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The Development of an Awrways Ultra-High-Frequency Communications
Circuit

SUMMARY

The development of 4n ultra-high-frequency
radio teletypewriter circuit between Washing-
ton, D C, and Baltunore, Md , 15 described
this report This errcuit has been 1 opera-
tion on an experimental basis for over 2 years

The radio and termmal equipment which
was designed to meet the rgid requirements
of the Bureau of Air Commerce communica-
trons system 13 described 1n detail The
propagation characteristics of the 61- and
65-megacycle frequencies 1mn use durmng the
past 2 years are discussed Dased on an analy-
s18 of the continnous records of recened sig-
nal at Washington for the period of November
1, 1936, to November 1, 1937, the total outage
of the circuit due to fading 15 estimated at
less than 10 minutes Quiages due to all other
causes hare been neghgible Previous re-
sults obtained m expermments on the low fie-
quencies {284 kilocycles) and later on the high
frequencies (3000 to 4000 klocycles) and on 38
megacycles are reviewed briefly, and 1t 1s con-
cluded that these frequencies are not suitable
for a communmeations circuit contaming a
number of automatic repeater stations, due to
fading, atmospheric noise, and reflected shky
waves

Experiments with other forms of record
printing equipment including focsimile are
discussed and comparisons made with tele-
typewriter These tests have shown that 1 1ts
present state of development, commercially
available faecsimile equipment 18 not suitable
for Bureau of Air Commerce communications
The teletypewriter was found superior to the
other printers tested

Multiple channel radio teletypewriter and
sunultaneous voice transmission experiments
are also described with special reference to the

(1)

use of such a system for ground staetion and
ground-to-sireraft communications

Comparative costs estimates ndicate that
for two or more communication eircuits, mult:-
channel 1adio teletypewriter 13 more economi-
cal than land wire teletypewriter and further
offers the possibility of a ground-to-sireraft
volce and teletypewriter service at a negh-
zible 1ncreese 1n cost

INTRODUCTION

The teletypewriter communication service of
the Bureau of Air Commerce, by means of
which weather information and other neces-
sary deta are disserminated over the civil air-
ways, now extends over 23000 miles The
telety pe circuits are further supplemented by
point to pownt radio telegroph in sections of
the country where land lines are not avail-
able o1 would be prohibitive to construct
The cost of leasmg land lines for this service
now emounts to over $700 000 annually In an
effort, to reduce land line charges, the Bureau
of Arr Commerce undertook a series of ex-
periments 1n the swnmer of 1830 to determine
the practicability of using radio as a medium
of transmission for teletypewriter circuits 1n
place of land Imes These tests were con-
ducted between Buffalo, N Y, and Bellefonte,
Pan, on a frequency of 284 kilocycles Due to
very high static levels, particularly in the
summer months, these tests did not prove suc-
cessful  In the latter part of 1932, tests were
conducted between Salt Lake City, Utah, and
Idaho Falls, Tdaho, on a frequency of 4070
kilocycles, and later between Washimgton,
D C, and Baltimore, Md, on 2960 Ialocycles
Although these tests proved moderately suc-
cessful, 1t was apparent that thres Limiting
factors enter into the operation of a fully re-



Liable racdio record printing system, namely
nowse  fadimg and multi-path propagation
Following the tests on 2960 kilocycles, atten-
tion was duected to the use of ultra-lugh fie-
quencies (above 30 megacycles) simce theee
freguencie~ appeared admrably suited for
communication over relatively short distances
such a8 mo (ncountered between airways
weather-obsery g stations, prunanly due {o
then freedom from Iigh noise levels and ab-
sence of the reflected shy wave  Accordingly,
tests proceeded on a frequency of 38 mega-
cycles between Washington and Baltimore, the
frequency bemng later shifted upward to the
band belween 60 and 65 megacycle-, when po-
lice 1adie and amateur communications re-
1ealed that considerable slky wave remained on
up to 40 or 43 megacycles, but was absent at
lugher fiequencies The tests m the 60- to
65-megacyele band al~o indicated lower noise
levels  Consuderable development woik was
done on the tiansmatters, recervers, and tele-
typewriter termmal equipment, resulting 1 a
ie1y reliable radie  teletypewriter circuit,
agamst which other commeraally available
forms of printing apparatus and facsimile were
compared  These tests showed that the tele-
typewriler 15 far cuperior in perfoimance to
pre~ent available facsimile, and lends iteel{
mote 1eadilv to multi-channel high-speed
operation  The Dureau of Air Commerce
1adio teletypewriter cireuit has now been m
operation on an experimental basis for over
2 years Farly i 1937 a voice channel, and
more recently another teletypewriter channel
were added, to operate simultancously on the
saine fiequency with the intention of deter-
mining the feasibility of a voice and one printer
channel for communication to airciaft, and
twao o1 mole channels at 60 words per minute
cach for ground station communication to pro-
11de much needed higher speed weather and
anirwav trnflic communication channels

It 15 the purpose of this paper to report the
mvestigations made to date and describe the
Bureau of Air Commerce Washington-Balti-
more 1adio teletypewriter circut and equip-
ment

REQUIREMENTS OF THE BUREAU OF AIR
COMMERCE COMMUNICATIONS SYSTEM

The major ecommuimcations trafic handled
on the Burean of Mr Commuce teletype-
wiiter cizemts consists of weather sequences,
so called becouse the mformation 1z collected
at various weather obseny mg statrons along an
auway and placed on the (ot at defimte
<cheduled times duting each hont of the day
Each station on the airway places the local
weather data on the ciiewmit m sequence start-
g from one of the terminal stations At the
end of the sequence, all siations on the eireuit
have a complete copy of the entire weather
sequence for the airway Such a chain com-
munications =ystem places a severs reguire-
ment on the operations of the circuits by radio,
and differs markedly from ordinary pomt-to-
pomt and intexcaty cncuit- 1 that (ransms-
zions must o11ginale ai either termunal or any
mtermediate station on (he cirowit, and coples
must be recerved simultaneonsly at all stations
ncluding the otiginating pomt  In addition,
1t 1s required that the same printer be used
for tiansmatting and receiving and thet any
station on the cirewal be able to “brenlk™ trans-
missions at any time  Further requirements
are those encountered m any other communi-
cations system, namely rehabiity, accuracy,
simphiaty of operation, and <peed  Radio and
[(‘Iml[lﬂ] (’(1!1]1)111E‘Ilt are ll"ql.lll'e-d ta run on an
csentwmlly unattended basis  Absolute accu-
1acy 15 esgential, since 2 great many symbols
and abbreviations are used i weather commu-
nications  The neieasing demand by air-line
setvices for more frequent weather information
and added material snch as weather forecasts
and upper a1 reports, has placed a heavy load
on the present teletypewiiter ciremuts  Prior
to July 1, 1937, 40 w p m (words per minute)
was the mazmmum speed of these circuits
This has since been speeded up to 60 w p m,
the maximum practicable speed of the tele-
typewriters  No particnlar difficulty s en-
countered m the radio operation of printets at
this <peed By increasing the number of tone
modulation channels, the effective speed 1m
words per mmute can be increased several



times, provided the radio circuit 18 of high
quality

The techmcal obstacles arising in the estab-
Iishment of a high-frequency record printing
communications circeuit, where the electrical
impulses are no longer guided by wire hines,
may be divided into three conditions of radio
wale propagation, viz, (1) nowse, (2) fading,
and (3) multipath transmission The signal/
noise ratio required 1s considerably greater than
that needed for aural reception, since the record-
ing mechamsm takes the form of some relay or
triggering device which does not possess the
ability of the human ear to diseriminate between
static and signal 1mpulses Numerous methods
of decreasing noise have been devised, but the
most practical known means 1s by frequency
selectivity The noise output of a 1ecerver 1s
directly proportional to the selectivity or band
= tdth accepted, and the use of audio-frequency
filters has been found very helpful in mncreasing
the signal/noise ratio These filters, however,
must have a sufficient band width to pass the
tone 1mpulse frequency without appreciable dis-
tortion Fading causes wide varations of re-
celved sigmal strength, and the recording mecha-
nmism must be designed to operate faithfully
under these conditions Multipath transmssion
or multiple echoes result from signals arriving
at slightly different times due to reflected sky
wave components, producing distorted impulses,
and this must be taken wmito account m the
design of the recording mechamism TIn other
words a certain margin of safety must be al-
lowed for to take care of light or heavy im-
pulses and rounded mmpulse waveforms Two
methods are generally employed to ard m mam-
taining a constant signal level

(1) The use of automatic gain control,
wherein the amplitude of the 1adio-fre-
quency signal contiols the gamin of the
recelvet

(2) The use of a limiter, wherein the recti-
fied markang impulses are made to drive
the grid of a tube to cut-off from normal
value, so that increases of signal cannot
have any further effect

These devices, although helpful, are 1nsuffi-
cient under certain fading conditions when the
signal drops out entirely To combat this, di-
versity reception 15 often employed This con-
s1sts of mixing the rectified s1gnal outputs from
two or more receivers, whose antennas are sepa-
rated 1n space It has been found that fading
will rarely ever occur at three different points
1n space simultaneously, even though they may
be separated by only a few hundred feet Such
systems are complex and expensive, and are
economreally justified only on long-haul high-

speed circuits
HIGH-FREQUENCY TESTS

The first high-frequency tests conducted by
the Bureau in determnning the pra,ctlcn,blhty of

| P S

operating teleLypewriters by radio were con-
ducted between Salt Lake City, Utah, and
Idaho Falls Tdaho (a distance of appromimately
230 males), i the latter part of 1932 The
frequency assigned for this work was 4070
kalocycles, and standard recervers and crystal-
controlled point-to-point ¢—w telegraph trans-
mitters were used Tests were conducted mainly
during the daylight hours, since the frequency
of 4070 klocycles was not suitable for might
transmission between the two sites |, The trans-
nutters had a power output of 400 watts Hori-
zontal half-wave antennas supported between
B80-foot poles were fed by means of open wire
transmission limes The receivers were the
standard type RHM superheterodynes Tn an
attempt to keep the terminal equipment as
simple end inexpensive as possible, 1t was de-
cided to use a single-tone system, which will
be described 1n detail later in this report The
cluef difficulties encountered were

(1) Extreme fading, much greater than

oamld he handlad har +ha
CotuG
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{2) High noise levels at both sites, but par-
ticularly at Salt Lake City

Much of the noise at Salt Lake City was due
to nearby streetcars an
of arc lamps used throughout the ity  Errors
m teletype copy varied from a few tenths of

1 percent to over 25 percent The single-

and the Tn'r'[m number



tone system used, which 1s based on transient
phenomena foi 1ts operation, was particularly
susceptible to static

An impirovement was made 1 the cucut
when the method of keying the transmitters
was reversed from ‘winte keying” to “black
keymmg” White keying refers to earrier “on”
for spacing impulses and “off” for makmg
mmpulses  Black keying refers to carrier “off”
for spacing mpulees and “on’ for maiking
impulses  Using the black keymg, the carver
was normally on the air aud was broken only
by the rapid spacing mmpulses  This allowed
the use of the automatic gain control i ihe
rece1s ers and aided considerably in reducing ihe
effects of fading  Although 1t seems reazonable
to believe that the probability of random
atmospheric noise arrising at the recen ing
antenng 1n or out of phase with the signal would
be about equal, it was found that black keying
gave less errors due to noise than white keying
The advantage to be gained by the use of sharp
filters could not be realized due to nsufficiently
stable oscillators 1n the receivers, which did not
hold the beat note within the filter band over
long periods of time

In 1934, when further tests with the same
equpment were conducted on 2960 kilocycles
between Washington and Baltimore, the results
obtained were essentially the same Over this
40-mule ciremt fading was decreased to some
extent by employimg vertically polarized an-
tennas for both transmitting and recenving
From the standpoint of operating a chan of
automatic repeater stations to meet the require-
ments gef forth previously in this paper, the
use of high frequencies appenred hopeless,
unless each station was equipped with diversity
recelving equipment and high-power transmit-
ters with directive antenna arrays  Such a «y«-
tem would be economically prohibitive and
could not successfully compete with wire lines

DEVELOPMENT OF THE ULTRA-HIGH-
FREQUENCY CIRCUIT

With the increasing interest in the use of
ultra-high frequencies, tests were started 1n the
latter part of 1934 between Washington and
Baltimore on 38 megacycles, using the same

terminal equipment that had been previously
used on 2060 kilocycles The t1ansmitting an-
lenna at Washington was 125 feet above the
ground, and the recerving antenna at Baltimore
was 30 feet above the ground Both antennas
wele cight-element vertically polarzed atrays
The transmitter at Washigton was ecrystal
contiolled, delivering about 50 watts  Tone
modnlation was used in these tests  Several
13pes of recervers were wsed ut the Baltimore
end of the circuit, includmmg two super-regener-
allve types and two super-heterodynes, one of
which was crystal controlled ‘These tests
proved very encouragmg because of the
meteased signal /noise ratio, and much less fad-
mg than was encountered on the high froquen-
cies  The terminal equipment, however, was
stul found susceptible to nojse, particularly
lgnition noise

As more data became available on the propa-
ration of ultra-high frequencies, 1t was noted
that police radie and amateur signals i the
band 30 to 45 megacveles were being received
at very great distances under certain condi-
tions, mdicating the piesence of reflected sky
waves Equpment was then changed to oper-
ate 1n the 60- to 65-megacycle band This
equipment 15 deseribed 1n the following

Transmitters

The transmitters oviginally unhsed 8125-
megacycle (rystals 1n 8 tri-tet eneut, and the
racio-frequency amplifier tubes were type 852
using conventional coill and condenser tank
arcwits  Due to the fact that the tri-let osuil-
lator cuecuit causes exceserve heating of the
crystals, the circuat was changed to a crystal-
dynairon cireuit using a type 57 tube The
crystal current was thersby reduced to a ma-
mum of 35 ma ., and the harmoenic output was
sufficiently stiong up to the fourth harmonic
to cuable the erysial frequency to be dropped
to 40625 megacycles The fourth harmonic
{1625 megacycles) 15 derrv ed directly from the
57 crystal stage, then doubled 1n an RK-23
tube and agamn amphfied 1n an REK-23 stage to
produce approximately 18 watts of power at
325 megacycles, which 1s sufficent driving
power for the succeedmg stages even with poor
crystals  The crystals used are of the low



temperature coeflicent type The 852 type
tubes, due to their relative 1nefficiency at higher
frequencres, were replaced with type 304D
tubes Following the 325 megacycle exciter
stage, a 304D tube doubles the frequency to
65 megncycles, after which one 804-B 15 used
ag an mtermediate amphfier to drive two
404-B tubes m push-pull in the power ampli-
fier The plate efficiency of the power ampli-
fier 15 of the oider of 60 percent when deliver-
g 100 watts of power at 65 megacycles The
hgh efficiency obtained 18 partly due to the

frequency stages Power 1s supplied to the
transmutter at 110 volts, 60 cycles, single phase
A block diagram of the transmitter 1s shown
in figure 1
Recervers
The first receivers used were of the super-
regenerative type These suppled signals of
sufficient, amphtude to operate the termmal
equipment, but since this type of receiver 1s
not generally suitable for unattended oper-
ation, commercially available erystal-controlled
superheterodyne receivers were obtamned The
66 MC oOUTPUT

TO ANTEKNA
CRYSTAL
4 0625 M C
65CILLATOR 00UBLER routn
0 AMPLIF [ER DOUBLER AMPLIF LER POWER
HARMON 1C o | - - -
GENERATOR 32 5 M 32.6 MC 66 MC 66 MC AMPLIFIER
16 25 MC 65 MC
RECTIF[ER T135
looo volT RECTIF IER
300 ¥ 1
10 V.-60 CYCLE |
SINGLE PHASE >
RECTIFIER AUDIO INPUT | FIRST A F | | CLASS B
1260 V £00 OKMS ™1 aupLiFIER [™ | MODULATOR

Figure 1 —Bloek schematie of the ultra hugh-frequency transmtters

efficient 304-B tubes and also largely to the
type of tank cirewits used, which consist of
“hairpmn” coils and “pie-plate” condensers,
simulating transmisston lhne-type tanks The
output of the power ampldier 1s inductively
coupled to an open wire transmission line
leading to the antenna atray

A conventional class B modulator 1s used to
modulate the power amplhfier The modulator
consists of two type 2A3 tubes feeding two
type 858 tubes 1n class B The modulator n-
put 1s 600 ohms, capable of being connected to
the output of & speech amplifier or tone keyer
to be described later Separate mercury va-
por rectifiers are used for the radio and audio-

240816—41——2

sensilivity of these recervels, at 61 megacycles
was sufficient to give a usable signal although
they wete operating far from the a g ¢
(automatic gan control) region At 65 mega-
eycles, the sensitivity wag so low that no sig-
nals eould be heard at the Washington station
Provision was made in the receivers to make
the beating oscillator self-excited, giving an
nerense m sensiilvity  This increase was in-
suflicient to permat their use at 65 megacycles
The crystal controlled receivers were rebuilt
usmg the original 1ntermediate-frequency
amplifier and audio system A double concen-
tric hne mput 18 used with a 934 tube as a
radio-frequency amplifier The plate of the



vadio frequency amplifier uses a conventional
voll and condenser The use of sections ol
concentiic lme loaded with o capacity for the
tuned cocut~ prosides a high @ erecuat, which
15 self-~h1elded and mechanically 1ugged The
hrst defectmr 1~ a 934 type tube, the hetero-
dyne voltage being mtroduced 1m the cathode
circuit The frequency of the heterodyne
oscillator 15 contiolled by a low temperature
coeficient crvstal The fundamental fre-
quency of the crysial 15 such that the «iath

Intermediate-frequency selectivitn—=60 kilo-
cycles wide at 3 db down fiom 1csonance  {(See
hg 3)

Image response—853 db down

Figure 4 1s the a g c¢-noce output curve
This curve was obtamed by measming the out-
put of the receiver with and without modula-
tion for various input signals A modulation
of 30 percent with 400 cycles was used 'This
curve gives o measure of the utihtyv of the
receiier

CRYSTAL
10 191 HC
CRYSTAL
0SCILLATOR
RARMONIC
BEKERATOR
ap BT3 MC
HARMON IC
DOUBLER
TO ANTENKA 61 146 HC
CONCENTRIC R F z S':'AgES SECORD eceon
LINE FREQUENCY DETECTOR AUD IO
oRE.seLecroRf] AMPLIFIER CORYERTER 3650 K © St it | AUD 10
. 66 HC 80 K C ST & F AMPLIF|ER | QUTPUT
5o Me AND W|DTH AMPLIFIER 600 OHMS
AGC
I1¢ v 60 CYLLE POWER
SINGLE PHASE SUPPLY

Figure 2 —Block schematic of the ultra-hagh-frequency receivers

haimonic 15 3530 kaloeyeles less than the sig-
nal  frequency ‘Fwo types of lheterodyne
souiree are bemg wsed  In one type, o 951 tube
acts as o frequency tnultipher feeding the third
harmonie to the cathode crowt of the de-
tecton T'he olher type uses an extia stage
of amphfication opeiating as a {requency
douhlet, feeding the sixth humonic to the first
detector  The latter adds an extia tunmg
ccntiol A block schemntic diagram of this
receiver 15 hown m hguie 2  The perfoim-
ance characteristics of the recerver are as fol-
lovws

Senzitivity—3 mucovoelts through a 50-ohm
restistance for sero dh output

Antennas

The first antennas used were Sterba array-,
nsimg vertical polarization  They consisted of
two vertical one-half wave sections spaced hori-
zontally one-half wase apart, for the lop thice
tiers, with & similar quartel-waie section al the
bottom A sumilar bay placed one-quarter
wave behind the antenna was used as a patasitic
reflector  The antenna was fed by a two-wire
open line at a current maximum  The trans-
mtting and 1ecerving antennas were alike and
erected on 65-foot wooden poles This type of
antenna gives a gam of about 10 db over a
simgle half-wave radiator

e



New trensmitting and recerving antennas
were designed and erected later on 125-foot steel
towers The transmitting antenna uses foul
horizontal one-half wave elements spaced one-
half wave apart mn the vertical plane, fed
mn-phase, with a smmlar umt placed one-
quarter wave behind the antenna used as a
parasitic reflector  The construction 15 a mods-
fied “turnstile,” using no insulators A two-
wire open lite feeds the antenna, and a stub
matchmmg section 18 used near the antenna to
temove standing waves from the line

Horizontal rhombic antennas are used for
receiving  These are erected on top of 125-foot
steel towers, each side of the antenna bemng
two wavelengths long Unidirectional char-
acteristics are obtammed by termmating the
forward end 1n a resistance The transmission
Iine to the recerver 1s of the two-wire open type
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Figure 3 —Intermediate-frequency selectivity curve of
the ultra-high-frequency receiver

TERMINAL EQUIPMENT

When the electrical impulses of a telegraphic
communications system are no longer guded
by wires, 1t becomes necessary to provide appa-
ratus to change the d ¢ 1mpulses of the tele-
typewriter mto a form whieh can be transmatted
by radio, and at the receiver be tranglated back
to the d ¢ 1mpulses with the same origmal
characteristics The simplest system would
consist of keying the carrier with the teletype-
writer 1mpulses, then rectifymmg the received
carrier and operating a relay fiom these
mmpulses  Darect keymg of the cairier has two
main objections

(1) Multi-channel operation 1s difficult and

resort must be made to some form of time
division multiplex primciple, with ats
attendant complex terminal equpment and
necessity for automatic synchronous trans-
mM1ss1on

(2) Without complicated circuits, the o g ¢

action of a recener cannot be used to keep
1eceived levels at o constant amplitude
Consequently, tone modulated carrers were
used on this erreuit

Figure 5 1llustrates a sumple form of equp-
ment required for use 1 operating a visual
recorder or prumnter by radio Assume that
marking 1mpulses consist of signal “on,” and
spactng 1mpulses are signal “off 7 For con-
venlence this will be referred to as a single-
tone system The output of the recerver
(either modulation tone or c-w beat note) 1s
fed mto o rectifier, which converts the marlong
impulses to d ¢ unpulses suitable for actnating
the signal winding of the receiving relay,
thereby closing the circuit to the printer magnet
or recorder During spacing impulses, no sig-
nal 19 rectified , hence the recelving relay aima-
ture 1s held to the spacing side by the biasing
winding In this gystem, there 15 no eonstant
telation between the force tending to throw the
armatures to the markmg position, and the
testoring force produced by the hias The
testoring force 1s constant, wherens varymg
signal levels produce variations m the signal
actuating force Such a system 18 said to be
“biased 7
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Engimeers of the Bell Telephone Lalioa-
tories have devised a ~cheme wherehsy the 1e-
storing cuitent of the receiving relay 1- cansed
to Tary approiumately m accordance with the
strength ot the iecened signal by using the
sa-called two-tone system  Qne tone 1. used
fou the markhnyr impulses and another tome 1=

transmitted for the spacing impulse~ The two
tones are thereby snubjected to sinmlay attenua-
tions of the radio ewrcuit, except m cases of
selective fadmg  This system  however, re-
quires two filters and two 1ectifiers, ane for
each tone on a one-way cucmt  Figure 6 15
a diagram 1eproduced fiom a paper by Bailey
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and McCann, 1llustratmg the variations of the
tadio ciremt that can be tolerated by beth
the single-tone method with fixed bias and two-
tone method of transmission These curves
thow the relation between recelved current and
the limits of printer margin within which cor-
rect operation 1s secured The ordinates of
the curves as given by Bailey and McCann
have heen conierted to read m percent of the
maximum margin obtainahle by the particular
printer used (which was assumed to be 85

considerably higher 1f the circuut noise had
been lower This system was used on a long
wave trans-Atlantic circuat, and noise level him-
ited operation to levels between plus or minus
7 db of the normal zero shown on the curve,
whereas the smgle-tone fixed bias system lim-
ited opetation to levels between plus and minus

3 db
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Figure 6 —Margin characteristic showing relation between received current and printer operatimg margin
for the two-tone and single-tone fixed biased methods

points, the maxnnum margin obtained with the
two-tone system 1n their tests) For a certan

minimum signel for each wethod of transmis-
s1on. the upper and

Sk, Wl

lowar limite of nrminter
ana 0ower miis oL printer

margm meet, mdicating complete farlure to
print  With increase m signal level, the lim-
its of printer margm are not affected as seri-
ously 1 the two-tone method as in the
single-tone fixed bias method It 13 apparent
then that the 1deal margin characteristic to be
desired 1s 2 rectangle The normal recersing

current level 1s shown 75 above the pomt
AP rrintae FoiTame ond mearld Loos bans meacnd
Wl pLILLED LHIIMLY, HOU UG daye peell puisoul

the simple ciremit of figure 5 1s shown 1n figure
7, which 15 a single-tone system modified to
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Figure 7—Schematic eircuit of vacuum tube relay,
single-tone sysiem uwsed 1n lugh-frequency iesis



ellnnte the fixed nas  In this cireunt, a lugh
speed Creed 1elav 16 operated thiough the
charging and discharging of the condenser C
i the plate cucwt of tube VT, ‘1he con-
stants R L aud C are chosen such that (hes
constitute  a dead-beat  osaillatory et
Changes of the plate curtent i VT, cansed I
the mise and fall of the 1ectified wignal 1mpulse
can~e momentary surgee of cunent to flow
through the 1elay windimg 1 one direction
for mcareasing plate current and m the opposite
dizection for decreasimng plate cunent  Thus
the device opeiates on the rate-of -change of am-
phtude rather than on the moagmtude of the
rectified nnpulse, and 18 essentially independent

10

VT, of hgure 7 was connected so that a marking
mpulse woulld dinve it 1o cut-of! thereby pro-
vibing a degree of lmtimg  ‘Llus system, al-
though removing he objection of the biased
system, was susceptible to «tatic simce 1t 1s essen-
trally a fransient operated device  This type
of 1elay was used 1n the previonsly described
high-frequency {ests
The gas dixcharge tube relay

In an effor( Lo oblam a svstew which would
be more free trom effects of static and inter-
ference aund obtam a mmigm characteristie
whose shape 1s rectangular, resort was made to
the 885 ty pe ot gas discharge tuiode The carcurt
15 shown in figuie @ Duning spaung impulees

of the vanations i signal sttength  Figure 8  the gas discharge tube VT, 15 10m17ed and draws
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Figure 8 -—Operating margin characteristic of the single-tone gystem shown schemabically in figure 7

shows the operating margin charactetistic ob-
tamned with this system It will be noted that
the improvement over the <ngle-lone fixed
bias s¥stem 1s considerable, and the relay was
able to operate well for varations of sigmal
of about 14 db  The normal operating curient
was set about 4 (b below the upper limt, to
ellow for more fadmg Furthermore, the tube

plale current whicl can be adjusted to ithe de-
sited value by resistance R, At the same time
VT, 15 bu=ed below cut-off and 15 not 10n1zed
Condenser Cis then char ged to a potential, such
that A, figure 9, 19 plus 15 ~olts to ground
(which 15 approximately the drop across VT
when 1t 15 10mzed) and B 1s at full plate poten-
tial above ground, say plus 100 volts During

e



marking 1mpulses the grid of VT, 1s driven
positive, causing 1t to become 1onized and draw
plate current of constant value, dependimng on
the value of B, This changes the potentials
at A and B Potentinl B decreases from plus
110 to plus 15 volts, while A drops by the same
amount, or 85 volts, from plus 15 volts to minus
70 volts Since the plate and grnd of VT,
have gone negative, the tube no longer 19 10mzed
and draws no plate current Thus, marking
and spacing 1impulses trigger the two tubes op-
positely, thereby operating the polarized re-
ceiving relay, and the relay current 19 mdepend-
ent of the triggering appled voltage, giving
an unbiaced system

The best triggering of the pgas discharge
tubes obtains when the control grid current,
under 1onized conditions, 15 at a minmmum
This grid enrrent enn be either a flow of cur-
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Figure 9 —Schematic circuit of gas discharge tube
relay, single-tone sysiem.

rent from the grid to the cathode or from
cathode to grid, depending on which element
1~ at a positive potential with respect to the
other This 13 true since the conduction of
current 1 this type of tube 15 by means of an
onized gas If the grid potential i1s not suffi-
ciently negative, the tubes will oscillate just
as they trigger off, resulting 1in a chattering of
the relay and poor marginsg on the teletype
maclhine When the grid potential 15 exces-
sively negative, then there 1s too great a dif-
ference m the nstantaneous voltage necessary
to make the tubes trigger off By reference to
figure 9, 1t 15 seen that when no 1ectified signal
voltage 15 present VT, 15 wonived simce at-
grid 15 at zero potential VT, 15 not 1omzed
and 1ts grid 1s at a negative potential equal to
the bias voltage As the rectified signal volt-
age 18 1ncreased from zero, the grid of VT,

11

finally reaches a potential such that the tube
breaks down and extmmguishes VT, Ag the
rectified <1gnal voltage 15 aguan decreazed VT,
agamn bieaks down and extinguishes VT, , but,
when the fixed bus 15 too great, the value of
rectified signal voltage required to trigger the
tubes will not be the same when increasing as
when decreasing There 15 of course, a criti-
cal grid potential at which the on and off
potentials are the same, but since a lese nega-
trve potental will cause chattering of the
relay, 1t 15 desirable to operate with a bias
slightly more negative than the critical value
An excessive negative bias will result m a
material reduction 1n the 1ange of mput signal
which will give perfect printing Figure 10
15 o schematic diagram of a umit incorporating
the gns discharge tube type of relay A d ¢
amplifier of the phase mverter tipe 13 used as
& source of potentials te operate the grids of
the gas discharge tubes  This type of ampli-
fier mmplifies the power supplv requirements
and permuts the use of an mpulse rectifier,
wherein a positive bias 15 applted to the
cathode of the rectifier tube to act as a nowse
threshold econtrol  Io order to prevent a
change in the length of the 1mpulses 1t 18
desirable to keep the mput to the impulse recti-
fier within reasonable Limits Perhaps the
simplest method of accomphihing this 1s by
the use of a peak himitug amphfier feedimg
the mmpulse rectifier

The printer magnet of the teletype machine
15 connected dilectly in the plate cireuit of one
of the gas discharge tubes as the simplest
method of obtaiming the d ¢ 1mpulses  Tlus
unit gives printing over about o 26-db range
of mput signals Tlie margin characteristic of
the umit 1s shown in figure 11 Thas charac-
teristic was taken on 1cceived signals over the
Washington-Baltunore radio errewt and rep-
resents operating conditions The desired
rectangular-shaped characteristic has been ob-
tamed and shows a great improvement over
previous methods

The level eontrolled amphifier
In the ciremit as operated hetween Wash-
mgton and Beltimore, 1t has been found that
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a fade which reduces the audio output of the
1ecerver to about mmus 35 db 1s apt to cause
errors In printing due to noise A relay whach
would print with signals from minus 35 db
up would then allow printing over the usable
range of signals

The relay described above operates over a
26-db range, or 9 db less than the nsable range
of signals experienced on this eirewat  In order
to extend tlus range a level controlled amph-
fier was developed This maltes use of a bridge
circuit 1 which the plate resistance of a vacuum
tube 15 used as the variable arm The plate
resistance 1s controlled by the rectified output
of the bridge and gives an amplifier whose ont-
put 1s relatively constant Figure 12 15 a

13

the bridge and contrel eircuit 15 determined by
the design of the bridge and component parts
and 15 well aboie the oveiload limits of the
first audio amplhfier tube supplying the bridge

The teletypewriter circuit as operated uses
black keymg or tone on for marking  The no1-
mal condition for the circuit 18 with a steady
tone apphed A spacing mmpulse removes the
tone and the tendency 15 for the control tube
to throw the bridge farther from balance and
merease the effective gnin of the amplhifier  For
this reason the load circmt of the control tube
rectifier, RC, must be designed so that the gam
of the amplifier 15 not changed 1apidly enough
to follow the changes m signal level caused by
keying and give a constant tone level output

. E CONSTANT LEVEL D € PHASE GAS DISCHARGE
AMP 7o AMPLIFIER IKYERTER TRIGGER RELAY
2N P TN .
Tone ‘ RECTIFIER 01
INPUT ﬁ/
+ - \ﬁ 4 \unJ I—ECEIHNG
" | [\ = CAvry RELAY
% L /’\\ AN
1 1T —

Figure 12 —Schematic ciremt of the complete gas discharge tube relay with phase mverter and

—HY +
level controlled

amphifier as used on the Washington Baltimore ultra-high-frequeney cirewt

schematic diagram of the complete amplhifier
and relay A receiving relay has been added
to permut operation of the teletype machine
o1er a wire line, remote from the terminal equip-
ment, 1n the case of an automatic repeater sta-
tion As the input signal to the bridge 1s
mcreased, there 18 an increase 1n output whach,
when rectified by the diode, furnishes a control
voltage to the grid of the control tube and brings
the bridge more nearly to a balance The upper
hmit of mput which can be accommodated by
240816—31-—3

It must be fast enough, however, to follow the
changes 1n level caused by fadmg, etc  Since
black keying 1s used, the condenser C 15 no-
mally charged and the tfime constant involved
1s that of RC or 18 the decay time of the circust
The rapidity with which the gain of the ampli-
fier 15 reduced due to 1ncreasing average slgnal
18 primarly determined by the tyme constant
of the circuit composed of C, the internal
resistance of the rectifier and the impedance of
the source
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The characteristies of the amplifier are
<hiown In figmres 13 and 14 With wmputs up
to mmus 6 db the distortion 1= & munimum bt
increases Tor lugher levels dne to overlowl wd
himitig action m the fArst andio ampt et teed
Tl o]

—— =
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te 3 a z 12 ] 1] 23
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Figure 13 —Gain characteristic of the level controlled
ampiifier

ing the brdge  1he distortion due to s
hruiting action does not appreciably change the
1ectified teletype impulses and 1ncrenses the use-
ful 1ange of the umit Frgure 15 <hows the

teletype margin characlersuie obtained under
circuit operating conditioms and covers the
1equirements of a rectangular shaped margn
curve and operation over the u-able range of
signals  The normal operaning point 1s with
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Fipure 14 —Audio characteristic of the level controlled
amphfier

all mput of ahout rero db which allows the
signal to diep to about minus 33 b before the
ciicuit becomes 1noperative  Ihe audio-fre-
guency filter used with the relay umit oveirloads
with levels Ingher than this and places the
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Figure 15 —Operating margin characteristic of the relay (fig 12) tmhen under actual operating conditions
on the Washington Baltimore ultra-high-frequency ciremt
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operating pomt at about zero db, although the
relay umt 18 capable of operating at higher
levels, thus increasing the range With the
receiver operating well 1 the a g ¢ region
1t 1s apparent that a fade of considerable extent
cin pe handled without disTupting service
The averpge signals received are such that the
sighal can decrease approxmmately 30 db before
the recerver 1s out of the a g ¢ region This,
added to the 35 db of the relay unit, indicates

SIGNAL KO NDISE
_A_

. SIGNAL WITH ROISE AFTER
LEYEL CONTROLLED AMPLIFJER

E- SIGNAL WITH NOISE AFTER
LIMITING AMPLIFIER

Figure 16 —Illustrating the effects of noise on the level controlled amplhifier and peak limiter

that signal varlations ot approximately 65 db
may be handled on this cireuit without printing
errors These are average conditions and are
reduced at times by the presence of increased
noise levels The range could of course be
extended by increasing the power of the
transmilter

There 13 another advantage 1n using a level-
controlled amplifier over a perk-limiting ty pe,
aside from the mereased signal range  Figure

15

e (AL ikl

16 has been drawn to illustrate the effect of
noise on the two types of amplfier-relay
Whale the figure 1s not a true picture since
the actual impulses are somewhat rounded due
to filters, ete, 1t will 1llustrate the effects en-
countered Let (A) of figure 16 represent the
keyed signal, (C) would be representative of the
same signal with a small or normal nmount of
noise, (B) 1s the same signal with an appre-
ctable increase m noise The noise threshold
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-B-
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Ty

=D~ RECTIFIED SIGNAL
_ - _14_ -
fz v
-F- RECTIFIED SIGHAL

control hag been adjusted in each amplifier-
relay to a value X, such that during spacing
impulses no noise wiul be rectified and the
resulting rectified signal will be represented by
(D} The potential represented by the distance
Y 1s the potential to which the signal must fall
to cause the gas dischaige tubes to trigger off
It 18 apparent from (D) that for either ampli-
fier, the rectified sigmal will be such that perfect
keying will result If the noise level increases,



wlnle the tone signal remains the same, a signal
similar to (B) would recult Since the aver-
age amount of energy over a period of time 1+
grenter than before the condenser C of figuie 12
will be charged tv a higher potential and the
conirol tube will buing the bridge closer to hal-
ance and reduce the gam of the amphfier  Tlus
leduction 1n gain then will ghve an output s1gnal
fiom the amphher which would  (losely
approach (C), reducing the amnphitude of both
noree and signal by the same amount and cor-
rect keymg 15 obtaned  In the peak-lmitmg
type of amplifier, however, the gamm 15 nol
changed appireciably but the peaks are cut off,
resulting 1 a reduction of the peak value of
signal but no reduction in amplitude dwiing
spacing 1mpulses, as shown 1n (E) of figure 16
The net result 1n this case will be that an appre-
ciable amount of noise 13 rectified duiing the
spacing mmpulse, giving a rectified wignal %
as 1 (I'), in which the rectified signal potential
does not {all low enough for the gas dischaige
tubes to trigger and a false marking impulse 15
received 1nstead of a spacing 1mpulse

On clear signels with no nowse or with
norse of a constant and low valune <ucli (hat
the nowse thieshold <an be adjusted (o (ake
care of 1t, either type of aphfier-relav will
oive peifect printing but when nowse cond-
tons vary and signal-level variations are large,
the advantages of the Jevel-controlled
amplifier-ielay justify the additional equip-
mernt

Filters

In order to inerease the frequency seleclinvily
of the recerving equupment beyond the Linuts
wlich can be accomplished practicnlly m the
1adiw-frequency portions of the recerver, audio-
frequency hlters have been mceorporated mn the
terminal equipment

The start-stop printers operate at 60 w p m
cotresponding to a kevymg frequency of 21
cyeles per second  In order to reproduce rea-
sonably square-topped signal impulses, the
pass band of the filters must be sufliciently
wide Lo accommodate at least the third hui-
monte of the keying frequency, o1 about 126
cycles  "lThe attenuation choracteristic of one

16

of the filters used 1s <hown i figure 17 The
band width at 3 db down from und-fiequency
15 approximately 160 cyeles and the 1nsertion
loss 18 75 db The filters are de~igned for a
maximuin mput of 4 volts 1 m s

In & smgle channel the filtets aie prmarly
used as a means of mereasmg the signal/noise
ratio For multichannel opcration on  the
same carrler their use becomes n necessity and
se1ves the double purpnse of separating the
several channels and of maeacing the
signnl/nowse ratio

Keyers
Smee tone modulation 18 Lo be used, 1t 1s
necessary that the d e mpulses of the teletype

machme be comerted to tone wnpulses  Lhis
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Figure 17 —Attenuation characteristic of band pass
audio-frequency filter and schematic diagram

can be accomphshed by the use of a relay,
but 1t was felt that an electiomic keying device
would eliminete a mechanieal 1elay and be moie
1eliable

A push-pull amplhifies, with the keying po-
tential applied (o the bas, would tend Lo 1e-
duee key cheks and other (1ansients 1 the key-
ing due to the fact that the giids would be m
parallel and the plates m push-pull to any dis-
turbance ntroduced m the grid-bias supply
The schematic dingram of the keyer 15 shown
in figure 18

The station at Baltimore can operate either as
a tepeatel statlon or a teriminal station  When
vperating a5 a termunal stniion, 1t 1s necessury



that the signals received print on the teletype
machme but not be retransmitted It 19 also
necessary to transmit from the keyboard and
provision must also be made for automatic
transmission from a perforated tape using a
transmittimg  distributor simultaneously with
Teception

For terminal station operation the distribu-
tor 15 connected between terminals 2 and 3

L7

R,, brasing the amplifiers below cut-off When
1omzed, the 885 tube oscillates but, since the
amplifiers are well below cut-off, this oseilla-
tion 13 not carried through to the output The
condenser C, further reduces the a ¢ volt-
age across R, The time constant of R,C,
must be low enough to pievent rounding of
the impulses These two factors mn addition
to the cancellation due to the push-pull plate
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Figure 18 —Keyer circuats used on the Washmgton-Baltimore ultra-high-fregueney radio circuat

In the marking condition, the distributor cir-
cuit 15 closed and the grid of the 885 tube as-
sumes a negative potential of 35 volts In
spacing condition the distmibutor ciremt 19
open and the grid assumes a zero potential,
thus breaking down the tube Plate current
hmited by the resistance in the plate cireuit
and the potential, mncreases the drop across

carcuit ehminate all output during spacing
1mpulses

In order that the keyboard be used, the dis-
tributor must be stopped (2 normal condition)
When the kevboard contacts K are closed
{marking) no potential exists across the termi-
nals 1 and 2 and the amphifier 18 normal  If the
contacts K are opened, the no-load potential of



the rectiher appears across them  The Leying
potential 15 taken from the potentiometer R —R
and 15 sufficient 1o 10nize the B85 tube (t1om
30-00 volts)  The normal negative potential of
the guid of the 883 {ube must be enough to pre
vent 1onizatlon and also such that, when the
plate voltage becomes a minmimum (due to oscuil-
Intiom) the tube will de-10mize

A further advantage m the use of a gas
diccharge tube to supply the keying soltage 18
that 1t does not act as an amphfier and ans
ripple or “hash™ m the teletypewriler circut
will not be passed on to the amplhifier tubes

For 1epeater station operation the drop
acrosg (he resistor Ry 1n the telety pewriter cir-
cuit 15 used for the keymg potential  Termu-
nals 2 and 3 are open, and the grid of the 885
tube assumes zero potential  The drop across
R, 1s adjusted to 35 volt~ Thu- when the
telety pewriter circuit 15 closed the biac on the
885 tube 1s enough to prevent rwmzation amd
tone 1z transmitted The distributmr 1s then
al=o 11 =eries with the teletypewriter machine
for automatic transmission when ne other sig-
nals are being received When the cirawut 1~
opened by the recerving relay, the Livboard
contacts o1 the distributor there will be  Joss
of potential across terminals L oand 2 awd the
885 tube will become 1omized, brasing oft the
amplifter and making o spacing mmpul-e

This type of keying (in repeater condition)
1~ a form of regeperntiie heymg tending o
correct the pulses ot ecach 1epeater station
1ather than add up the distortions as would be
done by retren-mitting the vecerved aundio
signals

The Washinglon station operates as a termi-
nal station, and the keyer 1s used as n the
teimimnal-station condition, except that the dis-
tiibutor 1s an the telety pewiiter cireuit

Operating characteristics

The tetmmal equipment was designed so that
opetation of the teletypewriter machine would
be exactly similar to wne-line ciicmts, and o
that standard machines could be used Wilh
the Baltimore station opeinting as a repeater,
this condition 18 exactly simulated  Transons-
sions onigmating at Washington are received

18

at Ballimme and prmted and the mpul-e
shape 1 cotrected and antomadically transmit-
ted buck Lo Washmgton, where they agam
prt on a ~cparate machine from the one on

which the transmission otigimwted  This ts 1n
effect a three-stntion cirousi with one station
acting as an automatic reperter Tran-mis-

cions otigimating at Baltimore print Toeally,
and are transmitted to Wa<hington, with the
normal provisions fou hreaking (he circwat ag
m wre les The sume machme 15 used for
tiansmitdimg and 1ecerving  The Washington
statton always opetate~ as a termial, and wire-
Ime conditions ate stmulated at all tnnes

The accuracy of the system 15 dependent
largely on the radio circuit, and 1s eqnal to or
better than the avernge wire-line enemt  The
noise levels encountered are low, and the range
of the equipment 15 such as to take care of the
useful range of signals as experienced on this
circurt, with o Jarge safely factor {o allow for
unusual conditions

Voltage regulators of {he -tatic {ype Lave
been meluded m the dewign of the termingl
equipment to provide constant supply voltages
with varations n Line voltage fiom 80 to 140
volts, wnd 1n order to mwwe long hife trom the
vacyuin tubes the maximum plalc vollage hag
been Imted to less than 225 yvolls

It was the axm to provide equipment wlich
wonld be <tmple m operation, easy to maintaim
wd capable of unattended operation  Few
uljustiment« in (he apparatus are critical and
these ale very stable huing once been set

A block schemati, diagram of the terminal
appatatus 15 shown 1n figure 19

DISCUSSION OF RESULTS OBTAINED ON THE
ULTRA-HIGH-FREQUENCY RADIO TELETYPE-
WRITER CIRCUIT

Recordmgs of the stiength ot the received
signals have heen wade dutmg most of the
time this ot has hecn in operalion The
early 1ecords (nken at Balhumore (wheu the
antennds at both <ites weie on 65-foot poles)
were of lhe rectified audio signal since the
signals were low and the sensitiiily of the
recenn ers did not permit recording of the carriel



stiength In February 1936 horizontally polar-
1zed antennas were erected at both ends of the
circmt on 125-foot steel towers, doubling the
antenna heights These new antennas had ap-
proximately the same gain as the old ones
This resulted 1n greater signal strengths whach,
with more sensitive receivers, permitted the
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(2) Effect of antenna height on fading
With the receiving antenna 60 feet above
ground (vertienl polarization), the amph-
tude of the fading was about 8 db for a
transmitting antenna height of 60 feet
This amplitude was reduced to about ¢ dh
by increasing the transmitfing antenna to

BAND-PASS CONSTANT RECTIFIER
supio INPUT | FILTER LEVEL A F PHASE FOR AUTO REPEAT,| AUDLD OUTPRUT
—=1 120 ¢cYelE | |- Py — — — - — KEYER
600 OHMS AMPLIFIER INVERTER T0 HODULATOR
BAND WIDTH TUBE RELAY
Yy
1 l
RECEIVE TONE
PRINTER 0SCILLATOR
TRARGMIT
POMER PONER
SUPPLY POWER SURPLY
360 v SUPPLY 260 ¥
160 ¥
blo ¥ 60 CYCLE [

BINGLE PHASIE

Figure 19 —Block schematic diagram of the terminal equipment

tecondings to be made m tenns of cainer
strength directly 1ather than the rectified audio
output of the receivers

The 1ncrease mn the height of the antenna
above ground produces two effects, (1) an in-
crease 1n signal, and (2) a decrease m the
amplitude of the fading

(1) Effect of antenna height on signal
mtensity

With the center of the receiving antenmna
60 feet above ground (vertical polariza-
tion} an Imcrease 1 height of the trans-
mitting antenna from 60 to 120 feet 1esulted
m an ncrease of approximately 10 db in
the 1eceived signal ILakewise with the
transmitting antenna 60 feet above ground,
erensing the height of the receiving an-
ienna from 60 to 120 feet produced a 10 db
mcrease 1n the receried signal - Rawsing the
second antenma fto 120 feet produced ap-
proximately 8 db inciease 1n signal

120 feel wbove pround  Figure 20 15 0
copy of the recording trom which the above
data were obtamed While the absolute
amplitude of the fading would hold only
for this one case, the record 15 indwcative of
{he general reducthon m fadmg with -
1eased antenna heyght
Fading
Usmg the low antenngs at the transnutter and
lecerver, the amphtude of the short-period
fading varies from practically nil 1o more than
20 db  The day-to-day, or longer, period trends
chow even greater sariations Figure 21 15 a
recordmg of the rectified audio output of the
recener taken ab Baltimoie on November 6,
1935, and 15 representatine of many of the 1ec-
ords taken which show the rapid changes that
owur 1m the type of fadiwg Up until about
20 E 8 T, the signals are quite steady with
a slow, long-period vamation, with the fading
amplitude of about 4 db Between 0120 and
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0140 a change 15 taking place and by 0145 the
amplitude ha~ mereased considerably, rerching
amplitudes of from 12 1o 16 db  On otha
records the t3pe of fading may change -eveial
times during a day, the changes bemg iy
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Figure 20 —Recording, showing effect of transmitting
antenna height on signal 1ntensity and amphitnde of
fading

ki, LEMTL DB
d

ocon
T AAT

Figure 21 —Sample iaken from meny similar 1ecord-
1ings llustrating rapid change 1n type of fading

abiupt at times and at other times gradually
changmg from one ty pe to anothe

Fipure 22 15 part of a recording taken at
Washington on July 24 1937 (horizontal polaz-
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Figure 22 —Recording 1llustrating deep, rapid fades of
“drop-out” natare

17ation, height 125 ft ), and 15 mcluded to show
the rapidity wiith which the signals change It
13 arecord of the cartier stieneth nnd repiesents
signals many times stiongcal than those of
hgme 21 For 24 hours previous to and follow-
mg these fodes signals had been very steady
I'his reconding 1llustrates the extiemely rapd
nature of the fiudes  On «everal occasions these
deep fades have becn watched, and with the
telelype uppatatus capable of following varia-
t1ons of (he order of 60 db 01 more antomati-
cnlly, an additional 20 db has been followed
manually (by removing attenmaiors in the
recenier output) still to have the signal drop
below operating levels which mdicates & com-
plete loss of signal or a “drop-out” These
“drop-outs” seldom last more than a few
seconds

Due 1o the mne1tia of the pen of the recorder
a very sudden diop in <ignal eanses an over-
shoot of the trace TIn cases where the signal
hius dropped so that the receiver 15 out of the
1 g ¢ region, and there 15 an overshooting of
the trace, this has been called a “drop-out ’
Such “drop-outs’ are 1 most cases instan-
taneous, and the low signal end of the trace
becomes a Iime  In the 1ccording in ficure 22,
the it of & g ¢ was o fade of about 30
(b The fade at 0840 represents a varmation of
approximately 30 db, while the overshoot of
(he pen indicates the fade at G915 to have been
of a much greater amphitude, and probably a
complete loss of signal for a few seconds Fig-
ure 23 15 a chart showing the distmibution of
{ades which were simnlar m nalure to “drop-
outg” This data covers the pertod from Ko-
vember 1, 1936 {o October 31, 1937  The dots
on the chart represent quuck Tades of less than
30 db and more than 20 db amphtude The
c1osses represent quick fades greater than 30
db, some of which were total loss of sigmal
Mme than 50 percent of these fades were of
the 1nstantaneous type, lasting only a few sec-
onds Approximately 84 percent of the fades
vecurred between 2200 and 0900 & S T the
followmg day, and 20 percent of the fades
oceurred between 0800 and W00 E 8 T
Three-fourths of the “drop-oul~” marked by
crosses occurred hebween July 24 and Aupust
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G If 30 ~econd-~ were allowed for each  diop-
ol (and this 1= ample, based on those ‘diop-
nuts” which have been followed manually) the
total outage of the cncuit from November 1,
1916 to October 31 1937, would be about 85
minutes

A chart showing the seasonal Tacding which
occred over the Baltimore-Washington 1adio
civemt 15 shown w figute 24 These data were
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Figure 24 —Chart showing seasonal variations in fad
g from Oct 1, 1936, to Oct 31, 1937

talen fiom (he recordings of cainier strengll
at Washigton from the Baltimore transmitter
on 65 megacycles, and mdicate the tolal num-
el of mmutes durimg which the signal was a
given number of (lecihels below the normal
s1gnal

The maost severe fading of the order of 30
db, oeccutred durmg  July, August, and
September

Tt <hould be noted that on thi= radio cn-
cuil, no dmurnal regulanity m the faodmg has
been observed  Attempts at correlation of the
propagation with temperatme barometer, hu-
micity, or temperature nversion have proved
futile, and no doubt all play an mciicate part
m the amount of diffraction and 1efraction of
the ulira-high frequencies over any given non-
uptical path

Ifigure 25 15 0 profile map of the Washing-
ton-Baltimore cirewit, showmg the antenna
leights {125 feet) now 1n use at both sites
In this profile the scale of the radius of the
earth 1s multiplied by a foctor of 50 and the
scale of the elevations dimaded Dby the same
tactor, grving a true relation for the optical
tange  From hgure 25, 1t 15 seen that each sta-
tion 18 approximately 180 mefers (394 feet)
Lelow line of sight  If the radius of the earth
wele wncreased by a tactor 4,3 to account for
noimal refraction, the statioms will «till be
below lime of wight  Suffice 1t to ~ay that al-
though optical paths are dexirable, their neces-
sty appedars to have heen overemphasized for
the frequency band tested and the amount of
noimal diffiaction and refraction n the lower
atmosphere 15 sufficient to mamntain a ielable
conmnunmication service over nonoptical paths ag
m the present case

While this enemt has provided a commum-
¢t Channmel 1n whieh the effect of fuding,
dininad and seasonal variations are of minor
impotLince, other factors =uch as nter ference,
both man-made and natural, must be considered

Noise and errors.

The most serious noise 15 that from automo-
Inle 1gmition systems, due to the proxmmity of
the stations to the highwaye Due to the fact
that the beam of the Baltimore station falls
along a heawvily tiavelled 10ad, more 1pmtion
noise 1s picked up at that station Thie nowse
prck-up 18 not noticeable from selucles over a
quatter of a mile distant A careful chowe
ol the site would greatly reduce tlus type of
mte1ference  The general atmospheric level 1s
1e1y low  The eircutt nose 15 mowe than 30 db
below the signal level mensured at the input
to the audio filter This cireiut noise ncludes
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recelver noise, hum from both transmitter and  transmitted characters During the entire oper-
recerver, and external nowise It should not be  ating period there have been no periods (other
inferred, however, that the existing nowse 15  than caused by “drop-outs” of a minute or less)
of sufficient amplitude to cause errors, as per- during which commumnication has not been pos-
fect operation has been mamtained even with sibla due to any causes other than failure of
low percentage of modulation as used n the equipment or power
multi-channel tests of which more will be said The ultra-high-frequency transmissions are 1n
later It 1s safe to say that printing errors have  general most satisfactory when approximate
not been due to these noise levels as experienced line-of-sight conditions emst This distance
at the two stations of course 15 dependent on the topography and
Wlhale static 15 at o very much lower level the available antenna herghts Noise levels are
m these ultra-high-frequency bands, 1t does inherently lower than on the lower frequency
exist 1 practically all of the forms found at bands which, as 1o all communication circuits,
the lower frequencies The normal noise level permt the use of lower power to provide an
during storms does ncrease, but only such equivalent signal/noise ratio Proper choice of
crashes as are caused by hghtning discharges n  sites practically removes fading and permits
the immediate vicinity of the receiving station the use of n single frequency for day and
have caused printing errors During times mght and all seasons
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Figure 25 —Profile map of the Washington-Baltimore radie circuit

when the encuwit 1s 1dle (marking) the static It has been established that transmissions are
discharge often causes the recerving relay to made up of several rays, the direct ray and
click, but the pulse 15 of too short a duration various reflected rays Thus 15 1n effect a multi-
to cause a print on the teletype machine Even path transmission, but the delays thus en-
severe crashes canse only a single character to countered are too small to have any noticeable
print  This 15, of course, increased when the effect on the received impulses even though
circult 1s 1n operation to an occasional smgle- they consist of a smgle cycle (1600 cycles per
character misprint for normal discharges A second fundamental)

severe crash may drop the machine out of syn-
chronism and cause several false characters be- AUTOMATIC REPEATER AND MULTI-

fore 1t again synchronizes 1tself NEL TESTS

In general 1t can be said that the errors Tests have been conducted to determime the
caused by fading, man-made and natural noises, reliabihty of the circuit, both with each station
and all other propagation causes have been too  acting as a terrunal and with Baltimore acting
few to be expressed 1n any useful percentage of as a repeater station Much of the success of
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the 1epeating tests has been due to the type of
repeated signul  Asexplained above, the keying
for automatic-iepeater operation 1s of the re-
generative type tending to reconstruct the ie-
cerved signals and send them out in true form
and without noise The normal margn tests
give avelage margins witlun § poifs of thal
obtained on locally generated sygmals

In April 1937 a voice channel was added to
deterinine the possibilities of multichannel

trons with about 10 petcent modulation, the
remainng amphtude being u-ed for the voice
cireuit

In order to further «tudy multichannel
operation, another telety pewiiter channel was
added 1n July 1937 A alable equpment was
used for the second chanuel. and although the
band pass filter had 1ts pass band at 1020
eycles, and the fitst tone somce was used, the
results were very encouraging The filters at
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Figure 26 —Attenuation characteristics of vorce and band pass filters used i multi-channel tegty
operation  This 1equired a low pass filict on  the transmitter then included o low-pass voice

the voice channel to cut off below the tele-
typewriter channel  For this test the teletype-
writer channel was put on 4300 cyeles  Fig-
ure 26 shows the characicri~tic of the filters
used ot flie 1ecenver to sepuate the channels
Althongh no band pass hlter was used at the
transmtiter, the key chicks were negligble
Suecessful operulion of the teletypewriter cir-
ant coukd be maintained under normal condi-

filter, a 1020-cyelo band elirmnation filter, and
and a 1020-cycle band pass filter The 1ecerv-
mg cquipment used a 4300-cycle band pass,
1020-c3cle band pass, and a 1020-cycle band
eloninabon filter  The 1020-cycle band pnes
Dilter at the transmitter greatly mmproved the
eircuil from the standpoint of key clicks, since
the low or keying frequency component was
elminated Successful operation of the three



channels wos accomplhished with a peak modu-
Intion of the teletypewriter chennels of ap-
proximately 20 percent

OTHER PRINTING METHODS TESTED

Facsimile.

Numerous iests have been made to compate
radio facsimile and radio teletypewriter This
comparison 15 o Qifficult one because of the n-
herent differences in the two systems  The best
copy from the facsimile cannot compare with
the teletypewriler prited copy, whether 1t be
calbon o1 mk printing of the facsumile, because
the elements of the separate letters are broader
or heavier, and are made up of groups of lines
or dots prmted at different times A compari-
son might be made to the differences between
newsprint pictures and photographs i the
matter of picture defimtion In order to im-
prove the facsimile copy, 16 would be necessary
to merease the defimition, which would mean an
even broader frequency spectrum

As was stated previously, in a weather trans-
mitting service, as mamntained by the Bureau
of Air Comimerce, full advantage of the cir-
cuits must be taken to tiansmit the volume of
mformation that 15 needed For that reason
the messages are coded Tt 15 absoluiely essen-
Lial, therefore, that each character stand fully
on 1ts own merit and not depend on 1ts asso-
c1ation with other characters for ale ntelligi-
bility  Fou example m strtaight copy, one o1
mote letters may be omitted from a word, and
in many cases a whole word, without losing the
mtelligibility of the sentence In any coded
message, an error may change the entire mean-
mg regardless of the type of transmission, but
an error caunsed by misinterpretng a chaiacter
13 elimmnsted from the teletypewriter copy
In the unretouched photograph, figure 27, are
shown samples of facsumile to 1llustrate the
effect of noige on intelipability It 15 appar-
ent that there are many characters which 1f
taken by themselves might eacly be inter-
preted differently by two persons, but taken as
a whole the words are qmte clear

Late 1n 1934, » commercially available radio
facsimile equipment using photoelectric tape

seanner and carbon tape recording was made
available to the Bureau for tests The receiv-
g equipment was set up at a site approx-
mately 1268 miles from Silver Hill, Md The
400-watt transmitter at Silver Hill, Md, was
used for transmittmg on 2960 Ikilocycles
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)} Teletypewriter equipment gave petfect
copy over a signal varlation of 17 db, while
facsimile was capable of withstanding only
2 10 db change 1n signal level

(2) Due to the wide transmission band
resulting from the ngh keying speed of
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Figure 27 —Examples of carbon tape faesimile record-
ings under varwous noise conditions.

the facsimile, 1t 15 difficult to 1ncrease the
signal/noise ratio by means of audio-fre-
quency filters Furthermore, a transient
nose 1mpulse 1s of the same character as
the dot element m the facsimile, and can-
not. be removed by simple methods For
the same speed 1 words per minute the
keying frequency of the teletypewnmter 1s
very much lower and a stmilar noise 1n-
pulse can easily be removed without
destroying the intelligence The practical
result 15 that the teletypewriter gystem can
operafe with a much lower signal/noise
ratio, and perfect copy can be received long
after the intelligence of the facsimile copy



15 lost through extranecus noise <pots
Tlis was amply demonstrated 1n these te<ts

(3) Multiple path signals caused double
1mage characters to be printed on the tac-
simile copy, while under the same condi-
tions the teletypewiiter copy was not
nffected The speed of transussion on
both equipments was 60 w p m  The
effects of multipath {ransimission on fac-
smmile were more serious than on leletype-
wiltter because of the lugher keying
frequency required for the same number of
words per minute transmitted

Latex 1n 1935, teels were agmn conducted
on a similar but 1mproved form of facsumile
apparatus  The telety pewriter terminal equip-
ment by this time had also bheen ymproved by
use of the gas discharge tvpe of relay  The<e
tests wete cartled on belween Wahmgion wnd
Baltimoie on €1 and 65 megacycles  The <1gnal
range of the facsimile had been mereased to
cover about 15 db, while the teletypewriter
range extended over about 26 db  Coneclusions
similar to those of the previous tests were
arrited at, namely

(1) Teletypev riter equipment was capable of
operating over a greater change of signul
level

{2) Interpretation of characters on facsumle
copy, when covered wilh holse spots, was
extremely dificult, disproving the common
fallacy that facsimile copy can be rend
eien though covered with norse spots
Single characters are often rendered com-
pletely unmtelligible by the addition of a
few spuricus noise spots

(3) Danble-image copy was not obseived on
61 and 6% megacycles, mdicating that no
multiple path transmission took place
Nevertheless, facsimile characters wele
often spread out when the pimter bar bore
too lightly or too heavily on the carbon
tape

In addition to the above, other serious dis-
advantages of facsimile are apparent

(1) In a chamn communteation system, where
repeated retransmissions are necessary the
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noise can be more readily 1emoved from
the teletypewrter <ignal than from the
facsimile signal The lower keymng fre-
quency of the teletvpewrtiter permits the
use of sharper filters and much less complex
gignal coriecting citculls or regeneration
Rescanning of faccumle copy 1s the most
undesirable procedute as found by actual
test, and even i simple retronsmission the
noise distortion adds up rapidly over sev-
eral repeating stations

(2) No methed of sloring a message al a
terminal station for future retransmission
15 provided with facsimile, other than re-
scanning of the received copy  Teletype-
wtiter signals, on the otlier hand, may be
used to reperforate a tape at the same time
the 1ecerved copy 18 being printed

(3} Facaimile 1equies a band approximately
10 ¢ycles wide for 60 w p m—100-line
definition, whereas teletypewtiler 1equires
about a 120- to 130-cicle band width for the
same speed At least three and possibly
four 60 w p m telelypewriter channels
could be msexrted in the spectrum required
for facsimile with a corresponding effective
inctease 1 speed to 180 o1 240 w p m

A high-speed printer

I the latter part of 1936 and again early 1n
1937, numerous tests were conducted on a com
mercially available high-speed printer over the
Washington-Baltimore  ultra-high-fiequency
circurt

Essentially, this systermn depends for 1ts opera-
tion on the use of combinations of eight smmgle
sine wave impulses derived from a common
oscillator and phase-sphitting networks Tor
example, the first impulse 1s used for synichroniz-
g, and the fourth impulse 15 used for shfting
from lower- to uppet-case figures. leaving six
impulses for combmations 1 a §-umt code

An eight-phase voltage 13 applied to the plates
of eight vacuum tubes through the selector
magmnets of the printer The recerved 1mpulses
are applied to the grids of these same tubes 1n
the proper sequence so that 1f the recerved 1m-
pulse unbiases the tube at the tume the plate
voltage 15 applied, the tube will then conduct



current and close the armature Four to six
groups of pulses are necessary to close the mag-
net Each armature operates a code bar and
causes the printer to operate

Exact synchronism 1s essential between the
received pulses and the plate supply to the
several tubes

These printers were capable of operation up
to 120 » p m with a short wire lime connection,
but 1t 1% anticipated that considerable daffi-
culty would be encountered when working over
telephone lines or cables of any great length
due to distortion of the transient impulses
Since the printing of each character necessitates
about six groups of mpulses, 1t would appear
that static would have hittle effect, as it 13 hardly
probable that random noise would be sufficiently
regular over s1x groups of combination mmpmlses
to cause a false character to print It 19 entirely
pessible, however, that a periodie recurring in-
terference such as 1gmition noise nught cause
false printing

The radio tests disclosed the following
results

(1) The impulses used in the system nre
highly transient i nature, and 1t was found
lhaghly susceptible to noise

(2} A very lugh quality cireuit 1¢ essential to
transmit and receive the 1mpnlses without
undue distortion Caleulations rteyealed
that a fiequency spectrum appioaching that
required for broadcast purposes would be
necessary fo reproduce the impulses suffi-
ctently well The increase m speed over
60w p m teletypewriter 18 not warranted,
since the teletypewriter speed by use of mul-
tiple channels could easily exceed 120 w
p m with much less difficulty

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

(4) The frequency of the oscillators in the
apparatus must be held to about 1 part in
100,000

RESULTS

The results obtained 1 more than two years'
operation of the Washington-Baltimore radio

* teletypewriter circuit have shown that the nec-
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essary requirements of reliabibity, accuracy, sum-
pheity of operation, and speed have been met by
the use of ultra-high frequencies and the devel-
opment of suitable terminal equipment

The earher work on 284, 4070, and 2960 Jalo-
cycles has shown that frequencies in these bands
will not meet the requirements of the Burean of
An Commerce communications system, due
principally to extieme fading, high noise levels,
and reflecled sky wave components  The propa-
gation characteristics of the ultra-hugh fie-
quencies below about 4% megacycles, as reported
by many investigators, also indicate consider-
able sky wave reflection The characteristics
of 61 and 65 megacycles over this path, hov-
ever, indicate that o high quality radio cireuit
suitable for multi-channel services can be ob-
tamed over distances m cxcess of the optical
path  Such fading as eawsts con be taken care
of by proper design of termmal equipment as
hos een done on this circuit by means of the
gos discharge tube relay and level controlled
amplifier, since noise levels on the circuit are
very low

The 1nvestigation of commercially available
carbon tape facsimile has shown 1t, 1n 1ts present
state of development to be unsuitable to Bureau
of Air Commerce communications traffic  Com-
parison tests with teletypewriter have shown
conclusively that the telety pewriter 19 much to
be preferied

ECONOMIC CONSIDERATIONS

The choice between land line and radio tele-
typewriter circult operation, aside from purely
technical considerations 13 largely dependent on
two other factors, namely, the type of service
required and cost The present land line tele-
typewriter facilities of the Buieau of Air Cow-
merce extend over approximately 23,000 miles
The cost of leasing wires for this service
amounts to nearly $700,000 annually

In order to make a comparison between land
line and radio, cost estirnates were made up for
a 600-mile circuit (Washington, D C to Nash-
ville, Tenn ) consisting of 9 drops  The radio
circuit included 13 infermediate stations of
which 9 were drops The circmit represents av-
erage conditions for the radio teletypewriter



stnce 1t mcludes both level and mountameu-
country and at least average conditions for 1 nd
line telety pewriter

The location of the radio telelypewriter «ites
was made on a hine of sight basis as faa a-~ prac-
tical, the maxunum deviation being only 150
feet below line of sight  Lane of sight wua- cal-
culated using the actnal radms of the earth It
lias been quite well established by other mnve-i1-
gators that normal refraciion would permnit the
1adius of the earth to be multiplhied by a factm
of 43 which would malke all sites withan optical
range  Actual distances 1anged Tiom 28 1o 64
miles depending on the terram covered  The
estimate ncluded duplicate tranamitting equap-
ment with auntomatic change-oter 1n case of
foilure, spare recerving equipment, anxthaiy
power supply, butldings, towers, addition.l
quahifed mnntenanee personnel, and niscel-
Laneous other tems

The land hne estimate included only the
cost of teletypewriter machines, nstallation
maintenance, and hne charges  No construc-
tion costs wele necessary on this particular
circurt due to existing facilities

Iguie 28 15 o cost estimate for 1lie Wash-
mgton, D, 1o Nashville, Tenn, arw iy
commurication cnncurl, showmyg a comparison
between land lme and ultia-ligh-liequency
1adio teletypewtiter service  Operators’ <al-
arles wele not included n the estinate <mee
thex would be the ~ame for atler txpe of i
cuib Tt 15 found that with @ reasonable nun
her of years allowed for obeclescence of equrp-
ment. a radio teletypew riter arcuil 18 economi-
colly justafied usmg two or more channels
This 15 true since mnereasing the number of
simultancous channels does not greatly in-
cicase the cost of the radio cireuit

In addition, a radic teletypewriter carcunt
can provide a service which cannot be fiu-
nished by wire lines namely o giound to an-
«1aft voice channel and a giound to arrciaft
telets pewriter channel eimultaneously with two
ground station teletypewriter channels at a
smmall mmeiease 1n cost as shown by the curves
of figure 28

CONCLUSIONS

In view of the results oblamed 1t 18 con-
(luded that a high quality 1adio 1epeater car-
vt stable for multichannel sersices along
the airways 1s feasible 1 the band 61 to 6%
nmegacycles  Such a enaur could provide for
L ground to arcraft voice cliamnel, a gronund
to aireraft telelypewriler channel and two

oround-station teletypewiter ¢hannels  One
L
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Figure 28 —Cost estimate for the Waghmgteon, D C,
to Nashyville, Tenn, airwey communication circmt,
showmng comparison between land line and ultra-
high-frequency radio teletypewriter service Oper-
ptors’ salaries are not 1ncluoded

ground-slation channel would be piovided for
atl eornmunications now handled on the Jand
lines, the second to be made available fo1 use
n conmeclion with an-tiaffic control  All
teletype channels would lhave a speed capa-
bility of 60 w p m The ground to arcraft
telety pewriter channel would provide direct



printed copy of wenther information and
other communications to pilots 1n fhght, the
ground to aircraft voice channel could be used
for air traffic control

APPENDIX

In order to adapt ultra-high-frequency radio
teletypewriter to a chain of stations along
an airway, 1t 18 necessary to locate 1ntermedi-
ate stations at weather observing points  Most
of the mtermediate stations along an airway
are separated by relatively short distances,
making the ultra-high frequencies particu-
laily well adapted for this purpose It 1s
desirable also to obtamn radio station sites as
high above intervening ground as 1s prac-
ticable to obtain an approxmate line-of-sight
transmussion  path  Present beacon sites m
most cases lend themselves admirably well for
this purpose, and power 1s already available
at such mites In a relatively few cases, due
to 1ntervering mountains between station sites
in rugged terrain, it would be necessary to
erect antomatic repeater stations to get “over
the hump ”

In such a communication chain it 1s desir-
able to haie a directional transmission of mes-
sages with & mimmum of equipment As an
example, let us assume a curcut composed of
four stations, A, B, C, and D Stations A
and D are the terminals, and B and C are
mtermediate stations, one of which may be
an automatic repealer station Any one of the
stations must be able to originate a message
and all otlrers receive coples of 1t Thus, a
message origmatmg at A must be repeated
through B and C to D, or a message origl-
nating at station C must be repeated through
B to A and also go to D Tlus can be ac-
contphshed by the use of two transmitters and
two recervers at each repeater station TUni-
directional antennas would be employed
However, m an attempt to reduce the amount
of equipment necessary, the same result can be
accomplished with but one transmitter and
bidirectional antenna and two receivers with
umdirectional antennas at each repeater
station
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Referring to figure 29, assume that a signal
originates at station A It 1s transmitted at
frequency T, modulated at a frequency M,
This 15 picked up at B on a recerver tuned to
¥, and further provided with a filter for M,
The signal operates the printer at B and also a
keyer, putting M; on the transmitter at B
The signal 15 then retransmrtted at F.-M;  This
18 picked up at station C on a recerver tuned fo
F, and filtered for M, and again retransmitted
to D m a manner stmilar to that at B At the
same 1mstant the signal from B 1s picked up
at C, however, 1t will also have gone to A, but
since the receiver at A rejects M, by filter, the
signal 18 dead-ended and no singing can result
The same anti-singing characteristics will hold
at the other stations, since all signals gomng

A L]

T Al T TR

O

Figure 29 —Block diagram 1illustrating operation
chain of radie teletypewriter stations.

\
2

{fiom A toward D a1e modulated at M, while
those gomng 1n the duection I toward A are
modulated, at frequency M,

If station B originates a message, 1t 1s trans-
mitted at F,, but modulated with both M, and
M, In this case the receiver at A will pick up
F,-M,, whale station C accepts only F»-M;, and
retransmits it as Fi-M, to D Thus the desired
result 18 accomplished with but one transmtter
and transmitting antenna, instead of two trans-
mitters and two antennas

Transmission 1n other directions may be ac-
complished, 1f necessary, by mncluding addi-
tional recervers, correct filters and changing the
duectional field pattern of the antennas to
mclude the additional stations
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