all the scientific requirements, However, this cannot
be accomplished
there are price limitations. An example of this which
ordinarily would not seem important, is the console cabinet. Unless in designing the cabinet, there is sufficient distance around the cabinet between the
frunt of the dynamic speaker and the back of the same speaker, it is impossible for the speaker to reproduce low musical notes below certain limits.
This factor is entirely neglected in most low -price designs. Considering the
dynamic speaker itself, the best type available costs inure than a low-priced
set. In other sets the low-priced type tubes are selected so that the total cost
of the set will appear competitive.
The ideal radio broadcast receiver, built without -price limitations should
be constructed as a scientific instrument, in which case it would not be suitable for installation in a drawing room. On the other hand, the apparatus
could be built properly along the above lines and installed in the basement or
attic of the residence and tuned by remote control. Possibly apparatus of this
type will be available in the near future.

CHAPTER II
Short Wave Propagation
In presenting this buok on short waves no attempt willbe made to explain the theories relating to alternating current circuits, vacuum tubes and
associated equipment. There arc books covering these various subjects indi-

Fig. 9
Sunrise. Easter% United States. Must
favorable conditions for low -power
cummunications with New Zealand
and Australia. The eartles inclination
corresponds to November or February.

vidually, it: a complete manner and where there is sufficient space available
to explain the theories properly. however, in order to appreciate the modern
applications of short waves as described in the following chapters, this can
best be accomplished by reviewing the subject of short wave propagation.

l'riur to the use of short wavelengths the various commercial wavelengths were on the order of as high as 2000 meters and extending down
to 600 meters which w °I ormerly the wavelength for commercial ship to
shore traffic. There were also emergency marine wavelengths of 300 and
450 meters, particularly fax small boats and a wavelength of 200 meters for
the amateurs. On these wavelengths field measurements showed that the
strength of the signal diminished gradually with increased distance from the
transmitter. It was found that the distance a radio wave of, given power
would travel over water was about three times that it would travel over land
and still be useful for the reception of the signals with the receivers available at that time. In a like manner the same waves travel over a plain surface free from obstructions over a much greater distance than they would
travd over a mountainous country. This is illustrated in the accompanying
skaelt Fig. 12 which shows a relative signal strength as received by a ship
in the North lAtlantii? ship lanes and also the =me relative signal strength
received from the same station but from points inland from New York and
33
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over laud. The same illustration shows the shielding effect of a mountain
kx.med iu between the transmitter awl a ship receiving station. in two
In the first case the ship located alongside the mountain is unable to
receive signals from the transmitter because they arc (le...fleeted by the mountain awl pass completely over the top of the strip's aerial. In the second case

Fig. 10
Over Top of the 1Vurld- If they fullow the alinrtcyt (Great Circle) routes,
signals (ruin (:hicago would shave

Greenland to reach Central Europe.
cut the Arctic Circk un the way to
the Philippine 1$1ands, and era's the
North Pole un.a direct line to India

with the ship 500 miles away, the wave signals arc again within reach of the
ship's aerial. A good idea of the action of the long wave signals is had from
the performance of the broadcasting stations in this country m the years 3923
and 1924 prior to great congestion. Operators of broadcast receivers in

the East generally found that reception from the Southern stations was
much more impressive than reception from the Western stations particularly
those west of the Rocky \low:tots. 500 watt stations located in the South
came in very regularly with very great signal strength a distance of up to
approximately 1.000 miles. Stations west of the Rocky 'Mountains of the
same power awl approximately the same distance away were received with
great difficulty due to the obstruction presented by the mountains in between.
It was also found that the daylight range of these stations was Very limited

and reception from a di,tance of 500 miles during daylight was obtained
only wits' very sensitive receivers and under favorable conditions. It was
found that the night range of the same station was greatly increased and particularly after midnight when there was complete darkness between both the
tran.mitting and receiving points. There were additional obstructions to the
progress of the regular wavelengths such as ore deposits in both mountains
and along level ground and the masses of steel structures in cities presem:d
an obstacle to the successful reception of signals within congested parts of
the city. Prior to the developinent of receivers :taving high sensitivity there
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were certain spots in New York City where it was very difficult to obtain
any distant reception at all. The action of short waves as propagated into
space is altogether differemt and there arc very many variable factors. The
possibilities of long distance short wave transmission with relatively small
flower was perhaps first demonstrated by the radio amateurs throughout the
world. With the event of broadcasting the amateurs operating spark trans -

1g. II
Sunrise

in

Eastern

Visited States.
rontlitunis for
power cotunninicatinni with Ettrope

shat faroraltk

and Africa. The earths incliosstinn

curresponds to Novrinber or February.

miners on 200 meters created considerable interference with the reception of
broadcasting signals. New regulations were introduced prohibiting the use
of spark transmitters and also appointed lower wavcicngths exclusively for
their use, down around 80, 40, and 20 meters. This necessitated the development of new equipment and transmitting systems. The amateurs were soon

very surprised to find that with this new apparatus using the short wavelengths they were able to rstablish communication in an irregular manner
with similar stations located in other parts of the world. They also found
that certain of these wavelengths were entirely unsuitable for night work
and other wavelengths were unsuitable for day transmission. Commercial
companies also started developments and soon realized that with short-wave
transmitters of relatively small power they were able to establish communimanner titan they
cation between widely separated points in a more of
had been able to accomplish with much higher power and more expeasive
equipment. The development of directive antennae which concentrated the
transmission in a desired direction and development of directive receiving
antennae which were particularly partial to the signal desired and eliminated
signals coming from other directions, made it possible to establish communication systems at an es -Anse representing only a small part of that required
for the previous long wave systems. Figs. 9, 10 and 11 outline the favorable
conditions for transmission abound different parts of the globe. The de-
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veopment of short-wave propagation has been so rapid, the desire to secure
results has been more important to the engineers than studying and explaining their action in space. Fig. 12 (a) shows the difference between long,
medium, short and ultra short waves. The wave length is figured by tare
number of cycles that occur in a time interval of one second. It will be noted
that the greater number of cycles per second, the shorter the wave lengths
will be and vice versa. Radio waves arc similar to light waves except in sizt.
Accordingly, it is possible to visualize their action by studying the performance of light waves on a small scale. The radio waves leave a simple
antenna in practically all directions, see Fig. 13. The ground below cuts off
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Relation signal strength to distance. long waves

transmission below the horizontal absorbing part and reflecting part. An
analogy can be made by comparing an electric bulb resting on a dark surface.
The glare or radiation from the bulb filament will extend in all directions
diminishing as the distance increases from the bulb. The light striking the
Idwest. surface will be partially absorbed and partially reflected, see Fig.
12 (b). If the supporting surface was a light paper in place of a dark paper
there would be a large percentage of reflection up again towards the top. If
the horizontal surface wa.s a mirror we could see an inverted image of the
filament below the actual one, Likewise, in actual operation if the 'ground
below the antenna is a good reflector there is a well defined similar imake of
the antenna below the ground level. With the ground a good conductor and
a good reflector, the radiation is, of course, more efficient. The ideal ground
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Light Filament Analogy of a Traiteniitting Antenna aline conducting grooniL The filament behind the screen radiates light
in H directions. The "grinitir alivirlis sortie ni the light, but
reflects the rest of it to reinforce that tussling directly from the
filament.
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is, of course, sea water. In some locations a salt water marsh is a similar
good reflector. However, there have been cases where the marsh and other
damp ground was not suitable in which case it was replaced by a metallic
reflector in the form of what was known as a "counter -poise" aerial. This
consists essentially of wires elevated above the ground and located directly
beneath the antenna. The actual height of the antenna above the ground or
"counter -poise" has a definite erica on the radiation quality of the antenna.
The above relates to a simple form of antenna. It must be remembered.
however, that the antenna can be actually designed to have shapes wh:ch will
give definite radiation qualities as far as directional effect is concerned. In
the illustration of horizontal radiation it will be noted that there is a large
percentage of ground absorption although this is less for short waves than
for long waves. These effects arc further complicated by the fact of [noun -
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tains or steel structures dose to the transmitter which may cause shadows
and the effect is sharper for short waves than for long ones. In the transmission of light there is the same effect and it is more pronounced for the
red than the violet rays. The same action is true in the transmission of
sound. In the transmission of sound an explosion on one side of an obstruc-

tion is heard from the other side with greatest intensity at the lower frequencies as these turn more easily around the obstruction than the higher
onesc An extreme form of antenna reflector would be an electrical arrangement which gives the same effect as a searchlight reflector gives, to light.
This enables concentrating the transmitted energy in one particular direction
practically as a beam and this can be pointed or directed as required. A
system of this type is used in a transmitting equipment designed to work
between Germany and Argentina, see Fig. 15.
The amount of accurate data on the nature of ionaed region above the
earth is of meager proportions. Man has only been able to explore the regions up to above eight miles above the earth and then under difficulties which
do not enable any extensive observations, see Figs. 13 and 14. It is believed
that more useful information will be secured possilily through the use of
observation balloons capable of ascending to much greater distance or with
rackets. In the early days it was assumed that the earth's upper atmosphere
could only absorb radio waves. Two early experinienters. Kennelley and
lleaviside, both suggested about the same tune that lung distance comAntnication must be the result of scene reflective or refractory effect in this upper
region. This resulted in a rough theory that there was a definite layer or
surface located a certain distance above the earth completely around its circumference which acted as a reflecting medium. Others disagree on this point.
Inasmuch as the air pressure decreases with altitude as we ascend from the
earth's surface some assume that reaching a high enough altitude a vacuum
would be encountered. Su. far the balloon observations carrying meteorological instruments have only ascended to approximately 20 miles. It is obvious
then that future investigations at higher altitudes arc going to present some
very interesting studies. However, there are observations of the action of

light waves in the higher altitudes which are quite definite in action, the
scattering of short light waves making a blue sky and the transmission of
long ones producing the red sunset. There is also a pronouncedeffer,t of
persistency of twilight after sunset and appearance of dawn. The twilight
is, of course, caused by the sun throwing light waves on the air high over
head and the fact that it lasts about an hour indicates that the atmosphere
up ib a height of 40 miles is dense enough to scatter light. This observation
kr`at an altitude approximately twice that obtained with any sounding balloons. Anot)ter obsCrvation is the action of shooting stars or meteors. It is
believed that they arc small particles of iron or rock approaching the earth
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at velocities estimated at from ten to fifty miles per second. It is also believed they originated from the break-up of comets by the sun's radiation
pressure and that the comets themselves originated from the Orion nebulous
regions when the solar system was passing through them millions of years
ago. In passing through the rarefied atnsosphere 100 or more miles above
the ground frictional heat is developed and the object glows brilliantly and
usually burns out before reaching the earth. There have been observations,
made where the meteor reached the' earth in a flaming condition, Fig. 25.
In observing the action of these meteors closely, hydrogen and heliuni lines
are indicated in their spectrum leading one to believe that the upper atme.
sphere is composed of these two gases. From photographs of the actual trail

of meteors there are variations in the light intensity of the object itself

Fig. 15
Reflector Type Transmitting Antenna.

thought to be caused by successive explosion of. the surface layers as they
are heated, vaporized and worn away. Assuming that an observer was carried
to a considerable height above the earth, possibly in a rocket, the following
action would take place: in the first place the air pressure diminishes rapidly.
The blue sky changes to violet. At between 50 and SO miles the common
nitrogen and oxygen pass and we come to hydrogen and helium. The violt,t
sky fades to bloc. Planets and stars appear despite the sun and the sun
Whinex bluer and more intense. Finally, at 500 miles, the sun shines brilliantly on the rocket and its trail, the sky is completely black and stars arc
very brilliant and far below appears the dim bulge of the sunlit earth. Tlw
foregoing gives a clear picture of the upper atmnsphere. We will now con skier the behavior of radio waves propagated at high angles. A difluiegas
subjected to certain radiations causes the following ,actions: electrons ..re

departed from some of their atoms and scatter about by thcmseelves or attach
themselves to complete atoms. Three components arc therefore contained
in the gas: free electrons, positive ions (atoms which have lost. electrons)
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and negative ions (atoms which have picked up extra electrons), and under
these conditions it is said to be ionized. It is, therefore, believed that the ionization of the upper air makes it possible for the radio waves propagated at
a high angle to be returned to the earth. It is further believed that the ionization begins at about 20 to 30 miles, increases to 100 miles or more and thereafter does not increase and may possibly decrease. The principal muse of

this ionization is the ultra -violet light from the sun which strikes only the
daylight portion of the hemisphere. This source of energy throws out at
inconceivable speeds myriads of actual electrons (# particles) and many
,..ns (a particles). Unlike the ultra -violet, these particles do not continue
towards the sunlit part of the earth but many of them follow the lines of
force of the earth's field and converge at the magnetic poles. From that point
they may migrate towards the equator to some extent. This form of ioniza-

tion concentrated, has remarkable visual proof in the amora borealis and
aurora australis and colorful displays of diffused light which seems to radiate
from the magnetic poles. It is a fact, however, that the green (oxygen) line
of the aurora is always present in the night sky even at the equator. This
requires a supplementary explanation of night ionization. One theory is that
cosmic radiation--clectro-magnetic waves about one -ten millionth as long as
visible light waves-that appear to originate from the destruction of atoms in
the great suns that we call stars. Generally speaking, we can assume that
tl. ionized region is more intense and extends lower in the daytime and is
less intense -and high at night, also that it is more intense and lower in sum-

mer than in winter. It was pointed out before that ionization detects the
presence of electrons and two kinds of ions. As far as short-wave transmission is concerned, ions are of little importance the important thing being
the number of free electrons per unit of space-the electron density. Increasing the electron density decreases the dielectric consonant of space and
as the velocity of the ratErr wave is inversely proportional to this dielectric
consonant to increase velocity above that in empty space. It is seen, there
fore, that a radio ray (or beam reduced to negligible thinness for convenience
of discussion) is entering a less dense or lighter medium when it enters an
electron bank similar to the manner in which light waves enter a less dense
medium in passing from water to air or from glass to air. A ray entering a
less dense medium at an oblique angle will, of course, be bent out of its

straight course or refracted, Fig. 17. A radio ray entering a region of increasing electron density acts in a similar manner and having left the earth's
surface on an upward slope is bent down again towards the ground. In addition, any one ray is actually refracted into four different rays or, to simplify
the discussion, we will only consider one of them. It seems unreasonabre to
be ;o definite about dia. action of these rays which are invisible so far above
the ground. However, the 4eneral hypothesis is borne out by experiments
under varying methods and the exact evidence is accumulated. In past years
a theory was presented that radio waves were reflected from the under stir-
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face of a fairly ionized (conducting) layer and this may possibly occur occasionally.

In most cases, however, the ray is refracted (bent traversing

through mediums) rather than reflected (made to rebound by a surface that
will neither absorb nor transmit it). It is more convenient and simple to
discuss the phenomena and show the action graphically on a reflection basis.
The "refracting layer" indicates the region where the ray begins to bend
and where it starts downward. The "equivalent reflecting layer" indicates

Fig. 16
Probable appearance .of things in the ionized layer. The
Goddard high -altitude resket. rally man-inaik contrivance
e.spable of reaching these heights, manioc! up iron the earth
dimly risible hundreds of miles below, gleams in the light
of a blue white son. which blazes against a black sky filled
with !brilliant Am*

hypothetically the reflecting surface the result of which would be the same
downward directing action as a given refracting layer. It should be remembered that the actual summit of a ray in general for short waves is about
three-quarters as high as the equivalent reflecting layer. In the illustrations
of the light beam analogy, Fig. 21, the light beam slopes up from one of the
miniature stations on the ground, strikes the layer and is reflected gown to
the other ground station. In referring to the layer height and chanIrs, in
that altitude it does not mean that anything definite ,or tangible has
physically moved. It would rather indicate tint changes in the ionized region
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that may be a particular layer which is refracting certain radio rays, a higher
or lower one, actually the effective layer height varies slightly with the inclination of a given ray and varies widely with the wavelength, ,perhaps twice
as high on 20 meters as on SO meters. However, great variations of layer
height are noted according to the season of the year, summer or winter, and
day or night. It follows tlett it is lower in summer, higher in winter; lower
in the daytime, higher at night; intermediate for the fall and spring and early
morning and late afternoon; lowest cm a. summer day, highest on a winter
night. It is believed that the effective height under these varying conditions
is approximately as follows: a simmer day 50 to 100 miles; a summer night
150 to 220 miles; fall or spring day 80 to 150 miles; fall or spring night 200
to 300 miles; winter day 100 to 170 miles; winter night 300 to 500 miles.
Over the North and South pules the layer is probably very low in summer
due to perpetual daylight and very high in winter on account of continued
darkness. The actual effect of the height layer Fig. 18 is that the lower
layer discriminates against long waves in favor of short and ultra short ones
while the high layer favors all the waves that it bends down at all. The exact
action is explained later on. Immediately below the refracting layer possibly
there is an absorbing layer. Just below the refracting layer thek may be an
absorbing layer, an important consideration for wavelengths around 214
meters but negligible for waves under 100 meters. In one of the illustrations
(Fig. 19) it shows you that a luminous body in water can signal to another
point overobstructions by using the reflection over the water surface. At
rather large angles front the perpendicular this reflection is possible but of
course as the .ray increases in elevation it will reach a point where it has no

reflection downward at all but instead passes out of the water entirely
although possibly somewhat refracted. In addition, there is one outstanding
ray which follows a middle course and skirts the water surface which is most
useful for communication, under these conditions. 'I his might be considered

the limiting ray. In the case of water and air this critical angle is 48.5 deFollowing the laws of reflection the limiting ray descends at the same
slope as the ray which ascends although the ray just above it would not ascend
grees.

at all. Practically the same effect takes place in the downward bend of the
radio waves refracting (or equivalent reflecting layer). In the illustration
(Fig. 18) given where the angles are complementary or added up to 90 degrees the limiting ray returns to earth at its ascending inclination; the next
higher ray does not bend downward at all but skirts the layer ; all rays still
higher pass off into space useless for any communication upon the earth.
The inclination of the limiting angle varies with the limiting ray in general
anti limiting angles are lower for the short waves and correspondingly. low
fa: any wave as the laver rises. The following values of the limiting angle
have been giv;n by Taylor: for example-at an equivalent reflecting layer
height of 1,000 miles correspbnding to a spring day 54 degrees for 40 meters,
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18 degrees for 20 meters; at 2 and 20 miles, sununer night, 53 degrees for
40 meters, 14 degrees for 20 meters; at 500 miles, winter night, 52 degrees
for 40 meters, 0 degrees for 20 meters. The limiting angle of 0 degrees
means, of course, that even the tangent or horizontal ray is above the limiting
angle and long distance communication is impossible. The critical wavelength
is considered as a short wave length which can be used for a given laver
height. This approximates 25 meters for 500 mile layer, 11 meters for 100
mile layer. A rare summer day occurrence is a layer as low as 40 miles
which would make 5 meter long distance work possible. After defining the
''miting angle and the limiting ray we can better explain the "skip distance"
which is the distance to where the limiting ray first returns to earth measured sometimes frrm the transmitter and sometimes from the limit of the
ground wave which at hgh frequencies only extends out 30 to 50 miles. As
the wavelength decreases with the same wave layer height the skip distance
increases. Therefore, at certain times of day we can communicate between
points on 40 meters but not on 36 meters. With a given wavelength skip
distance increases as the layer rises: the limiting angle is lower and a given
ray can rise farther or bend downward. This is shown in the accompanying
diagrams. In actual operation the skip distance may be considered as follows: height of equivalent reflector, 100 miles, no skip on 80 meters, 100
miles on 40 meters, 500 miles on 20 meters and 1,000 to 2,000 miles on 10
meters; a layer height, 225 miles, skip effect hardly noticeable on 80 meters,
200 miles do 40 meters, :pproxiniatcely 1,0(X) miles on 20 meters and en the
10 -meter length it never returns. Considering a layer height of 500 miles
there is a very short skip effect on 80 meters, about 400 miles on 40 meters
and on the 20 and 10 meters it never returns. In the rase of an aeroplane
short-wave transmitter there uay nut be any skip effect noticed if all rays
below the horizontal cover all the ground which would normally he skipped.
In general it may be coiattJercd for any middle range as day brightens we
may use shorter waves and as night approaches we should use longer waves.
It is not unusual for signals to be heard within the skip distance and is accounted for the ground wave or "throw -back" theory advanced by Taylor
and Young. They reported cases of echoes at a Washington transmitter which
seemed to come from Labrador and the Southwest and some later throwbacks on 15 meters which came from the ocean. The size of the ground on
rough water slopes in relation to wave length makes this theory possible. It
will be shown later on that in addition to this one skip distance on very short
waves there may be several skips outside the first. Referring to the first discussiin of ground absorption within the transmitter and the latter discussion
of.i;imiting rays it will be seen that the rays useful for communication .gill be
included between the limiting ray and the lowest ray not absorbed by the
ground inasmuch as all these rays return to earth. Higher rays will not
return to earth and lower rays will be absorbed. The height of the trans-
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mitting aerial and the topography of the surrounding country all have their
effect on the lowest useful ray. In actuality this ray is much lower for the
shorter wave than for the long or the limiting ray is also lower. In general
it may therefore be considered that the lower angle is most useful on short
waves and the higher angle on long waves. This means that with only lower
refraction it will travel farther along the earth's surface. Furthermore, it
may be reflected upwards again and refracted down several times; it is expected that each earth reflection absorbs energy and we may now state the
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great advantage of short waves: that bring permitted the use of lower useful trays. they traverse farther along the earth's surface on one refraction
or on few refractions and reflections with less consequent lots of energy.
For long wave communication it is, therefore. desirable to use the shortest
possible wave and we find that the strongest signals arc always just beyond
the first skip distance. Referring to the accompanying diagrams it indrates
how the extreme refraction is governed by the layer height. A station '.le siring to communicate with another separated 2,500 miles on, a winter ay
or at a layer height of 150 miles the lowest useful ray will return to earth
far short of that distarre. As a matter of fact around 800 miles is the limit
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for daytime low power work on 40 meters. On the other hand at night
thc same ray can rise to a 500 -mile layer and on its first return to earth will
be well within the 2,500 -mile range. Furthermore, low power communication
from this distance on a winter night is relatively easy. Some considerations
have been left out for the matter of simplicity; nevertheless, it illustrates the
governing principles. The range may be greatly increased on one sky ref; -action by one other possible effect. It is believed that the limiting ray or
thc one just above it does skirt along the layer for a great distance, perhaps
half way around the earth, and then encountering somewhat different refract.
conditions bend down again towards the earth. This effect may occur
quite often even in practice but the scientific opinion and the accumulation of
experimental data seems to indicate that it is the exception rather than the

Fig. 19

Critical Am:le. An equivalent
illustration.

rule and that most extreme distance transmission depends on earth or water
reflection. Referring again. to a light illustration, suppose that we direct a
brilliant and concentrated beam of light obliquely downward on a mirror. We
can sec in dusty or smoky air that the beam is directed upward in practical
form. Substituting a piece of white paper for the mirror the reflecting beam
is less intense and spreads out in a %wider scope. Substituting gray paper or a
rougher surface both the diffusion and absorption increase and continue no
further. With black felt the absorption is practically complete. When the
downward sloping radio wave strikes the earth's surface the same general
effects arc possible. Sea water is a fair conductor and if not excessively roughened by storms a good reflector of short waves corresponding possibly to the
mirror of our light example. Damp ground fairly level is probably a fair reflector Corresponding to rough white paper. On the other hand, ground that
isvety dry and rough most be a poor reflector absorbing nearly all the energy.
Furthermore, the roughness or either water or ground depends on the wavelength. The effectiveness of ground reflection along an accepted theory is a
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subject of debate. Snme scientists maintain that most of the energy is absorbed or scattered. In the case of long distance communication it must be
remembered that three-quarters of the earth's surface is covered by sea water.
Part of the energy is actually lost and short wave efficiency proves that a kw

reflections are desirable, but a fair amount of energy is reflected mirror fashion under average conditions. The downward sloping ray being reflected
by the ground skyward and again brought down by an ionized layer ref ractioa

at twice the distance of the first groundstrike from the transmitter and we
may cenceive these continued up and down all the way around thc circumference of the earth. In actual practice using high powered transmitter,.
"echoes" which have completed the 24,000 -mile circuit some times appear
again at the receiver and spoil the signals. There is also the condition where
the transmitted signal arriving at a point nearly half around the world arrives
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at both directions a short time interval apart. It is obvious that one signal
following the other would cause distortion. For this reason it is desirable
that the transmitted wave be directed in one direction only. More will be
said about chill reoccurring signal. Taylor has presented a series of graphs
covering this subject, for example: on 40 meters with a layer height of 225
miles (summer night) the first skip extends 200 miles out from the transmitter. At this point the signal comes in strongly and front there on it is

continuous with no further skips for the first refracted ground reflection
conies down again before the single refractions have extended out to the
lowest useful ray. If the 500 -mile layer (winter night) is 40 meters the Skip

extends out to 500 miles with no skips thereafter. On a spring night with
the layer at 300 miles we notice the typical ultra short wave pattern the first
skip extends out to 2,000 miles at which point the signal is strong and holds
out to 3,000 miles. Between 3,000 and 4,250 miles is the second skip,after
which the signal holds again until 6,000 miles. The ehird skip occurs bet veer
6,000 and 6,400 miles and beyond 6,4(X) miles the signal is continuous. A
10 -meter wave has an infinite first skip unless the layers are at 60 miles or
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lower. With this rather unusual layer the 10 -meter pattern would be subject
to wide skips and narrow signal bands as far as the Antipodes at least. On
longer waves all stations in the signal zones arc passed by several waves
traversing widely different paths. This is also true of short waves beyond
the first or second skip therefore, the patterns are less true in fact than they
arc in theory.
The causcs of fading are all particularly interesting. It has been noted
these have been more violent on the shorter wave and this is attributed to the
nattort of the ionized region and the complicated nature of ray refraction.
She major cause is probably due to variations in the height of the refracted
layer. Ileising has measured the effective layer heights continuously over
fairly long periods during the night and has found that it rises and falls in

Fig. 21

Light Beam Analogy of Ionized Layer Equivalent Reflection. The light raja repremitt radiu waves leaving the tranitititter at high ongk, to be "relkcted by the
itztixect layer down again to a distant receiver.

cycles each of which lasts around 15 minutes. It is calculated that the rising
rate is something like 6 Odes per minute. The falling speed is thought to be
much greater possibly around 20 miles per minute. It may be considered in

general that the layer height swings up and down in slow cadence rising
gradually and falling rapidly. On the other hand in the daytime under the
still's ultra -violet radiation the layer is much steadier and consequently it is
noticed that in the daytime fading is much less pronounced. It is also noticed
that the most pronounced short wave fading occurs at the outer edge of the
skip distance. At this point the ground -strike of the limiting ray may fluctuate back and forth with the signal varying between the maximum and zero.
Further matters must he considered besides layer height. Relative numbers
of el&trons and ions, upper air absorption, the extent of the ionization height,
alJplay some part in determining the effective layer height. The phasedifference between the rays arriving at different paths is quite important and believed to cause a great part of the 50 to 100 -mile fading in the broadcast hand.
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In view of all the varying factors and matters to be given consideration it
would scent fortunate that short wave transmission is as steady as it is. In
the previous discussion reference has been made to layers of uniform height
and it is apparent from long distance work such an ideal condition will hardly
exist, for example, if the night layer is much higher than the day layer, awl
we feel sure it is, there must be more defined slopes at the sunset and sunrise

To visualize these slopes as they possibly occur on earth it is only,
necessary to shine a spot light on a small globe. To illustrate conditions at
lines.

any particular date, we can refer to the sun's dtxlination in the Nautical
Almanac and tilt the globe so that the shadow line is the given number of

Fig. 22

Ground Met -kit Rays.

degrees beyond (for + declination) or short di. (for - declination) the
North Pole. Considering the percentage of path in darkness and the consequent high layer suited to few reflections, sunrise is probably the best time
for amateur work on the 40 -meter band with Australasia. This is particulady true in the Western United States in as much as in addition to giving a
favorable slope thc sunlight in East absorbs interfering signals from ntost of
thq American continent. As an actual fact communication has been carried
on betw"een Te.xas and Australia with the son an hour up in the sky. Ott the
other hand, for communication with Europe and Africa, sunset is preferable.
Communication has been handled between New York and Belgium an hour
before sunset taking advantage of the darkness over most of the patk and
minimum of interference from the West and the layer slope. It does'not
seem impossible that the layer slope may focus several incia9ting rays t to
majority of which would normally go to other regions on a single receiver
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with considerable increase in signal strength. This theory has been advanced

by Wenstrom exclusively. He has reported that the 25 -meter phone signal
from Chemsford, England, received at New York increases very noticeably
about one hour before sunset, continues relatively strong through sunset and
drops off rapidly with approaching darkness.
Taylor pointed out the daylight -darkness layer slope may have a decided
effect on the patterns of ultra -short waves. TOward darkness all skips after
the first tend to close up making the signal zone practically continuous. Toward daylight the second skip and possibly other ones tend to open up and
--eate narrow signal zones separated by wide skips. At 20 meters, therefore.
it may be possible to transmit frinti a western station to an eastern station but
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not from an eastern station to a western station. In other words, we can use
a shorter wave for a west to east communication than for an east to west.
ACTUAL RESULTS

The Radio Engineering Division of the German Experimental Institute
for Aeronautics have made a series of interesting measurements and observations covering the adaptability of short waves for aircraft communication.

Messrs. K. Kruger and H. l'lendl outlined the results in recent writings.
Previous investigations on short-wave propagation have been confined to the
matter of covering relatively long distances. These new investigations covered
the distances now required by aircraft 500 to 1,000 kilometers and the results
obtained present new data.
One of the questions to be decided was whether it would be possible to
cover he entire range of distances continuously with one frequency, or

whejher a series of different frequencies would be necessary. The associated
prf.blem was the influence of the power variations during day and night and
th propagation of these waves.
The following tabualtiod is given describing the apparatus used:
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The Lorenz set generates its high -frequency energy in a single quartz controlled stage. The minimum wavelength is approximately 40 meters, the
limit of practical quartz oscillator crystals for practical operation in a simple
circuit. Telegraph signals are sent by interrupting the plate circuit, so that

the oscillation of the quartz must start each time the key is pressed down.
This arrangement is nut ideal as the sudden application of voltage to the
crystal may under certain conditions excite a secondary wave of the quartz,
which often occurs in crystals of small size, instead of the primary wave; this
causes a change in tone at the receiver or even inaudibility. This is of course
annoying to the receiving operator especially in high-speed code reception.
The Transmitter designated No. 2 in the table was developed to eliminate
1:sese undesirable features. There are two stages, according to wiring scheme

6 (Table 1). The first stage is quartz crystal controlled and has a waves

Fig 23
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Fig. 26
Ilasic Wiring Diagram of Short Wave Traiuntitter for Airtilaoes. Quartz Controllet.1
Type %sit!' Duvlic-ation of Frequency. Design IA'1.--Telefunken.

length range of 40 to 80 meters. The second stage is a frequency doubler,
the minimum wavelength of the arrangement thereby being reduced to 20
meters. The signalling is taken care of by breaking the plate circuit of the
frequency doubler tube (about 200 volts), the quartz -controlled stage, held
constantly in the oscillation condition.

The superposed tone obtained in a receiver from this transmitter is per
reedy clear, easily distinguished from disturbing noises and very suitable for
high-speed radio telegraphy. The same advantage would be obtained if, in
the keyed second stage, a power amplification of the quartz frequency were
provided, instead of the doubling of the frequency. However, in this case,
bemuse of the amplifier circuits tuned to the quartz wave, the coupling would
he too large between the antenna and the quartz stage that continues to oscillate during the intervals of transmission ; when the key is released. Operating such a transmitter, the superposed tone in the receiver daring these intervals would not completely disappear, but only decrease in intensity. This
would impair the legibility of the signals
Tiic quartz -controlled first stage can be used independently, but only with
the disadvantages previously mentioned. The additional cost and complications of adding the frequency doubler stages are therefore well spent, Therefore, the quartz control and frequency doubler were combined in a single set

as an improved type set for aircraft (No. 3 in Table 1). The wavelhph
range of the doubling stage is 30 to 70 meters. Fig. 26 shows the bat-ic
wiring (Fagrarn.

As mentioned tinder the chapter of aircraft equipment, reception in at:
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aeroplane is made difficult by the motor noises, vibration and ignition elmtrical disturbances. The short wave receiver for aircraft must have special
requirements to insure satisfactory operation, outside of the important consideration of size, weight and associated equipment: it must have high amplification in order to produce signals of a greater intensity than the local disturbances (non -electrical). It must of course be rugged in construction and
protected against acoustical influences, in order to prevent the ever present
mechanical and acoustic vibrations from exerting a disturbing influence on
reception. While ignition noise can be reduced, it is more important to maintain a pure constant tone for the receiving operator which enables receiving
messages even through a disturbing background.
Receiver designated as No. 5 was used for most of the observations made
in the airplane. This is a special "Telefunken" design for use in large stations and for aircraft work Wai provided with a third low, frequency stage of
amplification. instead of the heterodyne. Aluminum was used for the cabinet
instead of copper. The results from this receiver were generally satisfactory.
but it did not produce a pure superposed ipite due to vibrations from the air
plane. A good many experiments followed and led to the development of the
short-wave receiver for airplanes mentiinuil in Table I as No. b and shown
in Fig. 27. This receiver had the saute sensitivity, but showed considerable
saving in weight and space, also. it was much less sensitive to vibrations. The

kolliming results outlined not only relate to the short-wave propagation
phenomena Join also Mate to the development and testing of the apparatus
invoked.
The experiments were subdivided in the following manner:

rm. V
Short Wave Receive? for Airplanes. Desien DVL-Telefunkco.
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Fig. 28

Graphic Presentation of the Results Obtained with ....eception at Constant Distance.

For constant dittance, the intensity of the signals in relatson to the time
of day was observed with different wavelengths taken as the parameter.
Different airplane antennae were compared in this respect, The transmitting power was maintained at 2 Watts in most cases.
The influence of varying distance on the intensity of the signals was observed with different wavelengths as the parameter. Generally these observations were made exclusively during broad daylight throughout the entire
distance, and continued through a whole year. In the experiments, horizontal
dipoles were used as an antenna.
(A)

EXPERIMENTS WITH CONSTANT DISTANCE

The stations participating of major importance, were the land stations
at Berlin- Adlershof and Munich. Adlershof conducted the transmitting.
Munich, the reception, the distance between these two points being approximately 500 Kilometers. In order to keep the Adlershof station informed on
the results, a small two -watt transmitter was installed at Munich, providing
a means of intercommunication. In comparing airplane antennae, local flights
were made over one of the two stations, while the other station recorded the
observations, therefore the distance between the transmitter and receiver remained constant.

At Adlershof the observations were made in a small building, detache,'
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from the main Radio Division building to prevent external disturbances as
far as possible. Remote control enabled operation of the transmitter in the
main building.
In Munich, the apparatus was located in a special small building. The
antenna at both locations, consisted of a horizontal dipole with a length of
about twice 8 meters and with bifilar conduction of energy.
The primary purpose of these experiments between ground stations was
to ascertain the behavior of different wavelengths during different hours of
the day, and recording this data. it was also desired to determine ifaand by
what means suitable communication during the daytime could be established
over a distance of 500 Kilometers, with outputs of from one to ten watts.
The wavelengths used varied between 30 and 65 meters and undamped radio
telegraph signals were used exclusively.
Fig. 28 shows the results of these experiments as rekiting to the wavelengths of 37.2, 48.6 and 65.2 meters. The black portion of the bars indicate
the hours during which it was possible to use these wavelengths for communication, and the white portion of the bars indicate no communication possible,
or unsatisfactory signals.

This particular data illustrated was gathered during the middle of April.
This is mentioned as there arc variations with seasons due to the varying
the condensed result of a
length of the day. This diagrammatic
number of observations and not claimed to show quantitative values.

Woe awe air
Mari n* StArtt

Fig.

Diagram of the Bourxiary Wave of the Failing Zone.

It is interesting to note that the limits of the fading and the reappearance
of the short waves as illustrated in the figure are quite distinct. The transition Porn an extremely loud signal to practical inaudibility generally takes
place in a few minutes. At this time reception suddenly wavers greatly, the
trfquency of fatting increases many times, while the amplitude of the signal
ikensity decreases rapidly. Eturing this critical perioq, the intensity of the
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received signal fluctuates in the course of fractions of seconds, in a ratio of
1 :1000 or more.

Brief variations in intensity also occur frequently at other hours, especially around noontime, but to a less noticeable degree, about 1:10 and more
rarely I:100 as taken on a measuring device.
Due to the logarithmic sensitivity of the ear, variations in the intensity
in the ratio 1:10 have but little influence on the audibility. During the evening and night hours, the intensity of reception varied within comparatively
narroelimits, about 1:15 and in a few cases even a perfect constancy of the
signal intensity was observed.
Impairment of reception by atmospheric disturbances could not be de-

tected except on occasional events caused by local thunder and lightning
of the signals varied from 2 to 8 in. a. and even in
storms. The intensity
.
some cases to a maximum of 30 in. a. and this was in general substantially
above the noise level, the latter being on the order of 0.05 in. a. Temporary
disturbances of local origin such as, commutator sparks, ignition sparks, etc.,
did cause sonic annoyance.
A goal idea of the wave propagation phenomena can be obtained in the
following manner. The failure in reception occurring in sonic places during
the night and in the early morning hours for shorter wavelengths (.37.2 and
48.6,meters in Fig. 30) arc evidently caused by a shift in the minimum dis-

tance required for the return of the space wave to the surface of the earth,
this is, by a displacement of the "skip distance" away from the transmitter,
during the night. One can imagine the phenomenon as being caused by the
fact that during the night the space wave due to the less intensive ionization
of the lower layers, is refracted at a greater altitude than during the daytime.
Fig. 29 illustrates this phenomenon. The lower boundary of the Heaviside
layer during the night gradually shifts up front 1 to 111, so that the innermost wave belonging to the skip distance shifts front A to C. At a certain
moment, this limiting wave passes the point 11, which is the location of the
receiver, the result being a rapid decrease in the intensity of the signal. In
the morning the action is reversed, the result being a correspondingly rapid
increase in the intensity of the signal received at H.
Contrary to the short wave action so far considered, for which .reception
is.unsatisfactory during the night or early hours of the moniing, the corresponding moments whin the soinewhat longer waves of air (for example those
of the 65 meters in Fig. 30) occur around noon. The transition differs here
from that occurring in the case of the shorter waves, in that it is gradual.
The difference must be due to the fact that with increasing wavelengib, the

guided wave becomes active at points farther and farther away, while, the
innermost limit of the space waves shifts toward the transmitter, so that sp ce
wave and guided wavy overlap. Fading zones,which were the cause of slit.-
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den variation in signal intensity, as shown above, therefore do not occur here
any longer.
Similar results to those just described above between the two grand stations was also obtained by numerous local flights above Merlin-Adiershof and
above Konigsberg in East Prussia, there flights being made during different
times of the day and also during the night. In this case, the transmission oc-

curred with different waves from the airplane while the latter was in flight,
and the reception was observed in Munich, the distance being about 500 and
1,000 Kilometers respectively. The results obtained by experiments between
ground stations proved that they also applied to a great extent to communication between an airplane and ground. Incidently during the numerous
ascents and landings there was no perceptible difference in reception when the
plane transmitted from the ground or from the air. Furthermore, no essential difference was noticed caused by the altitude at which the plane was flying during its transmission.
During these local flights, comparisons were made between different
kinds of transmitting antennae. The dipole always used in other cases was
compared with a single wire trailing antenna which was excited in one -quarter
or three-quarters of a wavelength respectively. it was demonstrated that the

tightly strung dipole was essentially superior, as to constancy of frequency.
providing purity of superposed note in the receiver, as compared to the trailing antenna whose position is never completely stable. Considering the signal
intensity, the trailing three-quarter wavelength antenna was slightly superior
to the dipole, while the one -quarter wavelength trailing antenna was decidedly
inferior.
(ti) EXPZILIMENTS WITH VARYING DISTANCE
The previous discussion related principally to the propagation of short
waves as a function of the time of day, the following experiments are related
to the determination of the influence of the distance between the transmitter
and receiver on the signal strength at the receiver. Metal airplanes of the F-13
type were available for these experiments and equipped with dipole antenna
and corresponding associated interior equipment. Experimental flights were
also nude in a Dornier-Wal airplane whose wings were covered with fabric.
A series of overland flights were made in different directions with these

airplanes within the German frontiers and transmission from the airplane
occurred principally with undamped waves and a power of 2 watts in the antenna. Observations were always made at Adlershof and in addition sometimes at Munich. Adlershof being the starting and finishing point of these
flights, the longest distance within Germany was confined approximaeely (100
Kilometers, when the reception was observed at Berlin. To extend the..ex-

periments over a greater distance, without having the planes leave ,tiie
frontiers of Germanyy, several flights were made to Konigsberg and Tilsit, 'n
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which case the reception could be observed from Munich, for a maximum
distance of about 1,000 Kilometers. In addition to the 2 -watt transmitter, a
receiver was always taken on these flights, enabling a check on the transmission and providing a means of communication with the observing land stations. During these flights the transmitter was kept in continuous operation
and usually actuated by a clock mechanical sending apparatus. This autotbatic transmission was supplemented by reports covering the plane's position
and weather observations.
Fig. 30 showed the deductions drawn covering the relation to eystance,
the receiver always being placed at a distance 0, while the airplane tra6smitter
must be considered as moving in the direction of the abscissa. Every obser-

vation of an overland flight corresponds to a horizontal bar; these plotted in
Adlershof arc indicated by an A and those in Munich by an M. These bars
are numbered continuously and arranged according to wavelengths. The
black portions in the illustration correspond to reception perfectly suitable
for radio communications, the cross -hatch portions indicatinguncertain wavering reception and the white portions represent the range of distance where
reception fails entirely.
Reviewing the diagrams in Fig. 30 it is clearly indicated as to the essential difference between the shorter and longer waves within the range of 27
to 55 meters.

Below 38 meters, these shorter waves show distinct fading zones, ton miry to fact Ghat they are suitable over the longer distances. Wavelengths
between 40 and 46 meters, have fading zones occur only exceptionally, so
that the possibility of good communication increases for the smaller distance.
For wavelengths over SO meters, no fading zones are perceptible. This wave
bank (approximately 50 meters) is therefore suitable for constant communication over a range of distances up to about 600 Kilometers.
The favorable results obtained with the SO -meter band was confirmed
by a series of overland flights, during which the signal intensity of a transmitter located on the around was observed by means of a receiver on the airplane. Most of the time this transmitter operated on 48.5 meters (undzunped
waves) and with an antenna power of about 60 watts. Four of these flights
extended over a distance of 600 Kilometers, and an equal number over a distance of 300 to 450 Kilometers. In each of these cases a satisfactory signal
strength could be obtained, without fading zones, using receivers with sufficient sensitivity (detector and three audio stages).
According to Fig. 30, the fading zones for the waves of 27 meters and
32 meters occur'betweett I00 and 400 Kilometers. The boundaries of these
zonevehave an entirely different behavior. Whereas for the inner boundary
the :reception weakens in a gradual manner, there occurs in the case of the
of .l.r boundary an abrupt change in the signal intensity, corresponding to the
s<ilden action of the space wave. There is not always* complete extinction
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of the reception in the fading zone, rather it happens that the transmitter,
cvcn with such a low power as 2 watts, remains faintly audible at all times.
In principle, it is impossible to indicate accurate and definite boundaries for
these zones, as shown by the example of observation No. 6 in Fig. 30. In
fact in the middle of the range which had appeared to be, in all other observations of this wave band, a pronounced fading zone, there was obtained good
communication over a long distance (about 120 Kilometers).
Accordingly it must be assumed that the zones of pronounced weakening

or emir:. failure of reception observed for a transmitting power of 2 watts
would no longer have any disturbing effcctif the power were sufficiently increased, in the ratio of about 1 :1,000 to 1:10,000; this assumption is based
on experience previously gathered with high'powers (8 Kilowatts). The experiments made at that time with relatively high powers showed that even
with considerablershorter wavelengths (15. 18 and 28 m.) there cannot be
located any absolutely dead zones, this being in direct contrast with the results reported by Reinartz, Taylor-flulbert and Ileising. The only result
was that zones of pronounced weakening of the reception signal intensity were

observed. Ibis being in accordance with the observations reported by Eckcrsley, published at Atm the same time, which in addition to similar results
obtained by actual observations, contained a theoretical explanation of these
phenomena.

'For wavelengths greater than 37 in. the results of the observations .are
decidedly inconsistent. Whereas in the cases of Nos. 9 and 12 -the reception

was always free from noticeable weakening, cases 13 and 14 showed spots
where reception was uncertain. The discrepancies may have been caused by
difference in seasons, as the former observations were made at the end of
March and the latter in the beginning of July.
In the adjacent wave band of 40 to 46 in. about twenty observed flights
indicated weakening zones in only three cases, the longest distance being 90
Kilometers. In this connection it must be remembered that exclusive use was
made of horizontal dipoles as antenna at both the transmitting and receiving
ends. Still more recent experiments seem to indicate that these weakening
zones could be reduced by using vertical or combination antenna at the_ receiving end.
Excepting the three cases mentioned, where weakening zones were discovered, these waves and especially the SO m. band gave continuously, a strong

signal strength at the receiving end resulting in generally strong and interrupted operation, using a loud speaker. It was always possible to obtain
distinct and easily measurable deflections of the rectifier measuring Nnstrument after the low -frequency amplifying stages of the radio receiver.
The general observations in regard to signal intensity' were about, as
follows. When the airplane equipped with `the transmitter, moved a41 -v
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from the observing station, the signal intensity decreased in the first 20 Km.
from about 15 m. a. to 5 m. a. ; thereafter it remained at about this amount during the entire remaining part of the flight up to a certain critical distance With
the tubes used in the nwasuring apparatus, this deflection corresponded to a
great volume in the Ioud speaker reception, and without being impaired by the
outside disturbances. Mien this distance is exceeded, the signal strength decreases rapidly, but it always remained sufficiently strong for reception by
means of a head -set. The critical distance is indicated in Fig. 30 by a vertical
line. Fbr the 37 and 40 tn. hands it lies at about 800 Km.; for the 53 aI 55 m.
waves, at about 400 Km.; and for the SO in. wave at about 600 K
The
critical distance therefore increases with a decrease in wavelength. The
width of these critical zones was about 10 to 20 Km. and was covered by the
airplane in a few minutes. Both the abrupt decrease in signal intensity with
decreasing distance were repeatedly observed. In the case of observations

10 to 11, for example. the critical distance 780 (Km.) fur 372 meters was
observed both on the outward and return flights.
The fading phenomena observed during transmission from the airplane
in flight were of the same order of magnitude as those observed for a constant distance under normal circumstances. Within the critical distance, for

which the signal intensity was high and practically constant, it was never
found that communication was impaired by fading phenomena. Only in the
cast where this distance was exceeded, the effect of fading occasionally caAsed
a disturbanceior a short interval. The critical distance therefore constitutes
the maximum range for communication by means of the wave under consideration, for which reliable continuous reception is certain.

These observations just mentioned appeared to he independent of the
airplane's altitude. The signal intensity remained the same independent of
whether the airplane was in flight or on the ground. In several instances reception was still possible, at a -distance of 500 Km. from the observing station,
even though the plane and its transmitting equipment was in a closed reinforced steel shed.

In addition to the experiments described above, during which the transmitter was located in an airplane, there were additional experiments covering
observations from the airplane. These tests were primarily intended to assist in the development of an airplane short-wave receiver and also to do *ermine the power required for the ground transmitter for suitable conununication. The wave band of 46 to SO m. was selected on account of its previous
satisfactory performance. The observations were taken on a series of ten
long distance flights, the longest distance lying between 300 and 600 Km. ''
When the airplane is on the ground, with its motor stopped, the results
e observations mentioned above also apply, without further complication,
o
te reception inside the cabin,. However, with the motor running. we have

o1
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to consider the disturbances already mentioned, which of course impair the
clarity and relative signal strength of reception. Because of these disturbances the 2 -watt transmitter is not sufficient in this case; at any rate, the
ground transmitters which arc intended for communication with airplanes
will be provided with higher powers. This will be true in spite of the fact
that with the 2 -watt transmitter using continuous wave telegraphy, satisfactory
reception has been obtained on the airplane up to distances of 45 Km. using
the receiver described as No. 5, Table 1. In other cases, the transmission
from (ie ground station occurred with about 60 watts, the reception noted
being a.f good signal intensity on flights up to 600 Km. distant.
In further investigations it is expected to determine the necessary power
for the ground transmitters and to eliminate at least part of the fading by
proper design of the receiving antenna systems.
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CHAPTER III
Transoceanic Short Wave Radio Telephony
Fur many reasons, the decision of the International Telephone and Tele-

graph Corporation to establish a short-wave connection between South
America and Spain presented problems particularly attractive to those engaged in the provision of such a link. The plans called for connecting subscribm in certain South American telephone operating areas with tkie great
Spanish telephone network and, in addition, through Spain to other Evropean
networks. The requirements of the whole project included telephone transmission of a high commercial order for a prescribed number of hours each
day, and the provision of equipment capable of connecting at the transmitting
end and at the receiving end with two- or four -wire long. distance land cir-

cuits-the control positions being located at each end of the radio link.
Further. it was stipulated that the equipment should be such as to make it
difficult for speech to be overheard by those for whom it was not intended. The

development was commenced in the Research Laboratories of the Interna-

tional System at a time when little was known regarding 'short-wave
telephony. Consequently, new problems had to be faced in all parts of the
equipment, i.e., both in the radio and in the low frequency sections of the

uivIertaking.

Fig. 31

Spin -South America Radio
Telephone Link_
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The radio path extends from the vicinity of Madrid to the vicinity of
Buenos Aires, the distance between the ends of the radio link being about
6,400 miles. This path cuts the meridian at the equator at about 34 degrees.
In following thus an oblique line between the Northern and Southern hemispheres, it passes through zoncs notorious for atmospheric disturbances, and
through the equatorial region where radio transmission is particularly subject
to fading. Devices for counteracting the effects of fading are accordingly
installed, and in addition echo suppressor circuits for preventing the speech
from bFk reflected at the distant ends form an essential part of theequipment.
When the requirements had been ascertained, the design of the equipment

was begun in the Research Laboratories. Owing co the special nature of the
problems, the Laboratories not only carried out the research work but, together with the manufacturing organization of the International Telephone
and Telegraph Corporation, they were responsible for the construction, installation, and testing of the complete equipment. On the other hand, the
operating organirations in Spain and in Argentina undertook the work of designing and constructing the special buildings for the plant and for the attendant staff, They also constructed the directional antenna and the telephone lines for connecting the radio equipment with the telephone networks.
The training of the operating staff-a matter of great importance-was
also,dealt with by the operating organizations. To provide for commercial
service over so vast a stretch of the earth's surface under such novel and
exacting conditions, constituted a work of considerable magnitude, and its
success is a matter of satisfaction to all who were concerned therewith.
So far as is possible within limited space the particulars contained in this
text arc intended to impart technical and general details concerning a radio
link that in many respects introduces a new era in telephonic communication.
It is approximately twice the length of the North Atlantic link.
MADRID -BUENOS Aunts RADIO LINE AND ITS WIRE CONNECTIONS

On October 12, 1929, the communication facilities of the International
System were very greatly extended by the opening for service of a shortwave radiotelephone link between Madrid, Spain, and Buenos Aires, Argentina. With the opening of this link it has been possible for the first time for
the public to talk from their own telephone sets in South America to the Old
World. The importance of this channel can hardly be overestimated, since
it renders a "network" to "network" service as distinguished from point-topoint service between special booths, and is capable of connecting any telephone in the principal cities of Europe to any telephone in the prineiN4rcitics
of Argentina, Chile, and Uruguay.
Reference to the map, Fig. 31, shows in part the extensive nature of 141.e
telephone systems served by the link. At the. South American end, comwt-

SIIORT WAVES

67

lion is made to 210,000 telephones in the Argentine Republic and 17,01)0 in
Uruguay. At the European end, there are 155,000 telephones in Spain to
which the service is available and there are no technical difficulties which prevent this service being extended to those areas in Europe which at present
enjoy European International Communication.
It is of interest to note that the circuit is the second largest area-to-arca
link in the world, being exceeded in this respect only by the Great Britain u, S. A. connection. li is, however, by far the longest area -to -area public
telephone link in existence, covering approximately 6,400 miles (10,2"9 Km.)

as against the 3,200 miles (5,150 Km.) from England to America, and is
provided with a privacy system.
The terminals of the circuit arc located at Madrid and Buenos Aires, repectivelv, and consist, at each end, of a transmitting station and a receiving
station situated some distance apart and connected by land lines to the ter-

minal equipment which is situated in the control office. The transmitting
station for the Madrid terminal is located at Pcaneto del Rey, about twenty.

Fig.

32

General View of Madrid Receiving Antennas.

two miles (thirty -live kilometers) to the east of Madrid, and the receiving
station at Grinon, about fifteen miles (twenty-four kilometers) to the south
of Madrid. The transmitting and receiving stations for the Buenos Aires
terminal are located respectively at Iltirlinghatu and Piatanos, each beiag
sonic twelve miles (twenty kilometers) distant from Buenos Aires.
In order to give reliable service over the entire day, three wavelengths
are used at each transmitter. Approximately a fifteen meter wavelength
(20,0(X) Kc.) is employed during the day, a thirty meter wave (10,000 Kc.)
at night, while a twenty meter wave is required fur sunrise and sunset con.ons.

A detailed description of. the various units comprising the link is given
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Fig. 33

Andes Mountains. Showing
Comore Traversed by Sooth
American Transcontinental Line.

elsewhere in this book. The accompanying illustrations give general views
of the Madrid and Buenos Aires receiving stations.
At the present time traffic on the radio channel is approximately two
calls per day and has been as high as nine calls per day.
It is proposed to outline briefly the various wire facilities which arc used
to connect this radio link to the International Tek-phrme Systems in Spain
and South America. This will be considered in two parts, the present and
the future.' It may be stated at the outset that, almost without exception, the
wire lines which may be connected with the new radio link arc high grade,
modern circuits well constructed and well maintained and capable of giving
first ,class service.

At present the service from South America is limited to some of the
more important cities in Argentina and to Montevideo, Uruguay. In order
to reach these cities, however, it has been necessary to meet and solve a number of new and very interesting problems. For example, it has been necessary to place a cable under one of the widest rivers in the world, and to cross
one of the highest mountain ranges in the world where, because of snow
storms, train service is completely blocked for certain periods each year.
Serious insulation difficulties arc also encountered. such, for example, as in
parts of Argentina where enormous cobwebs are blown into the circuits by
the high winds, thus effectively short circuiting the wires.
l'ar.sExv ClkCeITS

In Argentina. service can be given at present to 83 cities. Direct circuits ore available to 35 or more of the important cities. these circuits varying from abcnit fifty kilometers in length to approximately seven hundred
kilometers. They consist mostly of copper wire about 2.1 mm. in diameter,
which is a little larger than No. 12 N. B. S. Several of these circuits are
equipped with through line repeaters. lktwcen Buenos Aires and Bahia
Blanca (805 kilometers) a three channel carrier current system is installed.
while between Buenos Aires and Rosario (110 kilometers.) there are Rio
such systems.
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The service to Montevideo is given over a subfluviat cable under the Rio
dc la Plata from Buenos Aires to CoIonia, from which point an open wire
line takes the circuits into Montevideo. This cable was laid in the early part
of 1929 and consists of a twelve quad, sixteen gauge, paper insulated non loaded cable designed fur operation on a four -wire basis. The twelve quad
cabk will therefore carry twelve simultaneous conversations or eighteen conversations if the phantom circuits arc used,

The length of the cable, thirty-seven miles, is so great that it has been
necessary to instal repeaters at each end in order to secure satisfacto-y speech

volume. At present the repealer equipment for six circuits is instaled, perflans are under way for increasing
the number of circuits in the :tear future. The cable has been equalized to
improve the quality of tran,mission.
In Spain, connections can he math- at Madrid to practically all the more
important cities in the country awl to many places of lesser importance
(2.256 cities in all). The Spani,lt network consists of upwards of 222,350
kilometers of copper wire. mostly three min, in diameter (slightly larger than
No. 9 A. W. G.): 112 through line repeaters soil 43 terminal repeaters are
used in connection with this open %vire network, Superposed upon these
circuits out of Madrid there art- 13 three -channel carrier current systems,
which add very appreciably to the nws,:age carrying capacity of the circuits.
lr addition, approximately 170 kilometers of toll cable have been placed between Barce)ma and Valls. It k expected that this cable will he extended
rapidly in the next few years per that Madrid and Barcelona and also Madrid
mitting six simultaneous conversatitnet.

and Trim (near San SeletAilm) will lw connected by cable.
Circuits arc available from Madrid slot only to the points mentioned in
Spain, but to some other commies a% %%141. For example, there arc direct

Fig. 34

Gateral View cif Buenos Airei Itecci%in,g Antriutas.

70

SHORT WAVES

circuits to Lisbon, London, Paris and to other cities in France. At Algeciras,
which has a direct circuit from Madrid, corrections may be switched over a
24 -mile submarine cable to Ceuta, Morocco, thus putting South America into
telephonic communication with a third continent.
FUTURE CIRCUITS

Connection to 30,000 telephones in Chile will soon he available by con: positing the All America telegraph circuits from Buenos Aires to Santiago, a
distant of over 1,300 kilometers. The circuit consists mostly of 2:9 nun.

(No.A. W. G.) copper, except where cable has been installed over the
highest portion of the Andes. The cable section is about sixteen kilometers
in length and consists of a buried three quad, thirteen gauge, paper insulated
cable with two quads loaded for carrier current circuits. The other quad is
loaded for voice frequency only. In some of the more exposed open wire
sections, where extra mechanical strength was required, 4.19 mm. (No. 8 B.
W. G.) copper has been used instead of the 2.9 mm. wire, Also throughout
long stretches a pole has been set between each two existing poles in order to
guard against failure of the poles or wire. Superposed upon this circuit from
Buenos Aites to Mendoza (about 1.000 kilometers) there is at present a single
channel C -2-F carrier current system with one intermediate repeater. This
system will be replaced in the near future, however, by a three channel system avith three repeaters.
As the European network grows additional points will, of course, come
into communication with Madrid and hence with South America.
Work is also under way on a radio link from Madrid to Tenerife, one of
the Canary Islands. This island is being connected by a 35 -mile submarine
cable with Las Palmas on the island of Gran Canaria_ The message carrying

caracity of this cable will be increased by the installation of carrier current
apparatus.

In South America, connections to thirty additional cities in Argentina
will be made in the near future. The extensions which arc being made to the
toll plant in Chile will also add many other cities in this country to the network in the near future.
It is expected that, within two years, a radio link fro:n Buenos Aires to
Bogota will add Colombia to the list of countries which may use the Buenos
Aires -Madrid link, and it is entirely possible that similar arrangements may
be made for some of the other countries.
THE USE OF SHORT WAVES IN RADIO COMMUNICATION

The rapid expansion in the interchange of knowledge, both commercial
and intellectual, involved by modern civilization, has necessitated an increasingly complete utilization of the means of communication wltich science 4i fords. The first atteRipts at the electrical traasmission of sounds were cti-
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rected towards the possibility of sending electrical impulses along conductors,
and from these first experiments wire telegraphy and telephony were developed. From a scientific viewpoint the development of telephony constituted

a notable advance over that of telegraphy. A further step was the super.
position, particularly upon aerial lines, of several signals, which was accomplished by employing carrier currents modulated by the speech frequencies.
Carrier frequencies as high as 30,000 cycles per second were so used, the
use of higher frequencies being precluded by the excessive attenuation to
which they were subject.

The facilities for long distance communication were still fukher increased by the discovery that electromagnetic waves having very high frequencies may be propagated through space without the necessity for an intervening conducting circuit. At first, frequencies of the order of 100 kilocycles per second (Ke/s.) were used in this war, but the means then available for producing these waves were such as to encourage the use of the
tower frequencies lying between 10 and 100 Kc/s., particularly as these were
found to be more suitable for long distance communication. Research in
recent years has, however, enabled very much higher frequencies to be used
commercially. These, comprising the frequency range from 3,000 to 25,000
Kc./s. (wavelengths from 100 to 12 meters), arc known as "short waves,"
and since it has become possible to overcome the inherent difficulties involved
their use, the study of their properties has shown that by their use not only

can the number of available channels of conununication be increased, but
that in certain cases communication can be effected which could only have
been carried out at much greater expense had long waves been employed.
It is usual when speaking of radio waves within the above wide limits of
10 to 25,000 Kc/s. to divide them into three categories, namely, long, medium and short waves. It is hardly necessary, however, to point out that the
difference between these it not fundamental, but lies rather in the fact that
certain fundamental properties become more or less pronounced as the frequency changes. In consequence of this, radio practice varies considerably
in accordance with the type of wave employed.

The longest waves, the frequencies of which lie between 10 and 100
KO. are suitable fur long range international telegraphy on account of their
reliability, and in spite of the fact that they are liable to interferenfe from
atmospheric disturbances. Within this range the waves having frequencies
greater than 50 Ke/s. may be used for radio telephone transmissions, the.
London -New York Transatlantic telephone circuit being the hest example
of this.
Waves having frequencies between 200 and 2,000 Kc/s. are found to be
adapted fbr shorter distance transmission, and in particular to broadcasting. The lower end of this range possesses properties similar to those of
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long WaVCS, being characterized by a comparatively large measure of reliability. With the higher frequencies, nn the other hand, new characteristics
make their appearance; in particular, considerable diurnal variations in the
received field strength.

Fig. 3$

Type Itt Short

444,4.

TranAtilittcr-As.sainbly

of Transmitter Units.

Finally "short" wares in the range of from 3.1Xst to 25,01X.) Kc/s. bedistance communication as their frequency is increased, in spite of certain irregularities in transmisKion, the
causes of which will be referred to later.
come more and more

This rapid survey of the properties of electromagnetic WaVC:. shines that
for the particair case of bug distance radioteleplumy, medium W:IVCN are
nut suitable. last that either the upper or lower ends of the frequency spectrum
may he employed.
The differences between the propagation characteristics of Amon and long

waves are explained by assuming that while long waves travel directly from
the transmitter to the receiver, short waves received at considerable distances
from the transmitter have suffered progrescive reflection from a more or less
well defined ionized layer in the upper atmosphere. Since the rays have not
traveled near the surface of the earth. it is not possible to calculate the re
ceived field strength from an empirical formula. as can he done from the

Austin -Cohen formula in the case of long waves; and in practice, field
attengtIts may be obtained which are greatly in excess of those predicted by
this formula.
A disadvantage experienced in the use of short waves lies in the way in
which the received field strength varies in accordance with the time of day,
the season of the year. and the distribution of light and darkness over the
path of the transmission. The effect of such variations may be greatly reduced by the provision in the receiving system of an auttnnajc volume ce:.-

trot which adjusts the amplification in accortbuce with the strength of the
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received signal. Even when this is done, however, it is necessary when reliable communication over long periods is desired, to employ several fre-

quencies suitably chosen for each particular case.

Owing to the fact that short waves are much less subject to interference
from atmospheric disturbances, a very much higher signal noise ratio is obtained from a given signal strength than would be the case with long wave
Operation, and it is in consequence possible to work with receiving field
strengths which would give signals too weak to be heard above atmospheric
noise, were long waves employed.
A very great advantage gained by the use of short waves lies in' he way
they may be propagated in a predetermined direction in space. In order to
obtain directive effects with long wave transmission, cumbersome equipment
must be installed, of doubtful efficiency and at a very high cost, due to the
fact that the size of the antenna necessary is related to the operating wavelength.

Fur example, in order to obtain an effect similar to that given by
a concave mirror with light rays, it is necessary for the aperture of the mirror
to be at least equal to twice the wavelength and, in consequence, a prohibitively large antenna network would be required when this is of the order of
5,000 meters.

The directive antennas employed in practice for short waves have a
length and height of about 10 and 2 wavelengths, respectively. Suckpropdrtions, permissible when the wavelength is of the order of 10 meters, arc
quite impraciicabk for waves of the order of hundreds of meters in length.
The use of reflectors and directive antennas has become general in modern short wave practice and considerable progress has been made in their design. The systems at present in use give a gain of the order of 15 decibels
over a non -directive system, thus considerably increasing the efficiency of
radio communication.
Shun wave transmission decreases somewhat the transmitter power
necessary to secure communication over long distances, this being largely due
to increased efficiency of the antenna on the higher operating frequency. The
proportion of the power supplied to the antenna, which is actually radiated,
lie, between 10% and 15% when the longest waves arc employed, and increases to about 70% with waves of the order of 15 meters in length.
Thus, when with very long waves, a power of 300 kw. is taken from the
mains, 150 kw. may be supplied to the antenna, and of this only 17 kw. is
radiated, whereas with very short waves, 30 kw. from the mains may give
10 kw. to the antenna, of which 7 kw_ is radiated. When account is taken
of the fact that the latter power may be concentrated into a restricted angle
by means of a directive antenna, the extent to which the short wave system is

Ate efficient eh be seen.
By the use of short oasts, an enormously increased number of chan-
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nets of communication is made available, and this constitutes perhaps the
greatest gain that has resulted from their use. If the band of frequencies
between 50 and 100 Kc/s. is considered, only 25 channels arc available, even
though the width of each frequency hand is reduced to 2,500 cycles-the
minimum required for commercial intelligibility-the carrier and one side

Fig. 36
T.Tric 111 Short Wave
iruostniurs--View of
Power Board.

allowed between adjacent bands.

Against

this, the present state of short wave technique permits the use of 200 telephone channels between 6,000 and 12,000 Ke/s., the spacing between adjacent
carrier frequencies being 30 Ke/s. This number would be increased to 600
if the spacing were reduced to 10 Ke/s., a figure which should not be considered impossible of attainment in the light of present progress.
The utilization of the 13-14 meter waveband, the lower limit of wavelengths used commercially, signifies the availability of about 40 new telephone
channels, each occupying 40 KO., a figure which may be soon reduced. Thus
an additional meter utilized at the high frequency end of the spectrum gives
more telephone channels than arc available from the whole of the long waves
suitable for long distance work.
The use of directive antenna systems previously mentioned must eventually increase still further the number of channels made available by the use
of short waves.
la the consideration of this subject, it must, however, be remembered
that in order to provide satisfactory operation over considerable periods it is
necessary fur one station to employ several wavelengths. This not only reduces the munber of channels available, but also increases the cost of installation. Thus, since all new channels are likely to be utilized in the yen. near
future. it is not certain if, in the present state of the art, short waves will be
employed to the exclusion of long waves on all long distance. circuits, or
for exceptionally long distances.
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One of the difficulties experienced in short wave operation is the necessity of maintaining the carrier frequency constant to a much higher degree
of precision than is otherwise necessary. This is due to the fact that a given
absolute frequency variation becomes a much smaller relative variation as
the carrier frequency is increased.
Against this, the band of frequencies occupied by a given type of transtnission (telephony for example), represents a much smaller fraction of the
carrier frequency in the case of short waves, consequently, the problem of
transiiiitting uniformly a band of frequencies is considerably s'mplified.
When long waves are employed, the tuning of the antenna circuit
not
permit the uniform transmission of the band of 2,5013 cycles width necessary
for telephony, whereas very wide bands can be satisfactorily transmitted on
short waves. Due to this fact, aided by progress in receiving technique, one
can visualize the simultaneous transmission of many different signals, the
realization of high speed telegraphic transmission, and finally the transmission of special signals requiring a greater band width than telephony.
The foregoing brief discussion shows the complexity of short wave
transmission, where any advantage obtained is attended by some forresponding disadvantage. It also shows, however, the extraordinary fertility of this
scientific field, and the considerable possibilities which the important advances

already realized indicate to he reserved for the

0111141 -AID

pritai MTV ATE
dLIJ1., rte.

uper,

-

-. -

rrio sob urn

,43.

VINO *as

Plie..4111 4

.4

.4 16

rn ir

rore-pZZ.
N. ,IMO

r.

PC,Nt
.16Ann-i mc

oso .oss

44

00 SIC MITI
osos.
sult
s% sub. 0,6.4

0/10

f4

0/s ta01%

Inv

OLP V 00

flj

1

61 H

V vr =CO I0,

1:0./i. t_

Ssa.o.-

%MO

N 1L/ AM
444 r

nrel

030.C

.maro mews

le

...

Os Pr. N.

11,

versa .re.

V

Mill.T.4,4 Urn,

r -a

y-

P.. Sr Ttl4

V411 Y C
(
11411.

F

CI
Fig.
rig. 37

Tyre 111 Short Ware Transmitter-Block Schematic.

g..

le

SHORT WAVES

76

THE "STANDARD' SHORT WAVE RADIO TRANSMITTERS

In no phase of electrical communication has recent progress been more
marked than in radiotelephony. The discovery, a few years ago, of the
value of short wavelengths for long distance transmission, opened up vastly
extended possibilities for linking together the telephone subscribers of different continents. In the realization of a scheme of this kind, the engineer
is faced with the problem of attaining in the design and construction of short
wave transmitters and receivers the same standards of reliability and grade of
service fs have become accepted in repeaters and other telephone plants. The
trend o modern radio practice in the design of apparatus to fulfill these requirements may be illustrated by a brief description of the short wave trans.
mitting equipment recently developed by the International Telephone and
Telegraph Laboratories, Inc.
The transmitter has been designed to include the features for trunk telephone service, inter -continental broadcasting, and high speed telegraphy. It
is suitable also for multi -channel telephony, and simultaneous telephony and
telegraphy, when used in conjunction with standard types of line carrier telephone andstelegraph equipment.

The operating frequencies arc of the order for which directional transmission is practicable; and, in general, for point to point service, the equipment is used with a directive antenna concentrating the radiation into a beant
pointing in the direction of the receiving station. The power is sufficient to
maintain an almost continuous telephone or telegraph service over great distances of the order of ten thousand kilometers.
To maintain continuous service it is necessary to change the operating
frequency three or four times in twenty-four hours to suit the transmission
conditions corresponding to different states of light and darkness along the trajectory of the waves. The equipment has there/ore been designed to be capable of adjustment for operation at any frequency within the band useful for
long distance directional transmission, which extends f rah) about 5 to 20
megacycles. A special feature is the rapidity with which it is possible to
change from one operating frequency to another. The time required is about
five minutes,

As regards operating characteristics, special attention has been paid to
seturit:g very great frequency stability, freedom from carrier noise, deep
modulation for telephony, and clear-cut signals for telegraphy.
In view of the rapid growth of the technique, the design has been made
as flexible as possible by adopting low power modulation and a unit form of
construction to permit of progressive extension to incorporate new developments. The general appearance of the set is illustrated in Figs. 35 and 36
showing respectively the radio units and the power control board.
The power delivered to the antenna when working on continuous wave
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Fig. 38

Simplified Schematic of
Modulation Circuit.

11 00.

000

.
0.4

0

110080.00,0
010.0.
or

wamovavano 00010. =Moe

Fig. jg
Simplificd Schematic

of Kcying Circuit

=1-Wi
r
II

.1-r-tt;i17-1=

Ver. 011.110.
:.-Z:00..r

telegraphy at full load is about 12 kw. at 15 megacycles, being slightly less for
the higher frequencies and slightly greater for the lower frequencies.
In telephony, the carrier power and the degree of linear modulation arc

interdependent, being determined by the limitation that the instantaneous
peak power must not exceed 12 kw. As is well known, it is preferable to
employ a given carrier -power deeply modulated than a higher power less
deeply modulated, with the same peak power in each case, since by the former
a better signal -noise ratio is obtained, owing to decrease in the background
noise caused by the carrier -wave beating with atmospheric disturbances. The

modulator circuits have therefore been designed to permit of 90% to 100%
linear modulation. The carrier -power must be limited to a quarter of the
peak power, that is, to about 3 kw. for 100% linear modulation; but it may
be raised to about 4.6 kw. for commercial operation, in which case the slight
dislortion of the speech peaks when modulating deeper than 60%, can be tol
crated. For tone modulated telegraphy, the carrier -wave power is 4.6 kw.
and is fully modulated.
The telegraph speed obtainable for continuous wave telegraphy with well
shaped signals is at least 200 words per minute. The power drawn from the
mains at full load on telegraphy or telephony is approximately 65 kw.
severe requirements are imposed on short-wave transmitters with
regard to frequency constancy of the carrier -wave, both in respect to dynamic
independence of the frequency on keying and modulation,
s"giility, that
and as regards slow variations caused by changes of temperature or supply
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voltage, swaying of the antenna, etc. This constancy of frequency is essential, on account of the speech distortion caused by selective fading and interference phenomena which result from an unsteady carrier frequency, and

also on account of the close spacing of channels in the short wave band.
Stability of frequency during modulation and keying is obtained by the use
of a crystal -controlled master oscillator, balanced coupling stage, and frequency multiplication system. Instability due to antenna sway is prevented
by -the use of successive highly balanced radio frequency amplifiers.

Fig. 40
Simplified Schematic
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To obviate slow changes of frequency, the p:czo-electric crystal is
mounted in a special holder and is kept at a constant temperature by thermostatic control. The general form of the circuit is illustrated in the block
diagram Fig. 37.
The master oscillator, operating through a coupling stage, drives a frequency multiplier consisting of two harmonic generators in cascade. The
frequency multipliers excite the first of three successive stages of high frequency amplification.
The apparatus for modulation and keying is associated with the first of
the three stages of high frequency amplification. Simplified schematics of
the modulation and keying circuits are shown in Figs. 38 and 39. The system is one of low power undulation and keying, with subsequent amplification of the modulated or interrupted carrier -wave. The purpose of the
fr,quericy multipliers is to lower the frequency of the master oscillator to
a value at which quartz crystal control can be satisfactorily applied.
Low power modulation has been adopted as it has the same advantages
over high power modulation in a short-wave equipment as have been found in
the case of broadcasting transmitters. In addition the low power system
seems more promising at present from the point of view of providing for
new developments.

The transmitter has four pairs of input lines. Two pairs are for "main
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line" telegraph and telephone, and the remaining two are for "local test"
telegraph and telephone. A key on the set switches over the modulator input
and keying relay from the "main line" pairs to "local test" pairs. The change
over from telephone to telegraph adjustment is by means of relays controlled
by one key.
From Fig. 37 it may be seen that the apparatus divides up into three main

sections, i, e., (1) the apparatus for generating the constant frequency carrier

at low power and for modulating and keying; (2) the first stage of power
arnplifkation; (3) the second stage of power amplification. In the assembly
of the apparatus it was found convenient from many points of view So adopt
the unit form of construction, each of the three main sections of the system
being comprised in one unit. Fig. 35 shows the three radio units. The unit

on the left comprises the carrier -generating, modulating, and keying apparatus, and is referred to as the oscillator -modulator unit The unit in the
center is the intermediate amplifier, being the first stage of ampliliattion
after the modulated amplifier. The unit on the right is the power amplifier.
Each of the three radio units has its own distinct panel in the power
control board, and separate power plant.
For telephone operation, provision is made for monitoring with head
phones at the output of each unit, to enable any wrong adjustment causing
distortion to be very easily localized.

Among the advantages of the unit form of construction may be cited
improved accessibility, flexibility for increase or reduction of power, flexibility for interchange of units in stations comprising more than one equip uncut, simplification of the problem of symmetrical distribution of apparatus,
and certain advantages in circuit design including good shielding between
stages and elimination of ground return currents between stages causing instability and carrier noise.
The improvement in accessibility arises from the fact that advantage has
been taken of the possibility of separating the amplifying stages some distance from each other and connecting them together by transmission lines so
that each amplifier-which must in itself be very compact to keep certain of
the connections very short-am be made accessible from all sides.
The flexibility, above referred to, for increasing or decreasing the power
renders it possible to work into the antenna either from the oscillatordnodtlator unit alone (the other two stages being switched off ent,.relv) or from the

output of the intermediate amplifier, or lastly in the usual way from the
power amplifier. By duplicating the oscillator -modulator, together with its
associated power plant, a high degree of security against total failure of,the
service is obtained.
The units are coupled together by means of short transmission lines.
Precautions are taken to obtain series feed current isti the lines only, thus
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avoiding parallel line current returning from one unit to another through
earth. The methods adopted have resulted in remarkable freedom from reaction betwcvn units, in freedom front stray earth currents, and in equality
of the drives and impedance conditions for the valves on opposite sides of
the balanced :unplifiers,
The units are built on frameworks of dor:111'min angle and arc enclosed
at the sides and locks by doors comprising frames of the same material cos -

ered by perforated aluminium sheeting. The front panels are of polished
slate shielded on the inside by metal sheets. The units are each 6 feet C nicht%

high (pout 198 an.), 3 feet 8 inches wide (about 112 cm.). 4 feet deep
(about 122 cm.).
The transmission lines forming the mmcctions between) units arc carried
on insulators mounted on the tops of the units, and are insulated from direct
current by stopping condensers within the units. The power plant associated
with and included in the equipment comprises four motor generator sets, a
10,000 volt rectifier (see Fig. 40), and the power control board. The standard equipmon is designed for operation from a 3 phase 50-60 cycle supply
at a voltage between phases of either 220 or 415 as required.
The four motor generator sets provide the filament and grid voltages for

Firs. 41

Rcar View of
Power Amplifier.
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Fig. 42

Type III Short NVave Tranimitter, Simplified Circuit Schematic.

all the valves, excitation of control circuits, and high tension plate supplies
for the oscillator -modulator and the intermediate amplifier. The'10,000 volt
rectifier supplies only the plates of the power amplifier.
A power panel is provided for each transmitter unit, and controls the
prver plant associated with that unit. The three power panels are dined
up with the front panel of the rectifier to form one power board as in Fig. 36.
The panels arc of polished slate and are mounted on angle iron frameworks.
Each power panel is 6 feet 6 inches high (about 198 cm.), and 2 feet 6 inches
wide (about 76 cm.). The rectifier panel is 6 feet 6 inches high, and 3 feet
8 inches wide (about 112 cm.). The power board forms the front of an enT. transformer and the smoothing apclosure in which arc !mated the
paratus of the rectifier system,
The valves used in the Intermediate and Power Amplifiers are watercooled, and a water-cooling system is included in the equipment. This system
consists of a circulating pump, a small expansion tank, and an air blast cooler.
The oscillator -modulator unit with its associated motor -generators and
power panel forms a complete low power transmitter known as the Type 1
transmitter. It delivers about 300 watts to the antenna for continuous wive
telegraphy, and 200 watts for telephony. liy the addition of the Intermediate Amplifier, with its associated motor -generator and power panel, and the

water-cooling system, the Type II transmitter is fanned which is capable of

delivering to the antenna about 3 kw. for telegraphy and 0.83 kw. for
teleilony. These telephony powers arc based on 100(A modulation. Finally
tine Type III sq, herein described, is made up by the addition to the Type II
equipment of the Power Amplifier with its associated power panel, machine,
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and rectifier. It will be seen that a Type I or Type II equipment may therefore be e:Isily extended if it is desired to raise the power of the installation.
The equipment is started up or stopped, and all potentials are applied by

means of push -buttons situated on the Power Board and duplicated on the
front panels of the units. Control circuits are arranged in such a manner
that it is impossible to start up the transmitter in a way liable to cause damage. No high tension voltages can be applied, for example, fulfil the grid
and filament voltages arc at their proper levels.
The equipment is adequately protected by fuses, according to standard
practices; other security provisions include overload relays in the high tension plate supplies, water flow devices to remove plate and filament voltages
in case of failure of the water flow, water temperature alarms, and gate
switches on all high tension enclosures, including the radio units themselves.
The mechanical design of the higher powered radio units presented
difficult problem. It was necessary to preserve close symmetry, to keep certain leads short and yet to allow ample spacing to avoid flash over (which
occurs very easily on the higher frequencies in the range), to provide for
extreme rigidity, and lastly to use insulating -materials sparingly in high frequency. fields and only material of low dielectric loss. An idea of the construction adopted may be gathered from Fig. 41.
The general form of the circuit of the transmitter given in the block
diagram is shown in greater detail in the simplified circuit of Fig. 42.
The master oscillator employs a special 50 -watt valve of high amplifica
tion-factor operated with the plate voltage reduced to 300. The oscillator
may work as a self-excited oscillator or as a crystal controlled
cording to the position of the switch in the grid circuit.
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The crystals for the different operating frequencies arc mounted in sealed
Kass holders contained in a specially designed box fitted with a heating element and thermostat. Four crystal holders for four working frequencies arc
provided, and a selector switch is incorporated in the box to enable any one
of the four to be put into operation. The box contains also four spare crystal
holders complete with spare crystals which can be quickly exchanged with the
normal holders in case of failure of any of the normal crystals. The spare

crystals and holders arc maintained dry and at the right temperature by
storing them in the temperature controlled compartment and arc ready for instant use on their correct frequencies.
The master oscillator is followed by the coupling stage (comprising two
50 -watt valves) which amplifies the master oscillator output and acts as a
buffer to prevent reaction on the oscillator from the following stages. Such
reaction would cause slight instability of the carrier frequency arising from
impedance changes during modulation and keying. The coupling stage is a
push-pull circuit having two variable balancing condensers which, together
with the grid.to plate capacities of .the valves, form a balanced capacity bridge
having the grid input circuit across one pair of opposite corners, and the plate

output circuit across the other pair of corners of the bridge. When the
capacity balance is correct there can be no reaction between the input and
output circuits. The amplifier is therefore. stable against self -oscillation, and
in Addition the master oscillator is completely separated so far as reaction is
concerned from the succeeding stage.
The harmonic generators comprise two 250 -watt tubes'operating as amplifiers arranged for high distortion. For frequencies higher than 10 mega-

cycles, both harmonic generators arc used, but for frequencies below that
value only one stage is required. The frequency is multiplied in each stage
by 2 or 3, according to the frequency required_

The output of the frequency multipliers is a steady carrier at the frequency of transmission.
The next stage is the 500 -watt amplifier which is the first of the three
stages of high frequency amplification. It comprises two 250 -watt valves in
push-pull. For telephony this stage is plate modulated, and for continuous
wave telegraphy the keying operation is carried out in its grid circuit.
To secure a degree of linear modulation of 90% to 100% it is necessary
that the low frequency modulating valves should be capable, without overloading, of impressing-across the plate circuit of the modulated high frequency
amplifier-speech frequency voltages having peak values as high as the plate
supply voltage of the modulated amplifier. This has been done, without re-

sorting to step-up modulation transformers, by operating the modulating
vibses on a plata voltage about four times as great as the plate voltage on the.
modulated amplifier.
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For continuous wave telegraphy, to ensure satisfactory operation for
short waves, the 500 -watt amplifier operates at 800 volts, which is well helot
the rated voltage of the valves.
For telephony, the plate voltage is reduced to about 4(X). By this means

the carrier -power is cut down to about a quarter of the peak or continuous
wave telegraph power, when changing over from telegraphy to telephony.
The method of keying consists in throwing a high negative voltage on
to the grids of the 500 -watt amplifier front a small rectifier during "spacing."
The intermediate amplifier is of the push-pull type, comprising twe single
ended, 2 kilowatt water-cooled wives. The valves work'at a plate voltage
of 4,000.
The power amplifier comprises two 10 -kilowatt double ended valves
working at 10,000 volts. The anode current grid volts characteristic of these
tubes is shown in Vig. 43.
The circuits of the two amplifiers arc almost exactly the same, being
similar also to the circuits of the 500 -watt amplifier and coupling stage. Each

amplifier unit comprises essentially a tuned grid circuit terminating the
coupling line from the preceding stage, a tuned plate circuit coupled to the
outgoing teansmission line, and a pair of valves and balancing condensers.
The balancing condensers are variable and are accurately adjusted to prevent
any rraction from the plate circuit, back to the grid circuit.
The grid circuit is loaded with a resistance to swamp the variable grid
impedance, and forms the major part of the load on the preceding stage. The
resistance also serves as the means of adjusting the drive on thi grids when
the preceding stage is working into its correct impedance, and has its correct
drive.

The grid and plate circuits arc coupled to the incoming and outgoing
transmission lines by condensers. The condensers are adjusted during the
initial testing of the set to secure the correct impedance conditions, the grid

condenser being adjusted to present animpcdance of about 600 ohms at
unity power factor to the incoming line. The plate condenser is adjusted to
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match the impedance of the output circuit to a °CO ohms antenna transmit.
sion line.
As has been pointed out at the beginning, the main object in designing
the transmitter was to produce an equipment capable of efficient continuous
service in the extension of a telephone or telegraph system. A number of
these equipments has been manufactured; some have already entered into
commercial service, including the Buenos Aires -Madrid and the British
end of the London -New York radio link.
Litroui VtAwrt00

ItiCOVTA

IA

111
©
r.

g
O

00

0

Fig. 46
-e

Layout Drawing of
Short Wave Radio

Telephone and Telegraph

0
C...4)

immaisimme -o
. . 9_

Receiver.

Om
0

41,

11.__

SHORT WAVE RADIO TELEPHONE AND TT -LT -GRAPH RECEIVERS

Owing to the favorable propagation of radio waves between 30 and 6
megacycles (i. c., of wavelength between 10 and 50 meters) over long distanccs, there is an ever-increasing demand for commercial receivers covering this range. To turn to advantage the lowness of level of atmospheric
interference at these frequencies, such apparatus must be of high sensitivity
and reliability. Particular attention has to be given to other points also;
tube noise must be kept low despite the high amplification involved, and
effective steps have to be taken to render condensers and valves non -micro -

As it is possible to receive telephony commercially with a radio
field strength of the order of one microvolt per meter, and with an antenna
consisting of a rod one-half a wavelength in height, an indication is obtained
phonic.

of the minimum telephonic input signal for which provision 'nas to be 111a -,3e.

The overall amplification must be sufficiently great to deliver to a con.
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mercial tdephone line a level of +5 decibels, reference volume being taken
as six milliwatts. A telegraphic service can be carried on very successfully
with still weaker radio field -strengths. The sets here described are, in con-

sequence, made to operate with signals of a fraction of a microvolt per
meter.

The equipment is designed for the reception of short wave radio telegraphic or telephonic signals. 'The telegraphic signals are delivered in thC
form of tone telegraph impulses for aural reception at low speeds, and in the
form of double current impulses for transmission over a telegraph line; in the
case of high speed reception. The receiver is capable of operating at speeds
up to 300 words per minute with the morse code.
WAVELENGTH RANGE AND BANDWIDTH

The operating wavelength of the radio receiver is continuously variable
over the range 10 to 100 meters (30,0D0.3,000 kilocycles). Tuning is effected

by means of variable condensers in conjunction with interchangeable coil
units. Each coil covers a considerable wavelength band, so that in many
cases the desired change of wavelength can be effected by means of the tuning
condensers alone. The band -width is from 200 to 5,000 cycles.
DESCRIPTION OF EQUIPMENT

it block diagram of the whole receiver is given in Fig. 44. The equipment comprises in brief a receiver proper working on the super -heterodyne
principle, an automatic gain control for telephony, some .auxiliati'y oscillators,
a gain control entitled a "signal limiter" for telegraphy, and certain low frequency measurement and control apparatus. Two aerial connections are
shown to the receiver to indicate diagrammatically that a directive antenna
system is ordinarily employed. The combination of the signals picked up on
a "collector" and on a "reflector array is effected in the receiver itself, the
energies from the two separate parts of the antenna system being brought to
the receiver by two single -wire transmission lines so arranged that any high
frequency voltages picked up in them both will oppose each other in the grid
coil of the first detector, and will balance out..
To render unmodulated C. W. signals audible, a constant frequency 1,000
cycles oscillator is provided, and modulation of the C. W. signals themselves
by'the 1,000 cycle note is carried out at intermediate frequency. C. W. telegraph signals arc, therefore, received in the output 'phones of the set as a
keyed note of perfectly steady pitch. The circuit diagram of this oscillator
is given in Fig. 45. A variable frequency oscillator that covers the band
of the intermediate frequency amplifier is provided. By this means it is
possible to employ heterodyne reception of C. -W. signals. Although reception by means of the 1,000 cycle modulation has the advantage that a vary
steady output frequency is obtained, even thought the set be subject to viottaa
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mechanical vibration, or to very large variations of If. T. and L T. supplies,
it fails when any loud extraneous noise is produced in the receiver, since the.e
noise itself is modulated by the 1.IXX1-cycle; note and acts as a substitute for
the C. W. signal.
In ordinary commercial operation, the receiving set must be installed
where electromagnetic interference is absent. When, however, the C. W.
signal is so weak that it begins to sink into the atmospheric or tube noise, it
is more racily readable by heterodyne reception. The Intermediate Frequency Oscillator, moreover. serves another purpum; it is possible to check
the band passed by the Intermediate Frequency Amplifier at any time and
to adjust the Beating I /senator so that. especially in the case of telephony,
the intermediate frequency corresponding to the carrier of the distant statiou lies in the middle of the frequency band of the I. F. amplifier. The circuit diagram of this oscillator is given in the schematic diagram, Fig. 43.
In order to facilitate exact tuning of the receiver. an oscillator att-signal
frequency is provided. If this oscillator is not employed, it is difficult to tune
the set when fading is taking place. As the incoming carrier produces, when
Iteterudyned in the Intermediate Frequency Amplifier by the Intermediate
Frequency t Jsc.illator, an audible output note, it is easy to adjust the Signal
Frequency Oscillator to within a few cycles of the incoming carrier by simply
tug'," to give the same audio note. The Signal Frequency Oscillator is
enough to swamp the incoming waves and, by leason of the presence
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of a steady local signal, correct tuning of the receiver is facilitated. The
circuit diagram of this oscillator is given in Fig. 45.
After traversing the Intermediate Frequency Amplifier, the signal follows one of two Ilifferent paths according as it represents telegraphy or telephony.

In the former ra..e it passes through the "signal limiter," which is

described more fully below, to the telegraphist's table, and thence to the line.
In the =se of telephony, it enters a band-pass filter, which serves to ensure
the suppression of frequencies outside the band 200-5.(XX) cycles. Thence the
signal passes into a standard 44-A-1 Repeater, which introduces a gain that
may be varied up to 40 decibels. A volume indicator is provided to permit
of the adjustment of the gain of the relreater to the proper value.
A layout drawing of the front view of the %et is given in Fig. 46.
Bay No. I is the battery supply bay and contains the meters. fuses, relays, etc., associattd with the application of the various battery supplies to

Fig_ 49
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lie radio receiver. The second bay contains the speech control apparatus,
legraph relay and order wire circuits. The third hay contains the signal
frequency and intermediate frequency testing oscillatos and the signal limiter. The last bay mounts all the panels comprising the radio receiver proper,
namely, the antenna panel. first detector and beating oscillator, the intermediate frequency amplifier, the automatic gain control and the testing jacks.
'the key to the numbers shown in Fig. 46 is as follows:
1. Bl&nk panels.

20. Signal Limiter.

2. Meter panel.
3. Rheostat panels.
4. Condenser panel.
5. Alarm fuse panels.
6. Fuse panels.
7. Alarm lamps.

21. Relay panel.
22. Antenna tuning panel.
23. Beating oscillator and
tector.

de-

24. Intermediate Frequency Amplifier.

8. Resistance panels.
9. Relays.

10. Dry batteries panel.
11. 1,000 cycle oscillator.
12. 44-A-1 Repeater.
13. Volume Indicator.
14. Testing panel.
15. Jack Strips.
16. Telephone and Trunk panel.
17. Signal Frequency Oscillator.
18. Keys.
19. Intermediate Frequency Oscillator.

1st

25. Jack Strip.
26. Operator's shelf.
27. Blank panel.
28. Shelf with drawer.
'29. Manual Gain Control.
30. Filter.
31. Filter.
32. Transformers.
33. Automatic Gain Control and Detector for Telegraphy,
34. Antennc. Lead -In panel.

ANTENNA PANEL

This contains the antenna tuning circuit which is designed for connection
through a pair of transmission lines to a directive antenna array. The circuit
consists of a single coil tuned by a variable condenser, the center point of the
inductance coil being grounded through a fixed condenser of 0.01 microfarads.
The two transmission lines are connected to variable tapping points don the
inductance, whereby the impedance of the line may be matched, and the two
lines balanced to earth. The inductance coil is replaceable, enabling the large
frequency band to be covered.
The antenna panel is followed by a two -stage transformer coupled Amplifier operating at the signal frequency. The coupling transformers arc inter
chaweable and Ire tuned by variable condensers. This amplifier is not shown
'toe drawings or photographt of the receiver.
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Tar. BEATING OSCILLATOR AND FOIST DLTECTigt

In order that the receiver may be easy to operate, it is necessary that the
tunings of the first detector grid circuit. and of the heating Oscillator should
be quite melcpenlent-that there should. in orher word., he no coupling lwtween these circuits. For this mason, the Beating Oscillator voltage is intro &red in the plate circuit and the signal vltage in the grid circuit of the first
detector, which operate. on the lower Iend of the plate cnrrent grid voltage
characteristic. It is, howner, necessary to neutralize the gridto-plate capacity of the detector tube by means of a small conden.er, which is adjusted
in the laboratory, but which is made variable so that it can always be readjusted in service. The adjustment can lie checked by short circuiting the
input from the antenna, when there will 1w an appreciable change in the
plate current of the first detector, if the balancing condener is out of adjustment.

The principle of symmetry, so important in short wave work, is preserved in the lk-ating Oscillator, which is "ptishitull." Thi4 construction
facilitates a perfect balance with the neutralizing condenser. that is to say, a
balance Mitch is independent of the tutting of the set. .1 is well knwn, an
arrangement, that is physically unsymmetrical. is usually at short waves electrically unsymmetrical. on account of the low impedance of any small capacity
unlylances. and of the relatively high impedances caused by the inductance
of the leads, The push-pull oscillator has, in addition. the advantage of
added frequency stability-an important point when it is remembered that a
variation of 10,0(1) cycles in 20 million is all that is required to tune to the
neighboring channel. The oscillator coil contains three windings. one of

Fig. 50
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whichli.sif copper tube, the other two-those correcting to the grids and plates
the tubes-being contained inside the first. !Sy this means, the coupling
kaween the coils is kept close to 100%, so that no coupled circuit effect is
noticeable when (he oscillator is being tuned. On the other hand, the "skin
effect" causes all the high frequency currents to pass onto the outer copper
tube, which is made of S mm. outer diameter copper, and, therefore, has reduced losses. By this means the decrement of the oscillator circuit is kept
low and the frequency stability improved. The 3 -winding oscillator coil is
assembled as an interchangeable unit, several such coils being used to cover
the wavelength range.
INTERMEDIATE FREQUENCY AMPLIFIER

The intermediate frequency amplifier operates at a frequency of 500
kilocycles, and has an amplification of about 100 decibels. Seven stages of
transformer coupled amplification are provided.
The second detector operates on lower band of the anode current grid
voltage characteristic.
TITF. GAIN CONTROLS

A manual gain control is provided to permit of a variation of output lend
of 40 decibels in one decibel steps. In order to overcome the effects of fading.

an automatic gain control is provided. It can be thrown in or out of circuit
by means of a switch. It contains a single 4102-D (high impedance) tube
operating as a third detector with its grid connected to the grid of the second
detector local ed on the intermediate frequency amplifier panel A resfusaer.
of 100,000 ohms is connected in the plate circuit of the gain control tube, and
a grid potentiometer is provided whereby the plate current of the tube may
be adjusted. This tube fulfills two functions: first it operates as a gain control tube when working on telephony, and secondly as a detector tube wbcn
receiving high speed, telegraphy. When operating as an automatic gain control tube, the drop in voltage across the 100.000 ohm anode resistance is
applied to the grid of the first detector and first amplifying tine. An inermse
in the strength of the received signal causes an increase in the anode current
of the gain control tube, and thus an increase in the negative grid bias applied
to the first detector and first amplifying tube. This increase in the Deg-a:fee
grid bias reduces the gain of the receiver and thus maintains a constant output
level. -When operating as a detector for high speed telegraphy. the voltage
across the 100,000 ohm anode resistance is applied between grid and filament

of the first tube of the signal limiter; the limiter in turn operates a 209 FA
relay and the high sped telegraph apparatus.
Limn -ex

,.The signal hiniter is in effect a two -stye resistance (voided araplifier
0.:.at may be patchial into the output of the telegraph detector when realuirect,
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the limiter being provided with input and output jacks for this pure. The
circuit is that of a direct current amplifier thus enabling it to operate on tr
direct current impulses corresponding to the reception of continuous wave
telegraph signals. The limiter employs two 4102-D (high impedance) tubes.
The anode current of the second tube is limited to zero during spacing signals,
and to 2.7 milliamperes maximum during marking signals.

The limiter is normally patched between the output of the third detectOr
and the receiving relay, and the gain of the receiver is adjusted so that with
the lowest received field strength, the marking current in the anode' circuit
of the second valve is not less than the minimum required to operate the receiving relay (2.3 milliamperes). Any increase in the field strength will then
not cause the marking current through the relay to exceed 2.7 milliamperes,
and consequently bad operation and chattering of the relay due to an excessive marking current is avoided.
RELAY PANEL

The relay pand mounts the receiving relay together with the associated
circuit doyens, designed to deliver current impulses at .. 00 volts to the
line. The relay is a standard 209 FA permalloy relay and is capable of
operating at speeds up to 120 cycles per second corresponding to 320 words
per minute in the Morse Code. The contacts of the relay are suitable for
dealing with a current of about 20 milliamperes. The circuit elements associated with the relay include a "kick transformer" for sharpening up the
action of the relay.
BATTERY SUPPLY CIRCUITS

The radio receiver and speech control apparatus require a filament supply
at 24 volts with the positive earthed. The total current drawn by the receiver
with all tubes switched on is aproximately 10 amperes. In the filament supply
circuit to each panel there is an alarm fuse, a rheostat and a three-way key.
When the key is in the non -locking position, an ammeter ms connected in series

with the filament supply to that panel, and when in the locking position the
filament supply is cut off.

Alarm relays are connected in series with the filaments of the signal
limiter and the three detector tubes, so that failure of the filament supply to
ally of these tubes causes an alarm lamp to light, and the alarm bell to ring.
The voltage of the filament battery may be measured by depressing the 24 volt key and reading the voltage on the meter panel.
The main Plate battery supply is at 130 volts with the negative earthed.
The total current drain is approximately 0.15 amperes, In addition to the
main plate battery, the automatic gain control tube and the first tube of the!
signal limiter each require a separate dry cell battery of 130.volts. Thess.bat=
teries are mounted on special shelves at the rear of the radio receivei.:
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--,.urrennidrain from each battery is about 0.5 milliamperes. These two special
.:atteries are insulated from earth.
Alarm fuses are connected in the plate circuit of each tube, and alarm

rc:ays arc provided in the plate circuits of all tubes except the detectors
and the two signal limiter tubes. Failure of the plate current of any of these
Lutes operates an alarm lamp and the alarm bell. By means of a series of
keys, the plate current of any tube may be read on a double range milliam-

meter provided on the meter panel. By operating the apropriate key, the

voltage of each of the three plate batteries may be measured.
MEC 1IOW#L

TLLT.P.CNT

I. PL

LAW Offway.t

Two STP4C

aNO
PEFEATIA

N.00

TRAWN.L.S3Cat LAIC

Akwurca
CCHTAOUX0
OSCALLATOM

TWO STALL

A6010

max xrcy itivast

AliPur10

Pit_10Cl CCTIX
oscILLATON

Pt00.10 WC

Gtw[AATOAI

IWIVOViC
CA 'COAT CO

Fig. 51

flock Schematic of Transmittizg Station.

For telegraph purposes, a 120 -volt battery with the center point earthed,
delivering the required value of line current, is supplied. Fuses for this battery arc provided on the power supply bay.
A diagram of the whole receiver including power supply circuits and a
front view of the receiver are given in Figs. 48 and 49.
THE NEw YORK -BUENOS AIRES RADIO.CIRCUIT

The opening of the radio circuit between New York and Buenos Aires
on April 3rd, connecting 277,000 telephones in Argentine, Uruguay, and
Chile with 21,600,000 telephones of the United States, Canada, Mexico, and
Cuba, marks another step in the world-wide linking of the people of tho earth
by means of telephonic communication. By means of the transatlantic radio
telephone between New York and London, the Buenos Aires -Madrid radio
telephone previously described, and now the New York -Buenos Aires radio
telephone, the telephone networks of three continents are in actual or poten,..ial communication withone another. The New York -Buenos Aires link 'Is
'uniqle in being the first two-way telephone circuit between North and South
t;.:;:cric.4. Like the New York -London, and Madrid -Buenos Aires, it is a

SIIORT WAVES
true radio telephon etrunk link giving service, not to special bootill:;.;1 the.
cities where the terminals exist but to the entire telephone networks of tl
countries concerned.

The radio terminals arc located near Buenos Aires and New York. At
Buenos Aires the transmitting station is at Burlingham, adjacent to the transmitter for the Buenos Aires -Madrid circuit, while the receiving stations
both the Madrid and New York services are at Piatanos. The New York
terminal is operated by the American Telephone and Telegraph Company and
is located near the short wave transatlantic circuit terminals ; the trat.smitter
at Lawrenceville, N. J., and the receiver at Netcong, N. J. The distance between the New York and Buenos Aires terminals is approximately 8,522 kms.
(5,290 statute miles).
TRANSM 1TTER

The transmitter at Hurlingitam is lotted in a building especially deOn the ground floor and extending the full width of the
building is a large room which contains the motor generator sets. Directly
above thi, room is another of the same dimensions containing the power
board and radio transmitter proper. On the ground floor adjoining the power
room, arc a series of vaults containing high voltage transformers and water
signed to house it.

cooling units.
.

A vacuum tube rectifier for supplying high voltage to the

transmitter is located above the transformer vaults in a small room opening
into the main transmitter room. The building is designed for an ultimate of
two transmitters.
The transmitter is of Western Electric manufacture. It is of the crystal
controlled master oscillator type and electrically corresponds closely with the
Madrid transmitter. The output stage of the transmitter consists of six
water-cooled tubes in push-pull and delivers 15 kw. to the antenna on the highest frequency of approximately twenty-one ntegacycles (14.3 meters). The
installation is especially noteworthy for the precautions taken to insure con-

tinuity of service and safety to the operating personnel. Motor generators
and power transformers arc all supplied in duplicate and so interconnected
that in case of failure, any piece of power equipment can be almost instantaneously replaced by spare equipment by throwing a switch. Safety to the
personnel is provided by an interlocking system which associates mechanical
key operated locks with all switch operating handles and vault inclosure doors.
A certain key or series of keys is required to enter any enclosure containing
dangerous potentials. The opening of switches, which remove the dangerous
voltages from the enclosure in question, releases keys which may be used to
open the door. Only when all voltages are shut off and all keys released can
the enclosure be entered.
The frequencies ,used are approximately .21, 15, and 10 megacy..:'.-rS_Ir
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RECEIVER

The receiver for the New York channel at Buenos Aires is located at
It is of Western Electric manufacture and is of the superheterodyne type. Two stages of radio frequency amplification are followed by the
fir* detector. An intermediate frequency of 400 kilocycles is employed, the
iitertr.ediate stage consisting of a band pass filter followed by six stages of
amplification; another band pass filter and the second detector. Automatic
volume control to minimize the effects of fading is employed. The receiving
antennas arc of the frame or zigzag type.
Platartos.

TRANSOCEANIC TELEPHONE SERVICE-SHORT-WAVE EQUIPMENT
NEW YORK-LONDON SERVICE

Shortly after transatlantic telephone service was opened in January,
1927, the long -wave 'radio circuit between New York and London was supplemented, first by an experimental short-wave radio link in the west -east
direction and later by a short-wave link in the east -west direction. From this
beginning, as an auxiliary to the long -wave circuit, the short-wave system has
been improved steadily so that its average performance throughott the year
now more nearly approaches that of the long wave system and it has become
an important part of the transoceanic facilities. The relative merits of the
two systems, their combined usefulness, and their transmission features are
the ,subject of another paper and will not be discussed here. For the pre..;ent
purpose it will be sufficient to note that there are now in operation between
New York and London, one tong -wave and three short-wave two-way circuits and a short-wa%e circuit between New York and Buenos Aires.
The radio transmitting units for the New York end of these four circuits
are located at the new station which the American Telephone and Telegraph
Company has recently established at Lawrenceville, New Jersey. The receiving units are concentrated at Netcong, New Jersey. The factors entering
into the selection of these station locations are outlined in another paper and
therefore need not be mentioned further. This text is limited in scope to a
necessarily brief description of the transmitting and receiving systems and
apparatus, a discussion of technical features in the station layouts, and an
outline of the major problems encountered in the station design. Comprehensive treatment of individual units is properly left for other entire papers. ft
will be convenient to deal with the transmitting and receiving station§ separately and in each case to consider briefly the system and apparatus of one
channel before describing the general station plan.
TRANSMITTING SYSTEM

The four chanr.els at Lawrenceville are equipped with independent tram
initters using certain auxiliary apparatus in common. Each channel involves
ryktistilransmitter with its associated power plant and.wire equipment, and
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a group of directive antennas designed and adjusted for the spec4f!C wavelength assignments of the channel.
The general method of transmission, with the exception of directional
sending, is the same as that employed for program broadcasting stations in
that the radiated signal contains the carrier and both sidebands. System^. in
which one or more of these components arc suppressed at the transmitter
pear to offer further means of improving short-wave transmission, and the
necessary apparatus for the practical application of such systems why] oper;
ating at frequencies in the order of 20,000 kilocycles is undergoing develop.
ment. However, throughout the development of the transmitters as now installed at Lawrenceville the possibility of future major modifications in the
method of transmission has been kept in mind. For this reason the modulator -amplifier system was adopted. In this system the signal which is to be
radiated, is prepared by modulation processes at relatively low power levels
and thereafter amplified the requisite amount. The amplifier and its power
plant, representing a large proportion of the investment in equipment, can be
continued in service with no appreciable alterations, even though the system
of transmission and the modulating apparatus undergo radical changes.
The general scheme of transmission is shown in Fig. 51. After passing
through the line terminal and control apparatus, which includes standard repe4ers, the voice currents are further amplified and employed to modulate the
plate voltage of an oscillator consisting of two 250 -watt tubes connectedin a
push-pull circuit and oscillating at the frequency of the carrier -which is to be
transmitted. The frequency of such an oscillator, if not carefully controlled,
will wander outside of the assigned frequency band, thus causing interference
with other services and it will also suffer variations during the modulation
cycle which contribute to fading phenomena encountered at the distant receiving station. In order to reduce theme effects the oscillator is held in step
at the desired carrier frequency by mr..ins of a second oscillator which is electrically removed from -the reactions normally influencing and tending to vary
the frequency. of the controlled oscillator. Every precaution is taken to maintain accurately the frequency of the second oscillator and among other things
it is governed by a piezo-electric quartz crystal whose temperature is regulated closely.

Since it is impraLtical to use crystals cut sufficiently thin to oscillate
directly at frequencies in the range 10,000 to 20,000 kilocycles, thicker crystals
of lower frequency are used in combination with harmonic generators which
multiply the crystal frequency first by two or three and then by one or two
as the atse requires. By virtue of the wide differences between the input
and output frequencies of the harmonic generators these intermediate step's
'tend to isolate the crystal oscillator from the other radio citcuits and thus au
to stabilizing the frequency.

SHORT WAVES

99

TPr modulated radio frequency output of the controlled oscillator is applied to the grids of a two -stage power amplifier employing water-cooled tubes

designed fur operation at these frequencies. The first stage contains two
tubes and the second stage contains six. The tubes arc arranged in push-pull
circuits, the entire system being twefully balanced to ground. The carrier.utput power from the last stage is 15 kw. With 100 per cent modulation
this corresponds to GO kw. at the peaks of the modulation cycle. In other
words, a radio telephone amplifier of this type, rated at 15 kw. whin provided (With a sufficiently large d -c. power source, could Ere used as a 10,000kilocycle continuous wave generator of 60 kw. capacity,
The radio signal delivered by the amplifier is conveyed to the antenna by
means of a 600 -ohm open wire transmission line. The antenna itself is both
a very efficient radiator and a highly directive one.
TRANSMITTINC: EQUIPMENT

At the transmitting station the apparatus for each channel comprises,
(1) wire terminal equipment and repeaters, (2) a voice frequency control
desk, (3) the radio transmitting set containing the oscillators, modulators,
and power amplifier, (4) a power control board, (5) rectifying apparatus and
filters for supplying direct current at 10.000 volts, (6) motor -generators for
providing various circuits with direct current, (7) water circulating pumps,
tanks, and cooling units.
The wire terminal equipment and repeaters at the transmitting station
arc standard -units mounted on relay racks beside the voice frequency testing
apparatus common for all channels.
The voice frequency control desk provides facilities by which the attendant can monitor the incoming voice currents and the outgoing radio signal.
Means arc provided fcr observing the volume of these signals. Oscillators
arc provided for the purpose of quickly checking the performance of the system during line-up periods and for sending Morse signals over the radio link
when required. The control desk is also equipped with apparatus for direct
telegraph communication with the technical operator at New York.

The radio transmitter consists of seven independently shielded units
=anted on a common sub -base to form a single assembly, 4 ft. by 20 ft by
7 ft. high. Some of the units are subdivided into several small shielded compartments. Very effective electrical screening or shielding between the various parts of a short-wave transmitter is essential. Otherwise stray fields introduce unwanted feedback couplings which produce distortion effects and
spurious oscillations. 13eginning at the left there arc two units for spelt
amplification, one for radio frequency generation and modulation, one unit
each for the first stage, the interstage circuit and the last stage of radio-aniplificat;on, and a double -sized unit for the output circuit. It is interesting to
.e that the over-all length of this assembly is as much as five -eighths of a
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wavelength at the highest frequency in its operating range, which isr=),000 to
21,000 kilocycles. Each transmitter is required to operate at several assigned.

frequencies within this range and to change in a few minutes from one to
another. This is done by changing coils and varying condensers in the oscillator and amplifier circuits and switching to different quartz crystals. Except

in cases where .two assigned frequencies are in harmonic relationship, it
necessary to provide a crystal for each of the frequencies. The crystals are
mounted in an oven and continuously maintained at SO deg. ± 0.005 deg. cent.3
by recording regulators. In order to avoid long interruptions to servict in the

event of a crystal failure or other circumstance requiring the opening of the
oven and the. subsequent re-establishment of temperament equilibirium, the
ovens and crystals arc provided in duplicate.
The electrical problems which arc encountered by the engineer designing
a power amplifier for these high frequencies arise largely from the inherent
stray or distributed capacities and inductances which are far less important
at lower radio frequencies. For example, between the anodes of the amplifier
circuit there exist capacities, which arc composed of capacities within the

I
1

I

Fig. 52

Conductor Bent to Form
One Section of Simple
Directive Antenna.

The

Type Used for Transmitting
at Lawrer.ceville.

j
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tube itL2Jf, the direct capacities between the tube water jackets, the mounting
plates and the like. The total value of this composite capacity in the last stage
is approximately 100 m.m.f. This value cannot be appreciably reduced by any
change in design which now seems desirable. The reactance of 100 m.m.f. at

29,003 kilocycles is about 80 ohms. Thus the engineer is confronted at the
..Jutset with a generator (the tubes) which has an internal impedance in the
order of 2,000 ohms but across whose terminal is shunted inherently an 80 ohm reactance. Fortunately, this obstacle can be surmounted by introducing
resonance effects but nevertheless it places very important limitations on the
design of the associated circuits. These problems become more difficult with
increase of either power or frequency. Increase in power requires higher
voltages and currents and thus larger elements, spaced farther apart. The
augmented bulk increases both stray capacities and unwanted inductance of
leads. Higher frequencies increase the magnitude and therefore the relative
importance of these effects.
The power control board has nine panels equipped with the necessary
instruments and apparatus for controlling and distributing all power to the
transmitter. The motor -generators, pumps, fans, oil circuit breakers, and
other apparatus arc remotely controlled from this point. A system of relays
and signal lamps provides protection and indicates the location and general
nature of any trouble. With the exception of the application of high -voltage
direct current, the entire system starts up and shuts down in the proper sequence in response to the manipulation of a master control switch.
Direct current at 10,000 volts is supplied to the anodes of the power
amplifier tubes by a transformer and rectifier using six standard tyro -electrode
thermionic tubes. The rectified current is filtered separately -for each stage
of the amplifier. This is necessary to prevent distortion by interstage Modulation caused by the common impedance of the rectifier. Effects of this nature
become important as the requirements placed on unwanted modulation products become more stringent.
TRANSMIT-TING ANTENNAS

The antennas at Lawrenceville all have comparatively sharp directional
properties. Such antennas are readily realized when dealing with radio waves
of very short wavelengths. Although the fundamental principles inmlved in
producing these directional effects have been known for many years, economic
limitations effectively prevented their application to transmitting antennas for
long wavelengths. These limitations are altered immensely in the case of
antennas for short wavelengths and, when the useful propagation properties
of short waves became known, great stimulus was given to the development
of P_ntennas foe directional sending and receiving. The same type of antenna can be used, of course, for both purposes but, since the objectives when
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sending and receiving are somewhat different, the tendency has bezel to develop arrangements adapted to each case.
Directional transmission is a very large subject and will only be touched
upon sufficiently to describe in a very general way the antennas at Lawrenceville. There are many possible arrangements and combinations and the cn-
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Fig. 53

Antenna Sleet-nKltina Circuit.

giners must choose from these the ones most suitable for their purpose. In
general all of the schemes depend upon producing interference patterns which
increase the signal intensity in the chosen direction and reduce it to comparatively small values in other directions.
One of the methods of obtaining a sharply directive characteristic is to
arrange a large number of radiating elements in a vertical plane array, spacing
them at suitable distances and interconnecting them in such a manner that
the currents in all the radiating members are in phase. A simple way of accomplishing this result and the one which is now being employed at Lawrenceville depends upon the manner in which standing waves arc formed on con-

It is generally known that current nodes and curtsmt maximkwill
recur along a straight, conductor whose length is an exact multiple of oneductors.
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half tle-.wavelength of the exciting e.m.f. and that the phase difference between successive current maxima is 180 deg.' Such a conductor when folded
in a vertical plane as shown in Fig. 52 and with its length adjusted slightly to
compensate for the effects of folding, satisfies the aforementioned requirements for producing directional radiation. The arrows in Fig. 3 indicate the
:dative directions of current flow and the dotted line indicates the current
amplitudes along the conductor. It will be noted that the instantaneous currents in all the vertical members are in the same direction and that in the
cross 'Members their directions arc opposed. Duc to these current relations
and the physical positions of the elements, the cross members radiate a negligible amount of energy whereas the vertical members combine their effects
for the directions perpendicular to the plane of the conductor. In other directions destructive interference reduces the radiation from the vertical members. The system is equivalent to four Hertz oscillators driven in phase, and
arranged in two groups one-half wavelength apart, the two oscillators of each
group being placed one above the other. Both computation and experiment
have shown that with this system of radiation there is an improvement of
approximately 6 db. In other words the same signal intensity in, the chosen
direction is obtained with one-fourth of the power required by a one -element
radiator. A second similar conductor system placed directly behind the first
in a parallel plane one -quarter wavelength away, will be excited parasitically
from the first conductor and will act as a reflector, thereby creating a unidirectional systym. It has been found that the reflector further reduct by 3 db.
the power required to maintain a given signal intensity in the desired direction, thus bringing the total gain for the system up to 9db. This is also
in agreement with the theoretical computations.
It is obvious that the system in Fig. 52 can be extended vertically to include more radiating elements by increasing the length of the conductor and
it can be enlarged horizontally by placing several units alongside each other.
care being taken to obtain the desired phase relations by transmission line,
of the proper length. In this way large power savings may be reflected. At
Lawrenceville the maximum gain is about 17 db. (a power ratio of 50) over
a vertical halfwave oscillator. The enlarged system lends itself readily to
mechanical support and forms so-called exciter and reflector "curtains" which
arc suspended between steel towers appropriately spaced. Aside from other
considerations, which will be mentioned in connection with station layinit,

size of the antenna is influenced by the complex and variable nature of the
wave propagation through space. At present this determines the degree of
directivity which is most useful for the average conditions.
The closed loops of each unit corresponding to Fig. 52 greatly facilitate
LThis assume of course that the conductor is in space free frosts objects affecting
its electrical properties and that the outs are free or properly terminated to produce
reflections.
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the removal of sleet. In addition to loading the antenna mechanidlly,
naving a dielectric constant of 12 at these high frequencies, adversely affects
the tuning. At I-awrenceville sleet is removed by heating the wires with
current at 60 cycles. This is accomplished without interfering with the
service by employing one of the less familiar properties of a transmission line.
The same property also is used to effect impedance matches wherever th..
transmission lines are branched. If a line, exactly one -quarter wavelength
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Arrangement of Antennas at Lawrenceville Transmitting
Station.

long, of large impedance Z. is terminated with a load ZR; the sending end impedance Z. is equal to Z03/Z . If ZR is a pure resistance the sending -and
impedance is a pure resistance. Hence a quarter wavelength line may be used
to conA cc t two circuits of different impedances and these impedances may be
matched by controlling the value of Z. either by varying the diameter of the
conductors or their spacing. Likewise, if Z. is axed and Z R is made very
small, then Z, will be extremely large.

In Fig. 53 two units of the type shown in Fig. 3 are excited through
transmission lines 1 and 2 of equal length in order to give the correct phase
relations in the radiating elements. The lines are joined in'parallcl by ,-...andensers of low impedance at radio frequencies and they arc connected in
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!cries for 60 -cycle currents by the quarter wavelengths line A which, being
short-circuited at the one end, presents a very high impedance to radio frequency currents at the other end and therefore behaves like an antiresonant
circuit. The quarter wavelength line 11 serves as a transformer and is
adjusted to match the impedance at the junction of lines 1 and 2 with that of
:ne radio transmitter. The quarter wavelenc;,:-h line C is effectively shortcircuited for radio frequencies by the oondenter D and acts the same as A.
These quarter wave lines consist of short lengths of pipe mounted on frames
under The antenna curtains as shown in Fig. 5.
TRANSMITTING STATION

Among the first radio problems encountered in the design of a transmitting station for several channels are those concerning the size, shape, and
number of antennas, their directions of transmission, their relative positions
from the point of view of mutual interference, and their grouping around
the transmitters.
The number of antennas required for each channel is determined by the
hours of operation and the average grade of service which the system is expected to render. For service covering a Large portion of each day several
wavelengths arc necessary. Transmitters Nos. I, 3, and 4 at Lawrenceville
each are assigned three frequencies. No. 2 has five assignments in order to
improve the likelihood of at least one channel being available throughout the
entire day at all seasons.

The size' and shape of the antennas are, of course, determined by the
directivity wanted, by the type employed, the frequency assignments, and by
considerations of cost. They are governed also by the necessity of connecting several antennas to the same transmitting set. This involves both the
spacing and arrangement of antennas to avoid adverse mutual reactions and it
requires that attention be given to the losses in the connecting transmission
lines, which are by no means negligible. Operating economics suggest concentrating all the transmitters at one point but the cost per kilowatt hour of
modulated high -frequency power must be taken into account when considering
the use of long transmission lines. It should be recognized, of course, that
in the early applications of a comparatively new art, it is impossible to approach anything like accurate evaluation of all the. factors entering into economic balances and furthermore very considerable weight needs to Ix given
to the probable future trend of developments.
At Lawrenceville all of the antennas for the three channels to England
are arranged in a straight line about one mile tong. The direction of this
line is perpendicular to the great circle path to 13aldock, England, where the
signals are received, (Fig. 54). The antennas for the fourth channel arc similarly arranged ih a line 1,500 ft. long and they are directed for transmission
to Buenos Aires, Argentine.
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Placing several antennas in a single line reduces the cost of the support-

ing structure, and all the antennas have a clear sweep in the direction of
transmission. By locating- them in proper sequence with respect to wavelengths it is possible without objectionable interference, to place the antennas end -to -end and thus use supporting towers in common. Due to the
wide difference in wavelength between adjacent antennas and their right-.
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Fig. 55
Block Schematic of Receiving System.

angle position with respect to the line of transmission, their proximity has
no appreciable effect different from that of the towers. The proper selection
of tower spacing in respect to wavelengths makes it possible to erect a uniform supporting structure. This has tie advantage of flexibility and will permit future alterations of either the location or size of a given antenna. At
present, each antenna occupies the space between three towers.

In order to avoid undue loss in the transmission lines the radio transmitters arc grouped in two buildings. The buildings each contain two trans-

mitters and are identical in layout, in so far as the radio equipment is con
corned. Building No. 1 has additional space for the central wire terminating
and testing equipment. This apparatus is contained in an electrically screened
room which effectively prevents high -frequency fields from interfering with
the proper functioning of the apparatus.
RECEIVING SYSTEM

Short-wave reception is characterized by less difficulty with static than
that encountered with long waves. On the other hand it suffers interference
from sources such as the ignition systems of passing airplanes and :intorno-

SHORT WAVES

107

which ordinarily do not disturb long -wave systems. Frequently the
incoming radio waves suffer wide and rapid swings in intensity and there arc
variations in the apparent direction of arrival. On account of the extremely

high frequencies the apparatus and antenna structures are very different
from those for the long waves; otherwise Me general schemes of reception
are similar, directional effects and double detection methods being .nployed
for both.
The radio wave is collected by means of a directional antenna array
whose prime function is to improve the ratio between the desired signal and
unwanted noise or other interference. This it does in two ways: vie., (1)
by increasing the total signal energy delivered to the receiver and (2) by discriminating against waves whose directions of arrival differ from the chosen
one. Increasing the total energy collected front the incoming message wave
permits the detection of correspondingly weaker signals because there is an
apparently irreducible minimum of noise inherent to the input circuits of the
first vacuum tube in the receiver and this noise establishes a lower limit below
which signals cannot be received satisfactorily. Since, under iluttly conditions, the directions of arrival of static and other disturbances including unwanted radio signals arc random, it is obvious chat sharp directive discrimina.
tion aids very materially in excluding them from the receiver. On the other
hand, the antennas are not sharply resonant systems and they do not' distinguish betveen waves from substantially the same direction and closely
adjacent in frequency. This duty is left to the circuits of the radio receiver.
Having collected the signal with a directional antenna the energy is conveyed to the receiving set by means of concentric pipe transmission lines of
small diameter. The use of concentric conductors simplifies the prevention of
direct signal pick-up by the lines, it reduces losses and prevents external objects from influencing the transmission properties, thus allowing the line to
be buried in the ground or placed a few inches above the surface where it
will have no appreciable adverse effect on the antenna performance.

Referring now to Fig. 55. the radio currents arriving over the transmission line are first amplified by two stages of radio amplification involving
tuned -circuits which discriminate further in favor of the wanted signal. The
signal delivered by the radio amplifier is at a suitable level for efficimt de-

modulation and is applied to the grid of the first detector. By means of a
beating oscillator whose frequency is suitably adjusted, the first detector steps
the signal carrier frequency down to a fixed value of 400 kilocycles from one
in the range 9,000 to 21,000 kilocycles which depends, of course, on the distant transmitting station assignment. The intermediate frequency signal at 400
kilocycles then lasses through a combination of amplifiers and filters which
further exclude.the unwanted' interference. The wanted signal reaches the
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second detector where it is demodulated and the voice currents reproduce, t.
The latter arc then amplified and applied to the telephone lines,

A portion of the output front the intermediate amplifier which would
normally go to the second detector grid, is diverted and further amplified.

It

Fig. 56
Short -Wave Radio
Receiver, Front View

is then supplied to a device which automatically tends to maintain the receiver
output volume constant by controlling the bias potential of the first detector
grid circuit. The time constants arc adjusted so that this gain control does
not respond to the normal variation in signal power corresponding to speech
modulation, Otherwise, of course, there would be serious distortion effects.
This device partially offsets the ill effects of wide fluctuations in signal in-

tensity but it does not overcome the deterioration in signal quality which
usually accompanies the low field strengths during such fluctuations.
RECEIVING E01.71 11 NI ENT

-

At the receiving station the apparatus fur each channa comprise4, (1)
the radio receiving set., (2) a power plant for the receiver, (3) wire :ermi-
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g equipment and repeaters. The latter are located at a central point
.1 the station along with certain voice frequency testing apparatus used in
common by all channels and supplied with power from a common source.
A radio receiving sct which embodies the above described system and

Fig. 57
Sisort-Wae Radio Receiver, Rear View

of the type installed at Netcong is shown in Figs. 56 and 57. It consists of a
large

number of individually shielded units mounted on panels and as-

sembled on three self-supporting racks of the type commonly employed in the
telephone plant. This permits the use without modification of certair. statalard pieces of equipment, such as jack strips, fuse panels, meter panels, audio
frequency filters, and the like. It also permits the removal and repair or

substitution of units with a minimum of delay. The set is required to receive signals at three fixed frequencies in the range 9,000 to 21,000 kilocycles.
This involves connections with three antennas through three separate transmiszion lines. The tuning of the antenna and transmission line terminations
arc rather lengthy processes requiring precise adjustmtnts. In order to facil-
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kale quick changes from one operating frequency to another without kith rate tuning operations, the first stage of radio amplification is provided it
triplicate and the switching is done between the first and second stage. Thus
the antennas arc permanently connected to the set and their adjustments remain undisturbed. The circuits of the second stage require tuning when the
frequency is changed. Ilence to tune the receiver on any one of the assigned
frequencies, the attendant merely moves the dials of the second stage to prede-

termined settings, switches the grid circuit to a first stage which is already

Fig. ES

One of the Receiving Antennas at Xctcung.

(24.7 Meter Wavelength.)

tuned and connected with the proper antenna and he adjusts the beating
oscillator to obtain an intermediate frequency of 400 kilocycles. Screened
grid tubes arc used for the first two stages of amplification. A key shelf is
provided with telephone and telegraph facilities. The power plant consists
of standard 24 -volt and 130 batteries, rectifier charging units and automatic
regulators.

RecEtviNG ANTENN.s

in discussing antennas for directional sending it was mentioned that an
identical antenna could he used for receiving purposes, but since the
nts,m
.;ti the two cases arc not the same, quite different structures have been
developed, although the methods of obtaining directivity arc alike. In the
sliding case the reduction of .random radiation ceases to be profitable when
the increment thus added to the energy, which is radiated in the direction of

the distant receiving station, is a relatively small part of the total. - In the
receiving case, although the response to the wanted signal may not be increased appreciably by further improvement in the directive_ pattern, the reduction in noise and interference -front random directions justifies additional
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Expressed another way, the objective in the transmitting case
rprovernent.
is a high gain compared to a nondiroctional antenna, whereas in the receiving
case the objectives arc, first, a high average signal-to-noise ratio and, second,
a gain sufficient to override the noise inherent to the receiving set. Satisfying the first accomplishes the second.
Improvement of the average directional discrimination means a nearer
approach to,ideal conditions. Whereas steel towers, sectionalized cables, guys
and the like, when properly located relative to the conductors of a sending

Fig. 59

Diagram of Sint* Directive Receiving Antenna.

antenna, do not cause any appreciable power loss, their presence near the
receiving antenna may prevent the realization of the extreme directive properties which are wanted. Moreover, there is need for much greater rigidity
in the positions of the conductors. For this reason the antennas at Netcong
arc supported on wooden frames constructed like large crates.
Due to the variable conditions surrounding the propagation of short
waves in space, the vertical angle of arrival of the signal wave at the receiving station frequently changes considerably throughout a twenty -four-hour
period and is not always the same front day to day. In order to combat this
variable condition, it appears desirable to select an antenna arrangement
which does not have sharp directional properties in a vertical plane passed
through the horizontal direction of arrival. The type of antenna selected
for Netcong meets this requirement by having only a single horizontal row
of quarter -wave vertical elements in one plane. Another solution, ot consist,
would be to provide several antennas of different characteristics and to shift
about from one antenna to another as the conditions warranted.
Fig. 58 is a general view of one of the Netcong receiving antennas. Like
the transmitting antennas, the conductors are arranged in two parallel planes
one -quarter wavelength apart in order to obtain a unidirectional system,. The
conductor in each plane is bent and terminated as indicated in Fig. 59 but is

much longer than that shown. The vertical member are marked A. As in
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the transmitting case the directional effect depends upon the manner in which
standing waves occur along the conductor. A signal wave arriving broad:.
side to the array induces voltages in the vertical members which arc identical
in phase and amplitude.
Because the vertical members arc interconnected altern.ately at the top
and bottom by members of one -quarter wavelength and the last horizontal
members arc one -eighth wavelength, the net effect of the induced voltages is
the establishment of standing current and voltage waves along the conductor.
The receiver is connected at a voltage anti -node and the current whicl- flows
through it is proportional to the sum of the voltages induced in the vertical
members. In the case of a signal wave arriving from the horizontal direc-

tions parallel to the plane of the array, the voltages in the vertical members
are in successsive quarter-phase relationships, no standing waves are produced, and no current flows through the receiver. Because current nodes
occur at the center of each horizontal member, the loss by rcradiation from
these members is negligible. This is an important feature which contributed
to the selection of this type of antenna for Netcong.
The size of the antenna is determined largely by the manner in which
the signal waves arrive although costs cannot be wholly neglected. The useful length is limited by the fact that random fading occurs at distances as
short as ten wavelengths and it is doubtful if an antenna this long would
realist the computed improvement. The cost per decibel gained is small for
the initial steps, but it mounts very rapidly as the length of antenna increases.
The height also is limited by cost and by the necessity of allowing for considerable variation in the vertical angle of arrival as discussed in a previous
paragraph.

The antennas at Nctcong arc six wavelengths long and the lowest conductors are about 10 ft. off of the ground. The gains over that of a half wave vertical antenna arc in the order of 16 db (power ratio of 40). The
average improvement in signal-to-noise ratio is of the same order. There are
certain null points toward the sides and rear for which the ratio of directional
discrimination is very large.

The transmission lines are constructed of inner and outer copper tubes
respectively 3/16 in. outside diameter and g in. inside diameter. The tubes
are held concentric by torroidal-shaped insulators made of Isolantite, a cerahlic product similar to porcelain and well adapted for high -frequency voltages. This same material is used for insulating purposes throughout the
transmitting and receiving antennas. Transmission lines arc supported a few
inches above the ground and arc connected to earth at short intervals. The
lines vary in length from 200 to 1,500 ft. One of the interesting problems in
connection with their design is the provision of means for allowing variation
in length with temperature. Ordinary expansion joints introduce difficulties
with electrical contacts and impedance irregularities. To avoid these the
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are made 10 per cent longer than otherwise necessary and they follow
sinuous course which permits the necessary bending. Sharp turns arc not
Permissible because experiments have shown that they cause reflection disturbances. The measured loss in 1,000 ft. of line at 20,000 kilocycles is 2 db.
RECEIVING STATION

The radio problems encountered in the layout of the receiving station,
in general, istclude most of those already mentioned in connection with the
142.
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Arrangement of Receiving Antennas at Netcong Receiving Station.

transmitting station, but their solution in some instances is quite different. In
addition there arc requirements imposed by sources of radio noise both within the station itself, and in the sourrounding area which is beyond the control
of the station.
The number of antennas is determined, of course, by the frequency assignments of the distant transmitting station. Where two assignments are
within 100 kilocycles it is possible to use the same antenna for both, but thus
far, this has nt)t been done at Netcong.
The size of the antennas is not limited appreciably by the length of transmission lines because other factors make it necessary to separate them rather

On this account and also because the receiving apparatus and its
power plant are small, comparatively inexpensive units, it is economical to
place the receivers in small buildings centrally located with respect to the
group of antennas for one channel. In this case the lengths of transmission
lines are not controlling factors and the dimensions of antennas are governed
primarily by the considerations previously outlined when describing the,.individual antenna.. The sniall height of the antenna permits them to be placed
in tlft line of reception of other antennas spaced ten wavelengths or more
widely.
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away and of widely different frequencies such as those of one channel.
Antennas adjusted for the Sims order of frequency arc separated more than
this. On the other hand, to avoid adverse reactions no two are placed adjacent and end-to-cnd as at the transmitting station. The end -to -end separation
at Netcong is in the order of four wavelengths. The areas surrounding antennas are cleared of trees and kept free of all overhead wires or conducting
structures to avoid reflection effects which disturb the directional characteristic of the antenna systems.
The locations of antennas are also influenced materially by the rlecessity9
of avoiding interference from the ignition systems of internal combustion
engines. This imposes a requirement that the station site be isolated from
air routes and roads carrying heavy traffic. The antennas are placed as far
-as possible from secondary roads which cross their line of reception.
The layout at Netcong is shown in Fig. (i). There are thirteen antennas
arranged in four'groups with a receiver building for each group. A headquarters building located at the road entrance contains the wire terminating
equipment, line repeaters, and voice -frequency testing apparatus. The power
plant at each receiver and the entire central terminal apparatus at the headquarters building are placed in electrically shielded rooms to prevent radio
noise disturbances emanating from them and reaching the receivers directly
or via the antennas.
The radio stations described herein arc pioneer commercial applications
in the development of short wave telephone transmission, Although progYess
has been rapid and far-reaching, our knowledge of the behavior of short waves
is by no means complete. It is reasonable, therefore, to expect that the

future holds many improvements and that the information obtained by
further fundamental investigations may materially alter both our views of
the transmission phenomena and our ideas of what the apparatus and stations
should be.
TRANSOCEANIC TELEPHONE SkR1.10E---SHORT-WAVE TRANSM
NEW YORKLON DON SERVICE

SS1ON

Trunk circuits between London and New York which furnish telephone
service between these two cities and also permit successful conversation by
means of toll wire extensions between the United States and Europe inure
hienerilly arc being carried over both long waves and short waves. It is the
purpose of this paper to consider the transmission side of the new short-wave
circuits which the American Telephone and Telegraph Company and the
British General Post Office have made available for this. service. In doing
this we shall proceed from the more general considerations, relating to wavelengths and communication channels, through a discussion of the principles
governing the general design of the system, into a brief suicmary of practical
performance results.
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The frequency range so far developed for commercial radio use is
roughly 20 to 30 million cycles wide, extending from about 10 kilocycles to
perhaps 25,000 kilocycles per second. There arc two parts of this whole spectrum suitable for transoceanic radio telephony-the long -wave range which
is relatively narrow, extending roughly from 40 kilocycles to 100 kilocycles, and the short-wave range which in its entirety is much broader, extending from about 6,000 kilocycles to 25,000 kilocycles.
It is evident that the long -wave region, including perhaps only 50 kilocycles,offers opportunity for development of relatively few telephone channels, particularly in view of the [act that it is in use by a number of telegraph
stations. Also it must be borne in mind that for telephony these waves arc
suitable for only moderate distances of the order of 3,000 miles and for routes
in the temperate zones where static interference is moderate. The first transatlanticsadio-telephone circuit opened in 1927 was a long -wave circuit (58.561.5 kilocycles). In providing the next few channels for the initial growth of
the service, the opportunity to determine the utility of short waves was embraced.

The short-wave range is vastly wider in kilocycles but, nevertheless, has
its limitations as to the number of communication facilities it affords. For
a given route of a few thousand miles a single frequency gives good transmission for only a part of the day. For example, from the United States to
Europe a frequency of about 18,000 to 21,000 kilocycles (17 to 14 meters)
is good during daylight on the Atlantic. But in the dawn and dusk period a
frequency of'about 14,000 kilocycles (22 meters) is better. For the dark
hours Something like 9,000 kilocycles (33 meters) gives best transmission
and for midnight in winter an even lower frequency near 6,000 kilocycles
(50 meters) is advantageous. Thus, in considering the short-wave range in
terms of communication circuits, we must shrink its apparent width materially
to take account of the several frequencies required for continuous service.
At the present time the frequency spaces between channels are much
greater than the bands of frequencies actually occupied by useful transmission. This elbow room is to allow for the tendency of many stations not to
stay accurately on their nominal frequencies but to wander about somewhat.
But.in spite of this allowance, cases of interference arc common and one of
the activities which must be carried on in connection with a commercial system is the monitoring of interfering stations and the accurate measurement
of transmitting frequencies to determine the cause of the conflict. To permit
intensive development of the frequency space offered by Nature, the greatest
possible constancy and accuracy of frequency maintenance in transmitting
sets will be required.
The fact that channels have been assigned (within wide bands set aside
for a, particular Service) with little regard to the geographical location of
stations may result in neighboring channels having much stronger signals
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than those in the channel being received. When this is so, a severe requirement is placed on the selectivity of the receiver to prevent interference.
I N TERCON NECTI NG WITII WIRE CIRCUIT EXTENSIONS

The skeleton of a radio -telephone circuit is in its essentials very simple.
It consists merely of a transmitter and a receiver at each end of the route and
two oppositely directed, one-way radio channels between them. These two
independent channels must be arranged at the terminals to connect with two -

Fig. 61

Circuit Diagram Illustrating Operation of Voice -Operated SwiteltiAg Device.

wire telephone circuits in which messages in opposite directions travel on the
same wire path. The familiar hybrid coil arrangement so common in tele-

phone repeaters and four -wire cable circuits might appear to solve this
problem, were there not difficulties peculiar to the radio channels. In the
short-wave case large variations in attenuation occur in the radio paths within
short intervals of time. These would tend to cause re -transmission of received signals at such amplitudes that severe echoes and even singing around
the two ends of the circuit would occur unless means were provided to prevent this.
To overcome these fundamental transmission difficulties, an automatic
system of switches operated by the voice currents of the speakers has been
developed. These devices cut off the radio path in one direction while speech
is traveling in the reverse direction and also keep one direction blocked when

no speech is being transmitted. The operation is so rapid that it is unnoticed by the telephone users. Since this system prevents the existence of
singing and echo paths, it permits the amplification to be varied at several
points almost without regard to changes in other parts of the system, and it
is possible by manual, adjustment to maintain the volumes passing into the
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radio link at relatively constant values, irrespective of the lengths of the connected wire circuits and the talking habits of the subscribers.

Fig. 61 gives a schematic diagram of the United States end of one of
the short-wave circuits showing the essential features of a voice -operated device which has been used. This kind of apparatus is capable of taking many
forms and is. of course, subject to change as improvements arc developed.
The diagram' illustrates how one of these forms might be set up. This form
'employs electro-mechanical relays. The functioning of the apparatus illus-

trated is briefly as follows: the relay ES is normally open so that received
signals pass through to the subscriber; the relay SS is normally closed to
short circuit the transmitting line. When the United States subscriber speaks
his voice currents go into both the Transmitting Detector and the Transmitting Delay circuit. The Transmitting Detector is a device which amplifies and
rectifies' the voice currents to produce currents suitable fm' operating the relays TES and SS which thereupon short circuit the receiving line and clear
the short circuit from the transmitting line, respectively. The delay circuit
is an artificial line through which the voice currents require a few hundredths
of a second to pass so that when they emerge, the path ahead of them has been
cleared by the relay SS. When the subscriber has ceased speaking the relays
drop back to normal.
The function of the Receiving Delay circuit, the Receiving Detector, and
the relay RES is to protect the Transmitting Detector and relays against operation by echoes of received speech currents. Such echoes arise at irregularities
in the two -wire portion of the connection and are reflected back to the input
of the Transmitting Detector, where they are blocked by the relay RES which
has closed and which hangs on for a brief interval to allow for echoes which
may be considerably delayed. The gain -control potentiometers shown just
preceding the transmitting and receiving amplifiers are provided for the purpose of adjusting the amplification applied to outgoing and incoming signals.

The relief from severe requirements on stability of radio transmission
and from varying speech load on the radio transmitters which this system provides permits much greater freedom in the design of the two radio channels
than would otherwise be possible.
THE RADIO CHANNELS

One of the first questions which comes up in considering the design of
a radio system is the power which can be .ant out by the transmitter The
word "can" is used advisedly, rather than "should," since the present art
the desideratum usually is the greatest amount of power that is technically
possible and economically justifiable. There are few radio systems so dependable that increased power would not improve transmission results. At
very'high frequencies the generation of large powers is attended by ninny
technical difficulties but fortunately the radiation of poWer can be carried out
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with much greater efficiency than is feasible at lower frequencies. At 18,000
kilocycles (about 16 meters) a single half -wave radiator or doublet is only
about 25 ft. long and it is possible to combine a number of them, driven in

phase by a common transmitter, into an antenna array which concentrates
the radiated power in one geographical sector. In that direction the effec-.
tivettess may be intensified 50 fold or more (17 db) and waste radiation in
other directions reduced materially. Thus, one of the transmitters at Lawrenceville, New Jersey, used in the short-wave transatlantic circuits when
supplying 15 kw. radiates in the direction of its corresponding receiving station as effectively as would a non -directive system of about 750 kw.
The transmitting antennas also give sonic directivity in the vertical plane,
increasing the radiation sent toward the horizon and decreasing that sent at
higher angles. It is not yet certain that vertical directivity is always advantageous and this effect has not been carried very far.
At the receiving station the radiated power has dwindled to a small rem-

nant which must be separated from the static as far as possible and ampliliccl to a volume suitable for use in the wire telephone plant. Here again
directive antenna arrays are of value. A receiving antenna system sensitive
only in a narrow geographical sector, and that lying in the direction from
which the signal arrives, excludes radio noise from other directions and thereby scores a gain of perhaps 40 fold (16 db) in the power to which the signal
can be amplified without bringing noise above a given value. It also saves
against noise which arises in the tubes and circuits used for amplification,
since the combined action of the several antennas of the array rtelivers more
signal to the initial amplifier stage where such noises originate.
Thus, it is evident that transmitter power, transmitting directivity, re
ceiving directivity, and quiet receiving amplifiers are of aid in providing signal
transmission held as far as possible above the radio noise. In a well -designed system the relative extents to which these aids are invoked will depend
upon economic considerations as well as upon the technical possibilities of
the art.
There is one other type of noise titan that provided by Nature which is

of particular importance at short waves-electrical noise from the devices
of man. One of the worst offenders is the ignition system of the automokile.
The short-wave transoceanic receiving station at Netcong, New Jersey, is so
locatedithat automobile roads arc at some distance, particularly in the direction
from which reception occurs. Service automobiles which produce interference cannot be allowed near the antenna systems unless their ignition systems have been shielded. Also, electrical switching and control systems incidental to the power, telegraph, and telephone wire systems at the station
are shielded or segregated.
At both the transmitting and receiving stations at legit three ant.r.noa
systems are supplied fer each circuit, one antchna for each of the three fre-
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quencies normally employed. The design and arrangement of these are dictated by the requirements flowing from their uses. The purpose of the transmitting antenna is to concentrate as much power as possible in one direction.
The purpose of the receiving antenna is to increase reception from the desired

direction and to cut down reception at all other angles. In the former the
forward -looking portion of the characteristic is of greatest importance, while
in the latter the rearward characteristics need greatest refinement.
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Effect of Magnetic Disturbances on Radio Tramrnistion.
TRANSMISSION PERFORMANCE

In short-wave telephone systems the width of the sidcbands is so small a
ix:rye:gage of the frequency of transmission that tuning characteristics 'of the
antennas and high -frequency circuits arc relatively broad and impose little
constriction on the transmission -frequency characteristic. A flat speech band
is easy to obtain over the range of approximately 250 to 3,000 cycles employed
for these commercial circuits. This relieves the short-wave circuits from
many of the problems of obtaining sufficient band width which are troublesome/in designing long -wave systems.

Short-wave transmission Is subject to one frailty which particularly
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hampers its use for telephony. This is fading. Where lading is of the ordinary type, consisting of waxing and waning of the entire transmitted band
of frequencies, automatic gain control at the receiving station is of value and
is employed in the transoceanic circuits under discussion. The amplification

in the receiver is controlled by the strength of the incoming carrier and is
varied inversely with this strength so as to result in substantially constant
signal output. Obviously this control can be effective only to tilt extent that
the signal seldom falls low enough to be overwhelmed by radio noise.
When fading -is of the selective type, that is, the different frequencies in
the transmitted band do not fade simultaneously, the automatic gain -control

system is handicapped by the fact that the carrier or control signal is no
longer representative of the entire signal band.
Selective fading is believed to result from the existence of more than
one radio path or "route by which signals travel from transmitter to receiver.
These paths arc of different lengths and thus have different times of transmission. Wave interference between the components arriving over the various
paths may cause fading when the path lengths change even slightly.
If the'path lengths differ by any considerable amount, for example, a few
hundred miles, the wave interference is of such a character as to affect the
frequencies across a band consecutively rather than simultaneously.
With the presence of selective fading there comes into being the necessity of guarding against rapid even though small variations in the transmitted
frequency, since if such variations arc present, a peculiar kind of quality distortion of the telephone signal results.

The varying load which speech modulation places on the transmitter
circuits tends to cause slight variations in the instantaneous equivalent frequency which are known as "frequency modulation" or "phase modulation"
depending on their character. To prevent this effect the control oscillator
must be carefully guarded against reaction by shielding and balancing of
circuits and the design must he such as to preclude variable phase shifts due
to 'modulation in subsequent circuits of the transmitter.
It is apparent that if there arc two paths of different lengths, two components which arrive simultaneously at the receiver may have left the transmitter several thousandths of a second apart. If the transmitter frequency
has chvged materially during this brief interval, trouble may be expected.
The trouble actually takes the form of a distortion of the speech as demodulated by the receiving detector.
Defects in short-wave transmission due to radio noise, minor variations
in attenuation, fading, and distortion are nearly always present to some extent
and, when any or all are severe, cause a certain amount of lost service time.
These interruptions arc of relatively short duration and, fgrthermore, there
is enough overlap in the normal times of usefulness of the several frequencies
available So that shifting to another frequency may give relief. There is, in
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addition, a kind of interruption which from the standpoint of continuity of
service is more serious. At times of disturbance of the earth's magnetic field,
known as "magnetic storms," short-wave radio transmission is generally subject to such high attenuation that signals become too weak to use and sometimes too weak to be distinguishable. These periods affect all the wavelengths
in use and may last from a few hours to possibly as much as two or three days
in extreme eases. They are followed by a recovery period of one to several
days in which transmission may be subnormal.
Severe static may cause interruption to both long- and short-wave services at the same time but the short waves are relatively less affected by it and
arc usually able to carry on under static conditions whicii prevent satisfactory
long -wave operation. On the other hand, severe fading or the poor trans-

mission accompanying a magnetic disturbance may interrupt short-wave
service' without affecting the long waves adversely, in fact magnetic disturbances often improve long -wave transmission in the daytime. The service
interruptions on the two types of circuits are thus nearly unrelated to each
other and have no definite tendency to occur simultaneously. This is the
principal reason why both long -wave circuits and short-wave circuits appear
essential to reliable radio -telephone service.
On routes which arc very long or which cross tropical areas which result
in static sources facing the directive receiving antennas, long waves cannot
as yet be successfully employed and short waves alone are available. However, experience tends to indicate that on North and South routes such as between North and South America, the interruptions associated with magnetic
storms arc less severe and of shorter duration.
The cycle of events which accompanied a particularly severe magnetic
storm in July, 1928. is shown graphically in Fig. 62. The light dotted curve
shows the variation in the horizontal component of the earth's field. The
heavy sulid line follows the daily averages of the short-wave received signal
field. It is apparent that the disturbance took two days to reach its peak and
the recovery to normal took nearly a week. The heavy dotted line shows
received field on long waves (60 kilocycles) and indicates that transmission
was improved slightly at the same time the short waves were suffering high
attenuation.
The experience with transatlantic telephone service on short waves covers a period of nearly three years, there having been available a one -wan channel from the United States to England used as an emergency facility for the

first year and a half, a two-way circuit for the next year, and two circuits
since June, 1929. It is only in this later period, however, that a circuit has
been available operating regularly with the amounts of transmitter power
and antenna directivity which have been mentioned.
*The performance of the.two one-way channels forming this circuit is
charted in Fig. 63. The charts arc plotted between hodrs of the day and days
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in the year so that each unit block represents one hour of service time. The
solid black areas arc time in which commercial operation could be carried on.
The dotted strips are uncommercial lime. The blank areas are for time in
which, for one reason or another, the circuit was not operating and no data
were obtained. Perhaps the most outstanding feature of these charts is the
tendency of the lost time to fall in strips over a period of two or three days.
These strips.coincide approximately for both directions of transmission. The
tprincipat ones arc about July 10 and 15 and August 2 and 17. These are characteristic of the interntptions accompanying magnetic disturbances of the kind
which occur at irregular intervals of a few days to several weeks. They are,
of course, not as severe as the disturbance illustrated in Fig. 62.
It is apparent that for these three summer months this new circuit gave
a good account of itself and furnished commercial transmission for something like 80 per cent of the time that service was demanded of it. In these
same months the long -wave system suffered its greatest difficulty from static,
and we have concretely illustrated the mutual support which the two types of
facilities give each other.
It should not be inferred from these data that the short-wave transatlantic
radio links furnish 80 per cent of the time talking circuits as stable and noise free as good wire lines. Under good conditions they do provide facilities
which compare favorably with good wire facilities. One the other hand, they
may at times be maintained in service and graded "commercial" under conditions of noise or other transmission defects for which wire lines would be
turned down °for correction.
TELEPHONE SERVICE TO AUSTRALIA

Regular commercial telephone service was inaugurated by the American
Telephone & Telegraph Company between North America and Australia on
October 27, 1930.
The circuit to be employed in this service is by far the longest ever established for regular commercial telephony. It consists' principally of two radio
links, one across the Atlantic and the other between England and Australia.
With the wire lines involved in the connection the circuit between New York
and' Sydney, Australia, is more than 14.000 miles long.
The service will be available to all points in the United States and Cuba
and to the principal cities of Mexico. In Australia, it will cover the statics
of Queensland. New South Wales, and Victoria and the City of Adelaide.
This adds nearly half a million telephones, serving a population of some five

and a half million, to the network now within the reach of Bell System
stations.
The Australian service has been arranged by the American Telephone &

Telegraph Company in cooperation with the British and Australian Post
Offices and the Amalgamated 'Wireless Company of Australia. The circuits
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across the Atlantic are the same as those employed in the telephone service
coanectieg North America with England and the continent. The England Australia link will be operated by stations near London and Sydney. which
established commercial service between the two countries last April. The
two radio circuits will be linked through the London Trunk Exchange which
now handles all calls between America and Europe. The circuit between
England and Australia uses a wavelength of about 28 meters.
The cost of a call between New York and any Australian point will be
$45 for the first three minutes and $15 for each additional minute. Fbr calls
involving more distant points in North America, an additional charge will be
made corresponding to the present zone charge for the transatlantic service.
Among the conversations which passed between the United States and
Australia over the Bell System's latest overseas telephone service, recently
opened, was the lengest commercial call on record. It covered a total distance of more than 15,000 miles, terminating at Sedalia, Mo., and Sydney,
Australia. Due to the 16 -hour time difference between the two points, the
speaker in Australia talked at about two o'clock Tuesday morning, while his
words !Tacked the listener in Sedalia, a fraction of a second later, at 10 A.M.
Monday.

Following the usual route of conversations over the new speech channel,
the call went from a Sydney telephone to the local radio station. There it
was amplified and sent to London where it was received, switched to one. of
the regular transatlantic circuits and forwarded to New York through the
American Telephone & Telegraph Company's receiving station at Houlton,
Me. It then passed over the regular long distance land lines to Sedalia.
If the conversation had taken place during United States evening or
early morning hours, it would have covered an even greater distance. When
Australia is in darkness, transmission is better in an East to West direction.
By reversing the antenna at London and Sydney, the direction is then altered
to send the voice waves south-westward from London, across South America
and the Pacific to Sydney. .This adds about 4,000 miles to the total.
Other calls to and from Australia the first day included one from Pittsburgh to Sydney.
TERMINAL EQUIPMENTS FOR SHORT WAVE. POINT TO POINT RADIO LINKS

In'order to secure satisfactory operation from a modern radio link, it is
necessary to supply at the ends of the lick terminal equipment which shall not
only provide the necessary circuit arrangements, but shall also provide means
for controlling its technical performance. The arrangements necessary for
speech transmission are dealt together with a brief description of the facilities
for technical operation and control of the circuit.
The usual radio link connection consists of two one-way radio channels
working in opposite directions. These two channels arc inter -connected at
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either end by means of land lines to form a two -wire connection, which may
be extended to any of the standard types of telephone systems.
The simplest form of such a system is shown in Fig. 6.3 (a) in which two
terminal stations designated East and West are connected through land lines

to the radio transmitting and receiving stations, A and D in the case of the
East terminal, arid C and 13 in the case of the West terminal. Speech from
the radio transmitter A is received by the radio receiver at B, and that from
the transmitter C is received by the radio receiver at D. It will be seen, when
considering the terminations at East and \Vest, that this is a special case of
a four -wire circuit. The difficulties peculiar to the operation of a circuit of
this type are that the attenuation of the radio paths are variable and that
speech transmitted from either radio transmitter may in certain cases be received by either of the radio receivers. In the case in which speech is transmitted

through the East terminal and the transmitter at A and received by the radio
receiver at D, there will be formed a local loop including the terminating set,
the lines connecting the terminating set to the radio stations and the short
radio path between A and D. As the distance between the radio stations A
and D may be small, the loss in this radio path would probably he very small
when the radio wavelengths were the same or close together, and unless the
network balancing the two -wire extension from the terminating set was exceptionally good, there would be singing round this local loop.
In cases where the attenuation in the radio paths A -B and C -D is small
and the balance of the lines and networks connected to the terminating sets
at either end'is not sufficiently accurate, there may be singing round the complete loop formed by the two uni-directional radio paths, their inter -connecting
circuits and the terminating sets.
ANTI -SINGING AND ECHO SUPPRESSING DEVICE.

Even in the case when singing does not occur, the re -transmission of
speech that passes across the hybrid coil at one end will appear as an echo at
the other end. This echo will reduce the intelligibility and hence it should
be suppressed.

The Bell Telephone Laboratories have developed for prevention of singing and echoes in radio links a system which has been installed on the long wave transatlantic circuit between New York and London, and similar equipments have been designed for use on the short-wave link between Madrd
and Buenos Aires.
In order to prevent singing it is necessary to ensure that the attenuation
round the whole loop shall always be greater than zero. The method of attaining this result is to arrange the circuit so that one or other of the paths is
always inoperative. In the arrangement shown on Fig. 63 (a), a relay.(a) is

associated with lie transmitting line which normally short circuits this line,
thus preventing transmission and therefore singing round the loop.

The am-

Fig. 63 (a)
General Schematic of Complete Radio Link
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Oiler detector is bridged across the transmitting line at some point before the
short-circuiting relay (a), and when speech enters the circuit the amplifier

detector operates the relay (a) to remove the short circuit, thus allowing
speech to be transmitted to the radio transmitter and so over the remainder of
the circuit. In order to ensure that one of the paths is always blocked, a

second relay (b) is arranged to be operated just before the relay (a) which
removes the short circuit front the transmitting line; this second relay (b)
short circuits the receiving line. In addition to these relays associated with
the transmitting circuit there is art additional relay (c) associated with the
receiving circuit to prevent the operation of the relay (a) controlling the
transmitting circuit and relay (b) short circuiting the receiving circuit when
speech is bring received. This additional relay (c) is operated by an amplifier detector bridged across the receiving circuit at a point after that at which
the lin% is short circuited during transmission. The equip ptent at either end
of the four -wire circuit formed between the radio link and its interconnecting
lines is similar.
The operation of the circuit is as follows:
In the normal condition when there is no speech on the circuit, both the
transmitting paths are short circuited. Speech entering one end of the circuit

clears its own transmitting path and short circuits the receiving path, thus
preventing any disturbance entering the radio receiver and interfering with
the talker or the apparatus controlled by his speech. The speech is transmitted over the radio link, received by the distant receiving station and enters
the line conmeting the receiver to the terminating set. This speech causes
an amplifier detector to operate a relay (c) which prevents operation of the
relays (a) and (b) controlled from the transmitting circuit.
AMPLIFIER DETECTORS AND DELAY NETWORKS

As mentioned above, the speech to be transmitted has to clear its own
path and unless this -clearing operation can be performed instantaneously
part of the speech will be lost. It is possible to design an amplifier detector
and relay train which operates so quickly that although the initial part of
speech is lost it is not possible to tell that the -whole has not been transmitted.
This involves the use of a very sensitive detector amplifier, In practice there
is always a certain amount of noise associated with speech on land lines and
somewhat more noise on radio circuits. This noise limits the sensitivity at
which the amplifier detector can be operated since, if the amplifier detector
Were very sensitive, it might either be held permanently operated or subject to
false operation by noise. When a somewhat insensitive amplifier detector
operates the relay to clear the transmitting path, there is noticeable dipping of
the speech although the operating time of the combination is very small; the

reason for this dipping is that the energy contained in the initial parts of
speech may be very small and thus insufficient to operate the relays. The
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relays in this case do not start to operate until some time after speech has
started and the amount lost is determined more by the characteristics of speech
than by the operating time of the relays. One way of preventing this clipping
of speech is to introduce between the input of the amplifier detector and ,the
normally short circuiting relay, a network to delay the speech until after the
relay has operated. The amplifier detector is then arranged so that it will not
operate from the weak initial pulses of speech, but will operate when these have
built up to some greater amplitude. The time lost during the building up of the

speech currentsis compensated for by the delay introduced by the network.
By increasing the delay introduced and decreasing the sensitivity of the amplifier detector it is possible to arrange that only the peaks of speech shall be
of sufficient amplitude to cause operation of the relays; the arrangement may
then be subjected to noise, the amplitude of which approaches that of the
peaks of speech, without false operation. A network having a delay of 20 or
30 milliseconds is usually sufficient when dealing with the speech to noise
ratios met with in a commercial circuit.
It has already been mentioned that the amplifier detector bridged across
the receiving circuit is arranged to open the one connected to the transmitting
circuit. This ensures that speech arriving at the radio receiver and passing
across the terminating set into the transmitting circuit (owing to insufficient
balance between the line and network) shall not cause false operation of the
transmitting relays. It is necessary to make provision against false operation
by noise occurring in the radio link, and the sensitivity of the receiving amplifier detector is thus limited. It is also necessary to ensure either that the
Amplitude of the received speech reaching the amplifier detector which controls the transmitting circuit shall be insufficient to operate the transmitting
relay or that the relay controlled, from the receiving side shall always be operated by the received speech.
The ratio of the speech energy available for the two -wire line to that
reaching the transmitting amplifier detector depends on the accuracy with
which the impedance of the balancing network simulates that of the two -wire
line. Since speech may be required over a large variety of circuits it is impracticable to provide balancing networks to simulate the impedance of all
such lines. It is therefore evident that only' a small discrimination can be
relied upon between speech received from the land line which it is required
tb transmit and received speech which it is not required to transmit.
Since a very sensitive amplifier detector connected to the receiving circuit may be falsely operated by noise currents, it is desirable to provide means
whereby only currents approaching the peak values reached by speech shall
operate the relays. The provision of a delay network in the receiving circuit
between the receiving amplifier detector and the terminating set will allow time
for the speech voltage applied to the receiving amplifier deter or to rise to some

considerable value before this speech, after pissing through the terminating
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set, can reach sufficient amplitude to operate the amplifier detector connected
to the transmitting circuit. The relays associated with the receiving circuit
thus have time to operate and disable those connected to the transmitting circuit without unduly increasing the sensitivity of the receiving amplifier detector and so increasing the risk of false operation.
As in the case of the transmitting delay circuit, the length of the receiving delay eiscuit is determined by the maximum speech -to -noise ratio with
.which good operation is required with the modification that "clipping" is not
important. The speech -to -noise ratio in the receiving circuit is usually considerably worse than that in the transmitting .cireuit and for this reason it is
desirable to make the receiving amplifier detector somewhat less sensitive
than the detector transmitting amplifier. The first condition would lead to a
delay network having a delay approximately equal to the operating time of
the relay which is less than 5 milliseconds. In practice it is found that from
5 to 10 milliseconds delay with a less sensitive amplifier detector will switch
any circuit which, from a talking point of view, has a speech -to -noise ratio
within commercial limits.
GAIN CONTROL

The introduction of variable attenuators either side of the terminating
set allows some discrimination to be obtained between the speech received
from the radio receiver and that from the two -wire extension. The discriniinatton obtained depends on the effective loss between the receiving and transmitting amplifier detectors. Thus with any given condition of balance between

the line and the network connected to the terminating set, the sum of the
added losses must have some minimum value. The level of speech arriving
from the line determines the setting of the transmitting attenuator since this
attenuation loss must be adjusted to load fully the radio transmitter. The loss
in the receiving side is adjusted to give either a suitable output level or the
minimum value determined by the other conditions, the latter case only being
necessary under bad noise conditions on the radio circuit.
CIRCUIT ARRANGEMENTS

Fig. 63 (b) shows the arrangement of the terminal equipments at Madrid
and Buenos Aires in some detail. It will be seen that the two -wire extension
is connected through an ordinary four -wire terminating set to the apparatus
associated with the transmitting and receiving lines. Considering first the
apparatus in the transmitting line, there is a gain control panel associated with
a volume indicator, so that the technical operator can change the amplification
in this circuit to keep the level of speech delivered to the line for the radio
transmitter constant and sufficient to load fully the radio transmitter. The

output of this gain control panel is connected to the input of one side of a
four -wire repeater whose gain is so adiusted that its output shall be that re-
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quired by the interconnecting line to the radio transmitter. Across the output of this repeater is bridged the input of the transmitting amplifier detector
which controls the relays associated with the transmitting path and the relay
for short circuiting the receiving path. Next comes the transmitting delay
network with its equalizer, low pass filter to limit the tipper frequency to be
transmitted, and repeater for compensating its attenuation at various frequencies; next, two repeating coils which include the short circuits which are
normally on the transmitting path for the prevention of transmission when,
there is no speech. The privacy equipment is located between these repeating
coils and the line to the transmitting station.
At the receiving side of the circuit the line from the radio receiver is
connected to one-half of a four -wire repeater adjusted to increase the received level to that required for the operation of the equipment and thence
through the privacy equipment to a coil group which is arranged in -connection with a relay panel to perform the switching operation. This coil group
is connected to the receiving delay network and at the junction of these is
bridged the receiving amplifier detector. The receiving delay network is associated with an equalizer and a repeater as in the case of the transmitting
delay network and is then connected through a gain -control panel and repeater to the four -wire terminating set.
It will be noticed that each separate part of the circuit is associated with
a repeater. The object of this is to make both the delay network and privacy
system each have zero attenuation, thus making it possible for them to be
patched out of the circuit without affecting the transmission characteristics
of the whole.
VOICE OPERATED RELAY CIRCUITS

The relay switching is arranged in each case so that the break of the
switching relay performs the switching operation. This reduces the operating time of the switchgear and thus minimizes the lengths of the delay networks necessary for a given amplifier detector sensitivity. From the transmitting side transmission is normally prevented by the use of a short circuit.
and the break of the relay will remove it. In the receiving side, however, the
circuit is normally in the transmitting condition and it is required to iirerrupt transmission by breaking contact. From considerations of balance it is
ddesirtble to break the circuit. To avoid this, twu repeating coils are connected into this circuit, as shown on Fig. 63 (c). It will be seen that when
the relay contact is made, these repeating coils are so connected that their
windings are in series aiding, with their center points joined. When the contact is broken the connection between the center points is severed and the
windings of the coils are in series but opposing one another, so that the transmission of currents from one coil to the other is prevented.
Speech entering the terminating set from" the two -wire side enters the
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transmitting half of the amplifier detector and operates the transmitting,*
master relay. When the armature of this relay leaves its back contacts, relays

TEHO1, Aux. TEHO2, TSS' and Aux. TSS' operate; when this armature
makes its front contact relay TVHO' operates. The operation of relay
TEHO puts the coil group in the receiving circuit in a non -transmitting position. The operation of relay TSS removes the short circuit from the trans-

mitting side and the operation of relay Aux. TSS removes a similar short
circuit' beyond the privacy equipment. During the operation of these relays
speech has been traversing the transmitting delay network and can thin pass
through the remainder of the circuit and the privacy equipment to the radio
transmitter. The receiving circuit is disabled between the radio receiver and
the receiving amplifier detector, thus preventing either operation of the am-

plifier detector or interference of the talker by currents from the radio receiver.

The release of the relays operated by the transmitting master relay is
controlled by the charge of condensers through resistances. The condensers
and resistances associated with the contact of the transmitting master relay
and the wihdingof the relay TVHO control the release time of relay TVII0
which in turn controls the release of the TSS and TEHO relays. The TSS
relays release immediately after the TVHO relay reaches its back contact,
but the release of the TEHO relay is held up during the charging period of

a condenser resistance circuit, thus ensuring that the transmitting path is
blocked before the receiving path is opened.
The release time of the TVHO relay is so arranged that it will hold during pauses between words to reduce the number of times the circuit is switched
during talking from this terminal. This relay must, however, release sufficiently early to prevent clipping of the reply. Since the total transmission
time of the circuit determines the time which elapses before a reply can arrive,
it is safe to make the TSS relay hold up for twice this time, thus allowing for
the last word to reach the distant station and an instantaneous reply to return.
After speck in the transmitting path has ceased and the relays have released, speech may enter the receiving path and the receiving amplifier detector and operate the receiving master relay. The armature of this relay on

leaving its back contact causes the REHO' relay to operate and break the
connection between the transmitting half of the amplifier detector and the
transmitting master relay, thus preventing the speech operating this relay and

the relay train controlled by it. The release time of the REHO relay is
controlled by the charging of condensers which have previously been dis* TEHO indicates Transmitting Echo Hangover.
*Aux. TEHO indicates Auxiliary Transmitting Echo Hangover.
'TSS indicates Transmitting Singing Suppressor.
'Aux. TSS indicates Auxiliary Transmitting Singing Suppressor.
'TVHO indicates Transmitting Voice Hangovesi.

'REM indicates Receiving Echo Hangover.
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charged by the action of the receiving master relay making its front contact.

This release time is adjusted to take care of echoes in any circuit which may
be connected to the two -wire side of the four -wire terminating set. The
relay circuits shown on Figure 63(b) include only the operating connections
and do not include either biasing windings or testing circuits.
The relays used in this equipment arc all polarized telegraph relays of the
same type which are very sensitive and operate quickly. A special panel is
provided for adjusting these relays.
SWITCHING OF PRIVACY EQUIPMENT

The circuit is arranged to operate with a single privacy equipment which
can be used alternatively in the transmitting and receiving sides since the
system is always in a one-way condition. This assumes that the privacy systems at, the two ends are complementary. Fig. 63(b) shows the transmitting
and the receiving circuits connected to the opposite sides of a hybrid coil ar-

rangement, the network terminals being closed through 600 ohms and the
input of the privacy equipment being connected to the line winding. The
output of the privac3 equipment is connected to both transmitting and receiving circuits.

Fig. 63 (c)
Special Coil Group for
Receiving Circuit.

In the normal condition the transmitting circuit on both sides of this
connection is short circuited by the TSS and the Aux. TSS relays_ Speech
can then enter the privacy equipment from the receiving circuit and piss
through the hybrid coil back into the receiving circuit without interfering with
the transmitting circuit or being subjected to interference from this circuit.
In the transmitting condition the TSS and Aux. TSS relays are operated
to remove the short circuits from the transmitting path. The TEHO and
Aux. TEHO relays arc also operated and. prevent transmission from. the receding circuit Entering the privacy equipment, and also prevent transmission
from the privacy equipment to the remainder of the Tecciving circuit. Speech .
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from the transmitting circuit can then pass through the privacy equipment to
the radio transmitter.

It will be noticed that a repeater is placed between the output of the
privacy equipment and the short circuit on the transmitting line to prevent
this short circuit being directly on the output of the privacy equipment. A
similar repeater is also used in the receiving circuit. The necessity of having
a repeater in the transmitting circuit to isolate the privacy equipment from the
short circuit renders it impossible to include one repeater in the privacy equipment instead of one in each line.
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MONITORING AND CONTROL

The equipment for the switching and the control of the circuit is arranged
with suitable monitoring apparatus. A technical operator monitors continuously on the circuit and adjusts the gain controls and amplifier detector sensitivities to give the best service obtainable at any moment. The two -wire
line is connected through to jacks on an operating position in a toll exdiange
and traffic is handled in a similar manner to that adopted con ordinary toll
circuits.
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EQUIPMENT

The terminal equipment apparatus is grouped on two racks, one comprising all the panels which require adjustment is known as the Technktl
Operator's Position, and the other is equipped with the voice operated apparatus and known as the V. 0. D. A. S. rack. The privacy apparatus is
'grouped on a special rack and forms a complete unit apart from the terminal
equipment.

Fjgure 63(d) shows the technical operator's position. It consists of
four bays. The two bays on the left are equipped with transmission measuring apparatus and the two bays on the right comprise the gain control panels,

amplifier detector pawls and volume indicators, telephone and trunk panel,
etc. By means of this apparatus the technical operator can monitor on the
circuits at various points and has all important controls within easy reach
for making the adjustments required for optimum perforniance of the system
under prevailing conditions.
From the technical operator's position order wire circuits run to the toll
switchboard, toll testboard, the radio transmitting station and the radio re.
ceiving station, so that the technical operator can readily communicate directly
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Fig. 64

Map Showing Transmission Considerations Affecting Location of Stations.
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with all operators and attendants at important points on the circuit. lie can
also communicate with the home as well as with the distant subscriber.
Figure 63(e) shows the V. 0. D. A. S. rack comprising a battery supply bay, delay network bays and a bay containing the voice operated switching
arrangements with their testing apparatus. The relay testing apparatus comprises a testing and adjusting panel for the polarized telegraph relays and an

echo suppressor testing panel for testing the operating hangover times of
various relay trains.
Jack fields are provided on both the technical operator's position and
V. 0. D. A. S. rack. These jack fields permit easy testing of parts of the

circuits and afford means by which the circuits can be modified to meet special
requirements.
THER1110NIC VACUUM TUBES FOR SHORT WAVES

The advent of the use of short waves brought in its train many new
difficulties for the vacuum tube designer especially when the demand arose
for more and more power. For small powers up to and including the 250
watt tube. the air-cooled form of tube already used for long waves proved
suitable also for short waves. However, the high -power long -wave watercooled tube which had reached a high state of perfection for wave lengths
over 6f) meters required various modifications for short-wave working.
Vacuum tubes intended for very short waves retain the feature of an
external anode cooled by a circulated liquid but must be specially designed in
order that the following difficulties may be avoided:
1. Heating effects caused by high frequency losses in dielectrics.

2. Heating effects caused by the very large high frequency currents
which are encountered and the very high value of the high frequency resistance, due to skin effect.

3. External insulation difficulties due to the ease with which the air
breaks down at very high frequencies.
4. The demand for low electrode capacity.
The first trouble is one which probably causes the greatest difficulty in
the design of these tubes.
The effect usually shows up at places where high electrostatic fields exist.
If these fields pass through the -glass envelope for example, the dielectric loss
which occurs is often sufficient to raise the temperature of -the glass' to the
sofifiiing point very quickly, and a very characteristic failure is caused in
which a small hole is made in the envelope, with the edges rounded and pointing inwards in accordance with the way the glass is pushed in by the air pressure, forming a kind of dimple. Very often the shape of these holes is such
as to indicate qui)e clearly the direction of the field at the point of failure.
Sometimes the heating is not sufficient to cause an actual fusion of the
glass but, on the other hand, Fong continued operatiorf causes a small evolu-
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tion of gas which ruins the tube. When the heating occurs quite dose to
one of the electrodes, there may be a considerable electrolysis of the glass
which leads to an early failure either by cracking or by "softening" of the
tube.

In the same way, the use of dielectrics in the active part of the tube for
supporting or separating portions of the structure is very considerably limited. "Steatite" and other similar materials which are commonly used for
such purposes may easily be melted into a vitrified mass if placed in such a
position as to be subjected to an intense high frequency field.
On account of the difficulties enumerated a series of tubes for short
waves have been developed in which a special system of shielding has been
incorporate& The use of the screen for the anode has been considerably
extended. This screen is electrically connected to the anode within the tube
and ext.lids beyond the end of the copper glass seal. In long wave tubes for
very high voltages this serves as a protection for the glass at the edge of the
seal where piercing by electronic bombardment occasionally occurs. In the
case of the short-wave tube, however, the danger of piercing is not very great,
but by means of this shield the intense field at the edge of the awile is removed from the glass and distributed uniformly round the vacuous space.
At the :gime time, when necessary, the tubes arc provided with shields on the
grid and filament to distribute the field in the vacuum in the best manner possible and to diminish the field which intersects the glass.

In the higher power vacuum tubes the anode is made with a glass bulb

ij

Fig. 64 (c)
Bank of Short -Wave Transmitters. Num% G:rmany.
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at each end, the grid being sealed into one end and the filament into the other.
This arrangement in
the tube very much but considerably increases
the difficulty of manufacture, especially the operations of sealing the filament
and grid into the anode. The difficulty will be realized when it is considered
that the glass blower has to manipulate the anode assembly with its two bulbs
while scaling in each electrode, and that owing to the use of the screens in
the anode it is impossible to see the far end of the electrodes in order to make
sure that it is centrally situated. To overcome this difficulty an ingcniouc
method is employed: a small spark coil is connected between the ancKle and
the electrode being sealed in, and a parallel spark gap is used of such a length
that when the glass blower has sealed the electrode exactly in the correct position the spark passes over the auxiliary spark gap instead of within the tube.
However, an entirely new design of tube is now being developed and will
probably be soon.available, in which the sealing -in is dune in suck a. way that
the electrodes are automatically centered during the operation.

The high values of high frequency currents and the magnitude of the
factor of skin effect may cause so much heating of apparently quite large conductors within the vacuum tubes that very special consideration has had to
be given to the dimensions of the leads, and they have been designed so that
the metal in physical contact with the glass does not carry current.

..111

--Mr
,111.,:.1

Fig. 64 (b)
One of the Short -Ware Transmitting Stations at Nauen. Germany.
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For the design of circuits and for easier operation it is very important
that the capacity between the electrodes of short-wave tubes should be kept
down to as low a value as possible; the double -ended arrangement in which
the grid and filament are brought out at opposite ends is one very effective
means by which this capacity can be appreciably reduced. At the same time,
since it gives an improved tube from the operating standpoint, the tube with
lower capacity is preferable because the high frequency currents through the
Meads arc reduced.
With the double -ended type of Construction it is possible to use a self-

contained water jacket or a separate water jacket through which the tube is
inserted. The former method has been adopted for the following reasons:

1. A much more satisfactory water flow around the anode can be
obtained.

2. There is less danger of breaking the tube when changing tubes.
3. There is less danger of flooding the transmitter when changing tubes.
4. A separate water jacket is of necessity extremely large and clumsy.
5. It is difficult to make water -tight joints at both ends of a separate
jacket.

The combined water jacket has the disadvantage that it is more difficult
to clean the anode if it becomes very dirty; this, however, is not a very serious

objection because these tubes arc operated in equipments where a closed
circulating system is employed, and in order to avoid electrical leaks through.
the water supply, soft water, which leaves practically no deposit, is used. The
connections to the water jacket arc threaded for a standard pipe fitting, and
it is a very simple matter to make the connections by means of a standard
union.

The water jacket carries four lugs by which it can instantly be put into
position or removed from the set. Of course, in the arse of the low -power
tube, which is single -ended, a standard water jacket is used and the anode is
inserted in the same way as the anode of a long -wave tube, using a screw down ring to compress a packing ring which makes a water -tight joint with
a brad on the top of the anode.
As these tubes are practically always used in push-pull arrangements,
very great care is taken to insure that they have characteristics sufficiently
uniform to operate under the above mentioned exacting conditions without
any clyficulty.

The pumping arrangements for double -ended tubes are of necessity
somewhat different from those for single -ended tubes, but by the methods
adopted it is possible to secure for all these tubes a vacuum of the very highest
order, such as is obtained in the long wave vacuum tubes.
These tubes.have been tried out in commercial short-wave transmitters
withhighly satisfactory results, giving in all cases the required output with
continuous operation.
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1

10 KW.

Max.anode
dissipation
continuous
10 KW.
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10 KW.

1.5 K W.

Output
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The following table gives sonic information on the characteristics of the
various water cooled tubes which have been standardized. The values of ilw
constants vary somewhat from tube to tube and the figures arc given only
as an indication. The maximum anode dissipation is that which the anode
can support continuously with a rapid water circulation, and practically speaking is a function entirely of the anode dimensions and has nothing to do with
the electrical.characteristies of the tube. The maximum output given is only
liven as an indication of the power that can be obtained when operating as an
efficient- oscillator. The actual power obtainable in any circuit depends on a
number of factors and thus is limited by the method of operation.
W2XAI: Scit ENECTADY

Out of years of research and experimentation by radio engineers at
Schencoady, N. Y., has grown a transmitter which is 'probably without
parallel in the radio art. Today it is used by 11'2XAI:, one of the group of
short wave stations of VGY, to sustain that station's standing as the unofficial
anili.Assador of the United States to the nations of the world.
here is a single transmitter so built that three musical programs can be
simultaneously broadcast without interference.

Fig. W (e)

Looking Front Left to Right There Are the Low Power Speech Anitilifier and Modulator
Unit. the power Supply and Control. the I Kw. Radio Frequency Unit ll'Istx.e OutPut is
htudidated With the1lodu:ator Unit. the Intermediate 5 Kw. Amplifier. and Finally the
Antenna With 35 Kw. of Carrier Power 100 Per
Power Amplifier Which Supplies
Cent Modulated. The Operator's Desk is Located in the Foreground.
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Six separate, independent and non -interfering voice channels arc available. In other words, should occasion demand, and the federal license permit, addresses by six different people could be transmitted by the same equipment, on six different wavelengths without interference.
The same transmitter may be used for television signals up to sixty -line
scanning at twenty pictures per second.
The transmitter may be used for television and voice transmission at the
same time. That is one channel may be used for picture and another fore
voice.

When the demand for service is created W2XAF'S new transmitter may
be used for the simultaneous transmission of eight still pictures (facsimile)
each in its own channel or independent wavelength.
All that is needed for multi -service is the addition of crystal control, low
power intermediate amplifiers and low power modulators of standar.] design
for each additional program.
SEVERAL ANTENNAS

W2.X:AF is equipped with three independent antenna systems for broadcast purposes: a single doublet of special construction to avoid corona discharge on high powers; a horizontal checker -board antenna directive on South
America; a similar directional antenna for transmission to the Far East. The
directional antenna steps up the power, directionally from 35 kilowatts, the
maximum power of the transmitter, to an equivalent power of 240 kilowatts.

Fig. 64(d)
This Unit Comprises the Crystal Oscil-

lator and Multipliers unl Larger Air
Cooled Amplifier Tubes. The Crystal

Oscillator for this Transmitter has
an Especially Effective Automatic
Temperature Control. No Neutralising

Condensers arc Used in this Unit. for

Use is Made Of Screen Grid Tubes

Throughout With the Exception of the
Three (Electrode Crustal Oscillator
Tubes.

This Unit May be Tuned

Front 13 to 56 Meters. Six 0,isarts
are Available in the Oven fur Wave.
length Changes.
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When used for .telegraph purposes this outfit, combined with a directive antenna, will give a signal equal in strength to that picked up from a 1,000 kilowatt transmitter using a simple antenna.
\V2XAF, located at the South Schenectady transmitter laboratory of the
General Electric Company, five miles south of Schenectady, is licensed by the

Federal Radio Commission for experimental relay broadcasting on 40
kilowatts.
The carrier frequency of 9,530 kilocycles is generated by a quartz crystal
oscillating at one-fourth the carrier frequency or 2,382.5 kilocycles. Effec-

tive operation of the crystal is possible only when the temperature surrounding it is constant. To gain this uniformity of temperature an ingenious automatic temperature -controlled oven has been devised. The oven consists of

Fig. 64(c)
This Amplifier Follcnvs the

1
Kw.
foilttlateil Stage artil Increases the

Power to S Kw., 1Vbcre kit Applied
to the Input of the Fatal I'owcr
Amplifier. The Tubes Used in this

Stage arc %Voter Cooled Screen Grid

Note the Water for Cooling
the 'rubes Actually Enters the Tithe
and Flows Within the Hollow Plate.
Tubes.

This. Ueit is Capable of Sup plyir.g 20
Kw. as. a Telegraph Transmitter.

a number of compartments arranged one within the other. Each compartment acts as an insulating chamber to protect the crystal from the temperature variations of the transmitter room. The crystal is housed in the final
compartment in a metal box where the temperature deviation is so slight as
to have no effect on its frequency.
The output of the crystal oscillator is amplified and multiplied in frequency until a power of one kilowatt is available at 9,530 kilocycles. At this
point modulation takes place. The modulation equipment is unique in that
frequencies from 25 to 50,000 cycles may be used and the maximum variation

throur;':dut the band is less than 10 pet' cent-an an.ount so small as to be
The result is incomparable fidelity over an exceptional range of
frequencies. The modulation equipment is so arranged as to make possible
the modulation of one kilowatt radio frequency amplifier 100 per cent without
distortion. The unit is then coupled to an intermediate amplifier whose out-

put voltage varies rectilinearly with the input voltage. The output of this
stage is about four kilowatts. ,This stage, in turn, is used to excite the large
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power amplifier which is connected to the antenna system. The power amplifier utilizes six 30 -kilowatt vacuum tubes arranged in a push-pull circuit
with three tubes on each side. The last amplifier has been tested up as far as
134 kilowatts continuous antenna output, such as might be used in c. w. telegraphic communication.
1V2XAF'S new transmitter employs thirteen different types of tubes, or
27 tubes in all. Twenty gallons of water per minute arc pumpeci through the

set to cool the plates of the tubes.
1V2XAF, using 20 kilowatts of power on its old set, was capable of
reaching Europe, Australia and South America, with exceptional reliability
and generally with a fair signal. When directional antennas were used the
signal invariably retched the country to which it was addressed. For example, for months, special twoway conversations were carried on one day a
week with Sydney, Australia. During the period Admiral Byrd an,! his expedition were at Little America, Antarctica, 11'2XAF, using a directive antenna, put its program to the explorers fortnightly, on a Saturday night.
1Vith the new transmitters, and 35 kilowatts of power, 11r2XAF should
put an exceptionally strong signal cast, west or south, In fact engineers believe that the ratio of signal to noise or static should be such that the station
may be held continuously by a listener during a broadcast.
411111.1113111147711XVOSIZZIMai
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Fig. 64(f)
This Amplifier Takes the Modulated
Power at a S Kw. Level and Amplifies

it by Means of a 6 Powerful Short
Wave Vacuum Tubes to a Power
Level of .35 Kw. Carrier for the
Antenna. This Unit is Caisabk of
Supplying 135 Kw. Continuouily to
the Antenna as for Telefrapli 11 urk.

The. Output of this Lnit may be
Switched to Either a Simple Antenna
for Normal Ilroadcailing. or to Direc-

tional Antenna for Transmission to

South America or Australia. The Man
Shown in the Picture is Holding One
of the UVI358 Vacuum Tubes Used in
This Power Amplifier.

CI-tAPTER IV
Ship to Shore Radio Telephony
In view of the developments which have recently taken place in the field
of ship -to -shore radio telephony, it would appear appropriate to review the.
state of the science and to discuss the problems which have arisen, the facilirks which have been installed, and the general results obtained.
The ship -to -shore radio telephone system, which is here described, was
opened for public service between the Leviathan and the United States on
December 8, 1929. This was the first extension of the public telephone service
to a ship at ma and enabled calls to be made hewer% the vessel and any Bell
System subscriber. The system as set up is intended primarily for giving
telephooz service to the larger passenger -carrying vessels as an extension to
the wire network, and should be distinguished from the more simple uses
which have been made of radio telephony in the marine field, such as that of
enabling a coastal station operator to talk with coast guard vessels, fishing
trawlers, etc.
This paper is concerned with the developments which have been carried out in the United States, including the establislunent of transmitting and
receiving stations on the New Jersey coast, the equipping of the Leviathan
and the establishment of service to that ship.
It is significant of the wide -spread interest in this type of service that
developments' have also gone forward rapidly on the European side where
the British, Germans, and French arc preparing coastal stations and equipping sonic of the larger ships for public telephone service. The British have
already initiated service to two of the White Star Liners. the Olympic and
the Majestic, and before long it is likely that half a dozen of the larger transatlantic vessels will be undertaking this service, connecting with both the
American and the European networks.
EARLY DEVELOPMENTS

Attempts to apply telephony in the maritime field date back to the pioneer

work on radio telephony itself, but it was not until the appliaitions of the
vacuum tube were developed that radio te:ephony for any service became
finally practicable.

;Vollowing the long distance, point-to-point radio telephone experiments
of 1915, there was carried out in the following year what is believed to have
been the first trial of two-way radio telephony from the wire telephone system
to a vessel at sea. This trial was conducted by 13d1 System engineers in cooperation with the Navy Department. On that occasion the Secretary of the
Navy, in his office in Washington, carried on two-way conversation with the
captain of the U. S. S. New innipshire off Hampton Roads.
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Following the further development of radio telephony during the 1Var,
there was undertaken, in the years 1920-1922, an extensive development of
ship -to -shore radio telephony, looking toward the linking of ships at sea
with the land line telephone network. At that time there was built a coastal
radio telephone station at Deal Beach, N. J., and several ships were equipped
.on a trial basis. Extensive engineering tests were made and a number of
demonstrations carried out which proved the physical feasibilityof establishing such connections.

While the trials were successful from the technical standpoint, the development was not carried into commercial use because the adverse economic
conditions existing in the post -War period did not appear to justify the initiation of the new service at that time. Furthermore, the waves in the range of
300-500 meters, which had been used in these early trials, were soon thereafter
assigned for broAcasting.
In the last few years the whole outlook has changed considerably. The
development of short-wave radio systems has greatly increased the message carrying capacity of the radio spectrum and has made it feasible to maintain
communication over a greater range of distances than was previously practicable for ships. Transoceanic radio telephone services have been inaugurated, and with the large increase in steamship travel there has arisen a renewed interest in the extension of telephone service to ships at .sea.
When it became evident that short-wave transmission might be dcsifable
for ship -to -shore telephone service, there was undertaken a program involving

the measurement of the strength of the electric fields received aboard ship
froma shore transmitter. This work was part of a general program intended
to obtain fundamental data upon short-wave transmission for purposes of
point-to-point, as well as for ship -to -shore telephone services. The tests were
first made in 1925 on- vessels running betwen New York and Bermuda.
Further measurements were made on other ships in subsequent years.
Fig. 65 is an example of the result of these earlier tests. Transmission
was from Deal Beach on 4.5 megacycles (66 meters). The curve shows the
relatively weak field which was received as the vessel left dock, due to the
considerable stretch of land which intervened in the transmission path. the
rise of the field to high values as the ship passed out of the harbor, and the
gradual diminution as the vessel continued on her course.

It will be,khserved

that transmission on this frequency was effective at night all theI\sso
Bermuda, but that during the daytime the transmission failed for distancei's
greater than a few hundred miles. Corresponding measurements showed that
daylight transmission could be secured by means of a higher frequency, such
as 9 megacycles (33 meters). Measurements of this kind, supplemented by
data obtained for a wide range of distances over land, and for transatitintic

distances, have built op a fairly complete setof quantitative data on short-
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wave transmission over different. distances and for various times of the day
and year.
Along with this study of transmission conditions, there was carried on
the devdopment of short-wave apparatus technique for telephony. The first

application was in the field of point-to-point transatlantic operation and
considerable art built up there including the design of transmitters, receivers,

directive antennas, and the working out of two-way operating methods,
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Fig 65
Received Fields, New York -Bermuda Run, 1925.

served as a very useful bath from which to develop the coastal and ship stations for the maritime system.
With this background of development, preparations were made to set up
a two-way, short-wave radio telephone system for commercial service. This
service was centered upon New York because of the large concentration of
ocean-going traffic it that port.
THE TECHNICAL PROBLEM

One, of the most important problems to be solved in the design of a
shorto4ve system is that of determining the frequencies necessary for giving
i-ne service involved. The frequencies which are best suited to the different
distances, time of day, and season of the year for transmission over the North
Atlantic are indicated in the curves of Fig. 66. The curves for the greater
distances refer to the transmission which appears to take place in the ueper
regi9ns of the catth's atmosphere and is usually referred to as sky -wave transmission. Each of the sky -wave curves traces the optimum frequency-dis-
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tanec relation for the time of day and season of the year indicated. The
curves merely give a general picture of the frequency relation and do not take
account of other effects, such as fading, magnetic storms, etc.

The figure brings out very dearly the necessity for using a variety of
wavelengths if the ship lanes arc to be adequately covered. Fortunately, there
is a considerable band on each side of the curves shown, in which good trans-

mission can be obtained, and this enables one to choose a smaLl number of
frequencies in the short-wave range which arc adequate to cover the conditions. Actually, it is found that a set of about four frequencies will, suffice
to cover. the North Atlantic. For distances greater than a few hundred miles
this characteristic is obtained irrespective of whether the transmission is over
water or over land, by reason of the fact that the transmission appears to take
place in the upper regions of the earth's atmosphere.
Closer in to the transmitting station, however, there is the so-called surface component, the attenuation of which is much less over sea water than
over land. It will be seen that the surface wave may be relied upon for distances of the order of 200-300 miles, for frequencies of about 4 megacycles.
The transmission of this component is much more stable and reliable than is
the transmission of the sky wave. It seemed important, therefore, to utilize
the surface wave to the maximum extent possible.
With this in mind, a series of transmission measurements was made over
a stretch of water between New Jersey, Long Island, and Nantucket for the
purpose of more accurately evaluating the effectiveness of the surface Have
component, particularly in so far as it bears upon the question oi how close to
the water front the coastal station need be placed. Transportable transmitting and receiving stations were used in these tests. It was found. that as
the transmitting or the receiving station was moved away from the water
front, the attenuation increased materially. For example, moving either terminal a mile back from the coast line increases the attenuation some 8 decibels at 4.5 megacycles. On the other hand, a narrow stretch of land, such
as a sand bar, out a few miles from the coast, introduces relatively little loss.
These results indicate that if full advantage is to be obtained from the more
reliable surface -wave component, the coastal station should be immediately
upon the seacoast or a salt -water bay.
An important factor in connection with radio reception on shipboard is
that of. electrical interference. The modern steamship requires for. its operation and its service a large amount of electrical machinery. In acrtiitisln to
this, it is equipped with various radio telegraphic services. The operation "Ci-;all of this electrical equipment produces interference in a receiver which is
much in excess of that normally encountered in a shore receiving station which

can be so located as to be reasonably free from electrical disturbances.
Furthermore, there is on the ship another source of disturbance which is due
to charging and discharging of various parts of the rigging in the strong cicc-
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trOrnagnetiC fields of the various radio transmitters. These various sources
of disturbance were found in the earlier shipboard experiments and the high
noise levels are, in general, the predominant factor in limiting the communication range. These factors made it desirable to employ at the shore end as
powerful a transmitter as was available and to u_se whatever benefit could be
obtained from antennas designed to be roughly directive along the transatlantic ship 1:Ines. A transmitting set of the type used in transatlantic cornanunication, but adapted 'for the ship -to -shore wavelengths, was therefore employed..
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Distutce-Frcaucncy Characteristic.

Since the shore receiver can be located in a comparatively quiet situation
and since use can also be made of roughly directive receiving antennas, there
is no advantage in transmitting as large an amount of power from the ship as
from the shore. The actual power radiated by the Leviathan's transmitter is

of the order of 500 watts. -The shore receiver is of the type used on the

transatlantic radio telephone circuits, working with a directive antenna. The
arrangement provides a fairly well proportioned system, the channels being
substantially equally effective in the two directions.
TaiE SHORE SYSTEM

The general setup of the system is illustrated in Fig. 67. The coastal
stations, sending and receiving, are located about 60 miles south of New York
on the Ncw Jersey shore, at Ocean Gate and Forked River. The course followed by the transatlantic ships is indicated on the map of Fig. 68, The direc-

tionil bearing oP this course and the directivity characteristic of the New
Jersey shore station antennas are illustrated in Fig. 62. It will be observed
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that the breadth of the transmitted beam is adequate to take care of the variation of the directional bearing of the course. For steamship routes other
than the transatlantic, as for example the coastal route to the South, other
antenna arrangements will be required.
In general, the whole coastal station, including the transmitting and receiving units, taken together with the wire line connections and control position in Ncw York, is similar to one end of a transatlantic point-to-point circuit. The transatlantic facilities have been described in previous papers and,
reference should be made to them for more detail than is given below. The

Fig. 67

U. S. Coastal Station, Circuit Between New York and Ship.

transmitting set has been adapted to cover the frequency range used in the
service.

It has a power of 15 kw. output of unmodulated carrier and is

capable of delivering 60 kw. peak power. A photograph of a similar transmitter at Deal Beach, which is being used for this service pending the completion of the transmitting station at Ocean Gate, is shown in Fig. 70. The
antennas arc simpler and less directional than those employed in the ttansatlantic circuit, and give a transmission gain of 8 to 10 db as compared with a
single half -wave antenna.

The receiving station at Forked River has been in operation sther, the
opening of commercial service last December. A photograph of the receic
ing set is shown in Fig. 71. The receiver is of the double -detection type, of
high gain and selectivity, and employs screen -grid tubes. It is provided with
automatic gain control. The apparatus shown includes not only the receiving
set proper but also the equipment which is required for morlitoring the circuit
and for connecting with the wire line into New York. The receiving antennas

.

Fig. 68
North Atlantic Ship Lanes.
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are of the same general type as those used in,the transatlantic system, which
consist of a row of quarter -wavelength verticals connected alternately top
and bottom by quarter -wavelength conductors. In the case of the longer
wavelengths used in the ship -to -shore service, the vertical conductors are
reduced in height and the horizontal links correspondingly elongated. A
photograph of the station at Forked River and two of the antennas is shown
in Fig. 72.
The control and operating terminal equipment in New York is identical
with that in use on the transoceanic radio telephone circuits. The control
positions, as they exist in the Ncw York long-distance telephone building for
both transatlantic and ship -to -shore circuits, arc pictured in the fronticepicce.
These control positions have associated with them such things as voice -frequency repeaters, indicators of the volume being transmitted and received
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over the circuit, gain controls, monitoring and testing facilities, and voice current operated switching devices. The latter prevent the speech received
from the ship from being reradiated from the shore transmitting station and
permit independent adjustment of amplification in ,the circuits leading to the
transmitting and receiving stations. Thus, the volume sent to the transmitting
station may be kept substantially constant, despite variations in speech volume
received from different land line subscribers and full modulation of the trans-

mitter may be obtained for over-riding noise on the ship. The funcnou of
the technical control operator is that of maintaining the circuit in the correct
technical condition for talking. In general, it is the intention that the;shore
transmitting and receiving stations should function, as far as possible, merely
as repeater stations, with the control of the over-all circuit from NewoZork
to the ship resting in the New York technical operator..
The circuit terminates as an operating facility before a traffic operator
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at one of the long-distance telephone hoards. In Fig. 73 is shown an illustration of the traffic positions for the transatlantic radio telephone circuits,
including, at the right, two positions devoted to the ship -to -shore service, The
duty of one of these two girls is confined to the radio circuit itself in that she

Fig. 70
Deal Beach Transmitting Set.

talks to the ship operator, passes and receives information as to calls, and
is generally responsible for completing the connection betwen the ship circuit itttd the land line subscriber. The adjacent operator is concerned more
particularly with the land su'oseribers, answering inguiries and recording
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calls outbound to ships and, in turn, getting in touch With and holding lan(
line subscribers for inbound calls.
THE Suit' STATION

The Lrriathan's radio transmitter was designed to supply about 500
watts, 80 per cent modulated radio frequency power to an antenna at fre-

Fig. 71

Furked River Receiving Set,

quencies from 3 to 17 megacycles. To insure satisfactory operating conditions, the carrier frequency stability was made as good as that required for
point-to-point service and the transmitter has been designed with the object
of holding the frequency within 0.01 per cent. This facilitates the establishment of contact between the ship and shore and obviates' the necessity for
frequent returning ofthe shore receiver. The background noise on the un-
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modulates carrier, due to commutator ripple, etc., is inappreciable and the
audio -frequency tharacteristics from 200 to 2750 cycles is flat to within

± 2 db.

In addition to these electrical requirements, the mechanical design must
such as to withstand ship's vibration, permit easy access to the interior
so as to facilitate wave change, and at the same time protect the operators
from electriTal shuck.
The transmitter consists of a crystal oscillator and associated amplifiers.

The ctystal provides the necessary carrier -frequency accuracy and stability
mid the amplifiers step up the power of the carrier to the desired level. Audio frequency filters arc placed in all voltage supply circuits to eliminate background noise. The modulation system with its associated transformers is
designed to produce the requisite audio -frequency quality. A diagram of the
circuit is shown in Fig. 74.
Very thorough electrical shielding is necessary between amplifier stages

Fig. 72
Forked Riker Station with Antenna.

to prevent singing. This shielding makes the changing of coils, which is
necessary for the changing of wavtlengths, very unhandy and hence the
crystal control and amplifier system, except the last stage, is provided in dupli-

cate, one side being used for the longer and the other for the two shorter
waves. Wave changing, except for the output circuit of the power stage, is
then accomplished by connecting the proper amplifier to the power stage.
The quartz plates used in the crystal control system arc circular, being
approximately one inch in diameter, and are clamped rigidly in the holder.
This clamping serves to prevent Any change of frequency with mechanical
vibration. The holder with its crystal is mounted in a small oven, the temperature of which is held constant at SO deg. cent. to better than ± 0.1 deg.
The thermal system of this oven is so designed that the change of internal oven temperature with temperature changes of the surrounding air is
negligible.

As shown in the figure. the crystal is connected between the grid and
Matelot of a 5 -watt vacuum tube which, together with the parallel resonant
circuit connected to the output bf this tube, forms the crystal oscillator. The
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radio -frequency voltage developed by the crystal oscillator is applied directly

to the grid of a 7y2 -watt screen -grid tube which can be used either as an
amplifier or a frequency doubler. The output of this tube, except in the
case of the higher frequencies, is applied directly to the grid of a 50 -watt
For the higher frequencies a second frequency
screen -grid amplifier.
doubler can be switched into the circuit. The output of the 50 -watt tube is
coupled through a balanced transformer to the final amplificrstage. The
amplifier or frequency doubler stages are separately shielded and radio -frequency filters are provided in all power supply leads.
The power amplifier consists of an air-cooled, three -element, one -kilowatt tube. Neutralization is accomplished by the familiar balancing arrange-

ment shown in the figure. The output circuit of this stage consists of a
parallel resonant circuit with provision for tapping in the connection to the
antenna.

Modulation takes place in the plate circuit of the final amplifier stage,
the plate current supply being fed through a special transformer, the secondary of which is connected to two 250 -watt tubes connected push-pull and
fed by a 50 -watt amplifier.
The power supply is obtained from motor -generator sets operated from
the 110 -volt, d -c. ship supply. Protection of the operators and apparatus is
provided by means of relays and contactors in the high -voltage supply circuits which prevent the high voltages from being applied if the filamerit or
grid circuits are not closed or if the doors of the transmitter are open.
An illustration of the ship's transmitter is shown in Fig. 75.° The picture
is somewhat out of perspective owing to difficulty in taking the photograph
in the limited space available on shipboard.
The receiving problem on shipboard is complicated by a number of factors. The transmitting and receiving frequencies must be within a few per
cent of each other if the best transmission conditions for the time and place
arc to be utilized and if the frequencies are to remain in the bands assigned
internationally to the mobile services. This requirement, as well as the
noise conditions on shipboard, calls for a receiver of high selectivity which
is obtained, in the present instance, by the use of a double -detection set. The
over-all selectivity is accomplished both by having a number of highly *deetive circuits ahead of the first detector and by using tuned circuits in the interniettate frequency stages, the high -frequency selectivity being,-Qgd pri-

marily to prevent overloading of the first tube and the intermediate Irequency circuits being used to obtain the final selectivity required.
A reduction of the disturbances due to stay noises and better discrimination against the transmitted carrier is obtained if the transmitting and receiving antennas are widely spaced. On the other hand, for operating reasons, it
is desirable to have the transmitter and receiver located in the same room.
In the case of the Liviathan installation, the transmitting antenna is located
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directly above the radio room, between the second and third stacks, and the
receiving antenna is placed as far as possible behind the third stack. The

receiving antenna is enameled through a suitable stepdown circuit to a

shielded transmission line, the other end of Mild) is connected to the receiver,
the receiver itself being very thoroughly shielded to avoid direct interference
from the transmitter. On account of limited spare, only two antennas arc
provided to handle the four frequencies, each antenna representing a com-

promise between the most efficient antennas which could be put up to
handkthe separate wavelengths.

I. 73
Nyve lurk Traffic Ponitions.

As stated above, the receiver itself is of the chasuble -detection type, using

heater type tubes throughout. Screen -grid tulles are used fur the last detector and intermediate frequency =Oilers and three -element tubes in the
remaininl positions. A photograph of the receiver and associated -voice frequency equipment, as it is installed on the Leviathan, is shown in Fig. 76,
and a diagrammatic representation of the receiver is shown in Fig. 77. The
high -frequency selective system consists of four scparatdy shielded tuned
circuits, coupled by small capacities. The use of a screen -grid tube in the
detector circuit gives a two -fold advantage over the use of a three-eleincut
tube jn that a higher input impedance is maintained at the higher frequencies
and the necessity for neutralizhig against the =dim of the beating oscilla-
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tor on the input circuit is eliminated. The beating voltage is made of the
order of 75 to 100 volts for the purpose of reducing the effective tube noise
in the detector plate circuit. With this arrangement no d -c. plate voltage is
ordinarily required. The screen voltage is 22 volts. The output circuit is
tuned to the intermediate frequency of 300,000 cycles and connection with
the first intermediate amplifier is effected by means of a low impedance transmission line. The intermediate frequency amplifier stages are coupled by
means of doubled tuned circuits. The use of properly designed circuits of
this type makes it possible to obtain a high degree of selectivity against
sired frequencies while obtaining sufficient band width to maintain ease of
tuning and to pass the desired frequencies. The second detector is of the
cirrnat
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Ship Traas.mitter's Schematic Diagram.

conventional grid bias type. Automatic gain control is provided in which a

certain amount of the carrier is taken at the end of the intermediate frequency stages, amplified and rectified.

The resulting d -c. current produces
a voltage drop across a resistance, which is applied to the grid of the first
detector in such a manner that an increase in the intermediate frequency output beings about a reduction in the total set gain and vice versa. Manual
',rain control for following wide changes in the received fields is accolnplistied

by variation of the voltages applied to the grid and the screen of the first
detector.

The voice -frequency equipment, in addition to the desk telephone set
located in the subscriber's booth, comprises a technical operator's position
located adjacent to the ship's receiver, and an attendant's desk located on
a lower deck in a root adjacent to the subscriber's booth. The control equip-
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ment consists of repeaters, volume control devices, and volume indicators,
by means of which the levels of the incoming and outgoing signals can- be
properly adjusted. keys are provided which enable the technical operator
to talk either over the radio circuit or to the ship subscriber. The booth
attem.:ant has facilities by which he can talk either to the subscriber or to
the control operator and has a connection with the ship's telephone system for

FTp. 4/1,114$17514"7/71511

Fig. 75
Leviathan

Ton,:i

the.purpose of locating persons on the ship and calling them to the radio
telephone booth. The subscriber's booth is provided with a desk telephone
set having a high-grade transmitter. The outgoing and incoming circuits are
shielded from each other and brought separately to the transmitter and receiver of the subscriber's set. An illustration of the subscriber's booth on
the Leviathan is shown in Fig. 78:
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THE WAVELENGTH SITUATION AND SIMULTANFAUS TELEPHONE AND
TELEGRAPH OPERATION

Communication between ship and shore is carried out by the use of a
pair of frequencies, one for transmission in each of the two directions, separated from each other by about 3 per cent. The specific frequencies which
were first assigned by the Federal Radio Commission to the shore station and
the Leviathan were necessarily chosen on a more or less makeshift basis,
in the absence of any comprehensive wavelength plan for this new service.
The Commission has recently had under study the setting up of move adequate provisions for ship -to -shore telephone channels, whereby it is hoped a
series of frequencies may be designated fur telephone service exclusively and
whereby there may be established the relation between the telephone and the
telegraph frequencies necessary for the avoidance of interference between
the two services. ,..E.specially is coordination of the two sets of frequencies
necessary on the larger vessels in order that simultaneous telegraph and
telephone service may be given without mutual interference. On the larger
liners simultaneous use of the radio telephone and radio telegraph service
must be provided for. This means that the transmitters of both services
must keep accurately on their frequencies and be free of spurious components, and that the receivers must be highly selective. It further entails that
the transmitting and receiving frequencies in each of the two cases be so
coordinated that the transmission frequency of one service does not lie too
near the receiving frequency of the other, and bespeaks a considerable amount
of mutual cooperation between the operating agencies involved. Difficulties

of fitting in the two services were encountered in the early work on the
Leviathan and, although the problem has not been worked out to final solution, sufficient progress has been made, in cooperation with the engineers of
the Radio Corporation of America, to enable the telegraph and telephone
services to be conducted simultaneously without undue interference.
In view of the fact that ships of a number of nations are already preparing to give radio telephone service on the transatlantic routes and with
the probability of this service also extending to other parts of the world, it
would appear to be a matter of importance that the whole question of marine
frequency allocations be worked out in the near future not merely on a national but also on an international basis.
TRANSMISSION RESULTS

The transmission results which. have been obtained with the Leviathan
on her first trip of commercial service arc summarized in Fig. 79. It will be
noted that practically continuous 24 -hour communication was maintained
for distances within 1000 miles of the shore, corresponding to two days out.
The service at greater distances was more intermittent. This was laigely
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due to the fact that during this first trip the effort was concentrated on covering reliably the moreimportant nearer -in distances, and the ship was not prepared to transmit on frequencies above 8 megacycles. The service proved to
be much in demand by the passengers as is indicated by the nuiiibcr of calls

completed each day, particularly on the return trip. A similar number of
test and demonstration calls was made during the voyage. The calls were
completed without undue delay, there being only one ship involved, and a
fairly high grade of communication was obtained.

Fig. 76
leviathan Receivrt.

In conclusion it will be realized that the solution of the technical problem
of ship -to -shore telephony is now well in hand and has been carried to the
point of having proved the practicability of giving this service. Further
problems arc naturally arising in carrying the development into more general
effect, particularly operating problems and those concerned with the international coordination of the service. The indications arc that the larger
transoceanic ships will be rather generally equipped for telephony and that
the service will become one of permanent value in the maritime flea
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The two crack liners Bronen and Europa arc both equipped with
elaborate short-wave transmitting and receiving apparatus. At the present
time the equipment is being subjected to a series of experiments, prior to
establishing any definite services. The system is suitable for both radio telegraphy and radio telephony. Communication is carried on between these two
boats and from the boats to a main station in Germany.
In due course it is expected that the radio telephone service will be available to the passengers to allow communication with telephone subscribers on
land, similar to the service now in use on certain American and English.liners.
This equipment while manufactured in different countries will probably in
the future be standardized so as to be suitable for use with the land receiving
stations and the associated equipment supplied by the telephone companies.
This same short-wave equipment would of course be suitable to pick up
international short.wave broadcast and reproduced for the benefit of the passengers. Likewise it would be possible for the liner to put out a short-wave
entertainment program which could be picked up in various parts of the world
and rebroadcast if desired at those points.

It is interesting to note some of the details of the equipment on the
Bremen and Europa by referring to the accompanying photographs. In the
first place there are a number of different radio receivers and transmitters so
J
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that communication can be carried on with different wavelengths simultaneously. These receivers are of modern design scientifically shielded.

In the

case of radio -telegraph signals, the transmission can be taken directly by the
operator or transferred to machine tape recorders.
Similar apparatus is also installed on the modern steamship Cohoubtr.c.
In each case at the present time, the railiotrlcphrne conversations are being
hod on wavelengths of 103 and 190 meters. For telegraph work on short
waves the Brrntril is working on 19.2 and 36.5 meters, the reception being

taken' at the German coastal radio station F.lbe/Wesermdio (Cuxhaven
Radio). The accompany photographs illustrate this modern equipment.

Fig. 7

Subscriber's Booth oh Lev:A:pc'
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EARLY Ex PERI NI E NTS SHIP -TO -SHORE RADIO -TELEPHONY

Considering the great progress made with ship -to -shore radio -telephony

in the past few years, it is of extreme interest to study the comparative results as obtained with the early experiments some years ago.
The Bell System decided to start trials along these lines as early as 1919.
The fundamental condition laid clown was that there should be developed a
.ystein by which any telephone subscriber. of the Bell System could carry on
a conversation with a telephone station located on a ship, and that from the
point of view of the speakers, the operation should be similar to the carrying on of an ordinary toll call between land -wire subscribers. It was also desired that it be possible to carry on three simultaneous and independent conversations between three ships and one land station since a final commercial
syste:n would invglve the establishment of several circuits simultaneously.
These two-way conversations were to be obtained without the use of an excessive frequency band.
The first plans aided for the establishment of experimental land stations

about 200.or 250 miles apart and to try for communication with a ship at
distances up to 200 miles. Other problems involved included elimination of
interference (radio and static), secrecy, possibility of cross -talk and initial

It must be remembered that at that time the engineers were handicapped
by the size of the transmitting power tubes available and by the selectivity of
the receivers which had been developed up to that period. In flic beginning
it was thought that to cover the required 200 miles, about one or one and onehalf kilowatts in the antenna would be necessary. The best tube available at
that time was the W. E. 250 -watt transmitting tube and it was decided to use
those.

The greatest economy in power and in wavelength range may be secured

by transmitting only one side band of the modulated wave. Furthermore,
this method has the decided advantage that variations in the transmission
characteristics of the medium do not cause as great variations in the received
signal. This is because the received signal is proportional to the product of
the carrier and side bands and if the carrier is supplied locally instead of -being transmitted, it is not affected by transmission factors. The use of such a
system, however, or one in which only the carrier is suppressed, creates a difficult problem at the receiving end due to the fact that a constant oscillator
frequency must be obtained and most ships at that time were equipped with
detectors only. This would prevent inter -communication in an emergency.

In addition it also restricts the type of transmitter to one where the power
tubes are used as amplifiers, and it was known that some difficulty would be
experienced in operating a number of 250 -watt power tubes in parallel if it
should be necessary to transmit on wavelengths as low as 300 meters. In
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Fig. 79

Transmission Results Between S.S. Leviathan and New York

Fig. 7s" (a)
Main Transmitting Radio Room, S.S. Estrolie, showing ShoriWave Receivers zrxt to the kit the ShortWave
trzotmitting apporatu4. Cuotirkte tetephtme intcreonutsunication systons 3re Iwo:witted to the executiFe officers.

V. 79 (h)

Short -Wave Receivers on the S.S. Entrota, the opanatoe is shown bosy taking Transrcealfx press from Naum
The telegraphic code Signals are transferred direct frcsn the received signals to the typewriter.

to

O

On the kit is shown die Transmitting Short -Wave Apparatus on the S.S. Cohendna (160 and 190 NIcters).
the Korth German Lloyd bxit working in a schedule with the S.S. Bremen and S.S. Eurote.

rig. Z9 (c)

Fig. 79 (d)

Part of the main Transmitting Room of the S.S. Bremen, shnwitig in the center the tilmrt-11'are Transmitting
to port oscr the entire stvams.ltip lanes.
Apparatus fr) means of which transmission is carried oil from
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view of this situation it was decided to use a simple system in which the constant current method of modulation was obtained and which required an equal
number of modulator and oscillator tubes; the carrier contained all the components of the modulated wave.
The simultaneous transmission on three channels could at that time have
been accomplished in several different manners. For example: it is possible
to use a single antenna which is multi -tuned or to use three separate antennas.
It is also possible to transmit three channels on a single antenna by using
special system of double modulation which had been used on Unitell States
battleships several years prior. In all these systems there arc many disadvantages and the analysis of these and other proposed methods of operation
resulted in the decision to employ at that time three separate but closely adjacent antennas and three separate transmitting sets using the constant current
modulation systelh.
The next important problem was that of securing two-way operation for
combined radio and wire operation. There are several ways in which this can
be accomplished including the simple method of manual switching, voiceoperated'relays an electric balance where the radio receiving circuit is balanced with respect to the transmitting antenna circuit, the use of different frequencies for the two transmissions relying upon frequency -selecting circuits
Of the above possibilities it was finally decided to
fur effecting
use a system where different frequencies were used for sending and receiving.
After the first three receivers and transmitters were erected, initial tests
were made on frequencies of 725, 750 and 775 kilocycles. ,Tliese were quite
satisfactory, the only objectionable feature being the interference encountered
from spark transmitters (these spark transmitters are practically obsolete at
the present time).
These experiments were followed by the construction of improved transmitters, more effective antenna systems and experiments continued. At the
same time a two-way telephone set for use on shipboard was constructed and
in the Spring of 1921 one of these sets was installed on board the steamship
Ontario. By the Fall of 1920 all this construction work was completed and
in December of the same year demonstration of simultaneous three -channel
operation from the main station to ships was carried out with entirely satisfactny results. Test programs from the main transmitting station conducted
on 4.00 meters brought reports from several hundred amateurs throughout
the country which showed that audible radio signals were often received at a
distance of 1,000 miles.
The transmitter used had a master oscillator carefully shielded to main
tain constant frequency which operated into a two -stage amplifier, the last
stage being 50 -watt tubes, and from there into a bank of Fix radio -frequency
power tubes each ca cable of a plate dissipation of 250 watts. Thus bull the
radio -frequency and speech -frequency currents are brought up to the high
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power level before modulation takes place (this is the exact opposite to the
system now in use).
As there was a total of four transmitting stations, conversation could
be carried on through four channels and reception was taken care of by four
loop antennas operating into four receiving sets.
The receiving sets, as finally developed were extremely selective and
passed a band of speech of the proper width and with a large attenuation outside that band.
In,the entire system it is necessary that the magnitude of stray currents
be so kept down in comparison to the transmission current to eliminate noise
interference in telephone conversation. During these tests this requirement
was very difficult to realize in the radio link principally bemuse of static
and, especially in the vicinity of New York, interference from spark telegraph
stations. .The actual range limit of the radio link is set byrthis interference,
caused by the presence in the ether, on the wave band being used, of extraneous wave components. Actually it was found that in transmission on
400 meters in the vicinity of New York the receiving field strength could not
be permitted to go below an average of 200 microvolts per meter,and even
then under some circumstances the spark interference was prohibitive.
Additional tests included field -strength measurements at the ships at
varying distances from the transmitting station. For example: working on
820 kilocycles tests on the S.S. Gloucester showed that at a distance of 130
mile; the field strength was 400 microvolts per meter and gradually increased
to a value of '2,200 microvolts per meter with the ship a distance of 50 miles
from the transmitter. Similar tests made on the S.S. A;iierica in March, 1922,
working on approximately 378 meters showed an enormous difference between the field strength received by day and night. For example: at a beginning of 1.250 miles from the transmitter at a time when it was both sunset
at the station and sunset at the ship, the first signals received had electric
field strengths of approximately 30 microvolts per meter. These increased in
intensity during the night and at the following sunrise when the ship was a
distance of 1,100 miles away the signals dropped to a value of only 21/4 micro-

volts per meter. No reception was possible during the following day. The
following night when the ship was a distance of approximately 800 miles from
the transmitter reception was affected over a short period with received signal
strength of from 5 to 100 microvolts per meter. Reception was againninterrupted until the following sunset when communication was established and
with increased field strength. Communication from there on was established
with increased signal strength which finally reached a value of 5,000 microvolts per meter as the ship approached New York. Enormous variations between day and night in received field strength which occurs at distances of the.
order of 1,000 mile's using wavelengths of approximately 350 meters presented

a serious problem at that timer The observations showed that there was a
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variation of the order of 100 to 1 which corresponds to a power ratio of
10,000 to I. This means, for example, that it will require 10,000 times more
power to establish communication during the day as during the best times at
night. These enormous day to night fluctuations are familiar to broadcast
listeners. These curves indicate that it would be impossible to give continuous ship -to -shore telephone service at these relatively short wavelengths for
distances as great as 1,000 miles. It was figured at that tinse that much
longer wavelengths would have to be used as well as more transmitting power

During the period in which these experiments were made, the ship's
radio -telegraph transmitters were of the spark type and it was, of course, impossible to carry on telephone and telegraph communication simultaneously.
To correct this situation, in 1922 the S.S. Anserisa was equipped with a radio.
telegraph transmitter of the continuous -wave type and this transmitter And
the radio -phone transmitter were arranged to use different antennas. This
allowed simultaneous operation of the two radio transmitting equipments, telegraph operating on 2,100 meters and telephone on 375 meters. Another arrangement has been worked out theoretically where both the telephone and
telegraph signals can be transmitted on the same carrier. This is mentioned
to show the ultimate possibilities of combined operation and it is not put
for -ward as one which is sufficiently practical, all things considered, for use
in the immediate future. As previously mentioned, one of the most important
reasons for establishing ship -to -shore contact was to allow the use of the
transcontinental telephone lines for extended communication. A praCtical

demonstration of this type was given in February, 1921, alisre a ship approaching New York was placed in communication with New York and conversations relayed over the transcontinental long distance lines to Long Beach,
California, and from there to the Catalina Islands in the Pacific thus bringing
together the two oceans. Reviewing these early experiments, one of the most
interesting points is the fact that the engineers believed that the obstacles encountered could be remedied by using longer wavelengths and higher power.
This was some years ago. The contention, of course, was true but not feasible
from a point of economy particularly if the ranges were to be extended over
the contemplated distance of 1,000 miles.
In the meantime new developments with shOrt waves have indicated, that
instead of using longer wavelengths the short wavelengths arc more desirable
and 03t only enable communication over a distance of 1,000 miles but allow
continuous service with the ships from one continent to the other as described
in the first part of this chapter.
The descriptions and discussions given in this book have of necessity
been confined to commercial applications, the naval authorities being reluctant
to disclose details of their developments. It is reasonable to assume that tie
importance of these developments are fully realized by the Military authqritics
and arrangements planned to use these facilities in the case of an emergency.
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Recalling the incidents of the World War, communication facilities at
that time were of relatively primitive proportions. The practical use of short
waves was really unknown and communications established over long distances were principally by chance. A good percentage Of the aircraft used
was without any radio facilities and that which was equipped had a very
limited range. No provision was made for secrecy other than the use of code
messages.

The transmitters aboard ship were principally of the spark type which
had a limited range, particularly during the daytime. These transmitters were
subject to interference by transmitters of the enemy and had the further disadvantage that their use disclosed their position. This feature was used by
both sides to advantage where possible.

During the World War, radio developments were practically equal on
both sidel but in some instances the German Government had superior equipment including a portable 'Trench Set of a suitable size; two men could carry
the entire apparatus and accessories. This equipment enabled communication
between the trenches and rear lines which was more desirable than telephones
or runners. The radio equipment on the dirigibles and sea-raiders'was generally very satisfactory and proved effective but the successful operation of
this apparatus in many cases was due to individual efforts; that is, this apparatus in the hands of an experienced radio operator would be of considerably anore value than when pirated by a student or operator with a limited
amount of training. An example of this is the fact that during the period
when spark transmitters were used, each transmitter had an individual signal
"tone" or "note" and could be identified by this signal even if the signature
call letters were omitted. In a like manner, different operators had an individual characteristic in their method of sending radio -telegraph signals and
even the operators could be identified in this manner. This is not unlike the
present situation where a broadcast station can sometimes be identified by the
announcer's voice, and even in some extremes some broadcasting stations can
be identified by the characteristic quality of their reproduction.
Communication is of course art important consideration in times of war.
In any future emergency systems could now be installed which would be far
in advance of anything used to date. Naval headquarters could be in instant

conununication with all naval vessels regardless of what part of the world
they were located in. Aircraft attached to aircraft carriers or to a base would
always be in communication with their base. Nations which were allied together would be in constant communication with each other regardless of
cable facilities, Through the use of directional transmitting systems, communication could be carried on between certain points without any possibility
of the signals being heard at other points. Elaborate methods of maintaining
secrecy have been developed malcing it practically impossible for the enemy
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to intercept or interpret the conversations. These advantages will of course
work both ways.
While these military considerations arc interesting and must not be overlooked, it is of course the hope that radio and its future developments will be
a means of bringing the different foreign nations still closer together both
commercially and socially,

It is not difficult to imagine the facilities that will be available ten years
from now if the radio developments are continued at the present pace. Thc
radio -telephone and telegraph service to ships will be supplemented ,Jy television-probably television in colors. This does not mean simply that the
two parties to a conversation will be able to see each other as the television
feature will have other more important applications. For example: weather
charts will be continually avaiLsble to the captain and the passengers will have
the advantages of,inews service, either as full pages reproduced or as an instantaneous reproduction of the actual event involved. Fast liners, if necessary,

could be preceded by a fast pilot boat equipped with television apparatus
which would in turn transmit the picture viewed back to the captain. This
would be, useful during the iceberg season. This same fcature would of
course have a more important military value between a scouting vessel or aircraft and the main fleet or squadron.

New plans are in progress to extend radio facilities to the liners. One
company Warts to equip the liners with stock and news tickers, the latter installed in a special cabin aboard ship and automatically operated from a main
transmitting station or stations. Early tests along these lines were made
using long -wave transmitters and receiver. The operation at the receiving
end to be automatic requires that the signals directly operate a relay and inking recorder. This would be a relatively simple problem if channels of a
reasonable band width were available and free from other telegraphic interference and static encountered was within practical limits. It must be remembered that it is difficult to design a receiver for long wavelengths (for
installation aboard ship) which is highly selective. In view of this, in addition to the signals which arc intended to operate the recording relays, there
are interfering signals and static interference, both atmospheric and from
electrical devices on board. In view of this condition the early experiments
were not encouraging.
The short-wave channels and the new associated apparatus developed for
radio -telephony could be used for ticker and news service as supplementary to
the regular service, as it was previously pointed out that telephone and telegraph communications could be carried on simultaneously on the same carrier.
The development of world-wide ticker service and the supplementary tele-

graphic order service will mean that eventually a customer lowed in any
part of the world can trade with members of the New Yotit or London Stock
Exchange as conveniently as another customer located only a few miles- from

SHORT WAVES

177

the exchanges. It is believed that when these rapid communication facilities
have been developed that the business of these exchanges will expand to proportions that never have been dreamed of.
The radio equipment on board ship will eventually include supplementary
apparatus for entertainment purposes. Recently the Leviathan on a trip from
the Dry Dock in I3oston to New York, sent out an entertainment program on
short waves. This was received and relayed to the National Broadeastiitg Co.
fiver the telepltone lines and distributed to a number of stations on their chain.
This wiJ1 likely become an interesting feature on the radio in the near future.
In a similar manner the radio receivers aboard the liners can be equipped with
supplementary apparatus which can pick up broadcast programs from practically unlimited distances and distribute them throughout the ship with a public address system amplifier and a number of loud speakers. This will become
more and more important as the quality of the broadcast p-ograms improves,
that is frtim a general interest standpoint_
Radio has of course added much to the safety of travel on the seas, many
notable rescues have been made. With the new facilities being added this de-

gree of safety is being increased every day. On the Bremen and Europa, the
system of nesting the lifeboats and arranging for their launching is unique
and ideal.. In addition the lifeboats arc individually equipped with low -power
radio transmitters and receivers. It is not difficult to imagine that in past
marine disasters in many instances the lifeboats tvere successfully
launched but in certain cases, one or more lifeboats drifted from the scene
and were lost.. This can be eliminated with radio installations on the lifeboats.
An operator is not required as the operation can be automatic (following a
reasonable amount of instruction to a member of the crew) and the position
of the lifeboat will be determined by the rescuing ship with its directional
finding equipment.

While radio beacon service is at present of prime importance to aerial
navigation, there arc conditions where similar facilities might be extended for
ocean travel. Rotating beams of this type could supplement ordinary lighthouses and as a matter of fact equipment of this general type is in operation

at the present time, but more to give the ship its bearing than for any other
purpose. These transmitters have characteristic signals and that together
with the assigned frequency determines its identification.
A concentrated beam working on an extremely short wave would Ile useful in indicating the incoming and outgoing channels in a harbor or through
a difficult passage. It might also define a ferry route and prove useful during
conditions of poor visibility, and a second reflecting beam used to locate other
objects in the immediate vicinity.
There are an unlimited number of applications for radio which will be
developed in the future and the progress will only depend upon the number
of workers available together with the capital that can he interested.

CHAPTER V
Directional Antennas
SHORT-WAVE DIRECTIVE TRANSMITTING AND RECEIVING ANTENNAS

As is well known, radio waves are similar in physical nature to light
waves, both being electromagnetic phenomena propagated through space by
vibrations or disturbances in the ether. The two differ from each other only
in the frequency with which the vibration occurs. Radio waves range in
frequency from about 10 kilocycles to 10 megacycles. At the latter point
radio waves merge into the infra red portion of the light spectrum.
Since radio waves are similar to light it is to be expected that they could

be reflected and focused into a beam as are light rays. in fact, in Hertz's
original experiments he used a parabolic reflector very similar to a light
reflector. The wavelengths used in long wave radio communication, however, are so great that any type of reflecting or directive structure would be
prohibitively large and expensive. It was not until short waves began to be
used for radio communication that it became possible to build efficient and
economical directive antennas.
The short-wave antennas on the Buenos Aires -Madrid radio channel do

not employ the parabolic reflector of Hertz. Another property of clectromaknetic waves, that exhibited in the refraction of light, is made use of. If
a simple vertical Hertz half -wave antenna is excited by signals of its characteristic frequency, it will radiate disturbances into the ether. Viewed in a
horizontal plane these disturbances will be equal in all directions about the
wire. This is the condition shown in Fig. 81(a). If now a second antenna
is placed one-half wavelength from the first and excited in the same phase,
it will be seen that in a direction normal to the plane of the two wires and at
a point remote from the antenna the radiations will both add together. In
the plane of the wires, the radiations from one antenna will be one-half wave
behind those from the other and hence will completely cancel. The distribution of field about such an antenna system i5 shown in Fig. 81(4). It will
be wen that with this arrangement radiations occur in either direction normal
to the plane of the two wires.
If now two vertical antennas are placed one-fourth wavelength from
one another and excited so that the voltage in one leads that in the other by
90G, the distribution of field shown in Fig. 81(c) occurs. In other words,
the field cancels on one side of the antenna while it adds on the other, a reflector effect being obtained. By combining the effects shown in Fig. 81(b)
and 81(c) the elements of directive antenna employed in the Buenos Aires Madrid channel is obtained.
All the transmitting antennas described below depend for their action
179
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Fig. 80

Fiftcamneter Antennae Curtain with Masts 60 Meters High-Type Used at Madrid.
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on these principles. Instead, however, of employing only two phased radiators one-half .wavelength apart, as shown in Fig. 81(b), as many as sixteen
are placed one-half wavelength apart in one plane, each being backed by its
reflector, as shown in Fig. 81(c). The reflectors arc ordinarily parasitically
driven by the radiator. In like manner, placing of properly phased conductors
vertically above one another produces a similar directive effect in the vertical
plane. Tht greater the number of superimposed radiators the sharper will

be the vertical directivity.

The function of a transmitting antenna is to

radiate the output of the transmitter in the desired direction as efficiently as
possible. The transmitting antenna of a point to point system should there -

Fig. 81
Antenna
Radiation
Patterns.
16;

fore be as directive as possible, both horizontally and vertically. The horizontal directivity is limited by the economical length of the antenna and the
physical accuracy with which it can be directed toward the desired objective.
The vertical directivity should be about 10° to 15° for frequencies of 20.000
Kt. and about 20° for the frequencies of 10,000 Kc. Vertical directivity
greater
this can be secured but results in a ray so sharply directed that
its operation is erratic, due to sudden changes in the height of the Heaviside
Layer.

If we consider the vertical wire A. B. C. D. . . OP (Fig. 82) on which
are present stationary waves and bend it according to the pattern of Figure
83, the currcnts will then be distributed as shown in Figure 83. It will be
seen that in the vertical portions the currents arc in phase, while in the horizontal portions the currents cancel out due to opposite phase. In the end
sections 0 N and G F, the currents are equal and in reverse phase in each
of these half sections. The radiation of the horizontal portions is therefore
pc,actically nil.

The arrangement shown in Figure 83 constitutes a group of vertical anThe antennas of the Buenos Aires -Madrid channal consist
in general of 6 to 8 groups of this type placed onehalf wavelength from one
another in the same plane. Each of these groups is energised by high frequency transmission lines, consisting of two wires, at a point of current maximum such as R and S, and in such fashion that the current in the vertical
sections is in phase for all groups. Behind this curtain is another similar
antenna curtain' which serves as a reflector. The horizontal directivity for
such an array is shown in Figure 84.
tennas in phase.
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Transmitting Antennas f
The antenna curtains and reflectors at Madrid arc suspended on two
cables between guyed masts 60 m. high (Sec Figures 80 and 85). A spreader
A

consisting of a steel tube - waveJength long separates the cables supporting
4
each curtain. The strain at the top of the towers is 5 tons and is automatically regulated by a counterweight. The two supporting cables are attached

to winches in order that the curtains may be raised and lowered. A mes&enger cable to which a counterweight is attached maintains the tensioit at 5
tons when the antenna is being raised and lowered. The vertical wires of
each curtain are kept in tension by counterweights acting through a system

L__
Fig. EC

Fig. 83

Vertical Wire Bent According to Pattern of Fig 95; Illustrating Current Distribution.

of pulleys. Very large factors of safety have been adopted and in no case
does the tension in an element of the curtain exceed 150 kgrns.
At Buenos Aires precisely the same antenna is employed as far as theoretical considerations arc concerned. Practiadly, however, the antenna cur-

tains arc suspended from 175' steel masts. Seven of these masts are employed for an antenna system consisting of three frequencies. The masts
are ant!hored by means of head guys and the curtains can be raised and
lowered completely independently of the head guys by means of winches. The
method of feeding the antenna curtain, illustrated in Figure 86, differs slightly

from that in use at Madrid. A view of the completed Buenos Aires antenna
is shown in Figure 87. On any given frequency the gain of such a system
over a single vertical half wave antenna is approxintately 15 to 20 db.
1 Due to tl,e ,per. wiiS %Air% Ills project was consuirazated. 111 transmitting &Ed rec ei vizi
antrnana originally inauulrd /Ater sorneahat from the description divest in thla tent.

SHORT WAVES

183

Transmission Lines
The transmission lines which simultaneously feed all the antenna groups
should satisfy the two following conditions:

(1) All the antennas should be excited by currents in the same phase
and equal in magnitude.

(2) At, no point in the line should there be reflection of energy hack
toward the transmitter.
If the antenna groups of the same curtain are excited by branch lines
from the transmission line, it is necessary in order to satisfy the first condition that the length of transmission line he the same to each antenna element
from the transmitter and that the branch lines be symmetrical. Since the
speed of propagation is the same in the identical branch lines and the length
Fig. 84
Distributicns of Field in a

Horizontal Plant of an Anin :1u Array Having Both
Radiator's anti Re&riots.

of the latter are equal, the dephasing due to these equal distances
same for all groups of antennas.

be the

To satisfy the second condition and avoid the presence of stationary
waves on the transmission lines between the transmitter and the antennas,
it is necessary to match the impedances of the transmission line in such a
fashion that the line will be terminated by an impedance equal to its characteristic impedance.

Receiving Antennas
The directive properties of the antennas described in the first part of this
paper were explained on the basis of a transmitting antenna. It will be seen
that the theory is equally applicable to a receiving antenna. Assuming in
Fig. 81(b) that the two antennas arc so interconnected they are in phase
for transmission, an incoming signal will produce a disturbance in each antenna. If the signal arrives from a direction normal to the plane of the two
antennas the voltage induced in each wire will be in phase and the two resultant.currents will add, If, however, the signal comes from any other direction,

impulse will arrive at one antenna before it reaches the other with a result
that the currents will not be in phase.
For various reasons, however, a transmitting antenna does not make a
particularly satisfactory receiving antenna. It is desirable that the transmitting antenna deliver a raw very narrow in the vertical plane. It has been
found that an incoming signal arrives at the receiver at all angles from horizontal to vertical, depending on the manner in which it has been reflected
during its passage. The most common angle is between zero and sixty degrees, from the ground and ah efficient receiving antenna should be equally
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responsive over this range. The antenna is preferably constructed on a wood
frame avoiding as much as possible the use of steel towers or other extraneous reflecting objects which will reduce the directional properties of the antenna by introducing unwanted reflections onto the antenna elements.
A type of antenna which answers these requirements is that shown in
Figures 88 and 90. This type of receiving antenna is used both at Madrid
and Buenos Aires. It consists essentially of a long wire so fdldcd in space
that the vertical elements act as signal collectors while the horizontal members act as interconnecting lines. Both vertical and horizontal members are
each one -quarter wavelength long. The voltages induced in the vertical elements by the signal are equal, but the phase relations depend on the direction
of approach of the wave. A signal from a direction broadside to the antenna
causes, in the verycal eleMents, voltages which arc all in phase. By alternately
connecting the tops and bottoms of the vertical elements the wiry curr_urs.
caused by the signal voltages are also in phase and reinforce one artbther.

The voltage and current relations for a broadside signal are shown in
Figure 89.
A signal approaching end on to the array, however, produces an entirely
different effect, since the incoming wave arrives progressively at each of the

vertical members, producing out of phase disturbances. Hence the wire
currents arc likewise not in phase and cancel one another. Another advantage
of this antenna is that the current distribution to a broadside signal is such

that a current node is found in the center of each horizontal section. Thus
there is no current flowing in the horizontal sections and hence no loss due
to the resistance of the wire.
A

AB=MN=- BC=CD=DE=FG=-8

4

The antennas of this type constructed on the Buenos Aires -Madrid link
have a total length of structure of five and a half wavelengths. They deliver
to the receiver a signal about 15 db. higher than a single vertiail half wave
antenna. The improvement in the, ratio of signal to unwanted static is likewise about 15 db.
Figure 88 shows a method of connecting such an antenna to the receiver.
An oscillating circuit LC is connected on one side to 'the antenna and on the
other aide to the reflector between voltage maximum points such as A and R
in such a fashion that the length of wire AB connecting the point A to the
A

oscillating circuit is - shorter than the length RD connecting the reflector to
the point D of the oscillating circuit. This is to say:
A

RD = AB
4
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When a wave of length ) arrives in the direction of the arrow F, it in 77

duces in the antenna and reflector, currents separated in phase by - since
2
A

the distance between the antenna and the reflector is -. Hence at points
4

A and R, which arc voltage maximums, there will be equal voltages but
depha%ed by -. These currents in order to reach the oscillating circuit will
2

require a time proportional to the distance. Since the distance RD is greater
X

by - than the distance AB, the voltage coining front the reflector will lag
4
7r

an Uditional - and the oscillating circuit LC will be c_xcited at the points
2

13 and I) by two voltages of the same character and amplitude but dephased
by 7r. If V is an absolute value of the voltage between the points AR, the
voltage acting.on the oscillating circuit LC will be equal to 2V. It is possible
to arrange a number of other types of couplings.
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Fig. 85

Plan of Madrid Transmitting Antenna.

DIRECTIONAL ANTENNAE AS USED IN ENGLAND

In England; the British Post Office operates radio service in several
branches including, ship to shore radio telegraphy, long distance long -wave
operation from Rugby, point-to-point radio -telegraphy service to a number

of European countries, point-to-point radio -telephony service and radio
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Fig. 86
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Buenos Aires
Transmitting
Antenna.
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bony to ships. An important part of these services is conducted on short
wavelengths.

The long range ship service is taken care of from Portishead (transmitting) and Burnham (receiving) stations. In addition to the long -wave installations there arc two short-wave transmitters which can communicate with
ships in any part of the world. These short-wave transmitters operate on
8,210 kc. (36.54 meters) and 16,840 kc, (17.81 meters). The tube used in

'these transmitters consists of a 354 kw. silica valve with a tuned circuit in
series iith the grid and anode. This special oscillating circuit was developed
by the Post Office f )r this service and has the merit of great simplicity, and
together with other features included, gives a frequency constancy well within
the requirements specified. The supply current, rectified and partially
smoothed out, gives a characteristic 600 cycles note.
' The .16,840 kc. transmitter is coupled to a horizontal ariay with a 2-wavelengti, aperture nmunted on a lattice steel girder which is capable of rotation
on a vertical axis. Fig. 91 is a photograph of the rotating aerial system. The
rotation of this beam system and the keying of the transmitters arc controlled

from the receiving station at Burnham. For the 8,210 kc. transmitter a
-wavelength vertical dipole is used as a radiator.
At the Burnham receiving station in addition to the long -wave receivers
there arc short-wave receivers for the 36 and 17 meter ranges. As a matter
of comparative interest is should be mentioned that the long -wave receivers

I

Fig. 87
Buenos Arms' Transmitting Antenna.
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are provided with large frame aerials and' verticals providing a cardioid
diagram for directional reception, and have a six -stage high -frequency amplifier, separate oscillator, and also low -frequency band filters. A rotating array

similar to that at Portishead is provided for the directional reception of the
17 -meter service.

The use of a beam antenna for reception and transmission gives a substantial improvement on any short-wave service, and the use of a rotatable
system has solved the problem of adapting the directional array for ship
service. After locating the ship desired by means of the receiving system, the
transmitting array is directed on the ship by remote control from the receiving station.
Horizontal dipoles with open transmission lines are used for the 36 -meter
service.

There is a "-complete chain of British short stations for ship -to -:".4
. c'servire and as they operate on commercial wavelengths they will not /..)e described. It should be mentioned however that at the receiving stations, special frame aerials arc used to secure directional reception which in addition

to providing the location of the ship also reduces interference from other
stations.
At Rugby there is a high -power long -wave station and experiments have

been conducted in measuring the field strength at distances up to 8,00t) miles
from this transmitter. These results have been plotted and at the same time
the corresponding noise level measured. While the signals from Rugby decrease gradually with distance, there are points where the noise levd is ex-

'11A

Fir. 88
Directional Receiving Antenna of the Frame or Zigzag Type.
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Distribution of Current and Voltage in
Zigzag Type of Antenna.
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treinely high, particularly at distances of OW to 6,000 miles and under which
conditions communication was not possible. To overcoine this disability advantage has been taken of the fact that short waves arc much less affected by
atmospheric interference and long and short waves do not always fade simultaneously, and a short-wave service is now operated parallel with the long-.
wave service for press dispatches.
The point-to-point radio -telegraph services are carried out on both long
and short-wave transmitters, particularly the latter during the summer months
when atmospheric conditions arc severe. The transmitters arc located at
Rugby and Leatield and the receiving station at St. Albans. These stations
are controlled from the Central Radio Office at London, nu operating being
done at St. Albans. Most of the reception is taken on automatic perforators
and printers.
At the St. Albans Receiving Station, in addition to the long -wave receivers, there are four short-wave receivers. These sets are of the double detection type with band filters. Each amplifying stage comprises two tubes arranged in push-pull and each stage is carefully screened. Suitable limiting
:A recording tubes are provided and the receivers are capable of working up
to sp&ds of 400 words per minute.

In the point-to-point radio -telephone service the plant at Rugby has
grown from one long -wave transatlantic transmitter installed in 1926 to one
long -wave and six short-wave transmitters in 1930. It is anticipated that by
1933 one long -wave and at least six short-wave transmitters will have been
added to the present plant. A plan of the site showing the layuut of the mast
and buildings is shown in Fig. 91 (a).
The existing lOng-wave transmitter was installed in 1925 by the Standard Telephones and Cable Co., Ltd., under the direction of the Bell Telephone

190

SIIORT 6VAVLS

Fig. 90
Zigzag
Receiving
Antenna.

Laboratories and in coUperation with the British Post Office. It was with this
transmitter that the transatlantic telephone service was opened in 1927.
The first experimental short-wave transmitter was installed in 1928 and

used as an auxiliary to the long -wave circuit on the transatlantic service.
Later this was repalaced by a new transmitter in 1929. In 1928 plans were
prepared for a new building to house an additional long -wave transmitter
and nine short-wave transmitters. During 1929 two additional short-wave
transmitters were placed in service and during 1930 still two more shortwave transmitters, one for ship -to -shore service and the other for telephone
service to Australia.

The transmitters ordinarily have a modulated power output from the
final rtagc of 8 to 12 kw. depending upon the wavelength. If desired the
penultimate stage can be switched on to the aerial transmission line in lieu of
the final stage when a power output of 3-5 kw. is obtained. Balanced pushpull circuits arc used throughout on the amplifying stages. The crystals are
fitted with thermostatic temperature regulators.
Each transmitter is capable of operating on three or four wavelengths in
a band of from 15 to 50 meters, facilities being provided for rapid change
from one wave to another.
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For the reception of signals from Rock I'oint, N. V., it was decided to
use directional type aerials, %%Nth would eliminate atmospheric disturbances
from the opposite direction and which in this particular cam: was the direction
from which the disturbances were of the greatest intensity. The antenna
systent at Cupar for long -wave telephone reception consists of six large loops
with associated vertical antennas arranged in three pairs as shown in Fig.
91 (b). Earl unit of a pair is spaced a quarter of a wavelength, i.e., 1,250

- meters, from its partner in the direction of the received signal and pairs arc
spaced.0.62 of a wavelength apart in a direction normal to that of the received
signal.

The signals from the antenna units (each consisting of a loop and vertical) are led to the receiving station by six pairs of transmission lines. These
signals are combined to give beNt directive characteristic.
each loop antenna consists of four turns of silicon brorae wire supported
by 't .1) 130 -ft. steel lattice self-supporting towers spaced apart a distance of
200 jards. The toll of the loop is 110 ft. above the ground and the bottom

20 ft. above the groud. The turns arc spaced four feet apart. The vertical
antenna co nsi!ds of a single horizontal portion stretching the full d:stance between the towers and therefore 130 ft. high, with the clown lead as the center

er

7 lifir-r_r

a' ..qtrev's&lif;,. J y S.;..-....--..
VP(
P

..'

.1i044'
i.
_.

:

'

R
,_

,;,-

r: -"140.4-.Z..

'''',..

Fie. 91
Loixt.in Terminal Airport at Crodoo.

illy radio control ro.,tn is on the to? flour of the cootrn1 tower. Ots the roof a 54 -foot
pas: supports a Ntarconi
ruki atrial rnaik of two double triangular lonps
at rigilt angles to each other.

192

SHORT WAVES

of the system. The outputs from the loop and vertical arc combined by the
apparatus shown in Fig. 91(c). When atmospheric disturbances arc unusually severe, the vertical can be disconnected by relays and the loop used
exclusively.

The loop systems have been in use on the transatlantic telephone system
since May, 1928, and satisfactory service has been obtained throughout, ex-

cept at some of the sunset periods and for a few days when forward end
storms have occurred. Before the above date, a wave antenna was used. A
direct comparison between a double broadside of wave antennae awkinst a
double broadside of pairs of loop and vertical combinations showed an average

improvement in favor of the loops of 2 db. The energy pick-up of the loop
system over the old wave antenna shows an improvement of 4 db. It is customary to compare the signal-to-noise ratios of the antenna arrays against
that of a single lodp aerial and these improvement figures of 1929 are gi
as follows:

Average improvement of triple broadside to 3 pairs of partial
.. 202 dl,.
cardioids over one large loop antenna
Average iinprovement of triple broadside of 3 pairs of cardioids
5.8 lb.
over one pair of cardioids

Fig. 92
The Mats and Tranbmittittg Building at Croydon.

The four nags each 100 feet high support four cage aerials of the inverted 7L"
type. The mats arc locatedat the corms of a 250.loot square.
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Fig. 93

Trantanitting Antenna

Layout, Nauert, Germany.

Average improvement of double broadside of 2 pairs of cardioids
over one pair of cardioids
3.9 db.
Average improvement of triple over double broadside
1.8 db.
It is proposed in the near future to add two more loop systems, that is,
coiwerting the antenna system into a quadruple array. 1is hoped by this
my s to' arrow to a still greater degree the directive curve on reception from
the Ron( cud although not much improvement is expected from the back
end directions as the existing balances are very good.
For the short-wave channels reception is being concentrated at Baldodc,
about 40 miles from London and the arrays are situated around a central
receiving station building, the outputs of the various antennae being led into
the building by special transmission lines.
The site of this station is approximately 900 acres in extent, in order to

Fig, 94
Transmitting Antenna Systems at Nauen, Germany.

Dtrecticnal Type.
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Fig. 91

Pottishead Rotating Bean.

accommodate the multiplicity of short-wave arrays which will be required.
The ultimate capacity of the station will depend largely on the nuntt2r of
aerial arrays which can be accommodated but it is anticipated that this will
be at least 16 short-wave receivers and one long -wave receiver. On the shortwave bands fading of various types occurs. The receivers are therefore designed to have a large gain and arc fitted with automatic gain control devices
which keep the audio -frequency output sensibly constant although the signal
input may be varying as much as 50 db.
A block diagram of the Post Office receiver is given in Fig. 91(d) from
which it will be seen that there arc two stages of push-pull high -frequency
amplification, the first stage being in triplicate for connection to three receiving arrays working on different frequencies. The intermediate frequency
amplification is performed by five stages of screened -grid tubes and the selec

tivity obtained by the intermediate frequency band-pass filter. The automatic gain control is obtained by means of a separate detector tube connected
in parallel with the regular second detector. This tube has a high resistance
in its anode circuit. The voltage drop across this resistance varies with the
strength of the incoming carrier and is applied as a negative grid bias to the
first tube of the main intermediate amplifier.

It should be pointed out that one of the duties of the high-grequency
stages is to supply sufficient selectivity to differentiate be ween the two frequencies which arc separated from the beat -oscillator frequency by an amount
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Fig:91 (a)
Rugby Radio Stuioo.
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equal to the intermediate frequency. In the Post Office receiver, this intermediate frequency is around 300 kc so these bands are separated by 600 kc
and therefore the measured band width of the high -frequency circuits must be
much less than 600 kc. The band width is usually measured at 6 db down
from the maximum value on the frequency transmission characteristic and it
will be seen that on the 30 nteter wave -length the band width is only 52 kc.
At 600 kc from the center of the band the attenuation is over 60 db. These
stages give a gain of approximately 25 db on 30 meters and about 15 db on
15 inciters.

The intermediate frequency filter has a loss of about 11 db in the band
pass and therefore additional gain is supplied in the intermediate frequency
amplifier to counteract this, and the over-all gain of this amplifier and filter
is around 85 db, the band width being 9 kc.
The measurement of over-all gains of the order of OO db and above is
difficult and is more so when the input frequency is 15 megacycles.
There(ore in order to.check the gains it is usual to connect a vertical antenna
a half wavelength long to the receiver and to generate a field from an oscillator situated some distance from the receiver. The field strength at the
same distance from the oscillator as the receiver is measured by means of a
short wave field strength measuring set and a comparison between the different
receivers can thus be made.
When using a vertical antenna a half wavelength long, a received signal
per meter on 35 meters is capable of working the second detector
of U.4

up to thc le:el at which the automatic gain control starts to operate.
It is thc experience of the Post Office that for short-wave reception very-.
much greater amplification can be used than in the case of long waves owing
to the usual much lower noise level, and the full amplification provided on
these receivers can at times be very usefully employed.
Both for radio telegraphy and radio telephony the British Post Office has
built a large number of short-wave directive aerials of various types. The
Sterba and Bruce types, well known to American engineers, arc used for
transmission and reception purposes respectively while the Dutch (Koomans)
type, both in its vertical and horizontal form, is employed both for transmission and reception purposes.. At. Rugby and Baldock a modification of the
Bruce aerial has been introduced with improved results over the original type.
The single square pattern is retained but a second square inverted pattern has
been added as shown in Fig. 91 (e) . Experiments have shown that the horizontal arrays having the same number of elements as vertical arrays and suspended from structures of the same height generally give a greater gain than
the vertical type. From various types of aerial systc-ms now in use on different 'services, bode for transmission and reception, experience is being
tair.cd and data coordinated as to the most effective types for the diversity of
frequencies, distances, and &mditions for which directive propagation is
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Fig' 91 (c)
Loo.p and Vertical Combining Apparatus.
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adopted, but finality had not been reached. The most recent development
utilizes the fact that appreciable gain can be obtained by building arrays in
two curtains one behind the other. An example of an array of this type designed by T. Walmsley, which -has been used successfully on the transatlantic

telephone service is shown in Fig. 91(f). In effect, two curtains consisting
of horizontal radiators spaced half a wavelength apart arc erected one behind
the other, the currents in the front curtain being 180 deg. different in phase
from the currents in the back curtain. Good reflection action is produced if
a reflector curtain consisting of an insulated half -wave element is fixed about
a quarter of a wavelength behind the back of the excited curtain. For example

Fig. 91 (d)
Baldocic Short -Wave Receive.

in Fig. 91(g) in which the measured horizontal diagram of the vertical type
of array is given, the front -to -back ratio of field strength is about 4.5 to 1
or 13 db. The array consists of 48 vertical directly energized radiators and
48 half -wave reflectors.
The development of radio -telephony service to ships from England has

followed the same general lines as that of short wave point-to-point radiotelephony with such modifications as have been necessary to allow for the
variability in the length of the path and divergence in the angles between the
position of the ship and the land station.
The Rugby and Baldock stations are being employed for the transmission
and reception and the control is centered on the London trunk exchange.
Tests between Rugby and the "R.AI.S. Olympic" conuneneed in January,
1930. 'These testis gave such promising results that a commercial service was
started in the following February and soon extended to four ships. The transmitter at Rugby on the marine service was built by thoStandard Telephone &
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Fig. 91 (e)
Double Key Vertical Array with Reflector.

Cables Ltd., and is very similar to those used on the LondonNew
circuit. The final power amplifier, however, only employs two water-cooled
tubes and the unmodulated carrier Power in the antenna is 3-4 kw.
It has'been found necessary to utilize four different frequencies in order
to span the Atlantic, and from the Rugby station these frequencies are as
follows:

(a)

4975 kc (60.3 -meters)
(b)
8375 kc (35.8 meters)
(c) 12780 kc (23.47 meters)
(d) 17080 kc (17.56 meters)
Of these (a) is used only to communicate with ships which are within

Fig. 91 (f)
"T. W. Short Wave Aerial (%ingfe-vertical unit).
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Fig. 91 (g)
Measured polar ifiagram in horizontal plane of "T. W." vertical 3 -unit a ..ray. Span
between end radiators 5;-; wavelengths.

one thy's run of Southampton; (b) is used by day during the second and
part of the third day out, and for night transmissions; (c) is used by day
when the ship b in Mid -Atlantic and during evening periods; while (d) is
used for day transmission only as the ship nears New York.
Horizontal transmitting aerials arc used on all frequencies and have been
found to give distinctly superior results to those obtained with vertical aerials. On 17,080 kc an array of 32 half -wave dipoles is used, giving a fairly concentrated beam along a center line 15 deg. south of the Rugby -New York
great circle. On 12,780 kc another horizontal array of 24 lipoles gives a
rather wider beam directed along a line 25 deg. south of the London -New
York great circle. Simple arrays are used on 8,373 and 4,975 kc owing to the
wid; angles which have to be covered when the ship is near England.
The chief difficulty in this communication was expected to be in establishing communication between Rugby and ships close in to Southarlipton.
The difficulty, however, seems to have been almost entirely overcome by the
use of the 4,975 kc frequency in conjunction with a simple horizontal array
of four doublets, giving high angle radiation, and directed 20 deg. west of
Southampton; and ordinarily, a ship can be worked right up to the English
Channekinto Southampton docks.
The receiver at Baldock is similar to the transatlantic telephone receivers.
Arrays having directional effect% similar to those at Rugby are used.
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The operation of the service presents several difficulties due to (a) the
number of different frequencies employed, (b) the increasing divergence between ship and Greenwich mean time 'as the ship steams west and (c) the
fact that each ship has to work both to America and to England. Naturally
these difficulties increase as the number of ships fitted with radio -telephony
equipment increase.

The following method of operation as arranged between the American
Telephone and Telegraph Co. and the British Post Office is at present in use
and is giving satisfactory results for the number of ships at present in commission. Each ship is provided with two sets of frequencies for each band,
one set working to New York and the other one for working to London. For
convenience, the Atlantic is divided into "European" and "American" zones,
the dividing line lking the meridian 37 deg. 30 min. west of Greenwich. Each
day is also divided into periods, usually each of three hours durizior!, and
operating schedules are so arranged that when London is working with rhips
in the American zone, New York works ships in the European zone, and
vice versa.

Each day the approximate position of the ship and the expected days
run are plotted on a special chart, both at the land terminal and on the ship.

Reference to this chart then shows to the operator at either end (a) the
time during which the ship should communicate with London or with New
York and (b) the best wavelength to use on either service. (In cases where,
during any period, the ship leaves one zone and enters another, the zone in
which it will lie at the end of the period counts as the appropriate zone.) The

ship at the commencement of each period tunes in its receiver and transmitter to the appropriate wavelength, and listens for the land station. The
land station in the meantime calls up any ship for which it has outgoing
traffic and disposes of this immediately if possible. It then calls up any other
ship which is in the zone listening on the same wavelength, and from it
receives any incoming calls. Then if reference to the chart shows that other
ships are in the same zone but should be worked on another frequency, the
land station changes over to that frequency, calls up the ships and receives
any traffic which may be waiting.
The technical operators turn over the circuit to traffic without a formal
line-up if it is evident that the circuit is commercial, and noise measurements.
etc., are made during actual traffic. A period of five minutes only is allowed

for establishing contact and generally this has been found to be quite
sufficient.

In general the operation is simplified by the fact that the ship and shore
stations before losing contact during any period usually make arrangeTents
with regard to frequency and time of work during the next period.
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DIRECTIONAT. ANTENNAS --PRACTICAL PROBLEMS

Each short-wave transmitting station produces a certain electric field
strength at the various locations where the signals are received. In the case
of ship -to -shore work this is a variable amount; in the aise of point-to-point
work a certain definite figure can be decided upon. For trartsatlantic work
it has been found that a value of approximately 10 Div per m is generally satis-

Fig. 91(b)
Illustration of a Setup for the

Nlcasurement of Electrical Field
Strengths at the Receiving
Point.

factory. On some days telephone communication can be established when
the radio noise is low with a value considerably less than I pv per m while
on other days of extremely bad noise and fading 100 p.v per m may not be
sufficient. The low signal level or low signal-to-noise ratio is only one cif the
many problems connected with the effectiveness of the telephone circuit.
Fading which at the same time usually gives bad quality is an equally important factor. These factors cannot be separated easily as they usually occur at the same time. The low signal-to-noise ratio occurs alone more often
than clod' fading.
One of the most important and difficult problems is the maintenance
of service on days during magnetic storms (solar conditions). Observations
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have indicated that these difficulties are more pronounced in high latitudes
than in the case of transmission across the Equator. In actual practice this
magnetic effect has been so disturbing that transatlantic signals arc so attenuated that even the carrier cannot be detected as a beat note. Such extreme
conditions in order to be overcome would require an increase in signal-to-noise

ratio of more than 30 db over the values now used. It will, of course, be
difficult to secure an improvement of this value and furthermore, there is no
definite assurance that the gain required may be in excess of this value. Ik
any event the various improvements made from time to time will materially
reduce the time during which the circuits are made "uncommercial" by these
unusual conditions.
As previously explained long distance short-wave systems require several
wavelengths for twenty -four-hour operation throughout the year. This applies both the pcCnt-to-point work and for ship -to -shore communication; In

recent practice transmission during the daylight period for the truisatlantic
work has been carried on at frequencies of approximately 17 to h:,...,r,negacycles. It has been noted that on winter days somewhat better results art obtained though the use of lower frequencies.. Observations show that in eifferent years the results obtained in order to secure the best daylight frequent;
have varied widely. During 1926-1927 on the transatlantic system a. frequency of 13 megacycles was useful over a longer period than in any winter
since.

During the winter night there is another extreme in that a frequency as
low as 6 to 7 megacycles was found desirable. These limits of .:requency represented by the summer day and winter night create a condition where inter-

mediate frequencies must be selected to secure the dired results. The actual
number of frequencies required depends upon the importance of service when
part of the space between the receiver and transmitter is in daylight and the
balance in darkness.
One of the most difficult times of the year is in the winter afternoon. The
sun has set in England but it is still daylight in America. During this period
the optimum frequency varies gradually from the morning frequency of 18
megacycles to a value one-half of this amount, at 6 P. m. Eastern Standard
time.

The additional fact that the conditions change considerably from day to
day Makes the selection of operating wavelengths still more difficult. As
time passes there will be a relatively large number of channels in operation
between the point-to-point systems. By making a change in frequency in one
of them the desired information peculiar to that particular day can he readily
obtained. This observation will be a guide to deciding the proper time to
change frequencies in the remaining channels.
In the transatlantic channels provision is made to operate at frequlticies
of 19 megacycles (16 m) 14 megacycles (21*th) and 9 megacydees (.31 m).
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in addition one channel is equipped to use 6.7 megacycles (45 in), this frequency being provided to cover the winter night satisfactorily.
Very little changes in frequency are required during the lung summer
days.

The usefulness of the 18 megacycle band does not deteriorate with sunset but continues on into the night. In some case it may be used even later
than midnight but in each case it always fails during the hours preceding sunrrisc in America. The summary is, therefore, that short-wave transmission is

Fig, 91(i)
Precision Waremeter With Oscillating
Tube Inserted Between the Inductances and Variable Condenser of the
Measuring Circuit

at it; best during the summer. Fortunately, this is most desirable in view of
the fact that Iong-wave transmission is most difficult Sunder the same circumstances.
Field -strength tests and measurements have been made over an extended

period, most of the measurements having been made at the English end of
the transatlantic system. Observations have been made on frequencies varying from, 2.7 to 27 megacycles., Some measurements have been made at
;nigher frequencies.
Sufficient data is not available to summarize results completely but sonic
of the conclusions will be indicated.

During June, 1926, the field strengths repOrted were at a minimum dur-

ing Atte daylight period due to the daylight absorption of the lower frequencies in the short-wave region. These same frequencies gave excellent
results at night. This is typical of mid -summer results in these particular
latitudes and the small period of satisfactory night-time reception is due to
the short time the whole path is in darkness. On the other hand, considering
the winter quarter the period of satisfactory low frequency transmission is
greatly increased on account of the longer nights. These observations made
in England wece from the transmitting station located in Dcal, New Jersey.
It is ;ikely that if the transmitter was located farther North the summer nighttime peak at 9 megacycles would have been reduced or t ven eliminated. This
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is due to the fact that conditions in the upper atmosphere might have been
approximately the same as those of daytime all along the path. In a like
manner an opposite change might have been observed if the receiver had been
mood to a point south of England equal to the latitude of New York.
Similar results have been obtained and observations made from Buenos
Aires on the same Deal Beath transmitting station, The general characteristics arc the same as those already given. On account of the greater distance
the frequencies required arc higher and the seasonal variations are much legs
pronounced since the opposite seasons are encountered at the two ends of the
path.
In addition to the field strength measurements intelligibility tests have
also been made. These arc determined by the percentage of words understood. On this basis it is possible by extrapolation to attain a good idea of the
communication ti) be expected with facilities which arc better or poorer' than
those actually available. Of course, these estimates are not whettly reliable
but arc valuable in determining certain tendencies which are of interist.
It is, of course, interesting to determine the average percentage 6,c, the
day thaLa transatlantic short-wave circuit is satisfactory and this data isbeiug accumulated front regular observations. A dependable estimate of
reliability cannot be made in advance of actual use under practical
conditions. The data given is, therefore, confined to experimental data and

the methods used in estimating the effects of increasing or decreasing the
signal-to-noise ratio. Each individual observation is supposed to indicate
whether the experimental intelligibility was greater than that =stinted to represent the line between a "commercial" and "uncommercial" circuit. The under-

standing of 60% of a list of unconnected words was arbitrarily taken as the
criterion. In addition the field strength is known. At the receiving station
there was used an elementary antenna with three "reflectors." The observa-

tions were collected in groups according to field strength-for example: the
groups may be 5 db wide-and the percentage of each group which is commercial is recorded and may be plotted on a graph. Such a curve will indicate the fact that as the field strength is increased the probability of the circuits being satisfactory also increases, eventually reaching a value which may
be somewhat less than 100%. In making extrapolations the assumption is
made that while intelligibility is affected by fading, the differences in intelligibility at different levels arc caused by differences in signal strength only.
While this assumption seems evident it may not be entirely above question but

probably is not far from wrong. Other obserVations indicate that with a
power of 5 kilowatts used over transatlantic distances with simple transmitting and receiving antennas it may be possible to obtain reliability in the

order of 20% to 30%. In view of this a small gain in (le system would
result in considerable improvement. Under these circumstances and due to
the fact that for short waves directivity provides an economical manner of
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obtaining a considerable signal increase makes it greatly advisable to use at
least elementary directive antennas at both ends of the point-to-point radio
links.

Depending upon the importance attached to the maintenance of continuous communication and the economic feature determines the extent to which
these improvements can be made. Under certain conditions remarkable success can be,obtained with simple apparatus and at other times the results obtained arc of little consequence. These variations correspond to a power
ratio cf 1,000 to 10,000 times. It must be remembered that for slow -speed

telegraphy a much weaker signal can be employed successfully than in
telephony or in high-speed telegraph. This gives a good idea why commercial
services require so much more elaborate facilities than amateur work. Additional measurements indicate the fact that one kilowatt radiated at frequencies
bctow 50 kc gave stronger signal fields than at very high.frequencies. This
is also ti ue during night conditions. There is some uncertainty as to the be has -4 of intermediate frequencies. These observations clearly indicate the

fla that solely from the viewpoint of transmission very long waves-for
example: 20,000 meters-arc for transatlantic distances soniewInt superior
to very short waves-for example: 15 meters. One kilowatt gives about
20 pv per m at 20,000 m and only 3 or 4 at 15 rn.
Fig. 91(i)
Special Antenna Measuring Instrument Built

for G. S. Coast Guard
Enabling the Direct
Measurement of All the
Varioos Characteristics
of an Antenna.

This is, however, only one angle of the comparison. It is by far much
more expensive to radiate 1 kw with long waves than to radiate the same
power with short waves and furthermore, it is out of the question in a long wave transmitting antenna to obtain the degree of efficiency which is possible
in a short-wave directive array. This difference is not definite in the case of
the receiver. Substantial gain in signal-to-noise ratio can be obtained through

the use of directional reception with both short and long waves. An additional consideration is the fact that it is not customary to use as high a power
with short waves as with long. A still further and important consideration
in the comparison is the amount of noise encountered in the two frequency
ranges In sc.necases this difference has been over -estimated but generally
static is less in the case of short waves. The summary of the comparison" is
that the larger power at low frequencies together w:th the smaller amount
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of time lost due to magnetic storms and fading sometimes offsets the advantages of high frequencies resulting from the improved antenna efficiency and
reduced static.
There arc several considerations entering into the design of a suitable
transmitting antenna pending upon the requirements and limitations. The
directional properties of the medium must be considered to meet the conditions specified. In this design it is also important to consider the distribution
of the currents both in regard to the phase and spacial arrangement in order'
to satisfy the original conditions. This circuit must be determined whEch will
provide these currents.
The term "broadside" is usually applied to antenna arrays where the elements arc located along a horizontal line perpendicular to the line of transmission and excited in the same phase. A large number of antennas of this
sort have been ceinstructed and tested by transmission to England. These
arrays have varied in length from 1 to 9 wavelengths. Up to 6 wa'-elengths
the gain calculated has been actually obtained within reasonable limitS 'sing
a wavelength of 16 meters and with daylight conditions. In some cases lon?yr
antennas have also given the calculated gain. In the case of the antenna

wavelengths long there was a major lobe whose width from minimum to
minimum was 19 degrees and it appears that the range of useful bearing was
less than one-half of this value. Under actual testing conditions the direction of the most important component for the signal did not deviate firom
the geographical bearing by more than ± 5 degrees. Duringithese experiments in one instance two receivers were employed. One was located in Lon
don v.hich was on the great circle normal to the antenna length and the other
located in Scotland on the great circle about three degrees difference. With
these conditions relative signal strength was measured for the two dircctivitics
of the system. These readings were taken over a period of several hours of
daylight transmission of 16 m. This antenna having a major lobe of 9Y3
degrees width Horn maximum to minimum would be expected to give decidedly different signals under the two conditions. As a matter of fact this
was found to be the case and the observer found that on the average the difference numerically checked with the assumption the maximum signals clustered closely about the great circle paths. These measurements were so accurate -that they would have served with good accuracy to determine the bearing of the receivers. This brings out the fact that these very short wavelengths may prove useful for beacon service. Time did not permit determining how short a measurement period might be made without loss of accuracy.

Further information was obtained by consideration of .the well-known
phenomenon that near a receiver fading differs at two poii is whieh arc a
few wavelengths apart. For example: if there is simultaneously present in
the received wave two components from somewhat different directions and if
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they add in phase at one of these locations, they will be out of phase at a
second point provided it is sufficiently distant.
The existence of this fading phenomenon, conversely, is always caused
by the existence of two or more components traveling in diticrcnt directions.
Under the circumstances it is desirable to consider the directivity of antennas
from this point of view.
It should be remembered that when conditions arc such that the wave
dusters about a direction different from the great circle bearing it will be
necess?ry, in order to obtain the greatest efficiency, either to shift the direc
Fig. 91(k)
Short Wave Waverneter.
Note Extension on
Adiustrnent Handle to

Avoid "Capacity Effects"

lion
maximum signal correspondingly or to increase the angular width of
th7 main lobe. The first consideration is possible in suitably designed arrays
ail has been accomplished in an experimental manner. It seems that'operating
Aifficulties would be simplified by avoiding too sharp a "beam."

In the present transatlantic telephone links three wavelengths in the
range of 16 m, 22 m and 32 m arc used while one employs a fourth at 45 m.
In each case the antennas at the American transmitting terminal located at
LavIrenceville, N. J., are broadside with respect to the great circle and employ
"reflectors."
These antenna lengths vary and in some cases arc 4, 6, and 8 wavelengths.

In addition to the factors already discussed there arc other considerations
which influence this choke. It might be mentioned the desirability in a row
of towers of maintaining uniform spaces.
There is no question that high angle radiation exists but low angle waves
arc more dependable in the 15 m range. This conclusion is taken. from the
fact that antennas designed to narrow down the vertical polar characteristics
to moderately .small angles in an experimental manner give nearly the gain
which is anticipated on the assumption that the maximum signal could be
obtained in a nearly horizontal direction. In actual practice this advantage
can be over -done, particularly at the longer waves. At Lawrenceville the antennas employ a single "tier" (a "two tier" antenna array is one having two
half -wave elements, one above the other. The larger number of tiers the
sharper directivity of the vertical plane). At 45 in, two at 22 and 32 m and
three at 16 m.
The arbitra-y standard usually employed in a comparison of short-wave
antenna% is thl' Inlf-wave vertical antenna. In decibels the gain over the
stantard is 20 log E/E,, E and E. referring to the field strengths at the receiving points for equal power inputs to the two antennas.
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The result of calculations of two types of array namely the broadside
and end -fire indicate that there is an increase in gain with an increase of the
number of elements. In the case of 20 e:ements the gain with the broadside
type is approximately 14.5 compared with 10.3 for the end -fire type. In these
cases it is assumed that the antenna is erected above a perfectly conducting
ground and that the doublets are one -quarter wavelength. These arc arranged
along a horizontal straight line with a spacing of

A

2

The phases arc the same

in the first case. In the second case there is a progressive phase shift of 180
degrees per element so that the maximum signal is transmitted in the direction
of the line of the array. Curves plotted from these observations indicate that
for a given size of structure the broadside system is more efficient than the
end -fire type.

Results carat& be accurately anticipated unless account is taken of 'the
actual properties of the earth which, unfortunately, is not a perfect crnductor.
While the effectiveness of the antennas may be generally estimateco'hese
calculations are centered around ideal conditions of transmission. These 't,ttimated gains arc not always obtained in actual practice. In the 15 m range
gains of 18 or 20 db arc secured over a sufficient portion of the time to justifN
the use of antennas of this relatively large size. At Lawrenceville the theoretical gains of the antennas vary approximately from 20 db at 15 meters to
13 db at 45 meters.

CHAPTER VI
Television
GENERAL CONSIDERATIONS

At theTresent time there are widely separated views in regard to the
commercial possibilities of television. Some firms are spending considerable
time Aid money with a view to presenting equipment suitable for home use.

Othrrs contend that the activities should be confined to laboratory experiments until the problem has been solved to a higher degree. There is no
question but that the wonderful possibility of this new development has
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Block Diagram Showing General Electric Television System.

caught the fancy 81 the public and it is regretful that the preliminary information when released did nut include an outline of the problems involved. The
laboratory demonstrations given so far have been a great success. When
television is introduced on a commercial basis many new problems must be
solved. There is a consideration of the matter of suitable programs. There
is no rivestion:Out. that this will be an ideal method of direct advertising and
for ;hat reason will bring sufficient rrvenue to guarantee its support. However, the same as the present broadcasting system, tho advertising value will
211
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depend upon the interest factor of the program. As far as the artists will be'
concerned the problem will be similar to the motion picture industry where
in selecting the performers, appearance and vocal ability will be the main requirements. Probably one of the great difficulties will be the available channels for television transmission. At the present time there are only a few
channels and it must be remembered that one television station requires approximately three times the amount of space on the air as an ordinary broadcasting station. This may be overcome through technical improvements. To
supplement the present broadcast programs with television will invotve the
erection of costly transmitting stations and probably this will be financed
in a similar manner in which the original broadcast stations were. That is,
although the operation at first may be at a loss there is no question in regard
.
to the future and eventually the whole project will be a great success.
The developreent of radio has been exactlf opposite to that of motion
pictures in the entertainment field. In radio, sound was the first devvlopment
and the visual accontpanintent followed ; in motion pictures, the visua' devdopment was used for a good many years before the sound accompanim:nt
was added' It is quite possible that within the next few years talking rnovir
picture service will be given over television transmitters as in regular service
in private homes. Looking further ahead, it is possible that this talking
will be given direct to motion picture theatres throughmotion picture
out the country and throughout the world rather than through the distribution
of films.

The development work with television in continental Eui'ope is quite
interesting inasmuch as they have certain limitations not found in this country. They have shown good judgment in standardizing the scanning arrangement. Three leading German companies have decided upon clockwise scan-

ning as seen by the observer from top to bottom a ratio of four units of
breadth to three in height for the image, a 30 line image reproduced at the
rate of 12T/2 frames a second or 750 a minute. Each line of the image has
to be scanned at the same time, that is, the holes of the disc are spaced at
equal angles between the radii. This solution is necessitated by the fact that

broadcast waves used for television under the present European channel
allotment are confined to 9 kilocycles and the modulated frequency is thereby
limited which in turn, of course, limits the detail of the image. This 9 kilocycle limitation can be compared with the 30 kilocycle limitation in this country. It seems that the progress of television would be increased more rapidly
through the application of shorter wave lengths. This would enable using a
wider band giving a more detailed image. Possibly still better results will be
obtained through the use of ultra -short waves especially whcl they arc sufficiently understood. Of the three German companies rremtifacturillg television equipment, one is not offering the apparatus tothe public as yet. The

Telefunken in retaining the mirror wheel syitem offers the greatest possi-
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bilitics of development and almost unlimited illumination. The present drawback is the matter of price. As the channel limitations in continental Europe

arc fixed for the next two years, it is doubted whether any great progress
will be made. On the other hand, due to these limitations it is possible that
new systems will be developed to overcome obstacles which probably under
other circumstances would not he developed so rapidly. The development of
colored motion picture film has led to the suggestion of similar application to
television. At the present time colored television necessitates either a special
wave length for each color employed or, on the other hand, modulating the

-oscttator (t.convs.stor9

To vottu tronarnittarFig. 96

Television Transmitter Arrangement, G. E System_

transmission at twice or three times the normal image frequency. Under
present circumstances, either method widens the wave band channel to an
extent which is considered prohibitive. Even so, the super position of two or

three pictures, each in a different color, does not give an accurate natural
effect because the spectrum of visible light is much more complex. The
details of colored television systems heretofore disclosed are in actuality
exactly like those used in the black and white reproduction. The different
image points varying in illumination are converted into corresponding electrical iwpulsestit the transmitter. They must be faithfully and exactly re
produced at the receiver to have the correct picture. In attempting to carry
out transmission on short waves fading is encountered causing faulty recep-
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tion in the form of interruptions of reception and suppressing part of the
transmission corresponding to certain frequencies. Fading is overcome to
some extent in telegraphic reception with automatic volume control systems,
the sensitivity of the receiver being so high that even the weaker signals are
regulated to a workable value. This can be accomplished in radio telephony
but is unsuited to television due to the necessity of reproducing different light
values. If a process of scanning could be adopted in which pictorial points
of the same intensity are always selected, then fading could be readily overcome. Ahron Hein has proposed a system which would overcome the above
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difficulties without winding the wave band and without fading and with
greatest fidelity to nature. This system is based upon using 12 colored discs
assuming that the colored image points show in different intensities of light
or different color tones. The dark red and light red are not merely reds of
different intensity but actually different colors. This method of scanning the
image is the same as in previous systems, the difference lying in filtering the
light before it enters the photo -cell governed by its place in the spectrum.
The visible spectrum contains many graduations of color but this system undertakes to reproduce it with 12. Assuming the revolving disc is arranged
with colored glass sectors through which the light must paskfrom true scanning apparatus to the photo -cell the ray of light can only peneirate the appropriate filtered colors. It is, of course, necessary that the filter disc revolve
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at high speed to compensate for the fact that the light ray penetrates only
c,ne of its sectors at each revolution. Likewise at the receiving end a similar
system of scanning is used to build up the image also with a glass filter with
12 sectors placed between the source of light and the observer's eye. When
the two discs are synchronous the picture corresponds exactly to the image at
the transmitter. The photo -cell interprets just as many impulses as with

the black and white transmission; therefore, the modulating frequency required is not greater for color television, and when the transparency of the
filter is properly regulated, the image impulses at the start of the transmitter

Fig. 98

Jenkins Scanner and Tclevis:cei Receiver.

and the signals actually sent out arc of uniform intensity. The same scientist
proposes not to use a mechanical filter system but to utilize a prism; this latter
device, as we know, decomposes white light into its constituent colors. The
whole spectrum will reproduce only when light has been directed into the
prism; single colors will emerge unchanged. Light rays will be disbursed at
different angles according to their wave lengths and 12 photo -electric cells
could be arranged side by side behind the prism so that one would receive all
the dark red 1F.;11t, which enters the prism, another all the light blue, etc. In actual practice, however, only one cell need be used because of the scanning
device when the color corresponding to the image point reproduced will be
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conveyed to the cell. With this system colored motion pictures could be reproduced satisfactorily. As was mentioned before, the German transmission
of television is made at the rate of 7S0 thirty -line frames per minute, framed
at the top of the disc, the image being about one-third wider than it is high.

Fig. 99
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The English (Baird) system, the number of lines and rate of speed are the
same, the image is viewed at the side of the disc and it is higher than it is
wide. Here again the matter of standardization is realized so that the receiving equipment can be adapted to all types of transmitters. The necessity of
changing the disc motor speed, etc., involves considerable annoyance and should
be overcome.

Television has interested -scientists much earlier than is commonly sup
posed.

Probably one of the first television patents issued was that to P.

Nipkow (English patent) January. 1884, which discloses a mechanical system for television. It describes a method of scanning the object and picture
using the familiar perforated disc, practically the same as used in present
day television system. Nipkow's invention and the subsequent progress was
retarded through the lack of photo cells and electrical amplifiers, the latter
being comparatively recent improvements. The rotating disc method of television is at present giving excellent results but of course 101 be subject to
many further improvements. The application of the catho& ray for scanning purposes was believed to have been proposed for the first time by B.

SHORT WAVES

217

19.07 at Petrograd, (English patent), December, 1907. A success j..

,t -v

'tnt of Rosing's pattitt was also retarded by the lack of photo
-triad amplification. Other scientists using the cathode ray sys: experiments included Ilelin and Holwick (France), Deauvillier

kr. Ace) and Talcayanagi (Japan). In 1929 the subject of television was
given an unusual amount of publicity. As a matter of fact it was given too
much publicity for the good of the industry. Radio engineers and scientists
'were working on the problem in all parts of this country as well as European
countries. The initial experiments were very encouraging. However, upon
trying to apply the theories to a practical and commercial proposition, it was
found that considerable additional development work remained to be accomplished. Many individuals dropped the subject on account of the considerable expense involved. The progress of television has now settled down to a
inure stable status and good progress is being made cont'nually. The Jenkins organization has accomplished considerable pioneer work having two
telev;-:on transmitting stations in operation-one at Jersey City, W2XER,
an.: the other one in .Nlaryland just outside of Washington, D. C., W3XK.

Fig. 100
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These stations arc licensed for maximum output up to 5 kilowatts. This
television transoission is accomplished on a band between 100 and 150 meters .
and due to the effidency of short waves, the service covers quite an area. The

Jersey City station broadcasts, on 107 meters. A regular daily schedule is
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maintained from both of these stations, details of which arc annourted front
of
time to time. The station broadcasts using maximum power. ^ .
program is a problem just as it is for broadcasting. The usual
to hare vocal announcements explaining the picture to follow anu.
as to the adjustment of the receiving apparatus. As far as the transii..cter
is concerned, the amount of detail which can be received depends on the percentage of modulation and the carrier wave band. Using 100% modulation
over the entire 30 kilocycle side band width enables providing a good degree`
of detail for the image transmission, The transmitter is usually fed the result
obtained from a reel of standard motion picture film with half -tone and detail. Of course, this is not received as clearly as animated cartoons in most
cases probably due to limitations of the receiving etquipment. For example:
a receiver operating with a high degree of regeneration would have a frequency cut off of approximately 3000 cycles. As the full band width is

J. 101
Drum Type Scutum
for Console
lnitallation

30 kilocycles, it is immediately apparent that the receiving efficiency as far
as the picture is concerned is only 30%. By using a tuned radio frequency
set free from regeneration, one which tunes broad and which will cover a 30 cycle band, much greater detail can be received. At the transmitting end it
is, of course, desirable to have the apparatus so that wave propagation is
taken care of in all directions and of equal field strength. At the Jenkins'
Jersey City station the aerial consists of a copper mast 110 feet high located
on the roof of the building. This mast is constructed of sections of corrugated topper tubing properly re -enforced and jointed. This vertical antenna
is, of course, guyed and the bottom rests on an insulated platform, connection
being made at this point of the mast. Instead of a ground, a counterpoise
is used consisting of a system of radial wires branching out from the bottom
of the mast. The result is a non -directional antenna giving equal service in
all directions. Satisfactory reception has been reported from this transmitter
at points in Chicago.
One of the serious considerations in tele;ision is the matter of inductive
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.rcerfere:cr.. This interference shows up in forms of streaks and smears
.n
-r To eliminate this difficulty it is necessary to have a very dab system. Accordingly, the component parts of the various
ndosed in copper shields as well as the entire units and even in -

Fig. 102
Television
Transmitting
Apparatus

..:luding the operator in a copper mesh cage. Connecting leads which might

cause interference of this type arc enclosed in shields. A fair number of
television transmitters arc now operating in various parts of the country and
there is an increasing demand for the necessary apparatus for the receiving
end, Unfortunately, the various transmitting systems vary in technical requitements :hich makes the receiving instrument requirements more elab-
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Schematic Wiring Diagram Television Radio Receiver, Radio
Frcr,ucncy Amplifier and Detector.

orate. It is believed that in due time there will be more standardization along

these lilts. Most television signals arc on a 48Iiiie system although some
broadcast 60-lifie and others 24 -line pictures. The 48 -line system is in favor
at present although better de:ail is obtained with 604 line. The degree of
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detail obtained with 24 -line pictures is relatively poor and probablv;;vill not
be used in the future unless other improvements are made to cr
Some of the television stations now arrange for the simultaneour
,11

of pictures and sound, what has been termed "radio talkies".

Fig. 104
Television Receiver, Suggested Layout.

course, accomplished on two different wavelengths. In the case of station
W2XER, the accompanying sound transmission is taken care of through the
DeForest transmitter W2XED on 187 meters. Of course, two radio reiTivers are required, one for television and one for the audio acr.ompanin ent.
The combined program originates at the Jenkins studio, the television com-

ponent being sent to the television transmitter on the roof and the sound
ell All"J

OJT *Cc:044f
.cLf Ara

114.11:1

417

ws

r

koWtreakI

440 CIO

«op

Fig. 105

Television Radio Receiver, Schematic piagrarn of Audio Amplifier.

signals picked up from the disc record are amplified and forwarded over teirphone lines to the DeForest radio transmitter at Passaic. Using an output of
5 kilowatts for television transmission, the sci-vice range is estimated at approximately 100 miles. Reports have been received at a greater distance
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which is obvious that the range also depends on the sensitivity of the receiving equipment at the receiving end. Thcrc are three distinct sections to a television receiver-first, the radio frequency short-wave receiver which must
cotuter4to 150 meters, the present television band, a suitable audio and
power amplifier designed to meet the technical requirements of television and
a suitable scanning device to convert the audio signals into corresponding
visual detail.* Even on this band a loud speaker should be included which simRE27-k
709;` 7FRist
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Fig. 106

Television Receiver Switch
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Loud Speaker to Scanner.

pyfies picking up the signals in the first place. Listening to a television signal
a'vith a loud speaker the note received is a continuous series of dots. The receiver can then be adjusted to tune in this signal in the best possible mannet
and the output then switched to the scanning device. Considerable power is
required to operate the scanning lamp to a degree where the picture reproduction's satisfactory. Accordingly, the receiver should be powerful and adjusted
to 4ve the nizNinium possible output. At the same time it must be remembered
.001 a television signal is subject to static interference exactly the same as a
broadcast receiver. In this consideration it is true that the interference is of
greater consideration as static and background noises will cause blurs and
troublesome patterns. It is then realized that even with a sensitive receiver

good reception will not be obtained unless the transmitter has sufficient strength

to place a strong signal at the receiving end.. While any short-wave receiver
may be used for this work, it was previously mentioned that the presence of regeneration detracts from the detail of the reproduction. The accompanying
diagrams illustrate a typical short-wave receiver designed especially for television work inasmuch as it is practically free from regeneration, tunes
broadly and has a high degree of amplification. The matter of !Kissing the
frequencies of from 50 to 30,000 cycles both in the radio frequency and'audio
frequency amplifier is satisfactorily accomplished. A satisfactory experimental short wave receiver can be constructed by following the diagrams and
the details of the component parts given, Figs. 103, 4, 5 and 6. Of course,
high-grade parts should be used to insure good results. The receiver as
designed was interded to give a band pass effect in the radio frequency amplifier covering a width of approximately 60 kc. The volume is controlled
through a series resistor in the screen grid of the first riadio frequency ampli-
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fur which regulates the sensitivity. Shielding should be carried out along
approved methods so that the operation will be stable and free from oscillation. With careful shielding it is believed that the receiver will give a sensitivity of approximately 10 microvolts per meter which would be sat' ",-,3ry
for reception up to approximately 500 miles from the transmitter. Either
a 224 -or 227 -tube can be used for the detector, the latter having the advantage
of greater stability. The. 224 has the advantage of high amplification less
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Cathode Ray Tube Television Transmitter

AC hum and less microphonic. In arranging the parts in the receiver, tuning
coils rhould either be placed in compartments or surrounded with copper
cans.

It would be well to have the gang condensers completely shielded: All

the plate supply leads should be equipped with a filter choke and by-pass
condenser individually on each radio frequency stage. The control leads
should be shielded. Referring to the tuning coils, the antenna is closely
coupled to the first tuned circuit. Band-pass filter coils( L 3 and J. 4, are
rather loosely coupled, about one-haff inch between their nearest ends on a
one -inch diameter tube. The component parts of each stage consist ot coil
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Fig. 108

Film Mcchanim
Cathode Ray Symms.

tube and condenser to be so arranged that they are as close as possible to
each other providing short connections and eliminating the possibility of
Iced -back coupling to the antenna or from the detector. The power require men, from the various tubes is of a relatively high order and batteries would
not provide etonosnic-al operation. The power pack used should be of ample

Fig. 109

Cathode Ray Tube
Television Transmitter.
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capacity so as to prevent any overloading. It will be noted that the recommended audio amplifier is the resistance coupled type obviously to pass all the
frequencies used for television transmission, for example: 15 up to 30,000
cycles. Even though a high-grade broadcasting receiver covers $O lo -.4c-900
cycles it is obvious that it would not be suitable for reproduction of extreme
detail although it would give fairly satisfactory results. Experimenting with
a resistance coupled amplifier one should not be guided by fix(xl values but
should feel free to experiment and determine the best values when used under
individual circumstances. The television lamp is of the neon type and for
satisfactory excitation the output of a 45 type tube is essential. The television lamp requires approximately 1.5 watts of undistorted output for good
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detail reproduction. In view of this the output voltage of the lamp circuit
should be around 200 volts DC with an AC signal of about 50 volts R.M.S.
on the neon lamp itself. The characteristic of the resistance coupled amplifier
illustrated is said to be 100 to 10,000 cyc.les in a straight line and decreasing
from 'that maximum upon reaching 15,000 to 30,000 cycles. This decrease
does not seriously impair the quality of the television image. It is suggested
that in constructing- a receiver of this type the radio frequency coils and trans-

formers be of the interchangeable type. This would enable having more
than one set of transformers in order to cover different ranges. One set
of transformers could be used exclusively for television and the second set
to cover the lower half of the broadcast band. Experiments could then be
carried on with the receiver on the lower half of the broadcast band where
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plenty of test signals are available and the circuit components could then be
adjusted and altered to obtain maximum efficiency. Whether the radio or
audio amplifier is passing all the frequencies desired could be determined by
the quai.t.v of the reproduction from the transmitting station. On the other
hand, another method of testing the audio frequency amplifier alone would
be with an electric phonograph pickup feeding the output of such a pickup
to the input.of thc audio amplifier the circuit components could be adjusted
in a similar manner to that mentioned above. Screen grid tubes arc shown
in the radio frequency amplifier due to the high voltage gain obtainable from
these tubes. This is not the most suitable arrangement but will be best if
the adjustments are made so that the operation is not eratic. Summarizing
the above it will be remembered that in the television receiver itself the radio

Fig. III
Cathode Ray Tube
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frequency end must be free from regeneration, tune a wide band width and
the audio amplifier give a high gain corresponding to a strong signal and that
the neon tube circuit be provided with a -45 power tube to give the proper
illumination. The next consideration is the conversion of the audio signals
to a. visual response. The design of the scanning disc is an important con-

For example: if the holes in the disc are not airefully laid out,
in proper position, correctly drilled and the disc perfectly true, there will be
distortion created. This feature of the disc can be tested by connecting the
television lamp to unmodulated direct current, for example, from batteries.
Rotating the disc at proper speed and provided the disc is true, there will
appear a solid glowing pattern. On the other hand, inaccuracy will be noticeable by the appearrnce of black streaks.
sideration.

It is, of course, essential in actual operation that the receiving disc
(Fig. 99) operate at the same speed and be in synchronism with the scanner
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Fig. 112

Cathode Iti.) Tube. Special Dezign for Television.

at the transmitter. Variable speed mutors have been used for this purpose with
an adjustment to control the speed. Systems have been proposed to keep
these variable speed motors in exact synchronism with the transmitter. Uhvi
ously the synchronous motor operating on the same 110-vult alternating current as the transmitter is a more satisfactory solution. This would be a similar arrangement to the method of using 110 volts alternating current p 'wet'
supplies for the control of electric clocks. Where the receiving static it is

Fig. 113
Television
Receiver.
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at a point beyond the power system which feeds the transmitter, it is only
necessary to make an initial adjustment to bring the scanner into synchronism

with the transmitter. Any slight variationcan be taken care of with the
manual regulator which is a part of the scanner equipment. There arc ad TELEVISK1N TRANSMITT ER
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Fig. 114

Cathode Ray Tube Television System, Transmitter.

justments to be made so that the picture is properly framed both in the vertical and horizontal planes. The necessity of vertical framing is noticed when
two pictures appear, one above the other, and is corrected by turning off and

on the motor switch oneor more -times and if not corrected one can try
shit ing the aperture of the light source. The horizontal framing is regu,'..e'd by shifting the motor frame or aperture of the light source. Figures
XO 4111
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Fig. 114 (a)
Cathode Ray Tube Television System, Receiver.

98 and 99 illustrate the Jenkins scanning disc complete with synchronous
motor, lajttp, magnifying glass, etc. This equipment has been designed for
the larnan and especially for experimental work. The motor is of individual
design inasmuch as two distincb motor elements arc used. The first motor
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of the eddy -current type similar to the well-known watt hour meter brings
the disc up to speed and secondly, a small synchronous motor which maintains

the desired steady speed of 900 r.p.m. After the full speed is attained the
only function of the eddy -current motor is to compensate for friction and
wind resistance. Incidentally, the shaft rotating the scanning disc as well as
the eddy -current disc and rotor is mounted on ball bearings. The operation
is quite silent. A regulating device enables bringing the motor up to speed
and to make slight adjustments in its speed. Although the pictures are small
they are, under proper circumstances, exceedingly sharp and shownin good
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Cathode Ray Tube Television System, Showing Component Frequencies.

detail. The television lamp is mounted in a metal housing and is adjustable.

There is an oblong opening towards the disc of the proper size for a compleie
picture frame. The lamp housing is adjustable vertically or horizontally to
enable framing.
A complete television receiver, console style, has also been introduced by
Jenkins and shoWn in figures 1C0 and 101. It will be noted in this case that
the usual disc is replaced with a scanning drum together with the lamp, magnifying glass, etc. The procedure in operating a television receiving equipment is as follows: (assuming the equipment consists of the apparatus pre-

viously described or similar thereto and including a change -over switch
enabling either audible or visible response) preliminary tuning would be accomplished with the switch in the loud speaker position and the short wave signal
tuned in. As mentioned before, this is recognized as a series of rapid dots
and with varying pitch. Adjustment should be made to get the loudest pos-

sible response at the loud speaker and the switch then thrown to the scanStarting the scanning disc motor it will be noted that at first
with the scanning disc at rest a single dot of light will,benoticed. As the
speed of the disc increases the single dot of light extends to the line, then to
several lines and evtntually a glowing screen. ,Assuming the disc is out of
ning position.
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synchronism a regular pattern will be noticed in the field of vision. Necessary adjustments arc then made to the scanning disc speed and step until the
image is received in a satisfactory manner. With anything but a synchronous
motor this requires an unusual amount of manipulation. On the other hand,
with a synchronous motor specially operating on a common power system as
the transmitter, the process of manipulation is simplified. Besides regulating
the motor with the adjustment provided, the speed and step can sometimes be
adjusted by using one's thumb as a brake on the smooth end of the shaft.
When the picture drifts to the right it indicates that the power through the
eddy -current motor is too great and the rheostat should be retarded. On the
other hand, if the picture travels to the left it indicates that the frictional load
of the motor is too great and the power to the eddy -current motor should be
incrEased to compensate for this. Evert ivhen the synchronous motor has
reached full speed there will be noticed a phenomena kno.wn as "hunting"
wliich is an oscillating motion due to the disc trying to find its synchronous
speed. This can be corrected by slight pressure on the rotating shaft or if
left alone this condition will correct itself. After synchronization has been
obtained it will possibly be noticed that the picture may appear out 'of frame
either horizontally or vertically. The television lamp cover is then adjusted

Fig. 116
Television
Itectiver.

and shifted to the correct position so as to center the image properly. The
experinrmtal scann,,T illustrated is so arranged that it can be conveniently
dismantled and the discs with different numbers of apertures can be used.
Different elements can be supplied for the motor to give a speed of 1,200
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r.pan. for 20 pictures -per -second signals. A device is being developed which

can be attached to this scanning motor which will provide automatic synchronization, this apparatus being actuated from the radio vision signal itself.
This will give automatic synchronization between the transmitter and receiver

Fig. 117

Artbt's Booth. G. E. System. Mae Microphone as Well
as Light Cells.

regardless of whether they are operating off a common AC power system
or not.
THE GF.NERAL ELECTRIC SYSTEM

In May. 1930, the General Electric Company's conselting engin:et% Dr.
E. F. W. Alexanderson, gave a %cry interesting demonstration of television
as illustrated in the accompanying photographs and diagrams. In this in-
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stance the images of the performers were reproduced on a screen six feet
square and readily visible by all those seated in the theater. The performers
appeared before the television camera in a temporary studio at the General
Electric plant. The light impulses converted into electrical impulses for
radio signals were sent out on the transmitter in the laboratory on a wave
length of 140 meters. A microphone dose to the artist picked up the audible
part of the entertainment, converted the sound into electrical impulses which
were carried by wire to a short wave transmitter at South Schenectady from

which.point they went on the air on a wave length of 92 meters. At the
receiver an engineer operating a television receiver transferred the electrical
impulses received Co the light valve at which point the light was broken up

to produce an image corresponding in every detail to the subject at the
The second radio receiver picked up the sound signals from the 92
meter transmitter and these were fed into a suitable loud speaker which converted the electromagnetic waves into sound. It will be remembered that the
first demonstration given by Dr. Alexanderson covering one of his early systems was shown at the Madison Square Garden in New York in 1929.. At
studio.

that time the picture projected was an image 14 inches square. r The improvement showing an image six feet square is a distinct advance and in
addition the image was not simply black and white but showed gray shades
registering every shadow
between black
and giving depth and detail to the image. The difference in operation between

the two transmitters is that in the radio broadcast of the voice, the frequency
of (perch and music modulate the current radiated by the antenna. On the
otlrer hand, in television the antenna radiation is modulated by a succession
of light impulses. In the television studio the subject to be transmitted stands
before an itiaind.cent lamp. Placed between the subject and the light is a
metal disc approximately three feet in diameter and having 48 holes. This
revolving disc covers the complete subject twenty times per second, that is.
there are twenty complete pictures made up of light and shade. A large
square frame contains four photo -electric tubes sensitive to light. These
tubes respond 40,000 times per second to impulses reflected back from the
subject. At the receiving end the electrical impulses arc passed to a light
valve, a new invention of Dr. A. Karolus. This light valve is the middle of
an intricate lens system in front of a high intensity arc lamp similar to that
used for motion picture projection. The operation of the light valve Is deli-

cate and accurate and permits the pasge of light corresponding to the
impulses received from the television transmitter. In due course these light
emissions are passed on through a system of lenses to a disc corresponding

in size and number of holes, rate of rotation, to the disc at the camera or
transmitting point, Additional lenses pass the light forward to the screen
where these light impulses at the rate of 40,000 per second become the active
image of the subject. This art lamp lens system, light valve and the rest of
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the equipment are placed 17 feet back of the screen.

A tunnel made

of heavy black cloth is constructed from the screen to the projector eliminating
the possibility of interference from stray light. The apparatus has beeen con-

structed as portable equipment possibly so that it can be readily moved to
different parts of the country for demonstration.
CVTTIODE RAY TT:IIE TELEVISION

A number of distinct advantages for television reception are available
through the use of the cathode ray tube system. It will be noted from the
diagrams and photographs of this type apparatus that there is an absence of

Fig. 118
E. F. W. Alescanderson with G. E Television Apparatus.

moving mechanical parts which provides quiet operation. The matter of
synchronization is simplified allowing operation even over a single carrier
channel. More light can be passed giving plain visibility. An outstanuing
feature of the cathode ray tube in this application to television is the persistence of fluorescence of the screen which acts together with persistence.of
vision to the eye. On account of this fact a number of pictures per second can
be reduced without noticeable flickering. A greater number of lines and
therefore better details of the picture can be obtained due to this optical
phenomena without increasing the width of the frequency band. The cathode
ray apparatus described in this chapter was developed in the Westinghouse
Research Laboratories underthe direction of V,. Zworykin. It was develOped
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under the assumption that if eventually the receiver was to be produced in a
form suitable for private homes, it should be free from any mechanical moving parts. Furthermore, the equipment should not require any great skill
in order to secure satisfactory reception. This consideration, of course, does
not apply to the transmitter at which point the necessary trained and skilled
operators can be readily employed. The transmitter was constructed from
a standard motion picture projector. The light source optical system and
intermittent motion devices are removed. The film is arranged to move
downward at a constant speed, this motion providing the vertical components
of scanning. The construction of the transmitter is outlined in Figure 107.
Following this picture it will be noted that the light source is indicated and
at this point an ordinary 6 -volt lamp is used. The light is focused by the
condensing lens at L in turn upon a diaphragm D with a small orifice. The
beim of light after leaving the orifice is reflected from a vibrating mirror M
and in turn focused in a sharply defined slot on the moving film F. The
mirror vibrates at a frequency of 4R0 cycles about the vertical axis causing
the light spot to sweep the film horizontally. The vibration of the mirror
combined with the downward movement of the film allows the 4,1u spot to
cover the entire surface of the pictures as shown in Fig. 100. After passing
through the film the light enters a photo -electric cell C, the variations of
1.Pilt.111

1r411111;t111!nir.
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Fig. 119

Ifethod of Projection, C. E. Television S. stem.

optical density in the film being then changed into a variable electric current.
Fig. 110 shows the vibrating mirror. It is constructed of a small steel rod
with a yane placed:between the poles of an electromagnet. The poles are U
shaped and each leg is provided with a coil. An oscillating current is fed to
the coils and having the same frequency as the natural, frequency of the rod,
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this causing the mirror to oscillate about the axis of the rod. It is not necessary to rely upon the uniformity of the sensitivity from the cathode ray of the
photo -cell due to an additional lens L 2 situated between the film and the
photo -cell. In locating this lens the mirror and sensitive surface arc at conjugate foci. The scanning beam is, therefore, always focused upon a stationary spot in the cell. The velocity of the beam across the picture is not
uniform due to the fact that the horizontal scanning is obtained by a sinusodial current. Actually the velocity in the center is about 50% higher than
that of a spot scanning at uniform rate of a picture of the same width. Before
actual tests it was thought that this feature would be objectionable and would
probably have to be corrected by an optical filter. In actual transmission,
however, this was not found to be detrimental and no precautions were used.
The transmitter is illustrated in figure 137.
In the receive, a special cathode ray tube is used. An ordinary tube of
this type cannot be used for picture reception due to the fact that while they
have scanning arrangement in two dimensions there is no means for varying
the intensity of the picture. Therefore, the usual type of oscillograph cathode
ray is not suited for television work. The high potential type oscillograph tube
is always operated in connection with a vacuum pump. of course impractical
for a private home television receiver. The low potential type of oscillograph
does not require the pump but the amount of light available from the. screen is
insufficient. To obtain enough brilliancy for a picture 5 inches square the tube
should operate at least 3,000 volts. Much higher voltages arc required .for
larger pictures the degree of brightness increasing with the oscillatory voltage.
To meet the above requirements a new type of cathode ray tube was developed
and is shown in figures 111 and 112. The oxide -coated filament is located
within the control electrode. The cathode beam emerges through a small hole
in the front part of the controlling element and again passes through the hole
in the first anode A. The electrons are accelerated to a velocity of 300 to 400
volts by a second anode consisting of a metallic coating on the inside of the
glass bulb. At this voltage the velocity of the electrons is about .1 that of
light. The second anode also assists in focusing the beam electrostatically
into a sharp spot on the screen. The bulb's target wall is approximately 7

inches in diameter covered with -a fluorescent material such as willimite
making it slightly conductive. This conductivity is necessary to remove the
electric' charges from the screen caused by the electron beam. This tube is
usually referred to as the kinescope. Either an electrostatic or electromag-

netic field can be used to move the beam of electrons across the screen in
which case leaves a bright fluorescent line asit passes. To accomplish this a
set of deflection plates and another set of deflecting coils arc mounted on the
neck of the kinescope outside the tube. These deflectors are adjusted on the
same plane to give vertical or horizontal deflection at right angles to each
other. As the deflecting elements are located -between the first and second
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anodes the deflecting field acts upon comparatively slow moving electrons.
Due to this fact, the field strength required is considerably less than that required. to deflect the beam under the high acceleration of the electrons from
the second anode voltage. The negative bias on the controlling element regulates the brightness of the line and consequently the intensity of the lights
acid shadows super -imposes on this mean intensity. Therefore, it is apparent
that we apply to this controlling electrode the amplified impulses from the
transmitter and at the same time deflect the beam in synchronism with the
motion, of the light beam across the picture on the film; the picture will be
reproduced on the fluorescent screen. The matter of synchronization is greatly

Fig. 120
Television Projector.

simplified if two separate channels arc available, that is, the synchronization
between the transmitter and the receiver. As far as horizontal scanning is
concerned, it is simply, necessary to transmit the scanning frequency operating
the mirror at a sinusodal voltage and to impress it upon the deflecting coils
of the kinescope. In this case the cathode beam will exactly follow the
tabovernent of the light beam across the film. Regarding the framing or picture frequency, the voltage is generated at the receiving end and merely controlled by signals front the transmitter. Through a current limiting device
(for erasuple: a two -electrode tithe) a condenser is charged at constant current, so that tile voltage at the condenser rises linearly. fly connecting the
deflecting plates of the -kinescope in parallel to this condenser, the cathode
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beam is deflected gradually from the bottom to the top of the fluorescent
beam when the condenser is charged. This speed is governed by the temperature of the filament of the charging tube to duplicate motion of the
downward film. The impulse sent out by the transmitter between pictures
discharges the condenser and quickly returns the beam to the bottom position

ready to start upward and ready to reproduce the next picture. For the
entire system of transmission three separate signals are required: picture
signals, horizontal scanning frequency and impulses for framing. Experiments show that it is possible to combine all these sets of signals into one
channel. This is accomplished by having the photo -electric cell voltage of
the transmitter first amplified to a sufficiently high level for transmission.
The other regulating impulses are a series of high audio frequency characteristics lasting a few cycles only and occurring when the light bearn.passes

between the pictures, therefore not interfering with the picture itself. in
the transmitting signal the picture frequencies and framing frequencies are
directed through a band eliminating filter which in turn removes the picture
component of the same frequency as that of horizontal scanning. In turn
a portion 'of the voltage which energizes the transmitter vibrator is impressed upon the signals directed through the filter and the entire spectrum
is used to modulate the radio frequency carrier. See Fig. 114. On the
other hand, at the receiving end the output of the equipment is amplified and

divided by a band pass band eliminating filter into two parts: first, the
synchronizing frequency and second, the picture frequency plus the framing
frequency. The first mentioned synchronizing frequency is furthzr amplified
by a tuned amplifier which supplies the necessary current to the deflecting
coils of the kinescope. See Fig. 114a.- Both the picture and framing frequencies arc fed directly to the kinescope control electrode. The voltage
which modulates the light is also impressed upon a band pass filter and in

turn is tuned to the frequency of the AC voltage used for the framing impulses. The output from this filter is amplified, rectified and in turn is used
to unbias a discharging triode (normally biassed to 0 plate current) and
which takes its plate voltage from the condenser which provides the vertical
scanning voltage. From the above it will be seen that the picture synchronizing
frequencies and framing frequencies arc all transmitted on one channel and
that the synchronization is fully automatic. The technical considerations of

amplification do not differ widely from that for mechanical television of the
same picture frequency. It should be noted that the frequency hand of the
amplifier can be constructed to a much lower value for the same number of
lines due to the fact that a smaller number of pictures per second is used.
In actual operation it will be noted at the receiving end that there are quite
a few differences in reproduction as compared with the conventional scanning.

disc type of television. In the first place, the picture is green rather thanred

(using a neon glow tam for the disc). A fairly large number of 'people
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can observe the picture at once as magnifying lens are not necessary. No
moving parts being used, consequently there is no noise. As the picture is
framed automatically it does not require adjustment and furthermore, there
is sufficient brilliancy so that the picture can be seen in a moderately lighted
room. There arc many additional advantages including the fact that the.
high frequency motor for synchronization and its associated power amplifier
are not required. The actual power required to operate the kinescope grid
is not more than that necessary for a simple vacuum tube.
LATEST 1)EVELOPMENTS OF GERMAN TELEVISION METHODS

To obtain standard television apparatus, the following specifications have
been adopted by the three German companies which arc working in its development: clockwise scanning, as seen by the observer, from top to bottom; a
ratio of 4 units of breadth to 3 in height for the image; a X30 -line image reproduced at the rate of l2Y2 "frames" a second, or 750 a minute. In addition,
each line of the image is to be scanned in the same time, that is, the holes in
the disc arc to be spaced at equal angles, between the radii.
It is noteworthy that this does not correspond to the system of scanning
used in the English transmission (or the American). Its selection is dictated
by the fact that broadcast waves must be used for television, under the present European allotment of 9 -kilocycle channels which cannot be changed for

two years; and the modulating frequency is thereby automatically limited,
which restricts the detail of the image.
The progress of television demands, primarily, low prices and easy operation of receivers which we cannot have with the short waves and which would
permit the use of higher frequencies, giving more detailed pictures. In addition to this, short wave reception in the near neighborhood of the transmitter
is subject to great fluctuations due to fading, echoing, etc. The ultra -short

waves, according to Prof. Esau, the great authority on that subject, are not
yet sufficiently understood for practical use.

While the technicians express the opinion that the pictorial quality of
ordinary television, under these conditions, is too poor to satisfy the general
we must make a start with what we have now.
For these technical reasons, however, the Telefunken Co. is not at present
undertaking to make televisors for general use, and the Deutsche Fernsehgesellschaft ("German Television Company") hesitates to do so. The Telehor Company is the only one undertaking this on a production basis. The
systems developed by these three arc:
The Telefunken Co. will retain the mirror -wheel system which offers
great I.)ossibilities'of development and almost unlimited illumination. Yet its
price 1..annot be lowered, below a certain figure.

T%c Deutsche Fernsehiesellschaft system inchldes the scanning disc,
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Fig. 126 (d)
The equipment shown here is atlesign of the Tetehor Company, for the purpose of scanning images illtuninatcd by daylight, to he broadcast thmugh a portable transmitter. The
mirror 1 relkets the rays Irvin the object to be televised through the lens 2 which con.
rtntratcs them on the scanning disc 3. The lens 4, screen S and lens 6 pass on the ray
to the Photo -Cell 7, which is connected to an amplifier. The tube 8 contains a magnifying glass through which die scanned image may be observed.

which is most familiar in England and America. An image -frequency (normally 373 cycles) is used to obtain synchronization.
Titr. MIILM.Y METHODS

The TeteliOr Company also uses a scanning disc with a glow -lamp, a
driving motor and synchronizing wheel; the motor is connected by a belt to
the axle of the synchronizing mothr and, consequently, to that of the scanning
disc also. Phasing is effected by turning the frame of the synchronizing
motor around its axis while it is in operation. To produce the necessary voltage for the glow lamp, a special battery or power unit will be required.
In a larger type, to be used as a universal television receiver, there is also
a small vacuums tube oscillator generating a local synchronizing frequency of
373 cycles to which it is tuned by a small rotary condenser; an ordinary receiving tube will serve. This current is amplified and conducted to the synchmniIing motor,owhich 'operates on 373 cycles; unlike that in the :simpler
model;;kwhich is designed for, 50 cycles. The synchronizing motor and scan-

ning jli c arc so delicately balanced that the output of the oscillator and its
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Fig. 120 (e)
The larvr model of the Nfilialy

hot, a German Televisor, now being
marketed for reception of European
television on broadcast wavelengths.

amplifier are sufficient to keep the apparatus operating at the proper speed.
To maintain perfect synchronism between the transmitted image frequency
and the locally -generated 375 -cycle current, the, Telehor circuit conducts the
A.C. plate potential of the receiver's tube to the oscillator. The oscillator frequency is thus restored to the normal value if it should vary; a very slight
amplitude of the image -frequency will suffice. Only when the received image -

frequency is completely lost, through fading, can the receiver get out of synchronism; and this cannot last.

If the image is improperly framed in the "window" of the receiversay, with the bottom half at the top-this can be corrected by turning the
mounting of the synchronizing motor, as already explained.
The possibility of using a tuning -fork instead of the tube oscillator to
obtain the local synchronizing frequency has been considered; but the tuning

Fig. 120 (0
A commercial German Televisor, on
the

System, as produced by the
Telehor Company.

SHORT WAVES

241

Fig. 133 (g)
A recci%er tootlef of the De-Apche
Fernseh.A.G,

fork, although it has been successfully employed in transmitting photographs
by radio, must be carefully protected against changes of temperature or its
note will vary. So the use of the tube is simpler and cheaper; hiSwever, its
construction entails some practical difficulties if exact frequency -regulation is
to be required. As the frequency decreases, resistance will cause a lessened
peak of the curve of frequency -response.
With the Telehor, the television receiver is connected to the loud -speaker
terminals of the radio receiver, and the speaker across the terminals provided
on the television apparatus; a switch permits immediate change over from
sound to images, and vice versa. To provide the necessary voltages, a power
unit wilt probably be built into the receivers; the televisor will then have only
two cords, one to the receiver output and one to the house socket, with terminals for the speaker, as stated.
The designs so far made arc only for alternating -current operation; direct -current house supply does not give a voltage sufficiently high. It is not
impossible that a battery -operated model may be provided for those who have
1).C, receivers.

The German Reichspost (post office department, with control of wire
and radio communications) is making test broadcasts for the benefit of experimenters in Germany from which others will also benefit. The .Berlin
transmitters are used, and perhaps others, such as Stuttgart, will be used
later. This will permit of determining the practical value of the television
apparatus, and the suitability of different radio receivers for operating them,
before official programs arc regularly undertaken.
InJuy opinion. this is a little too paternal, for these things should be left
to tie radio trade which will adapt its apparatus to the condition it meets.
Howevi r, this is the way things arc done in Germany.-

to revolve faster than the scanner. (Center) The Fries Universal Scanner: It will be seen. at the kit. that A and B combined as at
C g%e a spiral -of square holes. Four discs, two spiral (AR) and two slotted (C-1)). at the right give any desired "grain" to the
image; and revolving them on two shafts as shown below rives any desired scanning rate. (Right) Optical regeneration is prodtxed by
flashing the impulses of the photo -cell back mto it from the lamp.

Fig. 120 (i)
Television in Twelve Colors. (Left) Fundamental principie of the Ahronheirn System: Light from the image 1 is concentrated by
lenses' 2 on the scanning disc 3; but reaches the photo -cell 7 only when the proper filter is presented by the disc S. which is geared (6)

CHAPTER VII
Aircraft Equipment
.,tivata firms have made considerable progress in the development of
radio receivers for aircraft service. In the case.! of a ship at sea mechanical
failures or ignorance of position do not always mean disaster. On the other
hand, safe transtxmation by air is intimately connected with knowledge of
three c:i.rections as well as advanced knowledge of weather conditions. In
view of this it is certain that the development of radio instruments to fulfill
the severe requirements of aircraft navigation will rapidly advance, In

addition to the work of private concerns, the Bureau of Standards in co-

Fig. 121

Flying Laboratory for the Ikre1opcncsit of Short 1Vare Raelio Recekers.

operation with the Signal Corps Aircraft Laboratories have designed apsit-atlas along this line. One of the first developments was a directive radio
livicon which subsequently proved valuable for the guidance of airplane;
along Federal airway mail rcnites.

The universal acceptance of this system

was retarded by the lack of suitable radio receiving equipment which, of
course, should be practically automatic, light weight, simple in control and
of extreme sensitivity. In operation it should not detract the pilot or interfere with the operation of the airport. One of the successful designs developed was first introduced by the Radio Freqoency Laboratories in 192s.
It is nay cons;dered a standard receiver of its class for the reception of
beacon :end weather signals. Adapting a powerful radio receiver to aircraft
243
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operation brought up many new physical and psychological factors of importance. It is acknowledged that radio in an aeroplane presents a total /new
point of view to the engineer operator who was previously trained ce. the
ground. It was realized that research would be worthless without cot cinual
practical application and facilities were made available to enable test -.";ghts
with the radio equipment. In this case it included an associated flying field,
radio laboratory, work shop, quarters, etc., besides special aernplanes. The
main plane used for these experiments had space for two pilots, baggage
compartment which provided room for batteries, apparatus, etc. The cabin
had an operating table, two operators' chairs and a bench for observers.
Electrical power was obtained from batteries and front an engine -driven generator. Aerial equipment included a vertical rod for beacon work and a
horizontal wing antenna for use with altimeters and other devices and a
horizontal fusilage antenna for short-wave communication. This plane was
used as a general flying laboratory. The second plane had a single pilot's

Fig. 122
Type D. Aircraft Radio Reoeirer, Complete Assembly.

cockpit and a two passenger cockpit of the conventional type. It was equipped

with a vertical rod antenna and a horizontal wing antenna, Fig. 121. Tots
could be made from this plane to simulate conditions of air mail service or
small privately owned planes. Of course, the ignition systems of both planes
arc thoroughly shielded and experiments arc continually being made to improve and simplify this shielding without sacrificing its effectiveness. In
designing a set for aircraft work it is first necessary to consider the electrical
requirements such as sensitivity, selectivity, over-all characteristics and
necessary terminal equipment while other details such as size, weight, power
tuppLes and controls arc usually specified in advance. Mechanical design
is given first consideration and is followed by the electrical design. The

various single elements are first tested and measured and later over-all'
measurements made of the entire set. The final models arc then installed
on a plane and actually tested in flight observing the results under actual conditions, making further alterations, followed by tests, until the fiaal model
is accepted by the contractor prior to actual production. In'the development
of receivers for bate= weather service the current practice in radii receiver
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design is not closely followed. For example, features unjustified in the case

of ,roadost receivers might be highly useful for aircraft reception. One
of it e first considerations is high sensitivity and obtaining same with a
mini:4-r'. number of tubes and small power supply. This can be best obtained
thrOugh the use of new screen grid tubes and the so-called "IIi-Mu" single
grid tubes.
Usually bnly a limited wavelength range is required for each receiver.
The special problem of over -loading in the radio detector was encountered.in
the operation of visual beacon indicators. This was readily solved and this
particular research found one practical application which had not even been
conceived the time investigation started. The type D aircraft receiver de-

scribed here in (Figs. 122 to 126) is a development over early receivers of
a similar system. The primary wavelengths required arc, for beacon and
weather senice work including the band of 790 to 1,070. The receiver is
now constructed to include the interchangeable radio frequency transmitter
feature and by changing these transformers it will cover a wavelength range
of 235 to 15,000 kilocycles corresponding to approximately 20 meters to
1,235 meters. Remote tuning control mechanism is furnished on special
order to fit particular types of installations. The main material used in the

Fig. 123

Type D. Aircraft

Radio Receiver,
Stowing Remote Control
Tuning Arran,;erucre.

construction is aluminum and bakclite. Special attention in design has been

gift to shock proofing, dust proofing and the permanence of the soldered
and welded joints as well as other details which became apparent after actual
flights in the aeroplane. The receiver is single tuned type and the timing

control dial is engraved and calibrated directly in frequencies, Fig. 123.
The second control is provided to adjust the signal intensity. These two
controls are usually mounted on the instrument board of the plane tof,,,ether
with an "on" and "off" switch and the necessary terminals for checking the
condition"of the batteries. %%Then following a beacon course the pilot need
not rcadjist the tuning control at all and merely keeps the intensity control
adjuster! $n accordance with .his distance from the beadon. The pilot well
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experienced along beacon courses can tell roughly by the intensity position of
the receiver his approximate distance from the beacon itself. The recent.
proper, Fig. 124, is very compact measuring 15 by 9 by 7 inches and w,!ighing approximately 12 pounds. The receiver together with all the r"ritsary
accessories weighs approximately 31 tuninds.
The sensitivity of the receiver is so high that the range is usually only
limited by external factors midi as the power of the transmitezr, completeness of the ignition shielding and intensity of the static. Using this receiver

it is not uncommon to report usefulbeacon service at night in the winter

Pig. 124

Type D. Radio Aircraft
Receiver, Tube
Cunipartment.

A more
a range of 250 miles front a
servative range under the same circumstances would be 150 miles from land.
In connection with the development of the receiver itself it has been necessary to spend considerable time to develop complete abielcling for the electric
ignition systems both for the radial and water-cooled engines. The design
of the receiver also led into the design of an associated self-supporting rigid
antenna for use in reception of weather and beacon signals, also the design

This latter instrument works on the principal
whereby the distance of an object or surface in the path of the train of

of an electrical altimeter.

electrical waves can be determined by the use of the interference phenomena
between the direct wave and wave reflected from the obstacles. This system
has an uutstanding advantage inasmuch as it indicates the absolute height
of the instrument above ground, water or obstacles to landing over which
the aircraft may be flying instead of indicating the height above sea level or
above the predetermined point which is all the ordinary aneroid altimeter
will show. The apparatus forsuch an electrical wave altimeter is relatively
simple and practical instruments of this type arc now available.
A radio receiver capabk of high sensitivity imposes severe demands on
the degree of ignition shielding. In the early days the radio receivers for
aircraft were of low sensitivity and they used a trailing wire antenna. Accordingly, the use of ignition shielding was unjustified. The present plans
call for a rigid vertical antenna necessary for the success(td use of Indio

beacon which also dintinates physical !wards. To operate from'. such 3
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small aerial the receiver must have high sensitivity and accordingly, the
igt ition system must be ermipletely shielded. The degree to which it is
shieded determines the actual distance from which reception can be neetilli
pli8Vfl Of course, no radio signal can he received and promptly interprcie4
111'.01 aeroplane unless it is strong enough to produce greater currents in the
receiving antenna than is set up by the deetriCal discharges of the electrical
ignition system. In a like manner it follows that the smalki the ignitioo

Fig. 12$

Type D. Aircraft Receiver,

Ntuhipk uTuniosg Consienter.

interference the weaker the radio signal that can be received and She range
extended.

In the case of water-cooled engine the metal cowling often provides a
satisfactory enclosure for the high tension system and it is only necessary
,shield the low tension wiring which enters the cockpit. On aeroplanes
using air-cooled radial engines without the stream line cowling it is necessary to add the following shielding elements:
1. Metal covering over the magneto terminal box; 2. Metal covcriir
over the high tension harness; 3. Either shielded spark plugs or metal

housing over the standard plugs; 4. Metal housing on the low tension
circuits including the magneto switch box.

Fig. 126

Type

D.

Aircraft

Interchangeable
Tramformers.

Receiver,

Radio

Frequency

It should be pointed out that the use of shielded spark plugs or shielded
covers reduces the interference to such a large extent that a receiver can be
used {riving 30 to 40 times the sensitivity as may he used with unshielded
plugs. Shielded plugs of an improved design arc now available commercially.

As a matwr or, fact some manufacturers of air-cooled engines can supply a
contylevly shielded ignition system on regular order. The schematic wiring
diagrapt of the Type D receiver developed by the Aircraft Radio Corporation
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is shown in Fig. 127. Fig. 122 gives a general view of the receiver showing
the flexible control for remote installation. It will be noted that the tun;fig
dial is calibrated directly. Fig. 124 shows the tube arrangement and .iiso
the provision made for shock proofing. It will be noted that there arLt
screen -grid radio frequency stages, a screen -grid detector of the plate.rtai-.

fication type to prevent over -loading and one audio stage using a 227.
Although the set is operated from a generator battery it will be noted that
AC type tubes arc used. There are several advantages inc:uding freedom
from microphonic disturbances and the high amplification obtained froin this
type tube. Fig. 122 shows a completely assembled receiver, junction box,

control box generator and case for extra radio frequency transformers.
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Scherr.atic NViring Diagram, Type D. Sbort-Wave Radio Receiver.

These transformers are all mounted as a unit, the set of four coils being interchangeable at a time. These are shown in Fig. 126. Fig. 125 is a dose -up
of the multiple condenser which, of course, is manufactured and adjusted to
a very high degree of accuracy. One of the test planes is shown in Fig..121

showing the vertical antenna and also the wind generator mounted in one
of the right hand struts. There' are a few additional features of the receiver
design which are interesting. The use of screen -grid tubes in the radio
frequency amplifier provides a radio gain of approximately 50 -per stage
compared with a gain of 10 or at the most 15 per stage ordinarily obtainable
with regular tubes. This increase in gain is highly desirable due to the
limitations of space and weight. This type tube is not so acceptableofor the
detector on account of microphonic noises.
It is absolutely essential that the detector be. arranged to prevefit over-
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loading and this is aceotnplished by plate rectification with automatic bias.
feature is particularly important when using the receiver with the visual
j'
typc, of beacon indicator. The pilot when approaching the beacon may
negf rf to keep his reed amplitude down to the proper level by an adjustment
of-aie'volume control. Under such conditions the detector may he so overloaded as to cause the reed amplitude to pass through a maximum and then
fall to normal levels. This might create a situation where the indicated
course would be reversed, i.e., the reed of lesser amplitude would indicate
the sick in which the aeroplane was out of course. With plate rectification a
somewhat higher output may be obtained than with grid rectification or overloading.

In either case, however, reversal or lack of course indications

may result if the input circuit is increased abnormally. Plate detection with
automatic grid bias has other advantages. It is commonly supposed that
grid rectification results in greater sensitivity than plate rectification. As a
matter of fact, the micro -volt sensitivity of this particular receiver is twice
as great with plate rectification as with grid detection although the small

signal detection factor for the latter is about three times as gnat as for
the former. Plate detection exceeds grid rectification in this cage because
it leaves unaffected the radio gain of the preceding stage whereas due to
electronic conductance grid detection reduces this gain by a factor greater
than 2 to 1. In a like manner the sensitivity is considered greater with plate
rectification than with grid rectification. The high output impedance resulting from plate detection does not impair the uniform transmission of low
modulation frequencies required for the visual beacon provided, of course,
the coupling between the detector and the audio amplifier is properly designed. It will be noted that the detector is coupled to the first audio stage

by the resistance method which has the advantage of saving in weight,
economy of battery drain and uniform transmission of the required modular
tion frequencies.

The Western Electric Company produces a similar aircraft receiver,
exterior view shown in Fig. 131 and the same equipment with the cover
removed in Fig. V. It will be noted that screen grid tubes are used for the
radio frequency stages, that the radio frequency transformers are of the
interchangeable type and that the tubes are of the AC heater type. The
radio frequency transformers are contained in a shielded case and perforated screen shielding is provided for the screen grid tubes. Fig. 13Z is the
top view of the same receiver and Fig. 133 is the bottom view with the base

removed showing the whole case with the various tube and coil sockets,
choke coils, by pass condensers, etc.
This particular receiver weighs approximately 16 pounds and is arranged

so that.it maytbe located in any part of the fusilage where space is available
meclum.

is means that it must be remotely controlled and a suitable flexible
device is provided. The tube arrangerrient consists of three
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stages of radio frequency amplification using screen grid tubes, a space charge

grid detector and one stage of resistance-capacity coupled audio frequerpy
-all tubes are of the mid -potential cathode type simplifying the operalion
in as far as the noisy source of power supply is concerned. Theentif of
three tuned circuits gives a high degree of selectivity and no interfert..ce
between stations operating on adjacent bands from the signal desired. A
band pass filter is included in the antenna circuit preventing interf.:rence from
low frequency broadcast stations. While it is possible to operate the receiver from B batteries a less troublesome power supply is desirable.- This

can he accomplished in two ways-one using a motor generator from a 15
volt aeroplane battery or using a double voltage witldriven generator. The

Fig. 128

11'eAwl' Electric Aircraft Radio Receiver. Cover Removed, Note Tube Shields
and Removable Shielded Radio Frequency Transformers.

latter unit is most desirable especially on small planes not having any battery. The wind -driven generator is driven by a self-regulating propeller
which maintains a constant speed of 6,500 r.p.m. for all flying speeds of
the Oahe. At this speed the generator gives 13 and 230 volts for the A and
B supplies respectively. A ballast lamp takes care of variations in the filament circuit. This unit can be seen in the right-hand corner of Fig. 128. On
a plane not of all metal construction, all metallic parts of it must be closely
bonded together. This includes all hinges, variable control surfaces or other
joints of any description and they must he by-passed by a metal landing
around the movable surface. This is a very important feature to insure freedom from interference of the radio receiver an if possible, thissshould

SHORT WAVES

251

preferably be taken care of while the plane is under the course of construcn. Fig. 128 shows the general assembly with the cover removed. The
sc -intatie wiring diagram of the receiver (tuned radio frequency type) is
gig 1..fici Fig. 129. The transmitter to match, is built along the system shown
tti fie schematic wiring diagram, Fig. 130.
t

SHORT' WAVE SYSTEM FOR BLIND LANDING OF AIRCRAFT

ODC of the first attempts to develop a radio system for the blind landing

of aisiraft was started by the Aeronautics Branch of the Bureau of Standards in the latter part of 1928. The idea was to develop a simple and effective
radio system which could be used in combination with the regular aircraft

navigating instruments to permit the safe landing of aircraft at airports
under conditions where the visibility was extremely poor.
A successful system of this nature must indicate to the pilot the position
of the aircraft in three directions as it approaches and reaches the moment
of landing. Following the practice used for radio course indicators it was
decided to use the simplest possible equipment on board the aeroplane and
have the complicated bulky apparatus on land.
The apparatus developed fulfills all the various requirements, is very
simple in operation and the pilot receives all the desired information with
little effort on his part. The necessary radio apparatus on board the
is very simple not having any variable adjustments and weighs only approximately 15 pounds.
A radio beam has been used to aid point-to-point flying for the past two
years and the service given by this radio range beacon system on Federal
airways has been very practical. This system enables the pilot to keep accurately on his course, know approximately the points over which he is 'flying
and proceed directly to his destination. The flying can then be kept closer to
schedule and under many conditions flights can be made which under ordinary conditions could not be made without the aid of these radio direction
facilities. It is apparent, however, that the simple course direction system
is not sufficient if the landing fields lie in an area of poor visibility. The.
improvements secured by the developmentof instrument flying and radio
riavigatic< apparatus arc nullified unless there are suitable means to provide
a safe. landing at the desired destination. The system of radio aids to blind
flying described herein should serve to insure the regular mainteatince of
schedule flying whether by day or by night.
The idea of using a local field radio beacon was suggested by the success of similar apparatus for the point-to-point flying. In addition to the
main beacon used for guiding an aeroplane to a given landing field it was
decidill that 4 lower power beacon with simple loop antennae could be employed,, for marking out the major or any desirable axis of the landing field.
The,ldwer power marker beacons could then be usedto define a hazard free
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approach to the field along the axis or runway selected and for indicating
the longitudinal aircraft course along the runway. Two outstanding a4vantages are secured. The same receptive equipment on the aeroplane/as
required for the fixed airways was satisfactory for the reception of thmills
from the local beacon and marker beacons. Secondly, the ground

was simple and inexpensive, a moderate power transmitter for the runway
localizing beacon bring satisfactory for marking out a course fora distance
range of approximately ten miles. The marker beacon power requirements
Y.
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Fig. 129

Schematic Wiring Diagram. W. E. Aircraft Receiver. Note A. C. Heater Type
Tubes Are Used.

arc also small. All the apparatus could' be located conveniently .within the
limits of the airport.
A system of this type was first tried out at College Park, Maryk.nd,.in
November, 1928. The test flights demonstrated that as far as landing field
localization was concerned it was perfectly feasib!e, but the problem of
altitude indication was not solved. Further experiments were made leading
to a landing beam and the first successful flights using this transmitter were
made in July, 1929. Fig. 134 illustrates the landing beam transmitter itself as
installed in the airport. It operates on an ultra high frequency of the order
of 10,000 kilocycles. The beam is directed at a small angle above therhorizontal and is arranged to provide a convenient gliding path for the landing
aeroplane starting at from 500 to 5000 feet altitude and approximately two
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to five miles distant from the landing field. Referring to the photograph of
le beam transmitter again, it will be apparent that the construction is very
s .tple. The directive antenna system consists of the doublet horizontal
ani:11,1a shown running perpendicular to the main supporting structure. The
L-4.- IL- of the landing beam above the horizontal is determined by tilting this
horizontal structure about the vertical support shown. Fig. 140 gives a plan

view of tbe airport ground transmitting equipment for field localization.
The main radio beacon for point-to-point flying on the Federal airways
is located at A, a 2 kilowatt instrument.. This beacon serves to direct an
incoming aeroplane to the vicinity of the airport. It is usually located out -

t
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Fig. 130

Schematic Wiring Diagram, W. F-. Aircraft Transmitter.

side the actual flying field so that the loop antenna does not constitute an
obstruction to flying. The runway localizing beacon is shown at B and it is
of 200 watts power. This is also located at one edge of the landing field
withou;...e6nstituting an obstruction and directs the course along the particular landing strip to be Used. It operates at a radio frequency separated
by 50 to 60 kilocycles from that of the main beacon A, thereby preventing
interference from the main beacon. The landing beam transmitter shown
at C and point D indicates where this first beam is picked up by the aircraft.
The marker beacon E indicates the boundary of the landing field and operates on the same radio frequency as the runway localizing beacon. From
the alipve it
apparent that a complete system indicates the main course
by1the means of radio range beacon A, landing field runway direction by
means.of the landing field beacon II, altitude indication by means of the
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landing beam C and longitudinal position (approach) along the runway by
means of the boundary beacon D. Installed on the aeroplane a simple tre-(.
dium frequency receiving set and a vertical mast antenna receive all tl !se
indications except the landing beam signals. A special high frenu ,ncy
receiving set is provided for the latter and works in connection with a
zontal douulet antenna about five feet long. Figs. C and 1) illustrate the
action of the altitude indicating instrument. The medium freqnency set is
equipped with a visual range beacon reed indicator. An automatic volume

Fig. 131

W. E. Aircraft

IZccuirt.r.

control may be used to receive the beams from the main radio range beacon
and also the runway localizing beacons. Through the use of a special filter
circuit reception of die aural boundary marker beacon is permitted while
the leads on the visual beacon indicator arc functioning. The distance away
from the transmitter can be approximated and is determined by the rough
distance indicator. This is in reality an adaptation of the conventional tuning meter on the sets provided with automatic volume control. Both the
main beacon A and the localizing beacon B arc of the visual type. The
essential difference between the two lies in the power ratings; the number
of beacon courses radiated and dimensions of the loop antennas. The two
freloop antennas cross at 90 degrees carrying currents of the same
quency but modulated to different low frequencies, in this case 65 and 86.7
cycles Yopectively. The visual indicating instrument on the aeroplane consists of two vibrating reeds mechanically tuned to these two low frequencies and excited by small ek.ctromagnets connected in the output circuit of
the receiver. When the beacon signals are received the two reeds vibrate and
the comparison of their relative amplitudes of vibration serves to indicate the
relative amount of signal received from the two improved antennas. When
thc aeroplane is exactly along the line bisecting the angle between the two
antennas 'the reed vib-ation amplitudes are equal. Off the course they arc
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Fig. 132

W. J. Aircraft

Rocciver, Top View.

umatual and if the aeroplane deviates to one side the recd on that side will
vibrate with a greater amplitude than the one cm tits; opposite sick.
The time phase displacement between the carrier current and the two loop

antennas ran be adjusted to provide either two or four courses from the
beacon. The four course arrangement is often used fur the fixril airways
while the two course arrangement is more desirable for the localizing beacon.

First going in for landing the presence of the course at right angles to the
runways might be confusing. The 50 watt transmitter feeding a loop antenna is used for the boundary beacon. This modulated wave is fixed at 1,000
cycles per second and is obtained automatically by supplying the transmitting
tube with an alternating voltage of that frequency. At the receiving end car
phones connected in series with the main course indicator arc employed with
the special filter circuit. The boundary line is defined by a 0 signal zone

tau or three degrees wide. In flight the pilot observes an increase in .the
marker beacon signal as he approaches the edge of the landing field, a de-,
crease to 0 as he passes over the boundary line and then again an increase
in signal as he comes in the landing field area. On the aeroplane the signal

Fig. 133

W. E. Aircraft Receiver,
View of the
Bottom 1Viring.
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current in the output circuit of the special high frequency receiving set
used exclusively for the landing beam is rectified and passed to a landinp
beam indicator, Fig. E, which is mounted on the instrument board. .4*lie
aeroplane does not fly on the axis of the beam but on a curved part,diiCctly
under the beam, the curvature diminishing as the ground is apP?aae.irtd.
The path is the line of equal intensity of thc received signal below the axis
of the beam. The decrease of intensity as the aeroplane drops below the
beam axis is compensated for by the increase of intensity due to approaching
the beam transmitter. Therefore, flying thc aeroplane along such.a path
as to keep the reflection of the landing beam indicator constant, the pilot
comes down to the ground on a curved line suitable for landing.
The obvious advantages are that the pilot following the landing path is
automatically kept above obstructions and does not need a thorough knowledge of the terrain in older to effect a safe landing. Secondly, the lanJing
path may be adjusted to suit different landing fields which is particularly

important in getting safe landings into a small landing field. A further
advantage lies in the fact that in follOwing the landing path the pilot automaticallylevels off, therefore facilitating a normal landing. In following
the landing path prior to receiving the boundary marker beacon 0 signal
zone the pilot maintains an air speed somewhat above the landing speed of
the plane having the craft under complete control with some margin to spare.
Upon receiving the marker indication that he is passing over the boundary
of the field the aeroplane speed may be adjusted to slightly over the landing
speed. The landing is therefore at a speed approaching the normal landing
speed of the aeroplane landing under normal visibility. The still further
advantage is that the landing glide may be started at any desired altitude of
any range, for example, 500 to 5000 feet. The special high frequency
receiver is illustrated in Fig. 139 and the installation of the same apparatus
is shown in Fig. G upon the aeroplane. The circuit used for this special
high frequency receiver is shown in Fig. 136 and the transmitting circuit in
Fig. 138. The vacuum tube oscillator itself of the ultra high frequency type
is shown in Fig. 135. All during these operations it is not necessary for the
pilot to do any tuning and furthermore, since the line of constant field intensity is followed, no volume control is necessary.
The operations necessary for the pilot_to follow (see Fig. 141) in using
this new system are given below. It is, of course, necessary that the associated flight instruments are available and installed on the plane to insure
stability. When the medium radio frequency receiving set is tuned to the
main radio range beacon (280 kc) and indications as to the correct course
leading to the airport on the reed indicator, automatic volume control being
provided the pilot need not bother about this feature. Fig. 141 g:vcs you
a prospective view of the aeroplane approaching the field along the radio
range beacon. Of cotrse an indication will be noted by the pilot as he passes
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Information as to wind direction velocity will be

arairitted to him by radiophone from the control tower of the airport
oroftded this factor has to be taken into consideration. As this system
is fe schedule flying it is assumed that the pilot has a knowledge of the
Iodation of the airport with respect to the radio range beacon transmitter
station.

The pitot will then make a wide circle. of the field in a counter -clockwise
direction. He will switch over his medium frequency receiving set to tune
M the POnway localizing beacon. Arriving in this beam he will then throw

the switch which places the landing beam receiving set in operation and these
are the only adjustments of the radio equipment required of the pilot during
the entire landing manoeuvres. The reed indicator now serves to keep the
pilot on the axis of the.runway on which it is desired to land, the automatic
volume control eliminating the necessity of any sensitivity adjustments in op crating the transmitter. At the same time the rough distance indicator informs
him of his approximate distance from the transmitter. As the plane comes

within the field of the landing beam the Landing beam indictor tells him
whether he is flying above or below the normal gliding path. See Pigs. 137
and 142. The altitude of the plane is then adjusted to hold this pointer on
the midscale position, thus bringing the plane down along the gently curved
path tangent to the surface of the runway at a predetermined distance from
the landing beam transmitter. It is necessary for the pilot to keep accurately
on the runway beacon course and at the same time following down on the
landing beaurP path. This is facilitated by reducing the aeroplane engine
speed so that the landing speed is just slightly above normal. This, of course,
also helps the actual landing. The runway beacon course accuracy should

be kept within ± 3 degrees. This is necessary in order that the landing
beam may be encountered liead-on; otherwise a landing path steeper than the
one desired would be followed. It is not difficult to follow the course of
the necessary accuracy since a variation of ± 1 degree may be observed on
the reed indicator.
A certain, distance from the landing field boundary line the pilot begins

to hear the 1000 cycle signal through his head phones from the boundary
inarkar loclicon. This signal first increases gradually, reaches a maximum
then decreases to 0 and begins again. The principal idea of this boundary
marker is to establish a definite period after which the landing beam indi'cations become of first importance. It is then possible to throttle down the
engine to landing speed and manoeuvre the plane to follow the landing path
accurately to the actual point of landing.
The above described system is, of course, limited to a given wind direction. Hdwever,ahere arc unlimited possibilities of expansion to take care of
this feature. It is unusual to have dense fog accompanied by a strong wind.
However, blinding snowstorms, heavy rains and similar conditions often
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offer almost as great limitations to visibility as fog. The factor of wind
direction cannot be neglected in the general problem of blind landing Dm'
developments arc now in progress with a view to making possible blind Landings into the wind regardless of wind direction. This will probably be read-

ily accomplished by having the marking beacons and beam beacons on'in
adjustable device so that they can be regulated to suit the wind conditions.
In this case it would probably be of great assistance if the pilot were perfectly
familiar with the various landing fields following his route so that he would
be prepared to pick up the beams in whatever direction they might be pointed.

Fin. 134

Behr Transmitter for Guiding Aircraft (in relation to altitude).
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Fig. 13S

Ultra High Frequency
Oscillator for Airport Altitude
Guiding Transmitter.
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Fig, 139

Constraction of
the receiver
as installed
on the platk-.
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Typical Airport with Radio Guiding Beacons and Showing Course Taken by Planc
to Land in a Fog.
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Radiation front the Ultra Short Ware Guiding Transmitter.
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Plotted Graph Showing Relatittn of Mzxinturn Radiation to .F.ustst:u.t Vicld Strcogilis
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Fig. 144

The London Airport, Croydon. Interior View of the New Tranmnitting

Coninting of hunt Marconi 3 KW Atrodrceoe Grouixl Transmitters, fur r:i.ticr
Tefrphony or Tekgraphy.
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Fig. 145

on Aerodreme, Interior of the Control Tower, Showing Operators receiving
on Two Marconi Type RG 14 Directional Receivers. %%Nell Enables Simultaneous
Reception and Directicnial Finding al Two Different Transmitting Stations in the Air.
Cr

Fig. 146
Marconi Type A.D. 22 "Light P:ane" Combined Radio Receiver and Transmitter. Total
'Weight apFrox. 80 lbs., Receiver site 20"x9"xr.
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ULTRA -SHORT WAVES FOR LIMITED RANGE COMMUNICATION

The following description covers a series of ultra -short-wave experiments conducted by W. J. Brown of Uxbridge, England. The id'.a was to investigate the possibility of using ultra -short waves on the order of two meter,
or lower, for communication purposes.
A fair amount of experimertal work had already been carried out on
methods of producing short-wave oscillations of limited power, and this had
TO ANODE

TO FILAIV.E NTS

TQ GRID

TO ANODE

TO GRID

1.14

SUPPLY

LEADS

Fig. 134 (a)

shown an arrangement, comprising a pair of ordinary 5 -watt tubes having
their bases removed and their corresponding electrodes connected by straight

parallel conductors, to be satisfactory. Two varieties of this kind of oscillator had been tried, as shown in Figs. 134(a) and 134(b). In the first of
these, the tubes are located at the extremities of a perfectly straight system of
conductors, while the leads for supplying energy to the system are connected
to the mid -point of the straight -conductor assembly. In operation°the straight -

conductors form, together with the interelectrode capacities of the tube, an
oscillatory circuit, and if the conductors are suitably arranged so as to obtain
correct phasing of the anode and grid voltages, the tubes will generate oscillations at a wavelength depending upon the length of the system.
As the arrangement is symmetrical about the mid -point of the conductor
system, this point is a potential node on the oscillatory circuit and provided
the power supply leads are connected to this point and taken away roughly at
right angles to the oscillatory circuits, no radio -frequency, currents will flow
in the supply leads and there will he no power loss on this account.,
Since the length of the oscillatory circuit is a considerable fraciftimiif a
wavelmgth, a fairly high percentage of the radio -frequency energy produced'
will be radiated into space, and the transmitter thus forms, to a certain extent,
its own antenna, though the radiation is improved by coupling to the transmitter circuit d regular half -wave antenna.
hi the second type of oscillator shown in Fig. 134(b), high -frequency
radiation is minimized by doubling the oscillatory circuit bac). upon itself so
that the currents in the two halves of the circuit produce equal and opposite
fields at a distance.
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This type of oscillator was used in the earliest communication experiments. The radiating system comprised a half -wave antenna which was
broken at its mid -point and connected so as to include a short length of the
tube oscillator circuit (sec Fig. 134(c)). By adjusting the points at which the
two halves of the antenna arc tapped on to the oscillatory circuit, the loading
imposed on the oscillator by the antenna may be varied at will. The dimenANODE
SUPPLIES

GRID

OSCILLATORY
CIRCUIT

ELEVATION

CONDUCTORS

SUPPLIES

/A .-______

F
'------F
PLAN
Fig. 134 (b)

sions of a satisfactory arrangement, with reference to Fig. 134 (c), were as
follows:

total length of oscillatory circuit (0 A -0 B) = 50 cm
= 100 cm
total length of antenna (U X -V Y)
length of common coupling circuit (X 0 -0 Y)=5 cm
distance apart of parallel circuits (X Y) = 1.25 an
type of tube employed
wavelength

Marconi LS5
2.00 meters

The radiation was estimated by a small hot-wire ammeter loc.ated in the antenna circuit at X or Y. Typical results for the arrangement were
550 volts
r.m.s. a -c voltage applied to anodes (500 cycles)
=
50
milliamperes
average value of plate current
.0.3 amperes
antenna ammeter reading

ItA.6tild be noted that the antenna ammeter reading is useful for comparative purposes only, and its absolute value is subject to considerable clot- at
such high frequencies.
RECEIVING A enARATus

The next question was to decide on the most suitable type of receiver.
Heterodyne re;2eption appeared at the time to be out of the question on account of the difficulty in maintaining the extreme constancy of frequency requtred (a constancy of the order of one in ten millivn), and greater sensi-
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Fig. 134 (c)

tivity vas required than could be obtained by using an a -c transmission and
a regenerative receiver. The super -heterodyne again was considered too
critical in its demands for constancy of frequency. The super -regenerative or
periodic -trigger type of receiver appeared to be the most promising since this
combines the qualities of extremely high sensitivity and flatness of tuning.
Experience with this type of receiver at wavelengths of the.order of 20 to
100 meters had already shown it to retain these properties at short vrtvelengths, and furthermore, they showed that at such wavelengths this type of
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receiver lost its objectionable uncontrollability and became in fact unusually
easy to manipulate. The quenching frequency may be well above audibility
so that the circuit does not have the objectionable high-pitched whistle that
occurs with long -wave reception; for the two -meter receiver about to be described, a quench frequency of 300,000 cycles was employed.

2
2 RADIO RECEIVER TUBES -T

2

n

O
C

FIXED SUPPORT FOR

RADIO TUBES

dr

AC

WIRES DIPPING
INTO MERCURY
4 MERCURY -FILLED
U -TUBES

METAL BAND

r

AROUND UYUBE

SCREW & NUT
MECHANISM
SLIDING SUPPORTS

FOR U -TUBES

LEADS OFF TO SUPPLIES AF
AND QUENCH FREQUENCY

CIRCUITS

TUNING
CONTROL

Fig. 134 (d)

The adjustment or control of the short-wave tuning of the receiver presented a new problem; it was considered inadvisable to employ a variable
condenser, hotiever small, for this purpose on account of the desirability of
keeping the L/C ratio as high as possible. It was finally decided to employ a
circuit similar to that used for the transmitter shown in Fig. 134(c), and to
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adjust the tuning by varying the length of the straight oscillatory circuits
OA, OB. This was carried into effect by mounting the U-shaped oscillatory
circuit in a vertical position and making the lower portion of it consist of a
system of ebonite U -tubes filled with mercury, while the upper portion comprised a set of straight rods sliding in the U -tubes. Tuning was effected by
raising or lowering the U -tubes, thus shortening or lengthening the circuit.
The arrangement is shown dia.gramatically in Fig. 134(d). The antenna coin.
prised a quarter -wave vertical type attached to a metal band encircling one
limb of the U-tube connecting the grids of the radio tubes.

SAv OSCiLLATts4
DETECTOR Ce Mj

OuENCI+

°stn. LAtaa (comm.)
on,

r^..

I

itiOv

It' SUPPLY

041

9V
+A 6V.

- A+8
A0010 AMPLIFIER

Fit. 134 (e)

The apparatus just described comprises the oscillatory detector unit of
the short-wave super -regenerative receiver and its position in the circuit is
indicated in the receiver diagram, Fig. 134(e). In the practical layout of the
portable receiver employed for the tests, this oscillatory detector unit..wit), its
antenna was mounted on the top of a copper -lined wood box meastis::.:;,T.
roughly 24 in. long by 14 in. wide by 1 I in. deep; this box contained the whole
of the quenching -oscillator and audio -amplifier circuits as well as the batteries
and loud speaker.

The only portions of the receiver which were external to the screening
box' were the oscillating detector and its antenna, the loud-sr maker horn, and
the controls. All the controls were mounted at one cnd of tae coppzr-lined
box, including the short-wave tuning control which operated through a bevel
gear and a screw-and!nut movement to raise and lower the U -tubes.
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In the tests, the transmitter referred to above and shown in Fig. 134(c),
was supplied with alternating current at 500 cycles, and the receiver picked out
this audio -modulation frequency.
RANGE TES1 S

Preliminarytrials indicated that a range of the order of several miles was
to be expected, and a series of tests was therefore carried out along the coast

of North Wales, to make definite observations of the range_ The North
Wales.past was chosen for these experiments since it comprises a number of
wide bays, across which signals could be transmitted without the intervention

of land. Since the possible applications of the system are principally for
maritime purposes, the above tests simulated the working conditions which
wvilt1 be encountered in practice_

YL

C.

NORTH

WALES

O

34..m.c or mours

Fig. 134 (i)

For the purpose of the tests, the transmitter and antenna complete were
mounted on a 7 -ft. vertical ash pole and the necessary low -frequency power
was supplied through a four -core flexible cable. It should be noted that this
cable carried no high -frequency currents and that. the transmitter is so small
and light that it may be mounted together with its antenna in any convenient
position, remote from the power source and from the keying position.

Anode 'power supply for the transmitter. was taken from a generator
mounted on an automobile, delivering 500 volts at 400 to 500 cycles, the averagifiliate current being 50 milliamperes corresponding roughly to a power of

20 watts. A supply for the filaments. (5 volts, 1y amperes) was taken front
the car starter battery and all control and keying operations were effected
from a small control box mounted on the running board of the car. In op
eration an antenna anuneter reading of 0.3 was obtained.
The receiver was carried around in a second automobile and the procedure,was to!,t. rect the transmitter at some convenient point on the coast and

to explore the'signal strength along the coast with the portable receiver. The
results of some of these tests will now be given, and Ecference may be made
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to the map in Fig. 134(f) for the location of the transmitter and receiver
during the tests.
EFFECT OF HEIGHT ON SIGNAL STRENGTH

It was quickly verified that signal strength varied considerably with variation in the average height of the line of transmission above the intervening
country or the sea, as the rase may be, and the following is an example of
tests taken which will illustrate this point:
Transmission was carried out at point A, Fig. 134(f) from a position on
the sea front 15 ft. above sea level, reception tests being made at point B, 42
miles distant. At point B a railroad embankment runs dose to the sea; between the bank and the sea is a stretch of level shingle 100 yards wide and
about 15 ft. above sea level. At the top of the railroad embankment (25
ft. above the shingle beach) signals were of strength R7. One-third of the
way up the bank, on the sea side (9 ft, above the shingle beach) the strength
was only R3-R4. On the shingle beach itself no signals were received.
In another interesting comparison, the signal strength when transmitting
from point A, 15 ft. above sea level, was R5 at 6% miles (point C) and R3
at 8/ miles (point D), the receiver being in each case at the top of a bridge
over the railroad, about 20 ft. above the surrounding country, which itself
was not more than 15 to 30 ft. above sea level. On the side of a hill (point
E), at a distance of 8 mites from the transmitter, and at a point 815 ft. above
sea level the strength was R7. In this case there were hills intervening between the transmitter and receiver which prevented a direct view from one to
the other; on the other hand the "line of transmission" was well above the
intervening country.
The transmitter was next moved to a part of the coast where high cliffs
prevail and was installed at the top of the cliff at point F, about 400 ft. above
sea level. Signals were nnw of great strength R9 at points G and ff which
were 10% and 12% miles distant, respectively, and about 25 ft. above sea
level.

Unfortunately time did not permit of the ultimate range being de-

termined under these conditions.
REFLECTOR EXPERIMENTS

Tests were made with a portable parabolic _reflector to determine the-isle:4
provernent in signal strength and also the degree to which the signal strength
could be reduced in the unwanted directions. The reflector comprised 50
aluminum wires 18 gauge, each 1 meter in length, suspended vertically around

the circumference of a parabola of focal length 50 cm, the "aperture" or
greatest diameter of the parabola being 5 meters (i.e., 2% wavelengths).
Transmission was carried out from point A, with the reflector directed
towards point C. Transmissions were made alternately with and without re-

flector, and reception tests were made at various points in the immediate
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locality behind and to the side of the reflector and then at various points along
the coast in front of the reflector. In all cases the receiver was purposely

rendered insensitive by detuning the antenna, so that the louder of the two
signals was of just comfortable strength, otherwise comparison would have
been impossible. The results of these tests were as follows:
Receiver location
Local
Local

L
C

Deviation front
center of beam

Strength
with reflector

Strene-th
without Reflector

160 deg.
128 deg.
80 deg.
21 deg.
8 deg.

R2
R2
R4
R5
R7
R7

R5 -1I6

0 deg.

R9
R9
R2
R3
R2

The code of signal strength employed above is as follows:

R1 Signal just audible but unreadable
R4 Signal just -readable
R7 Signal of comfortable strength
Intermediate values estimated accordingly.

The tests of which the above ate typical examples indicated that
range obtainable over sea at a wavelength of only two meters is quite a useful
one for certain particular purposes which will be discussed later on. Meanwhile, other tests were made under conditions other than oversew conditions
as a matter of general interest.
With the transmitter installed at ground level in an open courtyard near

the center of a city, reception was carried out in an automobile in the city
streets up to a distance of a mile. At this distance the signal strength varied
greatly according to whether the sstreet in which the receiver was located ran
along or across the line of transmission, the greater strength being of course
obtained in the streets running along the line of transmission. The overhead
wires belonging to the street -car system did not have a very serious effect;
sometimes they weakened and sometime.s they strengthened the signal. Where
the street, passed under a street railroad bridge, however, a distinct shadow

With the transmitter located on the roof of a 50 -ft. building rtcar the
city center, reception could be obtained almost without interruption for a
distance of two miles through the streets.
Tests made in the open country indicated that the range depended very
largely on topographical conditions and varied front 4 to 15 or 20 miles. Good
reception was. obtained when the line joining transmitter and receiver aver-.
aged a good height above the intervetting country and also when the ground

at the receiver end sloped down towards the transmitter. Contrary to a
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popular belief, however, it was not necessary that the transmitter should be
visible from the receiver; the average height of the line of transmission and
the slope of the ground appeared to be the determining factors. Reception
could be carried out even inside sheet -steel structures where it might be expected to be itnpossible on account of screening effect.
LIMITED-RANCE FEATURE

In "long -wave" radio communication a portion of the received signal is

due to the direct or "ground" ray and a further portion is reflected or refracted down from the Heaviside layer. At short distances we receive chiefly
the ground ray, but as the distance increases this becomes rapidly attenuated
and we become more dependent on the reflected ray for reception.
At shorter wavelengths, between 10 and 20 meters, we do not begin to r..e
ccive the reflected 'ray until we have gone some distance beyond the limiting
range of the ground ray. The assumed reason for this "skip zone," in which
no signals can be received, is that the 20 -meter wave is incapable of reflection
through such a sharp angle as arc the longer wavelengths, so that it may not
return to earth until a distance of 1.000 miles or so has been covered. As the
wavelength is still further reduced, the "skip distance" increases and there is
every reason to suppose that below a certain wavelength the reflected ray will

never return to the earth at all.

A. Hoyt Taylor has collected together a

large amount of experimental data and has correlated this with the ray theory
in an attempt to estimate the shortest wavelength at which long distance signals can be received.

The minimum wavelength for long distance reception appears to vary
from about 25 meters on winter nights to something of the order of 7 meters
under abnormal summer conditions. He suggests that possibly very occasional long-distance reception might be obtained at 5 meters. It would thus
appear justifiable to assume that a wavelength, of 2 meters will be immune
from the possibility of long-distance pick-up under all conditions.
T. L. Eckersley has also discussed the "short-wave limit" and has given
an alternative explanation on the "attenuation theory" as distinct from the
"ray theory" as A. Hoyt Taylor and others. Eckersley places the short-wave
limit at roughly 7 meters in darkness and 8 to 10 meters in daylight under
normal conditions.
Asisuming the above evidence to be correct, the all-important result follows that the two -meter system will have a limited range which can be determined qt will since it will depend simply upon the ground attenuation, which
is constant, at any rate over sea. For instance, if it is desired to signal over
a distance of 10 miles, the transmitter power and height can.be adjusted to
'suit this range when it can be safely predicted that the signal is inatpuble of
being picked up outside a radius of say 20 or 30 miles at the same level. Svch
limitation of range has'never been possible before, :for however low the trans-
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mission power there has always been the possibility of "freak" reception at
great distances owing to reflection from the IIeaviside layer.
DIRECTIONAL TRANSMustoN

To produce a concentrated "beam" we must have a reflector which is
several wavelengths in breadth and possibly in height. If the reflector size is
limited, as it must be on a ship or aircraft, we realize that conversely in order
to obtain a beam the wavelength must be short in comparison with the possible dimensions of the reflector. The two -meter system requires a reflector

but a few yards in length, while still shorter wavelengths and staller dimensions may perhaps be attained by using the special oscillator construction to
be described later. It should be noted that the superficial area of the reflector
win decrease as the square of the wavelength.

The "beam" feature in conjunction with the "limited range" feature
might be expected to ensure that when sending to a point 10 miles distant the
signal cannot be picked up outside a 3 or 4 mile radius in the wrong direction.
RADIO -FREQUENCY Montruertor;

By modulating the two -meter wave at a radio- instead of an audio -frequency we have a transmission which can be received tinder certain conditions
by an ordinary super -regenerative receiver. It can only be received, however,
if the quenching frequency is adjusted so as to give an audible beat note with
the modulat:on frequency. Hence anyone attempting to intercept the transmission has to adjust his receiver to two independent frequencies simultaneously. Apart from the advantage of secrecy, the number of possible
channels of communication is enormously increased, since a large numl.er of
independent transmissions may be made at the same short wavelength by using
different modulation frequencies, e.g., 150, 175, 200, 225, 250, 275, 300, etc., kc.

The short wavelength may be fixed. or adjustable between narrow limits
only, thus leaving the operator free to concentrate his attention on adjusting
the long-waTe tuning. We should visualize an ordinary 150- to 500-kc
transmitter at one end and a 150- to 500-kc. receiver at the remote end. The
ontal Liifference between this and an ordinary long -wave system is that instead
of supplying say, 300-kc. power to an ordinary long antenna, this power will
be supplied to a small two -meter oscillator and antenna which will preferably
be slung at the top of a mast, the same principle being adopted for reception.
This is illustrated by Fig. 134(a).
It is of course realized that there is nothing new in modulating a radio
transmijter at 4, lower radio frequency, but this becomes more practicable the
shorter the wave on account of the greater difference between the carrier and
modulation frequencies.
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COM MERCIAL APPLICATIONS

The above characteristics immediately suggest a number of commercial
and other applications such as the following:
(1) For signalling between neighboring ships, between ship and shore,
or between aircraft and ground in case of fog. (2) For communication over
short distances where absolute secrecy is required. (3) It has been suggested
icebergs, etc., might be detected by such a short-wave beam, on the reelection
principal. (4) The system might have some application to television tri"rfs.
mission in that the shortness of the wave permits of an unusually high modulation frequency.

CHAPTER VIII
Short -Wave Broadcast Receivers
There are a number of short-wave broadcast receivers now on the American market all built more or less along the same lines. For comparative purposes illustrations and the schematic wiring diagrams will be given. Most of
these sets arc made both for battery operation and for AC operation. The
AC sets have the advantage of greater amplification due to the high amplification obtainable with AC tubes. The battery operated sets have the advantage of greater stability and freedom from any electrical disturbances due to
power pack operation.
Fig. 148 gives the schematic wiring diagram of a typikm1 short-wave receiver. This set differs somewhat from the more simple short-wave receiver

inasmuch as it has only one stage of tuned radio frequency (screen grid)
ahead of the regenerator detector. In a short-wave circuit having only a
regenerator detector ahead of the audio stages considerable skill and patience
arc required to obtain satisfactory results. This is particularly true in regard
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Schematic Wiring Diagram, Short Wave Receiver Using Battery Type Tubes.

to tuning very weak signals. The addition of the radio frequency stage has
the effect of adding sensitivity to the receiver making the tuning apparently
broader and in consequence the matter of locating distant signals is facilitated.
Coils are available extending the range above 200 meters to 500 meters for
regular broadcast reception. The degree of selectivity obtained in this upper
wavelength range would hardly be selective enough for operation in congested
districts. It is not intended for this purpose and reception on the broadcast
wavelengths is provided to enable reception with the receiver located at outlying portions of the country. From this schematic diagram in Fig. 147 of
the AC model it will be noted that the tube arrangement is exactly the same
with the exception of AC tubes being used. There is one stage of tuned radio
frequency amplification, regenerator detector, first and second audio stages.
!The question of eliminating AC hum from the short-wave regenerative receiver involved considerable experimental and development work. This hum
was particularly noticeable when the regenerator detector was working dose
to the oscillating point. One annoying hum was traced to the detector tube
itself due to the method of construction of the heater cathode. In the regular
227 the heating element is.not entirely surrounded by the cathode. A special
type 227 tube was developed by Pilot having the heater element entirely sur-

rounded by the cathode which reduced the residual hum to' a negligible
amount. The type 227 tube has been retained for the last audio stage in reference to a power tube due to the fact that the heater type tube is superior
for lidid phone operation giving a minimum of hum disturbance. In an AC
short-wave receiver the design must be carried out very carefully to eliminate
sources of other hums caused by oscillating circuits consisting of the various
components of the radio frequency chokes, condensers, etc. When the final
receiver is put under its first tests these hums will be apparent and must be
traced and eliminated by altering the components.
Another standard short-wave receiver is shown in Fig. 149. The tube
arrangement consists of a 224 screen grid radio frequency stage, 227 detector.
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n; nrst itulio and two 245 push-pull for the power output amplifier. The
power pack rectifier tube is a type 280. The antenna circuit in the radio frequency stage is not tuned. The detector is regenerative with a fixed tickler
coupling. Four interchangeable coils cover a wavelength range of 16.6 to
195 meters. Two additional coils are also available to extend the range up
to 592 meters. The receiver is claimed to be free from objectional AC hum
throughout the broadcast and short-wave band, though under certain conditions for the range around 30 meters an objectional hum may be encountered
due tolieculiar line conditions. Fig. 151 illustrates the model "C" short-wave
receivei which is probably the first one of this type to have two stages of
radio frequency amplification ahead of the detector. The schematic wiring
diagram is shown in Fig. 152. This design is far more elaborate than the
rectilar short-wave designs previously available as the matter of cost and size
has not been taken into consideration the first thoughf being to secure maximum results. Each radio frequency stage and the detector stage arc built in
a separate shielded compartment. The three audio stages arc contained in
a fourth compartment. It will he noted that there is considerable space between
the radio frequency transformers and the shielding to insure mininlum losses
from absorption. The variable condensers arc placed on the rear tube shelves
close to therlatlio frequency transformers and tubes so that the length of the
interconnecting leads is at a minimum. The mechanical control between the

condenser and the front tuning dials is in the form of a cord. At the same
time the reduction between the front panel and the condenser is 12 so that the.
front tuning dials can be moved very gradually for fine adjustments. This
also provides a full 360 -degree scale on the indicators which makes it possible
to record the calibrations more accurately. The system of having independent shielding containers for the various stages has worked out very successfully in receivers for the broadcast band due to the fact OW this double shield
ing reduces "skin effect" coupling to an absolute minimum. The push-pull
power amplification was not used in the audio stage because it was believed
that on weak signals there would not be sufficient over-all amplification to

Fig. 149

Typical Short Wave

Regenerative Radio Receiver.

Exterior View.

Fig. 150

0*
22i

Short Wave Receiver Schematic Wiring Diagram.
In this design there are two stages of tuned radio frequency amplification, a -24 screen grid detector. -12 first audio amplifier
(resistance coupled) and a Pentode output tube. This receiver was designed for automobile installation, and therefore while three
A/C.r.lits are used, they are operated from a battery. Using A/C tubes allows greater amplification per tube and freedom from
microphonic disturbances. This- combination of tubes gises the desired results with a minimum number ofrsubes.
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Fig. 151

ltodel C Toned Radio Fregoeney Short Nt'a4.e Receiver. The Radio and Detector
Stages are in Separate Compartments to Allow 100% Shielding.

work such push-pull power tubes to full output. The method selected uses
three progressive stages. With this arrangement even the weaker signals
passed from the first detector to the audio amplifier can be built up to good
volume fur head phone or even loud speaker reception. The audio transformers used are of high quality
provided so that either phones or loud speakers can be used at any of the
stages. The indicating meter is not permanently connected to any part of
the set. Flexible leads are provided so that all the A, B, or C voltages can

he read, the meter having two scales -0 to 8 and 0 to 200 volts. Flexible
leads arc used as permanent wiring would interfere with the working of the
receiver.

Compared with ordinary short-wave sets using a minimum number of
interchangeable coils, the model "L" has a total of six coils covering 15 to 200
meters with a reasonable overlap between coils. As maximum voltage amplification is obtained with a circuit having high inductance and low capacity the
use of six coils gives a greater over-all efficiency than a circuit using a smaller
mmtber or coils. The mechanical shape of the coil to give best electrical re-

sults has been worked out very carefully. For example-the coil having a
certain range might have one turn of wire 12 inches in diameter or 100 turns
of wire on *inch diameter. For radio frequency work neither of these two
extremes would be satisfactory and it is obvious that the optinnun shape and
dimensions fall somewhere between these extremes. In this design these details have been worked out carefully and the various radio frequency and
other inductances throughout the wavelength range give a high degree of
tin; form effici

The antenna input circuit is arranged to accommodate different types of
antennas. In addition to using a regular antenna the .set can also use a dirig-

n--

Fig. 152

Scherr.atic Wiring Diagram. Model "C' Short Wave Receiver. Note First Radio Frequency Stage is Indirectly Resistance Coupled
to Allow Operating that Tube at the Highest Possible DZ'gree of Efficiency. Where Battery Drain is not Important, the EittlIVi
lent Tubes of the A/C Type Can he Used and
Increased Overall Sensitivity.
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Fig. 153

Shirt V'as'e. Super-11ctcrod)ne
Ad-Apter, Showing Interior
Ccmstruction. Which includes a

Small lluiltin Power Pack,

ible type or a wave antenna. It was previously mentioned that last results
were obtained by using a very small condenser and a relatively large coil for
the tuned circuits. This has the disadvantage of requiring a large number
of coils.. This disadvantage is further emphasized when it becomes desirable to tune wavelengths above 200 meters. For the range of 200 to 600
meters it would require either three or more sets of coils for the set. It is be -
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Schematic Wiring DiagrAtn, Short Wave, SuperIletcralynt Adapter.
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Fig. 155

Typical A. C. Short \\rime
Rtexiver Including
Built-in Power Pack.

lievcd, however, that the matter of short-wave design is a problem by itself
and attempts should not be made to extend short-wave receivers into the
broadcast hand except for unusual conditions. Likewise for the reception of
wavelengths below 15 to 20 meters the problem of design is again separate
and distinct and requires another type of receiver. The Anny, Navy, and
commercial companies use special separate receivers to cover different bands

Fig. 156

Schematic Wiring Diagram of the A. C Short Wave Receiver Shown in Fig. 155. "Me
a Fentode is Used in the First Radio Stage.

SHORT WAVES

283

.-4.V4g-ths during their regular work. They do not make any attempt to
design a9receiver which covers a wide range of wavelengths because it is

known that it will not be highly efficient.
The second radio frequency stage can be disconnected if desired, it only

being necessary to remove this unit and then connect the antenna stage directly to the detector unit. In this unit the plate circuit is tuned which on account of using the screen grid tubes is the most satisfactory method. As
small inductance in the plate circuits does not present an efficient arrangement
for naning, an ingenious method of indirect plate coupling is used with excellent results. This is shown in the schematic diagram. Vernier condenser
adjustments are provided on the tuned stages. Individual voltage regulators

are available so that each tube can be regulated to its maximum point of
efficiency. The containing cases arc constructed of aluminum and are at
ground potentials thereby being free from body capacity effects. All the
high frequency returns are blocked with radio frequency chokes, by pass condensers, etc-, a very large number being used throughout the receiver.

The idea of using a variable inductance, usually in the form of a
variometcr, tuned by a variable condenser to obtain a wide wavelength range
is not an efficient method. This system has been used in long -wave receivers
years ago and discarded. Adjusting a variometer over its tuning scale it is
found that with the inductance at a maximum, the coil is suitable for efficient
tuning. However upon adjusting this type variable inductance toward its
minimum value, the distributed capacity and losses encounted raise rapidly
and the arrangement becomes more inefficient proportionally. Individuals
offering designs involving this particular feature show a decided lack of radio
receiver design experience and it is surprising the various radio editors accept the articles for publication as having any merit at all.
The ordinary broadcast receiver of the tuned radio frequency type espe-.
daffy one having high selectivity is suitable to be adapted into a Super -Heterodyne system for short-wave reception. In this case the radio frequency amplifier of the tuned radio frequency set is used as an intermediate frequency
amplifier for the Super -Heterodyne. The regular detector is used as a second
detector and the following audio amplifier is used in the regular manner. To
complete the circuit into a Super -Heterodyne there is required a first detector
and oscillator. In some systems one tube is used for both of these functions.
A Super -Heterodyne adapter made along these lines which is illustfated in
Figs. 153 and 154. As it is not convenient for the average layman to make
the necessary connections to supply the adapter with filament plate and bias
voltages, there is included a small power pack built in as a component part of
the complete adapter. As the power requirements are small a 226 tube is
large enough for the rectifier. A 227 is used for the oscillator and a 224 is
used as the first detector. This idea of having a built-in power pack makes
ne adapter suitable to use with any receiver regardless of the type of tubes
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used or the voltages available.

All that is necessary to do is to tonneceifie.
antenna and ground to the adapter and connect the adapter to the' input of
the tuned radio frequency receiver. The receiver itself is then set at some
frequency between 800 and 1,000 kilocycles depending somewhat upon local
interference. The two -tube adapter is then tuned to cover the various shortwave hands. The center dial controls the beating oscillator and the small left
hand dial controls the antenna tuning. A number of interchangeable coils
are provided-usually four sets-covering the approximate range of 16 to 31

Fig. 155(a)
DcForest Short Wave Receiver, battery operated. Circuit consists of radio stage. detector
and two Audio stages.

meters, 30 to 56 meters, 55 to 104 meters, 103 to 195 meters. Similar adapters

to use with the high -power "Phantom" and "Silver Ghost" broadcast receivers were described in the 1928 edition of Modern Radio Reception. In
adapter of this type in connection with a broadcast receiver it must
be expected that interference will be received from stations of different wavelengths. A high degree of selectivity is possible only by having a band pass
filter tuned to the high frequencies and placed ahead of the first detector. It
was also found that when using short-wave adapters and frequency changers
using

in districts having a number of high-powered broadcasting istations in the
vicinity, these stations will he received on harmonics, that is, a station operating on 560 kilocycles may be heard on 2,240 kilocycles, 4,480 kilocycles, 8,f.'(/0
kilocycles, etc., depending upon the harmonic cortd;tion of the transmitter. It

1
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so..;f ...was high-powered transmitters have surrounding metallic

objects such

as stewl lowers. guy wires which absorb energy and re -radiate it at short
wavelengths. These signals can also be picked up at short distances front
such transmitters.
A SPECIAL SIIOAT WAVE SUPER-IIETERAIDVNE RECLIVER

On tlu1 shorter waves there is ninth less atmospheric interference than
obtained on the longer wavelengths. This desirable condition enables the use
of a tort wave receiver having a very high degree of sensitivity. In actual

Fig. 135(b)
Delco Automobile Radio. note provision fur cable conucciions
and remote control

Fig. 156

(a?

Short-Warc

ltvgetteratise Receiver.

A. C. Type.
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F. 156 (b)
Short-NN'ave Super -Heterodyne for Battery Operattor., Using Peanut Tubes.

Tube Arrangement; Detector-Oscillater-The Intermediate Stages-1)occtor-Two Audio Sines.

Fig. 156 (c)
Getman Te1efunken Sltort-Wave Receiver
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praetAe *WI a receiver of this type very strong signals can be obtained from
short-wavt transmitters and in many cases regardless of the distances
involved.

In the case of a simple short-wave receiver having only a regenerative
detector and audio amplifier, it is apparent that the overall amplification will
be very small. Likewise even with such a receiver having in addition a stage
of radio ft-glutcy amplification, the sensitivity will still be of relatively small
proportions.

le.making plans to secure more amplification additional stages of tuned
radio frequency amplification can be added. In the case of a receiver where
the wavelength range is confined to narrow limits, this would not be a difficult problem. On the other hand, assuming that it is desired to cover all the

short wave bands, a tuned radio frequency receiver having several stages,
while satisfactory in operation, would be complicated to 4erate due to the
number of variable controls involved.
The commercial companies in their experiments to obtain strong shortwave signals even from long distances have decided upon the Super-Hetcrodyne method of reception. In this system there is the advantage of 'simplicity
in operation, relatively high overall amplification and stability. In such a receiver the radio frequency amplifier and the overall gain obtained at that point
range
radio conditionS.
is really the
In simple forms the Super -Heterodyne is not exceedingly selective but meets
the requirements of amateur experimenters. For additional selectivity it is
necessary to add preliminary band-pass filters and it is difficult to construct
these to cover wide wavelength ranges.
A short wave Super -Heterodyne receiver having a degree of amplification far superior to any of the other short-wave receivers now available has
been developed and will be described herein. Fig. I 56(d) shows a front view
and Fig. t56(e) a plan view of the complete receiver which, however, does
not include the power pack. This is due to the fact that the power pack may
be of several different styles depending upon the tubes used in the receiver
arrangement., The design as outlined specifies the hest tubes which will give
the greatest overall amplification. Smaller tubes or tubes for battery operation.can be used with a proportional decrease in total sensitivity. The receiver
is really divided into three major sections of which (A) is the first detector

with its associated oscillator and power pack; (B) is the intermediate frequency amplifier with a second detector; and (C) is the audio amplifier together with power audio amplifier and the associated power pack.
In this method of reception the radio frequency amplification is carried
on at the intermediate frequency of 25o kilocycles through the intermediate
frequency anigiifier. Regardless of what wavelength is received, the tuning
ojethis intermediate radio frequency 'amplifier remains constant. To change
irom,one received wavelength to another, it is only necessary to change the

:Pig. 156
Ilan View Special Super-lIeterodrise Short -Wave Receiver, Showing Sub.Panels and Tube Locations.
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tuning of the antenna circuit and the associated super-hetrodynnuclator,
reducing the tuning operation to two controls. These arc shown ii the front
view as Selector t and Selector z. The other variable adjustments shown are
incidental to obtaining the desired degree of sensitivity or signal strength.
In commercial designs where each tube is worked to its maximum advantage, the mechanical placements and electrical shielding are carried to the
highest possible degree of efficiency. This is accomplished by having a separate shielded compartment for each individual tube. Furthermore, each of
these tubes is provided with all the necessary chokes and by-pass condensers.
For the matter of convenience this design has been simplified and while the

results obtained will not compare with the commercial product, the performance will be entirely satisfactory for all average purposes and far superior
to any experimental design so far offered.
As the interinediate frequency amplifier is one of the most important
considerations, the details 'of this circuit will be considered first. There are
four intermediate frequency tuned transformers associated with three screen
grid radio frequency amplifier tubes and a screen grid second detector tube.
These are shown in the upper right-hand section of the top view photograph.
It will be noticed from the schematic wiring diagram that both the primary
and secondary of these transformers arc tuned by variable condensers each
having a maximum capacity of .001 m. f. This system is followed to produce
a radio frequency amplifier having a sharp resonant peak as the overall degree of selectivity depends on this factor. As a matter of fact these condensers can be so adjusted that the overall degree of selectivity can be varied
as desired. It must be remembered that for perfect reproduction of the
speech frequencies, this amplifier must not be too selective or else distortion

will appear; the band width should be at least 5000 cycles. Articles have
appeared from time to time describing band-pass filters which add to the
degree of selectivity obtainable in a radio frequency amplifier. An advanced
experimenter could add such a b.Vd-pass filter to this intermediate frequency
amplifier if an exceptionally high degree of selectivity was required.
Each intermediate radio frequency.amplifier transformer consists of two
windings, a primary and secondary, both identical in specifications. Each of

these windings has a total of 68 turns No. 28 B & S, D.C.C. magnet wire
in a form 2. inches inside diameter and 3/32 inch wide, random wound.
These' pies are wound on a form, covered with hot carnarba wax and are
then ready for assembly. The inside diameter of these pies is 2A inches.
For matter of convenience in assembly the two pies comprising a transformer
can be mounted within a cemtainer preferably of a non-metallic material, Re-

ferring to the wiring diagram again, it will be noted that the variable cona nrtximum
capacity of..001 m.f. At about three-quarters of their maximum rapacity,
the resultant frequency with the above &scribal inductances is 250 kc. lisse
denser in parallel to either the primary or secondary winding

Complete Schematic Wiring Diagram, Special Short Wave Super -Heterodyne Receiver.

Fig. 156 (1)
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condensers can then be regulated so that the primaries and secorn:ciries'are in
exact resonance according to the degree of coupling employed. 14 giving the
specifications of the primary and secondary windings above, the !wall:mica]
distance between these pies was nut mentioned. When the pies arc concentric
and close together, the amplification is at a maximum but the degree of se_lectivity is at a minimum. Increasing the distance between the pies increases
the degree of selectivity and with a small reduction of amplification. It must
be remembered that experimenting with an amplifier of this type, when any
change is made in the distance between the primary and secondary winding,
the associated variable tuning condensers must be re -adjusted for resonance.
The radio frequency amplifier tubes are properly biased by having a resistance of 450 ohms in each of the cathode circuits. These resistors in turn
arc by-passed by a 0.1 m.f. fixed condenser. The screen grid bias, on Jlte
other hand, is arranged so that the voltage that may be applied to that point
is variable from 0 to 90 volts positive. This variation in voltage controls the
sensitivity of the intermediate frequency amplifier.

It .will be noted that the second detector screen grid voltage is varied
simultaneously to the same value as the intermediate frequency tubes. For all
ordinary purposes this is sufficiently accurate.
The intermediate frequency circuits are further by-passed by condensers

from each screen grid lead to ground and from each plate return lead to
ground.

Referring to the schematic wiring diagram Fig. 156(f) of the detector
circuit, it will be noted that the -24 tube is used as a power ctetector with
plate rectification. As the first audio transformer primary impedance is not
suitable for the detector to plate circuit, this transformer is indirectly coupled.
This is accomplished by providing the dctcctor plate with a resistance coupled
output circuit which in turn is capacity coupled to the first audio transformer.
On the secondary of this audio frequency transformer is connected a 250,000
ohm variable gain control regulating the input to the grid of the first audio

amplifier which is a type -27 tube_ This tube in turn is properly biased
with a 900 ohm resistor in the cathode circuit and the associate4 by-pass condenser. An important part of the dctcctor circuit is the .003 m.f. condenser
from the detector plate to ground which prevents radio frequency cursents
from entering the audio amplifier. If desired, this condenser can be replaced
by a more elaborate filter circuit consisting of radio frequency chokes and
associated condensers. For all ordinary purposes the method shown is the
most satisfactory.
From the first audio frequency amplifier the audio currents are fed into
the input transformer of the push-pull power amplifier which consists of two
-50 tubes. Across the secondary of this transformer, on one side only., is connected a .00025 fixed condenser to prevent unbalancing. In the plate cir-

cuit of the two -50 tubes is an output transfofmer, the secondary of which
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has a low impedance winding suitable to match the average dynamic speaker
moving...ccill.

For an output involving high impedances the loud speakers

7713]4be 5.annected between points Z and Y or W and Z. Reception with head

telephones may be obtained front jack connected in the plate circuit of the
first audio stage_

As mentioned previously, the tube arrangement shown in this design is

ideal for maximum results. In view of this, the power pack
one which
shown has specifications to match the receiver. It is, of course, understood
that if the tube specifications in the receiver are altered, the power pack will
be changed to match. For the tubes specified the power pack requires two
-81 rectifier tubes each of the half -wave type and so connected to form a
full -wave rectifier. The main power transformer, in addition to supplying
ei5Q volts AC for each of the two -81 tubes which is subsequently rectified
for the plate circuits, also has supplementary windings, one of 2Yz volts for
the radio frequency dete:tor and oscillator tubes, one of 7Y3 volts for the
two power tubes and one of
volts for the two rectifier tubes, these last
three mentioned voltages being for the filament circuits. Ordinarily, the transformer would be supplied for 110 -volt 60 -cycle operation. For operation
voltages and frequencies of different values the transformer would have to
be of special design, but these arc available.

The rectified alternating current is filtered and smoothed out by two
chokes and a series of reservoir condensers. One of these chokes consists
of the field winding of the dynamic speaker which should have a resistance
of 1,(X)0 ohms. This is shown clearly in the schematic diagram. The other
choke should have a capacity of approximately 100 rn.h. and capable of handling 150 milliamps. The reservoir condenser shown has three separate sections, one of 4 m.f. and two of 2 m.f. In the case where head phone operation
is used to great extent and there should be an absolute freedom from any
A/C interference, an additional reservoir condenser having a capacity of 8
ni.f. can be connected between the top of the voltage dividing resistance and
ground.

A voltalle dividing resistance having a total of 41,000 ohms is connected

between the high voltage point and ground. This resistor should have a
series of taps so that proportionally smaller values of voltage can be tapped
off as desired. The schematic diagram indicates that value of 180 volts is required for the plates of the radio frequency amplifier and for the prate of
the first audio amplifier.

The adjustable voltage regulator for the radio frequency screen grid
bias is connected between the minus points of the voltage divider and approximately 100 volts positive. Therefore, with the adjustable control the
screen grid bia$ can be regulated any point between 0 and 100 volts positive.
In the schematic wiring diagram given there is a separate power pack
showi for the first detector Leid oscillator. It is recommended that this pro-
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ccdure be followed if maximum results are desired. By using4his System
the various radio frequency currents are kept isolated in a moi-eoeffective
manner. This extra power pack is of relatively small capacity are) n'es a
type -26 tube as a rectifier which gives sufficient output for the -24 screen
grid detector and -27 super -heterodyne oscillator. This small power pack
has a filtering circuit consisting of a choke coil and two 4 m.f. reservoir
condensers.

Here we have the situation where the primary of the first radio frequency transformer does not have an impedance suitable for the plattslcircuit
of the first detector tube. Accordingly, the plate circuit is supplied with a
suitable resistance output coupling and the output in turn capacity coupled to

the primary of the first tuned radio frequency transformer. With a -24
screen grid tube and with a voltage of approximately 180, this couplitigaresistance should be approximately 300,000 ohms. The screen grid detector
has a cathode bias of approximately 10,000 ohms and is by-passed. The
screen grid voltage of this detector tube is given a fixed value of approxi
mately 67gr volts which is obtained by a drop resistor of 300,000 ohms value.
In a mort elaborate set this scren grid voltage could be variable which would

give an effective control on the signal input. The cathode resistor at this
point is variable.
In the antenna circuit the antenna is coupled directly to the grid of the
detector tube through a series antenna variable condenser. The adjustment
of this condenser is controlled externally and fur all ordinary purposes can
be regulated to a value which is suitable over a wide wavelength range for
any given aerial. Readjustment for extremely short vraves is essential. In

the arrangement shown, the coupling is only suitable for an average size
single -wire antenna. A more elaborate short-wave aerial could be used in
which case it would be coupled inductively to the first antenna tuning inductance. Ideas of this sort will be obtained from other parts of this book.

As far as the antenna tuning circuit is concerned, maximum signal
strength and efficiency will be obtained using the largest possible inductance
and the smallest value tuning condenser for any given wavelength. For the
matter of economy, four interchangeable inductances will cover a wavelength
range of approximately 19 meters to 200 meters. It is apparent, howaver,
that by having a larger number of interchangeable coils, improved results will
be obtained on certain bands. By obtaining the necessary interchangeable
coil forms, the experimenter can wind coils of different specifications to secure the results desired. This situation is also true in the interchangeable
inductances in the oscillator circuit and in designing coils to use at this point,
it must be remembered to provide sufficient coupling between the coils to produce oscillation over the entire wavelength range.
The necessary coupling between the detector grid and oscillator grid is
obtained by means of'a variable coupling condenser. This condenser is also
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adjustable internally and once properly regulated need not be divairbed for
all average purposes. It will be found in operation that if the valug,of this
condenser is too small, the signal strength will be impaired and on 1..?..e ocer
hand, if the value of the condenser is too large, there will be excessive
coupling between these two circuits which, under certain circumstances, may
prevent the oscillating circuit from functioning. Before reaching this last
mentioned extreme a condition will be noted where there will be a decided
"click" in tuning when the oscillator and detector circuits arc so tuned to
approach resonance.
Assuming the intermediate frequency amplifier is tuned to a wavelength
of 1,200 meters and remembering that the receiver may be used in different
locations throughout the world, it is possible that there will be a local transmitting station which transmits on a wavelength of 1,200 meters or approliimately that value. In this ease there would be considerable interference from
the local transmitting station as the simple form of preliminary detector circuit used could not discriminate against such a strong local signal. Under
such circumstances it is necessary to change the intermediate frequency wavelength to a value which will be free of such local interference. This can be

accomplished by regulating the individual variable condenser connected in
parallel to the primary and secondary winding to a value either lower or higher
than 1,200 meters as the situation may warrant.
The essential dimensions of the mechanical arrangement are given in
Fig. 156(g) and 156(h). It will be noted that the front panel is 29, inches
long, 11%2 inches high and that the containing cabinet has a depth of 12 inches.
Referring to the plan view, the detector and oscillator circuit are concentrated

at the left-hand end towards the rear on a sub -panel 63,4 inches deep, 11
inches wide, this panel being 5Y2 inches high from the bottom. There is a
sub -panel holding the two variable tuning condensers which is 11 inches long.

5Y3 inches wide and a distance of ag inches from the bottom. In the remaining portion of the rear sub -panel there is a series of compartments for
the radio frequency and second detector stages. Each of these compartments
are 6 inches wide and 43y inches long. Immediately in front of this compartment is another sub -panel 6 inches wide and 18V2 inches long which provides

space for the first audio amplifier and the two power audio amplifier tubes.
The case is made of 1/16" sheet aluminum, half hard temper.
Referring to the front view again, we find the two main station -selector
dials are to the extreme left, the first taking care of the antenna tuning and
the second regulating the heterodyne oscillator. Immediately below and to
the left is the antenna series variable condenser and to the right of that is a
variable adjustment to regulate the screen grid bias on the first RF tubes. Continuing to the right the next variable adjustment controls the screen grid bias
on the balance of the radio frequency tubes. The remaining variable adjustment is the gain control. for the input of the first audio amplifier tube.
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A jack is provided to enable head phone reception and at the -same time
the volume control is available to regulate the signal strength for trdirfiervice.
The two indicating meters are provided, one measuring the total cumentiver=
sumption of the two power tubes and the other measuring the current con-

sumption of the remaining two. Instead of having two milliammcters it
would also be possible to have one milliarnmeter read the total consumption
of the entire receiver and in the other aperture insert a naultiple-Jange high resistance voltmeter. It would not be advisable to make elaborate connections

between this voltmeter and the various circuits on account of the e.-Ivssive.
length of leads. It would be better to provide the voltmeter with flexible leads
and pick points so that the voltages could be measured at any points required.
The antenna and ground binding posts arc brought out at the front of
the receiver and likewise binding posts for the dynamic speaker. In the
latter case provision is made for both low and high impedance outputs. In
the first mentioned case the output is obtained from the secondary winding
of the output transformer and in the second case the output is obtained across
the primary winding of the output transformer with a protective condenser
in series to isolate the high voltages involved.
The interchangeable inductances and transformers fur the antenna tuning
and oscillator circuit arc all wound on forms having a diameter as indicated.
The coil data is as follows : (the antenna inductance).
Size

Coil
No.

%Vire

1

No.
Wave
Length.Range [ of Turns

28

200-119
120- 71

20
20
20
20
20

2
3

4
5

6

Turns per Inch

24

1

18
18
18
18

7

4

I

Diameter

22
22

21
12

74- 45

50-31
34- 22
23- 18

1

4

3°

,

1)4'
ixin
1g1"

I go
Am

I

The coil data for the oscillator inductance is as follows: (Form diameters
same.)
Coil

No.

'
,

1

Wave
Length Range

2

200-119
120- 71

3

74- 45

4

50-31

5

34- 22

1

6

r

,

e3- 18

I

,

1

Grid
Turns
24
21
12
7
4
4

Turns

I

per Inch
.

22

/1 ,-

I

1

1

Plate
Turns

i Turns per filch

20

close wound

18

18

14

18
18
18

10

8
4

II

i,
14

ft
II

It should be remembered that the direction of these coils ar.d the distance between the tw(.1 windings should be in exact accordance with the data ;
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The tuning of

the aiK-r;na inductance will approximate the wavelength range given and will
,!-'12atei-from these values depending upon the size of the antenna used and
the adjustment of the antenna series variable condenser. On the other hand,

the wavelength range of the oscillator coil will vary according to the intermediate frequency wavelength selected and the amount of coupling between
the oscillator and the detector. However, with the six coils provided there
should be sufficient overlap to provide for all ordinary variations.
'here will be cases where the experimenter will probably have a desire
to cover the regular broadcast band in addition to the short waves. It should
be remembered that while this is possible by using larger inductances, there
gill not he any preliminary hand pass tuning and the system will not be selective if there is predominating amount of local interference. For the wavelength range of 200 to 600 meters three additional coils fOr both the antenna
inductance and oscillator would ordinarily be required. This could be simplified by having each of the two variable condensers in the form of a double
condenser of two sections. In this case there would be one section of .00015

for short-wave work and an additional section of .0005 which would be
thrown in and connected parallel for the upper wavelength work. With such
an arrangement one set of inductances would give two different wavelength
ranges. There would also be additional advantages in as much as the large
inductances ordinarily used for the broadcast band with the large condensers
could also be' used in short-wave work with the small condenser and at the
same timezgive an advantageous high L/C ratio. There would, therefore, he
a number of different wavelength bands covered by the different combinations
and an efficient arrangement could be selected. Figs. 156(g) and 156(h) give
the essential dimensions of the front and plan view of the completed receiver:
Referring to the front view it will be noted that the two tuning condensers
arc located on the center line 7 inches from the bottom of the receiver. The
first condenser is on the center line 3yi inches from the left side and the other
condenser is located 4Y1 inches from the first. A sub -panel of aluminum to
support thtse two variable condensers is located WI inches from the base.
Immediately in back of the two variable condensers is a bakelite sub -panel
63 inches deep, 11 inches long and located 5
inches above the base. This
sub -panel has a UX type socket for the antenna inductance to the left, UV
type base for the oscillator inductance to the right, the grid -to -grid Coupling
condensers located immediately between; to the rear and left is located the
socket for the first detector of the type -24 and to the right is located the
socket for the -27 oscillator tube.
The smaller variable controls are located un the center line 2
inches
alx)vethe bas. and reading left to right consist of the antenna series variable
condenser, first detector RF bias control, second RF bias control (on the intermediate rack° frequenceRF tubes) and finally the audio volume control.
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The telephone jack for head phones is located between the last two mentioned
dials.

Of the two indicating meters one indicates the total B cutkelt con-

sumption of the entire receiver and should be located in series with a liegVixte !lead between the voltage dividing resistor and ground. This meter should be
shunted by a 1 m.f. condenser. The other meter should be in series with the

180 volt tap before it reaches the voltage dividing resistor and should also
be shunted by a 1 m.f. condenser. These meters are not shown inrthe wiring
diagram as they may be located to suit the individual requirements. Instead
of having two milliammeters some experimenters might desire to have one
voltmeter. In this case it is not recommended that the wiring between the
voltmeter and certain points in the receiver be made permanent. It would
be better to have a two -scale voltmeter reading 0 to 8 and 0 to 200 volts provided with flexible leads and pick points so that readings could be taken pt
any points on the circuit desired. These readings will only be of comparative
value unless the voltmeter is of the high resistance type.
The intermediate radio -frequency amplifier is located to the rear and to
the right as shown in the plan view consisting of four compartments, first,
second and third intermediate radio frequency amplifier and the second detector. These four intermediate radio frequency transformers are identical
in construction. In this particular sample illustrated the transformer -tuning
the first two stages are located above the sub -panel and in the
condensers
case of the last two transformers are located below the sub -panel. All these
eight condensers may be located either above or below the sub -panel as may
be required. The total sub -panel of the intermediate -frequency amplifier is
185 inches long, 6 inches wide and located 3, 15/16 inches above the base.
This sub -panel is divided into four compartments each of which iv -413 inches
long.

The audio sub -panel is located at the same height and is also 185 inches
long and 6 inches wide. A -27 tube used as a first audio amplifier is located
to the right followed by the two 250 tubes which are used in a push-pull system power audio amplifier. The component parts not shown in the photograph are, of course, located below the sub -panel.
In the schematic wiring diagram there is shown an ideal arrangement
where a separate small power pack together with a type -26 tube as a rectifier is used to feed the first detector and oscillator. In this case the -26
type tube should be located in the first compartment. If this feature is not
desired it is possible to obtain the necessary voltages for the first detector
and oscillator from the main power pack.

The power pack is not illustrated due to the fact that it can be constructed in a urge number of different forms. It is recommended that the
various component parts be located in a steel case which would inclule the
main power transformer, the 281 rectifier tubes, reservoir condensers, voltage
dividing resistor, and filter choke. The control switch is associated with a red,
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bull's eye tnd indicating lamp which would show when the unit is in operation.
Ordinacily the power pack would be supplied for operation on 110 volts 60
L.....izsaf.0 and in cases where a special voltage and frequency is involved the
specification would be altered accordingly. The main secondary winding

should give 650 volts each side of the center tap which when rectified and
filtered would allow applying 450 volts in place of the 250 -power tubes in
addition t% the other loads involved. In addition, there would of course be
required 7% volts, 2% amperes for the rectifier tubes and a similar winding
for tliF power transformers. In addition there should be a 2Y3 volt winding
with center tap to feed the 2% volt AC tubes. It will be noted that in addition to the filter choke in the power pack having a capacity of 100 millihenries
at 100 miltiamps the field of the dynamic speaker is used as an additional
filter choke. This dynamic speaker field should have a resistance of 1,000
volts and capable of handling a continuous load of 100 to fso milliamperes.
The voltage dividing resistor has a total resistance of 41,000 ohms which
includes a section of 750 ohms which gives the correct bias to the two 250.
tubes. This voltage dividing resistor should have as many taps as possible
so that the proper voltages can be selected for the various other ttibcs of the
receiver particularly if it is desired to operate the first detector and oscillator
from the same power pack. In the schematic wiring diagram the first detector cathode bias resistor is shown as having a fixed value of 20,000 ohms
A better method than the one used in this actual design is that of having a
100,000 -ohm resistor connected across the voltage dividing resistor as shown
so that tlia, voltage applied to the cathode can be varied over a wide range.
This controls the sensitivity of the receiver at the first detector.
Considering the plate circuit of the first detector, if the plate were connected direct to the primary of the intermediate transformer the impedance
load at that point would not be high enough to secure full output from the
tube. As an alternative the plate circuit is coupled to a resistor of 300,000
ohms and the output thereafter capacity coupled through the primary of the
first intermediate transformer. This arrangement allows a higher operating
efficiency for the first detector.
The cathode for each of the intermediate radio frequency stages is 450
ohms. The cathode fur the second detector should be approximately 10,000
ohms. Under certain circumstances a value of 25,000 ohms may be desirable.
The by-pass condensers on the cathode should be one -quarter m.f. and the
other by-pass condensers in the plate return leads should have a value of
naf. and capable of standing continuous operation at 200 volts. The gain
control in the audio amplifier is regulated by a 250,000 ohm variable resistor
shunted across the secondary of the first audio transformer di indicated in
the diagram. -:A jack is connected across the primary of the input transformer for head phone reception (push-pull input transformer). In the output circuit of tit- two 250 -power tubes an output trans/ormer is connected the

-
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secondary of which has a low impedance winding suitable for convection between the moving coil of an average dynamic speaker. In cases wh-ire.a high
impedance output is involved such as a high impedance dynamic spe4keret,,,,,
high impedance magnetic speaker these may be connected between points of
W and Y or Z and Y.
The aluminum used to make the case should be scratch -brushed before
bending, washed and lacquered. This will give 'a permanent satin finish.
The necessary connections between the receiver and power pack are in
the form of a cable, a special multiple plug being used at the power pack end.
Binding posts could be used if desired.
The filament leads (23/2 Volt) carry heavy current and must be of large
diameter. Brush cable ji" diarn. is suitable. All the balance of the wiring

is made with flexible wire, heavily insulated. The soldering must be male
using a non -corrosive flux such as alcohol and rosin.
In operating the receiver, assuming all "B" and "C" voltages have been
adjusted to the correct value, it is only necessary to tune the two Station Selector Dials. In inserting the interchangable coils, two of the same size are

of onurseused at the same time, and then the tuning on both the main dials
will follow each other quite closely as far as calibrations are concerned. In
the event the oscillator dial does not give any action, it indicates that the oscillator plate inductance winding is in the wrong direction and the two leads to
this coil should be reversed.
Tuning up and down the scale, resonance will be indicated by received
static, the intensity of which will depend upon the sensitivity adjustment of
the receiver and the length of aerial used. Broadcast short-wave stations and
radio -telegraph stations using damped wave signals will be heard without the
intermediate amplifier oscillating. In order to receive pure continuous wave telegraph signals it is necessary to have the intermediate amplifier oscillating
and this is possible by adjusting the screen grid bias control to secure this
condition. Maximum broadcast signal strength is obtained with the intermediate amplifier adjusted just below the Oscillating condition.
The selection of an antenna depends upon each individual location. The
information given in this book on short-wave antennas should be of "considerable assistance in making a decision. Where space is available, a single wire
antenna pointing in the direction it is desired to receive and having a length
which is a multiple of the wavelength most desired will give the best results.
For example in the eastern states an experimenter desiring to concentrate on

5SW (approx. 25 m) would point the single wire aerial on the great &els.
bearing to London and have the aerial anywhere from 190 to 1,000 feet long.
Such an aeried would also have directional effects on other wavelengths which
and would
were multiplies of the 25 -meter wave, i.e., 100 m, 50 m,
give proportionally good results on the wavelengths intermediate to these.
Experimenters planning to build this receiwr are warrtrAl that good re-

Fig. 156(i)
Universal Transoceanic "Silver Ghost" Broadcast Receiver. wavelength race '_(1?
meters: with seventh unit range extends down to IS meters
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sults cannot be possibly obtained unless the highest grade component parts
are used throughout, otherwise certain parts will break clown innervice or
only be partially effective and the design will be blamed. This rectiyenap&
power pack as illustrated and described has been used in actual practice for a
number of months and gave actual results by far superior to any short-wave
receiver with which it was compared. The results were only exceeded by
using a Super -Heterodyne Short -Wave combination consisting of an adapter
with a Silver Ghost broadcast receiver, the interchangeable transformers of
which were changed to 1,200 meters. It should be explained that this Silver

"1-

a

=.1

Sas Owe or*
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G ph showing increase in selectivity
in

radio frequency amplifier, by ad-

ding timed stages

its r/0 MI PM

4k3zryiinorre A*, AN 4:WA:U. C.t.

Ghost broadcast receiver is a scientific instrument over six feet long and too
expensive to be popular, but it is capable of results not obtainable with any
other broadcast receiver available on the market today. This is not stated
as a claim but based on the results as reported by the owners.
The fact that the special short-wave receiver approached the Silver Ghost
short-wave combination in performance is a very significant fact.

The Silver Ghost is shown in Figure 156(1) illustrating the six unit
table model consisting of one antenna stage (first radio frequency stage),
second, third, and fourth radio frequency stages, detectorstage, and the audio
unit. The audio unit has an initial stage using a -27 tube, two 227's used
in an interstage push pull system and two 250's in the power -output stage
also push pull. In the simple form of Silver Ghost only the grid eircuit.s of
the radio frequency tubes are tuned the plate winding being aperiodic. In the
advan6ed Silver Ghost the radio frequency transformers are tuned both on

the plate and grid windings giving a still higher degree of selectivity. It
should be remembered, however, that if the degree of selectivity is carried IR
an extreme, the quality of reproduction will be impaired. The graph in figure

156(j) show. the effect of adding the additional stages of tuned radio frequency amplification whether this is straight radio frequency amplification or
as used in the intermediate frequency amplifier. It will be noted in the graph
that this selectivity increases rapidly with each stage of radio frequency am-
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plifiattion that is added. Obviously this can be carried to an extreme and the
frequency will be so abrupt as to cause distortion. Accordingly, in
'cut-off
the ds.s. i of a high-grade radio receiver there must be a happy medium between the degree of selectivity obtainable and the quality of reproduction

j.

desired.

It is obvious that the Silver Ghost just described would make an ideal
intermediate
frequency amplifier to use in connection with a Super-lieteros
dyne short wave adapter as described in figures 153 and 154.
Iy.this receiver design each radio frequency stage is thoroughly shielded
from the adjacent stage allowing each radio frequency tube to be operated at
its maximum value of amplification. As a matter of fact if desired interstage
coupling can be eliminated totally by providing each of the radio frequency
stages with a built-in power pack to supply each individual tube. The radio
frequency transformers in the Silver Ghost are arranged on interchangeable
bases so that they arc readily removable. The size A transformers cover 200
to SW meters and this is a fairly suitable wavelength when used as an intermediate frequency amplifier with the short-wave adapter. To secure a still
higher degree of efficiency these size A transformers can be renewed and
special transformers inserted which cover a wavelength range of 1000 to 2000
meters approximately. These transformers arranged and tuned at a frequency approximating 1200 meters would present an ideal point to carry on
the intermediate frequency amplification.
In receiver design it should be appreciated that radio frequency transformers Italie a wavelength at which there is a peaked efficiency. In the ease
of the broadcast band, while good results are received on all wavelengths
from 200 to SW meters, there is one point where maximum results arc obtained. Accordingly, in selecting an intermediate frequency highly suitable
for Super-lieterodyne work the transformers, which tune from 1000 to 2000
meters can be operated at their peaked efficient point of approximately- 1200
meters. Under these conditions it will be noted that the ratio of L to C is
high.

In ordinary tuned radio frequency amplifier usually only the grid circuit
is tuned witIr a shunt variable condenser. When the circuit is altered so that
both the plate and grid circuits are tuned, the degree of sensitivity is increased
and at the same time with increased selectivity.
In the antenna unit of the Silver Ghost there is an elaborate arran4emen:
which gives the highest possible degree of selectivity without sacrificing any
skgree of sensitivity. There is a double tuned circuit between the antenna and
the grid of the first radio frequency tube and the coupling between these circuits is variable so that the optimum coupling point for any paRicular wavekilgth %in be elected. With this preliminary tuning circuit it is possible to
differentiate between powerful signals even though they are only separated by
10 kilocycles.
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It should be remembered that in a coupling device of this suet the maximum signal transfer is not obtained with maximum or 100% co.Inking. As
the coupling is decreased the high frequency resistance of both the ktuftcd circuits is decreased and accordingly, the voltage is increased in each circuit.
There is a point reached, however, where the decrease in high frequency resistance is followed by a dccrcasc in transfer energy more than the initial
object desired. Therefore, when we reach a point where the entrgy transfer
is less than the added advantage gained by the decrease in.radio frequency
resistance the optimum coupling point is obtained.

CHAPTER IX
Ultra Short Waves
PRODUCING ARTIFICIAL FEVER

Dr. Whitney and Messrs. Carpenter and Page of the General Electric
been studying the action of very short-wave radio fields under
a number of varying conditions. Most of these experiments arc based on the
Company

fact tlxt the various objects placed in this high frequency generate heat.
Furthermore, the heat can be generated in the object without consideration to
the surrounding material provided it is of a certain substance. For medical
service the value of heat as a means of combating and curing disease has been
tisA3.1 practically since the beginning of medicine history. Tlie significance of
fever and its relation to the course of an infectious disease or to the healing
of trauma has been the subject of considerable debate. Ordinarily, a rise in
body temperature was considered only as a sign of disease as in pain and to
establish relief means were taken to dissipate this abnormal heat. New ex-

periments made during the past few years contradict this old belijf and in

Fig. 157

Iligh Frequency
Oscillator
Developed by

G. E. Co.
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contrast show that a fever, disregarding hyperpyrexia of central -origin, may
be a phenomenon valuable to the diseased animal body as a defetittivg.meclianism for the body. Under certain circumstances a combination of 'ix' rtain diseases occurring in the same individual sometimes results in one curing the,
other. An example of this is an acute febrile disease with a chronic afebribi
malady, in some cases the former making a decided improvement or cure of
the latter. Vagner von Jaurcgg in his development of the malaria treatment
for paresis made many observations along this line. His sticeess'in this direction has led to the study of the value of fever in an infectious diseitse syndrome by a large number of other investigators. It is believed that heat associated with the febrile phenomenon, due to the injection of a protein, is the
responsible factor for the beneficial results and this is suggested by the favorable results obtained in the treatment of neurosyphilis by heat alone. The
present inethod?used to establish an artificial fever in a body are more or less
unsatisfactory and this is particularly true inasmuch as the degree of heat cannot he controlled or kept constant satisfactorily. The injection of foreign
protein is hazardous. Tlw use of plasmodium malariae or spirochactes for
the treatment of general paresis often fails because of the danger connected
with the administration of a living virus and because of the failure to infect
certain individuals who arc immune. The start of these investigations was
probably due to Dr. Whitney's investigation that the men and operators work-

ing in the vicinity of short-wave transmitters were subject to an artificial
fever. Since that time much additional research work has been .conducted.
Hosiner has made investigations of these heating effects on sal; solutions of
various concentrations and on small laboratory animals. Further investigations showed that this was a definite means of producing artificial fevers at
will into animal bodies without the introduction of foreign substances. Contrary to the present methods of applying heat externally the heat is produced
direct in the animal body the same as it would occur in the course of an infectious disease fever. There is a further advantage in as much as the internal tissues arc heated directly more rapidly, that is, this constitut.* 1.

method of internal heating in which heat is generated in the organs of the
body as rapidly as in the body walls but because of the greater heat loss at
the surface the temperature of the internal tissues rises more rapidly Research laboratories of the General Electric Company have been experimenting

continuously during the past two years to develop a short-wave generator
which would enable creating a fever in a man rapidly without great discomfort to the patient and at the same time to a degree high enough to be valu4
able. The final apparatus (Fig. 157) devised is very similar to the transmitters for short-wave radio propagation. However, in the case of radio
transmission the short waves are .directed or distributed over considerable
area while in this case they arc concentrated between two plates in the form
of a condenser. The short-wave oscillatiorm.are obtainetj-Lsom-a .vacuum
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tube oscillatbr, the. necessary high voltages being obtained from a full -wave
rectifier. ..`rwo tubes of 500 watt rating (Fig. 160) are used in the high

frequency,' oscillator which in turn operates at a frequenCy of 10,000 to 14.000
kilocycles, the output, as mentioned before, being concentrated between two
plates. The rectifier circuit (see Fig. 159) consists of a 7,000 -volt oil -immersed transformer connected to two half -wave, hot -cathode, mercury-vapor
tubes. The.rulting voltage from the rectifier and applied to the oscillator
is 3,000 volts direct current, (see Fig. 158). Regulation of the high voltage
II, AC

00

Fig. 158

Schematic Wiring Diagram. G. E. Short -Wave Oscillator, Including High Voltage Rectifier Circuit.

..ra:isformers is accomplished at the primary end using an auto -transformer.
The condenser plates are made of aluminum 20 inches long, 18 inches high
and %-inch thick and in turn arc covered with hard rubber plates 20 inches
long, 18 inches high and yt-inch thick. The purpose of these insulated plates
is to prevent arcing in case the patient or attendant should accidentally come
in contact with the plates. The high frequency alternating current made up
of undamped waves between these plates has a drop of 3,000 volts in potential
at. these two points. To date the greatest heating. effect has been obtained with
a 30 -meter wave which oscillated 10,000,000 times per second between the
plates.

Other wavelengths tried included 6, 15 and 18 metersnut did nat

produce the arqficial fever as effectively as the oscillator just described. The
complete oscillator and associated equipment is shown in the accompanying
photographs. To support th.etatient there is provided 2 frame approximately
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6 by 2 feet made of timbers with interlaced cotton tape. Directly underneath
'itch thick,
and about 6 inches below the frame is covered with eclotex
this forming an air chamber beneath the holly. A similar celotex cover 8
inches high and about 5 feet long is fitted over the frame so that the head of %
the patient projects at one end. This arr.ingement preients a fairly air -tight
chamber around the body as it lies on the tapes. With the patient resting on

his lack the plates are placed at each side of the celotex box so that the
waves oscillate through the body from one side to the other. The distance
between the plates can be varied but so far has been kept approximate)/ at 30
inches. Two small centrifugal blowers are placed, uric below and one above,
to circulate hot air around the body. This decreases the heat loss and equalizes the humidity throughout the enclosure. This arrangement of plates and
the fact that the,body is enclosed enables rapid heating without causing gnat
discomfort to the patient. In actual experiments the normal temperature of
98.6 degrees F. has been raised to 104 degrees F. and to 105 degrees F. in from

Fig. 159
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60 to 80 minutes, In one instance a temperature of 106.5 degrees F. was
recorded. aThis is nut by any means the limit, higher temperature may easily
be obtained with the mine appuratun but because of limited experience and
knowledge the experimenters have proceeded cautiously. After the desired
temperature is obtained it can be maintained either by decreasing the voltage,
increasing the plate distance, or by but air blowers. There is no question but
that the present apparatus used is a mere start and that it will be greatly improved in ate near future. Various theories have ben presented explaining
this rise in temperature when exposed to short radio waves. Carpenter and
Page 'believe that this development of heat is due to the resistance of the
body to the conduction of current between surfaces adjacent to the opposed
plates. The corresponding polarities arc induced upon the adjacent boundalies of the interposed body and current is conducted through the material

for a brief interval. The heating of solutions similar te blood scrum is
dependent directly upon their electrical resistance. This is proved by the
fact that solutions of cliffereut salts hen of the same electrical resistance
show practically the same idanical heating effects. The use of therapeutic
fevers is, of course, in the experimental stage but is believed that they have
great possibilities especially if the present theories of a febrile action is
correct. The effects of these artificial fevers produced on short radio waves
has been noted on various laboratory animals and on a good number of
patients and to date no observations have been made of any objectionable
effect unless extremely high temperatures are maintained for a long period.
While noting the increase in body temperature similar observations have been
made of blood pressure, the pulse and respiration. Naturally due to the lack
of complete information on the subject and the meager data that has been
accumulated so far, the progress of these experiments has been retarded by
a conservative policy. It is believed, however, that beeause of the practicability of this method of heating, they will not only be of value to the clinician
but also to the physiologist, the biochemist and the bacteriologist. The study
of -infectious diseases in laboratory animals leads the experimenters to believe
that two advantageous effects are obtained by raising the body temperature.
There are: fitst, the increased beat in the body makes a less favorable cnvironmolt for the multiplication of virus; secondly, the heat increases the rate of
those chemical processes concerned with the development of immunity and
with the general defense mechanism of the body against infectious agents.
Vesw SHORT WAVES

1)r. Whitney, continuing his experiments with the very short waves,
undertook the investigation to determine how a gall fly makesaa gall. This
gall-fly.investiption led to the development of a new type heater employine
a new type of 'vacuum tubes. It should be pointed out that the matter of insects is one of pr. Whitntegs hobbies. On his farm abundant with golden
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rod there were large numbers of small flies, the grub of which causes a large,
round swelling or gall in the stock of the plant. This gall is a swelling or

excrescence of the tissues of plants resulting from the attacks of certain
parasites which cause an alnuornml and at other tunes very extraordinary proliferation of the cells of the host plant. The insect punctures the hark and

after laying an egg in this insert, the larva lives in and feeds on the gall.
The question to be determined was the cause of the swelling. One suggestion
was that when the egg is laid the insect at the same time injects some add
such as the formic acid of ants which causes the plants to swell so noticeably
at that point. Another suggestion was that certain bacteria or moulds are
injected into the plant when 11w egg is laid. Dr. Whitney reasoned that possibly the swelling resulted from the local heating of the plant at that point by
the growing grub within it, this theory probably being suggested by the fact
that it is well kndwn that the growth of plants is accelerated by beat. With
this in mind, experiments were started to try to grow artificial galls on plant
stems by means of localized heating. The first experiments were conducted
with an induction furnace which was an electric heater using alternating currtmtof from 300,000 to 500,000 cycles per second. A furnace of this type
which in reality consists of a few turns of a lower voltage side of a trans -

Fig. 160
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former will quickly heat and melt metals placed within the coil but has no
effect ontelectrical non-conductors.

The first experiment was to see if galls could be -grown by means of
artificial grubs of steel heated by induction; small pieces of needle points
were inserted in the stocks of the healthy golden rod plants which had been
parted and taken into the laboratory. The stocks were placed within the
small induction furnace coils at a point where the needle points had been inserted. Oi course, the small particles of steel were heated by the induction
furnace but only in one case did a gall develop and in that one case it was
not the usual large and circular type but long, thin and irregular-but at any
rate it was a gall. While it seemed that success was being obtained it was
also discovered that a new kind of grub was found in the gall. Incidentally,
the coil had been placed right over the spot where a different kind of gall fly
had laid an egg. Producing galls with steel grubs was not successful but
interest in the possibilities of the high frequencies had been raised. After
the publicity relating to the gall -fly experiments had been released, the government inquired of Dr. Whitney if radio waves could be used for fighting
the boll weevil. Weevils, of course, were not available in Schentttady, but
Drosophila (the fruit -fly) was available and made the subject of investigalions. The induction furnace which has a maximum frequency of 500,000

r

cycles was discarded and in its place an induction coil through which very high
frequencies (10,000,000 to 30,000,000) could be passed was used. The re-

sult was that these insects could be heated readily but when subject to short
waves it sv,as found that they could be killed instantly in intense fields. The
experiments were facilitated by keeping the insects in glass tubes and out of
contact with the condenser plates, this providing more uniform fields and
more easily controlled temperature. Fruit -flies kept in glass tubes under a
short-wave field were made to hibernate by passing cold air over them. While
there is no question about the ability to kill flies with short waves, it did not
appear as a practical method of combating the boll weevil.
The next experiments were conducted with the white rat. It was provided with a long glass tube, cotton waste on one end. so that it could select
a resting pace either on the open end or back within the heating coil. The
field intensity was regulated at just enough to elevate the rat's body temperature slightly and the animal selected the heated area as its home. Other ribservationi were being made, radio engineers operating the regular radii transmitting sets. It was found that the men working around the six to eight kilowatt high frequency generators at wave lengths of 20 to 30 meters, their
blood temperature was raised slowly when they were close to the equipment.
This data coincided with the experiments which had been ifteviously coni,
ducted owith the induction coil so one of the new tubes was used in further
experiments with rats. Placing a mouse between the condenser plates connected with the, new short -save generator tube and subjecting it to increas-
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ing field intensities, a steady increase in body temperature was noted. No
discomfiture seemed to have been experienced by the rodent until, the field
intensity was on a very high order. The mouse then lost its tail but with no
apparent discomfort. This narrows down to a case of dehydration-the shortwave field having driven out all the moisture from the mouse's tail and in
turn the tail shriveled and dropped away. This experiment of dehydrating
the mouse's tail led to investigations iu the curing of raw porcelain. It is
well known that before moulded porcelain can be fired and baked it is necessary to dry it thoroughly. This requires considerable time especially in the
case of pieces having considerable thickness. Drying the exterior sin -lace is
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easy enough but the moisture within the mass always otters difficulties., It
has been noted that the short wave equipment has the peculiar property of
heating objects from the inside and working out which is ideal for this work
inasmuch as it is possible to dry porcelain thoroughly within a few minuets.
The experiments 'along this line have been purely technical and have not
reached a point where they can be used for commercial applicatioa.
The oscillating tube used in this investigation is the G. E. I'liotron
861, a screen grid, four -electrode tube. The output rating is 500 watts, this
construetion making it prissilA is especially adapted for productio' of high
frequencies. The connection of the internal elements, filament, grid and
plate arc supported on separate sterns and the leads brought out at individual
seals insuring high insulation and low electrostatic capacity between electrodes. The f2ament is thoriated tundsteu in the form of a double helix supported from a center rod and not requiring any tension springs. Roth the
grid and plate arc cylindrical and the plate has six additional flanges for the
dit.sipation of heat. Tile screen grid electrode consists of a close mesh placed
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between the control grid and plate and extends the full height of the tube.
This is .1upported between the filament and control grid sterns. This second
grid provid4es the electrostatic shield between the plate and control grid. The
screen grid potential is held constant and variation in potential of the plate
has practically no effect on the control grid potential. In view of the above
there is no feed -back to the tube from the plate circuit. This reduces the
necessity of any neutralizing to prevent any feedback in any radio frequency
circuits. This high frequency heater provides a means of heating materials
in ?, high frequency (10,000 kilocycles) electrostatic field with a maximum
output of the oscillating tubes of approximately one kilowatt. All the other
equipment is housed within a case three feet high, three feet wide and six feet
long and arranged on wheels to be portable. It is exactly the same as a short

wave radio transmitter except, as mentioned before, the radio frequency
energy is concentrated betwen two condenser plates instead of being directed
to an antenna. In one type these condenser plates arc mounted on top this
case and in another model the plates are on a separate adjustable stand. The

variable controls and indicating meters are on the front panel of the case.
The set is arranged to operate on any voltage of 105 to 125, 60 or 25 cycles,
alternating current, at normal operating conditions draws approximately 30
amperes which would total 3 kilowatts. The screen grid voltage is not
critical the value being about 500 volts and obtained from a voltage divider

Fig. 162
Magnetron,

Show;ng Arrangement

of the Tube and
ElectroMagnetic Coil.

316

SHORT WAVES

across the main 3,000 volt main current supply. The oscillating circuit is a
shunt -feed Mesny push-pull circuit operating from transformers bf 3,000
to 9,000 kilocycles. The most impressive and efficient operation is at about
10,000 kilocycles. The heater plates in this circuit are in parallel with the
oscillator tank coil.

Blocking condensers having a working. voltage of 6,000

Fig. 16.3
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volts keep the high voltage direct current from the heater plates. 'The operator is protected from the apparatus inasmuch as all equipment is enclosed
in a hardwood framework. In the event the doors arc opened during operation, reldys automatically shut down the set and disconnect all the current.
GENERATION OF VERY HICII FREQUENCIta BY MEANS OF TILE MAGNETRON

In the past, methods proposed for obtaining very high frequencies on
the order of IC0.000 kilocycles (100,000000 cycles) per second and higher
have been proposed through the use of vacuum tubes but in each case only
small amounts of power have been obtained at these frequencies. The following system described outlines a method allowing the prodpctiori of rekt-
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tivcly high amounts of power at very high frequencies. Through this method,
electromagnetic and electrostatic fields of unusually high intensity for these
very high frequencies can be produced. This system is of particular interest
in connection with the present interesting experiments in therapeutics, bacteriology., chemical reactions and the properties of insulating materials, etc.
Magnetrons for the production of high frequencies have been previously
described. This term "magnetron" is the G.E. trade name for magneticallycontrollod high -vacuum tubes. To date, the entire possibilities of these tubes
and their design together with the many practical applications have not been
fully realized. In simple form, this type of magnetron tube consists of a
cylinder which is split so as to form two equal semi -cylindrical anodes using
a filament as a hot cathode at the axis of the cylinder.
In the low power tubes, the two similar anodes are made similar to the

ordinary power tubes and are constructed of nickel, intlybdenuni or other
,,vitabls,enetals having a high melting point. The anodes are so shaped to be
co:7111111)y radiation. In high power magnetrons, the anodes arc water cooled.
The filament or other form of cathode is usually tungsten, thoriated tungsten
or coated depending upon the rating of the tube and the anode voltage and
current. In this form of magnetron oscillator, the frequency obtained is not
a function of the time of passage of the electrons from the cathode to the
anode except to a minor consideration. The anode diameter, therefore, is
not a direct factor in the design of a tube for a desired frequency. Furthermore, it follows that the oscillations from this form of magnetron oscillator
are not of the so-called Barkhausen type. (The Barkhausen oscillations are
of a different sort than those generated by the magnetron. They are generated in a three -electrode tube by making the grid positive and the plate mega -

tire. The electrons coming through the grid are repelled by the plate and
aftiin return into the field of the grid; then repeating the cycles. The time
fdr one cycle is controlled by the geometry of the tube. These very high
frequency oscillations offer extremely interesting possibilities in communication; therapeutics and similar researches).

The anode potential being of a high order-several thousand volts-the
technique of design and manufacture of the tube closely follows the three electrode type trapsmitting tubes. Dr. A. W. Hull has previously described
the action and path of travel of electrons under a combined electromagnetic
and eleltrostatic field. A typical arrangement of tube and cicctrdmagnetic
coil is shown in Fig. 162. The magnetic lines of force are arranged to be
parallel to the axis of the split cylindrical anode. At the. non -shielding condition, the field strength must be sufficient to cut the anode current to 0 at
the plate voltage used. For example-operating a small tubcpwith 1500 volts
t4-) the anode, a magnetic field strength of 750 gausses is required. Tlie
optimum magnetic field varies with the DC voltage to the anode and accordingly, RIB de,sirable to have a variable control of the direct current to the
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Fig, 164

Large Size
Magnetron Tube.

In view of the fact that the oscillation frequency is
not a function of the time of travel to the anodes, a frequency does not depend upon the strength of the magnetic field and the latter need not be constant. The circuit arrangement is shown in Fig. 163 and it is apparent that
the oscillating circuit includes the two anodes. The inductance and capacity

electromagnetic coils.

components in the external oscillating circuit have the primary determination

of the frequency obtained. On the Whir hand, the inductance of the leads
between the external coil and the anode between the two is a factor as well
as the capacity between the leads and anodes, this being particula.ly true in
the ease of very high frequencies. For example-high frequencies in external concentrated capacity are used and the external inductance is simply

Fig. 16S
Small
Magnetron
Tube_
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a lead long enough to connect the two anodes together. Therefore, in the
design of, the circuit used in these tubes and the capacity between leads to
the two anodes must be kept at a minimum. With a medium size water-cooled
tube, an output of 2.5 kilowatts is obtained at 75,000 cycles. An interesting
consideration is the reason why high outputs at these very high frequencies

can be obtained from this form of magnetron and its circuit than from the
special conventional design of the three -electrode tube. Two principal reasons arc Liven : first, the effective capacity between the two anodes of The
magnetron can be reduced to a much smaller value than the grid -to -plate ear
pacity of the regular three -electrode tube. Furthermore, in the regular three electrode tube, under high frequency conditions it is difficult to maintain a
180 degree phase relationship between the grid and plate voltages. The corn tined magnetron tube and circuit described has been shown to be particularly
suitable for production of high frequency power in a range between 40,000
44(2 4p.2.,1)1 )o kilocycles. For lower frequencies, special three -electrode tubes
01-v ano circuits arc available and for still higher frequencies, the magnetron of
this type required further special design and while the high frequencies arc
.

obtained, there is a considerable reduction in power output. A: the same
time, it should not be overlooked that the magnetron is suitable to produce
low frequencies even down as low as 60 cycles when using very large inductances and condensers. Not including power consumed by the external electromagnet, the efficiency of the electromagnetic arrangement compares favorably with the regular three;electrode tube.

In very high frequency circuits, it is very difficult to measure the output and in the case of these experiments, it is considered to be the direct
current input of the circuit of the anodes less the loss in the two anodes. In
a nail magnetron (Fig. 165) operating on a voltage of 1500, an output of
ap roximately 10 watts can be obtained at 400,000 kilocycles. With the same
to ,, an output of 40 watts can be obtained at 100,000 kilocycles or less. With

a medium size water-cooled tube, an output of 1 kilowatt can be obtained at
A4,000 kilocycles. The output can be increased to 5 kilowatts by reducing die
frequency to 20,000 kilocycles. With these outputs, the anode supplies 10,000
volts direct current. In the case'of the small magnetrons, on account of the
filament power of about 25 watts and the power loss in the electromagnets of
about 125 watts, the over-all efficiency is low. In tubes of larger design and
water-ccjGled, the power consumption by the electromagnet is small' in proportion to the output. This particular type of tube and circuit is invariably
an oscillator and not an amplifier. In using this device to experiment with
high frequency electrostatic fields, it is usually desired to concentrate the field
between two points. This can be accomplished by connectinethe two plates
or electrons between which the field is desired to the two anode terminals of
the magnetron. In other words, these electrons arc the plates of the external
condense;. Vie size of electrons and the distance that they can be separated
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is governed, of course, by the amount of additional capacity that can be added'
to the circuit without causing undesired changes in these characteristics. In
a case of an intense and highly localized field within the minimum wavelength
of the tube, this is accomplished by the addition of an open resonator to the
circuit, as shown in the accompanying Fig. l65 and consists of two leads in a

straight line and the length of each one must be adjusted so that together
they should be 'about one-half wavelength long. The desired intense electrostatic field ii found at the outer end of each rod after they -have been
adjusted to resonance.
HIGH FREQUENCY CURRENTS IN SURGERY

The first introduction of high -frequency currents in therapeutics in the

United States was that of Nikola Tcsla in 1890. These experiments ran
parallel to D'Arsnoval's. Previous to that, heat has been used in surgery {or
many years, for example: electric cautery which destroys patholojical tissima
but piles up a mass of carbonized debris around it. As early as 190/, LA).'- ycn,
lecturing before the French Surgical Congress, stated that among the various
means available for the destruction of pathological tissues the only certain
method was that of applying heat.

I -c

O

Fig. 165 (a)
Magnetron Oscillator, Arrangement to Obtain Concentrated Fields, Which Are Obtained at .?oints B and C.

SHORT WAVES

321

Heat is.produced in the tissues by high -frequency and other electric curresits. This is similar.to the heat dissipated by an electrically operated device.

In medical diathermy, large areas or sections are quite often heated but it
is important that destructive temperatures be avoided. For example: one
ampere of high -frequency current flowing through an average size wrist very
quickly becomes unbearable. In actual practice, the application electrodes arc
made of relatively large areas which will keep the current density low in cases

where intstse concentrated and localized heat is not desired. On the other
hand, in surgical endothermy (heat from within), the application is just the
opiyagire, the current density being made purposely great by the use of relatively small electrodes at the point of application so that boiling or cooking
will result quickly. The greatest current density is obtained at needle points.
The radio knife consists of a cambric needle applied to the living tissue
and under proper conditions, this produces instantaneous boiling when applied
tissues, sec Fig. 167. This is due to the high current density
and 6;123 -Lail spark present. At the point of contact there are minute steam
explosions which separate the molecules of the tissue producing a dean cut
similar to that obtained with a knife but with the added advantage.that lym-

keet.li.e liv

phatics and capillaries are sealed closed so there is no bleeding except, of
course, where arteries and veins arc not encountered. The mechanical implantation of harmful ells therein cannot occur. In other words this radio
knife sterilizes as it cuts and also heats the separated nerve ends to such an
extent that post operative or surgical shuck is greatly reduced and furthermore, the healing is accelerated. Of course, skill is required with the application of trie electric knife and with the proper technique the tissue is not
burned excessively nor heated any more than necessary.
Electrical surgery has proved valuable in the treatment of cancer simply
as - aid and not as a cure. In the removal of superficial and serni-superfici-

lesions, electrical surgery is of prime importance. In the early methods

of knife surgery the operator first cuts and removes the living lesion, the
malignant, of course, associating with the blood stream arid in turn carried
elsewhere through the body and afterwards destroys it which is just the opposite of the ifrocedure followed by the electrical method which first destroys
the lesion and then removes it as a harmless mass.
This destruction is accomplished through electrocoagulation and dessication (mining dehydration or drying). Needle electrodes varying 'In size
up to an inch or more in diameter and available in different shapes are used
in the process of electrocoagulation which is extremely valuable in the destruction of malignant tissue as well as to prevent and stop bleeding. In

practice it is found that much stronger currents and greater time intervals
are reqvired in electrocoagulation and in cutting. Under certain conditions r
the cutting current may be more or less coagulating as well. In either procedure, two electrodes are cgrinected to the patient, tke "common" electrode
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being attached to some extremity over a relatively large area tch reduce tt
heat at that point and the "active" electrode is the one applied t9 the plinir
where the useful heat is to be developed. In the imse of treating an accessible
tumor by electrocoagulation, similar electrodes are placed on each side of the
tumor in which case they are both effective and give the best results. The
dessication process may be employed to stop bleeding in which case the needle
is held within the tissue to be destroyed, the controlling spark passing between
the needle and the tissue. Some operators practice the removal, of moles,
warts, etc. by dessication. The required current is available from a Tesla
coil or an Oudin resonator. The contact with the patient is "monop4314" as
the capacity between the patient and ground is sufficient as a return circuit.
In electrotherapeutistic practice there are a large number of methods of applying electrical currents both direct and alternating to treat various disordc.rs.
The forms of direct and alternating current, the latter for special -wave forms,

etc., are relatively weak. These currents, if as strong as the hien-freple,aff..
types used, would become feeble. The body cells arc electrolytic in crialacter

and neuro-muscular contraction develops partially when the ions are displaced inithe cells. With increased current frequency there is a reduction in
the displacement of ions and that reduces contraction. In general, it is desirable that high -frequency physical and surgical diothermy machines be free
from any cause of neuromuscular contraction. The seriousness of this is
realized when it is considered that the application of the radio knife because
of twitching muscles may throw the knife against the large blood vessels or
organs which if damaged by cutting may cause serious consequences. In other

words, the cutting must be under absolute control of the surgeon and contraction must be avoided to prevent accidents. Underhill has outlined the
results of some interesting experiences in actual practice for example: irchigh
breast amputations, operations started with electric knives had to be conci)ided
.with the scalpel because of contraction of the pectoral muscle which tended
to force the radio knife against the axillary vessels at which point contact
could not be made without disastrous results. Other surgeons have used
electrical insulating materials placing them adjacent to large blood vessels
thereby preventing their being accidentally cut on account of neuro-muscular
contraction. In experimenting with contraction, Underhill placed raw rpeat
in his mouth and then performed simple simulative operations on the meat
using a mirror. In these experiments, there was no evidence e: any contraction or faradic sensation. Continuing and using the same machine in
opening various abdomens, no objectional contraction would result in some
instances but in others the contraction would be excessive causing the tissue
to thrust up cowards the needle thus endangering the organs beneath. It is
generally thought that all the electric surgical machines of this.. type are more
or less subject to some difficulty due to contraction of the spark gaps used
for the production of .high -frequency currents for cutting, electrocoagulation
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and dessicttion but the production of high -frequency currents through the
List of eleitronic tubes is preferable for cutting and certain clectrocoagulation.
The latter and dessication can be accomplished by spark -gap high -frequency
currents from the same machine containing the electronic -tube cutting ap-

paratus either by a switching arrangement or through the use of separate
terminals. With this arrangement the same transformer feeds the clectrocoagulation and dessication currents while a second transformer feeds the
cutting cpirent. The principal advantage of the electronic -tube generator of
high -frequency currents over the spark gap method for cutting apparatus is
the jthoothness of the electrical current output and the consequent lack of
faradic sensation or contraction. The spark gap machine produces damped
high -frequency currents compared with the continuous wave type of the elecqpnic tube. Other conditions equal, the separation of the spark gap electrodes requires a high voltage for spark production. This causes a reduction
,Aerigipiiiency of the sparks. The number of sparks per second is indeof the frequencies of the supply and output currents provided there
Ptn
is no ionization between the gap electrodes. The maximum number of sparks
per second is obtained with the gap electrodes close together and having the
capacity of the oscillating circuit condenser small. Lowering the power input
will decrease the number of sparks per second but stronger output currents
are obtained when the spark gap electrodes are separated farther apart. In

the event the output currents are too strong, this will increase the neuromuscular contraction and will also cause the tissues to be overheated and
scorched. Cutting under this condition is more difficult. Spark gap machines have the advantage of being quite compact and less expensive than
the electronic tube type. They arc also free from damage in handling due to
be' g of more rigid construction. In both type machines, the patient is pro -

teed through insulated inductive couplings or by inserting condensers in the

pant's circuit. This in turn reduces effective contraction. The accompanying schematic diagram illustrates the simple electronic tube cutting and coagulating machine. The second diagram shows the rectifier circuit used to ener-

gize this oscillator in place of the battery or motor generator. It will be
noticed froth these circuits that the radio designs have been followed. -The
input currents can be regulated by switches or variable reactors. The output
connections are obtained through a coupling circuit and suitable condensers.
Naturallt, many surgeons prefer the scalpel for operating but the decided advantagcs of electrocoagulation in connection with electrically performed operations arc realized especially as bleeding can be prevented or immediately
stopped in many cases without the use of ligatures.
A typical example is the case of operating on the andorpen. The first
incision is made with a needle cutting two blc-od vessels which requires the
application of four clamps. Additional clamps are required in the operations
on the ortar. isibut these tv blood vessels will serve,as an example. When
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these clamps are to be removed, the surgeon can apply enagislating curio.
and quickly touches each clamp with the needle successively and this catista,
the ends of the blood vessels to be completely cooked and the clamps can then
be removed. When the scalpel alone is used, four clamps must be applied.

Eventually, the operation will he performed more rapidly by the surgeon
holding the blood vessels with tweezers and touch them with the needle, thus
avoiding the use of clamps.

The needle cuts without pressure and ordinarily no trace 6: sparking
is apparent but it must be remembered that some kind of sparking is necessary for cutting since the sparks produce the heat that causes the ilaision
in the tissue. Electrical surgery has been successful in the resection of the
prostate gland and it is claimed that in this particular case it has reduced
mortality from 50% to 5%. In this electrical operation, an irrigation catheter if ingenious cdnstruction is used, including a telescope, lamp and a cutting
loop which in necessity cuts under water. Of course, special elttrodes .^511a
operating technique are required. The actual cutting is confined to ttie-prostate gland itself. The patient is hardly inconvenienced, as only a local
anestheticais required. The removal of tonsils and hemorrhoids is facilitated
through the use of electrical surgery partly through electrocoagulation and
partly through electrical cutting. Two of the standard electrical generating
machines of this type are illustrated. The upper portion contains the eketronic-tube cutting apparatus which may also be used for some forms of
electrocoagulation. A volt meter is provided to indicate the filament voltage
and a neon lamp indicates when the resonance has been obtained. The lower
half retains the spark -gap operating apparatus for electrocoagulation and
dessication.

Meters arc provided to indicate the current strength of the

patient through controls provided to regulate the strength. Electrical machines and apparatus of this nature is in constant use and it is expected twat
in the near future still more important improvements will be made and %Voile
contraction is not important in some operations, the elimination of this undesirable feature will be quite welcome. It is quite apparent that the great
possibilities along this line of research have not been scratched and that new
and'important contributions to the art will be introduced continually.
EXPERIMENTS WITH RADIO WAVES

3 METERS

follow reports on ultra-short-waie experiments are based Z.n experiTL
ments conducted by Abraham Esau and Walter M. Hannemann of t) German firm of C. Lorenz.
EXPERIMENTS ON WAVE PROPAGATION

On the basis of the experiments of the Technical Physical Institute in
Jena, it had become possible, at the end of 1925, to generate vavcs with a
length of about 3 m, with a capacity of about 100 watts. The next problem
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-n up ryas the investigation of the behavior of these waves during their
In the absence of a suitable tube receiver, a simple dipole was
first used as a receiver which was tuned to the transmission wave and containing in its center, a normal crystal detector. It was found at once, that as
compared with longer waves, only a very few crystal combinations were Stilt able in this range of extremely short lengths. The most sensitive detectoi
was one consisting of silicon and a metal whisker. This detector arrangement renans its sensitivity even for wavelengths as abort as 30 cm, and in all
probto.tility, it will still work for considerably shorter wavelengths.
'the ranges covered with this device were still very short, however, and
could not be increased to any appreciable degree by the application of lowfrequency amplifiers. Upon increasing the distance from the transmitter, the
lithit of sensitivity of the detector was very soon reached.
With aview to longer ranges, the probletn therefore consisted in greatly
the sensitivity of the receiver. This was done by replacing the
ma,
propagation.

'

Fig. 166
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Fig. 167

Actual Operation. Using Electric Knife.

detector by a tube, as first developed by 0. Cords and consisted of a sir'ple
wire loop and a rotary condense' for tuning. The return coupling was made
by a three-point connection. In addition to this, a three -stage low -frequency
amplifier was provided. The receiver worked, it is true, with any kind of receiving tube commonly used, but it appeared that tubes containing some gas
produced greater amplification than those with a higher vacuum.
With this receiver and a 70 -watt transmitter more extensive long-raage
experiments were carried out during the winter of 1925-1926. ,Distances
from 4 to about 40 kin were bridged with success. The latter range was,
however, the maximum limit and could be attained only if the capatity of
the transmitter was raised to about 200 watts.
These experiments were still very difficult to carry out as the adjustment
of the receive? eequired a good deal of effort due to the difficulty of the sudden
starting oscillations, since it was possible only in a few cases to-tender:the receiver really sensitive. It was shown by these experiments that the atmos-

phere did not influence. the propagation of the tyaves, the i3lensity of the
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option clways bcir.g the same in all kinds of weather and also during daylight and4darlc. It was found to be very advantageous to place the transmitter, if possible, in an open, instead of in an enclosed space, in order not to

impair its radiation. The maximum intensity of reception was attained when
an isolated spot, situated at a high level, was selected as the location for the
transmitter. Similar results were also obtained when the transmitter was
placed at the seacoast, the receiver being located aboard a ship at sea.
Afteia number of improvements had been made to the above receiver,
an effort was then made during the rest of the year 1926 to adapt the transmitter,:nd the receiver for the purpose of telephony. After many receiver design difficulties had been overcome, it became possible to telephone a distance
of 20 km. There still occurred, however, much distortion which was not due
t': the transmitter (as was easily proved), but to the nature of the reception.
The basic ciuse was that (as already mentior.ed above) the'point where ascii,a,..-.nastl/ied could not be regulated to a satisfactory degree, so that either
a non -distorted, low volume of tone, or else a much stronger tone more or less
distorted was obtained.
During the year 1927, the improvement of the receiving equipment was
continued, and after a large number of failures, success was finally reached
in getting satisfactory sensitivity and at the same time easy adjustment of the
receiver, first, by making the feedback coupling in a different manner (inductive) and secondly, by introducing the principle of super -regeneration (oscillating return coupling). These two factors were responsible for the improvement of tbe receiver and to them is due the elimination of all the difficulties
which had been previously encountered in receiving.
During the second half of 1927, it was easily possible to bridge a distance

-of 20 km and more by telephone, while the transmitter capacity required
(wt,ich in the first experiments covering the same range had amounted to
more than 100 watts), could be reduced to below 1 watt, without the clarity
of reception being impaired in the least.
The experiments on the maximum ranges were then taken up again, and
in the beginning of 1928 it was possible to hold a duplex telephone conversation over a distance of 20 km with technical perfection, the sender having a
capacity of about 0.5 watt, and the difference in wavelength being only 2 em
(active wave 3 m). Transmitter and receiver were placed dose together, in
these exh'eriments.

At 'the end of Febniary, 1928, the same duplex conversation was held
over a distance of 85 km. In these experiments, the transmitter was located

on the Inselberg (Thuringer Wald, 916 m above sea level), while the receiver was located on the "Fuchsturn" (an isolated tnountain'in the vicinity
of Jena). Tit this case, also, it was shown that the tone volume at the receiving mil was not influenced by the condition of the atmosphere, and moreover that atinc.--pheric disturbances did not occur, rot even-as had already
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been found during the experiments made in the spring-when lightn:ng stn
in the immediate vicinity of the receiving station.
Together with these experiments, another was carried out for the purpose of concentrating the transmitter energy in a single direction by means
of reflectors. Detailed reports on these experiments have been made by
Gresky. The results of his investigations may be summarized to the effect
that by means of a parabolic reflector, consisting of wires and adapted to the
wavelength, a concentration of energy of 1 to 12 may be attaineo:.. If the
dimensions of the reflector are correctly chosen, the radiation characteristic
(that is, the sector in which the radiation occurs) becomes very acute, w's ile
moreover the back radiation (that is, the amount of energy penetrating backward through the reflector) becomes very small. The opening of the reflector must be inaide practically about one and a half times the vavelengtti

and it appeared to be essential that thy ratio between wavelengli and the
distance of the sender from the mirror (vertex of the pantboht)
equal 0.25, as was heretofore generally done, but to a somewhat higher value,
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Above-Circuit of simple electronic -tube device for surgi
cal cutting and coagulating.
Fig. 170

Beluvt-Source of Direct -Current Supply for Portable
Apparatus.

in Ae present case 028. A further increase in the opening of the reflector
does not result in any appreciable increase in concentration and acuteness
of the radiation characteristic. If the parabolic arrangement is replaced by a
plane (all reflectors arranged in a straight line), the results obtained arc less
favorable. The concentration, as well as the directive action and the back

radiation, is impaired, the former, for example, being reduced to half its
original value.
The uuest ion of the transmitting antenna also influences the maximum
range. Vor short ranges, the radiation from the closed oscillation circuit betwspertile anode and the grid is sufficient. and the addition of a dipole coupled
t5 this circuit causes no appreciable increase in volume at the reception end.

The influence of this =emu does make itself kit at longer ranges, however,
so that in order to cover longer ranges, it is necessary to use dipole antennas,
both al; the tOnsinitter and the receiver end. It is immaterial in this case,
whether to coupling with the generator circuit is inductive or conductive or
..,,hether the aipole is horizontal or vertical.
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In the above experiments, obstructions between transmitter and rece.
that would affect the propagation of the waves had been avoided a't muco as
possible by suitable selection of the locations for transmitter and receiver.
There now followed a number of experiments in which the transmitter could
freely radiate into space at a high level above the ground, while the receiver
was moved around in an automobile in order to determine what influence
would be exerted by obstructions such as hills, houses, etc., located between
transmitter and receiver. It was found, contrary to expectation, that 1 screening effect caused by groups of buildings and conductors could not be observed,
or only to a very slight degree. During a test ride, made first through the
streets of the city of Jena, and then through a valley to a point at a distance
of about 20 km there occurred a considerable decrease in intensity of reception in only two cases, while at all other points the signals were received
out difficulty.
In the meantime it had become possible to build transmitters %.:th capac-

Experiments were made with these transmitters in July,
1928, in Upper Kumla. The transmitter was located on the Herzogstand,
at a level 14 about 1700 m (between Kochel and Walchensee), while the reities above 1 kw.

ceiver could change its location at will. It then appeared, among other things,

that in one particular case, signals in the loudspeaker were still extremely
strong at a distance of 180 km, while nothing could be heard even with con-

siderable amplifications, at a distance of about 50 km. The cause of this
sudden drop was assumed to lie in the fact that the optical range has a controlling influence on the reception, as has also been shown by the erperiments

Fig. 171.
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.t described later on. At one of the nearer reception points, where unexpectedly rio reception was possible, it was found that there was a mountain
range between transmitter and receiver, which had screened off the waves.
In cases where the receiver was located in one of the valleys adjoining
the Herzogstand, reception was obtained, it is true, even when, strictly speaking, optical sight was not possible between transmitting and reception points,
but the sgnal intensity vanished in those cases where high mountains were
located/tween transmitter and receiver.
C/NTINUATION OF THE RANGE EXPERIMENTS BY THE FIRM C. LORENZ

As a continuation of the experiments described above, made by the Jena
Institute, the laboratory of the C. Lorenz Aktiengesellschaft, Berlin-Tempelcarrie4out a number of tentative range experiments vrly in 1928, using
small port.$11e apparatus for a wavelength of 3 m, which experiments showed
great ..e....gularities in wave propagation. Even for very short ranges of
about 1 to 2 km, great differences in tone volume were found, depending on

whether the receiver was located close to the ground, or at a certain level
above the ground. For example, within an experimental range of' 2 krn, no

reception could be obtained, if transmitter and receiver were both located
close to the ground. If the receiver was located, for example, at a height of
about 10 to 15 m above the ground, the transmitter could be heard with satisfactory tone volume in every case. In this case also, there was found to be
particularly great uniformity in the intensity of reception.
These results also pointed to, the fact that a connection between transmitter and receiver is always guaranteed, if direct sight exists between the
two. In order to obtain further confirmation of this assumption, -the practical
im;;ortance of which will be emphasized at the end of this paper, the series of
ex"eriments described in the following pages were carried out in which the
transmitter or receiver, or both, were located in airplanes.
AIRPLANE EXPUtIMENTS

In the5e experiments apparatus was used whereby the high -frequency
parts of sender and receiver were separated from other portions of the ap
patatus. Both portions were connected with each other by an armored cable.
The.high-frequency parts of each and the connecting cable leadindg to the

rest of /he apparatus are distinctly visible. The transmitter (at left) was
y/erra to telephony and audible telegraphy. The receiver was built on the
principle of super -regeneration.
In the high -frequency part of the transmitter, the tubes with the oscillation circuit are arranged between the anode and the grid, consAting of a small'

rotary'condenser and a self inductance bent into the shape of a U. No antenna wa: qscd in addition to this small transmitting frame, in these sets.
Tha.eapacity df the transmitter was about 1 to 2 watts.
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In the high -frequency part of the receiver, the tuning and retufh coup'
condenser, and the self inductance arc made as a yoke bent into the shape of
a U which functioned at the same time as the loop antenna for reception.
The next series of experiments was carried out during the period from
September 3 to 22, 1928, with the assistance of a Junkers cabin airplane, type
F13, courteously put at the disposal of the experimenters through the aid of

Dr. Herath of the Federal Department of Transportation.

Thehigh-fre-

queney part of the transmitter was placed under the cabin outside tToNplane,
by means of a spring suspension. The receiver with its high-frequency`Trt
was inside the cabin, this part being located close to a window, by mrans'of
a spring connection. In these experiments, no antenna was used either for
receiving or sending. The first experiment consisted in sending from the
0
and receiving on the ground. First, the maximum ran :e was de-

termined while the airplane was flying at an altitude of 1000 in.Vhe tone
volume was R 8 to 9 in this case up to a distance of about 30 km, 3iid then
decreased gradually until at a distance of 50 km, reception ceased completely.
For distances up to about 10 km, the intensity of the tone received was uniform when the airplane was flying at an altitude of from 100 to 1200 meters,
but below an altitude of 100 in the volume decreased, and at an altitude of
30 m reception (ailed completely at a distance as short as about 5 km.

As a result of the great uniformity of the tone volume in the reception
observed for the ultra -short waves within the maximum ranges so far established as contrasted with the effect of regular short waves the next obvious
step was to try out another means of communication; namely, the transmission of pictures by telegraphy. For this purpose a picture transmitting set
functioning on the principle of the telautograph was built into the airphme
and connected to the 2 -watt short-wave transmitter by the grid -control meth 1.
The ground station was provided with the receiver used in the experimeNat
described above, the picture receiver being connected through rectifiers and
relays. Transmission was carried out at an altitude of about 1000 m, the airplane being a few kilometers (ruin the ground station. The experiment
showed that the low transmitter capacities used permit the transmission of
pictures from .the airplane without any difficulty over the ranges that could
be reached.
The only telautographic apparatus available for this experiment was .a
very primitive one and only very simple pictures could be transmitted.

Subsequent to the transmitting experiments from the airplane to the
ground, reception of ground messages in the airplane was carried out. this
being a far morsdifficult problem since it was not possible to place the receiver.
outside the airplane, as was done with the transmitter since it Was nect..ssary

to vary tuning and the return coupling.

Moreover, the noise of the motor
ignition was disturbing, tliis noise being a rattling v.hen the mot.,r was getqtik
up to speed, so that reception seemed to be entirely out of the question. "At
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" speed,pf the motor, however, there was a very considerable decrmsein
.;!distutbance caused by the noise of the ignition, and the latter was no
longer of importance. At an altitude of 100 m, the first telegraphic signals
were received with a volume of about R 4 to 6. It could be heard up to a
distance of about 10 km. This result also checks with the experiments in
which the high -frequency part of the transmitter was located inside the cabin.
Reception often failed even within the ranges mentioned. Evidently, the
airplane iop some position then screened the receiver against the sender. When

the air nanc was landing, the signals could be heard until the altitude was
aboii 30 in, the volume decreasing gradually, beginning at 100 in. In all of
theexperiments so far described, telegraphy and telephony were received with
equally good results within the maximum ranges, the capacity of the sender
in all cases being 1 to 2 watts.
The n ,ximum ranges found in the reception tests with the airplane be-

ing relative y short, the transmitting power of the ground transmitter was
considerably increased, and the transmitter was arranged as high above the.
ground as possible. Further test flights were then made during which a 70 watt transmitter acting on a tuned dipole was located at a high point, namely
on Fuchsturn near Jena. Reception took place in the airplane during a flight
from Berlin to Nurnberg, and in the opposite direction from Nurnberg to
Berlin.

On the outward flight the sender was heard first at a distance of 44 km,
at an altitude of 600 m, with a tone volume of R 4 to 5, which soon increased
to R 9 to 10, the airplane rising in the meantime to an altitude of about 1000
m. During the further part of the flight, the signal intensity remained nearly
constant for a distance of from 5:1 to 80 km; and then decreased rapidly, until
rec rption disappeared conipletely at a distance of about 100 km. During the

retnflight, the transmitter was heard first at a distance of 3S km, at an
altttde of 500 m. In the beginning, the volume increased strongly again,
until after continued flight reception became no longer possible at a distance
of about 90 km. It is true that the altitude in this case was only 300 to 350 m.
This very probably explains the decrease in maximum range during the return
flight. It sltould also be noted that the reception in the airplane never started
before the plane had reached a lateral position in relation to the sending station, and became most favorable when the plane was flying away from the
latter. Ptobably this phenomenon is due to a screening action exerted by
the %,j,r454., of the airplane which are located underneath and in front of the
ra:ifn in which the receiver was placed, so that the wings were located between the transmitting and the receiving stations, when the plane was flying
toward the transmitting station.
THEORY OF TILE OCTICAL RANGE

The atove,experiments,confirmed with relative certainty the assumption
that.ltie transmission of Waves with a length of about 3 m requires direct
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sight. The experiments also showed that ground -wave extension can ha -

play a part here and there is no reflection' by layers in the higher ,portic,a of
the atmosphere, and therefore no lading. We have consequently to deal with
a normal optical propagation of the waves.

Fig. 171 (a)
Theory of Nfaximum Optical Range-

On the basis of this assumption, which now had become very probable,
we find ar the maximum range without flexion into the shadow of the earth,
the following:
If in Fig. 171 (a), the circle represents the earth, supposed to be a sphere
with a radius r, and is be the height of the transmitter above the surface of
the earth, then the describing lines of the tangential cone of the sphere which
has P for its apex, forms the extreme limit of direct radiation from the point
.F'. The length of these tangents is x = V2rh
h2, or, as h2 negligible
with regard to 2 rh, x = V 2 rh. The maximum range is therefore proportional to the square root of the height, and as r
6.4 X 104 m, we find:
x = 3,550.m.
3.55 km xVh..
Fig. 171(b) shows the maximum ranges for direct radiation, as a 1:ipclion of the height of the transmitter above the surface of the earth. If the
receiver is also located at a high point (Fig. 171 (c)) , and if the height of the
transmitter above the surface of the earth be hi and that of the receiver hi,
then we find as the longest range attainable with direct radiation; x = V2rx

(Vhi 1/112) or: (1) .r = 3.55 km x (V/ti.

02.)

The maximum range may therefore be read from Fig. 171(b), by adding
the maximum ranges for the two heights. Placing both the transn.itter and
the receiver at a certain height above the ground, consequently means a -responding increase
maximum range. Within the range of direct vision
between transmitter and receiver, the radiating energy decreases according
to a quadratic law, that is, rather slowly. From the limit of the maximsAl
range attainable for direct sight, the reception tone volume must decrease
very rapidly, because there is flexion. Furthermore, it must be as..unied that
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..nergy. in the shade of an obstruction located between transmitter and
+,cr, rhich has a large size in relation to the wavelength, must amount
to only a Traction of the energy of the direct radiation, as it can get into this
shadow by flexion only.
If the results of the experiments described above, particularly also those
of the experiments with the airplane, are compared, it will be found that in
general they are in accordance with the theory. Its probability is based especially on,yhe rapid decrease of the tone volume from a minimum altitude of
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the airplane, toward the earth. However, the variations in screening effect
caused by the different positions of the transmitter or the receiver with regard
to is airplane, could not be explained in a satisfactory manner by the above
tht.sry of the maximum ranges to be expected, so that further experiments
hak still to be undertaken.
In the meantime, H. Fassbender and G. Kurlbaum published experiments
made from an airplane with a wavelength of about 3 m, which also confirm
the above theory.
THE EXPERIMENTS ON THE BROCKEN

In October, 1928, experiments were carried out jointly by the laboratory
of the C. Lorenz Aktiengesellschaft, Berlin-Tempelhol, and the Technical Instituver4na, from the lirocken (highest peak of the Harz mountains, 1,142
-ottribove sea level) by means of which the above theory was to be checked;
for this purpose, the transmitting equipment was located partly on the top
of the Brocken, and partly half way up the mountain. The re6eiving set was

-Iran iutomrile, in order to determine easily the maximum range in different directiOns from the foot of the Brocken. For the reception, the field
of the noriheast of the Broelcen (about 150 m above sp level) was chosen as
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it is rather flat and permits direct sight to the Brocken. In addition to plathe transtnission set at different heights, the energy radiated was 41s0
in order to find the law of thc wave propagation which would Predict', for
direct optical sight, the independence of the reception from the transmission
energy, up to a certain minimum limit.
The transmitter was provided with a Telefunken tube, type R S 229 g,
operated by a 50t) -cycle anode voltage of about 2000 volts. The capacity of
thc transmitter was about 200 watts and the wavelength of the transmitter

Fig. 171 (c)
Theory of Maximum Optic:. Range.

was adjusted to 32 m. The transmitter acted through a tuned vertical dipole
with a length of 1.6 m. The receiving set was the saute as that used in the
airplane experiments. Reception took place either without an antenna, or
with horizontal antenna with a length of about 2.5 m, or again with a vertical
antenna with a length of about 8 in. The transmitter was first placed on the
top of the Brocken, quite close to the ground. It was then found that the
maximum range in the different directions varied between 75 and 100 km., In
all experiments, the tone volume at the reception end varied but little, u J to
a certain range, while beyond this range it decreased rapidly to zero. 1:;he
width of this zone of rapid decrease of the tone volume varied between 5 and
15 km. Within this zone, the effect was therefore due exclusively to the deflected radiation and no longer to the direct radiation. The cause of the
variation of the maximum ranges in the different directions in4y lie in the
different elevation of the receiving stations, and in the wavy character of the
terrain between transmitter and receiver.. In order to make a further check
on the theory, the capacity of the transmitter was varied in steps, In one experiment, in the ratio 80:1. It was found that up to the limit of 8011.p. each
transmitter power gave successful reception, although with different 115,4
volume. For ranges.longer than 80 km, the tone volume decreased rapidly.
and at a distance of 85 km reception was possible with full capacity of the
transmitter only. This extremely instructive experiment, in which the :watt%
able range of the transmitter varies hut very little, in spite of a change in
power of 1 :80, shows, verey distinctly that the maximum range is mainly
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ndent ern the range of direct sight, while the differences in attainable
ranes caused by variations in transmitter capacity, are simply due to the
(

fact that in the zone of deflected radiation, a lower capacity becomes insufficient, with increasing range, because of the limit of sensitivity of the receiver,
at a somewhat shorter distance than the higher capacity. The next experiments were made by placing the transmitter on the panorama tower with a
height of 20 m, on top of the Brocken (consequently about 1160 m above sea
level).
he maximum range was increased, in a direction where it was 95
km du ig the previous experiments, by about 20 km, to 115 km: if receiving
antilias were used, no difference in tone volume of any importance could be
obkrved, in the zone of direct radiation, as compared with reception without
an antenna. In the zone of flexion, however, the maximum range could be
i4reased by a number of kilometers by the use of a receiving antenna; thus,

for exampl, the limit of the direct radiation zone in the experiments mentioned last was about 107 km. The limit of reception was in the zone of the
flexion 115 km, without an antenna; and 120 km, with a vertical antenna of
8 in. If the results thus found arc compared with the above theory, complete agreement will be found. From Fig. 171(b) it follows, that for the
relative height of the Brocken above the surrounding country of about 1000
in, the limit of the zone of direct radiation is x = 110 km. It will therefore
be seen that the maximum ranges for direct radiation, found through the experiments mentioned last in which the transmitter is located at a height of
several wave -lengths above the immediate surroundings, thus evidently radi-

ating frccjy into space, are in relatively good agreement with the theory.
When the transmitter was located close to the ground, the maximum range
was shorter than might be expected on the basis of the theory. This differ/Ince may perhaps be explained by the assumption that, as a consequence
of3A)) le large mass of ground in dose proximity, an influence is exerted on the
r cation which has the same effect as if the radiating point were shifted a
certain distance downward.
In order further to check the theory, a second series of experiments were
carried out in which the transmitter was placed at about half the height Of the
Brocken, that is, about 500 m above sea level, and therefore about 350 m
above the surroundings. The transmitter was arranged on a tower with a
height of 16 m in order to avoid in advance any disturbing influence exerted
by the ground. The reception tests were carried out in a direction from the
Broclipez; in which there was direct sight, from the location of the transmitter,

itir all of the ranges under consideration. Up to the range of 66 km, no
essential decrese in tone volume could be observed. From there on, the
tone volume dropped off rapidly, until reception ceased entirely at a distance
tir about 77 kin. The reception with and without receiving antenna was prac-tit:ally the same; whereas for a distance as great as 76 kin, a tone volume of

R' 1 could be still heard when the transmitter antenna was ornitted.and
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with reduced capacity; the transmitter could no longer be heard at, a distreie

of 77 km, even when the transmitter antenna was used and with the nximum transmitter capacity. If the maximum range, as found, is' comp red
with maximum range which should result from theory, we find, for an average height of the transmitter 350 m above the experimental grounds, an attainable range of 67 km, read off in Fig. 171(b). According to the measurements, the zone of direct radiation is 66 km wide, and the zone of deflected
radiation 11 km.
The agreement with theory therefore appeared to be very good't,en for

these experiments carried out at half the height of the mountain, arikthe
theory is consequently further confirmed by the latter.
TIIE POSSIBILITY OF APPLYING THE 3-NIETr.R WAVES

In Fig. 171(t.) the values resulting from the experiments on.,:he Bracken
have been plotted as small circles and dots; the values of the distances (small
circles) .for which the reception showed a sudden drop (limit of sight) agree
very well with the theoretical curve. The surplus in attainable range above

the limit 'of sight, resulting from flexion, is about the same in both cases
(small dots). Therefore experimental data obtained confirm the law established above.

The following characteristics of the maximum ranges for ultra -short
waves (3 m) may be considered as having been confirmed by experiment:
The maximum range of these waves depends on the height of the trans-

mitter and the receiver above the surroundings, as expressed by equation
(1) established above. The effect of the energy of the transmitter and the
sensitivity of the receiver on the maximum range is, above the certain limit,
of no importance as compared with the influence of the height of the trims nutter and the receiver. The increase in attainable range caused by fleion
of the waves over the distance of direct sight as determined by the height
referred to above cannot exceed a definite, relatively small amount (5 to 20
lan). Inside this maximum range the reception is satisfactory and uniform,
without fading or atmospheric disturbances.
As these waves also make it possible to use reflectors of not too large
a size which may be mounted rigidly or pivotably, the several points of view
relating to the application of these waves are as follows:

The ultra -short waves (3 m) are the most appropriate signali,means
for short -distance communication. As far as can be seen at present, 'thar
do not have undesirable ranges; within the attainable short ranges, they guarantee good reception, without the possibility of disturbances inherent to the
long and short waves used up to now. Their transmitters .and receivers uhels.
be provided with reflectors in order to function as directed sets, the dimensions
of which are small cnqugh for practical use.

CHAPTER X
Amateur Short -Wave Equipment
Many owners of broadcast receivers have at times considered the possibility of building a low -powered short-wave radio -telegraph or radio -telephone
transmitter. Equipment of this type can be constructed for a reasonable cost

and e)sen with low power international communication is possible in an expc mental manner. Most of the apparatus used for this purpose is individuall designed and constructed by the different experimenters. In order to
g. ,e the novice a good idea of the apparatus used and procedure followed, a
!manufactured set is described for the purpose of simplicitz.
MULTI -STAGE SHORT-WAVE TRANSMITTER KIT

The modern radio amateur, whether he be an Wilmer or a beginner,
realizes that an efficient, up-to-date transmitter must be of the oscillator amplifier or multi -stage type and not 'of the self-excited single -tube type. The
narrowed amateur wave channels which arc now congested with more transmitters than ever before require the use of absolute frequency precision and
frequency stability. The multi -stage transmitter, which may be either of the
master oscillator or Piezo crystal excited type, fulfills the requirements for
modern times.
Radii Engineering Laboratories have developed a low -power basic unit
known as their No. 215. The tubes employed and the power supply required
arc practically the same as that used in modern broadcast receivers, thereby
this meaning that the cost for accessories is reduced to a minimum. This is
a :r-yr essential thought because in most cases the actual transmitter is cheap
ei(en compared with the cost of the tubes and power supply required. The
amateur who has been used to a one -tube set need not despair of tuning a
three -tube multi -stage transmitter. The procedure is definite and positive.

No unnecessary experimentation is required when the inductances, condensers and the choke coils have the correct values. The tuning and placing
of.the transmitter in operation is actually simpler than tuning some of the
modern custom-built broadcast receivers.
This apparatus can be employed as a basic telegraph transmitter the out-

put.a ithich can be fed directly into any standard type of antenna system.
The standard No. 215 unit is equipped and designed to employ a master oscillator type of frequency control stage. This allows for quick shifting of fre-

quency in any of the regular assigned amateur channels. / Piezo crystal:.
'etintrol oscillator s'.age can be added if desired. However, this will limit the
transmitter to one definite frequency and will not allow shifting in the band.
The uosCillntor stage employs a UY-227 or cquA. The filament power
339
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may be derived either from AC or DC. 2% volts at 1.75 amperes arener'at
sary. The 180 volt plate supply may be obtained from a rectifier unit, a 013"
eliminator, or, best of all, from four medium size or heavy duty 45 volt B
batteries connected in series to give a total of 1S0 volts. When using a pure
DC plate supply such as is obtaited from batteries, the tone will in all respects resemble a crystal controlled transmitter.

Fig. 172

The illustration shows the front assembly view of the No. 215 unit. A

neat metal case provides an enclosure for the apparatus. The overall dimensions arc 19 in. x 9 in. front x 10 in. deep. The approximate weir,lit is
18 pounds.

The next stage is the buffer "Class 13" type amplifier which employs
The filament has the same specifications as ..:itat
for the tube employed in the oscillator stage. Nate supply likewise is
volts and may be obtained ftum the same source as that which furnishes the
oscillator tube. The 75 volts necessary for the screen grid may be tapped off
from the B supply. The C battery bias may be secured from small size B
batteries. One large C battery bank is sufficient to operate all three tubes
in the No. 215 unit. The various required C voltages can be tapped off from
a UN* -224 or equal tube.

this bank.

The power amplifier stages employ a UNP-245 or equal. The filantent supply necessary is 23 volts at 1.5 amperes. As the filantei.t :+t this
tube is not of the separately heated type such as employed in the other two
tube's, it will be necessary to employ a filament heating transformer which
has an accur;:te center tap. The same filament transformer may also

be used to heat the filaments of the oscillator and buffer tubes..
therefore, means that the filament heating transformer if alternating current
is employed or the battery if direct current is employed muFt ue capable of
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tIclivering,2% volts at 5 amperes. As previously mentioned, if an AC transfolpmer i4 used it should be center tapped so that the return of the powerarni4ifier tube will go to this connection. Such a center tap transformer is
very advantageous when the No. 215 transmitter is employed for telegraphic
purposes. The key may he inserted in this center tap lead. It will then break
only the power -amplifier circuit without in any way interrupting either the
buffer or oscillator. The plate supply for the power amplifier should be about
250 to 300 volts. This may be obtained from a rectifier, motor generator or
B bati:ries. When this stage is in absolute resonance and properly adjusted
it jsilot necessary to employ the purest type of DC for the plate. Therefore,
a -?alf-wave rectifier unit will be found sufficient. 'Tie main reqUisite is that
.t:ie tone emitted from :he oscillator be pure and the adjustment stable. If

tis is correctly accomplished and the succeeding stages are tuned to tesonance, the)output tone should be exactly the same as flat generated in the
oscillator stage. Stress is therefore laid on the necessity for stability and
clean plate supply for the control circuit.
The output of this transmitter may be fed into any of the present-day
types of antenna systems. As will be noted in the wiring diap;ralt, the only
antenna circuit apparatus is the antenna coupling coil "IA." Both leads of
this arc brought out to two posts mounted on the front panel. Another reason for not including further antenna tuning equipment is because some systems employ two condensers and two meters for balancing two wire zepp

feed antenna while others require only one meter and one condenser for
standard antenna and counterpoise tuning. The omitting of this equipment
will, therefore, be readily appreciated. The amateur can neatly and efficiently
mount these parts externally if required. They should be located somewhere

between the antenna lead and the' connecting posts on the front of the
trtalsmitter.
Another reason for omitting additional antenna tuning apparatus is because some amateurs will use this transmitter to feed another amplifier stage

of larger power. A connecting diagram showing how this is done is given
elsewhere in these specifications.
NVIteri the power amplifier stage is tuned to function as a Class B ampli-

fier, that is, operate at the cut-off point, the rated power output of the transmitter when
used for C\V telegraphing is 10 watts. When the transmitter
s
is used in conjunction with a separate modulator and speech amplifier unit,
suclias'-the No. 225, the power amplifier is adjusted to function as a Class C
amplifier and as such when modulated by the 100% system will give a peak
output of over 20 watts. Incidentally, when adjusted as a Type C amplifier
the carrier output is approximately 5 watts. Shifting the atnplifier fron.a
'Class3B to a'Class C simply means the increasing of negative biasing voltage.
The standard No. 215 kit is supplied with one set of plug-in inductances.
These are designed to operate in the 3,500 to 4,0100 KC (80 meter) band.
-
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Additional plug-in coils to operate in any of the other channels
cured.
Only one milliammeter is supplied.

be se-

This is provided with a flexibleia.ead

and plug so that it may be connected to any of the three jacks which arc
mounted on the rear terminal strip. Each one of these jacks is wired in the
plate lead of that particular tube. Therefore, by using one meter and this
plugging arrangement the plate current of any of the tubes may be measured.
This is another step towards the reduction of cost of the set.
ASSEMBLING THE No. 215 KIT

The illustration showing the inside of the No. 215 is exceptionally el=
and very definitely shows the correct mounting place for the various paie.s.
Fig, 172. Therefore, a detailed description giving the exact position for

mounting will Clot be given. The builder can follow tie photographic scheme. A few words are given regarding the care necessary for the arrangement of some of the parts. The two pieces of sheet
aluminum which act as separators for the three compartments are secured to
the front panel by means of the Yrirsch angle supports. The wooden baseboard is covered with a thin sheet of copper foil. The front panel is fastened
to the baseboard by means of 1 -inch long round -head wood screws. When
fastening this panel to the baseboard be sure to let the panel project about 1-16
inch beyond the baseboard --this is a long the bottom edge. This will then
allow the panel to fit flush with the outside metal case when the complete set is
assembled. The rear binding post strip is so mounted that when the baseboard assembly is slid into the cabinet it svill project through the re.ictangular
opening provided in the rear of the metal case. It is essential to remember
that the copper shield on the baseboard is so mounted that the completely covered portion is to the rear.
The plug-in coil bases should be mounted in the positions shown in athe
photograph-that is, the bayonet slot should be located as shown. This is
essential in order that short leads may be obtained from the plug-in coil base.
The plug-in coil bases and likewise all of the other parts arc securely fastened
to the baseboard by means of wood screws. The various fixed -condensers
which are mounted on the sides of the aluminum shields arc secured with
small machine screws. Incidentally, condensers which arc thus mounted on
the aluminum shields must be provided with the small bakelite mounting
strips, thus affording insulation from the shield. To obtain a satisfaasory job
when finished, the amateur is urged to inspect very thoroughly his mechanical
work before proceeding to wire.
Fur wiring, it is advisable to.follow closely the wiring diagram given.
Thin busbar is supplied for the connections carrying radio frequoncy current,.
leads arc run direct and
These comprise all grid and plate leads. All R
clear from other metallic parts. A good grade arosin core solder should .be
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errployedto make the connections. When using rosin core solder on nickel
plalIed parts it is essential first to scrape carefully the nickeling so that the
bastimetal will be reached. Other leads which arc not subject to radio frequency currents may be run in the thin flexible red covered wire. They may
be grouped together and cabled thus affording a neat appearance.
As the filaments of the three tubes carry approximately five amperes, it
is, therefore, essential that a heavy wire be employed to carry this current
without any undue heating. The kits arc supplied with a heavy red flexible
wire f,.6r this purpose.

the diagram clearly shows the connection for the stator and rotor plates
of; all variable condensers. This must be followed out in order to obtain a
ramimuni amount of body capacity effect. The jacks which arc connected in
P,ie plate circuit of each of the tubes must be wired identically; otherwise, when
the milliaibmeter is plugged into these there will be reverse polarity readings.
After the wiring is completed it is essential to check carefully the continuity of each of the circuits. Also check the soldered joints to make sure
that they arc tied and that no excess of solder or flux has dropped beyond the
lug and may be shorted to the copper base strip.
The selection of the power supply is the next item to discuss. Filament
supply may be secured from a filament -heating transformer which, of course,
can be used only where
current is available. This transformer
should have a secondary winding capable of delivering 21/4 volts at 5 amperes
and accurately center tapped. A transformer such as this would be just sufficient tosupply the filaments of the three tubes in the No. 215.
Should the amateur, however, at any time desire to attach a modulator
to this unit he would have to secure an additional filament transformer to operate modulator and speech amplifier filaments. Therefore, the ideal combination is a transformer which is large enough to supply both the filaments
c( the No. 215 transmitter and also the filaments for its accompanying modu-

lator unit. As the standard modulator unit employs one UX-250 tube

as modulator and one UY-227 tube as amplifier, the filament transformer would have to have the following specifications: 110 volt primary
(variable iesistance may be inserted for regulating output voltage) ; one secoadary winding 21/4 volts at 7 amperes accurately center tapped; another secondary Minding 71/4 volts at 11/4 amperes.
If alternating current is not available, the filaments may be headed from
a storage battery which is capable of supplying 21/2 volts at 5 amperes. This
storage battery must he of sufficient size to withstand a continuous S ampere
drain. It is practically impossible to secure a 21/4 volt storage battery. This

means that a 4 or a 6 volt battery will have to be employed and with it a i
suitable 'resistance must be used so that the voltage will be reduced to 21/4
volts.

The B'supply may be zecured from B batteries or else from rectifier unit
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F. 172
Internal View of No. 215 Transmitter. This Illustration Gives the Exact Loralion for
Nlounting the Various Parts.

or motor generator. The screen grid voltage for the buffer amplifier may be
secured by tapping the available B supply. The grid bias for the various
stages may be obtained by the use of a small "C' battery bank as previous y
outlined.

Where direct current is available, the use of a motor generator is nettssary providing, of course,, that 13 batteries arc not desired. Details on small
motor generator units having the same power output ratings as the alternating
current power supply will be found elsewhere in these specifications. LeCus
again st-css the desirability of operating the master oscillator from B battery
plate supply. If the amateur desires the cleanest possible DC note this is the
most positive way of securing it. It may seem rather expensive when considering the cost of our heavy duty B batteries, but in the long run it is not so
unreasonable in cost because the batteries stand up over long periods.
OrERATION AND ADJUSTM !LW!

Connect the filament supply to the rear binding post engraved "F," "CT"

and "E." If direct current or storage battery is ^mployed for filament heit-
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ing, connect the plus of the battery to the F post and the minus to the E post.
A kire isrthen shunted from the "CT" post to the "E" post. Irrespective of
wheyher AC or DC is employed, the voltage across the posts "F" and "E"
ntust'be 2%. All three tubes are now inserted. The master oscillator tube

"VI" is of the UY-227 type. The Buffer Amplifier Tube "V2" is of the

UY-224 type. The Power Amplifier Tube "V3" is of the UX-245 type. After
all these tubes have been inserted in their respective sockets, the filament
supply is turned on. It will take approximately thirty seconds before the filamentsArrive at thcir rated temperature. The filament voltage should be
checeed with a suitable voltmeter if such an instrument is on hand. If not,
adi.ist the primary of the transformer or the filament rheostat in series with
i!'k storage battery until the tubes show a dull red.

.

The blaster Oscillator Inductance "LI" is plugged into its mounting.

This inductisnee is tuned by means of the oscillator tuning variablecondenser
which is connected in shunt to a large fixed tank condenser thus gaining the
benefits of a high C oscillator circuit. Such a high C circuit is designed to
insure maximum frequency. stability at all times.
The plate supply to the master oscillator is next connected. This is obtained from a 180 volt DC source which should preferably be secured from
four 45 volt heavy-duty B batteries connected in series. The milliammeter
plug is inserted into jack "J1." In this position it will read the plate current
consumed by the master oscillator tube. Should the milliammeter read in the
reversed direction, change the wires on the back of the meter.
The ,text step is to turn on the power and check whether the oscillator
is functioning correctly. This is best accomplished by checking whether or
not radio frequency is being generated in this circuit. A small size Neon tube
is a very useful instrument for checking this. Hold the glass portion of the
Neon tube in your hand and touch the oscillator tuning condenser plates. If
tir circuit is functioning correctly and developing radio frequency the Neon
tilbe should light. Furthermore, it should glow with the same brilliancy

irrespective of the position of the oscillator tuning condenser. With this
definitely proved it is necessary to set the oscillator on the frequency at which
the transmitter is to operate. Several methods for accomplishing this are
here quoted.

l --Use an accurately calibrated frequency meter. This is the method
which closest approaches precision measurements.

2-4Jse your present receiver. Your receiver can be used to determine
the approximate frequency of your transmitter providing that this receiver
has been previously marked so as to note definitely where the upper and lower
limits of the band in which you desire to operate are locateds Set your re-

ceiverrat sonic approximate position in the band then turn on the oscillator
of your transmitter and slowly rotate the oscillator tuning condenser until the
cat'rier istpitkAd up in yotrr receiver. This then indicates that your trans-
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mitter is operating on a frequency somewhere in the band. Ti" actual frequency cannot be ascertained but you can determine whether you_ are id the
upper part, in the lower part or in the middle.
3-Use a broad range wavemeter for locating approximately the trammitter within the band. A broad range wavemeter may be defined as that
type of indicator which covers wavelengths from 15 to 200 meters.
You may next monitor or listen to the note of the oscillator. Use your
present receiver or if a small monitor is on hand use this. The note heard will
be exactly the same as that which eventually travels out over your atttentla
system to other receivers. The stability of the signal may be checked byiletting the oscillator run for a considerable time and listen in continuouslkon
your receiver or monitor. The tone should not vary. Thus, you will hall.
checked both the Oiaracter of your emitted signal and also the frequency.
If you are desirous of calibrating your transmitter, you may do this by
taking several readings at various settings of the 'oscillator condenser. An
accurate frequency meter is practically the only means against which you may
obtain precision calibration. It is a novel feature to be able to shift your frequency, up or down within a certain band and it is still more novel to be able
to tell the other fellow exactly to where you arc shifting. This is a feature
Which will sooner or later be highly appreciated by all amateurs.

As previously mentioned, a Neon glow lamp is an essential item for
checking of radio frequency circuits.

With such a Neon tube you may test the effectiveness of the various
radio frequency choke coils employed in the transmitter. For instance, the
plate choke "RFC -1" should indicate radio frequency at its plate end an?. at
the other end of the choke it should indicate nothing. In like manner, the
end of coil "Ll" which is connected to the coil base prong "1" should also be
alive. The grid end of the inductance "LI" which connects to the base prong
"4" must indicate some RF. Of course, the amount of RF indicated at 1,11e
grid end is slightly less than that at the plate end. Continuing along these

lines the radio frequency is traced through the grid coupling condenser
"(ICI," and further on up to the top grid connection of the UY-224 Buffer
Amplifier Tube.
The oscillator circuit has now been checked and tuned to the desired frequency'. The next step is to tune the Buffer Amplifier. Connect another wire
from the same 180 volt battery supply to the post marked "+ 180" at the rear
of the Buffer Amplifier compartment. Also connect the plus 75 volts, to the

post marked "+75." This may be obtained by tapping the 180 volt battery.
In most cases "75 volts is*difficult to obtain because standard 45 volt batteries
are usually furnished with a mid tap at 22Y5 volts. The nearest screen g'rid
voltage thus obtainable, would be either at 67Y, or at 90. The 67 volt tap
will be found satisfactory for most purposes. Therefore, sorinect plus167
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volts to ths "A-75" volt terminal which appears at the rear of the Buffer
Amplifier compartment.
r
The I.11-224 Amplifier tube when employed with 180 volts plate ar.d 67
rclts screen grid requires approximately 67.4 volts negative C biasing battery
for correct operation. This 67Y/ volts may be obtained from the "C" battery

This bank may comprise two 45 volt small size batteries connected
The amateur need not be alarmed at the cost of these batteries
because their life is exceptionally long and they should stand-up for pracbank.

in series.

tically, a whole year's operation.
'the Buffer Amplifier is now ready for operation. Plug in the inductor

"Ii." Remove the plate milliammeter plug from the oscillator jack "JI" and
;iisert it in the Buffer Amplifier jack "J2." In this position the plate meter
amount of current drawn by the UY-224 tube. Turn on the
read
power and ihen slowly rotate the buffer amplifier tuning condenser "C2." A
definite place will be reached where the millianuneter needle shows a sharp
dip downward towards the low end of the scale. Set the condenser at that position where the milliammeter needle gives the lowest reading. This indicates
that the Buffer Amplifier is in exact resonance with the master osc°fllator cir-

cuit and therefore operating at the same frequency. A test for radio frequency may now be made. Touch the Neon tube to the stator plates of the
buffer tuning condenser "C2." It should glow very brightly. In like manner

you may check the grid radio frequency choke coil "RFC3" and the plate
radio frequency choke coil "RFC2." One end of each of these chokes must
be alive azul the other end must be dead. That is, of course, meaning radio
frequency.

It is now essential to check whether or not the master oscillator circuit
is really controlling or driving the UY-224 tube. By inserting a dummy plug
or a small piece of wood into the master oscillator plate jack "JI," you will
st(p this oscillator circuit from functioning. Immediately, when the oscillator
plate circuit is open, you will notice that the Buffer plate current as indicated
on meter "Al" will fall to zero. Furthermore, if you take the Neon tube and
touch it to the stator plates of condenser "C2," you will notice that there is
no radio frequency flowing. This means that the oscillator is really controlling the Buffer stage. With the oscillator jack "J1" open, the buffer plate
current sliould fall to zero. If it does not you will have to increast the C
voltage which is connected to the minus "Cl" terminal. There must be sufficient C bias on the buffer tube so that it will cut the plate current to zero when
excitation from the oscillator stage is cut off.
The actual correct amount of C voltage required for the.. Buffer tube is
realized when, the Buffer plate meter falls to zero. Do not use more C: battery than necessary and likewise, do not use too little. Experiments have
defnitely proven that 675 volts are correct.
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With the Buffer stage correctly tuned, you should again check the tone
by listening in on your receiver or monitor. It should be exactly the same as
that which you heard when the master oscillator was functionir$ incVkiendently. You should also note a slight increase in the intensity or volume of3hc
signal. if the Buffer. is not in absolute resonance with the master oscillator
circuit, you will notice a broad tone not sharp and distinct. Should this be
the case a very slight adjustment of condenser "C2" will synchronize bothc
circuits.
The final stage is to place in operation the power amplifier or output circuit. This circuit employs a UX-245 tube which requires approximate:y 250
to 300 volts plate supply. This may be obtained from any source as previ(usly
outlined. The negative biasing battery used may be the same as that ...."-.71plovcd for the buffer tube, except that 90 volts are necessary. The ntinuk
volts is connectea to the minus "C2" post. The positive conntction of the
C battery has previously been connected to the "plus C" or ground post.
The millianniteter plug is now taken out of jack "J2" and inserted in the
Power Amplifier jack "J3." In this position the plate meter will indicate the
amount of current drawn by the UX-245 tube. Incidentally, this plate circuit
must be closed. That is, connect the "plus 300" volt power supply. The open
jack "J3" naturally was closed when the meter "M" was inserted.
The next and final step is to rotate the amplifier tuning condenser "C3"
until the plate meter needle dips to a minimum position. This now indicates
that the power amplifier iN in resonance with the Buffer amplifier which, of
course, in turn is being controlled by the master oscillator circuit. The Neon
tube may be used to check the radio frequency. Touch the stator plates of
condenser "C3." Be careful when doing this because the amount of radio frequency developed in the power amplifier stage is considerably more than that
had in the previous stages. The operator should always be careful to hold
the glass portion of the tube and not touch any of the metallic base portvn.
The Neon tube may also he used to check the radio frequency choke ciils
"RFC4" and "RFCS." "RFC4" should indicate very brightly at the plate end
and nothing at all at the jack end. Likewise "RFC5" should indicate at the
grid end and show no indication at the "minus C2" end.
The Power Amplifier Tube UX-245 will require about 90 volts negative
C battery when the Cat. No. 215 set is used for telegraph trmnsmission.
Ninety (90) volts will be sufficient to operate this tube at the cut off point.
This circuit is then functioning as a class "B" amplifier. Ineideetally, the
Buffer stage is also functioning as this type of amplifier. It is essential that
the operator experiment with the negative C voltage so as to make surs that
just s.uflicient,.is applied to reduce the plate current mils to zero when excitation from a previous stage is cut off. Experiments with various, models
have proven that with 300 volts plate supply, 90 volts ncgativet will be sufficient to accomplish tkiis.

Fig. 173

*

Schematic Wiring Diagram. No. 215 MultiStage Transmitter.
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The transmitter can now be considered completely tuned are.! ready fbr
feeding the available antenna.

For information regarding various types of antenna refer 'to thd! dirt grains and tables furnished elsewhere in this chapter.
Outside of the inductor "I..4" there is no other additional antenna equipment. As previously stated, this is so that the amateur may connect the set
to any type of antenna system or if so desired he may feed the output into
another larger amplifier. If the output of the inductor "L4" is to be fed
directly into an antenna the operator can very easily assemble the necessary

antenna variable condensers and meters. These may be advantageously
mounted directly above the transmitter.
The following summary of plate current readings may be more or
closely followed:
...10 cningstsperes
Oscillator kite
13uffcr Amp. Plate Current
Power Amplifier Plate (:urrent

...l2 milliamperes

32 milliamperes

The plate current drawn by the power amplifier tube will increase to the
above mentioned
normal rating when the set has been tuned to resonance with
,
the antenna system or tuned to feed another larger amplifier.. When using
alternating current to heat the filaments you may insert the key so that it will
open and dose the center tap connection of the filament transformer. This
is accomplished by inserting the key plug into the jack "J4." If direct current is used for heating the filaments the key should be inserted into the amplifier plate jack "J3." Bear in mind that if this last method of keying is employed you will have to take special precaution not to touch any of tic metallic
portion of the key because this will be carrying 300 volts.
.

The output characteristic of the transmitter may again be listened to.
However, this time you may find that the receiver will not do because of the
increased power now available_ Under these conditions you will be obliged
to use a regular monitor placed at a distance to the transmitter. The chilracter of the note should resemble that which you originally heard while testing the master oscillator circuit. A very good check for frequency stability
is to plug the milliammeter into jack "JI" and while keying the set carefully
note that this meter needle shows hardly any deflections. This is a positive
proof that the master oscillator circuit is driving consistently and is not being
subjectxl to any feed back from the power amplifier circuit. 1 his is also
proof that the Buffer stage is functioning correctly and doing whacits name
implies.

The following parts arc required with each No. 215 kit:
L1-3,500 {CC band (80 meters) oscillator inductance with internal high C fixed
condenser.

L2,3,500 KC band (80 meters) buffer amplifier inductance.
L3, IA -3,500 KC band (E) meters) power amplifier inductance with independent
antenna winding.
Three standard plizgrin coil bases are required to. the &bow co'!.s.
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Cl-Oscillator tuning condenser 115 maid. capacity.
a-Stiffer amplifier tuning condenser 115 mmfd. capacity
C3-Pqwer amplifier tuning condenser 115 rcanfd. capacity.
'. 5S4.7_003cillator plate blocking condensers, 2,000 nunfds.

stabler grid condenser, 2,000 mmfds.
C7-11uffer amplifier plate blocking condenser, 2,000 wilds.
CS-Power amplifier plate blocking condenser, 2,000 nunfds.
C

C9, C10-Power amplifier filament bypass condensers, 2,000 mallets. each.
C11-Buffer amplifier screen grid bypass condenser 1 mmfd. 250 volt type.
GC1-Buffer amplifier grid coupling condenser, 2,000 mmfds.
GC2-Power amplifier grid coupling condenser, 2,000 maids.

RFC1-Oscillator plate RE choke coiL
REV --Buffer amplifier plate choke coil.

4E0-Buffer amplifier grid choke coil.

RFC4--Power amplifier plate choke coiL
RFC5-Power amplifier grid choke coil.
11-Oscillator plate meter jack single circuit closed type.
2-Buffer amplifier plate meter jack single circuit closed type.
3--Pover amplifier plate meter rack single circuit closed type.
J4-Key jack single circuit doted type.
M-Plate milliansmeter, 0.100 mils
P-Meter plug with 2 foot extension cord.

V1-Oscillator tube socket, UY tme.
V2-Power amplifier tube socket, UY type.
V3-Power amplifier tube socket, UX type.

R-Oscillator grid resistance, 5,000 ohms.
F-Drilled and engraved aluminum from panel finished in black crystalline lacquer.
A-Antenna and ground bindMg post strip.
13-5 ply veneer baseboard finished in black lacquer. Size 1144' x 94(1" deep x W

thick.

S-Two aluminum partition shields with necessary ;4" angle strips for mounting.
SS-Copper sheet for covering baseboard.
N-Brackets for supporting rear binding post strip.
T-Bakelite rear terminal strip drilled and engraved. This strip is fitted with all
necessary tsrrninal screws. The four jacks arc to be mounted in this strip.
A neat pressed steel cabinet with a removable top, the finish to match the front
panel.

ADDING CRYSTAL CONTROL TO No. 215 TRANSMITTER

If the amateur so desires, he may use crystal control with the No. 215
The above wiring diagram shows the crystal control oscillator circuit.
A'direct comparison between this oscillator circuit and the master oscillator
circuit in the No. 215 will readily show that only a very small change is
uT jt.

necessary.

When considering crystal control the amateur must decide whether he
will operate with a 160 meter crystal or with an 80 meter crystal. If a 160
meter cryltal is used it will be necessary to double frequency into the buffer
stage. IJ an 80 meter crystal is used the same frequency will be had in all
three stages.
The No. 215 unit when crystal controlled can be operated on 40 and 20
meters. It simply becomes r.ecessary to double frequency in vtcceding stages
Sri asIto arrive'at the desired output frequency.
Z'he crystal will require C battery. This is connected to the post "-C."
TNy satteCtattery bank which supplies the buffer apd power amplifier may
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XTAL

-HV

+c

-C

+180

Fig. 174

Schematic Wiring. Cat. 215, Oscillator Stage Fitted for Piero Cry tat
Control.

be used for this purpose. Therefore, the connection for the "-C" post
should go to -22Y2 volts on this battery bank.
A few brief hints will be given on how to obtain successful operation with
a crystal.

Before inserting the crystal wash it with a carbona solution. Likewise
wash the upper and lower crystal holder plates. When the crystal is thus
cleaned the surface should not again be touched with the fingers: After it is
inserted in the holder and all the necessary power supply connected, rptatc
the crystal tut -0g condenser "Cl" until a minimum dip is indicated on the
plate meter "M." It is, of course, necessary to insert the plate mete., plttg
into jack "J 1." The Neon tube may be used as an additional check to sec that
radio frequency is being generated by the crystal oscillator st.gt. A god

E
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Fig. 175
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point to determine this is directly at the stator plates of the crystal oscillator
tuning condenser "Cl."
The tuning of the remaining stages remains the same as previouF'y outlined.
ADDING LINEAR AMPLIFIER TO No. 215 TRANSMITTER

If the amateur desires higher power than that developed in the power
amplifier stage of the No. 215 basic unit he may add a 50 or 75 watt linear
amplifier. Any of the following tubes can be used 203A, 211, 852 or 860.
This additional linear amplifier can be tuned to operate either at the same
frequency as the power amplifier or at double frequency of this power amplifier.

The following is a parts list of the amplifier :
MS-Plate millisunmetcr 0-3C0
GCS-Linear amplifier grid coupling condenser 2,000 mmfd. 5,000 volt type.
C20-Lincar ariplifier plate blocking condenser 2,000 tumid. 5,000 vat type.
C21-Linear amplifier tuning condenser, 200 humid. 3,000 volt type.

JS-Key jack, single circuit closed type.
L6-Linear amplifier tank inductance.
L7-Antenna coupling coil.
M6-Antenna meter 0-3 thereto coupled RF.

CP---Anterina series variable condenser, 200 mmfd. 3,000 volt type.
RFCL-Linear amplifier plate choke.

RFC7-l.incar amplifier grid choke.
a3-Filament bypass condensers 2.000 mmfd. 1,000 volt type.
VS-Linear amplifier tube socket, either SO wan or 75 watt type.
1-)fetal cabinet, size 9" x 19' x 16" deep.
I-Drilled and engraved panel.
1-Baseboard fit with copper foil.
I-Rear binding post strip.
1-Ccmplcte set of hardware.

The power supply necessary for operating the linear amplifier will have
to be independent from any of the power supply used for the No. 215 unit
or the No. 225 modulator unit. Filaments may be operated either from AC
or DC. The supply necessary must furnish 10 volts at 3.25 amperes. If AC
is used for filament supply the transformer must be accurately center tam&
The filaments must then be bypassed with two 2,000 nunfd. 1,000 volt t.ii\le
condensers. These bypass condensers should be located directly at the filament tube socket. The plate supply required for the 50 watt tubes is 1,000
volts DC at 150 watts. The plate supply required for the 75 viatt tubes is
2,000 volts DC at 150 watts.

The output of the No. 206 linear amplifier is fed to any of tle antenna
system" illustrated.
100% MODULATOR

The modern amateur radio telephone transmitter is radically different
from the sets and systems employed several years ago. Those who desire efficient radio -telephone communication appreciate that as much as possille
the continuous wave carrier should be modulated. This may be more Te..dily
explained as follows:
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When listening in for a radio -telephone station the amateur has often
noticed that the carrier is sufficiently strong but the voice is weak. The sys-

Fig. 176

This illustrates the complete No. 21-5 Modulator. It has an
attractive and businesslike appearance and will enhance any
amateur station.

tern employed in the No. 225 amateur modulator units is designed to give prac-

tically 100% modulation of the carrier output of the No. 215 basic unit.
'Therefore, when using the No. 225 unit in conjunction with the No. 215 unit
the operator will be able to receive reports which indicate that his modulated
voice is just as strong as his CW carrier wave. It has often been reported
that low -powered CW telegraph transmitters have covered great distances. It
can now well be said that when using the 100% system of modulation these
srme low -powered telegraph sets can be made into telephone transmitters
11 .ving the same great DX range.
The No. 225 amateur modulator unit, although expressly designed for
use with the No. 215 basic unit, can be made adaptable to any other present

oscillator system which employs a power amplifier tube of the UX-245
type or equal. The main requisite is that the tube which is to be modulated
must use Approximately one-half of the plate voltage that is required for the
modulator tube. In the case of the 225 unit a UX-230 type tube'is used
with 550 to 600 volts plate and in conjunction with this the modulated amplifier tube employs 300 volts plate. Furthermore, the modulator watts output
of the 250 tube are sufficient to operate the 245 tube.
The No. 225 unit is designed to use a single -button earl nn microphone.
this: is sufficient to obtain good reproduction over the average voice
que;.cies employed. If the user so desires, he may very easily employ .a twobti ton caibca microphone.

SHORT WAVES

356

A complete listing of parts required is given under the scheniatic wiring
diagram.

On the front panel arc mounted the microphone jack "J7." Tile resistor
"R2" is mounted on a small strip of bakclite, thus insulating the twivablf_ aril
from the metal panel. The jack "J7" is mounted directly on the fr.snt pan.
One arm of this is automatically grounded.
The No. 225 unit is located on the operating table alongside of the No.
215 unit. Connections between the two units are made at the rear.
The complete station is always ready for either telephone or telegraph
transmission. The only adjustments necessary is to turn on the micro1g:.,ne

switch SW when using telephone, and turn this off when using telegraph'
All tubes in the modulator and in the No. 215 unit arc always lit. This is as.
very good feature because it allows instant shifting from telephone to telu
graph.
OPERATING THE No. 225 UNIT

After the unit has been assembled and all the wiring carefully checked it
is ready f9r operation. The power supply employed can be the same as that
used for the No. 215 telegraph set. The filament heating transformer should
be of sufficient size to supply the RCA type 250 modulator tube with 7Y2
volts at 1.25 amperes and also to supply the RCA type 227 Speech Amplifier
Tube with 2y2 volts at 1.75 amperes. If alternating current is tiot available
the filaments of these tubes may be heated from an 8 -volt storage battery.
Necessary filament reducing resistor must be employed in the circuit of the
227 speech amplifier tube so that it will.only receive 2.5 volts.
The plate supply to the modulator tube must be between 550 and 600
volts DC. This can he secured from a power unit, from a motor generator

or from a B battery bank. The plate supply to the speech amplifier tube is
secured from B batteries. The same heavy-duty B batteries which are
to. supply the oscillator and buffer tubes in the 215 will suffice for this p
pose. One hundred and thirty-five volts are necessary. These may be secured by tapping the battery, or in other words using three of the 45 -volt
batteries. The C battery voltages required for the speech amplifien.and modu-

lator tubes may be obtained front the C battery bank which feeds the transmitter unit. The six -volt supply necessary for the microphone may be ;13tained fvom any 6 -volt battery. The best method is to employ the 6:volt storage battery which is used to heat the filaments in the receiver. The,polarity
connections are not critical. The wiring diagram for the 225 shows that the
positive side is grounded. If the positive side of the receiver battery is also
grounded this connection will be satisfactory. If, however, the negatiVe side
of the receiver battery is grounded then it will be necessary to kverse thet, trAL
tery connections to the microphone so that the negative side' will rtsv:t to
ground.

In any case the same side must be grounded as that' whichssis
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This is the rear view of the Cat. No. 225 unit It clearly illustrates the position of the
various parts.

grounded in the receiver otherwise the receiver storage battery will be shortcircuited.

The Aollowing gives correct plate meter readings and "C" battery voltages for.the No. 225 unit:
Modulator-Plate ?Mils 55-C voltage minus 135.
Speech Amplifier-Plate Mils 9-C Voltage minus 9.
\Vhcn making adjustments it is essential to adhere to the ...hove plate currtmt .eadings and C battery voltages..
The miciophone input is controlled by the resistor "R2." A combination

wf. be fOund so that the iperator will readily know the distance from the
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microphone mouth -piece to his mouth and the intensity at which the microphone is being actuated. This will vary with various types of microphones
employed and also will vary with the voice of the person using the ni.croOone.
The correct combination of R2 and voice input to the microphone' shoild be
sufficiently strong to show the movement on the plate meter and Life -speech
amplifier tube. If too much gain is used this plate meter needle will fluctuate
in synchronism with the input and when thus fluctuating it is a safe indication that distortion is being had.
In like manner, the plate meter when inserted into the modulator tube
circuit should remain practically constant arid should not fluctuate witreettle
input.

In the instructions given for the No. 215 CW unit no mention was made
on the changes neicessary to adapt this unit for telephone purposes. Therefore, when using the No. 225 modulator in'conjunction with the 215 the following adjustments will have to be made in the 215 power amplifier stage:
The ordinary C voltage employed on the 245 amplifier tube is 90 volts,
Therefore, change the C battery from 90 to 157 or 180 volts. By doing this
the plate (current of the power amplifier tube will be reduced, thus placing the
tube in a condition where it will not be overloaded when the highest peaks of
modulation are delivered from the modulated tube.
antenna circuit will
The meter which used to indicate
approximately show 70% of the reading ordinarily had before the C bia,
was doubled. That is, this reading will be had when the microphone is not
spoken into. As the microphone is actuated this antenna meter needle will rise
approximately 30% from its low idling position. The best way to test this upward swing is to actuate the microphone with a steady constant tone like that
obtained from a buzzer or from the head phones of the receiver when the
receiver is in an oscillating condition acid howling at an audio frequency. Another simple method is to whistle into the microphone and thereby note Icie
upward swinging of the antenna meter needle. At all times while telephonitg
it will be noted that the antenna meter will swing upwards in direct proportion with the amount of input to the microphone.
It is of course essential to monitor or check the output wIt6'n using the
telephone transmitter. This may be accomplished by listening in at the seceiver yvhen this receiver is in a non -oscillating condition, or bee.er yet, by
using the method which employs a crystal detector connected in series with a
coil and a pair of phones. This coil can be coupled to the antenna kad going
to the transmitter. There is no reason why the amateur should not be able to
know exactly what his phone sounds like. It is not necessary to ask for reports on your Phone when you can easily and quickly check yourself d;recpy
at the station. A good monitor is the best indicator.
Schematic Wiring Diagram Fig. 178 shows exactly how the
Modulator unit is connected. Follow this out e.xar_tly, run all plate and aiid

Schematic Diagram 100% Modulator.

Fig. 178
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leads short and direct. All other wiring may be cabled as illustrated in the
rear view.

Fig. in
The following is a description of the parts required with each 225 kit :
CI-Bypass condenser 2 mid. 1,000 volt type_
C2 --Speech amplifier grill bypass condenser .5 mid. 450 volt type.
C3-Modulator grid bypass condenser .5 mid. 450 volt type.
C4-Specch amplifier plate bypass condenser .5 mid. 430 volt type:.
CIII-Constant current choke special Dongaii type Na 1591. or equivalent.
CII2-Constant current choke special I)ongan type No. 1591. or equivalent.
TI-Modulation transformer for use with single button carbon microphones.

T2-Audio frequency transformer. ratio 3 to

1.

R1-Amplifier plate voltage reducing resistor 5,003 ohm 44 watt type.
R2-Gain control variable resistor 5003100 ohm.
10-Audio transformer shunt resistor 200.000 ohm supi.7!rd with 2 grid leak cnoi'otins clips.
5-Speech amplifier meter jack, single circuit closed jack.
7-Microphone plate, Single circuit open jack,

I-Modulator tube socket, UX type.
V2-Speech amplifier tube sncket, UY type.
SW-Microphone battery switch.
S-Fire-ply veneer baseboard finished black lacquer and covered with copper Acct.
Baseboard dimensions 13" long, 9j.r deeps 14" thick.
B2S-Rear binding post terminal strip completely fitted with 12 8-32 binding post
screws. nuts and washers.
BR-Two angle brackets for supporting rear terminal strip.
P-Front panel aluminum completely drilled and engraved-front side finished
black crystalline lacquer. Rear side satin hnished aluminum.
C-Pressed steel cabinet-inside finished dull black lacquer-outside finished black
crystalline lacquer. Equipped with removable top. Sire 13" x 9" front x 10" deep.
AMATEUR BAND RECEIVER KIT

The average amateur station has employed many different types C. Leccivers during the past several years. This set. described ,Yill accomplish
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everything necessary for an amateur station receiver. The various features
of the No. 231 receiver will be taken up and discussed
tAn ;.ntuned stage of radio frequency employing a. screen grid tube of

OK. ,.22 type was found to be practical and necessary. The untuned-sive was selected in preference to a tuned stage because the addition
of a tutted stage would have required an extra tuning condenser control. This
would mean that the amateur would be obliged to adjust both tuning condensers at the same time. Furthermore, when desiring to cover quickly a
certain amateur band, it would be found extremely difficult to keep these two
e.Jvable controls in exact synchronism. The main advantage of using the um tuned stage of screen grid RF ahead of the regenerative detector is that it will
act as a blocking tube to oscillation set up in the detector circuit. In other
.words, it does mot allow the oscillating detector circuit signals to be transmitted. 'the amateur is well aware of the fact that an Oscillating receiving
tube when connected to an antenna will create considerable disturbance. Another advantage for the radio frequency stage is that it will allow the detector
regeneration control to be smooth and not erratic; thus it will block the antenna harmonic effect and provide smooth control of regeneration. The
screen grid RF stage will also help to amplify weak signals to some extent,
although untutted, screen grid tubes cannot be used to their utmost advantage
on short waves-they will furnish some radio frequency gain.
The detector circuit employs a tube of the 201-A ty0e. Regeneration is
controlled by means of a variable resistor. This resistor is of the drum type,
making -,perfect noiseless contact at all times. The tickler coil combinations
employed arc of such ratio that the regeneration control resistor will at all
times give absolute positive and smooth control of oscillations.
Three correctly designed plug-in coils are supplied. These are designed
to cover with maximum efficiency the 20, 40 and 80 meter amateur bands. By
mans of the special combined tank and vernier tuning condenser full spread
coverage of each amateur band is obtained. A brief description of how this is
accomplished follows. The single rotor and the single stator main tuning
condenser "C2" is controlled from the front panel. The stator plate is mov-

able; that is, its position to and from the rotor plate may be varied, thus
allowing the maximum capacity of this vernier control condenser to be set at
any desired capacity. This single stator plate is therefore set at an arbitrary
position and the rotor plate is set at minimum capacity or in the "all out" position. This will then indicate as zero on the dial located on the front of the
panel. The 80 meter coil is plugged into the coil socket and the large tank

condenser "Cl" is set to a certain definite position which will tune the
'riles cod of the 80 meter band. This large semi -variable tank capacity
er.idenser as controlled by means of the 3" bakelite disc "D." The ratchet
n.idces friction
. contact to this bakelite disc. At the exact point where the
pelt=of tbe 80 meter, band is received scratch aline onto the bakelite disc
.t
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where the ratchet makes contact. The variable control of the vernier condenser is then set to maximum capacity or in the "all in" position.; that is,
where the front dial indicates at "100." By moving the single stitor i)late
closer to the single rotor plate of the vernier control a point will be 1 Id ';here
now
the uppermost point of the 80 meter band is received. The user
note that without any further adjustment of the large tank condenser "Cl"
it will be possible to cover the complete 80 meter band by simply using a single
plate vernier control on the front panel.
The same procedure is -followed out with the 40 and the 20 meter coils;
that is, leaving the single stator plate in the original position simply adjusetP.-..

tank condenser by means of disc "D." In each ease mark this disc at the
position for the 40 and the 20 meter bands. Once this disc has thus been calibrated, notches may be filed so that the ratchet will fit. After thil is accorn,
plished the amateur, when shifting from one band to another, is obliged to
plug in the correct coil and swing the black bakelite disc to the correct notch;
that is, if the 40 meter coil is plugged in, set the tank condenser with its bakelite disc so that the 40 meter notch will coincide with the ratchet. Full spread
coverage is'then obtained by means of the vernier control on the front panel.
This feature for obtaining full spread tuning of each amateur band is simple
and positive. The amateur who has had previous experience and knows how
bad the congestion and interference is on the various bands should immediately
appreciate such widespread tuning.

Without the use of any additional coils the amateur may employ this
same receiver for 10 meter reception, only when doing so he will nut, obtain
full widespread coverage. The procedure is to plug in the 20 meter coil and
reduce the capacity of the large tank condenser until a position is had where
10 meter signals are heard. The tank condenser may then be left in that position and further tuning in the 10 meter band is accomplished with the vernier
control condenser.
The audio -frequency circuit employs a tube of the 12-A type. Only
one stage of audio has been incorporated in this receiver because this is sufficient for headphone reception. It has been found through experience that

the average amateur uses only headphones and not loud speaker. Should
anyone desire to use loud speaker it is a simple matter to add an additional
power amplifier to the output of the receiver. -A neatly drilled and engraved aluminum front panel makes the appearance and building of the set a simple matter.
Various parts supplied with the receiver should be mounted in the approximate positions shown in the rear view layout. As this illustration Is
clear\and distinct,git is needless to go into further details regarding the rnov.nt-.
ing of the equipment. The schematic wiring diagram given shciuld be
when connecting the receiver. All grid and plate leads should be run short
and as direct as possible. All other wires may be bunched in cabla fashion.
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The following is an explanation of the (Fig. 181) No. 231 schematic
wiring diagram and also a complete list of parts which arc required:
Cl-C2k-Tuuing condenser supplied with 4' type KK vernier control knob.
g3-.R.,01 condenser fitted with I pair grid leak mountings.

4--

condenser.

C,- 'mid. 250 volt eceidenser.
co, :7-,..5 mid. 250 volt condensers.
Llc;One set (3) coils with one coil base.
TI-Audio frequency transformer, 5 to 1 ratio.
RI-Regeneration control resistor, I00,000 ohms. complete.
R2-Grid leak, 10 megohin.
R3-Rheostat 10 ohm.
R4-Antenna resistor, .01 megabit; supplied with small bakelite mounting strip
tilted with 1 pair grid leak mountings.
R5-R6-Combined 15 ohm tapped resistor. (Note: The R5 section is 10 aims
and the R6 section is S ohms.)
VI-Radio frequency tube socket. UX type.
V2-Dccctor tube socket. UX type.
V3-Audio frequency amplifier tube socket, UX type.
SW-Filament switch.
RF-Radio frequency choke coil, 5 slot type.
BPS-Rear binding post terminal strip completely fitted with eight 842 binding
post screws, nuts and washers and also two binding posts for phone connection.
1i-5-yly veneer baseboard, finished black lacquer and covered with cppper sheet.
Baseboard dimensions 13' long. 9g- deep,. 5" thick.
BR -2 angle brackets for supporting rear terminal strip.
P-Front panel aluminum completely drilled and engraved. Front side finished
crystalline lacquer. Rear side satin finish aluminum.
C-Pressed steel cabinet. Inside finished dull black lacquer; outside finished black
rystalline lacquer. Equipped with removable top. Site 13' x 9 front x 10' deep.
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ANTENNA SYSTEMS t -OR AMATEUR WAVE BANDS

General
The antenna or at least the effective radiating portion of an a ',tenni. system should be located in an unobstructed area, free from trees, mct
strticI
tures or other foreign bodies. In each particular locality- certain tyi es of antennas will lend themselves more readily while others will never
satisfactory. The tuning equipment, such as variable condensers, meters or
switches, should be mounted in an appropriate place above the transmitter
unit. The antenna leads may be wired from the transmitter posts to these
pieces of apparatus and then to the antenna lead out insulators. All points'ef-...
an antenna system should. be equally well insulated by use of pyrex or other
suitable material. One poorly insulated portion of an antenna may be the
weak link in the whole system.
ANTENNA COUNTERPOISE SYSTEM-(Fig. 182)

This type of antenna may be used very well by a beginner. It is simple
in adjustment and in most cases is a very good radiator. It may be used
wherever une is not compelled to run long leads in order to get to a clear unobstructed area. The antenna and counterpoise should be separated by as
great a distance as is possible. The following lengths given will be suitable
when the antenna and counterpoise are separated by distance varying between
10 and 50 feet:
20 Meter Band 17 ft.
40
32 ft.
64 ft.
80
160

41

14

11

"

130 ft..

When measuring the length of the antenna or counterpoise, include the
total length of the wire from its extreme end through the lead-in and antenna
tuning apparatus to the antenna post on the transmitter. For example, if an
antenna counterpoise system were to be erected for operation in the 80 mek
band the antenna wire would be 64 feet long from its extreme insulator "2t
to the antenna binding post on the transmitter "A." Likewise, the counterpoise wire would be 64 feet long from its extreme insulator "Z" to'the antenna
post on the transmitter "G."
ANTENNA GROUND SYSTEM-(Fig. 183)

This system will generally adapt itself to the same conditions as the antenna counterpoise system. This is the simplest form of radiator and is recommended for the beginner. It may only be used advantageously whereiong
leads to the ant-nna are not necessitated. It may be used very well on alimall
an
boat or aircraft. With this system the ground must be made, positirt`sd
good. The length of the antenna wire will be equal to those shown or.:;tac.
table for Fig. 1K. The ground being untuned or speriodic will. function NikIrth
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-my length of antenna. However, as it is more than likely that severat feet
of wire Kill be used in the lead that connects the ground to the transmitter, it
may be necessary to vary from the antenna lengths specified slightly. This
arra2gerril nt should only be used when a good ground is available.
SINGLE WIRE FEED HERTZ ANTENNA S1'STE11-(Fig. 184)

z

WIN

A
C14 M31

(74

(-4

cir4D4,

q

L4

(-);

cAT .215
SET
Fig. la3

Thi type of radiator may be employed where the transmitter is located
some distance from a good antenna location. This situation often occurs in
an apartment house. With an antenna of this type successful.operation may
be secured with a feeder lead of over 100 feet in length. In fact, there will

be no limit to the length of the feeder within reason. The formula for the
c,rrect length of the actual antenna between points "Z" and "Z" is as follows:
This dimension is to he calculated in meters. One meter =-- 39..37 inches.

The wavelength upon which operation is desired equals the length in
meters tim,:s 2.07.

i. e.= L x 2.07
The ;ceder "Fl" must now be connected to the proper positioq on the
antenna wire. The following formula shows where "Fl" should be con-

nected.

The distance (measured in feet) of the feeder from the center equals the
antkina length times 25 and the product divided by 180. That is:
Length of antenna (f e.) x 25
Feet;er distance from center =
180

The !=rgth of the feeder from "Fl" to "R2" may be anything within
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reason and no specific length is required. The following is a table which will
give the exact data for the various amateur bands.

z

Ft

414MM,

L__
Fig. 1S4

20 Meter Band.

14,000 Kcs. Antenna length 33 ft. 11 in.
Distance from the center for feeder tap
4 ft. 9 in.
40 Meter Band. 7,000 Kcs. Antenna length 67 ft. 10 in.
Div.ance from the center for feeding tap
9 ft. 6 in.
83 Meter Band. 3,500 Kcs. Antenna length 135 it. 6 in.
Distance from the center for feeding tap
18 ft. 11 in.
An antenna of this type may be operated very well at its harmonics. lt
a 3,500 Kc...antenna were erected, operation on both the 7,000 and 14,000'
kilocycle bands will be satisfactory.
Two WIRE FEED HERTZ ANTENNA SYSTEM (ZETTELIN)-(Fig.- 185)

This type of radiator is probably the most efficient for all amateur purposes. It may be used.to extreme advantage where the transmitter Ls located
some distance from the position of a good radiating system. It is possible to
slightly wander off the fundamental frequency of a two wire feed system End
still secure good efficiency. The following are the requirements in the dimensions of a successful two wire or better known Zeppelin type antenna.
1-The feeder system must be such that each wire is equivalent in leht...to
an odd multiple of one -quarter of the waveletwth being used
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F3

MZ Ct5

)1-MLCI5

Fig. 1135

2-Antenna must have a length equivalent

of one -quarter

wavelength.

3-Thc feeder system must be electrically symmetrical.

An antenna that will operate on the four amateur bands 3,500, 7,000,
14,000 'And 28,000 Kc. (80, 40, 20 and 10 meters) would be calculated as
follows: Vv'e would employ a half wave 80 meter system. One meter IS 328
ft. and the length of a half wave 80 meter antenna is therefore one-half times
328 times 80 or 131.2 ft. This would be the length of the radiator suspended in a dear space, as shown in Fig. 185, designated by the wire spread
ptween insulators "Z" and "Z." Feeders may vary in length to suit each
!articular location. Therefore the wires "F4" and "F3" should be run from
one end of the antenna to the transmitting inductances. Iiy use of two con leasers "C15" connected in series or by one condenser connected in parallel
across.. inductor "L4" the feeder system may be tuned over a considerable
bandli.i
frequencies. In this manner "F3" and "F4" may be tuned to the fun.
damental or an odd multiple of the fundamental of the wavelength being
used. The feeder construction must be symmetrical. Each wire must be exactly the sante length as the other. This is particularly important when the
system is being operated on the higher frequencies. The distance between
1)ie Oires F3 and F4 may be anywhere from 6 inches to 18 inches.
When alljusting this antenna it must be so tuned that the currents in
Xotl, the ammeters "M2" are of equal value. When this has been attained
the.antenna' ls.operating 2.$ "a real two wire Hertziansvoltage feed radiator.
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Term
Alternating -current (adjective)
Alternating -current
Ampere
Antenna
Audio -frequency (adjective)
Continuous waves
Cycles per second

Abbreviation

Decibel

db

1)irect-current (adjective)
Direct current
Electromotive force
Frequency
Ground
I lenry
Intermediate -frequency (adjective)
Interrupted continuous waves

d -c

Kilocycle .(per second)
Kilowatt
Megolun

a -c

spell out
a

ant.
a -f

cw

spell out
e.m.f.

gnd.
i-f
I CW
kc
kw
Mt3

Microfarad
.Microhenry

NlicromicrofaradAf

'Microvolt

Microvolt per meter

rvirn

?Millivolt per meter

mv/m

Milliwatt
Ohm
Power Factor
Radio -frequency (adjective)
Volt

mw

0
p.f.
r -f

ARBREVATIONS FOR METRIC PREFIXES

Prefix

Abbreviation

centi
deci

deka
hecto
kilo

dk

megil

hM

micro

GENERAL INDEX

A
Abbreviations 369
Absorption 47

ore deposits 34
sunlight SO

ADELAIDE 123
Aerodrome
receivers 264
transmitter 262
Aircraft
Darnier-Wal 60
engine shielding 247
engine speed 257
experiments 51, 331
German equipment 52

landing fidds 260
landing problems 256
landing speed 257
wind direction 258
Aircraft Communication
short wave 51, 60,.61

Altitude
effect on air pressure 39
indicators 246
observations 40
ALTOONA
laboratory 24
Aluminum 288
AMALGAMATED WIRELESS CO. 123
Amateur
bands 369

transmitter tests 13
Amateur Radio
list parts 362, 350
receiver construction 360
transmitter 339
schematic 349
Ammeter

hot wire 265
Amplifiers
buffer 340

intermediate frequency 89, 93
linear 352

Aircraft Rldio

acrodro
sets 263
flying boat 12
Marconi 263
remote control 250
schematic diagram 2S2
shielding 247
Telefunken 55
weight 26
,,,,Vestern electric 249

radio frequency 107

untuned radio frequency 360
Anode
voltage 101
Antennas

antennaground 366
apartment house 367
array 102
beam 15
broadside 192, 207
Buenos Aires 187
calculations 368
characteristics 38
combining apparatus 198
construction 100
counterpoise 38, 365
Croydon 192

'roan

Croydon 191
i.leld boundaries 257
(groins t ransmitter 262
'
2i7
Mr p
re39
ALEXANDERSON 12, 231, 232
alternatof 12
'

television 232

ALGRAS 70
ALG

Cupar 1%
current 182
current nodes 182

S 16

Allyn ors

fligh tequency'412
Alt icier

curtain 180
dipole 329
directional 13,835, 67, 69, 73, 110, 179

Aneroid 244
electric wave 216
371

372
directive characteristics 111

directive diagram Ill
directive }noble:ins 20.3
dimensions 73
double key 200
doublet 144, 259
English systems 185
fifteen meter 1803

Forked River 157
frame 188
.gain 210
Hertz 367
horizontal dipoles S6
image 36
impedance &

Lawrenceville 101, 104
locations 114
loop 13, 191
Madrid 180, 185
measuring set 207
multiple tubed 13
Naucn 193
panel 186
polar diagrams 201
radiation patterns 181
receiving 110, 1E3, 111
reflector type 40

rigid vertical 21
rotating 194
size 112

sleet melting 102
Sterbz and Bruce 197
television 218

trailing wire 60
"T. W." type 200
two meter 274
two wire Hertz 369
voltage distribution 189
wave 13
wave clusters 208
Zeppelin 369
zig zag 188, 190

GENERAL INDEX
ARLINGTON VA. 15
Attenuation 118, 125, 129
Atmosphere
rarefied 40
upper regions 38
Arteries 321

Aurora 13
AUSTRALIAN POST OFF11";:i`e12.3
Automatic switches 116

B

BAHIA BLANCA 68
BALDOCK, ENG. 16
Balloons
obstrvatioa 38

BANGKOK 16
BARCELONA 69
BARKHAUSEN 317
Batteries

supply circuits 94
Beacon

landing 253
localizing 253
radio 251
service range 246
Beam

cathode ray 234
landing 257
revolving 194
Background noise 157
Bearings
directional 154
Bellani-Tosi aerial 191

BELL TELEPHONE SYSTEM 12
television 18

BELL SYSTEM TECHNICAL
JOURNAL 9
BERLIN, GER. 16
BERLIN-ADLERSHOF 56
BERMUDA 148
Bias

AMSTERDAM 16
ANDES MOUNTAINS 68

audio 292
cathode 301
r. f. tubes 292

Angles

screen grid detector
transmitter 340

critical 47
limiting 43
Arc
electric 12
high intensity 231
light projector 211

Blood 311
Blower

centrifugal 310
Body cells 322

BOGOTA 70
BOLINAS, Cal. 33

291

GENERAL INDEX
Cathode Ray 225

Bo.l Weevil 413
Bombardment, electronic 139
BRANLEY 11
Premen S. Sr' 23
adio"-oorn 171
Broadca4,

beam 2.34

CEUTA, AFRICA 21
Channels, radio 117
Chart
radiophone 122

transmission 167
Characteristics

adKrtisitg 20
15

distance -frequency 151

chains 20
channel extensions 29
Columbia Co. 20
daylight range 24
international 22
range 24
receiver 303

CHATHAM. MASS. 21
CHEMSFORD 51
Chokes 346
Circuits
aircraft receiver 248,, 232

aircraft transmitter 233
amateur 349

:mote 16

combining apparatus..198
crystal oscillator 54
doublet 259
high frequency 329
keying 77
magnetron 316
modulator 77
power supply 87

results 24 '7
service range 24

short wave 22
simultaneous 16
stations 22, 24
nse 19
BROCKEN 335

BROWN, W. J. 9, 264
Bruce aerial 197

radio link 126
rectifier 78

antenna 187

BUREAU OF STANDARDS 243
BURNHAM 187

regentratise 275
ship receiver 164
ship transmitter 160
super -heterodyne 85, 291
super -heterodyne adapter 281
television 219. 220
terminal equipment 131
transmission line 188

BUTTNER. H. H. 9
BYRD

South Pole Expedition 26

transmitter, short wave MI
tuned radio frequency 280

C

Cables

''TW" atrial 200

equalizing 69
inland 68

two meter 264
voice switching 116
CITIZENS RADIO CALL BOOK 9

uad 69
zubfluvial 69
telephone 68
ticulations

Coherer 11
Colored glass 214

Columbus S. S.
radio room 170
COLLEGE PARK, MD. 252
Comets 40
Communication factors 33

antenna p9. 368
optical *-ange 334
Cambric iseePle 321
321

'Capacity .
tubes 319
Capillaries 321

Compass

radio 21, 22

CARPENTER 307
Carriiii power 77
Cases
alumirfum 296

steel 300

k.ATALINA-46IANDS 19,

373

170,

Condensers
multiple 247
tank 361
Conductors, antenna 103
Contraction
neuromuscular 322

GENERAL INDEX

374

Diathermy
medical 321

Control
temperature 100
Conversations, simultaneilus 69

Direction Finding
aircraft 254

CORDS, 0. 326
CORNWALL, Eng. 11

Dirigibles 175

Counterpoise 38
Coupling
detector oscillator 291
inductive 11
grid -plate 84
CROYDON 191, 262
terminal 191
transmitter 192
Crystal
control 78
ovens 157

Discs
scanning 227
Disturbances
magnetic 203

CUPAR, Eng. 16
antenna 1%
CUXHAVEN 165

Echoes 48
hangover 132
radio wave 45
suppressing 125

electrical 58
Double detection 152
DOYEN 320
DUNMORE, F. W. 9
DUNWOODY 11
E

ECKERSLEY, T. L 272
EASTMAN, MELVILLE 9
EDWARDS, COMMANDER C. P.
EINDHOVEN

D

D'ARSOMVAL 321)
Data

ionized region
short wave coils 298
tubes 142

transmitter 28, 31

ELBE-WESERRADIO 165
Electric Age 11
'ELECTRICAL COMMUNICATION"

Daylight
effect 35

DEAL IIF-ACH, N. J. 148, 205
transmitter 155
DEAUVILLIER 217

9

Electrolysis .139

Electrons 12
bombardment 139
characteristics 17

DE FOREST, LEE 12
receiver 283
Degree of modulation 83

density 41
free 41
guns 225
in television 234

Dehydration 321

DELORAINE, E. M. 9
Density
electron 41'

DEPARTMENT OF COMMERCE
Disease 307
Design
limitations 29
Desiccation 321
Detector 128
amplifier 127

crystal II

"ELECTRONICS" 9
22

Electrolysis 139
E/ectrocoagulation 321
Endotheriny 321

ESAU, ABRAHAM 9, 324
ESPENSCIIIED, LLOYD 9

EUROl'A S. S.
radio 168
Expeditions, Byrd 26

plate rectifying 249
silicon 325

DEUTCHE BETRTEBSGESELLSCHAFT 9
DEUTCHE FERNEHGESELLSCHAFT 237

Fading
causes 49
counteracting 66
effects 120

GENERAL IiDEX
in aircraft tests 63
phenomena 63
zone 57

FAIRBANI:S, N. K. 9
FARRAND. C. L. 9
FASSk;iNDER, 11. 335
ri'.13ERAL RADIO COMMISSION 162
FESS.:".i.tIDEN 12
Fever
artificial 307
Field

constant intensity 261
distribution (83

diurnal variations 72
electrostatic 137
magnetic 317
measuring esti 203
received values 149
strength 172
Filters
band eliminating 236

band pass 90
in television 236
tuned 29
Flying
blind 256

FORKED RIVER, N. J. 151
Formula
Austin -Cohen 72

Gall Fly 311
Gases 40
Generators
aircraft 250
automobile 269
harmonic 83
high frequency 307
short wave construction 309

GENERAL ELECTRIC CO. 9
GENERAL POST OFFICE
(LONDON) 9
GERMAN EXP. INST. FOR
AERONAUTICS 9, 51
GERMAN RELCHPOST 241
Glidometer 259
GODDARD 42

GODLEY, PAUL F. 9, 13
GOLDSCHMIDT 12
Graphs
directional bearings 154
distance -frequency 151
magnetic disturbances 119
optical range 333
power tube 82
received F.elds 149
television 228

GRAY, R. E 9
GRAY. C. H. 9
GRESKY 328

frame antenna 188
traiisn:.ssion line 104
FRENf.11 SURGICAL CONGRESS 320

Grid
element 12

Frequency
itocations 29
assignments 113

GRINON-67
GROUND

effect sea water 38
factors 38

band width 88
;comparisons 37
control 18
doublers 54
limitations 115
natural

H
HAHNEMANN, W. M. 9, 324
HAMAGUCHI, PREMIER

HANSON, 0. B. 9
HARZ MOUNTAINS 3.35
Harmonic generators 83
Heating
abnormal 307

4.utpurc.'319
ult;. nigh 264
.

itiorls 120

rurnace

dielectric 137
generation 307
internal 308
localized 312

induction 312, 313
Fusion 137

G

lain
antenna 210
Gain Coratols

GRIMMINGER, DR. CHAS. 3

129

salt solutions 3f0
HEAVISIDE 38
height effect 270
lower boundary 58

375

GENERAL INDEX

376

Helium 38

Ionization
upper atmosphere 41
regions 38

HERATH, DR. 332
HERTZ 11, 38
antenna 38
Hibernation
fruit flys 313
History 11

IRUN 69
ISLE OF WRIGHT 11

HOGAN, JOHN V. L 9
HONOLULU 18
HOOVER, PRESIDENT HERBERT C.
HOULTON, MAINE 16

Jacket
water 141

JAUREGG, WAGNER VON 308
JAVA 16
JENKINS, C. FRANCIS
JENKINS TELEVISION CO.

HEIN, Ahron 214
HEISING 62

receiver 25

HULBERT 62

HULL, DR. A. W.
HURUNGHAM 67
motor generators 92
Hybrid coils 116
Hydrogen 12. 38

K

KAHUKU, HAWAII 20
KAROI.US, DR A. 231
K EN N ELLEY 39
Kinescope 235

Knife, radio 321

KOKO HEAD, HAWAII 20
I

Impedance, line 84
Indicator
altitude 246
reed 256
volume 90
Inductance
interchangeable 361
variable 22.3

Induction
furnace 313

KONIGSBERG 60
ICRUGER, K_ 9, 51

KURLBAUM, G. 335
L

Lamp
ballast 2.50

LAWRENCEVILLE 16, 97, 209
antenna gain 210
Layer Heights 43
elTects 47

tests 51

INSTITUTE OF RADIO
ENGINEERS 9

LEE, A. G.

Interference
electromagnetic 89
external 120
local 296
shipboard 150

Lenses
Lesion 321

INTERNATIONAL TEL & TEL.

Light
reflection 49

CO. 65
Insulation 139
Inventions
arc 12
coherer 11
crystal detector 11
inductive couplin; 11
spark gap 11
third element 12

vacuum tube 12

television 2.31

Lines of force
magnetic 317

LEI'JATII,IN, S. S.

16, 147,

ground rays 50
cells 230
valves 214
visible 11
waves 36
wave analogies 37
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