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PREFACE

It 35 believed that this is the first book devoted exclusively to high
frequency currents as related to radio communication and sssociated Helds,
The authors have been interested in short-wave developments for many years.
fecently it was decided to make a survey covering the latest short-wave
achievements t‘m’wghmr. the workd, I::qm‘ri-es were diredted to over 130
Icad:ﬁg radio engineers. Tt was indeed surprising that many of these en-
gincers while intensely interestéd in short-wave research, had not con-
ducted any original lovestigations. In other words the present developments
attained, have been the result of work by a relatively small number of organi-
rations and individeals,

Another interesting angle, is the fact that the practical progress made
tn date, has been in advance of the theoretical explanalions, The advan-
tages of short waves for redio communication were quickly realized and
systems put into cotual operation which have many superiorities over the
low frequency equipment. During this rapid propress, the desire to obiain
proctical 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.

Mo doubt, in due course, short wave communication will be o sneans
to brimg @ much closer mnternational relabionship with the varous foreign
countries of the world, The near future oeed of an international language
is instanily apparent. There are many theills left for the broadeast lstener,
instead of trying for Los Angeles from the eastern United States, they are
now trying for Sydney, Bomlay, Paris, Berlin, ete. It dees not take much
insyrination to. pictuce the fature, after brogdeasting has developed in the
foreipn countries, equsal (ow the present systems in the United States. Im-
portant events in the United States are Lroadeast world wide and of great
interest 1o our forelgn friends. This will be followed by foreign broadeasts
of the similar important events of the leading cities of the world, which will
be available for reception in the United States. For exsmple instead of
watching the well known newsreels, in @ theater, we will eventually have the
entire sudible description available in our homes and later with the wisual
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 and special acknowledgment
i5 [luﬂ Dr. Charles Grimminger, for his efforts in translating contributions
received in various foreign languages.
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" Just ns every medicval cathedral had a soul—a part of the soul of its de-
signer and of the souls of the pious men whe built it—so every modern ma-
chine has a=soul; it is a part of the soul of its inventor and of the patient
souls of the men who develaped it.”

PROF. MICHAEL I. PUPIN.
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SHORT WAVES

CHAFPTER I
Historical Beview

The records 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, Some 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,
eontinued wars, oppréssed peoples, during which time the progress of science
was naturally refarded and the principal scientific work confined to a few
indaviduals and within some monasteries. Tt is agreed that the invention of
ithe art o prmllng was the start of the new scientific agre, Th»r_ "steam ape’
termindted in the last century and we are now in the “gleptrical ape”, the

richest period m the entire history of the world, One sutstanding discovery
is now heing presented affer another and in rapid succession. A decided
fchievement is the ability of radio communication engineers to electrically
bridge all*distances, The day is pradually approaching when telephone sub-
geribers in mest any part of the world will be able to communicate with
telephone snbseribers in any other part of the world, The study of shost
wives in rodio transmission ie responsible for this decided advance in inter-
pational communication and this text describes the present achisvements
and also the results obtzined in allied fields of reseanch,

In 1865 James C. Mawwell, an expert in mathematical physics, believed
and stated that visible bl mns:slml of waves in the ether and that electro-
magnetic waves of other freguencies not visible as light also existed. Hein-
tich Hertz in 1887 gave an acteal demonstration proving that these latter
waves existe  Gughelme Mareoni in 1894 started experiments with 2
coherer, a device which would respond to these waves, the coherer being
mvented by Branley. Marconi improved upon Hertz's method by connecting
one gide of the spark gap to ground and the ‘other to an clevated canductar,
the first antenna, Ty 1898 Marconi had been successful in transmitting
telegraphic radio messages 1434 miles and in 1901 covered 200 miles, Corn-
wall.to the Isle of Wright, The same year he was successful in transmitting
sienals aeTpss the Atlantic aml in 1903 a complete messare was received
over t]:l-; same distance.

b:., Dliver Lodge m1.'e:r|l|!d inductive coupting, still cxtettmei_-,r used

{:cha;d and Dunwoody introduced the crystal detector in 1906,
11



1z SHORT WAVES

Poulsen, by using an electric are in a hydrogen pas chamber and in a strong
magnetic field, was able to produce eloctromagnetic waves of a continuous
amplitede. instead ‘of damped as oliained [rom spack fransmitters.  The
frequencies ebtained from the are a1 that Ume were approgimatedy 20,000
ta JLO000 excles cormesponding to relatively loog waves,  Fessenden, Alex-
andersun and Goldschmide developed high frequency alternators; in reality
an altermating current generator of high frequency current.  Due 1o the
mechanical amnd electrical Bmitations, they were only suitable for fong WAVES,

Prolably the most outstanding development in the history of the vadia
art is the vacuim 1abe, In common form, the constrction tonsists of o plass
tube having an internal flament, 3 plate clectrode spaged seme distance Trom
the Rlkunent and & grid cectrode placed between the Slament amd the plate:
The ghss twle is pumped ost to Jenve the inteenal elestents ino o vacion,

Fig 4
Short-Wave  Radisphote
Communatiot  Flvag

Bpat o Adjrcrafd

Larfacr.

The flament wien heated, gives off clectrons which are atirmcted to the plate
and passing through the prid.  Even extrenwely soall vadues of electrical
energy appbiod o the grid have s marked efect on e coreent Nowing from
the plate to filament amd the tube has o decided amplifying efeer,  Floming
invented the Birst vacuum tube having only the filanwent sl plate, used
privcipally as a reclificr or detestor,  DeForest i eeedited with introducing
the grid or thicd elessent in 1906, At that time the tubes were subject to
irregular operation i acteal peactice; due to Jack of methods to secure 3
high vacummn in the tubes.  Without high vactium, a small amount of residual
gas remained and effected the tubes ddmracteristies,  In 1912 the Geaeral
Electric Co. and Bell Telephwne System stacted their research depzrm onts on
the development of vaouwm tubes,  In addition to the mmdid appl cations,
simultancous progress was made with tubes for X-Ray work and -urrent
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rectification, due to the improvements in obtaining very high vacuums. A
new tube was developed sultable for telephone repeating stations on long
distance Jines and led to the development of larger bes for radio telephony.

Tt 1915 the largest tube: available for mdio work was rated at 25 waits,
That same year a bank of these tubes were used to successiully span the
Atlantic Ocean with radio telephony in an experimental manner, Incident-
ally, the same vacuum tubes were used as modulators for these experiments,
modiiying the radio frequency currents so that they embodied the character-
istic ‘of speech. This was a great improvement over placing a Jbank of
microphones directly in the antenna circuit of a transmitter. In recent years,
water cooled tubes were developed and are now standard equipment in ratings
as high a= 10 and 20 kilowatts, Experimental tubes of much higher rating
are also used regularky,

Even much earlier than the transmitting developmengs, the vacuum tubes
were wsed to greatly improve the results obtained by radio receivers, The
tubes can be used as detectors, oscillators end amplifiers end the sensitivity
to which a receiver ean be constructed is only limited by the interfering
noise which, of course, iz hmplifed with the gignal. This has led to the
development of directional zerizl systesis which eliminate noise Interference
from twa or three directions, New types of filaments have been discovered in
recent years, reducing the power necessary to operate the tubes without any
pediiction in effictency.  Early as 1914 amateurs were using & one-tube
receiver dhd with spark transmitters covered distances up to 3000 miles
with radio-telegraphic signals under favorable conditions, the wavelength
being 200 meters. This was accomplisted by adapting the regenerative
feature to the vacuum fube, the output of the tube being coupled back to
the prid again for Turther amplification,

Even during the last war, most receivers, of the vacuum tube type
had one tube, the detectos. Some audio amplifiers were available and the
amplifying transformers used did not have an iron core, simply air, The
loop, having the ditectional gualities of tronsmitting and receiving manst
efficiently in the direction of its own plane, came inte prominent use during
the war, This iorm of antenna is the basis of the present radio compass direc-
ton finding systems and for devices to guide and navigate aeroplanes, The
multiple tuned antenna was developed for large transmitting sistions lo raise
the radiation efficiency. A typical antenna of this type is suspended on teel
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 anienna consists of a single straight
wire, asprox'mately as long as the wavelength desired to be received, It
is supy orted throughout its length by short poles. This form of antenna is
high!, ¥irectional, being highly sensitive to signals from the head on direc-
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SHORT WAVES 15

tion and greatly attenuating signals from the other directions uu:!m:hng that
opposite to the head-on direction. By using this form of antenna and in sone
cases in connection with two or more similar antennae forming su array, great
progress ba been made in reducing static Interference,

With the event of shurt waves, it has been possible o desipn and use
antennas of a stll higher order of directional qualities. This new type
antenna is used for both receiving and transmitting. In the case of trans-
mitting it has semetimes been called a Bean transmitting antenna, a8 the
transthitted energy i concentrated in one narrow direction. By con-
centrating the energy in this manner, the heceisary power to cover long
distances has been reduced. In 2 like manner the use of these highly direc-
tional receiving arrays has enabled reducing static or other electrical inter-
ferences from all directions except that from which the signal is being
recelved,

The vacuum tube was responsible for the rapid progress made with
radio telephony due to the fact that these tubes provided o convenient
method of penerating high Erequency oacillations and also enabled moedulating
them for telephony, Dell Tetephone experiments in 1915 included radio
telephony from Arlington, Virpinéa to Paris, Casal Zone, Califormia and
Hawaii, in the latter case the distance being over 3000 miles, During the
war radiophone conversations were carried on between airplanes and ground
shations and betwesst airplanes,  The recent increased interest in the gwiition
industry is%he cause of further develdpments of radio equipment for aireraft,

Between 1920 amd 1922, radio broadeasting became established as a
micans of entertaimment 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 emables having the stations
maintain their assigned frequencies, preventing interference between stations.
Tniprovements in the broadeast receivers, particularly in regard to the Gdelity
of reprodoction bave been steadily wade. In the last few years battery
operated receivers have heen discarded except in rural districts, in favor
of apparatus which secures all the necessary power from the home electric
lighting circwit. The controls for the receiver have been simiplified and o
nist cases reduced to simply & wavechange or station selector, volume control
and switch, The dynamic speaker, although known for mdny years, is
now regarded as ideal for the best quality of reproductien. This type
speaker brought oul the low notes that were entircly lost in the earlier mag-
nitic forn speakers, and probably the reason for its instant acceptance. The
dymageic type speaber can now be used to secure escellent musical reprogue-
tiop as the large power tubes available supply the proper output for this
'.E!H.H'Flﬁl:.

In 1922 the broadcast services were extended from the stations studios
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to remote points such as churches, concert halls, athletic events, etc, by
means of suitable connecting telephone lines. Following the same systen,
telephone lines were provided which esgbled several stations in different
parts of the country to tropsmit the saine progeam simultaneously,  Special
engincering attention had to be given to the connecting telephone lives in
order to faihfully transmit all the low, medivm and high notes corresponding
at that time {rom about 100 to 5000 cycles.

From 1921 to 1924, initial experiments were made to extend the regular
Belf Telephone 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 extendsd (o other ships.

New developments in water cooled tubes and antenna deésipns has re-
sulted in the discovery of an improved method of modulation known as “side
band" transmission, Experiments also were made indicating that for the
repion of 00 kilocyeles, atmospheric disturbances in northern fatitudes were
ot o mintmum, These two factors enabled opening the transatlantic telephone
service in 1927, The 60 kilocycle chanmels now employved include an out-
hound station at Rocky Point, Long Island and a receiving station at Cupar,
Scotland, The return chonnel is from Rugby, England to Hoolton, Maine.,
This low frequency telephone system was supplemented in 1929 By a high
frequency system, Lawrenceville, N. . to Baldock, England and from Rugby,
England te Newong, N. J. Terminal poinds were established in New York
and London where the fand line conpections are made 1o the telephone sub-
geribers throughout Morth Americ and Eurcpe,  iher radio’ telephons
services have been opensd between Madeid and Buenos Aires, Amisterdam
and Java, Paris and Algiers, Berlin and Buenos Aires and between Berlin
and Bangkok.
~ The use of high frequencies i3 now commanding considerahle attention.
Even in 1917, 15) meters wag considersd a shortoyave, Recent experiments
have been conducted with wavelenpths of 5 meters and even less, The ke
of higher frequencies as compared with low freguencies has many advan-
tages. A moderate sized antenna can be used for the higher frequencies and
imuch less power for o piven ranpe. Certain freguencies are especially swit-
ebl for daylight tressmission where the lower frequencies would require
tremendous Sized tronsmitters to cover the same distances. The higher
Ir-i:a'qucﬂlziﬂ alsg seem to have preater ireedom from stmospherie distarb-
ances, On the gther hand the higher {requencies have some disadvantapes,
the reecived signol often varying considerably in strength over different
periods. The wawve propagation is erratic in some instances the sipnal can
be heard with great strength several thousand miles from the transmitter
while reception 2 few hundred miles from the transmitter is impostible, this
phenomenon being termed “skip effect.” This is in direct contrar* to low
frequency signals which usually diminish rapidly with increased “stamce
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18 SHORT WAVES

covered, The distance carrying properties of the higher frequency waves
vary greatly, day and might amd in different seasons of the year. In actual
practice communication between two peints can only be carried reliably by
varying the {requency day or night or for the distance to be covered. The
carth’s magmetic disturbances during some periods has rendered all high
[requency rteception inocperative, LUntil further improvements have been
made the high frequency system of communication cannot be considered to
compare favorably with wire communication,

High {requencies have Leen used chiefly for long distance radio geleg-
raphy between fixed points by the radio communication companies, govern-
ment and amatewrs, It i not unusual for an amatewr o one mint of the
workl to communizate with other anssteurs in ten or more different foreipn
countries in one twenty-four-hour period. Duoe to the time difference and
mhility of high frequencies to travel great distances in the daytime, interna-
tional conununication is obtained over the 24-hour period.  Short wawve
cquipiient has been installed on ships and aircraft and this application is
leing rapidly extended,

Chartz crystals have provided o means to sccurately control these high
frequencies.» These crystals have the piczoelectric property of slightly
altering their shape upon the application of am electric feld and conversaly
producing an eleetrical potential difference when 2 mechanical strain is applicd.
As a result of these characteristics, one of the natursl frequencies al the
erystal can be reproduced electrically by proper connections toa vm:uu.m
tube, This current furnishes an accurate neans of maintaining the frequency
of transmission. ‘The natural frequency of the crystal is increased with
decrense in mechanical dimensions, For extremely high frequencies, the
crystal would be mechanieally wesk due to being pround very thin,  This
abstacke is overcome by using a heavier erystal of lower naturs] frequency
and then doobling or multiplying the frequency through vacuum tube fre-
guency doubler circoits,

Signals for the transmission of pictures or television can be sent over
radio transnhitters in a similar manner to that employed over repular wine
lines, BRCA have a “photoradio™ service for facsimile transmission in aperation
between New York and London; San Francisco and Honoluly and New
York and Sap Francisco. [Initially, it required abowt one-haff hour fo trans-
mi# a feture 7 by 9 inches. A rapid system of this type would enable
ironsmitting 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 pa.-s't
three years. The Bell systeny pave o practical demonstration between %+ash-
ington and New York in April, 1939, over land fines. The perforeers ind
speakers at Washington weré readily recognized on® the rd-_:mn; SCITET
ot Wew York and their voices wers reproduced throuph loud spes {rs at



SHORT WAVES 19

that poind. At the sane tine a rmdio television demonstration was given
over a smaller distance, Whippy, N L, to New York, 22 miles.  Crystal
systems for controlling the Erequencivs at Both the receiver and transmitter
climinated the pecessity of transmitting sybcheosized cureents, this feature
being added in 1928, Other improvements made possible the transmission
of television scenes from the gpen air with ondinary sunlight and the trans-
migsion amd reception of twlevision in colors,  The Geoeral Electric Ca.
has been active in this feld and gave a deionsteation of television the full
size ol a maving picture sereen. 4 Francis lenkins, of Washington,Jas also
beesy active in this Reld, Duropean scientists have also made greal progress
along (hese lines,  Taird, in Englasd, has wsed both visible and infra-red
light and s Deen reported to have denosstrmted the reproduction of televi-
siop in colors, Karolus in Gerany has perfecied a cell theough which lighe
passes in variabie amoonts under e control of an glectric feld,  This
furmishes o rapid means of varving on intente Deam of hight,  Bolin, in
France, has been experimenting with optical transmission using o cathode
iy escillography and Sworvkio, of the Westinghou=e Ca., hay made improve-
mpenats afop this saane wiethisd, '
The progressomade so Tar b been mpal, Lot the actual reproduction
s Fir ey it appreach the fineness of detadl of the regular mation pictase,
The otseamding juyuebar developasent in padic is the broadeasting of
naws, mwsic and icher matenial fron radio wlephone siations,  Naraally,

Fig. 4
slodesrd Broadiast Installation. Dypamic Sﬁnh'r in patio disguised

154 climney (opper Ht}.ﬁ:im Philip K ‘L'Irrlilc‘h Elb:llmn
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the radio waves fromi a transmitter travel in all directions and spread over
a consideralle arca, making it an ideal method for one way communication
strvice to reach a large andience. Station KDKA of Pittsburgh started
the first regular published broadeasting schedules in 1920,  Immediately
thereafter the number of broadeasting stations imcreased rapidly with a
corresponding increage in the number of receiving sets installed to use this
servick, By transmitting the same et throwgh a number of stations
strategically located over the cosntry, it i3 possible to reach a larper audience
than Ly any other method. This makes it economically feasible to prepare
elaborate programs and employ the highest prade talent and artists. The
program time or lease of the [acilities is sofd to national advertisers, which
contributes to supperting the broadeast stations. This §s a favorable method
of bringing the advertizer’s name or the name of bis predect before the
puldic, especiably svith the use of original programs and not “over ad-
vertising.”

The Nationnl Broadcasting Co. hag three chains of stations toinling &F
transmitters, The Columbia Chain serves 58 permanent conpections,  Other
stations ore sometinpes connected in for spedial feateres.  Altopether over
150 stations are available for cham transmission, the land ling eircuits making
pll these connections total aver 34,000 miles,

Brogdcasting service in other countries has foliowed the lead of the
United States, In many of theze countries, the receiving stations are re-
quired to be Heensed end a fee paid their government.  Part of these proceeds
are used to finance the broadeasting stations.  Outside the United States
there are approximately 00 broadeasting stations as compared with 614 in
the United States in November, 1920,

The Radio Corporation of America now has radio-telegraph transmit-
ting stations in the east at Rocky Point, L. 1 'M'!.m:m Mass, + New Bruns-
wick, N, J. and Tuckerton, M. J., used far the dxchanpe of messages with
about 15 countries in Europe, Africa, North and South America.  Australiz
is reached vin Montreal. The costrol point of all these stations is located in
New York City and known as “Radio Central”. The transmitting is all done
by mochine senders, Handling the messages from this point males it con-
venient for their distribution in the New York Gity districe.  On the Pacific
Coast, the same company has stations at Bolinas, Calif,, Kahula, Hawaii and
Mamila. Associated receiving stations are located st Marshall, Calif., Eoko
Head, Hawanii and Manila. These stations transact basiness with Hawaii,
four points in Asiz and the Philippine Islands.

The Tmpi::al Radio Co. transmit from Miami or New Orleans'to 13
different points in Central and South America. Durmg' 1920 thg' Eﬂgmh
radic and cable interests were merged. A similar merper fias beon under
discussion for the American interests,
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Additional extensions bave been made to the transoceanic radin-telephane
serviee, principally doe to improvements in short wave transmission and re-
ception, In Scpiember, 1929, the transatlantic telephione service was placed
on & 24-Jioar basis, A telephione subaoriler in il Uhnited Siates cin now
reach anvene of more thon 28 300,000 tolephones. in the Uniled States,

Fig. &
Airpiaie equipped - with rieald veseisal antesra for short wave rocejtion ®

Corinili, Cuha, Mexiva, twenty Turopean conntries pe] Centz, Africa, The
pew extonsion to Argenting, Soath Anerien 33 to he opened a0 1930,

Faxtensive radio-telegraphic service betwepen shijs and shore stations aml
hetween ships is mamtmned by the Radiemanse Corporation: of America,
Mackay Radioe & Telegraph Co. anid wthers, Transmitting stationg are
located along the Atlantic apst 'avilic Uoasts, Guli Const and Great Lakes, The
miost podverinl station of this tvpe is Iocated at Chatham, Mass.  This sta-
tien can enmimnicate witle ships mn their entire teip aeross the Atlantic, Ap-
prozimately 12000 ships are equipped,  The dhbsolete spark transmitters are
leing rapidly replaced by vatuum tule transsitters, resulting in more reliable
seeviee, grenter service rames and frecdom Troo nteriering with brozdeast
programs.  Hadio compass stations are in eontinual eperation, chabling ships
to ohitam 1heir exact pesition while Pcated gy e few hiondred viles Frean
shore.

The U, & Novy systen Tumislies locations to ships-as requested bt can
only kandle ooe request at a time along a given seciion af the eonst, The
|_..1E|'|1_|u_||_|a$ Bureau system s «ifferent, baving radio beseon QFansamitiers on
land and requiring kD eompasses aboard the <hips, can handle unlbnitsd
traffic. “vhe mumber of such beacons along the American coast is approxi-
mato.'l_l.lla:- and throughout the rest of the world there are 57 others. In the
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middie of 1922 over 1,903 ships were equipped with radie compasses, and it
should be mentioned that this feature is not required by Jaw. 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
apparatug and the larger boats also with radio compasses,

On the American Airways, radio beacon transmitters are being erected
rapidly to guide the pilots. The associated receiving apparatus on the planc.
includes an electrical indicator showing when the plane is following the exact
course er showing the deviation either side of the course, Some airway trans:
port companies are equipping their planes with radio-tefephone apparatug en-
abling communication between planes and belween the planes and the airports,
The Departiment of Commerce in addition to maintaining the beacon stations
also has a complete service for supplying weather information to the plane
pifots, Continuows wave telegraphy is being wsed for long distance com-
munigation over the airway waler roates:

The latest achicvement of short wave transmission { fall, 1930) was the
international broadeast originating from three widely separated points;
United States, Great Britain and Japan. President Hoover spoke from
Washington, Prime Minister MacDonabd from London and Premier Hama-
guchi from Tokia, In each case the principal speaker was also provided with
n receiving equipment so that be could hear the other speakers after hie had
Anislicd. They all spoke on the London Naval Treaty, and the radic pra-
prams were made avatlable throughout the United States, Great Diritain,
Japam and any otlier country equipped for shore wave reception, as the trans-
mission in addition to being sent over the regular broadeasting chains was
also forwarded through the short wave transmitting stations of these chains,

Almost simultansously, the A, T, & T, Co. pnnounced the openimg of the
extension of telephore seevice from. subscoibers in the North American Con-
tinent 1o Australia, vin Enpland,

Reviewing the present status of short-wave transmission a5 related 1o
broadeasting we find there s a definite trend toward the use of these higher
frequencies, especmlly for ong distancs commwnieation. Tt is believed broned-
casting will be supported by the revenue from the advertisers. In any event,
economically, the broadeasting stations must reach the largest possible ash-
enee and during the daytime as well as at night. Under present circumstances,
the larfe cities are gven the hest service and a faicly large ares srownd each
of these cities is covered m an effective manner. Some of the medium-sized
communities have some of the advantages of metropolitan broadeasting
through the adaption of “chain programs.”  Electrical reproductions, using
phissograph records are broadeast by the starions, in snaller cities, a suhsti-
inte for proctical talent,

It is estimated that a high-power broadeasting station such ag WEAF
and WJZ { New York) wsing a power of 50 kitowatts, could be depena-d upon
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to serve the Metropolitan district or Greater New York only, Fven under
these circumstances, there are certain locations within the city, which due o
shielding from the high stee] buildings, bridges, etc., are not served satisfac-
torily. Station KDKA (Pittsburgh) with a view to extending the service
range, has installed 2 new type of transmitting antenna designed to provide
gutfficient power for pood local reception and at the sme time to divert a
good pereentage of the power from the areial at a higher angle that will en-
able it to reach a greater distance satisfactorily,

ThE daylight range of high-power broadeasting stations varies greatly
and different results are noted from cbservation points throwghout the
country, For example from Hew York City it is difficult to obtain satisfac-
tory daylipht reception from any distant stations except possibly from Phila-
delphia or Schenectady. However at Philadelphia or Schenectady pood re-
ception can be obtdffned from the New York stations during favorable radio
weather, Down throngh the southern states, even as far as Miami, WEAF
and WIE can be received in the afternoon, providing weather conditions are
favorable and durinp the winter months.

Observations made [rom an experimental laboratory at Altoona give
gome interesting data.  This city is at an altitede of approximately 1000 feat
and partially surrounded by mwountaing that raise to a[:pmmmatelj- 3,000 fect.
It is wsually quite cold during the winter and at that time eoast 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 sitisfactorily,
nsing & sensitive receiver, During the summer, daylipht reception of broad-
casting stations over any distance is uncertain and invariably ensatisfactory
due to static interference, that is as far 2s the regular broadeast band is con-
cerned,

MNow on the short-wave bands we find an cntirely different situation,
Even during the hotest summer days, when statfesinterference 35 unbearalie
on the regular broadcast band, the ghort-wave stations such as W]Z and
WABC in New York and WENR in Chicago, the first named about 300
miles distant and the latter about 500 miles, away are received very satisfac-
torily, on shout 47 meters,  Under exactly the same circumstances, the idesn-
tical progrargs from the same stations being sent out on their regular brodd-
east wavelengths could not be received. Now the most interesting point of
this m&tpa.rrsm is the fact that the power vsed on the short wavelenpihs was
only a simall fraction of that used on the broadeast band wavelength, Short
waves can therefore be used as a medium to extend the daylipht range of
broadeasting stations and to an arca which is practically without Emit.,

In the tropical countries static interference on the regular broadeast and
is of very seripus proportions and the radio season foo any distant reception
is extremely short, in most of these countries not over four months, cor-
responding to their winter season. Adter that period their source of: enter-
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tainment is limited to the local stations or short-wave transmission from dis-
tant stations, and there i o greatly increasing intersst in the latter. A good
short-wave receiver in Havana, Mexico City or similar tropical locations. will
pive satisfactory recephon 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, a5 their are many other Europesn and other foreign stations to chooss
{rom,

In the United States, the most well known short-wave transmitters are
KDEA { Pitisburgh), WGY {Schenectady ), WJZ (Wew York) and WENR
{Chicago}., There are numerous others, all of high quality and becoming
mare popiter each day,  In Continental Evcepe, PCJ a8 Eindhoven, Holland,
due to its pioneer work is probably the most internationally poputar short-
wive broadeast station ; confirmed reports on its teansmission have been re-
ceived from practically every part of the world

Japan's leading broadeasting station JOCK (Tokio) which has been
htard occassionally in California and the west coast on the repular band, ey
now ailded supplementary shortswave transmitting apparatus,  The initial
resulis Were, very satisfactory and-the signals on these wavelengths were
prickad wup in California and Nebraska with sufficient strength to ennble re-
broadeasting.

In fts efforts (o eatallish radio-telephone service hetween the United
Statesand Enpland, the Anverican Teteptione s Telegraph Co, first installed
appairatus of high power and to work on & comparatively long favelength.
The supplementary link, on the other hand, wias constructed fo have lower
power but 1o work on a shert wavelength,  When additional links were re=
fuired these were also construcled. for short-wave wiork,

Short wave eguipment is absolutely essentipl for airceait installations,
e to the weight limttations, For example on a transatlantic flight a mulio
Eransmilter w{:igiling 100 pounds and designed for G00-meter transsission
would have o maximwn range of not over 100 miles, not sufficient to e in-
teresting, A similar transmitter, same wmght but designed for short-wave
work would under favorabie conditions énable commmunication from the fime
the plane left one shore vntil it reached the other,

Short-wave eqguipaient is tql.mll?y essential for explomation work,  Tle
I'I::."n:] South Pole expedition was in daily communication witl the XNew York
Times station 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
om their flight were in constant conmmnication with the Iase via short-wave
radio, The Byrd expedition had capable short-wave receivers which enpbled
the reception of short-wave broadeast entertainments, including spedal pro-
prams sponsored for their benefit, these usually being, sent through station
EDEA. Tt is of course nof difficult to see the many advantages of such a
communication system and what it would have meant to some of the early
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explurers who ran inta difiewities sl had 5o means of sumnoning sssistance,

The Dolice tefegraph and telephone sypstems in the Targe cities are quite
complicated,  They have bees effcctive althosgeh fiere bas aiways been the
isndvantage of fack of diveet conmunication between headipafters and “the
miobite wnits,  Short-wave rdio equpment 1§ sow in use in over 2 dozen
vitics of the United States for diree communication hetween heardquasiers
gl the mobile units sueh as Chiel's automwbile, Squad Cars, Riot Cass, et
For this ehss of conmsntication within city limits, the use of ‘a short-wave
chanmel is not essential,  Wavelenpths above the Drogdeast B are ot
available for this purpose and accordingly a frequency had o be aelecterd
which fell below the broadeast band,  The transmitting station is supposed o
have sufficient power Lo reach any of the mobile stations repardless of where
they may be locatel inthe city. The autcenohile receivers used are of rupgged
constfuction and not capglle of any fine adjustment and for that reason the
peawer roguirenwents a1 the transitting end are higher tha acteally neegssary,
Frean New Yok, i s swd voosual o hear the Detroit Police Lransimitiing
statian;  So far the podice medio systems have the decided disadvantage of noy
Daveio any sverecy Toature il e conmticions or inslroctions are open
e amyomse witl elig samr (g albnrb-wisnle fq,'c_‘.t'[vilgg sel,

Beeently pocompilede radiv-telephone installation was gnisde upon one of
the MNew York Uity Mire Doats: The demsonstration piven was o show how
vonstant conmmmecation conld be had letween Fire Headguarters and ghe
Lt wndder all conditions. The apparatisys nssd was of special design and eon-
strection so that a skilled operator was not necessary at eather end.  'revi-
0 qi_u.:, otiee e boal was :Iisp::l:cl:u:c'l. it wis Dnpossille o recall 3tountil B had
renchied s {le;sﬁn:uinp. a decided disadvantage, )

In 1932 there will be an international radio conference at Madrid which
promises to prove very intefesting.  Undoubtedly the regular broadeast band
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will be extended beyond the limits of 200 to 560 mcters, Canada has al-
ready announced its intention to place some of its stations on wavelengths
between 560 and G600 meters which is higher than most, receivers at present
in use can tune to. This coming conference will probably influence the design
of new broadeast recelvers during the coming year or two. Without any
doubt these new receivers for broadeast recoption should be switable to use
with a short-waye super-heterodyne adapter and in addition the receiver
should preferally cover a wavelength range of approximately 150 meters to
650 imeters and provision made to extend the range still higher if jequired
at a later date,

It i5 of course difficult to desipn one radio receiver which will cover an
extremely wide wavelenpth band,  The tuning condensers most suitable for
the repular broadeast band are unsuitable for the shorter waves, likewize the
snall tuning condensers required for short-wave work arg not Satislactory on
the broadcast band. Furthermore below 20 meters, the receiver deslpn prob-
lem becomes still more complicated. It 5 believed the average experimenter
will prefer, as-a matter of convenience, a radio receiver that will cover the
broadeast band and still give good results en the shorter waves at least down
10 20 meters, This can be aceomplished i at feast two satisfactdry manners.
In one system the regular broxdeast band is covered by a high-grade tuned
radio frequency receiver: the short-wave banil coverad with a super-hetefo-
dene adapter using the tumed radio frequency receiver as the intermediate
radhio frequeney amplifier, second detector, andio amplifier. The efficiency of
this arrangement is only limited by the performance of the tuned radio fre-
quency receiver. With this system, the adapeer can be designed to worke at
a very high degree of efficiency. Furthermore if the tuned rodio frequency
receiver has interchangeable radio frequency transformers the tuning range
can be extended above the broadeast band as may be required,

The second possible syetem would consist of a super-heterodyne receiver
designed for the broadeast band, but having interchangeable coils to extend
the range down to the short-wave bands. To sccure good results, the toning
condensers should be in two sections, the entire condenser being used to tune
the broadeast bands and only part of the condenser for the short waves, This
whuld be 4 complicated design if single dial tuning was specified and un-
doubtedly result in low efficiency. The super-heterodyne tor be selective
should have tuned flter eircuits prececding the first detector for operation’on
the broadeast band. Tt would be difficult to continue to use these on the short-
wave bands and they would have to be switched out of the cireuit,

At the present time, the short-wave receivers generally available fpr cx-
perjmental purposes do not compare with the apparatus used for commercial

_puiposes as described in this text. The main reason being that they are built
to a price which of course immediately limits the performance of the ap-
paratus, At a later date when the advantages of short wave are more gen-
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Fig. #{a}

Wirve Aceizl at Houlian, Maine, Used for FransatinhiE: Readio Telegilwe Weerptian
Fom Engiani (va the Lovs-Wave Link), P

Serally sypgreciated it Esoespected that muchs higher-geade receivers: for this
purpnese will hecome availabibe,

A the present o the hroadeast fransmitters, a5 fur s 111|:-'::ﬁ11g_ 1he
scientific Teypitements are concerned, are far superior 1o the regalar run of
hrbadeast receivers,  There is 4 definite reagon for this and it isa mater of
price considerations, At the tramsaitting end, the owners have gune o al-
mast unlimited expense ta have the best equipanent pnmhlr;. In the liest place
pnlmmﬂll‘]' ||‘|'l.'v|.5-1|g"|.|.n'iﬂ.s are mude to find a suitable Iuta;m for the trang.
mitting apparatus, reasoved Trom thie gty Timits and ata point wihiiclh will give
cllim.rnt wave propagation, At this lecation it Is necessary to ercct custly
steel towers for e antenra system amnd 1o either constroct n_n elaborate
pround or counterpoise system,  Then there is-the eowstruction of the main
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huiledige and service buillings, The massmitting appacatis in the msin it
g sl the asseciinted power egaipinent alose conld cost gne Tmedred thon-
sarid dlotlars, ' ' -

e studivg nin be located dn the city at 2 promisent: location and a
leadding station miest bave five 1o seven ditferent staios, the jriger constoec-
tion of whech is.an weperts work.  Associted with the studio are the pomni-
1Tt main control room with the amiplifyiig apparatus for each of
the studios.  Provision must be wsade for studio, teléphone ad sipoal lines
Betwoen the stadio control room and the transmitter bocated: autsids of the
city, Sinilar facilities must also be fiaalled (o commnnicate aned ensivct
with other stations thronghout the coury whien the station is operating as a
wnit of 3 chain, The sain uifices of the operating company are nsally housed

Fig. ¥
PO Teansningr, Einlloven

I this wdiea ghe widersonoled  poswer Biles are shown with the associntod  bewiag

Bebatonees sad pther fnstrimests Note that the retaiing frame of the transoitier

Feobuill ol wiead o grevcnt clectrical absorption whieh wosld oceer with metallie

wtrsclures.  bnorder 1o contimee new experiments e apjaraius bas o Tren assemlded
iz 0 permdiei sl :
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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 em-
ployees would be keptrbusy to run a high-powered broadcasting station of
this type,

The transmitting stations are made practicaliy in an individoal manner.
Each new instrument manufactured has the new improvements that have been
made due to continuous research,  These new improvements are often added
to older transmitters although they have smly been in service a short time,

g the gther hand fake the situation with the radio broadcest redeivers,
the tendency during past years has Leen 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 moet slf the scientific requirements,  However, this cannot
be accomplished if there are price limitations, An example of this which
erdinarily woold not sten important, is the conscle cabinet.  Unless in desigm-
ing the cabinet, there is sufficient distance arownd the cabinet between the
front of the dynmamic speaker and the back of the same speaker, it 15 impos-
sible for ﬂIE-' gpeaker to repraduce low musical notes below certain limits.
This facter is entirely neglected in most low-price designs. Considering the
dynamic speaker itself, the best type availabde costs more than a low-priced
set, In other sets the low-priced type tubes are sefected sa that the total cost
of the set will appear competitive,

The tdeal radio broadeast receiver, built without-price limitgtions should
be constructed as a scientific instrument, in which case it would not be suit-
able for installation in a drawing roomr.  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 availabie in the near future.



CHAPTER 11
Short Wave Propagation

In presenting this book on siort waves no attempt will be made to ex-
plain the thearies relating to alternating eutrent circuits, vacuum tubes and
associated equipment,  There are books covering these various subjects indi-

Fig. 9
Sunrise, Fastern United States. Mast
o favoralde conditions  for  bewsgower
P conubsiichtions . with  New  fealand

4 and Australia,  The eartls incliatiat
curresiriuls to Noverber or Fehraary,

vidually, ina complete muanner and where there is sufficient space available
to expinin the theories properly. However, in order 1o appreciate the modern
applications of short waves as described in the Bollowing chapters; this can
best be accomplished by teviewing the subject of short wave propagation,
Prior 1o the use af short wavelengilis the varions eommercial wave-
lengths wore on the order of as kigh as 24,000 meters il extending down
to OO0 meterd wlrich wad "F“nmwr!y the wavelength for commereial shipy {re
dhore traffic,  Thire were also eopergeney maring wavelengths of 300 aml
430 meters, particularly for small boats and a wavelength of 200 meters [or
the antlewrs,  On thess wavelengths Held measurements showed that {he
strength of the sigoal diminished pradually with increased distance from the
t;;:ns.{mrtt-r Tt was fownd that the distance 2 rdio wave of given power
winld teavel evér water was nhouat thiree times that it would travel Gver Land
and still be wseful for the reception of the siroals with the rau-.her; avail-
alle at that time.  Iooa like manner the sane waves travel over & plitin sur-
face Yree from obstructions over @ omch greater distance than they would
travd over o mountainous couniry. This s illustrated in (e accompanying
ﬁ;,_mh Fip. 12 which shows a relative ﬁng strength as received by a ship
in the North vAtlantid ship lanes and also the same relative signal strenpth
received from the same stajon Lut from points inland from New York and
33
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over Jand,  The same itlustration shows the shielding effeet of a mountsin
leented iu Betwern the tramsmitter and & ship roceiving station, in twa pnsi-
it - T0 the Orsl eose (e shin Tocated abonmside the smmmtain s mmilie to
veceive sigemls Troon the trassnitier bocause they are dellecied by 1le moun-
tain el pass connpletely over the togr o the ship's aeeial. i the seooml case

Fige. 10

Dver Top of the Warld 10 thes ful-
3 low the shariest {lireal Cercle} roures,
sighals from Chicago  would  shave
el Greenband o ruach Central thn'lp.
& caf Ll Arrlu:' Circle uin the way' o
Bie Phalippme Txlasds, aod eroes tae
Norith Pole omoa d|.r||.~|‘:t Tiee 1o Diedicn

with the stap 500 miles away, the wave signals are again within reach of the
ship's awrial, A poascl icea of theaction of e lone wave sigrimils is bind froms
the performance of the breadeasting stations in this comntry in the vears 1923
and 1924 prior lo prest congestion,  Operators of broadeast reccivers in
the lMast generally found that reception from the Southern stations was
nich more mpeessive than reception feom the Western stations partienlarle
thise west of the Rocky Moumains. 300 watt stations located in the Sopeth
eaie in very regulardy with very prewt signal strengih o distance of up to
approximately 1000 miles. Siations west of the Rocky Mountains of the
same power il approxiwsately the same distance away were teccived with
preat diffienkty due te the olstewetion presented by the mowmtains in between.
It was also foasud that the daylight range of these stations wias very limited
amd recepiicn: from g distance of 500 wiles during daviight was cbiained
ouly with very sensitive receivers amd wder: favorable comditions. 1t was
founid that the vight range of the same stalion was greatly mereased and par-
ticularly sfter miduight when there was eomplete darkness between both the
trrsmiiting sl receiving peants,  There were additional obstructions to the
progress of the regular wavelengths such as ore deposits in both mountains
andd along evel pround and the miasses of steel structures i cities presensd
an obstacle to the successful reception of signals within congested parts of
the city, DPrisr to the developanent of receivers having high nﬂslt‘iwrg there
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were cerlain spots in New York City where it was very difficolt to obtain
any distant reception at all. The action of short waves as propagated into
space 75 altogether different dsel there are very many variable factors. The
possililities of lowg distance shiort wave transmission with relatively small
perwer was perhaps first demonstrated by the madio amateurs throughout the
world, With the event of broadeasting the amateurs operating spark trans-
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ptitters on 200 meters crented codsidesalide fnter{erones with the reception of
broadeasting signals.  New regulations were introduced prohibiting the use
of spatk transmitters and abso appointed luwer wovelengths exclusively for
their use, down aronnd 80, 40, amd 20 meters.  This necessitated the develog-
mient ol new equipnment and transmitting systems, The auuleurs were soon
very surprised to fied that with this vew apparatus wsing: the short wave-
lesigtlis they were able to eatallish commmuniention in an ieregular manner
with sitrlar stations located i other parts of the worelds  They also Toamd
that certain of these wavelengths werd entively unsunalie for night work
and other ‘wavelengths were wnssitable for day transmission.  Commercial
crmpanies alsa started developments amd soon realized that with short-wave
transmitters of relatively simall power they were alile to establish communi-
cation between widely separated points in a more effective manmnér than they
had been able to accomplish with meele hipher power and more exponsive
equipmient,  The development of dircctive antennae which concentrated the
transmission in a desired direction and development of dircctive receiving
antennge which were particularly partial to the signal desired and eliminated
sigrals coming from other dircetions, made it possilie to establish communi-
catidn systeins At an exgense representing only a swall part of that required
for the previous long wave systems, Figs, 9, 10 and 11 putling the favorable
conditions for transmission abound different parts of the globe. The de-
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velopment of short-wave propagation has been so rapid, the desire to secure
results has been more impertant to the engineers than studying and explain-
ing their action in space. Fig. 12 (2) shows the difference between lang,
medium, short and ultra short waves, The wave length is Ggured by the
number of oycles that eecar ina time interval of one second. 1t will be noted
that the greater number of cycles per second, the shorter the wave lengths
will be and vice versa. Radio waves are similar to light waves except in size:
Accordingly, it is possible to visualize their action by studying the per-
formance of light waves on a small scale, The radio waves leave a simyple
antenna in practically atl directions, see Fig. 13. The ground below cuts off

Fig. 12
Belation signal strength to distance, fong waves.

transmission below the horizental ahsorbing part and reflecting part,  Asn
analopy can be made by comparing an electric bull resting on o dark surface.
The glare or rodiation from the bulb filament will extend in all directions
diminishing as the distance incresses from the bulb. The light striking the
Idwests surface will be partially absorbed and partially reflected, see Fig.
12 (b}, 1f 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 was & 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 image of
the antenna below the pround fevel. With the ground a good conductor and
a good reflector, the radiation is, of course, more efficient. The ideal groumd
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iz, of course, sea water. In some [ocations a salt water marsh 45 a similar
good reflector. However, there have heen cases where the marsh and other
damp ground was not suitable in which case it was replaced by 4 metallic
refiector in the form of what was known as a “counter-poise” aerial. This
constsls essentially of wires elevated above the pround and located directly
beneath the antenna.  The actual height of the antenna above the ground or
“counter-poise” has a definite effect on the radiation quality of the antenng.
The above relates to a simple form of anlenna, Tt most be remembered,
huwcw:r, that the antenna can be acteally designed o have slmpus which will
give definite radiation qualities as far as directional effect is concerned. In
the illustration of horizontal radistion it will be neted that there s 5 large
percentage of ground absorption slthouph this is less for short waves than
for long waves, These effects are further compilicated by the fact of moun-
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fainz or steel structures close to the transmitter which may cause shadows
and the effect is sharper for short woves than for long ones. In the trans-
mission 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-
Hon is heard from the other side with greatest intensity at the lower {re-
quencies as these turn more easily oround the obistruction than the higher
ones, An extreme form of antenng reflector would be an slectricy! arrange-
ment which gives the same effect as o seapch-light reflector givess to light,
This enables concentrating the transmitted energy in one particwlar direction
practically as o beam and this can be pointed or directed as required. A
syastem of this type is wsed in a trapsmitting equipment designed to work
between Germany and Argentina, see Fig, 15
The amotnt of sccurate data on the natore of jonized region above the
carth i of meager proportions.  Man has only been alile to explive the re-
pions wp toabove eipht miles above the caeth and then undee difficuities whickh
do not enalde any gxteméive absereations, see Figs, 13 and 14, 0t i5 belicwed
that more wseful information will be secored possifily through the use of
observation balooss capalile of ascemding to much greater distance or with
rockets. Tn the early days it was assumal that the earth's upper atmosphers
could only absorb radia waves, Two early experimenters, Kennelley and
Heaviside, both sepmested about the some time that long distance comidwmnicas
tiomn mus.thh:: the result of soave reflective or refractory eflect in this upper
region. This resulted in a roegh theory that there was a definite layer or
surface located @ cortain distance above the carth completely around its cir-
cumference which acted as a refAecting mediom, COthers disagree on this point.
Inasmuch as the air pressure decreases with altitude as we astend from the
.earth's surface some assume that renching o kigh enough altitude a vacoum
would be encountered. 5o far the balloen ebservations carrying meteorologi-
cal instruments have only ascemded 1o approxinately 20 milea. Tt is obvions
then that future investigations at higher aliitudes are going to present some
very interesting studivs, However, there are abservations of the action of
Hiht waves in the higher altitudes which are quite definite in action, the
seattering of short light waves making & blue sky and the transmission of
long enes producing the red sunset,  There is also a prunnunn‘;'d'tﬁ'tqt of
persistency of twilight after sunset and appearance of dawn, The twilight
is, of course, caused by the sun throwing light waves on the sir high over
head and the fact that it lasts aboet an hour indicates that the atmosphere
up 1 a height of 40 miles is dense enough to scatter light. This chaervation
i'at an ahtitude approximately twice that ehtained with any sounding bal-
loons. Another obsérvation is the action of shooting stars or meteors. It is
believed that they are small particles of iron or rock appreaching the earth
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at velocities estimated at from ten to fifty miles per second. Tt i aleo be-
lieved they originated from the break-up of comets by the sun's radiation
préssure and that the comets themselves ariginated from the Orion nebulous
regions when the solar syelem was passing through then millions of yeirs
ppo. o passing throogh the rarchod atmosphers 100 or more miles aliove
the ground Irictional heat 3s developed and the gliject glows brilliantly and
usunlly burns out before reaching the earth, There have been cheaervations
made where the sreleor reached the earth in a (aming condition, Vig, 25,
In obsegving: the activn of these meteors: closely, hydrogen and helivm lines
are indicated i theic spectrum Teading one to believe that e unper ot
spliere is comnposed of these twe gases.  From phiotographs of (he actaal el
of metears there: are varations in the liglit intensity of the ohiect dtaelf

Fig. 15
Rellectsr Type Tramamitine Apteni,

thought to be caused by successive explosion o, the surface layvers as they
are hedted, vaporized and worn away.,  Assundog that an observer was carried
to a congiderable hicight abwve the carth, possibly in & rocket, the Faltowing
actiosy would take place: In the first place the air pressure diminishes raphdly.
The blue sky changes o vicder, AL Detween 30 amd 80 miles the cammon
matregren il eyppen pasa and we conte 1o hydromom and helium.  The viaist
gky Tades 1o Liwe,  Thasets and stass appear despite the sun and the son
bedlanies Dluer aml neore indense,  Findbe, at 5300 miles, the sun shines bril-
Tantly on the rocket ol dts tradl, the sky s completely Black and stars are
viry brillagit and far below appears the dim bulge of the sunlit eanth,  The
Foregoing gives a ol picture of the upper atmesphere. We will now con-
sitler the lehavior of mulio woves propagated at high angles. A diffuse gas
subjected to certain radintions canses the foliowing actions @ clectrons e
degarted from some of their atoms avd seatter about by themselves or pttach
themselves to complete atums,  Three compontnts are therciore vontzined
1 tho gas: free clections, positive fons. (atoms whichi have lost, electrons)
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and negative :itrn_s f:atm:ns which have picked up extra electrons), and under
fhﬂfe conditions it is said to be ionized. It is, therefore, believed that the jon-
:za!_mll of the 'hppr.r air makes it possible for the radic waves propagated at
a high angle to be returned to the earth, It is further belisved that the ioniza-
tivn begins at about 20 to 30 miles, increases to 100 miles or more and there-
after does mot increase and may possibly decrease. The principal eause of
his fenization is the ultra-violet light from the sun which strikes only the
daylight portzon of the hemisphere. This source of energy throws out at
inconceivable speeds myriads of actual electrons (4 particlesy amd many
fons (o 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 foerm of joniza-
tioh concentrated, has remarkable visual proof in the apeora horealis and
aurors austrelis and colorful displays of diffused light which seems to radiate
from the magnetic poles, It i 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
cosntie radiation—electro-magnetic waves about one-ten millionth as long as
visible light waves—that appear to onginate from the destruction of atoms in
the preat suns that we call stars. Generaliy speaking, wie can assume that
tl:a jonized region §s more intense and extends lower in the daytime and is
iess intensewnd high at night, alse that it is more intense and lower in sum-
mer than in winter, It was pointed out before that jonization detects the
presence of electrons and twe kinds of jons. As far as short-wave trans-
misston is concerned, ions are of little importance the important thing being
the number of free electrons per unit of space—the electron density.  In-
creasing the electron density decreases the dielectric consonant of space and
as the velocity of the radier wave is inversely proportional to this dielegtric
consenant to increase velocity fbove that in empty space. It is seen, there
fore, that a radio ray (or heam reduced to nepligible thinness for convenicnce
of discussion) is entering a less dense or lighter medium when it enters an
electron bank similar to the manner in which Bght waves enter a less dense
médium in passing from water to air or from glass to air. A ray entering a
less dense mediom at an obiique angle will, of course, be bent out of its
straight course or refracted, Fig. 17. A radio ray entering a regiodf of in-
creasing 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 addi-
tion, any one ray is actually refracted into four different rays or, to simplify
the discussion, we will only consider one of them. Tt seems unreasanable to
be 2o definite about the action of these rays which are invisible so {ar ahove
the ground. However, the :Emﬂml hypothiesis is borme out by experiments
under varying methods and the exact evidenee is accumulated. In past years
a theary was presented that radio waves were reflected from the under sur-
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face of a fairly ienized {conducting) fayer and this may possibly ocenr oces-
sionally.  Tn most cases, however, the ray s refracted (bent traversing
through medimme ) mther than reffected {nm-;ir: to rebounid by a mri;,::e_ﬂm
will neither absord por transmit it). It i more convenient and simple to
discuss the phenomena aml show the action graphicully on-a reflection basis,
The “refracting fyer™ ndicates the region where the ray legins o hewd
el where it starts downward.  The “equivalent wl‘iu:ctgug; fayer” indicates

Fig;, 16

'rolialile appenraiste of ﬂntu:l. in b innized baser, The

Genbiliwed Iuphqlmu-:h: pocked, oafy  mi-ncuke  contrivacce

eapable ni' m:h 1!1r:a-:' Im;:.hl.'s. Foasnime up fron e oarsh

alimly visible 1n af miles b, gleams in e Tizhi

of a lrll.r:'wluh_m 'n._hu:l: Llazes apamst a black sky filled

witly Brilbiand sizes.

Iiypotictically the reflecting surface the resolt of which woald lie the: same
duwiiwand directing action as a given refracting lyer. It dhould be remem-
bered that the actual summit of a ray in general for short wives is about
Ihvﬁqlmrlws. as high as the ;_:!ullz':i,lenL reflecting layer.  In the ilastrations
of the fight beam anabogy, Fige, 21, the light beam slopes up from one of the
nuniatuee stations oo lTw gru'uml sbrakes the laver amd s reflected down to
tlie other mrotinsd station, . [n referring to the ]'m:r height and changns in
theat alitwde it dovs mot mean that asyibing definite or tangible has
ph.\lis[c:dly moved. It would rather indicate thzt changes in the fonized region
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that may be a particular layer which s refracting certain radio rays, & higher
or iﬂ'f'l'&f e, alclua.'llj.r the effective layer heipht varies slightly with the in-
clination of a given ray and varies widely with the wavelength, perhaps twice
:ulh.igh on 20 meters as on 80 meters.  However, great variations of layer
height are poted according to the seasan of the year, summer or winter, and
!ﬂ-ﬂ-}' ar 1'I.1gi_'_“-. It- follows that it i lower in SUMELET, higim in winter: lower
in LIIE': daytime, higher at night ; intermediate for the fadl and spring and early
morning and late afternoen; lowest on o summer day, hiphest on o winter
sl1igh’._ It. 18 helieved that the effective height under these varying cpnditions
1s approximately as follows: a swnmer day 50 to 100 miles; & summer night
150 10220 miles; [all or spring day 80 to 150 miles; fall or spring niht 200
to 300 miles; winter day 100 ta 170 miles; winter night 300 to 500 miles.
Over the North and South pobes the Javer is prohably very low in summer
due to perperual dhylight and very high n winter on aeeount of continued
darkness. The actual effect of the beight laver Fig. 18 is that the lower
layer discriminates against long waves in faver of short and ultra short ones
while the high layer favirs all the waves that it bends down at sl The exact
action is explained Iater on,  Inwmediately below the refracting layer possibly
there is an absorbing layer.  Just below the refracting layer thete may be an
ahsorbing layer, an important eonsicderation for wivelengths around 214
meters but nepligible for waves smder 100 meters, I one of the ilustrations
(Fig, 1% it shows yvou thot a homnows body in water can signal to another
point over.pshstructions by using the reflection over the water surface. At
rather larpe srples from the perpendicular this reflection is possible bt of
courar 45 the ‘roy increases in clevation it will reach & peint where it has no
reflection downwsrd at all but instead passes oot of the water entirely
althowgh possibly somewhat refracted.  In addition, there is one outstonding
ray which follaws 4 middle course aul skirts the water surface which is most
wielful for communication weder these conditions,  This might be considered
the limiting ray,  In the case of water and air this critical angle ia 455 de-
grees, Following the laws of reflection the limiting ray descends at the same
slope as the ray which ascomds although the ray just above it would not ascend
at all. Practically the same effect takes place in the downward bend of the
redio waves releacting {or equivabot eeflecting Jayerd. In the illustration
(Fig, 18) given where the angles are complementary or added up to 80 de-
grees the limiting ray returns to earth @t its ascénding inciination ; dhe niext
higher ray does not bend downward at all bot skirts the layer: all ravs siill
higher pass off into space uzeless for any communiation upon the earth,
The inclination of the limiting angle varics with the limiting ray in general
and, limiting angles are lower for the short waves and correspondingly-low
fod any wave as the faver rises. The following values of the limiting angle
hava: héen Ei'l':?l'i ij'.:" 'J"a:.'l-l:-r: for E::'\{:'HIIFIEE—"EII an ﬁ]ui.‘.’ﬂlﬂ'll I'Cﬂb:'li.ﬂg II!}"E‘I"
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, suniner night, 53 degrees for
40 meters, 14 degrees for 20 meters; at 500 miles, winter night, 52 degrecs
for 40 meters, O degrees for 20 meters, The limiting angle of 0 degrecs
means, of course, that even the tangent or horizental ray is above the limiting
angle and fonyr distance communieation is impossible. The critical wavelength
is considered as a short wave length which can be used for a given layer
height, This approximates 25 meters for 500 mile layer, 11 meters for 100
mile Jayer. A rare sumaeer day oceurrence is a layer 2s low as 40 miles
which would make 5 meter long distance work possible.  After defining the
Aimiting 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 mens-
urcd sometimes [rom the transmitter and sometimes from the limit of the
ground wave which at high [requencies only extends out 30 to 50 miles. As
the wavelength decreases with the same wave layer height the skip distance
inereases,  Therefore, at certain times of day we ean communicate between
peints on 40 meters but not on 36 meters,  With a given wavelength skip
distance increases as the layer rises; the Hmiting angle is lower and a given
ray can rise farther or beod downwird.  This is shown in the accompanying
diagrams. In actual eperativn the skip distance may be considered as fol-
lows: height of cyuivalent reflecior, 100 miles, no skip on 80 meters, 100
miles on 43 meters, 500 miles on 20 meters amd 1,000 10 2,000 miles on 10
meters) a fayver height, 225 miles, skip effect lardly noticeable on 80 rieters,
200 mites do 40 meters, approgimatesiy 1O miles on 20 meters and an the
10-meter length it never seturns Considering & laver height of 500 miles
there ia & very short skip eifect on 80 meters, aboot 400 miles on 40 meters
and on the 20 and 10 owters it never retoms,  In the case of an asropilone
sligri-wave transaritter there may not be any skip effoct noticed i1 all rays
below the horizontal cover all the ground which would rormally be skipped.
In general it may be constdered for any middle range as day brightens we
may use shofter waves and as night approaches we should use longer waves.
It is not unusual for signals to be heaed within the skip distance and is ac-
counted for the ground wave or “throw-back™ theery advenced by Taylor
and Yoonpg, They reported cases of echoees at a Washington transmitter which
seemed to come from Labrador and the Southwest and some later throw-
backs on 15 meters which came from the ocean. The #ize of the proond 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 Rrst.  Referring to the first dis-
cussion of ground absorption within the transmitter and the latler discussion
of fimiting rays it will be seen that the rays useful for communication wgll be
included between the'limiting ray and the Jowest ray not absorbed by the
ground inasmuch as all these rays return to earth. Higher rays will not
return to earth and lower tays will be absorbed. The height of the trans-
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mitling acrial and the topography of the surrounding country all have their
effect on the lowest usefol 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 usciul on short
waves and the higher angle on long waves, This means that with only lower
refraction it will travel farther alonp the earth’s surlface.  Furtheérmaore, it
niay be reffected wpwards apain and refracted down several times: it is ex.
pected that cach carth reflection absorbs energy and we inay now state the
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great advantape of short waves: that being permitted the use of lower use-
ful rays, they traverse farther along the earth's surface on one refraction
or on féw refractions and reflections with less consequent loss of energy.
For long wave ¢ommunication it is, therefore, desirable to use the shorfest
possible weave ond we find that the strongest signals are always just beyvonid
the first skip distunce. Referring ta the accompanying diagrams it indizates
how the extreme refraction is poverned by the Inyer heipht, A station e
siring to communicate with another separated 2500 miles on, a winter day
or at a layer height of 150 miles the lowest useful ry will return to earth
far short of that distanse. 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
the same ray can rise to a 500-mile layer and on its first return to earth will
be well within the Z.500-mile range. Furthermare, low poiver communication
from this distance on a winter night is relatively casy, Some considerations
have been left out for the matter of simplicity | nevertheless, it itlusirates the
governing principles, The range may be greatly increased on one sy Te-
iraction by one other possible effect. It is believed that the limiting ray or
the one just above it does skirt along the layer for a great distance, perhaps
balf way around the carth, and then encountering somewbat differcnt refract-
~g comditions bend down again towards the earth, This effect may oceur
guite oflén even m practice but the scientific opinion and the sceumulation of
experimenial data scems to indicate that it is the exeeption rather than the

Fig. 19

Critical Arale. An equivilent
illastrateog.

rule and that most extreme distance transmission depends on earth or water
reflection.  Referring agam, to a light illustration, suppose that we direct 2
brillignt amd concentrated beam of light abliquely downward on a mirror, We
can gee in dusty or smoky air that the beam is directed upward in practical
form, Substituting a picce of white paper for the mirror the reflecting beam
18 less intense and spreads out in g wider scope,  Substituting pray paper or a
rovugher surface both the difusion and ohsorption increase and continue no
further. With black felt the alsarption is prectically complete, When the
downward sloping radio wave strikes the earth’s surface the same penerdl
effects are possible. Sea water is a fair conductor and if not excessively rough-
ened by storms a good reffector of short waves corresponding possibly to the
mirror of our light example, Damp ground faicly level is probably a fair re-
fector E‘un‘l:&pmding to rough white paper, (o the other hand, gpround that
is vefy dry and rough msst be a poor reflector absorbing nearly all the energy,
Furthermore, thé roughness or either water or pround depends on the wave-
lenpth. The effectiveness of ground reflection along an accepted theory is a
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suliject of debate, Some scientists maintain that most of the energy is ab-
sorbed or scattered. In the case of long distance conumunication 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 thet a few
reflections are desimble, but a fair amount of energy i3 reflected mirror-
fashion under average conditions.  The downward sloping ray being reflected
Ly the ground skyward and again brought down by an jorized layer refraction
at twice the distance of the first ground-strike from the transmiteer and we
may cenceive these continued up and down all the way around the circum-
forence of the earth, In actual practice using high powered transmitteee
“echoes” which have completed the 24.000-mile cireuit gome times appear
again at the receiver and spoil the signals. There is also the condition where
the transmitted signal arriving at a point-nearly batf around the world arrives

Fig. 20
Lraedful Raya.

ot both directions & short time interval apart, It is obwicus that one signal
following the other would cause distortion. For this reason it s desirable
that the transmitted wave be directed im one direction onfy., More will be
said sbont thib rececurring signal.  Taylor has presented a series of graphs
cavering this subject, for cxample: on 4} maters with a layer height of 225
miles {summer night) the first skip extends 200 miles out from the trans-
mritter. At this point the sipnal comes in sirongly and from there on it is
continuous with no further skips for the frst relrcted pround reflection
canwes down Bgain before the single reffactions have extended out to the
lowest useful ray. I the 500-mile layer {winter night) is 40 meters the skip
extends out to 300 ndles with no skips thereafter. On a speiny oght 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 third skip cccurs bet veen
6,000 and 6,400 miles and beyond 6,400 miles the signal is continuous. A
10-meter wave has an infinite first skip uniess 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 nacrow signal bands as far as the Antipodes at Teast. On
longer waves all stations in the signal zones are 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
are in theary.

The causes of fading are all particatarly interesting, It has been noted
these have been more violvat on the shorter wave and this is attributed to the
natare of the fonized region and the complicated nature of ray refraction.
Jhe major caise is probably dueto variations in the height of the refracted
layer, Heising has owasured the effcetive fayer heights continuously ower
Fairly long periods during the night and has fourd that it rises and falls in

Fig, 21

Jght Beam Anodogy of Tonieed Layer Eouivalont Reflection.  The. liplt rays repre-
nﬁEt raho waves leaving the teansoitter. &t high ongle, to be "rr.ihl&w:l:t:d:lz by the
izl fRyer down ngain o distant receiver,

eveles each of which lasts around 15 minudes. It is caleulated that the rising
rate is sumething like 6 niiles per minute, The falling speed s thought to be
much greater possibly arcund 20 miles per minute. Tt may Ie congidered in
gencral thist the fayer height swings up and down in slow cadence rising
Hmﬂuuﬂ-}" and falling rapidly. On the other hand in the dayrime under the
syn's ultra-viclet radiation the lyer & veh steadicr and consegquently it is
neticed that in the daytime fading i3 much less pronounced. 1t is slso noticed
that the most pronounged short wave fading occurs at the outer edpe of the
skip distance. At this paint the grﬁund-smh: of the Imuti'ng ray may Hue-
tuate back and forth with the signal varying between the maximum and zero,
Further matters must be considered besides ager height.  Relative nunibers
of elfetrons and jons, upper air absorption, the extent of the fonization heigh,
ai play some part in -l.ll!l-l.'-rmrmng the effective layer height,  The phase-dif-

nce between the rays arriving at dilferent paths is quite important and be-
Hmad to cause a great part of the 50 to 100-mile fading in the broadeast band,
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In view of all the varving factors and matters lo be given mnﬁuii:tn_tlnn it
wold seem fortunate that short wave transniission 15 a8 steady as'it i5. In
th PHE'II'IWS discussion reference has been made to layers of uniform heght
and it is apparent from long distance work such an ideal condition will hardly
exist, for exammple, if the night layer §s mudch higher than the day layer, and
we feel sure it is, there must be more defined slopes at the sunset and sunrige
lines, Tao ﬂ_hunh:_t these slopes as they possibly oceur on earth it i3 only
recessary to shine a spet light on a small plobe, Teo fllustrate conditions at
ony particular date, we can refer to the sun's declination in the Nautical
Almanae anid tilt the globe so that the shadow line is the given number of

Fig. 22
Ground Reflectod Rays.

efeproes beyomd {for 4+ declination) or short di { for — declination) the
North Pole.  Considering the percentage of path i darkness and the comses
nuent high yver suited 1o few reflections, sunrise is probably the best time
Tor mivatenr work on the 40-aneter band with Awsiralasim.  This 15 particu-
Lagdy true in the Western United Seates in as much as in addition to giving
favorille siope the sunfight in East absorbs interfering signals from rost of
I',hﬁ'.ﬂmerm comtinent, As an actusl fact comsmumnication has been carried
on between Texas and Australia with the sai ain hour uyin the sky.  On the
other hand, for conmunication with ]:uru'p-t' and Adriga, sunset is preferable,
Commuunication lms been handbed Getween Rew York amd Th:]gium an hour
before sunset taking advantage of the darkness over miost af the patk and
mininum of interference from the West and the layer slope. It does*not
seem impossible that the layer slope may focus seveéral incoming rays tie-
majority of which would normally go to other regions on a single receiver



SHORT WAFES al

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 inereases very noticeably
ahout one houre before sunset, continies relatively strong theoeph sunset and
drops off rapidly with approaaching darkness,

Taylor pointed out the davlight-darkness laver stope may have a declded
vifect on the patterns of ultra-short waves. Toward darkness all skips after
the first tend to close up making the signal zose practically continvous.  To-
waird da].llghl the ztcond ekip and possibly other anes tend fo ogseee up and
sreate narrow sigial zongs separated by wide skips. At 20 nwters, therefore,
it may be possilile ta transpit from & western station o an eastern station bt

Fig, 23
Efert ol Layer Height.

LFFEET O L Vs s
O L OGN GE

ik From an costern station foa westersy station,  Inoother words, we can use
a shorler wave for oowest to east commomention than for an east 1o west,

Aorean HESULTS

The Radio Engincering Division of the German Experimental Institute
for Aeronautics have neule a serics of interesting measurcments and observi-
tipns covering the adeptability of short waves [or afreraft communication.
Mlessrs. K, Kruger and H, Plend! outlined the results in recent writings.
'revious investigations on short-wave propagation have been confined to the
miztter of covering relatively long distances. These new investigations covered
the distances now required by airceaft 500 to 1,000 kilometers and the residlts
olvained present new data.

One of the guestions to be decided was whether it would be possible to
cover the entire ranpe of distances continuously with one froqeency, or
wheiher a serics of different frequencies woulil be necessary.  The assuciated
I'rr'lﬂ_ﬁ" was the influgnee of the power variations during day and night and
thi propagation of these waves.

The following tabualtiof i given describing the apparatus used:
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Fig. 24
Snnrise-Sunset Slopes.

The Laorenz set generates its high-Trequency energy i a single quartz-
controlled stage, The e wavelength is approximately 40 meters, the
limit of practical quanz oscillator erystals for practical operation in a simple
circuit, Telegraph signals are sent by inteerupting the pate circuit, so that
the oscillasion of the quartz must start cach time the key is pressed down,
This arrangement i not fdeal ad the sudden application of voltage to the
erystal may under certain conditions excite a sceondary wave of the quarte,
which oftern occurs in erystals of small sige, instead of the pnrmr:.' wave ) this
causes a change in tone at the receiver or even inaudibility. This is of course
annoying o the receiving aperator especially in high-speed ¢ode reception.

The Transmitter designated Noo 2 in the table was developed b eliminate
.1.'15: uricdesicable features. There are twe stages, acgording fo wiring stheme

G (Table 13, The first a-t:-gc i guarid crvsiad l:nnl:mﬂm and has a waves
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Rasie Wiring 535-'_'[5;-1“1 of Shorl Wave Tramsmiver for Airplases, Quarte Controlicd
Type with Doplieation of Frequency.  Design IV —"Telehenien,

feneth range of 40 to BO meters. " Thie second stage is a frequency donbiler,
the mnnnmim wavelength of \he arrangement thereby being reduced to 20
meters, The signalling is taken care of by breaking the plate circuit of the
frequency doubler tube (abowt 200 volts), the quartz-conteolled stape, il
constantly in the oscillnfion condinio,

The superposed tone obtained in a receiver from this trafspitter s per
fectly clear, easily distinguished from disturbing noises 4nd very suitable for
nigh-speed radio telegmphy, The same advantage would be obtained if, in
the keyed second stage, a power amplification of the quartz frequency were
provided, instend of the doubling of the frequency. However, in this case,
because of the amplifier circuits tuned to (he quarnz wave, the coupling would
be too large between the antenna and the guartz stage that continues 1o oscil-
late during the intervals of transmission; when the key is released. Opern-
ting such a transmitter, the superpased toge in the receiver during these inter-
vals would not completely disappear, but only decrease in intensity. This
would fpair the legibility of the signals.

= The quartz-controlled first stage can be used independently but only with
the disadvantages previously mentioned. The additional cost and complica-
tions of adding the frequency doubler stages are therefore well spent, There-
fove, the quartz contral and Trequency douller were combined in a single set
os an improved type set [or aireraft (No. 3 in Table 1), The waveléngth
range of the doubling stage i3 30 to 70 meters. Fig, 26 shows the bacic
wiring dizgram.

As mentioned under the chapler of aircraft equipment, reception in aff
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acroplane is made difficult by the mtor toises, vibration and ignition elegs
trical disturbances, The short wave receives for piremmft must have spicial
refquErenicnts 1o instire satisiactory operation, outside of the importaot con-
suleration of sze, 'D.m-g!tt aml asenciated equipment ; it st have high an-
plification i ordee 1o produce signals of 3 greater intensity than the lecal dis-
teebnees {non-plectricall, Tt must of course be fuegred in corstceeiion ol
protected arainst aconstival influctces, in order to prevent the ever present
mochanical and acoustie vibrations from exerting & disturbing imflugnce on
Feceprticn. W hile ignition noise ean be reduced, it is more important bo mnie
tain o pure constant toae for the recoiving operator whicly enables receiving
mussages even through a distarbing Lackgrownsd,

Heeciver desipnated s No. 3 was uzed for most of the ohéermtions niade
i e sarpdane, This e aspecial “Telefunken® design for use in Targe sta-
e ] for aicerait work was provide! witha thicd fow fronueney stape of
e itication, iste] of wc Bererodyvoe, Alossiome was wsed for the cabinet
dmstiad o eopper. . The resubts from teis recciver were generally satisfactory,
bt Uil it proesduce & puere superposed note dve e vibmgions Trome the gir
plane. & mond many ex perients followed and Qo to the development of the
sty reveivier for airpboes sentioncd i Talle T as Noo 6 and shown
i Vi 27 This peveiver lind the sanse sensitivity, bt shiowed considerable
savarye i weiehit and spoet, dlag it was minel loss sensitive 1o vibmtions, The
Polluwanyy resslts ostlined ot only relate (o the short-waee progagation
phesomicna Tt alse relate we the develognnent ool testing of the apparios
vl v,

This expfiments wiere sabulivided s the Tallawinge msnee

Tig. ZF
Short Wave Meceived for Aeplaces,  Design D\:L—Tﬂ-:iun}.'eu.
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Fig. 28
Graplie Presentation of the Besults Obtained with Eeception at Constant Distae,

Far cengtant distance, the intensity of the signals in relation to the time
of day was obeerved with different wavelenpehs taken as the parameter,

Different airplone antennae were compared tnothis respoct. The trans-
mitting power was maintained at 2 Watts in most cases.

The imfiuence of varying distance on the intensity of the sipnals was ob-
served with different wavelengths as the parameter. Generally these obsor-
vations were made exclusively during broad daxlicht throvghout the entire
distance, and continued through a whole year. In the experiments, horizontsl
dipoles were used as an antenna.

(a) Exrerimerts Witn Comstant DisTance

The stations participating of major importance, were the land statiops
at Berlin-Adlershof and AMurich, Adlershof conducted the transmitting,
Munich, the reception, the distance between these two points being approxi-
mately 500 Kilometers, Im order 1o keep the Adlershof station informed on
the results, a small two-watt fransmitter was installed at Muonich, providing
a means of interconununication, In comparing airplane antennae, local flights
were made over one of the two stations, whife the other station recordéd the
observations, therefore the distance between the transmitter and receiver re-
mained consinnt.

At Adiershof the observations were made in 2 small building, detachet
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from the main Radio Division building to prevent external disturbances ns
far as possible. Remote controf enabled operztion of the transmitter in the
main building.

In Munich, the apparatus was lovated in a special small building. The
antenna at both locations, consisted of a horizontal dipole with a length of
about twice & meters and with bifilar conduction of enerpy,

The primary purpose of these experiments between pround stations was
to-gecertain the bebavior of differsnt wavelengths during different hours of
the daﬂr, and recording this data.  Ttowas also dedired to detormine fsand by
what means stitable communication during the daytime could be establizshed
over a tistance of 500 Kilometers, with outputs of from one fo ton watls.
The wavelengths used varied between 30 znd 63 moters and undamped radio
telepraph stpnals were used exclusively.

Fig. 28 shows the results of these experiments as relating to the wave-
lengths of 37.2, 486 and 652 meters. The black portion of the bars indicate
the hours during which it was possible to wse these wavelengths for communi-
eation, and the white portion of the hars indicate no communication possible,
or unsatisfactory signals, 0

This particular data itlusteated was gathered during the middle of April,
This is mentioned a3 there gre variations with seasons due to the varving
h:-ng:h-ai the day. This diagranuatic illustration i$ the condensed result of a
ntenber of abservations and not daimed to show quantilative values,

- i

inigre Gracre oer
s Sl

Fap, 37
Dliagram of the Doundary Wave of the Fadug Zwie,

1t is interesting to note that the limits of the fading and the reappearance
of the short waves as illustrated in the figurd are quite distinet.  The transi-
tion jfom an extremely loud signal to practical inaudibility generally takes
place in & few minutes. At this time reception suddenly wavers greatly, the
e ency of fatling increases many times, while the amplitode of the signal
.i;al:sity decreases rapidly, Puring this eritical pnriuﬂ, the intensity of the
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received signal Sectuates in the course of iractions of seconds, in a ratio of
1:1000 or more,

Brief wariations in intensity also occur frequently at other hours, espe-
cially aronnd noontime, but to a less noticeable degree, about 1:10 and more
rarely 1100 as taken on a measuring. device,

Diue to the logarithmic sensitivity of the ear, varations in the intensity
it the ratio 1:10 have but Belle influence on the audibdlity, During the eve-
ning and night hours, the intensity of reception varied within comparatively
narrow Timits, about 1:15 and in a few cases even a perfect eonstancy of the
signal intensity was ohserved.

Impairment of reception by atmospheric disturbances coutd oot be de.
tected except on occasional events caused by local thunder and lightning
storms.  The mtenaal.} of the signals varied from 2 10 & mea. and even in
sonte cases to @ maximum of 30 m.a and this was in peneral substantially
above the noise fevel, the latter Being on the order of 0.05 m.a. Temporary
disturbances of local nn'gin such as, commutator sparks, igeition sparcks, eto.,
didl couse some grnyance,

A poodl fdea of the wave propagation phenonienn can be ohtained in the
following manner. The [ilure in reception occorring in some ploces during
the night and in the carly morning hours for shorter \Iaw.lcng‘tha {3.? 2 andd
48.6,meters in Fig. 30) are evidently caused by a shift in the minimum  dis-
tance required for the return of the space wave to the surface of the carth,
this is, by o displocement of the “skip distance” away from the transsmitter,
during the night. One tan fnagine the phesomenon as being caused by the
fact that during the night the spoce wave doe {o the less dntensive wnization
of the lower layers, is refracied at a greater altitude than during the daviime,
Fig. 29 illustrates this phenomenon. The lower boundary of the Heaviside
layer during the night gradually shifts up fron 1 to TI1, so that the inmer-
most wave belonging to the skip distance shifts {rom A to C. AL a certain
moment, this Bmiting wave poases the point B, which 15 the location of the
receiver, the result belng a rapid decrease in the intensity of the signal. In
the moming the action is reversed, the result being a correspondingly rapid
increase in the intensity of the sipnal reccied ar B

Contrary to the short wave action so far congidered, for whicl reception
is unsatisfactory during the night or carly hours of the morning, the corres-
ponding moments when the somewlat longer waves of air { for example those
of the 65 meters in Fig. 30) occur around noon.  The teansition differs here
frovn that occurring in the case of the shorter waves, in that ft i gradual.
The difference st be due to the fact that with imcrepzing n4r¢hﬂg:h, the
guided wave beoomws active at points farther and farther away, while: tlm::
fnnermast limit of the space waves ghifts toward the transmitfer, so that spe L‘t
wave and guided wavp overlap. Fading zones,*which were the cause of s
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Reeulty ol Weception of Signals from a 2-wate Transmitter in Alrplane, for
Varying LHatance
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iben variation in signal intensity, as shown above, therefore do not oocur here
any longer,

Similar results to those just described above between the two grand sta-
tions was zlso obtained by numerous local Aights above Berlin-Adiershof and
nhove Konigsbergp in East Prussia, there flights being made during different
times of the day and also during the nighl.  In this case, the transmission og-
curred with different waves from the airplane while the laiter was in fight,
and the reception was obaerved in Munich, the distance being about 500 and
1000 Kilometers respectively. The results obtained by experiments between
ground, stations proved that they also applied 10 a great extent to communi-
cation between an sirplane and ground.  Incidently during the numerous
ascetits and landings there was no perceptible difference in reception when the
plane transmitted from the ground or from the air. Furthermore, no essen-
tial difference was noticed causcd by the altitude at which the plane was fly-
ing during its transmission.

Dwring these Jocal fights, comparisons were made between differcnt
kinds of transmitiing antennae, The dipole abways used in other cases was
compared with a single wire trailing antenna which was excited in one-quarter
or :!:i*-u«-qﬁaﬂnrs of a wavelength respeetively. It was demonstrated that the
tightly strung dipole wos cssentially superior, as to constancy of frequency,
providing purity of superposed note in the receiver, as compared to the trail-
ing antenna whose position is never compledely stable. Considering the sip:'.!al
intensity, the trailing threo-quarter wavelength antenna was slightly superior
to the dipole, while the one-quarter wavelength trailing antenna was decidedly
mferior,

(g} Exremimests Witn Varyixe Distance

The previous discussion refated principally to the propagation of short
waves as a [unction of the time of day, the lollowing cxperiments are related
to the determination of the influence of the distance Detwesn the transmitter
ant receiver on the signal strenpth at the receiver, Metal airplanes of the F-13
type were available for these experiments and equipped with dipele antenma
anel corresponding associated interior equipment. Experimental flights were
also made in a Dornier-Wal airplane whose wings were covered with fabric,

A series of overland flights were made in different direetions with these
afrplames within the German frontiers and transavission from the airplane
occurred principally with wndamped waves and a power of 2 watts in the an-
tenna.  Obzservations were always made at Adlershof and in addition some-
timies at Munich. Adlershoi baing the starting and fGnishing pomt ol thess:
fights, the longest distance within Germany was confined approximately 600
Kilometers, when the reception was observed at Berlin,  To extend the, ex-
periments over a greater distance, without having the planes leave 'the
frontiers of Germany, 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 1000 Kilometers, In addition to the 2-watt transmitter, &
receiver was always taken on these flights, enabling a ¢heck on the transmis-
sion and providing a means of communication with the observing land sta-
tions, During these flights the transmitter was kept in continuous operation
and usually actuated by a clock mechanical sending apparatus. This auto-
shatic transmission was supplemented by reports covering the plane’s position
and weather observations,

Fig. 30 showed the deductions drawn covering the relation to &stance,
the receiver always being placed at a distance 0, while the girplane trafsmitter
kst be considered as moving in the direction of the sbscissa. Every obser-
vation of an overland flight corresponds to a horizontal bar; these plotted in
Adiershofl npre indicated by an A and those in Munich by an M. These bars
aré numbered continucusly and arranged according to wavelenpths, The
black portions in the illustration correspond to reception perfectly suilable
for redio commonications, the cross-hatch portions indicating -uncertain way-
cring reception and the white portions represent the range of distance where
reception fails entirely,

Eaviewing the diagranis in Fig. 30 it is clearly indicated gz to the essep-
tial difference between the shorter and lonper waves within the range of 27
i 335 meters,

Rielow 38 meters, these shorter waves show distinet fading zon2s, ton-
teary 1o factahat they are suitable over the longer distances. Wavelengths
between 40 and 46 mcters, have fading zones oocur only exceptiocnally, so
that the possibility of good communication increases for the smatler distance,
For wavelenpths over 50 meters, no Biding tones are perceptible,  This wave
bank {approximately 50 meters) s therefore suitable for constant communi-
cibion uver a range of distances up to about £00 Kifometers:

The favorable results obtained with the 50-meter band was confirmed
by a series of overland Righty, during which the. signal intensity of 2 trans-
miitter located on the ground wag observed by means of a receiver on the air-
plane.  Blost of the time this transmitter operated on 48.5 meters {undamped
wives) and with an antenna power of about 60 watts.  Four of these flights
extbnded over a distance of 600 Kilometers, and an éguel mumber over a dis-
tance of 300 to 450 Kitometers. In cach of these cases o satisfactory signal
strenpth could be obtained, without fading zones, using receivers with suffi-
cicnt sensitivity (detector and three audio stages).

According to Fig, 30, the fading zones for the waves of 27 meters and
32 meters oocur between 100 and 400 Kilometers. The boundaries of these
grnes have an entirely different behavior, Whereas for the inner boundary
thesreception weakens in a gradual manner, there occurs in the case of the
oufer boundary an abrupt change in the signal ntensity, corresponding ta the
sidden action of the space wave. There s not always @ complete extinction
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of the reception in the fading zone, rather it happens that the transmitter,
ever with such o low power as 2 watts, renmains faintly audilile at all times.
In principle, it 15 impossible to indicate accurate and definite boundarics for
these zones, as shown by the example of observation No. 6 in Fig. 30, In
fact in the middle of the range which haal appeared te be, in all other obser-
vations of this wave band, a pronosnced fading zone, there was obtained good
commumnication over a'long distance (about 120 Kilomieters),

Acoordingly it must be assumed that the zones of pronounced weakening
or entife failure of réception observed for o transmitting power af 2 watts
would #o longer have any disturbing effect if the power were sufficiently in-
creased, in the ratio of aboot §:L000 to 100000 this assnmption i5 hased
on experichee previcusly pathered with high'powers (B Kifowates), The ex-
periments madis at 1hat time with relatively high powers showed that even
with conisiderablesshorter waelenpgthis {15, 18 and 28 m.) there cannat be
[ocated any absolutely dead xones, this heing in direct contrast with the re-
sults reported by Rewmarlz, Taylor-Hulber aml Heising. The only resalt
was that zenes of pronennced seakening of the reception sipnal intensity were
phserved, this Leing in accordance with the olservations reported by Eck-
ersley, published at about the sume time, which in @ddition to similar results
chitained by actual observations, contained a thearctical explanation of these
phenomsena,

*For wavelengths preater than 37 mu the results of the observations were
iecidedly inconsistent. Whercas in the cases of Nos. 9 and 12°the reception
was always fres from noticeable weakeming, caies 13 and 14 showed spots
where reception. was uncertain,  The discrepancies may have been cowsed by
difference in seagors, as the fornter olservations were made at the end of
March and the latter in the beginning of July.

Im the adjacent wove band of S0 1o #0 m ahout teenty observed Aights
indicated weakening zones in onaly three cases, the longest distance being 90
Kilometers, In this connection it mast be rememibered that exclisive ose was
made of horizontal dipoles as antenna at both the transmitting and receiving
ends, Still more recent experbments geeir to indicate that these weakening
zones could be reduced by wsing verlical or connbination antenna at the re-
ceiving end,

Fxeepting the three coses mentioned, where weakening zones were dis-
covered, these waves and especially the 50 o, bund gave continvoosly, 2 strong
signal strength at the recerving end resulting in generally strong and inter-
rupted operation, wsing a loud speaker. Tt was always possible to obtain
distinct and easily weasurable deflections of the rectifier measuring Instru-
ment after the low-frequency amplifying stages of the radio receiver,

The general observations in regard to signal inlensity were aboufas
iollows. When the airplane equipped with *the transmitter, moved awity
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frem the observing station, the signal intensity decreased in the first 20 Km.
from about 15 m.a. to 5 nia.; thereafter it remained &t about this amount dur-
ing the entire renmaining part of the Bight up to a certain critical distance With
the tubes used in the measuring apparatus, this deflection corresponded to a
preat volume in the loud speaker reception, and without Being impaired by the
outzide distorlances.  When this distance is execeded, the sipnal strength de-
corasts rapully; bual it always remained suffciently strong for reception by
mezas of o head-set. The eritical distance s inclicated in g, 30 by a vertical
Yine, Thr the 37 and 40 m. bands it Ties at about B0 Ko, ; for the 53 azmd 55 m.
waves, ol about 400 Fwm.: and for the 50 m, wave at about 600 Krh, The
critical distance therelore increases with a decrease in wavelength.,  The
width of these eritical zones was abeut 1010 20 Km, and was covered by the
aprphine i a few minutes, Uoth the abrupt deerease in sigral intensity with
decreasing distance weee repeatedly observed,  Tn the eage of observations
10t 11, for example, the critical distance 780 (Km.) for 37.2 meters was
ohserved both on the vutward and return fAights.

The fading phenonvwoa observed during trangmission from the mirplane
in fight were of the same order of magnitude as those observed for o con-
stanl distance under normal cireymstances,  Within the critieal distance, for
whigh the signal intensity was high and proctically constant, it was never
found that communication was impaircd by fading phenomena;  Only in the
gase where this distance was exceeded, the effcet of Tading occasionally cafised
a disturbance For a short interval.  The critical distanee therejore constitutes
the maxinmm range [or communication by means of the wave wnder consul-
eration, for which reliable continuons reception is certain,

These cbservations just mentioned appeared to be independent of the
airplane’s altitude.  The u.igu:d intensity remained the same independent of
whether the afrplane was in fight or on the ground,  In several instances re-
ception was still pursible, at w distance of 300 Km. from the observing station,
even though the plane and its transmitting equipment was in a closed rein-
forced stee] shed,

In addition to the experiments described above, during which the trans-
wiitter was located in an airplane, there were additional experiments eovering
olservations from the airplane. These tests were primarily intended to as-
gist i1 the develogament of an airplane short-wave receiver and also {o doee
terming the power fequircd for the groumwl transmitter for suitable communi-
catinnt, The wave band of 46 t0 30m, was selected on aecount of its previous
satisfactory performance.  The observations were taken on o series of ten
bong distance fights, the longest distance lymg between 300 and 600 Km.*

'ﬂi‘hm the airplane is on the gm'und with its mwotor stopped, the reanlis

¢ alicrvations mentioned above also apply, without further complication,
to e reception inside the cabin.  However, with the motor running, we have
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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 dis-
turbanees the 2-watt transmitter is not sufficient in this cnse; at any rate, the
ground transmitters which are intended for communication with airplanes
will e provided with higher powers, This will be true in spite of the fact
that with the 2-watt transmitter using continuous wave telegraphy, satisfaciory
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 tie ground station occurred with about &0 watis, the reception nated
being @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 anténna systems,
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CHAPTER III

Transoceanic Short Wave Radie Telephony

For wany reasons, the decision of the Intervational Telephone and Tele-
graph Corporation 1o establish a short-wave connection between South
dmerica and Spain presented problems particularly attractive to those en-
gaged in the provision of such a link, The plans called for connecting sub-
scribess in certain Seuth American telephone operating arcas with t;?c great
Spanish telephone network and, in addition, theough Spain to other Ejropean
networks, The requirements of the wheole project included telephone trans-
mission of 3 high commercial order for @ prescribed mumber of hours each
day, and the provision of equipment capable of connecting at the transmitting
end and af the receiving eod with two- or four-wire long distance tand cir-
cuits—ihe control positions being Jocated at each end of the racdio link,
Further, it was stipulated that the equipneent shoold be such as to make it
difficult far speech to be overlieard by those for wharn it was not intended. The
development was conunensed in the Research Laboratories of the Intemna-
thasal System at o time when Jittle was known reparding “short-wave
telephony.  Consequently, new problems had to be faced in all parts of the
equipment; ie, both in the redio aml in the bow frequency sections of the
unyglertaking.

Fig. 31
Spain-Scuth Americn Radio
Telephone Lude
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The radio path extends from the viecinity 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 obiique line betwesn the Northern and Southern hemi-
gpheres, it passes through rones notoriows for atmospherie disturbances, and
through the éguatorial region where radio transmission is particularly subject
to fading. Devices for counteracting the cffects of fading are accordingly
installed, and in addition echo suppressor circuits for preventing the speech
from being reflected at the distant ends form an essential part of thesequip-
ment.

When the requirements had been ascertained, the design of the equipment
wis begun in the Research Laboratories. Owing to the special rature of the
problems, the Laboratories oot only carried out the research wark but, to-
gether with the manufacturing organization of the International Telephone
and Telepraph Corporation, they were responsible for the construction, in-
staliation, and testing of the complete equipment. ©mn the other hand, the
aperating organizitions in Spain and in Argentina undertock the work of de-
sipning and constructing the special buildings {or the plant and for the at-
tendant staff, They alse constructed the directional antenna and the tele-
phone fines for conuecting the radio equipment with the telephone networks.

The training of the operating staff—a matter of preat importance—was
also.dealt with by the operating organizations.. To provide for commercial
gervice over so vast & stretch of the earth’s surface under such novel aml
exacting conditions, constituted a work of considerable magnitude, and its
success 15 & maller of =atisfaction to all who were concerned therewith,

So far as 15 possible within limited space the particulars contained in this
text are intended to dmpart technical and peneral details concerning a radie
link that in many respects introduces a new em in telephonic communication,
It is approximately twice the length of the Morth Atlantic Jink.

Manrio-Buesos Amees Fapio Live axo Its Wise ConmecTioNs

COmn October 12, 1929, the communication facilities of the International
Syslem were very greatly extended by the opening for service of o short-
wave radio-telephone link between Madrid, Spain, and Buencs Aires, Arpen-
tina, With the opening of this link it has bean possible {or the first time for
the public to talk from their own telephone sets in Seuth America to the Old
World. The importance of this channel can hardly be overestimated, since
it renders & “network” to “network” service as distinpuished from point-to-
paint service between special booths, and is capable of connecting any tele-
phone in the principal cities of Europe to any telephone in the principss cities
of Arpentina, Chile, and Uruguay.

Reference to the map, Fig. 31, shows in part the extensive nature of*le
telephone systems served by the link. At the South American end, conn.»-
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tioh is made to 210,000 telephosies in the Argentine Republic s 17,000 in
Uriguay. At the Evropean end, there are 1535000 telephones in Spain to
which the service is available and there are no technical difficulties which pre-
vent this service being exfended to those areas in Burope which at present
enjoy European International Cenamunication,

It is of interest fo note that the cirooit is the second largest arca-to-aren
firtk im the world, being exceeded in this respect only by the Great Dritain-
U. 5. A. connection, It is, lurwever, by far the longest area-to-ares public
telephone link in existence, covering nppmmnmte‘ty 6,400 miles {10,2 '"-'(.'r K.}
as zpainst the 3200 miles (5,130 Km.) from Englasd to Amierica’ and is
provided with o privacy system.

The terminals of the circuit are located at Andrid and Buenos Adres, re-
pectively, and consist, at cach end, of a trmnsmitting station and & receiving
station situated some distince apart s connected by loed lines to the ter-
mim] cruiprment whicls 5 situated in the comtrol effice,  The trassmitting
station for the Madrid terminal is located at Pozuelo del Rey, about twenty-

Al

5 P
Caemeral View of Madrid Reseiving Anlennas,

two miles (thivty-hve kilometers) to the cast of Madrid, and the reeciving
station at Grinon, about Giteen miles {l.wcul_','-fm.l.r kilpaneters) 1o the south
of Madeul, The travsmitting amd receiving stations for the Buenos Adres
weeminal ore focated pespectively al Hurlingham and Plaianes, eacly beiag
same twelve miles {rwenty kilometers) distant from Buenos Aires.

In order to give reliahle service over the entire day, three wavelengths
gre used ot exch trmsmitter.  Appeoxinmtely & Afteen meter wavelength
(20,000 Ke.) is employed during the day, a thiryy meter wave (10,000 Ke.)
at night, while a twently nwler wave is required for sunrise and sunset con-
[GTIEN

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

Al Meimitaing, Shown
Commtry Fraversed by Soatl
Anicrican “ranscontinental Tine.

elsewhere in this busk, The accompanying ilusteations. mive general views
of the Madrid and Buetios Ajres receiving stntions,

At the present time traffic on the radio channel s approximately two
calls per day and bas been as high as oine calls per day,

It s proposed o ontline briefly the various wire {acitivies which are noed
to eonnect this radio link te the Inlermational Tebophinme Systems in Spain
and South America, This will be considered o two parts, the present il
the future,” It may be staved at the outset that, alost without exceplion, the
wire lines which may be comnected with the new radio link are high grade,
medern circuits well eonstescted and well maintained 2l capable of givine
birst closs service, )

At present the service From Somh Awerica is Hmited o some of the
mwre mportant eities in Argentina asd 1o Montevideo, Urugudy. In order
to teach these eitics, however, it has been noosssary ta meet sond solve 8 mines
ber of wew and very intereating problyns,  For examyie, it has been neces-
sary (o place oo cable wnder one of the widest rivers in the world, sud to erosy
ane of the highest mowmain mopres fo e world where, beengse of soow
sturims, train service i completely Dlocked for cerfain periods ench year.
Serious insulation difliculites are also encountersd, such, for example, as in
ity of Arpenting where enormous eobwebs are llown inta the circuits by
the Digh winds, thes efectivels hort ciceniting the wires

Vigsexr Liecvirs

In Argenting, service con be gsiven at present 1o #3 cities,  Thieel ¢ir-
chity pee available to 15 or more of the inporane eitics, these circoits vy
ing from abomr Gite kilometers in Tength to approcimately seven hondeed
kilometers, They consist mostly of copper wire aboat 28 s in diameter,
which s a little larper than No, 12 N, B. 5. Several of these circuits are
eipripped with through live repeaters.  Metween Buenos Aiees and® Balia
Dlanca {305 kiloneters) a three channel carrier current system is installed,
while between Iiwenos Aires and Rosario (410 kilomeiersy there are o

such systems.
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The service to Muntevidee is given over a subfluvial cable under the Rio
de la Plata from Huenos Afres to Colonfa, from which pumt RO QP Wike
line takes the eireuits into Monteviden,  This cable was kaid in the early part
of 1920 and consists of & twelvi quad, sixtecn gavge, paper insulated non-
laded calde designed fur vpertion on o fuar-wire basis. The twebve quad
cable will therefore carry twelve simmliancons conversations or eighteen cons
versations if the phanlom eircuits are used,

The Jengpth of the cable, thirty-seven mwiles, is 8o great that it has been
necessary to instal repeaters at eachioend in order 1o sceure satisTactosy speech
volume, At present the repeater equipment for six cirenits is instal fed, per-
mitting six simultnneons comversmiims, Plans mre under way for increasing
the number of circuits in the wear flure,  The gable has been equalized
improwe the quality of ramsmission,

b Spaies, eomnections can he made ot Maudesd o praciically all the more
important cities i B countey aml o nany plces of lesser jmportance
{2,256 eities moall )l The Spamish setwork consists of upwards of 222,350
Kilumeters of copper wire, msthy three vy i diameter (slightly Jarger than
Mo, U A, WG 112 tlirough Bae fepisaders aanl 43 teominal repeaters ane
tstal dn connection with this open wlee getwork,  Superposed upon these
circuits ot of Madrid tere are 13 theee-climnne] carrier current systems,
which add very spprociably o e owssaee careving capacity of the cirouits;
Ir adddition, appresimately 170 Lilooneters of tollcalite Bave Deey placed he-
twoen Barcelona amed Valls It 5 expuored thing this cable will he extended
maprcdiy im Bl et fese venrs s that Maddril sl $areelonn and also Madeid
amil Tron Foear San Selasiand will be conmected by aable,

Civewits are available Tront XMadreid wor only o the points swntioned in
Spain, bt taosoine odlwer dointeied ssowiell. Fore example, there are direct

Fig. 3
Coeral View of Huenos- Aires Heceiving  Antensias,
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circuits to Lisbon, London, Paris and to other cities in France. At Alpeciras,
which has a direct circuit from Madrid, conections may be switched over a
24-mile submarine cable to Ceuta, Moroeeo, thus putting South America into
telephonic communication with a third continent.

Furuee Cigcutrs

Connection to 30,000 telephones in Chile will soon be available by com-
positing the All America telegraph circuits from Buenos Aires to Santiago, a
distance, 0f over 1,300 kilometers, The circuit consists mostly of 2:9 mm.
(Mo, %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
eable with two quads londed for earrier current eircuits. The other quad is
loaded for voice {requency only. In some of the more exposed open wire
sections, where extra mechanical strength was required, 4,09 mm. (No. 8 Tt
W. G.) copper has been used instead of the 29 mm. wire, Also throughoot
long stretches o pole has been sel between each two existing pofes in order to
guard against fatlure of the poles or wire, Superposed upon this circait from
Buenos Aifes to Mendoza (about 1,000 kitometers ) there is at present a single
chantel C-2-F carrier corrent system with one intermediate: repeater,  This
system will be replaced in the near futnre, however, by a three channel sys-
tem jwith three repeaters, ;

As the Europran network grows additional points will, of course, come
into communication with Madrid and hence with South Americd,

Work is also under way on a redio link from Madrid to Tenerife, one of
the Canary Tslands. This iskand is being connected Ly a 35-mile submarine
cable with Las Palmas on the island of Gran Canaria. The message carrying
eapacity of this cable will be increased by the installation of carrier current
apparatus,

In South America, connections to thirty additional cities in Arpenting
will be made in the near future,  The extensions which are being made to the
toll plant in Chile will also add many other cities in this country to the net-
work in the near future,

It is expected that, within two years, o tadio link fromn Buenos Aires to
Bogotd will add Colombia to the list of countries which may use the Buenos
Afres-Madrid link, and it is entirely possible that similar arranpements may
be made for some of the other countries.

Tue Use or Suorr Waves 13 Rapto Comuusiicarion
The rapid expansion in the interchange of knowledge, both comityireial
and intellectual, involved by modern civilization, has necessitated an increas-

ingly complete utilization of the means of communication wiich seience &1-
fords, The first attempts at the electrical treasmission of sounds were di-
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rected towards the possibility of sending electrical impulses along eonductors,
and from these first experiments wire telegraphy and telephony were devel-
oped. From a scientific viewpeint 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 accom-
plished by employing carrier currents modulated by the speech frequencies,
Carmier frequencies as high as 30,000 cycles per second were 8o wied, the
use of higher frequencies being precluded by the excessive attenuation 1o
which they were sulbject.

The facilities for long distance communication were still fulther in-
ereased by the discovery that electromagnetic waves having very ligh fre-
fquendies may be propagated through space without the necessity for an inter-
vening conducting circuil. At first, freqouencies of the order of 100 kilo-
cyeles per second (Ke/s.) were used in this way, but the means then avail-
able for producing these waves were such as 1o encourage the use of the
tower frequencies 1ying between 10 and 100 Eefs., 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
coanpercially,  These, comprising the {requency range from 3,000-to 25,000
Ke./s. (wavelengths from 100 to 12 meters), are known as “short waves,”
and since it has become possible to overcome the inherent difficulties invalved
i their use, the study of their propertics has shown that by their use not only
ean the ouraber of available channels of communication be increased, but
that in cerlain cases communication can be effected which could enly have
Leen carried out at mwich greater expense had long waves been employed.

It is psial when speaking of radio waves within the above wide limits of
10 o 25,000 Kofs to divide them into three categories, nomely, long, me-
i and short waves, It is hardly necessary, however, to potot out that the
difference between these is not fundamental, but lies rather in the fact that
certain fundamental properties become more or bess pronounced as the fre-
quency changes, In consequence of this, radio practice vangs considerably
in accordance with the type of wave emplayed.

The fongest waves, the freguencies of which lie between 10 and 100
Ke/ds are suitable for long range international telepraphy on acrount of their
reliability, and in spite of the fact that they are liable to interierenpe 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 circtit being the hest example
af this,

Waves having frequencies hetween 200 and 2,000 Ke/s. are found to be
izt adapted fbr shorter distance transmission, and in particular to broad-
casting. The lower end of this range possesses properties similar to those of
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fong waves, being characterized by a comparatively Inrge measure of reli-
ability, With the higher Trequensies, an the other hand, new chatacteristios
make their appearance; in particntar, comsiderable dinrmal variations fa the
received field strength,

Fig. 35
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Finally "short" waves in the rauge of from 3000 w0 25000 Ke/fs. be-
come move and more sultable for long distance comimmication as their fre-
quency is dnereased, fuospite of conain irregularitivs in transmission, the
eanzes of which will Ly refereed o later,

This rapicl sueyey of the pruj-l.'rrun o eleetromagmetie wives sl 1l
fur the porticular ease of T distiance mavdiotelopstiomy, weditnm witves e
ol suitalde, bant thal either the spper or lower ends of the fregueney spectoum
may e emploged,

The differences between the propagation chazactiristics of short did lons
waves are explafioed by assuming that while loag waves trvel dicectly from
the tmanitter o the receiver, shost waves recoived at consideralde distanoes
Erom the transnutter have sudffered progres=ive retbeetion frem o more or less
well defined ionized layer in the upper atmsplicre. Since the rips have min
travelod pear the surface of the earth, o 3 ot possible wocalostate the re-
ceivedd field strength from an empiscal formula, as ean b done from the
Anstin-Uolwn fornata i the ese of Jeng waves; and in praceice, field

sstrengths may be oblained whicl are prestls in exeess af those predicted by
this Termula.

A disadvantage expericieal fn the pse oF short waves lies in the way in
which the received feld strength varies i accerdance with the time of day,
the season of the vear, andd the disteibution of Tight and darkness over the
pathi of the transmission. The effect of such variations may be greatly re-
duced by the provision in the receiving system of an automade velume cor-
trol which adjusis the amplification in sceordawe with the sirength of the
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received signal. Even when this is done, however, it is nenossary when re-
!1ah1a commumnication over long periods is desived, o employ feveral fre-
“l.umm:s suitably chosen for cach partionlar case,

Ohwing to the fact that short waves are much less subject to interference
from atmospheric disturbances, o very much higher signal noize ratio is ob-
tained from a given signal strength than would be the ease with long wave
operation, and it i3 in consequence possible to work with receiving field
,slrgng;lits which weuld pive sipnals ton wesk to be hesrd above atmospheric
poise, were long waves emiployed,

A very great advantage gained by the use of short waves lies inkhe way
they may be propagated in a predetermined direction in space. In order to
abtain directive effects with long wave transmission, cumbersame equipment
must be installed, of doubtiul efficiency and at a very high enst, due to (he
fact that the size of the antenna necessary is related to the operating waves
length.  For cxample, in order to obtain an effect stmilar to that gwen by
aconcave mirror with light rays, it is vecessary for the aperture af the mirror
to b at least equal 2o twiee the wavelength and, in consequence, a prokibi-
fively large antenna network wioold be required when this 5 of the order of
5,003 meters.

The directive antevmas emnplored in practice for short waves bave a
bergth aned height of about 10 and 2 wavelengths, respectively,  Such_pro-
poritons, permissible wlhien the wavelenpth is of the order of 10 moters, are
guite impracieable for waves of the order of hundreds of meters in length,

The use of reflectors and directive antennas hing lecome general in maod-
erin short wave practice and eonsiderable propress has been made in their des
sipn,  The spstenes ot present in wse pive a gam of the order of 15 decibels
over a non-directive system, thus considerally increasing the efficiency of
radio coinmuncaiion,

Short wave transinission decreases somewhat the transmitter power
nécessany to seoure communication over long distances, this being Targely due
to increased efficiency of the antenna on the higher operating frequency. The
proportion of the power supplicd to the antenna, which is actually radiated,
lies Between 109% and 139 when the longest waves are employed, and in-
creguos po ghout PO with waves of the order of L5 meters in lenpth.

Thus, when with very Iong waves, opower of 300 kw. is taken from the
maing, 150 kw. may be supplicd to the antenna, and of this only IF kw. is
radiated, whereas with very short waves, 3 kw, {rom the mains may give
10 kw. ta the antenna, of which 7 kw. is taciated, When aceount is taken
of the fact that the latter povwer mtay he eoncentrated into a restricted angle
by means of a directive anterna, the extent 1o which the short wave system is

miwe efficient efn be seen,
By the use of short wavhs, an epermously inereased noumber of chan-
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nels of communication is made available, and this constitutes perhaps the
greatest gain that bias resufted from their use. If the band of frequencies
between 50 and 100 Ke/s, is eonsidered, only 25 channels are available, even
though the width of cach [requency band s teduced to 2,500 cyeles—ithe
minimumt réguired for commerncial intelligibilivy—the carrier and one side

Fig. 36
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band suppressed, and no spuemg allowed between adjacent bauds.  Against
this, the present state of short wave technique permits the use of 200 tele-
phone channels between 6,000 and 12,000 Ke/s, the spacing between adjacent
carrier froquencies being 30 Befs,  This number woukd be nereazed to 600
if the spacing were reduced 1o 10 Ke/fs., a fipure which should not be con-
sillered impossible of attainment in the light of present progress,

The wtilization of the 1314 meter waveland, the lower Timit of wave-
lengths wsed commercially, sipmifies the availability of about 40 new wlephone
channels, each occupiying 40 Ke/s, a figure which may be soon reduced, Thus
any mdditional meter ofilized at the high frequency end of the spectnon gives
more telephone channels than are avaslable frem the whale of the fong waves
snitable for lony distance work.

The use of direetive antenna systems previously mentioned must eventu-
ally increase still further the number of channels made available by the wse
of short waves,

Im thee consideration of this sulject, it must, howeser, be rememberesd
that fu order to provide satisiactory operation over considerable periods it is
necessary for one station to employ several waveleapgthis, This not only re-
duces the pumber of channels avaiiable, but also increazes the cost of instal-
lation, Thus, since all new channels are likely 1o be wiilized in the verv near
futuee, it i nob certain if, in the present state of e art, short waves will be
emiploped to the exclusioh of hng waves on all long distance cireuits, or =y
for exceptionally long distances,
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One of the difficulties experienced in short wave operation is the neces-
sity of maintaining the earrier frequency constant to a moch higher degree
of precision than is otherwise necessary, This is due to the foct that a given
absclute frequency variation becomes a much smaller telative variation as
the carrier frequency is increased,

Against this, the band of frequencies occupied by a given type of trans-
mission (telephony for example), represents a much smaller fraction of the
carnier Trequency in the case of short waves, congequently, the problem of
transthitting uniformly o band of frequencies is considerably smplified.
When long waves are employed, the tuning of the antenna cireait {oes not
permit the uniform transmission of the band of 2,500 cycles width necessary
for telephony, whereas very wide bands can be satisfactorily transmitted on
short waves. Due to thiz fact, aided by progress in recelving techiique, one
cin visnalize the simultanecus transmission of many different signals, the
realization of high speed telegraphic transmission, and finally the transmis-
sion of special signals requiring a greater band width than telephony,

The foregoing brief discussion shows the complexity of short wave
transmission, where any advantage obiained is attended by some correspond-
ing disadvantage. 1t also shows, however, the extraordinary fertility of this
scientific field, and the considerable possibilities which the important advances
already realized indicate (o be reserved for the future,

Fig. 37 _
Type 111 Short Wave Transmitter—Block Schematic:
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TrE "Stawparn” SroeT Wave Bapo Trawsuirrees

In no phase of clectrical communication has recent progress been more
marked than in radictelephony. The discovery, a few years ago, of the
value of short wavelengths for long distance transmission, opened wp vastly
extended possibilities for linking together the telephone subscribers of dif-
ferent continents. In the realization of a scheme of this kind, the engineer
is faced with the prolilem of attaiming in the desipn and constroction of shart
waye transmitters and receivers the ssme standards of reliability and grade of
service §s have become accepted in repeaters and ather telephone plants, The
trend of modem radie practice in the desipn of apparatus to fulfill these re-
quirements may be ithustrated by 2 brief description of the short wave trans.
mitting equipment tecently developed by the International Telephone and
Telepraph Laboratories, Inc,

The transmitier has been designed 1o include the fentures for trunk tele-
phone service, intercontinental brondeasting, and high speed telepraphy. It
iz suitable alza for multi-channel telephony, and sioltaneous telephony and
telegraphy, when used in um:jufbcliun with standard bpes of line cartier tele-
phone and %telegraph. equipment,

The operating frequencies are of the order for which directional trans-
nyission is practicable; and, in general, for point to point service, the equip-
ment is used with a directive antenna concentrating the radmation inbo a beam
pointing in the direction of the receiving station, The power is sufficient to
maintain an almost continwous telephone or telepraph seevice over great dis-
tances of the order of ten thousand kilometers,

To maintain continwous service it is necessary to change the operating
frequency three or four times in twenty-four hburs to suit the transmission
conditions corresponding to different states of light and darkness along the tra-
jectory of the waves. The equipment has therefore been designed to be cap-
able of adjustmient for operation at any [requency within the band vseful for
long distance directional transmission, which extends from about 5 to 20
mepacycles, A special feature is the rapidity with which it is possible to
change from one operating frequency to anctieer. The time required is about
fivee minutes.

As regards operating characteristics, special attention has been paid te
securifig very preat frequency stability, Treedom from carrer nolse, deep
modulation for telephony, and clear-cot signals for telegraphy.

In view of the rapid growth of the techinique, the design has been made
as Hexible as possible by adopting low power modulation and a unit form of
construction to permit of progressive extension to incorporate new develop-
ments, The general appearance of the set is illustrated in Figs. 35 and 36
showing respectively the radio units and the power control ltard,

The power delivered to the antenna when working on continuous wave
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Fig. 38

Simplified Schematic of
Modulation Cirenil,

Fig. 3%

Simplified Schematic
of Keying Clrouil

telegraphy at full load is alout 12 kw. at 15 megacyeles, being slightly less for
the ligher froquencies and stiphtly greater {or the lower frequencies.

In telephony, the carrier power and the degree of linear modolation are
interdependetit, being determined by the limitation that the instantoneous
peak power nst oot coceed 12 kwe  As is well known, it is preferable to
employ a piven carrier-power deeply modulated than a higher power less
deepdy modulated, with the same peak power  @ch case, singe by the former
a better sipnal-nodse ratio is obtained, owing o decrease in the backgromnd
npise coused by the carrier-wave beating with atmospheric disturbances, The
modulator circuits have thereiore boen designed to permit of 904 to 1009
linear modulation.  The carrier-power st be limited to a querter of the
peak power, that is, to about 3 kw. for 10055 linear modulation; but it may
bie raised to abowt 4.6 kw. for commercinl operation, i which case the slight
disfortion of the speech peaks when modulating deeper than 605, can be tol-
erated. For tone modulated telegraphy, the carrier-wave power 15 4.0 kw,
and is fully modulated,

The telegraph speed obtainable for continuues wave telegraphy with well
shaped signals is at least 200 words per minute,  The power drawn {rom the
mains at full load on telegraphy or telephony is approximately 63 kw.

gevere requirements are inposed on short-wave transinitters ywith
regard to frequeney constancy of the carrier-wave, both in respect to dynamic
stability, that in Endcp:ndr:n:-. of the [requency on keying and modufation,
and as regards slow variations caused by changes of temperature or supply
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voltage, swaying of the antenna, ete. This constancy of frequency is essen-
tial, on sccount of the gpeech distortion cansed by seleetive fading and inter-
feremce phenomena which result from an unsteady earrier frequency, and
also on account of the close spacing of channels in the short wave band.
Stability of frequency during modulation &nd keying is obtained by the nse
of a erystal-contralled master oscillator, balanced coupling stage, and fre-
quency multiplication system. Instability due to antenna sway is prevented
by the use of successive highly balanced radio frequency amplifiers.

. - Fig. 40
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To obwiate slow changes of frequency, the piezo-clectric crystal’is
mounted in a special holder and is kept at a constant temperaturd by thermos-
tatic control. The general form of the circuit is illustrated in the block
diagram Fig. 37.

The master oscillator, operating through o coupling stage, drives a fre-
quency multiplier consisting of two harmonic generators in cascade, The
frequency mndtipliers excite the first of three specessive stages of high fre-
quency amphification.

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 keving circuits are shown in Figs. 38 and 3%, The sys-
tem is one of low power modulation and keying, with subsequent amplifi-
cation of the modulated or interrupted carrier-wave, The purpose of the
frequeacy multipliers is to lower the frequency of the master oscllator to
& value at which quartz crystal controd can be satis{actorily applied.

Low power modulation has been sdopted as it hae the same advantages
over high power modulation in & short-wave equipment as have been found in
the case of broadeasting transmitters: In addition the low power system
seems more promising at present from the point ef 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 telephione. A key on the set switches over the modulator input
and keying relay from the “main line” pairs to “local test” pairs. The change
aver from telephone to telegraph adjustment is by means of relays controlled
by one key.

From Fig. 37 1t may be seen that the apparatus divides up into three main
stctions, i, e, (1) the apparatus for penerating the constant frequency carrier
at low power and for modulating and keying; (2) the first stage of power
amplifftation; (3) the second stage of power amplification, Tn the assembly
of the apparatus it was found convenient from many points of view fo 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 ap-
paratus, and is referred to as the oscillator-modulator unie  ‘The unit in the
center is the intermediate amplifier, being the first stage of amplification
after the modulated amplifier. The unit on the right is the power amplifier,

Each of the three radie units has its own distinet panel in the power
control board, and separate power plant,

For telephone operation, provision is made for monitoring with head
phones 4t the output of each unit, fo enable any wrong adjustment causing
distortion to be very easily localized.

Among the advantages of the unit form of constrection may be cited
improved acoessibility, fexibility for increase or reduction of power, fexi-
hility for interchange of units in stations comprising more than one equip-
mont, simplification of the problem of symmetrical distribution of apparatus,
and certain advantages inocircuit design including good shiclding between
stages and elimination of ground return currents between stages cansing in-
stability and carrier noise.

The improvemnent in accessibility arises from the fact that advantage has
been taken of the possibility of separating the amplifying stages some dis-
tance from cach 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—can be made accessible from all sides.

The Rexibility, above referred to, for increasing or decreasing the power
rencders it possible fo work into the entenna either from the ascillatoramodh-
Jatar unit alone (the other two stages being switched off entirely) or from the
output of the intermediate amplifier, or lastly in the wsual way from the
power amplifier. By duplicating the ostillator-modulator, together with jes
a.ss.m_‘iﬂ'l-ﬁi power plant, 8 high degree of security against total failure of the
service s obtained,

The units are coupled together by means of shoet transmission lines,
Precaptions are taken to obtain series feed current ip the lines only, thas
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avoading parallel hine cwrrent returning froen ome unit to anetlice firosgh
earth, “The methods adopted have resulted in remarkable frecdom Trom res
action between units, in frectony from stray earth currents, amd in cguality
el the drives aml impedance conditions: Tor the valves on apposite sides of
the Lalanced amplifices,

T wnits are built oo iramesworks of duerabamin angle and are enclosed
at the sides and backs by dnors cmprising [rames of the same material con -
ered by perforated aleminium Shecting,  The front pancls are of polished
slate shickled on the inside by oetal shocts, The wnits are cach 6 feet £ fncls
high (g%out 108 em.}, 3 fert 8 dnches wide (abowt 112 em.), 4 foet deep
(alout 122 enn ).

Th lr{ti'lrﬁm{-aﬂtm ||Iw.rﬁ fm‘mmg the connections hriween imits are carried
ot mm]aim ot on the 1egis of the units, amd are insulated from direct
current Ty :mmmw comelensers within the units,  The puower plant associated
with and anchadivl i the equipment comprises Tont molor peerator sets, a
OO0 vole rectifier (sea Fig, 40, aod the power control board, The stand-
ard equipnwent is designed for operation: fram a 3 phase 360 eycle sopply
b a vollage Letween: pliases of elther 220 or 415 as reyuired,

The Towr motar FCMeTitor Sets I:rl-'f_'l:'i"ltl'l_ thee Blament aned grid valtsges for

Fig. 41

Repr View i
Paower Amplifics,
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Fig. 42
Type 111 Skori Wave Teansmitier, Simplified Circuit Séhematie.

all the valves, excitation of control circuits, and high tension plate supplies
for the oscillater-modulator and the intermediate amplifier. The' 10,000 volt
rectifier sipolies only the plates of the poswer amplifier,

A power panel is provided for each transmitier unit, and controls the
pagver plant associated with that unit. The three power panels are dined
up with the front panel of the rectifier to fotm one power boaed as in Fig. 36
The panels are of polisked glate and are movnted on angle iron frameworks,
Liach power panel is 6 feet 6 inches high (ahour 198 em. ), and 2 feet 6 inches
wide {about 76 em.). The vecfificr panet is G feet 6 inches high, and 3 [eet
8 inches wide (about 112 o), The power board ferms the front of an én-
closure In which are located the H, T, transformer amd the smoothing ap-
paratus of the rectifier systun.

The valves used in the Intermediate and Fower Amplifiers are water-
cooled, and a water-cooling system: is inclucled in the equipment. This system
consists of a eireulating pump, a small &xpansion wnk, aud an air blast cooler,

The oscillator-modulator anit with its associated motor-gencrators and
power panel forms a complete low power transmitter known as the Type 1
teapssitter, It delivers about 300 watlts to the anteona for continuous waye
telegraphy, and 200 watts for telephony. By the addition of the Intermedi-
ate Amplifier, with its associated motor-generator and power panel, and the
water-coolitig system, the Type 11 transmitter is formed which is eapalile of
delivering to the antenna sbout 3 kow. for telegraphy and 083 kw. for
h:l::|ﬂwn}r. These telephony powers arc based on 1009 modulation. Finally
the Type 111 sgf, herein described, is made up by the addition to the Type 11
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 11 equipment may there-
fore be easily extended if it is desired to raise the power of the installation,

The equipment is started up or stopped, and all potentials are applicd by
means of push-buttons situated on the Power Board and duplicated on the
frong panels of the units, Control circuits are arranged in such 4 manner
that it is impossible to start up the transmitter in a way liable to cause ddm-
age. No high tension voltages can be applied, for example, antil the grid
and flament vnltagﬁ are ot their proper levels.

The equipment is adnqua:dy protected by fuses, m:-:-nrdmg to standard
practices ; other security provisions include overlead relays in the high ten-
ston plate supplics, water flow devices to remove plate and filament voltages
in case ‘of failure of the water flow, water temperature alarms, and gote
gwitches on all high tension enclosures, irlcludinlg the radio units themselves:

The mechanical design of the higher powered radio units presented n
difficult problem. It was necessary to preserve close symmetry, to keep cer-
tain leads short and yet to allow ample spacing 1o aveid flash over (which
oceurs very ecasily on the higher frequencies in the range), to provide for
extreme rigidity, and lastly to use insulating-materials spatingly in high Ere-
quency, fields and only material of low dielectric loss. An idea of the con-
struction adopted may be gathered from Fig. 41.

The general form of the circuit of the transmitter given in the hlock
diagram is shown in greater detail in the simplified cireuit 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 oscillater or as 2 crystal controlled oscillator, 23~
cording to the pasition of the switch in the grid dreuit.
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The erystals for the different operating frequencies are miounted in sealed
rass holders contained in o specially designed box ftted with o heating efe-
ment and thermostat.  Four crystal holders for four warking fréquencgics are
provided, and a seléctor switch is incorporated in the box to enable any one
of the four to be put into operation, The box contains also {our spare crystal
hotders complete with spare crystals which can be quickly exchanped with the
rormal holders in case of failure of any of the normal erystals. The spare
L'r_'i'u.tah. and holders are maintained dry amd at the right temperature b_-!.r
storing them in the temperature controlled compartment and are ready for in-
stant use on their correct irequencies.

The master oscillator is followed by the coupling stage (comprising two
H-watt valves) which amplifies the master oscillator pulput and acts as a
buffer to prevent reaction on the oscillator from the following siapges. Such
reaction woulbd canse slight instability of the carrier freqyency arising from
impedance changes during modulation and keying., The coupling stage is a
push-pull cireuit baving two variable balancing condensers which, together
withi the grid to plate capacitics of the valves, form a balanced capacity bridge
having the grid input circnit across one pair of opposite corners, and the plate
output circuit scross the other pair of cormers of the bridge. " When the
capacity balance is correct thers can be no reaction between the inpot and
output circuits, The amplifier is therefore stable against self-oscillation, and
in addition the master osciliator is completely sepacated so far as repction is
concerned from the sucooeding stage,

The harmonic generators comprise two 250-watt tubes operating as am-
plifiers arranged for high distortion. Fnr_ trequencies higher than 10 mega-
gycles, both harmome generators are 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 fre-
quency of transmission,

The next stage s the 300-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 continucus
wave telegraphy the keying operation is carried out in its grid eireuit.

To secure a degree of lintar modulation of 909 to 1009 it is necessasy
that the low Erequency modulating valves should be cegable, without overload-
ing, of impressing—across the plate cincuit of the madulated high frequency
amplifier—speech frequency voltapes having peak values as high as the plate
supply voltage of the modulated amplifier. This has been done, without re.

Lsorting to step-up modulation transformers, by operating the modulating
vilyes on a plale vollage about foir times a8 preat as the plate voltage on the
modulasted 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 belas
the rated voltage of the valves,

For telephiony, the plate voltage is reduced to about 400. By this means
the carrier-power is cut down to about a quarter of the peak or eontinuous
wave telegraph power, when ehanging over from telégraphy to telephony.

The method of keving consists in throwing a high negative voltage on
to the grids of the 300-watt amplifier from a small rectifier during “spacing.”

The intermediate ainplifier is of the push-pull type, comprising twe' single
ended, 2 kilowatt water-cooled vitves,  The valves work at a plate voltage
of 4000

The power amplifier comprises two 10-kilowatt double ended valves
warking at 10,000 volts, The anode current grid volts characteristic of thess
tubes is shown in g, 43,

The circuits: of the two amplifiers are almost exactly the same, being
similar also to the circuits of the 300-watt amplificr and coupling stage. Each
amplifier vnit comprises essentially a tuned pgrid ciccoit términating the
coupling line from the preceding stage, 4 tuned plate circuit coupled to the
outgoing ifansmission line, and a pair of valves and balancing condensers.
The balancing condensers are varinble and are accurately adjostad to prevent
any reaction from the plate circuit back 10 the grid circuit,

dhe grid circuit is loaded with a resistance to swamp the varfable grid
impedance, and forms the major part of the lead 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 circoits are mupi::llm 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
eondenser being adjusted to present ancimpedance of about 600 olms at
unity power factor to the incoming line. The plate condenser i adjusted to

Fig. 44
Block Diagram of
Short Wave Radie
Telephaae and Telegraph
Receiver,
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miatch the impedance of the outpat circoit to a 600 ohms antenna transmiss

sion line;

As has been pointed out at the beginning, the main chject in designing
the transmitter was to produce an equipment capable of efficient continwoos
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,
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Saogr Wave Raoio Treepmoxe axp Terrcearn Recevens

Orwing to the favorable propagation of radio waves between 30 and 6
mepacycles (i e, of wavelenpth between 10 and 30 meters) over long dis-
tances, there js an ever-increasing demand for commercial receivers oover-
ing this range. To turn to advantage the lowness of level of atmospheric
interference at these frequencies, such apparatus must be of high sensitivity
amd relighility, Farticolar 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 talen to render condensers and valves pon-micro-
phorie,  As it is possible to receive telephony commercially with 2 radio
field strength of the order of one microvalt per meter, and with an amt=nna
consisting of a rod one-half a wavelength in height, an indication is obtained
of the minimum telephonic input signal for which provision 'nas to be masde,
The overall amplifieation must be sofficiently great to deliver to a com
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mercial telephone line a level of 45 decihels, reference volume being taken
s six milliwatts. A telepraphic service can be carried on very successiully.
with still weaker radio field-strengtihs. The sets here described are, in con-
sequence, made to operate with signals of a fraction of a microvelt per
meter,

The equipmient is designed for the reception of short wave radio tele-
graphic or telephonic signals. The tclegraphic sipnals are defivered in the
form of tone telegraph impulses for aural reception at low speeds, and in the
torm of double current impulses for transmission over a telegraph line'in the
case of high speed reception.  The recefver £s capable of operating at speeds
op to 30 words per minote with the morse code,

WaveLeneTr Rance axp Baxp-winrs

The operating, wavelength of the radia receiver is continuously variable
over the rangre 10to 100 meters (30,000-3 000 kilocyclesy, Tuning is effected
by means of variable condensers in conjunction with interchangeable coil
enits. Each coil covers & considerable wavelenpth band, so that in many
cases the dr.slred change of wavelenpth can be effected by means of the tuning
condensers alone.  The band-width is from 200 to 5,000 cycies.

Descutprion oF EouvipaesT

A block diagram of the whole receiver is given in Fig. 44, The equip-
wieit eomprises in brief a receiver propir working on the super-heteradyne
principle, an autematic gain contrpl for telephony, some auxiliaty oscillators,
a pain contral entitled a “signal liniter™ for tetepraphy, and certain low fre-
quency measuremnént and control apparatus. Two aerial connections are
ghown to the receiver to indicate diapranimatically that a directive antenng
system is ordinarily employed, The combination of the signals picked up on
a “collector” and on a “reflector™ array is effected in the receiver irself, the
energies from the two separate parts of the antenna system being brought to
the receiver by (wo single-wire transniission lines so grranped thot any high
frequency voltages picked up in them both will oppose each other in the grid
coil of the first detector, and will balanoe out. s

To render unmodulated C. W, signals audible, & constant frequency 1,000
cycles pacillgtor is provided, and modolation of the C. W, signaiz themselves
by“the 1,000 cycle note is carried out at intermediate frequency. C, W. tele-
graph signals are, therefore, recetved in the output "phones of the set os a
keyed note of perfectly steady pitch.  The circuit diagram of this escillator
is piven in Fig, 45, "A variable frequency oscillator thet covers the band
of the intermediate [requency amplifier s provided, - By this means it is
possible to employ heterodyne reception of CW, signals.  Althooph recep-
tion by means of the 1,000 cycle modulation has the advantige that a very
steady outpat frequency is obfained, even though the set be sabject to viole..
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mechamical vibration, o to very large variations of . T, and L. T, -al_lpl.rh:::‘;.
it faile when any lowil extranesss noise is produced in the receiver, sinee
woise dteel§ s modnlared by the 10000vele tote aand sets as o substitete for
the € W, signal.

In ordimary evmmereial operstion, the receiving set must be installed
where L]tﬂﬁlnﬁli..n‘l't!L Amterference §s obeent. When, Eowever, the € W
signal fs g0 weak that it II-EE,LL'I.:-'- tor sink into the atmwspheric or tube noise, it
1 e l.'fﬂa“]r readable by heterodyne recoption. The Intermediate Fre-
quency Cheillator, morereer, serves amother praepose 3 it s possible to check
the e passed byt leermediate Fregueney Soyplifier at any tine and
to wljust the PBeating Oscillator so that, especially in the epse of tefephony,
the imterinedinte freguency corvesposading 1o the carrier of the distant sta-
i lies i the middle of the frequency band of the 1, 1% anplifier. The cir-
enit digprany of this cscillater is given in the ;.::IH.HJJ:mn b, Fips 43

In vrder to facilitate exact tuning oi the TeCeiver, an pedilimtor nt'mp;nni
freiprency s provided, 10 this oscilluter s ot comgloved, it e ddifficult o tane
the et when Fq.:hn!., is taking place.  As the Iwoming carrier produces, when
heteruedyned iu the Titermediate Frnpency Amplifier by the Intermedizte
Ereguesey 4 rseillator, an anci-ﬂ:h: cutpnl nete, it is easy ta adjust the Hipnal
Freguescy {scillator to within a few cyeles of the inconring carrier by mm{ﬁv
tupfne 3 1 wive the sanw nandio nute,  The Sigeal Freguency Oscillator is
ot emcugh to swanp the iseoming waves and, by 1eason of the presence
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of a sty local signal, correct tuning of the receiver s facilitated. The
circuit agram of this escillator is given in Vig, 45,

Alter traversing the Intermwediate Frequency Amplifiee, the signal fol-
luws one of two dilferent paths according as it represents telogeaphy oe tele-
hony. Too the fomaer vase it passes throngh the "ﬁigml.]. Timiter," “which s
eseribed more Frilly bedowr, to the telegraphist’s table, anl thence to the line.
In the ease of teleplimy, it enters o baml-pnss filter, whicl) SETVES T0 Ensure
the supgnfﬁh:rn of frequesicies ontside the band 200-5000 cycles. Thence the
signal passes into o standard 44-A-1 Repeater, which introduces a gamn that
may be varied 4p to 40 decibels, A volume indiator 3% provided to permit
of the adjustment of the gain of the Fepeater (o the proper value

A layout Hra.w:u;; af the front view uf the set is given in Fig, 46.

Bay Mo 1 s the battery sapply bay aml contains the meters, fuses, re-
lays, vte,, associated with the application of the various Dt ory supplies. to

= . e T TPy
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Fig. 49
Recviver at atans,

Biierns  Adres-
Mew York Cieenit




SHORT WAVES al

he radio receiver. The second bay contains the speech control apparatus,

egraph relay and order wire circuits.  The thied bay contains the signal
frequency and intermediate frequency testing oscillators and the signal lim-
iter, The last bay mounts all the panels comprising the radio receiver proper,
namely, the antenna panel, first detector and beating oscillator, the intermedi-
ate frequency amplificr, the automatic gain contrel and the testing jacks,
The key to the numbers shown in Fig. 46 is as follows:

1. Blink parels, 20, Signal Limiter.
2. Mezer panel, 2. Relay panel.
D] 2 A i o
& Kikoras Tkt vanel: 23, Beating oscillator and lst de-
tector.
&, Fuse panels, . " ;
7. Alarm lamps. 24, Intermediate Freguency Ampli-
8. Resistance panels, fer.
o H—'Eiﬂ-}"!. 25 Jack Sl-l'ip.
10, Dry batterics panel, 26. Operator's: shell.
1L 1000 cycle oscillator, 27, Blank parel.
12. 44-A-1 Repeater. 28, Shelf with drawer.
_:i g'ﬂ"."“" Indseatoc. “29. Manual Gain Contral,
= Testing panel, 7
-[5_ Jﬁﬂk StI"ILTJE.. 3’0. Fl.EtEr-.
1. Telephone and Trunk panel. #1. Fileer,
17, Signal Frequency Crscillator 32, Transiormers.
18, Koys, 33 Avtomatic Gain Contral and De-
19, Intermediate Frequency Oncil- tector for Tolegraphy,
lator, 34. Antennz Lead-In panel.

AxtEnxa Paxeo

This containg the antenna tuning cirenit which is designed for connection
through o pair of transmission fines to & directive antenna array.  The circuit
consists @f 2 single ooil tuned by a varishle condenser, the center point of the
induectance eoil being prounded through a fixed condenser of 0.01 microfarads.
The two transmission lines are connected to varichle @pping points on the
inductance, whereby the impedance of the line may be matched, and the twn
lines balanced to earth, The inductance coil is repkcealie, enabling the large
frequency band to be covered.

The antenna panel is followed by 2 two-stage transforner coupled ampli-
fier operating at the signal frequency. The coupling transformers are inter-
chaweeable and dre tuned by variable condensers. This amplifier is not shown

wo drawings or photographt of the receiver,
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Tire Bevrve Oscacearor axo Fiest Derscror

Tt orcer thist the veceiver may be easy to operate, it isaveessary that the
tunimgs ol the first detector geid eireuit, and of the eating Oseillator shoabd
be quite independent—that there shoutd, in ofher words, e no evipling: T
tween these circmits,  For tlis reason, the Beating Oeeillator voltage is inlro-
duced fn-the plate circiit and the sigmal voluge in the gaid virent of the fes
detector, which sperates on the lower bend of 1l plate entrent grid voltage
charatteristie, Tt 15, lowever, nedessary' th pwutealioe thee grid-to-plate cap-
acity of the detector tube by nwans of a ol condenser, whieh 5 adljusted
in the Taburatory, but which is meule varkable s that it ean always be e
adjusted i service,  The adjostiioent can e chieckoed Ty shiort civcuiting the
put frem the antenna, when theee will be an appreciable chanpe i the
(Hate current of :11:.- fitst detector, if the balancing condenser is aat of ad-
justmeit.

The prineipde of symmetey, so fmgeortant dn short wave work, i pre-
setvied ihothe Thesting Osetlator, which i@ “pasbepal™ This emstiroction
facilitates o perfect balance with the nedtralizing condeteer, thisd 410 say, a
halanee wiftch s mlependent of the teing of the sets S ts well ko', 20
arvangrment, that is phasically’ unsyrmectricad, is nsually at short waves clees
trically unsyimnetrical, on aeccumt of the lvw mpedance of any small capaeity
unhglances, and of the pelatively hiph impedances cansel by the inductance
i U Tesuls, The pasl-pall oscillator has, inoaddition, the advamtape of
ardde] Trenieney stability—an important point when: i 55 cenienbered that a
variatpon of 10000 eveles in 20 milBon i all that % required b tome ta the
neiphbering chanoel. The vecillater eoil conlaing three windings, one of

Fig, =
Mutor Giencrator a1

1frtinekam, Huoonos  Airess
Sew York Gireust,
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awhich hepf copper tube, the other two——those conecting (o the grids and plates

the {fubes—being contained invide the first, By this means, the coupling
Tetween the coils is kept cluse to 10095, so that no coupled circuit effect is
noticeable when the oscillator is being tuned. On the other hand, the “skin
effect” causcs all the high frequency currents to pass onto the outer copper
wube, which is made of 5 mm, outer diameter copper, and, therefore, has re-
duced losses, Dy this means the decrement of the escillator circuit is kept
low and the frequency stability improved. The J-winding oscillator coil is
assemilded as an interchangeable unit, several such coils being used to cover
the wavelength range.

InterMEDIATE Freguescy AsrLirFiee

The intermediate frequency amplifier operates at ‘a frequency of 300
kilocycles, and has an amplification of about 100 decibels. Seven stages of
transformer coupled amplification are provided,

The second detecior operates on lower band of the anode current grid
voltage characteristic.

Tne Gay Coxrteors

A manusl gain contrel is provided to permit of 2 variation of dutput level
of 40 decibels in one decibel steps,  In order to overcome the effects of fading,
an artomatic gain control is provided. It can be thrown in or out of cromt
by means of o switch., It contains 2 single 4102-1) (high mrpedanes) fube
nfm-mting s a third detector with its grid connected to the grid of the second
detector locatid on the intermediate {requency amplifier panel. A resistanes
of 100,000 olims is conmected in the plate cioouit of the gain control tbe, aod
g grid potentiometer is provided wherehy the plate corrent of the tube may
ke adjusted. This tube fulfills two functions: first it operates 25 a pam oo
trol tube when working on telephony, and secondly as a detector tube when
receiving high speed telegraphy. 'When operating as an automalic gain coa-
tral tule, the drop in voltage across the 1000000 ohm anode mesistanoe i=
applied to the grid of the first detector and first amplifying tobe. An increase
in the strength of the received signal ciuses an increase in the anode carrent
of the gain control tube, and this an increase i the negative grid bias applied
ta the first detector and first amplifving tube, This increase i the pegative
grid hiss reduces the gain of the recerver and thus maintiins a cosstant oatpot
level, +When operating as a detector for high speed telegraphy. the woltge
across the 100,000 ohm anode resistance is applied between prid and fhment
of the first tube of the signal limiter ; the limiter in torn operates a 28 FA
relny and the high sped telegeaph apparatos

Sexat Liurrer

The signal Hmiter is in effect a two-stage resistance coupled amplhifier
ELeE 1::u;.- e patched into the sutput of the tedegraph detector when required,
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the limiter being provided with input and output jacks for this purprse. The
circuit is that of a direct current amplifier thus énabling it to operate on t, t
direct current impulses corresponding to the reception of continuous wave
telegraph signals, The limiter employs two 4102-I (high impedance) tubes,
The anode current of the second tube is limited to 2ero during spacing signals,
and to 2.7 milliamperes maximum during masking signals.

The limiter is normally patched between the output of the third detectir
and the receiving relay, and the gain of the receiver is adjusted so that with
the lowest received field strength, the marking curfent in the anode® circuit
of the second valve is not less than the minimum required to operate the Te-
ceiving relay (2.3 milllamperes). Any increase in the field strength will then
not cause the marking current through the relay to exceed 2.7 millizmperes,
and consequently bad operation and chattering of the relay due to an exces-
sive marking current Is avoided,

Brray Pasen

The relay panel mounts the receiving relay topether with the associated
circuit elegpents, designed to deliver current impulses at .. G0 wolis to the
line, The relay is a standard 209 FA permalloy relay and is capable of
operating at specds up to 120 cyddes per second corresponding te 320 words
per minute in the Morse Code. The contacts of the relay are suitable for
dealng with & current of about 20 millamperes.  The civenit elements asso-
cigted with the relay nclude a “kick transformer” for sharpening up the
sction of the relay. '

Batreny SurpeLy Cizcutts

The redio receiver and speech conteol 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 sproximately 10 amperes,  In the flament supply
circuit to each panel there is an slarm fuse, a rheostat and a three-way key
Whien the key is in the non-lecking position, an ammeter is connected in series
with the filament supply to that panei, and when in the locking position the
filansent supnly is cut off.

Alarm relaye are connected i series with the flaments of the sagna.l
litniter and the three detector tubes, so that faflure of the filament su'll:rpt}r to
gy ob these tubes causes an alarm la.mp to light, and the alarm bell to ring.
The voltage of the Alament 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 s nppruxiimtely 0.15 amperes, In addition to the
main plate battery, the automatic gain control tube and the first tube of the
signal limiter each requine a separate diy cell battery of 130 walia. The&q bat-"
teries are mounted on special shelves at the rear of the radio receivéi: - - he
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szourrenfsirain from each battery is about 0.5 milliam . These two speci
Ttteries are insulated from earth, pe peca
Alarm fuses are vonnected fn the plate circuit of each tube, snd slarm
relays are provided in the plate eircuits of all tubes except the detectors
and the two signal limiter tubes, Failure of the plate current of any of these
gubes operates an alarm Jamp and the alarm bell. By means of a series of
keys, the plate current of any tube may be read on & double range milliam-
4meter provided on the meter panel, By operating the apropriste key, the
voltage of each of the three plate batteries may be measured.

AMTE R,
TLImorE
LmE
LN TiRemh TR [P g
i CETR e TRAN BRSO LG
REFEATER AL FER
COMTRDLLED
CERC L AT
WO STRGE
mmﬁrm
AMTLIE
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Fig. 51
Block Schematic of Transmitting Siation.

For telegraph purposes; a 120-volt battery with the center point earthed,
delivering the required value of line current, is supplisd, Fuses for this bat-
tery are provided on the power supply bay.

A diapram of the whole receiver including power supply circuits and a
front vicw of the receiver are piven in Figs, 48 and 49,

Tue Wew Yore-Burmos Ames Rapio.Cizpcorr

The opening of the radio circuit between New York and Buenos Aives
en April 3rd, connecting 277000 telephones in Argentine, Uruguay, and
Chile with 21600000 telephonas of the United States, Canada, Maxico, and
Cubs, -marks another step in the world-wide linking of the people of tho earth
by means of telephonie communication, By means of the transatlantie radio
tilephone between New Yorle and London, the Buenos Aires-Madrid radio
telephone previously described, and now the New York-Buenos Alres radio
telephone, the telephone networks of three continents are in actual or poten-
*al communication withene another. The New York-Buenos Aires link 12
‘unigue in being the first two-way telephone circuit between North and South
foerica. Like the New York-London, and Madrid-Buenos Aires, it is a
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truc radio telephon etrunk link giving service, not to special T the
cities where the tarmyinals exist but to the entire telephone networks of th
countries concermed.

The radio termimals are Jocated near Buenos Aires and New York., At
Burnos Aires the transmitting station is at Hurlingham, adjacent to the trans-
mitter for the Buends Adres-Medrid ciromt, while the receiving stations 1.«
both the Madrid and New York services are at Platanos. The New York
terminal is operated by the American Telephone and Telegraph Company and
it located near the short wave transatlantic circuit terminals @ the trasgamitter
at Lawrenceville, N, T., and the récerver at Neteong, N J. The distance be-
tween the New York and Buenos Aires terminals 1s approximately 8,522 kms.

{5220 statute miles),

TrawesTres

The transmitter at Hurlingbam s located in a building especially de-
signed to house it On the ground Roor and extending the full width of the
bizikding is a large room which contains the motor gencrator sets,  Directly
above this room is anuther of the same dimensions containing the power
board and radio transmitier proper, O the ground floor adjoining the power
root, are a scrics of vaults containing high valtage transformers and water
cooling units, A vacowm tube reclifier for supplying high voltage to the
transmitter is located above the transformiér vaults in a small room openiriz
into the main transmitter room.  The building is designed for pn ultimate of
two {ransmatters,

The transmitter is of Weslern Electric manufacture. It is of the crystal
controlled master oscillator type and electrically corresponds closely with the
Madrid teansmitter. The output stage of the transmitter consists of six
water-cooled tubes in pushi-pull and delivers 15 kw. to the antenna on the high-
est frequency of approximately twenty-one megacycles {14.3 meters), The
installation is especially noteworthy for the precautions taken to insure con-
tinuity of service and safety to the operating personncl. Motor generators
and power trans{ermers are all supplied i duplicate and so interconnectsd
that in ease of failure, any piece of power equipinent can be almost instan-
taneously replaced by spare equipment by throwing a switch, Safety to the
persognel is provided by an interlocking system which associstes mechanieal
key operated locks with all switch operating handles and vault inclosure doors.
A certain key or series of keva is required to enter any enclosure containing
dangerons potentials, The opening of switches, which remove the dangerous
voltages from the enclosure in question, refeases keys which may be used to
apen the door. Only when all voltages are shut off and all keys released can
the enclosiipe be entered,

The frequencies pised are approxinmtely 21, 15, and 10 megacylis, .
L=
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EEcrives

The receiver for the New York channel at Buenos Aires is located at
Flatanos. It is of Western Electric manufacture and is of the superhetero-
dyne type, Two stages of radio frequency amplification are Tollowed by the
firgs detector. An intermediate frequency of 400 kilocycles is employed, the
i iate stage consisting of a band pass filter followed by six stages of
amplification, another band pass filler and the second detector. Automatic
wolume control to minimize the effects of fading is employed. The receiving
antennds are of the frame or zigrag type.

Trarsoceanic TererHoNe Service—Suort-Wave EquirMENT
New Yorxk—Lowpow Semvice

Shortly after transatlantic telephone service was opened in Janeary,
1927, the long-wave radio circuit between New York and London was sup-
plemented, first by an experimental short-wave radio link in the west-cast
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 throughout 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 festures are
the subject of another paper and will not be discuzsed here, For the present
purpose it will be sufficient to note that there are now in operation between
New York and Lmdm, one long-wave and three short-wave two-way cr-
cuits and a short-waye circuit between New York and Buetos Adres,

‘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, Mew Jersey, The receiv-
ing unitz are concentrated at Netcong, New Jersey. The lactors entering
into the selection of these station locations are outlined in atother paper and
therefore need not be mentioned further. This text is [imited in scope 1o &
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 problemis encountered in the station design. Comprehen-
give treatment of individuzal units is properly left for other entire papers. It
will be convenient to desl swith the transmitting and receiving stationd se;r
arately and in each case to consider briefly the system and apparatus of one
channel before describing the general station plasn,

TrANSMITTING SYSTEM

The four channels at Lawrenceville are equipped with independent trams-
fnll:tm wsing certain auxiliary apparatus in common, Each channel invoives
F itter with its assatiated power plant and,wire equipment, and
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a group of directive antennas designed and adjusted for the specift wave-
lengih assignments of the channel.

The general method of transmission, with the exception of directional
gending, is the same as that emploved for program broadoasting stations in
that the radiated signal containg the carrier and both sidebands. Systeme in
which one or more of these components are suppressed at the transmitter aj-
pear to offer further means of improving short-wave tranamigsion, and the
necessary apparatus for the practical application of such systems when operd
atifg at frequencies in the order of 20000 kilerydes is undergpoing develop-
ment. However, throughout the dévelopment of the transmitters as now in.
stalted at Lawrenceville the possibility of future major medifications in the
method of transmission has been kept in mimdd, For this reason the modu-
lator-anplifier system was adopied. In this system the signal which is to be
radiated, is prepared by modulation processes at rfelatively low power levels
and thereafter amplified the requisite amount. The amplifier and its power
plant, representing a large propertion of the investment in eqguipment, can be
continued in service with no appreciable alterations, even though the system
of transnfission and the modulating apparatus underge radical changes,

The general scheme of transnussion is shown in Fig. 51, After passing
{hrough the line terminal and eontrol apparatus, which includes standard re-
peajers, the voloo currents are further amplified and employed to modulate the
plate voliage of an oscillator consisting of two 250-watt tubes connected in a
push-pull circuit and oscillating at the. frequency of the carrierwhich is to be
transmitted, The frequency of such an oscillator, if not carefully controlied,
will wander gutside of the assigned [requency band, thus causing interference
with other services aud it will also suffer variations during the modulation
cyele which contribute to fading phenomena encountered at the distant res
ceiving station. In order to reduce these effects the oscillator is held in step
at the desired carrier frequency by means of a second oscillator which is elec-
trically removed from -the reactions normally influencing and tending to vary
the frequency, of the controlled ascillator, Every precaution is tmken to main-
tain accurately the frequency of the second oscillator and among other things
it is goverted by a pieso-electric quartz erystal whose temperature i yegu-
lated closely,

Birtce it is’impractical to use crystals cut sufficiently thin to oscillate
directly at {requencies in the range 10,000 to 20,000 kiloeycles, thicker crystals
of lower frequency are used in combination with barmonic generators whicl
mudiiply the crystal frequency first by two or three and then by one or two
as the case requires. By virtue of the wide differences between the fuput
and cuiput frequencies of the harmonic gencrators these intermediate steps
énd 10 isolate the crystal oscillator from the other radio citeuits and thus ai
bn "stabilizing the froquency.
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The modulated mdio frequency output of the controlled oscillator 15 ap-
plied to the grids of a two-stage power amplifier employing water-cooled tubes
designed for operation at these frequencies. The first stage containg two
tubes and the second stage containg six, The tubes are arranged in push-pull
cipeuits, the entire system being carefully balanced to ground, The carrier-
sutput power from the last stage i3 15 kw, With 100 per cent modulation
this correspomds to 60 kw. at the peaks of the modulation cyde. In other
words, a radio telephone amplifier of this type, rated at 15 kw, when pro-
vided Wwith a sufficiently large d-¢. power source, could be used as a 10,000
kilocycle continuous wave generator of 60 kw. eupacity,

The radio signal delivered by the amplifier is conveyed to the antenna by
mezng of a 600-0lm open wire (ransmission line, The antenma itself is both
a very efficient radiator and a highly directive one,

TransMrrring Epuiemest

At the transmitting station the apparatus for each channel comprises,
{1) wire terminal equipment and repeaters, (2) a woice frequency control
desk, (3} the radio transmitting et containing the oscillators, modutators,
and power amplifier, {4) a power control board, {5) rectifying apparatus and
filters for supplying direct current at 10,000 volts, (6) motor-gencrators for
providing varions circuits with direct current, (7) water circulating pumps,
tamks, and cooling uniis.

The wire terminal equipment and repeaters at the transmilting station
are standard units mounted on relay racks beside the veice frequency testing
apparatus common for all channels,

The woice froquency control desk provides facilities by which the attend-
ant can monitor the incoming voice currents and the outgoing radio signal,
Means are provided for observing the volume of these sigmals. Oscillators
are provided for the purpose of quickly checking the performance of the sys-
temn during line-up periods and for sending Morse signals over the mdio link
when required, The control desk is also equipped with apparatus for direct
telepraph communication with the technical operator at New York.

The radio tronsmitter consists of seven independently  shielded wnits
mounted on a comman sub-base to form a single assembly, 4 ft by 20 ft. by
7 ft. high, Some of the units are subdivided into severaf small shislded com-
partments, Very effective electrical screening or shielding between thie van-
ous parts of a short-wave transmitter is essential, Otherwise stray fields in-
froduce unwanted feedback couplings which produce distortion effects and
spurious oscillations, Beginning ot the left there are two units for spech
amplification, one for radio frequency generation and modulation, one unit
ecach for the first stage, the interstage circuit and the last stage of radic-ampli-
fication, and a double-sized unit for the output circuit. It is interesting to
= i that the over-all length of this nssemibly is a3 much os fve-eighths of a
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wavelenpth at the highest freguency in its operating range, which is=),000 to
21,000 kilocycles,  Each transmitter is required to operate at several assigned,
frequencies within this range and to change in & few minutes from one to
another, This is done by changing coilz and varving condens2rs in the oseil-
lator 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 continueusly maintained at 30 deg. + D.005 deg, cent,,
by recording regulators, In arder to aveid long interruptions to servick in the
event of a crystal faflure or other circumstance requiring the opening of the
oven and the subsequent re-establishment of temperament equilibirium, the
ovenis and erystals are provided in duplicate.

The electrical problems which are encountered by the engineer designing
a power amplifier for these hiph {reguencies arise largely from the inherent
stray or distributed capacities and inductances which are far less important
at Jower radio frequencies. For example, between the anades of the amplifier
circuit there exist cazpacities, which are composed of wcipacities within the

Fig, 52

Conduclor Eent ts Form
One Section of Simple
Directive Antenna,
Type U&-nd for Transmitting
at Lawrencevifle
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tube ftialf, the direct eapacities between the tube water jackets; the mounting
plates and the like. The total value of this composite capacity in the kst stage
is approximately 100 mum.f. This value cannot be appreciably reduced by any
change in desipn which now seems destrable.  The reactance of 100 mom.f. at
20,000 kilocycles is about 80 ohms, Thus the engineer is confronted at the
“sotset with & generator (the tubes) which has an internal impedance in the
order of 2,000 chms but across whose terminal is shunted inherently an 80-
ohm reactance. Fortunately, this obstacle can be surmounted by introducing
resonsnee effects bot nevertheless it places very important limitations on the
desipn of the associated circuits. These problems become more diffcult with
increase of cither power or frequency. Increase in power requires higher
voltages and currents and thos larger elements, spaced farther apart, The
augmented bulk increases both stray capacities and unwanted inductance of
leads, Higher frequencies increase the magnitude and thprefore the relative
importance of these effects

The power control board has mine panels equipped with the necessary
instruments and apparatus for controlling and distributing all power to the
transmiitter. The motor-generators, porpe, fans, ofl circuit breakers, and
other apparatus are remotely controlled from this peint. A system of relays
and signal lamps provides protection and indicates the location and general
pature of any trouble, With the exception of the application of high-voltage
dizect current, the entire system stacts wp and shuts down in the proper se-
quence in regponse 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 wsing six standard two-electrode
thermionic tubes, The rectified current is fiftered separately for each stage
of the amplifier. This is necessary to prevent distortion by interstage modu-
lation cawsed by the common impecdance of the rectifier; Effects of this nature
become importast as the requirements placed on unwanted modulation prod-
vcts becomne maore stringent,

TRAKSMITTING ANTENKAS

The antennas at Lawrenceville all have comparatively sharp directional
properties. Such antennas are readily realized when dealing with radio waves
of very short wavelengthe, Although the fundamental principles involved 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 developarent
of aptennas forr directional sending and receiving, The same type of an-
teiina can be used, of course, bor both purposes but, since the objectives when
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sending and receiving are somewhat different, the tendency has beed to dé-

velop arrangements adapted to each case. : ;

hFDi.tﬁﬁnnal transmission is 3 very large subject and will only be touched
tpon sufficiently to describe in a very general way the antennas at Lawrence-
ville, There are many possible arrangements and combinations and the gn-
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Fig. 53
Antenna Sleet-meliing Circuit

ginery must choose from these the ones most seitable 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 compara-
tively 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 arcay, spacing
them at suitable distances and interconpecting them in such a manner that
the currents in all the radiating members are in phase. A simple way of ac-
complishing this result and the one which s now being employed at Lawrence-
ville depends vpon the manner in which standing waves are formed on con-
ductors, It is generally known that current nodes and cunsent maxima, will
recur slong a straight, conductor whose length is an exact multiple of onke-
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lsalf thiswavelength of the exciting e.m.f, and that the phase difference be-
tween successive current masdnm i 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, satishes the aforementioned require-
npnLs for producing directional radiation. The arrows in Fig. 3 indicate the
velative directions of current flow and the dotted line indicates the current
ampi:'tr.srlts slong the conductor. Tt will be noted that the instantineous cur-
rents in all the vertical members are in the same direction and that in the
cross embers their directions are opposed, Due to these current n:htn:ms
and the physical positions of the elements, the cross members radiate a neg-
ligible amount of cnergy whereas the vertical members combine their effects
for the directions perpendicular to the plene of the conductor. In other direc-
tiong destructive interference reduces the radiation from the vertical mem-
bers. The system is equivalent to four Hertz oscillatars driven in phase, and
arranged in two groups one-hali wavelength apart, the two oscillators of each
group being placed one above the other. Both computation and experiment
have shown that with this svstem of radiation thers 15 an :mprwmnr of
approximately 6 db.  In other words the same signal intensity in the chosen
direction iz chtained with one-iourth of the power required by a one-element
radiator, A second similar conductor system placed directly behind the first
in a parnllel plane one-quarter wavelength away, will be excited parasitically
from the first conductor and will act as a reflector, therehy creating a unidi-
rectional syeten. Tt has been found that the reflector further reduces by 3 db.
the power reguired t9 mointain 2 given signal intensity in the desired di-
réction, thus bringing the total pein for the system up o 9db.  This §s plso
i agresment with the theorstical computations.

It is obwious that the system in Fig. 52 can be extended vertically to in-
clude more radiating elements by increasing the length of the conductor and
it can be enlorged horizontally by placing several units alongside each other,
care being teken to obtain the desired phode relations by tronsmission lines
of the proper length, In this way large power savings may be reflected. At
Lawrenceville the maximum gain is ahout 17 db. {a power ratio of 50% over
a vertical halfwave oscillator. The enlarged system lends itself readily o
methanical support and forms so-called exciter and reflector “curtains” which
are suspended between steel towers appropriately spaced.  Aside from other
considerations, which will be mentioned in connection with station laybut,
size af the anfenna is influcnced by the complex and variable mature of the
wave propagation throngh space, At present this determines the degree of
directivity which is most useful for the averape conditions.

The closad loops of each unit corresponding to Fig, 32 greatly facilitate

A This fastnney of cowrse that fhe condctor ig ay space free from objeces affecting
mﬁrj:cm-:al propertics und that ghe ends are free or properly ftermingted to produce
refections.
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#ie removal of sleet. In addition to loading the antenna mechanicdlly, icd,
nmng a dielectrie eonstant of 2.2 at these higl:l. Iréquencies, 3&1‘“‘&&.13!‘ affects
the tuning. At Lawrenceville sleet is removed by heating the wires with
current at 60 cycles, This is sccomplished 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
trapsmigsien lines are branched., If a line exactly one-gquarter wavelengih

Arrangement of Antecnas at I.lwn:nn:u-l'[-_- Transmitting
Station,

long, of large impedance Z, is terminated with a load Z;, the sending end im-
pedance Z, is equal to Z./Z , If 2, is a pure resistance the sending-and
lmpadnrhx. 134 pure resistance, Hence a quarter wavelength line may be used
bo comfiect 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 fixed and Z, 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®paraliel by <an-
densers of low impedunce at rudiv frequenchs and they are connected in
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teries for 60-cycle currents by the quarter wavelengths line A4 which, being
short-circuited at the one end, presents a very high impedance to radio fre-
quency currents at the other end and therefore behaves like an anti-resonant
circuit. The quarter wavelength line B serves as & transformeer and is
arjusted to malch the impedance at the junction of lines 1 and 2 with that of
<he radio transmitter. The quarter wavelengh line ¢ s effectively short-
circiited for radio frequencies by the condenjer D and acts the same as A,
These quarter wave lines consist of short lengths of pipe mounted on frames
under the antenna curtaing as shown in Fig. 5.

TrawesITTiNG STATION

Among the first radio problems encountered in the design of a transmit-
ting station for several channels are those concerning the size, shape, and
nimber of antennas, their directions of transmission, thejr 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 ex-
pected to render. For service covering a large portion of each day several
wavelengths are necessary.  Transmitters Nes. 1, 3, and 4 at Lawrenceville
each are assigned three frequencies. No. 2 has five assignments in order to
improve the likelthood of at least one channel being available throughout the
entire day at all seasons,

The siee and shape of the gntennas 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 connect-
ing several antennas to the same transmitting set, This involves both the
spacing and arrangement of antennas to avoid adverse mutual resctions and it
requires that attention be given to the losses in the connecting transmission
lines, which are by no means negligible. Operating economies suggest con-
eentrating all the transmitters at one point but the cost per kilowatt hour of
modulated high-frequency power must be taken intw account when considering
the pse of long transmission lipes, It shodld be recopnized, of course, that
in the early applications of a comparatively new art, it is impossible to ap-
proach anything like accurate evaluation of all the factors entering into eco-
nomic balances and furthermore very considerable weight needs to be givin
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 long. The direction of this
line is perpendicular to the great circle path to Baldock, England, where the
signals are received, (Fig. 54). The antennas for the fourth channel are sim-
ilarly arranged ih-a line 1,500 ft. long and they are directed for transmission

to Buenos Aires, Arpentine,
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Placing several antennas in a single line reduces the cost of the sapport-
ing structure, and all the antennas have a clear sweep in the direction o
transmission. By locating: them in proper sequence with respect to wave-
lengths 3t fs possible without objectionable interfersnce, to place the an-
tennas end-to-end and thus use supporting towers in common, Due to the
wide difference in wavelength between adjacent antennas and their rights
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Block Schematic of Receiving System.

angie 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 réspect to wavelengths makes it possible to erect a uni-
form supporting strueture,  This hias the advantage of flexibility and will per-
mit future slterations of either the location or size of a given antenna. At
present, each antenna occupies the space between three towers,

In order to aveid undue loss in the transmission lines the radio trans-
mitters are grouped in two buildings. The buldings each contain two trans-
mitters and are identical in loyout, in so far as the radio equipment is son-
cerned.  Building Mo, | has additional space for the central wire terminating
and tedting equipment.  This apparatus is contained in an clectrically screened
room which effectively prevents high-frequency felds from interfering with
the proper functioning of the apparatus.

Receiving SvsTEM

Short-wave reception is characterized by less difficulty with static than
that encountéred with long waves. On the other hand it suffers interference
from sources guch as the ignition systems of passing airplanes and automo-
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biles, which ordinarily do not disturb long-wave systems. Frequently the
incoming radio waves suffer wide and rapid swings in intensity and there are
variations in the apparent direction of arrival. On account of the extremely
high frequencies the apparates and antenna structures are very different
from those for the long waves; otherwise the general schemes of reception
are similar, directional effects and double detection methods Being “nployed
for both.

The radio wave is collected by means of o 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: wiz, (1)
by increasing the total signal energy delivered to the receiver and (2) by dis-
eriminating against waves whose directions of arrival differ from the chosen
one. Increasing the total energy collected from 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 mn the receiver and this noise establishes a Jower lmit below
which signals cannot be received satisfactorily. Since, under many condi-
tions, the directions of arrival of static and other disturbances including un-
waanted radio signals are random, it ia obvious that sharp directive discoiming-
tion aids very materially in excloding them from the receiver. On the other
harid, the zntennas are not sharply resonant systems and they do not’ dis-
tinguish betvreen 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 con-
veyed to the recerving ser by means of concentric pipe transmission lines of
small diameter, The use of conceniric conductors simplifies the prevention of
direct signal picl-up by the lines, it reduces losses and prevents external ob-
jects from influencing the transmission properties, thus allowing the line to
be bueried in the ground or placed 3 few inches above the surface where it
will have no gppreciable adverse effect on the antenna performance,

Referring now to Fig. 55, the radio currents arriving over the trans-
miseion line are first amplified by two stages of radie amplification involving
tuned-circuils which diseriminate further in favor of theé wanted signal, The
sighal delivered by the radio amplifier is at 2 suitable level for efhcismt db-
modulation and is applied to the grid of the first detector, Hy means of a
beating oscillator whose frequency is suitably adjusted, the first detectar steps
the signal earrier frequency down to a fixed value of 400 kilocycles from one
in the range 2,000 to 21,000 kilocycles which depends, of course, on the dis-
tant transmitting station sssipnment, The intermediite feequency sipnnd ag J00
kilogyeles then passes through a combination of amplifiers and fiters which
further exclude. the unwanted” interference. The wauted signal reaches the
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second detector where it is demodulated and the voice currents reproducet,
The Tatter are then amplified and applied to the telephonie lines,

A pertien of the output from the intermediate amplifier which would
normally go to the second detector grid, is diverted and further amplified, It

Fig. 56

Ehn'r"b-"n'q':l:ur.:Rﬂ.di?
Heceiver, Froot View

is then supplicd 1o o device which antomatically tends to maintain the receiver
outpat volume canstant by eontrolling the Bias potentisl of the first detector
grid circuit. The time constants are adjusted so thar this gain control doos
not respond to the normal varition in signal power corresponding to sprech
wadulition,  Otherwise, of course, there would be serious distortion elfcts.,
Thiz device partially offsets the il coffects of wide fivetuations in signal in-
tensity but it docs not overcome the deterioration in sigaal quality which
wsnzlly accompanics the low field strengihs during such fuctuations.

Rrcuvina Bguirsest

AL the :ar:éiﬁl':g_amiil;in the apparatis for cach chanmel compises, (1)
the radio receiving sck, {2) a power plant for the receiver, {3} wire termi-
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-iing eguipment and repeaters.  The Jatter are located at a central point
i the station along with cerlain volce frequency testing apparatus nsed in
cumitiion by all channels and suppiied with power from a common source.

A radio receiving set which embodies the above deseribed system and

g, 87
Ehort-Wave Rodio Recedver, Rear View

ol the type installed at Netcong is shown in Figs, 56 and 57, It consists of &
larze number of individvally shichded units mounted on panels and as-
sembled en three self-supporting racks of the type conunonly employed in the
telephone plant,  This permits the wse without modification of certair stand-
ard pieces of equipiment, sich as jack strips, fuse paneds, meter panels, sudio
frequescy fillers, and the like. Tt also permits the removal and repadr or
substitution of units with o minimum of delay. The set is required to re-
ceive signals at three fixed frequencies in the range 9,000 to 21,000 kilooycles.
This myrn]m conneetions with three antennas through three separate trans-
mission lines, ‘ihe tuning of the antenna and transmission line terminations
are rather lenpthy processes riquiring precise adjustments. In order to facil-
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itate quick changes from one operating frequency tﬂl'Td:ﬂEI:er_\\'il!mllF 'mt::-
cate lening operations, the et stage of radio amplilication is provided b
trigdicate and the switching is done between the firse il sechid stage,  Thus
the antennas arce peraanently connected to il set asd their adjustments re-
i anddigturbed], Tl carewits of the second stage reguire l1.u1.:i:||g wlh-_.n the
frequency is clanged, Flence to nne the I!:EII:E'I.'E:I'“ o any one of the pesipned
frequencies, the attenbun seerely moves thl; thals of the second ﬁfnge:m_lgedu.
wrmined settings, switches the grid circoit to a first stage which s already

TFig, R
e of the Receiving Anternas ot Beteong. {247 Meter Wavelength:)

taned and connected with the proper artenna and b adjusts the beating
ascillator to obtain an interinedinte frequency of 400 kilocycles.  Sereened
grid tubes are used for thy Grst two stages of amplifieation. A key shelf is
pravided with telephone sl telegraph facilities, The power plant consists
of standard 24<volt and 130 batteries, rectifior charging units and auteimatic
reputators.

Recetvixs Axntessas

In discussing antennas for directional sending it was mentioned that an
identical antenna couldd be used for receiving purposes, but sivice tie require-
wents f the twa cases are ot the same, quite different structures have been
developed, although the methods of obtaining: directivity are alike, In the
sending ease the reduction of random radiation ceases to be profitable when
the increment thivs 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 1o the wanted signal may not he in-
ercased appreciably by further improvement in the direetive pattern, the re-
duction in noize and ipterference Trom ramdons directions justifies additional
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rovement. Expressed another way, the objective in the transmitting case
15 a high gain compared to a nondirectional antenna, wheress in the receiving
case the objectives are, first, a high average signal-to-noise ratio and, second,
a gain sufficient to override the noise inherent to the receiving set, Satisfy-
ing the Arst accomplishes the second.

Improvement of the average directional discrimination means a nearer
approach to ideal conditions, Whereas steel towers, sectionalized cables, puys
gnd the like, when properly located relative to the conductors of a sending
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DHagrarm of Sumple Diirective Beosivimg Antenna,

attenna, do not cause any appreciable power loss, their presence near the
receiving antenma may prevent the realization of the extreme directive prop-
erties which are wanted. Moreover, there is need for much greater rigidity
in the positions of the conductors, For this reason the antennag at Netcong
are supported on wooden franes constructed like large crates,

Dee to the variable conditions surrounding the propagation of short
waves in space, the vertical angle of arrival of thie signal wave at the receiv-
ing sthtion [requently changes considerably throughout a twenty-four-hour
period and is not always the same from day to day. In erder to combat this
variable condition, it appears desirable to sefect an antenna arrangement
which does not have sharp directional propertics in a verticg! plane passed
through the horizontal direction of arrival. The type of antenna selected
for Netcong meets this requiremient by having only a single horizontal row
of guarter-wave vertical clements in one plane, Another solution, of cousee,
would be to provide several antennas of different characteristics and to shift
about from one antenna (o another as the conditions warranted,

Fig. 58 is a general view of one of the Neleong receiving antennas. Like
the transmitting antennas, the conductors are arranped in two parallel planes
one-quarter wavelength apart in order to obtain & unidicectional system, The
conductor in each plane is bent and terminated as indicated in Fig, 59 but is
much longer than that shown, The vertical membery are marked 4. As in
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the transmitting case the directional effect depends upon the manner in whicli
standing waves occur slong the conductor. A signal wave arriving broad~
side to the array induges voltages in the vertical members which are identical
in phase and amplitude.

Because the vertical members are interconnected alternately at the top
and bottom by members of one-guarter wavelength and the last horizontal
members are one-eighth wavelengih, the net effect of the induced voltages is
the establishment of standing current and veltage waves along the eonductor,
The receiver is connected at a vollages anti-node and the current whick fiows
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 pro-
duced, end no cugrent flows through the receiver. Because currenf nodes
oeeur at the center of cach horizontal member, the loss by reradiation from
these members is negligible.  This is an important feature which contributed
1o the selection of this type of antenna for Neteong,

The size of the antenna is determined largely by the manner in which
the signal waves arrive although costs cannot be wholly neglected. The use-
ful length is limited by the fact that random fading occurs at distances as
short as ten wawelengths and it is doubtful if an antenna this loag would
realize 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 consid-
erable variation in the vertical angle of arrival as discussed in a previous
paragraph.

The antenngs at Metcong are six wavelengths long and the lowest con-
ductors are about 10 {1, off of the ground. The gains over that of a half-
wave wertical antenpa are in the order of 16 db (power ratic of 400, The
pveripe improvement in signal-to-noise ratio is of the same order. There ane
eortain null points toward the sides and rear for which the ratio of directional
discrimination is very large.

The transmission lincs are constructed of imner and outer copper tuhes
reapectively 3716 in. outside diameter and $4 in. inside dizmeter. The tupes
are held concentric by torroidal-shaped insulstors made of Isclantite, a ce-
rafuie product similar to porcelain and well adapted for high-frequency val-
tages. This same material is used for insulating purposes throughout the
transmitting and receiving antennas, Transmission lines are supported a few
inches above the gpround and are connected to earth at short intervals, The
lines vary in length from 200 to 1,500 it. One of the interesting problems in
connection with their desigm is the provision of means for allowing vartation
in length with temperature, Ordinary expansion joints introduce difficulties
with electrical contacts and impedance irregularities. To avold these the
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Kpes are matde 10 per cent longer than otherwise necessary and they follow
& sinnous course which permits the necessary bending. Sharp turns are not
permissible because experiments have shown that they cause reflechion dis-
turbances. The measured loss in 1,000 ft, of line at 20,000 kilocyeles is 2 db,

RECEIVING STATION

The radio problems encountered in the layout of the receiving station,
in general, Mmclude most of those already mentioned in connection with the
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Fig. 60
Arrangement of Receiving Antennas st Netcany Receiving Station.

transmitting station, but their solution in some instances is quite different, In
addition there are requirements imposed by sources of radio noise both with-
in the station itself, and in the seurrounding area which is beyond the control
of the station,

The number of antennas is determined, of course, by the frequency as-
signments of the distant transmitting station. Where two assignmenta are
within 100 kilocycles it is possible to use the same antenna for both, but thus
far, this has not been done at Netcong,

The size of the antennas is not limited appreciably by the length of trang-
misBion lines because other factors make it necessary to separate them rather
widely. On this account and also because the receiving apparatus and ifs
power plant ate small, comparatively inexpensive units, it is sconomical to
place the receivers in “smmall buildings centrally located with respect to the
group of antennas for one channel. In this caze the lengths of transmission
lines are not controlling {actors and the dimensions of antennas are governed
primarily by the considerations previously cutlined when describing the in-
dividual antenna,, The small height of the antenna permits them to be placed
it line of m::plm of ﬂﬂlﬂ' antennas spaced ten wavelengths or more



114 SHORT WAVES

away and of widely different frequencies such as those of one channgl,
Antennas adjusted for the same order of frequency are separated more than
this. On the other hand, to avoid adverse reactions no two are placed adja-
cent and end-to-end as at the transmitting sfation. The end-to-end separation
at Neteong is in the order of four wavelenpths. The areas surrounding an-
tennas are cleared of trees and kept ree of all overhead wires or conducting
structures to avoid reflection effects which disturl the directional character-
istic of the antenna systems.

The locations of antennas are also influenced materially by the necessity
of eveiding interference from the ignition systems of internal combustion
engines, ‘This fiiposes a requirement that the station site be iselated from
air romtes and roads carrying heavy traffic. The antennas are placed as far
-as possilile from secondary roads which cross their line of reception.

The layout at Neteong is shown in Fig, 60, There are thirteen antennas
arranged in four®groups with a receiver building for each group. A head-
quarters building located at the read entrance contains the wire terminating
equipment, line repeaters, and voice-frequency testing apparatus, The power
plant #t exch receiver and the cutive central termingl apparatus at the head-
guarters building are placed in electrically shiclded rooms to prevent radio
noise disturbances emanating from them and reaching the receivers directly
or via the antennas,

The radio stations described herein are pioneer commercial applications
in the development of short wave telephone transmission, Although progiress
has been rapid and far-réaching, our knowledge of the behavior pf short waves
i by no neans complete, It 35 reasonalde, thereiore, o expoct that the
future holds many improvements and that the information obtained by
further fundamental investigations may materially alter both our views of

the transmission phenonena and our ideas of what the apparatus and stations
should be,

Tranzoceantc TerepRone Skavice—SnorT-Wave TrANSMISSION
Mew Yorg-Lonoox Seavice

Trunk circuits between London and New York which furnish telephone
service between these two cities and alse permit successful conversation by
nicans of toll wire extensions between the United States and Europe more
generglly are 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 Telepraph Company and the
British General Post Office have made available for this service, In doing
this we shall proceed {rom the more general considerations, relating to wave-
lengths and communication channels, through a discussion of the principles
governing the general design of the system, into a brief sumpmary of practical
performance results.
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The freguency range so far developed for commercial radio use is
roughly 20 to 30 million cycles wide, extending from about 10 kilocycles to
perhaps 23,000 kilocycles per second. There are two parts of this whole spec-
trum suitable for transoceanic radio telephomy—the long-wave range which
is relatively narrow, sxtending roughly from 40 kilocpdes to 100 kilo-
cycles, and the short-wave range which in fts entirety is much broader, ex-
tending from about 6,000 kilocycles to 25,000 kilocycles,

It is evident that the long-woave region, incheding perhaps only 30 ldlo-
cyclessoffers opportunity for development of relatively {ew telephone chan-
nels, 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 are
suitable for enly moderate distances of the order of 3,000 miles and for routes
inn the temperate zones where static interference is moderate.  The first trans-
atlantic, radio-telephone circoit apened in 1927 was a tong-wave circuit {58.5-
61.5 kilocycles), In providing the nect fow channels for the inidal prowth of
the service, the opportunity to determine the wtility of short waves was em-
hraced,

The short-wave range is vastly wider in kilocycles but, nevertheless, has
its limitations as to the number of communication facilities it affords, For
g given route of a few thousand miles a single frequency gives pood trans-
inission for only a part of the day, For example, from the United States to
Eump-: a frequency of about 18,000 to 21,000 kilocyeles {17 to 14 meters)
is gmﬂ during daylight on the Atlantic. But in the dawn and dusk period a
irequency of "about 1000 kilocycles (22 meters) i better. TFor the dark
hours something like 2,000 kilocycles (33 meters) pives best (ransmission
gnd [or 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 comumunication circuits, we mitst shrink its appasent widih matecially
to take account of the several frequencies required for continuous service.

At the present time the frequency spaces between channels ard much
greater than the bands of frequencies sctually otcupied by useful transmis.
gion, ‘This elbow room i3 to allow for the tendency of many stations not to
stay accurately on their nominal frequencies hut to wander about somewlit.
But.in spite of this allowance, cases of interference are common and one of
the activities which must be earried on in connection with a commercial sys-
tem is the monitoring of interfering stations dnd 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 preatest
possible constancy and accuracy of frequency maintenance in transmitting
sets will be required,

The fact that channels have been assipned (within wide bands sct aside
for a, particular Service) with little regard to the geographical location of
stations may result in neighbdring channels having much stronger signals
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than those in the channel being received. When this is 50, a severe require-
ment is placed on the selectivity of the receiver to prevent interference,
Inverconwecrne Wirn Wie Circuir Exrvensions
The skeleton of a radio-telephone circuit is in its essentials very simple.
It comsists merely of a transmitter and a receiver at each end of the route and
two oppositely directed, pne-way radio channels between them, These two
independent chiannels must be arranged at the terminals to conntet with two-

Fig. 61
Circuit THagram IHustrating Operation of Vobce-Operated Switchidp Device,

wire telephone circuits in which messages in opposite directions travel on the
samig wire path. The familize hybrid coil armngement so common in tele-
phone repeaters and four-wire cable circuits might appear to solve this
problem, were there not difficolties peculiar to the radio channels. In the
short-wave cz=e large vanations in attenuation occur in the radio paths within
short intervals of time. These would tend to cause re-transmission of re-
ceived signals at such amplitudes that sevore echoes and even singing around
the two ends of the circuit would vocur unléss means were provided to pre-
vent this,

To overcome these fundamental transmissidn difficulties, an automatic
dysterm of switches operated by the volce 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 un-
noticed by the telephone users, Since this system prevents the existence of
sitiging 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 maintiin the volumes passing into the
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radio link at relatively constant values, irrespective of the lengths of the con-
nected wire circuits and the talking habits of the subscribers,

Fig. 61 gives a schematic dizgram of the United States end of one of
the short-wave circuits showing the essential features of a voice-operated de-
vice which has been used. This kind of apparatiss is capable of taking many
forms and is, of course, subject to change as |mpm1.remams are developed,
The diagrany illustrates how one of these forms might be set up. This form

remploys electro-mechanical relays. The functioning of the apparatus illus-
trated 18 briefly as follows: the relay ES is normally open so that received
sigmals pass through to the subseriber; the relay 55 is normally closed to
chort circuit the transmitting line, When the United States subscriber speaks
his voice currents go into both the Transmitting Detector and the Transmit-
ting Dielay circuit, The Transmitting Detector is & device which amplifies and
rectifies’ the votce currents to produce currents suitable fo® operating the re-
lays TES end 55 which thereuvpon short circuit the receiving line and clear
the short circuit from the transmitting line, respectively. - The delay circuit
iz an artificial line theough which the voice currents require a few hundredibs
of a second o pass so that when they emerge, the path ahead of them has been
cleared by the relay 55, When the subscriber has ceased speaking the relays
drop Back to normal.

The function of the Beceiving Delay circutt, the Receiving Detector, and
the velay RES i='to protect the Transmitting Detector and relays against gper-
ation by echoes uf received speech currents.  Such echoes arise at frregularities
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 & 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 pur-
pose of adjusting the amplification applied to outgoing and incoming signals.

The refic from severe requirements on stability of radie transmission
and from varying speech load on the radio transmitters which this system pro-
vides permits much greater Treedom in the design of the two radio channels
than would otherwise be possible,

TreE Rapto CHANNELS

Ome of the first questions which comes up in considering the design of
a radio system is the power which can be sent out by the transmitter The
word “can™ i3 used advisedly, rather than “should," since the present art
the desideratum usually is the greatest smount of power that iz technically
possille and economically justifiable, There are few radio systems so de-
pendable that increased power wounld not improve transmission results, At
very*high frequencies the gencration of !a:r;;t powers Is attended by niany
technical difficulties but fortunately the radiation of power can be carried out
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with much greater efficiency than is feasibie at lower frequencies. At 18,000
kilocycles {about 16 meters) a single half-wave radiator or doublet is only
about 23 ft, long and it is possible to combine a pumber of them, driven in
phiase by a common transoiitter, into an antenna array which concentrates
the radiated power in one geographical sector. In that direction the effec-
tiveness may be intensified 50 fold or more (17 db) and waste radiation in
other directions rediced materially, Thus, one of the transmitiers at Law-
renceville, Kew Jersey, used in the short-wave transatlantic circuits when
supplying 15 kw, radiates in the direction of its corresponding receiving sta-
tion as effectively as would & non-directive system of about 730 kw,

The transmitting antennas also pive sone directivity in the vertical plane,
increasing the radiation sent toward the horizon asd decreasing that sent at
higher angles. Tt is not yed certain that vertical directivity is always advan-
tapeous and this efect has not been carcied 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 ampli-
figd ta a volume suitable for use in the wire telephone plant. Here again
directive agtenna arrays are of value, A receiving antenna systém sensitive
only in a narrow peographical sector, and that lying in the direction from
which the signal arrives, excludes radio noise from other directions and there-
by scores a gain of perlaps 40 fold (16 db) in the power to which {he signal
can be amplified without bringing noise above a given value, It also segres
apainst noise which arises in the tubes and civeuits used for amplification,
since the combined action of the several antenmas of the armay delivers more
sigmal to the initial amplifier stape where such noises originate,

Thus, it is evident that transmitter power, transmitting: ditectivity, re-
ceiving directivity, and quiet recciving amplifiers are of aid in providing signal
transmission held as fur as possible sbove the radio nofze.  In & well-de-
signed system the refative extents to which these aids are inveked will depenl
upon economic considerations as well as upon the technical possibilities of
the art.

There is one other type of naise than that provided by Nature which Is
of particular importance at short waves—electrical noise from the devices
of man, One of the worst offenders 15 the fgnition system of the automabile,
The short-wave transoceanic receiving station at Netcong, New Jersey, is so
located that autonmiohile roads are at some distance, particulerly in the direction
from which reception occurs.  Service automobiles which produce inter-
ference cannot be allowed near the antenna systems unless their ignition sys-
tems have been shielded, Also, electrical switching and conteol systems in-
cidental to the power, telegraph, and telephione wire svstemts at the station

are shielded or sepregated,
At both the transmitting and receiving stations at leakt three antpnna

systems are supplied for cach circdit, one antchng for each of the three fre-
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quencics normally employed, The design and arrangement of these are dic-
tated by the requirements flowing from their uses, The purpose of the trans-
mitting antenna is to concentrate as much pewer as possible in one divection,
The purpose of the Teceiving antenna is to increase reception from the desired
direction and to cut down receplion at all other angles. In the former the
forward-looking portion of the characteristic is of greatest importance, while
in the Intter the rearward characteristics need preatest refincment,
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Trawsmpson PERFORMANCE

In short-wave telephone systems the width of the sidebands is so small §
percentage of the frequency of transmission that tuning characteristics of the
antennas and high-frequency circuits are relatively broad and impaose little
constriction on the transmission-frequency charactenstic. A flat speech band
is gasy to obtiin over the range of approximately 250 to 3,000 eycles employed
for these commercial circuits, This refieves the short-wave circuits from
many of the pFﬂ]Jl!-hl‘lE of oltaining sufficient band width which are trouble-
BOITIE S demnnrng long-wave 3}‘5t¢mi.

Short-wave transmission is subject to ome frailty which pu'utularir
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hampers its use for telephony. This is fading. Where fading i3 of the or-
dinary type, consisting of wuhg and waning of the entire transmitted band
of fmque-.nue::._ putomatic gam control at the récéiving station is of value and
is mpiaye& in the transoceanic circuits under discussion. The Emphﬁmtmn
in the receiver is contrelled by the strength of the incoming carrier and is
varied inversely with this strength so as to result in substantially constant
signal output. Obvieusly this control can be effective only to thd extent that
the signal seldom falls low encugh to be overwhelmed by radio noise.

When fading is of the sclective type, that is, the different frequencies in
the transmitted band do not fade simultaneously, the astomatic gain-control
system {8 handicapped by the fact thet 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 redio path or Toute by which signals travel from transmitter to receiver.
These paths are of different lengths and thus have different times of tronsmis-
gion, Wave mterference between the components arciving over the variows
paths may cause fading when the path lengths change even slightly.

If the'path lengihs 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 & band consecutively rather than simultaneously.

With the presence of selective fading there conies into being the neces-
sity of guarding against rapid even though small veriations in the transminted
frequency, singe if such variations are present, = peculinr kind of quality dis-
tortion of the telephone signal results,

The warying load which speech modulation places on the transminter
circuits tends to cause slight variations in the instantaneous equivaient fre-
quency which are known as “frequency modulation” or “phase modulation”
depending on their characler. To prevent this effect the control oscillator
must be carefully guarded against reaction by shielding and balancing of
circuits and the design must be such as to preclude variable phase shifts due
to medulation in subsequent circuits of the transmitter,

It iz apparent that if there are two paths of different lengths, two com-
penecnts which arrive gimultaneously at the receiver may have left the trans-
mitter geveral thousandths of a second apart, 1f the transmitter Trequincy
hes changed materially during this brief interval, trouble may be expected.
The trouble actually takés the form of a distortion of the speech as demodu-
lated by the receiving detector,

Defects in short-wave transmission due to radio noige, minor variations
in attenuation, fading, and distortion are nearly always present to some éxtent
and, when eny or afl are severe, canze a certain amount of lost service time,
These interruptions are of relatively short duratipn and, {yrthermore, there
is enough overlap in the normal times of usefujness of the several frequehcies
gvailable &0 that sh:nmg to another frequency may give relief. There i, in
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addition, a kind of httu-mrptin:rn which from the standpoint of continaity of
service is mobe seriows. At tmes of disturbance of the earth's magmetic field,
known as “magnetic storms,” short-wave radio transmission is generally sub-
ject to such high attenuation that signals become too weak to use and some-
timies too weak to be distingnishable, 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 ases. They are followed by a recovery period of one to several
days m which transmission may be subnormal,

Severe static may cause interruption to both long- and short-wave serv-
iees at the same time but the short waves are relatively less affected by it and
are usually able to carry on under static conditions which prevent satisfactory
long-wave operation. On the other hand, severe fading or the poor frans.
misston accompanying a magnetc disturbance may interrupt short-wave
service without affecting the long waves adversely, in' fact magnetic dis-
turbances often improve long-wave transmizsion in the daytime. The service
interruptions on the two types of circuits are thus nearly ubrelated to each
oiher and have no definite tendency to cocur simultaneously, This is the
principal rezson why both long-wave circuits and short-wave cirouits appear
essential to reliable radio-telephone service,

© {On rovtes whicth are very long or which cross tropical areas which vesult
in static sources facing the directive receiving entennas, long waves cannot
as wet be suocessfully employed and short waves alone are available. How-
ever, experiepcs tends o indicate that on North and South routes such as be-
tween Morth and South America, the interruptions assodated with magnetic
storms are less severe and of shorter duration. '

The cycle of events which accompanied a particularly severe magnetic
storm in July, 1528, i3 shown graphically in Fig. 62, The light dotted curve
shows the variation in the horizontal component of the earth’'s field. The
hieavy solid line follows the daily averages of the short-weve received sigmal
field, Tt is apparent that the disturbance took two days to reach its peak and
the recovery to normal took nearly a week, The heavy detted line shows
received field on long waves (60 kilocycles) and indicates that transmission
waz improved slightly at the same time the shorl waves were suffering high
atténuation,

The experience with transatlantic telephone service on short waves coy-
ers a period of nearly three years, there having been available a one-way chian-
nel from the United States to England used as an emerpency Tocility for the
first year and a half, a two-way cirewit for the next year, and two circuits
since Jumeé, 1929, Tt 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 bwo one-way channels forming this circuit is
charted in Fig. 63, The charts are plotted between hodrs of the day and days
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in the year so that each wnit block represents one hour of service time. The
solid black areas are time in which commercial operation could be carried on.
The dotted strips are uncommercial time., The blank areas are for time in
which, for one reason or another, the circuit was not operating and no daga
were obtained. Porhaps the miost outstanding feature of these charts {5 the
tendéncy of the lost time to fall in strips over a period of two or three days,
These strips.coincide approximately for bath directions of transmission. The
eprincipal ones are about July 10 and 15 and August 2 and 17, These ace chis-
acteristic of the interruptions accompanying magnetic disturbances of the kind
which occur at irregular intérvals of a few days to several weeks, They are,
of course, not as severe a2 the disturbance illustrated in Fig. 62.

It is apparent that for these three summer manths this new circuit gave
a pood account of itself and furnished commercial transmission for some-
thing like B0 per cent of the time that service was demanded of it In these
same months the long-wave system suffered its greatest difficulty from statie,
and we have coneretely illustrated the mutual support which the two types of
facilities give each other,

It shonld not be inferred Tfrom these data that the shor-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 faciliies. Omne the other hand, they
may at times be maintained in service and praded “commercial” under con-
ditione of noize or other transmission defects for which wire lines woald be
turned down "for correction.

Terernoxs SeRvice To AUSTRALIA

Repolar commercial telephone servics was maugurated by the American
Telephone & Telegraph Company between MNorth America and Australia on
October 27, 1930,

The eirouit to be employed in this service @5 by Far the longest ever estab-
lished for regular commercial telephiony, It consistz principally of two radio
links, one across the Atlantic and the other between England and Awstralin.
With the wire lines involved in the connection the circuit between New York
ands Sydney, Australia, is more than 14,000 miles long.

The service will be available (o all points in the United States and Cuba
and to the principal citics of Mexico. In Australia, it will cover the statds
of Chieensiand, New South Wales, and Victoria and the City of Adelide
This adds nearly kalf a million telephones, serving & population of some five
and a half million, to the network now within the reach of Bell System
stationg.

The ..l’msl.mllan servioe has been arranged by the American Telephone &
Telegraph D:qnfnn:.r in cooperation with the Brtish and Auvstralian Fiost
Orffices and the Amalpamated Wireless Company of Mastralia. The circuits
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acrozs the Atlantic are the same as those employed in the telephone service
connecting North America with England and the continent. The England-
Australia link will be operated by stations near London and Sydney, which
estaliialied commercial service between the two countries last April, The
two radio circoits will be linked through the London Trunk Exchange which .
now handles all calls between America and Furope. The circuit between
England and Austealia uses a wavelength of about 28 meters,

The cost of a call between New York and any Austrafian point will be
$45 for the first three minutes and 315 for each additional minute, For 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 Linited States and
Australia over the Bell System’s latesi overseas telephone service, recently
opened, was the lengest commercial call on record. It covered = tdtal dis-
tence of more than 15000 miles, terminating at Sedalia, Mo., and Sydney,
Australia. Due to the 15-hour time difference between the two points, the
speaker in Australia talked at about two o'clock Tuesday moming, while his
wards reacked the listener in Sedalia, a fraction of a second later, at 10 & wr,
Monday.

Following the usual rogte of coneersations 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 faken place during United States evening or
early momning hours, it would kave covered an even greater distance, When
Australin is in darkness, lransmission 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 sonth-westward from London, across South Americe
and the Pacific to Sydney, This adds about 4,000 miles to the total.

Cither calls to and from Australia the first day included one from Pitts-

burgh to Sydney.
Temuwal Egurrsents For Suoar Wave Porvr 10 Pornr Ranio Links

In‘order to secure satisfactory operation from a modern radio Hnlk, it is
necessary to supply at the ends of the link terminal eguipment which shall not
only provide the necessary circuit arrangemients, but shall also provide means
for controlling its techmical performance. The arrangements necessary for
speech transmission are dealt together with a brief description of the facilities
for technical speration and control of the circuit,

The nsual radio link connection consists of two one-way radio channels
working in opposite directions. These two channels are inter-connected at
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either end by means of land lines 1o 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. 63 (a) in which two
terminal stations designated East and West are connected theough land lines
to the radio transmitting and receiving stations, A and I in the case of the
East terminal, and C and B 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 transmitier C 15 ceceived by the radio receiverar D It will be seen, when
considering the terminations at East and West, 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 attennation of the radio paths are variable and that
speech transmitted from either radio transmitter may in certain cases be re-
ccived by either of the radio receivers. In the case in whith speech 15 transmitted
through the East terminal and the transmitter at A and regeived by the radio
receiver at D, there will be formed = loeal 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 I may be small, the loss in this radio path would probably he very small
when the radio wavelengihs were the same or close topether, and unless the
network balancing the two-wire extension from the terminating set was ex-
ceptionally pood, there would be singing round this local boop,

. In cases where the artenuation 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¥s not sufficiently accurate, there may he dinging round the com-
plete loop formed by the twoe uni-directional radio paths, their inter-connecting
circuits and the terrminating sets,

AnTisinciNg axn Ecoo Surreessine 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 intellipibility and hence it should
b suppressed.

The Bell Telephone Laberatories have developed for prevention of sing-
ing and echoes in radio links a system which has been instslled on the long-
wave transatiantic circuit between New York and London, and similar equip-
ments have heen designed for use on the short-wave link between Madeid
and Huenos Aires.

In order to prevent singing it is necessary to ensore that the attenuation
round the whole loop shall always be greater than zero. The method of at-
taining 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 (2), a relay.(a) Is
assosiated with fhe transmitting line which normally short circuits this line,
thus preventing transmission dnd therefore singing round the loop. The am-
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plifier detector is bridged across the transmitting line at some point before the
short-circuiting relay (a), and when speech enters the cireuit the amplifier
detector operates the relay (a) to remove the short circoit, 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 (o be operated just before the relay (a) which
TCIROVES I.‘h:: short circuit from the transmitting Jine; this second relay (b)
short circuils the receiving line, In addition to H:m relays associated with
the trgnsmitting circuit there is gn additional relay (¢) associated with the
receiving circuit to prevent the operation of the relay (a) controlling the
transmuitting circuit and relay (b) short circuiting the receiving circuit when
speech 15 being received. This additional relay {¢) is operated by an ampli-
fier detector bridged across the receiving civooit at a point after that at which
the ling s chort circuited during transmission. The equipment at either end
of the four-wire circnit formed between the radio link and "I;s intergonnecting
lines 1% sinlar,

The operation of the aircuit is as follows:

In the normal condition when there is no speach on the cireoit, both the
transmitting paths are short circuited.  Speech entering one end of the circuit
clears its own transmitting path and short circuits the receiving guth, thus
preventing any disturbance entering the radio receiver and interfering with
the taller or the appacatus contralled by hiz speech. The speech is trans-
mifted over the radio link, received by the distant receiving station and enters
the line conrecting the receiver to the terminaring sct. This speech consey
an amplifier détector to operate a relay (o} which prevents operation of the
relays (&) and (b)) controlled from the transmitting circuit.

AnrLiFisg DerecTors axp Decay Nerworks

As mentioned above, the speech to be transmitted has to clear its own
path amd uiless this-clearing operation can be periormed instantaneously
pert of the speech will be lost, It is possible to design en amplifier detector
and telay train which operates so quickly that although the initial part of
speech is lost it is not possible to tell that the whele has not been transmitted.
This involves the use of a very sensitive detector amplifier, In proctice there
is always a certain ampunt of noise associated with speech on land lines and
gomewhiat more noise on @dio cireuits,  This notse limits the sensitivity at
which the amplifier detector ¢an be operated since, if the amplifer 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 clipping of
the speech although the operating time of the combimation is very small; the
reason for this Blipping is that the energy contained in the initial pa.n.s of
speech may be very small and thus insufficient to operate the relays. The
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refays in this case do mot start to operate until some time after speech has
started and the amount lost is determined more by the charactetistics of spesch
than by the operating time of the relays, One way of preventing this elipping
of speech iz to introdoce between the input of the amplifier detector and the
normally short circuiting relay, 2 network to delay the 5.pe¢ch 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, bat will operate whien these have
budlt wp to some greater amplitude. The time lost during the building up of the
speech “currents is compensated for by the delay introdeced by the networls
By increasing the delay introduced and decreasing the sensitivity of the am-
plifier detector it is possible to arrange that enly the peaks of speech shall be
of sufficient amplitude to canse operation of the relays; the arcangement may
then be subjected to noise, the amplitide of which approaches that of the
peaks of speech, without false operation, A network having o delay af 20 or
30 milliseconds is wsually sufficient when dealing with the speech to noise
ratios met with ina commercial circuit.

It has already been mentioned that the amplifier detector bridped across
the recelving 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 circwit (owing to nsofficient
balance between the line and network) shall not cause false operation of the
transmitting relays. It is necessary to make provision against false operztion
by moise occurring in the radio link, and the sensitivity of the receiving am-
plifier detector ig thus limited, It is also necessary to ensure gither that the
amplitede of the received speech reaching the amplifier detector which con-
trals the transmitting circuit shall be insufficient to operate the' transmitting
relay or that the relay controlled {rom the receiving side shall always be op-
erated 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 im-
practicable to provide balancing networks to simualate the impedance of all
such lines. It iz therefore evident that only' 2 small diserimination can be
relied upon between sprech received from the land line which it is required
t transmit and received speech which it i3 not required to transmit.

Since a very sensitive amplifier detector connected to the recelving cir-
cuit 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 a.mpht‘mr detector to rise to some
considerable value before this speech, after pissing through the terminating
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set, van reach sufficient amplitude to operate the amplifier detector connected

to the transmitting circuit. The relays associated with the receiving circuit
thl.mi have time to operate and disable those connected to the transmitting cir-
cuit without unduly increasing the sensitivity of the recciving amplifier de-
tector and so increasing the risk of false operation,

As in the case of the transmitting delay cirenit, the length of the receiv-
ing delay ciscuit is determined by the maximum speech-to-noise ratio with
swhich good operation is required with the modification that "d]ppmg ia not
importint. The speech-to-noise ratia i the recelving circnit is usually con-
siderably worse than that in the transmitting civcuit and for this reason it is
dgesirable to make the receiving amplifier detector somewhat less sensitive
than the detector transmitting amplifier. The first condition would lead to a
delay network having & delay approximately equal to the operating time of
the refay 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 cireuit which, from a miking point of view, has a speech-to-noise ratio
within commercial limits,

Garn ControL

The introduction of variable attenvators either side of the terminating
set allows some discrimination to be obtained between the speech received
from the radio receiver and that {rom the two-wire extension. The diserimi-
nztfon cbtained depends on the cffective logs between the receiving and trans-
mitting amplifier detectors, Thus with any given condition of balance between
the line and the network conmected to the terminating set, the sem of the
pdded fosses must have some minimum value. The level of speech arriving
from the line determines the setting of the transmitting attenuator since this
atenuation 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 vatue determined by the other conditions, the latter case only being
necessary under bad neise conditions on the radio circuit,

CIRCUIT ARRANGEMENTS

_ Fig. 63 (b) sliows the arrangenient of the terminal equipments it Madrid
gnd Buenos Aires in some detail, Tt will be seen that the two-eire 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 assoctated with
& volume indicator, so that the technical opefator ean change the amplification
in this circuit to keep the level of speech delivered to the line for the tadio
transmitier constant and sufficient to load folly the radio transmitter,  The
output of this gain control panel is connected to the input of one side of &
four-wire repeater whose gain is 5o adiusted that its output shall be that re-
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quired by the interconnecting ling to the radio transmitter, Across the out-
put of this repeater is bridged the input of the transmitting amplifier detector
which controls the relays assoctated with the transmitting path and the relay
for short cireuiting the receiving path, Next comes the transmitting delay
network with its equalizer, low pass filter to himit the upper Irequency to be
transmitted, and repeater for compensating ita attenuation at various [re-
quencies ; next, two repeating coils which include the short cireyjts which are
nermally on the transmitting path for the prevention of transmission when,
tliere is no speech,  The privacy equipment i3 located between these repeating
coils and the line to the transmitting station.

At the recoiving side of the cireanit the hne from the radio receiver is
connected to one-hoff of a four-wire repeater adjusted to incresse the re-
ceived level to that reguired for the operation of the eguipment and thence
through the privecy equipment to a coil group which is armanged in <onnec.
tion 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 as-
sociated with an equalizer and a repeater as in the case of the transmitting
detay network and s then connected through a gain-control panel and re-
peater to the four-wire términating sat,

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
sysiem 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 Oresaten Reray Circuits

The relay switching is arranged in each case so that the break of the
switching relay performs the switching operation. This reduces the oper-
ating time of the switchgear and thus minimizes the lengthe of the delay net-
worlks necessary for a given amplifier detector sensitivity, From the trans-
mitting side transmission is normally prevented by the use of a short circuit,
and the break of the relay will remowve . In the receiving side, hovwever, the
cireuit is normally in the transmitting condition and it it required to inter-
rupt transmission by breaking contact. From considerations of balance it is
ufidesirable fo break the circuit, To avoid this, two cepeating coils are con-
nected into this circuit, as shown on Fig. 63 (¢). [t 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 con-
tact is broken the connection between the center points is severed and the
windings of the coils are in series but opposing ong angther, so that the trans-
mizsion of currents from one coil to the other is prevented.

Speech entering the terminating set front 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
TEHO!, Aux, TEHO?, TS5" and Aux, TS5* operate; when this armatare
makes its front contact relay TVHOP operates, The operation of relay
TEHO puts the coil group in the receiving drouit in a non-transmitting posi-
tion. The operation of relay TSS remaves the short circnit from the trans-
mitting side and the operation of relay Auwx. 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 thién pass
through the remainder of the circeit and the privacy squipment to the radia
transmitter, The recelving circuit is disabled between the radio receiver and
the receiving amplifier detector, thus preventing either operation of the am-
pliher detector or anterference of the talker by currents from the radip re-
CEIVET,

The release of the relays operated by the transmitting master relay is
controdled by the charge of condensers through resistances. The condensers
and resistances associated with the contact of the transmitting master refay
and the wihding of the relay TVHO control the refease time of relay TVHO
which in turn controls the release of the TSS and TEHO relays. The TSS
relays relense immediately after the TVHO relay reaches its back contact,
but the release of the TEHO relay is held wp during the charging period of
o condenzer resistance circuit, thus ensuring that the transmitting path s
blocked before the receiving path is opened.

The release time of the TVHO relay is so arranged that it will hold dur-
ing pauses between words to reduce the number of times the circuit’is switched
during talking from this terminal. This relay must, however, release suf-
ficiently sarly to prevent clipping of the reply, Since the total transmission
time of the circnit deterniines the time which elapses before a reply can arvive,
it is safe to make the TSS relay hold wp {or twice this tire, thus aJJn".'.'ing for
the last word to reach the distant station and an instantaneous reply to retion

After spech in the transmitting path has eeased and the relays have re-
leased, speech may enter the receiving path aud the recciving amplifier detec-
tor and operate the receiving muaster relay. The armature of this relay on
leaving its back contsct causes the REHO® relay to operate and break the
connection between the transmitting half of the amgplifier 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-

1TEHD mdﬂl&! T?amnuumg Echo Hangover,
:%EE deE-aHtg icates ﬁumgnmﬂu‘aragumr]ﬂ;g% Echo Hangover.

* Aux. T5S indicates Auxiliary Transmitting Singing Suppressor,

'T\"Hﬂ isticates Teansmitting Voice Hangoren
*REHO indicates Recelving Echo Hangover.
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charged by the action of the receiving master relay making its front conract,
This release time is adjusted 1o 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 83(b) include only the operating connections
aud do not include either biasing windings or testing cirenits,

The relays used in this equipment are 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 EguirMext

The circuit is arranged to operate with a single privacy equipment which
can be used alternatively m the transmitting and receiving sides since the
system is always in a one-way condition. This assumes that the privacy sys-
tems @t the two ends are complementary. Fig. 63(b) shows the transmitting
arvd the receiving circuits connected 1o 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 privacy equipment is connected to both transmitting and receiv-
ing circaita.

2 o
1 i
& & Fig. &3 (c}
Special Cedl Growp for
Receiving  Circuit.
5 7 =]

In the normal condition the tran=mitting circuit on both sides of this
comnection is short creuited by the TS5 and the Awe. T5SS relaya. Speech
can then enter the privacy egquipment from the receiving circuit and piss
through the hybeid codl back into the receiving dircmit without interfering with
the transmitting cireuit or being subjected to interference fram this circuit.

In the transmitting eondition the TSS and Aux. TES relays are operated
to remove the short circuits from the transmitting path. The TEHO amd
Aux, TEHO relays are also operated and: prevent transmission from. the re-
ceiying circuit éntering the privacy equipment, and also prevent transmission
from the privacy equipmient to the remainder of the peceiving circuit. Speech.
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from the transmitting circuit can then pass through the privacy eguipnent tor
the radia transmitter,

It will be noticed that a repeatér is placed between the output of the
privacy equipment and the short circuit on the transmitting line to prevent
this short eircuit being directly on the output of the privacy equipment. A
similar repeater i also used in the receiving circuit. The necessity of having
& repeater in the transmitting circuit to fsolate the privacy eq-nﬂpment from the
ghort cireuit renders it impossible (o indlude one repeater in the pnm:_*,r squip-
ment instead of one in each line,
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Moxrrorike awn Conteon

The equipment for the switching and the control of the cirenit is arranged
with enitable anonitoring apparatus. A techinical operator monitors continn-
ously on the crcuit and adjusts the gain controls and amplifier detector sensi-
tivities to give the best service obtainzble at any moment. The two-wire
line is connected theough to jacks on an operating position in a tofl exchanpe
and traffic is handled in a similar manner to that adoptedcon ordinary toll

eircuits,
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Eguirueny

The terminal equipment spparatus is grouped on two racks, one com-
prising all the panels which require adjustment is known as the Technical
Operator’s Position, and the other is equipped with the voice operated ap-
paratus and known as the V, O, D, A, S, rack. The privacy apparatus is
grouped on @ speckal rack and forms a complete unit apart from the terminal
equipment.

‘igure 63{d) shows the technical operator’s position. It consiste of
four bays. The two bays on the left are equipped with transmission measser-
ing apparatus ard the two bays on the right comprise the gain control panels,
amplifier detéctor pagels and voluine indicators, telephone and trunk panel,
cte, Dy means of this apparatus the technical operator can monitor on the
circuits at various peints and has all important controls within exsy reach
for making the adjustments required for optimum performance of the system
under prevaling 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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Map Ebowing Traosmitsion Considecations Affecting Location of Stations,
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with all operators and attendants at important points on the cireuit. He can
also communicate with the home a5 well as with the distant suhseriber.

Figure 63(e} shows the V. 0. D. A, S. rack comprising a battery sup-
ply bay, defay network bays and a bay containing the voice operated switching
arrengements with their testing apparatus. The reley testing apparatus com-
prises a testing and adjusting panel for the polarized telegraph relays and an
echo suppressor testing panel for testing the operating hangover times of
varions relay trains,

Jick fields are provided on both the technical operator's position and
V., Q. DAL 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
requirenients.

Taesmionic Vacuux Tuees rox Smorr Waves

The advent of the use of short waves brovght in its train many new
difficulties for the vacoum tube desipner especially when the demand arose
for more and more power. For small powers up to and including the 250
walt fube, the aircooled form of tube already used for long waves proved
suitable aiso for short waves. Howewer, the high-power long-wive waber-
cooled tube which had reached 2 high state of perfection for wave lengths
over B0 meters required varbous modifications for short-wave working.

Vacuum tobes intended for very short waves retain the feature of an
external anode coaled by a circulated Nquid bat must be specially designed in
order that the foliowing difficulties mny be avoided :

1. Heating efiects consed by high frequency losses in distectrics,

2. Heating effects caused by the very large high frequency currents
which are encountered and the very high value of the high frequency resist-
ance, 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 Relds exdst.
If these felds pass through the glass envelope far example, the dielectric loss
which oceurs is often suificient to raise the temperature of -the glass'to the
mHiﬁhg' point very guickly, and a very characteristic failure is caused in
which 3 small hole iz made in the envelope, with the edges ronnded and point-
ing inwards in accordance with the way the glass is pushed in by the air pres-
sure, forming a kind of dimple. Very often the shape of these holes is such
23 to indicate quife clearly the direction of the field at the point of fafure.

Sometimes the heating is not suffictent to cayse an actual fusion of the
glass bnt, on the other hand, fong continued operation causes a small evalu-
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tion of gas which ruins the tube. When the heating occurs quite close o
one of the elecirodes, there way be a considerable dectrolysis of the plazs
which leads to an early failure either by eracking or by “soitening” of the
tusbe,

En the same way, the use of diclectrics in the active part of the tube for
supporling or separating portions of the structure is yery considerably lim-
fled.  “Steatite™ and olher similar materials which are commonly used for

osuch purposes may easily be meled into o vitrified mass i placed in such a
position as to be subjected to an intense high [tequency ficld,

On agcount of the difficulties enumeérated a serics of whes for short
waves hove been devedoped in which a special spstem of shiclding has been
incorporaled.  The wse of the sereen for the anmde has heen eonsideralily
extended,  This seceen 15 dleetrieally connected to the auode within the tube
unnil eatends bevond the end of the copper plasg seal,  In long wave tubes for
very high voltages this serves as o profection for the giass al the edge of the
seatl where piercing by electronic hombardment oceasionally occurs,  In the
case of the short-wave tuhe, liowever, the danger of plercing is not very rreat,
turt by mweans of this shickl the intense field at the edge of the anole is re-
moved Teoan the glass and distributed wniformly round the vacooues space.
A e mone tee, when secessiry, e tulses are provided with shiclds on the
gridd and Glament to distrilaste the Geld in the vaeaum in the best manner pos-
silie andt W dimingsh the field which intersects fie glass.

In thé higher powes vactun tebes the anode is made with 2 glass Tull

]

Iﬁig:. 6d o)
Eank of Shore-Wave Transmitters, MNaven, Gormany.
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at cach end, the grid being sealed 1mto ane end and the flament fnto the other.
This arrangement inproves the tubie very much bul considerally increases
the difficulty of manufactare, especially the operations of sealing the filament
aml grid into the anode.  The difficalty will be realized when it is eonsidered
that the glass Blower has to manipulate the anode assembly with its two bulbs
while BL“H],IIIE’ in cach electrode, and that owing to the use uE the screens in
the angde it is impossible tosee the fzr end of the electrodes in erder to make
sure that it is centrally situaterd. To overcome this difficulty an ingenious
method is employed: a small spark coil s connected between the ansde anid
the clectrode being sealed in, and a parallel spark gap is vsed of sech a leagth
that when the glass Mower has sealed the dectrode exactly in the correct posi-
tion the spark Titsses over e mmhary sparle gap anstend of within the tube,
Havwever, an enlively new demm of tuhe is now being developed and will
prolabiy be soon .w.;.ﬂalﬂ_f:, in which thie sealing-in iy done in such a-way that
the clectrodes are automatically contered durbng the opueration,

The high values of hu;h [mjuem:.r carrentz and the uJ'tg:utmln of the
Factor of skin efieet may canse so much heating of apparently quite large con-
ductors within the vacmum twhes that very special consideration has had ta
be given to the dimensians of the leads, and they have been designed so that
the metat in physical contact with the glass dees not carry eurrent,

. . SR = 1 - - I;J
..-_'E-. 1: I:5 £ .
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: . Fig. 64 (L)
One of e Short-Ware Transmitting Statlons at Nauens, Gernuany,



SHORT WAVES 141

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 1o as low 8 vilue as possible; the double-ended arrangement in which
the grid and filament are brought out at opposite ends is one very cffective
means by which this eapacity 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 currenis through the

#leads are redoced,

With the double-ended type of tonstruction it is possible to use a self-
eontaingd water jacket or a scparate water jacket through which the tube is
imserted, The former method has been adopted {or the following reasons:

1. A much more satislactory water fow around the anode can be
obtamned,

2, Where is less danger of breaking the tube when changing tubes.

3, There is less danger of Nooding the transmitter when changing tubes.

4. A separate water jacket is of necessity extremely large and dumsy.

5. It iz difficult o make water-tight jointz at both ends of a separate
jacket,

The combined water jacket has the disadvantage that it is more difficult
to clean the anade if it beeomes very dirty ; this, however, is not o very serious
olijection becguse these tobes are operated o equipments where a closed
cirgyilating system is employed, and in arder to avoid electrical leaks throughs
the water 5|.1FP|._I,.', soft water, which leaves practically no deposit, is used, The
connections to the water jacket sre threaded for & stondard pipe fitting, and
it is @ very simple matter to make the connections by means of a standard
union,

The water jacket carries four logs by which it can instantly be pub into
position or removed from the set. Of course, in the case of the low-power
tube, which is gingle-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
o bead 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 lave characteristics sufficiently
aniform to operate under the above mentioned exacting conditions without
any difficulty.

The pumping arranpements 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 2 vacoum 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
with*highly satisfactory results, giving in all cases the required output with
eontinusts eperation,
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The following table gives some informtation on the characteristics of the
varions waler cooled tubes which have been standardized, The values of the
conglants vary somewhat frem tube to tube and the Agures are given uly
as an indication, Thl! TAZKAELLLLY nmﬂﬁﬂlﬁjﬂﬁm is that which the anode
cat suppeort mlﬂiﬂu?llsij.f with a rapid water circulation, and practically speik-
it ts-a Tunction énfircly of (he anode dirensions and has nothing to doe with
thie clectricsl charactdrisiics of the tohe,  The makinmm outpL given b5 ooly
ziven as an indication of the power that-can be obtained when aperating as an
efficien: escillator,  The actial power oluainable in any circuit depends on a
aumber of factors and thas is limited by the method of operation. B

WINAY Scursceravy

Ot of yenrs of research and experimentation by tadio enginesss at
Schwnecwady, No ¥, has grows o tressmitter which is -pruF:rulll}' withont
paritlel in the mdioart.  Today it is nsed by W2X AT, one of the group ot
short wave stations of \WG'Y, ta sustain that station’s standing as the unofficidl
ambassador of the United Stades to the nations of the world.

1cre is 2 single transmitter so built that three musical progroms can be
surultaneousty broadeast without anterforence.

g Hic)

Lioking Froau Left to Right There Are the Law Power Speecl Anigliier sl Modulagor

Unit, the power Smn;%i- and Coattrol, The 1 Roo Badio Frogucesy Linds Whise Ootpad is

Blesfdntoel Withy the Mlodutator Ueit, the Toteomegiate 3 Fow, Amplificr, and Finally the

Power” Anplifice. Which Sugiplics the Angerma With 35 Kw. of Caveier Power 106 Ter
© Cent Modulated. The Operater's Desk s Located i the Foregrouml,
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Six separate, independent and non-interfecing voice channels are. avail-
able. In ather words, should occasion demand, and the federal leense per-
wit, addresses by six different people coutd be teansmitted by the same equip-
nemt, on six diferent wavelengths without inter{erence.

The swme transmitter may be used for television signals up to sixy-line
scanning ab Ceenty protares por second.

The trseniier may be used for elevision and voice transmission at the
game hme. That iz one channel may be used for pdeture and ancther fors
o,

When the demanid for service is croated W2ZNXNAT'S new transmitter nay
be wsed for the simultancons transmission of eight still pictures { Facsimile)
ezl in its own channed or dndependent wavelenpth,

Adl theat is needed for nudti-service is the addition of crystal contral, low
power intermediate amplifices and low power modulators of stasdag] design
for each additional program.

SevEnal ARTERNAS

W2XAT 1z equipped with theee Ssdependent anlenng svsieins for brequd-
cast purposes: a sinple donllet of special construction to pvoid corona dis-
ciiaege on high pawers ;o borizontal checker-board amenna directive on South
Ameriea; a similar directional antenna for transmission to the Far Bast, The
divectiomal anlenng steps up the power, directionally from 33 ldlowatts, the
mgximum power of the transmitter, to-zn equivalent power of 240 kilowatts,

Fig. t4(d}

This Undt Comeprises tie Crvanal Oucil-
Intae amd Adudeepd HEIL) I_.'||'[:|;1' 4\1;
Conliad dmiphifier Tu Tl Cresial
Ohicillutar  for  1his 'Inn-smﬂwr [
AR .I:"!pnm.ﬂ%mlﬂftln'q Albomatis
Twi:m!um ol Mo MNeutrsbiing
wers arg Used do this Linit, for

e 5 Mude of Sereen Gral lubes
Thramplat Wil the Exrepion of tle
Three | Elestrade  Crvsta]  Oscillator
Tubcs,., This. Unit Ay be Tasel
From B3 1o 36 Melers,  5ix €hariz
are Availadde a0 the Oven L VWaves

lemgth  Changes,
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When wsed for telepraph purposes this outhit, combined with & directive an-
tenna, will give a signal equal in steength to thiat picked ep from a 1,000 Kilo-
watt transmitter wsing a simple antenna.

WIXAF, located at the South Schenectady transintter lahoratery of the
General Electric Company, five miles south of Schencctady, is licensed by the
Federal Radio Connmizsion  {or aannmmul relay  broadeasting on 40
kifowaits,

The carner [requency of 2,230 kilooyeles is generataed by & quarts erystal
oscillnting ot ene-fourth the cacrier frequency or 23825 kilocyeles.  Effes-
tive operation of the crystal is possible only when the temperature irround-
ing it is constant. To gain this wnilosmity of temperatare an ingenious aulo-
matic temperatare-controlled oven hag been devised. The oven consists of

Fig. 4]

This Aanplifer. Followws the 1 Fw
Mhluikng -:GD Stape aml Increases the
Power 103 Kaw., Where it #2- Applicd
e the input al the Fual Powers
Amplificr,  The Tubes Wsed in this
Stave are Water Coaled Seceen Grd
Tibes, | Wote e Waler for Coeulioe
the "Fuliez Actually Enters the Taihe
aml Flows Witlsin the Hollow Flae,
This Upit & Capahle of Supplving 20
K. ws o Telepraph Transbitier,

o mumber of compartments arranged one within the other,  Each compast-
mint aels as an insulating chiamber fo proteéct the crysial from the tenpera-
fure veriations of the transmitter room. The erystal 15 housed in the final
compartuent ina metal bose where the teaperature deviation is so siight as
ta hive po effect on its freguency.

The output of the erystal osillstor s amplified and multiplied in fre-
queney untili o power of one kilowait s avaifnble ag D500 Kilocyeles, At this
point modulation takes place.  The modulation cquipment is umigue in- that
frequml:u:ﬁ from: 23 to 30,000 cycles may be wsed and the maximom variation
thronrtout the band s fess than 10 per cont—an anount o small as to be
eépligible.  The result is fecomparable fdelity over an exeeptivual range of
frequencics.  The modulation cgueipimest 15 20 arranged as to make possible
the modulation of one kilewatt radio frequency amgplifisr 100 per cent withomt
distortion. The unit is then coupled to.an intermediate amplifier whose out-
put 1.::1!:.3: varies Tectilinesrly with the input voltage, The ootpat of this
sla.g'e iz mhost four kilowatts, JThis stare, in tarn, is used (o exeite the Tarpe
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power amplifier which fs connected to the antenna system. The power am-
plifier utilizes six 30-kilowart vacuum tubes arranged in a push-pull circuit
willh three tubes on ench side.  The last amplifier has been tested up as Tar as
134 kifowatts continueus antensa cutpet, such as might be used in e, w. tele-
grapliis comrmunication,

WIXAF'E mew transmitter employs thirteen different types of tubes, or
27 tubes in all.  Twenty gallons of water per mimrle are pumped through the
get to enol the plates of the tubes.

WENAF, vsing 20 kilowatts of power on its old set, was cigablo af
reaching Europe, Australia and South Amerien, with exceptional relinbility
anil penceally with o fair sipnal.  When dircctional antennas were used the
signal invariably reached the country to which it was addressed.  For ex-
ample, for months, special two-way conversations were curried en one day a
week with Byduey, Australia.  During the period Admiral Bynd and his ex-
peddition were at Little America, Antarctica, W2XAT, using & direetive an-
tenng, put its program te the explorers fortnightly, on a Saturday nighe,

With the new transmitiers, and 35 kilowatts of power, W2ZXAL should
ptit an exgeptionally strong sigmal east, west or south,  In fact engineers be-
fieve thot the ratio of signsl o noise or static shoobd be such that the station
may be held continuously by a listener during & broadeast.

Fig. t4(1}

Tlis Awplier Takes the MModalxted
Huver 01 2 3 Row, Level and Awplites
I{ by Meznz of & 6 Powerful Shon
Vave Vagam Tubes toa  Pover
Laowel ul 35 RKw. Carrier for thie
Anferma, This Unit s Copafle of
Sapplying. L33 Kw {.,q;n_l.il_l.qn'mt_r o
the Antenna as for Telepraph Work.
The dhdpat of this Linit mae e
Swilchel to Either a Simple Aniennz
for Mornnsl Droodeastiog, or to Lizec-
giciial Anterna foe Transmassien 16
Sauth America or Austzaii Tie Aan
Shovan jin the Picture i Helling Che
of she UWVES Vacoum Tubes Llded in
This Power Amplifier.




CHAPTER 1V
Ship to Bhore 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 discoss the problems which have arizen, the facil-

“ities which have been installed, and the peneral results obtained.

The ship-to-shore radio telephone system, which is here described, was
opened for public service between the Lepiothan and the United States on
December 8, 1929, This was the first extensgion of the public telephone service
to a ship at sea and enabled calls to be made hetwen the vessel and any Bell
Systern subscriber. The system as set up is intended primarily for giving
telephoria service 1o the larger passenger-carrying vessels as an extension to
the wire network, and should be distinpuished from the more simple uses
which have been made of radio telephony in the marine field, such as that of
enabling @ coastal station operator to tolle with coast guard vessels, hshing
Lraswlers, ete.

This paper is concerned with the developments which have been car-
ricd out in the United States, inclioding the establishment of transmitting and
receiving stations on the New Jersey coast, the equipping of the Leviathsn
and the establishment of zervice 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 Dritizh, Germoans, and French are preparing coastal stations and equip-
ping some of the lacger ships for public telephone service. The British have
already initizted service to two of the White Star Liners, the Qlympic and
the Majestic, and before long it is likely that hall a dozen of the larger trans-
atlantic vessels will be undertaking this service, connecting with both the
American ahd the European networks. !

EasLy DEVELOPMENTS

Attempts to apply telephony in the maritime field date back to the pioneer
work on radio telephony itself, but it was not ontil the applications of the
vacuum tube were developed that radio telepheny for any service became
finally ;m::ucab!:

‘_’_,,.ﬂ"rnllmnng the long dlsthﬂm. point-ta-point radio telephone experiments
of 1913, there was carried out-in the {ollowing 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 Bell Eyst:m enginesrs in co-
upcrauun with the Navy Departinent. On that occasion the Secretary of the
Navy, in his office in Washington, carried on two-way conversation with the
captain of the U, 5. 5. New Hbmpahire off Hampton Reads.

147
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Following the further developssent of radio telephony during the War,
there was underctaken, in the years 1920-1922, an extensive development of
ship-to-shore radio telephony, locking toward the linking of ships at sea
with the land line telephone network. At that time there was built 2 coastal
radio telephone station at Deal Beach, N. J., and several ships were equipped
on a trial basis, Extensive engineering tests were made and & number of
demonstrations earried out which proved the physical feasibility*of establish-
ing sich connections,

While the trals were successful from the technical standpoint, the de-
velopment was not carried into commercial use because the sdverse economic
conditions existing in the post-War pericd did not appear to justify the initia-
tion of the new service-at that bme, Furthenmore, the waves i1 the range of
300-500 meters, which had been used fn these early tefals, were soon thereafter
assigned for broaficasting,

In the last few years the whole outlook has chanped considerably, The
dewtﬂ;mmnt of short-wave radio syatems has greatly increased the message-
carrying ca.pm:rtv of the radip spectrum and has made it feasible (o maintain
communication over a greater range of distances than was g:-rewmbsijr prag-
ticable for ships, Transoeeanic radio telephone services have been inaug-
wrated, and with the large increase in steamship travel there has arisen a re-
newed mterest in the extension af rn]epﬁme seryvice to ships at sed.

When it became evident that short-wave transmission might be desirhble
for ship-to-shore t:ll:ph-un: service, there was undertaben a program imvolving
the measurement of the strength of the electric fields received aboard ship
{from-a shore transmitter, This work was part of a general program intended
to obtain fundamental data upon short-wave transmission for purposes of
point-to-paint, as well as for ship-to-shore telephone services. The tests were
first made in [925 o vesssis running Detwen New York and Bermuda
Further measurements weré made on other ships in subsequent years,

Fig. 65 iz an example of the result of these earlier tests.  Transiission
was from Deal Beach on 4.5 megacycles (66 meters)., The curve shows the
relatively weak field which was received as the vessel Teft dock, due to the
considerable stretch of land which intervened in the transmission path,, the
ris¢ of the field to high values as the ship passed out of the harbor, and the
gradud# diminution as the vessel continued on her conrse: Tt will b ol
that transmission on this frequency was cffective at night all the ::; to
Bermuda, but that iring the daytime the transmission failed for distan B
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 transatjantic
distances, have built wp a fairly complete set*af quantitztive data on shart-
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wave transmission over different distances and for vacious times of the day
and year,

Along with this study of transmission conditions, there was carried on
the development of short-wave apparatus technique for tefephony. 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-wny operating methods,
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servied as o very useful basis from which to develop the coastal and ship sta-
tions for the maritime system.

With this background of development, preparations were made to set up
& two-way, short-weve radie telephone system for commereinl service. This
service wos centered upon Mew York becanse of the larpe contentration of
ocean-going traffic at that port.

Tre Tecuwmcan PropLEs

E:H:l_s_‘:_, of the most important problems to be sslved in the design of a
shorbsWave aystem is that of determining the frequencies necessary for giving
the service involved. The frequencies which are best suited to the different
distances, time of day, and season of the year for trahsmission over the Morth
Atlantic are indicated in the curves of Fig. 66, The curves for the greater
distances refer to the transmisgion which appears o take place in the upper
regigns of the eafth's atmosphere and is usuaily referred to as sky-wive trans-
wission, Each of the sky-wave curves traces the optimum frequency-dis-
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tance relation for the time of day and zeasen of the year indicated, The
curves merely pive a general picture of the frequency relation and do not take
gecount of other efects, such as fading, magnetic storms, etc.

The Fgure brings out very clearly the necessity for using & variety of
wavelengths if the ship lanes are to be adequately covered. Fortunately, there
iz & considerable band on each side of the curves shown, it which good trans-
mission can be obtained, and this enables one 1o choose o small number of
frequencies in the short-wave range which are adequate to cover the condi-
tions. Actually, it is found that a set of about four frequencics 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 trapsmitting station, however, there Is the so-called sur-
face component, grtenvation of which iz much less over sen water than
over lamd, It will be seen that the surface wave may be relied upon for dig-
tances of the order of 200-300 miles, for frequencies of about 4 megacyeles,
‘The transmission of this component is much more stable and reliable than is
the transmission of the sky wave, Tt seemsd important, therefors, to utilize
the surface wave to the maximum éxtent possible;

With thiz in mind, & series of transmission meagurements was made over
a stretch of water between Mew Jersey, Long Isfand, and Nantucket for the
purpose of more accurately evaluating the effectivencss of the surface wave
component, particularly in so far as it bears upon the question of how close 1o
the water front the coastal station nieed be placed. Transportable transmil-
ting 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 ter-
minal 8 mile back from the coast line increases the atienuation some B da-
cibels at 4.5 mepacyeles. On the other land, 3 narrow stretch of land, such
as 2 sand bar, ovt a few miles from the coast, introduces relatively little loss.
These results indicate that if full advantare iz to be obtained from the more
reliable surface-weve component, the coastal station sheidd be fmmedieely
upon the seacoast or a salt-water bay.

An important factor in connection with radio r:vmptiun on shipboard s
that ok electrical interference, The modern steamship requires for, m; npe:r-
ation and its service a large amount of electrical machinery. In a-l;t-u.'Lﬁ.:._
this, it is equipped with various radio telegraphic services.  The operation 67
all of this electncal equipment produces interierence in a receiver which iz
much in excess of that normally encountered in a shore receiving station which
can be so located as too be reasonably. free from electrical disturbances
Furthermore, there is on the ship another source of disturbdnce which i% due

to charging and dischaging of various parts ob the rigging in the strong clec-
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tromagnetic fields of the various radio transmitters. These various sources
of disturbance were found in the earlier shipboard experiments znd the high
noise levels are, in general, the predominant factor in limiting the communi-
catfon ranpe. Theze factors made it desirable to emplay at the shore end as
poweriul o transmitier a3 was available and to use whatever benefit could be
obtained from antennss designed fo be roughly directive along the transat-
fantic ship lgnes; A transmitting set of the type used in transatlantic com-
arumication, bt adapted Tor the ship-to-shore wavelengths, was therefore em-
ployeds
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Since the ghore receiver can be located ina comparatively quiet situation
and since nse can aleo be made of roughly directive receiving antennas, there
is no advantage in transmitting as large an amount of power from the ship a3
from the shore. The actual power radiated by the Lewiathan's transmitter is
of the order of 500 watis. ~The shore receiver is of the type used en the
transatlantic radio telephone cirenits, working with a directive antenna. The
arrangement provides a fairly well proportioned sysicm, the channels being
substantially equally effective in the two directions.

Tuz SuokE SysTEM

The geneeal setup of the system is illustrated in Fig. 67. The coastal
stations, sending and recetving, are located about 60 miles south of New York
on the Mew Jersey shore, at Ocean Gate and Forked River. The course fol-
lowed by the transatlantic ships is indicated on the map of Fig. 68. The direc-
tiong| bearing of this course and the directivily characteristic of the New
Jersey shore station antennas are flustrated in Fig. 63. It will be observed
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that the breadth of the transmitted beam is adequate to take care of the varia-
tion of the directional bearing of the course. For stenmship routes other
than the transatlantic, as for example the coastal route to the South, other
antenna arrangements will be required.

In peneral, the whole coastal station, including the transmitting and re-
ceiving units, taken together with the wire line connections and control posi-
tion in New York, is similar to one end of a transatlantic point-to-point cir-
cuit, 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, 5 Coastal Station, Cireult Between Mew Yorl 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 trans-
mitter gt Deal Beach, which i3 being uszed for this service pending the com-
pletion of the transmitting station at Ocean Gate, 12 shown in Fig, 70, The
antennas are simpler and less directional than those employed in the trans-
atlantic circuit, and give a transmission gain of 8 1o 10 db as compared with a
singleshalf-wave antenna,

The receiving station at Forked River has been in operation sifee the
opening of commercial service last December. A photograph of the tecei
ing set is shown in Fig, F1. The receiver is of the double-detection type, of
high pain and selectivity, and employs screen-prid tubes. Tt is provided with
autematic pain control, The apparatus shown includes not only the receiving
set proper but also the equipment which is required for moditoring the cirenit
and for connecting with the wire line into New York, The receiving antennas
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are of the same general type a5 those used in, the transatiantic system, which
comsist of & row of guarter-wavelength werticals connected allernately top
and bottem by quarter-wavelength conductors. In the case of the longer
wavelengths used in the ship-to-shore service, the wvertical conductors are
reduced in height and the horizontal links correspondingly elongated. A
photograph of the station at Forleed River and two of the antennas is shown
in Tig. 72,

The control aud operating terminal equipment in New York is identical
with that in wse on the transocesnic radio {elephone circoits,. The sontrol
positions, as they exist in the New York long-distance telephone building for
both transatlantic and ship-to-shore circuits, are pictured in the fronticepiece,
These control positions have associated with them such things as voice-fre-
quency repeaters, indicators of the volume being transmitted and received
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Fig. 69
Drirectiosna] Bearings,

over the circuit, gain controls, monitoring and testing facilitics, and voice-
current operated switching devices. The latter prevent the speech received
from the ship from leing reradisted from the shore transmitting station and
permit independent adjustment of amplification in _!Iht circuits leading to the
transmitting and receiving stations, Thus, the volume sent to the transmitiing
stotion 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 funéi:im of
thie technical control opemator is that of maintaining the creoit in the eorrec
technical condition for talking. In general, it is the intention that l'l'I.E:Iﬁ"HJI'E
transmitting and receiving stations should function, as far as possible, merely
as repeater stations, with the control of the over-all circuit from New-York
to the ship resting in the New York technical operator,

The circuit termisates as an operating facility before a traffic operator
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at one of the lung—di‘s.tal}r:: telephone hmrdﬂ-.. In Fig. 73 iz shown any illus=
tration of the traffic positions for the transatiantic radia telephone cireuits,
including, at the right, two pmtl::n‘ms deveted to the ship-to-shore service, The
duty of onc of these two glrls is confined to the radio circuit itself in that she

g _."L.* :
Fig. 70
Dieal Beach Transpitling Set.

talics to the ship uprerator, passes and receives ‘ianrllmtmn a5 1o calls, amd
is generally responsible for mnﬁ:-!ianng the connection betwen the ship cir-
cuit ;m:i the Fanal Tine subseriber. The ndpt:ml; operator i3 conceriied more.
particularly with the fand subseribers, H.}'B.i'v.'t:rn'lg inquiries and recording
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calls outbound to ships and, in turn, getting in touch with and holding lan
line subscribers for dnbound calls,

. Tug Sure Srartox _

The Levinthon's radio transmitter was designed to supply about 500
wafts, 83 per cent modulated radio frequency power to an antenna at fre.

Forked River Reveiving Set,
quencies from 3 to 37 mcpacydes. To insure satisfactory operating condi- |
tions, the carrier frequency stability was made as good as that reguired for
point-to-point service and the transmitter has been designed with the object
uf holding the frequency within 001 per cent.  This facilitates the cstablish-
ment of contact between the ship and shore and obyiates' the necessity for
frequent returning ofs the shore receiver, The background neise on the un-
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modulater carricr, due to commutatar ripple, ete, s inapprecialle and the
podie-freguency characteristics from 200 to 2730 eyeles is flar o within
+ 2db,

To addition to these electrical requirements, the mechanieal design must
Lo such ns 1o withetand ship's cibention, perinit esy aecess to the inberior
soas to facilitate wave change, and at the some time protect the oprErators
from electrizal shock.

The transmitter consists of o crystal oscillator and associated amplifiers.
The ctystal provides the necessary carrier-frequency oecuracy and stability
and thae sunptefiers step up the power of the earrier to the desiced level, Awdio-
frequency filters are placed nall voltage supply Girenits to eliminate back-
ground poise, The modulation system with its associated transformers is
desipned to produce the requisite audio-frequency quality, A diagram of the
circnit is shown in Ifg, Fib

Very thorougl electrical shielding is necessary between amplifier stages

Forked River Station with Andenna

to present singing, This shiclding makes the changing of coils, which is
necessary 10r the changing of wavtlenpgths, very unhandy and hence the
crystal conieol amd amplifier system, except the kast stage, is provided in dupli-
cate, one side being used for the longer and the other for the two shocter
wives,  Wave changing, except for the outpat circuit of the power stage, i3
then acenplished by mmu:cting the proper amplifier to the poewer stagre,
The quartz plates used in the erystal coutrol systom are circular, being
approximalely one jneh in dismeter, and are clamnped rigidly in the holder.
This clamng serves to prevent any r:h*mgu of ‘l'n‘.‘qm:nl:_'r with mwchanieal
vibratin  The hobder with 34 ervatal i3 mounted inoosoll oven, Ha fon-
peratnre of which is held conztant at 30 deg. cont. to better than &+ QU1 deg.
“fent, The thermal system of 1his oven is so designed that the change of in-
tertal ovin temperature with temperature changes of the surrounding air is
pegrhipEalie,
As shown in the Ggure, the crystal is connected between the grid and
fitarent of a S-watt vacuem tole which, terether with the parallel resonant
gircuit connected to the ottput of this tube, forms the erystal osaillator. The
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radio-frequency volage developed by the crystal oscillator.is applied directly
to the grid of & 7i%-watt screcn-grid tube which can be used either as an
amplifier or a frequency doubler. The outpot of this tubie, except in the
case of the higher frequencies, 15 applied dircetly $o the grid of a 50-watt
sereen-grid amplifier. For the higher frequencies a second frequency
doubler can be gwitched into the cirewit, The outpol of the 50-watt tube iz
coupied through a balanced transformer te the Anal amplifier-stage. The
amplifier pr frequency doubler atages are separately shielded and radio-fre-
quency filters are provided in all power supply leads.

The power amplifier consists of an air-cooled, three-element, one-kilo-
watt tube, Neutralization is accomplished by the familiar balancing arrange-
ment shown in the figure, The output cireuit 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 cireuit of the final amplifier stage,
the piateé current supply being fed throoph a special transformer, the sec-
endary of which is connected to two 250-watt tubes connected push-pull and
fed by a 3-watt amplifier.

The power sapply is obtained from motor-generator sets operated from
the 110-volt, d-¢. ship supply. Protection of the operators and apparatus is
provided by means of relays and contactors in the high-voltage supply cir-
cuits which prevent the high voltages from being applied if the filament 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 ﬂup‘nmrd is complicated h].r a_number of fac-
tors. The transmitting and receiving frequencies must be within a few eer
cent of each other if the best transmission conditions for the time and place
are to be uhilized 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 nomber of highly selec-
tive circuits ahead of the first detector and by using tuned circnits in the in-
termediate frequency stages, the high-frequency selectivity beingeused pri-
marily to prevent overloading of the first tube and the intermediate fre.
quency circuits being used to cbiain the final selectivity required.

A reduction of the disturbances due to stay noizes and better discriming-
tion against the transmitted carrier is ohtained if the transmitting and receiv-
ing antennas are widely spaced. On the other hand, for oferating reasons, it
i5 desirable to have the transmitter and receiver located in the same room,
In the case of the Leéwiothan installation, the transmitting anfenna is located
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directly abiove the radio room, between the second and third stacks, and the
recciving antenna- i5 placed as far a3 possible Behind the third stack, The
recoiving antenna is eonnected through o suitable step-down cirewit to a
shielded transmission ling, the other end of which is connccted to the receiver,
the receiver itself being very thoroughly shilefled to avoid direct interference
from Ui tassmitier.  On account of limited space, only two anlennas are
provitkal to handie the four frequeencies, each antenna representing a com-
prosuise bebween the most efficient attennas which cowld be put up 1o
harmifie* the siparate wivelengths.

Fig, 73
sew York Fraffic Positions

As stated above, the reeciver itsell i of e double-detection type, using
hengper tepe tubes throgghout.  Screen-grid tubes see used Tor W fiesl de-
tector and intermedinte frequency amplilices and three-clepent tubes in the
remaining positions, A photograph of the receiver amd associated veies-
{requency equipanent, 2s it is installed on the Leviathan, is shown in Fig, 76,
and a dingrammatic representation of the receiver is shown in Fig, 77, The
bigh-frequency selective system consists of four separately shiclled tuned
“cirenits, conpled by small eapacities.  The use of u"'a:::ru-n-gi-hl tube i the
detertor circuit gives a twe-fold advantage over the wse of a three-vlement
tobe jn that 3 higher input impedasice is maintained at the higher freguencics
and the necessity for neutralizing against the reaction of the beating oscilla-
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tor on the input cireuit is eliminated. The beating voltage iz 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-¢. plate voltage is
ordinarily required, The sereen voltage is 223 volts. The output circuit is
tuned to the intermediate frequency of 300,000 cycles and connection with
ihe first intermediate amplifier is effected by means of a low impedance trans-
mission line. The intermediate frequency amplifier stapes are coupled by
means of doubled tuned circuits. The use of properly desipned dreuits of
this type makes it possible to obtain a high degree of selectivity agains: unde-
sired frequencies while obtaining sufficient band width to maintain ease of
tuning and to pass the desired frequencies. The second detector is of the

Fig. 74
Ship Traosmitter's Schematie Diagram.

conventional grid bias type. Automatic gain control is provided in which a
certain amount of the carrler is taken at the end of the intermediate fre-
quency stages, amplified and rectiied. The resulting d-¢. current produces
a mltagc drop across & resistance, which is applied to the grid of the [irst
detector in siuch 2 manner that an increase in the intermediate frequercy out-
put beings about a reduction in the total set pain and vice versa, Manual
gain control for following wide ehanges in the received fields is an:ump]uhud
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 sttendant’s desk located on
& lower deck in a room adjacent to the subscriber’s booth. The contral equip-
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nicnt comsists of repumm volume eontrol devices, and wlm m@m
by means of which the levels of the incoming and eutgeing signals cam be
properly adjusted.  Keys are provided which cnable the technical operator
1 talk withier over the radio circuit er to the ship subseriber, The booth
atiendant has facilities by which e ean talk cither to the subscriber or to
Llwmntrﬂ]npﬁlmr and has a connection with the ship's telephone system for

Transmifier.

the. purpose of Intatmg persons on the ship and calling them to the radio
telephone booth, The subscriber’s booth is pmwai&r] with a desk telephone
get hawing a Digh-grade transmitter.  The outgoing and incoming circuits are
shiclded from each other and brought s-:parau’!j' to the transmitter and re-
ceiver of the subseriler’s set.  An illustration of the subscriber’s booth on

the [eviathan is shown in Fig. 78



162 SHORT WAVES

Tue WAVELENGTE SITUATION AND SIMULTANEOUS TELEPHONE AND
Trizcrary OrERATION

Cotttmunication between ship and shore is earried out by the use of o
pair of freguencies, one for transmission in each of the two directions, sep-
arated from each other by about 3 per cent. The specific frequencies which
were first assipned by the Federal Radio Commission to the shore station and
the Lewiathan were necessarly chosen on a more or less malkeshift basis,
in the absence of any comprehensive wavelength plan for this new service.
The Commission has recently bad under study the setting up of mose ade-
quate provisions for ship-to-shore telephone chanmels, whereby it is hoped a
series of frequencies may be designated for telephone service exclusively and
whereby there may be established the refation between the telephone and the
telegraph Irequencies necessary for the avaidance of interference between
the two services. o Especially is coordination of the two sets of frequéncies
necessary on the larger wessels in order that simubtaneous telepraph and
telephone service may be given without mutual interference. On the larger
liners simultancous wse of the radio tefephone and radio telegraph service
must be provided for. This megns that the transmitters of both services
must keep gecurately on their frequescies and be free of spurious compo-
nents, and that the receivers must be highly selective, It further entails that
the transmiting and recelving frequencies in esch of the two cases be so
coordinated that the transmission frequency of one service does not lie too
niear the recelving frequency of the other, and bespeales 2 eonsiderable smount
of mutual cooperation between the operating spencies involved: Difficulties
of fitting in the two services ‘were enconntéred in the early work on the
Levigthan pnd, although the problem has not been worked out to final solu-
tion, sufficient progress has heen made, in cooperation with the enpgineers 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 2 number of nations are already pre-
paring 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 allocatons be worked put in the near future not merely on 2 na-
tional but also on an fnternational basis,

Trawsusson Besunrs

The transmission results which® have been obtained with the Lewdatban
on her first trip of commercial service are 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 twa days out.
The service at gresler distances was more intermittent. This was Lugely
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due to the fact that :hnll'q;,' thits first trip the effart wis qu"{[:nnlmlr_d on cover-
ing reliably the more important nearer-in distances; and the ship was not pre-
|,amd to Lrosisank oo T*raqwznmrm above B nigacyeles, The service proved to
e miuch e demad by the passengers as is indicated by the number of calls
completed each day, particularly on the retuen trip. A similar number of-
test and demonstration calls was marde during the voyage. The calls were
u.-umpk-ted without undue delay, there being only one ship involved, and a
fairly ligh grade of communication was abtained.

Tevinthan Heceiver.

T coriclusion it will be realized that the solution of the technical problem.
of ship-to-shore telepbony s now well in hond and has been carried to the
gt of having proved the pr‘.mfminhty of giving this service. Further
problems are naturally arising in careying the development into more general
effect, particularly operating problems and those concerned with the inter
mumm] coordination of the service, The fodications are that the Iargtr
teansoceanic ships will be rather generally equipped for telephony and that
the gervies will become one of permanent valug in the mariime fickl.
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The two crack lincrs Bremen and Furopa are both equipped with
elaborate short-wave transmitting and receiving apparatus. At the present
time the eguipment is being subjected to 4 series of experiments, prior to
establishing any definite services, The system is suitable for both radio teleg-
raphy and radio telephony. Commmunication is carried on between these two
boats and from the boats to a main station in Germany.,

Im due course i is expected that the radio telephone service will be avail-
able to the passengers to allow communication with telephone subscribers ‘on
land, similar to the service now in use on certain American and Englishiliners,
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 assecizted equipment supplicd by the telephone compantes,

Thiz same shart-wave eguipment would of course be suitable to pick up
international shortswave broadcast and reproduced for the benefit of the pas-
sengers,  Likewise it would Be possible for the liner to put out o short-wave
entertainment program which could be picked up in various parts of the world
and rebroadeast if desired at those points,

It is Witeresting to bete some of the details of the equipment on the
Bremen and Enropa by relerring to the accompanying photographs. In the
first place there are & number of different radio receivers and transmitters so

T FILTER W OET, AMD NEATS O5C.

Fig. #7
*Ship Receiver Schematic Diagram.
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that communication can be carried on with different wavelengths simmltane-
susly. These receivers are of modern desipn scientifically shiclded, Tn the
eaze of radio-telegraph signals, the transmission can b taken direetly by the
aperator or transferred to machine tape recorders,

~ Similar apparatus s also instalied on the modern steaniship Columbire,
Im cach case at the preseot time, the rmdio-elephione eonversations are buing
hield on wavelengths of 160 amd 190 weters,  For telegraph work on shart
waves the Hremen is working on 19.2 and 30.5 meters, the tecoption being
paken'at the German coastal radio station Llle/Weserradio ( Cuxhaven
Radio),  The accompany photographs ustrate this modemn equipasent,

Fig. 78
Subsertles's Booth oo Leddathan, ©
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Esrpry ExperiaenTs SHre-mo-Smoee Bapio-Trrerdony

Considering the great progress made with ship-to-shiore radio-telephony
in the past few years, it iz of extreme interest to study the compatative re-
sults as obtained with the early experiments some years ago,

The Bell System decided to start trials afong these lines as early as 1919,
The fundamental condition laid down was that there should be developed a
systemn by which any telephone subscriber-of the Hell System could carry on
a conversation with & telephone station located on a ship, and that frem the
point of view of the speakérs, the operation should be similar to the carry-
ing on of an ordinaty toll call betwesn land-wire subscribers, It was aiso de-
sired that it be possible to carry on three simultaneous and independent con-
versations between three ships and one land station since a final commercial
eystem would mvplve the establishment of several circuits sumul.tan:nushr
These two.-way conversations were to be obtained without the use of an ex-
cessive frequency band,

Tlee first plang called for the catabilishiment of experimental land stations
about Z00,0r 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 crosg-talle and initial
sipmaling to establish contacts prior to commercial conversations,

It must be remembered that at that time the engineers were handicapped
by the size of the transmitting power tobes available and by the selectivity of
the receivers which had been developed wp to that period. In Fhe beginning
it was thought that to cover the régquired 200 miles; about one or one and one-
hali kilowatts in the antenma woold be necessary. The best tube avaslzble at
that time was the W. E. 250-watt transmitting tube and it was decided to use
thase,

The greatest economy in power and in wavelength range may be secured
by transmitting only one side bBand of the modolated wave., Furthermore,
this method has the decided advantzge that variastions in the trensmission
characteristics of the medium do not canse s great variations in the received
sipnal, Thiy is beeagse the received signal is proportional to the prodoct of
the earrier and side bands and if-the carrier 35 supplied locally instead of<be-
ing transmitted, it is not affected by transmission factors, The use of such a
system, however, or one in which only the carrier is suppressed, ereates a dif-
feult problem at the receiving end due to the fact that a constant oscillator
frequency must be chiained and most ships at that time were equipped with
dietectors only, This would prevent inter-communication in an emnerpency.
Tn addition it also restricts the type of transmitter to one where the power
tubes are used as amplifiers, and it was lmown that some d.i!ﬁﬂ.lfty would be
experienced in operating a number of 250-watt power tubes in parallel 9f it
should be necessary td transmit on wavelengths as low as 300 meters, In
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view of thiz situation it was decided to use a simple system in which the con-
stant current method of modulation was obtained and which required an equal
number of modulator and cscillator fubes; the carrier contained all the com-
ponents of the modulated wave.

The simultaneous transmission on thred channels could at (hat time hase
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 2!l these systems there are many disad-
vantages and the analysis of these and other proposed methods of operation
resulted in the decision to employ at that time three separate but closcely ad-
jacent antennas and three separate transmitting sets using the constant corrent
modulztion systefh,

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, voice-
operated *relays an electric balance where the radio receiving circuit is bal-
anced with respect to the transmitting antenna circuit, the use of different fre-
quencics for the two transmissicns relying upon Irequency-selecting circuits
for effecting separation. Of the above possibilities it was fimally decided o
use a system where different frequencies were used for sending and recejving.

After the first three receivers and transmitiers were erected, initial tests
were made on frequencies of 723, 750 and 775 kiloeycles. These were quite
satisfactary, the only objectionable feature being the interference encountered
from spark transmitters (these spark transmitters are practically obsclete at
the present time),

These experiments were followed by the construction of improved trans-
mitters, more efective antennn systems and experiments continued. At the
game 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
Ontdario. 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 ‘satis-
factory results, Test programs from the main transmitting station conducted
on 400 meters brought reports from several hundred amateurs throughout
the country which showed that audible radio signals were bften received at a
distance of 1,000 nnles.,

The transmitter used had a master oscillator carefully shiclded to madin-
tain constant frequesicy which operated into & two-stage amplifier, the st
stage being S0-watt tubes, and from there into a bank of rix radio-frequency
power tubes each capable of 4 plate dissipation of 230 watts. Thus boih 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 recelving sets,

The receiving sets, as finally developed were extremely selective and
passed & band of speech of the proper width and with a large attenuation out-
ide that band.

Indthe 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 because of static
and, espectally in the vicnily of New York, interference from spark telegraph
stations, , The actual range limit of the tadia link s set by, this interference,
caused by the presence in the ether, on the wave band being used, of ex-
traneous wave comppnents, Actually it was found that in transmission on
400 meeters in the vicinity of New York the receiving field strength could not
be permitted to go below an average of 200 microvolts per neter.and even
then under some circumstances the spark interference was prohibitive,

Additional tests included feld-strength measurements at the ships at
varying distances from the transmitting station. ¥or example: working on
B20 lalocycles tests on the 5.5, Glowcester shiowed that at a distance of 130
miles the feld strength was 400 microvolts per meter and gradually increased
to & value of 2,200 microvelts per meter with the ship a distance of 50 miles
from the transmitter. Similar tests made on the 5.8, dmerica in March, 1922,
working on approximately 378 meters showed dn enormous difference be-
tween the field strengih received by day and might., For example: at a he-
ginning of 1,250 miles from the transmitier at & time when it was both sunset
at the station and sunset at the ship, the first sipnals received had electrie
ficld 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 214 micro-
violts per meter, ™o reception was possible during the following day. The
following night when the ship was a distance of approximately B00 miles from
the tranzmitter reception was affected over & short period with réceived signal
strength of from 5 to 100 microvolts per meter. Reception was again®inter-
rupted untit the following sunset when communication was established and
with increased field strenpth, Communication from thers on was established
with increased sigmal strength which finally reached a value of 5,000 micro-
volts per meter as the ship approached New York, Enormous variations be-
tween day and night in received field strength which occurs at distances of the
order of 1,000 miles using wavelengths of approxirately 350 meters presented
a serious problem at that time? The observations shoaved that there was a
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variation of the order of 100 to I which corresponds to a power ratio of
H0.000 to 1. This means, for example, that it will requice 10,000 times more
power to establish communication during the day as during the best times at
night. These enormous day to night Buctuations are famibar to broadeast
listeners, These curves indicate that it would be impossible to give conting-
ous ship-to-shore telephone service at these relatively short wavelengths for
distances as great as 1,000 miles. It was Ggured at that time that mech
lenger wavelengths would have to be used as well as more transmitting powere

During the perind in which these experiments were made, the ship's

radio-telegraph transmitters were of the spark type and it was, of course, im-
possible to carry on telephone and telegraph communication simultaneously,
To correct this situation, in 1922 the 5.5, Americo was equipped with a radio-
telegraph transmitier of the continucus-wave type and this transmitter And
the radio-phone {ransmitter were arranged to use different antennas. This
allowed simultansous operation of the two radio transmitting equipmients, tele-
graph operating on 2,100 meters and telephone on 375 meters. Ancther ar-
ranpement has been worked out theoretically where both the telephone and
telegraph, signals can be transmitted oo the same carrier. This is mentioned
to show the ultimate possibilities of combined operation and it is not put
forward 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 conlact was to allow the wse of the
transcontinental telephone lines for extended eommunication. A practical
demonstration of this type was given in February, 1921, where a ship ap-
proaching MNew York was placed in communication with New York and con-
versations 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 en-
cotntered could he remedied by vsing longer wavelengths and higher power.
This was some years ago, The contention, of couarse, was true but not feazible
from a point of economy particulary 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 wavelenpths the short wavelengths are more desirable
and nat enly enable communication aver 2 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 neceasity
been confined to commercial applications, the naval authoritics being reluctant
to disclose details of their developments. It i reasonable to assume that Yhe
importance of these developments are fully realized by the military authgrities
and arrangements planned to use these facilities in the caze of an emergency,
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Fecalling 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 dis-
tances were principally by chance. A good percentage bf the aircraft used
wag 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 principaily of the spark type which
had a limited range, particularly during the daytime, These transmitters were
subject to interference by transmitters of the eénemy and had the further dis-
ndvantage that their use disclosed their position, This feature was used by
bath sides to advantage where possible.

During the World War, radio developments were practically equal on
both sides but in some instances the German Government hixd superior equip-
ment including a portable Trench Set of a suitable size; two men could carry
the entire apparatus and accessories.  This equipment enabled communication
Lietween the trenches and rear lnes which was more desirable than telephones
or runners,  The radio equipment on the dirigibles and sea-raiders’was gen-
erally very satisfactory and proved effective but the successful operation of
this apparatus in many casts was due to individual efforts; that is, this ap-
paratus in the hands of an experienced radio operator would be of consider-
ably jnore value than when Sperated by a student or operator with a limited
ameunt of training. An example of this is the fact that during the period
when spark transmitiers were uséd, each transmitter had an individual sipnal
“tone” or "note” and could be identified by this signal even if the signature
call fetters were omitted. In a like manner, diffeérent operators had an indi-
vidual characteristic in their method of sending radio-telegraph signals and
even the operators could be identified in this maoner. This is pot 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 reproductioh. '

Communication is of course an important consideration in times of war.
In any future emergency systems could now be installed which would be far
in gdvance of anything used to date, Naval headguarters eould be in instant
communication with all naval vessels regardless of what part of the world
they were located in. Aircraft attached to aircraft carriers or to a base wouold
always be in communication with their base. MNations which were allied to-
gether would be in constant communication with each other regardless of
cable facilitics, . Through the use of directional transmitting systems, com-
munication conld be carried on between certain points without any possibility
of the sighals being heard at other points. Elaborate methods of maintaining
secrecy have been developed mzking it practically impassible 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 are interesting and must not be over-
looked, it is of course the hope that radio and its future developiments will be
a means of biinging the different foreign nations stll closer together bath
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. The
radio-telephone and telegraph service to ships will be supplemented by tele-
vision—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 available to the captain and the passengers will have
the advantages of news service, either as full pages reproduced or as an instan-
taneous 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 feature would of
course have & more important military value between & sconting vessel o air-
craft and the main fleet or sqeadron.

New plans are in progress to extend radio facilitles to the liners. One
company plans to equip the liners with stock and news tickers, the latter in-
stalled in a special cabin aboard ship and automatically operated from a ‘main
transmitting station or stations. FEarly tests along these linss were made
using long-wave trensmitters and receiver, The operation at the receiving
end 1o be automatic requires that the signals directly operate 2 relay and ink-
ing recorder, This would be a telatively simple problem if channels of a
roasonoble band width were available and free from other telegraphic inter-
ference and static encountered was within practical limits. Tt must be re-
membered that it is difficult to dﬁrgn a receiver for long wavﬂtmgﬂus {for
installation aboard ship) which is highly selective, In view of this, in addi-
tion to the signals which are intended to opeérate the recording relays, there
are interfering signals and static interference, both atmospheric and from
electrical devices on heard. In view of this condition the early experiments
were not encouraging.

The short-wave chanmels 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 tele-
praph communications could be carried on simultaneously on the same carrier,
The development of world-wide ticeer service and the supptﬂn&ntar}’ tefe-
graphic order gervice will mean that eventually 3 customer located in any
part of the world can trade with members of the New York 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 pro-
portions that never have been dreamed of.

The radia equipment on board ship will eventually include supplementary
apparatus for entertainment purposes. Recently the Levisthan on a trip from
the Dry Dock in Boston to New York, sent out an entertainment program en
short waves, This was received and relayed to the National Broadeasting Co.
pver the t:hp'l‘mn: lines and distributed to a pumber of stations an their chain,
This wijl likely become an interesting feature on the radio in the near future,
In a similar manner the mdio receivers aboard the liners can be equipped with
eupplementary apparatus which can pick up broadeast programs from prac-
tically unlimited distances and distribute them throughout the ship with a pub-
lic address system amplifier and & number of loud speakers, This will become
mare and more important as the guality of the broadease programs improves,
that is frdm a general interest standpoint.

Radio has of courae 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 Bremes and Exropa, the
systemy of nesting the lifeboats and arranging for their Iaum:hmg i3 unigue
sl ideal.  In addition the lifeboats are individoally equipped with low-power
radio transmitters and reccivers. It iz not difficult to imagine that in past
maring disasters in many instinces the lfeboats were suceessfully
launthed but in cerlain cises, one or more lifeboats drifted from the scene
and were lost., This can be eliminated with radio installations on the Hifehoats.
An operator s not required as the operation can be autematic (following a
reasonable amount of instruction to a member of the crew) and the position
of the lifehoat will be detcrmined by the rescuing ship with its directional
finding equipment,

While radio beacon service is at present of prime importance to aerial
navigation, there are conditions where simatar facilities might be extended for
ocean travel.. Rotating beams of this type could supplement ordinary light-
houses and a5 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 eoncentrated beam working on an extremely shorl wave woold e wse-
ful in indicating the incoming and outgeing channels in a harbor or through
a difficult passage. Tt 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 immediaie vicinity.

There are an unlimited number of applications for radio which will be
dwﬂﬁped in the future and the progress will only depend wpon the nomber
of workers available together with the capital that can he interested,
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Directonsl Antennas
SHoRT-¥ AvE DirecTive Transurrrine Anp RECEVING ANTENNAS

As s well known, radio waves are similar in physical natuce to LBght
waves, both bempg electromagnetic phenomiena propagated through space by
vibrations or disturbasces in the ether, The twea differ from esch other only
in the frequency with which the vibration occurs., Hadio waves range in
frequency from about- 10 kilocycles to 10 megacycles. At the letter point
redio waves merge nto the infra red portion of the light spectrum.

Since radio waves are similar to light it is to be expected that they could
he reflected and focused into o beam o as ave light rays. In fact, in Herte's
original experiments he uwsed a parabolic reflecior very similar to a light
reflector.  The wavelengths used in long wave radio- communication, how-
ever, are so great that any type of reflecting or directive structure would be
prohibitively large and expensive. It was not until short waves hegan to be
used for redio communication that it bemme 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 electro-
mafmetic waves, that exhibited in the reiraction of light, is made pse of. If
a simiple verifeal Hertz half-wave antenna is excited by signals of its charae-
teristic frequency, it will radiate disturbances into the ether, Viewed in a
horizontal piane these disturbehices will be equal in sl 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 & direction mormal to the plane of the two wiresand at
a point remote from the antesna 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 distribu-
tion of field about such an antenna system is showd in Fig. 81(b). It will
be geen that with this arranpemnent radiations occur in either direction pormal
to the plane of the two wires, _

If now two vertical antenna= are placed one-fourth wavelength from
one another and excited so that the voltage in one leads that in the other by
907, the distribution of field shown in Fig. 81{c) occurs, In other words,
the feld cineels on ooe side of the antenna while it adds on the other, a re-
flector effect being obtained. By combining the effects shown in Fig. B1(b)
and 81{c) the elements of directive antenna employed in the Buenos Ajres
Madrid channel is sbiained,

All the transmitting antehnas described below depend for their action
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Fig. B
Filteen-mster Anteonae Cuctamn with Masts 60 Meters Highe=Type Used st Madrid
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on these principles. Instead, however, of employing only two phased radia-
tors one-hall wavelength apart, as shown in Fig, 81(b), as many 2s sixteen
are placed one-half wavelength apart in one plane, cach being backed by its
reflector, as shown in Fig. 81(c). The reflectors are ordinarily parasitically
driven by the radiator. In like manner, placing of properly phased conductors
vertically above one another produces a similar directive offect in the vertical
plane. The 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
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fore be as directive as possible, both horizontally and vertically. The hori-
zontal directivity iz limited by the economical length of the antenna and the
physical atcuracy with which it can be directed toward the desired objective.
The vertical diréctivity should be about 107 to 153 for frequencies of 20,000
KL and about 20° for the frequencies of 10,000 Ke, Vertical directivity
greater thas this can be secured but results in a ray so sharply directed that
its opevation ig 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 stationury waves and bend it according to the pattern of Figure
83, the currents will then be distributed zs shown in Figure 83, It will be
seen that in the vertical portions the currents are in phase, while in the hori-
zontal portions the corrents caneel out doe to opposite phase. In the end
gections O 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
prpetically nil.

The arrangement shown in Figure B3 constitutes a group of vertical an-
tennas in phase. The antennas of the Buenos Aires-Madrid channal congist
in general of & to 8 groups of this type placed one-half wavelength from one
gnother in the some plane, Each of these groups is energised by high (re-
quency transmission Hnes, consisting of two wires, at a polnt of current maxi-
mum such as B oand S, and in such fashion that the current in the vertical
gections is in p}hase for all groups. Behind this curtain is another similar
anpenna curtain which serves as a reflector.  The horizontal directivity for
such an array is shown in Figure 84,
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Transmitting Antennag

The antenna curtaing and reflectors at Madrid are suspended on two
cables between guyed masts 60 m. high (Sce Figures 80 and B3). A spreader
consisting of a steel tube 2 wavelenpth long separates the cahles supporting
each curtain. The strain at the top of the towers is 3 tons and i5 automati-
cally regulated by a counterweight. The two supporting cables are attached
to winches in erder that the curtains may be raised and lowered. A mes-
senger cable to which a counterweight is attached maintains the tensich at 5

tons when the aptenna is being raised and lowered. The vertical wires of
each curiain are kepl in tension by counterweights acting through a system
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pulleys, Very large factors of safety have been adopted and in no case
does the tension in an element of the curlain exceed 150 kpms.

At Buenos Aifres precisely the same antenna is employed as far ag theo-
retical considerations are concerned., Practically, however, the antenna cur-
tains sre suspended from 173" steel masts. Seven of these masts are em-
ployed for an antenng system consisting of thres frequencies. The masts
are anfhored by means of head puys and the curtaing can be raised and
lowered completely indopendently of the head guvs by means of winches, The
method of fm:lmg the antenna curlmn, 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 piven frequency the gain of such a system
over a single vertical half wave antenna is approximately 15 to 20 dh,

Doz po the wilh which ihls prefeet was e, Lhr trapemitid nd rece
MHJ#&W Hﬁﬂlmh |‘!ﬂu ﬂtﬂ:r-l |I:ntq.ip.:;l| n;“:.l' ' 'l-
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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 :qua.l 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 sime curtain are excited by branch lines
from the transmission ling, it i3 pecessary in order to satisfy the first condi-
tion that the length of transmission line be the same to-each antenna element
from the transmitter and that the bremch lines be symmetrical. Since the
gpeed of propagation is the same in the identical branch lines and the length

'y Fig. &84
F el RS
teiita  Asray Having Both
Kadiztom and Reflectors,
of the latter are equal, the dephasing due to these equal distances %Wwill be the
mame for all groups of antennas.

To satisfy the second eondition and aveid the presence of stationary
waves on the transmission lines between the transmitter and the antennas,
it is mecessary to match the impedances of the transmission line in such a
fashion that the ling will be terminated by an impedance equal to jts charac-

teristic impedance.

Receiving Antennas.

The divective propérties of the antennas described in the first part of this
paper were explained on the basis of & transmitting antenma. It will be seen
that the theory is equally appiicalie to a receving antenna. Asseming in
Fig. B1(b) that the two sntennas are so interconnected they are in phase
for transmission, an incoming signal will prodece a disturbance in each an-
tenna.  If the signal arrives from a divection normal to the plane of the two
antennas the voltage induced in each wire will be in phase and the two result-
ant-currents will add,  If, however, ihe signal comes {rom any other direction,
impulse will arrive at one antenna before it reaches the other with a result
that the currents will rot be in phase.

For various reisons, however, a transmitting antenna does not make a
particularly satisfactory receiving antenna. It is desirable that the trans-
mitting anterina 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 hori-
zontal to vertica], depending on the manner in which it has been reflected
during its passage. The most common angle is between zero and sixty de-
grees, from the ground and ah efficient receiving antenna should be equally
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responsive over this range. The antenna 1s preferably constrcted on a wood
framie avoiding as much as possible the use of steel towers or other extrane-
ous reflecting objects which will reduce the directional properties of the an-
tenna by introducing wnwanted reflections onto the antenna elements,

A type of antenna whicl answers thess réguirements s that shown in
Figures 88 and 90, This type of receiving antenna i3 used both at Madeid
and Buenos Aires. [t consists essentially of a long wire so fdided in space
that the vertical elements act as signs! collectors while the horizontal mem
bers act as interconnecting lines.  Both vertical and horizental members are
each one-guarter wavelength long. The voltages induced in the vertical ole-
ments 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 veriical elements; voltages which are alf in phase, By alternately
conmecting th::%s and bottoms of the vertical elements the wire curriars’
caused by the signal voltages are also in plase and reinforce one anfither.
The wvoltage and current relations for a broadside signal are shown in
Figure B2,

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, p:rnd:mng out of phase disturbances, Hence the wire
currents are likewise not in phase and cancel ore another.  Another advantage
of this antenna is that the current distribution to & broadside ssgna! is such
that & current node i3 found in the center of each horizontal section, Thus
there is no current flowing in the horizontal sections and hence no Joss due
to the resistance of the wire,

A A
.FL'BE!IH=-E— BC=Ch= BE:F‘GET

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 rectiver a signal about 15 db. higher than a single vertical half wave
antenna. The improvement in the, matio of signal to unwanted - static is lile-
wise about 15 db,

Figure 88 shows a miethod of connecting such &n-antenna to the receiver.
An pscillating circuit LC is connected on one side to the antenna and on the
other eide to the reflector between voltage maximum points such as A and B
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 dreuit.  This is to say:
A
RD=AB 4+ —
4
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When a wave of length A arrives in the direction of the arrow F, it in-
mw
duces in the antenna and reflector, currents separated in phase by — gince

&
A
the distance betiveen the antenna and the reflector is —, Hence at points

4
A and R, *which are voltage maximums, there will be equal voltages but
i
dephaled by —. These currents in order to reach the escillating cireuit will
S .
require a time propertional to the digtance, Since the distance RD s greater
L

by — than the distance AB, the voltage coming from the reflector will lag
4

w
an udditional — and the oscillating eirevit LC will be excited at the points

2
B and D by two voltages of the same charscter and amplitude but dephased
by m. If V isan absolute value of the voltage between the points AR, the
vaoltage acting 'on the gscillating circuit LC will be equal to 2V, 1t is possible
to arrange & number of other types of couplings.
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Mag of Madeld Transmitting Antenni.

Dinectionar ANTENNAE AS Usep 18 ExcLaxp

In Esnpland; the British Post Office operates radio service in severgl
branches includi=g, ship to shore radio telegraphy, long distance long-wave
operation from Rugby, point-to-point radio-telegraphy strﬂ'n:.' to a number
of European countries, point-to-point radio-telephony service and radio
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o te-hony to ships, An important part of these services is conducted on short
wavelengthis,

The long range ship service is taken care of from Portishead (transmit-
ting} and Huenham (receiving) stations, In addition to the long-wave in-
stallations there are two short-wave transmitters which can communicate with
ships in any part of the world, These short-wave transmitters operate on
8210 ke (36.54 meters) and 16,840 ke, (17.81 mcters), The tube used in
"these transmitiers eonsists of a 3194 kw. silica valve with 3 tuned cireuit fn
sarics with the grid and anode. T'.Lus ﬁpm:ml oscillating circuit was developed
by the Post Office far this service and has the merit of great simpiicity, and
together with other features fncludad, gives a frequency constancy well within
the ri:qu:h.-anwuls speeified. The supply current, rectified and  pactially
.mmathed oul, pives a characteristie GO0 cycles note,

“The 16,840 ke, transmitter is coupled to 2 horizontal an:x with a Z-wiwe-
lengl, aperturc pounled o a Btlice sieel pirder which 5 capable of rotation
on a verlical axis, Fig. 91 s 2 photograph of the rotating aerial system, The
rotation of this beam systen and the keving of the transmitters are controlled
from the receiving siation at Burnbam.  For the B210 ke tradsmitter a
Li-wavelength vertieal dipole 35 ysed as a radiator.

At the Durnham receiving station in addition ta the long-wave Eeteivers
tliere zre short-wave reccivers for the 36 amd 17 meter ranges.  As a matter
of comparative interest 35 shoulid be mentioned that the longrwave receivers

L4 . P

Fig. &7
Bucnos Afres Transmitting Anterna, "
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are provided with large frame serals and’verticals providing a cardicid
dizagram for directional reception, and have a six-stage high-frequency ampli-
fier, separate oscillator, and also low-frequency band filters. A rotating arvay
sindilar to that at Portishead is provided for the directional reception of the
17-meter service.

The uze of a beam antenna for reception and transmission gives a sub-
stantial improvement on any short-wave service, and the use of a rotatable
system bas solved the problem of adapting the directional array for shiji
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 receiv-
ing station,

Horizontal dipoles with open transmission Jines are used for the 36-nieter
sarvice,

There is'a l:nmpl:t'u chain of British short stations for shi ipto-ihoeet
service and as they operate on commercial wavelengths they will nutf"ae de-
scribed, It should be mentioned however that at the receiving stations, spe-
cial frame aerials are used to secure directional receplion which in addition
to provifling the location of the ship also reduces interference from other
stations.

At Ruphy there is a high-power long-wave station and experiments have
been conducted in measuring the field strength at distances up to 8,000 miles
from thiz transmitter. These results have been plotted and at the same time
the corresponding noize level measured. While the signals fram Rughy de-
crease pradually with distance, there are points wheare the noise level is ex-

A ABed

Fig. 88
Dirﬂ:limfhﬁjﬁnghlmmui&t Frame or figmg Type,
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Distribution of Current and Veltage in a Framy or
Zigeag Type of Antenna.

tremely high, particularly at distances of 4,000 ta 6,000 nules and under which
eonditions communication was not possible.  To overcome this disability ad-

vantage has been taken of the fact that short waves are much less affected by
atmaspheric interference and long and short waves do not always fade simul-
taneously, and a short-wave service is now operated parallel with the long-
wave service for press dispatches,

The point-to-point radio-telegraph services ave carried cut on both long
and short-wave transmitters, particularly the latter during the summer months
when atmospheric conditions are severe, The transmittérs are located at
Rughy and Leafield and the receiving station at St. Albans. These stations
are controlled from the Central Radio Office at London, no operating being
deng at St Albans. Most of the reception is taken on automatic perforators
ani printérs,

At the 5t Albans Receiving Station, in addition o the long-wave receiy-
ers, there are four short-wave receivers, These sets are of the douhle defee-
tign type with band filters. Each smplifying stage comprises two tubes ar-
ranged in gush-poll and each stape s carefully screened.  Suitable limiting

ol recording tubes are provided and the receivers are capable of working up
to spleds of 400 words per minute,

In the point-to-point rodio-telephone service the plant at Rugby has
grown from one long-wave transatiantic transmutter instafied 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 layout of the mast
and buildings is shown in Fig. 91 {a).

The existing long-wave transmitter was installed in 1923 by the Stand-
ard Telephones and Cable Co., Ixd., under the direction of the Bell Telephone
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Labsoratereies and i codperation with thie British Post Offices 1t was witl this
transmitter that the transatlantic Wlephane service was opencd in 1927,

The first experimental shoct-wave transmitter was installed in 1928 and
peod as an auxilisry to the long-wave circuit on the fransatiantic service,
Later this was repalaced by a new transmitter in 1928, In 1928 plans were
prepared for a vew building to hosse an additional long-wave transmitter
and ning short-wave transsmtters. TDivieg 1929 two additional short-wave
transniitbers were placed in service amd during 1930 stll two more short-
wave transmitters, one for ship-to-shore service amd the other for telephone
scrvice to Austrilia,

The transmitéers ordinarily have a modidated power output from the
final rtage of 8 to 12 kw. depending upon the wavelength. 1§ desired the
penultimate stage ¢an be switched on to the acrial transmission line in len of
the final stage when a power output of 3-3 kw, 5 obtsined, Balanced push-
peetl circuits are used theoughout on the anpdifying stages, The erystals are
fitted with thermostatic temperature regulators,

Each transmitter is capable of operating en three or four wavelengths in
& band of from 15 to 50 meters, facilities being provided for rapid change
from one wave to another,
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For the receplion of signals from Rock Point, N, Y., it was decided to
s dircctional type aerials, which weonld elimicute atmosphenic disturbances
rom the opposite direction and which in this particular case was the direction
from which the disturbances were of the preatest intensity,  The antening
system at Cuepar [or I;bd!g:maxu'll;hﬁmm receplion eonsiys of six largu loups
with assocfated vertical antennns arranged in three pairs as showsn in Fig.
91 {b). Eash unit of a pair is spaced a quarter of a wavelengil, ie., 1,250
~ weters, fromy its partner i the direction of the received signal and pairs are
spaced0.62 of @ wavclength apart in a dircetion normal ta that of the received
sigreral,

’ The sigoaly from the antenna wiiis (cach consisting of a loop and wer-
ticil} are hedl to the receiving station by six pairs of trinsmissian lines, These
aiLﬂ,lil.l!.:ﬂ.l;'E caninlangd fo give lhl!'_:q.t- rfift}l:liv; characteristic,

Pack loop antenim consints of four turay of silicon Trelize wire supporied
by 't e L30-ft, steel Battice seli-supposting towers spaced apart o distance of
200 yards. The 1op of the loop is 110 fr above the ground and the bottom
20 ft. above the growsd,  The turns are spaced four feet apart, The vertical
antenna consists af & singhe horizontal portion stretching the full distance be-
tween thie towers aml therefore 130 {1 high, with the down lead at the cenger

Fig. 81

. Lonmtban Terninal Ajepsit at Crondar, -
The raitio contral racin ot the tap Hosr of the contrl tower, the roof a 34-Foot
hass smparts @ Marcoai Ballus- Lo aceiel wade of two deuble tempgular foops
' &L right angles 1o cach ather.



192 SHORT WAFES

of the system.  The outputs from the loop and vertical are combined by the
apparatus shown in Fig. 91{c). When atmospheric disturbonces are unusu-
ally severe, the wvertical can be disconnccted by relays and the loop used
exclusively.

The loop systems bave beun in wse on the transailantic telephone systent
since May, 1928, and satisfactory service has-Leen oftained throughott, ex-
cept ot some of the sunset periocds and for a few days when forward end
-storms have oecurred.  Before the above date, a wave anlenta wag wsed, A
direct comparison between 3 double broadside of wave antennne aghinst o
double breadside of pairs of luep and vertical eonibinations showed an average
sprovement in iavor 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. Teis cos
tomary to coimpare the sipnal-to-noise ratics of the anlenna arcays agiinst
that of & single io8p avripl and these improvement Ggures of 1920 arc gi o,
s follows:

Average fnprovement of triple broadside to 3 pairs of partial

cardinids over one large loep antenna. ... . Vhasissanraniarn  SH.3
Average ifnproveinent of i-np!r. broadside of 3 pmrs uf cardivids
over one pair of cardioids. . AR S 4 e R

:I..
3.

Fig. 92
The Masls and Traismitting H‘utldmg at Cragdnn,
The four maste coch 190 feet Kiph support four cage acriais of i fmaeeped YL"

type. The magts are located ot fhe coendrs of o 250-foot squure,
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Fig. 93

Tranunitting  Autenna
Loy, Raues, German,

Aoversge mqucnm:t ol donlde broadside of 2 1|:||r=. of cardiaids
aver ofie paic of cardipids. . B e a1, ||

Average improvement of triple over d!}ilhlﬂ Iarmds:dm svvesarers Db iy

It is proposed in the near future w0 add two more loop systems, that i,
rp.cni.nq; the antenna system into o quadreple aeruy. 3t 3s hoped by this
ik u?rm.r'mw to a still greater degree the directive curve on reception from
l.|1:i}§'u end although nat muoch friprovement is expectin] from the 'tr:u:L
end direstions as the existing balances are very good.

For the short-wave channels reception is being concentrated at Baldock,
about 40 mibes from London amd the areovs ace siteated aroond 2 cénteal
receiving slation buibding, the outputs of the varioss antennae being led it
e Lasliding By special transmitssion lines,

The site of this station is approximately 900 acres in extent, in arder to

Fig, 54
Tracsmitting Antenna Systums at Naven, Germany,  Direciioal Type.
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zecommadate the multiphicity of short-wave acrays which will be required,
The ultimate capacity of the station will depend Jargely on the number of
gerial arrays which can be zecommadated bat i is anticipared that this will
Le at lenst 16 short-wave recetvers and one long-wave receiver,  Chr the short-
wave bands feding of various types vecyurs. The receivers are therefore de-
signed to have a darge gain and are fitted with automatic gain control devices
which keep the andio-frequency output sensibly constant although the sipnal
msput may be varying as muoch 25 50 db,

A Block diagram of the Post Office receiver is given in Fig. #1(d} {rom
which it will be seen that there are two stages of puéh-pul_l high-frequency
amplification; the fivst stage being in triplicate {or connection to three rooeiy-
ing arrays working on different frequencies.  The Intermediate frequency
amplification is performed by five stapes of soreoned-prid tobes and the selec
tivity obtained by the intermpediate frequency band-pass fifter. The auto-
mati# gain contrel is obigined by means of a separate detector tube connected
in prrallel with the regular second detector.  This tube lias o high resistance
in its anode eiresit.  The voltage drop across this resistance varies with the
gtrength of the incoming carrier and is apphed as & negative grid bias to the
Rrst tule of the main mtermediate amplifier,

It should be pointed out that onc of the duties of the high-freguency
stapes is to supply sulficient selectivity to differentiate between the two fre-
qu&nﬁ&§ which are separated from the beat-gscillator frequency by an amount
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Fig. ¥l {a)
Fughy Radio Station.
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Antenna Systemn, Cupar. & 5000 meters. 5t ing distanes = 1250 meders.  Bread-
aqde distance = 3,100 meters
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equal to the intermediate frequency. In the Post Office recefver, this inter-
mediate frequency ig around 300 ke go these bands are separated by 600 ke
and therefore the measured band width of the high-frequency cireuits must be
much less than 600 ke, The band width is usually measured at 6 db down
from the maximum value on the {requency transmission characteristic and it
will be seen that on the 30 meter wave-length the band width is only 52 ke
At 600 ke from the center of the band the zttenuation is over 60 db, These
stages give a2 gain of approximately 25 db on 30 meters and about 15 db on
15 maters,

The intermediate frequency filter has a loss of about 11 db in the band
pazs and therefore additional gain is supplied in the intermediate frequency
amplifier to counteract this, and the over-all gain of this amplifier and filter
iz around 83 db, the band width being 9 b

The mensurement of over-all gains of the order of YY) db and above is
al'ﬁ.'!-_}l'?lliﬁll-':u.“ and 15 more so when the input (reguency is 15 megacycles.
Theretore in order 1o check the gains it is tusoal o connect 3 vertical antenne
o half wavelength long to the eeceiver and (o penerate a feld from an esdl-
lator sitvated some distance from the receiver. The Reld streagth at the
sarme distance from the oscillator as the receiver is measured by means of a
ghort wave field stronpth measuring set and 2 comparison betiween the different
receivera can thus be made,

When using a vertical antenna a half wavelenpth long, 8 reccived signal
of 04 p¥ per meter on 35 meters is capable of working the second detector
up 1o the ledel at which the automatic gain control starts to operate.

It is the experience of the Post Office that for short-wave reception very-.
much preaver amplification can be used than in the case of long waves owing
to the usual much lower noase level, and the full amplification provided on
these receivers can at times be very uwselully employed.

Both {for radio telegraphy and radio telephony the British Post Oifice has
built & erge number of short-wave directive aerials of various types, The
Sterba and Bruce types, well known to American engineers, are used for
transmission and reception purposes respectively while the Dutch (Kpomans)
type, both in its vertical and horizontal form, is employed both for transmis-
sinn and reception purposes. - At Roghby and Baldeck a modification of the
Pruce aerial has been introduced with improved results over the onginal tpe.
The single square pattern 35 retained but a second square inverted pattern has
keen added as shewn in Fig, 91{e). Experiments have shown that the hord-
zontal arrays having the sune number of elements as vertical arravs and sus-
pended from structures of the same height generally give a greater gain than
the vertical type. From variows types of aerial systems now in use on dif-
ferent “services, hoth for transmission and reception, experience is being ob.,
tained and data cobrdinated as to the most effective types for the diversity of
frequencies, distances, and donditions for which directive propagation is
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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 de-
signed by T. Walmsley, which has been used munes:l'uﬁy on the transatizatie
telephone service is shown in Fig. 91(f). In effect, two curtaing consisting
of horzontal radiaters spaced half a wavelength apart are erected one behind

the other, the currents in the front cortain being 180 deg. different in phase
from the currents in the back curtain. Good reflection action is produced if
a refleetor 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)
Buldock Short-Wave Receiver,

in Fig. 91{g) in which the measured horizontal diagram of the vertical type
of array is given, the [ront-to-back ratio of field sirength is about 4.5 to 1
or 13 db. The array consists of 48 vertical directly energized mdiators and
48 hali-wave reflectors. )

The development of radio-telephony service to ships from England has
followed the same Feneral lines as thet of short wave point-to-point radio-
telephony with such modifications as have been necessary tooallow 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 hetween Rugby and the "BLMLS. Clyinpic™ commenced tn ]a.ﬂuary,
1930, ¥These tests gave such promising results that o commercial service was
started in the following February and soon extended to four ships, The trans-
mittey at Rugby on the marind service was built by the Standard Telephone &
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Danble Bey Yertical Array with Reflestor.

Cables Ltd., and is very similar to those psed on the London-New ‘i;grir,' cle=
cuit. The finzl power amplificr, however, only employs two water-cooled
tubes and the unmodulated carrier power in the antenna is 3414 kw.

It has'been found necessary o utilize four diffecent frequencies in order
to span the Atlantic, and from the Rugby station thesé frequencies are as
follows:

(a) 4975 ke (60.3 ‘meters)
(b} B375kc (358 meters)
(e) 12780 ke (2347 meters)

(d) 17080 ke {17.56 melers)
O these (a) is used only to communicate with ships which are within |
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*T. W.™ Short Wave Aerlal (single-vestical unit).
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Fig. 91 (&) 1

Measured polar tiagram in horizontal plase ef “T, W.* vertical J-unit acray, §
betwetn end nﬂE:m 53 wavelengths i a

one day's run of Southampton; (b) is used by day during the second and
part of the tkird day out, and for night tranamissiona; (e) is used by day
when the ship is in Mid-Adantic and during evening periods; while (d) is
used for day transmission only as the ship nears Mew York, -

Horizontal transmitting aerials are used on all frequencies and have been
four] to give distinctly superior results to those oblained with vertical aerials. -
On 17,080 ke 2o array of 32 hali-wave dipeles is used, giving & fairly con-
centrated beam along a center line 15 deg. south of the Rughy-New York
great circle. On 12,780 ke another horizontal array of 24 lipales gives a
rather wider beam directed along a line 25 deg. south of the London-MNew
York grest circle.  Simple arraps are used on 8373 and 4,975 ke owing to the
widg, angles which have ta be covered when the ship is near England. )

The chief difficulty in this communication was expected to be in estab-
lishing communication between Eugby and ships dose in to Southathpton.
The difhculty, hewever, seems to have been almost entirely overcome by the
use of the 4575 ke frequency in conjunction with a simple horizontal array
of four doubléts, giving high anple radiztion, and directed 20 deg, west of
Southempton ; and ordinarily, a ship can be worked right up to the English
Channelvinto Southampton docks.

Thie receiver at Baldock is similar to the transatlantic telephone receivers,
Asrays having directional effects similar to those at Fupby are gesed,
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The operation of the service presents several difficulties due to (a) the
number of different frequencies employed, (b) the increasing divergonce be-
tween ship and Greenwich mean time as the ship steams west and (¢) the
fact that each ship has to work both to America and to England, Nal'u.ralEir
these difficulties increase as the number of ships fitted with mdio-telephony
equipment increass.

The following method of operstion as arranged between the American
Telephone and Telegraph Co. and the British Post Office i at present in use
and Iy giving satisfactory results for the number of ships at present in com-
miggion, 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 “Eurcpean™ and “American” zones,
the dividing line bling the meridian 37 deg. 30 min, west of Gresnwich. Each
day is also divided inte periods, usually each of three hours durdion, and
operating schedules are so arranged that when London is working with ships
in the American zone, New York works ships in the European zone, and
VICE VETsE,

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 ta 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 m!hﬂn the zone in
witich it will lie at the end of the perod counts as the appropriste zone.) The
ghip at the commencement of cach period tunes in its recciver and frans-
mitter to the appropriate wavelength, and listens for the land station. The
land station in the meantimwe calls up any ship for which it has outgaing
traffic and disposes of this immediately il 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 referance 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, cafls up the ships and receives
any traffic which may be waiting,

The technical operators turn over the cireuil to traffic without a formal
line-up if it is evident that the circuit is commercial, end noise measurements,
eic, are made during actual traffic, A period of five minotes 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 arrangeqents
with regard to frequency and time of work during the next period.
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Directionarn ANTENRAS—Piacticar Prosrens

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 case of point-to-point
work o certain definite figure can be decided vpon, For transatlantic work
it has been found that a value of approximately 10 gv per m is generally satis-
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factory. On some days telephone communication can be established when
the radio nofse i3 low with a veloe considerably less than 1 av pet m while
an other days of extremely bad noise and fzding 100 av per m may not be
sufficient, The low signal level or low signal-to-noise ratio is only one of the
many problems connected with the effectiveness of the telephome circuit.
Fading which at the same time usually gives bad quality is an equally im-
portant factor, These factors cannot be separated casily as they usually oc-
cur st the same time, The fow signal-to-noise ratio oocurs alone more oftén
than doed fading.

Cine of the most important and difficolt problems is the maintenance
of service on days during magnetic storms (solar conditlons). Observationa
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have indicated that these difficulties are more pronounced in high latitudes
than in the cage of transmission dcross the Equator. In actual proctice this
magnetic effect has been so disturbing that tranzatiantic signals are so attenn-
ated thzt even the carrier cannot be detected as a beat note, Swch extreme
conditions in order to be overcome would require an incréase in sipnal-to-noise
ratio of more than 30 db over the values now used. Tt 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 valee, Iff
any event the various improvements made from time to time will materially
reduce the Hme during which the cireuits are made "uncommercial™ by these
pniseal conditions,

As previcusly explained long distance short-wave systems require several
wavelengths for twenty-four-hour operation throughout the year. This ap-
plies both the piint-to-point work and for ship-to-shore communication’ In
recent practice transmisgion during the daylight period for the tronsstiantic
work has been carried on at frequencies of approximately 17 to 1‘5_»».;531@-
cycles. It has been noted that on winter days somewhst better results are ob-
tained thvough the vse of lower frequencies.. Observations show that in Cif-
ferent years the results obtained in order to secure the best daylight frequency
have varied widely, During 1926-1927 on the transatlantic system a fre-
quency 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 frequercy as
low as 6 to 7 megacycles was found desirable. These limits of {requency rep-
resented by the summer day and winter night create a condition where inter-
mediate frequencies must be selected to secure the desired 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
batance in darkness.

Cme of the most difficult times of the year is in the winter afternoon, The
sin has get in England but it i= still daylight in Amerjca, During this period
the optimum frequency varies graduezlly from the moming frequency of 1B
megacycles to a value one-half of this amount at 6 p. m. Eastern Standard
b

The additional fact that the conditions change eonslderabily from day to
day Takes the selection of operating wavelengths still more difficalt,  As
time passes there will be a relatively Jarge number of channels in operation
between the point-to-point systems. Dy making a change in frequency in one
of them the desired information peeuliar to that particular day can be readily
obtained, This observation will be a guide to deciding the proper time to
change frequencies in the remaining channels,

Tn the transatlantic channels provision is nwade to operate at frequsncies
of 19 megacyeles (16 m) 14 megacycles {21"m) and O megacyclees {31 m).
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i ashlition one chaunel is equipped to use 6.7 megacyeles (453 m), this fre-
epeency being provided to cover the winter night satisfactorily,

Very Bittle changes in frequency are required during the lung sunmer
davs,

The useiulness of the 18 megaevele band does not deteciorate with sun-
st but continues on into the sipht.  In some case it may Be used even loter
than midnight but in each case it always fails during the hours preceding sun-
‘rise in America.  The summary is, therefore, that short-wave teansmission is
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at i3 best during the sunsmer, TFortunately, this s most desirable in view of
the fact that jong-wave traonsmission is most difficult under the same circum-
slnees,

FField sstrength tests and measurements have been made over an extended
period, most of the megsurements having been made at the English end ol
the transatlantie syztent.  Observations have been made on frequencies vary-
ing from 27 to 27 megaeycles. Some mensurements have been made at
igher Trequencies.

Sulficient data is not available to summarize results complelely but some
o the conclusivns will be indicated.

Dyring June, 1926, the field strengths reported were at a mininum dur-
ing dhe daylipht peried due to the daylight absorption of the lower fre-
quencies in the short-wave region, These same Trequencies gave excellent
results ot pight, This iz typical of mid-summer resulis dn these partoular
Intitudes and the small period of satisfactory night-time reception is due to
the short time the whale path is in darkness.  On the other hand, congidering
the winter quarter the period of satisfactory low frequency transmission is
grmtiy increased on stecunt of the longer nights. These obscrvations made
in England were from the transmitting station located in Deal, New Jersey.
It is<ikely that if the transmitter was located farther North the summer night-
time peak at @ megacycles would have been réduced or tven eliminated. This
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is due to the fact that conditions in the upper atmosphere might have been
approximately the same a5 those of daytme all along the path. In a like
manner-an opposite change ‘might have been observed if the regeiver had been
movd to a point south of England equal to the latitude of New York,

Similar resulis have been obtained and observations made from Buenos
Aires on the same Deal Beach transmitting station, The general character-
istics are the same as those already piven. On aotount of the greater distance
the frequencies required are higher and the seasonal variations are much lefs
promounced since the opposite seasons are encountered at the two énds of the
path.

In addition to the field strength measurements intclligibility tests have
also been made. These are determined by the percentage of words undes-
stoodd, On this basis it is possible by extrapolation to attain a good ides of the
commuunication & be expected with facilities which are better or poorer than
those actuslly available. Of course, these estimates are not whelly reliable
but are valuable in determining certain tendencies which are of interes

It 1z, of courss, inleresting (o determmng the average percentage & the
day thata transatlantic short-wave circuit is satisfactory and this datd isibe-
ing acciwmulated from regular observations. A dependable estimate oi eor-
mercial reliability cannot ke made in advance of actual use under practical
eonditions, The data given iz, therefore, confined to experimental data and
the methods used in estimating the effects of increasing or decreasing the
signal-to-noise ratio. Eech individual observation is supposed to indicate
whether the experimental intelligibility was greater than that assumed to rep-
resent the line between a "commereial” and “oncommereial” cremit,  The uonder-
standing of 609 of & 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 threa “reflectors.” The obsenms
tiems were collected in groups according to feld strength—Iior example: the
groups may be 5 db wide—and the percentage of each group which is com-
mercial is recorded and may be plotted on g graph, Socha curve will indi-
cate the fact that as the field strenpth is increased the probahbility of the cir-
cuits being satisfactory also inereases, eventually reeching a value which may
be somewhat less than 100%. In making extropolations the assum-p!:iun is
made that while intelligibility is affected by fading, the differences in intel-
ligibility at different levels are caused by differences in signal strength only.
While this assumption stems evident it may not be entirely above question bat
probabiy is:pot far from wrong, Oiher observations indicate that with a
power of 5 kilowatts used over transatlantic distances with simple transmit-
ting and receiving antennas it may be possible to obtain g reliability in the
order of 20% to 30%. In view of this a small g::m in e system would
result in considerable improvement, Under these circumstances and sdue to
the fact that for short waves dircctivity provides an economical manner of
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obtaining & considesrable signal increase makes it greatly advisable to use at
least elementary dircelive antenms at both ends of the pointto-point radia
Tinks.

Depending upon the importance attached to the maintenance of cotdinu-
cus communication and the ecopomic {eature determines the extent to which
these improvements can be made.  Under certain conditions remarkable sue-
cess can be pbtained with simple apparatus and at otlier tines the results ob-
tatmed are of little congequence, These variations correspond to a power
ratio ef 100D 1o 10,000 times, It must be remembered that for slow-speed
telegraphy & miuch weaker signal can be employed successfully than in
telephony or inhigh-speed telegraph,  This gives a good idea why comemercial
services reguire so much more elaborate facilitics than anateer work,  Addi-
tional measurements- indicate the fact that one kilowalt radiated at {requencies
betow 30 ke gave stronger signal fclds than at very highdrequencies, This
is alse tyue during night conditions.  There is soime uncertainty as to the Le-
havid ol intermediate frequencies,  These ebservations clearly indicate the
fasl that solely [romn the viewpoinl of transmission very long waves—for
wrample: 20000 meters—are for transatlantic distances somewhat superior
to very short waves—for example: 15 meters, One kilowatt gives ahout
20 pv per m oat 20000 m-and only 3 or'dat 15 m.
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This is, however, only ene angle of the comparison, It is by far much
morg expensive o radinle | kw with long waves than to radinte the ssme
power with short waves and furibermore, it 3s ont of the question in along-
wave transmitting antenna to obdain the degree of efficiency which is possible
in a short-wive dircctive arpiy.  This difference is not definite in the case of
the receiver.  Substantial gain in sigpal-to-nofse ratie can be cbtained tiraugh
the nse of directional reecption with Both short and long waves.  An addi-
tional consideration 5 the fact that it is not customary to use a8 high a power
with short waoves as with long, A still further and Smpertant consideration
in the comparisen is the amount of noise encountered in the two frequency
rnngns In srone ceses this differcree has been over-estimared bot penerally
slaill: i5 fess an the case of short waves, The smmmary of the comparison is
that the larger power at low frequencies together with the smaller amoust



208 SHORT WAVES

of time lost due to magnetic storms and fading sometimes offsets the advan-
tages of bigh frequencies resulting from the improved antenna efficiency and
reduced static.

There are severnl considerations entering into the design of a suitalile
transmitting antenpa pending upon the requirements and limitations. The
directional properties of the medium must be considercd fo meet the condi-
tions 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 orded
to satisfy the original conditions, This circuit must be determuned which will
provide these currents.

The term “broadside” is uswally appliied to antenna arrays where the ele-
ments are located along a horizontal line perpendicular to the line of trans-
mission and excited in the same phase. A large number of antenmas of this
cort have been cdnstructed and tested by transmission to England, These
arravs have varied in length from 1 to 9 wavelengths, Up to 6 wirelengths
the gain calculated has been actually obtained within reasonable iimil:ﬁ-*\i:ing
awavelength of 16 meters and with daylight conditions. In some cases lonjer
antennas have also given the calculated gain, In the ease of the antenna s’{h
wavelengths long there was a major lobe whose width from minimem to
minimum was 19 degrecs and it appears that the range of wseful bearing was
less than ope-half of this value. Under actual testing conditions the direc-
tion of the most importunt component for the signal did not deviate from
the pecpraphical bearitg by more than + 5§ deprees. During these experi-
ments in one instance two receivers were employed, One was located in Lon-
don which was on the great circle normal to the antenna length and the other
located in Scotland on the preat circle about three degrees difference, With
these conditions relative signal strength was measured {or the two directivities
of the system. These readings were taken over a period of several hours of
daylight transmission of 16 m. This anteana having & major lobe of 954
deprees width from maximum to minimum would be. expected o give: de-
cidedly different signals under the two conditions. As a matter of fact this
was found to be the case and the obzerver found that on the average the dif-
ference numerically checked with the assumption the maximum signals ghas-
tered closely about the great cirde paths, Thess measurements were so ac-
curatecthat they would have served with good accuracy to determine the bear-
ing of the receivers, This brings out the fact that these very short wave-
lengths may prove useful for beacon service, Timwe did not permit determin-
ing how short a measurement period might be made without loss of accuracy.
Further information was obtained by consideration of Jthe well-known
phenomencn that near a recefver fading differs at two poivts whith are a
few wavelengths agart. 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 ciused
by the existence of two or more components traveling in different directions.
Under the circamstznees it 5 desirable to consider the directivity of antenngs
from this point of view.

It shonkd be remembered that when conditions are such fhat the wave
clusters about a direction different from the great circle bearing it will be
necessdry, in order to obtain the greatest efficiency, either to shift the direc-

tion ¥ maximum signal correspondingly or to increase the angular width of

thy main Iobe. The first consideration is possible in suitably designed arrays

has been accomplished in an experimental manner, It seems that'operating
winitficulties. would be simplified by aveiding too sharp a “beam.”

In the present transatlantic telephone links three wavelengths in the
range of 16 m, 22 m and 32 m are used while one employs & fourth at 45 m,
In each case the antennas at the American transmitting terminal located at
Lavrenceville, N. J., are broadside with respect to the great circle and employ
“refectors,””

These antenna lengths vary and in some cases are 4, 6, and 8 wavelengths,
In addition to the factors already discussed there are other eonsiderations
which influence this choite, It might be mentioned the desicability in a row
of towers of mantaining uniform spaces,

There is no question that high angle radiation exists but low angle waves
are more dependalle in the 15 m range. This conclusion is taken, from the
tact 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 an-
tennas employ a sungln “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 m, two at 22 and 32 m and
three at 16 m.

The arbitra~y standard usually employed ina comparison of short-wave
antenns® is th¥! h=lf-wave vertical antenna. Tn decibels the gain over the
standard is 20 log E/E,, E and I, referring to the field strengths at the re-
ceiving points for equal power inputs to the two anlennas.

Fig. 81{k)
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The result of calculations of two typés of array namely the broadside
and end-fire indicate that there is an increase in pain with an increase of the
number of elements. In the case of 20 elements the gain with the broadside
type is approcimately 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 are arranged

along = horizenta!l straight line with a spacing of -% The phases are the same

in the first case. In the second case there s a progressive phase shiftof 180
degrees per element so that the maximwn signal is transmitted in the direction
of the line of the array, Curves plotted from these observations indicate that
for & given size of stmicture the broadside system is more effident than the
end-fire type,

Results cannfit be accurately anticipated unless account is taken of the
actual properties of the earth which, unfortunately, is not a perfect conductor,

While the effectiveness of the antennas may be penerally estimatén 2hese
calcilations are centered ground ideal conditions of transmission. These -
mated gafns ere not always obiained in actual practice. In the 15 m range
gains of 18 or 20 db are secured over a sufficient portion of the time to justiffe
the use of sntennas of this relatively large gize. At Lawrenceville the thes-
retical goins of the antennas vary approcimately from 20 db at 15 meters to
13 db at 45 meters.



CHAPTER VI
Television
GENERAL CONSIDERATIONS

At thesprésent time there are widely separated views in regard to the
eommiercial possibilities of television, Some firms are spending considerable
tinie #hd money with a view to presenting equipment suitable for home use,
Oithers contend that the activities should be confined to laboratory experi-
ments until the probiem has been solved to o higher degree. There is no
guestion but that the wonderful possibility of this new development has
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Fig. 95
Block Dizgram Showing General Electric Television System,

caught the fancy of the public and it is regretiul that the preliminary informa-
tion when released did not include an outline of the problems involved, The
laboratory demonstrations given so far have been a great success. When
television is intreduced on & commercial basis many new problems must be
solved, There is a consideration of the matter of suitable programs. There
is o question Hut, that this will be an ideal method of direct advertising and
for that reason will bring sufficient revenue to guarantee it support. How-
ever, the same as the present breadeisting system, the 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 re-
guirements. Probably one of the great difficulties will be the available chan-
nels for television transmission. At the present time there sre only a few
channels and it must be remembered that one televigion station requires ap-
proximately three tirnes the amount of space on the air as an ordinary broad-

casting station, This may be overcome through technical improvements. To'
supplement the present broadcast programs with television will involve the
erection of costly transmitting stations and probably this will be financed
in g similar manner in which the oripinal broadeast 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, s

The developnfent of radio has been exactly opposite to that of motion
pictures in the entertainment field, In radio, sound was the first development
and the visual accompaniment followed ; in motion pictures, the visua'. de-
velopment was used for 2 good many years before the sound am:nmpamrmm
was added® It is quite [.rnﬁﬂlhit that within the next few years talking moviriy
picture service will e given over tnlr:usmu trm'rsrmtl:crs as in regular Ha'ﬂcl}
in private homes; Looking further shead, it is possible that this talking
motion picture service will be given direct to motion picture theatres through-
out the eountry and throughout the world rather than through the distribution
of films,

The development work with television in continental Europe is quite
interesting inasmuch as they have certain limitations not found in this coun-
try. They have shown good judgment in standardizing the scanning arrange-
ment, Three leading German companies have decided upon elockwise scan-
ning as seen by the observer from top to bottom a ratio of four units of
breadth to three in height for the imape, 2 30 line image réproduced at the
rate of 1234 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 aogles between the radii. This solution is necessitated by the fact that
broadeast waves used for television under the present I-T_urnj:ruan channel
allotment are confined to 9 kilacycles and the moduiated frequency is thereby
hrmt:& which in turn, of conrse, limits the detail of the impge. Thiz 9 kilo-
cycle limitation can be compared with the 30 kilocycle limitation in this coun-
try. It seems that the progress of television would be increased more rapidly
through the applwalmn 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 wh:nu:zr they are suffi-
ciently understond, Of the three German companies mam'facturilg tele-
vision equipment, ene is not offering the apparatus to'the publit as yet. “The
Telefunken in retaiming the mirror wheel system offers the preatest possi-
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bitities of development and almost unlimited illumination. The present draw-
back is the matter of price. As the channel limitations in continental Enrope
are fixed for the next two years, it is doubted whether any greal 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 umder
other circumstances would not be 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 dength for each color employed or, on the other hand, modulating the
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Televisian Transmitter Arrangement, G, E. System

transmission at twice or three times the pormal image frequency. Under
present circumsatances, cither method widens the wave band channel to an
extent which is considered prohibitive. Even so, the super position of two or
three pictures, each i a different color, does not give an accurate matwral
effect because the specirum of wisible light is much more complex. The
details of colored television systems heretofore disclosed are in actuality
exactly like those wsed in the black and white reproduction. The different
image points varying in illumination are converted into corresponding elec-
trical igpulses &t the transmitter, They must be faithfully and exactly re-
produced at the receiver to have the correct picture. In attempting to carry
oiit transmission on short waves fading is encountered causing faulty recep-
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tion in the form of inferruptions 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 & workable value, This can be accomplished in madio telephony
but is unsuited to television due to the necessity of reproducing different light
values, If a process of scanming could be adopted in which pictorial points
of the same inténsity are always selected, then fading could be readily over-
com.  Ablron Hein has proposed a system which would overcome the above
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Scening Mechanism, (7 E. System,

difficulties withoot winding the wave band amd without fading and with
greatest fdelity to nature. This system is based upon vsing 12 colered dises
assuming that the colored image points show in different intensities of light
or different color tones. The darle red and light red are not mercly reds of
differeat intensity but actually different colors. This methad of scanning the
image is the same as in previous systems, the difference Iving in filtering the
light before it enters the photo-cell poverned by its place in the spectrum,
The visible spectrum contains many graduations of color but this system un-
dertaboes to reproduce it with 12, Assuming the revolving disc is arranged
with colored glass sectors throwgh which the light must 2 from the scan-
ning apparatus to the photo-cell the ray of light can only penelrate the appro~
priate 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 penctrates nly
et of its sectors at each revolution.  Likewise at the receiving end a similar
system of scanning is used to build up the iage also with a ginss filter with
12 sectors pliced hetween the seurce of light and the observer's- eve. When
the two dises are syaclhironous the piclure correspods exactly ta the inage a1

the uansm:mr The photo-cell interprets just as many impulses as with
the black and white transmission; therefore, the mudilaring ircqumr:; re-
ruiredt is not greater for coler l&lewﬁdm and when the transparency of the
filter s properly regulated, the image impulses at the start of the transmitter

Fig. 28
Jenkips Scanner and Television Heceiver,

and the signals aclually sent out are of uniform intensity. The same scientist
proposces not to use a mechanical Alier system but to utilize o prism; this latter
device, a5 we know, decomposes white Fight into its eonstituent eolors. The
whale spectrum will reproduce only when Jight has Leen directed into the
prisi ; single eolors will crnerge unchanpged.  Light rays will Le disbarsed at
different angles according to their wave ll:ngll:a and 12 plmmvdmrft: cells
could be arranged side by side behingd the prism so that one would receive alf
the dark red 19¢ght which enters the prism, another all the light blue, etc, In.
actual prictice, however, only one cell need be used because of the scanning
device when the color mrrt.'s[ﬂ:md'ng to the image peint reproduced will be
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conveyed to the cell.  With this systemt colored inotion pictures could be re-
produced satisiactorily, As was mentioned before, the German transmission
of television is made at the rate of 730 thirty-line {rames per minute, iramed
at the top of the disc, the image being about one-third wider than it is high,

Fig. 99
Eranner witi
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The English (Daird) svstew, the mumber of lines and rate of speed arve the
same, the image is viewed at the side of the discand it is higher than it is
wide, Here npain the matter of standardization fs realized so that the reeeiv-
ing equipment can be adapted to all types of transmitters.  The necessity of
changing the dise motor speed, ete., involves considerable annoyance and should
be overcome.

Televigion bas interested-scientists much earlier than js comtnonly sup-
posed,  Probably one of the first television patents jssued was that to P
Wipkow {English patent) January, 1884, which discloses a mechanical sys-
tem for television, [t describes a method of scanning the obifect and picture
using the familiar perforated dise, practically the sawe as used in present
day television systems. Nipkow's invention and the subsequent progress was
retarded through the lack of photo eolls and electrical amplifiers, the latter
heing compiratively recent improvements.  The rotating disc meethiod of tele-
vision is at present gpiving exeellent results but of course wi'l be sulject Lo
many further improvements. The application of the cathode ray for sean-
ping purposes was believed to have been proposed for the first time by L.
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sosing v 1907 at Petroprad, {English patent), December, 1907, A success-
jul A ent of Rosing's patent was also retarded by the Tack of photo
’ trical amplification. Other scientists using the cathode ray sy=-

< experiments included Belin and Holwick (France), Deauvillier
(4. wnee) and Takayanagi (Japan}. In 1929 the subject of telovision was
piven an unusual ameunt of pullicity. Asa matter of fxct it was given too
mueh publicity for the good of the industry, Radio engincers and scientists
- were working on the problem in all paris of this mimh'j" as well as Eurepean
eouniries. The initial experiments were very enconraging. However, upoh
teying to apply the theories to-a practical and commercial proposition, it was
found that considerable additional d::vnlugmu:nt work remained to be accom-
plished.  Many individuals dropped the subject on account of the consider-
able expense invelved. The progress of television has now settded down to a
more staliln statss and good progress 35 being made contnually, The Jen-
kins organization has accomplished considerable pioneer work having two
Lelevi=ion lr.;msmi;ling stations in operation—one at ]ers-_u:y City, WINER,
an', the other one in Mariland just outside of Washington, D, C, W3XK

Fig. 100
Scanoer in
Fnc

Cabiect.

These stations are licensed for maximam sutput up to 5 kilowatts. This
television trans|sission i secomiplished on g Land between 100 and 15'] preiers .
anel due to the efftciency of shore waves, the service covers quite an area, The
Jersey City station broadeasts, on 107 meters. A regulac daily schedule is
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eraintained from Lotk of these staticns, details of which are annowrgéd. from
time to time, The station broadeasts using maximum power. 1 . - "%r pf
program is a proldem just as it is for broadessting.  The usua! :
tor have vocal announcements explaining the pictang to fellow an.

as te the adjustmont of the receiving apparatus. As far as the trans.ser
is concerned, the emount of delail which can be recetved depends on the per-
centage of modulation and the carrier wave bard.  Using 10077% modulation
aver the entire 30 kilocyele side hand width enables providing a good degrec®
of defail for the image transmission, The tronsmitier is wsnally fod the result
obtained from a reed of standard metion picture ffm with balf-tone and dFr
tail. Of course, this is not received as tlearly as animated cartoons in most
cases probably dug to limitations of the recelving vequipnient.  For example:
a receiver operating with a high degree of regeneration wauld Dave a fre-
quency cut off of appreximately 3000 evcles. As the Dl band width is

KBl e
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Fig. 101

Brem: T Seunes
duae ﬁs—:ﬁh
Instaliation

30 kilocyeles, it is iminwediately apparent that the réceiving efficiency as far
as the picture is concerned 15 only J0%h, By using a toned radio frequency
set free from regeneration, one which tunes brosd and sehich will cover a 30-
cycle band, much greater detail cin be received. At the transmitting end it
is, of course, desirable to hove the apparatus so that wave propagation is
tnken care of in all dircctions and of eqeal field strength. At the Jenking'
Tersey City station the aerial eonsists of a copper mast 110 Teet high located
on the reof of the building. This mast is construcred of sections of coreg-
gated gopper tubing properly re-enforced and jointed, This vertical antesna
i, of eourse, guyed and the bottom rests on an insulated platform, connection
being made at this psint of the mast. Instead of & ground, a counterpoise
is used consisting of a system of radial wires branching cut from the hottom
of the mast. The result is a non-direetional anfenna giving equal service in
all directions. Satisfactory reception hog been repored from this trapsmitter
at points in Chicago,

One of the serioys considerations in telexision is the matter of inductive
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.
merfereeen This interference showe up in forms of streaks andd smears
it wt aer s To eliminate this difficulty it is noeessary 1o have a very ehab-
g systonn.  Accordingly, the component parts of the varicus
nelosed in copper shields as well as the entire units and even n-

Fig. 12

Telewisian
Transmatting
Anperatus

.frﬂdirig the nperator in a copper mesh cage.  Connecting leads which might -
cause interierence of this type are enclosed in shiclds, A fair number of
tclevision transmitters are now operating in various parts of the country and
there is an foereasing demand for the necessary apparatus for the receiving
e, Unfortueately, the various transmiting systems. vary in technical re-
quifements vhich wakes the receiving nstrument requitensents more elab-
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Fig. 103

Sebiernatie Wining Disgram ‘f[:uln'iﬁm Radio: Receiver, Radio
Frequency  Amplifier and Debector,

orate, [t is believed that in due time there will e more standardization alosg
these lines,  Mast television signals are os a #8-ine system afthough some
broadeast 60-line and others 24-line pictures.  The 98-line system is in favor
ar prezent alihough better desail iz oblained with 60 YHne. The degree of
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detail obtained with 24-line pictures is relatively poor and probabl=will noe
be yzed in the future unless other improvements are made to o utnpnsthis,
Some of the televizion stations now arrange for the sunulanmenur il
of plctures and sound, what has been tenmed “radio: talldes”,
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Fig. 104
Television Receives, Supgested Layoul.

course, accomplished on two different: wavelengths, In the case of station
WEZXER, the geeompanying sound transmission is talen care of throuph the
DeForest transmitter WZXED on 187 meters, Of course, two radio receiy-
ers are required, one for television and ene for the awdic aecompaninent
The combined program originates st the Jenking studio, the television com-
ponent being sent to the television transmitter on the toof and the sound

Fig. 105
Television Radio Receiver, Schematic Dizgram-of Awdio Amplifier.

signals picked up from the disc record are amplified and forwarded over fete-
phione lines to the DeForest radio transmitter at Passaic. Using an output of
5 kilowatts for television transmission, the sefvice range s estimated at ap-
proximately 100 miles. Reports have been received at a grester disiance
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which 15 obvious that the range also depends on the sensitivity of the recejv-
ing equipment at the receiving end. There are three distinct sections to a tele-
vision receiver—first, the radio frequency short-wave receiver which most
cotEYEL to 150 meters, the present television band, a suitable audlo and
power amplifier designed to meet the technical requirements of television and
4 suitable seanning device to convert the audio signals into corresponding
visual detail.s Even on this band a loud speaker should be included which sim-
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]?_lﬁlm picking up the signals in the first place, Ligtening to a television signal
svith & loud speaker the note received is a contingcus series of dots. The re-
eeiver can then be adjusted to tune in this signal in the best possible manner
and the output then switched to the scanning device. Considerable power is
required to operate the scanming lamp to a degres where the picture reproduc-
tivngs satisfactory. Accordingly, the receiver should be poweriul and adjusted
iﬁ*ﬁ the mixinum possible output, At the same time it must be remembered

a television signal is subject to static interference exactly the same as a
broadeast receiver, In this consideration it is true that the interference 8 of
greater consideration as static and background noises will cause Dlurs 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 stronp signal at the receiving end., While any short-wave recéiver
may be used for this work, it was previously mentioned that the presence of
regeneration detracts from the detail of the reproduction. The accompanying
dizgrams illustrate a typical short-wave receiver designed especially for tele-
vision work inasmuch as it is practically free from regeneration,  tunes
broadly and has a high degree of amplification. The matter of passing the
frequencies of from 50 to 30,000 cycles both in the madio frequency and audio
frequency amplifier is satisfaclocily accomplished. A satisfactory experi-
mental short wave receiver can be constructed by following the diagrams and
the details of the component parts piven, Figs. 103, 4, 5 and 6. OFf 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 mdio frequency am-
plifier covering a width of approximately 60 ke, The volume is controlied
through a series resistor in the Screen grid of the first radio frequency ampli-
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fier which regulates the sensitivity. Shielding should be carried out alonf
approved methods go that the operation will be stable and {ree from oseilla-
tion. With careful shielding it is believed that the receiver will give a sensi-
tivity of approximately 10 microvolts per meter which would be sp* "y

for reception up to appreximately 300 miles from the transmitter. Eiz;
a 224-or 2&7-tube can be used for the detector, the atter having the advantage
of greater stahility, The 224 hes the advantage of high amplification Tess

Cathede Ray Tube Television Transoiter

AC bum and less microphonie, In arranging the parts in the receiver, tuning
coils ahould either be placed in compartments or surrounded with copper
cans, It would be well to have the gang condensers completely shielded: All
thre plate supply lesds should be equipped with a filter choke and by-pass
condenser individially on each radio frequency stape.. The control leads
should be shiclded. Referring to the tuning coils, the antenna is dosely
coupled to the first tuned cirenit. Dand-pass flter coils, L 3 and L. 4, are
rather loosely coupled, sbout ene-half inch between their néarest ends on a
one-inch diameter tubs. The component parts of each stage consist of coll
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Fig. 108

TFilsw Mechamism
-'lthul'l: Hay System.

tube #ud condenser to lie so mangud that they arc as close as possible to
cach other providing short conncctions and eliminating the possibility of
feed-bacl coupling to the antenna or from the detector.  The power fequire-
sent from the varieus tubes is of a relatively high order and batteries would
1ot ‘prm wde economical operation,  The power pack used should be of ample

Fig. 103

Cathiale Ray Tube
Tekevizion Trasimitter.
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capacity 3o as to prevent any overloading., It will be noted that the recom-
mended awdio amplifer is the resistance coupled type cbviously to pass all the
frequencies used for television transmission, for example: 15 up to 30,000
cycles. Ewen though a high-grade broadcasting receiver covers 30 to-f000
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 registance coppled amplifier one should not be guided by fGxod values but
should feel free to experiment and defermine the best values when vsed under
individual circumstances. The television lamp i3 of the neon type and for
satisfaclory’ excitation the output of a 45 type tube is essential. The tele-
vision lamp requires approximately 1.5 watts of undistorted output for good
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Fig. 110
Showing Combined Ossillating Mirror and Downward Motion of Film.

detail reproduction. In view of this the output voltage of the lamp circuit
should be around 200 voits DC with an. AC signal of about 50 volts BL.M.5.
on the neon lamp itself. The characteristic of the resistance coupled amplifier
illustrated is said to be 100 to 10,000 cycles in a straight line and decreasing
from “that maximom wppon reaching 15000 to 30,000 cycles, This decrease
does not serlously impair the guality of the television image. Tt 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 $et of transiormers in order to cover different ranges. One set
of transformers could be used exclusively for television.and the sezond set
to cover the lower half of the broadeast band. Experiments could then be
carried on with the Fxceiver on the lower haif 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 effidency. Whether the radio or
audio amplifier is passing all the frequencies desired could be determined by
the qua'’ty of the reproduction from the transmitting siation. On the other
hand, another method of lesting the audio frequency amplifier alone wounld
be with an electric phonograph pickup feeding the output of such a pickup
to the mput=of the audio amplifier the circuit components could be adjusted
in & similar manner to that mentioned above. Screen grid tubes are shown
in the tadio frequency amplifier dus 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 ot eratic, Summarizing
the above it will be remembered that in the television receiver itself the radio

Fig. 111

Cathode Fay Tube
Intermil Consiroction

frequency end must be free from regeneration, tune a wide band width and
the audio amplifier give a high gain corresponding to a stronp signal and that
the neon tube circuit be provided with a —45 power tube ta give the proper
lluednation. The next consideration is the conversion of the audio sipnals
to a visual response. The design of the scanning disc is an important con-
sideration. For example; if the holes in the disc are not earefully laid out,
in proper position, correctly drilled and the disc perfectly true, there will be
distortion created, This feature of the dizc can be tested by connecting the
telévision famp to unmodulated direct current, for example, from batterjes.
Rotating the disc at proper speed and provided the disc is true, there will
appear 3 solid glowing pattern. On the other hand, inaccuracy will be notice-
able by the appearsare of black streaks.

It is, of courss, essential in actual operation that the receiving dise
(Fig. 99) operate at the same dpeed and be in synchrosism with the scanner
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Fig. 112
Cathode Kay Tube, Spesial Design for Televiaion

ait thee transmitter, Variable speed motors have been used for this purpose witl
an adjustment to conteol the apeed. Systems have been proposed 1o ke
these viriable speed molors inexact Eruthrmwm with the tramsmitter. CHivi-

ausly the synehronous neotnr npmt:ng on the same 310-volt alternating e -

rent as the transmilter is & maore: mﬂrfn-durr salution.  This would be a sin-
itar arratzenent 1o the method of using 100 volts alternatitg current power
stipplics for the control of cectric clocks, Where the I‘Lm:uﬁL station is

Fip N4

Trtevistan
Teoriver.
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at a point beyond the power sysiem which feeds the transmitter, it is only
necesgary to muke an initial adjustment to bring the scanner into synchronizm
with the transmitter. Any slight variation-can be taken care of with the
manual regulator which is & part of the sconner equipment, There are ad-

TELEVISON TRANSMITTER
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Fig, 114

Cathede Ray Tuobe Televizion System, Traﬂl'rum-n'

justmienits to be -made so that the picture is propedy [ramed both in the verti-
cal and horizontal planes, The necessity of vertical framing is noticed when
two pictiures appear, one ahove the other, and is corrected by turning off and
on e motor switch ene-or more ‘times and if not corrected onme can try
511:“ng the apr_r'.tur:: of the light source. The horizontal framing is regu-
'_.,..\:-d by shifting the motor frame or aperfure of the light source. Figures
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Fig. 114 {a)
Cathicde Ray Tobe Talecivion Syttem, Recsiver;

98 and 99 illustrate the Jenkins scnning dise complete with synchronous.
maotor, lgmp, magnifying glass, etc. This equipment has been designed for
the layman and dspecially for experimental work. The motor is of individual
design inasmuch as two distinck motor elements are used. The first motor
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of the eddy-current type similar to the well-known watt hour meter brings'
the dise up to speed and secondly, a small synchronous motar which maintaine
the desired ateady spesd of 900 rpm. After the full speed i3 afttsined 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 asg
the eddy-current disc and rotor is mounted on ball bearings. The operation
ig quite silent, A repulating device efables bringing the motlor up o speed
and to make slight adjustments in its speed. Although the pictures are small
they zre, under proper circumstances, exceedingly sharp and shown'in good
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Fig. 115
Cathade Ray Tube Television System, Showing Compoment Froequencies,

detail. The television lamp is mounted in a metal kousing and is adjusi-ble,
There is an oblong epening towards the disc of the proper size for a complef®
picture frame, The lamp housing is adjustable vertically or horizontally to
enable framing.

A comglete television receiver, console style, has also been introduced by
Jernking and shown in figures 100 and 101, It will be noted in this case that
the usual disc is :'epdamd with a amnmrg drum together with the lamp, mag-
mf:,rmg glass, ete.  The pm-:::d:m: in operating a television receiving equip-
ment 12 as follows: [a.saumltu; the equipment consists of the apparatus pre-
viously described or similar thereto and including a change-over ywitch
enabling either audible or visible response) preliminary tuping would be accom-
plishied with the switch in the loud speaker position and the short wave sigmal
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 scan-
ning position. Starting the scanning disc motor it will be noted that at first
with the scanning disc at rest a single dot of light willbe noticed: As the
speed of the disc increases the single dot of light extends to the line, then to
several lines and evintually a glowing screén, Assuming the dise is out of



SHORT WAVES 229

synchronism a regular pattern will be noticed in the field of vision, Neces-
sary adjustmients are then made to the scanning disc speed and step until the
image is :'amvud in a satisfactory manner,  With anything but & synchronous
nigtor this requires an unesual amount of manipulation. On the other hand,
with & synchrenous motor specially operating on a comanon power system as
the transmitter, the process of manipulation is simplified. Besides repulating
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
eildy-current motor is too great and the rheostat should be retarded. On the
other hand, i1 the picture travels to the left it indicates that the Trictional load
of the motor is too great and the power to the eddy-cerrent motor should be
increased to compensate for this. FEven when the synchronous motor has
reached full speed thore will be noticed a phenomena known as “hunting”
whiclh is an vécillating maotion doe to the dise trying w find its ssmchronous:
speed,  This can be corrected by slight pressure on the rotating shafe or if
left alune this condition will eorrect itsell,  After synchronization has been
olitained it will possilily bhe noticed that the picture may appear out of frame
either horizontally or vertically, The television Lunp cover is then adjusted
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Fig. 116

Telovision
Heceiver.

and shifted to the correct position so as te center the image properly. The
experimental scanner illustrated is g0 arranged that it can be conveniently
dismantled and the discs with different numbers of aperfures 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 mator which will provide aitematic syn-
rhrnn]‘uﬂmi this apparatus being actwated From the radie vision sigm.l ltwlf
Thiz will pive automatic synchronization between the transmitter and receiver

Fig.. 117
rlist's Hooth, G. Eﬁm&m: Alicenphone as Well

regardless of whether they are eperating off a common AT power system
Tux Grxeean Evectric Svstia

In May, 1930, the General Fleciric Company™s conselling enginaee, D,

E: T W. _ﬁlmgnmkﬁm, gave dvery interesting demonstration of television

‘as illustrated in the accompanying photegraghs and diagrams. In this in-
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stance the images of the performers were reproduced on a screen six feet
square amd readily visible by all those seated in the theater, The perforiners
appeared before the television camera in & temporary studio at the General
Electric plant. The light impulses cohverted into electrical impulses for
radio signals wees sent out on the transmitter fn the laboratery on a wave
lenipth of 140 meters, A microphone close to the artist picked up the audible
part of the gntertainment, converted the sound into clectrical impulses which
were carried by wire to o short wave transmitter at South Schenectady from
which spoint they went on the air on & wave length of 92 meters. At the
receiver an enginesr operating a television receiver transferred the electrical
finpulses received fio the light valve at which point the light was broken up
to produce an image corcesponding in every detail to the subject at the
studio. The second radio recelver picked up the sound signals from the 92
meter transmitter and these were fod into a suitable loud speaker which con-
verted the electromagnetic waves into sound, It will be remembered that the
firgl demonstration given by Dir. Alexanderson covering one of his carly sys-
terns was shown at the Madison Square Garden in New York in 1929, . At
that time the piclure projecied was an image 14 inches square. s The ime-
provement showing an image six feet square is a distingt advance and in
sddition the image was not simply black and white but showed gray shades
between black and white registering every shadow and shape of the features
ard piving depth and detzil to the image. The difference in operation bétween
the two trensmitters is that in the radio broadeast of the voics, the Trequency
of f:pl:cr:h and music modulate the current radiated by the antenna.  On the
alver hard, in television the antenng radiation is medulated by 2 succession
of light impulses. In the television studio the subject to be transmitted stands
before an incandescent lamp.  Placed between the sebject and the lipht is a
medal dise approximately three feet in diameter and having 43 holes. This
revolving disc covers the compiete subject twenty times per second, that is,
there are twenty complete piclures 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 are passed to 3 light
valve, a new invention of Dr. A, Karolus, Thizs light valve is the middle of
an intricate Teas gystem in fromt of a high mténsity arc lamp similar to that
used for molion picture projection. The operation of the light valve is deli-
cate and accurate and permits the passage of light corresponding to the
impulses received from the television transmitter. In due course these light
emmissions are passed on through a system of lenses to a dise corresponding
in size and pumber of holes, rale of rotation, to the disc at the camera ar
transmigting point, Additional lenses pass the light forward to the screen
whegg these 1@{ impilses at the rate of 40,000 per second become the active
intage of the subject. This are 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 heayy black cloth is constructed fromi the screen to the projector eliminating
the possibility of interference from stray lght. 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.

Carnane Bay Tume Tecevision

A number of distinet advantages for television reception are available
through: the use of the cathode ray tube system, It will be nated frem the
diagrams and photographs of this type apparatus that there is an abs’:mnt: of

Fig. 118
E F. W. Alseandersan 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. Mere light can be passed giving plain visibility, An outstancing
{eature of the cathode ray tube in this application to television is the per-
sizstence of fluorcscence of the screen which acts topether with persistence of
vision to the eye. On secount of this fact a number of pictures per second can
be reduced without noticeable flickering, A pgreater number of lines and
therefore better details of the picture can be obtiined due to this optical
phenomena without increasing the width of the frequency band. The cathods
ray apparatus described in this chapter was developed in “the Wl‘.‘ﬁ'tlnghuusﬁ
Research Laboratories under the direction of V. Zworykin. It was :I,wa!-ﬁpeﬂ
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under the assumption that if eventually the receiver was to be produced in a
ferm suitable for private homes, it should be free from any mechanical mov-
ing parts. Furthermore, the equipment shiould net require any preat skill
in order to steure satisfactory reception.  This consideration, of course, does
not apply to the transmitter at which point the necessary trained and skilied
operators can be readily employed, The tronsmitter was constructed from
a standnrd motion picture projector. The light Source optical system and
intermittent motion devices are removed, The filin is arranped to mave
downwrard at a constant speed, this motion providing the vertical components
of scanning. The zonstruction of the transmittor i5 outlined in Figure 107,
Following: this picture it will be noted that the Heght source s indicated and
at this peint an ordinary G-volt lamp is used.  The light is focused by the
condensing lens at L in tuen upon a diaphragm D with a small orifice. The
heam of light after leaving the orifice is reflected Trom a Whrating mirror M
amd in turn focused in oo sharply defined slot on the moving flm F, The
mirror vibrates at a frequency of 480 cycles abont the vertical -axis causing
ihe light spot to sweep the film horizentlty. The vihration of the mirror
cambined with the downward movement of the film allows the light spot to
cover the entirg surface of the pictures a4 shown in Fig. 1L Afrer passing
fhrough the flm e Hght enters @ photo-clectrie ¢ell C, the varfations of
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Fig, 119
Maha! of Projection, G E. Television System,

optical density in the film being then changed into a variable clectric 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 sbout the axis of the rod. It is not neces.
sary 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 are at con-
jugate: focd, The scanning beam is, therefore, always focused vpon 8 sta-
tiohary 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 sinu-
sodial current.  Actually the velocity in thé center is about 5095 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 psed.
The transmitter is illusteated in figure 137,

In the receiver a special cathode ray tube is wsed, An ordinary tube of
this type cannat 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 usnual type of oscillograph cathode
ray is not suited for television work. The high potential type oscillograph tube
is always operated in connection with a vaooum pumpe of cdurse 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 are required for
larger pictures the degree of brightness increasing with the oscillatory valtage.
To meet the above requirements a new type of cathode ray tube was developed
and is shown in Rgures 111 and 112, The oxide-coated filament is located
within the control electrode. The cathode beam emerges throuph a small hole
in the fromt part of the controlling element and again passes through the hole
in the first anode A, The electrons are accelerated to o velocity of 300 to 400
volts by a second anode consisting of a metillic 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 lhv.
electrie charges from the screen caused by the electron beim. 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 flnorescent line as it passes. To accomplish this a
set of deflection plates and another set of deflecting coils are mounted on the
neck of the ktnemp-n outzide the tube, These deflectors gre ad-_:usteﬁ on the
same plane to give vertical or horizontal deflection at right angles to gach
other, Ag the deflecting elements are located*between the first and second
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anodes the deflecting field acts upon comparatively slow moving clectrons,
Due to this fact, the ficld strength required s considerably less than that re-
quired to deflect the beans under the high acceleration of the dectrons from
ihe geconil anode voltage, The negative bias on the controlling element reg-
ulates the brighfness of the ling amd consequently the intensity of the lights
aml shadows super-imposes on this mean intensity. Therefore, & is apparent.
that we apply Lo his controdling. clectrade the amplifed impulses from the
transmitter and at the same time deflect the beam in syrchronisim with the
matioh, of the light beami across the picture on the filu; ihe plcture will be
reproduced on the fluorescont screen. The matter of synchronization s greatly

Fig. 120
Television Projectar,

simplified if two sepaeate channels are available, that os, the E}_rnv:lircmf_xa!:[ﬂn_
Letween the transmritter and the recciver.  As far as horizontal seanning is
l:nrr:eme:] it s si'mp!;.- netessary o transmit the scanming iw{mm:y aperating
the mircor at 2 sinusodal voltage and to impress it upon the deflectiag cails
af the kinescopa. In this case the aathode beam will exactly follow tlln:
moventent of the light beam across the film, Regarding the framing or pie-
ture {requency, the voltage is genesated at the receiving end and merely con-
trottedd Ly signals front the transntitter. ‘llu-mq;h a curcent limiting device
(for example: a tvoelectonde tube) a condenser is tharged At constant cur-
rent, 4o that the voltage at the condenser rises lincarly. By connecting the
deflecting plates of the kinescope in paradlel to this condenser, the cathade
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beam i deflected gradually from the bottom to the top of the fuorescent
beam when the condenser is charged. This speed is governed by the tem-
perature 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 gystem of transmission three scparate sigpals are required: picture
signals, horizontal scanming [requency and impulses for framing. Exper-
ments show that it i3 possible to combine all these sets of signals inta one
channel. This is accomplished by having the photo-clectric cell voltage of
the transmitter first amplified to a sufficiently high level for transmission.
The other regulating impulses are a series of high audic frequency char-
acteristics lasting a few cycles enly and occurring when the light beam. passes
between the picturls, therefore not interfering with the picture itself.

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 tum
a portion 'of the voltage which energizes the transmitter vibrator is im-
preased upon the signals directed through the filker 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 furthar amplified
by & tuned amplifier which supplies the necessary current oo the deflecting
coils of the kinescope. See Fig. 114a.” Both the picture and framing fre-
quencies are fed directly to the kinescope control electrode. The wvoltage
which modutates the lipht i= also impressed wpon a2 band pass filter and in
turn is tuned to the frequency of the AC voltege used for the framing im-
pulses. The output from this fltér is amplified, rectified and in turn §s vsed
to unbias a discharging tricde {normally biassed to O plate current) and
which takes its plate voltage from the condenser which provides the vertical
scanning voltage. FFrom the above it will be seem that the picture synchronizing
frequencies and framing frequencies are all transmitted on ong channel and
that the synchromization is fully automatic. The technical gonsiderations of
;;mp.liﬁclaﬁnn do not differ widely from that for mechanies!l television of the
same picture frequency. It should be noted that the frequency band of the
amplifier can be constricted to a much lower value for the same number of
lings due to the fact that a smafler 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.
dise type of television. In the first place, the picture is green rather than.red
(using 2 neon glow tibe for the disc). A fairly large number of!people
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can observe the picture at once as magnifying lens are pot necessary. Mo
moving parts being used, consequently there is no noise, A the picture is
framed automatically it does not require adjustment and furthermore, there
is sufficient brilliancy so that the picture ean be seen in 8 moderately lighted
room, There are many additional advantages including the faet 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.

Larest Deverorments or Gerxan Terevision Meraops

To obtain standard television apparatus, the following specifications have
been adopted by the three German companies which are working in its devel-
opment : 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 50-line image repro-
dizced at the rate of 12} “frames” a second, or 750 a minute, In addition,
each line of the image is to be scanned in the same Hme, that is, the holes in
the disc-are to be spaced at equal angles, between the radn.

It is noteworthy that this does not correspond ta the system of scanning
used in the English transmission (or the American). Its selection is dictated
by the fact that broadeast waves must be used for television, under the pres-
ent European allotment of S-kilocycle channels which cannot be changed for
two years; and the modulating frequency is thercby automatically limited,
which restricts the detail of the imape,

The progress of television demands, primarily, low prices and easy oper-
ation of receivers which we cannot have with the short waves and which would
permit the use of higher frequencies, piving more detailed pictures. In addi-
tion to this, short wave reception in the near neiphborhood of the transmitter
is subject to great Ructuations due to fading, echoing, ete. The ultra-short
waves, according to Prof. Esau, the great authonty on that sabject, are not
yet sufficiently understood for practical use

While the technicians express the opinion that the pictorial quality of
ardinary television, under these conditions, is too poor to satisfy tha peneral
pgblic, we must make a start with what we have now,

For these technical reasons, howeyer, the Telefunken Co, is not at present
undertaking to make televisors for general use, and the Deutsche Fernseh-
gesellschaft (“German Television Company™) hesitates to doso.  The Tele-
hor Company is the enly one undertaking this on a production basis. The
eystems developed by these three are:

The Telefunken Co. will retain the mirror-wheel system which offers
great bossibilities’ of development and almost volimited fllumination. Yet its
prive tannot be lowered, below a certain figure.

he Deutsche Fernsehgesellschaft system inclddes the scanning dise,
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Iig. 126 (d)
The stmipment shown bere 35 a desizn of the Telchor Coinpany, Tor e purpode of &

iriteg inepis dllomissted by daxlight, to he broacdeist thrasgh 4 portable transmitier m

nsirror | reltects the rays roim the ohioel o by tebevised tirauph the lens 2 which cons

contmates shens on the seanaing disg & The leis d, screen 3 aiel lens 4 pass op the Fay

t the Pliota- Ul ¥, wibich s eomected 1020 ampliber, The tube B ecataing a magni-
iring glass theough whick the scx inpe sy b ohserved,

which 33 most Baniliar o Eogland and America. An dmape-Teegueney (nor-
mally 373 eycles) is nsed 1o obtiin syachronization,

Tieg Moy MeTnuos

The Telehor Company also uses a scanning dise with o glow-lamp, 4
driving motor and synchronizing wheel; the motor is connected by a belt 1o
the axle af the synchronizing metor and, consequently, to that of the scanning
dise also, Dhasing is effected by turning the frame of the synchronizing
mator arcund its axis while it is in operation, To produce the necessary volt-
age for the plow lamp, & special battery or power wnit will be required.

In a targer type, to be psed as a universal television receiver, there is also
o small vacun tube oscillator generating a loeal synchronizing frequency of
375 cycles 1o which it is tuned by a sl rotary condenser; an ordinary re-
cefving fube will serve.  This current 35 amplified and contucted to the syn-
chrowifing mofor#which sperates on 375 eycles; unfike that in the simpler
miadel,which is designed for.50 eycles.  The synchromzing motor and scan-
ming gi'c are so delicately balanced that the output of the escillator and its
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T, 130 e}

The 1a model of Muha.h' "Tele-

.8 Geeman Televisor, oow being
markeied for reception of Euorcpran
television. oo broadeast wavebengitha,

amplifier are sufficient to keep the apparatus operating at the proper speed.
To maintain perfcct synchronism: between the traszmitied image frequency
and the locally-gencrated 375-cycle current, the, Telehor circuit conducts the
A.C. plate potential of the receiver's tube to the oscillator. The sseillator-
frequency is thus restored to the normal value if it should vary; a very slight
aplitude of the m‘.t.'agu-fr!:l‘.;uﬂh:y‘nrlll suffice. Omnly when the received image-
frequency is complétely lost, through fading, can the receiver get out of syn-
chronism ; and this cannat Inst

If the image is improperly framed in the "window” of the receiver—
say, with the bottom half at the top—this can be corrected by turning the
mounting of the synchronizing moter, as already explained,

The possibility of using a tuning-fork instead of the tube oseillator to
obtain the local synchronizing Trequency lias Leen considered ; but the tuning

Fig. 120 (£}

akncﬂ%m Sy “Mf‘iﬁ
ELEM, 35 T ¥
} Telehos Coatpaiy. :
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Fig. 120 (g}
A receiver ammedel of the Deatsche
Fermseha AL G,

fork, although it has been successfully employed in transmitting photographs
by radio, must be careiully protected apainst chanpes of temperature or its
note will vary, Se the use of the tube is simpler and cheaper; huwever, its
construction entoils some practical difficulties if exact Frequency-regulation is
to be required. A the Trequency decreases, resistanee will cause a jessened.
poak of the curve of frequency-responsse.

With the Telehor, the television receiver is connected to the lond-speaker
terminals of the radio receiver, and the speaker across the tetminals provided
on the television apparatus; a switch permits immediate change over from
soutid to images, and vice versa. To provide the necessary voltages, a power
unit will prolably be built into the receivers ; the televisor will then have only
twio cords, one to the receiver outpat and one to the house socket, with ter
winls [or the speaker, a5 stated.

The designs so far made are only for alternating-current operation; di-
rect-current house supply does not give a voltage sufficiently high. Tt is not
impossible that a battery-eperated model may be provided for those who have
DO, peceiviers,

The German Reichspost (post office department, with sontrol of wire
and radio communications) is making test broadeasts for the beneft of ex-
pericnlers in Gernmny from which others will alsa 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
appdratus, and the suilability of different radio receivers for operating them,
before official programs are repularly undertaken,

Tnany ngail;liun,, this is a.little too paternal, for these things should be left
ta the radio trade which will adapt its apparatus to the condition it meets,
Howewi r, this is the way things are done in Germany..
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CHAPTER VII
Aireralt Equipment

cvrivale firms have nade cmssidernble progress i the devediopient of
rachio receivers for pireeall seevice. Jan b case of a ship st sea meclanienl
failures or noranee of position do not alwass pean disaster,  On the other
hand, safe tramsportation by air is timately connceted with knowledie of
three directions as well as advanced kvowledge of weatber comlitions.  In
view of this it is certam that the development of radio fistrumcnts to fulfil
the severe requircments of airerait navigation will rapidly adeance, [n
achlition to the work of private concerns, the Bureay of Standards in en-

< : \ P

Fig: 121
Flyiog Lalartory for the Developasst of Short Wave Radic Reeclvers,

aperativn with the Signal Corps Adreraft Lalioratorics Dave desizned ap-
paratus alang s ine. Cue of the first developrents was a directive tadio
edepn which subsequently proved valwble for the guitlanee of airplanes
alomg Federal aivway snail routes. The universal acceptance of this svstem
was retarded by the Ik of suitable radio recciving cuwipment which, of
course, showld be practieally automatic, Hght u.-eig['lt', simple in eontrol and
af extreme sensitivity.  In operation it shoul] not detract the pilot or inter-
fere with the operation of the airport.  One of the sucvessful desipns de-
“tloped was first introduced by the Radio Frequency Laboratories in 1928
It is now congidered o standard receiver of fis class for the reception of
H:m':m".ilud weather signals, Adapting a pewerful radio receiver to airerait
243
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opcration brought up many new physical and psychological factors of im-
portance, 1t is acknowledged that radio in an aeroplane presents a total new
point of view to the engineer operator who was previously trained o the
ground. It was reatized that rescarch would be worthless without oo dous!
practical application and facilities were made aveilable to enable tesc < “ghs
with the mdio equipment, In this case it included an sssociated fiying field,
radie laboratery, work shop, quarters, efe., besides special asroplanes, The
main plene used for these experiments had space for two pilots, bagpage
compartment which provided room for batteries, apparatus, ete.  The cabin
had an operating table, two operators' ¢hairs and a bench for obsérvers,
Electrical power was obtained from batteries and from an engine-driven gen.
crator, Aerial equipment included & vertical rod for beacon work and 3
horizontal wing antenna for wse with altimeters and other devices and 2
horizontal fusilafie antenna for short-wave communication, This plane’ was
used as a general fying laboratory. The second plane had a single plot’s

Fig. 122
Tepe D, Adreeail Radie Recciver, Camplele Assembly

cockpit and @ two passenger cockpit of the gonventional typo. It was equippeil
with a vertical rod antenna and o harizontal wing antenna, Fig, 121 Tests
conld be made from this plane to simulate conditions of air mail seevies or
siall privately owned ph:l.m:-'s. O course, the ipnition systems of hath planes
are tharoughly sticlded and experiments are contimueally being made to im-
prove and simplify this shiclding without sacrificing its effectiveness.  In
destpning a sct for pireraft work it 35 first nocessary (o consider the electrical
requirements  such 45 sensitivity, scleclivity, over-all characteristics and
necessary termingl equipmicnt while other details such as size, weipht, power
wipplies and controls are wswally specified in advance. Mechanical desipn
is given first consideration and is Tollowed by (he electrical desipn. The
various single elements are first tested and wieasured and later over-all
measurements made of the entire set. The final models are then installed
pn a plane and actually tested in Bight observing the results under actual con-

d:t::ms, making further allcfahﬂm. fellowed by tests, uul.:t the figal nvodel
is :m:eptqd by the contracter prior to actual production,  In'the development
of receiveérs for beacon weather service the corrent practice in radid receiver
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dusipn is not closely followed. For example, fentwres unjustified in the ease
of roadeast reccivers might be highly uselul for aireraft reception. One
of {ve frst considerations is high sensitivity and obtaining same with a
minist ==, namber of tubes and small power supply. This can be best ohtained
throuph the use of new screen prid tubes and the so-called “TT-My” gingle
prid tulses,

Usually dnly o limited wavelength rafge is roquired for each receiver,
The special problan of ever-loading in the radio detector was encountered in
the operation of visual beacon indicaters. This was readily solved and this
particular research found coe practical application which had not even been
conceived the time ivestigation started, ‘The tvpe D nireralt receiver de-
scribed here in (Figs, 122 10 126) is a developanent over enrly receivers of
a similar systemt. The primary wavelengths required are, for beacon and
wipther service work iscluding the band of 790 10 1070, The reeeiver i
pow constructed to include the interchangeable radio frequency transmitter
feature and by changing these transformers it will cover 4 wavelength range
of 235 to 15000 kitocycles corresponding to approximately 20 meters to
L2353 meters. Remote tuning control mechanism is furnished en special
grder to Gt particulsr types of installations, The main material vsed o the

T 123
Tope B Adrecaft
ade: Receives,
Showing Remeote Control
Tienang Arrangenent.

i
"

| —
o E R TR R
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canstruclion is alwminem and bakelite. Special attention in desipn has been
given to shock proofing, dust proofing and the permanence of the soldered
and welded foints as well as other details which beeame apparent after actual
flights in the aeroplane. The receiver is single tuned type and the tosing
contral dizl is emgraved and calibrated directly in frequencies, Fig, 123
The sccond comtrol is provided to adjust the siznal intensity. These two
controls are usually mounted on the instrument board of the plane tncether
with an “on" and “off" switch and the necessury terminals for cheeking the
condition ol the batwerics. When iollowing & beacon course the pilar need
not readast the tuning control at all and merely keeps the intensity control
adjuster] L] accordance with his distance from the beadon. The pilet well
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experienced along beacon courses can fell rossghly by the istensity position of
the receiver his approxmnte distomee Trean the beacon s, The receer
proper, Fig. 124, Is very compaet measuring 15 by 9 by 7 isches and wiigh-
ing approximately 12 pounds.  The recebver togetber with all the paer lsary
accessorics weighs approximately 31 poands. i
The sensitivity of the receiver is so high that the range is wswally only
limited by external Factors kuch as the power of the transmitker, compleie-
ness of the fgnition shiclding and iniensity of the static.  Using this receiver
it is not uncomoon to report wselul beacon service at night i the winter

Fig. 124

Type Iy Roslo Afrorait
Recejver, Tube
Coanpartmont,

covering a range of 230 miles from o 2 kilowats bescon, A mire cons
sorvalive range wudler the saue eiremistances would be 130 niles from Taud.
In connection with the developmest of the tecoiver f=2li 1L has been neces-
sary to spend considerable time to develop complete slifehding for the clegtric
inition systems hoth Tor the radial and water-coubal engines,  The: design
of the teceiver alsa bed into (he degign of an assecate] dseli-supporting gl
antetmg for pae it reecption of wegther and bescon sipnals, also the design
of an dedrical altimeler.. This kiger insdroment works on the prinetpal
wherehy the distance of an ohject or surface i the path of the train of
electrical waves can le deterniined Iy tlie wse of the imterferonee phenomesa
between the diveet wave aml wave reflosted from the abstacles.  This system
has an ouistanding sdvanlage masouch gs it indicates the absolute height
of the instrument above gromud, weter or obstacles to landing ever which
the aircraft sy be ving instend of indicating the height above sea level or
above the predetenmined peint which s 2l the ordivary aneroid altimeter
will show., The apparatus for el an electrical wrve altineter is relatively
stnple omd practical instroments of this e are now available, .
A radin receiver capable of high sensitivity imposes severe demands on
the depree of ignition shiclding, In the enrly days the radio receivers Tor
aireraft were of low stnsitivity and they wsed 5 trailing wire aatenna,  Ae-
eordingly, the wse of jgnitivn shiclding was wnjustified.  The preseat plans
call Fer a rigid vertieal antenna necessary far the sucressiul use of radio
beacon which also climinates physical Fazards, To operate from, such 2
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smafl aeral the receiver st heve high sensitivity il actnrdingly, ihe
i atiom. sygtem must beoeonnipletely shicldel, The degree g which it s
shic'ded determines the actual distatice Trom which rFecepine ean be accen) s
o - O course, no miulis sigmal ean e peceived and pronigtly interpreted
i1 e perpinse undess i i strong enowgehy o prodieee ereer currents in e
reeeiving antenng than is set up by the electrizal dischiarges of e electrieal
ignition system. In a like manner it follows thed the soller the deniiog

Fig. 125

Type . Aiecraflt Receiver,
Abaitipde l'llrlllup: Cotelemier.

imerference the weaker the radio signal that can be received and the ranoe
extentled,

I the case of water-cooled cogine the metal cowling oftes provides a
satisfictory eiwclosure for the high tension system -and it §5 o4ly necessary
o shiield the Jow tension wiving which enters the oockpit.. Omn aeroplanes
st miv-coaled radial engines witheat the streum line cowling it is neces-
sary to add the following shiclding elements:

1. Metal covering over the mzgneio termonab Tiox; 20 Metal coverioer
over the high tension harness; 3. Either shiclded spark plugs or metal
g over the standard plags; 4, Metal howsing on the low tension
circuits inchuling the magneto switch box.

Fig. 120

Type D, Ajrerait  Recgiver,  Interchonpeable  Radin Frequeacy
cansfesmers;

Tt shoukd be pointed out that the use of shielded spark plugs er shivlded
vovers redisces the interference to such o farpe extent Bt o receiver can be
usied having 30 to 40 times the sensitivity as may be wsed with unshicided
plags.  Shiclded plugs of an improved desipn are sow available commercially.
Asa neityr of fact some manufacturers of air-cooled engines can supply 4
complet-ly shichled ignition system on regular order.  The schematic wiring
+liagr&p1-p[ the Type D receiver developed by the Adrcraft Radia Corporation
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is ghown in Fig. 127, Fig. 122 gives a general view of the receiver showing
the flexible contro! for remote instaliztion. It will be noted that th-:‘tu::li.?g
dial is calibrated directly, Fig. 124 shows the tube arrangement and 5o
the provision made for shock proofing. It will be noted that thers a~etjree
sereen-grid radio frequency stages, a screen-grid detector of the plate reds”
fication type to prevent over-loading and one audio stage using a 227,
Although the set is operated from & generator battery it will be noted that
AC type tubes are used. There are several advantages including freedom
from microphonic disturbances and the high amplification obteined from 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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Fig. 127

Schematic Wiring Diagram, Type D. Short-Wave Radio Receiver,

These transformers are all mounted as a unit, the set of four coils being inter-
changeable at 8 time, These are shown in Fig. 126. Fig. 125 is a close-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
s.huuiuig the vertical antenna and also the wind generator moonted in oné
of the right hand struts. There are a few additional features of the receiver
design which are imteresting. 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 acgeptablecfor the
detector on account of microphonic noises.

Itis ai;sn!ﬁtdy efeential that the detector be arranged to prevelt over-
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loading and this is accomplished by plate rectification with automatic bias,
13!.‘5 feature is particularly important when using the receiver with the visual

of beacon indicator. The pilot when approaching the beacon may

egl o g0 keep his reed :.mpl.;rud: down to the proper level by an adjustment
m:'~ it ‘volume contrel.  Under such conditions the detector may be so over-
loaded as to cause the reed ﬂlTl.'lenldE to pass ﬂ:l.'mugh a maximum and then
fall to normal Jevels. This might create o siteation where the indjegted
pourse would be reversed, ie., the reed of lesser amplitude would indicate
the side in which the aeroplane was out of course, With plate rectification a
somewhat higher output may be obtained than with grid rectification or over-
loading. In either case, however, reversal or lack of course indications
may result if the input circuit is increased abnormally. Plate detection with
aujomatic grid bias has other advantages, It is commonly supposed that
grid rectification results in greater sensitivity than plate fectification. Az a
matter of fact, the micro-volt sensitivity of this particular receiver is twice
as preat with plate rectification as with grid detection although the small
signal detection factor for the latter is about three times as preat as for
the former. Plate detection exceeds grid rectification in this eade because
it leaves unaffected the radio gain of the preceding stage whereas due to
glectronie conductance grid detection reduces this pain by a factor greater
fhan 2 to 1. In a like manner the sensitivity i3 considered greater with plate
rectification than with grid rectification, The high output impedance result-
ing from plate detection does mot impair the uniform transmission of low
modulation frequencies required for the visual beacon provided, of course,
the coupling between the detecter and the awdio amplifier #8 properly de-
signed. It will be noted that the detecior is coupled to the first audio stage
by the resistance method which has the advantage of saving in weighe,
econgmy of hath:ry drain and uniform transmission of the required modula-
tion £

The Western Electric Company produces a similar aircrait receiver,
exterior view shown in Fip, 131 and the same equipment with the cover
removed in Fig. V. It will be noted that screen grid tubes are used for the
radin frﬂﬂu:nt].r stapes, that the rado frequency transiormers are of the
intevchangeable type and that the tubes are of the AC heater type. The
radio frequency transformers are contained in a shielded case and for-
ated screen shielding is provided for the screen grid tubes. Fig. 132 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 varicus tube and coil sockets,
choke coils, by pass condensers, clc.

This particular receiver weighs approximately 16 pounds and is arranged
so thatit mayrbe located in any part of the fusilage where space is avail-
ahle® is means that it must be remoetely controlled and & suitable flexible
md,,:i:,, device is provided. The tube arrangenfent consists of three
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stagres of radio frequency amplification using sereen grid 1nhes, a space charge
eritd detector and one stage ol resistance—capacity ecupled ambio frequerty
~<all tuhes are of the equi-potential cathode type simplifying the operinon
i as far as the maisy souree of power supply is concerncd.  Thesne{ of
three tuned ciccuits gives a bigh degree of selectivity and no interfere.ce
between stations operating on adjacent Fands' from the signal desired. A
Lasrd paass filter is dncluded Bn the antenng eiveuit preventing interference from
low frequency broadeast stations.  While it s possille 1o operate the re-
ceiver front I} atleries a bess troublesene power supply is desicable.s This
can he accomplished in two ways—ene wsing a metor generator {rom oz 15
volt acroptane battery or using a double voltage wind-driven gencrator, The

 Fig, 128

Western Electric Aircraft Raabio Ra:u-.-h'er Cover Hemovel, Note Tobe Shiekls
il - Remiovalde  Shickded  Radie Freguency Translacmers:

Tatter wanit s soost desivable ::apecm”y o small plmw,s nat Impfm.ga any bat-
tery.  The wind-drives gencrator is deiven by a gelf-repulating propeller
which nsinlains a constant speed of 6,500 rpan. for all Aying speeds of
the plide, At this speed the gencrator gives 13 and 230 volts for the A and
I supplies respectively. A lallass 15111:1 takes care 0f variations in the fla-
ment circuit: This unit can be seen in the right-hand cotner of Fig. 128 On
& planic not of ol metal construction, all metallic parts of it must be closely
liensledd together. This inchudes all hinges, variable control surfaces or other
joints of any description and lhc:a' mast he byspassed by a etal Loanding
around the movible yurface,  This is a very important feature to insurs free-
dom from jiterference of the radio receiver and, if possible, this? should
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preferably be taken care of while the plane is under the course of construe-
tien, Fig. 128 shows the general assembly with the cover removed. The
canfatic wiring diagramn of the receiver (tuned radio frequency type) is
1-1,:‘;-";1. Fig. 129, The transmitter to match, is built slong the system shown
he schematic wiring diagram, Fig, 130,

Suorr Wave System ror BLivn Lawoivo oF Amcrarr

Cime of the first attempts to develop a radio system for the blind landing
of aisgraft was started by the Acronaatics Branch of the Bureau of Stand-
ards in the latter part of 1928, The jdea was to develop & simple and effective
radin system which could be used in combimation with the repular aircraft
navigating instruments to permit the safe landing of alrcraft at airports
upder 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 practiee nsed for mdio course indicatory it was
decided to use the simplest possible equipment on board the aeroplane and
have the complicated halkoy apparatus on land,

The apparatus developed [ulfills all the vardous requirements, is very
smple B operation and the pilot receives all the desired information with
fittle effort on his part, The necessary radio appatatus on board the plane
is very simple not having any variable adjustments and weghs only approxi-
mately 15 pounds.

A radio beam has been used to aid poaint-to-point Aying for the past two
years and the service given by this radio range beacon system on Federal
airways has heen very practical.  This system enables the pilot to keep accu-
rately on his course, know approximately the points over which he is Aying
ard proceed directly to his destination. The flying can then be kept closer o
schedule and wnder many conditions flights can be made which under ordi-
pary conditions could not be made without the did of these radio direction
facilities. It is apparent, however, that the simple course direction system
is not sufficient if the landing fields lic in an area of poor visibility. The.
improvements secured by the development.of instrument flying and radie
nayigatioh apparatus are nollified unless there are suitable means to provide
a safe landing at the desired destination. The system of radio aids to blind
Aying described herein should serve to Insure the regular mainterfnce of
schedule fiying whether by day or by might.

The idea of using a local field radio beacon was suggested by the sue-
cess of similar apparatus for the point-to-point flying. In addition to the
main beacon used for guiding an acroplane to a given landing field it was
sleciden] that & lower power beacon with simple loop antennae could be em-
ph:,rg.:]t for marking out the major or any desirable axis of the landing field,
The Jower power marker beacons could then be usedsto 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 nutxmdmg
vantages are gecured. The same receplive equipment on the aerop
required for the fixed airways was satisfactory for the reception of gﬂwah
from the local beacon and marker beacons. Secondly, the ground equipmiat
was simple and inexpensive, a moderate power transmitter for the runway
localizing beacon being satisfactory for marking out 2 course forra distance
ranpe of approximately ten miles. The macker bescon power requirements
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Fig. 129
Schematic Wiring Diagram. W. E. Aircraft Receiver, Note A, C. Heater Type
Tubes Are Used,

are also small. All the apparatus could e located conveniently within the
limits of the airport.

A system of this type was first tried out at Colleps Park, M:.r}ri.nd JAn
Movember, 1928, The test flights dememstrated that as far as landing field
lmaJJaa'thn was concerned it was perfectly feasible, but the problem of
altitude indication was not solved. Further experiments were made leading
to & fanding beam and the first successful Aights wsing this transmitter were
made in July, 1929, Fig. 134 illustrates the landing beam transmitter itsell as
installed in the airport. It operates on an ultra high frequency of the order
of 10000 Hlocycles, The beam iz directed at a small angle ghove therhori-
zontal and is arranged to provide a convenient gliding path for the landing
aeroplane starting at frbm 500 to 5000 fest altitude and approximately two
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to five miles distant from the fanding field. Referring to the photograph of

¢ beam trangmitter agzin, it will be apparent that the construction is very
shiaple. The directive antenna system consiste of the doublet horizontal
anj :nya shown running perpendicular to the main supporting structure. The
wz e of the landing beam above the herizontal is determined by tilting' thiz
harizontal structure about the vertical support shown. Fig. 140 gives a plan
view of the airport ground transmitting equipment For field loclization,
The main radio beacon for point-to-point flying on the Federal airways
is Joaated 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-
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Schematie Wiring Diagram, W, E Alreraflt Trassmitter,

side the actual flying field so that the loop antenna does not constitute an
obstruction to flying. The runway localizing beascon is shown at B and it is
of 200 watts power. This is also located at one edge of the landing field
withoupeefastituting an obstruction and directs the course along the par-
ticular landing strip to be gsed. It operates at & 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 oper-
ates on the same radio frequency as the runway loealizing beacon. From
the abpve it i apparcnt that a complete system indicates the main course
h}f.thtl means of radio range beacon A, landing field runway direction by
means of the landing field beacon B, altitude indication by means of the
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landing beam C and longitedingl position {appreach) along the runway by
mieans of the boundary beacen D, Tnstatled on the acroplane a simple me- .
dium frequency rocoiving set and a vertical mast antenna receive all th sse
indications except the Janding beamt signals. A special high Teenqu ey
receiving set is provided Tor the latter and works in connection with & 13"
zoptal douulet antenng abowt Bve feer Jong.  Figs, © and 12 illustrate the
action of the aliitude fndicating fnstrument,  The medivm freqieney set is
equipped wilth = visual ratge bescon reed indicator. An automatic velume

Fig, 131

W B Adrcrali
Radin Hecoiver,

contral may be used 1o receive the beams Trom the nain radio range bracon
and afse the ropway loealizing beagons, Throuph the wse of a special hlter
circwit reception of the awral boundary murker beacon is permitted while
the beads on the viswal bescon indicotor are functioning, “The distance away
from the transndtter can Le approximated amd is deterinined by the rough
distamee fmlicator, Thiz is in reality an adaplation of the cosventional ten-
ing ineter on the sets provided with automatic volume comtrol.  Beth the
wain beacon A and the localizing beacon B are of the visual tvpe. The
vasential difference between the two lics in the power ratings; the number
of beacon conrses radimted and dimensions of the loop antennas, The two
loop antennas cross at W) degrees carrying currents of the sane cerier Tre-
guency but modufated 1o ditferent low frequencies, in this case 65 and 86.7
eveles vespretively.  The visual indicating instrument on the acroplane con-
sists of two vibrating reeds mechanically toned 10 these two Jow requen-
cies and exeited by small clectromagmets comnected in the eutpot cirouit of
the receiver; When the beacon signals are received the two reeds vibrate and
the eomsparisun of their rélative amplitudes of vibration serves to indicate the
relative amount of sigeal received from the two iniproved antennas, Wien
the seroplane is exactly along the line lisecting the angle hetween the two
antennas ‘the reed vilieation amplitudies are speal. OfF the course they are
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YFig. 132

WL Afreraft
Boseiver, Top View.

prmspual e §E the acropline deviates to one side the reed on that side will
‘vibrate with & greater amplitude than the one on 1 gpposite side,

The tinwe phase displacement between the carrier current and the two loop
antenmas can be adjusted 1o provide cither two or four courses from the
hescon, The four course arrangemwnt is often used for the Axed airvays
while the two course arrangement is more desivable for the localizing beacon.
First going in for landing the presence of the course at right angles 1o the
rimvways might be confusing.  The 50 wart transmitter feeding a loop an-
tenna is used for the boutdary beacon,  This modulsoed wave 15 fixed at 1,000
vyeles per secund and Bs ehiained automatically by supplying the transmitting
bule with an allertaling voltage of that in:tﬁm.my AL e receiving end car
phenies contiected in series with the main course indicator are cploved with
i special blter circoit,. The boundary line 35 defoed by a2 0 sigial zons
twu or three degrees wide,  Tn fight the pilet cheerves an increase inothe
nuirker beavon signal as he appeoaches the edge of the landing field, p de-
creise 1o 0 as he passes over the boundaey line and then again an increase
in signal as he conies in the fanding Sebd area.  Own the acroplaoe the gipnal

Fin. 133

WLOELD Aireraft Feceiver,
Yiew of tlse
Bettom Wiring,
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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 landing
beam indicator, Fig. E, which i3 mounted on the instroment board. 1&
aeroplane does not fiy on the axis of the beam but on a curved part, diyectly
ender the beam, the curvatire diminishing as the ground is app?ﬁ‘aﬂn&.
The path is the line of equal intensity of the received sigmal below the aoxis
of the beam. The decrease of inlensity as the acroplane drops below the
beam axis is compensated for by the increase of intensity due to approaching
the beam transmitter. Therefore, flying the 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 sbove obstruections and does not need & thorough katowl-
edge of the terrain in ogder to effect a safe landing. Secondly, the landing:
path may be adjusted to soit 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' follewing the landing path the pilot auto-
matically*levels off, therefore facilitating 2 normal landing. In following
the landing path prior o receiving the boundary marker beacon 0 sipnal
zone the pilot maintains an air speed somewhat above the landing speed of
the planc 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 Geld the aeroplane speed may be adjosted to slightly over the landing
speed. The landing is therefore at 2 speed approaching the nermal 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, 300 to 5000 feet. The special high frequency
receiver is illusteated in Fig, 139 and the installation of the same apparatus
is shown in Fig. G upon the zercplane. The circuit used for this speciat
high frequency receiver iz shown in Fig. 136 and the transmitting circuit in
Fip. 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 turing and furthermore, since the line of constant field in-
tensity is followed, no volume control is necessary.

The operations necessary for the pilot to follow (see Fig. 141) in using
this riew system are given below. It is, of cqurse, necessary that the asso-
ciated 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 ke) and indications at to the correct course
leading to the airport on the reed indicator, sutomatic volume contral being
provided the pilot need not bother about this feature. Fig. 141 gives you
a prospective view of the aeroplane approaching the field along the tadio
range bedcon. Of colirse an indication will be noted by the pilot as he passes
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¢xactly over the beacor. Information as to wind direction velocity will be
;._rg mitted to him by radiophone from the control tower of the airport

ded this factor lhas to be taken into consideration. As this system
= f.;,l_'r srhedule fying it is assumed that the pilot has a knowledge of the
location of the airport with respect to the radio range beacon transmitter
station.

The pilok will then make 3 wide circle of the feld in 2 counter-clockwise
direction. He will switch over his medium frequency receiving set to tune
in the sunway locatizing bencon,  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
pilog on the axis of the.runway on which it is desired to lapd, the automatic
volwme control eliminating the necessity of any sensitivity adjustments in op-
erating the transmitter, At the same time the rough distance indicator informs
him of his approxiniate distance from the transmitter, As the plane comes
within the field of the landing beam the landing beam indicator tells him
whether he is flying above or below the normal gliding path. See Figs. 137
anck 142, The altitude of the plane is then adiusted to hold this pointer on
the midseale position, thus bringing the plane down alonp the gently curved
path tangent to the surface of the rudway at a predetermined distance from
the landing beam transmitter. It is necessary for the pilot to keep accurately
on the runway beacon coursg and at the same time following down on the
landing beam® path. This is facilitated by reducing the acroplane engine
speed so that the landing speed iz just slightly above normal.  This, of course,
alze helps the actual landing, The runway beacon course accuracy should
be kept within & 3 degrees. This is necessary in order that the landing
begm may be encotmersd head-on; otherwise 4 landing path steeper than the
ofe desired would b followed. It iz not diffcult to follow the course of
the necessary accuracy since a variation of £ 1 degree may be observied on
the reed indicator.

A certain, distance from the landing field boundary line the pilot hegins
to hear the .T cycle signal through his head phones from the ]:IEI.'IIH[E.I]I'
ikarker This signal first increases gradually, reaches & maximum
thien di:'l‘_ﬂ:ﬂﬁl:ﬂ to O and begins again. The principal idea of this boundary
marker is to establish o definite period after which the lamimg beéam indi-
«ations become of first importance. Tt 15 then possible (o throtile down the
engine to landing speed and maneeuvre the plane to follow the landing path
accurately to the actual point of landing.

The above described system is, of course, limited to & given wind direc-
tion. However, There are unlimited possibilities of expansion to take care of
this feature. It is unusuzl to have dense fop accompanied by a strong wind.
However, tlinding snowstorms, heavy raing 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 i the general problem of blind fanding pnd.
dwdqﬂmmu are now in progress with a view to making pessible blind Jind-
ings into the wind regardiess of wind direction. This will probably be read-
ily accomplished by having the marking beacons and beam beacons on*an
adjustable device so that they can be reE'lﬂumd to suit the wind mnﬂlll.-nm
In this case it would pmhahly be of preat assistance if b]:u& pilot were perdectly
familiar with the various landing ficlds i-:nﬂnmng his route so that he would
be prepared to pick up the beams in whatever direction they might be wointed.
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Fig. 134
Feam - Transaitter for Guiding Alrcralt (in relation to aititude).
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The Londun Airport, Croydan, Interior View of the New Teansmitting £,
Considing of Four H-a::_mni__-lg AW Aerodroese. Ground Tromsmitters, {oF eufnet
it i : B Pkegiciie. br Telegtut, gk ;
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Urrna-Snorr Waves sor Liviren Rawce CoMMunicaTon

The following description covers a series of ultra-short-wave experi-
ments conducted by W. J. Brown of Uxbridge, England. The idea was to in-
vestigate the passibility of wsing ultra-short waves on the order of two meters
or lower, for communication purposes,

A fair amount of experimertal work had already been carried out on
methods of producing short-wave oscillztions of limited power, and this had

shown an arrangement, comprising a pawr of ordinary Sowatt tobe: having
their bases removed and their corresponding electrodes connected by straight
parallel conductors, to be satisfactory, Two varieties of this kind of oscil-
lator had been tried, as shown in Figs. 138(a) and 134{b). In the frst of
these, the tubes are located at the extremitios of a perfectly straipht system ol
;conductors, while the leads for supplying energy to the sysiem are connecled
to the mid-paint of the straight-conductor assembly. In operation'the straight-
conductors form, together with the interelectrode capacities of the tube, an
oscillatory civeuit, and if the conductors are suitably arranged so as to obtain
correct phasing of the anode and grid voltages, the tubes will generate oscil-
lations at a wavelength depending upon the lespth of the system.

Asg the arrangement is symmetrical about the mid-point of the conductor
system, this point is a potential node on the oscillatory drcuit and provided
the power supply leads are connected to this point and taken away roughly at
r[g‘nt angles to the oscillatory circuits, no radie-frequency curreats will How
in the supply leads and there will be po power loss on this accoun

Since the length of the oscillatory circuit is a considerable fractiizepf a
wavelength, a faitly high percentage of the radio-frequency energy produced™
will be redizted into space, and the transmitter thus forms, to a certain extent,
its own antenna, though the radiation is improved by coupling to the trans-
mitter circuit a regular hali-wave antenna,

In the second type of oscillator shown in Fig. 134(b), high-frequency
radiation is minimized by doubling the escillatory circuit bacl, upen 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 experi-
ments. The radiating system comiprised a half-wave antenna which was
bioken at its mid-point and conneeted so a3 to include & short lenpth of the
tube oscillator circuit (see Fig. 134{c)), By adjusting the points at which the
two halves of the antenna are tapped on to the oscitlatory ¢iecuit, the loading
imposed on the opscillator by the antenna may be varied ot will. The dimen-

SUPPLIES Fﬂ_-l;:-—‘;_e.(
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OSCIL ﬁTﬂzf ELEVATICN
CIRCUIT
CONDUCTORS
|
FUPPLIES F;ﬁ
# PLAN
Fig. 134 (b)

sions of a satisiactory arrangement, with reference to Fig. 134 (¢}, were as
follows:

total length of oscillatory cireuit (04— 0 B) = 30em
todal lenpth of antenma (U X — V' ¥) == 100 cm
length of common coupling cireuit (X 0 — O ¥)i=5com
distance apart of parallel cireuits (X ¥) =125om
type of tube emploved Marconi LS5
wiveiength 200 meters

The radiation was estimated by a small hot-wire ammeter located in the an-
tenna circuit at X or ¥, Typical results for the arrangement were

r.mg, a-c voltage applied to anodes (500 cycles) == 550 volis
average value of plate current == 30 milliamperes
antenny ammeter reading = {13 amperes

Itj\.....;ﬂd be soted that the antenna anmmeter reading s useiul for compara-
“live purposes only, and its absalute value is subject to considerable error at
such high frequencies.

Brcervers ArpapaTos

The next guestion was to decide on the most suitable type of receiver.
Heterodyne re eption apptared at the time to be out of the question on ac:
count of the difficulty In maintaining the extreme constancy of Irequency re-
quited ({a constancy of the order of one in ten millign}, and greater sensi-
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tivity fvas required than could be obtained by using an a-¢ 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 gualities of extremely high sensitivity and flatness of tuning.
Experience with this type of receiver at wavelengths of the order ¢f 20 to
100 meters had already shown it to retain these properties at short wave-
lengths, and furthermore, they showed that at such wavelengths this type of



SHORT WAVES 267

receiver lost its objectionable uncontrollability and became in fact unusually
easy t& manipulate. The quenching frequency may be well above audibility
so that the circuit does not have the objectionable high-pitched whistle that
pocuts with leng-wave reception; for the two-meter receiver about to be de-
scribed, a quench frequency of 300,000 cycles was employed,
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AND QUENCH FRECWFENCY E
CIHCUITS G TUNIMNG
COMTROL

Fig. 134 (d)

The adjustment or control of the shori-wave tuning of the receiver pre-
sented & new problem; it was considered inadvisable to employ a warfable
condenser, hovever small, for this purpose on account of the desirability of
ketping the L/C ratio as high as possible, It was finally decided to employ a
:ir:lﬁ} 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 civeuits
0.4, O8. This was carried into effect by mounting the [7-ghaped oscillatery
circuit in a vertical position and making the lower portion of it consist of o
system of ebonite [-tubes filled with mercury, while the ugper portion com-
prised o set of straight rods sliding in the U-tubes, Tuning was effected by
raising or lowering the L-tubes, thus shortening or lengthening the eircuit,
The arrangement is shown dizgramatically in Fig, 134(d). The antenna com-
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,

BETECTOR (2 m)

AHTEMNKA

il
] L

e _ar ——mt
AUDIO AMPLIFIER
Fig. 134 {z)

The apparatus just destribed 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. 1340e). Tn the practical layout of the
portzble receiver employed for the tests, this oscillatory detector unit.with its
antenna was mounted on the top of a copper-ined wood box measdizg
roughly 24 in. long by 14 in. wide by 11 in. deep; this box contained the whole
of the quenching-oseillator and audio-amplifier circuits as well as the batteries
and loud speaker.

The only portions of the recciver which were external to the screening
biox” were the oscillating. detector and its antenna, the loud-speaker horn, and
the controls, All the controls were mounted at ene end of e copper-lined
box, incliding the short-wave tuning contral which operated through a bevel
gear and a screw-znd®nut movement to raise and lower the UU-tubes.
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In the tests, the transmitter referréd to above and shown in Fig. 134(c),
was supplied with alternating current at 500 cycles, and the receiver picked out
this sudic-mddatation frequency.

Rarce Trsts

Prelimingry-trials indicated that a range of the order of several miles was
tor be expecied, and & series of tests was therefore carried out afong the eoast
of Mosth Wales, to make definite cbservations of the range. The Morth
Walesspoast was chosen for these experiments since it comprises 2 number of
wide bays, ecross which signals could be transmatted without the intervention
of land, Since the possible applications of the system are prineipally for
maritime purposes, the above tests simulated the working conditions which
wuitt be encountered in practice.

BANGOR NORTH WALES

0
PR |

SLALE E‘-’H.II-I:-I- I
Frg. 134 (i)

For the purpose of the tests, the transmitter and antenna complete were
mounted on a F=ft. vertical ash pole and the necessary low-freguency power
was supplied through a four-core Aexible cable. Tt should be noted that this
cable carrisd no high-frequency currents and that- the transmitter is 5o small
and light that it may be mourted topether with s antenna in any convenient
position, remote from the power source and from the keying position.

Anode ‘power supply for the transmitter. was talen from 2. generator
mounted on an automobile, delivering 500 volts at 400 to 300 cycles, the aver-
agpliﬁate current being 50 milliamperes corresponding roughly to a power of
20 watts. A supply for the filaments {5 volts, 114 amperes) was taken from
the car starter battery and all control and keying operations were effected
from a emall control box mouwnted on the running board of the car. In op-
eration an antenna-ammeter reading of 0.3 was obtained,

The receiver was carried around in a second automobile and the pro-
cedure was to /irect the transmitter st some convenient point on the coast and

Lo txp&nre the signal strength along the coast with the portable receiver, The
results of some of these tests will now be given, and geference 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,

Errecy oF Helenr on SicnaL Steexer

It was quickly verified that signal strenpth varied considerably with vari-
ation in the average height of the line of transmission above the intervening
country or the sea, as the case may be, and the following is an example of
tests talen which will jllustrate this point:

Transmission was carried out at point 4, Fig. 134(f) from a position on
the sea front 15 ft. above sea level, reception tests being made at point B, 4.2
miles distant. At point B 2 railroad embankment runs close to the sea; be-
tween the hank and the ses is a streteh of level shingle 100 yards wide and
about 15 ft. above gea level, At the top of the railread embankment (25
it, above the shingle beach) signals were of strength R7. One-third of the
way up the bank, on the sca side (9 ft, above the shingle beach) the strength
was only Bi—f4. On the shingle beach itsedf no signals wers received,

In another interesting comparizon, the signal strength when transmitting
from point A, 15 ft. above sea level, was K5 at 614 miles (point C) and R3
at 814 miles (peint ), 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 £t above sea level. On the side of a hill {point
E}, at a distance of 8 miles from the transmitter, and at 2 point 815 ft. above
sea level the strength was R7. In this case there were hills intervening be-
tween the transmilter and receiver which prevented a direct view from one to
the other; on the otiwr hind the “Ene 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 fe. abowe
sea level, Signals were now of great strength B9 at points & and H which
were 1034 and 1234 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.

RerieEcTor EXPERIMEKTS

Tests were made with 2 portable parabolic.reflectar to determine the-ige
proverfient in signal strength and ‘also the degree to which the signal stréngth
could be reduced in the oowanted directions, The reflector compriged 50
aluminum wires 18 gauge, each 1 meter in length, suspended vertically around
the circumfierence of a parabola of focal length 50 cm, the "aperture” or
greatest diameter of the parsbola being 5 meters (ie., 234 wavelengths),

Transmission was carried out from point A, with the redector directed
towards point ., Transmissions were made alternately with and without re-
flector, and reception tests were made at varnous points in the immediate
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locality behind and to the side of the reflector and then at varicus points along
the coest in front of the reflector. In all cases the receiver was purposely
renderad 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 wers as follows:

———

Deviation from Strengsth Sir
Receiver loeation i ceniar of beam with refiector | withmat reBector

Lacal 160 dag. B2 H5.Ri

Lascal 138 dep. R2 | A

i[ 8 deg. R4 "9

L s b b

i
- c & deg. R7 | B2
e m

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 secosdingly.

The tests of which the above are typical examples indicated that the
range obtainable over sea at a wavelength of only two meters iz quite a uzeful
one for certain particular purposes which will be discussed later on.  Mean-
while, other tests were made onder conditions other than overses conditions
as a matter of general interest.

With the transmitter installed at ground level in an open courtyard nedr
the center of ‘a cty, recéplion was carried oit in an setomebile in the city
streets up to 3 distance of & nule, At this distance the signal strength varied
greatly according to whether the ﬂmet in which the receiver was located ran
along ot across the lne of tmﬂsmssmn, the greater strength being of course
obtained in the sireets running along the line of transmission. The overhead
wires belonging fo the stréeet-car system did not have a very serious effect;
semetimes they weakened and sometimes they strengthened the signal. Where
m:_ strest, pagsed under a street roilroad bridge, however, a distinet shadow

LS Tast,

With the transmitter located on the roof of o 50-ft. building near the
city center, receptipn could be cbtained almost without intermuption for a
distance of two miles through the streets

Tests made in the open country indicated that the range depended very
karpely nﬁmp-:gmplﬁmlcnndil.{mandm-&d from 4 to 15 or 20 miles. Good
reception was.obtained when the line joining transmitier and receiver aver-
aged a good height above the intervening country and also when the ground
at the receiver end sloped down towards the iranemitter, Contrary to a
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popular belief, however, it was not necessary that the transmitter should be
visihle from the receiver: the averaps hefpht of the line of frapsimission and
the glope of the ground appeared to be the délermining factors. Reception
could be carried out even inside sheet-steel structures where it might be ex-
pected to be impossible on sccount of screening effect.

Lintrren-Rarnce Featung

In “long-wave" radio communication a portion of the received signal is
due to the direct or “groutd” ray and a further portion is reflected =r re-
fracted 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 receplion.

At shorter wavelengths, between 10 and 20 meters, we do not begin to ge-
ceive 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 reccived, is that the 20-meter wave is incapable of refiection
through such g shorp angle as are the longper wavelengths, so that it may not
return to earth wntil 2 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 eecfain wavelenpth the reflected ray will
never return to the earth at all, A, Hoyt Taylor has collected together a
large emonnt of experimental data and has correlated this with the ray theory
in an attempt to estimate the shortest wavelength at which long distance sig-
nals can be received,

The minimum wavelenpth for long distance reception appears to vary
from about 25 meters on winter nights to something of the order of 7 meters
pnder abnormal summer conditions.  He sugpests that possibly very orca-
sional long-distance reception might be obtained at 5 meters. It would thus
appear justifiable to assume that & wavelength of 2 meters will be immune
from the possibility of long-distance pick-up under all conditions,

T. L. Eckersley has alse 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 B to 10 meters in daylight under
normal conditions,

Assuming the above evidence to be correct, the all-important result fol-
lows that the two-peter system will have & limited rmege which can be deter-
ined gt will since it will depend simply upon the ground attenvation, 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 candbe adjusted to

*suit this range when it can be safely predicted that the signal s incapable of
being picked up cutside a radius of say 20 or 30 miles at the same Jevel. Swch
limitation of range hasnever 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 frem the Heaviside layer,

DisecTionat TRANSMISSION

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
lHmited, as 1@ muet be on a ship or aircraft, we realize that conversely in order
to oblain & bean the wavelenpth must be short in comparizon with the pos-
sible diriensions of the reflector, The two-meter system requires a reflector
but 'a few yards in length, while still shorter wavelenpihs and smaller dimen-
sions may perhaps be attained by wsing the special oscillator construction to
be described later, It should be noted that the superficial area of the reflector
will deerease as the square of the wavelength,

The “beam"™ feature in conjunction with the “Bmited range™ feature
might be expected (o ensure that when sending o a point 10 miles distant the
signal cannot be picked ep outside a 3 or 4 mile radius in the wrong direction,

Easto-Freguexey Moourarion

By modutatiig the two-meter wave at a radio- instead of an audio-fre-
fuency we have a transmission which can be received under certain conditions
by an ordinary super-regencrative receiver. It can only be received, howeyer,
if the guenching frequency is adjusted so as (o give zn audible beat note with
the modulation {requency. Hence anyone attempting to intercept the trans-
misslon hag to adjust his receiver to two independent {reguencies simul-
taneously.  Apart from the advamtage of secrecy, the number of possible
channels of commumication is enormously increased, since a large number of
independent transmissions may be mzde at the same short wavelenpth by using
different modulntion frequencies, e, 150, LF5, 200, 225, 250, 275, 300, ete, ke.

The short wavelength may be fixed, or adjustable belween narrow limita
only, thus leaving the operator free to concentrate his attention on adjusting
the long-ware tuning, We shoold visualize sn ordinary 150- to 500-lec.
transmitter at one end and a 150- to 500-ke. receiver at the remote end. The
EFTL_!;"-jiﬂ'::rtnﬂt between this and an orditary long-wave system 15 that insteadd
of supplying suy, 300-ke, power to-an ordinacy long antenn, 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 sanse principle being adopted for reception.
This is Mustrated by Fig, 134(a).

It is of course realized that there is nothing new in modulating a radio
transmitter at » lower radio [requency, but this hecomes more practicable the
shortér the wave on account of the greater difference between the carrier and
modulation {requencies,
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CoMMERCIAL APPLICATIONS

The ahove characteristics immediately suggest a number of commercial
and ather applications such as the following:

(1) For signalling between neighboring ships, between ship and shore,
or between aiccraft and ground in case of fog. (2) For communication over
short distances where absolute secrecy is required. (3) It has been sugpested
icebergs, ete., might be detected by such o short-wave beam, on the reflection:
t;mm::Fn.I {4} The system might have some application to television triee
mission in Hit the shortness of the wave permits of an unusoally high modu-

l.a.t.mn Ercqultnl::.r



CHAFTER VIII

Short-Wave Broadcast Receivers

There are a number of short-wave broadeast receivers now on the Amer-
ican market all built more or less along the same lines. For camparative pur-
illustrations and the schematic wiring diagrams will be given. Maost of
these sets are made both for battery operation and for AC operation. The
AC sels have the advantage of greater amyplification due to the high sumplifi-
cation obtainable with AC tubes. The battery operated sets have the advan-
tage of greater stability and freedom from any electrical disturbances due to
power pack nperali:m
Fig. 148 gives the schematic wiring diagram of a typigal short-wave re-
ceiver, This set différs somewhat from the more simple short-wave receiver
inasmuch as it has only one stage of tuned radie frequency (sercen grid)
ahead of the regenerator detector, In 2 shoet-wave cireuit having enly a
regenerator detector ahead of the audio stages consideratle skill and patience
are reguired te ebtain satisfactory results. This is particularly true in repard

Fig. 147

oSchematie Wiring Diagram, A. C Short Wave Regeherative Receiver,
275
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Fig. 148
Schematic Wiring Diagram, Shert Wave Heceiver Using Battery Trype Tubes.

lo 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 matier of tocating distant signals is {acilitated,
Coils are available extending the range above 200 meters to 500 meters for
regular broadcast reception.  The degree of selectivity obiained in this upper
wavelength range would hardly be selective encugh for operation in congested
districts. It is mot intended for this purpose and reception en the broadeast
wavelenpgths s provided to esable reception with the receiver located at out-
lying pertions 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 vsed, There is one stage of tuned radio
frequency amplification, regenerator detector, first and second audio stages,

guestion of eliminating AC hun from the short-wave regenerative re-
ceiver 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
itsell due to the method of construction of the heater cathode. In the regular
227 the heating element {s'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 residiml hum to”a nepligible
amount. The type 227 tube has been retained for the last audio stage in pref-
erence to a power tube due to the fact that the heater type tube is superior
for helwd phone operation giving a2 mimmoam of bum distuchance, In an AC
short-wave receiver the design must be carried out véry carefully to eliminate
sources of other lums caused by oscillating ciecuits consisting of the varfous
components of the radio frequency chokes, condensers, ete. When the final
receiver i3 put under its first tests these hums will be apparent and mst be
traced and efiminated by altering the components;

Another standard short-wave receiver is shown in Fig, 149, The tube
arrgngement consists ef & 224 screen grid radio fréquency stage, 227 detector,
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227 nest abdio and two 243 push-pull for the power cutput amplifies, The
power Pack rectifier tube is a type 280, The antetma ciresit in the radio fre-
quency stage i2 not funed, The detector s regenarative with a fised tickler
goupling. Four interchanpeable coils cover a wavelength range of 166 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
thromghout 2he broadeast and short-wave band, (hough under certain condi-
tions for the range around 30 meters an objectional Bum may be encountered
due torpeculiar line conditions.  Tig, 131 iMlustrates the model “C* short-wave
receiver which is probably the frst one af this type to bave two stages of
radio frequency amplification ahead of the detector, The schematic wiring
dizgran is shown in Fig. 152, "This design is far more elaborate than the
regular short-wave designs previously available as the matter of cost and size
has net Been taken inte consideration the first thought being 1o seenre masd-
muwm results, Fach radio frequency stage and the detector stage are built in
a separate shickded conpariment, The three audic stapes are comtained in
a fourth compartnient. Tt will be noted that there is consideralie space between
fite radio frequency trasmsformers and the shiclding to insuee mininium losses
from absorption.  The variable condensers are placed on the rear tube shelves
chose to the radio frequency transformers and tubes so that the length of the
interconnecting Jeads is ot 2 minimum.  The mechanizal contro! betwesn the
condenger and the fromt tuning dials is in the form of o cond.  Ar the same
time the reduetion between the front panel and the condenser i5 12 so that the
front tuning dialz can be moved very gradually for fine adjustonents.  This
silso provides a full 360-degree scale en the indicators which makes it possible
to record the calibrations more accurately. The gystem of having indegend-
ent shielding containers for the various stages has worked out very sucecoss-
fnlly in receivers for the broadeast band due to the Tace that this double shigld:
g reduees skin effect™ :u-upiing' to an absclute mindmam,  The push-pudl
power amplification wis not used in the audio slage beeaase 1t was believed
that em weak slgnals theee would net be sufficient over-all amplifieation to

Fig. 149
Typical Short Wave
Repenerative Madio Fetviver,
Exterior Wiew.
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Short Wave Receiver Schemabic Wiring Diagram.

This receiver was designed for mmtomobile instaflation, and therefore while three
o Using ASC tabes allows greatsr amplification per mibe and fresdom From

iperated from @ hatte
disturbances.” This- cambinatioh af h:& gres the desired results with a mmimom number aof dubes

re wsed, they are o

Im this design there are iwo stages of tuned esdio feequency smiplification, 8 —34 soreen prid detector, —I2 Brest aodia amplifier

esistance coupled) and a Penfode output tobe,

g{'l:'ru"mt a
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¥ig, 131

Aledet © Tuned Hadin Fregency Short Wave Reeclvers The Railio and  Detector
Staped are in Seoparate Coonjarinsends to Ablow J0KE Shiclding,

work such push-poll power twibes to full ootpat,. The metbod selected waes
theee progressive stages,  With this arrangement. even the weaker signals
passed Trom the first distector to the audio amplifier ean be built up o good
vubiie for head phone or even lowd speaker reception, - The audior trans-
formers used are of high quality and give cxeelient reproduoction.  Jacks are
provided so that either phones or loud speakiers can be used at any of the
stages,  The indicating meter is not permanently comnected to any part of
the sot, Flexible leads are provided so that all the A, B, of C voltages can
e reaed, the micter baving two geates—0 o Boamd O bo 200 volts. Flexille
leqels are vsed as pernmnent witing would inderfere with e working of the
receiver. '

Compared with ardingry short-wave scts 1111'mg a mintmum number of
interchangeable coils, the model “L" has a total of six coils covering 13 to 200
mieters witl a° regsonsaile cmﬂhp between coils.  As T voltage ampli-
feation is abtained with o circuit havi ing hizh indictanee atid low capacity thi
ma oof six coils fives a preater over-all 1.'FEEH. nev Usan & circoil using a smaller
meprber of endls,  The mechanical shape of the coil to give best electrical ro-
aulty has been worked oul very carefully, For example—ihe coil kaving 2
certain range might have one tarn of wire 12 inches in diameter or 1)} turns
of wire on B-inch dizmeter, For radio frequency work neither of these two
extremes would be satisfactory and it is odvions that the optimuwn shape and
dimensions fall somewhere between these extremes.  In this desipn these de-
tails have hoen worked out carciully ond the varioes radio Trequency ond
other inductances throughout the wavelength range give a high degree of
uniform efficincy.

The anténne fnput cirevit is arrarged to accommeodate different types of
antennas. In addition to using a regufar antenna the set can elso use o dirig-
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Fig. 153

Slart War Snper-Tleteradyng
Aﬁ-{ﬂcrwgi wraine Enferior
':ruis!rm'tmll Which Delodes a
wall Builtvin Fower Park,

ible type or a wave antenva. It was previously mentioned that Lest results
were obdained by wsing a very small condenser and a relatively larpe coil for
the tuncd circuits. This has the disadvantage of requiring a large nusber
of coils., This disadvantage is further emphasieed when it beeomes desir
alde to tune wavclengths ahove 200 meters. TFor the mange of 200 1o 600
nieters it would require cither three or imore sets of coils for the set. Tt is be-

Fig. 154
Schematic Wiring DHagram, Short Wave, Super-llciorodyne Adapler,
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Fig, 153

Typical A, €. Ehort Wave
ver Ineluding ©
Built-in Power Pack,

lieved, however, that the matter of shoctowave desipn iz o problem by itsel{
and attempts should not Be made fo extend short-wave receivers into the
broadeast band except for unusual conditions. Likewise for the reccption of
wavelenpiha below 15 1o 20 meters the problem of desipn is again separale
amd distinct and requires another type of receiver. The Army, Navy, and
cemimercial companics use special separate reccivers to cover different bands

Fig, 156

Schematic Wiring Diagram of the A, C Short Wave Beceiver Shown in Fig: 155, 2"e
# Fentode i Used in the First Hadio Stage. =z
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Lﬁiﬁ.;-i-ﬁa?hgths during their regular work, They do not make any atiempt to
desigrr areceiver which covers a wide range of wavelengths because it is
kenowen that it witl net be highly efficient,

The setond radio frequency stage can be disconnected if desived, it only
being necessary to rémove this unit and then eonnect the antenea stage di-
pectly to the detector unit. In this unit the plate circuit is tuned which on az-
count of uging the scresn grid tubes is the most satisfactory method. As
gmall inductance in the plate circuits does not present an efficient arrangement
for tuping, an ingenious method of indirect plate conpling is used with ex-
cellemt results.  This is shown in the schematic diagram:.  Vernier condenser
adjustments are provided on the tuned stapes. Individual voltage regulators
are gvailable so that each tube can be regulated to its maximum point of
efficiency. The contifning cases are constructed of aluminem and are at
ground potentials thereby being free from body capacity effects, All the
high frequency retums are blocked with radio frequency chokes, by pass eon-
densers, efe., o very larpe number héing vzed throughout the receiver,

The idea of using a variable indactance, wsuslly in the form of a
varigmeter, tuned by & variable condenser to oblain & wide wavelength rangs
is mod-an officient method. This system has been wseid in long-wave feceivers
years ago and discarded.  Adjusting a variometer over its tuning scale it is
found that with the inductance at a maximuom, the codl 1s siitable for efficlent
tuning. However upon adjusting this type variable inductance toward its
minimim value, the distributed capacity and losses encounted raize rapidly
and the arsangement becomes more inefficient proportionally. Individuals
cffering desirms invelving this particuiar feature show a decided lack of radio
receiver desipn experience and it {3 surprising the various radio editors ae-
cept the articles for publication as having any merit at all.

The ordinary broadeast receiver of the tuned radio frequency type espe-
cally one having high selectivity is suitable to be adapted into a Super-Het-
erodyne system for short-wave reception. In this case the radio frequency am-
plifier af the funed radio freqeency set is uzed 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
comgplete the circuit into a Super-Heterodyne there is required a first detector
and oseillator, In some systems one tube iz used for both of these functions.
A Super-Fleterodyne adapter made along these lines which is illustfated in
Figs, 153 and 154, As it s not convenient for the average layman to make
the necessary connections to supply the adapter with filament plate and bias
-.nn!l:sgu. there is included a small power pack built in a3 a component art 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 i
uged as the first detector, This idea of having 2 built-in power pack makes
e agapter 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 €onnectThe.
antenna and ground to the adapter and connect the adapter to tha ifput of
the tuned radio frequency receiver. The receiver itzelf 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 short-
wave bands, The center dial controls the beating ascillater and the small Teft
hand dial controls the antenna tuning. A number of interchangeable coils
are provided—usually four sets—covering the approximate range of 16 to 31

|
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Fig. 155(a)

DeForest Short Wave Receiver, battery cperated.  Circuit consists of radio siape, detector
aml two Audis stzges,

meters, 30 to 30 meters, 53 to 104 meters, 103 to 195 meters. Similar adapters
to uwse with the high-power "Phantom™ and “Silver Ghost" broadcast re-
ceivers were described in the 1928 edition of Madern Radip Reception. In
using gn adapter of this yype in connection with a broadeast receiver it must
fse expected that interference will be received from stations of different wave-
lengths. 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, Tt
was also found that when vsing short-weve adapters and frequency changers
it districts having 4 number of hiph-powered broadensting stationy in the
vicinily, these stations will be received on hannonics, that is,a statidn npers
ating on 560 kilocycles may be heard on 2240 kilocycles, 4,480 kilocycles, 8,360
kilocyeles, ete,, depending upon the harmonic cofdition of the transmitte=.  Iij
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m“! wasly high=-powered transmitiers have surrcunding metallic objects such
as steel fowers, guy wires which absorh encrgy and re-radiate it at short
wavelengihs,  These signals ean also be picked up at shart distances from
such transmitiers, h

A SPECIAL SIIOHT WAVE SUIMER-TIETERUDVRE RECEEVRR

ﬂn thy shorter waves there 35 nie less atisphenie interfecenes than
ohtained on the longer wavelengihs, This dusirable condition enables the wse
of & ghorl wave recerver having a very high degree of sensitivity, In actual

Fig. 155(b}

Petie Astomolile Radio, note provision fur colle coimeetions
and remobe cutrol

Fig, 15 (af

lrt-W 5ve
memranive Beoeiver,
Lo Type,
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Fig. 156 (b)

.Slmrt.-"i‘fm Super-Helerodsne for Bamua- Oferation, Using Peanut Tnhqh
Tuibe Thector—Oseillater—T he I'ntj:mwdur.;: Stages—Ileten-
Armigee; tor—Two Awlio Stapes.

Fig. 156 (c)
German Telelunken Short-Wavi: Recciver
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pratil e With & receiver of this type very strong signals can be obtained from
chort-wavk transmitters and in many cases regardless of the distances
involved,

In the case of o Ei'l'llp]t short-wave receiver hn'.'ing only a rl.-g:n:raii\ln
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 freguency amplification, the sensitivity will still be of relatively small
proportions.

Ig, making pians to sccure more amplification additional stages of tuned
radio frequency amplification can be added, In the case of o receiver where
the wavelength range is confined to narrow limits, this would not be a diffi-
cift problem, On the other hand, assuming that it is desired to cover all the
ghprt wave bands, a tuned radio frequency receiver baving several stages,
white satisfactory in operation, would be complicated to gpernm e to the
pumiber of varable controls involved,

The commeércial companies n their experiments to obtain strong short-
wave signals even from long distances have decided upon the Super-Hetero-
iyne method of reception, In this system there is the advantage of simplicity
in operation, relatively high overall amplification and stability., In such a re-
ceiver the vadio frequency amplifier and the overall gain chtained at that point
is really the only limitation of the receiving range with ideal radio conditions.
In simple forms the Super-Heterodyne §s ot exceedingly selective bat meets
the requircments of amateur experimenters. For additional selectivity it is
peceasary te add preliminory band-pass Glters and it is difficalt to constrict
these o cover wide wavelength ranges.

A short wave Super-Heterodyne receiver having a degree of amplifica-
tion far superior to any of the other short-wave receivers now available has
been developed and will be described herein, Fig. 156(d) shows a front view
and Fig, 1560e} a plan view of the complete receiver which, however, docs
not incliode the power pack. This is due fio the faet that the power pack may
be of several different styles depending vpon the tobes used in the receiver
arrangement, The design as outlined specifies the best tubes which will give
the greatest overall amplification. Smaller tubes or tubes for battery opera-
tiomcan be used with a proportional decrease in total sensitivity.  The receiver
it really divided into three major sections of which (A} is the first detector
with its associated oscillator and power pack; (B is the intermediate fre-
quency amplifier with a second detector and (C}) is the audio amplifier to-
gether with power audio amplificr and the associated power pack.

In this method of reception the radio frequency amplification is carnied
on al the intermedizte freguency of 250 Klocycles through the intermediate
frequemcy ampiifier. Regardless of what wavelength is received, the tuning
ofshis intermediate radio frequency amplifier remaing constant.  To change
réﬂmtnm: received waveleng#h to another, it is only necissary to change the
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tuning of the antenna eircuit and the associated super-hetrodyns Gichlater,
reducing the tuning operation to twoe contrels. These are shown ifi the front
view as Selector 1 and Selector 2. The other variable adjustments shown are
incidental to obaining the desired degree of sensitivity or signal strength.

In commercial designs where each tube is worked to its maximum . ad-
vantage, the mechanical placements and clectrical shielding are carried to the
highest possilile degree of efficiency, This is accomplished by having a sep-
arate shielded compartment for each individual tube. Furthermore, each of
these tubes is provided with all the necessary chokes and by-pass congdensers,
For the matter of convenience this design has been simplified and while the
results obtained will not compare with the commercial product, the perfor-
mznce will be entirely sattafactory. for all averape purposes and far superor
to any experimental design so {ar offered.

As the internediate frequency amplifier is one of the most important
congiderations, the details'of this circoit will be constdered first, Thers are
four intermediate frequency tuned transiormers associated with three screen
grid radio frequency amplifier tubes and a sereen grid second detector tube.
These ave 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
anid secondary of these trapsformers are tuned by voriahble condensers each
having & maximum capacity of 001 m. f. This system is followed to produce
a radio [requency amplifier having a sharp resonant peak as (he overall de-
gree of solectivity depends on this factor.  As a matter of fact these con-
densers can be so adjusted that the overall degree of selectivity ¢an be varied
as desired. Tt must be rémembered that for pecfect reproduction of the
speech frequencies, this amplifier must net 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 o bripd-pass filter to this intermediate frequency
amplifier if an exceptionally high degree of selectivity was required.

Each intermediate radio frequency amplifier transformer consists of twd
windings, a primary and sccondary, both identical in specifications. Each of
these windings has a total of 68 turns No. 28 B & 5§, D.C.C. magnet wire
in a form 234 inches inside diameter and 3/32 inch wide, random wound.
These pies are wound on a form, ecovered with hot carnarba wax and are
then ready for assembly., “The inside diameter of these pies is 236 inches,
For matter of convenience in assembly the two pies comprising a transformer
can be mounted within & container preferably of a non-metallic material, Re-
[EI"I.'II'IE to the mﬁ“g' ﬂmgram again, it will be noted that the variable con-
denser in parallel to either the primary or secondary winding nasa nFximum
capacity of. 001 m.f. At about three-quarters of their maximum capagity;
the resultant frequendy with the above described inductances is 250 ke, Tue
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condensers can then be regulated so that the primaries and secondiries’are in
exact resonance according to the degree of coupling employed, It giving the
specifications of the primary and seeondary windings sbove, the mechanical
distancs between these pies was nol mentioned, When the pies are concentric
and close together, the amplification Is at & maximum bat the degree of selec.
tivity is at a minimum, Increasing the distance between the pies increases
the degree of selectivity and with a small reduction of amplificatjon. 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 yinding,
the associated variable tuning condensers must be re-adjusted for resonance,

The radio frequency amplifier tubes are properly biased by having a re-
sistance of 430 oluns in each of the cathode cirenits, These resistors in turn
are by-passed by a 0.1 m.f, fixed condenser. The screen grid bias, on Jhe
other hand, iz arfanged so that the voltage that may be applied to that point
is variable from O to 90 volts positive.  This variation in veltage controls the
sensitivity of the intermediate frequency amplifier.

It will be noted that the sccond detector screen grid voltage is varied
simuitan@ously to the same velue 25 the intermediate frequency tubes. Forall
ordinary purposes this is sufficiently accurate.

The intermediate {requency circuits are further by-passed by condensers
from each screen grid lesd to ground and from each plate return lead to
pround,

Referring to the schematic wiring diagram Fig: 156(f) of the detector
circuit, it will be noted that the —24 tobe iz used as a power detector 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 detector 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 andie
amgplifier which is a type —27 tube. This tube in turn is properly biased
with o 900 ohm resistor in the cathode circoit and the associated by-pass con-
denser. An important part of the detector circuit is the 003 m £, condenser
from the detecter plate to ground which prevents radio frequency cursents
{rom entering the audio amglifier. Tf 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
mast satisfactory,

From the first audio frequency amplifier the andio 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 con-
wected o (0025 fixed condenser to prevent unbalancing. In the plate qr-
cuit of the two —350 fubes is an output transfofmer, the secondary of which
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has a low impedance winding suitable to match the average dynamie ;'_pﬂk:r
mm:ngmqgﬂu For an cutput involving high impedances the loud speakers
maybe pannected between points Z and Y or Woand Z.  Reception with head
telephones may be obtained from jack connected in the plate circuit of the
first audio stage.

As mentioned previously, the tube érrangement shown in this design 3
ane which i';. ideal for maximum results. In view of this, the power paci
chown 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 charged. 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 transfcrmer, in addition to supplying
50 volts AC for each of the two —81 tubes which is subscquently rectified
for the plite circuits, also has supplementary wi.ndingn, eng of 214 volts for
the radio frequency detestor and oscillator tubes, one of 734 volts for the
two power tubes and one of 733 volts for the two rectifier tubes, these last
three mentioned voltzges being for the filament circuits, Ofdinarily, the trans-
former would be supplied for 110-volt 60-cycle operation.  For operation on
violtages and irequencies of different values the tranaformer would have to
be of special design, but these are available.

The rectified altermating current is Aliered and smoothed out by bwo
chokes and z series of reservoir comdenszers, One of these chokes consists
of the field winding of the dynamic speaker which should have a resistance
of 1,000 ohms. This is shown cleary in the schematic diagram. The other
clioke shauld have a capacity of approximately 100 m.h. and capable of hand-
ling 150 milliamps. The reservoir condenser shown has three separate sec-
ticns, one of 4 m.f. and two of 2 m.i, In the case where head phone pperation
is wsed to great extent and there should be an absolute freedom from any
ASC interference, an additional reservoir condenser hoving a capacity of &
n.f. can be connected between the top of the voltage dividing resistance and
ground.

A voltage dividing resistance having a total of 41,000 ohms is connected
Between the high voliage point and ground.  This resistor should have a
series of taps so that proportionally smaller values ol voltige can be tapped
off uz desired, The schematic diagram indicates that value of 180 volts is re-
quired for the plates of the radio frequency amplifier and for the plate of
the: first audio amplifier.

The adjustable voltage regulator for the radie frequency screen grid
lsias is connected between the minus points of the voltage divider and ap-
proximately 100 volts positive. Therefore, with the adjustable control the
sereen grid biagd can e rcguialed any pmn: between O and 100 volts positive,

In the schematic wiring diagram given there s o separale power pack
shown for the fest detector ood oscitlator. 1t is recomamended that this pro-
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cedure be followed if maximum results are desired, By using %his System
the varions radio frequency currents are kept isolated in a mofeseffective
manneér. This extra power pack is of rélatively small capacity ard wabs g
type —26 tube as 3 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 4 choke coil and two 4 m.f. reservoir
eandensers.

Here we have the situation where the primary of the first radio fre.
guéncy transformer does not have an impedance soitable for the platacirouit
of the first detector tube. Accordingly, the plate circuit is supplied with a
suitablé rezistance output coupling and the output in turn capacity coupled to
the primary of the first tuned radie frequency transformer. With & —24
gcreen prid tibe aml ‘l".l.‘tl'l a voltzape of approximstely 1B0, this coupling.re-
sistance should be n]:lpmxlrrmtetj* 300000 chims, The screen grid deteclor
has a cathode bins of approsimately 10000 ohms and ‘is by-passed, The
screen grid voltage of this detector tube is given a fixed value of approxi-
mately 67 14 volts which is obtained by a drep resistor of 300,000 ohms value,
In a mork elaborate set this scren prid voltage could be variable which would
give an effective control on the sipnal input. The cathode resistor at this
point 15 variable,

In the antenma cireuit the antentia 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 for all erdinary purpeses can
be regulated to a value which is suitabile over a wide wavelength range for
any given aerial, Headjostment for extremaly short waves is essentinl. In
the arrangement shown, the coupling fs 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 frst antenna tuning indue-
tance, Ideas of this sort will ba ohtained from other parts of this hook,

As far as the antenna tuning circuit is concerned, muaximum signal
strength and efficiency will be obtained using the largest possible indoctance
and the smallest value tuning condenser for any given wavelength, For the
miatter of economy, four interchangeable inductances will cover o wavelenpth
range of approximately 19 meters to 200 meters. Tt is apparent, however,
that by having a larger number of interchangeable eoils, improved results will
be obtained en certain bands. By obtaining the necessary interchangeable
coil foring, the sxperimenter can witd coils of different specifications to se-
cure the results desived. Thie situation 1g also true in the terchangealble
inductances in the cscillator circuit and in designing codls to use at this point,
it must be remembered to provide sufficient coupling Between the eoils to pro-
duee pscillation over the entire wavelength range.

The neceszary coupling bebween the detector grid and oscillator grid 1s
obtained by mieans of*a varable coupling condénser, This condenser is alsa
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adjustable internally and once properly regulated need not be disturbed for
all average purposes. It will be found in operation that if the valug.of this
condenser i too small, the signal strength will be impaired and on we afher
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. Defore reaching this fase
mentioned extreme & condition will be noted where there will be a decided
"elick™ in tuning when the oscillator and defector circuits are so tiuned 1o
approach rescnance,

Assuming the intermediate frequency amplifier is tuned to & 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 & local trans-
mitting station which transmits on a wavelength of 1,200 meters or approgi-
mately that value, *In this éase there would be considerable interference fram
the local transmitting station as the simple form of preliminary detector cir-
cuit used could not discriminate against such & strong local signal. Under
such circumgtances it is necessary to change the intermediate frequency wave-
length te & value which will be free of such loesl interference, This can be
accomplished by regulating the individual varizble condenser eomnected 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 2934 inches
longe, 1134 inches high and that the containing cabinet has a depth of 12 inches.
Referring to the plan view, the detector and ascillator eircuit are concentrated
at the left-hand end towards the rear on a sub-panel 614 inches desp, 11
inches wide, this panel being 584 inches high from the bottom, There iz &
sub-panel holding the two variable tuning condensers which i3 11 inches long.
514 inches wide and a distance of 434 inches from the bottom. In the re-
maining 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 454 inches long. Immediately in front of this compart-
ment is another sub-panel 6 inches wide and 1834 inches long which provides
space for the first audia amplifier and the two power andio amplifier tubpes.
The case is made of 1/16" sheet aluminum, half hard temper,

Reterring to the front view apain, 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 adjustnent to regulate the seveen grid bias on the ficst RF tubes. Con-
tinuing to the right the next variable adjustment controls the scveen grid blas
on the balance of the radie frequency tubes, The remaining variable adjust-
ment is the gain control for the input of the firstsandio amplifier tube.
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A jack is provided to enable Bead phone reception and at thersame time
the volume control is available to regulate the signal strength for tRisservice.
The two indicating meters are provided, one measuring the total Eunant;m
gumiption of the two power tubes and the other measuring the current con-
sumption of the remaining two,  Instead of baving two milllammeters it
would zlso be possible to have one milllammeter read the total consumption
of the entire receiver and in the other aperture insert & multiple-range high-
resistance voltmeter. It would not be advisable to make elaborate connections
Letween this voltmeter and the various circuits on account of the exgessive
length of leads. 1t would be better to provide the volimeter with fexible leads
and pick points 80 that the voltages could be measured at any points required.

The antenna and ground binding posts are brought out at the front of
the receiver and i:kﬂwrs&  binding posts for the dynamic speaker. In fhe
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 oltained across
the primary winding of the output transformer with a protective condenser
in series o isolate the high voltages involyed.

The interchangeable inductances and transtormers for the antenna tuning
and ascillator circeit are afl wound on formis baving & diameter as indicated,
The coil data is as follows: (the antenma inductance).

Coil Size | Wave Wao | '

No. | Wire | Length Range |_ of Turns | Turns per Inch | Diameter
1 34 200-119 24 | 22 ¥

2 20 120- 71 21 22 1347

3 0w 74 45 12 18 [ 154"

4 20 | 5. 31 7 1% 134"

5 20 3-22 | 4 18 135"

6 2 | 2318 ! & 18 LW

"I:'lIu: coil data for the oscillator inductance is as follows: (Form diameters
A

Coal ! Wave U Grid ' Turms ! Flate :

No. Length Range | Tumns | per Inch_ J Turns | Turns per Hich
I ¢ 0418 X |~ 22 ] 20 cloge wound
2 13- 71 21 23+ 18 o
3 Fa- 45 12 18 14 "

4 S0 31 SR 18 10 i
5 34- 22 4 | 18 B =
6 , €318 , 4 ;| 1B | 4 u

It should be remembered that the direction of these coils and the dis-
tance hetween the two windings should be in exget accordange with the data;
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otherwises the oscillator will not function properly, if at all. The tuning of
the m:}-ﬁm iductance will approximate the wavelength range given and will
vHatelirom these walues 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 oscillater coil will vary according to the inter-
mediate frequency wavelength selected and the amount of coupling between
the oscillajor and the detector, However, with the six coils provided there
shiowtld be sufficient overlap to provide for all ordinary variations.

dhere will be cases where the sxperimenter will probably have a desire
to cover the regular broadeast band in addition to the short waves, Tk should
be remembered that while this is possible by using larger inductances, there
will not be any preliminary band pass tuning and the system will not be sefec-
tive if there is predominating ameunt of local interference, For the wave-
tength Tange of 200 to 600 meters three additional coils {50 both the antenna
msductance and oscillator would ordinarily be requiced.  This could be simpli-
fied by having enach 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 D005 which would be
thrown in and connected parallel for the upper wavelength work, With such
an srrangement ong set of inductances would give twao different wavelength
ranges.  There would alse be additional advantages in as muach as the large
inductances ordinarily used for the broadeast band with the large condensers
could alze be'used i short-wave work with the small condenser and at the
s fimeegive an advantapeous high L/C ratin.  There would, therefors, be
a number of different wavelength bands covered by the different combinations
amd an efficient arrangement could be selected. Figs. 156({g) and 1536{h) give
the ezsential dimensions of the front and plen view of the completed receiver:
Heferring to the front view it will be noted that the two tuning condensers
are located an the center ling 7 inches from the bottom of the receiver, The
frst condenser 15 on the center line 304 inches from the Teft side and the other
condenser 15 located 434 inches from the first, A subepanel of aluminum to
support these two variable condensers is Jocated 434 inches from the base.
bnmediately in back of the two variable condensers is o bakelite sub-panel
&% inches deep, 11 Toches long and located 534 Inches ahove the base. This
sub-panel has a UX type socket for the antenna inductance to the lefe, UY
type base for the oscillator inductance to the right, the grid-to-grid Coupling
condensers jocated immediately between; to the rear and left js located the
socket for the first detector of the tvpe —24 and to the right iz located the
socket for the —27 oscillator tube

The smaller variable controls are loeated on the center Bne 234 inches
abovedhe bade and resding left to right consist of the anténna series varizhle
condenser, first detector RF bias control, second RT bias control {on the in-
termediate radio frequency®RF tubes) and fnally the audio volume control,
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The telephone jack for head phones is located between the fast two mentioned
dials, Of the two indicating meters one indicates the total B cutisew con-
sumption of the éntire receiver and should be located in series with @ vegafiuss
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 valt tap before it reaches the voltage dividing resistor and should also
be shunted by a 1 m.f. condenser, These meters are not shown in_the wiring
diagram as they may be Jocated to suit the mdividual requirements. Instead
of having two millismmeters some experimenters might desire to havp 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 2o 8 and 0 8o 200 volts pro-
vided with flexille leads and pick points so that readings could be taken at
any points on the dircuit desired.  These readings will only be of comparative
yalue unless the voltmeter is of the high resistance type.

The intermediate radip-frequency amplifier is located to thie rear and to
the right as shown in the plan view consisting of {our compartments, first,
gecond and third intermediate radio frequency amplifier and the second de-
tector, ‘These four intermediate radio frequency transformers are identical
in construction. In this particular sample illustrated the transformer-tuning
condensers for the first two stages are located above the sub-panel and in the
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
1814 inches long, 6 inches wide and located 3, 15/16 mches above the base.,
This sub-panel is divided into four compartments each of which i5-45% inches
long.

The audio sub-panel is located at the same height and is also 1854 inches
long and G fnches 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 sys-
tem power audio amplifier. . The component parts not ghown in the photo-
graph are, of course, Jocated below the sub-pancl,

In the schematic wiring diagram there is shown an ideal arrangement
where a separate small powér pack together with a type —26 tube as a recti-
fier is used to feed the first detector and oscillator. In this case the —26
type tulie should be located in the first compartment. If this featire is not
desired it is possible to obtain the necessary voltages for the first detector
amd gscillater from the main power pack.

The power pack is not illustrated due to the fact that it can be con-
structed in a barge number of different forms. It is recommended that the
various component parts be located in a steel case which would include 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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ball's eyetnd indicating-lamp which woold show when the unit is in operation,
ﬂ:;]j:):?']'j' the power pack would be supplied for operation on 110 volts 60
eyiea A.C and in cases where a special voltage and frequency is involved the
specification would be altered accordingly, The main secondary winding
should give 650 veolts each side of the center tap which when rectified and
filtered weuld allow applying 430 velts in place of the 250-power tubes in
addition tg, the other loads invelved, In addition, there would of course be
required 734 volts, 232 amperes for the rectifier tubes and a similar winding
for the power transformers. In-addition thers should be a 234 volt winding
with center tap to feed the 234 volt AC tubes, It will be noted that in addi-
tion to the flter choke in the power pack having a capacity of 100 millihenries
at 100 milliamps the field of the dynamic speaker is used as sn additional
filter ¢hoke, This dynamic speaker field should have a resistance of 1,000
volts anid capable of handling a continuous load of 100 to 50 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 twa 2507
tubes, This voltage dividing resistor should have as many taps as possible
so that the proper voltages can be selected for the various other tifbes of the
receiver particutarly if it is desived to operate the ficst detector and escillator
from the same power pack. In the schematic wiring diagram the first de-
tector cathode bias resistor i3 shown as baving a fixed value of 20,000 chmas.
A better method than the one used in this actual design is that of having a
100,000-0hm resistor connected across the voltage dividing resistor as shown
so that the 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 con-
nected direct to the primary of the intermediate transformer the impedance -
load at that point would not be high enoogh to secure full output from the
tube, As an alternative the plate circuit is coupled to a resistor of 300,000
olims and the oulput 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 interniediate’ radio frequency stages is 450
ohms. ‘The cathode for the second detector should be approximately 10,000
ching. Under certain circumstances a value of 25,000 ochms may be desirable.
The by-pass condensers on the cathode should be one-guarter m.f, and the
other by-pass condensers in the plate return leads should have a value of

-4 mf, and capable of standing continuous operation at 200 volts, The gain
control in the awdio amplifier {s regelated by a 250000 ohm variable resistor
shunted across the secondary of the first audio transformer i indicated in
the disrram. “A jack fs connected across the primary of the nput trons-
former for head phone reception {push-pull input transformer). In the out-
put circuit of the two 250-pesvér tobes an output transformer is connected the
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secondary of which has a low impedance winding suitable for concection be-
tween the moving coil of an average dynamic speaker. In cases wharea high
impedanee output is involved such as a high impedance dyramic speliger og 5.
high fmpedance magnetic speaker these may be connected between pomnts of
Woand ¥ or Z and Y.

The aluminum used to make the case should be scratch-brushed before
hen&mg, washed and lscquered. This will give s permanent satin finish,

' The necessary connections between the receiver and power pack are in
the form of u cable, a special multiple plug being used at the power pacg end,
Binding posts could be used if desired,

The filament leads {214 "u.u"n'lt} carry heavy current and must be of [urgc
diameter. -Brush cable 14" diam, is soitable, All the balance of the wiring
is made with flexible wire, heavily insulated. The soldering must be magde
using a non-corrofive flux such as aleohol and rosin,

It operating the receiver, assuming ali “B" and “C" voitages have been
adjusted to the correct value, it is only necessary to tune the two Station Se-
lector Dials. In inserting the interchangable coils, two of the same size are
of cousseased at the same tme, and then the tuning on Both the main dials
will follow each other quile elosely as far as calibrations are concerned. In
the event the oscillator dial doss not give any action, it indicates that the oscil-
lator plate inductance winding is inn the wrong direction and the two leads o
this coil should be reversed.

Tuning up and down the scale, resonance will be indicated by received
static, the intensity of which will depersd upon the sensitivity adiustmeent of
the receiver and the length of aerial used. Broadeast 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 pmplifier ageillating
and this'is possible by adjusting the screen grid bias control to sccure this
condition, Maximium broadeast signal strength is obtained with the inter-
medinte amplifier adjusted just below the osciltating condition,

The selection of an antenna depends wpon each individual location. The
information given in this book on short-wave antennas should be of consider-
able assistance in making a decision. Where space is available, a single yire
antenna peinting in the direction it is desired to receive and having a length
which 1s a multiple of the wavelength most desired will give the best results
For example in the eastern states an experimenter desiring 1o concentrate on
5SW (approce. 25 m) would point the single wire aerial on the great circlg,
bearing to London and have the acrial anywhere from 100 to 1,000 feet long.
Such an aerid! would also have directional effects on other wavelengths which
were multiplies of the 23.meter wave, i, 100 m, 50 m, 1234 m, and would
give proportionally good results on the wavelengths intermediate to these.

Experimenters planning to build this receiver are warned that good re-
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sults cannot be possibly obtained unless the highest grade component parts
are used throughout, otherwise certain parts will break down ingservice or
only be partizlly effective and the design will be blamed. This recviversasd
power pack as illustrated and described has been used in actual practics for g
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-Heteredyne 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

. Fig. 15{1)
Grhpl showing increase i selectivity
: int. radio freguency amplifier, by ad-
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Ghost broadeast recelver 15 & scientific instrument over six feet long and too
expensive to be popular, but it is capable of results not obtainalle with any
other broadeast receiver available on the market loday, This i not stated
as a claim but based on the results as reported by the owners.

The fact that the special short-wave recesver approached the Sibver Ghiost
short-wave combination in performance is a very significant fact.

The Silver Ghest iz shown in Fipure 1568} illustrating the six unit
table model consisting of one antenng Sape (frst radio frequency stage),
second, third, and fourth radio frequency’ stapes, detector-stage, amd the andio
unit.  The audio unit has an initial siope using 8 —27 tobe, two 227's used
in an interstage push pull system and two 230°% in the power output stage
glso push pull. In the simple form of Silver Ghost only the grid circuits ol
the radio Irequency tubes are tunid the plate winding being aperiodic. In the
advanfed Silver Ghost the radio frequency transformers are tuned both on
the plate and prid windings giving a still higher depree of selectivity, [t
should be remembered, however, that if the depree of selectivity is carried 1
an extreme, the quality of reproduction will be impaired, The grapl in fgurne
156{j) shows the effect of adding the additional stages of tuned radio fre-
guency amplification whether this is straight radio irequency amplification or
as used in the intermediate frequency amplifier. Tt will be noted in the graph
that this selectivity inereases rapidly with each gtage of radip frequency am-
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plification Weat is added. Obviously this can be carried 1o an extreme and the
‘cut-off ¢ frequency will be so abrupt as to cause distortion.  Accordingly, in
the desigh of & high-grade radio receiver there must be a happy medium be-
tween the degree of selechivity obtainable and the quality of reproduction
desired,

It is cbvious that the Silver Ghost just deseribed would make an jdesl
intermediate: frequency amplifier to use in connection with & Super-Hetero-
dyne short ‘wave adapter as described in fgures 153 and 154,

Ig this receiver design each radio frequency stage iz thoroughly shielded
from the adjacent stage allowing each radio frequency tube to be operated at
its maximum value of amplifcation. As & matter of fact if desired interatape
coupling can be elimimated towlly by providing esch 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 o interchanggable
bases so that they are readily removable. The size A transformers cover 200
o SO0 meters and this is a fairly suitable wavelength when used a5 an inter-
mediate frequency amplifier with the short-wave adapter. Ta secure a still
higher degree of efficiency these size A transformers can be rereved and
special transformers inserted which cover a wavelength rangs of 1000 to 2000
meters approximately. These transformers arranped and tuned at a fre-
quency approximating 1200 meters would present an ideal point 1o carry on
the intermediate {requency amplification.

In receiver design it should bhe appreciated that radic frequency trans-
formers haye a wavelengih at which there is a peaked efficiency. In the case
of the broadcast band, while good results are received on all wavelengths
from 200 to 560 meters, there is one point where maximum results are ob-
tained, Accordingly, in selecting an intermediate frequency highly suitable
for Super-Heterodyne work the transformers which tune from 1000 ta 2000
meters can be operated at their peaked cfficient point of approximately 1200
meters. Under these conditions it will be noted that the ratio of L o Cois
high.

In n'rdmar_',' tuned radio Trequency amplifier usually ml}r the grid circuit
is tuned with a shunt variable condenser, When the circuit is altered so that
botly the plate and grid eircuits are tuned, the degree of sensitivity is increpged
and at the same lime with increased selectivity,

In the antenna unit of the Silver Ghost there is an elaborate srcangement
which gives the highest possible degree of selectivity without saceificing any
gepree of sensitivity, There is:a double tuned circuit between the antenna and’
the [rid of the first radio {requency tube and the coupling between these cir-
cuits iy varizhle so that the optimem conpling paint for any pmﬁmr:uTar Wave-
length gan be selected. With this preliminary tuning circuit it is possible to
differentiate between powerful signals even though they sre only separated by
10 kilocycies.
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It should be remembered that in a coupling device of this so't the maxi-
mum signal transfer is not obtained with maximum or 100% cohnding. As
the coupling is decreased the high frequency resistance of both thetyned or-
cuits is decreased and accordingly, the voltage is increased in each circuit.
There is a point reached, however, where the decrease in high frequency re-
sistance is followed by a decrease:in transfer encrgy more than the initial
object desired, Therciore, when we reach a point where the energy transfer
is leas than the added advantage gained by the decrease inuradio frequency
resistance the optimum coupling point is obtained.



CHAPTER IX

Ultra Short Waves
Propucive Anormcrat Fevee

Dr. Whitney and Messrs. Carpenter aml Page of the General Fleetvic
Company beve been studying the action of very short-wave radic fields under
o nomber ef 'l.ra.rj.'mg conditions, Most of these experiments are based on the
fact tlxt the various objects placed in this high irequency generake heat.
Furthermore, the heat can be. ;merm-d ifi the uhjmr. without consideration to
the ‘mrn:lundmn' 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
st pmr:t:i':&tly since the beginning of wedicine history, The significance of
fever and itz relation to the course of an infections discase or to the healing
af trauma Biss Leen the suhjeet of considerable debate, l.’:lrd:mni;r, i Fise it
body temperature was considered cnly as a sign of disease as in pain and to
establish relief means were taken 1o dissipate this aboormal heat,  New ex-
periments made during the past fow years contradiet this old belict and in
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contrast show that & fever, disregarding hyperpyrexia of centra) origin, may
be a phenomenon valuable to the diseased animal body as a defengve mechan-
ism for the body. Under eerain cireumstances o combination of Gertain dis-
eases occurring in the same individual sometimes results in one curing th
other. An example of this is an acute febrile disease with a chronic ai‘chriiz
malidy, in gome cases the former making a decided improvement or cure of
the latter. Wagner von Jauregg in his development of the malaria treatment
for paresis made many observations along this line, His success'in this direc-
tion has led to the study of the value of fever in an infectious disegse syn-
drome by a large number of other investigators. It is belicved that heat asso-
ciated 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 favor-
able results obtained in the treatment of neurosyphilis by heat alone.  The
present methodS used to establish an artificial fever in a body are more or less
unsatisfactory and this is particularly true inasmuch as the degrée of heat can-
not be controlled or kept constant satisfactorily. The injection of foreign
protein is hazardous. The wse 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
eertain individuals who gre immune. The start of these fnvestigations was
probably due to Dr, Whitney's investigation that the men amd 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 jconducted.
Hosmer has made investigations of these heating effects on salf solutions of
various concentrations and on small laboratory animals. Further investiga-
tions showed that this was a definite means of producing artificial fevers at
will into animal bodies without the introduction of foreign substances. Con-
trary to the present methods of applying heat externally the heat is produced
direct in the animzl body the same as it would cecur in the course of an in-
fectious disease fever. There is a further advantage in a2 ninch as the in-
ternal tissues are heated directly more rapidly, that is, this constitutgs
method of internal hesting in which hedt is penerated in the organs of the
body as rapidly &= in the body walls ot because of the greater heat Toss at
the surface the temperature of the internal tissues rises more rapidly  He-
search laboratories of the General Electric Company have been experimenting
continuously during the past two years to develop a short-wave generator
which would enalle creating a Tever in & man rapidly without great discom-
fort to the patient and at the same time to 2 degres high enough to be valus
ghble. The fnal apparatus (Flg. 157) devised is very similar to the trans-
mitters for short-wiave radio propagation, However, in the cise of -radio
transmission the short waves aré directed or distributed over copsiderable
area while in this case they are cofcentrated between two plates in the form
of a condenser, The short-wave oscillationsiare obtained-from-2 vacuum
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tube oscillathe, the necessary high voltages being oltained from a full-wave
rectifier. T'wo tubes of 500 watt rating (Fig. 160) afe used in the high
frequency oscillator which in turn operates at a frequency of 10,000 to 14,000
kilocycles, the cutput, as mentioned before, being concentrated betwees two
plates. The rectifier circuit {see Fig. 159) consists of a 7,000-volt oil-inr-
mersed transformer connected to two half-wave, hot-cathede, mercury-vapor
tubes, The resulting voltage from the rectifier and appiied to the oscillator
is 3,000 volts direct curreat, (see Fig, 158). Regulation of the high voltage
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Fig 158
Schematic Wiring G. E Shert-Wave Oscillator, Ins

eludmg Hugh ‘I.Fu]iag:e Rectifier Circuit.

transformery is sccomplished at the primary end using an auto-transformer.
The condenser plates are made of aluminum 20 inches long, 18 inches high
and H4-inch thick and in turn are covered with hard rubber plates 20 inches
long, 18 inches ‘hlgh amd Yi-inch thick, The purpose’of these insulated plates
is to prevent arcing in case the patient or attendant should an-:iﬂmla!!r Come
in contact with the plates, The high frequency aliernating current méde up
of undamped waves between these plates has a drop of 3,000 volts in potential
a these two points. To date the greatest heating effect has been obtaiied with
a 30cmeter wave which oscillated 10,000,000 times per second hetween the
plates, Other wavelengths tried included 6, 15 and 18 metersbut did nat
produce the artfficial Tever as effectively as the oscillator just described, The
complete osciliator and associated equipment is shown in the accompanying
photepraphs. T support thepatient there is provided @ frame approximately
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6 by 2 feet made of timbers with interlaced cotton tape,  Directly underneath
and about 6 inches below the frame is ervveredl with eelutex 14 inch thick,
this forming an air chamber beneath the boly. A sioilar celitex eover B
inches high end about 3 feet long 75 fittes] iver the Trame 5o that the héad of |
the patient projects at one ¢nd, This arrangement presents a i'a‘irljr air-tight
chamber around the body as it lies on the tpeac With the patient resting on
his Lack the plates are placed at cach side of the celotex box so that thes
waves oeciilate through the hody frem one side to the other, The distance
between the plates ean be varied but so far has heen kept approximately at 30
inches, Two small centrifugal blowers are placed, one below and one above,
o circulate hat gir amn-i the .'ry:rdJ.r. This deereases I]IIL heat fosa and eqgual-
izes the humidity throughaut the enclosure, This arrangemient of plates and
the fact that thg,!-ﬂdy is enclased enables rapid heating without causing great
discomfort to the patient.  In actwal experiments the normal I:c:npm'amn-_ of
98.6 degrees F. has been raised to 104 degrees I, and to 105 degrees T, in from

Fig. 159

Sheet-Wave Ceallater.
Electroiles  Shown at Top
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&0 to B0 ugnutes, In oue Instance & temperatisre of 106.5 degrees ¥, was
recorded. o This Is not by any means the lmit, higher temperiture may easily
be oblained with the same spparatus but because of lmited experience and
knmowledge the experimenicrs hive procecdod cavtlously.  After the desired
temperature is obtained it can be maintained cither by decreasing the voliage,
increasing the plate distante, or by hot air blowers, There is no question but
that the present apparatus used is o mere sact and that it will be greatly im-
proved in fhe near future. Various theories have ben presented explaining
this ri{:. in temperature when exposed to short radio waves, Carpenter and
Page believe that this development of heat is due to the resimance of the
body to the conduction of current between surfaces adjacent to the opposed
plates, The corresponding polarities are induccd upon the adjacent boun-
dagies of the interposed body and current is conducted through the material
for o brief interval, The heating of solutions similar 10 Bood serum is
depenident directly upon their electrical resistance, This is proved by the
fact that solutions of differcgt salts when of the same electrical resistance
show practically the same ideglliml heating effects, The use of therapeutic
[evers is, of course, in the experimental stage but is believed that they have
great possibilities especially if the presemt theories of a febrile action is
correct. The effects of these artificial fevers produced on short radio waves
has been moted on various lzhoratory animals and on a good nomber of
patients and to date no observations have been made of any objectionable
effect umless extremely high temperatures are maintained for a lofig period,
While noting the increase in body temperature similar observations have been
made of blood pressure, the pulse and respiration. MNatorslly due to the laek
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
& conservative policy. It is belicved, however, that because of the practicabil-
ity of this method of hesting, they will not only be of value to the clinican
bt also to the pliysiolegist, the biochomist and the bacteriolopist. The stady
ofinfectious diseases in laboratory animals leads the experimenters to believe
that two advantageous effccts ace obtained by raising the body température,
There are : fitet, the increased hieat in the body makes a less favorable environ-
ment for the multiplication of viras; secondly, the heat increases the rate of
those chemical processes concerncd with the developiment of immunity and
with the general defense mechanism of the body against infectious agents.

Veuy Snort Waves

Die. Whitney, continuing his experiments with the very short waves,
undertook the investigation to determine how a gall Ay makesgn goll.  This
gall-fly jnvestigation led to the development of a new type heater employing
a new type of vacuum tubes. Tt should be pointed out that the matter of in-
sects is one of Dr. Whitnews hobbics, On his [arm abundant with golden
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rod there were large numbers of small flies, the grub of which cavses a large,
eonmil swelling or gnll in the stock of the plant. This gall is a vwelling or
excrescence of the tisswes of plants resulting from the attacks of cectain
parasites which casise an_abmonmal amd at other times very extraordinary pro-
liferation of the cells of the bost plant, Tl dnsect punctures the bark and
alter daving an ogp in this insert, the laren lives n and feeds on the gall.
"Fhie fuestion 10 be determined was the cause of the 3we]1|ng "Dﬂll'.' stiggestion
was that when the epp & lakd the msect at the same time injects some acid
such as the formic acid af ants which causes the plants to swell so noticeally
at that point, hlmﬂuh‘ supgestion was that corlain bacteria nr moulds are
njected dnta the plant wien the e s laid, Dr, \\’[nln:y reasoned that pos-
© sibly the swelling resulted] Trean the local heating of the plant at that paint by
the grﬂwmg_grui: witlin it, this theory rmnhqll]y being suggested by the fact
that it is well kndwn that the growily of plints is accelerated by heat. With
this in mind, experinients weee started to tey to grow artificial galls on plant
slems by wieans of loralized Iu"[tmg The fipst expeciments were eomnducted
with an indugtion furnaee which was an electrie heater using alternating cur-
rent of from 300,000 to 500,000 cycles per second. A firnace of this Ly
whicli i reality consists of a few tumng of a lower voltage side of & trans-

* Fig. lﬁ_gli
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former will guickly heat and melt metals placed within the coil but has no
effect onelectrical 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 itgerted in the stocks of the healthy golden rod plants which had been
parted and taken into the laboratory, The stocks were placed within the
gmall induction furnace coils at a point where the needle points had been in-
serted. Off course, the smail particles of steel were heated by the induction
furngce but only in one case did a gall develop and in that one case jt was
not the usual large and circular type but long, thin and irrepular—but at any
rate it was a gall. 'While it zeemed that success was beinp obtained it was
alse discovered that a new kind of grub was found in the gail. Incidentally,
the coil had besn placed right over the spot where a different kind of gall fiy
had laid an egg. Producing palls with steel grubs was not successful but
futerest in the possibilities of the hiph frequencies had been raised.  Adter
the publicity relating to the gall-fly experiments had been released, the gov-
ernment inquired of Dr. Whitney if radic waves could be used for fighting
the boll weevil. Weevils; of course, were not available in Schenetiady, bot
Dirosophila (the Truit-fly) was available and made the subject of investiga-
tions.  The induction furnace which has a maximum frequency of 300,000
cycles was discarded and in its place an induection coil through which very high
frequencies (10,000,000 1o 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 was found thet they could e kilted instantly fn intense ficlds. The
experiments were facilitated by keeping the inzects in glass tubes and cut of
eontact with the condenser plates, this providing more miform fields and
more sasily controffed temperature.  Fruie-flies kept in glass tubes under a
shogt-wave feld were made to hibernate by passing cold air over them, While
there is no question about the ability to kill fiies with short waves, it did not
appear as a practical method of combating the boll weevl.

The next experiments were conducted with the white rat. It was pro-
vided with a long plass tube, cotton weste on one end, so that it could select
a resting plice either on the open end or back within the heating coil,  The
fielgd intensity was regulated at just enough to elevate the rat's body Iempm-a
ture slightly and the animal selected the heated area ag its home.  Other ob
servationd were being made, radio engineers operating the regular radin tram
mitting sets, It was found that the men working around the six to cight kilo-
watt high frequency generators at wave lengthe 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 ﬂ&ﬂﬂhﬁb’ con:,
ducted ywith the induction coil so one of the new tubes was used in Euﬂ]:er
experiments with rats. Placing a mounse between the condenser plates con-
nected with the, new short-vave generator tubz and sibjecting it to increas-
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ing ficld intensities, a steady increase in body temperature was moted. N
discomfiture seemed 1o hove been experienced by the rodent until the field
intensity was on & very high osder. The mouse then lost its tafl but with o
apparent discomfort. This varrows down to a ease of deliydration—he short-
wave figld having driven out all the moisture from the mouse's tail and o
turn the tail shriveled and dropped avway, This experiment of dehydrating
the mouse’s tail led to investigations in the curing of raw porcclain. It &s
well known that before monlded porcclain can be fired s boked s neges-
sary to dry it thoroughly. This requires considerable time especially in the
case of pieces Faving considerable thickness. Drying the exterior surface is
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easy enough but the moistore within the wmass always offers diffieslties,, 1t
has been noted that the short wave equipment has the peculiar property of
beating obijects {vom the inside and working out whicl is ideal for this work
inasmuch as it is possible to dry poreelain thoroughly within a few minutes,
The experiments along (his line have heen parely techmical and have not
reached a point where they can be used for commercial applieatioa.

The oscillating tube need in this investigation is the G E. Pliotron PR-
Bl, a screcn grid, [our-clectrode tubie.  The outpat rativgr is 500 watls, this
constrabiion making it possible is especially adapted for productio: of high
frequencics. ‘The connection of the internal elements, filament, erid and
plate are supported on sepmrate stems andd the leads brought out at fndividuad
seals insuring high insulation and low clecttostatic eapacity lelween elic-
trodes, The Flament i thosiated tungiten in the foroy of 2 doulle helix sup-
ported from a center rod and nol requiring: any tension sprivgs,  Hoth the
erid and plate are cylindrical and the plate bos six alditional Fanpes for the
dissipalion af heat. The sereen grid elecirode cogsists of @ close mesh placed
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between the control grid and plate and extends the full height of the tube
This is Jupported between the filament and control grid stems, ‘This second
grid provides the electrastatic shield Letween the plate and control grid. The
sereen prid potential is held constant and variation in pnl:entr.al of the plate
has practically no effect on the contral grid potential, Tn view of the above
there is no feed-back to the tube from the plate circoit.  This reduces the
necessity nf any meutralizing to prevent any feed-back in any radio frequency
circuits. *This high frequency heater provides a means of heating materials:
in @ high frequency (10,000 kilocyeles) electrostatic ficld with a maximum
output of the oscillating tubes of approximately one kilowatt. All the other
eruipment is howsed within & case three Teet high, three fect wide and six feer
long and arranged on wheels to be portable. Tt is exactly the same as a short
wave radio transmitter except, as mentioned hefore, the radio frequency
energy is concentrated betwen two condenser plates instead of being directed
to an antennd.  In one type these condenser plates are mounted on top i
ease and in another model the plates are on a separate adjustable stand. The
yariable controls and indicating meters are on the (ront panel of the case.
The set §s arranged 1o opesate on any volinge of 105 1w 125, 60 or 25 aypcles,
alternating current, at normal operating conditions draws nppmﬂmamly an
amperes which would total 3 kilowatis. The screen grich-yoltage i3 nat
critical the value being about 500 volts and ebtained from a voltage divider

Fig. 162
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across the main 3,000 volt main current supply. The oscillating cheuit is a
shunt-feed Mesny push-pull circuit operating from transformers bi 3,000
to 9000 kilocycles. The most impressive and efficient operation is at about
10,000 kilocycles. The heater plates in thiz civcuit are in parallél with the
oscillater tank coil. Blocking condensers having a working, voltage of 6,000

Fig. 163
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volts keep the high voltage direct corrent from the heater plates, ® The oper-
ator is protected Erom the apparatus inasmiach as all cquipment is enclosed
in a hardwood framework. In the event the doors are opened during opera-
tion, reldys automatically shut down the set and disconnect all the cuirent.

Gexeration oF Veny Hion Freguexcies sy Meaxs oF THE MAGNETRON

In the past, methods proposed for obtaining very high frequencies on
the order of 183,000 kilocycles { 100,000,000 cycles) per second and higher
have Leen propesed through the use of vacsum tubes but in each case, only
small amounts of power have been olitained at these frequencies.  The fuol-
lowing system deseribed outlines 2 methed allowing the prodpction of rela-
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tively high amounts of power at very high frequencies. Through this method,
electronfagnetic and electrostatic fields of uwnusually high intensity for these
very high frequencies can be produced.  This system is of particular mterest
in conmnection with the present interesting experiments in therapeutics, bac-
teriology, chemical reactions and the properties of msulating materials, etc.

Kagnetrons for the production of high frequencies have been previously
described. ‘This term “magnetron” is the G.E. trade name for magnetically-
controlleif high-vacuum tubes, To date, the entire possibilities of these tubes
and their design together with the many practical applications have not bean
fulfy’ realized. In simple form, this type of magnetron tube consists of a
cylinder which is split 50 as to form two equal semi-eylindrical anodes using
# filament as a hot cathode at the axis of the cylinder.

In the low power tubes, the two siniilar anodes are made similar to the
ardinary power tubes and are constructed of nickel, m¥lybdenum or other

qﬂ?%i\e‘!mcmh having a high melting point. The anodes are so shaped to be
cpoled by radistion, In high power magnetrons, the anodes are 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 soltage and
current. In this {orm of magnetron oscillator, the frequency obtained i not
a function of the time of passage of the electrons from the cathode to the
anode exeepl to 3 minor consideration. The anode diameter, thereiore, is
nat a direct factor in the design of a tube for a desired frequency, Further-
mare, it follows that the oscillitions from this form of magnetron oscillator
are not gf the so-called Barkhausen type. (The Barkhausen oscillations are
of a different sort than those generated by the magnetron, They are pene-
rated in a three-electrode tube by making the grid positive and the plate nega-
tige.  The electrons coming throwgh the prid are repelled by the plate and
in refurn into the field of the grid; then repeating the cycles, The time
for one cycle is controfled by the geametry of the tube. These very high
frequency oscillabions offer extremely interesting possibilities in communica-
Eon, therapeptics and similar researches),

The anode potential being of a high order—several thousand volts—the
technigue Bi desipn angd manuiacture of the wbe closely follows the thress
elecirode type trapsmitting tubes, Dr. A, 'W. Hull has previously described
the action and path of traved of efectrons under & combined electromagnetic
and eleftrostatic. field. A typical arrangement of tube and clectromapmetic
eoil 1% shown in Fig. 162, The magnetic lines of force are srranged to be
paratie! to the axis of the eplit cylindrical anode. At the non-shislding con-
dition, the ficld strength must be sufficient to cut the anode current to D at
the plate voltage used. For cxample—operating a small tubeowith 1500 volts
DC tp the anode, a magnetic field strength of 750 pausses is required. The
optimum magnetic field varies with the DC voltage to the anode and accord-
ingly, it'is desirable to have a variable control of the direct current to the
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Fig. 154
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electruomapmetic cofls,  In view of the fact that the oscillation frequency is
nol a function of the time of travel to the anodes; a frequenty does not de-
pened upon the strevgth of the magnetic field and the Iotter need ot be con-
stant.  The virewit areangement s shown in Fig. 163 and it is apparent tut
the- oscilluting gireuit includes the two anodes.  The inductance and capacity
components in the external pscillating cireuit bave the printry determination
of the frequency obtained. On the othet hand, the inductance of the leads
between the external coil amd the anode !."etm:tn the twa s a factor as well
a5 the capacity between the lends and anodes, this being particula.ly true in
she case of very high frequencles, For example—high frequencies in ex-
ternal concentrated eapacity dre wsed and the external inductance s simply

Fig. 165

Small
hf:qg netron
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a lead long enough to connect the two snodes 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 2 medium size water-cooled
tube, an output of 2.5 kilowatts is obeained at 75,000 cycles. An interesting
consideration is the reason why high ocutputs at these very high frequencies
can be oblared from this form of magoetron and its circuit than from the
special conventional design of the three-electrade tube, Two principal rea-
gons are 4riven: first, the effective cagacity between the two anodes of The

etron can be reduced to a much smaller value than the grid-to-plate ca-
pacity of the regular three-electrode tube. Furthermore, in the regular three-
electrode tube, under high [requency conditions it iz diffeult to maintain a
180 degree phase relationship between the grid and plate veltages. The com-
hined magnetron tube and circuit deseribed has been shown to be particularly
suitable for production of high frequency power in a range between 40,000
g im};':ﬁ} kilocycles. For lower frequencies, special three-clectrode tubes
and crcuits are available and for still higher frequencies, the magmetron of
this type required further special design and while the high frequencies are
obtained, there is a considerable reduction in power cutput. A2 the same
time, it should not be overlooked that the magnetron is suitzhle 10 produce
low frequencies even down as low as 60 cycles when using very large indue-
tances and condensers. Not induding power consumed by the external elec-
tromagnet, the efficiency of the tlectromagnetic arrangement compares favor-
ably with the regular threc-electrode tube.

In very high frequency circuits, it is very difficult to measure the oat-
put and in the case of these experiments, it is considered to be the direct
current input of the circuit of the anodes jess the loss in the two anodes, n
a gmall magmnetron (Fig, 165) operating on a voltage of 1500, an output of
apg:ximately 10 watts ean be chtained at 400,000 kilocycles. With the sume
tube, an oulput of 40 watts can be obtained at 103,000 kilocycles or less. With
a medivm size water-coaled tube, an output of 1 kilowatt can be obtained at
21,000 kiloeyeles.  The output ean be increased to 5§ kilowatts by reducing the
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
filgment power of about 23 watts and the power Joss in the electromagnets of
about 123 watts, the over-all efficiency islow. In tubes of lacger design and
water-coffiled, the power consamption by the electromagnet is small in pro-
portion to the cutput. This particular type of tule and circuit is invarably
an osciffator and not an amplifier. In usiog this device to experiment with
high frequency electrostatic fields, it is usually desired to concentrate the feld
between two points, This can be accomplished by connecting® the two plates
or elegtrons between which the field is desired to the two anode terminals of
the magnetron. In other words, Bese electrons are the plates of the external
comdenser. The size of eloctrons 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 addey
to the circuit without causing undesired changes in these characteristics. In
a case of an intenge 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. 165 and consists of two leads ina
straight line and the length of each one must be adjusted s0 that together
they should be ‘about one-half wavclength long. “The desired intense elec-
trostatic field if found at the outer end of each rod after they have been
adjusted to resonance;

Higu Freguency Currewts I SunceEry

The first introduction of high-frequency currents in therapeutics in the
United States was that of Nikola Tesla in 1890, Tliese experiments ran
parallel to D'Arscaval's. Previous to that, heat has been used in surgery for
miuhy years, for example: electric cautery which destroys patholosdeal tissnag
but piles up a mass of carbonized debris around it. As early as 190, Cuyen,
lecturing before the French Surgical Congress, stated that among. the various
means aveilable for the destruction of pathological tissues the u;ml}r ceErtain

method was that of applying heat.
©)

Az J @
Fig. 163 {a)

Magaet Cicillator, Armangement to Obtam Concens
trated Fields, Which Ace Obfained at (Points B and C.
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~ Heat iy produced in the tissues by high-frequency and other electric cur-
reiits. ‘This is similar to the heat dissipatéd by an electrically operated device.,
In medical diathermy, large arcas or sections are quite often heated but it
i$ important that destructive temperatures be avoided. For example: one
ampere of lagh-frequency current Howing through an average size wrist very
guickly becomes unbearable. Tn actual practice, the application electrodes are
made of refatively large sreas which will keep the corrent density low in cases
where intshse concentrated and localized heat is not desired. On the other
hand, in surgical endothermy (heat from within), the application is just the
oppofife, the corrent density being made purposely great by the use of rela-
tively 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 consizts of a cambric needie applied to the living tissue
and under proper conditions, this produces instantancous bolling when applied
ngi“ﬁ tissues, sea Fig, 167, This is due to the high current density
andl Mt emall spark present, At the point of contact thers are minute steam
explosions which separate the mobecules of the tissue producing @ clean cut
similar to that ebtained with a knife but with the added advantagpeshat lym-
phatics and capillaries are sealed closed so there is no bleeding except, of
courss, where arteries and weins are not encountered. The mechanical im-
plantation of harmiul cells therein cannot occur,  In other words this radio
knife sterilizes as it cuts and also heats the scparated nerve ends to such an
extent that post operative or surgical shock i: greatly redueced and further-
more, the healing is accelerated.  OF course, skill is required with the appli-
cation of the electric knife and with the proper technique the tissue is not
burned excessively ner heated any more than necessary.

Electrical surgery has proved valiable in the treatment of caneer simply
n% i aiel and not as a cure. In the removal of superficial and semi-super-
fici® lesions, clectrical surgery is of prime importance.  [n the early methods
of knife surgery the operator fiest cuts and removes the living lesion, the
malignant, of course, assocliting with the Blood stream and in tumn carried
elsewhere through the body and afterwards destroys it which is just the oppo-
site of the procedure followed by the electrical methed which first destroys
the lesion and then removes it as a harmiess mass,

“This destruction is accomplished through clecirocoagulation and dessi-
cation {nfa.niﬂg dehydration or drying). Needle electrodes varying in size
ap to an mech or more in diameter and available in different shapes are used
in the process of electrocoagulation which is extremely valuable in the de-
struction of malignant tissue as well as to prevent and stop bleeding. In
practice it is found that much stronger currents and greater fime intervals
are required in electrocoagulation and in cutting. Under certain conditions «
the cutting cofrént may be more or less coagulafing as well. In either pro-
cedure, twi elegtrodes are cgnnected to the patient, the “common® electrode
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being attached to some extremity over a relatively large area to, reduce tf
heat at that point and the “active” electrode is the one applied tg the poinr
where the useful heat is to be developed, In the case of treating an accessible
tumor by electrocoagulation, similar electrodes are placed on each side of the
tumor in which caze 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 removdi of moles,
warte, etc. by dessication. The required current s available from a Tesls
coil or an Oudin resonator. The contact with the patient is “monopal®”™ as
the capacity between the patient and ground is sufficient as a return circuit.
In electrotherapeutistic practice there are a lurge nunber of methods of apply-
ing electrical currents both direct and alternating to treat various disordgrs,
The forms of diret and alternating current, the latter for special wave forms,
ete,, pre relatively weak. These currents, 1i ag strong as the h.lgﬁ frequeags
types used, would become feeble. The body cells are electrolytic in edatacter
and neuro-muscular contraction develops partially when the ions are dis-
placed insthe cells. With increased current frequency there is a reduction in
the displacement of fons and that reduces contraction. In gensral, it is de-
sirable that high-frequency physical and surgical diothermy machines be free
from any cause of neuromuscular contraction. The seriousness of this is
realized when it s considered that the application of the madio knife beciuse
of twitching muscles may throw the knife against the large blood vessels or
organg which if damaged by cutting may cause serious conscquences, In other
words, the cutting must be under abselute control of the surgeon and con-
traction must be avoided to prevent accidents. Underhill has outlined the
results of some interesting experiences in actusl practice for example: in high
breast amputations, operations started with dectric kmives had to be mnc‘gdad
with the scalpel becasse of contraction of the pectoral muscle which tedded
to force the radio knife against the axillary wessels at which point contact
could not be made without disastrous results. Other surgecns have used

electrical insulating materials placing them adjacent to large blood vessels'

therehy preventing their being accidentally cut on account of newro-muscular
contraction. In experimenting with contraction, Underhill placed raw meat
in his mouth and then performed simple simulative operations on the meat
using ‘a mirror. In these experiments, there was na evidence o any con-
traction or fzradic 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 ¢owards the needle thus endangering the organs beneath. It is
generslly 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-irequency currents for cutting, electracoagulation



SHORT WAVES 323

and dessicglion but the production of high-frequency currents through the
usl of eleptronic tubes is preferable for cutting and certain electrocoagulation,
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
terminials. 'With this arrangement the same tradsformer feeds the electro-
coagulation and dessication currents while 3 second transformer feeds the
cutting cyfrent. The principal advantage of the electronic-tube generator of
high-frequency currents over the spark gap method for cutting appatatus is
the frfwothness of the electrical current cutput 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 elec-
teonic tube. Other conditions equal, the separation of the spark gap elec-
trodes requires a high voltage for spark production, This*causes a reduction
in-the fr cy of the sparks. The number of sparks per second is inde-
pen of the frequencies of the supply and output currents provided there
is no {onization between the gap electrodes. The maximum number of sparks
per second is oblained with the gap electrodes close together and having the
capacity of the oscillating circuit condenser small.  Lowering the power input
will decrense 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 stromg, this will increase the nearo-
muscular contraction and will also casse the tizsues to he overheated and
scorched. Cutting under this condition is more difficult, Spark gap ma-
chines have the advantage of being quite compact and less expensive than
the eléctronic tube type. They are also fre¢ from damage in handling due to
being of more rigid construction. In both type machines, the patient is pro-
te? through insulated inductive couplings or by inserting condensers in the
paflent's circuit. This in turn reduces effective contraction.  The accompany-
ing schematic diagram illusteates the simple electronic tube cutting and eoagu-
Iating machine, The second diagram shows the rectifies circuit used to ener-
gize this oscillator in place of the battery or motor generator. Tt will be
noticed frof these circuits that the radio designs have been followed. *The
inﬂut currents can be regulated by switches or variable reactors. The output
connections are obtained through 2 coupling circuit and suitable condensers.
Naturally, many surpeons prefer the scalpel for operating but the detided ad-
van of electrocoagulation in connection with electrically performed op-
erations are reslized especially as bleeding can be prevented or immediately
stopped in meny cases withaout the use of lipatures,

A typical example is the case of operating on the abdomen. The first
incisiep is made with a needle cutting two blood vessels which requires the-
application of four clamps. Additional clamps are required in the operations
om the orFans but these twp blood vessels will serve a5 an example. 'When
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these clamps are to be removed, the surgeon can apply coagulating curres
and quickly touches each clamp with the needle successively and this cafise:
the ends of the blood vessels to be completely cooked and the clamps can then
be removed. When the sealpel alone is used, four clamps must be applied.
Eventually, the operation will be 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 mo trace & sparking
iz apparent but it must be remembered that some kind of sparking is noces-
sary for cutting since the sparks produce the hest that causes the ihbfsion
in the tissue. LElectrical surgery has been successful in the resection of the
prostate gland and it i claimed that in this particolar case it has redoced
mortality from 50% to 5%. In this electrical operation, an Irrigation cathe-
ter if ingenious cdnstruction is wsed, including & telescope, lamp and a cutting
loop which in necessity cuts under water, Of course, special eldvrodes ek
operating technique are required. The sctual cutting is confined to thie pros-
tate pland iteelf, The patient ja hardly inconvenienced, as only a local
anesthetic-is required, The removal of wnsils and hemorrhotds is Tacilitated
through the wse of electrical surgery partly through electrocoagulation and
partly through electrical cutting. Two of the standard electrical generating
machines of this type are illustrated. The opper portion contzing the ebee-
tronic-tube cotting apparatus which may also be used for some forms of
electrocoapuiation. A volt meter is provided to indicate the filament vaoltage
and n neon larnp indicates when the resomance has been obtained,  The lower
half retains the spark-pap operating apparatus for elestrocoagulation amnd
dessication. Deters are provided to indicate the current strength of the
patient throwgh controls provided to regulate the strengih.  Electrical ma-
chines and apparatus of this pature is in constant use and it is expected goat
in the near future still more important improvements will be made and waile
contraction §s not important in scame operations, the elimination of this wnde-
sirable feature will be quite welcome, It i3 quite apparent that the great
passibilities along this line of research have not been scratched and that new
and important contributions to the art will be introduced continually.

Exremiments Wita Ranto Waves or 3 Mztess

Thi follow reports on ultra-short-wave experiments are based in experi-
ments conducted by Abraham Esau and Walter M. Hannemann of the Ger-

man firm of C. Lorenz,

Exrrrirents oM WAVE PROFAGATION

On the basis of the experiments of the Technical Physical Institute in
Jena, it had becomne possible, at the end of 1925, to generate waves with a
length of about 3 m, with a capacity of about 100 watts., The next problem
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o oup was the dnvestigation of the behavior ol these wiaves during their
pregagation. 1o the absence of a suitalle tube receiver, a singile digale was
first used as o receiver which was tuned 10 the teansenission wave and enn-
raining i its center, a normal ervstal detector. Tt was found at once, that as
comyparet] with longer waves, only a very Tow crystal eombinations were stit-
able in this range of extremely short leagths, The mast sensitive detector
was one consisting of silicon and a metal whisker, This detector arrange-
ment retans its sensitivity even for wavelengthis as short as 30 em, and i all
prolwiitity, it will still work for considernbly shoner wavelengths.

‘Fhe ranges covered with this deviee were still very short, however, amd
conld not be incrensed to any apprecialile depree by the n|.n|:1|'gint|'&n ol low-
frenuency amplifiers, Upon increasing the distance from the transmitier, the
it of sepsitivity of the detector was very soun reached,

With a’view to longer ranges, the problem therefore eongisted in gpreatiy

et g the sensitivity of the receiver.  This was done by eeplacing the

Fig. 106
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Fig, 167
Actan] Oyeration, T.‘Einz Electric Knife.

detecter by a tube, as first develuped by O, Cords and eonsisted of & sicple
wire loop and a rotary condenser [or tuning. The retuen coupling was made
Iy 2 three-point connection,  In addition to this, a three-stage low-{requency
amplifier was provided. The receiver worked, it is trie, with any kind of re-
eciving tube commonly used, but it appeared that tubes contzining some gas
produced greater amplification than those with a higher vecuum,

With this receiver ond a JO-watt (ransmitter more extensive lonp-range
experiments were carricd out during the winter of 19231926, Distances
from 4 ta about 40 kot were hridged with success. The latter razge was,
hiowever, the maximum limit and could be attaiued enly if the caputity of
the transmitter was raised to about 200 watts..

These experiments were still very difftcult to carry out ps the adjustment
of the receiver required o good deal of effort due to the difficulty of the sudden
ata.rtmg oscillations, since it was possible only in a few eases to Tenderthe re-
ceiver really sensitive, It was shown by these experiments that the atmas-
phere did not influence the propagation of the ‘waves, the I:L-J:nmty of the
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wption clways being the same in all kinds of weather and also during day-
light andydark. It was found to be very advantageous to pta.:: the trans-
rmitter, 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 isclated spot, sitiated at a high level, was selected as the location for the
trgnsmitter.  Similar results were also obtained when the transmitter was
placed at the seaccast, the receiver being located aboard a ship at sea.

.Mlgfu number DE improvements had been made to the above receiver,

art was then made during the rest of the year 1926 to adapt the transmit-

d the receiver for the purpose of telephony, Adfter many receiver de-
sipn difficulties had been overcome, it became possible to telephone a distance
of 20 km, There still occurred, however, much distortion which was not due
te-the transmitter (as was easily proved), but to the nature of the reception.
The basie cjuse was that (as already mentioned above) the' point where oscil-
st g gtz fled could not be regulated to a satisfactory degree, so that either
g non=distorted, low volume of tone, or elze a much stronger tone more or less
distarted was obiained.

During the year 1927, the improvement of the receiving squipment 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 (indue-
tive) and secondly, by introducing the principle of super-regeneration (osal-
lating return coupling). These two factars were responsible for the improve-
ment of the receiver and to them is due the dlimination 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 reguired

{wr ich in the first experiments covering the same range had amounted to
maore than 100 watts), could be reduced to below 1 watt, without the dlarity
of reception being impaired in the least.

Thie experiments on the maximum ranges were then taken up again, and
in the i:u:gmmng of 1928 it was possible to hold a duplex telephone conversa-
tion over o distance of 20 km with technical [I'ETfECEI;H'!, 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 close together, in
these experiments,

Ar“the end of February, 1928, the same duplex conversation was held
over g distance of 85 km. In these experiments, the transmitter was located
on the Inselberg (Thuringer Wald, 916 m above sea level), while the re-
ceiver was located on the "Fuchsturn” (an isolated mountain¥in the vicinity
of Jenz), Inf this case, also, it was shown that the tone volume at the re-
ceiving eng was not influenced by the condition of the atmosphere, and more-
ovér that stmospheric dishechances did not occur, nct even—as had already
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been found during the experinients made in the spring—when lightrrng str®
in the immediate vicinity of 1the recciving siation,

Together with these expeciments, another was cacried oit for the pur-
pose of concentrating the tranwmitter enerEy ina single direction by means
of reflectors.  Dctailed reports on these experimunts have been made Dy
Gresky, The results of his imvestigations may be summarized to the effuct
that by means of @ parebotic reflector, consisting of wires areel n:]ap‘ﬂ:fl to tho
mwahngth a concentration of encrEy of I to 12 may be atlalm:t! If the
dimengions of the reflector are correatly chosen, the radiation chmﬂrnr-né
[ that i, the sector in which the radintion ooenrs) becomes very mn; Wi ile
Aorecver the bacl: radintion (that is, the amount of t-_m'.-mj.r penctrating back-
ward through the reflecior) becomies very small, The opening of the re-
fector must be ma:k: practically about ene and a ball times the wavelenpth
and it appeared to be essontinl that the ratio between wavelengh and the
distance of the sender from the mireer {vertex of the parabole) seoodd -t
equal 0,25, a5 was heratafore genorally done, but to a somewhat Bigher value,

Fig. 168
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m e present case 0.28, A further increasa in the opening of the reflector
.. does not result in any appreciable increase in concentration and acuteness
uf the radiation characteristic, 1f the parabolic arrangement is replaced by a
plne (all reflectors arranged in a steaight line), the results obtained are less
iavorable, The coneentration, a5 well as the directive action and the back
radintion, 5 fmpaived, the former, for example, being reduced to half its
eriginal valua,

The guestion of the transmitting dntenna also influences the maximom
range, Jjor short ranges, the radiation from the closed oscillation cirfuit be-
swegwedhe anode and the grid is sofficient, and the addition of a dipole coupled
15 this circuit causes no appreciable increase in volume at the reception end.
The influence of this antenna does make itself felt at longer ranges, however,
so that in order to cover lonper ranges, it is necessary to usé dipole antennas,
bith ab the thmanitter and the receiver and, It is immaterial in this case,
whether the coupling with the geserator cirenit is inductive or conductive or
whiether the dipole is horizostal or vertical.



330 SHORT WAVES

In the above experiments, obstructions between transmitter and rece’
that would affect the propagation of the waves had been avoided a5 muca a3
possible by suitable sclection of the locations for transmitter and recciver,
There now followed o number of experiments in which the transmitter could
freely radiate inbo space at a high level ohove the pround, while the recefver
was moved around inoan sutomobile in order to determine what influence
would be exerted by obstroctions sech as hills, houses, ete, located between
transmitter and recciver. It was found, contrary to expectation, thai 3 screcn-
ing elfect caused by groups of buildings and conductors conld not be olasrved,
or only to a very slight degree. During a test ride, made first thmug‘i'l the
streets of the Gty of Jena, and then through a valley to a point at & distance
of about 20 km there oecurred a considerable deerease in intensity of rocep.
tion in only two cases, while at all other points the siguals were received with-
aut difficulty,

In the meantime it Bad become possible to build transmitters » th capac-
ities obeve 1 kw. Experiments were made with these transmitters in July,
1928, in Upper Pavaria, The transinitter was located on the Herzopstand,
at o level 6f about EF00 m {hetween Kochel and Walchensee), while the re-
ceiver could change its location at will, [t then appeared, among other things,
that in «one particular case, sipnals 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 fio in the face that the optical range has a con-
trolling influence on the reception, as has alse been shown by the evperiments

Fig. 171
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. . described later on. At one of the nearer reception points, where unex-
pectedly #o reception was possible, it was found that there was a mountain
range between transmitter and receiver, which had sereened 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 speak-
ing, optical sight was not possible between transmitting and reception points,
but the i intensity vanished in those cases where high mountains were
focated FEtween transmitter and receiver,

Q{m:mm‘rmu orF taE Rance Expentuedts av tHe Fism C. Logesz

Ag a continuation of the experiments described above, made by the Jena
Enstitute, the laboratory of the C. Lorenz Aktiengesellschaft, Berlin-Tempel-
Wi f, carriedyout a number of tentative range experiments eprly in 1928, using
small portadie apparatus for a wavelength of 3 m, which experiments showed
great Sxgularities in wave propagation, Even for very short ranges of
about 1 ta 2 km, great differences in tone volume were found, depending on
whether the receiver was located dlose te the pround, or at a certain Dewvel
glove the ground. For example, within an experimental range of 2 km, 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 satis-
factory tone volume in every case. In this case also, there was found to be
particularly great oniformity in the intensity of reception.

Thesd results alsn pointed 1o the fact that a connection between trans-
mitber and receiver §s always guaranteed, if direct sight exists between the
two, In order to obtain further confirmation of this assumptionthe practical
im/iortance of which will be emphasized at the end of this paper, the series of
m"tnm:nts described in the following pages were carried out in which the
transmitter or receiver, of both, were located in airplanes.

Arprrave Exreriuents

In these 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 cach and the connecting cable leading to the
rest of ¢he apparatus are distinctly visible. The transmitter (at left) was
ardnfed 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 oscilla-
tfion circuit are arranged between the andde and the grid, consing of a small”
rotary’ condenser and a self inductance bent into the shape of a . No an-
tenna was ysed in addition to this small transmitting frame, in these sets,
Thu capacity df the transafitter was about 1 to 2 watts,
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In the high-frequency part of the receiver, the tuning and retufn coup’
condenser, and the self inductance are made as a yoke bent into the shape of
a {f which functioned zt the same time as the loop antensia 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 expecimenters through the aid of
Dr. Herath of the Federal Department of Transportation. The, high-fre-
guency part of the transmitter was placed under the cabin outside Ii?;':._phml,
by means of & spring suspension.  The receiver with its high-frequency (gart
was inside the cabin, this part being located close to a window, by means"of
a .'a[:r!'ng connection. [n these upeﬁnmﬂu, no amtenna was used either for
receiving or sending. The first experiment consisted in sending from the
airplane and receiving on the ground. First, the maximom ran e was de-
termined while the airplane was flying at an aldtude of 1000 m "'QLThe Lo
volume was R B to 9 in this case up to = distance of ahout 30 km, a6id then
decreased gradually until at a distance of 50 km, reception ceased completely,
Tor r:liatan?:a. up to about 10 km, the ntensity of the tone received was uni-
form when the airplane was flving at an altitude of from 100 to 1200 meters,
but below an altitude of 100 i the volume décrensed, and at an altitude of
30 m reception {ailed completely at a distance as short as aboue 5 km,

As a result of the great uniformity of the tone volume in the reception
obeerved for the ultra-short waves within the maximum ranges so far estah-
lished a5 conteasted with the effest of repular shert waves the next ohyiows
atep was to try ont another nieans of conmunicetion ; namely, the transmis.
ston of pictures by telegraphy. For this purpose a picture transmitting sct
functioning on the principle of the telautograph was built into the airplane
and connected to the 2-watt short-wave transmitter by the grid-control meth 4,
The ground station was provided with the receiver used in the experimeit
deseribed ubove, the picture receiver being connected through rectifiers and
relays, Transmission was earried out at an altitude of about 1000 m, the air-
plane being a few kilometers from the ground station, The experiment
showed that the low transmitter capacities used permit the transimission of
pictures from the airplane without any diffichlty over the ranges that cou}d
b reached,

Th® only telavtographic apparatus svailable for this. experiment was 2
very primdtive one and only very simple pictures could be transmitred,

Eubsetpuent to the transmitting experiiments from the airplane to the
ground, reception of ground messages in the airplane was carried ouot, s
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 necussary
to vary tuning and the return coupling. Moreover, the noise of the motor
ignition was disturbing, this noise being a rattling vihen the motir was gettin
up to speed, so that reception seemved to be entirely out of the question. *At
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" speed of the motor, however, there was a very considerable decrease in

solistupbance cavsed by the noise of the ipnition, 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 resalt also checks with the experiments in
which the high-fregquency part of the transmitter was located inside the cabin,
Reception often failed even within the ranges mentioned. Evidenty, the
airplane ig some position then screened the receiver against the sender, When
the girgiane was londing, the signals could be beard until the altitude was

30 m, the volume decreasing peadually, beginning at 100 m. In all of

the experiinents so far deseribed, telegraphy and telephony were received with
equally good results within the maximum ranges, the capacity of the seader
in all cases being 1 bo 2 walts,
© The nﬂ.ﬁmum ranges found in the reception tests with the airplane be-
mi relatively short, the transmitting power of the ground transmitter was
considerably increased, and the transmirter was arranged 25 high above the-
ground as possible.  Further test Aights were then made during which a 70-
watl transmitter acting on a tuned dipole was located at a high peist, ramely
on Fuchsturn near Jens. Heception togk place in the airplane during a flight
from Bertin to Numnberg, and in the opposite direction from Nurnberg to
Berlin.

O thie oubward flight the sender was lieard first at a distance of 44 L,
et an altitude of G600 m, with a tone volume of B 4 to 5, which soon increased
to B %40 10, the airplane rising in the meantime to an altitude of aboot 1000
1. Durmg the Further part of the fight, the signal intensity remained nearly
comstant for a distance of from 52 to 80 km; and then decreased rapidly, until
recpdion disippeared compietely at a distanr_'t of about ) km, During (he
Felbgn fight, the transmitter was heard fivst at o distance of 38 ki, at an
alfinde of 500 m. In the beginning, the velume increased strongly again,
until zfter continued fight reception became no longer possible at a distance
of ahout 90 km. 1t 18 true that the altitude in this case was only 300 to 350 m,
This very probably explaing the decrease in maximum range during the return
flight, It shouhd also be noted that the feception in the airplane never started
beigre the plane had reached a lateral position in relation to the sending sta-
tion, and betame most E‘mnmhlc when the plane was :H}m.g' away from the
Iﬂttcr Plobably this phm'lnmnm'.rn iz due to a screening action exetted by

ingk of the airplane which are located underncath and in front of the
..f'q:l'.:n in which the receiver was placed, so that the wings were Jocsted be-
tween the transmitting and the receiving stations, when the plane was flying
toward the transmitting station.

Tuaeoey or TaE Oericat Rawce

The fhove, experiments,confirmed with relative cgrtainty the assumption
that *the transmission of Wwaves with a length of about 3 m requires direct
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sight. The experiments also showed that pround-wave extension, can ha=
play a part here and there is no reflection by layers in the higher portica’o
the atmosphers, and therefore no fading. We have consequently to deal with
a normial eptical propagation of the waves.

AN

Fig. 171 (a)
Theery of Maximam Optical Range.

On the basis of this assumpfion, which now had biecome very probable,
we find f8r the maximum range without Rexion into the shadow of the carth,
the following :

If in Fig. 171 (a)}, the circle represents the earth, supposed to be a sphere
with a radius v, and & be the height of the transmitter have the surface of
the earth, then the deseribing lines of the mngential cone of the sphere which
has P for its apex, forms the extreme limit of direct radiation from the point
. The length of these tangents is ¥ = /2rh + 42 or, a5 k? kv negligible
with regard to 2 vfi, r = +/ 2 rh. The maximum r.nug{: is therefore propar-
tional to the square root of the heipht, and as r = 6.4 % 100 m, we find:
&= 3,550 m, 3/ i = 3.558 kmiﬁ.fh

F‘ig 171(b) shows the maximum ranges for direct radiation, as a {ne-
tion of the height of the transmitter sbove the surfzce of the earth, 1f the
receiver is also located at a high point (Fig. 171 (), and if the height of the
transmitter above the surface of the earth be &y and that of the receiver kg,
then we find as the longest ranpe attainable with direct radiation; » = 3/Zre

(Vs Vi) or: (1) # = 355 km = (VFam + Viizm)

The maximum range may therefore be read from Fig, 171{b); by adding
the maximum ranges for the two heights, Placing both the transn jtter and
the receiver at a certain height above the ground, consequently means
responding increase in maximum range.  Within the range of direct vision
between trinsmitter and receiver, the radiating encrpy decreases amcrnhng
toa qu:rdrau: |=[w that is, rather slowly. From the limit of the maximug
range attainable for direct sight, the reception tone volume must
yvery rapidly, because there is flesdon.  Furthermiore, it miust be as.umed that
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1. energyein the shade of an cbstriction located between transmitter and
pral ver, }Elhil:h has a large size in relation to the wavelength, must amount
to only & fraction of the energy of the direct radiation, a3 it can get into this
ghadow by fexion 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 espe-
cially on phe rapid decrease of the tone volume from a minimum. altitude of
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the airpﬂai'm, toward the earth. However, the veriations in screening effect
caused by the different pesitions of the transmitter or the receiver with regard
to E]'I.E girplane, could nof he expiained in g satisfactory manner by the above
th of the maximum ranges to be expected, so that further experiments
had still to be undertaken.

In the meantinse, H. Fasshender and G. Kurlbaum published experiments
made from an airplane with a wavelength of about 3 m, which also confirm
the above theory.

Taz Exreranerts ox Tae Brocrey

In Oetoher, 1928, experiments were carried out jointly by the laboratory
of the C. Lorenz Aktiengesellschaft, Berlin-Tempelhof, and the Techrical In-
stittslgeadbna, from the Brocken (highest peak of the Harz mountains, 1,142

—fabove sea level) by means of which the above theory was to be checked;
for this purpose, the transmitting equipment was located p.'a.r'lf}f on the top
of the Brocken, and partly kalf way up the mountain, The regeiving set was
«iff an gutomobile, in order to determine easily the maximum range in dif-
ferent directions from the foot of the Brocken. For the reception, the field
of ¢he northest of the Brocken (about 150 m above spa level) was chosen as
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it is ruther flat and penmits direct sight to the Brodken,  In addition to pla-
the transmission set at different heights, the encrgy radiated was also viried
in order to find the law of the wave propagation which would predict, for
direct optical sight, the mdependence of the receptinn from the transmission
energy, up to a certain minimoo lint,

The transmitter was provided with o Telefunken tube, type S 229 T
operated by a 500-cycle anode voltage of about 2000 volts, The capacity of
the transmitter was about 200 watts and the wavelengih of the transmitter

Fig. 171 (&}
Theory of Maximum Optics Bange.

was sdjusted ta 3.2 m.  The transmitter acted through & tuned vertical :ll:pq‘;k:
with = length of 1.6 m. The receiving set was the same as that used in the
mirplane experiments, Heception took place either without an aotenna, or
witly horizontal gntenna with a length of about 2.5 m, or again with o vertical
antenna with a lengih of about 8 m. 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 varicd between 73 and 100 km._ In
all experiments, the tone volume at the reception end varied but litele, u_i to
a certain range, while' beyond this range it decreased rapidly to zero, 'She
width of this zone of rapid decrease of the tone volume varied between 5 and
15 km. Within this zone, the effect was therelore due exclusively (o the de-
fiected radiation and no longer to the direct radiation. The eause of the
variation of the maximum ranges in the different directions may 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 ex-
periment, in the ratio 801, It was found that up to the Hmit of BB, sach
tranzmitter power gave suecessful reception, although with different v
volume. For ranges.longer than 80 km, the tone volume decreased rapidly,
and at a distapce of 85 km reception was possible with full capacity of the
transnitter only. This extremely instructive experiment; in which the attake
able range of the transmitter varies but very little, in spite of a change in
power of 1:80, shows, verey distinctly that the maximum range’ s mainly
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¢ ent on the range of direct sight, while the differences in attajnable
Ea#wd by variations in transmitter capacity, are simply due to the
fact that 1n the zone of deflected radiation, a lower capacity becomes insuffi-
cient, with increasing range, because of the limit of sensitivity of the receiver,
at a somewhat shorter distance than the higher capacity. The next experi-
ments were made by placing the transmitter on the panorama tower with a
height of 20 m, on top of the Brocken {consequently sbout 1160 m above sea
level ). _ maximum range was increased, in a direction where it was 95
b dugihi the previous experiments, by about 20 km, to 115 km: if receiving
mﬁ as were used, no difference in tone volume of any importance could be

ed, in the zone of direct radiation, as compared with reception without
an antenind. In the zone of flexion, however, the maximum range could be
iggreased by a number of kilometers by the use of a receiving antenna ; thus,
tor exampll, the limit of the direct radiation zone in the experiments men-
tioned last was about 107 kem. The limit of reception was in the zone of the
Aexion 115 km, without an antenna; and 120 km, with a vertical antenna of
B m, If the results thus found are compared with the above theory, com-
plete agreement will be found. From Fig, 171(h) it follows, that for the
relative height of the Brocken above the surrounding country of about 1000
m, the limit of the zone of direct radiation is » = 110 km. Tt will therefore
be seen that the maximuwin ranges for direct radiation, found through the ex-
periments menationed last in which the transmitter is located at a height of
several wave-lengths above the immediate surroundings, thus evidently radi-
ating fregly into space, are in relatively good agreement with the theory.
When the transmitter was located close to the ground, the maximum range
was ghorter than might be expected on the basis of the theory. This dif-
fergnoe may perhaps be explained by the assumption that, as a consequence
ﬁz large mass of ground in close proximity, an influence is exerted on the

tion which has the same effect sz if the radiating paint were shifted a
certain distance downward.

In grder further to check the theory, a second series of experiments were
carried gut in which the transmitter was placed at about half the height of the
Brocken, that is, sbout 500 m above sed level, and therefors aboiit 350 m
zhgve the surroundings. The transmitter was arranged on a tower with &
height of 16 m in arder to avoid in advance any disturbing infuence exerted
by the ground. The reception tests were carried out in a8 direction ffom the
Broglemi in which there was direct sight, from the location of the transmitter,
for all of the ranges under consideration. Up to the range of 66 km, no
essential decrezse in tone volume could be observed. From there om, the
tone volume dropped off rpidly, until reception ceased entirely at a distance
ol abowt 77 kin. The reception with and without receiving antenna was prac
tically the same; whereas for 2 distance as great as 76 km, a tone volume of
R == 1 could be still heard when the transmitter anienna was omitted.and
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of 77 lm, even when the transmitter anteona was wsed and with the

mum transmitter capacity. If the maximum range, as found, is'com
with maximum range which should result from theory, we find, for an aver-
age height of the transmitter 330 m above the experimentsl proonds, an at-
tainable range of 67 km, read off In Fig. 171(b}, According to the measure-
ments, the rope of direct radiation is 66 km wide, and the zone of defected
radiation 11 km,

The sgreement with theory therefore appeared to be very gmrd ‘tyen for
these experiments carried out at half the height of the mountain, and, the
theory iz consequently further confirmed by the latter,

with reduced capacity ; the transmitter could no longer be heard afa di:g
E

Tae PossipiiiTy or ArpLvine TuE 3-Meres Waves

In Fig. 1?1{5} the values resulting from the experiments onihe Brocken
have been plotted as small circles and dots; the values of the distances (small
eircles) .for which the reception showed a swdden drop (limit of sight) agree
very well with the theoretical curve. The surplus in attainable range above
the limit of siplht, resulting from fexion, iz about the same in both cases
{amall dots). Therefore experimental data obtained confirm the law estab-
lished above.

The following characteristics of the maximum ranges for ultra-short
waves (3 m) may be considered 25 having been confirmed by experiment:

The maximum range of these waves depends on thie height of the trans-
mitter and the receiver obove the surroundings, as expressed by equation
{1) established above, The effect of the energy of the transmitter and the
gensitivity of the receiver on the maximum range is, above the certain lmit,
of no imporiance as compared with the influcnce of the height of the t:r"u.l.!.-
mitter and the receiver, The increase in attpinable range caused by
of the waves over the distance of direct sight as determined by the height
referred to above cannot excesd.a definite, relatively small amount {3 to 20
km). Inside this maximum rangs 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
& 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 signalicg. means
for short-distance communication. As far as can be seen at present, thex
do not have undesirable ranges; within the attainable short ranges, they guar-
antee good reseption, without the possibility of disturbances inherent to the
long and short waves uséd up to now. Thelr transmitters and recsivers nlug
be provided with reflectors in order to function as directed sets, the dimensions
of which are small engugh for practical use.



CHAPTER X
Amateur Short-Wave Equlpment

Many owners of broadenst receivers have at times considered the possi-
bility of building a low-powered short-wave radio-telegraph or radio-tefephone
transmity=r. Equipment of this type can be constructed for a reasonable cost
and with low power international communication is possible in an ex-

jmental manner, Most of the apparatus used for this purpose is individu-
ail§ designed and constructed by the different experimenters. In order to
give the novice a good idea of the apparatus used and procedure followed, a
ganufactured set is described for the purpose of simplicity.

Murti-Stace SuorT-Wave Tramsuirter Eir

The modern radio amateur, whether he be an oldtimer or a beginner,
resdizes that an cfficient, up-to-date transmitter must be of the oscillator am-
plifier or multi-stage type and not 'of the self-cxcited single-tube type, The
narrowed amateur wave channels which are now congested with more trins-
mitters than ever before require the use of absolute frequency precision and
frequency stability. The multi-stage transmitter, which may be either of the
master osciilator or Plezo crystal excited type, fulfills the requirements for
madern times,

Radip Engineering Laboratories have developed a low-power basic unit
known as their No. 215, The tubes employed amd the power supply required
are practically the same as that used in modern broadeast receivers, therehy
thys meaning that the cost for accessories is reduced to a minimum. Thes is
& E:}r eszential thought because in most cases the actual transmitter is cheap
wifen 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 trensmitter. The procedure is definite and positive.
No unnecessary experimentation is required when the inductances, con-
densers and the choke coils have the correct values, The tuning and placing
af.the transmitter in operation is actually simpler than tuning some of the
maodern custom-built broadeast receivers,

This apparatus can be employed as a basic telegraph transmitter the out-
put of Which can be fed directly into any standerd type of antenna system..
The standard No. 215 unit is equipped and designed to employ a master oscil-
lator type of frequency control stage. This allows for quick shifting of fre-

ncy in any of the regular assigned amateur channels. £» Piezo crystal:
Etml. oscilldtor stage can be added if desired. However, this will limit the
transmitter to one definite frequency and will not allow shifting in the band.

The osdillator stage employs a UY-2Z7 or equal  The flament power

3319
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rn:ty' be derived cither from AC or DC. 234 volts at 1.75 amperes are nerést

The 180 volt plate supply may he obtained from a reetifier uit, a 513"
:ulimma.tur, or, best of all, from fout medium size or heavy duty 45 voit B
lLatteries connected in series o g;'.:: a total of 180 volts, When using & pure
DC plate supply such as is obtained from Latteries, the tone will in all re-
speets resemble a crystal contrelled transmitter,

Fig. 172

Tl illusteation slepws the froumt assembly siew of the Noo 215 unit,. A
nas inetal case p:pu'l.l.dr: an cﬂthﬂhlﬁ far Hu; appnr.uﬂs. “The overaltl dimen-
sis are 10 ok Woin froot x p. The approximate werzht is

The next stage is (he buffer “Clags B type amplifier which employs
a UY-224 or cqual tube. The filument has the samwe specifications as tuat
for the tube employed in the oscillator stage, 1hate supply likesize is 30
volts amd may be obtained from the same source as that which furnishes the
oscillator tube, The 75 volls neeessary for the sercon grid may bee tapped off
from the B supply, The C battery bias may e secured from small size B
batteries. One large C battery bank is sufficient te operate all three tubes
it the Mo, 215 unit,  The various vequired © voltages can be tapped off from
this Lank,

The power amplifier stages employ a UY-245 or equal. “The fila-
ment supply necessary i5 234 volts at L5 amperes.  As the fifamert in this
tube is niot of the separately heated type such as employed in the other two
tules, it will be nedessary to employ a filament heating transformer which
has am accurite center tap.  The same flament transformer may also
be used to heat the flaments of the oscillator and buffer tubes.. Thi:
.l'uu:rtfnre, means that the filament heating transformer i alternating current
is employed or the Lattery if direct current is enployed must e capabie of
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Acliverings 234 volts at 5 amperes.  As previously mentioned, if an AC trans-
folmer i,% used it should be center tapped so that the return of the power-

plificr tube will go to this connection. Suech a center tap transformer is
very advantageous when the No. 215 transmitter is employed for telegraphic
purposes.  The key may be fnsérted in this center tap lead. It will then break
only the power-amplifier circuit without in any way interrupting cither the
buffer o 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
I batjories. When this stage is in absolute resonance and properly adjusted
it js'not necessary to employ the purest fype of DC for the plate. Therelore,
;ha!f-wa\r{: rectifier unit will be found sufficient, The main requisite is that
tae tone emitted from the cceillator be pure and the adjustment stable. If
this is correctly accomplished and the succeeding stages are tuned to zeso-
nance, :I:é.}nutpul totie should be exactly the same as thit generated in the
oscillator stape. Siress is therefore laid en the necessity for stability and
clean plate supply for the control drcuit.

The ourput of this transmitter may be fed into any of the present-day
iypes of antenna systems,  As will be noted-in the wiring dizgram, the only
antenna circuit apparatus is the antenno coupling coil L4 Both leads of
this are brought cut to two posts mounted on the front panel, Another rea-
san for not including further anfenna tuning eguipment is because some sys-
tems employ two condensers and twoe meters for balancing two wire zepp
ferd antenna while others roquire enly one moter and one condenser for
standard antenva and counlerpoise lening. The omitting of this equipment
will, therefore, be readily appreciated: The amatenr can neatly and efficiently
mount these parts externally if required. They shynld be located somewhere
betwreen the antennz lead and the' connecting posts on the front of the
fransmitter,

Another reason for omitting additional antenna tuning apparatus is be-
canse same amateurs will use this transmitter to fesd another amplifier stage
of larper power, A connecting dispram showing how this 1 done is given
clsewhere in these specifications.

Whet the power amplifier stage is tuned to function as a Class B ampli-
ficr, that ig, operate at the cut-off point, the rated pewer output of the trans-
mitter when used for CW telegraphing is 10 watts. When the transmitter
is used in conjunction with & separate modulator and speech amplifier unit,
such+as-the Mo, 225, the power ampiifier is adjusted to function as a Class C
amydifier and as such when modulated by the 1008, system will give a peak
output of over 20 watts, Incidentally, when adjusted as a Type C amplifier
the earrier output is approximately 5 watts. Shifting the gmplifier from.a
Ulass,B 10 o°Class C simply means the increasing of negative biasing voltage.

The standzrd No. 215 kit is supplied with one set of plug-in inductances.
These are fepigned to operate in the 3,500 to 4,000 KC (80 meter) band.
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Additional plug-in coils to operate in any of the other channels zan be se-
cured.

Only one milliammeter is supplied. This is provided with a ﬂfx‘ibﬁq’iﬂﬁ
end plug so that it may be connected to any of the three jacks which are
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 sot,

AssEMELING THE No. 215 KT

The illustration showing the inside of the Mo 215 is exceptionally ¢ sar
and very definitely shows the correct mounting place for the varions pass,
Fig, 172, Therefore, a detailed description giving the exact position for
mounting will fot be given. The builder can follow fhe phnm-
praphic scheme. A few words are given regarding the care reces-
sary for the arrangement of some of the parts, The two pieces of shest
sluminum which act as separators for the three compartments are secured to
the front panel by means of the M-inch angle supports. The wooden base-
board is covered with a thin sheet of copper foil. The front panel is fastened
1o the baseboard by means of I-inch long round-head wood sefews. 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 fush with the outside metal case when the complete set is
assembled. The rear binding post strip is so mounted that when the base-
board rssembly is slid into the cabinet it will project through the rncﬁngula:
opening provided in the rear of the metal case. It s essential to remember
tleat the copper shield on the baseboard 15 o mountaed that the completely coy-
ered portion is to the rear.

The plug-in coil bases should be mounted in the positions shown in
photograph—that is, the bayonet sfot should be located as shown, This is
essentinl in order that short leads may be obtained from the plep-in coll base.
The plug-in coil bases and likewise all of the other parts are securely fastened
to the basehoard by means of wood screws. The varions fixed-condensers
which are mounted on the sides of the aluminum shiclds are secured with
small machine serews, Incidentally, condeénsers which are thus mounted on
the slufinom  shiskds must be provided with the small bakelite mounting
strips, thus aferding insulation from the shidd. To obtain a satisfactory job
when finished, the amateur is urged to inspect very thoroughly his mechanical
work before proceeding to wire

For wiring it is advisable to.follow closely the wiring diagram given,
Thin bushar is supplied for the connections carrying radio frequency currents,
These comprise all grid and plate leads. All R T leads are run direct and
clear from other metallic parts, A good grade of, rozin core soldzr should be
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employeddo make the connections, When using rosin core solder on nickel
pligted pgs it is essential first to scrape carefully the nickeling so that the

metal will be reached. Other leads which are not subject to radic fre-
quency 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 fluments 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 are supplied with a heavy red flexitle
wire f4r this purpose,

, “The diggram clearly shows the connection for the stator and rator plates
ofy all variable condensers. This must be followed out in order to cbtain a
aanimum amount of body capacity effect. The jacks which are connected in
the plate cigouit of each of the tubes must be wired identically ; otherwise, when
the milliamsmeter is plugged into these there will be reverse polarity readings.

After the wiring is completed it is cssential to check carefully the con-
tmuity of each of the circoits.  Also checls the soldered joints to make sure
that they are tied and that no excess:of solder or fux 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 2 filament-heating transformer which, of course,
can be used only where alternating current iy available, Thie transformer
should have & secondary winding capable of delivering 234 volts at 5 amperes
and accurately center tapped. A transformer such as this would be just sui-
ficient to supply the filaments of the three tubes in the No. 215,

Sheould the amatewr, however, at any time desine to attach 2 modulator
to this unit he would have to secure an additiona] filament transformer 1o op-
erate modulator and sprech amplifier fifaments. Therefore, the ideal com-
bination is & transformer which is large enough to supply both the filaments
" the No. 215 transmitter and also the filaments for its accompanying modu-
lator unit. - As the standard modulator unit employs one TUX-230 tube
a5 modulator and one UY-227 tube as amplifier, the filament trans-
former would have to have the following specifications; 110 volt primary
{variable fesistance may be inserted for repulating output voltage) ; one sec-
ondary winding 214 volts at 7 amperes accurately center tapped ; another sec-
ondary winding 714 volts at 114 amperes,

If glternating current is not available, the Rlaments may be heated from
a starage battery which is capable of supplying 234 volts at 5 amperes. This
storage battery must be of sufficient size to withstand a continuous § ampere
drain, It is practicilly fmpossible to secure g 274 volt storage battery. This
means that & 4 or a 6 voit battery will have to be employsd and with it a s
snitable ‘resistance must be used so that the voltage will be reduced to 234
wvalts,

The'B supply may besecured from B batteries or else from rectifier unit
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Fig. 172
Internal View of Noo 215 Tronsmitter. This Tllustrazion Gives the Exatt Location for
sting the Varims Parts,
or moter generator, The screen grid woltage for the buffer amplificr may be
secured h:r tapping the available B supply. The prid bias for the Vares
stages may be obtained by the wse of a small “C" battery bank x!-pr:num ¥
cuthined,

Where direct current is available, the use of a motor geserator i neces-
sary providing, of course, that T3 batteries arc mot desired, Details on small
motor generator units having the sume power output ratings as the alternating
gurrent power supply will be found elsewhere in these specifications, Lt us
again stvess the desirability of operating the master oscillator from B battery
plate supply. T the amateur desires the deagest possible DC note this is the
most posilive way of sepuring it It ney geem rather expensive when consid-
ering the cost of our heavy duty B Latteries, but in the Jong run it is not so
pirensonalie in cost hecanse the batteries stand up over long periads.

CIPERATION AND ANTUSTMENT

Connect the filament supply to the rear binding post engraved “F." “CT
and “E"™ If direct current or storage battery is ~mployed for filment heat-
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ing, conneet the plus of the battery to the F post and the minus to the E post,
A wire is then shunted from the "CT" post to the “E” post. Irrespective of
wheuer AC or DC is emplojed, the voltage across the posts “E” and “E”
njust be 234, All three tubes are now inserted. The master cscillator tube
"V1" 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-243 type. After
all these tubes have been fnserted in their respective sockets. the Flament
snpply is turned on, 1t will take approximately thirty seconds before the fila-
ments arrive at their rated temperature.  The filament voltage should be
checled with a suitable voltmeter if such an instrument is on hand, 1f nat,
:n!jns-t the primary of the transformer or the Alament rheostat in series with
tne storape battery until the tubes show a dull red,

o The Master Oscillator Inductance “L1" i3 plupged into its mounting,
This inductance is tuned by means of the oscillator tuning Variable condenser
which is conmested in shumnt to a large fized tank condenser thus gaining the
benefits of & high € oscillator ciréuit. Such a high C crcuit Is designed to
insure maximum frequency.stability at afl times.

The plate supply to the master oscillator is next connected, ‘Fhis is ob-
tained from a 180 volt DC =ource which should preferably be secured from
four 45 vall heavy-duty B hatteries connected in series. The milliammeter
plug 15 inserted into jack “J1."  In this position it will read the plate curreat
consurmed by the master oszillator tube, Should the milliammeter read in the
reversed direction, change the wires an the back of the meter,

The pext step is to tum on the power and check whether the oscillator
iz functioning eerrectly. This is best accomplished by checking whether or
not radio frequency is being generated in this cireuit. A small size Neon tube
i o very useful instrunent for checking this. Hold the glass portion of the
Neon tube m your hand and touch the pscillator tuning condenser plates. Tf
th: cireuit is functioning correctly and developing radio frequency the Neon
tube thould light. Furthermore, it shoold glow with the same brilliancy
irrespective of the position of the oscillator tuning condenser. With this
definitely proved it is necessary to sef the oscillator on the frequency at which
the transmitter is to operate. Several methods for accomplishing this are
hege quated,

I—Use an accurately calibrated frequency meter, This is the method
which closest approaches precision measurements.

2—ATse your present recéiver. Your receiver can be used to determine
the approximiate Trequency of vour transmitter peoviding that this receiver
has been previonsly marked so as to note definitely where the upper and lower
limits of the band in which you desire to operate are locatedy  Set your re-
eeiver at somre approximate position in the band then turn on the oscillator
of your transmitter and slowly rotate the osciflator tuning condenser until the
cafrier is pitked up in your receiver, This then indicates that your trans-
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mitter is operating on 2 frequency somewhere in the band. Theactual fre.
quency cannot be ascertained but you can determine whether you are id the
upper part, in the lower part or in the middle.

3—Use ¢ broad range wavemeter for locating approximately the trags-
mitter within the band, A broad range wavemcter may be defined as that
type of indicator which covers wavelengths from 13 to 200 meters.

You may next monitgr or listen to the note of the oscillator. Use your
present receiver of 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 \:q‘l.fmna
eyatem to other receivers, The stability of the sipnzl may be checked b:p bt
ting the oscillator run for a considerablé time and listen in mnnuunuslﬁu{m
your receiver of monitor. The tone shouid not vary, Thus, you will hatt
checked both the gharacter of your emitted sipnal and also the frl.:‘qul:ncf.

If you are desirous of calibrating your transmitter, you may do this by
taking several readings at various sedings of the oscillator condenser. An
accurate i'requm:}r meter ig practically the only means against which you may
obtain precision calibration. It is 2 novel feature to be able to shift your fre-
fuency up or down within a certain band and it iz s1ill mare novel to be shle
to tefl the other fellow exoctly to where you are shifting, This is a feature
which will sconer or Iater be highly appreciated by all amateurs.

As previously mentioned, a Neon glow lamp is an essential item for
checking of radio [requency circuits,

With such a MNeon tube you may test the effectivencss af the warious
radio frequency choke coils employed tn the transmitter, For in&tance, the
plate choke “REFC-1" ghould indicate radio frequency st its plate end and at
the cther end of the choke it should indicate nothing, In like manner, the
erd of coil “L1" which is connected to the coil base prong "1 should alsg be
glive, The grid end cf the inductance “L1" which connects to the base preng
“4" must ‘ndicate some RE, Of course, the amount of BE indicated at
grid end is slightly less then that at the plate end. Continoing along these
lines the radio frequency is traced through the grid coepling condenser
“GCL" and further on up to the top prid connection of the TFY-224 Bufer
Amplifier Tube,

The oscillator crcuit has now been checked and tuned to the desived Ere-
fuency’  The next step is to tune the Buffer Amplifier. Connect another wire
from the same 180 wvolt battery supply to the post marked "4 180" af 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 25 volts is difficult to obiain because standard 45 volt batteries
are usually furnished with a mid tap at 223 volts. The nearcst sergen grid
voltage thus obtainable, would be either at 6734 or at 90, The 67 volt tap
will be found satisfactory for most purposes. Therefore, ¢onndet plus 67
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volts to ths “4-75" volt terminal which appears at the rear of the Buffer
Ampilifier compartment.

rhe 1TY-224 Amplifier tube when employed with 180 volts plate and 67
welts screen grid requires approsimately 6714 volts negative C biasing battery
for correct operation. This 6734 volts may be obtained from the “C” hattery
bank, This bank may comprise two 45 volt small size batieries connected
in series. The amateur need not be alarmed at the cost of these batteries
because their life is cxceptionally long and they should stand-up for prac-
tically a whole year's operation.

¢ Buffer Amplifier is now ready for operation. Plug in the inductor
“L4-" Remove the piate millimmeter plug from the osallator jack “J1" and
nizert itoin the Buffer Amplifier jack “72.7 In this position the plate meter
wil read the amount of current drawn by the UY-224 tube. Turn on the
power and then slow Iy rotate the boffer amplifier tuning condenser “C2." A
definite place will be reached. where the milliammeter necdle shows & sharp
dip downward towards the low end of the scale, Set the condenser at that po-
sition where the milliammeter needle gives the lowest reading. This indicates
that the Buffer Amplificr is in exact resonance with the master osclilator cir-
cuit and therefore operating at the same frequency. A test for radio fre-
quency may now be made, Touch the Neon tube ta the stator plates of the
bnlfer tuning condenser “C27" Tt should glow very brightly. In like manmer
vou may check the grid radio frequency choke coil "RFCI" and the plate
radio frequency choke eoll “RFCZ." One end of each of these chokes must
be alive and the other end must be dead,  That is, of course, meaning radio
frequency.

It iz 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 plece of wood imto the master oscillator plate jack "J1.," you will
5:{ p this oscillator drevit from functioning. Immediately, when the oscillator
plate cirenit is open, you will notice that the Buffer plate current as indicated
on meter "M 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 tadio frequency Bowing. This means that the oscillator iz really con-
trotfing the Huffer stage,  With the ascillator jack “J1" open, the buffer plate
current stiould fall to zero. I it does mot you will have to increase the C
veltage which is connected to the minus “C1" terminal. There must be suffi-
clent 7 bias on the buffer tube so that it will cut the plate corrent to 2ero when
excitation from the oscillator stage is cut off.

The actual correct amount of C valtage required for the Buffer tube is
realized when; the Buffer plate meter {alls to zero. Do not use more C bat-
tery than nebessary snd Jikewise, do not use too little. Experiments have
deFnitely proven that 6735 volts are correct,
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With the Buffer stage correctly tuned, you should again chasck the tone
by listening in on your receiver or monitor, It should be msrr.-llg.r the same ag
that which you heard when the master oscillator was Iunﬂm:ﬁ;‘ Iﬂl‘.‘srf{_lltn-ﬂ.-
ently, You should alao note a slipht increase in the intensity or volume of
signal, If the Duffer-is not in absolute resomance with the master naci'r.la.tar
cireuit, you will notice a broad tone not sharp and distinet.  Should this be
the case & very slight adjustment of condenser “C2" will synchronize both,
circuits,

The final stape is to place in operation the power amplifier or outpet cir-
cuit, This cireuit emplays a UX-245 tube which requires approximotey 250
to 300 volts plate supply: This may be oltained from any source a= pmi'ifushr
outlined. The negative biasing battery used may be the same as that on-
ploved for the buffer tube, except that B0 valts are necessary,  The minug
volts is connected to the minus "C2" post. The positive eonrietion of the
C battery has previoisly been conmected tothe “plus C or groued post,

The milliammeter plug is now taken out of jack “J2" and inserted in the
Power Amgplifier jack “J3."* In this position the plate meter will indicate the
srsount of current drawn by the UTX-245 tube,  Incidentally, this plate circuit
must be closed. That is, connect the “plus 300" volt power supply. The open
jack “13" 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 & minimom position.  This now indicates
that the power amplifier i in resonance with the Bufler amplifier which, of
course, in tormn is being controlled by the master oscillator circwt. The Meon
tube may be used to check the radio frequency. Touch the stator plates of
condenser “C1." Be careful when deing this because the amount of radio fre-
guency developed in the power amplifier stage s considerably more than that
had in the previous stages. The operator should always be caceful 1o hold
the glass pertion of the tube and not towch any of the metallic base pos
The Meon tule may also be vsed to check the radio frequiency choke chils
SRECA" and "RFCE” “RFCH" should indicate very brightly at the plce end
and nothing at all at the jack end, Likewise "RFCS" should indicate at the
grid end and show no indication at the “minus C2" end,

The Power Ampliier Tube TUX-245 will require about 90 volts negative
C battery when the Cat. Mo, 215 set is nsed [or telepraph transmission.
Minety {907 volts will be sufficient to operate this tube gt the cut off point.
This circuit is then functioning as a edass "B" amplifier, Incidentally, the
Buffer stage is also functioning as this tvpe of amplifier. It is essential that
the operator experiment with the negative C voltage 50 as to make surs that
just sufficient, s applied to reduce the plate current mils to zero when ex-
citation from a previous stage is cut off. Experiments with warious, modéls
have proven that with 300 volts plate supply, 90 volts negative 'Cwill be suf-
ficient to sccomplish this.
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The transmitter can now be considered completely tuned ared ready for
fesding the available antenna.

For information reparding verious types of antenna refer to the” dia-
grams and tables furnished elsewhere in this chapter,

Outside of the inductor “I4" there is no other additional antenna l:qulp-
ment, As previpusly stated, this is so that the amateur may connect the st
to any type of antenna system or if 5o desired he may feed the output into
another larger amplifier. If the output ef the indector "L&" is to be fed
directly into &n antenna the operator can very easily ossemble the necessary
antenna variable condensers and meters. Thess may be tdmnm&huﬂy
mounted directly above the transmitter,

The {following fummary of plate eurrent readings may be more or Tosr,
closely followed :

Osciblator 2 TR T - cea Ll uﬁllsmwu
Buffer Amp. Plate CHFREM. reess aseen .« 12 milliampeses
Power Amplifier Plate Current,. vrseendd millizmperes

The plate current drawn by I.'hl: power mrph.ﬁtr t'uhvl: will increase (o the
abowe ml:ntlnncd normal rating when the set'has been tuned to resomance with
the antenna system or tuned to feed snother larper amplifier. . When using
alternating current to heat the flaments you may insert the key so that it will
open and close the center tap connection of the filament transformer, This
iz accomplished by inserting the key plug into the jack “J4." If dircct cor-
rent is used for heating the Alaments the key should be inserted into the am-
plifier plate jack “J3.” Bear in mind that if this last method of keving is em-
ploved you will have 1o take special precaution not to touch dny of tae metallic
portion of the key because this will be carrying 300 voles.

The output characteristic of the transmitler may again be listened to.
However, this time you may find that the receiver will not do becanse of the
increased power now avzilable Under these conditions you will be obliged
to use & regular monitor placed at a distance to the transmitter. The chir-
acter of the note should resemble that which you originally heard while tedt-
ing the master oscillator circuit. A wvery good check for frequency stability
is to plug the milliammeter into jack “T1" 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
subjectad to any feed back from the power amplifier ciremit. ‘1his s also
proof that the Buffer stage is functioning correcily and deing what,its name
implies.

The following parts are required with each No. 215 kit:

L1—3,500 KC band {80 meters) oscillator indoctance with intermal high © fived

L2, KO band (BD 1 bl tifier imdactn
L3, :r,ﬁ'iam KC hEdﬂTB;Ju:n:lmJ“p::Er itnflﬂr-ﬁﬁ: |$n-:ﬂnt¢ with independent

Three standard phugein eoil bases are required fo. the shove cola,
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El—ﬂﬁlhﬂw tunicg condenser 115 mmfd. capacity,
er amplifier tuning condenser 115 mmid. capacity
Cl=Power amplifier tuning condesser 115 mmid. capacity,
E—Oillator plate blocking condensers, 2000 mmfds,
¢! seillator grid eondenser, 2000 menbds,
C7i—Bufer amplifier plate blocking condemser, 2000 mmids,
CB—Power amplifier plate biocking condenser, 2000 mmfds,
C8, Cl0—Power amplifier flament bypass condensers, 2,000 mmiﬂ.l cach,
Cll-—Bufer ampliBer screen grid bypass candenser 1 mamiid, 250 volk type,
Gﬂi—gﬁﬂ amplifier #:ﬂ mphncg candenser, 20N memids
GL2—Fower wuwnn' condenses, &000 mmids,
RFCI—Crecillator p]msli
Fi2-Buficr amplifer piill: l:huﬂm l:mL
FC.!—BUH:E amipliber grid choke oot
Power amplifier plate choke eoil
RF{: Pawer amplifer grid chake coil,
ii-—-—U:-:ﬂllhr plate meter jack single drenlt clnmig
Ze-Bulfer amplifier plate meter jack single circuit closed tyrpe
Ti—Fowpr amplifer plate meter jack single circnit closed g
JaeRiey jack single cirouit closed type
M—Plate miltiammetes, 0-100 mifs
P—Meter plug with 2 fost aximaum coril
Wl—Omeillator tube socket, ua-n
Wi—Fower i.mpl:ﬁur ik m:hl ¥ type
Vi—FPower amphiber tube socchet, UK type
E~Dzeillator prid reslstanee, E,I:H}IJ ohms
F—TErilled m:Fmgn\'td alusmimam imul p:met finkshed in black crysiailine lacguaer,
Ar—fintenna and ground bmding pes
i E.B_E ply weneer basebocard Enlah¢11 in bh;.k Lequer, Size 1B44" x 934" decp x 14"
ic
S—Two aluminuem pariithon shields with necessaary 14 angle strips for mounting.
SE5=Lopper sheet g covering baschoard.
H—DBrackews [or supparting rear boding post
T—Eakelite rear terminal strip dfilled and mmvnei' Thiz sirip 14 ﬁ'tt-pd with all
nepestary tgrminal screws The foor facks are t0 Do moented §n this str
l.h neat pressod sieed cabimet with-a removable top, the Haish to nn'hrh the front
pane

Apprwg CrvaTar Contron To Mo, 215 TramsuiTTes

If the amateur so desires, he may use crystal controd with the Noo 215
wilt, ‘The sbove wiring diagram shows the r.r:.ratal control oscillator clrcuit.
£ direct ‘comparison between this oscillator circuit and the master oscillator
clrewit in the Mo, 215 will readily show that only a very small change is
necessary.

When considering crystal control the amateur must deeide whether he
will operate with a 160 meter crystal or with an &) meter crystal. If & 160
meter cryfial is used it will be necessary to dowble frequency into the boffer
stage. If an 80 meter crystal is used the same frequesicy will be had in all
three stages,

The No. 215 unit when crystal controtled can be operated on 40 and 20
meters. [t simply becomes necessary to double frequency in gucceding stages
s 83;t0 arrive'st the desired output frequency.

The crystal will require C battery. This is connected to the post “—C."
Thd same*C sbpttery bank which supplies the buffer apd power amplifier may
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be used for this purpose, Therefore, the connection for the "—C" post
should go to —2234 valts 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 erysizl is thus
cleaned the surface should not again be touched with the fingers: After it 15
inserted in the holder and all the necessary power supply connected, rptate
the crystal huping condenser “CI" until a minimum dip is indicated on the
plate meter “M." It is, of course, necessary to insert the plate metes phtg
into jack “J1." The Neon tube may be used as an additional check to seg that
radio frequency is being generated by the crystal oscillator stige. A fpod



353

FHORT WAVES

aagydiny s BeAy 84 20 05 ‘wesde] Bulim
G20

.E_n.:-
34+ M+ D= 3Z A3 4

. o7 T [ Ll-E=s
- | R .
= | 2
@ : *H : hlﬁ:.
m..ﬂ Lo e ”uu _uuﬂu.u.._ =
{ ]
|||@._?-... m_n_.._“....... | = M’IM\ nﬂju ol ¥
% = Ddu

3=
I S



354 SHORT WAVES

point to determine this is directly at the stator plates of the erystal oscillator
tuning condenser “CL"
The tuning of the remaining stages remains the same as previous"y outlined.

Apoine Lineis Asprieren 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 {cllowg tubes can be used 2034, 211, 8532 or 880,

This additiona! linear amplifier can be tuned to operate either at the same
frequency as the power amplifier or at double frequency of this power am-
plifier,

The following i3 a parts list of the amplifier ;

MEi—Plate enilliammeder §-300 mils.

Linear ampl }iu'ﬁﬁ Enhufnlmg comdenzer 2,000 mm!i Eﬁ ot ;Fm
C2—Linear arpiifier eotrdenser 2000 wamf Vot
2l—Linear Hpqrﬁ:r tuning cmﬁugw 200 foondd. 3000 volt type -

Key jack, single eircuit closed type
.{.G—Luua.r aenpiifier n.nh inductance.

1-? rtenn l:mphuﬁ_a

fr—Amnienna thermo coupled RF.

Czﬂu-ahuen mmﬂ::ﬂm@ﬂﬂmfﬁ.!ﬂlﬂvﬂ:m

EFCt—Limeae amplifier plate choke

BFCI—Lincar amplifier grid choke

(2 d—Filament cotdensers 2000 mm{d 1000 volt type

Vi—Linear amplifier tube sockes, either 5 watt or 7% watt type

1—=Metal cabinet, size %' x 19 x 167 deep,

I—Drrilted swd engraved pamal,

}-—Bm:bﬂa:rd ﬁtp:;lih copper foil.

I—Ceenplete set of ha.:ﬂm

The power supply necessary for operating the linear ::1:|:rl:liil."u:|E will have
to be independent from any of the power supply used for the No, 215 unit
or the No. 225 modulator onit. Filaments may be operated either from AC
or DC. The supply necessary must furnish 10 volts at 3.25 amperes. Tf AC
is used for filament supply the transformer must be accurately center tapppd.
The filaments must then be bypassed with two 2,000 mmid. 1,000 wolt tyge
condensers. These bypass condensers shotld be located directly at the fila-
ment tube socket, The plate supply required for the 50 watt tubes is 1,000
voles DC at 150 vatts.  The plate supply required for the 75 watt tubes is
2,000 volts DC at 150 watls,

The output of the No, 206 lincar amplifier is fed fo any of the antenna -
systeme illustrated.

10096 Monuraton

The modemn amateur radio telephone transmitter & radically different
from the sets and systems employed several years ago.  Those who desire ef-
ficient radio-tefiphone communication appreciate that as much s possitle of
the continueus wave carrier should be modulated. This may be more re.dily

explained as follows:
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When listening in for a radio-telephone station the amaténr hag often
noticed that the cardier is sufficiently strong but the voics is weak, The sy

Fig. 176

This ilfustrates the comphele No, 225 Hmhﬂuur Tt ka5 an
attractive and businessiike apgearance and will eobasees any
winalour station

tem employed in the No. 225 amateur modulator units is designed to give prac-
tically 10055 modulation of the carrier output of the No. 215 basic unit.
Therefore, when using the No. 223 unit in ¢onjunction with the No. 215 unit
the operater will be able 1o receive teports which indicate that his modulated
¥oice is just as strong o his CW carrier wave. 1t has often been reported
that low-powered CW telegraph transmiltcrs have eovered great distancés. It
can now well be said that when using the 10055 system of modulation these
srme Jow-powered telepraph sets can Le made inte telephone transinitters
Iy ity the same great DA range.

The No. 225 amatenr mnodulater unit, although expressly designed for
use with the Mo, 2135 basic unit, can be made adapgable to any other present
gsetllator svstem which employs 8 power amplifier tube of the UX-243
trpe-or equal,  ‘The mam requisite is that the tube which is to be modulated
must use approximntely one-ball of the plate voltage that is required for the
moditator tube,  In the case of the 225 wnt a UN-230 type tube’is used
with 550 to 600 volts plate and in conjunction with this the modulated ampli-
fier tube employs 300 volts plate. Furthermore, the modidator watts output
of the 230 wbe are sullicient to operate the 245 tube,

“l‘h-: Mo, 225 unit is designed to use a single-bution carl on mivrophene,
fhw is sufficient to obtain good reprocduction ever the average voice fre-
quesicies employed. 11 the user 5o desires, he muy very easily employ 2 tevo-
b ton carben microphone,
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A complete listing of parts required is given under the schematic wiring
diagram,

Cin the front panel are maunted the micraphane jack *J7." "'I;g.e oF
"R2™ iz monnted on a small strip of baleelite, thus insalating the nryvab
from the metal panel. The jack 17" is mounted directly on the frant px.E
Cte arm of this is automatically proonded,

The Mo, 225 unit is located on the operating table alohpgide of the No.
215 unit, Connedtions between the two units are made at the rear.

The complete station is always ready for either telephone or telepraph
transmission, The only adjustments necessary is to torn on the microffeone
switch SW when dsing telephone, and turn this off when using ltltgrnpﬁ.
All tubes in the modulator and in the No. 215 unit are alveays Lit.  This is &
very good feature because it allows instant shifting from telephone to telg

graph.
Oipeaatine T Mo, 225 Usir

Ajter the unit has been assembled and all the wiring carefully checled it
is ready fpr operation.  The power supply employed can be the same as that
used for the No. 215 telegraph set.  The filament hieating transformer should
be of sufficient size to supply the RCA type 250 modulator tube with 745
volts at 1.25 amperes and also to supply the RCA type 237 Speech Amplifier
Tube with 254 volts at 1.75 amperes.  If alternating current i not availahle
the filaments of these tubes may be heated from an S-velt storape battery.
Necessary filament reducing resistor must be employed in the cirenit 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 be secured from a pewer wnit, irom s 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 u
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 sc-
cured by tapping the battery, or in other words using three of the 43-volt
batteries, The C battery voltages required for the speech amplifienand modu-
later tubes may- be obtained from the C battery bank which feeds the trans-
mitter unit. ‘The six-volt supply necessary for the microphone may be ob-
teined Som any G-volt battery. - The best method is to employ the Givolt stor-
age battery which is used to heat the filaments in the receiver. The polarity
connections are not eritical.  The wiring dizgram for the 225 shows that the
positive gide is grounded. If the positive side of the receiver battery is glso
grounded this qmner_'tmn will be satisiactory. If, however, the negative side
of the receiver battery iz grounded then it will be necessary to TeNerse thi b
tery connections to the microphone so that the negative side’ will rg
ground, In any case the same side must be prounded as thas whi
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L
CHZ
CHI
<l
BASE
S
Je R |
— P 17 _
Thiz ia the réar view of the Cat. No. 225 usit. It clearly Hlustrales Ube position of the
| VAFiOwF parts

grounchs] in the receiver stherwise the receiver storige battery will be short-
circuited,

The sollowing gives correct plate meter veadings and “C" batbcey volt-
ages for the No, 225 unit:

Maordulator—Plate Mils 55— voliage niinus 133,

Sgeech Amphiftor—late Mils 9—C Valtage ninus %
o '}mmnmuk;ng adjustoreits it is essential to adhere to the sbove phie cup-
rent | eadings and C battery voltages.

. The mictophene input is controlled by the resistor "R2." A eombination

Wiy be foumd so that the rperator will readily know the distance from the
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nﬁmp‘l-mn mouth-piece to his mouth and the intensity at which She micrd-
phone is being actuated. This will vary with various types of microphones
employed and also will vary with the voice of the person using the n'cropione,
The correct combination of B2 and voice input to the mmphm%mq 31d be
sufficiently strong to show the movement on the plate meter and he speech
amplifier fube. If too much gain is used this plate meter needle will Auctuate
in synchronism with the input and when thus fuctuating it 15 a safe indica-
tion that distortion is being had.

In like mannes, the plate meter when inserted into the modulator tube
circuit should remain practically constant and should not fiuctuate withithe
input.

In the instructions given for the No. 215 CW unit no mention was made
on the changes negessary 1o adapt this unit for telephone purposes, There.
fore, when using the No, 225 modulator in’conjunction with the 215 the fal-
lowing 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,
Therefors, chainga the C battery {rom 20 to 157 or 180 volts. By doing this
the plate durrent 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
modutation are delivered from the modulated tube,

The meter which is used to indicate resonance in the antenna circuit will
approximately show 705 of the reading erdinarily had before the C bia:
was doubled. That is, this reading will be had when the mierophane is not
spoken into. As the microphone is actuated this antenna meter needle will rise
approsimately 3095 from its low idling position. The best way to test this up-
ward swing is to actuate the microphone with a steady constant tone like that
obtained from a bezzer or from the head phones of the receiver when the
receiver is in an oscillating condition dhd howling at an audio [requency. An-
ather simple method is to whistle into the sucrophone and thereby note the
upward swinging of the antenna meter needle. At all times while telephoniig
it will be noted that the antenna meter will swing upwards in direct propor-
tion with the amount of input to the microphone.

It is of course essential to monitor or check the output wheén using the
telephone transmitter. This may be accomplished by listening in at the re-
ceiver when this receiver is in a non-oscillating condition, or betfer yet, by
using the method which employs a erystal detector connected in series with a
coil and a pair of phones.” This coil can be coupled to the antenna féad 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 fof re-
ports on your Phone when you can easily and quickly check ypurself directly
at the station, A good monitor is the best indicator.

Schematic \‘ﬁnng Diagram Fig. 178 shows exactly how the N W
Modiilator unit is conmected. Follow this out extactly, run all plate and ’rrﬂ
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leads short and direct. Al other wiring may be cabled as illustrited in the
TEAT VIEW.

‘Fig. 173

The following is & description of the parts required with cach 225 kit
Cl—Eypass comlenser 2 nfd, 1000 valt type

C2—Speceh amplifier grid brpass combenser B omid, 450 wolt fype.
C3FMoluliter grid lm:s condenser 8 mid: #5350 wvolt type

Cé—Speech smptifier byixies conelenser 5 mifd: 430 wolt fypel
CHl—Constant  current choke special Dongan trpe Moo 1391, or eqoivalont,
CLE2Z—Comstant current chele spesial Dongan type Na, 1391, or equivalent.
Ti—Modulation  teanslonmoe for  wse  with -:I:u:iu Yatbom carboa imszrenhiones.
Ti—Audin frequency trasformer, ratis 3 a1, '
Ri—Amplifier plate voltage reducing resistor 5,000 olim 44 watt type.

RB2—Gnin eontra]l variable rosisdo A
Ra—&ﬁn trnm.{n:aimr sﬁu;ih : mﬂﬂ,ﬂﬂﬂ ohm sugp el with 2 grid Teak main-

i
“ﬂh;-‘;S h ::lup]IE,EI' necter jack, single r_uru-t clased Jack.
?ﬁl‘l.td‘le 1.:. mzﬂ-: mf.-u]t open jack,
I—Hﬂﬂ ator Ii:!n.Y
L gﬂﬂ‘l n;llﬁer tl.ltrn Enl:ki.'l type
E—TFive-piy 1 vm::r%ﬂ frdshed black Iumm' and covered with copper sheet,
Baschoged dimensions 137 long, 9547 deep, 34% t

. BIS—Rear binding post Lermianal strip -:nmpi-etcir fatted with 12 B32:Bnding post
sorgws, nuds and washers,
BE—Two angle brackets for :r.u: rear serminal steip. )
P—TFroat pansl alumintm rilted anid mm:u-rrap: side fiiskied

allase 1a Fear side satin 'i_=.hm! |
mmaﬂzﬂmﬂeﬂ m“;ahm-qnsa finislved duﬂawﬁmimﬂgqm—dmlshin finished black

sieel
erysialline Tacquer. Eruipped with removable top,  Size 137 & ¥ fromt = 107 decp,
Ascareor Barp Reczves Ker

The average amateur station has employed many different tvpes &5 ae-
ceivers during the pest several years, This séb. described will 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 individually.

An ftilnluuﬁd stage of radio frequency employing a sereen grid tube of
the VJX.222 type was found to be pracrical and necessary. The un-
tuned stige was selected in preference to a tuned stage because the addition
of a tuded stage would have required an extra tuning condenser control, This
would mean that the amatenr would be obliged to adjust both tening con-
densers at the same tinve. Furthermore, when desiring 1o cover guickly a
pertain amatenr band, it wouold be found extremely difficult to keep thess two
w.vable eontrols in exact synchronism,  The main advantage of using the un-
tuned stage of screen prid RE ahead of the repenerative detector is that it will
act as a blocking tube to oscillation set up in the detector circuit, In other
xords, it does ot allow the oscillating detector circuit sirmals to be trans-
miftted. e amateur s well aware of the fact that an auscil.}a.ting TECEIVIng
fube when connected bo an antenna will créate considerabie disturbance, An-
other advantage {or the radio [requency stare is that 1t will allow the detector
regencration control to be smooth and npot erratic ; thus it will block the an-
tenna harmonic effect and provide smooth control of repeneration, The
sereen grid RF stage will also help to amplify weak signals to some extent,
although untuned, sereen grid tubes cannot be used to their utmost advantage
em short waves—they will fumish some radio frequency gain.

The detector circuit employs a tube of the 201-A type, Repeneration is
controlled by means of & variable resistor.  This resistor is.of the drum type,
making. periect moizeless contact at all times, The tickler coil combdnations
employed are of such ratio that the regeneration control resistor will at all
times give absolute positive and smooth contrul of oscillations.

Three correctly designed plug-in coils are supplied. These are designed
to cover with maximum efficiency the 20, 40 and 30 meter amateur bands, By
neans of the special combined tank and vernder 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 funing
condenser “C2" is controlled from the front panel. The stator plate is moy-
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 desfred capacity, This single stator plate is therefore set at an arbitrary
position and the rotor plate is set at minimum capacity or in the “afl out” po-
sition. This will then indicate as zero on the dial located on the front of the
panel, The B0 meter eoil is plugged into the coil socket and the large tank
comdenser "C1" is set to & certain definite position which will tune the
ln‘fer end of the B0 meter band. This large semi-varizble tank capacity
e adenser 35 controlled by means of the 37 bakelite disc “D." The ratchet
or.akes friction contact to this bakelite dise. At the exact peint where the

boftom of the 80 meter, band is received scratch a Jine onto the bakelite disc
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where the ratchet makes contact. The wariable control of the veimier con-
denser s then get to maximum capacity or in the “all in" positicn ; that is,
where the front dial indicates at “100." By moving the single stitor ]}ﬂa‘tn
closer to the single rotor plate of the vernier contral a paint will be Iad +rhere
the uppermost point of the B} meter band is received, The wser il now
note that without any further adjostment of the large tank condenstr “C1"
it will be pmmhk-_ ta cover the complete 80 meter band by simply usitlgn sirgle
plate vernier control on the front panel,

The same procedure is-followed out with the 40 and the 20 meter coils;
that s, leaving the single stator plate in the original position simply adjust G,
tank condenser by means of disc “I." In each case mark this disc at the
position for the 40 and the 20 meter bands. Once this dise has thus been cali-
brated, noiches may be filed 5o that the ratchet will fit, Adfter thig is accom-
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 noteh;
that i3, if the 40 meter eoil is plugged in, sot the tank condenser with its balke-
lite disc so that the 40 meter notch will coincide with the ratchet,  Full spread
coverage is<then obtained by means of ihie vernier control on the front pancl.
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 deing so he will nat obtain
full widespread eoversge. The precedure is to plug in the 20 meter eoil and
reduce the capacity of the large tank condenser until 2 position is had where
10 meter signals are heard. The tank condenser may then be left in that po-
sition and further tuning in the 10 meter band is accomplished with the vernier
contral condenser,

The audie-frequency circuit e:mp'[u;.rs a tube of the 12-A type. Only
one stage of audio has been incorporated in this receiver because this is suf-
ficient for headphone reception. It has been found through &::pmmne. et
the sverape amateur uses only hr.udphums and not louwd speaker.” Should
anyone desire to use loud spesker it is a simple matter to add an additionad
pawer nm(pliﬁér to the cutput of the receiver. —

A neatly drilled and engraved aluminum front panel makes the appear-
ance and building of the set a simple matter,

Various parts gupplied with the receiver shonld be mounted in the ap-
proximate positions shown in the rear view layout. As this ’I]Jus!t‘aumu 1
clear,and distinct fit is needless to go into further details r-_-ga.rdm_-'; the miot/ -
ing of the equipment. The schematic wiring dizgram given should be wex
when connecting the receiver. Mlgriﬂu:ﬂplatﬂnadsshuﬂ&bcmn shibrt
anil as direct as possible, AUl other wires may be buiwched in cable fashion,
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The fpllowing is an explanation of the (Fig. 181) No. 231 schenatic
wiring diagram and also a complete list of parts which are required:

C1-C-Tuning condenser supplisd with 47 trpe KK verafer contral kaob,
EM‘N condenser fitted with 1 paic grid Jeak moatstings
] condlenser,

Co=—1"mid. 250 volt condenser.

O, £.7—=5 mid Z50 wolt condensers

LLS0ne set (3) coils with one coil base

Ti—Audio frequency transformer, 5 6o 1 ratis,

RI—Kegeneration control resistor, 100000 olms, complete

E2—Gieid leak, 10

Ri=Rheostat 10 chm,
e Bi—Antenma resistor, Ol megobm, supplied with small bakelite mounting strip
nited with 1 pair grid teak momntings.

RE-Ré—Combined 13 olun tappsd tesistor.  (Mote: The RS sectioa i 10 cfuns
agil the Eiﬁ&eﬂl{? is 5 akms) -

Vi—HRadio frequency tube socket,

Vi—Dwoector tishe socket, UM type. i

Wi—Audio frequency amplifier tobe soclet, X type

EW—Filament =witch, ]

EF—REsadio frequency choke coil, 5 slot type

BPS—FRear H'Eﬁnwt :;;1111—:;“ #irip completely EEm:d with eipht B-32 hinding
sk serews, nnis and w £& also two hinding posts for phene conmection.
’ B—S-ply wencer Lasebrard, finished black lacquer and covered with copper sheel.
Dasebogrd disensions 137 lomg, 9347 deep. 347 thick,

BR—2 angle brackets for supporting rear terminal strip.

P—Fromt panel slumioem compbetely drilled amd evgraved. Front slde finished
Ilack crystalline lacquer, Renr side satin finish sluminusm,

C—Pressed steel cabinet.  Ingide finished dall black lacquers outside fintshed black
erystalling lacquer. Equipped with removable top.  Size 13 x 9 front x 107 deep.
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ANTENNA SysrEMs ror Auareur Wave Baxps
General

The antenna or at least the effective adiating portion of an a, itenna sys-
tem should be located inan unobetricted area, fres from trees, met e stroEs
tures or other foreign bodies. In each particular locality certain ty) &5 of an-
teninas will lend themseives more readily while others will never prr satis-
factory. The tuning equipment, such as variable condensers, meters or
switches, should be mounted in an approprizte place above the transmitter
unit. ‘The antenna leads may be wired from the transmitter posts to these
picces of apparatus and then to the antenna lead gut insulators, All pointahet,
an antenna system ghodld be egually well insulated by vse of pyrex or other
suitable material. One poorly insulated portion of an antenns may be the
weak link in the whole system.

Antenna Counterrose Svarew—( Fig, 182)

This type of antenna may beused very well by a beginner. It is simple
in adjustment and in most cases is a very good radiator. It may be used
wherever vne i3 not compelied to run long leads in order to get to a clear un-
obstructed area, ‘The ontenna and counterpoise should be separated by as
great a distance as is possible, The following lengths given will be suitalile
when the antenne and eounterpoise are sepatated by distance varying between
10 and 50 feet:

20 Meter Band 17 ft.,
4 N v A
By " S L
1600 * “ 130f

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 appdratus to the antenna post on the transmitter. For example, if an
antenna counterpoise system were to be erected for operation in the 80 me
band the antenna wire would be 64 fect long from its extreme insulator "2
to the antenna binding post on the transmitter “"A." Likewise, the counter
poise wire would be 64 feet long from its extreme insulator “Z" to 'the antenna
post on the transmitter “G."

Antenna Grovnp Svsten—(Fig. 183)

This system will generally adapt itself to the same conditions as the an-
tenna counterpoize system, This is the simplest form of radiator and is recom-
mended for the beginner. It may only be used advantageously where, long
leads to the antcnma are not necessitated, Tt may be used very well on afimal
boat or aircraft, With this system the ground must be made positipe’ and

good. The length of the antenna wire will be equal to those shown on)
table for Fig. 182, The ground being untuned or: 1Permdﬂ: will function ﬂﬂtﬁ'
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any length of antenna. EHowever, as it & more than likely that severas feet
of wire will be uged in the lead that connects the ground to the transmitter, it
miy be necessary to vary from the antenna lengths specified slightly. This
arrangemnt should only be used when a good ground is available,

dinoue Wise Feep Hestz Antenna Svsten—(TFig. 1843

z

LE000050,

SND.
"l' CAT .215
| SET

Fig. 183

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 linit to the length of the feeder within reason. The formula for the
correct lenpth of the actual antenna hatween points “Z7 and "2 {5 a8 follows
“his dirmension s to be caleulated in meters.  One meter = 39,37 inches.

The wavelangth upon which operation is desired equals the length in
meterg timeg 2,07,

L =L x207

The jesder "F1" must now be connected to the proper positiog on the
antenna wire. The [ollowing formula shows where “F1™ should be con-
nected,

‘The distance (measured in feet) of the feeder from the center equals the
antigna length times 25 and the product divided by 130, That is:

Length of antenna ({2} x 25

Fesder distance from center =

180
The krgth of the feeder from "F1" to "R2" may be anything within
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reason and no specifie length is required,  The following is a table which wilf
give the exact data for the various amateur bands,

= Fi Z
B L 1“_
- "
_? i
I v
: FE
o
;.
T p—
I
Fig. 184

20 Meter Band, 14000 Kes, Antenna length 33 £t 11 in
Distance from the center for feeder tap
4 ft. 9in.
40 Mueter Band., 7,000 Fes, Antenng length 67 L. 10 in,
Distance from the center for feeding tap
9 ft. 6 im,
B0 Meter Band. 3,500 Kcs. Antenna length 135 fr. 6 in.
Distance from the center for feeding tap
18 ft. 11 im.
An antenna of this type may be operated very well at its harmonics, T3
& 3,500 Ke.antenna were erected, operation on both the 7000 and 14,000
kilocycle bands will be satisfactory.

Two Wize Frep Hertz Anressa Svsteu {Etpmm}—[Filg.-lqﬂ_S}

THis type of radiator is probably the most efficient for all armatehr par-
poses. It may be used to extreme advantage where the transmitter is 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 ‘s_-,rsimdmﬂ
still secure good efficiency. The following are the requirements in the d men-
sions of a successiul two wire or better known Zeppelin type anlenna,
1—The feeder system must be such that each wire is equivalent in lenguo to

an odd multiple of one-quarter of the wavelength being used
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Fig. 185 -
2—Antenna must have a length equivalent to an even mmltiple of one-quarter
wavelength.

3—'Ih-r. feeder system nust be electrically symmietrical,

ptenna that will operate on the four amatenr bands 5,500, 7000,
!4,r:m nd 28,000 Ke. (8O, 40, 20 and 10 meters) would be calculated as
follows: We would employ a half wave 80 meter system, One meter is 328
ft. and the length of & hali wave 30 meter antenna is therefore one-half times
328 times B0 or 131.2 ft. This would be the length of the radiator sus-
pended in a clear space, as shown in Fig, 185, designated by the wire spread
jf._-h'r::en insulators "2 and "2 Feeders may vary in length to sait each
Carticular location,  Therefore the wires “Fd™ and “F3" should be run from
ane end of the antenna to the transmitting inductances. By use of two con-
Hensers “15" connected in series or by one condenser connected in parallel
across, jnductor “14" the feeder system may be tuned over a considerable
band’é ffequencies. In this manner “F3" and “F4" may be tuned to the fun-
damental of an odd muoltiple of the fundamental of the mvtleng‘fh being
used, ‘The feeder construction must be symmetrical.  Each wire must be éx-
actly the same length as the other. This is particularly important when the
sysfem is being operated on the higher frequencies. The distance between
the Wires FJ3 and F4 may be anywhere from 6 inches to 18 inkches,
en aljusting this antenna it muost be =0 tuned that the currents in
it the amncters “M2" are of equal value. When this has been attained
the antenna issoperating asa real two wire Hertzlanwoltage feed radiator.
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Tarm Abbrevintion
Alternating-current (adjective) a-c
Alternating-current spell put
Amnpere a
Antenna ant,
Avdio-{requency (adjective) a-f
Continuous waves CW
Cycles per second peen
Diecibel db
Direct-current (adjective) d-e
Direct current spell out
Electromotive force en.f.
Frequency f
Ground gl
Henry h
Intermedizgte-frequency (adjective) i=f
Interrupted continuouz waves 1w
Kilocyele {per second) ke
Kiloweatt kew
Megohm Ma
Microfarad uf
Microhenry ph
Micromicrofarad paf
Microowolt iy
Microvolt per meter uv/m
Millivelt per meter mv/m
Milliveatt mw
O 0
Power Factar p-f.
Radio-frequency (adjective) r-f
Volt v

ApsrEvaTions For MeTrRic PrEFIXES

Prefiz Abbrevration
centi c

deci d

ieka dk

hecto h

kilo k

g M

AHero 14

milli m
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fnboratory 24
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AMALGAMATED WIRELESS C0, 123
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bamds 300
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hst parts 362 350
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Lrazsmiiler

scliemalic H9

Ammeler

hot wire 265

Amplifers

butter 3l

intermediate freqoency B9, 93
Hmear 352

radin frequency 107
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Annde
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1
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apartment house 37
array 102

beam 15

beoadside 102, 207
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caleulationg 358
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combining apparatues 199
coastructicn 10
counterpoise 38, 365
Croydon 192
Cuopar 196G

current 182

cirrent podes 1E2
curiain 180

dipole 320

directional 13,,35, 67, 69, 73, 110, 179
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doublet 144, 250
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frame 184

gain 210
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loop 13, 141

Sdadrd 580, 185
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paned 136
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receiving 110, 183, 111
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size 112
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