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DEVELOPMENT OF A GROUND-TO-ALRCBM'I RADIOTELETYPE SYSTEM 

A ground-to-alITraft comnln~cati"n clrcut wh7ch ml1 provlae a prlnte* mes- 
sage to tie ancraft 1s described A commmcat~on cxcdlt of thu type ml1 insure 
greater safety "y proudmg a pi-mted record of weatPer seq"ence re>orts, emergency 
broadcasts, ard traffic reports for the FllOt The p"sSlblhtEs of a sxmiLtane"us 

voice and teletype cu-cmt were mvestqyated and tke system found to be practxable 

?he alrcraft and ground statIon equipments are descrGxd, together mth the 
results of fhght tests III a Vaco type N, a Boeing 247-D, and a DC-3 type of trans- 
port airplane ?erfect copy was obtained at 145 boles from the transmitter at an 
altitude of 6,COC feet 

Several lnprovements nave beer vade which have resulted in a more reliable 
conxLnlcatl"n clrcut to ard frorr the ax-@me XI flight The most notable improve- 
rents a-e the use of the ultra-hl,-h frequencies and the use af a radl" tmewi-lter 
As the air?lanes in scheduled air carr1er ser~lce become larger, the volune of C"IT- 
rcunxatmn to t'-e arcraft 7~11 becone greater and the duties of tke ?llots ~111 in- 
crease lrors complete u,f"rnatl"n dlssemlnated to the pll"t 1n We form of a "rlnted 
record '~111 lns,re ,--rester safet>m, since aata 1~11 be avaIlable to 'Iur wken other 
dutxs do not deEand hx full attorkon He ml1 thus be relieved "f the task of 
retalrn-,? pertue-t facts in his rmld ln the proper relation, as 1s necessary 1" ti-e 
present system of x.oice transrmss1ons This 1s pa-txularl-i true of the seq'1ence 
aeamer reports At tba saxe tune, the needs of the smaller Itznerent axcraft, -in 
rihlch t-e addItIona aelgtt and lrvestrrent preclude the "9e of a prlnt1ng s&err, 
must no: be overlooked 

%t, txse requFrements u- ,xr,c, the Cl-1 Aerona~~tlcs kdmullstrat1on under- 
took the develop-nent of a coa~unlcat~on syster which would provide a printed record 
slnultancously mt1, a iolce c1rcut 

TPe nucleus for this developrent was the radioteletype systev described I,, a 
previous Technical Delelopment Report 1 It was consIdered desrable to combine in 
ore c"r?letr sqste-n tqe ground-to-alrcraft cxcut, the Teather collectxq, and 
traffic co7tro1 systems of the Adrrlnlstratlor 

' iromeda, J C , end UcYeel, P C , ""he Oevalopment of an Airaays Ultra- 
high-Frequency Communlcatlons Cxcult," C.W Techrucal Development Report No 6, 
February 1938 
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mg machme, shonn in figure 1 comprise the aircraft equipat necessary to provide 
a YOIC~ and pnntinkl system. It should Lx borne in rend that performance ~8s a pri- 
nary requlslte In the development equipment and, as a result, some of the units -&e 
much heavier and larger than ml1 be necessary In flnal equlpment. 

The receiver used or, X-e flight tests was an RCA type AW-17A, fued tuned 
crystal-controlled superheterodyne This recel,er, a block dlagrarc of whlcb 1s shorn 
I" figure 2, 1s prouded vilth a noise-reducing cncult of novel design In thx cv- 
cult, roxe pulses which exceed a predetermined level operate to estzbllsh a balance 
III an addlo-frequexy xldge In the gala clrcult of the fxs', aidlo-frequency ample- 
f1er, thus elxrlnatlng the pulse from the slgnnal The level at tilch We balance 1s 
establIshed 1s a function of the carrier level but m all cases 1s such tbiat t'le de- 
tector craracterlstlc 1s lx~ar up to 100 percent rrodulatlon Some noise-elxunatlng 
clrcults operate to conpress tl-e detector output when the sl_rmal peal exceeds t,e 
equl alent, of about 60 percent ncdulatlon This latter type of cxcult 1s not satls- 
factor~m for "se on signals where the average modulation IS nalntaxxd at 80 or 90 
percent 

The band ndth of the 4100-11locycle Intermediate-frenvenc:I amgllfler 1s 90 
k&xycles wade at 6 decibels down from resonance and 24C kIlocycles wee at &Z 
decibels down All spurious responses a-e at least 40 aeclbels dovn from the response 
at tile Slgml freql.enc:~ 

The recel,er is capable of dellverln5 1 5 watts of audio power to a 250-ohr 
resmtlre load The noise 1s 6 decibels 'ielo~ t?e signal ~1~s nolse output mth a 
cari-ler (modulated 30 percent slth 400 c,xles) Input of 12 rmcrovalts The automatic 
;ax- control cnaracterlstlc of tte receiver 1s shown In figure 3 The total weight of 
tte receiver conplete mth caoles 1s 23 poands 

Audio Frequencr Filter 

A standard type Bh-lB9 range filter was used between the receiver outDut and 
we pulse rectlller-amplifier unit to provide for dlscrtinatlon against no13e (and 
tolce Then used) ;n the recelveo signal The transmission characteristxs o: this 
1020-cycle band-pass and bandelunxx?tlon filter are shown m fl,ve 4 

Prcvlous experience galned dlrrlng the development of the Washington-Baltimore 
radLoteletyx cxcult2 mdlcated that the mst satisfactory methcd of obtammg tke 
pulses to operate the teletype mchlne would ~8 fro." B gas dlscP-ar:e relay of the type 
shown In flsure 5 

Cvrlng spacing Impulses no audio signal 1s applied to the pulse rectlfler 
VT2 In this case plate current flons in VT3 and VT4 Tke plate current of :'T4 
through 31 naLes the grid of the thyratran VT7 negative int* respect to the calhoae, 
and the tube 1s non-concuctlng The plate current of VT? flowg through R3 blase5 
$Tj to cut off and, mth no cilrrent flomng through P2, the grid of the tbyratron 
VT5 1s at cathoae potential, whhlch peralts t?e tube to lonlze and conduct current 
Under t-ese condltlons, condenser C 1s charged to a potential 1~ such a manner that 
the pomt h 1s lj volts (the drop ax-08s ti-e tube) positl%.e with respect to tke 
cathode The pomt B ~111 then be at the plate potent181 above the cathode, for 
exanple 100 volts 

hi-lng a markmf mpulse I"+ and VT4 ml1 be blased to cut off, the grid of 
. VT6 wA1 become negative mth respect to the cathode, and the grid of VT7 ~111 be at 

2 See reference 1, page 1 
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cathode potential VT7 will then l"IUre and conauct current, mstantaneous1y lower- 
mg the potential of pomt E to 15 volts posltlve Tnth respect to the cathode This 
represents a rednctlon of 65 volts T% pomt A ~r,ll thus be umtantaneously lowered 
by "5 wits or to 70 xolts nq'atlve mth respect to Its cathode aqd the tube ~111 de- 
~"n~ije and cease t." conduct curent The potental of pomt A ml1 gradually become 
100 >olts posltlve mth respect to tte cathode TP-us, It 1s seen that markmg and 
spac~rg mpulses mll trqger the tm" tubes oppositely The currert through the 
th;ratrons 1s lmted h:r the resistors Pq and R5 and 1s adJusted to the optmm value 
for best operatim of the telet:pe nachme, tte magnet of which 1s connected III the 
plate clrcut of one of t-e tubes 

"he best Crqgermg action 1s obtamed w?en the control grid current of the 
gas dmchxge tu.,e 1s a mnumr, Tus grid current can be elther from cathode to 
grid or from grid to catrode, dependmg on t?e relative potentmls of the grla and 
cathode To I'LSXW tkat t-e grid 1s di-even to zero zotentul 11, each case, regard- 
less of the mplltude of t';e swnal pulse, a direct-current pnase mrerter 1s used 
The complete mit consists of a llrmtmg anpllfler, pulse rectlfxr, pnase mverter 
and thvratror relav Part cf the xoltage dwela~ea across the pulse rectlfler filter 
1s fed back to the grid of the llrmtmg ampl~iler "hx gi-lc control, in addlt,on 
to the lJJtm& actlo; pro%lded t+ough plate re,qlatmn resultmg frorr the resistance 
III the plate clrculi of the mpilfler, :nsures relatively constant amplitude pulses 
at the mput of the fJ11wave pulse rect:fier A yosztlxe ?otentml 1s applied to the 
cath&e of the pulse rectlfler to act as a nome tIlrest"la later ior the s:gml 
PulSC 

Ygil voltage nlate po,,eer 1s suppliec by a d,mm"tor unit EMlast lamps of 
the iron arre u, hydrocen type were :ncludeil in the fllzment and dymamotor supply 
c~~cluis to red,ce the effects of mvarlatlons 11, hatteri ioltase Tar best operaLon 
cf the telet:Te prmter, tPe crrent z rough the meret coils shoola be mantamed 
to vrlthn phs cl- lrln"S 10 percent of t-E normal current mlue of 6C mll1axperes 
The naqnet toll of the .DI!Iter 1s in the plate clrcult of one of the thyratron tubes 
The plate cwren‘ of the tnwmtron 1s proportloral to the plate supply voltage and, 
therefare, re~lat~ori of t-,e plate sm?ly voltage ml1 recult in cn qulvalent regu- 
latlon of the magnet clrrent "hc djnmotor 13 dcslgned ior operht;on from an 8- 
volt supul? A ballast lamp, vmth a norrmal roltage drop of L volts connectec HI 
series ,nth tkc dynmotor mput pcmts operallor iron tte G-.olt battery of the 
aLi-plane A ballast iaap, >nth a nomad voltage drop of 6 lolts, was usea in serves 
mi'r Ihc Or":t "eater cu-cult TX current-voltage characterlstlcs of the ballast 
lamps are sho>m in fl&re 6 

?e nargm cnaracterlstlc of the teiei7pe prmter used m corgunctlon mth 
the pulse recttiler-ampllfler unit for several battery m~ut voltages and two set- 
tlngs of tw noise bias control 1s shovm XI fIgwe 7 The number of pomt? of rrarg~n 
are expressed in percenl "i t>'e normal marjim of the machme when 1t LS operated at 6G 
mllxmperes and mth the tape dxtrlbutor duectlf in the direct-current cxrcult FOI" 
exmple, 50 wrcent renresents the mean alue of the upper and lmer rrargln control 
lever reaamgs, a readmc; cf 0 Lo 100 fron the cw7e Indlcstes that the margin throuph 
the sulse rectlfx-mpllfxr unit was t-e 8a-e as the duect-current machIne marpn 
The Cl&r-e shows that under tke worst condltlons (wve 6) the n;arg~n 1s 80 percent of 
the duect-current va~gln "vei- an u,pul signal range of 36 decibels 

The total weqht of the expermental unit shorn III fqui-c 10 1s lE! pounds 

fi&- 

The tJnu,g unit from a st.xxIard, U-word-per-rmnute TelstTJpe Corporation 
tj-pc LA printer was nou-',cd on ar alurmnwn chassu and shock mounting All of the 
parts wn~c,, here not essential lo the aperatIon of the unit for printing only were 
remo\ed in order to redhce the wzqht as much as possible The weqht of the pru- 
ter (stripped of ell non-essentu.1 3arts) corplete mth cover and shock rcountlng 
was 38 pounds Thx aeIght 1s conslderably more than is dearable for practical 
applxatlon of the systa, but for the purpose of aeterrmning the practwablllty of 
a system of ground-to-axcraft telet.Jpe transmxslon a standard readily available unit 



4 

was used It 1s mtxlpated that m the near future B printer mt till be avallable 
whch ~~11 we& aaout 10 pounds l-E printer, mthout dust cover, 1s sPmrn 1~1 fig- 
m-e 9 

A 12-tolt direct-current governor-controlled rotor was mstdllec m tte 
prmter to provide a constant diving speed for supply voltage varmt~ons fro" 10 to 
15 volts The speed character1stlc of the &xvmg motor 1s shorn I,, figure 8 

&craft Antennas 

At d0.Yerent tmes durme the development and testing of the ground-to- 
au-craft taletm .,ystem, 1nstallatlons ~iere rade 1" three airplanes the UnIted Air 
Ll"es flight research ship, a Eoemg 247-0, a noug1as cc-3 trawport type axplane 
made available ttroughlthe cooperation of the Umted States Amy, and NC-17, the 
CAB 's7lacoTpN 

The antenna used on NC-17 was a horleontal dlpole, loaded at the center mth 
B co11 of five turns three-fourths of a" Inch m dumeter, mounted 18 In&es aowe 
the skr, over the forward part of the cabIn The .a~ of the antenna me parallel to 
the wags Ttu installatlo" is shown 1" figure 11 A flexible coaxv.1 transruss~on 
lme coupled the antenna to the recelxer. 

The antenra on the Boemg, figure 12, was a dlpale, msulated at the center 
and stretches between two arms w'nlch extended approxmately 18 Inches below tte belly 
of the ship at about the center of tte mngs The axis of the antenna was crossm~e 
to the ShlF A flexible coaual transnlsslon lme coupled the sntema to the receiver 

The anten"a on the X-3 was also a half-maw &pole mth Its avs parallel to 
the mn:s The antenna was constmcted of a l/4-mch dmmeter brass tube strengttened 
by a i-lb of balsa wood Th-Ls structure was mounted on the batch, about 12 mcbes 
aboxe the skm, above the pIlot's coapartnent h flexlbla coaxial transrmss~an lme 
coupled t,e antenna to the rwcelvwr 

All three ante""as were, of course, duectlve forward and bac!mard smce they 
were ample dipoles Greater slpnals were received w>en the k-eadlng WBS toward the 
transmtter m the E-3 a"a IC-17 mstallatlons, smce tw antenras 1" t-lese casee 
were munted towar> the nose of tqe shp 

The flight tests xere to deterrune the practlcaml~t~~ of We system and the 
alstance range that could he expected, consequentl), the nulls off the mngs vere not 
mportant pro-ulded the ship was flom approwtely toward or away from the transmt- 
ter in regular practice a noniiu-ectlve antenna would he used 

The Folrnd stailon equipment was the regular radloteletype equipment of t?e 
Washington-Baltimore expeermmtal rad~otelet;pe cucuxt described 1" d&all m 
reference 1 Transmss~ons to tre arcraft were made over the Saltmore transrrltter, 
vmch was locatea about 2 miles northeast of Legs" Field, near Dundalk, Md 

T?e trammtter, a Txx, dellverec approxmately 100 watts at 65 megacycles 
to a horIzontally polarized au'ectlve antenna nounted on top of a l25-foot steel 
toner Ti,e artenna corsmtea of four l/2 wa-rw elements spaced l/2 wavelengt? apart 
m a >ertlcal plane, fed m phase, mth a smnlar unit placed l/4 mvelengtn behmd 
We ratiators used as a parrsltx reflector Figure 13 1s a photograph of tte antenna 
sys tern 

For the ground-to-au'craft radlotPletype tests, the usual 4300-cycle tone was 
replaced by a 1020-cycle tone to take advantage of stanaard au-craft smultaneous 
range filters, as described under Axcraft Equpment 
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3 see reference 1, page 1 
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a dxtance of 65 miles from the transmtter, a large cxcls wzs made to detemne the 
antenna duectlvlty At thm distance from the transmtter, the signal was of sti- 
flcient strengt\ to obtau perfect prlntmg at all haadlngs, even though the antenna 
me a dipole and nulls muld be expected in line mth the axu of the antenna The 
orlgxal course was again resumed and the alt;tude of 3,000 feet mantamed The 
first err‘ors were received m the vlcinlt;- of tre Rappahamoc>. tiver (85 mlee from 
the transmtter), tith a beadmg away from the transrmtter With a headmg toward the 
trmsmtter, however, per feet prlntlng was a+m obtamed, tilch macated that tYe 
duectl,nty of the antenna favored reception off the nose of the aIrplane. Tbls 
vould be expectea, since the antenna vas nounted over the pIlot's compartment in the 
nose of the ship On the return flight, the teletype drlulng motor gamed speed and 
the printmg was poor A landmg was Fade at Bolllng Field and tne proper speed ad- 
~ustments mere made 

A flight was then made to Logan Weld, Baltunore, to ferry an operator to 
the transmtter 80 that messages could @rIgmate at that point Instead of at Silver 
H111, t'rus ellrmnatlng 8.n~ errore vhihlch might cone frorr the temzorary cu-cult between 
Sliver Hill and ?altlmore, mhxn was known to be subJect to error Perfect copy was 
obtained frolr the take-off at Bollm~ held to the landuxj at Logan Pleld, ana wtile 
on the ground On the return flight from Logan PI&d, suultaneous voice and teletype 
transmxslons were received an the axplane imth perfect pi-Intug and understandable 
voice Fqqre 11, 1s the arcraft copy received just prior to the IandIng at Bolllng 
Field The level of the voice cx-cult wae a little law and thx level was raued 
after the landing 

The thFrd flight was Eade oLt the soutkwst leg of the Tiashlngton range In 
the vLcln1t.y of Woodorldge, Va , a thurderstorm gas encountered ana It was necessary 
to bea? to the regilt to go around the storm area Pam static of the "crnng" type 
alas atserved on entering several cloud foIvlatlons Toe effects of the crmng static 
on the prmtlng circuit were practlcall~~ elmnated by reducln~ the tone level to The 
audio filter below the overload point Tte pass band of the audlo biter 1s sharp 
and only t're 1020-cycle components of the cr:nng static Interfered In tbu test, 
only a few mlsprlnts were received after the levels were aqusted 

The storm area was skuted and ln the ilc1nlt.v of Calvertond !'a , a sout'lerl:- 
course vas apln taken to Locust Grove, Va , mere the orqlnal 230 headmg vas re- 
sumed 

Occasional errors not causea by static were rccelred which appeared to be J>le 
to over-modulation in the voice channel T'le slm~ltaneous dolce channel nas then 
dlscontuued and tte occasional errors were eluunated Fqu-es 15--h, 15-B, anc 15-C 
am three consecutive pages of pastea copy and are 1ncludeL to Illustrate this oolnt 
The errox-s in the hand-sent messages were ctec.ec aganst the local copy and fount to 
he typographical errors on the par; of +&e operator Tte errors market "ncxe" were 
the result of turning on the ship's radio transrvtter wtlch nonentar1ly lowered the 
battery voltage to the point -here t-e teletype notor cropped out of qynchronlsn for 
a" 1nsta"t In a multlcharnel clrcult tilch contInes \olce and prlntlni channels o: 
several prlntlng channels, 1t 1s essential that the lewl of each chanrel be careful- 
ly controlled to prelent tr,e total instantaneous modulation of the several channels 
from exceeding 100 percent In this experulental set-up, no pea'~-l3n~t~ng arrollflers 
'KeTe used and occas;onal overnodulatlon peaks were expected Tre test, noWever, 
Indicated that wLth proper control ci the tone ax -voice levels, a nultlchannel cx- 
Cult Ka5 FOSSlOle 

After the voice channel was dlsccntlnled, perfect cop; was received to tile 
vlcl~ty of Holladay, \'a , at an altitude of 7,100 feet, nth a heading away fron the 
transrutter Tks 1s an alrllne distance of 110 rclles 

A large cu-cle was uade ?eal- Pendletons and ti?ass, i'a , 2nd a heading taken 
toward Baltlnore at an alt-tude of 5,000 feet As soon as 'he heading has taken 
toward tte transmitter, the copy becane perfect and continued as such until the land- 
ing w.s made at Bollin< Field. 



The fourth fhght was made to deterrmne the &stance range of the cucut 
After ta!ang off frorc aolllng field, a southwesterly course ,.a~ taken, climbing to an 
altitude of 9,500 feet near Holladay, Va The fust ei-rors ~ei-e received at this 
pomt, 112 mles from the transrmtter mth a headlng away from the transrmtter The 
prmtmg was perfect, however, for headwgs toward the transrmtter A south-southwest 
course (210') was then resumed. This ?eadlng was not directly away from the transmit- 
ter, ard the null off tte tall was avoIded Errors agam came ITI at the James hoer 
at 8,000 feet altituas, but the copy was perfect mth headlngs toward the transrmtter 
A large cu-cle was made over the James tiver, 145 miles from the transrmtter, at an 
altitude of &,000 feet, to deterrmne the antenna dwatlolty Go& copy -nas obtalned 
for headugs approxmately 45' ather side of the nose and also for headings 30° to 
the left of a hsadlng directly away from the transIutter The turn was made to the 
left, which would account for the reception to the left of the tail and not to the 
right since part of the fuselage would be between the antenna and the transrmtter for 
reception to the right of the tall 

The course ras contruea away from the transmtter ana the altitude reduced 
to 6,000 feet A turn -was made near Bucklngham, Va , where it was estimated no sq- 
nal would be heard mth the heaau,g toward the transrmtter The heading was taken 
toward Baltlvlore and an altitude of 6,ow feet malntalned Signals were first heard 
near Mllwyn, Va , a &stance of 150 miles from the transutter The signals, however, 
wei-e too weak to print The first copy was received about 5 miles west of Carters- 
vLlle, Va , 145 rnLkS ar11ne tistance from the transmtter Perfect copy was received 
from that point to Bolllng Flelc and on the landing down to about 150 feet above the 
ground Flwes 16-4 and 16-B are sections of the copy received at the -'ai-lous pox& 
on the fourth flqht 

The thud group of flights was made -Rlth the ecupment installed in the Umted 
Au Lines flxht research ship and was for the purpose of denonstratlng tte system to 
the members of the Fadlo Techmcal Comrmsslon for Aeronautics Seve1al fllgkts were 
nade to the ulcu,~ty of Quantxo, Va , 65 mles fror the transmtter, wrtk results 
equal to those ootalned ln the E-3 Thxs installation 1s shorm =n figure 17 

DISCUSSION OF RESULTS 

On two occasions dlffxulty was experxxed from vazlat;on of speed of the 
dnmng motor This was traced to high reslstance contacts in tne governor control 
The orlmnal tungsten contacts mere replaced with platinum contacts and the trouble 
nas ellmnatad 

Freqw,tly tbxoughout the descrlptun of the flq$lts, the received copy 1s 
referred to as perfect It should be kept in rmnd twt the type of messages tixh 
ml1 eventually be tandled on a ground-to-arcraft clrcult ml1 ale, to a large extent, 
code‘ weather and s>lp movwent lnfarmat1on There is no Indlcatlon on the present 
teletype message to show whether the character received 1s the one transrmtted or 
whether an extra impulse has been plcked up or, conversely, one dropped, to print a 
different character Perfect coxy, then refers to copy ?nttout errors, and good 
copy refers to one error in 5W to 800 characters 

In all of the copy received on the axplane one characterutlc 1s preaorm- 
nant l?e transItlop perlcd oetween perfect copy and complete mlsprlntlng covers a 
very short time Figures 18-A, 1E9, ana 18-C Uave been mcluded to lllwtrate thx 
point The capes whxh Irmnedlately preceaed that show and also tlat which followed 
‘~a5 perfect copy m+.h no errors "his copy was received during the thu-d flight in 
the X-3 ant covers the last perfect copy on the outgoug fllfiht in which rmspru,tx,g 
started u, the vxlrut y of Holladay ad continued through the turn until tte heading 
was agaln toward the transrmtter The recovery was, of course, hastened by the 
greater pick-up off the nose of the ship, but in the outgomq flight, the copy ,,ent 
from perfect to zero 1n less than 500 characters, or about 1, rmnutes In the fourth 
ftight =n the E-3 after the headin& -was taken tomd the transrmtter 111 the vlcuuty 
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of Bucianghm, Va , the first signalrr were heard near Lhllnyn, 160 miles from the 
transmitter. and Derfect COOVVBJ obtained at about 115 miles This short transition 
period CA E, att;ibuted to'two things (1) the rapidattenuation of nltra-high- 
frequency waves beyond the horizon, and (2) the llrmter action of the amplifier 
feeding the pulse rectifier, the "ol~e bias voltage on the pulse rectlfxer, and the 
posltlve ti-igge~lng actlon of the thyratro" type of relay 

CONCLUSIONS 

The ground-to-aircraft radIoteletype development 1s a continuation of the 
radioteletype developent reported I" detail in a previous Technical Development 
Report4, to extend the system to make avalable on an elrplane a printed record of 
weather condltmns, flight information, and such other data a6 may be necessary for 
the safe operation of the a-plane Although the standard teletype printer was not 
designed to operate under the vibration encountered in aircraft, on only one occas10" 
did the machine msprmt because of a violent movement of the stup, and 1" that l"- 
stance the accelerometer inticated a bump of 1 6 G Other printers of a different 
type which use the same five-ulut Baudot code have been desIgned They have fewer 
I-BClprOCatlnE parts and therefore are less susceptible to shock 

The results obtamed I" the numerous flights indicated that a ground-to- 
amcraft teletype system is entxely practicable, and If this system 1s combmed 
mth the proposed ratioteletype system used to collect and dissetinate the weather 
and ship movement information, B commnicatlon system mLl be available to smulta- 
neously collect the necessary informat~o", dxpatch it to the itinerant over a "olce 
channel, and pro-de on the larger airplane a prmted record 



Figure 1. Aircraft Equipment Used in Teste. 
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Figure 2. Block Diagram of the RCA AVR-17A Receiver. 











Figure 11. Antenna Installation on NC-17. 
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.NOW IS THE TlME FOR ALL GOOD fdEN TO COB&E TO THE AID OF TtrEiR PARTY,,, _...--_ ‘ 

.NfJW 1s THE TIME FOR ALL GOOD MEN TO COME To THE AID Of tf-iEtR PARTY ** 
. -. -.-- -- _ __ - __ *_ .- -- .- -_.- 

.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AtD OF ff4EtR PARTY .*-- 

, .NOW 1s THE TIME FOR ALL GOOD htEM TO COME TO THE AID OF THEIR. PARTY ,, 
.---- 

.MOW IS THE TIME FOR BLL GOOD MEN TO COME TO IHE AID OF THEfR PARTY ,,, 
. “_- 

!NOW IS THE TIME FOR ALL GOOD MEN TO COME TO TttE AfD OF Tf-iEfR P.AR’IY I,j 
_--._ 

.NOW IS THE TIME FOR ALL GOOD UEN.TO COME TO TtiE AfD OF TtlEfR PARTY I ,, 
. . -..___ “l”i_ - --.. - i--^-l-- _ _.. . - 

-NOW- 1s THE T!ME FOR ALL GOOD MEN TO COME TO ‘IHE AtD OF THEft? PARTY ,,c-- 

.W(TW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AfD OF THEtR PARTY ,, 

.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AfD OF THEfR PARTY ,, 

.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEtR PARTY ,, 

.NOw IS THE TIME FOR ALL 6005. MEN TO COME TO THE AID OF THEIR t’AttlY ,,. 
__ .-_ _~. .^__. ” .-.-- -~., ._ 

.NOW IS THE TIME FOR ALL GOOD MEN TO CCME TO THE AID OF THEtR PARTY .a 
. ,. .i _ 

*NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEtR PARTY , ; 
.-. _ 

.NOW tS THE TIME FOR ALL GOOD MEN TO COME TO THE 4tD Of THEIR PARTY ,‘, 
_ 

.NOW 1 s THE TIME FOR ALL GOOD MEN TO COME TO ft+iE fltD OF THEIR PARTY 

.,.NOW IS THE TIME FOR,, ,....t .OK f&AC IM HERE ) 

Figure 14. Aircraft Copy Received on the DC-3 Just Prior to Landing at 

Bolling Field After Second Flight Test. 

.NOV! IS THE TIME FOR 4LL GOOD MEN TO COME TO THE AID OF THEIR PARTY ,, 

.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE Al D OF THEIR PARTY , , 

*NOW t S THE TINE FOR ALL GOOD MEN TO COME TO THE Al D OF THEI i PARTY , , 

.KOW tS THE TIKE FOR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY ,, 

.NDW lS THEHTtME FOR ALL GOOD MEN TO COME TO THE 4~0 OF HHEtF, PARTY , 

, - NOW IS THE TIME FOR ALPtGOOD NlBNlTM COME TO THE AuD ?vtF HHEIR PACTY 

,NGNOW IS THEHMUME FOR ALLSGOOD MZN TX COME TO THEHA ID GF OHEtR PARTY , 

N.NO~ ,S THE T/WE FOR ALLHGOMD MENhTC COME TO THE AIC OF THEIR PARTY ,, 

. NGW IS THEITIME FORNALL GOOD MEN TO COME TO THE AtD OF THEIR PARTY ,, 

*NOW IS TtiE TIME FOR ALL GOOD MEN TO COME TO THE AIC OF THEIR PARTY ,, 

.NOW tS THE Tt ME FOR ALL GOOD MEN TO COME TO THE Al I? OF THEIR PARTY , , 

. NOW tS THE TIME FOi( ALI- G;?!li! qt’&! T9 CO?dE TO THE AxI@ OF THEIC ?AHTY ,, 

*NOW tE THE TIUE FOR ALL GOOD MEN TO COME TO THE 4rQ OF THEtV P4RTQ ,, 

.NOw IU THE HIVE FOR ALLIGOOD MEF! TO COME HO THE Al3 OF LHEtR PARTYN,, 

.NOf/ 1s THE Tt :JIE FOR ALL GOOD MEN TO COUE TO THE 413 OF THEIR PARTY ,, 

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 16-H). 



17 

. MOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE Al 

I....... TO SHtP 1 HEARD EVUR UESSAGE: 

f_ TO SI PXXX CltNARD TN 6~~10 WILL NOT..uSE VOICE ANY MORE m...., 

. 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 1 HAVE IT WROMG,.....D OF THEtfl PARTY ,, 

..[OW IS THE TIME FOR ALL GOOD MN TO COME TO THE AID OF THE/R PARTY ,, 

,.pIaw IS THE TIME FOR ALL GOOD MEN TO COA~E ~0 THE AID OF THEIR PARTY ,, 

j,r~,~Ow IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY ,, 
_. 

lkdsn .NOW IS THE TIME FOR ALL GOOD MEN TO COHE TO THE AID OF $&& SMFL,, 

” .NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AIS OF THEIR P4RTY 

I ,. NOW IS THOK 

SEE U LATER ,...E TIME FOR ALL GOOD MEN To COME TO THE 413 CF THEIR PARTY ,. 

9 
Figure 15-~, 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). 

. NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE 4lD OF THE tR PARTY ,, - -- _ -. ..~ 

.NOW IS THE TI.WE FOR ALL GOOC YEN TO COME TO THE AID OF THEIR PARTY ,, 

._ -- -- .-. 
.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEtR PARTY , , 

. 
*.NOW IS THE TtLlE FOR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY ,, 

,aA.NUW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AlD OF THEIR PARTY ,, 

*#OW IS THE TIME FOR ALL GOOD MEN TO COME TO THE 4lD OF THEIR PARTY ,* 

> ’ .~ow IS THE TIWE FOR ALL GOOD MEN TO COME TO THE AID OF THEfR PARTY- 
I. -i .- .-... .-.-.._-. 

3 -;;m,,;NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AtD OF THEtR PARTY __-- -~-.- .----. .Ir 

:“a:;“: ~o&-$?$$ ‘-%?%i GOOD MEN TO COME TO THE A ID OF THE&R PARTY , , 
lo,& E&+--- - _I -- --- _._---I -- ^__ _ ._-. -. -- --_- -- ” ._.. ._ __ _._. ___~__. ._-_--~ --_. . i r 

__ .NOw IS THE Tb#E FOR ALL GOOD MEN TO COME TO THE AID OF THEtR PARTY +, - ___ ---_- 

_I j ,&,.N-Ow -IS THE TlLlE FOR ALL GOOD &EN TO COME TO THE AID OF TCtEtR PARTY --_ 2’ _-_.- ^_-.--_II .^__ --. __ . - _ __ --.. 

.;,a.NOW IS fHE TtkIE FOR ALL GOOD MEN TO COME TO THE RID OF THE&R PARTY ,, 
g4Tp-a 

B .NOWAIl S THE T-f&M+ - -- ----- --.----. ---I--- GOOD MEN TO COME TO THE AID OF THEIR PARTY LI 
-zt.“-------- _.~,. _~-- .__ - 

< qlL - NOW IS THE TIRE FOR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY , , 

,,.f@w 1s TliE TtkdE FOR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY t, “_ . . ..- 

.WOw Is THE TlsltE FOR ALL GOOD MElJ TO COME 10 TM AID OF THEIR PARTY , . _“- , ‘_I 
a 

,‘u 

Figure 15-C. Consecutive Copy Received During the Third Flight of the DC3 Illustrating the Perfect &pr 
Received After Discontinuation of the Over-Modulated Voice Channel. 
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_ WUD MEN TO COME TO THE At D OF TtiElR PARTY ,, 

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 Equjpment Installed in the 
United Air Lines Flight Research Ship. 



,.‘ /.NOw IS THE TfME FOR ALL GOOD HEN TO COME TO THE AID OF THEIR P4RTY ,, 
: .NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE A fD OF THEt R PARTY , , 

.NOW IS THE flAtE FOR ALL GOOD MEN TO COME TO THE 4tD OF THEtR PARTY ,, ., _ 

:. 
. .NOW IS THE TfME FOR 4tL GOOD UEN TO COME TO THE 4fD OF THEIR PARTY ,, 

. 
I)_ r 1 .NOW IS THE TfYE FOR ALL GOOD MEN TO COME TO THE 4fD OF THEIR PARTY ,, 

‘. 
- ‘; ~~ G 

,.NOW 1s TtfE TIME FOR 4LL GOOD MEN TO COME TO THE AfD OF Tf-fElR PbRTY *, 

a.. 3 .$ :, .NOW IS THE TfUE FOR .4LL GOOD ME[: SO COME TO THE AID OF THEfR p4RTY ,, 
1.--. ._ 

h . L,.. ., 
,,.NDW fS THE TIHE FOR 4LL GOOD MEN TO COME $3 THE AID OF THEIR PARTY ,, 

-a. x ., . Y 
-:. . .NOW fS THE TtYE FOR ALL GOOD MEN TO COME TO THE RID OF THEfR PARTY ~,‘_ 
?“. i*. - .-. _ - 

&-Now ‘L. fS THE TfME FOR ALt GOOD MEN TO CWE TO THE AID OF THEfR PARTY ,, * I 
1.’ ., ‘.NQw IS THE TJME FOR ALL GOOD MEN TO COME TO THE AfD OF THEIR PARTY ,, 

:.NDW fS THE TIME FOR ALL GOOD MEN TO COME TO THE 4fD OF THEIR PARTY , , 
. 

‘:.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AtD OF THEIR PARTY ,, 
.:. . 
.NDw fS THE TfME FOR ALL GOOD YEN TO COME TO THE AfD OF THEIR PARTY ,, 

.NOw IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEfR P4RTY ,, 

.NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEtR PARTY ,, 
ashont.m. 
but. Em Et. *NOW ,s T,,E TIME FOR AL&&%~TO%#?‘TD THE 4fD OF THEIR PARTY ,, 

/2 

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). 

.NOw fS THE TIME FOR 4LL GOOD MEN TO COME TO THE AID DF THEIR PARTY ,, 

-NOW ‘s THE TIME FOR ALL GOOD MEN TO COME TO THE AfD OF Tf+EfR PARTY ,, 

, .NoW Is THE Tit&E FOR ALL GOoD MEN TO COME TO TflE AID OF THEIR PARTY ,, 

.NOW IS THE TlME FOR ALL GOOD MEN TO COME TO THE 4fD OF THEIR PARTY ,, 
-_ .- 

-NOW 1s THE TIHE FOR 4LL GOOD MEN TO COME TO THE AID OF THEIR PARTY , , 

.NOW IS THE TlME FOR ILL GOOD MEN TO COME TO THE AID OF THEIR PARTY ,, _. _ .--~ - -- 

.NOW tS THE TfME FOR ALL GOOD #EN TO COME TO THE AID OF THEIR P4RTY ,, 

.NOw fs THE TIME FOR ALL GOOD MEN TO COME TO THE Al D OF THEIR PARTY , , -. _ -- 
.N& IS THE TIME FOR 4LL GOOD MEN TO CO#E TO THE 4tD OF THEfR PARTY , , 

’ .NOW 1s WE Tjk&E FOR ALL GOOD MEN TO COf6E TO THE AID OF THEtR PARTY ,, _ _.-- 

-NOW 1s THE Tl#E FOR RLL GOOD MEN TO COME TO THE AID OF THEIR PARTY ,, 
._ ,.- 

-NOW fS THE TfME FOR ALL GOOD MEN TO COME TO THE AID OF THEtR PARTY ., 

b1t-8000ft~aN0 -2 m;E TfME FOR ALL GOOD MEM TO COME TO THE 4lD OF THEIR PARTY ,, 

Nw ,s T”E TIME FfJR ALL GOOD MEN TO COME TO THE AfD OF THEfR PARTY *I 

.NOW IS THE TIME FOR 4LL GOOD MEN TO CONlE TO THE AID OF THEfR P4RTY’., 

.NO# IS THE TtME FOR ALL GOOD MEN TO COME TO THE AIC! OF THEIR PARTY 10 _..^ 

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). 




