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DEVELOPMENT OF A GROUND-TC-ATRCRAFT RADIOTELETTPE SYSTEM

SUMMARY

A ground-to-aircraft communication circuit which wall proviae a printed mes-
sage to tle aireraft is described A cormunication eircait of this type will insure
greater safety oy providing a printed record of weatler sequence reports, emergency
broadcasts, ard traffic reporits for the pilot  The poasibilities of a sirultaneous
vorce and teletype circuit were investigated and tre system found to be practicable

The aircraft and ground astation ecuipments are described, tocgether with the
regults of flight tests 1n a Waco type N, a Boelng 247-D, and a DC-3 type of trans--
port airplane Perfect copy wad obtalned at 145 mailes from the trensmitter at an
altitude of 6,000 feet

INTRODUCTION

Two—way radio communication betmeen ground and airplare has become a requi-
site for the safe disvatering, reportarg, and landing of tre aircraft, together with
t1e furnisning of conplete weeatrer information  More especially 1s tras true when
the grourd 1s obscured by fog, raze, or clouds, and flights are made "cn instrunments "

Several improvements nave beer wade which have resulted 1n a more reliable
communication circuit to ard fror the airplane in flaght  The most notable i1mprove—
rents are the use of the ultra-high freguencies and the use of a radio typewriter
As the alrplanes 1n scheduled air carrier service tecome larger, the volure of com-
munication to tre aircraft si1ll become greater and the dutles of tre pilots will in-
crease lore complete information disseminated to the pilot in the form of a orinted
record will insure greater safety, sirce cata will be available to har wren other
duties do not demand his full attertion  He wall thua be relieved of the tasl of
retainming pertirent facts in his mind in the proper relatieon, ss 1s necessary in tre
present system of volce transmissions This 15 particularly true of the asequence
weather reports At tle same time, the nceds of the smaller itinerent aircraft, in
which t~e additional weigrt and irvestrent preclude the uae of a printing systerm,

mst now be overlooxed

Witl tnese requlrements ir mina, the Cival Aeronautics Administration under-
took the development of a communication syster which would provide a printed record
similtanecusly watl, & voice circuit

Tre nucleus for this developnent was the radiotelet:pe system described in a
previous Technical Development Report 1 It was considered desirable to combine in
ore corolete systen tre ground-to-aircraft circuit, the weather collecting, and
traffic control systems of the Administratior

ATACRATT TQUIPMENT

T1e four units, receiver, audio filter, pulse rectifier-amplifier, anc print

L dremada, J C , and McFeel, P L , "The Development of an Alrways Ultra-
Figh-Frequency Communications Circuit," CAR Techmical Development Report Ho 6,
February 1938
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ing machine, shown in figure 1 comprise the alrcraft equipment necessary to provide
a voice and pranting system. It shoezld be borne in mand that performance was a pri-
mary requisite in the development equipment and, as a result, scme of the units are
mich heavier and larper than will be neceasary in final equipment.

Receiver

The receiver used on the flight teats was an RCA type AVP-174A, fixed tuned
crystal-controlled superheterodyne  This receiver, a block diagrar of which 1s shown
in fipgure 2, 15 provided with a noise-reducing circuit of novel design  In this cir-
cuit, rolse pulses which exceed a predetermined level operate to estzblish a balance
in an aadio-frequercy oridge in the gria circuit of the first asidio-frequency ampla-
fier, thus eliminating the pulse from the signal The level at whaich tre balance 1s
estatlished 1s & function of the carrier level but i1n all cases 1s such that the de-
tector craracteristic is linear up to 100 percent redulatzon Some nolse-eliminating
circulvs operate to corpress tle detector output when the simmal peal exceeds tie
equi alent of about 60 percent nodulation  This latiter type of circuit 1s not satis—
factory for use on signals where the average modulation 1s maintained at 80 or 90
percent

The band wadtih of the 4100-]1locycle intermediate-frecuency amolifier 1s G0
J1locycles wide at 6 decibels down from resonance and 24C kilecycles wice at 60
decibels down  All spuricus responses are at least 40 decibels domn from the response
at the signal frequency

The receiver 15 capable of delivering 1 5 watts of audio power to a 250-ohr
resistive load The noise 18 & decibels helow tne signal plus noise output mth a
carrier (medulated 30 percent wsith 400 cycles) input of 1 2 microvoltis The automatic
Jair contrel cnaracteristic of tre receiver is shown in figure 3  The total weight of
tre receiver complete with caples 15 23 pounds

Audio Frequency Filter

A standard type BA-189 range filter was used between the receiver output and
tre pulse rectitier—amplzfier umit to provade for discriminaetion against noise (and
volce when used) in the receivea signal The transmission characteristics ol this
1020-cycle band-pass and band—elimination filter are shown in figure 4

Pulse Rectifier and Amplifaer

Previous experience cained during the development of the Washington-Baltimore
radioteletyne circuit? indicated that the most satisfactory method of obtaining tre
pulses to operate the teletype machine wonuld oe from a gas disclar-e relay of the type
shown i1n figure 5

Turing spaclng 1mpulses no audic signal is applied to the pulse rectifier
VT2 In this case plate current flows in VIg and VI;  Tre plate current of VT,
through 5] makes the grid of the thyratron VIy negative wit™ respect to the cathoce,
and the tube 1s non-ceoncucting The plate current of VI3 flowirg through Hy biases
¥T5 to cut off and, with no current flowing through Fp, tre grid of the thyratron
VI¢ 15 at cathoae potential, which permits the tube to i1onize and conduct current
Under t-ese condations, condenser C 1s charged to a potential ir such a manner that
the point A 15 15 volts (the drop across tte tube) pesitive with respect to tre
cathode The peint B will then be at the plate potentiel above the cathode, for
example 100 volts

Turing a marking impulse VI3 and VT, wll be biased toc cut off, the grad of
VIg will become negative with respect to the cathode, and the grad of VIn w1ll be at

2 3ee reference 1, page 1



cathode potential VI will then 1omze and conauct current, instantansously lower-
ing the potential of point E to 15 volis positaive with respect to the cathode This
represents a reduction of 85 wvelis The pcant A will thus be i1nstantaneously lowered
by 25 wolts or to 70 rolts negative with respect to 1ts cathode and the tube wmll de-
1onize and cease to conduct cuwrrent  Tre potential of point A will gradvally become
10G volts positive with respect to tle cathode  Trus, 1t is seen that marking and
spacirg impulses will trigger the two tubes oppositely The currert through the
thy/ratrens 1s limited by the resistors Fy and Rg and 1s adjusted te the optimum value
for best operatlion of tre teletype machine, tre magnet of which 1s connected in the
plate circuit of one of t-e tubes

The best iriggering action 15 cbtained wnen the control grid current of the
gas discharpe tuee 15 a mimimun  Trnis grid current can be either from cathode to
grid or from grid to catrode, depending on tne relative potentials of the gria and
cathode To 1nsare trat t-e grid is driven to zerc potential in each case, regard-
less of the amplitude of t4e sienal pulse, a direct-current pnase inverter is used
The compleate anit conmsists of a limting amplifier, pulse rectifier, pnase 1nverter
and thyratror relay Part cf itre voltage develovea across the pulse rectifier filter
15 fed back to the grid of the limating ampliiier This gric control, in addition
to the limiting actior provided through plate regulation resulting frer the resistance
1n the plate circuit of the amplifier, :insures relatively constant amplatude pulses
at the input of the fall wave pulse rect:fier A positive motential 1s applaed to the
cathode of the pulse rectifier to act as a necise thresrola limiter I'or the signal
pulse

1gn voltage vlate poser is suppliec bty a dynamctor umat  Ballast lamps of
the 1ron wire in hydrogen type were ncludea 1n the filament and dynamotor supply
cirreulcs to redice the effects of variations i1n battery voltage I'or best cperat.on
of the teletype printer, tre cwrrent @ rough the magrev colls shouola be maintained
to within plus or wainus 10 percent of tie normal current value of 60 milliamperes
The magnet coil of the printer 1s in the plate circuit cf one of the thyratron tubes
The plate current of the tn reatron 1s provortioral tec the plate supply voltage and,
therefore, regulation of tae plate sapply voltage will recult in an equivalent regu-
lataion of the magnet cirrent  The dynarotor 15 designed ior operation from an 8-
volt supoly A ballast lamp, with a norinal toltage drop of 4 volts connectec in
gseries with tle dynamotor input permits coperatior Irom the 12— 0lt battery of the
airplane A ballast lamp, waith a nominal voltage drop of 6 volts, was usez 1n series
witr the 6 rolt teater circuil T1e current-veltage characteristics of the ballast

lamps are shown 1n figure &

Yre rargin cnaracteristic of the teletype printer used in conjunction with
the pulse rectifier-amplifier unit for several battery input voltages and two seti-
tings of tae neoise bias ceontrol is shown i1n figure 7 The number of points of margin
are expressed in percen: oif tre normal margin of the machine when 1% 15 operated at &0
milliamperes and with the tape distributor directly in the direct-current circuit  For
example, %0 nercent reoresents the mean alue of the upper and lower margin control
lever reaadings, a readinc of 0 *o 100 from the curve indicstes trat the margin throush
the pulse rectifier-amplifier unit was tre same as the direct-current machine margin
The figure shows that under tte worst conditione {curve 6} the margin 1s 80 percent of
the direct-current rargin over an inpul signal range of 36 decibels

The total weight of the experimental unit shomm in figure 10 1s 18 pounds
Printer

Tre tyoing unit from a stardard, &0-word-per-minute Teletype Corpeoration
type 14 printer was rwourted on ar alumimum chassis and shock mounting  All of the
parts wnicn were not essential Lo the operation of the unit for printing cnly were
removed 1n order to reduce the weight as much as possible  The weaight of the prin-
ter (stripped of all non-essential parts) comwplete wath cover and shock mounting
was 38 pounds This meight 15 conslderably mere than 1s desirable for practical
application of the system, but for the purpose of aetermining the practicability of
a system of ground-to-aircraft teletype transmission a standard readily available unit
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was used It 1s anticipated that in the near future a printer umit will be available
which w1ll weigh aoout 10 pounds  The prainter, without dust cover, 13 srown 1n fig-
ure 9

4 1201t direct-current governor-controlled rotor was installec in tre
printer to provide a ccnstant driving speed for supply voltage variatiens fron 10 to
15 volts The speed characteristic of the driving moter 1s shewn 1n figure 8

Arcraft Antenonas

At dafferent times during the development and testing of the ground-to-
arrcraft teletype system, installations were rade in three alrplanes the United Air
Iines flaght researclt ship, a Boeing 247-1), a Douglas [C-3 transport type airplane
made available through!the cooperation of the United States Army, and NC-17, the
CAA 's Waco Type N

The antenna used on NC-17 was a horizontal dipole, loaded at the center with
a coil of five turns three-fourths of an inch in diameter, mounted 18 inches aoove
the skain over the forward part of the cabin The axas of the antenna was parallel to
the wings Tras installation 1s shown 1n faigure 11 A flexible coaxial transraission
line coupled the antenna to the receiver.

The antenra on the Doeing, figure 12, was a dipole, 1nsulated at the center
and stretcheac between two arms which extended approximately 18 inches below tre belly
of the ship at about the center of tre wings The axis of the zantenna was crosswise
to the shaip 4 flexable coax1al fransmission line coupled the antenna to the receiver

The antenna on the DC-3 was also a half-wave dipole with 1ts axas parallel te
the wings The antenna was constructed of a 1/4-inch diameter brass tube strengtbened
by a rib of balsa wocod This structure was mounted on the lratch, about 12 1nches
above the skin, above the pilot's compartment A flexible coaxial transmission line
coupled the antennma to the receiver

A11 three antennas were, of course, directive forward and backward since they
were simple dipoles Greater sipnals were received wren the reading was toward the
trangmitter in the DC-3 ena NG-17 installations, since tie antenras in tuese cases
were mounted towarz the nese of tne shap

The flight tests were to determine the practicacilitv of thre system and the
alstance range that conld be expected, consequently, the nulls off the wings were not
important provided the ship was flown approximately toward or away from the transmit-
ter 1n regular practice a non—directive antenna would be used

GROUND STATION EQUIPMENT

The ground stalicn eculpment was the regular radicteletype equipment of tle
Washington-EBaltimore experimental radicteletyps circuit described in detail in
reference 1 Transmasicns to tre aircraft were made over the Baltimore transmittier,
wolich was locateda about 2 miles northeast of Leogan Field, near Dundalk, Md

Tre transmitter, a TXK, deliverec approxarately 100 watts at 65 megacycles
to a horizontally polarized airective antenna mounted on top of a 125-foot steel
tower The artenna corsistea of four 1/2 wave elements spaced 1/2 wavelength apart
1in a iertical plane, fed in phase, with a simlar unmit placed 1/4 wavelengtn behind
tre radiators used as a parasitic reflector Figure 13 13 a photograph of tre antenna
sy¥stem

For the ground-to-aircraft radiocteletype tests, the usual 4300-cycle tone was
replaced by a 1020-cycle tone to take advantage of stanagard sircraft simultaneous
range filters, as described under Aircraft Equipment



4 1020-cycle band-elimination filter in *the veice eircuit permitted simuliba-
neous voice and teletype transmissions to tre aircraft

FLIGIT TESTS

The first flight test was made 1n NC-17 It was not convernient to nave an
cperator at the Baltimore transmitter for this test, so the ecuipment was placed -n
automatic repeat conaitior3 and operated unatberded Flying was to be done Zrom
Bolling Field, Anacostia, D C , and t11s metrod of operation provided a very flexable
circuil since transmssions cculd tren originate at WWX, Silver H11l, ¥d , (atout 4
miles from Bolling Field) and be relayea through WW11, Ealtimore, to the aircraft
Since the original WWX, 100-walt transmtter was terporarily cut of semaice, a small
transmitter of less than 5 watts output was used  With this low output, the received
51;mal at Baltimore was, of course, ver; low, anc wit' the high autorecbile 1gmition
11terferece which was present, some misprinting was e<perienced The Baltimore-
Silver Fill circuit, however, was excellert, and by conparing tre transmitted copy
originati~z at WHX wmith tiat received bacl afler raving teen relayed by WKII, the
errors 1n the WWE-WWIT link co1ld bte 1golated  Lrrors whicl were received on tie air-
craft copy and on the received copy at WX were assumed to bave come iron the WWi-
WHIT carcuat  Iakewise, tnose anpearing on tre aircralt copy which did rot appear
cn tle WNX cors sere asolated to the WWIIl-airzcrafi lint

After ta<ing off from Bellirg Fielc, a course toward Baltimore was talen,
tre equapment was adjusted, and the wotor speed corrected  The heading was then
chanecea teoward Washongtor and an altituue of 3,200 Zc-t maintained Azter nagsine
over the Washington rance statior, the souwtn leg of the ranze was ioilcowea to the
Rappehannock Raiver, at which time the 1om_tion intorfererce 1rom the ailvecratt engine
started to cause misprints  Woth the battery iznition shut cff and “he engine omer-
ating from the magnelto, perfect cop was recerved at an sititide of 3,200 teet A
descent was then made 1n t'e vicainity of King feorre, Va , (20 riles airline from the
transmtter) and tne cop; was checled at fremuent 1-ervals w-t. the batiter; 1gmition
off CooL copr was recei.ed at an altitnde of 700 fect, below tnls the sipral was Loo
weak to print Tne head.rg ras ther chancea to return to Zollirg Tield Cood copy
was received at a- altrtude ol 1500 feet =w1tl beth 1mnitions on at about Ambar, Va ,
(75 mles airlire from t~e ‘ransm-tter) anc was rood until a descent ras nade Ior a
landing at Jolling Field

Tre receorws were @nal;zed and 1t was icund tlat 275 lines of excellent copy
were received, starling ity tle first copy receirea after the eqmuipment was adjustcd
ard coursirg all cop, received Lc the port of musprinting near Kang George Trere
Tere 1% errors receilved other than those w-ich werc received at WEA frem Beltimore
Allecwirpg 70 characters per lire for 175 21-es, 12,250 characters were transmitted
This represents one errer 1n 8.7 characters This was accorplasted over an airline
distance of 75 rales at an altituce of 3000 fect Tre onlyr adjustment maae to the
eqripment after T-e orig nal adjustierts were nade was te rovgilr control the audio
cubput o tre receilver

Tre results of tiis first fZaght were very encolraging, cspecially when 1t
was <nown that the 1gnztien interference in rC-17 was very nagh

T roagh the ceooperation of the Un-ted States frmy, an airplane of the 2C-3

Transpors L pe was rade available to tle C© A & Tor further tests of the raciotele-
tyve e.ulprent

The first flaght in the DC-3 was maae ext tre soutlwest Yep of tre Wasring-
ton range at an altituoe of 3,000 fect  Anout 10 mles nortbwest of Quartico, Va

3 See reference 1, page 1
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a distance of &5 mlles from the transmitter, a large circle was made to determine the
antenna directivity At this distance from the transmtter, the signal was of suf-
ficlent strength to obtair perfect printing at all headings, even though the antenna
was a dipole and nulls would be expected 1n line with the axis of the antenna  The
crizznal course was again resumed and the altitude of 3,000 feet maintained The
first errors were received 1n tha vicinity of tre Rappahannock River (85 miles from
the transmitter), with a reading away from the transmitter With a heading toward the
transmtter, however, perfect printing was again obtalned, which i1naicated that tre
directivity of the antenna favored reception off the nose of the airplane. This
would be expectea, since the antenna was mounted over the pilot's compartoent in the
noge of the ship On the return flaght, the teletype drivang motor geined speed and
the printing was poor A landing was made at Bolling Field and tne proper speed ad-
Justments were made

A& flight was then made to Logan Field, Baltimorse, to ferry an operator to
the transmititer sco that messages could originate at that point instead of at 3ilver
Hi111, trus elimnating any errors which might come fror the temtorary circuit between
Silver Hi111 and Baltamere, whicn was known fto be subject to error Perfect copy was
obtained fror the take-off at EBolling Field to tre landing at Logan Tield, anc while
on the ground On the return flight from logan Field, simultaneous voice and teletype
transmisslions were received an the airplane waith perfect prainting and understandable
voice Figure 14 18 the aircraft copy recezved Just prior to the landing at Bolling
Field The level of the veoice circuat was a little low and this level was raised
after the landing

The third flight was made out the soutbwest leg of the Washingtcon range In
the vicinity of Wocdoradge, Va , a thurderstorm sas encountered ana 1t was necessary
te btear to the right to go arocund the storm area  Hain static of the "erying" type
was observed con entering several cloud formations Tne effects of the crying static
on the printing circuit were practically eliminated by reducing the tone level to the
audio filter below the overload point Tre pass tand of the audio filter 1s sharp
and cnly tre 1020-cycle components of the crying static interfered 1In this test,
only a few misprints were received after thle levels were aw;usted

The storm area was skarted and in the scinity of Calvertcen
course was again taken to Lecust Grove, Va , wrere the origainal 230
sumed

Va , a southerly
heading was re-

2

?

Occasional errors not causea by static were rcceived which appeared to be due
to over-modulation in the voice channel The simultancous volce chammel aas then
discontinued and tte cccasicnal errors were eliminated  Figures 15-k, 15-B, anc 15-C
are three consecutive pages of pasted copy and are includec to -—llustrate thls point
The errors in the hand-asent messages were clec.ec against the local copy and founc to
be typographical errors on the part of the operator Tre errors markes "neise! were
the result of turning on the ship's radio transrutter which rorentarily lowered the
battery voltage to the point where t-e teletype motor cropped cut of synchronisn for
an instant In a miltacharnel circuit which combines voice and printinc channels or
several printing channels, 17 15 essential that the level of each chanrel be careful-
1y controlled to prevent trne total instantanecus modulation of the several channcls
from exceeding 100 percent In thie experinentzl set-up, no pea'-limiting aroplifiers
were used and cccasional covermodulation peaks were expected Tre test, -owever,
indicated that with proper control of the tone anc voice levels, a rmltichanrel cir-
cult was possiole

After the voice channel was discentinaed, perfect copy was received to the
viciaty of Holladay, va , st an altitude of 7,100 feet, v1th a heading away from the
transritter This 15 an airline distance of 110 males

A large circle was made mear Pendletons and Burnass, Va , and a heading taken
toward Baltimcre at an altitude of 5,000 feet  As soon &s the heading was talen
toward tre transmitter, the ceopy became perfect and continued as such until the land-
ing was made at Bolling Field.



The fourth flight was made to determine the dastance range of the circuit
After talung off from Bolling Field, a southwesterly course was taken, climbing to an
altitude of 9,500 feet near Holladay, Va The first errors were received at this
peint, 112 mles from the transmitter with a heading away from the transmitter The
printing was perfect, however, for headings toward the transmitter A south-southwest
course (210°)} was then resumed. Tris heading was not directly away from the transmit-
ter, ard the null off tre tail was avoided Errcors again came in at the James River
at 8,000 feet altitude, but the copy was perfect with headings toward the transmitter
A large circle was made over the Jamea River, 145 miles from the transmtter, at an
altitude of 8,000 feet, to determine the antenna directiviiy  Good copy was obtained
for headings approzimately 45° either side of the nose and slsc for beadings 30° to
the left of a heading directly away from the itransmitter The turn was made to the
left, which would account for the reception to the left of the tall and not to the
right since part of the fuselage would be between the anterma and the transmitter for
reception to the right of the tail

The course was continued away from the transmitter ana the altitude reduced
to 6,000 feet A turn was made near Buckingham, Va , where 1t was estimated no sig-
nal would be heard with the heaaing toward the transmitter  The heading was taken
toward Baltimore and an altitude of 56,000 feet maintained Signals were first heard
near M1lwyn, Va , a distance of 160 miles from the transmitter The =ignals, however,
were too weak to print The first copy was received about 5 miles west of Carters-
ville, Va , 145 miles airline daistance from the transmtiter  Perfect copy was received
from that point to Belling Fiela and on the landing down to about 150 feel above the
ground Figures 16-4 and 16-B are sections of the copy received at the wrarious points
on the fourth flight

The thard group of flights was made with the ecuilpment installed in the United
A1t Innes flaght research ship and was for itre purpcse of demonstrating tre system to
the members of tre Radio Technaical Commission for Aeronautics Several fliglts were
made to the vicimity of Quantice, Va , 65 mles fror thre transmitier, witk results
equal to those ootained in the DC-3 This installation is shown in figure 17

DISCUSSION OF RESULTS

Cn two cccasions difficulty was experienced from variation of speed of the
drivang motor  This was treced to high resistance contacts 1n tne governor control
The original tungsten contacts were replaced with platinum contacts and the trouble
was eliminated

Frequently throughout the description of tre flights, the received copy 1is
referred to as perfect It should be kept in mind tnat the type of messages which
w11l eventually be handled on a ground-teo-aireraft circuit w1l ove, te a large extent,
codea weather and srip movement information  There 1s no indicatior on the present
teletype message to show whether the character recelved 1s the one transmitted or
mhether an extra impulse has been picked up or, conversely, one dropped, to print a
different character Perfect cooy, then refers to copy witlout errors, and good
copy refers to one errcr in 500 to 800 characters

In all of the ccpy received cn the airplane one characteristic 1s preacmi-
nant The fransitior period bpetween perfect copy and complete misprainting covers a
very short time  Figures 18-A, 1B-B, ana 18-C have been included to 1llustrate this
peint  The copy which 1mmediately preceaed that shown and also taat which followed
was perfect copy with no errors This copy was recelved during the third flight in
the DC-3 anac covers the last perfeet copy on the cutgoing flight 1n which mispranting
started in the vieimity of Holladay and continued through the turn until ttre heading
was again toward the transmtter  The recovery was, of course, hastened by the
greater pick-up off the nose of tre ship, but in the outgoing flight, tre copy went
from perfect to zero in less than 500 characters, or about 15 minutes In the fourth
flaght i1n the DC-3 after the heading was taken toward the transmtter in the vaicinity



of Buclangham, Va , the first signalse wers heard near Tnllwyn, 160 miles from the
transmitter, and perfect copy was obtained at about 145 miles  This short transition
pericd can be attributed to two things (1) the rapid attermation of ultra-high-
frequency waves beyond the horizon, and (2) the lamiter actlon of the amplifier
feeding the pulse rectlfier, the noise blas voltage on the pulse rectifier, and the
positive triggering action of the thyratron type of relay

CONCLUSTONS

The ground-to—alrcraft radioteletype development 1s a continuation of the
radioteletype development reported in detail in a previous Technical Development
Report4, to extend the system to make available on an airplene & printed record of
weather conditicns, flight information, and such other data as may be necessary for
the safe operation of the airplane  Although the standard teletype printer was not
degigned to operate under the vibration encountered in ailrcraft, on only one occasion
did the machine misprint because of a vielent movement of the ship, and in that in-
gtance the accelerometer indicated a bump of 1 6 G  Other printers of a different
type which use the same five-unmit Baudot code havae been designed  They have fewer
reciprocating parts and therefore are less susceptible to shock

The results obtained i1n the numerous flights indicated that a ground-to-
aircraft teletype system is entarely practiceble, and 1f this system 1s combined
with the proposed radioteletype system used to collect and dissemnate the weatrer
and ship movement information, & cormunication aystem will be available to simulta-
neously collect the necessary information, dispateh it to the itinerant over a voice
channel, and provide on the larger airplane a printed record

4 See reference 1, page 1
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Figure 9. Aireraft Printer With Dust Cover Removed. A Standard
Teletype Corporation Type 14 Printer with Non-Essential
Parts Removed to Reduce Weight to a Minimum.

Figure 10.

Pulse Rectifier-Amplifier Unit.



14

Firmre 19  Antenne~ Tnetellotion an the ITnited Air Lines Flicht Research Ship. a Boeine 247-D.
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Figure 13. 65-Megacycle Transmitting Antenna on Top of 125-Foot Steel
Tower. Station WWII Near Dundalk, Md.
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Pigure 14. Aircraft Copy Received on the DC-3 Just Prior to Landmg at
Bolling Field After Second Flight Test.
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Figure 15-A. Consecutive Copy Received During the Third Flight of the DC-3 Illustrating Errors Caused by
Over-Modulation in the Voice Channel. (Uninterrupted Copy Continued on Figure 15-B).
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Ocoasional srrors in copy which were apparsatly for no reason, Lo noise orashes were haard when listening

with headphones. Frobably errors due to over-modus.tiou o1 velce obannuel. Voice modulation removed
and the vopy besame perfect indloating that it was ovar-modulation.

Y riactriiriidisn
41t 700 L% NOy IS THE TIME FOR ALL GOOD MEN TO covEd?ﬁcfﬁfﬂﬁﬁnkéthHEERﬁ&ﬁEN¢T7“

Lignum, V.

.NOW ,'S THE TIME FVOR ALL GOOD MEN TO COME TO THE Af

ereenn .TO SHiP I HEARD EVUR MESSARE

TO SIF’XXX CUNARD TN 6‘210 WILL NOT,.USE VOICE ANY MORE

EEEEES

.TO CUNARD THEY WILL CALL U ON PHONE IN FEW MINUTES TO TELL U TO

TELL ME NOT TO USE VOICE ANY MORE I HAVE THE MESSAGE AND u NEED

NOT CALL ME UNLESS l HAVE T WRONG,.....D OF THEIR PARTY

(3

.NOW QS THE TlME FOR ALL GOOD MEN TO COME TO THE 41D OF THEIR PARTY

-NOW lS THE TNE FDR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY

L2

ROW lS THE TIKE FOR AtL GOOD MEN TO COME TO THE AID OF THEIR PARTY

VVVVV rr

Hotes ~.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE A(D OF Yo SNFL,

. T NOW !S THE TIME FOR ALL GOOD MEN TO COME TO THE AiD OF THEIR PARTY

, +2 NOW IS THOK
SEE U LATER,...E TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY

7

Figure 15-B. Consecutive Copy Received During the Third Flight of the DC-3 Illustrating the Elimination of

Errors Which Were Caused by Over-Modulation in the Voice Channel. {Uninterrupted
Copy Continued on Figure 15-C).
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Figure 15-C. Consecutive Copy Received During the Third Flight of the DC-3 Illustrating the Perfect Copy
Received After Discontinuation of the Over-Modulated Voice Channel.
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Figure 16-B Sample of Copy Received During the Fourth Flight of the DC-3.
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Figure 17. Ground-to-Aircaft Radioteletype Equipment Installed in the
United Air Lines Flight Research Ship.
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Figure 18-A. Consecutive Copy Received During the Third Flight of the DC-3 Illustrating the Perfect Copy

Received at a Distance of Approximately 100 Miles from the transmitter. (Uninterrupted
Copy Continued on Figure 18-B).
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Figure 18-B. Consecutive Copy Received During the Third Flight of the DC-3 Illustrating the Perfect Copy

Received at a Distance of Approximately 105 Miles from the Transmitter. (Uninterrupted
Copy Continued on Figure 18-C).
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