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High Speed 

llln the past twenty years tremendous strides have _been 
made in the methods of communicating at the h1gher 
frequencies. New equipments have been developed and 
new methods devised \vhich increased the speed of com­
munications to such an extent that we now have systems 
such as the four-channel multipl ex teletype hand ling 
240 words per minute, and the single-sideband mufli­

/ Oile system with a possibility of twelve teletype chan­
nels to handle 720 words pe r minute in a required band 

width of only 10 kc. 

This prog ress in the hig h frequencies is indeed grati­
fy ing but it appears we have neglected the very-low 
frequencies, as traffic in the band from 5 to 35 kc is still 
moved at a speed in the vicinity of twenty words per 
minute. This snail's pace is shocking in view of the 
fac t that these very-low frequencies have certain un­
deniable p ropag ation advantages over a ll other fre­
quencies, and a re necessary for the fulfi llment of Navy 
comniunication requirements that cannot be met except 
wi th low frequency and high power. An increase in 
traffic speed on this band is very desirable, but there are 
many problems to be solved before this is possible. A 
d iscuss ion of these problems is the purpose of this 
article. 

It has been accepted that the 500-kilowatt TB J and 
TAW t ransmi tters could not be successfully keyed at 
speeds in excess of 25 w.p .m. by ordinary on-off keying. 
This was at first attributed to the long charge-discharge 
time required by the antenna, due to the use of a high-Q 

antenna system. However, there is no data at hand to 
prove conclusively that all the limi tations are confined to 

the antenna, and it is suspected that the power supply 
may also be limiting the speed due to charge-d ischa rge 
t ime of the rectifier tubes and associated filters. 

on the 
ver,, 1 

Frequencies 

Frequency-shift keying on the very low f requencies 
was investigated, as the carrier in this system would be 
on continuously thereby overcoming any limitations 
which may be presented by the power supply. T ests 
were made to collect data regarding the Q of the an­
tenna used on the TB J at Annapolis. The transmitter 
and antenna were both tuned to 18 kc and the power 
output noted. When the transmitter frequency was 
changed without retuning the antenna it was found that 
a 20-cycle shift caused the output to be reduced to 50 % . 
This means tha t if frequency-shift keying were employed 
so that the carrier was shi fted 20 cycles from the reson ­
ant frequency of the antenna, the radiated power would 
onl y be 50 % of that possible at the resonant frequency. 
This wou ld cause tremendous power dissipation in the 
fina l amplifier and wou ld therefore be a very inefficient 
system. 

The dotting speed of the 60 w.p.m. teletype is ap­
proximately 23 cycles per second . However, the tele­
type signal is a square wave which contains not only 
the fundamen tal but also harmonics. Consequently, the 
resulting complex wave must contain at least the thi rei 
harmonic or its departure from the square wave pro­
hibits its use in systems such as the teletype. T h is means 
that, in order to keep the distortion within p ractical 
limits, the thi rd harmonic of the fu ndamental keying 
speed must be transmitted. 

In order to pass 23 cycles th rough a medium, that 
medium must therefore have a minimum band width of 

3 x 2 3 or 69 cycles. The medium in this case is t he 
TBJ antenna system which, as explained above, has a 
very narrow band , and therefore must be radical!}' 
changed before it can be expected to pass a band of 69 
cycles. 

The most desirable arrangement. to facilita te coverage 
of this bantl wou ld be a system in which the an tenna 
was tuned f rom mark to space f requencies in synchron­
ism with the transmitter frequency shifts. Anothe r ac­
ceptable artangement would be the in troduct ion o f re ­
sistance into the antenna system so as to lower the Q 

. and broaden the resonance curve and therebj enable it 
' ,' to pass •the desired frequency band. However, due to 

the high power involved, ei ther of these arrangements 

present tremendous physical prob lems which are not 
materially reduced by the use of the multiple antenna 
tuning employed with these large t ransmi tte rs. 

ception, but the code is the same as In ternationa l Morse 
and N avy operators should able to· read the tape with 
very little additional training. The Cable Printing code 
cannot be used for aural or tape-recorder recep tion but 
may be used with teletype when translator equipment is 
used to convert the 7 .42-uni t teletype code to the cable 
code and vice versa. \'(li th either o f these cable codes, 
keying of the TB J or TAW at 25 words per minute 
dotting f requency would be approximately eq ual to that 
for 15 word -per-m inu te I nte rnat ional Morse keying . 

By way of summary it may be said that this 1s a very 

The high-power low-freqflency transmitter at L11alualei. 

It has been suggested that rt1ble rode may be adapt­
able, as twice the intell igence could be transmitted in 
the same bandwidth as that required for International 
1vforse. However, cable code is a th ree-el ement or three­
condition code, composed of marking. sparing. and 
zero (or neutral) conditions, and it wou ld be necessary 
to use special frequency-shi ft keyers and receiver adap­
to rs to generate and convert the three rad io frequencies 
for these conditions. Nevertheless, such equ ipment is 

not impractical and, moreover, there are two types o f 
cable code available, Cable Morse and Cable Printing . 

The Cable Morse is only usable with a type-recording 
eq uipment and is not adaptable to aural or p rin ting re-

interesting but complex problem for wh ich the Bureau 
of Ships does not yet have a satisfactory answer. H ow­
ever, in a recent demonstration of FSK applied to VLF 
circuits, by sh ifting the freq uency of a 20-kc tank cir­
cu it in syncl1ron ism with the square wave keyi ng, a dot­
ting speed equivalen t to 500 w.p.m. was successfully 
t ransmi tted. No offic ial developmen t p roposa ls have 
been made as yet, but the problem is under active dis­
cussion . It appears possible to apply the princip le to 
existing Vlfo equipments, as well as those to be p ro­
cured. These invest igations are being continued and it 
is hoped that a workable system will be developed in 
the near f utu re. 
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• With the adven t of the first general-service radars 
(CXAM, SC-Series, etc.) , technicians were confronted 
with strange phenomena not previous ly encountered in 

communication systems, such as h ig he r f requencies, 
pulsed r-f energy, microsecond timing, scope presenta­
tion of returning signals, and rapid p ulsing of the 
transmitter, to name only a few. One of the problems 
which presented itself , not only to the techn icians but 
to the design engineers as well , was the p roblem of pro­
tecting the radar recei\·er during the time that the h igh­

voltage r-f pu lse was being transmitted by the trans­
mitter section of the equipment. Since the repetition 
rate of a ll genera l-service radars is at least s ixty pulses . 
per second a nd usua lly many t imes more, it was e vident 
f rom the first that a mechanica l swi tching device to 

The 
\\ 

Magic Tee'' 
close and open the receiver r-f input section in synchro­
nism with each t ransmitted pul$e was out of the ques­
tion. This inescapable fact Jed to the development of 
the electron ic switching method commonly referred to 
as dNfJiexing, which in its earliest stage cons isted of a 
spark gap placed at a critical d istance from a junction 
point so that when it was broken down due to a high 
voltage pulse from the transmitter i t wou ld present a 
high impedance at a pre-determined point, thereby pre­
venting the high -voltage pulse from entering the re­

ceiver section. This spark gap was rep laced in most 
cases by gas-filled tubes very early in the program, but 

the principle of operat ion remains the same. 

In the late spring of 1944 the very popular SG (sur­
face-search) radar was modi fied in many ways, one of 

~·h i ch was the introduction of a second gas-filled tube 
m. the r-f section . This tube was called the anti-dllplex­
mg tube, and its purpose was to prevent returning 
echoes, which were relatively weak in comparison to the 
outgo1ng pulses, from being attenuated by leaking back 
into the r-f section of the transmitter. There were 
?ther reasons for incorporating this an ti-dup lexing tube 
mto the system which were discussed in deta il in 
.ELECTRON for May 1946, page 1. These duplexing and 
anti-cluplexing tubes later became known as the TR and 
r1nti-'I'R boxes o r cavities. W ith the passage of time, 

the TR and anti -TR boxes with associated waveguide 
fit tings were improved in efficiency by various methods 
such as more efficient tubes, keep-alive voltages, etc. 
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FIGU RE 1- E,Iine dis1rlb111t'on in a rectang11lar lllalle­
gtl-ide, i h0111i11g the l:e/;ers,i/ of polarity roinrident witb 
phase ·cbii/lges. View is front the uai'I'0/11 side of tbe 
• "' • g11ide ai iudirated by the t(imensiOII· "r1". 

However, h 'very late develo1m1ent 111 the · wan.•guidc 
duplexing fie ld was the introduction of the magic tee. 

Basically, the operation o f the magic tee depends 
upon the d i~eren(:e be~ween the coupli ng of waveguide 
tees in the E and H planes. From waveguide theory we 

know that the energy in a waveguide is contained in 
t\.,;o fields, an electric or E-line fie ld , and a magnetic or 

H-line field. The E lines in a waveguide can be repre­

sented as str~ ight ·Ji nes existing in a plane perpendicu lar 
to t he widest dimension of the guide, while the H lines 

are in the form of loops fo rmed in a plahe parallel to 
the widest d imension of the g uide. By this geometrical 
arrangement the E and H l ines, and consequently the 
e lectric and magnetic fields, \viii be at right angles to 
each other. 

To visua lize t!1e electric fie ld in a waveguide Jet us 

assume a s ine wave traveli ng along the waveguide with 
the peaks (both positive and negative ) bounded by the 
walls of the wide dimension of the guide_ In other 
words, if we look at the narrow dimension of this guide 
we will see the ri se and fall o f the sine curve as a single 
l ine with the electric field intensity at its maximum at 
the peaks of the curve as shown in figure 1. Obviously 
th is field would reverse in polari ty with each reversal in 
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flGURE 2- Eiertromagnetit or H lines in a rertangular 
llltll'eguide as 11ie111ed from the wide dimension indicated 
by ' 'b'' . Note that maximum 1-I field orrl!rS sinmllm?e-

omly will; minillllflll E field as sho/1111 in figure 1. 

phase o f the sine c~rve. If th is field were plotted by 
arrows representing the E lines at rig h t ang les to the 
side wa lls of the guide there wou ld be few at the null 

poin t o f the ...sine curve and a gradually increasing num­
ber as the fie ld approached a max imum, with the polar­
ity (ind ica ted by arro1v heads) chang ing d irection in 
the g uide as the curve swings th rough its complete 
cycle. ·This action is repeated rapid ly th us developing 
the elect ric fi~ ld in the g uide. 

An : J-1 fie ld may be visual ized as a series of closed 

loops formed in a plane parallel to the wide d imension 
or side wa lls of the waveguide, as shown in figu re 2. 
Froo11 fundameptal theory we know that in transmiss ion 
of r,f. ene rgy throug h a transmission line the electric 
and magnetic fields are inseparable but will be d isplaced 
from each other by ninety degrees in both space and 
time. Therefore, if \ve combi ned figures I and ::!. it 

wi ll be shown that the maximum e lectric field occurs 

BRANCH 

FlGURE 3- JI'/til'eguides ronnecterl IO fo rm an E-plane 
T jtmrtion. 

duri ng the minimum magnetiC' field and vice versa . 
When two pieces of waveguide a re joined as shown in 
figure 3 they are sa id to form an £-plane T junction . 

If they a re joined as shown in figure 4 they form an 

I-f-plane T junction. l t is an established fact that when 

energy is fed into a T junction with matched loads on 

the branch arms, the energy wi ll divide between the 
two branches. However, a fact which is often over­
looked is the phase relationsh ip between the electric 
fi elds in the t\vo b ranches in reference to the junction 
poi nt. This depen ds upon w hether an E- or H-plane 
junct ion is employed. 

Referring to figures 1 and 3 let us explore the t rans­
fer of energy from the bra nch arm into the two sections 
of the main waveguide. As can be seen from figure 1 , 

the E l ines are fo llowing a sinusoidal 1 attern as the 
wave approaches the end of the branch arm. As h as 
been explai ned in preceding paragraphs, the polarity of 
the E l ines will be changing as the wave p rogresses 
down the gu ide, with the resul t that the heads of the 
a rrows will be reversing d irection in the guide simul-
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FIGURE 4-11~ a·veg11ides connected to form an H -plane 
T junction. Compare tbis type of j11nction 11litb that 

rhn ll'n in fig11 re 3. 

tantous ly w ith tht dungts in polarity. Figu re 5 is a 
cut-away view of the £-plane junction looking at the 
narro\v d imension of the guidt. It can le s::en from 
this figure that as the E lines reach the end of the 
branch a rm they te nd to bend outward, forming curved 

lines which eventua ll}' will join the opposite wall of the 
main guide. However, in so bending and p rogressing 
out the two arms o f t he main g uide, the ir phases will 
be reversed making them 180° out of phase but identi ­
cal in amplitude at any point equ id istan t f rom the 

junction . 

On the other hand , if we consider fig ures 2 and 4 the 
transfer of energy is o f a d ifferent nature. In fig ure 
2, which i a s ide view of the waveguide, we see the H 
lines formed in loops in the waveguide, parallel to the 
sides of the guide. As stated prev ious ly, for e.1ch series 
of H-line loops there wi ll be a series of E lines, com­
bined as shown in figure 6, which is a s ide v iew of the 
guide. To better illustrate the division of E-line ene rgy 
and the resu ltant identity of polarity in the branches, 
only four E lines are shown in th is fig ure. As the H 
loop approaches the junct ion , it wi ll start to d ivide into 

two If loops wi th accompanyi ng E l ines. Since our 
re ference in this explanat ion is the E lines or fie ld , we 

ENERGY U~ 

l 

OUT OUT -- ... 
J-'IGURE 5 - Ttm?Sfer of energy from a brancb to adjetcent 
arms tbro11gb an E-plane j11nction remlting in out-of­
phase electric field c011ditio11J in the adjacent arms. 

Dnnenston " a'' is tbe narrow side of the guide. 

can therefore state that the d ivis ion of energy will resul t 
in no change in polarity of the E lines in the loops of 
1-l lines proceeding out the two branches. Theref~re, 
we have established that E-plane junctions will result in 
electrica l energy proceeding out the branch arms 180 
degrees out of phase, while H -plane junctions will result 
in e lectr ical energy proceeding out the branch a·rms 111 

phase. 

A simple rectangul ar magic tee is a four-bran ch .net­
work consisting of the main waveguide, an E-plane june: 
tion and an H-plane junction, as shown in figure 7 . In 
tillS type of tee, if power is sent into any arm or branch 
with matched loads on the other th ree, the powe r will 
divide between the two adjacent arm-; and no power 
wi ll go into the opposite arm, as illustrated in figu re 8. 
We see then that energy transmi tted in to the H-plane 
branch (magnetron input ) will go out the two b ranches 
comprising the main waveguide (toward the two TR's) 
but no power will go out the E-plane branch (antenna ) 
since the H -plane energy excites only an even-function 

0 X 
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FI~URE 6- Tramfer of energy from a brand; arm into 
ad1a:ent arms thro~tgb an H -plane j11nction res11lting in 
an 111-pbase electn c field coll(/ilion in adjacmt arms. 

Dimension "b" is !be tilide side of !he g11ide. 

wave abou t the p lane of symmet ry, whereas it takes an 
odd symmet ry to excite the E-planc branch. Con versely 
energy sent into the £-plane branch w ill not couple to 
the H-p la_ne branch for E-p lane energy excites only an 
?dd-funct10n wave about the plane of symmetry, and 
1t takes an even symmetry to excite the 1-l-planc. O f 
course if there are reflections in either o r both o f the 
branches adjacen t to th e: E or /-/ p lanes which w ill alter 
the phase of the outgoing wave, the opposing side a rm 
(either E or H junct ion) will be excited by these re­
flected waves. On the ot her hand , refl ected waves from 
egu~ l . mismatches in the adjacent branches at po ints 
cgUidistan t from the junction result in a wave conve rg­
ing on the junction with the same symmetry as the 
diverging wave, so that the refl ected waves can only 
excite the side arm from which they were orig ina lly fed. 

By the reciprocity theorem it is es tabl ished that energy 
coming in from the two adj acent b ranches will only go 
into one of the junctions, either the E-plane o r the H -

E 
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L R 
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fiGU RE 7-Two views of a conl'elltional reclanglllar magic lee .rhou ing botb .111 
E- and H- plane j11nc1ion with tbe main wareguide extremities indicrtled by L .111d R . 

pla~e, depending on the phase of the two when they 
~rnv: ~t the plane of symmetry. For example, if e nergy 
IS ongmally transmitted throug h the E branch it will 

proc~ed out th~ adjacent arms out of phase. Upon re­
turnmg to the Junction th is energy wil l proceed out the 
E branch, provided the phase relationship has not been 
changed ~ ue to a. mismatch some p lace in the S)'Stem, 
th~1s tend mg to bnng the two waves into phase. If thi s 
m1smat~h should be placed in the system to bri ng these 
\~aves 111 phase, they would proceed out the H plane 
Since the m-phase condition woul d excite the J-1 plane 
but would not excite the E p lane. 

For most applications of the mag ic tee it is des i r.tblc­
to have some matching transformers added to t he tee. 
The only restriction on these matching dev ices is that 
t hey do not upset the symmetry of the waves at the 
junc~ion . 1: the two ends of the main waveguide arc 
te rm mated 111 matched loads and ene rgy is sent into the 
£ -plane branch a mismatch will be fou nd wh ich may 
be cancelled out by the addition of a suitable iris or 
other device in this branch. S imilarly, one may prod uce 
a match for energ }' fed into the H -plane branch. 

. A 1~1agic-tee ~uplexing system is shown in figure 8 , 
1n wh1ch the onentation of the /-/ , E, L, and R arms of 
the two mag ic tees corresponds with those in Jig ure 7. 
The d istances from the junctions to the two TR boxes 
d iffe r by a guarter waveleng th , but the tota l d istance 
from the lowe r magic tee to the upper magic tee is the 
s.tme throug h both paths. 

Magnet ron power goes out the arms in which the TR 
tubes are located, the t wo waves being in phase s ince 
they are fed in on an 1-l-plane junct ion . T hese waves 
are reflected f rom the fired TR tubes a nd come back to 
the mag ic tee out of phase since one wave has h ad to 
travel a h alf waveleng th farther than the other. They 
then wi ll go out the antenna arm s ince it is an [ -pl ane 

junction and will be excited by the out-of-phase com· 
ponents arriving at the junction. The leakage powe rs 
of the fired TR tubes arrive at t he uppe r magic tee 
junction in phase and thus go out into the dummy load 
if the TR boxes a re iden tical. \X! hen the system is re­
ceivi ng a s ig nal, the received power comes in the an­
tenna a rm, divides and goes out th roug h the arms w ith 
the TR boxes in them, passes th rough the TR tubes and 
ar rives at the uppe r magic tee junction out of phase. 
Upon arrival at the uppe r mag ic tee out of phase they 
will exc ite the E-plane branch which goes to the re­
ceiver, thus transferring the received ene rgy to the re­
ceiver rather than to the dummy load . 

f-IG U HE 8- Scbent.tlic diagrr/111 of a magic tee d11jJiexer 
111ilizi1tg tu 'O ral.lll,~lll<~r tllttf!,ic tees tlllfl 111 t1 'f'R t11ber 

{J/11 11'1 anli- 'JR 1111}/!. 
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The main ad v<~ntage o f this type o f duplexer is the 

el imination o f the anti-TR boxes. Since in a magic tee 
there is no coupling between the opposite a rms with 

equa l loads on the adjacen t arms, no received power will 
be lost into the magnetron. In the X-ban d model the 
total anti-TR loss ( loss into magnetron, reflection out 
antenna, and powe r in to d u mmy load) is less than 0.5 
db ove r a l2'A band fo r a ll possible magnet ron im­
pedances . Anothe r advantag e is the cancell ation of the 

leakage power of the two TR boxes. Any received power 
leaking into the m agnetron is either absorbed in the 
magnetron or reflected by the magnetron an d reaches the 

seconJ tee in such a phase tha t it wi ll not go out the 
mixer arm. 

The main disadvantage of th is type of duplexer is its 
size. Anothe r disadvantage is the fact that the TR tubes 
must diss ipate 1 .4 times as much power as they would 
if they were mounted in an ordinary duplexer. Si nce a 

TR is a gas switch , the voltage across it when fired is 

essentia lly constant regardless of the power level. The 

power di ss ipated in a tube is proportional to the current 
throug h it. Le t us assume that we mount the tube on 
the top face of the guide. Then the power dissipated in 

Multi-Cha nnel Two-Tone 

Radio Telegraphy . 

Ey L c. ROB ERTS, 

Bell Telephone Laboratories 

it is equal to I. In a magic tee, the power in arms L or 

1?. t rave ling toward the TR tube is ha lf that in the main 

guide. Therefore, the amplitude of the current wave is 
equa l to 1jy'2 or 0 .707 times the ma in line cu rrent. 
The TR tubes present a short ci rcu it which is the em­
rent maximum and the magn itude of the current at the 
TR tube is 2 t imes tha t in the main line, so t hat the 
power d iss ipated is 2 times t hat in a normal duplexer. 
A third d isadvantage is that the leakage po\ve r which 

gets in to the mixer from high-level s ignals comi ng in 
the antenna is the sum o f the leakage from two TR 
tubes instead o f one as in a normal duplex~r. ror th is 
reason leakage to le rances on the TR tubes must be 
min imized. 

The rectangu lar mag ic tee has many appl ications such 
as ( 1) a variab le p hase-delay device, more commonly 
known as a line stretcher, ( 2) an impedance t ransformer 

for matching various devices to a matched li ne, (3 ) a 

balanced mixer, ( 4 ) the magic tee duplexer as described 

previously in th is discussion, ( 5) a balanced mixer 

plus automatic frequency control, and ( 6) a doub le 
balanced -mixer. 

• During the late war, the armed forces needed g reatly 

expanded communication facilities between a mu ltitude 
of widely sepa rated points. This need was fi lled to a 

large extent by the use of rad io-teletype circuits, em­
p l oyi n~ the two-tone o r freguency-shift type of tra ns-

m tsston . O ne of the matn factors which led to this 
widespread use of teletype\vriters on radio circu its was 

the success of the Multichannel Two-Tone Rad·JO T ele­
g rap h System , which \vas used by the Navy and the 
Army for long-distance communicat ion . These f re­
que ncy-shift radio circuits were used as the backbone 
Ji nks in a world-wide network of communicat ion faci li ­
ties. 

Shortly after Pearl Harbor, the armed forces we re 

confronted with the need for increased telegraph com­
munication between the Uni ted States and many dis­
tan t parts of the worl d . At the same time, many of 
the radio-telephone terminals of the Bell System were 

, not fully used either because the distant terminals were 
in enemy country or because of Government restrictions 
on overseas telephone conversations. Representatives of 
the American T elephone and Te leg raph Company, 
aware of this situation and of the need for additional 

faci lities, pointed out that many additional telegraph 

circuits could probably be provided by applying voice­
f requency carrier-telegraph systems to rad io-telephone 
circuits. I t was requested that arrangements be made 
to investigate this possibi li ty, and it was decided that 
tests would be made by eng ineers of the American 
Te lephone and Te legraph Company and Bell Telephone 
Laboroato ries. T he demand was urgent. T he re was no 
time to develop devices particu larly suited to the pu r­

pose, and thus eguipment already in production had to 
be adapted, if possible 

A11 obvio us starting poin t for the tests was to try the 
ope ration of a standard VF (voice-freguency) telegraph 
system (s imilar to the Navy Model UN Equ ipment de­
scribed on page 12, ELECTRON for Apri l, 1946) on a 
channel of a twin sing le-sideband rad io system. It was 
surprising to no · one, however, that a very brief trial 
indicated this was impracticable. The received tone of 

one channel of a VF teleg raph system operating ove r 

such a rad io channel fluctuates over a range of many db 

from instant i:o instant . At one moment it may be re­
ce ived at normal level, and a few seconds later the level· 
may be 20 or 30 db lower. It might at fi rst be thoug ht 
that an au tomatic volume control cou ld be made to 
compensate for such level fl uctuations, and doubt less 
considerable imp rovement could ·be obtai ned . In the 
standard v r: teleg raph system, however, a s ingle tone 
is used for on-off keying of each chan nel, t he tone b eing 
connected to the circuit for dots and clashes (commonl y 
call ed mark.r ), and removed for spaces. If a volume 

contro l we re made fast enough to fo il ow the very rapid 

fadi ng that is sometimes experienced ,the noise du ring 

spaces would be amplified to the same level as the 

s ig nals , and thus no inte lligence could be received. 

T h is sets a limi t on the possibility of improvement by 

such means. 
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FIGU R E 1- Cirruit arrangement of transmilfer terminal 
tbat s11pplies six two-tone radio-telegraph channels. 

T hese considerations led to abandoning the attempt 
to use s ing le-tone transmission, and it was d ecided to 

adopt two-tone t ransmiss ion (frequency-shift keying ) 
instead. This latter method of transmission was de­
veloped by the Laboratories and, beginning in 1928, 
was used for passing information by teletypewriter to 
assist in handling telephone traffic over the radio-tele­
phone circuits between London and N ew York. For 
two-tone transmiss ion, one channel of the standard 

system is used for marks and an adjacent channe l, em­
p loying a tone 170 cycles h ighe r in frequency, is used 

fo r spaces. With such an arrangement, the amp litude 
of the t ransmitted signal is substan tia lly constant, and 
a fas t-acting gain-control device may be used wi thout 
danger of raising the noise to the level of the s igna l. 
[See p. 5, ELECTRON for Sept. 194 5] . T h is two-tone 
transmission, howeve r, has the disadvantage o f regu ir­
ing two channels for each message, and thus p rovides 
only s ix telegraph circuits for a twelve-channel system. 

The results obtained with t his two-tone system were 
much better, b ut they were sti II not consid ered satis­

factory to meet present-day reg ui rements. What was 
needed was a limi ter, a fast-acti ng d evice that del ive rs 
a constant output for wide variations in t he input s ig nal 
level. No limiter was in production, but one h ad been 
built at the Laboratories for some experimenta l work, 
and this was bo rrowed for the tests . 

\XI ith t he: lim ite r, there was a ma rked improve: me: nt. 
The circuits were now good e:nou~h for automatic trans­
mission o f Internat ional Morse code, in which the re­

ccive:d dots and dashes are recorded on a pap er tape, 

but considerable furthe r improvement was de:s ircd for 

teletypewri te r t ransmiss ion, because eve n with the lrm­

iter, deep selective fadi ng would at times reduce the 

sig nals below the noise level. With the former methods 

of t ransmiss ion, the receiving operator can use judg me nt 
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TO OTHER 
CH-'NNELS 

F I LTERS 

F IGURE 2-Cirmit arrangement of receiving terminal 
fo r two-tone radio-telegraph trammission. 

1n interpreting the message, but a teletypewriter cannot 
use judg ment, and better transmission is consequ.ently 
required . 

It is a well-known characteristic of selective fading 
that when a signal received at one f requency has faded 
so that it cannot be detected because its intensity is less 
than that of the noise or static, a signal at a frequency 
only a few hundred cycles away is usually being received 
at a much higher level ; and by the time this second 
f requency has faded , the first w ill ·generally have re.­
turned to a usable value. It seemed reasonable, the re­
fo re, that if the signal were sent simultaneously on two . 
frequencies, one or the other frequency could be re­
ceived most of the t ime. 

T his " frequency-diversity" system was tried and the 

improvement was outstanding. The sendi ng re lays of 
two channels carrying frequencies that differed by about 
1000 cycles were connected at the sending end so that 
the same two-tone sig nals were sent out simultaneously 
on two pairs of f req uencies. T he detectors at the re­
ceiving end were connected to a sing le receiving relay. 
Now the circuit was satisfactory for mu lti-channel tele­
type operation and made possible the provision of much­
needed faci lities. 

Standard voice- frequency carrier-te legraph equip ment 
was moJi fied quickly by the W estern Electric Compan}• 
fo r two-tone operation, · l imiters were buil t, the equip­
ment was assembled in cabinets and delivered for ship­
ment to overseas points where it was most urgent ly 
needed. Si ngle-sideband t ransmitters and receivers were 
suppli ed a lso fo r locations where they were not al ready 
ava ilable . The Long Lines D epartment made the 
necessary arrangements fo r the home te rmina ls of these 
systems . 

T he circuit arrangement for one channel o f the sys­
tem is indicated in the fi rst two ill ustrations. On a 
marking pu lse, the transmitting relay sho rt-circuits the 
Y:'\'5 -cycle supply and al lows the 765 -cycle supply to 
pass to the radio transm itte r, while for a spacing pu lse 
the reve rse action takes p lace. At the receiv ing end. 

band-pass fi lte rs select the two frequencies for this chan­
nel and pass· them to the limiter. At the output of the 
limiter, similar band -pass fi lters select the two freq uen ­
cies and pass them to separate detectors, the outp uts of 

which opera te the receiving relay. 

From each such system, six two -tone circu,its could be 
obtained using the International Morse code with 
Boehme recorders for receiving. To obta in teletype­
wri ter circuits, however, two of these two-tone ci rcuits 
had to be used for each message, and then there were 
only three channels per system. T he advantages of tele­
typewri ters in furnishing immed iate typewri tten cop y 
and not requiring skilled operators were appreci ated , 

-but the attendant reduction in the number of circuits 
per system to three was unsat isfactory on some routes. 
Some means were therefore sought to increase the num­
ber of te legraph messages that could be transm itted ove r 
a sing le radio channel. 
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f iGUR E 3- Trammitler terminal for llllllti-cha1111el two­
tone radio teletypeu;riter transmission. 

A voice-frequency telegraph system suitable for p ro­
viding six .two-tone circuits occupies a f requency band 
less than 2000 cycles wide, while each channel of the 
si ng le-sideband system can t ransmi t a band about 5000 
cycles wide. On one rad io channel the re was thus space 
for two voice-frequency telegrap h systems, but no chan­
nel fi lters for frequencies above 3, 145 cycles were avai l­
able. To design and build them would have required too 
much ti me. There was a channel sh ifter, however, th at 
was used on rad io circUi ts to move the voice transmis­
sion f rom the lower frequencies to the uppe r f requencies 
of one channel o f a single-sideband circu it. By us in~ 
such a shifter, a method was designed for transmi tt ing 
six channels of the f requency d ivers ity te legraph system 
- twenty- four tones-over a sing le rad io chan nel with­

out requiri ng much ad dit ional equipment. 

T he arrangement of the transmitter is shown in figu re 
3. O utputs of six two- tone telegraph circu its, and 
a single-tone circu it used as an order wire, are con nected 
togethe r and then passed through a res istance network 
to a two-branch circuit- all frequencies flowi ng eq ually 

into each branch. Along the upper branch they pass 
d irectly to the rad io transmitter through a low-pass fi lrer 
that passes all f requencies below about 2600 cycles. 
Along the lower path , they enter the shifter circuit, 
where they are modulated w ith the current f rom a 5270 -
cycle oscillator. A balanced copper-oxide modulator is 
employed that eliminates the carrier, ·and the upper 
sidebands are eliminated by a low-pass fi lte r in the 
sh if ter. The lower sideband frequencies, . which a re 
hig her than those in the upper b ranch , are then passed 
through a high-pass fi lter to the rad io t ransmi tter. 

The twelve f requencies from the six two-tone tele­
g raph channels are spaced 170 cycles apart from 425 
to 2295, i nc~usive, and the o rder-wire frequency is 2465 . 
T he lower sideband f requencies resulting from the mod­
ulation o f these frequencies in the shi fter with 5270 
cycles are spaced 170 cycles apart from 4845 to 2805. 
The radio transmi tter thus.transmits thirteen frequencies 
spaced 170 cycles apart f rom 425 to 2465 cycles and a 
corresponding set of th irteen frequencies from 2805 
to 4845 . Each teletype sig nal pulse is represented in 
thi s group by two frequencies. Thus, a marking signal 
for the No. 1 teletypewriter circuit is represen ted by 
f requencies of 42 5 and 4845 ( 5270-4 25 ) , wh ile a 
spacing sig nal for the same channe l is rep resented by 
595 and 4675 ( 5270-59 5) cycles, and so on for the 
othe r five channels. If selective fading over the radio 
path shou ld d rop out the radio frequency correspond ing 
to 42 5 cycles, the same info rmation would nearly 
always be carried on to the receiver by the rad io fre-

quency corresponding· to 4845 cycles, wh ich I S about 
4000 cycles higher. 

Variations in the rad io path cause la rge changes not 
only in signal strength but also in the phases of the 
alternating currents received. A t the re~eiving end, 
therefore, if the 4845 -cycle current were restored to 
425 cycles and combined with the 425 -cycle current 
t ransmitted d irectly withou t being shifted in f requency, 
the two currents would rein force each othe r at times, 
b ut at other times they would tend to cancel each other. 
To avoid th is cancellation, the Jrequencies that were 
sh ifted to higher values. at the transmitter are restored 
to frequencies differi ng from their original values by 

.modulating with an oscillator frequency of 5610 cycles 
instead of 5,270 . T hus,· an original f requency of 4 25 
cycles, which is changed by the shif ter of the trans­
mi tter to 4845 cycles, is restored at the receiver not to 
4 25 but to 765 cycles. T he corresponding spacing 
signal of 595 cycl es would be restored to 935 cycles. 
At the receiver, therefore, the two pairs of frequenc ies 
for this particular channe l would be .425 and 595, 765 
and 935 cycles. T hese ·tones are combined in a hy­
brid coil, and amplifi ed in a common limiter. At the 
output of the lim iter, they are once more selected by 
band-pass fil ters and rectified in marking and . spacing 
detectors. T his.a rrangement thus provides a six-channel 

. frequency-d iversity system without the dupl ication of • 
detectors or the development of new fi lters. 

At the receiving end, therefore, the circuit is arranged 
as indicated schematically in figure 4. At the output of 
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F IGU RE 4-Recei t,ing terminal for multi-channel two-tone radio teletypewriter trammissio11. 
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the radio receiver, low-pass and hig h-pass fil ters separate 
t he frequencies below about 2600 cycles from those 
above it. The output from this low-pass filte r is con­

nected to the input of thi rteen band-pass filters for the 
frequencies 425 to 2465 cycles, inclusive, while that 
from the high-pass fil te r passes to a channel restorer, 
where the frequencies a re modulated with the current 
from a 5610-cycle osci ll ator. Channel fi lters in this 
branch then separate the various frequencies, and the 
pairs of frequencies from each branch corresponding to 

a single channel a re combined in a hybrid coil and then 
ampli fied in a limiter. At the ou tput o f the limiter a re 
four channel fi lters. T wo o f them select the two fre­
quencies correspond ing to marking signals and pass 
them to the marking detecto r, and the othe r two select 
the frequencies for the space signaling and pass them 
to the spacing detector. Al though one frequency of a 
pair may have been eli minate? by fad ing, the other 
will usually be present to operate the rece ivi ng relay. 

T his mult i-channel two-tone system [Navy Model 
UP Equipment] is capable of handling a large amount 
of traffic ove r a sing le radio-frequency ass ignment w ith 
comparatively low power per channel. Unlike other 
systems of large traffic capacity, it furni shes independent 
start-stop teletypewriter circuits which have maximum 
flexibility in that they can be readi ly te rminated in te le­
typewriters of types in heavy production and general 
use, or extended over land l ines to such mach ines at 
diffe rent locations by simple connections which permit 
use of standard forms of start-stop regenerative repeat­
ers where these are necessary. O peration w ith narrow 
frequency bands for the individual ch~nnels was made 
possible by the inherent frequency stability of the sing le­
sideband circuit. The system was designed and made 
available quickly, ut il izi ng fo r the most part standard 
componen ts a lready in production. 

Multi -channel two-tone circuits have been used to 
connect headquarters at Washington with the Armed 
Forces in distant parts of the g lobe. T he Bell System 
owned and operated one termmal of systems extending 
to Eng land , the continent of Europe, H awaii , Australia, 
and two locations in Africa T he N avy and Army 
owned and operated both te rminals of other systems. 
It is understood that t heir use was very satisfactory and 
of great value in the prosecution of the war. 
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Reports f rom certain fi eld activi ties indicate some 
OCT's are being received in an inoperative condition. 
The ad j uslments necessary to res to re normal operation 
a re in some cases considered ' ' factory" adjustments and 
have not been included in the instruction book. T o 

assist fi eld pe rsonnel, the no ted mal func.tions with the 

proper correction steps are listed below. 

Instability of R-F Oscillator T11ning Controls: 

1- Remove oscill ator oven cove r and t ig hten thrust 

bearing of main tun ing control shaft. 

2-Tig hten coup! ing of main tuni n? con~rol shaft 
and the shaft extension carrying the main tuning knob. 

6 · 1 ) " A llei1 " set-screw wrench ·is A long ( approx. -mc 1 

necessary to pe rform th is adjustment. 

3-T ig hten vernier tuning shaft bush ing . 

Excessit1e Distorti011 i11 A11dio-Frequency Out p111: 

1- Place a-f oscillator switch ( C ) S l 04 to EXT., the 
r-f BFO switch (G ) S10 l to O FF, and disconnect ~ny 
r-f in put to connector Jl92 (located on rear of chassis) . 

2-Note cu rrent ind icated on leve l and beat ind icator 
on both R-F BEAT AND TUNE and FREQU E NCY-SH IFT 

CHECK positions of the meter switch. . T his cu.r~ent 
should be between .05 rna and .1 rna in e ither positiOn. 

3- P rovided these cu rrents a r~ not between the l imits 
specified , remove the bottom plate fro~ the mon itor 
equipment and adjust grid b ias potentiometer R 148 
(located .in the rear r ight section ) until the proper cur­
rent is obta ined . If unable to ad just these cu rrents to 
equal and proper values, the larger current should be 
set to 1 rna, then if the smaller current is less than one­
half this value a d ifferent tube should be substituted fo r 
Vl05 and the above p rocedure repeated. 

Reminds me of them nutating dipoles the EO 
was telli ng us about. 
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If you are rece1vmg too many co p ies o f 

Electron, or if there are not enough to go 

around, let us know about it. Or y ou ma y 

d rop us a line a nyway, just to let us kno w 

how you like the magazine. 
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IS THIS A MAN OR A MOUSE? 

IS THIS A TUBE OR WHAT? 
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