
M*ilitar Teletypewriter Systems . eThe Bell Telephone System and tele-i itary eeletypewriter oystems or graph companies also furnished private-
line switched teletypewriter service on a

Id r (a rleased network basis",131,4 to some of theorld War II large users of teletypewriter service. This
form of service permits a very rapid

F. J. SINGER handling of messages and a high traffic-
MEMBER AIEE carrying capacity of the intercity trunks

used in the network.

THE TELETYPEWRITER was a Through successive improvements made OVERSEAS TELEGRAPH SYSTEMS
vital communications tool of World in teletypewriter apparatus' and in the Prior to the war telegraphic communi-

War II. Secret teletypewriter communi- d-c2'3 and carrier telegraph4" line facili- cations between the continental United
cations to permit close and efficient co- ties since World War I, it was practicable States and foreign countries were handled
ordination between all echelons, from to send several teletypewriter messages by radio and submarine cable. Traffic
comparatively small tactical units to the simultaneously over long wire-line circuits was handled on an efficient basis over
highest military and diplomatic leaders, at speeds of 60 words per minute and high-speed submarine cables'5 using the
were handled with accuracy and dispatch higher. synchronized time division system.'6
on a very efficient basis. Wire and radio The Western Union Telegraph Com- The long-haul radio links employed in-
teletypewriter networks, extending over pany and Postal Telegraph Company ternational Morse code methods gen-
land and sea were used intensivelv by our utilized teletypewriters for communica- erally using perforated tape sending and
armed forces and Government officials tions between their local offices and main dot-dash inked tape receiving. '7 With
for handling the stupendous tactical, distributing centers in each city. These this tape method it is necessary to read
supply, and administrative problems, as companies passed their intercity public the receiving tape and translate the infor-
well as the affairs of state, brought about message and their large customers' leased mation manually into typed messages.
by the war. These teletypewriter com- circuit traffic over carrier and d-c tele- Teletypewriter methods'"9 were applied
munications became a reality as a result of graph channels generally using either only to a minor extent over long-haul
the development since late 1941 of im- synchronized time-division multiplex tele- radio because of transmission difficulties.
proved teletypewriter c'ipher arrange- graph methods6 or variations of this
ments and of means to permit dependable method,7", thereby obtaining very effi- SYSTEMS USED BY THE NAVY
teletypewriter operation, not only over cient use of the line facilities. With syn- The Navy operated a rather extensive
short-haul radio and military wire-line chronized time-division multiplex, com- network between shore stations, between
networks, but also over transoceanic and mutating devices provide a means ships and between ships and shore. Prac-
other long-haul radio circuits. whereby two or more messages are sent tically all of the Navy traffic was handled

This paper reviews the evolution of over a single telegraph channel. by manuai international Morse code teleg-
military teletypewriter communications The Bell Telephone System furnished raphy. The Navy had not adopted the
since 1941 and briefly describes some of teletypewriter exchange (TWX) s9o10 teletypewriter although to care for large
the important systems that were de- and private line manual Morse and tele- traffic over their main communication
veloped during the war by Bell Telephone typewriter"",2 services, providing direct routes they used the perforated-tape-
System engineers for the armed forces. communication between two or more sending and inked-tape-receiving method

stations in each customer's connection or of transmitting international Morse code
Telegraph Communication Systems network, as is done in telephone service. signals. Skilled operators and reasonably

as of 1940-41 With direct connections the sender's good radio paths were required and the
message is recorded at all customers' latter were not always available. It was,

COMMERCIAL WIRE LINE SYSTEMS IN THE offices in the network as soon as the mes- of course, necessary to transcribe
UNITED STATES sage is sent. manually incoming dot-dash messages at
Immediately prior to the Pearl Harbor ___________________ the receiving end of the circuit

attack the large amount of commercial Paper 48-251, recommended by the AIEE comn-
and the relatively small amount of mili- munication committee and approved by the AJEE SYSTEMS CONSIDERED BY THE ARMYtechnical program committee for presentation at
tary telegraph communications within the AIEE Midwest general meeting, Milwaukee, Because of restrictions imposed by
the United States were handled mostly Wis October 18-22, 1948.b Manuscript submuittued peacetime conditions the Army usedonlY
over wire lines. Teletypewriter, rather 17, 1948. a relatively small amount of wire-line
than manual keying methods, were used F. 3. SINGER is switchinlg development engineer teletypewriter communications facilities

in the majority of~~~~~ths cmuiaon. with the Bell Telephone Laboratories, Inc., New wti h ntdSae.Teecnin themalorty o thes comumcatonS.
York, N.Y.wihnteUtdSaesTeecd-
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Figure 1(a). Teletypewriter set, EE-97-A CS-82-A

Figure 3(a). Telegraph central office set TC-3
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Figure 1(b). Application oF teletypewriter set, EE-97-A TELETYPEWRITER OTH'ERi=gohcnrlo
Figure 1(b).~~~~~~~~~~~~~~~~~~~T-79 LOSgraph central oF-

tions made it very difficult for the Signal Il
Corps to do more than consider potential RBA-S-I4 not only for local but also for direct on-
communication networks for war pur-
poses. At the beginning of World War the-line usage in which ciphered messagesPOWER UNT are hndled with practically the same
II the Signal Corps had worked out com-
prehensive plans for handling wire-line L. -ease and speed as plain text messages.The Armv started to apply both arrange-
telegraph and teletypewriter communica- me soon after arlHabor.
tions. WVork had been done in co-opera- larly suitable means of providing military Teletypewriter cipher communication
tion with the Teletype Corporation en- and diplomatic communications. Indeed methods rhave theroustndngcadian
gineers and other groups toward the de- it was during this period that they .tages se dependait easeao
velopment and production of portable developed the method of locally eni tages of secrecy, dependablity, ease of
military teletypewriter equipment. The phering and deciphering teletypewriter messages and of accurate and efficient
trend at that time indicated, however, signals.20 24 usefe ansmission medium.Or' ' ~~~~~~~~~~~useof the transmission medium. Or-the use of slow manual Morse methods With the advent of World War II it dinary telegraphy, coded words of speech
and not teletypewriters over radio. was natural for the Bell Telephone Labo- d theraphys do ot haeeal

ratories and Teletype Corporation engi- of these advantages. The advantages of
Evolution and Advantages of Cipher neers to advocate the use of ciphered tele- cipher teletypewriter communications

Teletypewriter Systems for typewriter arrangements in military and were generally recognized by the War and
Military and Diplomatic diplomatic communications. With close Navy Departments and by the other de-
Communications co-operation of the Army, modernized partments of the Government and their

teletypewriter enciphering and decipher- use over both wire and radio networks
During World War I Bell Telephone ing arrangements were quickly developed rapidly became the backbone method of

System engineers recognized the advan- military communication during World
tages of the teletypewriter as a particu- War II, especially where long distance

communications were involved and where
REPERFORA7OR conference connections were desired.
TRANSMITTER TO- 26A- C a 7S RECTIFIER BA-87

CHEST CH-53-A

BE-77-A

-C and Carrier Telegraph
CHESTCNt1 | I lSystems for Wire Lines Used

in World War II

Figure 2. Re- It was recognized at the outset of World
perforator tele- Wgar II that military wire-line telegraph
typewriter set CHEST CH-158 systems must be capable of withstanding

TC-16 extreme and widely fluctuating tempera-
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OPERATINCINSTRUCTION SHEET POC.ET *OR - Figure 4 (left).
Telegraph re-
peater TG-30

(Terminal)

rEOM ORUINS CASE YC EQCIAMEETROMC CAS

Figure 5. Tele-
graph repeater
TG-31 (Inter- P-

C.RRIING ~~~~~~~E ~mediate)
ture and humidity conditions, must be sending teletypewriter, coded TG-7-B, which Figure 6 shows an X-61824.4 repeater
sufficiently rugged for transportation at is arranged for operation at 60 or 66 words package cabinet housing two repeaters with

-ainanthrough the teatres of per minute. It also includes line unit BE- their associated power rectifiers.least into and through the theatres'ofi 7 and( power equipment. Figure 1(a)
operation if not in combat areas, must be shows teletypewriter set EE-97-A and Regeneratite Repeater Package, X-66031A.
capable of operating from a-c sources of Figure 1(b) is an illustration of how it was This repeater provides a means of recon-
power supply whose voltage and fre- used over short wire-lines. It is used also structing teletypewriter signals after they

quency luctuat considrably, nd mus carrier telegraph and radio teletype- have been badIly distorted as a result ofquency fluctuate considerably, and must ivriter networks, transmissioni over a telegraph circuit that
be capable of being set up for operation in is operated near its limit of transmission
a very short time and of operating over Reperforator Teletypewriter Set TC-16*. capability, tlhereby permittiiig a consider-

minimum amount of This set includes reperforator transmitter able extension of traiisinission ranige.long periods with a minimum amount of TG-26-.4, line unit BE-77-A and a power Figure 7 shows a cabinet housing two ofmaintenance. These engineering prob- supply unit. Reperforator transmitter these repeaters.
lems were quicklv and successfullv solved TG-26-A, perforates and types messages on
and during 1942 some of the first military a tape from a local keyboard or from line ILITARY MULTIcHANNEL CARRIER

- signals and sends signals from tape rinwire-line telegraph systems were de- through the transmitter at either 60 or 66 TELEGRAPH Wl'IRE-LINE SYSTEMS
livered to the Arny. Constant progress words per minute. Reperforator teletype-
was made after that date and the armed writer set TC-16 was connected in the same The Army used two classes of multi-
forces were well supplied wiLh up-to-date general imiainer as teletypewriter set EE- channel carrier telegraph wire-line ter-
military d-c telegraph and wire-line car- 97-A to d-c telegraph wire-line circuits, and minals in the theatres of operation, tac-
rier telegraph ecquipments for handling Fto carrier and radio teletypewriter circuits. tical and fixed plant. The tactical ter-riertelgrap ecuipmntsfor anding Figure 2 is an illustration of this set. mnl.kona h F2adC-
their teletypewriter and other telegraphic Telegraph Central Office Set TC-3*. This tipes, ere used With the spiral-4 cable
communications. The engineering prob- set includes a 10-line teletypewriter switch- '
lems were attacked and solved, having in board, coded BD-100, a TG-7-B operator's and also with Armny field wire, with open-
mind that all of the components used in teletypewriter and power supply equip- wire lines, anid with commercial cable.
these military teletvpewriter communica- ment. The BD-100 switchboard providles The Army also used them with portable
tion circutits had to fit into and be a part of ra means of interconnecting wire-line and frequency-modulation radio sets to pro-tio cicuishd t fi ino ad b a artof radio teletypewriter circuits manually for
a complete working system, each com- either point-to-point or conference connec-
ponent forming a link in a chain. The tions. Two or more BD-100 switchboards
approach is sometimes called the "sys- wvere operated together to increase capacity.- Figure 3(a) shows the telegraph central of- FJEND.AMAPtem s viewpoint" and is the metlhod fice set TC-3 anI Figure 3(b) is a schematic ETAR AND

whTtich is followed in planning and engi- of a typical network including other tac- SPARE RECTIFIER K EL
neering American TTI'X and private line tical equipments. POAR EP.

teletypewriter networks. Repeater TG-30, Repeater TG-31, and Re- REPI

peater Package X-61824A. The TG-30 and
MIILITARY D-C TELEGRAPH ARRANGE- TG-31 repeaters are combat types aiid the PATCH CORE
MENTS X-61824A package is a fixed plant type.

REP 2

All of these repeaters operate on a polar-
In the military d-c telegraph field some ential3 transmission basis. Thle TG-30 voa

of the important units, used by our and X-61824A provide means of operating RECTIFIER
armed forces to lianidle teletypewvriter te.letypewriters over simplexedI Army field

catiois in the teatres of opera
wire up to 50 miles; by interposing a

.130VFLTcomnctions,inatetvaiusmauacturers,oopera TG-31 at the middle of such a circuit, FUS:ES ETFE

tion, maeby vaious manfactures, are: operation up to 80 miles was possible. AC O'sTRiBUT10 LET ~~~~~~~~~~~CONYENIECNEC

Teletypewzriter Set EE-97-A *. This set in- These repeaters could be used also on simplex OUTLETBOY
cludes a page-receiving and keyboard- and composite bases over cable and over

much longer links of open wire. Figure 4
*These sets were developed by Signal Corps shows a TG-30 and Figure 5 a TG-31 re-
Laboratories. They were manufactutred by .aiu
contractors and maNie tise of teletypcwriter p peater. Each cabinet includes a power Figure 6. Telegraph repeater package,
paratus ftErnisheNi hy Teletype Corporation. rectifier for operation from a-c power. X-61824A (Terminal)
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U7TD BOX Figure 9. Fixed plant military voice fre-
quency carrier telegraph terminal X-61822

Figure 7 (above). Regenerative repeater Figure S. Military voice frequency carrier of carrier telegraph terminals, a so-called
package X-66031A telegraph terminals "packaged carrier telegraph system ter-

View showing physical comparison ninal" was provided for fixed plant use
by the Signal Corps. This equipment
makes use of the same apparatus corn-

- ~~~~~~~~~~~~~~ponentsas those used in the CF-2-A but
the over-all assembly is quite different
both physically and electrically, as the
packaged equipment was called upon to
aeet somewhat different service require-

ments than the tactical eqluipment. The
package tenoinal is arranged for opera-

M.N.- tion over a 4-wire telephone circuit and
either 6 or 12 2-way teletypewriter circuits
could be obtained over such a circuit, de-
pendinig upon the amouint of equipment
used. Figure 9 shows the complete
eqiuipment of a 6-circuit terminal. For
12 circuits an additional pair of cabinets
was recquired.

vide multichannel teletypewriter circuits. LI-NURLR
There are two typ)es of CF-2 termiinals; _ I-
these are coded CF-2-A anid CF-2-B.25LCE
E'ither type provides four 2-way tcletvpe- '±
writer circuits over a 2-wire circuit that is - -
s-uitable for telephone. By supp)lemcnt- A S>C
ing either of these termiiials with CF-6-A, __EERUA/,
a total of six 2-way teletypewriter circuits ,/S, <~I /
was provided over a 2-wire circuiit. WNhere -STOENPRI
4-wire telephone facilities were available. us.

the number of teletypewriter cliannels -- I CRETtqS< U-
could be doubled by using twice as much ..I ' \ 7 b
terminal equipient. The CF 2-4 ter- -.
minal was superseded by the CF-2-B, \
which is one-half the size and is about 55 RE-INES Xt--
per cent as heavy. Figiire 8 shows a com- _7
parison in size and appearance of the 0 cTS
C(F-2-A and CF-2-B terminals. --- ,Lcaj

In addition to the CF-2 and CF-6 types Figure 10. Teletypewriter networks in European theatre of operations, January 1945
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Figure 10 illustrates the scope of the
"fixed plarnt" teletypewriter networks in
the European theatre of operations dur-
ing January 1945; the tactical circuits in
the forward areas are not included. The
carrier and d-c telegraph equipments de-
scribed previously were used in this net-
work. The long-haul radio equipments
are those described later in this paper.

Radio Teletypewriter Systems I1! k
Used in World War II

The radio teletypewriter communica- \ J
tion networks used by Government
officials and the armed forces included a
number of different systems which may
be divided broadly into two general I
classes, short-haul and long-haul systems. ,V
The former class was generally used over to

relatively short distances up to about 200 a Q OZ/
miles with the maximum distance be-

J

2
)

tween radio repeater points not in excess
of about 40 miles; the latter over long ,
stretches of water or over difficult terrain |
where intermediate radio repeater points X Ix
were impracticable. Each teletypewriter ,
channel in these systems handled traffic .
at a normal rate of 60 words per minute I
and somnetimes at higher speeds. /

Short-haul radio teletypewriter sys-
7<Cr <

tems that were developed by the Bell c "o" (
Laboratories during the war for the Army D \
and Navy made use of telephone-type 0I
radio sets operated on either an amplitude
or frequency modulation basis. Toward \
the end of the war it was also possible to o .
establish radio teletypewriter communi-

E
cation links in the ultra high-frequency F 'A

radio range by applying these short-haul '
radio teletypewriter systems to one or 2
more of the channels in multichannel oS
pulse modulation radio systems.26 Cer-,
tain of the short-haul radio teletypewriter *
systems were installed on a fixed plant v.
basis and others were used on a combat -
basis.
An example of a fixed plant system is *

the Navy "carrier control system-model
UN." This is a 1-way system capable of
transmitting as many as 36 individual
teletypewriter messages simultaneously. /
It was, and is still used mainly for inter- / e -\ .
connecting a naval headquarters control /g >ij' ( .
station and nearby stations where a / \ \ i {I
number of long-haul radio circuits ter-i\\ \
minate. Figure 11 shows the over-all /
layout of a typical small sized installation I \ J{
and Figure 12 shows schematically the t
various service options and channel fre- 1
quency allocations. The naval head- j^r
quarters control station is located several r
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miles from either of the long-haul radio the Navy "portable carrier control sys- typewriter machines to radio facilities
stations which are separated from each tem-model UF," provides four teletype- that were in use prior to the war. The
other by several miles to avoid mutual w-riter channels in each direction over a prewar radio systems did not contain the
interference. Originally intended as a 2-way radio link. The equipment may be features to overcome the effects of signal
fall-back system for emergency use in landed readily on a beach and requires fading and other natural and man-made
cases of failure of wire li-nes, the model UN only a few minutes to set up for service, disturbances required for good teletype-
system is being used satisfactorily in the Figure 13 shows a schematic of a typical writer service. The wide experience of
Hawaiian Islands, and in the Washington, setup of the equipment of the model UF Bell Telephone System engineers in the-

Panama, San Diego, San Francisco, system. The line terminals and radio line design of electronic circuits and in the de-

Seattle, San Juan, and other areas in terminal, shown in Figure 13, were velopment of land-line teletypewriter and
regular service. Bell Laboratories engi- ordinarily used in conjunction with a radio telephone systems proved to be of
neers designed the radio transmitters, re- portable amplitude or frequency modula- great value in their efforts to surmount
ceivers, and carrier equipment in this sys- tion VHF-type radio set for termination these transmission difficulties. With the
tem, and also co-operated in the field in of a point-to-point multichannel radio co-operation of the Army and the Navy,
connection with their installation and ad- teletypewriter circuit. The capacity of the required features were developed dur-

justment. A somewhat similar system, the system is four 2-way teletypewriter ing the early part of the war and applied
coded 42B1, was also developed for the circuits, each operating at 60 words per to long-haul high-frequency radio to per-
Army. It came into use during the war to minute. mit teletypewriter machines to receive
interconnect terminals of long-haul radio enciphered radio teletypewriter messages
teletypewriter links and Army signal LONG-HAUL RADio TELETYPEWRITER with only an occasional error.

centers, such as between the radio station SYSTEMS In the conventional single-channel
at Fort Myer, Va., and the telegraph The transmission of teletypewriter long-haul radio telegraph system in
central office-WAR-in Washington. pulses over long-haul high-frequency general use before the war, the radio
A portable short-haul multichannel radio was not accomplished, as might be transmitter was keyed by manual or auto-

teletypewriter system, which is known as supposed, merely by connecting the tele- matic methods using the international
Morse code. With this met-hod., the send-
ing key controls the output of the radio

LJRADioLJ ~~~~~~transmitter; when the key is closed
FILTERS FILTERS IDNARO BNDCHNNLSenergy at a particular radio frequency is

MODSEND LINE R~~~~~~~~~~~~~~~~~~~~~~~~LECDEOD
TELEG. MOD.:ELPHNEELPHOE MPtransmitted and when the key is open the
TELEG. NO. I 425-.. FILTER FHONEILTERHNE tansmit-r-TELEtoff.NecepLOW TYPE TYPE LOW tasitricuof.R epion of these

PADS RADIO RADIO PASS

RDOWNT RCEVR D50-WN__ signals is possible using a tunable api

'TELEG.iZ.2- 595- 595- - TELEG.NO.____tude-modulation radio receiver similar to
TELESNO3- 765-.. HIPAS PAS-S.-TEEDO those in homes. The listener reads the

TELEG.N~O.4_ 53~5-260260, 9g375-. TELEGNO.4UP ~~~~~~~interrupted 'tone" signals as "dots" or
TELEG. ~~~~~~~~~~~0- 5 ~~~~~"dashes," or they are automatically re-

TELEG.NWO.6- 175. 575'.__TELEG.NO.86 corded on a tape.

1445- 1445-_-.-TELES.NO.7 ~~~~~~~~Ifthe transmitting telegraph key is re-
TELG_N___615 IRIS- - TELEG.NO.B plcdb h edn ici of a tele-

TELEG. WO. 9 -~~~~~17i5 171i5 Z ~~-TELEG.NQ9 typewriter and a simple rectifier is inter-

TE-LEG. NO. IS-~IS A. SYSTEM LAYOUT SHOWING ONE 195..-TELEGSNO.IS posed between the output of the rdore-
TELEG. NO. II 2125- OF SEVERAL SERVICE OPTIONS DIDSi-5 -TELEGANO.IlI ceiver and the receiving teletypewriter, it
TELEG.N ID 29- ITRRCDME TEL-EG.NO.ID is possible under favorable conditions to

receive good teletypewriter copy. Fre-
quently, however, the arrangement will

3WIDE BAND TELEGRAPH CHANNELS 3 WIDE BAND TELEGRAPH CHANNELS be unsuitable.
TELES.OS FILTER NO. 132975. ILE In the single-channel long-haul ANI

____ E~~~~~~~~~~~~~~~~~~GG-isystem, shown in Figure 14 and de-
TELECSNO.14- 38D517 3825- -TELLS. NO.14 veloped during 1942,'27 a new device,
TELEG. NO.1- 4675-- FITRFLE 57- TLG NO. 15 known as a frequency shift keyer, is

actuated by the open and close pulses pro-
RADIO CIRCUIT ~~~~~APPROX duced by the sending teletypewriter ap-

paratus. Tekyrcauses the radio
ID NARROW RAND TELESRAPH CHANNELS ~~~~transmitter to emit radio power at a par-

0~~~~~~~~iJNOD VOICE CHANNEL-CARRIER TELEPHONE NO. 3 VOICE CHANNEL-CARRIER TELEPHONE ticular frequency for te-letypewriter ope-n
+IDNARROW*RND TE'LEGRAPH CHANNELS 4.15 puses9nd asligtlydiffrentfreqenc



LINE TERMINAL - UG RADIO LINE TERMINAL - UH

1,CA EMIINAV
CABINET SELECTION A'

____ _ RE~~CEINKT.

FELAY~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IEEl3CTP
7

ATTM ATTJ-~~~~~~~~~~~~~~LRASITE

OSC EILTER WAMPLITUDE OR

NOnZ| -=- UU~~~~~~~~~~~~~A)MU 5 UILES r--L4D-m -

Zt CABINET - SELECTION AA'

PASS 6DS~~~~~~MSM.
NO PAD~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~SDP

'SWITCHES IN THE CABINEr PERMIT SELECTION A. AA. B OR B * -A SERVICE SWITCH I EACH CIRCUT PROVOES OTHER
BRHDTERMNE THE SENDIN N REClY A SEIR- AEVC OPTIONSINCLZ PI A DIREC CONNECTION

CUENCES AT TEAMNA A THWEM FREENDCIESARE AS SHORN. AHFRADV TRNMITER Or TO
A LONG-HAULAT TEIRA HYAETHE CONVERSE. KF RADIO RECEIVERL

Figure 1 3. Carrier control
system, model UF, for

United States Navy

to operate a polar relay, which, in turn,
delivers d-c signals to the receiving tele-
typewriter apparatus.
By having the limiters in the receiving

sity reception and, with antennas spaced equipment continuously energized by the

a few wave lengths apart, fading out of
-up P0 SEVEPALthe received signals is extremely unlikely TA MILES

to occur at both receiving points at the!
same time." N/F'C71 TERMINAL

Except during fading, when one radio
receiver may become virtually inactive,
each receiver delivers to the teletype- RAOIO RECE£1ER rN-A-- - --'t
writer system a current of a particular C.AN A

audio-frequency when a teletypewriter F RAD

open pulse is received and a current of a fSURANS IYYER -
different audio-frequency when a tele- LT 1.
typewriter close pulse is received. FREO.ENCl L -

Each channel of the teletypewriter ter- KAPPEATYSI ER -' -C.S-N 8-----
minal equipment includes a wide-band SA.E EOPT Al
filter, a fast-acting current limiter, the C.AI
input-output characteristic of which is RADIO RECEIVER
shown in Figure 15, a filter and a detector TEC C..N B
S for the reception of teletypewriter open SEPA.ATED

signals, and similar equipment for the re- DOVERS,T
ception of close signals. The output cir-
cuits of the two channels in the terminal Figure 14. Single channel frequency shift long-haul radio teletypewriter link using
will appropriately combine these signals AN/FGC-1 terminal equipment
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-5 - - [ - - ment is an adaptation of the type used tralia. The Navy obtained also a number
-6 -e- xtensively in Bell Telephone System of these systems for use over their main
-7- - l l - Xcarrier telegraph wire networks. By ap- global communication routes, such as that

-8_Lk - - __X LLX zplying the carrier telegraph multichannel between Washington and Honolulu. A
frequencies to one sideband of this system common military application of this sys-

- / - T - - - - - in such manner that two separate and tem included six telegraph channels ap-
- - - - __ distinct audio-frequency tones are sup- plied to one of the sidebands of the twin-

0 -a, r _ _- - plied for each teletypewriter channel dur- channel radio telephone system with the

- -- - __ ,__ - ing the close-circuit condition and two other sideband available for telephone.

-13L
_ other tones during the open-circuit con- When used in this manner the system had

-;4u l LLll 1 +<LX ldition, frequency diversity operation is a teletypewriter traffic-carrying capacity
14 provided. The use of two frequencies for of about 5,000 100-word messages per day

-15 60 -0 -40 -30 -20 -10 0 ±1 1-20 +30 each signal condition minimizes the in each direction.
INPUT DBM effects of signal fading in a manner As a result of the phenomenal success

Figure 15. Current limiter characteristic similar to space diversity operation de- of the AN/FGC type systems from the
scribed previously. Figure 16 shows outset, both the Army and Navy became
schematically one terminal of this sys- very much interested in obtaining smaller

frequencv shift constant power radio tem. and lighter weight frequency shift keying
transmitter, the effects of noise are over- The first of these systems was provided systems. Small size equipments were
come to a much greater degree than in the within a few weeks after it was requested particularly important to both services in
on-off keying method. When combined and successful operation was obtained be- connection with their contemplated large-
with space diversity reception the re- tween Washington and London using one scale use of long-haul radio teletypewriter
sultant system was found to be highly re- sideband of the existing radio telephone circuits between points in rear areas and
liable. Often, when the tones are indis- system to provide three simultaneous advanced bases and between shore sta-
tinguishable to the ear because of noise, teletypewriter circuits in each direction. tions and ships. As a result of this in-
the receiving teletypewriter continues to The capacity, of this system was later terest, during 1944 the Bell Telephone
operate without errors. doubled. The Army operated a number Laboratories undertook the design of

The equipments comprising the AN/ of these multichannel transoceanic links smaller equipments. One of these was a
FGC-1 svstem are arranged for rapid in- for many months in a highly successful new receiving equipment for use with a
stallationand, althoughsomewhatlarge, manner between such points as Washing- pair of amplitude-modulation radio re-

were transported by airplane into advance ton-London and San Francisco-Aus- ceivers, designated Navy "model FRF

points to meet urgent needs.
An alternative, but quite similar sys- SENDING EOUIPMENT

tem to the one developed for the Army, SENDING RELAYS
and known as the AN/FGC-lA was de- __ SENLDIGE
signed and made available for use by the A
Navy at their large well-established shore \ FILTERS OSCILLATORS

station installations. Many of these are FLTER FREr
now being operated over routes such as SINGLE CHANNEL A

Washington-Honolulu, San Francisco- TWIN SAP IOCNLNE TLSAYSNL6 OLL
Honolulu and Washington-Balboa. TRANSMITTER FRON TEL, GE

In addition to the need for the single- TTYA. PE
channel long-haul AN/FGC-i system,
during 1942 the Army also had a very
urgent need for a high traffic-carrying
capacity long-haul radio system to handle RECEIVING EQUIPMENT
their written communication between BAND EQUALIZATAON

FiLTERS PAOS

Washington and major overseas head- PAOS

quarters. To care for this demand Bell
Telephone Svstem engineers devised a PADS

highly satisfactory long-haul multichan- CHANNEL
nel radio teletypewriter system28 making I X CHANNELI I
use of available single side-band twin- RP NP R E= N

channel radio telephone29 30 and carrier PLASS
telegraph equipments together with addi-
tional components, such as fast-acting |TAtN CHANNELIL A 1 L A

culrrent limiters (Figure 15), that were LEEE AOATEL[X
needed to make the system suitable for SYTrREM FILTERI |t CANEt
reception of teletypewriter signals. The li { OOHR X CANL
radio transmitters and receivers used inCHNE YRDTENOf'ES
this system are the suppressed-carrier
twin-sideband types that have been in use 560I
during the last several years in Bell Tele- GANL
phone System ovrerseas telephone service. Figure 16. Multichannel radio teletypewriter system or single sideband twin-channel
The multichannel carrier telegraph equip- radiotelephone
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RAOIO TRANSMITTER SHELTERfrequency shift receiver converter equip- r _1
ment." E SPEE JUNC. SEW.

Field tests made by the Navy of BOx
an engineering model of this new equip- Lg( XR
ment indicated that it performed better 8O
than the AN/FGC type though much

EE-8
smaller and lighter. More recently a PHOLE
large number of these equipments have
been delivered to the Navy for use at both t l
shore and ship stations. Figure 17 shows

POEPR--: CONTROL PAIR (D-C NEUTRAL)--(>POEAI I

a physical comparison between the radio TRANS. PAIR (D-C P >

telegraph terminal equipment, AN/FGC-
1, and the model FRF frequency shift re- TELETYPEWRITER OPERATON CENTER
ceiver converter equipment. r]
The Bell Telephone Laboratories also

developed frequency shift applique equip-
ment for use with the truck-borne radio S EN ONTR D
set SCR-399-A which was the Army's

L T

tactical work-horse among radio sets. .
This applique, designated radio teletype- L a
writer equipment AN/TRA-7, permits
the radio equipment to send teletype- R N
writer signals on a frequency shift basis PHONE PAIR TRANS PAIR 'D-C POLAR) UNIO TLETE

and to receive these signals on a dual EQUPIINT
space diversity basis. In addition to per-
mitting 2-way or full duplex teletype- RADIO RECE%nN6 SHELTER
writer service, the AN/TRA-7 equip-
ment contains features to permit a new P.EE;8E
form of service, known as one-way re-
versible. WAith this service a to-and-fro GA RAr 5"
teletypewriter communication can be
carried on between two distant points I.ECRUT-OOFF
using the same radio frequency assign- LI C0O-NEUTRAW
ment on an alternate basis for both direc- --L- -.
tions of transmission. Figure 18 shows Figure 18. Assembly of frequency shift radio equipment (radio teletypewriter equipment
the arrangement of the AN/TRA-7 AN/TRA-7) with teletypewriter apparatus and radio set SCR-399-A to provide signal corps
equipment and other components com- radio set AN/MRC-2
prising the complete radio sending and

receiving equipments and teletypewriter and numerous islands in the Pacific Ocean,
operating center. This complete as- Honolulu, and the west coast of the United
sembly of three shelters has been desig- States. Another ANIFGC-1 system ex-
nated as radio set ANIMRC-2 by the tended northward and eastward to New-
Army. The frequency shift exciter, the foundland, Labrador, Greenland, Iceland,
control unit, and the dual diversity con- the Azores, the United Kingdom, Russia,
verter comprise radio teletype equipment and Italy.
ANITRA-7. Figure 19 shows an experi- Looking at the matter broadly, it may
mental model of the frequency shift ex- be said that the long-haul radio teletype-
citer. The converter equipment, shown
in Figure 17, is quite similar to the Army
converter being provided in the ANN/~0W
TRA-7 equipment. The control unit, not
shown, is housed in a cabinet approxi-
mately the size of the exciter.
As indicated on the map, Figure 20,

these radio teletypewriter communica-
tion systems were very extensive and
handled a large part of the total message
traffic over many routes. For example, a
large network, using the ANIFGC-1 sys-
tem, extended from southeastern United
States to the \Vest Indies, to the eastern
tip of South America, thence across the

Figure 17. Single channel dual space diver. Atlantic to Africa. Others linked up Figure 19. Frequency shift exciter, 0-39()-
sity radio teletypewriterreceiving equipments India, China, New Guinea, and Australia TRA-7 for use with radio set. SCR-399-A
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4 - ==. R 1 R > RuR"_twriter systems provided outstandingly
___________ ._|_ 8 | ireliable, rapid and secret cormmunication

facilities which were found by the armed
! ,. .forces and Government officials to be

much better suited for providing exten-'it (f mt t . - ;t- S I wt siv~~~~~~e military communication tietworks
than alternative arrangements. Although
each teletypewriter channel usually oper-
-ated at arate of only 60 words per minute,

1*whereas some automatic Morse channels
operate at much higher speeds, experi-
ence demonstrated that as much or more
traffic could be handled each day over a

single teletypewriter channel as over a
_p>e<g/ , 0 , t ___ __, single high-speed automatic Morse cir-

A f4 ~~~~~~~cuit. This is possible because the new

J) : 1ismethod of transmission is so superior that
_________ ____ __________ ~~~~~~~~~~theteletypewriter traffic flows at a uni-

.t 52 1;)_ ^ | ~~~~~~~~~~~~ $, ~~form rate hour after hour with few if anyinterruptions and enciphering and de-
77..j I /1 tXi 1 \ 1/-1;Cflot|>sciphering may be automatic and instan-

taneous. This is in contrast to Morse
<.4 - _methods which require interpreting and

______ __ __1\\\ / /1 |+ dtyping the received messages.
The successful application of teletype-

writers to long-haul radio links permitted
the establishment and successful opera-

4-~~--2 tion of extensive military teletypewriter
networks. This is because the long-haul
radio links could be operated in the same

__-,;^w>. 1/= ->-< 0-i. -1>manner as the short-haul radio links and
wire-line circuits with which they were

:, '<5'> ts ,/'Fh7\ /5f*>;' i*ss is | 2, ;' associated. Thus, by the help of teletype-
writer tape relay methods, in which mes-
sages were stored in perforated tape form
and these used to control transmitters on
other circuits, teletypewriter networks
extending over land and sea and including
long-haul radio facilities and American

i .:\private-line networks, were operated as
an integrated military communication

/- \\!; .,f+r - ffiIsystem including connections, as re-
quired, with certain stations of the TW'X

\*1 %<__; | tsystem. Results were successful far be-
yond previous accomplishments in over-

seas transmission of written communica-
tions via radio or other means, and per-
haps beyond expectations. Favorable
and enthusiastic reports were received on

___. ,'e- '; . <,' i3 . 1 ' I 1XX ;/ a >'i'^ ~ ,Ithe use of these facilities. Our military
__ ___ -- |---}-t5v-lt-§-- 91leaders and government officials de-

pended upon them for communications,
Iz _ . 13t L, sp .0!2-W.,.t19til''1$'including scheduled conferences in which

i ---,groups separated by thousands of miles
passed communications back and forth

| - - w > t \St Vt l g ,5lL t 19 ~~~practically instantaneously.
% rX j 7> 1t - ~~~~~~~~|!~ The following quotations from Presi-

gji i 2 1 't r 9 t 1 ~~~~~~~~~~dentRoosevelt's speech to the Congress: @ i S :mz'$ff- { | ~~~~~~~~onMarch 1, 1945, regarding the Yalta
| n __ __3 2\ 2 j . ~~~~~~~~~~~conferenceindicates the importance of

2 ~~radiotelegraph in handling the communi-
Figue 20 Lon-haumiitar rado teetypwrier crcuis duing 944cations while en route to and from YaltaFigue 2 Lon halmiitay raio eleypewite ciruit durng 9~and during the conference there. Both

Legend: -Multichannel System Morse and teletypewriter methods were
-Frequency Shift Single Channel System employed.
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