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THE DEVELCFPLENT CF

AN ATRWAYS ULTRA HIGH FREQUENCY GOMMUNICATIONS CIRCUIT

by

J. Co Hromada
and

F. D. McKesl
SUMMARY

The development of an ultre hign frequency red:o teletypewrit-
er circuit between Washington, D. C., and Baltimore, Ml., 15 described
in this report. This eircuit hes been in operation on mn experimental
basis for over two years.

The radio and terminal egquipment which was desigzned to meet
the rizid requirements of the Bureau of Air Commerce commumicaticns sys-
tem 15 described i1nm detail, The propegetion characteristiecs of the 61
and 65 megacycle frequencies in use during the past two years are dis-
cussed. Based on an enalysis of the continuous records of received sig-
nal at Waskington for the period Neverber 1, 1636 to November 1, 1937,
the total outage of the circuit due to feding is estimated at less then
10 minutes, Outeges due to mll other causes have beeu negligible. Pre-
vious results obtained in experiments on the low frequencies (284 lilo-
oycles) and later on the high freguencies (3000 to 4000 kilocycles) and
on 38 megaoycles are reviewed briefly, and it 1s concluded that these
frequencies are not suitable for a communiesntions cireuit contas:ning e
number of autometic repeater stations, due to fading, atmospherie noise
and reflected sky waves.

Experiments with other forms of record printing equipment 1n-

cluding facsimile ars disoussed end comparisons made with teletypewriter.
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These tests have shovm that in 1ts present state of develomment, cam-
mercinlly availeble facsimile eg.apment is not suitable for Bureau of
Air Commerce communications. The teletypewriter wms found superior to
the other printers tested.

Mul*iple channel radic teletypewriter and simultansous voioe
treasmisegion exveriments ers also described with special reference to
the use of such e system for ground statzon and ground to aireraft oom-
munications.

Comparative costs estimetes i1ndicate that for two or more
commmiecetion eireuits, multi-channel radio teletypewriter is more eco-
nomioal than land wire teletvpewriter and further offers the possibili-
ty of & ground to sireraft voice and teletypewriter service at m negli-

gible increase in cost.

INTRODUCTION

The teletypewriter communicetion service of the Bureau of Alr
Cormerce, by means of which wealher informaiion and other necessary
date are disseminated over the civil airwmys, now extends over 23,000
miles, The teletype circuits ere further supplemsnted by point to pcint
radio telegraph in sections of the country where land lines are not a-
vailable or weould be prohibitive to construct. The cost of leasing lard
lines for this service now amounts to over $700,000 armually. In an
effort to reduce land line cherges, the Bureau of Air Ccmmerce undertock
e series of experiments in the summer of 1530 to determine the praota-

cab1lity of using radic as s medium of transmission for teletypewriter
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circuits in plece of land lines. These tests ware gonducted between
Buffelo, N. Y., and Bellefonte, Pe., on & frequency of 284 kilocyr “ms.
Tue to very high statie levels, particularly :n the susmer months, *’ cage
tests did not prove successful. In the latter part of 1932, tests were
ccaducted between Salt Lake City, Uteh, and Ideho Falls, Ideho, on a fre-
guency of 4070 kilocycles, and later between Washington, D. C., arnd
Baltimpre, Md., on 2960 kilocycles. Although these tests proved moder=-
ately successful, 1t was apparent thet thres limiting factors enter in-
to the operation of a full;y relisble rrdio record printing ystem, name-
17 noise, farding and multi-path propagation. Following the tests on
296C kilocyeles, sttention wms directed to the use of ultra high fre-
qiencies {above 30 megecycles) sin~e these freaguencies appeared admira-
bly suited for communiestion over relatively short distances such as are
encountered between airways weather observing stations, primarily due to
their freedom .'rom high noise levels and absenoe of the reflected sky
wave. Acoordi.gly, tests proceeded on a frequency of 38 megacycles be-
treen Washingtor and Baltimre, the frequency being later shifted upwmard
to the band between 60 and 65 megmoycles, when police radio and ametsur
communications revealed that considerable sk wave romained on up to 40
or 45 megacycles, but was absent at higher fregquemcies. T1e tssts in
the 60 to 65 megaoycle band alsc indicated lower nolse levels. Comsider-
al le development work wes done on the transmltters,\recalvurs and tele-
typevriier terminel equipment, resu’ting i1n & very rellable radio bele-
typevriter cireult, egainst which other commerelielly avallable forms of

printing epparatus ard faesimile were oampared. These tests showed that
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the teletypewriter is far superior in performance to present avallable
facsimile, and lends itself more readily to multl-chammel] high speed
operation. The Bureau of Air Coumerce radio teletypewriter oircult has
now been 1n operation on an experimental basis for over two years. Ear-
1y in 1937, a voice channel and more reocently enother teletypewriter
channel were added, to operate simultmneously on the same frequency with
the i1ntention of determining the femsibility of m voloe and one printer
chamnel for communication to eireraft and two or more channels et 60
words per minute each, for ground station communication teo provide much
needed higher epeed weather and airwvey traff:ic communication channgls.
It 15 the nurpose of this paper %o repert the investigations
mede Lo date and describe the Buresu of Air Comerce Washington-Baltimore

radio teletypewriter circuit and equipment.

REQUIREMENTS OF THE BUREAU OF AIR COMMERCE COMMUNICATIONSE SYSTEM
The major communicetions treffic handled oda ihe Bureeu of Air

Commerce teletypewriter clrecuit.e oconsrsts of weather sequences, so-called
beceuse the information 1s collected at various weether observing ste-
tions along an airway and pleced on the circuit at defimite scheduled
times during each hour of the day. Each station on the airway places the
local weather deta on the circuit in sequence, startirg from oms of the
tervunel stetions. At the end of the sequence, all stations on the cir-
cuit heve a complete copy of the entire weather sequence for the airway.
Suck & chain communications system places a severe requiremsnt on the

operation of the circuits by radio, end d:ffers markedly from ordinary
3920



-5 -

point-to-point and inter-oity circuits 1£ thet transmissions must origa-
nate at either terminel or any intermediate station on the circuit, and
copies must be received simultemeocusly at all stations including the
origineting point. In addition, it is required that tlhe seme printer be
used for transmitting and receiving, end that eny station on the clrouit
be able to "breek" trensmissions at any time. Further requirements are
those encountered in any other communications system, namely relimbality,
aocuracy, slmplicity of operation and speed. Redlo and terminel equip-
ment ere required to¢ run on an essentially unattended besis. Absolute
accuraey is essential, since a greet many symbols and abbreviations are
used 1n weather communicetions. The inereasing demand by sirline ser-
vices for more frequent weether i1nformetion end edded meterial, such as
weather forecasts and upper eir reports, has pleced & heavy load on the
present teletypewriter cirocuits. Prier to July 1, 1937, 40 w.pr.v. (words
per minute) was the maximum speed of these circuits. This has sinoe been
speeded up to 60 w.p.m., the meximum practiceble speed of the teletype-
wrlters. No particuler difficulty is enoountersd In the redio operation
of printers et this speed. By inereasing the number of tone modulation
chamnels, the effective speed in words per minute cen be intremsed several
times, provided the radioc aelrcuit ls of high quality.

The techniecal obstacles arlsing in the establishment of a high
frequency record printing communications clrouit,where the electricel im-
pulses are no longer guided by wire lines, mey be divided into three
conditions of radio wave propagation, viz., (1) noise, (2) fading, and

(3) multipath treansmission. The sigﬂal/hclse ratio required is considerably
agzo
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greater than that needed for aural reception, since the recording mecl ~-
nism tekes the form of some relay or triggering device which does not
possess the ebility of the human ear to discriminate between static and
signal i1mpulsea. Numerous methods of decressing noise have been devised,
but the most practical known means is by freguency selectivity.l The
noise output of e receiver 1s directly proportionel to the selectivity
or band width mccepted, and the use of audio frequency filters has been
found very helpful ln inereasing the signal/hoise ratio., These filters,
hovever, must have a sufficient band wldth to pess the tone impulse fre-
quercy without appreciable distortion. Pading ceuses wide veriations of
received signal strength, and the recording mechanism must be designed
to operate felthfully under these conditions. Multi-path transmission
or multiple echoes result from signels arriving at slightly different
times due to reflected sky wave components, producing distorted impulses,
end this must be taken into sccount in the design of the recording
mechanism, In other words e certaln margin of safety must be allowed for
to teke oare of 1light or heavy impulses and rounded impulse waveforma.
Iwo methods are generally employed to a1d in meinteining & constent sig=-
nel levels
(1) The use of automatio gein combrol, wherein the amplitude of
the radio frequenoy signal controls the gain of the receiver.
(2) The use of a limiter, wherein the rectified marking impulses
aro made to drive the grid of a tube to aut-off from normel
value, s0 that inoreamses of signal oennot have eny fiurther

effent.
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These devices, although helpful, ere insufficlent unde: cer-
tain fading conditions when the signal drops out entirely. To cambet
thid, diversity reception 18 often employed. This consists of mixing
the rectified signal outputs from two or more receivers, whose entennas
are separated in spaoe. It has been found thet fading will rarely ever
occur at three different points in space simultaneously, even though
they may be separated by only e few hundred feet. Such systems are com-
plex end expensive, and are economically justified only on long-haul

high speed olrcuits.

HIGH FREQUENCY TESTS

The first high frequency tests conducted by the Bureau in de-
termining the practicebility of operating teletypewriters by radic were
conducted between Szlt lake City, Utah, and Idaho Falls, Idahe, (a dis-
tance of approximately 230 miles) in the latter part of 1932. The fre-
quency assigned for this work was 4070 kilocyeles, and standard receivers
and crystal controlled polnt-to-point o-w telegraph transmitters were
ugted. Tests were oonducted mainly during the daylight hours, since the
frequency of 4070 kilocyoles was not suiteble for night trensmission be-
tween the two sites. The transmitters had s powsr output of 400 watts.
Horlzontal half-wave antennss supported between BO foot polez were fed
by meens of open wire transmission lines. The receivers were the stan-
dard type RHM superhetercdynes. In an attemp% to keep the terminaml equip-
ment as simple end inexpensive as posaible, 1t wes decided to uss e
eingle-tone system, which wlill be deseribed in deteil later in thls re-

port. The chief difficulties encountersd were:
3?20



(1) Extrems fading; mueh greeter than could be handled by tlhe
system.
(2) High noise levels mt both sites, but particularly at Selt

Lake City.

Much of the noise at Salt Lake City was due to nearby street
cars and the large number of arc lemps used throughout the olty. Errors
in teletype copy varied from a few tenths of one per cent to over 26 per
cent. The single-tone system used, which is based on fremslent phenoms-
na for 1ts operetion, was particulerly susceptible to statie.

An Iimprovement was made 1n the eircuit, when the method of
keylng the transmitters wes reversed from "white keying" to "black key-
ing". White keying refers to carrier "on" for spacing impulses and “off"
for marking impulses. Blaek keying refers to carrier "off" for spacing
impulses and "on" for merking impulses. Using the black keying, the
carrier was normally on the eir and was broken only by the rapid spacing
impulses. This allowed the use of the mutomatie gain control in the re-
colvers and mlded considerebly in redueing the effects of fading. Al-
though it seems reasomable to believe that the probebility of random
etmospheric nolse arriving at the recelving antenna in or out of phase
with the signal would be about equal, it was found that black keying gave
less errors due to noise then white keying. The edvantapge to be gained
by the use of sharp filters could not be reelized due to insuffiocismtly
stable oseillators in the receivers, which did not hold the beet note

within the filter bend over long periods of time.
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In 1934, when further tests with the ssms egulpment were .on-
duoted on 2860 kdloeycles between Washington and Baltimore, the results
obtained were essentinlly the same. Over this 40 mile circuit fading
was decreased to some extent by employing vertically polarized antennas
for both trenamitting and receiving. From the standpoint of opereting
& chain of automatio repeater stetions to meet the requirements set
forth prevliously in this paper, the use of high fregquencies appearad
hopelsss, unless each station wes equipped with diverslty receiving equip-
mont end high power transmitters with directive antenna mrreys. Such e
aystem would be econcmieanlly prohibitive and could not gueccessfully com-

pete with wire lines.

DEVELQFMENT (F THE ULTRA HIGH FEEQUENCY CIRCUIT

With the increasing interest in the use of ultra high frequen-
oles, tests were started in The latter part of 1934 between Washirigton
and Baltimore on 38 megacycles, using the same terminal equipment that
had been previously used on 2960 kilocyeles. The transmitting anterms
et Washington was 125 feet mbove the ground, and the receiving antennm
at Baltimore was 30 feet above the ground. Both antennas were eight-
element vertleally polarized arrays. The transmitter at Washington wes
erystal controlled, delivering mbout 50 watts, Tone moduletion was used
in these tests. 8everal types of recelvers were used at the Baltimore
end of the cireult, lneluding two super-regererstive types and two super-
heéterodynss, one of which wms crystal comtrolled. These tests proved

very encouraging because of the increased Bignal/ﬁoisa ratio, and muoh
3920
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less fading then was encountered on the high frequencies. The term.mal
equipment, howsver, was st1ll found suseeptible to noise, particularly
1gnition nolse.

As riore date became aveilable on the propagation of ultre high
frequencies, it was noted thet police radio and amsteur signals in the
baend 30 to 45 megacyoles were being received et very great distances
under certain conditions, indieating the presence of reflected sky waeves.
Equipment was then changed to operate in the 60 to 65 megeeyecle band.
This eguipment 1s deseribed in the following.

Trensmitters.

The trensmitters originally utilized B8.125 megacycle erystals
in a tri-tet circuit, and thé radio frequency amplifier tubes were type
852 using conventional coil end condenser tank circuits. Due to the feot
thet the tri-tet oscillator eircuit ceuses excessive heating of the orys-
tals, the circult was changed to a ecrystal-dynatron circuit using a type
57 tube. The crystal current was thereby reduced to a meximum of 35 ma.,
and the harmonic output was suffioiently strong up to the fourth harmonio
to ensble the crystal frequenoy to be dropped tp 4.0625 megacyoles. The
fourth harmonic (16.25 megacyoles) is derived direotly from the 57 orys-
tal stage, then doubled in an RE-23 tube eand egain amplified in an RE-23
stage to produce approximately 18 watts of power at 32,5 megacyoles,
whigh is sufficlent driving power for the succeeding stages even with
poor crystels. The crystals used are of the low temperature coefficlent
type. The 852 type tubes, due to their relative inefficiency at higher

frequencies, were replaced with type 304-B tubes. Following the 32.5
arad
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megacyole exciter stage, a 304-B tube doubles the frequency to 65 mega-
oyolas, after which one 304-B is used as sn intermediate smplifier to
drive two 304-B tubes in push-pull in the power amplifier. The plate
efficisncy of the power emplifier 1s of the order of 60 per cent when
delivering 100 watts of power at 65 megacycles. The high efficiency ob-
taipned 1s partly dus to the efficlent 304-B tubes and mlso largely to
the type of tank clrcuits used, which consist of "hairpin" coils and
"pie-plate™ oondensers, simuleting transmission line-type tanks. The
output of the power emplifier is inductively coupled to an open wire
trangmission line leading to the asntenns array.

A oonventional class B modulator 1s used to modulate the power
smplifier. The modulator oconsists of two type 2A3 tubes feeding two
type 838 tubes in clasa B. The modulstor input is 600 ohms, capable of
being connected to the output of a speech smplifier or tonme keyer to be
desoribed later. Separate mercury vapor rectiflers are uaed for the
radio and rudioc freguency stages. Power 1s supplied to the transmitter
at 110 volts, 60 ocycles, single phase. A block diegrem of the trans-
mitter is shown in figure 1.

Recelvers.

The first receivers used were of the super-regenerative type.
The=se supplied signels of sufficlent amplitude to operate the terminsl
equipment, but sines this type of receiver 1s not generally suiteble for
unattended operation, commercie)ly avmilable orystel-controlled super-
heterodyne reoocivers were obtained. The sensitivity of theee receivers,

at 61 megaucycles, was sufficient to give a useable signal although they
d7al
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were operating far from the m.g.c. (automatic gein control) region, A%
65 megacycles, the semsitivity was so low that no signals could be heard
at the Washington station. Provisiocn was made in the recelvers to meke
the beating oscillator self-exoited, giving an increamse in sensitivity.
This inerease was insufficient to permit their use at 65 megacycles.

The crystal controlled receivers were rebuilt using the origi-
nal i1ntermediste frequency amplifier and mudio system, A double comcen-
tric line i1nput 1s used with a 954 tube 88 a redio frequency amplifier.
The plate of the radio frequency amplifier uses a conventional coll and
condenser. The use of sections of consentrioc line lomded wath e capacity
for the tumed carcuits provides & high Q olrcuit, which is self-shielded
and mechanieelly rugged. The first deteotor 1s a 954 type tube, the
heterodyne voltaege being introduced in the oathode circult. The frequency
of the heterodyme oscillator 1s controlled by a2 low temperature coeffi-
cient orystel. The fundementel frequency of the crystal is such that the
sixth harmoniec 18 3850 kilocyeles less than the sipgnal frequency. Two
types of heterodyne source are being used. In one type, & 954 tube mots
es & frequeney multiplier feeding the third harmonic to the oathode cir-
curt of the detector. The other type uses an extra stege of amplification,
operating as a frequency doubler, feeding the sixth harmonie to the first
detector. The latter adds an extre tuning oontrol. A block schematie
diagram of this receiver is shéwn in figure 2. The perfofmance character-
idties of the receiver are as followa:

Sensitivity - 3 mrorovolts through a 50 chm resistence for zero db

output.
3520
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Intermediate frequency selectivity — 60 kilocycles wade at 3 b
down from resocmance, (See fig. 3)

Image response - 85.3 db down.

Figure 4 is the a.g.c.-noise output curve. This curve was obtained
by measuring the output of the receiver with and without modulation for
various input signals. A medulation of 30 per cent with 400 cycles was
used., Thls curve gaves a measure of the utilaty of the receiver.
Antemmag,

The first antemmas used were Sterba arrays, using vertical
polarization. They consisted of two vertical one-half wave sections
spaced horizontally one-half wave apart, for the top three tiers, waith a
simlar quarter-wave section at the bottem. A similar bay placed one-
quarter wave behind the antenna was used as a parasitic reflector. The
anterina was fed by a two wire open line at a current maximm,., The trans—
mitting and receiving antermas were alike and erected om 65 foot wooden
poles, This type of antenna gives a gain of about 10 db over a single
half-wave radiator.

New transmitting and receiving antennas were designed and erec-
ted later on 125 foot steel towers. The transmitting antemma uses four
horizontal one-helf wave elements spaced one-half wave apart in the verti-
cal plane, fed in-phase, with a simllar unit placed one—guarter wave be—
hind the antenna used as a parasitle reflsetor. The construction is a
modified "turnstile®, using ne insulators. A two wire open line feeds
the antennz, and a gtub matching section 18 used near the antenna to re-—

move standing waves from the line.
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Horizontal rhombic antennas ere uged for receiving. These are
erected on top of 125 foot steel towers, each side of the entenns vuing
two wavelengths long. TUnidirectional charemoteristios are cbtained by
terminating the forward end in a resistance, The transmission line to

the receiver is of the two wire open type.

TERMINAL EQUIPMENT

When the electrical impulses of a telegraphio sommunicetsons
system are no longer guided by wires, it becomes necessary to provide ap-
paratus to change the d-c. impulses of the teletypewriter into a form
whioch oen be transmitted by radio, and st the recelrsr be translated baclk
to the d-eo. lmpulses with the same original characteristics. The sim-
plest system would conslst of keying the carrier wlth the teletypewriter
impulses, then reotifying the received oerrier and operating e reley from
these impulses. Direct keying of the earrier has two main cbjections:
(1) Multi-channel operation is difficult and resort must be made to some
form of time division multiplex prineiple, with 1ts attendant complex
terminal equipment and necessity for mutomatic synchronous trensmission.
(2) Without complioated circuits, the m.g.c. action of a receiver can
not be used to keep roceived levels et a constant amplitude. Consequent-
ly, tone modulated carriers were used on this ciroult.

Figure 5 1llustretes a simple form of equipment required for
use in cperating a visual recorder or printer by radio. Assume that mark-
ing impulses consist of signal "on", end spaecing impulses are signal “off".

For convenience, this will be referred to as a single-tone system. The

output of the receiver (either moduletion tone or c-w beat note) is fed
J9 20
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1into a rectifier, which converts the marking impulses to d-c impulses
suiteble for actuating the signal winding of the receiving relay, Jere-
by elosing the circuit te the printer magnet or recorder. Durlng spac-
ing impulse , nmo signal 1s rectif1ed, hence the receiving relay armature
18 held te the spacing sice by the biasing winding. In this system,

there is 7o consteant relalion between the force tending to throw the arma-
ture to tle marking position, and the restoring forece produced by the
bias. The restoring forue 's> ronstent, whereas varying signal levels
produss ve=*-*:ons in the signal amctuating force. Such a system 1s said
to be "biased”.

Engineera of the Bell Telephone Laboratories have devised m
scneme whereby ihe restoring current of the recelving reley is oaused to
vary approximately in scoordence with the strength of the recelved sig-
nal by using the so-called two-tone system. One tone is used for the
marking impulses and enother tone 15 transmtted for thé spacing impulses.
The two tones are thereby subjected to similar ettenustions of the redio
circuit, except in osses of selechbive fading. This system, however, re-
gquires two fllters and two rectifiers, ome for each tone on & one way cir-
ciit. Fipure 6 1s a dlsgrem reproduced from a paper by Ealley and MbCann,z
illustrating the variations of the radio eircuit that oen be tolerated by
both the single-tone method with fixed bias and two-tore method of trans-
mission. These curves show the relation between received current and the
limits of printer margin within which ocorrect operation is secured. The
ordinates of the ourves as pglven by Bailey end McCenn have been corverted
to read in per oent of the maximum margin cbtaineble by the particular

printer used (whioh was essumed to be 85 points, the maximum mergin obtasined
37ad
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with the two-tone system in their tests). For a certain minimu. slgnal
for each method of transmission, the uppar and lower limits of prinruer
margin meet, lndiceting complete fmrilure to print. With incresse iu szg-
nal level, the lim*ts of printer mergin are not affentsd s seriously in
the two-tone method as 1n the sinpgle-tone flred ™ u. ethodi. T4 ig ep-
parent then that the 1deel margin charamcteristie v . s dsgired 18 & reo-
tangle. The normel recelving current level :s shown ¥.u w«wb above the
point of printer failure, und cculd heve been raissd sunsidsrably higher
if the ciroult noise had been lower. This systes was uzard on & long wave
trena-atlantic eireuit, and noise level limitea operairar %o ievels be-
tween plus or minug 7 db of the normal zerc shown o~ .. €5 WNOTOASs
the single-tone flxed bims system llmited operationm b, isvels between plus
and minus 3 db.

Obvliously, an unbissed system is desirable and {or the sake of
simplicity a single-tone system is to be preferred. A modification of
the simpleé circult of figure 5 is shown in figure 7, whieh is a single-
tone system modified to eliminate the fixed bims. 1In tris cifreuit, a high
speed Creed relay is operated through the charging and discherging of the

gondenser C in the plate osirsuit of tube VT The conwiants R, L, and €

1
are ohosen such that they constitute & dead-beat ocascillatory cirouit,
Changes of the plate current in VI,, caused by the rige and fall of the
rectified signal impulse, cause momentary surges of current to flow through
the relay winding, in one direction for inoreasing plete current and in
the opposite direction for décreasing plate current. Thus the devioce oper-

ates on the rate-of-change of amplitude rather than on the magnitude of
F524d
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the rectified impulse, and 18 essentlially independent of the varistions
in signal strength. Figure 8 shows the operating margin characte Tatie
cbtained with this system. It wall be noted that the improvemsnt over
the single-tone fixed blas system 1s consldersble, and the relay was
eble to operate well for varimtions of signel of about 14 db, The mor-
mel operating current was selt about 4 db below the upper limit, to allow
for more fading. Furthermcre, the tube VT, of { . ure 7 was connected sc
that e marking lmpulse would drive 1t to cut-off, thereby providing a
degree of limiting. This system, although removing the objection of the
biaged gystem, was susceptible to static sinee 1t 1g essentimlly s tiraa-
elent oparsted device. This type of reley was usad in tie previocusly
deseribed high frequency tests.

The gas discharge tube relay.

In an effort to obtain a system which would be more free from
effeots of static and interference and obtein a margin charecterlstic
whose shape 13 reetengular, resort was made to the BBS {ype of gas
discharge triode. The circuit i1s shown in figure 9, During specing im-
pulses, the gas discharge tube VIy is ionlzed and draws plate current
which oan be adjusted to tis desired velue by resistance Ryj. At the same
time VI is blased below cut-off end 1s not ionized. Condenser C 1s then
charged tc & potential, such that A, figure 9y is plus 15 volts to ground
(which is approximately the drop across VI, when it is ionized) and B is
at full plate potentirl ebove ground, say plus 100 volts. During mark-
ing impulses the grld of VIy 1s driven positiva, causing 1t to become ion-

ized and draw plate current of oonstant value, depsnding on the valus of Rg.
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This changes the potentials ut & and B. Potential I decreases fr.am plus
100 to plus 16 volts, while A drops by the same amount, or 85 volts, fram
plus 15 volts te minus 70 volts. 8inoe the plete und grid of VI, have
gone negative, the tube bc longer 18 ionized and draws no plate current.
Thus, marking and spaoing impulses trigger the tau 7uLes oppositely.
thereby operating the polarized recelving relay, an¢ the reley current is
independent of the triggering avplied voltape, giviog wn anblased system.
The best triggeriug of the gas discharge tubes obtmlns when the
control grid current, under 1ouized counditiceps, 1v st a minimm, This
grld eurrent can be either a flow of ourrent fruw 1hs grid to the sathods
or from oathode to grid, depending on whioh elemen. - ai& u posivive po-
tentiel with respect to thy uvther. This is true sic.e vhne conduetion of
ourrent in this typs of tulc 1. bt uwwens of an 1uricsd gas. If the grid
potential is not suffielently regative, the tubes wlll oscillate just as
they trigger off, resulting in a2 chattering of the reiay and poor margins
on the teletype mechine. When the grid potential is exoessively negative,
then there 1s too greet a dirference in the instaniansous voltage neces-
sary to make the tubes trigger off. By reference toc fipure 9, it is seen
tlat when no rectified sipnal volinge 1s preeenl, V., .s iomized siuce its
grid is at zero potential. ¥, .5 wot lonized ena iis grid 1 ab u nega
tive potentianl equal to the blas voltage. As the rectified signal voltags
is 1noreased from rero, the grid of VIp finally res . s a potent.a! suoch
that the tube breaks down and extinguishes VI;. As the reotified signal
voltage is again deoreased VT mgain breaks down and extinguishes VTp;

but, when the fixed biss is too greet, the value of rectified signal
agico
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voltage required to trigger the tubes will not rv, (uw seme when »asreas-
ing a8 when decreasing., Theis 1£, of course, 2 s-itieal grad potential
at which the on and off poteniials sre ti~ same.f.i s1noe & lses aspu-
tive poterntial will ecauee chailiseing of tiro .e. :» 1t .3 desirable to
operate with a bias slightly mure snegative ... . .ri%ical vealus. An
oxcessglve negative blas will result 1n 8 matern.. o~ tuelilon 1n the rengs
of input signal whieh wall pive perrect vraatin,. Figure 1U is a sche-
matie diegrem of A uwnit 1asuwivoiatiag G gus dise arge tube type of re-
lay. A d-c. smplifier of ihe vhase 1uveilesr L rsr -5 w3ed a8 B sourcs uf
potentials to opermte the prids of the gas discli e tahes. Inis type
of emplifier simplifies the power supply regquilevuvu.. =nd peinits the use
of an impulse rectifier; awileso.li a positive Lims ' wpplied to the cvath-
ode of the reotifier tube (U uiv 4o & Lolsoe vreo.o. s1d vonirols Lo weder
to prevent a change in the length of the impulsss. 1t 1s desireble to
keep the lnput to the impulse roctifier within ressonsble limits. Per-
haps the simplest method of acoomplishing this 1s by the use of a pesk
limiting amplifier feeding the impulse rectifie

The printer mmgnot ot the teletype mmehige is oonnected direct-
ly in the plate circuat of ocue of the pas discuiws e tubes as the simpleswu
method of obtaining the d <. 1wpiizes. This unit gives priniing vver
about a 26 db range of inmput signsls. The margin chareoteristic of the
unit is shown in figure 1ll. This charascterislic was teken on received
slgnels over the Washington-Beltimore radio eircuit and represents oper-
ating oonditions. The desired rectanguler shaped characteristic has been

obtained and shows a great improvement over previous methods.
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The level controlled emplafier.

In the circult as operated between Washington and Baltimuia,
1t has been found thet & fade which reduces the mudio output of ths re-
celver to ebout minus 35 db is apt to cause errors in printing due *o
noise. A reley which would print with signels from minus 35 db up would
then allow printing over the useable renge of signals.

The relay described above operstes over a .6 ¢b rmnge, or 9 db
loss than the useatle range of signals experienced un this cirevit. Inm
order to exi:nd this range., a level controlled amplifier was developed.
Thls makes use of s bridge circuit 1a which the plete resistance of a
vacuum tube 15 used as the varimble arm. The plate r=.ls u.us 18 com=
trolled by the rectifisd cutpul of the bridge and pives an amplifier
whose outvut 1s reletively constant., Figure 12 1. & sclematlc diegrem
of the complete amplifier snd relay. A recelving relsy hes been mdded
to permit cperation of the telctype machine over a wire line, remote from
the terminal equipment, i1n the case of an automatic repester station. As
the input signal to the bridge 1s lnoreased, thers is an 1ncrease in oub-
put which, when rectified by ihe diode, furnishes a control voltage to
tne grid of the eontrol tube anc brings the bridge mors nesrly to a bal-
ance. The upper limit of input which can be mcoommodated by the bridge
and oontrol circuit is detsrmined by the design of the bridge end ocum-
ponent parts and is well sbove the overloed limits of the first sudio am-
plifier tube supplying the bridge.

The teletypewrlter circult as operated uses black keylng or
tone on for marking. The normal condition for the circuat 1s with a

steady tone applied. A sprelng lmpulse removes the tone and the tendency
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‘# for the control *ube %o vhrow the bridge far*ras frun belancs o * 9=
nreads the effeetive galn of the amplifier. For this reason the load

a.%munt of the cont-e” vubhe »e.: ~iar, AU, must bs Jerigned so 1 at ths

=12 of the amplifi. L1ad radiely enough o follow the chal oo
i odiganl level ceude . v o: o Tx o ta o wlve a . e level ocutput
o siugt be fast enoup™ . ymewer v Pollow - in lewsl vivcea g

Taing, oto, 8lnee blesr lavins 5 wvs ke vy ussr € 18 normatly

. wrged and the t1.. IR T A og ig the deswy t. ..
¢ the oslrewtt. The cu, I HIRD S J the ampl'fies jo -
regad due to inmeremyglilg wie "apz sigha . .8 prlae avtermined by Lhe

t1ms oounstent of the elrcu’t coampossd of G, tre .>tsriwl resistance of
t1+ reetifier and the lupedsuos At "he sorse.

The cmorastesley o 7 Le ahd T2e¢ 3 o= sbhown in flpuses 1B
eid 14. With inpute wup ve .ovs € ¢b whe isto-tion 13 a minlmm, but
inereeses for highes lavwl. o oo over.ond avg 1imiting setlon in the
rirst audio amplifier fawdinz wheo biicge. The distortlon due to this

jialting aotion does wnot sy & - Wbaage T revtified telstyps 1
'sen and increases tio . € tveovoent, Figure 16 shows -
tulatype margin charaoteriabtic ocec- nec andex wirelat opermtlng vonditions
and covers the requirements ts « .¢ «.agular sheped margin curve and
rpavation over the useebls vange of signels. The normal opermting point
*3 with an input of ebout zerp 7b whisk allows the signal to drop to aboeut
minus 35 db before the oircult becomss inoperstive. The audie frequency
tilter used with the relay wmit ovecioads with levels higher than this end
places the operating polnt et sbout zero db although the relay umit is

sapsble of opersating at higher .evals tnus inmoreasing the range. With the
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recelver operating well in the a.g.e. region, it is apparsnt tha' s fade
of oonsiderable extent oen be handled without disrupting service. Ihs
everege signels recelved mre such that the signal can desrease approxi-
mately 30 db before tne recelver is out of the a.g.o. ragion. This added
to the 35 db of the relay aait indisates that signa! vecimiions of ap-
proximately 65 db mey be hanaled onm this eircuit wi.. wwl —riul.uy @i 0F8.
Inese are averapgs conditlors and are reduced at tlwen by v pressnce of
inc¢ressed noi -~ Jevals. 'The range could of course te erianced oy in-
areasing tie powsr of lhe trensmitter,

There is another advantage in using & leva® -.. rolled wmpli-
fier over & pemk limiting type, eside from the ina:i«« w«i wismal ranpe.
Pigure 16 has Deen drawn to lllustrate the effect of noise vn the two
types of smplifier-reley. While the flgure 1s not a true pilcture since
the sotual impulses mre somewhat rounded due to filters, ete., it will
illustrate the effeots encountered. Iet (A) of figure 16 represent the
keyed sigmal, (8] would be representative of the semme signal with & small
or normal smount of noise., (B) is the same sigmal witn an appresiab e
1nerease 1n noise. Ths noliass thresheld control has bLsen edjusted 1n eeoh
smplifier-reley to a value X, auch thet Aduring spacing impulses, uo
noise will be rectified and the resulting rectified signsl will he rep-
resented by (D). The potentiel represented by the distance Y is the po-
tential to which the signal must fall to oruse the gas discharge tubes
to trigger off. It i1e apperent from (D) thet for either amplifier, the
rectified signal will be such that perfeat keying will result. If the

noige level lnereases, while “the tome signal remains the same, a signal
720
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simllar to (B) would result. Since the average amount of energy ~ver a
period of time 15 greater than before, the condenser C of figure 12 ~i'!
be charged to a higher potential and the control tube will bring the
bridge eloser to balanes end »educe the gein of the amplifier. This re-
duotion in gain then will pive an output signal from the emplifier which
would closely epprosch (C), reducing the amplitude of both noise und sig-
nael by the same amount end correct keying 1s obtained. In the peak
limiting type of emplifier, however, the gain is not changed apprecisbly
but the peaks are cut off, resulting 1n a reduction of the pemic velus of
signal but no reduction in amplitude during specing impulses, &s shown 1n
(E) of figure 16. The net result in this cese will be that an apprecia-
ble amount of noise is rectified during the spacing impulse., giving &
rectified signal Z as in (F), in which the reotified signal potential
dogs not fell low enough for the gas discharge tubes to trigger end ma
false marking impulse is received instead of & spacing impulse.

On oleen signals with no noise or with noise of e oconstant end
low value such thet the noise threshold can be mdjusted to teke care of
1t, either type of amplifier-relay will give perfect printing, but when
noise conditions vary and signel level variations are large, the advan-
tages of the level controlled amplifier-relay justify the additional
equipment.

Filters.

In order to inerease the frequency selectivity of the receiv-

ing equipment beyond the limits which oar be accomplished practicelly in

the radlo frequeney portions of the receiver, mudio frequency filters

heve been incorporated in the terminal equlpment.
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The stert-stop printers operate at 60 w.p.m. correspond ~¢ to
a keying fregquency of 21 cycles per second. In order %o reproducs
reaesonably square-topped signel i1mpulses, the pess band eof the filters
must be sufficiently wide to mccommodate at least the third harmonic of
the keying frequency, or mbout 126 cycles. The attenuation character-
1stic of ome of the filters used 1s shown in figure 17. Th» band width
at & db down from mid-frequency 1s approximately 160 cycles and the in-
sertion loss is 7.5 db. The filters are designed for s meximum input of
4 volts r.m.s.

In & single channel the filters are primarily used as & meens
of 1necreasing the 51gna1/ﬁ01se ratlio. For multi-channel operation on
the same carrier their use becomes & necessity and serves the double pur-
pose of separating the severnl channels and of inereesing the signal/
noise ratio.

Eeyers.

Since tone modulation is to be used, 1t 15 necessary that the
d-c¢. impulses of the teletype machine be converted to tone impulses.
This cen be mccomplished by the use of a relay, but i1t wms felt that an
oleotronioc keying device would eliminate a mechaniosl relay and be more
relisble,

A push-pull amplifier, with the keying potentiml applied teo
the bias, would tend to reduce key clicks and other transients in the
keying due to the fact that the grids would be 1n parellel and the plates
in push-pull to any disturbance introduced in the grid bias supply. The

schematio diagram of the keyer 1s shown in figure 18.
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The station at Baltimore can operate either as = reped*er sta-

tion or a terminal station. When operating as a terminml station, * 13
necessary that the signals received print on the teletype machine but not
be retransmitted. It 1s also neceasary to transmit from the keyboard and
provision must also be made for mutometic transmission from a perforated
tepe using s trensmitting distributor simultaneously with reception.

For terminal stetion operation the distribubtor 1s connected
bétween terminels 2 and 3. 1In the marking condition, the distributor
cireuit 18 closed and the grid of the BB5 tube assumes a negative poten-
tial of 35 volts. In spacing condition the distributor cirocuwait 1s open
end the grid assumes a zero potential., thus breaking down the tube.

Flate current, limited by the resistance in the plate circurt and the po-
tential, increases the drop mcross Ry, biasing the amplifiers below cut-
off. When ionlzed, the B85 tube oscillates but, since the amplifiers are
well below cut-off, this oscillation is not carried through to the output.
The condenser Cj further reduces the a-c. voltage across Ry. The tame
constant of Rlcl must be low enough to prevent rounding of the impulses.
These two faotors in addition to the e¢asncellation due to the push-pull
plate circuit eliminate all output during spscing impulses.

In order that the keyboard be used, the distributor must be
stopped (s normal condition). When the keyboard comtacts K are closed
(marking) no potential exists across the terminels 1 and 2 and the ampli-
fier is normal. If the conteects K are opened, the no-loed potential of
the rectifier appears across them. The keying potentisl 1s teken from the
potentiometer Rp-Rg; and is sufficient to 1onize the 885 tube (fram 30-50

volts). The normal negative potentiml of the grid of the 885 tube must
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be enough to prevent i1onmization and also such thet, when the plate volt-
age becomes a minimum (due to oscillation) the tube will de-iomize.

A further adventege 1n the use of a gas discharge tube to sup-
ply the keying voltage is that it does not act es an amplifier and any
ripple or "hash™ 1n the teletypewriter circuit will not ve pmssed on to
the amplifier tubes.

For repeater station opermtion the drop mcross the resistor
R, 1n the teletypewriter circuit is used for the keying potential. Ter-
minals 2 and & are open and the grid of the 885 tube essumes zero poten-
tiel. The drop mcross Ry 1s adjusted to 35 volts. Thus when the tele-
typewriter circuit 1s closed, the blas on the 885 tube 15 enough to
prevent i1onization and tomne 1s transmitted. The distridutor 1s then al-
so 1n series with the teletypewriter machine for amutometic transmission
when no other signaels are being received. When the eircurt 1s opened by
the receiving relay, the keyboard contacts or the distributor, there will
be & loss of potentiel meross terminels 1 and 2 and the 885 tube will be-
come ionized, biasing off the amplifier and meking m speeing impulse.

This type of keying {(in repeater condit:on) is a form of re-
generetive keying, tendlng to correat the pulses at each repeater sta-
tion, rather then add up the distortions as would be done by retransmit-
ting the received audioc signals.

The Waghington station operetes as a terminal station, and the
keyer is used as in the terminal station condition, execept thet the dis-

tributor 1s in the teletypewriter circult.
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Operating chareoteristies.

The terminsl equipment wms designed so that operation of the
teletypewriter machine would be exmctly similar to wire line circuits
and so that standerd machines could be used. With the Baltimore station
operating es a repeater, this ocondition is exmotly simuleted. Transmis-
sions originating at Washington sre recelved at Baliimore and printed,
the impulse ghape is corrested wund automatienlly trensmrtted back to
Washington wherea they agaid print on s separate machine from the one on
which the transmission origineted. Thie 15 1n eff'ect & three stetion oir-
ouit with ome staticn acting as an aubtomastic repeater. Transmissions
originating at Baltimore print locelly and are trensmitted to Weshington,
with the normel provisioms for breaking the circuit as in wire limea.
The seme machine 1s used for transmitting and receiving. The Washington
station always operstes ms = terminel and wire line oonditions are simu-
lated at ell times.

The accuracy of the system 1s dependent largely on the radio
clrcult end is equal to or better then the average wire line circuit.
The noise levels encountered are low and the range of the equipment 1is
such ag to take care of the useful renge of slgnals as experienced on
this oircuit with a large safety factor to allow for unusual conditioms.

Voltage regulators of the stetlo type have been included in the
design of the termnal equipment to provide constant supply volteges with
variations in line voltage Pram 80 to 140 volts, and in order to insure
long life from the vaouum tubes the meximum plate voltege has been 1lim-

ited to less than 225 volts.
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It was the aim to provide equipment which would be simple in
operation, easy to maintein and capable of unattended operation. Few ad-
justments in the epparatus ere critical and these are very steble having
onoe been set.

A block schemati¢ dimgram of the terminanl apparetus is shown

in figure 19.

DISCUSSION (F RESULTS OBTAINED ON THE ULTRA HIGH FREQUENCY
BADIO TEIETYPEWRITER CIRCUIT

Rececrdings of the strength of the reocelved signels have been
made during most of the time this circvit has been 1n operstion. The
early records teken at Baltimore (when the antennas at both sites were on
66 foot poles) were of the rectified sudlo signal since the signals were
low end the smemnsitavity of the receivers did not permlt recording of the
carrier strength. In Pebruery. 1936, horizontally polarized antennas were
erected at both ends of the circuit on 125 foot steel towers, doubling the
antenna heights. These new entennas had approximately the seme galn as
the old ones. This resulted in greater signal strengths which, with more
senaltive recelvers, permitted the recordings to be made in terms of car-
rier strength direetly rather than the rectified sudio output of the re-
ceivers.

The 1ncrease im the heipght of the antenna sbove ground produces
two effects, (1) an increese in signal, end (2) e decrease in the ampli-
tude of the fading.

(1) Effect of antenna height on signal intensity.

With the center of the receiving antemna 60 feet sbove ground
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(vertioal polerization), an .ncrewse in height of the tranamitt.ag en-
tonna from 60 to 120 feet resulted i1r an increase of spproximately .0 db
in the received signal. Ilikewise with the transmitting antenna 60 feet
above ground, (- .reag" " t1g height of the receirving antenna from 60 to
120 feet produced ¢ 10 db 1ncrease in the received slgnal. Raising the
-acond antenns to 120 feet produved approximalely ¥ &b 1ncrease 1n sig-
‘.

t2; Effect o acte ma ws  ue un fading,

Nith -.« rece:virg aibenne b0 feet mbove ground (vertieal polariza-
wion), the t.plitude of tve tading wes about 8 db for & transmitting en-
toune heignt of 60 feet. This emplitude was reducsd to soout & db by
-unereaging the transumott g sater s to 120 feet above ground. Flgure 20
is a copy of the reco-’iv, “v.o wiooh the arove data was obtained.

While the absolute auplitude of the fading would hold only for this one
cage, the record 1s indicative of the general reduotion in fading wath
increesed antenna helghts.
Fading.

Using the low antennas al the transmitter and receiver, the am-

yLuwds of the saort veriod taaing valrles from preclicelly nil €o more

then 20 db. The day to da,, or longer, period trends show even greater
variations, Filgure 21 is 8 recording of the rectified audio output of
the receiver teken at Baltimors on November €', 1935, and 1s reprasenta-
tive of many of the records taken which show the rapid ochanges tE:% ooour
in the type of fading. Up until about 0120 E.S.T., the signals are quite

steady with a slow, long perlod warletion, with the fading amplitude of
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about 4 db. Between 0120 and 0140 e change 1s taking place and by 0146
the amplitude has increased considersbly, reaching eamplitudes of from 12
to 16 db. On other records the type of feding may change several times
during a day, the chengss being very abrupt at times and at other times
gredumnlly changing from one type to enother.

Figure 22 15 part of a recording teken at Wash.ngton on July 24,
1937 (horizontal polarization, height 125 ft.) and 1s i1ncluded to show
the rapidity with which the signals change. It is a record of the ocer-
rier strength and represents signals many times stronger tnan those of
figure 21. For 24 houra previous to and followlng these fedes, signalas
had been very steady. This recording 1llustrates the extremely rapid na-
ture of the fades. On several occcasions these deep fades have been watch-
ed, and wmith the teletype apparatus capeble of following verietionms of
the order of 60 db or more automaticelly, an additiomal 20 db hae been
followsd manually (by removing attenuators in the receiver output) still
to have the signal drop below operating levels, whioh indicates & oom~
plete loss of signal or a "drop-out". These "drop-outs™ seldom last more
than e few seconds.

Due to the imert:ia of the pen of the recorder, a very sudden
drop 1n signal causes an overshoot of the trace. In cases where the sig-
nel has dropped so that the receiver 1s out of the a.g.c. region, and
there 18 an overshooting of the trace, this has been called & "drop-out",
Such "drop-outs™ are in most omses instantanecus and the low signal end
of the trace becomes a line. In the recording in flgpure 22, the limlt of
B.g.c. was a fade of about 30 db. The fade at 0840 represents a varia-

tion of approximately 30 db while the overshoot of the pen indieates the
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fade at 0915 to have been of a much greater amplitude and probeblv a
completa loss of signal for a few seconds. Figure 23 is & chart show-
ing the distribution of fades which were similar in nature to "drop-outs®.
This datm covers the period from November 1, 1936, to November 1, 1937.
The dots on the ohart represent quick fades of less than 30 db and more
than 20 db mmplitude. The crosses represent quick fades greater than 30
db, some of which were total loss of signal. More than 50 per cent of
these fades were of the instanteneous typs, lasting only e few seconds.
Approximetely 84 per cent of the fades ocourred between 2200 and 0900
E.8,.T. the following day, and 20 per eent of the fades cocurred between
0800 and 0900 E.5.T, Three-fourths of the "drop-outs" marked by crosses
ccourred between July 24, and August 6. If 30 seoconds were allowsd for
each "drop-out”, (and this is ample besed on those "drop-outs™ which have
been followed manually), the total outage of the circuit from November 1,
1936, to November 1, 1937, would be about 8.5 minutes.

A ohart showing the seasonal fading which oeccurred over the
Baltimore-Washington radio eircuit is shown in figure 24, Theae data
were taken fram the recordings of carrier strength at Washington from
the Baltimore transmitter on 65 megaoycles, and indicates the total num-
ber of minutes during which the signal was & given number of decibels be-
low the normel signal,

The most severe fading, of the order of 30 db, occurred during
July, August and September.

It shculd be noted thet on this radie cirouit, no diurnal regu-

larity in the fading has been cbserved. Attempts at correlation of the
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propagation with temperature, barometer, humidity, or temperature inver-
sion have proved futile and no doubt all play an intriecate part in the
smount of diffrection and refraction of the ultre high frequencles over
any given non-optical path.

Figure 25 is a profile map of the Washington-Baltimore oircuit,
showing the antenna heights (125 feet) now in use at both sites. In this
profile the scale of the radius of the earth 1s multiplied by a factor
of 50 and the scele of the elevetions divided by the same fector giving
2 true relation for the optical range. From flgure 25, 1t is seen that
each station 15 approximately 180 meters (594 feet) below line of sight.
If the radius of the earth were inoreased by a faotor 4/3 to mocount for
nermel refraction, the stations will still be below line of sight. Suf-
fice 1t to say that although opticel paths are desireble, their necessity
appears to have been overemphasized for the frequeney band tested and the
amount of normal diffraction and refrection in the lower atmosphere is
guffieient to maintein a relisble communication service over non-cptieal
paths as in the present case.

While this eircult has provided a communigaetion chemnel in whioh
Lhe effect of fading, diurnal and sessonal varistions are of minor impor-
tence, other factors such as lnterference, both man-made and natwral, must
be considersd.

Noise and arrors.

The most serious noise 1s that from automobile ignitlon systems,
due to the proximity of the stations to the highways. Due to the fact

that the beam of the Beltimore station falls along e heavily travelled rcad,
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more ignition nolse 1s ploked up at that stetion. This nolme plek-up is
not notlceabla from vehicles over a quarter of s mile distant. A care-
ful choloe of the elte would greatly reduce this type of interference.
The general atmospheric level is very low. The oircuit noiss 1s more
than 30 db below the signml level measured at the input to the audioc fi1l-
ter. This olroult noise 1ncludes receiver noise, hum from both transmit-
ter and receiver and exterrml nolse. It should not be inferred, however,
that thé existing nolse 1s of sufficient mmplitude to cause errors, as
perfeot operation has been maintained even with low percentages of modu-
lation as used in the multi-channel teats of which more will be said later.
It 1a safe to say that printing errors have not been due to these noise
levels as experiensed st the two atstiomns,

Thile statio is at a very much lower level in these ultra high
frequency bands, it does exist in practically all of the forms found at
ths lower frequencles, The normal nolse level during storms does increase,
but only such crashea as are cauged by lightning discharges in the imme-
diete vioinity of the receiving station have caused printing errors.
During times when the oircult is idle (marking) the static discharge of-
ten causes the receiving relay to clleok, but the pulse 1s of too short e
duration to cause e print on the teletype machine. Even severe crushas
cause only a single ocharscter to print. This is, of course, increased
when the circuilt is in operation to an oocomsional aingle character mig-
print for normal discharges. A severe orash may drop the meohine out of

synohronlem and cause several false characters before it mgain synchronizes

1tgelf.
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In general it oan be said that the errors caused by fading,
man-made and ngtural noises, and sll other propegatlon causes heve besn
too few to ba expressed in any useful peroentage of tranamitted charao-
ters. During the entire opermting perliod there have been no perlods
(other than oaused by "drop-outs" of s minute or less) during which com-
munipation has not been possible due to any causes othser than faillure of
sgquipment or power.

The ultre high frsquency transmissions are in general most
satisfeoctory when approximate lime of sight oocnditlons exist. This dis-
tanoe of course is dependent on the topogrephy and the available antenne
heights. Noise levels are inherently lower then on the lower fregquenocy
bands which, as in all communioation clrcuite, psrmita the use of lower
powar to provide an equivalent signal/noise ratio., Proper choleoe of sites
practioally removes fading and permits the use of m single frequenocy for
day and night and all seesons.

It has been established that transmissions ere made up of sev-
eral rays, the direct ray and varlous reflesocted reys. This 15 in effeet
a multi-path trensmission, but the delays thus enoountered are too small
to have any noticeable effest on the received impulses even though they

oonslst of a single cyole (1600 oycles per second fundementel).

AUTOMATIC REPEATER AND MULTI-CHANNEL TESTS
Tests have been conducted to determins the reliability of the
cirecult, both with eaoch stetion aeting as a terminal and with Baltimors

noting as e repeater station. Much of the sucoess of the repeating tests
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has been due to the type of repeated signal. As explained ebove, the
keying for autamatic repeater operation is of the regererstive type,

tending to reconstruct the received signals and send them out in true
form snd without nolse. The normel margin tests glve average margins
within 5 points of that obteined on locmlly generated signels.

In Aprll, 1937, e voloe channel was added to determine the
possibilities of multi-ohannel ¢peration. This required e low pass fil-
ter on the voleos channel to ocut off below the teletypswriter channel,
For thie test the telétypewriter channel was put on 4300 cyoles. Figure
26 shows the oharamateristio of the filters used at the recelver to sep-
arate the channels. Although no band pass filter was used at the trana-
mitter, the key olleoks were megligible. Successful cperation of the
teletypswriter oirouit could be meintained under normal oconditiones with
sbout 10 per cent modulation, the remaining amplitude being used for the
voloe sircuit.

In order to further study multi-chsnnel opsration, another
teletypewriter ohannel was added in July, 1937. Availeble equipment was
used for the second channel and although the band paas fllter had its
pars band at 1020 oyoles, end the first tone source was used, the reagults
were very encouraging. The filters at the transmitter then included e
low pass voice filter, a 1020 oycle band eliminetion filter and e 1020
oyols band pass fllter. The receiving eguipment used a 4300 oyole band
pass, 1020 oyole band pass and & 1020 cyele band elimination filter.

The 1020 oyvle band pass filter at the transmitter greatly improved the
dvao
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oircuit from the stendpoint of key cliocks since the low or keying fre-
quency component was eliminated. Suocessful operation of the three
channels was mccomplished with a pesk modulation of the teletypewritar

channels of approximately 20 per ocent.

CTHER PRINTING METHODS TESTED
Pacsimile.

Numerous tests have been made to compere radio faassimile and
radio teletypswriter. This comparison 1s a difficult ome becanuse of the
inherent differences 1n the two systema. The best copy from the famo-
simile cannot compare with the teletypewriter printed oopy, whether 1t
be carbon or Ink printing of the faosimile becsuse the elements of the
separate letters are broader or heavier and are made up of groups of
1ines or dots printed at different times. A comparison might be mmde to
the differences between newsprint plctures and photographs in the mattar
of ploture definition. In order to improve the facsimile copy, 1t would
be necessary to increase the definition which would meen an even broeder
frequency spsotrum.

As wes stated previously, in a weather transmitting servioe,
as maintained by the Bureau of Air Commerce, full advantage of the oir-
ocuits must be teken to transmit the volume of information that is needed.
For that remson the messages are coded. It is ebasolutely essential,
therefore, that each oharacter stand fully on its own merit and not de-
pend on 1ts sssoccietion wath other characters for its intelligibility.

For example, in straight oopy, one or more letters may be omitted from a
J3£ad
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word, and in meny cases a whole word, without losing the intelligibility
of the sentence. In any coded messapge, an error may chanpge the entire
meaning regardless of the type of trensmission, but sn error ocaused by
mlsinterpreting a charaoter is elimlnated from the teletypewriter copy.
In the unretouched photograph, figure 27, are shown samples of facsimile
to illustrate the effect of noise on 1ntelligibility. It is apparent
that there are many charscters which if taken by themselves mlght easily
be interpreted differently by two persons, but taken es a whole the words
are quite clear.

late in 1934 & vommercially availeble redio facsimile equip-
ment using photoelectrio tape scanner and cerbon tape recording was made
available to¢ the Bureau for tests The receiving equipment wes set up at
8 site approximately 126 miles from Silver Hill, M. The 400 watt trans-
mitter at Silver Hill, Mi., wes used for tranemitting on 2960 kllooycles.
Teletypewriter equipment developed to that date (circuit of fig. 7) was
also set up for comparison.

The results of these tests brought out three things:

(1) Teletypeswriter equlpment gave perfect copy over e signal varia-
tion of 17 db, while facsimile was capable of withstending only a 10 db
change in sipgnal level.

(2} Due to the wlde transmission band resulting from the high keylng
speod of the faosimile, it 1s difficult to inorease the 51gnal/noiae
ratio by meens of audic Freguenoy filters, Furthermore, a transient noise
impulse 1s of the same character as the dot element in the facsimile, and
cannct be removed by eimple methods. For the same spesad in words per

mingfe the keylng fregquency of the teletypewriter 1s very much lower apd
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a similar nolse impulse cen emsily be removed without destroying the in-
telligence. The practicel result is that the teletypewriter system can
operate with & much lower signnl/hoise ratio, and perfect copy can be
roceived long after the intelligence of the facsimile copy 1s lost
through extrenecus noise spots. This was amply demonstrated in these
tosts.

(3) Multiple path signals caused double 1mage charasoters to be
printed on the faesimile covy, while under the seme conditiona the tele-
typewriter ocopy was not affeoted. The speed of transmission on both
equipments wes 60 w.pem. The effects of multipath transmission on feo-
simile were more serious than on teletypewrliter because of the higher
keylng frequency required for the same number of words per minute trans-
mitted,

later in 1935, tests were again conducted on m similer but im-
proved form of facaimlile apparatus., The teletypewriter terminal equip-
ment by this tims had elso been improved by use of the gas discharge type
of relay. These tests were carried on between Weshington and Baltimore on
61 and 65 megaoycles. The signml range of the facsimile had been increased
to cover about 15 db, while the teletypewriter range extended over about
26 db. Conclusions similar to those of the previous tests were arrived
at, namelys

" (1) Teletypewriter equipment was capable of operating cover a
greater change of signal level.
(2) Interpretetion of characters on fmosimile copy, when covered

with noise spots, was extremely difficult, disproving the commen fallacy
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that facsimile oopy can be read even though covered with noise spots.
Single charaoters are often rendered completely unintelligible by the
addition of e few spurious noise spots.

(3) Double image copy was not observed on 61 end 65 megsoycles,
indicating that no multipld psth trensmission took place. HNevertheless,
facsimile oharecters were often spreed out when the printer bar bore too
1ightly or too heavily on the carbon tape.

In addition to the above, other serious dissdveantages of faoc-
aimile are apparent:

(1) In e chsin communications system, where repeated retransmis-
slons are necessary, the nolse cen be more readily removed from the tele-
typewriter signal than from the facsimile signel. The lower keying
frequenoy of the teletypewriter permits the use of sharper filters and
muoh lepas camplex signal correcting circuits or regeneration. Regecanning
of faosimile eopy ie the most undesirable procedure, as found by seotusl
test, and even in simple retransmiasion the noise distortion mdds up
rapidly over several repeeting stetiona.

(2) Ho method of storing a message at e terminal station for fu-
ture retransmission is provided with facsimlile, other then rescanning of
the receilved copy. Teletypewriter signals, on the other hand, mey be
used to reperforate m tape at the same time the received copy is being
printed.

(3) Facsimile requires s band approximately 1000 cycles wide for
60 wepat. ~ 100 line definition, whereas teletypewriter regulres about a
120 to 130 cycle hand width for the same speed. At least three and

posaibly fouwr 60 w.p.m. teletypewriter channels oould be inserted in the
afao
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spoctrum required for facsimile with a corresponding effectlve ingresase
1n speed to 180 or 240 w.p.m.

A high gpeed printer.

In the latter part of 1936 mnd agsin early in 1937, numerous
tests were conducted on 8 commercislly available hiph sveed printer
over the Washington-Baltimare ultra high frequency circuit.

Essentially, this system depends for its operation on the use
of combinetions of eight single s1ne wave impulses derived from m eomuon
osolllator end phase-~splitting networks. For example, the first impulse
1s used for synohronizing, and the fourth impulse 13 used for shifting
from lower to upper omse figures, leaving six lmpulses for combinmtions
in & six unit code.

An eight phase voltage 1s applied Yo the pletes of elght wvmo~
amm tubes through the selector megnets of the printer. The received im-
palss~ are applied to the grids of these seme tubes in the proper
sequence so that 1f the received impulse unblases the tube at the time
the plate valtege is applied, the tube will then conduet current and
c¢lose the armature. Four to six groups of pulses are necessary to olose
the magnet. Each armature operates e code bar and ceuses the printer to
operate,

Exaot synohronism 15 essential between the received pulases and
the plate supply to the several tubes.

These printers were capable of operation up to 120 w.p.m. with
a short wire line conmeotion, but 1t 1s antlicipated that considerable

difflculty would be encountered when working over telsphone lines or
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oebles of sny great length due to distortion of the transient impulses.
Sinoe the printing of each character necessitates sabout six groups of
impulases, 1t would appear that static would have little effeect, ms 1%t is
hardly probable that rendom noise would be sufficiently regular over six
groups of comblnetion impulees to cause a false character to print. I%
is entirely possible, however, that a periocdiec recurring interfersnce
such a8 ignition noise might cause false printing.
The redio tests disclosed the following results-

(1) The impulses used in the system are highly transisnt in nature,
and it was found highly susoceptible to noise.

(2) A very high quality cirouit 1s essentlal to transmt end re-
eolve the Ilmpulses without undue distortion. Caleulatlons revealed

st a frequency spectrum mpproaching that required for broadeast pwr-

rores would be neeessary to reproduce the lmpulses sufficiently well.
"o¢ lnorease 1n speed over 60 w.p.m. teletypewriter is not warranted,
aince the teletypewriter speed by use of multiple channels could easily
oxceed 120 w.p.m, wilth much less difficulty.

(3) The printer could operate faithfully for less than eight db
varietion of signal level.

(4) The frequency of the oscillators in the apparatus must be held

to ebout onme part in 100,000.

RESULTS
The results cbtained in more than two years operation of the
Washington-Beltimore radio teletypewriter circuit have shown thet the

necessary requirements of rellebility, acouracy, simplicity of cperation
3720



- 42 =

and speed have been met by the use of ultra high fregqueneies and the
development of suitable terminal equipment.

The earlier work on 2B4, 4070 and 2960 kllcoyeles has shown
that frequencies in these bends will not meet the requirements of the
Bursau of Air Commerce cormunications system due prinoipally to extreme
fading, high noise levels, and reflected sky wave components., The prop-
agation charsocteristics of the ultra high frequencies below sbout 45
megacyoles, a8 reported by many investigators, also indicate conslder-
able sky wave reflecticn. The ocharacteristics of €1 and &5 megaoyoles
over this path, however, 1ndiocate that a high quality radioc cireult
suitable for multi-channel services oan be obtained over distances in
exoess of the optieal path., 8Suoh fading as exists cen be teken vare of
by proper desigh of terminal equipment as has been done on this ocircult
by means of the gas dlscharge tube relay and level controlled amplifier,
sinpe noise levels on the circult are very low.

The investigation of commercielly avalleble carbon tepe fao-
gimile has shown i1t, in 1ts present state of develppmesnt, to be unguit-
eble to Bureau of Air Commerce communlcations traffie. Comparison tests
with teletypewriter have shown cenclusively that the teletypewriter is

muoh to be preferred.

ECONCMIC CONSIDERATIONS
The choice between land line and redic teletypewriter cirouit
operation, aside from purely techmioal considerations is largely dependent

on two other fmotors, namely, the type of servioe regquired and ouvst.
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The present land line teletypewriter feacilities of the Bureau of Air
Commerce extend over approximetely 23,000 miles. The cost of leasing
wires for this service smounts to nearly $700,000 annually.

In order to make a camparison between land line and radio,
cost estimates were made up for m 600 mile cireult (Washington, D. C.
to Fashville, Tenn,) consisting of 9 drops. The radio circuit included
13 intermediete stationa of whach 9 were drops., The cirauit represents
average conditions for the radio teletypewriter since 1t includes both
level and mountminous gountry and at lesst average conditions for land
line teletypewriter.

The location of the radio teletypewriter sites was made on a
line of sight bmsis as far eas practicel, the maximum deviation being
only 150 feet below linme of sight., Line of sight was caloulated using
the actual radiue of the earth. It has been quite well established by
cther investigators that normal refraction would permat the redius of
the earth to be multiplied by a factor of 4/% which would make all sites
within optical renge. Actun]l distances ranged from 28 to 64 miles de-
pending on the terraim covered. The estimate included duplieats trans-
mitting equipment with automatic change-over in caese of feilure, spare
receiving equipment, euxiliary power supply, buildings, towsrs, addl-
tional qualified maintenance personnel, and miscelleneous other i1tems.

The land line estimate included only the cost of teletypewriter
machines, installation, maintenance and line charges. Neo construction
costes were meceasary on thig perticular clrcult due to existing facili-
tles.

Figure 28 15 & cost estimate for the Weshington, D, C., to
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Neshville, Tenn., airmay communication cirguit, showlng a comparison
between lend lins end ultre high freguency radlo teletypewrlter ase:.ice.
Operators' salaries were not included in the estimate since they would
be the seme for ecither type of circuit, It 1s found that wath & reason-
sble number of years allowed for obsolescence of equipment, a radio
teletypewriter circuit is economically Jjustified using two or more chan-
nels. This 1s true sinoce .ntrsasing the number of simulieneous channels
does not grestly increase tne cosu of the radio eircuit.

In sudition, a radio teletypewriter circuit ecan provids a
service whion ecannot be furnlshed by wire lines; namely a ground to air-
craft volee channel and a groand to eiroreft teletvpewriier ochannel
simultaneously with two grouwd stetion teletypewriter channels et a

small incresse in cost as shown by the ourves of figure 28.

CONCLUBIONS

In view of the results cbtained, it is concluded that a high
quality radioc repeater circuit suiteble for multi-channel serviﬁgﬂ along
the airways 1s feasible in the band 61 to 65 megacyoles. Buch & oiroult
could provide for e ground to mircraft voioce ohannel, & ground to air-
craft teletypewriter channel and two ground statlon teletypewriter ohan-
nels. One ground station chammel would be provided for all commmnications
now handled on the land lines, the second to be mede amvailable for use
in connectlon wlth air traffic control. All teletype channels would have
e speed capability of 60 w.p.m. The ground to aireraft teletypewriter
ohannel would provide direct printed copy of weather information end other
communications to pllots in"flighty the ground to aireraft voloe ‘hannel

could be used for mir traffie control.
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APFENDIX

In order to adapt ultra high frequency radio teletypeswri.er
te e chain of stations along an alrway, 1t is necessary tov looate inter.-
mediate stations at weather observing points. Moat of the intermediate
stations along an airwny are separated by relatively short distances,
mpking the ultra high frequencies particularly well adapted for thas
purpose. It is dasirable mlsoc to cbtein radio stetion sites eas high
above intervening ground as 1s practiesable to obtein an approximate lins-
of-sight transmssion path. Present bemscon sites in most cases lend
themselves admirebly well for this purpose, mnd power is alreedy avail-
able at such sites. In e reletively few cases, due to intervening moun-
tains between station sites in rugged terrain, 1t would be necessary to
erect automatio repesater stations to zet "over the hump".

In such & communication chein it 1s desirmble to heve a direc-
tional transmission of messages with e minimm of equipment. As an ex-
emple, let ws assume a circuit composed of four stations, A, B, C, and D.
Stations A and D are the terminals, end B and C are intermediste stations,
ong of which mey be an autcmetic repeater station. Any one of the ste-
tions must be eble to originate a message and mll others receive coples
of it. Thus, a message originating at A must be repeated through B and
C toD; or a message originating at atation C must be repeated through
B to A and aleo go to D. This can be eocomplished by the use of two
tranemitters and two receivers at each repeeter station. Unidirectiomal
antennas would be employed., However, in an ettempt to reduce the amount

of equipment necessary, the samp result ocan be acoomplished with but one
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transmitter and bidirectionel antenns and two receivers with unidirec-
tiocnal antennas at each repeater station.

Referring to figure 29, assume that & signal originates at
station A. It is transmitted at frequency Fy modulated at a freguency
Mj. This is picked up at B on a recsiver tuned to F; and further pro-
vided with a filter for Mj. The signal operates the printer at B and
also a keyer, putting M) on the transmitter at B. The gignal is then
retransmitted at F2 — M;. This is ploked up et station C on a receiver
tuned to Fp and filtered for M) end again retransmitted to D in a manner
similar to that at B. At the sems instant the signsl from B wes pioked
up at G, however, it wlll alsoc heve gone to A, but sinse the receiver
at A rejects My by filter, the signal is dead-ended and no singing ean
result., The sams anti-singing charecterlstics will hold at the other
stations, since ell signals going from A toward D are modulated at Mj,
while those going in the direction D tosard A are modulated at frequenocy
M.

If* station B originates a message, 1t is transmitted at Fa,
but modulated with both My and Mp. 1In this cese the receiver at A will
piok up F, ~ My, while station 0 aooepta only Fp —1f), and retransmits
it as Fx ~M; to D. Thus the desired result is acoomplished with but
one trensmitter and trensmitting antenna, instemd of two transmitters
and two antennas.

Transmisslon in other diresotions may be acommplished if nsces-
sary by including additional receiveras, corrsct filters and ohanging the

directional field pattern of. the antennas to inoclude the additional statiy
agao
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FIGURE INDEX

Block schematic of the wltra high frequency transmltters.
Block achematic of tpe uitra high frequeney recelvers,
Intermediate frequency selectivity curve of the U.H.F. recelver.

Recelver noise as funection of input signal. Holse owpresss. as
decibels below combimad ov*put level of nolee and  oulecion,
Medulation 30 per cent at 400 eycles.

Fupdaments] circuat of a single-~tone fixed blas primting telegraph
8ysten.

Margin characteristic showlng relation between received current and
printer operating margin for the two-tone and single-tone fixed
biased methods.

Schematie circuit of vacuum tube relay, single-tone system used in
high frequency tests.

Operat.rg margin characteristic of the singls—tone system shoan
gchematically in figure 7.

Schematic circuit of gas discharge tube relay, single-tone system.

Schematic circuit of gas discharge tube relay, incorporating phase
inverter; one stage 'of A.F, amplification and rectifier are also
shown.

Operating margin characteristic of the circult shown in figures 10,
taken under actual operating conditlons.

Schematic circult of the complete gas discharge tube relay with
phase inverter and level controlled amplifier ae used om the
Washington-Baltimore U.H.F. circuit,

Gain characteristic of ths level comtrolled amplifier,

- Audio characteristlic of the level centrolled amplifier,

Operating margin characteristic of the relay (Fig. 12) taken under
actusl operating conditions on the Washington-Baltimore U.H.F.
ciremt,

I1lustrating the effeets of nolse on the level controlled amplifier
and peak limiter.
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Attenuation characteristic of band pass audio frequency filter
and schematic diagram,

Keyer circuits usel on the Washington-Baltimore U.H.F. radio
circuit.

Block schematic diagram of the terminal equipment.

Recording, showming effect of tramsmitting antemna neight on
signal imtensity and amplitude of fauing.

Sample teken fron man)y s:malar recordings 1llustrating rapid
change 1n type of fading.

Racording :liusbtrating deep, rapid fades of "“drop-out" nature,

Chart showing occurrence of rapid, deep fades and "drop-outs"
for November 1, 1936 to October 31, 1937.

Chart showing seasonal variations in fading from October 1, 1936
to Uctober 31, 1937.

Profile map o1 che Washington-Baltimore radic circuit.

Attenuation characteristics of voice and band pass filters used
in multi—channel tests.

Examples of carbon tape facsimle recordings under various noise
conditions,

Cost estimate for the Washington, D. C., to Nashville, Tenn.,
airwvay communication circuli, showing comparison between land line
and wltra high frequency radio teletypewriter service, Operators!
salaries are not 1ncluded.

Block diagram 1llustrating operation of a chain of radio teletype-
writer stations.
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COST IN THOUSANDS OF DOLLARS

I ONE LAND LINE TELETYPEWRITER GIRCUIT
| 2 TWO . “ u CIRCUITS
3 THREE u L] L]
| 4 ONE CHANNEL RADIO TELETYPEWRITER CIRCUIT
53 TWO [ ] . "
— Two L] [ ] [ ] "]
8 JONE - GROUND TO AIRCRAFT VQICE «
ONE . . o= . TELETYPEWRITER CIRCUIT
700
600 // <3
/ ~2
500 / V
/ / &
400 e ,’4, “:s/
///<\
/ ,/ b
300 //7
///i/ S = =~
/ /
200 / e
/ P i
Y. ,/
//
pd P
Zd
0 I 2 3 4 5 ) 7 8 8 10 0 12 13
TIME IN YEARS
Fig. 28. Cost estimate for the Washingtom, D. C., to Nashville, Temn,
airwmay communication eircuit, showing comparlson between land
line and uwltra high frequency radio teletypewriter servioce.
3522 Operators! salaries are not included.
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