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!CBX DEVELOPUlU OF 

AN AIRWAYS UL.TRB HIGH FRECUENCY GOMXVXICATIONS CIRCUIT 

J. C. Hromda 
and 

P. D. McKee1 

The development of an ultra hlgn frequency radro teletypeWrIt- 

er clrcult betv?een'Rashmgton, D. C., and Baltmore, Md., IS desoribed 

in this report. This olrcuit has been m operatlon on an expermental 

basis for over two years. 

The radio and termml equpment whloh ma deslgned to wet 

the rigid requrements of the Bureau of An Commerce ommm~catlcns sys- 

tern 1s described UI &tall. The prOpag8tlOn charaoterlstrcs Of the 61 

and 65 megacycle frequenaes in use durmg the past 'km yeare are dis- 

oussed. Based on an analysis of the continuous records of reoelved sig- 

nal at Washington for the period November 1, 1936 to November 1, 1957, 

the total outage of the oircuit dw to fading is estimated at less than 

10 !ninutes. Outages due to all other cause8 have been negllglble. Pre- 

v~ouo results obtained in experiments on the low frequenoles (284 k~la- 

oyoles; and later on the hlgb frspuenoms (3000 to 4000 kilocyolea: and 

on 38 megaoycles are renevmd briefly, end it 38 concluded that these 

frequenoles are not suitable for R comun~oat~ons &-out con'cain~ng e 

nuuber Of automat10 repeater stations , sue to fading, atiospherio nozse 

ad reflected sky ma-as. 

Experiments mtb other forma of record prmtmg equlpaent in- 

oltiing faosimile are dlsoussed and compk'~sons mde vnth teletypewriter. 
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These tests have s!mm that ln Its present state of developent, cm- 

mrcmlly available facsunlle equlpmnt Is not suItable for Bureau of 

b1r Canmerce oomLln, cations. The teletypewrIter was fwnd supr1cr to 

the other prmtsrs tested. 

XJ+~ple channel radio telet~~ewrlter agd simultaneous voice 

transmsslon experments are also described m'ch specm.1 reference to 

the us5 of such B system for ground statIon and ground to aircraft cam- 

munlcatlans. 

Comparative costs estmates mdxate that for two or more 

commmmat~cn clrcults, multi-channel radio teletype-miter 18 more eco- 

nomual than land w-x-e teletvpemiter and further offers the possiblli- 

ty of a ground to ancrai't vcnce and teletpwml'ccr sernce at 8. negli- 

gable mcreasB m cost. 

IFTTRODUCTION 

The Leletypemlter commmcat~m servme of the Bureau of Air 

Commerce, by means of Thhlch mather m?ormation and other necessary 

data me dlssermnated over the civil a~rmys, mm extends over 23,000 

mles s The teletype clrcluts m-e further supplemented by point. to pcint 

radio telegraph in aectlons of the country where land lines are not e- 

va:lable or would be prohlblt1v.s to construrt. The cost of leasrng lard 

lmes for this service now amounts to omr $700,000 annually. In an 

effort to reduce land line charges, the Bureau of Air Ccmmerce undertook 

a sei-1~s of ax?erments 3n the summer of 1930 to determne the praotl- 

cablllty of asmg radio as B mdlum of trammsslon for teletypewriter 
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circuts in place of land lmes. These tests mre Gonducted between 

Buffalo, !i. Y., and Bellefonte, W.,on a frequency of 284 kllocyr'ns. 

Due to very hxgl; static levels, prtloularly in the suumr months, ?!ccsa 

tests did not prove suooessful. In the latter part of 1932. tests were 

octiucted between 6alt lake City, Utah,and Idaho Falls, Idaho, on a fre- 

quency of 4070 kilocycles, and later between Washmgton, D. C., and 

Baltlmcre, W., on 2960 kllocycles. Although these tests proved moder- 

atolg sucbessful, It was apparent that three limtmg factors enter fn- 

to the operatron of a fully reliable rrdio record prjntmg ysten, mm- 

17 noise, fedmg and multi-pat;i propacatlon. Follmng the tests on 

2960 lulocycles, attention ww dlrected to the use of hltrs high frr- 

qLrncies (above 30 mgacyc?es) sxce these frqquencles appeared admra- 

bly suited for cmmunicetlon over relatively short distances such 8s are 

encountered between avways weather observing stations, primarily due to 

their freedm .'rom high noise levels end absenoe of the reflected sky 

mm. Accordl..gly, 'zests proceeded on a frequency of 38 megacycles be- 

tveenWash:ngtoz tlnd Baltimre, the frequency being later shlfted upward 

to the band between 60 and 65 megaaycles , when police redlo and awrtew 

acmrmunicatlons revealed that considerable &J wave rsmalned on up to 40 

or 45 megacycles, but was absent at higher frequencies. T-m tests 111 

the 60 to 65 ~gacycle band also uxdlcated lover noise levels. Consider- 

aile development work was done on the trans?=atters, reoelvers and tele- . 

typeslter ternlnfJ equip&, res‘u:tlng xn a \ery reliable rad:o tele- 

typewrIter oircuit, against which other canmercially available forms of 

printing apparatus arJ fe.cslLnllle were oampared. These tests showed that 
39Zd 
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the teletypewriter is far superior in performnce to present available 

facsmile, and lends itself more readily to multi-ohmmel high speed 

operation. The Bureau of Ax Cazmerce radio teletypewriter cwcuit has 

now been In operation on an experlmrntalbasis for over two years. Xar- 

ly III 1937, a vowe chaxmel end more recently another teletypemiter 

channel were added, to operate simultaneously on the 6eme frequency with 

the lntantlon of deterinlning the feaslbillty of e. voice and one printer 

channel for communvxt~on to axcraft and two or more channels at 60 

words per nunute each, for ground station commmucatlon to provide much 

needed higher speed Feather and auvxy traffic commmucatlon channels. 

It 1s the ?wpose of this paper to report the inveatigationa 

made to date and describe the Bureau of Ax Comaerce WashIngton-Baltlnore 

radio teletypewriter clrcult and equlpment. 

~IJIRELEhTS OF THE BUREAU OF AIR COMMRCE COMMUNICKCIOiiS SYSTEM 

The mayor commmloetlons traffic handled on the Bureau of Au 

Commerce teletypewriter circuits aonslsts of weather sequences, co-called 

because the lnformatlon 18 collected at various weather observing sta- 

tions along an au-vmy and placed on the circuit at deflnlte scheduled 

tows dwlng each hour of the day. Each station on the au-way places the 

local weather data on the clrc1J.t in sequence, startlrg from ozw of the 

terknnl stations. At the end of the sequence, all stations on the $1~ 

cult have a complete copy of the entire ileather sequence for the ax-w~~y. 

Such a chaua c mmnunlcationa system places a wvere reqlurermnt on the 

operation of the clrol>its bjr radio, and differs marlcedly frcau ordinary 
3910 
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point-to-point. and inter-city circuits oh that +rarsaxslons za.at orlgl- 

mate at either ter?rxsal or any intermedmte station on the omcult, and 

ccpms must be received smultameously at all stations mcluding the 

originating pomt. In addition, it is required that tile same prmter be 

used for tranmittmg and receiving, and that any station on the circuit 

be able to "break" tran.missicns at any time. Further requlrements are 

those encountered In any other communications system, namely reliablllty, 

emuracy, simplicity of opsratlon end speed. Radio and terninal equip- 

ment are required to F* bn an essentially unattended basis. Absolute 

aacuraoy is essential. since a great many symbola and abbreviations are 

used in weather communioations. The increasing demand by alrline ser- 

vices for more frequent weather aformation and added mterlal, such e.8 

fllaather forecasts and upper air reports,has placed a heavy load on the 

present teletypewriter circuits. Prior to July 1, 1937, 40 vr.pJn. (words 

per minute) leas the maximum speed of these circuits. This has since been 

speeded up to 60 w.P.E., the maximum praaticable speed of the teletype- 

writers. Ho particular difficulty is enooontered in the radio operation 

of printers at this speed. By increasing the number of tone modulation 

channels, the effective speed in words per minute can be xxweased several 

t-s, prcvidgd th? radio circuit is of high quality. 

Tna technical obbtaoles arising in the eatabllshment of a high 

frequenoy reoord printing communications clrouit,whhere the electsical im- 

pulses ate no longer guided by wire lines, nmy be divided into three 

conditions of radio wave propagation, viz., (1) noise, (2) fading, and 

(3) multipath tx'ansmissien. ThB signwl/nolse ratio required is ocnaiderrbl;F 
1926 
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greater than that needed for aural reception , sinoe the reoording mea:%- 

rnsrn takes th6 form of some relay or triggering device which does not 

p,ossess the ability of the human ear to discriminate between static and 

signal impulses. Numerous methods of decreasing noise have been devised, 

but the most practxal laown mean8 is by frequency selectivity.' The 

noise output of a rece=ver is directly proportional to the selectivity 

or band width aooepted, and the use of audio frequency filters has been 

found very helpful in increasing the signal/noise ratio. These filters, 

hovnner, must have a sufficient band width to pass the tone Impulse fre- 

quency without appreciable distortion. Fading causes wide variations of 

received signal strength, snd the recording mechanismmustbe designed 

to operate faithfully tier these conditions. Multi-path transmission 

or multiple echoes result from signals errivlng at slightly different 

times due to reflected sky wave components, producing distorted impulse=, 

and this must be taken into account in the design of the recording, 

meohanism. In other words B certain margin of safety must be allowed for 

to take owe of light or heavy impulse8 and rounded impulse waveform& 

Two methods are generally employed to aid in malntalning a constant sig- 

nal levelr 

(1) The use of automatic gain control, wherein the amplitude of 

the radio frequenoy sIgna controls the gain of the reoeiver. 

(2) The use of a luniter, whereln the rectified marking Impulses 

are made to drive the grid of a tube to out-off from normal 

value, so that increases of signal cannot have any tither 

affect. 

39lb 
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These devices, although helpful, ax'e instiaient undei oer- 

tain fading conditions when the signal drops out entirely. To cambat 

this, diversity reception 18 often employed. This conslats of mixing 

the rectified signal outputs from two or more receivers, whose antennas 

are separated in speoe. It has been found that fading will rarely ever 

occur at three different points in space sunultaneously, oven though 

th6y may be separated by only a few hundred feet. Such systems are ocm- 

plex snd expensive, .nnd are eoonomioally Justtiled only on long-haul 

high speed oirouits. 

HIGE FRXJWNCY TESTS 

The first high frequency tests oonduoted by the-Bureau irl ds- 

termiung the practicability of operating teletypewiters by radio werm 

conducted between Salt Lake City, Utah, and Idaho Falls, Idaha. (a dia- 

tanoe of apprbximately 230 miles) in the latter part of 1932. The fre- 

quency assigned for this wnork w&e 4070 kilocyoles, and standwd receivers 

and crystal oontrolled point-to-point o-w telegraph transmitters were 

usea. Tests were conducted mainly during the daylight hours, since the 

frequency of 4070 kslocyoles xas not sutable for night transmission be- 

-hen the two sites. The thrnsrmtters had a power output of 400 watts 

Horizontal half-move antennas supported betwen 80 foot poles mwe fed 

by mans of open wire transmission lines. The reoeivere were the stan- 

dard type m auperheterodynes. In an FAttsmpL to keep the terminal equip- 

ment as eimple end inexpensive 8s possible , It leas decided to use B 

single-tone system, whloh nil1 be described In d&all later in thi& re- 

port. The chief difficulties encountered were, 
3920 
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(1) Extreme fading; much greater then could be handled by the 

system. 

(2) High Norse levels at both sitnP, but particularly at Salt 

Lake City. 

Muoh of the noise et Salt Lake City was due to nearby street 

oars and the large number of arc lamps used throughout the city. Errors 

in teletype copy varied from a fen tenths of one per oent to over 26 per 

cent. The single-tone system used, which is based on transient phenome- 

na for its operation, was particularly susceptible to statia. 

An improvement was made in the alrcuit, when the method of 

keying the tranam~tters vms reversed from "white keying" to "black key- 

lpg"* White keying refers to carrxer "on" for spaaing impulses and "off" 

for marking impulses. Black keying refers to carrier "off" for spacing 

impulses and "on" for markIng Impulses. Using the black keying, the 

aarrier was normally on the air and was broken only by the rapid spacing 

impulses. This allowed the use of the automatlo gain control in the re- 

ceivers and aided considerably in redwing the effects of fading. Al- 

though it seems reasonable to belleve that the probability of random 

atmospheric noise arriving at the receiving antenna III or out of phase 

tith the signal would be about equal. it ma8 found that black keying gave 

less errors due to noise than whhlte keying. The advantage to be gained 

by <he use of sharp filters could not be reallsed due to insuffioiently 

stable oscillators III the receivers, which did not hold the beat note 

mthin the filter band over long pericda of time. 
3520 
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In 1934, when further tests lrlth tba m equipment were \3n- 

duoted on 2960 ldlooyoles between Wuhington end Baltimore, th6 results 

obtained ware essentially the same. OPer this 40 mile circuit fading 

ua~ deareased to sane extent by employing vertically polarized antennas 

for both transmitting and reoelving. From the standpoint of operating 

a chain of antcm&io repeater stations to meet thb requirements set 

forth previously in this paper, the use of high frequencies appeared 

hopetiss, unless each station -6 eqtippedmth diversity reoeiving equip- 

ment and high pouar transmitters with directive antenna e-rays. &ah a 

systemwould be econumioally prohibitive and oould not auocessfull? corn-- 

pete with m-We llries. 

DEVELOPWi!F OF THE UIEUHIGHPEFQlJE?XY CIRCUIT 

With the increasing intereet in the use of ultra high tiequa- 

ohs, teat6 mere started in the 1atCe.r part of 1934 bekmenWsshir&on 

and Baltimore on 36 magaoyoles, usjng the same terminal equipment that 

had been previOUBly used on 2960 kilocycles. Thd transmitting antes 

at Waashingtdn ~68 125 feet above the ground, and the reoeivlng antelrns 

at Baltiaore tga 30 feet above the ground. Both antennas were eight- 

slement vsrtiaally polarized arrays. The transmitter at Washington ~8 

wry&al oontrolled, delivering abdut SO watts. Tone modulation xas used 

in these teats. Beveral types of receivers were used at the Baltimore 

end 6f the circuit, ineluding two super-regetirative types and two super- 

hdterodynas, one af whioh nas crystal co&Palled. These tests proved 

very enoouraging because of the inoreaaed sign&l/noise ratio, and much 
5936 
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less fading than 1~88 encountered on the high frequencles. The term,%1 

equipment, however, lens fit111 found susoeptible to noise, particularly 

ignition noise. 

As nore data became available on the propagation of ultra high 

frequencies, it was noted that police radio and amateur slgnale in the 

band 30 to 45 megacycles were balng received at very great distenaes 

under certain oonditions, indlcatlng the presenoe of reflected sky nave8. 

Equipment was then changed to operate in the 60 to 65 megaoycle band. 

Thu equipment 1s described in the following. 

Transmitters. 

The trtxnamittera origlnally utilized 6.125 megacycle crystala 

in a tri-tet circuit, and th& radio frequency amplifier tubes were type 

652 usmg couventional coil and condenser tank clrcuita. Due to the faot 

that the trl-tet oscillator oircut oause~ excessive heating of the orys- 

tals, the cucuit ‘~88 changed to B crystal-dynatron circuit using a type 

57 tube. The crystal current IWS thereby reduoed to a maxFmum of 36 ma.. 

and the harmonic output 1~aa suffiolently strong up to thd fourth harmonio 

to enable the orystal frequenoy to be dropped to 4.0625 niegacyolea. The 

fourth harmonic (16.25 megacyoles) is derived direatly from the 67 orye- 

tal stage. then doubled in an m-23 tube and again amplified in an RK-23 

stage to produce approximately 18 mtts of POWS at 32.5 megacyoles, 

whlah is sufficient driving power for the sucoeeding atages even with 

poop crystals. The orystals used are of the lcwtemperatwe coefficient 

type. The 652 type tubes, due to their relative lneffioienay at higbsr 

frequenaies, were replaaed v&h type 304-B tubes. Follolrlng the 32.5 
37=0 
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megacyole exalter stage, a 304-B tube doubles the Prequenoy to 66 mega- 

oyelsa. after *hich one 304-B is used as an intemedmte wnplifmr to 

drive two 304-B tubes in push-pull in the power amplifier. The plate 

effioienoy of the pomr emfilifier is of the order of 60 per cent when 

delivering 100 mtta of pomr at 65 megacycles. The high efflcmnoy ob- 

tained is partly due to the efficient 304-B tubes and also largely to 

thd type of tank circuits used, which consist of "hairpin" oolls and 

"pie-platw" oondensers, simulating tranmiss~on lme-type tanks. The 

output of the ponar amplifier is inductively aoupled to an open mire 

trmsmisalti line leading to the antenna array. 

A oonventidnal class B modulator ia used to modulate the p-r 

amplifier. The modulator oonsists of two type 263 tubes feeding two 

type 836 tubes in class B. !Qe modulator input is 600 ohma, capable of 

being aonneoted to the output of a speeah amplifier or tone keyer to be 

desoribed later. Separate ueroury vapor reotifiers are used for the 

radio and audio frequency stages. Power is supplied to the transmitter 

at 110 volta, 60 oyoles, single phase. A block diagram of the tram 

titter is shown in figure 1. 

Reoeivers. 

The first receiver6 used were of the Uupei-regenerative type. 

These supplied aignels of sufficient amplitude to operate the terminal 

equipment, but sinoe this type of receiver la not generally suitable fdr 

unattended operation, oommercially awilable oryetal-controlled super- 

heterodyne reoeivers were obtained. Thd sensitivity of these reoeivera, 

at 61~gncyclea, wa8 sufficient to give IL useable signal although they 
3720 
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vmre operating far from the a.g.c. (automatiu gain control) region. Rt 

65 mgaoyoles, the sensitivity mas 80 low that no signals could be heard 

at the Kv.hmgton statlon. Provision was made in the teosivera to make 

the beating oscillator self-exoited, giving an ~narease in sensltivlty. 

This inorease was insufficient to permit their use at 65 msgacyoles. 

The crystal oontrolled reaeivers mere rebuilt usiog the origl- 

nal mtermediate frequency W&lfier and audio system, A double oonoen- 

tno line Input 1s used mth B 954 tube as a radio frequency amplifier. 

The plate of the radio frequency amplifier uses a aomentioml ooil and 

condenser. The "se of seotlons of aonasntrio 1Fne loaded mth B capacity 

for the tuned clrauits provides a high Q oircuit, which is self-shielded 

and mschanically rugged. The first deteotor is a 954 type tube, the 

heterodyne voltage being introduced III thd oathode circuit. The frequenoy 

of the heterodym osoillator is oontrolled by a low temperature omffi- 

oient orystal. Th& fundamental frequenoy of the crystal is suah that the 

sixth harmonic 18 3850 kilocycles less than the signal frequency. Two 

types of hetsrodyne soui-ce are being used. In one type, pi 954 tube eats 

as a frequency multlplmr feedmg the thiid harmonic to the oathode oir- 

cut of the detector. The other type uses an extra stage of mplifiuation, 

operating 88 a frequenoy doubler. feeding thd sixth harmonio to the first 

d&e&or. The latter adds an extra tuning oontrol. A blook sohmmtm 

diagram of this receiver is shm in figure 2. TM perfo-oe oharaoter- 

idtics of the receiver are as followat 

Sensitivity - 3 momvolts ttiough a 60 ohm resistmos for zero db 

output. 
3E1a 0 



-l3- 

intermediate frequency selectivity - 60 kilocycles w.de at 3 -Ib 

down from resonance. (See fxg. 3) 

Image reqmnsa - 85.3 db down. 

Figure I+ is the a.g.c.-noise output curve. This curve was obtained 

by measurxng the output of the receiver with and tithout modulation for 

various input signals. A modulation of 30 per cent with 400 cycles was 

used. This curve gives a measure of the utility of the receiver. 

Antermas. 

The fz-st antennas used were Sterba arrays, using vertxal 

polarlzatlon. They consisted of two vertical one-half wave sections 

spaced horIzontally one-half wave apart, for the top three tiers, mth a 

slrmlar quarter-wave section at the bottom. A slrmlalar bay placed one- 

quarter wave behind the antenna was used as a parasitic reflector. The 

antenna was fed by a two wire open line at a current maximum. The trans- 

mitting and receiving antennas were atie and erected on 65 fo& wooden 

poles. This typ of antenna gives a gain of about 10 db over a sdngls 

half-wave radiator. 

gew transmittang and receiving antennas were desIgned and erat 

ted later on 125 foot steel towers. The transmitting sntenns uses four 

horizontal one-half wave elements spaced one-half wave apart in the verti- 

cal plane, fed in-phase,w~th a similar unitplacedone-quartersa~ be- 

band the antenna used as a parasitic reflector. The construction is a 

mcxdlfied Cxrnstileff, using no insulators. A tmo ware open line feeds 

the antenna, and a stub matclung sectxn 1s used near the antenna to re- 

mom standing waves from the IJIB. 
3920 
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Horizontal rhombic antennas are used for receiving. Tb66e e.re 

ereoted on top of 125 foot steel towers, each side of the antenna ~1ng 

two wavelengths long. Unidirectional charaoterlstios are obtained by 

hmm.ating the forward end in a resistmoe. The transmission lma to 

the reoeiver is of the two wire open type. 

When the .electrlaYl im+lves of a telegraphio aommunioat~o~~ 

system are no longer guided by wires, it beoomes necessary to provide ap- 

paratus to ohange the d-c. xnpulses of the tolatyl%writer into a few 

whhloh oan be transmitted by radio , and at the reoeiTsr be translated back 

to the d-o. impulses with the same original nharactorlstxs. The sim- 

plest system would conSi.& of keying the oarrler with the teletypemiter 

impulses, then reotlfying the received oarrier and operating a relay from 

these xnpulses. Direct keying of the carrier has two main objections: 

(1) Multi-a~xinnel operation is diffioult and resort must be made to some 

form of tlrne division multiplex prfnoiple, with its attendant complex 

terminal equipat and necessity for automatlo sp~hronou~ tI'ansmission. 

(2) Without oomplioated circuits, the a.g.o. aotlon of a receiver can 

not be used to keep reoeived levels at a constant amplitude. consequent- 

ly, tone modulated carriers were used on this clrouit. 

Figure 5 illustrates a simple form of equipment required for 

use in operating a visual recorder or printer by radio. Assume that mark- 

ing impulses consist of signal nonw , and spaamg impulses are signal "off'. 

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

output of the reoeiver (either modulation tone or o-w beat note) is fed 
.I910 
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mto a rectifmr, which oowsrts the markIng impulses to d-c mpulsea 

suitable for actuating the sq11.4 wmndlng of the recelvlng relay, here- 

by closmg the circuit to the prmter magnet or recorder. During spac- 

mg inpxls- > qn signal 1s rectlfmd. hence the reaeiving relay armature 

1s held to the spac!ng siou by the biasing mndlng. In this system, 

there 16 :ro oonstant relaC;onbetween the force tending to throw the ama- 

ture to t:rr mrklng position. and the restoring form produced by the 

bias. The vstorinp fordo '2 r,mstant, .I wi-mreas varying signal levels 

produoe ~e-~-Yorns in the signal actuating foroe. Suoh a system is said 

to be "bmsed". 

lingineere of the Bell Telephone Laboratories have devised a 

sonem whereby Lhe restormg ourrent of the reoeiving relay is mused to 

vary approximately in acoordanoe mth the strength of the moeiwd sig- 

nal by ubmg the so-called two-tone system. One tone is used for the 

lwklng impulses and azlot;tar tom 1s transmtted for thb apaoing impulse%. 

The two tones are therehy subJected to aimAlar attenuations of the radio 

circuit, except in CGSBS of selective fading. This system. howeTer, re- 

qunes two filters and two reotifiers , one for each tone on a one way oir- 

CL It. Figure 6 IS a diagrap reproduced from a paper by Bailey and M~bocan&~ 

illustrating the variations of the radio oircuit that can be tolerated by 

b&h the single-tone method anth fixed bias end two-tone n&hod of tr- 

mission. These curve6 show the relation betAgen received ourrent and the 

limits of printer margin within whloh oorreot omration is secured. The 

ordinates of the ourve# es given by Bailey and Mcbccann have been afverted 

to read in per oent of the maximum mrgin obtainable by th& &iauk 

printer used (whloh was assumed to be 86 points, the maximti lllrrgin obtained 
39ld 
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with the two-tone system in their tests). For a certain rrrlnmwL signal 

for each method of transmission, the upper and lomr limits of prilt,or 

margm meet, indicatmg oomplete fallare to print. With ~noreasa in azg- 

ml level, the limits of printer margin are not affenG6 BP aer1ouely in 

the ho-tone method es m the smgis-tone fired 'Lblar c'tk :a! . Tt 5s ap- 

parent then that the Ideal margin charaoterist~o *, 'o 3~8';md ~8 B rec- 

tangle. The normal rsoeiving ourrent level lb shown y-3 a above the 

point of printer failure, and oould have been i-eimd mns:de.arably higher 

if the cirouit noise had been 10-r. This systw ms ia~arl on a long mve 

ttana-atlantio circuit, and noise level limitea q~~rt~t~w f;n ieweJa be- 

tween plue or minus 7 db of the norm1 zero shown o= / I^ 8. mereas 

the single-tone fixed bias s-+&an: lirmted operatlm ?, &reels 'between plue 

and minus 3 db. 

Obviously, an unbiased system is desirable and for the sake of 

simplicity a single-tone 6yatem is to be preferred. A modification af 

the smple oircuit of figure 5 is shown ih figure 7, whmh is B single- 

tOBe system modified to elminate the fixed bias. In trls circuit, a high 

speed Creed relay is operated through the charging and diachargmg of the 

condenser C in the plate circuit of tube V!P1. The ~om:arits X, I., and C 

are ohosen suoh that they constatute o dead-bat osoillatory oircuit. 

Changes of the plate ourrent in VT1 , mused by th6 rise ti fall of the 

reotified signal Impulse, oauee momentary surges of current to flow through 

the relay winding, in one dlreotion for inoreaslng plate current and in 

the opposite direction for decreasing plate current. Thus the devfoe oper- 

stes on the rate-of-change of amplitude rather than on the magnitude of 
J52b 
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the reotified impulse, and 1s essentially independent of the vsriatlons 

in signal strength. Figure 8 show the operating margfn chara& ratio 

obtained tith this eystem. It v&t1 be noted that the imprwe&aA owr 

the single-tone fixed bias system is considerable, and the relay was 

able to operate wall for variations of signal of about 14 db. The nor- 

lrml operating current ws set about 4 db below the upper limit, to allw 

for more fading. Furthermore, tku tube '/T1 of :.&GO 7 me oonnected 80 

that a marking impulse would drive it to cut-ofP, thereby provldlng a 

degree of llmitlng. This system, although removing the objectIon of the 

biased system, was susceptible to statlo SI~YB 1% Is eaxntlRlly a tr;i+ 

shnt operated devloe. This type of relay was usad in t1.e previouely 

dssoribed high frequency tests. 

The gas disoharge tube relay. 

In an effort to obtain a system which would be more free from 

effeo'ca of statio and interference end obtain a margIn characterlstla 

whose shape is reatangular, resort ma made to the 885 type of gas 

discharge triode. The ciroult 18 shdnn in figure 9. During spacing im- 

pulses, the gas discharge tube VT1 is ionized and drawe plate current 

rhioh can bd adJusted to the daswad value by reelstanoe Rl. At the same 

time VT2 is biased below cut-off end is not lonjzed. Condenser C is then 

oherggd to a potential, suoh that 8, figure 9~1s plus 16 volts to ground 

(which is approximately the drop acroee VT1 when it is ionized) and B is 

at full plate potential above ground, say plus 100 volts. During mark- 

ing impulses the grid of Vl'z is driven positive, a&using It to bemow ion- 

ized end draw plate current of oonstant value, depending on thd wlue of Rz. 
J920 
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This changeB the potentials rrt A md B. Potential. :! dRcreasea PrLm plus 

100 to plus 16 volts. while A drops by the same tunonnt, or 85 volts, from 

plus 15 vo1t.s to minus 70 volts. sinoe the plate and grid Of VT1 have 

gone negative, the tube cc lmger is ionized and draw'r ICL plate currant. 

Thus, msrkmg and spaomg impulses trigger the *,a:: rl*Les oppositely, 

thereby operating the polarized receiving relay, rrzfi the relay ourrent~ ia 

independent of the triggerllng applied voltaGe, ~1':ng tin mbiased system. 

The best trig;ger:rrg iif the gas discharge Lubes obtains when the 

control grid current. under louired Londitloas, tti nt 8. tiln~~um.. This 

grid ourrent can be either B flow of m-rent Pro~i :!M grid to tha oathoda 

or from oathcde to grid, depending cm wbioh elemell~ r fit b posiuVe po- 

tsntialwlth respeot to t-h? other. This is trea al&% l.he oo?lduotion Of 

ourrent in this type of tutc h t; **m of 8ti 1+&L $13 gw. If the grid 

potential is not sufficiently negative, the tubes will oscillate Just as 

they trigger off, resultmg in a obatterlng of the resay and poor margins 

on the teletype machme. When the grid potential is exoessivelg negative, 

then there 18 too great e. difference in the instani.aueous voltap ~OOPB- 

sary to make the tubes trigger off. By referenoe to fl~ure 9, Ft is seen 

t&t when no rectifmd sl&,npl voltage 18 preb~lnt~ liar rb iomeed 6uLoe it& 

grid is at zero potential. ':T, Lb kot ionized am its grid LEI at, "I II~,&& 

tive potential equal to the bias voltage. Aa the notified signal voltage 

is mareased from zero, the grid of VT2 finally reu .j 8 a potentLhl suoh 

that the tube breaks dawn and extinguishes ml. As the reotified signal 

voltage is again deoreased VT1 g a ain breaks dm and extinguiehea VT2; 

but, when tM fixed bias is too great, the value of reatified signal 
39;LLI 
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The level controlled mpllfmr. 

In the oircuit as operated betmen Washmgtcn and Baltimra, 

It has been found that a fade whhlch reduoes the audio output of the PB- 

celver to about minus 35 db ia apt to cause error8 in prlntmg due to 

noise. A relay whloh would Fruit mth s~+%lc t-i-on! m'nm 36 dh up would 

then allcw prmtmg over the gseabla range of sl~nals, 

The relay described above ol?emtes ever a 26 ~'0 range, or 9 db 

loss than the useatle railgs of signals enperxxuxd on this wrouit. In 

order to ex'xc! this range, a level controlled tu~,rA~fie~ ~88 developed. 

This zmkes use of B bridge oxcult in which the plate rss~btanoe of a 

vacuum tde 1s used as the variable arm. The plate r'a.i; ~.<,cJ 18 coti- 

trolled by the rectifled cutput of' the bridge and g:vas an m@lfier 

whose outyA 1~ relatively cocstant. P1gure 12 i, a sohnmtic diagram 

of the completa amplif~r and relay. A rsce~vlng relay has been added 

to pernut operation of the tslatype maehue over a wire line, remote Prom 

the terrmnal equlpment, UI the case of an automatlo repeater station. bar 

the Input signal to the bridge 18 increase& there is an uuxease in out- 

put whloh, when rectafled by tta dlcde, furnishes B control voltage to 

sne grid of the oontrol tube arm brlngy the bridge WIOP~ nearly to a bal- 

anoe . The upper limit of input which O&D. be acocmmcdated by the bridge 

and oontrol circuit is determined by the design of the bridge and OWI- 

pcnent parts and is well above the overload limits of the first audio am- 

plifler tube supplying the bridge. 

The teletypewriter circuit 88 operated wea black keying or 

tone on for marking. The nc#mal ocndltlon f6r the ox+xut ia with a 

steady tone applied. A spaoing Impulse removes the tone and the tandenoy 
3910 
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There is another advantage in using B levrr: *,w. roEed mpH- 

ficr over a peak linuting type, aside fFom the ?nn!~‘* 4-E vSmI range. 

Figure 16 has been dm to lilustrate the sffeat of na%se i)n the two 

types of mqilfier-relay. While the figure is not a true pi&we air&me 

the aatwl impulses a-e somewhat rounded due to filters, eta., ftwill 

illuatPate the effeota enco~atered. Let (A) of figure 16 represent the 

keyed signal, (a) would be representative of the q mim si@al dth a mm11 

or normal amout of noise, (8; is the mma aignel ~5th ac appxmiak.L~ 

mom888 in noise. The noise thm&old oontrol hm &mn adjusted in eaoh 

amplifier-rslay to a value H , such thnt during spamng fmpulsaa, no 

noise will be rectified and the resulting reotified siga1 sri1.l be rep- 

resented by (D). The potential represented by the disltanos Y ia the pa- 

tential to whinh the eigml must fnll tti mwse the gas discharga tube= 

to trigger off. It is epparentkcm (D) that for ather mplifisr, the 

Pectified sigmlwlll be suoh that perfeet keping lrlll result. If thel 

noise level inemases, while 'the tone signal remains the aam, a signal 
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similar to (B) would result. Sums the average mount of energy mover a 

period of lame 1s greater thar before, the condenser C of figure 12 -!I': 

be charged to a higher potential and the control tube willbrmg the 

bridge oloser to baiance and -ad-me the gmn of the mpllfmr. Thu re- 

duction in gain then ml1 cive an output signal from the ampllfler which 

would closely approach (C), reducing the amplltuds of both no~zd and slg- 

nal by the same amount and correct keymg IS obtamed. In the peak 

lunting type of mpllfler, however, the gam is not changed appreciably 

but the peaks are cut off, resulting 1x1 a reduotron of the peak value of 

sIgna but no reduction in amplitude durmg spaomg mpulses, as shown 1x1 

(E) of figyre 16. The net result m thla case ml1 be that an apprecm- 

ble amount of noxe is motifled during the spacing mpulse, glvlng B 

reotifmd signal Z as IP (F), m which the reotlfied slgml potential 

does not fall lam enough for the gas ducharge tubes to trigger and a 

false warkmg impulse ia reoeived instead of a spaomg mpulse. 

On clean signals with no Norse or with noise of B constant and 

low value mch that the noise threshold oan be adJusted to take oare of 

it, either type of ampllfieFrelay ml1 give perfect printing, but when 

noxe ccmdltlona vary and signal level wrmtions are large, the advan- 

tages of the level controlled amplifmr-relay Justify the addltloml 

squipment. 

Filters. 

In order to increase the frequency selectivity of the rece~v- 

ing equpment beyond the llmts which can be acoomplished practically 111 

the radio frequency portions of the ?%ceiver, audio frequency filters 

h&w been incorporated m the termma equipment. 
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The start-stop prmters operate at 60 w.pa. correspond -F to 

a keymg frequency of 21 cycles per second. In order to reproduos 

reasonably square-topped signal impulses, the pass band of the filters 

must be sufflclently wide to accommodate at least the thud harmonio of 

the keymg frequency. or about 126 cycles. The attenuatLon character- 

lstlc of one of the filters used 1s shown in f&z-e 17. Thn band mdth 

at 3 db down frorc mid-frequency is approxmately 160 cycles and the m- 

sertion loss is 7.5 db. The filters are designed for a maximum input of 

4 volts r.m.6. 

In a single channel the filters are prlmarlly used as B man6 

of xxreaslng the slgnal/nolse ratio. For multi-channel oparation on 

the same carrier their we becomes a necessity and serves the double pur- 

pose of separatxg th# several channels and of increasing the signal/ 

noise ratlo. 

Keyers. 

Slnoe tone mcdulatlon 1s to be used, It 1s neoessary that the 

d-c. impulses of the teletype machIne be converted to tone impulses. 

This can be aocompllshed by the use of a relay, but It was felt that an 

eleotronlo keying device would ellmlnate a meohanloal relay and be more 

reliable. 

A push-pull amplifier, with the keying potential applied to 

the bias, would tend to reduce key clicks and other transients in the 

key&g due to the fact that the grids would be In parallel and the plates 

in push-pull to any disturbance intrcduoed in the grid bias supply. The 

schematic diagram of the keyer 18 shown in figure 18. 
3520 



- 25 - 

The statlon at Baltimore can operate either as a repe&*~ sta- 

t1on or a terminal station. When 0pratm.g as a tei-muml statlon, * 11 

necessary that the signals racelved prmt on the teletype zmchme but not 

be retransmitted. It 1s also necessary to transmit from the keyboard and 

provision must also be made for automatlo transmlsslon from a perforated 

tape using a transmlttlng distributor Anultaneously with reception. 

For ternunal statlon operation the dlstrlbutor 1~ connected 

bdtween terminals 2 and 3. In the marklng condition, the dlstrlbutor 

clrout 18 closed and the grid of the 885 tube assunes a negative poten- 

tlal Of 35 volts. In spacing condition the distributor clroult 1s open 

and the grid w.sumes a zero potential, thus breaking down the tube. 

Plate current, lunlted by the rsslstance in the plate circuit and the po- 

tentlal, uxreases the drop across Xl, biasing the amplifiers below out- 

off. When ionized, the 885 tube oscillates but , slnoe the ampllflerrr are 

well below cut-off, this osclllatlon is not oarrled through to the output. 

The condenser Cl further reduces the 8-c. voltage across Rl. Ths tune 

constant of RICl must be low enough to prevent rounding of the impulses. 

These two faotors in addition to the canoellatlon due to the push-pull 

plate cu-cuit elirmnate all output during spaolng xnpulses. 

In order that the keyboard be used, thd distributor must be 

stopped (a normal condltlon). When the keyboard oontaots K are closed 

(marking) no potential exlats across the terminals 1 and 2 and the ampli- 

fier la normal. If the oontacts II are opened, the no-load potential of 

the reotifre? appears across them. The keylug potential 18 taken from the 

potentlumeter R2-X3 and is sufficient t6 ionize the 885 tube (from 30-50 

volts). The normal negative potential of the grid of the 885 tube must 
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be enough to prevent lonleatlon and also such that, when the plate volt- 

age becomes B rmnunum (due to osclllatlon) the tube ml1 de-Ionlee. 

A further advantage in the use of a gas dlscharge tube to sup- 

ply the ksylng voltage is that :t does not act as an ampllfler and any 

ripple or "hash" m the teletypewrIter oxcult ~11 not be passed on to 

the ampllfler tubes. 

For repeater statIon operation the drop across the resIstor 

R4 xa the teletypewriter oucuit is used for the ksylng potential. Ter- 

mnals 2 and 3 are open and the grid of the 885 tube assumes zero poten- 

t1a1. The drop morass R4 1s adJusted to 35 volts. Thus when the tele- 

typewriter oxcult 1s closed, the bias on the 885 tube 16 enough to 

prevent lonlzatlon and tdne 1s transrmtted. The distributor is then al- 

so in serlea with the teletjrpewrlter machine for automatic transmission 

when no other signals are bang reaelved. When the circut is opened by 

the receiving relay, the keyboard contacts or the distributor, there mill 

be B loss of potsntlal across terminals 1 and 2 and the 885 tube Kill be- 

come ionized, blaslng off the amplifier and making m spacing impulse. 

This type of keying (In repeater condition) ia a form of I-B- 

generative keying, tending to correct the pulses at each repeater sta- 

tion, rather than add up the dls'cortlons 88 would be done by retransmit- 

$mg the received audio signals. 

The Washington station operates as a tarmlnal statlcn, and the 

keyer is used aa In the terrmnal statlon condition, except that the dis- 

tributor 1s in the teletypewriter circuit. 
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OpewAng charaotsrlstlos. 

The terminal equipment xas designed so that operation of the 

teletypewriter machine would b6 exactly snnlar to ?nre line circuits 

and 80 that standard machines could be used. With the Baltimore statIon 

operating a8 a repeater, this oondition is exaotly simulated. Trands- 

aions originating at Uaashlngton are received at Balrlmore and prnted, 

the impulse shape is correotsd and automatically transrmtted back to 

Washington where they agala print on a separate machine from the one- on 

whhlch the transmissioa originated. Thi6 16 III effect a three station oir- 

ouit with one .%tation acting a6 an automatio repeater. Transmissions 

originetmg at Baltn.wre print looally and S-B transmitted to Waahmgton, 

tith the normal provisions for breaking the circuit as in wire lima. 

The e&me mohine is used for transmitting and rece=nng. The Washington 

station always operates as a termnal and tire line oondltions are .&AU- 

lated at all tuaes. 

The aocwaay of the system 18 dependent largely on the radio 

circuit and is equal to or better than the average wire line circut. 

The z~oise levels encountered exe low and the range of the equipment 18 

such as to take 0-e of the useful range of signals 88 experienoed on 

this oircut wxth a large safety faotor to allow for unusual aonditions. 

Voltage regulators of the statio type have been included in the 

design of the terrmnal equipment to provlde a,onstant supply voltagestiti 

variations in line voltage from 80 to 140 volts, and in order to insure 

long life from the va~u~~~tubes the maximum plate voltage has been lim- 

ited to less than 225 volts. 
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It was the aim to provide equipment whhloh would be simple in 

operation, easy to maintan end capable of unattended operation. Few ad- 

Justments in the apparatus are crltlcal and these are very stable having 

onoe been set. 

A block schematlo diagram of the tsrmnu%l apparatus is shown 

in f1gur.3 19. 

DISCUSSION OF RESULTS ORTAEEZD ON TEE ULTRA HIGH FRBJUENCY 

RADIO TEIETYEWRITER CIRCUIT 

Recordlugs of the strength of the reoeivsd signals have been 

made during most of the time this circuit has been in operstion. The 

early records taken at Baltimore (when the antennas at both sites wne 011 

66 foot poles) ware of the rectified audio signal ~UXB the signals mwre 

loxv and the sensltlvlty of the receivers did not permit recording of the 

carrier strength. In February. 1936, horizontally polarized antennas were 

erected at both ends of the circuit on 125 foot steel towera, doubling the 

antenna heights. These new antennas had approximately the same gain as 

the old ones. This restilted in greater signal strengths whioh, lnth more 

senaitlve receivers, permltted the recordings to be made in term8 of oar- 

rler strength directly rather than the rectified audio output of the re- 

ceivers. 

The nxrease in the height of the antenna above ground produoee 

two effects, (1) an increase in signal, and (2) a decrease in the ampli- 

tude of the fading. 

(1) Effeat of antenna height on signal intensity. 

With the center of the reoeiving antenna 60 feet above ground 
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(vartloal polarieatlon), an .nore~se III height of the transn;ittlJg an- 

tenna from 60 to 120 feet resulted 10 an increase of approxlmatelq 10 db 

in the received signal, Llkawlse with the transmlttlng antenna 60 feet 

above ground, 11 zdtlsi ,L" t-w holght of the receuing antenna from 60 to 

120 feet produoed B lfl db increase III the recai7ed signal. Baislng the 

,soond ante?ma to 120 feet pxoduued approximate3v ti db ,~cre~se U-I slg- 

Using the iow antennas at the transmitter and reoeiver, the am- 

,~.dt: uf the s.lort +rlui ~aaiuk OQIL~N from prhoClcally nil to more 

thar? 20 db. The day to da;, UT longer, period trends show Eden greater 

variationa. Figure 21 is B reaording of the reotified audio output of 

the receiver taken at Baltlmora on November 6', 1935, and 1s reprsm4k- 
/ 

tin of many of the records taken which show the rapid ohangeo that ooold 

in the type of fading. Up u&l1 about 0120 E.S.T., the Ei@ldS are quite 

steady with a slow, long period wriation, with the fading amplitude of 
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about 4 db. Between 0120 and 0140 B change is taking place and by 0146 

the amplitude has mcreased considerably, reaohmg mplitudes of from L? 

to lb db. On other reoords the type of fading may change several timee 

during a day, the change8 bemg very abrupt at tmes and at other times 

gradually changmg from one type to another. 

Flgure 22 1s part of a redording taken at Wash-ngton on July 24, 

1937 (horizontal polarization, height 125 ft.) and IS mcluded to show 

the rapidity mth whhlch the sqnals change. It is a record of the oar- 

ner strength and represents slgmls many tms stronger tnan those of 

figure 21. For 24 hours previous to and PolloRing these fades, signals 

had been very steady. This recordmg illustrates the extremly rapld na- 

ture of the fades. On several ooo~8~ons these deep fades have beenwatoh- 

ed, and mth the teletype apparatus capable of following variations of 

the order of 60 db or more automtlcally, an addItiona 20 db has been 

followed manually (by removmg attenuators in the reoelver output) still 

to have the slgml drop below operating levels. whhloh indloates a om- 

plete loss of sIgna or a "drop-out". These "drop-outs' seldom last more 

than a few seconds. 

Due to the inertm of the pen of the recorder, a very sudden 

drop in signal muses an overshoot of thd tram. In cases where the sig- 

nal has dropped so that the reoo1v8r IS out of the a.g.c. region, and 

there 18 tm overshootmg of the trace, thu baa been oalled 8 "drop-out". 

Such "drop-outs* are in most mses instantaneous and the low signal end 

of the trace becomes B lme. In th8 recording in figure 22, the 1Mt of 

a.g.c. 1~8 a fade of about 30 db. The fade at 0840 represents a varia- 

tlon of approxmatelg 30 db while the overshoot of the pen indioate,g the 
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fade st 0915 to have been of a much grea&r amplitude and probablyr a 

oomplste loss of algnal for a fen seconds. Figure 23 is a chart shcvu- 

ing the dlstrlbutlon of fades whhlch mere smllar in nature to "drop-outa". 

This data covers the period from November 1, 1936, to BovemiMP 1, 1937. 

The dots on the chart represent quok fades of less than 30 db and more 

than 20 db amplitude. The crosses represent quick fadea greater than 30 

db, some of which were total loss of signal. More than 50 per oent of 

these fadea wre of the instantaneous typa, lasting only B fen seconds. 

Appronmately 64 per cent of the fades ooourredbehreen 2200 and 0900 

E.&T. the following day, ati 20 per oent of the fades ooourredbetwmen 

0600 and 0900 E.S.T. Three-fourths of the "drop-outs" narked by oro%aes 

occurred between July 24, and August 6. If 30 seconds lAere all-d for 

eaoh "drop-out', (and this is ample based on those "drop-outs" which have 

been followed manually), the total outage of the oircult from Bovember 1, 

1936, to November 1, 193'7, would be about 6.5 minutes. 

A chart showing the seasonal fading whleh occurred over the 

BaltimoreWashIngton radio circuit is shown in figule 24. These data 

nere taken from the recordings of carrier strength at Washington from 

the Baltimore transmitter on 65 megaoyoles , and Indicates the total rum- 

her of minutes during winch the signal was a given number of decibels be- 

low the normal signal. 

The most revert) fading. of the order of 30 db, oocurred during 

July, August and September. 

It ehcvld be noted that on this radio circuit, no diurnal regu- 

larity in the fading has been observed- Attempts at correlation of the 
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propagation mth temperature. barometer, humidity, or temperature inver- 

810~ have proved futile and no doubt all play an intrioate part in the 

mount of diffractIon and refraction of the ultra high frequenoies over 

any given non-optlcai path. 

Figure 25 is a profile map of the Waashmgton-Baltimore oirouit. 

shomng the antenna heights (125 feet) nm in me at both sites. In this 

profile the saale of the radius of the earth Is multlplmd by a factor 

of 50 and the scale of the slevatlontr dlvlded by the same faotor giving 

a true relation for the optloal range. From figure 25, It. is seen that 

each station 1s approxmately 180 meters (594 feet) below lme of sight. 

If the radius of the earth mm inoreased by a faotor 413 to amount for 

norm1 refractIon, the statlons ml1 still be below line of sight. Suf- 

floe it to say that although optical paths are desirable, their neoessity 

appears to have been overemphasxed for the frsquenoyband tested and the 

amount of normal diffractloo and refraotlon m the lower atmosphere is 

mfflcient to maintam a relmble ocmmunioat~on servioe over non-optimal 

paths as in the present 0888. 

While this mrouit has provided a cmmmm ioation ohanml in vhioh 

the effect of fadmg, diurnal and seasonal variations am of minor mpor- 

tame, other faotore such as interference, both man-made and natural, must 

be oonsldered. 

Nome and errors. 

The most serious noise is that from automobile igmtioa mystems, 

due to the proximty of the statlou to the highmys. Due to the fact 

that the beam of the Baltimore station falls along a heavily travelled road, 
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mom ignition noise ia picked up at that &&Ion. This noise pick-up is 

not noticeable from vehloles over a quarter of a mile distant. A mm- 

fil ohoios of the site would greatly ?eduoe this type of interferenoe. 

The general atmospherio level is very low. The circuit noise is more 

than 30 db below thei signal level meamred at the Input to the audio fll- 

tsr. Thin oirouit noise moludea reoeivsf noise, hum fromboth transmit- 

t&r end receiver and exterrml no%=. It should nut be inferred, honever, 

thnt th6 existing noise 1s of sufficient amplitude to muse errors, as 

psrieot operation has been maintained even with lm percentages of mode 

lation as used in thB multi-channel tests of whiah more will be said later. 

It la saPe to say that printing errors have not been due to these noise 

lsvels as experienaed at the two etations. 

While statio is at a very muoh lamr level in these ultra high 

fz%quanoybasde, it does exist in praotioally all of tha forms found at 

ths 1-r frequenoies. The normal noise level during storers does increase, 

but only such orashes 8s are caused by lightning disoharges in the inme- 

diate vloinity of th6 reoeiving station have oaused printing errors. 

Dming times when the circuit is idle (marking) the statio dlaoharge of- 

ten muses the reoelving relay to click, but the pulse is of too short a 

duration to cause B print on the teletype machine. Even eevete crashes 

DIUIB only B single oharaoter to print. This is, of oourae, increased 

when the oircuit is in operation to KU ~oaasionnl single character mie- 

print for normal discharges. A Bevere orash may drop the machine out of 

uynohronism nnd oauss several false characters before it again synchronizes 

1tasl.f. 
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In gensral it oan be said that the errors oaueed by fading, 

man-made end natural naiaea, end all other propagation oauasa have been 

too few to be expressed in any meeful perosntage of ttammitted oharao- 

ten. Duringthe entire operatFng period there have beenno periods 

(other than mused by 'drop-outa" of a minute or lese) during mhich om- 

mmioatlon has not been poeeible due to any oaueee othe.i than failure of 

equipment or pomr. 

The ultra hLgh PrsqUenoy tranemiseioM are in general moat 

satirfnotory when approximate line of eight oonditione exist. This dis- 

t&m of oouree is dependent on the topography and the available anteme 

heights. Boise levela are inherently lmr then on the lomr frequenoy 

bands Irhioh, ae in all oommunioation oircuits, permita the uee of 1-r 

pmer to p~ov-lde en equivalent signal/noise ratio. Proper choioe of sites 

praotloally removes fading and permita thd we of m single frequenoy for 

day end night and all eoneons. 

It has been established that tranemJssions are made up of eev- 

era1 rays, the dire& ray and various refleoted raye. This is in ef'feot 

B multi-path tranemiesim, but the delaye thus enoomtered are too small 

to have any notioeabla effeot on the reoeivsd impulees &en though they 

ooneiat of a single cyole (1600 oycles per eeoond fundamental). 

ADl'QUTICFE=EATEBANDMULTI-CHANNBLTESTS 

Tests have been omduoted to determine the reliability of the 

oirouit, both with eaoh station noting BB a terminal and with Baltimme 

aoting 88 a repeater station. Mmh of the euooeee of the repeatmg tests 
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haa been due to the type of repeated signal. As explained above, the 

keying for automatic repeater cperatlcn is of the regenerative type, 

tending to teoonstruot the received signals and send them cut in true 

form end without noise. The ncmml me.rgm teeta give average margins 

lrlthin 5 pointa cf that obtained on looally generated signals. 

In April, 1937, a voice oh11nne1 maa added to determine the 

poseibilltiee of multi-channel operation. This required a lcw pass fil- 

ter 011 the voice channel to out oPP below the teletypewriter channel. 

FLW this test the toldtypewriter ohanne m&e put on 4300 oyolee. Figure 

26 ehcme the dbaraaterietia of the Piltere used at the rsoeivor to sep- 

nrnte the ohmnels. Although no band paae Pelter mm ueed at the true- 

mittor. the key cliaks were negligible. Sucoessful operatlcm cf the 

teletypunrltot oirouit could be maintained under normal oonditione tith 

about 10 per cent modulation, the remaining amplitude being ued for the 

voles airouit . 

In crdur to further etudy multi-ohmmel operaticin, another 

tslstypentitsr ohnnnellras added in July, 1937. Available equipnt me 

wed for tba aeoand charnel end although the band pass filter had its 

paa band at 1020 cyclea, and the first tone ecuroe me wed, the results 

mm very encouraging. The filters at the trenmitter then included a 

lm pare voioe filter, B 1020 oyole bead elimimticm filter end B 1020 

ayule band pass filter. The receiving equipmat used II 4300 oyole band 

paas, 1020 cyole band paae end a 1020 oyole band elimimticn filter. 

Th$ 1020 eycls bend pass filter at the tianemitter greatly mprowd the 
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circuit Prom the standpoint of key clioks sinoe the low or hying Pre- 

quency component me elmmated. Successful operation of the tIwee 

OhanneiB ma8 accomplished with B peak modulation of the telstmite? 

ohannels of approximately 20 per cent. 

OTEER PRINTINGMETHODS TESTED 

Faoaimile. 

Numerous tests have been made to ocmpare radio facsimile and 

radio teletypewriter. This comparison 18 B diffioult cne because of the 

inherent differencea m the two syateme. The best copy Prom the Pao- 

almile oannot compare mth the teletypewriter printed copy, whether it 

be carbon or ink printing of the Paosimile,beoause the elements of the 

separate letters are broader or heavier and are made up of groups of 

lines or dote printed at different times. A comparison might be made to 

the dlfferenoee between newsprInt pictures and photographs in the ratter 

of picture deflnitlon. In order to improve the facsimile oopy, it would 

be necessary to increase the definition which would meen an even broader 

frequency spectrum. 

Be was stated prevxously, m a maather trensmJtting eervloe, 

a8 maintuned by the Bureau of Air Commerce, Pull advantage of the oir- 

cults must be taken to transmit the volume of information that la needed, 

For that reason the messages are coded. It is absolutely essential. 

therefore, that each character stand fully on ita ci?n merit and not de- 

pend on its asaoo~ation mth other characters for its intelligibility. 

For example, in straight copy, one or more letters may be otutted Pram a 
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word, and in may mee8 a whole word, without losmg the intelligibility 

of the sentence. In my coded message. an error may change the entire 

meaning regardless of the tgpe of tranemss~on, but en error caused by 

misinterpretmg a charaoter is eliminated Prom the teletypemiter oopy. 

In the umetouched photograph, figure 27, .sre ahcwn samples of facsimile 

to illustrate the effect of noise on mtellig~bility. It is apparent 

that there are may oharaoters which if taken by themselves might easily 

be lnteppreted differently by two persons, but taken as a whole the words 

are quite clear. 

Into in 1934a acmmercially aarilable radio Paosimile equip- 

ment using photoelectrio tape scanner and carbon tape reccrding 1~88 made 

avaIlable to the Bureau for teetrr Thg reoelving equipment l~ae set up @t 

a site approximately 126 miles Prom Silver Hill, Md. The 400 watt trane- 

titter at Sliver Hill, Md ., me used for tranmbitting on 2960 kilooycles. 

Teletypewriter equfpment developed to 'chat date (circuit of Pig. 7) was 

also set up for oompnriscn. 

The results of these tests brought out three thlngsr 

(1) Teletypewriter equipment gave perfect copy cv*r a eignel varla- 

tion of 17 db, while Pacslrmle was capable of mthetendlng only a 10 db 

change in signal level. 

(2) Due to the wide transmission bend resulting Prom the high keying 

speed cf the Paoeimlle, it is dlffioult to inareaae the slgnal./noiae 

ratio by msans of audio frequency filters. Furthermore, a tranelent noise 

impulse is of the came oharaoter 88 the dot element in the faoeimile, and 

oennot be remcved by eimple m&hods. For the same speed In words per 

mimiye the keying frequency of the teletypewriter is very much lcwr npd 
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B smnlar noise mpulse cm easily be removed without dest.rDylng the IP- 

telligence. The practical result is that the teletypewriter syetem can 

operate with a much lmr signal/noise ratlo, end perfect copy can be 

received long after the intelligence of the Paoei~le copy is lost 

through extraneous noise spots. This wae amply demonstrated in these 

teats. 

(3) Multiple path signals caused double Image characters to be 

prlnted on the faoslmile oopy, while under the eame oonditiona the tele- 

typewriter copy was not affeoted. The speed cf transmission cn both 

equipments wan 60 w.p.m. The effeots of multipath tranemisalon on fao- 

simile mre more serioue then on teletypewriter because of the higher 

keying Prequenoy required Par the eeme number of worda per minute trane- 

mitted. 

later in 1935, tests were again oonducted 011 B similar but im.- 

proved form of Pacslmile apparatus. The teletypewriter terminal equip- 

ment by this time had aleo been imprcved by uee of the gas dlaoharga type 

of relay. These tests mre carried on between Washington end Baltimcre on 

bl and 65 megacycles. The slgnal range of the facsilnile, had been ihoreased 

to ccver about 15 db, while the teletypewriter range extended cvor about 

26 db. Conolua~ons slrmlar to those of the previous tests were arrived 

at, mwlyr 

(1) Teletypewriter equipment wne capable of operating over a 

greater change of signal level. 

(2) Interpretation of charaotere cn facsimile copy, when ccverod 

with nolee spots, was extre&ly diffloult, disproving the o-on Pallacy 
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that fnoain&le oopy cm be read even though covared lrith noise spota. 

Single characters are &ten rendered oompletely unintelligible by the 

addition of a few spurious nol~e spots. 

(3) Double image oo~wns not observed on 61 and 65 mgmyoles, 

indicating that no multipld path transrmss~~m took plaoa. Nevertheless, 

facsimile oharsoters were often spread out when the printer bar bore too 

lightly or too heavily on the oarbon tape. 

In addition to the above, other 8erloue disadvantages of faa- 

simile are apparent% 

(1) In a ohain communioations syetsm, afiere repeated retranemia- 

aiom are neoeasary, the noise can be more readily removed from the tels- 

typslrriter sigml than from the facsimile signal. The 1-r keying 

fmquenoy of the teletypewriter permita the ume of sharper filters and 

muoh lsas aumplex signal oorreoting circuits or regeneration. Resoaming 

of faoriaile copy is the most undesirable procedure, 8s found by aotual 

teat, and even in simple retranamiaaionthe noise distortion adds up 

rapidly over several repaatlng statlona. 

(2) Ho method of storing a ~ssage at B terminal station for fu- 

ture retransmission is prwided with faosuaile, other than rescanning of 

the reoeived oopy. Teletypewriter signals, on the other hand, may be 

used to rspsrforrate B tape at the same tiw the reoeived copy ia being 

printed. 

(3) Faosimile requires a band approxim&.ely 1000 cycles wide for 

60 w.pa. - 100 line definition. whereas tsletmitsr requires about a 

120 to 130 oyole band width for the aaum speed. At least three and 

poaaibly f&ur 60 n.p.m. telet~iter channel6 oould be inserted in the 
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spectrum required for facslmlle with a corresponding effeotive lnoreas? 

in speed to 160 or 240 w.p.m. 

A high speed printer. 

In the latter part of 1936 and again early in 1937, numerous 

tests were conducted on B commercially avwlable high speed pnnter 

over the Washmngton-Baltimore ultra high frequency clrouit. 

Essentially, this system depends for its operation on the UBB 

of comblnntlons of eight single sine wan impulses derived from B aommon 

osolllator and phase-splitting networks. For example, the first impulse 

IS used for synobronizlng, end the fourth impulse 1s used for shifting 

from lower to upper owe figures, leaving 81x impulses for oombin.9.tiona 

In a six unit code. 

An eight phase voltage is applied to the plate8 of eight wo- 

,~UIO. tubes through the selector magnets of the printer. The reoelved im- 

&s?s are applied to the grids of these 86~~ tubea in the proper 

sequence so that of the reoeived impulse unbiases the tube at the IAm 

the plate VQltFage is applied, the tube will then conduot ourrent and 

close the armature. Four to six groups of pulse6 are necessary to olclre 

the magnet. Each armature operates a code bar and opuses the printer to 

operate. 

Exabt syhohronism 18 essential between the reoeived pulses cad 

the plate supply to the several tubes. 

These printers were capable of operation up to 120 a.p.m. with 

8 short wiite line comotlon, but It is anticipated that oonalderable 

dlfficultywould be enoounterpd when working over telephone 1~~s or 
3fZD 



- 41 - 

oables of any great length due to dlstortlon of the traneient Impulses. 

Sinoe the printing of each character neoessltates about sFX groupa of 

impulaee. it would appear that statio would have little effect, 88 It is 

hardly probable that readom-nolse would be sufflclently regular over 81x 

groups of combination impulaes to oe.use a false charaoter to print. It 

is entirely possible, however, that a perlodio recurring interference 

suoh as ignition noise might cause false printing. 

The radio teats disclosed the follovang results. 

(1) The impulses used in the system are highly transient in nature, 

and it wue found highly susceptible to noise. 

(2) A very high quality circuit la essential to trenarmt and re- 

eeive the impuleee tithout undue distortion. Calculations revealed 

1st a frequency spectrum approaohlng that required for broadcast pur- 

:oses would be neceseary to reproduce the impulses sufficiently well. 

‘.w inorease m speed over 60 w.p.m. teletypewrlter is not warranted, 

since the teletypewriter speed by u8e of multiple ohannels could easily 

exceed 120 w.p.m. with much lese difficulty. 

(3) The printer could operate falthfully for less than sight db 

vanatlon of slgnel level. 

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

to about one part in 100,000. 

RESULTS 

The results obtained in more than two years operation of the 

Tieshlngton-Baltimore radio teletypewriter olrcuit have shown that the 

necessary requirements of reliability, aoouraoy, slmplloity of operation 
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and speed have been met by the use of ultra high frequencies and the 

developrent of sutable termmal equipnxmt. 

The earlier work on 284, 4070 ti 2960 kllooyolee baas shown 

that frequemms in these banda ml1 not met the requirements of the 

Bureau of Au Oomneroe oommmioat~ona system due prinolpally t0 extreme 

fadmg, high noise levels, and reflected sky wave oomponents. The prop- 

agation olmraoteristics of the ultra high frequencms below about 45 

mgacynles, aa reported by many mvestigators, also indloate oaneider- 

able sky nave reflection. The oharacteriatios of 61 and 65 magaayoles 

over this path, however. mdioate that a high quality radio olrault 

suitable for multi-channel aemicss wn be obtained over distances in 

exoess of the optioal path. Suoh fadmg 88 exists om be taken aare of 

5~ proper dealgh of termina.1 equipnt ma has been done on this oirouit 

by means of the gas disoharge tube relay and level amtrolled amplifier, 

s-inoe noise levels on the olrcuit me very lm. 

The inveetigation of commercially available osrbon tape fao- 

simile has shown it, in its present statw of developmat, to be unsuit- 

able to Bureau of Air Comm-ae oommmioations traffla. Comparison teats 

with teletypewriter have ahown oonolusively that the teletypemiter is 

muoh to be preferred. 

ECONCXIO CONSIDERATICN5 

The ohoice between land line and radio teletypwriter oirouit 

operation, aside from purely teoixnoal oonsiderat~om ia largely depandont 

on two other faotora, -ly, the type of sermoe required and oust, 
a-20 
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The present land line teletypmntar faoilltiea of the Bureau of An 

Conrmeroe extend over approxmately 23,000 tiles. The oost of leasing 

tires for this service amounts to nearly$700,000 annually. 

In order to make a oomparison between land lme and radio, 

cost estlmatee were made up for B 600 mile oxcult (Washmgton, II. C. 

to Naashville, Tern.) consistmg of 9 drops. The radio circuit mcluded 

13 mtermdmta statlom of which 9 were drops. The clroult represents 

average conditmns for the radio teletypewriter em08 It mcludes both 

level and mounOainoue gowntry and at least average conditions for land 

line teletypemiter. 

The loo&ion of the radio teletypemntor altes ms mde on a 

line of eighhtbaais 88 far as practioal, the nte.xim devlatlon being 

only 150 feet below line of sight. Idne of sight was oaloulated using 

the aotual radiue of the earth. It has been quite well establlshed by 

other investigators that normal refractlen would parrot the radius of 

the earth to be mul'clplmd by a factor of 4/S which would make all sltea 

within optical range. Actual distances ranged from 28 to 64 miles de- 

pending on the terram covered. The estmate included duplicate trans- 

mittag equipment with automatio change-over in case of fallura, spare 

rsoelving equipment, auxllmry pomr supply, bulldings, towers, addi- 

tional qualified mmtemnoe personnel, and misoellaneou~ other Items. 

The land line estimate inoluded only the oost of teletypewriter 

mohinea, inatallatlon, mintewnce and line charges. m0 construction 

coata were neeesaary on thie partloular circuit due to exlstmg faolll- 

ties. 

Figure 28 16 a cost estmate for the Waahmgton, D. C., to 
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Nashville, Tan., aimy conrmunication cirouit, shting a oomp&.aon 

between land line and ultra high frequency radio teletypewriter sw.ice. 

Operators' salaries wxo not Included in the estimate anoe they would 

be the same for alther t>Ta of olrcuit. It 18 found that mth a reeaun- 

able number of years allowed for obsolescence of equipment, a radio 

telstmiter clrouit is ecunom~cally justlfied using two or more ohan- 

ne1s. This 18 true slnoe ~n~rnas,fig the number of s~mulLaaeoua ahannels 

does not greatly lncrwaw tiiw xariir of the radio circuit. 

In addition, B radio teletypewriter oircult can proplde s 

service whlon cannot be furnished by l~lre lines, namely a gruund to air- 

craft voice channel and a gromd to airoraft tslstvpewrl'av o&nnel 

sxuultaneously tith two grwd station teletyviter ohannels st B 

emall xnc?-w.sB in oost as shown by the OWVBB of figure 26. 

In view of the results obtained, it is ooncluded that a high 

qua1lt.y radio repeater aircuit suitable for multi-ohannel services along 

the airways is feasible in the band 61to 65 nrmgacyolss. Buch a oirouit 

could prwxIe for a ground to alrcreft voiob channel. & ground to air- 

craft teletmiter channel and two grolmd station telatypeuriter ohan- 

nela. One ground statlen channel would be provided for all oozmmmloutican 

now handled on the land lines, the seoond to be lPade available fbr une 

in Bonnection tith air traffia oontrol. All teletype ohsnnels would ix&w 

B speed capability of 60 w.p.m. lb ground to aircraft telstypariter 

ohannel would provide direct printed oopy uf weather infbrnation and other 

oonrmunio8tions to pilots in'fllghtj the ground to airoraft p~ioe &nel 

could be used for eir traffic control. 
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In order to adapt ultra high frequency radio teletypmmmr 

to a cham of statlen along an airway , It is necessary to locate inter- 

medmte statlens at weather observmg pomts. Most of the mtermediate 

stations along an emway are selxvated by relatively short distanoes, 

mking the ultra high frequencies partloularly well adapted for this 

purpose. It is desirable also to obtam radio statlen sites 88 high 

above ihtervenmg ground BS 1s practlorble to obtain an approxxnnte line- 

of-aught transrmsslon path. Present beacon sites in most oases lend 

themselves admirably ~~11 for this purpose , and p-r is already awil- 

able at such sites. In a relatively few cases, due to Intervening ma- 

tams between statIon sites in rugged terraIn. It would be necessary to 

ereot automxtio repeater statlens to get "over the hump". 

In such a comnunxatlon chain it is desirable to have a direo- 

tlonal transmission of messages mth a minimum of' equipment. Aa &II BX- 

ample, let us assume B oxcult composed of four statlens, A, B. 0. and D. 

St&lens A and D are the terrmnals , and B and C are intermediate stations, 

one of whhloh nay be an automatic repeater statlon. hy one of the sta- 

tlons must be able to orIgInate Q lneesage and all others reoelve copies 

of it. Thus, a message originating at A muat be repeated through B and 

C to D; or a message orlgxmtmg at station C must be repeated through 

B to A and also go to D. This oan be aooompliahed by the use of two 

transmittera ar*l two reoeivers at each repeater station. Unidirectional 

antennas would be employed. However, in m attempt to reduoe the amount 

of equipment necessary, the B- result oan be aooamplished tith but one 
3928 
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transmitter and bid~rectlonal antenna and two receivers with uaidireo- 

tlonsl antennas et eaoh repeater station. 

Referrmg to figure 29, aaeume that a signal origin&w at 

station A. It is transmitted at frequency F1 modulated at B frequenay 

Ml. Thm is picked up at B on a reoeiver tuned to Fl end further pro- 

vided with B filter for Ml. The signal operates thq printer at B and 

also a keyer, putting Ml on the transmitter et B. The signal is then 

retransmitted at F2 -Ml. This is pioked up at statian C on B reoeiver 

tuned to P2 end filtered for Ml and again retransmitted to D in a manner 

similar to that at B. At the sem instant the signal from B maa ploked 

up at 0, however, it will also have gone to A, but since the reoeiver 

at A rqeots Mlby filter, the aign~l is dead-ended and no singing aen 

F3BUlt. The sanw anti-singing charaoteristioa will hold at the other 

stations. SiMe all signals going from A tomrd D are modulated at Ml, 

whhile those going IX, t-m direotlon D t-d A are nmdulated at frequenoy 

43' 

If' Bt‘AtiO3l 8 OrigilizlteE a lTS,BBSgV, it iB tra3lBmit'bd at Fz, 

but modulated tith both Ml and I&. In this oasv the receiver at A till 

piok up F2 -l$,while station 0 aooepta only F2 -Ml, end retrensmita 

it as Fg -Ml to D. Thus the desired result ie ewmplished lalth but 

OLlt) tr~E,dtter and trmBX,dtting antsD,E~, instvad of two trammittbra 

and mtW0 SntellllaB. 

Transmission in other dfreotiona may be acoumpllahvd FE neoee- 

sary by including additional reoeivsre , corrvot Pilters end ohanging the 

direotioml field pattern CC the antennae to inolude the additiorul at&i 
JY;td 
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5chematxc mrcuit of vacuum txbe relay, smgle-tom systemused in 
high frequency tests. 
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OperatFng margin characteristic of the relay (Fig. 12) taken under 
actual operating ccnditlohs on the VashmgkaMl altm U.H.F. 
circuit . 

Il.luatrat~ the effects of noise on the lewl oontr+Ued amplifier 
and p0aJ.c l&iter. 



- 49 - 

2-c 

17. 

18. 

19. 

20. 

21. 

24. 

-5. 

26. 

27. 

28. 

29. 

Attenuation charactermtlc of band pass audio frequency filter 
and schematIc dlagrsm. 

Xeyer circuits use.! op. the Washington-Baltmore U.H.F. radio 
clrcmt. 

Block schematx diagram of the terrmnal equipment. 

Recordmg, shomng effect of traasrmttmg antenna nelght on 
signal lntenslty and amplitude of faumg. 

Fiacordlng >Lus:ratLng deep, rapld fades of Vrop-ouV' nature. 

Chart showng occurrence of rapld, deep fades and ~'drop-outsfl 
for November 1, 1936 to October 31, 1937. 

Chart showng seasonal varlatvms MI fading from October 1, 1936 
to October 31, 1937. 

ProfIle map 01 &he Washx&on-Baltxnore radio clrcmt. 

Attenuation characteristics of voxe and band pass filters used 
XI multi-channel tests. 

Examples of carbon tape facsvlule recordings under various noise 
condltrons. 

Cost estimate for the Washington, D. C., to Nashville, Term., 
army communlcatlon clrcult, shormng comparison between land lane 
and ultra high frequency radio teletypemrater servace. Operators' 
salaries are not Included. 

Block dlag-rem lllustratdng operation of a chaxn of radio teletype- 
writer statIons. 
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Fig. 27. Examples of carbon tape faesmlle recordings 
under YBL-IOUUB noise conditions. 
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