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The Development of an Anways Ultra-Bgh-Frequency Communications 
Cuxuit 

SUMMARY 

The development of 6.n ultn-high-frequency 
radio taletypewrIter arcmt between WVashlng- 
ton, D C , and B&more. Mid, 1s descllbed LU 
th report Tbs crrcult has becu ~1, opera- 
tlon on an experunental baas for over 2 years 

The rnd10 and terminal equlpment \Phlch 
was designed to meet the ngd requrxuents 
of the Bureau of An- Commerce conunurwx- 
tlons system 1~ descr&ed 1” &tad ‘I-he 
pmpagntlon characterlstlcs of the 61. and 
65.megacycle frcqnencles 111 wc dnrmg the 
past 2 years are dIscussed Baed on an analy- 
~1s of the contmuous records of recened slg- 
nal nt Washmgton for the period of November 
1, 1936, to Norember 1, 1937, the total outage 
of the clrcult due to fading IS estlmnted nt 
less than 10 minutes Outages dhe to all otheI 
causes hnw been neghglble Previous i-e- 
snlts obtnlned I” expernneuts on the low frc- 
quenaes (264 kdocycles) and later on the high 
frequencies (300 to 4OiXI Inlocycles) and on 38 
megacycles are relxwed bnefly, and It 1s co,,- 
eluded that these freqnenaes are not suItable 
for n colnm”nlcatlons clrcult cootalnlng R 
number of automatx repeater stntlons, due to 
fadmg, ntmosphenc no+ and reflected sky 
-xaves 

Expenments rnth other forms of record 
prlntlng equ1pInent lnclud”1g facsllnlle are 
dwuswd and coruparlsons made wth tele- 
typewrIter These tests hare shown thixt m Its 
present state of development, conunercxdly 
arallable facsunlle equlpment 1s not suitable 
for Bureau of b Commerce cnmrnun~cat~on~ 
The teletypewriter was found supervor to the 
other prmters tested 

Multiple channel radio taletypenrlter and 
slm”ltnne”us voice transmls.s10n experiments 
are slso dew-&ad v&h speasl reference to the 

use of such a. system for ground statlon and 
ground-to-axcraft communlcatlons 

Compamtlre costs estnnates lndxate that 
for two or more wlmm”nlcat1on clrcults, multi- 
channel ladlo teletypwrlter 14 more economl- 
al than land wu-e teletypemrlter and further 
offem the posslblhty of a grouud-to-arcraft 
voxe and teletypealter semce at a negh- 
pble ~ncrewx 111 cost 

IhTRODUCTION 

The teletypewriter communxatlon serwco of 
the Bureau of Air Commerce, by means of 
mhlch weather InformatIon and other necas- 
ssry data are dxwnlnated orer the clvll ax- 
ways, now extends over 23.000 m&s The 
t&t] pe cxcults ai-e further supplemented by 
point to pant r&o telegraph III sectIons of 
lhe country where land lines are not avall- 
.lble OI nould be pmhlbltlw to construct 
The cost of leasing land hues for tbls servvx 
nom amo”nts to OFer $700 000 annually In IIn 
effort to reduce land 11np charges, the Bureau 
of Ax Commerce undertook a sales of ex- 
penments I” thr summer of 1930 to deternune 
the practlcabdlty of “sing radvo as a m&urn 
of transmlss~“n for te1etypewr1ter clrcu1ts III 
place of land hnes These tests were con- 
ducted betneen Buff&, N Y , and Bellefonte, 
Pn , on a frequenc7 of 284 k&cycles Due to 
wry high static levels, partxularly III the 
summer months, these tests did not prore suc- 
cessful In the latter part of 1932, tests were 
conducted between Salt Lake City, Utah, and 
Idaho Falls, Idaho, on a. frequency of 4070 
lalocycles, and later b&mea Washmgton, 
D C , and Baltimore, Md , on 2960 lulocycles 
Although these t&s prowl m&rately sue- 
cessful, It was apparent that three htmg 
factors enter Into tho operation of a fully re- 
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times, pror1ded the radm circuit 1s of high 
qua11ty 

The techn,cal obstacles ar1smg m the atab- 
“i 11shmPat of a bgh-frequency record prmtmg 

wmmun1catmns c1rcmt, where the electrical 
impulses are no longer guded bq u1re lmes, 
may be d1vlded mto three cond1tmns of md1o 
male propagatmn, vu, (1) now, (2) fadmg, 
and (3) mult1path trananlsrmn The signal,’ 
nol~e ratm reqwred 1s conxderably greater than 
that needed for aural receptmn, smce the record- 
mg mechamsm takes the form of some relay or 
tnggermg devux nhch does not possess the 
ab111ty of the human ear to dwxumnate betwen 
static and signal mpukes Numerous methods 
of dwreas1ng noise have been densed, but the 
most practical known means 1s by frequency 
select1r1ty The noise output of n 1ece1ver 1s 
dnectly proportmnal to the select1r1tj or band 
41dth accepted, and the use of nudu-f1eqnencv 
filters has been found FWJ helpful 1n lncreasmg 
the signal/noise rat10 These titers, however, 
must hale a su5ment band width to pass the 
tone impulse frequency wIthout apprwable dls- 
tortmn Fadmg canses m1de varmt1ons of 18. 
caved signal strength, and the recordmg mecha- 
n1sm must be designed to operate fathfnlly 
under these con&tmns Multlpath transnusslon 
or multiple echoes result from s1,mls srr1rmg 
at shghtly &fferent tunes due to reflwted sky 
wave components, producmg distorted xapulses, 
and this must be taken mto account 1n the 
design of the recording mechamsm In other 
words & certam mnrgln of safety must be al- 
loved for to take care of 11ght or hesq xc- 
pulses and rounded unpulze waveforms Tno 
methods are generally- employed to a1d 111 ma11,. 
tnmmg * constsnt signal level 

(1) The use of ~utomat1c gam control, 
mherem the wnphtude of the 1ad,omfre- 
quency signal cont1ols the gun of the 
recB1Fel 

I (2) The “SB of & Imuter, wheran the rect1. 
fied marlnng nnpulw are made to dr1re 
the grid of a tube to cut-off from normal 
ralue, so that ma-eases of signal cannot 
hare any further effect 
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These dences, although helpful, are 1nsu5- 
c1ent under certam fadmg conditions when the 
sqm.l drops out entirely To combat this, &- 
vers1ty receptmn 1s often employed This con- 
mts of nuxmg the rect&d s~gnnal outputs from 
two or more ~~ecemeers, whose antennas are sepa- 
rated 1n space It has been found that fadmg 
will rarely ever occur at three different pomts 
1n space smmltaneously. eren though they may 
be separated b3 only a. fern hundred feet Such 
systems are complex and expens1re, and are 
econom1call~ jnrhfied only on long-haul high- 
speed c1rcmts 

HIGH-FREQUENCY TESTS 

The firat high-frwprmcy tests conducted by 
the Bureau 1n determmmg the practlcabll1ty of 
operatmg teletypea1ters by i-ad10 were con- 
ducted between Salt Lake City, Utah, and 
Idaho Falls Idaho (a distance of appro~lruately 
230 nules), m the latter part of 1932 The 
frequency assIgned for this work aas 4070 
khcycles, and standard rece17ers and crgstal- 
controlled pant-to-pomt c-m telegraph trans- 
nutten were used Tests vere conducted mamly 
during the dayhght hours, smce the frequency 
of 4070 kilocycles was not suItable for mght 
trnnsmxs1on lretrreen the two sites >The trans- 
nutters had a poncr output of 400 watts Hor1- 
&ontal half-nare antennas supported between 
W-foot poles mere fed by means of open wire 
tmnslu1ss10n 11nes The recelre~~ mere the 
standard t>pe RHM superheterodqnes In nn 
attempt to keep the termmd eqmpment as 
simple and mexpens1re as powble, 1t was de- 
c1ded to use a smgle-tone system, which will 
be described 1n d&a11 later 1n this report The 
cluef &fficnlt1es encountered nere 

(1) Extreme fadmg, much pester than 
could be handled by the system 

(2) High noise levels at both atea, but par- 
tlcularly at SRlt Lake city 

Much of the no,se nt Salt Lake C1tJ was due 
to marby streetcars and the large number 
of a-c lamps used throughout the city EVXS 
1n teletype copj \ ar1ed from a few tenths of 
1 percent to oler 25 percent The smgle- 
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tone e>stem used, which IS based on trdnclrlrt 
phenomena fol 11~ “peratlon, nas p,~ti~cula~ I\ 
susceptible to static 

An unplowmpnt we. mad” 1n the insult 
when the methud of keymg the transmitters 
nas revered from ‘vlute keymg” to “black 
keying ” TOlutc keying refers to cwrier “on” 
for spacing uupulses and “off” fur matkmg 
nnpulses Black keymg refers to carrwr “off” 
fo, spncmg nnpulces and “oil ’ for malkulg 
unpulws Tismg the bl,xk keymg, the cakier 
was normally on the air aud was broken only 
by the rltpld spacmg unpulaes Tlni alloiwd 
the we of the automntlc gam control 111 ihe 
recel~ ers und alded conslderably m reducm,n tllc 
effects of fadmg ~4lthough It seems reasonable 
to bellevc that the probabdlty of random 
atmospheric nope arrnmg ut the rcce17 lug 
antrnna 111 or out of phase with the signal would 
be about equal, It was found that blxk ke>mg 
gare less errors duo to noise than whl te ke) mg 
The adrantago to be gamed by the use of sharp 
filters could not be realized due to msuffic.lently 
stable oscillators m the recauers. mhlch d,d not 
hold the beat note mlthm the filter band “rer 
long periods of tune 

In 1934, when further tests with the same 
equlpment were conducted on 2960 kdockcles 
betveen Washington and Baltnnore, the results 
obtsmed nere essentmlly the same Oror t111s 
40-m& cn-cult fadmg mus decreased to home 
extent by employmg rertically polarized an- 
tennas for both transnnttmg nnd recelxmg 
From the standpomt of operatmg a chain of 
automatic repeater stations to meet the requre- 
mats set forth previously III this paper, the 
use of high frequencies appeared hopeless. 
unless each statlon was equipped with dwerslty 
recarmg equulpment and high-power trnnsmlt- 
ters mlth dxectlre antenna arrays Such B 7) 5. 
tern nould be econormcally prohlbltwe and 
could not successfully compete wth VIE lmes 

DEVELOPMENT OF THE ULTRA-HIGH- 
FREQUENCY CIRCUIT 

With the mcreasmg mterest u, the uw of 
ultra-high frequencies, tests vpere started m the 
latter part of 1934 between Washmgton and 
B&more on 38 megacycles, us-mg the sltme 

teImma1 equipment that had been prwlously 
used on 2960 kd”cJc le5 

e 
The tlansmlttmg an- 

tenna at Washmgton WAS 123 feet above the 
ground, and the TFCEI\ lug untenna at Baltlmoro 
was 30 feet above the ground Both antennas 
wrele clght&ment , ertxally polarized arays 
The tran=mltter & Washmgton was crystal 
contlolled, dch~crmg about 50 n lttts T”IE 
m”dnlnt,on W:LS used in these tests Seve1 al 
13~’ of rece~xcrs \\crc uied at the BaltnnoIe 
end of the clrcult, lncl”dlrlg ho su]w’-re#?ner- 

all\? types and two super-hetemdynes ono “f 
which vas crystal controlled These tests 
prored rery encouragmg beenwe of the 
mcleawl slgnnl/now ratlo, and much less fad- 
ing than was errcountercd on the high frcqucn- 
ce The termmsl equipment, however, W&Y 
qtlll found suscrptlblc to noxe, pnrtlcularly 
lgnltl”n “01% 

As more d&tu became a\ alablc on the propa- 
gntlon of ultra-lugh frequencws, It was noted 
that police El&” and amtlteur sly& Ln the 
band 30 to 45 megacycles v”re bang recawed 
at very great dlstnnws under certam candl- 
tions, mdlcatmg the presence of reflw&d sky 
v ares Eqwpment eras theu chsnged to “pcr- 
ate 111 tho 60. to 65.megacycle band Tins 
equ’pment 15 descrlbcd In the fullowmg 

Transmitters 
The transmlttcrs ollgmnlly utlb/,ed 8 125. 

megdcyCle crystals 1” a tr1-tlTt cllcwt, and th? 

mdlo-frcquenc~ amplifier tnbei nrrr t>pr fl52 

usmg conrentlonal cod and condenser tank 
clrcults Due to the fact that the tn.let “SL& 
1ntor c11cu1t CBU’CS excesi‘lre 11estmg of the 
clystals, the clrcult was changed to a cgrtnl- 
dynairon clrcult uymg r~ t)po 57 tube The 
cr~ital current x15 thereby reduced to a mnu- 
mum of 35 mn 1 nnd the harmomc output was 
sufficiently strong up to the fourth harmomc 
to cuable the crystal frcquencg- to bc dropped 
to 40625 megacycles Thtr fourth hnrmomr, 
(1G 2;; megacycles) 1s da L, cd dzectly from the 
57 cr\stnl stage, then doubled m an RK-23 L 
tube and agam amphfied m an RK-23 stage to 
produce sppronmately 18 watts of power at 
32 5 mcgac~cles, nhlth 1s su5clent drlrlng 
pouer for the suweedmg stages even nlth poor 
crystals The crystals used are of the low 
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temperature coeffimnt type The 1352 type 
tubes, due to them relntwe m4icmcy at higher 
frequemes, were replaced mth tqpe 30&B 
tubes Followmg the 32 5 megacycle exciter 
dtnge, a 30&B tube doubles the frequency to 
65 megacycles, nfter -ivhlch one 304-B IS used 
ils an mtermedmte ampbfier to drne txo 
3C4B tubes m push-pull III the power amph- 

I fier The plate e5c1enq of the power mph- 
tier IS of the older of 60 percent when delwer- 
mg 100 watts of power at 65 megacycles The 
Ingh efficmncy obtamed 1s partly due to the 

frequency stages Power 1s supphed to the 
trnnsrutter at 110 volts, MI cycles, angle phase 
A block diagram of the transmitter 1s shown 
lnfigure1 

ReCelVerH 

The first recarers used were of the super- 
regeneratwo type These supphed s~gmals of 
su5crmt nmphtude to operate the tmmmal 
equpment, but smce tbs type of i-waver 1s 
not generally sultable for unattended oper- 
&Ion, commercially m&able crystal-controlled 
superheterod3ne receivers were obtnmed The 

66 WC 0”TP”l 
TO AIITEllHA 

tt 

etfaent 30&B tubei and R~SO lurgelj to the 
type of tmk clrcuts used, mhlch consist of 
“hmrpm” co& and “pmplate” condensers, 
smulatu~g transmsslon lme-typ0 tanks The 
output of the poncr amplfier 1s mductmly 
coupled to an open wire transmaslon lme 
lendmg to the antenna array 

A conrentlonal class B modulator 1s med to 
modulate the power amphfier The modulator 
consists of tffo type 283 tuba feedmg two 
type 838 tubes m clafs B The modulator m- 
put IS 600 ohm, capable of bmg connected to 
the output of a speech nmphfier or tone keyer 
to be dezcnbed later Separate mercury ~a- 
por rectifiers are used for the radio and and~o- 

FADSILIX lty of these nx.a\as, at Gl megacycles 
wm su5mnt to gwe a usable slgnal slthougb 
they mere operatmg far from the a g c 
(automatic gnm control) region At 65 mega- 
cycles, the sensltmty x&s so low that no slg- 
nals could be beard at the Washmgton stahon 
Prons~on n’as made m the reca\er‘s to make 
the lmtmg osclllntor self-emted, gnmg an 
1ncrense ln sens1t1rlty This increase was 111. 

sufficient to pent them use at 65 megacycles 
The cr@xl controlled RC.SF~PS were rebuilt 
usmg the orlgmal mtermedmte-frequency 
amplifier and audio system A double concen- 
tnc lrne input 1s used wth a 954 tube as a 
radmfrequency mphfier The plats of the 



response85 3 db don n 
4 IS the a g c -1IO1V output curve s 

‘IKE c”r\e was obtamed t,) mensu~mg the ont- 
put of the recemer mth nml n Aout modula- 
t1on for P&rIo”s Input signals A mod”latlon 
of 30 percent \v,lth 400 cycles \\ as wed This 
curre glres a measure of the ullllt~ of t1w 
rew11 er 

. 

The first slrtennas “4 new Stcrbn ,m,rg-, 
nsmg ,&lC.Ll polarlzatloll The1 mmsted of 
t\ro , ertml one-lrnl f R&W sectlolls spa& borl- 
mtall~ on-half ~a, e apart, for the lop tlnce 
tms, >lth a smdar quartel-wal e sechon al the 
bottom A smllx bn) plmd one-qudrter 
\I are b&ml the a”fe”nll. n u med r~s a p~~as~t~c 
leflector The antams wx fed by a. two-nne 
open line at il clU-rc”t maxlnlul” The trans. 
mttmg arrd ~ecerimg mtcnnas wcrc ahkc and 
elected on 65.foot rooden poles This type of 
antenna gnes a gnm of about 10 db over a 
smgle trnlf-wave rndmtor 
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New trnnsmttmg and recarmg a”tenrraz 
vere deslg”ed and erected later on 125.foot steel 
towers The tnnsnnttmg antenna uses foul 

k 
hormontal one-half ware elements spaced one- 
half wave apart m the rertlcal plane, fed 
u-phase, wth a smulnr wnt placed one- 
quarter wave behmd the antenna used a? n 
parwhc reflector The constructmn 1s a modl- 
fied “turn&&” usmg no msulators A two- 
wne open 1,“: feeds the antama, and a stub 
matchmg se&on IS used “ear the antenna to 
~emore stnndmg waves from the hne 

Horizontal rhomlnc nntamas are used for 
lecelrmg These are erected on top of 125.foot 
steel tovers, each side of the antenna bang 
two narelengths 1o”g Umdmect~onnl char- 
ftcter&xs are obtamed by termmatmg the 
forward end I” B reatance The transmxsmn 
hne to the rwzewer 1s of the trro-wclre open type 

TERMIXLL. EQUIPMENT 

When the electrical impulses of a telegrspluc 
communxat~ons system are “o longer gmded 
by wxes, It becomes “ecessaq to provide appa- 
ratus to change the d c 1mpu1s.a of the tele- 
typewriter mto a form which can be trxnsrnltted 
by radio, and at the recelrer be translated back 
to the d c impulses with the some or~ymal 
chnracterlstms The simplest s&m would 
consist of keymg the cnrr~r wth the telet>pe- 
wider impulses, the” rectlfymg the razewed 
carner and operatmg a relay flom these 
“npulses Dmect keymg of the CRATED has two 
mu” oblectlons 

(1) Muk-chnnnel operntlon IS &fficult and 
resort must be made to some forrn of tune 
drlsm” multiplex prmclple, wth Its 
attendant compIex termmal eqmpment and 
necessity for automatic sy”chro”ow trans- 
l”ESlOD 

(2) Without comphcnted mrcmts, the a g c 
n&o” of a peca, er cannot be used to keep 
~ecerved le%el? at n constant amphtude 
Co”seq”e”t1) , tone mod&ted C&~rEIB mere 
used cm thx clrcmt 

Figure 5 illustrates n slmple form of eqmp- 
ment reqmred for use m operatmg a vxual 
recorder or plmter by radm Assume that 
markmg unpulses conast of signal “on,” and 
spacing ~mpulsa nre signal “off” For con- 
vemence this ~111 be referred to as a angle- 
tone sysiem The o”tput of the recener 
(athe modulatmn tone or c-l\ bent note) 1s 
fed mto n n&&r, whmh corn&s the matlo”g 
unpulses to d c impulses nutable for actuatmg 
the signal wmdmg of the recelvmg relay, 
thereby closmg the cxcmt to the printer magmt 
or reorder Durmg spacl”g xnpulses, no s,g- 
“al 19 rectified, hente the rew,l”g relnj alm,l- 
ture IT held to the spamng side bj the Lnasmg 
wmdmg In ths system, there 16 “o constant 
lelatlon between the force tendmg to throw the 
armatura to the matkmg posamn, and the 
restormg force produced by the tnas The 
lestormg force IS constant, Thereas ~nry,“g 
signal lerels produce rarlat~ons m the slylal 
nctuatmg force Such a system 1s said to be 
“buzzed ” 
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F~yurc 5 -Fundamental c,r~u,t of a rmyle-tune fixed bms ,,r,nt,n~ te,egrap,, system 
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and McCann, Gstratmg the ranatlons of the considerably higher If the cmxut nose had 
ladlo clrcmt that can be tolerated by both been lower Thm system was used on a long 
the smgle-tone method wth fixed bms and tmo- xnxe tram-Atlantx m-cult, and n”lse level lx- 
tone method of transmmslon These curves hd operation to levels b&men plus or mmus 
show the r&&on between recened current and 7 db of the normnl zero shorrn on the c”rve, 
the Imlts of prmter margm mthm ahuzh cm- nherew the angle-tone fixed bm system Im- 
rect operation 1s secured The ordmates of lted opmatlou t” 1~~1s bet\\tm plur nnd IILII~IIS 
the curves RS yen by B&y and McCnm $1 db 
hare been come&d to read ,n percent of the Ob~~oudg, m unbumd system IA desirable 
masnnum margm obtnmable by the partmdar md for the sake of snnphclty & smgle-tone 
pnnter used (winch TPBS awmed to be 85 @em 13 to bo pteferred A modticatlon of 

l’omts. the maxmum margm obtamed rn~tb the 
two-tone system m ther t&s) For a certam 
mmmum signal fol racb method of transmm 
smn, the upper and lower Inruts of pnnter 
mnrgm meet, mdxntmg complete falluro to 
prmt Wltb mcrea% III signal level, the Im- 
its of prmter margm are not affected as sari-- 
ously m the two-tone method as ,n the 
smgle-tone fixed bm method It 1s apparent 
then that the Ideal margm chnractenstlc to be 
dewed 1s a rectangle The normal recenmg 
current level 1s shown 7 5 db ab”ve the pomt 
of pnnter fmlure, and could hare been ramd 

the smple circuit of figure 5 Ls shown nl figure 
7, vhlch IS a m&-tone syitem mod&d to 



bho\\? the opcrntmg mar~-l” rhnracte~l+c ob- 
tamed with tlu 3jstcm It ~11 be noted that 
the mprnmnent over the vnglc-Lone fixed 
bun sgstern E consldernble, and the relay \\ds 
able to operate well for FaImtlons of qnnal 
of about 14 db The normal operatmg wnent 
was -et about 4 (lb below the “ppzr llrmt. to 
allow for more fading Fwthermore. the tube 
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mnrkmg m~pulses the grid of VT, 1s drwen 
posltlve. cousmg It to become IonlLed and draw 
plate current of constant value, dependmg on 
the ,alue of R, This changes the potent& 
at A and B Potential B decreases from plus 
100 to plus 15 volts, wlnle A drops by the same 
amount, or 85 volts, from plus 15 volts to 111111”s 
70 volts Smce the plate and grid of VT, 
have gone negatlw, the tube no longer 1~ lomzed 
and drams no plate current Thus, markmg 
and spaomg impulses trigger the two tubes “p- 
posltely, thereby operatmg the polarxed re- 
carmg relay, and the relay current M mdepend- 
ent of the trnggermg apphed voltage, evlng 
nn unbwzd system 

The best trlggormg of the gas dlscharge 
tubes obtams when the control grid current, 
under ~omzed con&tlonq. 1s nt n mmmnuo 
Thl~ grid cm-rent cnn be &her a. flom of CUT- 

relay, angle-tone sy0t.m. 

rent from the grid to the cathode or from 
ruthode to grid, dependmg on nhlch element 
15 at a posltlre pot&ml with respect to the 
other This 19 true S,~CB the conductlon of 
c 111 relit m this type of tube 1s by means of an 
~omzeri gas If th? grid potontml IS not suffi- 
uently negatlle, the tubes ~11 oscillate lust 
u they trigger off, rewlhng m a chattermg of 
the mlay and poor magms on the teletype 
mwhme When the gnd potentlal IS exces- 
arely negatn-e, then there IS too great n dlf- 
ference m the msttantaneous voltage necessnry 
to make the t&s trlggel off By reference to 
figure 9, It 1s seen that when no ~PI hi% SI~~HI 
-voltage 1s present VT, li lom/ed unce It< 
gi-Id IS at zero potentlal VT, 1s not mmzed 
and Its md 1s at a negatlre potent& equal to 
the bias voltage As the r&&d qlgnnal rolt- 
nge 1s mcreased from zero, the gnd of VT, 

finsllv reaches n potcntlal sl~ch that the tube 
brrahs dorm and extmgulihes VT, As the 
rectlfird CIgnal voltage 13 agun dec~en>ed VT, 
agmn bleaks donrr und eTtmgulihcs VT2, but, 
nhen the fixed bms IS too great, the value of 
rect&xl signal voltage requxed to trigger the 
tubes nlll not be the same when mcreasmg as 
when decreasmg There IS of cause, R cnc1- 
cal @cl potential nt which the “II and off 
potentl‘rlc: are the same, but since a less nega- 
tire pot&ml ~111 cauie chattermg of the 
r&y, It 13 dowable to open& nlth a bias 
shghtl) more negatlre than the crltlcnl value 
An excess,re negatwc bus will result III a 
matorxtl rrductlon m the range of mput s~gnnl 
which ml1 gwe perfect prmtmg Flgnre 10 
1$ n s&mat1c diagram of n umt mcorpo1&ng 
the gus dlschargo tube type of I&.>- h d c 
amphfier of tho phn- mrcrter tl pe 1s used as 
IL xmxo of potent& to operate the grids of 
the gns dlschargo tub&- This tJ,,e of ampll- 
fier s~mpldies the paver supplv reqmrements 
and pernuts the use of nn ~mpulso rectAcr, 
rrherem a posltlre bias 1s npphed to the 
cathode of the wctlfier tube to act a- n nol% 
thlcshold coutrol In order to prevent B 
change II, t11c In1@11 of the Imprllses 1t IS 

deslrnblr to krrp the ,,,pnt to the impulse wit,- 
hrr \v~thm re<l\on.lble lmuts Perhaps the 
sunplest method of a~wn@-hmg this 1$ by 
the use of n peak hmltulg amphfier fecdmg 
tlw lmpulso rectifier 

The prlrltcr maguet of the teletjpc mxhme 
li connwtrd duectly 11, the plate clrcult of one 
of the gas discharge tubes ns the wnplest 
method of obtammg the d c ~rupulw Thl? 

mmt gnes pnntmg o~ri- .tbout u. 26-db lange 
of mpnt slgnnls The mixrgm characterlstlc of 
the umt IS shown III figure 11 This chara- 
terrstlc was taken on lrcewed ngnals “wr the 
Washmgton-IMtnnorn red10 clrcmt and rep- 
resents operlttmg condltlons The dew-ed 
wclangnlar-shnpcd characterlstlc has been “b- 
t.nn!d and 41oas & gTeat improvement over 
p~r\loni methods 

The level Controlled amph6er 
In the cxcmt as operated b+tween Wash- 

mgton and B&more, It has been found that 
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a fade ahxh reduces the au&o output of the 
rece~rer to about mlnw 35 db 1s apt to cause 
errors m pnntmg due to “OHS 9 relay whxh 
wuld prmt mth signals from minus 35 db 

5 up would the” ldlom prlntmg over the “sable 
range of signals 

The r&y descrlbed abo,e operates o\er d 
26.db range. or 9 db less than the usable range 
of signals expwlenced on this cmcut In order 
to extend tl”s range R lewl controlled ampll- 
fier w&s dexeloped This makes “se of R hrldge 
cxcut m mhlrh the plate wslstance of a 1 &c”“m 
tube 1~ nsed as the -aruble nrm The plate 
reastance 1s controlled by the rectified output 
of the bridge and glres a” amphfier mhoss out- 
put 1s relatwelg constant Fqure 12 IS B 

the bridge and control clrcmt IS determmed by 
the design of the bridge und component parts 
and 1s well abole the armload lmnts of the 
first au&o umphfier tube suppl~mg the bridge 

The teletypewriter clrcult a8 operated uses 
black keymg or tone on for ma&q The “o- 
ma1 condltmn for the w-cut 1s wth a steady 
tone npphed A spnc~ng unpulse removes the 
tone nnd the tendency 1s for the control tnb-z 
to thmm the hrldge farther from brtlance nrrd 
~~~crzase the effectl\e gm” of the amphfier For 
ths reason the load urcmt of the co”trol tube 
rectifier. RC. must be desq”ed so that the gtlm 
of the amphfier 1s not changed lapIdly enough 
to follow the changes “1 qnal level caused b> 
keymg and g,re a constant tone lerel output 

xhematlc dmgmm of the complete an~pbfie~ 
and relay A mcewng i-&j hau been added 
to permit aperatIon of the teletype machine 
01 er a wn-e he, rrmote from the termmal qmp- 
ment, m the case of a” autometx repeater sta- 
tlon As the Input slgnnl to the bridge IS 
mcreased, there 1s a” mcrea I” output which, 
when rechfied by the &de, furnishes a control 
voltage to the grid of the control tube and brings 
the bridge more nearly to a balance The upper 
hut of Input rrhlch <a” be nrcommodated by 

It mu$t be fast enough, howerer, to follor (he 
changes I” lerel cawed by fadmg, eti SllVX 
black kqmg 1s wed, the condenser C 1s “o,- 
mall> charged and the tmx constant m\olred 
IS that of RC or IS the decay time of the arcut 
The rnpldlty wth wluch the gal” of the ampll- 
fier IS reduced due to lncreesmg average sIgna 
IS prmmrlly determmed by the t”ne constant 
of the cwxlt composed of C, the mtelnal 
res&wce of the rectifier nnd the nnpedance of 
the source 
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operalmg pomt at about zero db, nlthough the 16 has been dlamn to Jlustrate tha effect of 
relay umt 1s capable of operatmg at higher nope on the two types of amphfier-relay 
levels, thus mcreasmg the range ‘Klth the Wlnle the figure 1s not a true picture smce 
receiver operatmg nell m the a g c regmn the actual rnpulses are sumewhat rounded due 
It 1s apparent that n fade of consldernble extent to filters, etc , It ~111 &&rate the effects en- 
can be hnndled mlthout dwuptmg serv~e countered Let (A) of figure 16 represent the 
The nrerage wgnals rccclred are such that the keyed sIgnal, (C) xould be representatre of the 
signal can decrease approxlmxtely 30 db befole same qnal mlth a small or normal amount of 
the rxaver IS out of the a g c region ThlS, nom, (B) 1s the same signal wth an appre- 
added to the 35 db of the AA> umt. mdutes cl.tble mcrease m noise The noise threshold 

SIGNAL HO UOISE SIGNAL WITH NOISE 
-A- -B- 

-c- SlGliAL WITH NOISE AFTER t -D- RECTIFIED SlGHAL 
LEVEL COHTROLLED AHPLlFltR 

uE. SIGHAL YITH NOISE AFTER 
t -F- RECllFIiD-SIGNAL 

LlHlTlHG AHPLIFIER 

Fwure 16-Illustrstmg the effects of nowe on the level wntrolled mphfier and peak lnmter 

that slgual 7 arlat~ons of approxmxitely 65 db 
may h handled on this arcmt mlthout pnntmg 
error-s These RR average condltlons and are 
reduced at tnnes by the plesence of mcreased 
nome lcrels The lange could of cause be 
extended by mcreasmg the power of the 
transmitter 

There 1s another advantage m usmg a level- 
controlled amphfie~ oler n pe&lnmtmg tlpe, 
aldo from the mcreas.4 s~gnsl range R1yre 

control has been adjusted m each ampMel- 
relay to a ralue X, such that durmg spacmg 
nnpulses no noxx ~111 be rectlfied and the 
mmkmg r&tied sIgna will be represented by 
(D) The potentxd represented by the datance 
Y IS the potentul to whxh the eqnal must fall 
to cause the gas dwhalge tubes to tqger off 
It 1s apparent from (D) that for &her amph- 
fier, the recttied signal will be such that perfect 
keymg will result If the noise level mcreases, 
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that the sqnals reoewed prmt on the teletype R,, bxwng the nmphfiers below cut-off When 
machme but not be retransrmtted It w also lommd, the 885 tube osallates but, smce the 
necessary to transmit from the keyboard and ~mphfien are ~011 below cut-off, tlxs oscdla- 

c 
prcmsmn must also be made for autumatlc tlon w not curled through to the output The 
transmlsslon from 8. perforated tape usmg EL condenser C, further reduces the n c volt- 
tmnsmlttmg dlstrlbutor smmlt,meously with age across R, The tme constant of RJ, 
reception must be low enough to plevent roundmg of 

For termmal station operation the dlstrlbu- tha nnpulses The% two factors m addltmn 
tor 1s connected between ta-mmals 2 and 3 to the cnncellatlon due to the push-pull plate 

RECTIFIER 

OUTPUT 

L R4$- ' @- GISTRIGUTOR FOR AUTOMATIC 

TRANSHISSIOH FROM A TAPE 
REPEATER STATION 

0 
3 

In the marlang condltlon, the dmtrlbutor cx- 
cult IS closed and the grid of the 885 tube as- 
sumes B negahve potaaal of 35 volts III 
spacmg con&tlon the dlstrlbutor clrcmt ~9 
open and the pnd assumes a zero potential, 
thus breakmg dorm the tube Plats current 
hunted by the. resistance m the plate arcut 
and the potentml, ,nci-e~‘je~ the drop across 

urcult ehmmnte all output dunng spacmg 
unpulS?s 

In order that the keyboard be used, the dls- 
tnbutor must be stopped (a normal condltlon) 
When the keyboard contacts K are closed 
(malkmg) no potentlal exists across the term- 
nals 1 and 2 and the amplifier IS normal If the 
contacts K are opened, the no-load pot&ml of 
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stlength In February 1936 borlzontally pola (2) Effect of antenna height on fdmg 
GA antennas were erected at both ends of the With the recelrwq antenna 60 feet abore 
clrcult on l25mfoot steel towers, doubling the ground (v&w1 polarlzatlon), the amph- 

6 antenna heqhts These new antennas had “pm tude of the fading was about 8 db for a 
pmnnately the same gain as the old one tra”s”llttl”g antenna haght of 60 feet 
This resulted XI greater signal strengths rrhlch, This nmphtude mns reduced to about 6 db 
mlth more sensltlre recewers, pernutted the by lncreaslng the transmlttq antenna to 

Flgore 19-Black schematx dmgram of the termmal eqwpment 

~ecmh~~g> to be nude 11, talns <,f LI\~~IP~ 
\twngth dwxtly lathw thnn the rectAed au110 
uutput of the receivers 

The increase 111 the hqht of the antenna 
hbove ground produces two effects, (1) sn m- 
grease III wgnal, and (2) n decreav 11, the 
unphtude of the fndlng 

(1) Effect of antennd he@ on sqnal 
I"le"slty 

W’lth the center of tho recavlng antenna 
60 feet abore ground (vertical polar~~za~ 
tlon) an n~rease m height of the trnnsm 
nuttq antenna from 60 to 120 feet lesnlted 
ln an n~reris~ of approxnnately 10 db III 
the iecared signal Ldzense with the 
t~msnnttmg antenna 60 feet abore ground, 
~nc~rnsmg the height of the lea-g an- 
tenna fro”160 to 120 feet produced a 10 db 
n~crease m the recax ed signal Rnwg the 
second antenna to 120 feet produced ap- 
proxnnately 8 db n~~eas~ III s~gnnl 



&upt at tmvx and at “the, t”ne\ grndu,dlJ 
chanjimg from ale t>pe to arrothc~ 

F~gnrlre 22 I> put of B recoldm: take” at 
Washmglon a” J”ly 24 1937 (horuonlnl polar- 

Fngure 22-Recordmg ~llustrat,ng deep, rop,d fade? of 
“drop-out” natore 
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recmve~ nom, hum from both transmtter and 
deceives, and external noise It should not be 
mferred, home-w, that the emtmg nowe 1s 
of s&xent amphtude to cause errors, az per- 
fect operation has beer, roamtamed even mth 
low percentage of modulation az used III the 
multi-channel tests of mhxh more mll be sad 
later It 1s safe to say that prmtmg errors have 
not been due to these ncme levels as expermcad 
at the tro &&Ions 

Whde stahc 1s at a verq much lowa level 
0, these ultra-h~gl:ll-fIR~,~ency band7, It does 
rxlst m practmlly all of the forms found at 
the lamer fmquemes The normal nome lerel 
dung storms does mcrense, but only such 
crashes as me caused by hghtnmg dmcharges III 
the medmte mcmty of the recenmg stahon 
hnre caused prmtmg errors Dnnng tunes 

tram&d characters Durmg the entire oper- 
atmg penad there bnve bean no permds (other 
than caused by %mp-outs” of a mute or less) 
durmg which wmmumcat~on has not bean pos- 
able due to any causes other than fallwe of 
equipment or power 

The ultra-high-frquency tramrmsslons me m 
general most satlsfactoly when approxmate 
1me-Ssight comhtlorm emst This dmtance 
of cnur~e 1s dependent on the topography and 
the arndable nntenna hqhts piolse lwels rme 
mlwentlg lorrer than on the lower frequency 
bands ahch, ns 111 all commmcatlon cmcu~ts, 
pormt the US of lower power to provide an 
equwalent s~gml/nom ratm Proper chme of 
&es practmlly removes fadmg and permts 
the use of a sqle frequency for day and 
mght and all seasons 

rho11 the cncut IS Idle (markmg) the ststlc 
dmharge often causes the recemng relay to 
chck, but the pulse 1s of too short a duratmn 
to cause a prmt on the teletype maclme Ewn 
severe crashes cause only a smgle character to 
prmt Thm IS, of course, mxeased when the 
cucu1t 1s 111 operst1on to an occasional smgle- 
character msprmt for normal discharges A 
SBV~R crash may drop the ma&me out of sym 
chronlsm and CBU several false characters be- 
fore 1t agaul synchr0rL1203 Itself 

In general It can bo smd that the errors 
cawed by fadmg, man-made and natural r,omos, 
and all other propagation causes ha7 e been too 
fen to be espd ln any useful percentage of 

It has been establIshed that transmss~ons am 
made up of serer~l rays, the dmct ray and 
n1nou9 reflected rays Tlus IS III effect a multi- 
path trammon, but the dela>s thus en- 
countered are too small to have any notmable 
effect on the recemed mpulses even though 
they colmst of & single cycle (1600 q&s per 
second fundamental) 

AUTOMATIC REPEATER AND MULTI. 
CEIANNEL TRSTS 

Tests hare been conducted to determme the 
rebabfity of the cmut, both mlth each statIon 
actmg 8s a termnal and wth B&more actmg 
as a repeater statmn Much of the SUCCESS of 



24 



25 

chnnnels was accomphshed with a peak modu- 
lstlon of the teletypewriter channels of ap- 
prox1mate1y 20 percent 

OTHER PRINTING METEODS TESTED 

Nomeroui: tests have been made to cornpale 
rad,o facsmnle and radm tcletypawnter This 
comparmm 19 a acult one because of the m- 
herent difference m the trro s>stcms The best 
copy fvxn the f,Lcslmlle cannot compare with 
the tcletypewrlter prnlted copy, whether It be 
cubon 01 mk prmtmg of the flu wmle, because 
the elements of tbe separate letters are broader 
or heawr, and are made up of groups of hnes 
or dots printed at d&rent tnnes A comparl- 
son nught be made to the differences t&wan 
nwsprmt p&res and photographs m the 
matte1 of picture delimtlon In order to UI- 
pro>~ the facsmule copy, It rrould be nzcessarq 
to xxx-ease the d&&on, rrlnch would mean an 
c, en broader frequency spectrum 

As was stated previously, m a Feather trnns- 
nuttmg swv~ce, as mamtamed hy the Bureau 
of Air Commerce, full advantage of the cn= 
cults must he taken to tlansmlt the volume ni 
lnformatmn that li needed For that reason 
the messages are coded It IS absolutely essen- 
Iml, therefore. that each chsractcr stand fully 
on Its orrn merit and not depend on Its ass”- 
c1ahon wItI 0th rllalnctel5 for 11s llltelllgl- 

lnhty Fol extrnplr 1n stla&t copy, one 01 
,rlole letters maj lx omltted from a word, and 
m many cases a nhole word, rmthout losmg the 
mtelhglhlllty of the sentence In any coded 
message, an error may change the entre mean- 
mg regardless of the type of tmnsrmsslon, but 
an ell”i- caused h> m~smterpretmg a. chain&r 
1s elmmated from the teletypewr&r copy 
In the unretouched photograph, figure 27, are 
shown samples of facsimile to illustrate the 
effect of nome on mtelh~h~hty It IS appar- 
ent that there are many characters wbch If 
taken by themselres might emly bc mter- 

preted differently by two persons. hut taken as 
a whole the words are qnte clear 

Late m 1934, a commercmlly arnllable r&o 
facsnmle equipment usmg photoelectric tape 



(1) Teletypen l&r gutpment ras capable of 
operatmg “7 er * gIetlte1 change of s~gnnl 
lwel 

(2) Intelpretntloii of tharactrri 011 f.rt\lmllv 
copy, when colered x1111 llolw spot>, \!<I’ 
exlremely dlficult, dlspiovmg the common 
fallacy that facsumle copy can he rend 
elen though corered with now spots 
Smgle characten are often rendered ron- 
pletely unmtelhg~ble by the addltlon of a 
fen spurious nome spots 

(3) Donble-nnnge copy vos not obsel,ed on 
Gl nnd 65 mcgnc~cle?, mdlcntmg that no 
multiple path transmlssmn took place 
Nerertheless, facsmule chalacters xe,e 
often spread out when the plmter bar bore 
too hghtly or too heuwl? on tho carbon 
tape 

In addltlon to tho abore, other serious &s- 
adrantages of facslmde are apparent 

(1) In a chain commurucat~on system, where 
repeated retransmlsslons are necessary the 

noise can be more r~ndll\ lcmowd from 
the leletypewntcl -lpxd than from the 
facamlle s~gnsl The IOTTC~ kojmg fre- 
quency of the teletrpeuIlter pents the 
use of sh~rpa filtw a~1 much less complex 
slgnnl coriectmg c~icoi(~ or regeneratmn 
Rescannmg of fdcklmlle copy 15 the mo4t 
wndewablr ploredulr ns found hy @uul 
kit, and won m wnple relrnnsmwxon the 
noise dIstortlo,, adds up mpldlj over xv- 
era1 reputmg slatlonc: 

(2) No method of slormg a mcssdgr at H 
lermmal stallon for fntnrc rctlnnwnsxon 
IS pronded wth facsmnle. other than re- 
wmmng of the rwarcd copy Telet>pe- 
miter signals, on the othcl hand, may lx 
used to roperforate a tape nt the same tmx 
the lwelred copy 1~ bemg plmted 

(4) Fncwrlde 1 equnes n band apploxnnntel~ 
1KlO LJ cles wide for GO xr 1, n, -lO&lme 
dehmt,on, whereus teletypem,,ler requ’res 
<Ibout n 12Om to 1JO-CJ clc hand w&h for the 
ame speed At least three and powbly 
four 60 w p m teletgpewrltel channels 
could be mselted m the spectrum required 
for facsmule wtb a correspondmg effectl\e 
mcrease In speed to 180 “I 240 w p m 

A h,gh-speed prrnter 

III the lnttr, part of 1936 and dgam ~1) m 
1937, numcrou~ t&s ne~e wnducted on B corn 
melcmllj armlable hlgbspeed prmtsr OV~P the 
~~m~h~rr~on-Balt~~ore lrltr,l-high-flcqoencr 
clrcult 

Essentially, ths slstem depends fo, Its opera- 
tlon on the 11% of combmahons of e&t smgle 
sme ware lmpulws dcrwed from a common 
oscdlator and phase-?phttulg lwtvolki: For 
exnmple, the first nnpulse IS used fol sgnchromz- 
mg, and the fouth Impulse 1s used for shlftmg 
from lower- to nppe-case figures. Iesrmg bu 
impulses for combmnt~ons 111 J G-unit code 

AneIght-phase voltage 1? apphed to the plates 
of eight vacuum tubes through the selector 
magnets of the prmter The recewed nnpulscs 
twe spphed to the gnctr of the% same tubes m 
Ihe proper sequence so that If the reared lm- 
pulse unhmses the tube at the time the plate 
voltage 1s npphed, the tube ~111 then conduct 
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current and close the armature Four to SIX 
groups of pulses me necessary to ~10s the mag- 
net Each armature operates a code bar and 
causes the prmter to operate 

Exact synchronm 1s essential between the 
recewed pulses und the plate supply to the 
sorernl tubes 

These prmters were capable of operation up 
to 120 x- 1’ m wt11 a short mnelme connect1”n, 
but It 1s antmpated thet comtdemble d~ffii- 
culty u onld be encountered when morkmg “>er 
telephone lmes or cables of any great length 
due to dlstortlon of the transvmt mpulses 
Smce the prmtmg of ea.& cheracter necessitates 
about SIX groups of mpulm, It aould sppenr 
that static would ha>e httle effect, 8s It u hardly 
probable that random nom would be su5cmtly 
regular over SIX groups of combmatlon mpulvs 
to cam a false character to prmt It 1s entmly 
pomble, ho\wrer, that D penotic murnng 111. 
terference such &s lgnlt1on ll”Ee mg11t cause 
false prmtmg 

The radm tests disclosed the follomng 
l-esults 

(1) The mpulses used m the sjstem are 
h&ly tramlent m nature, and It was found 
lughly susceptible to nome 

(2) A -m-y lugh quahty cmcult 1s essential to 
tramt and receive the mpulses mlthout 
undue d&o1 tlon ca1culat1ons re, e&d 
that a fxzquency spectrum apploachmg that 
requmd for broadcast purposes rrould be 
necessary to reproduce the mpulses sat?- 
cmtly well The mcrease m speed over 
60 w p m teletypemter 1s not warranted, 
smce the teletypemter speed by use of mul- 
tlple channels could emlj exmd 120 v 
p m wth much 1~ d&ulty 

(3) The prmter could operate falthfully for 
Ia than eight db varmtlon of signal lerel 

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

RESULTS 

The results obtamed m more than two >ear+ 
“pi-atIon of the Waslmgton-B&more m&o 

’ teletypemnter clrcult hare shown that the nec- 

essary reqwements of relmbfity, accuracy, sm- 
plmty of operation, and speed hax e been met by 
the llse of ultra-high frequemes and the derel- 
“pment of mutable termmal equipment 

The earher nork on 284,4070, and 2960 kdo- 
c+les lms shorn that frequencm m these bands 
ndl not meet the requmements of the Bureau of 
An Commerce cnmmumcntmm s>stem, due 
p~mc~pnlly to extlerne fadlug, Ingh IIOLS~ le>els, 
and rrfl~cted sky wave coml~onents The prolx- 
gntm chnractelatms of the ultra-h@ fle- 
qumcws below about 45 megsrycles, as reported 
by mnny mrestlgators, also mdlcnte consider- 
able sky v&ye reflection The cbarxctermtm 
of 61 and 65 megacycles “rer this path, how 
ever, mdlcate that a high quality rndm crcult 
surt&ble for mulh-channel ser~nxs can be ob- 
tamed o\er dlstmm u1 exe ess of the optml 
path Such fadmg as exts& c,~n be taken CRR 
of by plopa dwgn of lermmnl equ’pment r~ 
has b+en done on tins clrcult by means of the 
gas dwhnrge tube relay and level controlled 
mph&r, smce noise lerels on the crcult are 
very low 

The mreshgatlon of commercially available 
carbon tape facsmnle has shown It, m its present 
state of development to be unsuultable to Bureau 
of Am Commerce commumcat~ons tra5c Com- 
panson tests mth telotypemter hare shown 
concluwely that the t&Q pe\mter 1s much to 
be preferled 

ECONOMIC CONSIDERATIONS 

The chom between land lme and r&o tele- 
type-m&x cu-cult operation, mde from purely 
techmcal conslderatlons 1s largely dependent on 
two other factors, namely, the type of serwce 
requmd and cost The present land lme tele- 
typemtm facllltles of the Bureau of An- Cm- 
merce extend “7 er approxunately 23,000 rmles 
The cast of leasmg wm-as for thm seance 
amoullts to nearly $700,000 annually 

In order to make a comparmn between land 
lme and m&o, cost estmxites wore made up for 
a 600-m& clrcult (Washmgton, D C to Nash- 
II&. Term ) conslstmg of 9 drops The m&o 
arcult mcluded 13 mtermedmte statlone of 
nhxh 9 were drops The clrcult represents av- 
erage con&tlons for the m&o teletypemter 





prmted copy of neather lnformatmn and 
other commumcst~ons to P&ts m flight, the 
ground to an-craft pace channel could be used 
for air traffic control 

APPENDIX 

In order to adapt ultra-lugh-frequency r&o 
t&tjpenr&r to a cham of stataons ,&long 
an ammay, 1t 19 necessary to locate mtarme~- 
ate st;rtlons at weather obserrmg pants Most 
of the mtermedmte statIons along an axway 
are separated by relatwely short distances, 
maklng the ultra-high frequencvas partxu- 
laly me11 adapted for tlus purpose It LS 
dearnble also to obtam radm statmn atea a$ 
bgh abore mteroenmg ground as 1s prac- 
txable to obtam an approxunate lme-of-sight 
transrrussmn path Present beacon sites m 
most cilses lend themselves adnnrably well for 
ths purpose, and power 1s already arallable 
at such sites In a relatwely few cases, due 
to lnterrenlng mountams betw?an stst1on &es 
m rugged tarram, It vould be necessary to 
erect automatic repel&r statmns to get ‘lover 
the hump ” 

In such a communxatmn cham It 1s deslr- 
able to hare a dlrectlonal transmlsslon of rues- 
sages With a mlrumum of oqu~pment As an 
example, let us assume a cncut composed of 
four statlons, A, B, C, and D Statmns A 
nnd D are the termmals, and B ~md C arc 
mterme&ak statmns, one of nhlch may ire 
nn nutomatlc rrp’aaler stat1on An) one of the 
statmns must be able to orlgmnte a InRssage 
and all otlters recave copies of It Thus, 5 
messago orlgmatmg at A must bc repeated 
through B and C to D, or a message orly- 
natmg at St&on C must be repeated through 
B to A and also go to D llus can be a~- 
conlphnhed by the use of two transmlttars and 
two recen~rs at each repeater statmn T;nl- 
dmectlonal antennas would be employed 
Howewr, m an attempt to reduce the amount 
of equpment necessary, the same result can be 
accomphshed mth but one tranamtter and 
bl&rc&onal antenna and trro re.ce1vem rnth 
umdwect~onal antennas at esch repeater 
station 

Referrmg to figure 29, assume that a =@a1 
orlgmates at St&on A It 1s trsnslmtted at 
frequency F, modulated at a frequency MI 
This IS pxked up at B on a pecaver tuned to 
F, and further prorlded mlth 8. titer for M, 
The slgnnl operates the prmter at B and also n 
keya, puttmg I& on the transmitter at B 
The sIgna 1s then retraannltted at F,M, Tlus 
IS D’ckod up at titmn C on a reoelrer tuned to 
F> and filtered for MI, and agam retransmitted 
to D m a manner smular to that at B At the 
same mstant the slgnal from B IS pIcked up 
at C, however, It til also have gone to A, but 
smce the IPCA~FB~ at A rejects M, by filter, the 
signal 1s dead-ended and no sm,-g can result 
The same antI-smgmg charactenstxs ml11 hold 
at the other statmns, smce all signals gang 
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flora 1 tomard D ,zle modulaled at M,, whde 
those gomg m the dnechon D toward A are 
modulated nt frequency M, 

If stntmn B o-mates a message, It 1s trans- 
r&ted at F,, but modulated -7th both M, and 
M, In this cake the xcaver at A ml1 pxk up 
F,-M,, wlulo statmn C accepts only F,-M,, snd 
retransmits It as F&i, to D Thus the desired 
result 1s accomplished wth but one tiansrmtter 
and transmlttmg antenna, m&ad of two trans- 
mltters and two antennas 

Transrmss~on m other drectlons may be &c- 
comphshed, If necessary. by mcludmg addl- 
tlonal recarers, correct filters and changmg the 
dnect~onal field pattern of the antennas to 
mclude the addltlonal stations 
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