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FOREWORD
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N This, the first issue of the Westerm Union TECHWICAL

¥ REVIEW, inaugurates a project by which it is hoped that technie-
3 ally minded .employees may become better informed regarding some
t of the fundamentals which underlie the technologileal progress

§ of their Company.

k. Science and its practical application have revolu-

8 tionized ways of living since Morse blazed the trail with his

i telegraph. In present day life, the needs of the public and

g | competition force industry to search constantly for new ways and
‘Inew products, and to utilize the latest results of scientific

8kill. Long ago the telegraph industry discarded the Morse

i Ekey and sounder -- its early symbol of distinetion -- to make
¢ tway for modern methods.

s Mechanization is synonymous with progress. Elec-

. Itropics, Tacsimile and microwave radio have become commonplace

~ }in Western Union language and thinking. Changes in methods

¢ fand. faclilitles are taking place rapidly -- so rapidly that there
. 118 need for a new medium to give the Company's personnel a

® better understanding of the tools now being placed in use, and

o

8 better ability to use these tools easily and effectively.

# This TECHNICAL REVIEW is primarily intended for

. employees who are concerned with the installation, maintenance

¢ or operation of technical equipment. The publication will be

i issued quarterly and at first will constitute a medium for

® distributing reprints of technical papers which have been pre-

i sented before engineering or scientific secieties or published

¢ in established periodicals. Later it is planned to include

.fsgucially written technical articles, and it is hoped that
fleld employees as well as headquarters engineers will be

. counted among the authors.

3 The Committee on Technical Publication, which will

" dissue this periodical, will welcome comments and suggestions

¢ that may be helpful in the planning of future issues.
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V0 THOUSAND TELEGRAXNS PER MINUTE
BY MICROVWAVE

By Col. J. Z. Millar

one of the most revolutionary advances in telegraph
engineering is the application of super-high-frequency radio
methods to the transmission of Western Union messages. During
the next five years, the establishment of radioc beam telegraphy
between the major cities of the United States is planned. These
radio links will replace pole lines which have higher mainten-
ance and replacement cost, and will provide a wvastly increased
number of telegraph channels. They will also improve service by
virtually eliminating circuit interruptions caused by storms and
other electrical disturbances. This poliey is the result of
highly successful experiments culminating in the regular daily
transmicsion of commercial tilegrams over & microwave system dur

The first practical '‘micj
wave system for transmitting a lal
number of messages was constructeg
between New York and Philadelphia
in the spring of 1945. The RCA-
Victor Diwvision of Radio Corpora-
tion of America engineered and in
gtalled the radio equipment, while
Western Union provided the terming
facilities including voice band
translation apparatus and telegraf
carrier channels. The frequency
was near 4000 me. In July 1946, ¢
original test apparatus was replad
by factgrr—made equipment of lates
design.

While this plan is belng
adapted first to long distance col
munication, with relay stations
using parabolic reflectors every
25 to 60 miles, it may be mentione
that radio beam telegraphy is not
restricted to such long distance
eircuits. Engineers are not over
locking the possibility of using
radio transmission to reach local
areas and way points.

Repeater Station Tower at
Ten-Mile Run




In another desvelopment,
wuich would use somewhat longer
waves, contact can be maintained
betveen the central office and
specially-equipped vehicles
crulising lcocal areas and deliver-

raph ing telegrams directly to the cus-

- tomer.

ng

rhy Western Union has alsc
hese conducted simultaneous compara-

n-= tive propagaticn tests between
ad _ Neshanic, N.J., and New York

e by using several freguencies to ob-
and tain continuous long time records

of signal strength. These rec-

ly ords will be used to select the
dur-

®  Antenna Installation at
o Philadelphia.

&
I_I

8Bt of the following frequency
ands which have been tenta-
sda¥ely allocated to common car-
e operation by the FCC:
egraphfdgU=4200 me.; 5850-6350 me.;

ey '“H{ﬂﬂvll,ﬁﬂﬂ me .,

46, th :

aplacelei A few words concern-
latest ageLne types of telegraph

gidbment usually connected at
gends of typical circuits
get. Serve to give the reader a
@rer picture of Western
gesll practice. Even though
g@lendency for the past 40
@85 has been toward mechani-
@Eion, a number of manually-

ot | %

ce @EESrated ilorse circuits still
i, ;ﬁ;iin use. Next, teleprinters
g (RSSNE the start-stop method

gevberation) are used exten-
'?cﬁl? between main and branch
_j;nes 8nd in customers! of-

B - The heaviest loads
&Ll occur on long distance
& lines, however, are

: LT |
;.

h Propagation Test Receiving and
E decording Equioment.
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d. carried over the "Multiplex". In this system four printer sub-
; channels are interlaced by time division. Advantage can then

b be taken of the available high line signaling speed while hold-
i ing each printer down to its normal speed of 65 to 75 words per
: minute.

A variation of the Multiplex 1s the Varioplex which
provides for the channeling of as many as 40 widely separated
teleprinters over a single Multiplex system. In the Varioplex,
if more than four terminal stations become active, the total
capacity of the system is shared equally between those desiring

to transmit.

Since 1937, frequency-
modulated telegraph carriers have
been used. Fig. 1 shows how
voice=width bands are divided in-
to such carrier channels. Any
voice-band may be thus sub-divided,

TELEPRINTER SERVICE

or the full bandwidth may be used
for facsimile or administrative
band -telegraph channels, each sat-
m“'“'WLIEI Efmﬂ/ isfactory for a Morse cirnuit, a
T &Jﬂ! 1 == printer Multiplex circuit are ob-
- o _— tained. The carrier frequencies
o TR E g 3 are deviated plus and minus 35
cvaL FRamNE Y eycles by the telegraph signals.
divided into lesser numbers of
channels for other services such
the Varioplex, high-speed ticker
Multiplex, or the interconnec-

telephone service., ©OSixteen narrow- |
'T | teleprinter circuit, or a two-
T
| are spaced 150 cycles apart and
FOR HIGH SPEED BUSINESS MACHINE. SERVICE The voice bands alsc may be sub-
as the four-printer Multiplex,
ticn of business machines.

BLECFen Ty -ty

o v & @ 3B

Frequency-modulated
systems are less subject to
rapid signal level changes and
to interference effects, and con-
sequently are freer from distor-
tion of the telegraph signals
g - than are amplitude modulated
CHROT. Tty (on-off) systems. Thus by FM

methods, the guality of signal
Fig.l - Voilee-Band Sub-Divisicn ’ % d
Plan,

: 3B
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Four Telegraph Carrier Channel
Terminals with Covers Removed.

transmissiocn has been lmproved
to the point where it 1s pos-
sible to transmit over wire
circults several thousand miles
long without using regenerative
telegraph repeaters.

The grouping of vari-

. ous types of telegraph circuits

into wvoice-bands has been found
convenient for the reason that
some trunk systems make use of
pairs of wires for the trans-
mission medium; others, tele-
phone channels derived from
Western Union wire carrier sys-
tems, or leased telephone cir-
cuits. 4And now radic beam trans-
mission is available. Thus,
grouping provides a method for
translating and "stacking™
voice-bands until all of the
available signaling spectrum

is filled. This method also
facilitates the patching or
switching of entire groups of
circuits in caese of fallure
without reconnecting each tele-
graph channel individually.

The largest band-
width utilized in Western Union
wire line practice is approxi-
mately 32 kec. which is suffli-
cient frequency spectrum to pro-
vide 8 two-way voice-bands (on
a four-wire basis). Following
this practice it was decided to
design the initial radio beam
for 32 voice-bands and increase
the number of systems for any
required capacity over this
value. This number of voice-
bands would result in a total
capacity of 2048 simultaneous
transmissions, half in one
direction and half in the other,
and since each telegram requires
about one minute for transmis-
sion, each office could recelve
over 1000 messages per minute.

In its present net-
works, large as they are, hes-
tern Union does not immediately
require all this intercity




CHANNE ATION = 150 KC, SYSTEM capaclity. Therefore »
il ol approximately half of
the available voice-
bands will be reserved
for alternate route
transmission., The an-
ticipated growth of
Telefax will require
many additional voice-
bands, but these can
be provided for by the
establishment of addi-
tional beam systems.

Fig.2 shows the
arrangement of tuners
and modulators used to
translate the 32 voice-
bands to appropriate
e positions in the spec-
trum. This is a single
side band suppressed-
carrier system. For
such a scheme, it is
necessary that the base
oscillators from which
the modulator frequen-
cles are obtained be
precise, otherwise the
telegraph carrier fre-
quencies sent by a ter-
minal would not fall
B within the discrimina-
ﬁ:‘c%jfiﬁ1_ | = tor characteristies at

e =1 £ e e e the receiving terminal.
o i SERERSE. BER Algo, the muplitege

Fig.2 - WN-1 Carrier System
Bloeck.

frequency characteristics and
the total distortion within
each derived volce-band must
be held to reasonable limits,
and the signal-to-noise ratio
should be greater than 35 ap,
It will be noted that a signal-

ing spectrum of 150 ke.is pe.
quired.

In the radio link 1t i1g
important to have 1ow distor-
tion to avoid cross-talk
between volce-bands. The
system which met the distop-
tion and other wideband

e et

Weatherproof Microwsve Equipment
Cabinet Used fopr Remote Amplifiers.
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;ﬁl York Terminal Station Equiﬁ-
;5-t Racks with Doors HRemoved.

iraquency of 32 me. and after am-
plification and limiting, the

@ 8lgnal i1s demodulated by passing
@t through a discriminator. The
_-Eri?ﬂﬂ output is the 1 me. sub-
ftarrigr which then modulates the
Mh-goling transmitter. Double
lemodulation is used only at the
Teceiving terminal, thus making
mie original input frequencies
_-T&ilablﬂ for dissection into
Wolce-bands, and finally into the
telegraph carrier channels.

transmission requirements best
was the invention of Leland

E. Thompson of RCA.2 In this
system, a wide signaling fre-
quency band of 150 kc.1ls han-
dled with a signal-to-noise
ratio of 53 db in each derived

* voice band and a distortion

of less than a few tenths of
a per cent, the exact amount
depending upon the number of
repeaters. Double modulation
is used, that is, the 150 ke,
band of input frequenclies from
the voice-band equipment fre-
quency-phase modulates a 1 mc.
sub-carrier, and this sub-
carrier in turn frequency
modulates the final carrier,
for example, 4000 mc.

At each repeater the
received signal is hetero-
dyned to an intermedliate

Backs of Racks with Covers Off.
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Map Diagram Showing Proposed Western Union Radio Relay System and Trunk

! Diversity reception is used on all sections over 15
miles in length, with antennas spaced vertieally by a distance of
approximately 25 ft., depending upon the carrier frequency and
length of the section. This materially reduces the, fading range
caused by multipath transmission of the direct wave and an upper
wave refracted from an atmospheric air mass boundary which some-
times forms during late night hours in the summer. The two re-

ceived signals are combined at the 1 me. sub-carrier level, where
practically no phase difference occurs. '

For control of the repeater stations, which are
normally unattended, a service channel of communication is provided.
The service channsl frequency modulates the final carrier direct-

; ly.,, and either voice or tone signals are recovered at each repeat-
; er station. An ingenious system of testing has been designed which
permits the terminal attendants to determine which relay station

is faulty. This system also provides an identifying tone for each
repeater station. This tone is normally off, but is keyed in code
pulses to indicate such conditions as operation of the gas-engine-

driven emergency power supply, low building temperature, illegal
entry, etc.
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-3 In November 1945, the FCC granted Western Unlon

o

" construction permits for & network of stations arranged to

" connect New York, Washington and Pittsburgh, with a second

' chain connecting New York and Philadelphia. Work on this sys-
_tem progressed satisfactorily throughout 1946, even though much
. delay resulted from strikes and material shortages.

a ! Extensions of Western Union's radio operations are
¢ planned generally in the form of triangular relay systems which
“3ill replace trunk pole line facilitles as soon as radlo re-

! laying becomes established on a commerclal basis and existing

" contracts permit.

1y Preview of The Western Union System of Radio Beam
Telegraphy, by Col. Julian Z, Millar, JOURNAL OF THE
FRANKLIN INSTITUTE.

ff 2) Microwave Relay Communication System, by G.G. Gerlach,
: RCA REVIEW, December 1946.

5? 3& Microwave Relay System, by Leland E. Thompson,
~  PROCEEDINGS OF THE IRE, December 1946.
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¢ THE SOLAR CORONA

3 Magnetic storms and abnormal earth currents are
t88sociated with sunspots. One theory is that the storms occur
$ When the spots are accompanied by solar flares such as appear
the sun's corona. An article on the phenomena and their

-faffaﬂt upon telegra will appear in the next 1ssue of the
LTHE?IEH. graphy PP




APPLICATIONS OF ELECTRONICS IN A

TELEGRAPH SYSTEM

By J. R. Hyneman

—— e — |- P S

"Electronies is that branch of science and
technology which relates to the conduetion
of electrieity through gases or-in vacuo."

--American Standard Definitions of Electri-
cal Terms--

This definition of electronies is quoted for the pur-
pose of keeping the author within reasonable bounds and also
.88 a memory refresher to readers.

INTRODUCTION

The invention of the telegraph culminated in the first
great electrical industry. There ‘was expended upon its develop-
ment the genius of the times as represented by scientists,
skilled mechanics, and members of that new profession, electri-
cal engineering, not to mention the ubiquitous amateur. The
early sending and receiving instruments were mechanical in nature,
and constant potentials interrupted at relatively slow rates were
used for the transmission of messages. Tone telegraphy was with .
us from the earliest days, but in the absence of satisfactory
amplifying devices, it could not compete in transmission proper-
ties, with direet current. It followed, therefore, that when the
art or sclence of electronics was merely in the cradle stage,
telegraphy had become very soundly based upon direet current tran
mission methods accommodated to sending and receiving instruments,
by then developed to a high order of electrical and mechanical
perfection. The entry of the new art intc the field of commer-

cial telegraphy was, therefore, delayed by this competition until -
after it had made considerable progress in the radio field.

: SUBMARINE CABLES

The first branch of the telegraph industry to definitaly'
adopt alleglance to the vacuum tube was that of submarine ecables.

The Transatlantic cables in service up to 1924 were limited in
| speeds to 6 to 8 cycles per second because of the very high at-
tenuation which they presented to frequencies above this range.
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W.Eﬂeaming feature was that these cables could be duplexed for
;uﬂing messages simultaneously in each directlion, by providing
“aach end of the cable an artificial cable for balancing the
al cable in a Wheatstone bridge circuit. At each end signals
ould then be received independently of the transmission from

;,t end. The costliness of repairs in case of insulation break-

n -obliged the limitation of sending voltages to 50 wolts or

gg, Interference due to statle, earth currents and induetion

: E,-up from adjacent cables and power clreuits, along with inter-
¢ Famca from imperfect duplex balances, presented a substantial
idual noise level which set a lower limit for received signal
fpength. The receiving instruments were delicate, required fre-
fient skilled adjustment and were subject to damage from lightning
% ogther severe interference.

'E“'ll

e Clearly, here was a situation which was open to improve-
i{;_ Accordingly, following the development of permalloy by the
3rn1 Electric Company, that company was engaged to design, in
i aboration with Wastern Union engineers, a continuously-loaded
e, and to provide suitable terminal multiplex telegraph equip-
t to take advantage of the awvailable high speed. The new

_L laid in 1924 between New Yorlk and Horta, Azores, operated
i speed of 65 cycles, its capacity being distributed among 5
fiannels each operating at the rate of 54 words per hinute. This
fhange from duplex manual cable code operation to simplex Baudot
grinter operation gave a net increase in message capacity of 300%
yer the best non-loaded cables.

rst

ture,
were
ith In 1926, a second loaded cable was laid between New York

Panzance, Engl&nd via Bay Roberts, Newfoundland, where a re-

er- I%ar was interposed; d in 1928, a third such cable was laid
the g8tween Bay Roberts and Hurt The latter cable was of a type
permitted practical duplex operation, a feature impossible in
trans- tﬁn former cables because of the peculiarities of the loading
ents » I'i&l .
b &
I'=
ntil = _ .
] | ; e
o e e —
i ta ljr ; an, .
les., .,,. ' 1978 PUPLER LOAPER
n I' . GaBLE
t___ h-'r.. ] -
E - I:!E.. N0 LOAFER ety “—iE—EH.E
| — A
| W COMMELTING CABLES
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-Flg.l - Western Union Cable System in the North Atlantic,
Showing Loaded Cables. f
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Electronic EquiPMEth for these three cables was very
similar and comprised principally the terminal and intermediate
repeating amplifiers. Many difficulties were presented in the

design of these sensitive amplifiers which must not ocnly shape

the highly distorted signal and eliminate unwanted interfer-
ence, but must at the same time withstand heavy overloads and
give continuous reliable and trouble-free operation. These am-
plifiers were required to receive a signal containing compon-
ents ranging from a fraction of a ecycle up to 180 cycles, the
low frequency components having voltages as high as 10 volts,
while the upper frequency voltages might be as low as .5 milli-
volt, and to variably amplify these components so as to produce
a recognizable replica of the transmitted signal for the opera-
tion of a relay.

Fig.2 - External Appearance and
Mounting of Loaded Cable
Shaping Amplifier, (1924).

Fig.3 = Loaded Cable Shap-

ing Amplifier,(1946).




- 12 =

" 5T
o e e

s Continued activity by Western Union ecable engineers
ﬁrgught about many improvements In these original designs of
Joaded cable amplifiers, and also created a series of amplifiers
‘adapted for operation with the slower speed non-loaded cables.

In consequence of these developments, the cable code operator has
pone the way of the Morse operator, and printing telegraphy reigns
gupreme on the Transatlantic cables. Probably the most unique
technical achievement in this field was the London-New York sub-
marine cable picture transmission system? which operated success-
fully until more essential war activities forced its close. This
fircuit employed loaded submarine cables for the Penzance-Bay
Hoberts-Hammel sections, and underground metallie cables for the
fhorter landline sections at each terminal. In all, 4 repeaters,
.ﬁnh different in design, were required.

&

BOSERTS L AT
LOMDON BRI TOL PENTAHCE manr_-. fgnei |1.-_f-m MEW vO8

-

Fig.4 = Route of London-New York Submarine
Cable Picture Transmission Circuit.

1 Probably the finest compliment which the cable en-
gineers could receive came upon the entry of the United States
Hito the war when they were called upon to provide terminal and
gepeating amplifiers and other equipment for cables in various
pBrts of the world so that these cables could be converted to
filtiplex printer operation. These cables included the Army's
llaska Cable System and the Commercial Cable Company'!s Trans-
tlantic cables. Equipment was also supplied to the Commercial
jacific Cable Company, and for the British Paeific cables but
lese long cables still employ cable code.




_operate high-speed printing telegraph systems both in this coun-
_try and Burope. Necessliy now gave earnestness to the effort,

‘lations followed sc that in 1937, although retarded by the busi-

w 13 =

CARRIER CURRENT TELEGRAPHY

érggrgss in modes of telegraph transmission has come
about in four major steps. Until about 1915, the nation's tele-
graph needs were served by a countrywlde transmission network
composed of telegraph poles each bearing as many as 60 wires or
more, first of iron but lgter of copper, and operated prinei-
pally by manual Morse methods. At this time, expanding business
demanded either the installation of hundreds of thousands of
miles of new wire, at a tlime when copper had become very expen-
sive, or that means be found to increase the capacity of the
existing wires. When the problem was placed in the hands of en-
gineers, naturally the latter solution was undertaken.

Over many years, sporadic attempts had been made to

and the Western Union multiplex was developed, using the best
features of several previously unsuccessful systems. -Suffice it
to say that through this development, and the solution of many
associated prablems, the multiplex, by providing from 2 to 4 du-
plex channels, was able to increase the capacity of a wire by as
much as B00O percent over lMorse methods.

The multiplex, operating over single grounded wires,.
provided sufficient new traffic capacity to meet the growth for
saveral years, but again history repeated itself in a third phase.
This time the demand was filled by another new-pold art —-- carrier
current telegraphy, the first high-speed channels of which were
installed in 1926. Improvements were made rapidly and new instal-%

ness recession of the 30's, a carrier network covering the eastern
third of the country had been established. 8Since 1937, growth
has been rapid, so that carrier systems now span the country over
trunk routes from east to west, and from north to south.

In addition to these trunk route systems, there are
many installations of smaller systems designed to provide a few
channels over relatively short distances to meet the require-
ments of seasonal business or other bottle-neck situations.

Probably carrier current methods of communication seem
elementary to the present generation of communications engineers.
It may be well, therefore, to point out some of its underlying
features which served first to delay but later to accelerate
its growth. The first wire communication eircuit was an iron
wire stretched along a line of poles with reliance on the earth
for the return circuit. It served wvery well as a telegraph
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: for telephony too. In time, the pole line Dbecame
:z'-iigggit;iiigscnres nfpwirgs and distances stretched out to thou-
..'__. sanﬂs of miles. Hﬂ“:eve]" b‘j,i" substituting coppel for irdﬂ"&nd

o introducing various other measures, the grounded circuits

' gufficed to handle the country's telegraph business through the
' added expedient of increasing the line speed, or frequency. But

' the ground return circuits reached their limit at speeds of 60

= .o 80 cycles, and it became necessary, as stated, to elther

' 1 1i1d more pole lines or to adopt carrier methods in operating
" ine wires. To adopt carrier methods was a rather radical de-

I _arture. The wires would not serve as they were; 1t was neces-
| cary to select two wires on adjacent pin positions which were

" a1ike as to size and make-up (copper, iron, cable, etc.) and

" were in good condition with respect to joints, sags, insulators

¢ and other factors. Any deficiencies had to be corrected, and

® then it was necessary to transpose the wires according to a

¥ standard pattern and, if the cable sections were long, to install
b 1oading colls at regular intervals. The numbers per mile of both
. transpositions and loading coils are roughly proportional to the
i highest frequency at which the wires are to be used. All this,

" 4 addition to providing the terminal channelizing and the inter-
8 mediate repeater equipment, meant that the establishment of a new
* sarrier system even along an existing pole line was an engineer-
& ing project of some magnitude and quite expensive to carry out.

B Not the least of the adverse factors was the circumstance that

¥ 211 hands were strongly indoctrinated in the grounded circuilt

# technlques. '
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Fig.5 - Map of Western Union Trunk Carrier Routes,
(1946) .
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Carrier circuits proved themselves in as soon as their
basic characteristies were understood. These are several but,
to the design engineer, two stand out. The first is the con-
ception of flexibility of circuit design; that is, within a
wide transmission band width one may accommodate in any order
all varieties of service, such as telegraph, facsimile, telephone,
supervisory, etec., in any desired number, speed or quality. If
the band width is & limitation he can re-engineer the lines to
handle wider bands. But here the second characteristic enters
as & restraining influence. As already intimated, cost of the
eircuit increases in rough proportion to available transmission
band width so that there is every incentive to design for effi-
clency and to avold wastage of wvaluable frequency spectrum.

As 1s well known, the thermionic vacuum tube in its
function prineipally as an amplifier but also as a detector,
oscillator and modulator, made carrier current telegraphy pos-
sible as a reliable long distance circuit facility. Reference
will be made to a few of the more prominent applications in this
field. The building block from which most of Western Union's
miltichannel carrler systems as now installed are built is the
so-called 15-A Channel Terminal. This frequency-modulated chan-
nel has now virtually displaced amplitude-modulated channels in
the Company'!s service because of its marked freedom from noise

and bias troubles.

Fig.5 = Circuit Diagram for
Frequency Modulated
Carrier Telegraph
Transmitter.

CLEALNT LeaTES RGO AP Tl O TR TR M AP FES

Fig.7 - Circuit Diagram for Frequency Modulated Carrier
. Telegraph Receiver,
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i The FM metnod of operation is te carriler telepgraphy
ﬁﬂ!t the polar method is to Dﬂ.telaérayhg. In its present prac-
+ical embodiment, it is achieved by varying the frequency of an
Becillator, which is normally tuned to Fhe center of the channel
hand, by 270 cycles to produce the marking (1) and spacing (8)

: Limiters and diseriminators of more or less convention-
convert these frequency-modulated signals into polar

5 for operation of the final recelving relay. This is a
true freguency modulation proeess, since the marking, spacing

Bnd intermediate transit time frequencies all traverse the same
Bhannel filters at the sending and recelving ends, in contrust

£ the "two-tone! systems which in effect utilize two distinet
sarrier channels, one for marking and the other for svacing. The
Shannel frequency spacings are 300 cycles, whien with 70-cycgle
deviation, will accomiaodate high-speed multiplex circuits at 70
swwoles. A similar FM channel, but having 150-cycle spacing with
35_cycle deviation is widely used for slower speed multiplexes

and for teleprinter service.

5:gnals.
?F.t?PE

als

..

- The eritical functions of the Fil terminal are, of
pourse, performed by vacuum tubes. Special mention 1s accorded
"o the use of two diodes whilch, when subjected to the DG, polar
®elegraph signals as a bias to render them alternately conduc-
ftive, connects to the ascillator the marliing or spacing tuning

eircuits, and also to the two-stage regenerative liniter.

; Except for certain services, present trends are depart-
f4vp from the high-speed multiplex and favor the use of individual
Uohennels from sending operator to receiving operator. A tele-

' graph plant based upeon this premise requires a greatly augmented
transmission capacity and large numbers of channel terninsls.
gphAccordingly, development has been concentrated on a FM terminal
iwith 150-cycle channel spacing, which is simplified to the great-
B8t possible degree. Special features are the use of vacuum
tubes for performing the functlons of the transmitting and re-
eelving relays, and the concentration of all testing and regu-
{ating facilities for eccnvenlent and rapid handling.

g The building blocks just described are used in puild-
;igg up multi-channel systems of which two types knowm as F2, and
U are principally used. PBoth of these systems provide two-way
i transmission on a single pair of wires, their salient features

& being briefly expressed as follows:

TABLE 1

Two-Vay

7 : Telegravh Channels Directional Installed

§  2-Way 300-Cycle 150-Cycle Band Limits ne dileage

¢ VF Bands Spacing Spacing _ V-E B4 Sys. Lhan.
) 18 32 b-6.6 9,6-16.3 7384 1,101,000
. 4 36 64 17.2-30.6 .6-13,8 2351 209,400
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Space does not permit de-
tailed reference to the multitude
of oscillators, modulators, am-
plifiers, filters, equalizers and
miscellaneous items wi:lch comprise
these system terminals nor the
slightly less multitudinous pan-
els which comprise the repeaters
which must be spaced along the
routes at attenuation intervals
of 40 db or so. #4s Table I indi-
cates, carrier telegraph systems
: are now definitely big business;
Fig.8 - Type F Carrier System, they are relied upon exclusively

= AE, - 18 Channels. whenever new facilities are re-

: quired, unless the distances are
quite short or the increment of inecrease very small. Fortunately |
these developments were avallable to meet the wartime demands for
wide-spread expansion of facilities, particularly for the long ]
‘distances in the western part of the country.
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Fig.? - Type G Carrier System, 36 Channels. West Terminal Only.

Carrier methods have also proved their utility on sub-
marine cables. On long telegraph cables, the primary dsc, cir-
cult is always geared to absorb the last lnch of eable transmis-
sion capaclty but on shorter cables whose speed is determined
by the speed of longer connecting cables or other considerations,
there may be some excess capacity in the frequency space directly
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above the primary channel which
can be devoted to carrier channels,
Such channels have been applied to
the 340-mile sections of cable in
the Bay of 5t. Lawrence whilch serwve
as connecting links in the Trans-
atlantic cavles, and also to the
100-mile Key West-Havana cables.

In the latter location, each of 3
cables handles grounded duplex
multiplex cirecuits. The carrier
equipment is belng redesigned to

| | | T
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Type G, 36 Channel Systems.
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provide 2 two-way channels operat-
ing at frequencies of 375 and 425
south bound, and 825 and 975 north
bound, and which may be super-
imposed on any two of the three
cables to provide a metallic car-
rier circuit.

Fig.ll - Schematic Cirecuit of One
Terminal of Key West -
Havana Cable Carrier
System.




S50 1 e

v s - RADIO RELAY

., . The fourth and current phase in this onward march of
telegraph transmission methods paced by advances in electronic
science is the radio relay. Its system design is subject to the
same general principles and yields the same general advantages
as the land line carrier 'systems just described. TFurther, the
same VF ‘channel terminals may be used as the building bleocks for

.bringing the prodigious messzge capacity of the micro-wave radio

|
')
A
;1
i i

_'Tiﬁﬁﬂqnqiea down to earth, so that operators can send and re-

= Readers are familiar with the many articles whieh
haye been published pertaining to the many military and other
pplications of the micro-wave radio frequencies, and the items
equipment which have been developed to render these services
sible.  Characteristics of the radio chamnels in the 4000

85 where telegraph traffic is heavy. These characteristics
10tably:

"m; Beaming of the transmitted wave reduces interference,

favors secrecy and permits the multiple use of the
same wave length.

HLLJE‘ .EF power requirements are very low.
> EPFRB- Wide bands are available.

iy A series of radio relay systems connecting major cities
. is'plamned, and nugstructiﬂn of the first links of the network |
~#ide Well under way., The initial installations will link the
’Haiﬁiﬁies of New York, Philadelphia, Washington and Pittsburgh, and |
Swlll ‘require the establishment of 20 radio relay stations dis- |
tlbuted between these terminals. The adaptation of what are :
:qqptially radar techniques to these long-distance telegraph
f8tems 1s the work of engineers of the Victor Division of the
adlio Corporaticn of America. Western Union engineers have es-
~“tablished the transmission requirements as regards the exacting
, quality and continuity necessary for a commercial telegraph

-~ Bystem, and have developed the 512 channel carrier terminal which
will load up the 150 ke RF band. :

. i
R
E

Sy The 512 channel figure is figurative rather than literal

“for it is not at all necessary to expend the entire transmission |

. eapaclty on the handling of teleprinters. Reference to the fig-

~ures indicates that the 150 kc band is broken down in a succes-
sion of steps into smaller and smaller units until eventually

TR ) 3 -
L l.l |.I_'_JI £
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~E :ﬁﬁéﬁrs a series of 32 bands of Eﬂﬂﬂ-cyclﬁslwidtg, wiiiech
A next step are nalved and are then gach divided into &
e =uitable for teleprinter operation. At any of these
: ted to accom-

of =
ic -3 8 s cuiteble terminal apparatus may be connec
the B raccimile or other services.
2S5 L -
hE y ...
for 3 - . e
dio f
___RADO PELMY STIM
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NEW YO~ WASHINGTON - PITTSBLRGH o
I'l
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g.12 - Route of ‘Radio Relay Circuits, 1946=47T«

for the 150 kc system glves
f equipment panels filled with
Amplifiers are necessaly

¥  The abbreviated diagram
n ddea of the vast number o
Btus which make up this system.

sses occasloned by modu-

fBquent intervals to recoup the lo _
B filtering, etc. An extensive frequency generation system

fgssary. The modulators are all of the crystal or copbel-
Ly pes.
9 As a measure of the confidence which is placed in
M fhermionic tubes and other olectronic devicesy it can De
B out that a telegraph signal In passing from a sending to
dving teleprinter may traverse in the 150 ke terminals
20 amplifying stages. In the radio transmitter and receiv-
fiore tubes.are encountered, these including klystrons Op=
=Q}Et 4LD00 me. At each relay station, 23 more tubes in
firiety are traversed, Further, any channel group is de-

which

Literak

gﬁéﬂﬂ \ it upon tubes serving auxillary functions such as frequency

11E- | ¥5 AVC, power regulation, etc., 1n the number of 18 at the
adic terminals, 7 at each

ﬂ?'fq terminals, 7 at the two T

Bat-
! )

Ly

»
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Fig.l3 - 150 K¢ Carrier System Terminal.

relay station. A
tally indicates that |
for a relatively shorg
cirevit involving 10
relay stations (ap-
proximately 400 miles)
the telegraph signal §
entrusted with practi;
cally perfect safety g
a total of 380 space
paths!l Of similar pog
tent is the fact thatj
285 of these tubes haj
in their tender care
the entire load of 513
telegraph channels.
When a single tube
failure means the in-
terruption of 512 cir
cuits, naturally tubel
reliability must be Of
a pretty high order.
The near perfect frees
dom from distortion
and intermodulation
which is now provided
in vacuum tubes will
be obvious from the
above figures. It is
worth noting also thaj
frequency translation§
occur in the number ol
12 in the two 150 ke
terminals, 5 at the
two radio terminals
and 3 at each relay
station, to total 45 }
for the above system.
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FACSIMILE

1 @ .
that | ﬁfTelefax, the name given to the facsimile method
shorg .qﬁﬂhy Western Union engineers, is handling an increasing

£ 10 ‘::h{ 5 taleggaph load particularly in the direct contacts

ap- nstomer.© Most vital of the facsimile electronic

mileg) [ .é'phgtﬂacell which translates the light wvariations

gnal § Mected from a light beam directed upon the message sheet
racti. lectrical current variations. Of equal importance 1s the
fety § Mbing process at the receliver where a stylus carrying sig-
pace | rant: at a moderately high potential plays upon a moving

Aar pog eledeltos paper. The stylus potential serves to trans-
. that narticles from the carbon-coated under surface of the

28 hayl fRrough the paper to the light-colored upper surface to

care | Black marks upon the paper corresponding exactly to the

of 513 Sn the original message sheel as encountered by the scan-
ks, @ [ght beam.

be T .

e in- 1 Intermediate these two

< elr basic elements of apparatus,

- fube the transmission process 1is

. be of much the same as in carrier
der. current telegraphy and the

. free- same facllities may be used.
ion However, as facsimile has moved
io in to the class of practical
:-v:ﬁni- signaling systems, it has taken
wi many speclalized forms as dic-
the tated by the service which it
It is is called upon to provide, and
0 thaf has surrounded itself with a
ationg variety of auxiliary super-
\ber of visory, compensating, automatic
0 ke control and test equipments.
the Needless to say, vacuum tube
als elements are the basis of most
lay of these conventional and non-
11 45 conventional items.

"5tem.
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D.C. TELEGRAPHY

Yhile d.c. telegraph methods have relinquished the
bulk of the telegraph load,. these methods are still a major
facility, and it should pe remembered that except for facsimile
subscribers! sets, the primary sending and receiving instruments
of all circuits are a teleprinter keyboard and a printing magnet,
The equipment is principally electromechanical in nature, but 3

rmeﬁF re frequently called upon where they will do th
job better or more economically. Many oi the large telegraph of-:
fices are noW belng completely mechanized so that manual handling
of messages as they pass between 1ocal distribution circuits and |
main-line trunk circuits is being entirely eliminated. Inter-
spersed among the intricate mechanisms vacuum tubes are found ser;
ving as storage and timing devices, polarity selectors, rectifiers
and alarms, and for other specialized functions. :

: Much ingenuity has been expended in the effort to re-
. place relays with vacuum tubes in telegraph repeaters. 1Ihe inher
“ent characteristics of the telegraph relay as regards simplicity
and cost, input and gutput impedances, interference discrimina-
tion, and its signal regenerating perfﬂrmance‘makﬂ it a "natural®
for this jobr. However, there has been recently developed a repea
.gr for rsgenarating start-stop signals which now shows considerabl
promise.’ This repeater is entirely electronic in nature, excepi
. for the receiving and transmitting relays and employs & total of

34 wvacuum tubes, most of them twin types, for 2 two-way repeater.
This repeater substitutes for the usual start-stop mechanical dis
tributor a balanced 7-section delay network whose total propaga-
tion time is equivalent to one revolution of the usual 7-segment
distributor. Receipt of an incoming signal starts a pulse travel
ing down the network which at each Jjunction energlizes the grid i
eircuits of a pair of vacuum tubes to determine the proper polari

ty for retransmissiomn.

Another telegraph repeater has seen 1imited service
which is designed to repeat the signals as rece%vad without dis-
tortion, in contrast to the regenerative type.10 It is intended
for service on duplex circuits in anattended locations. Varla-
tions in duplex balance between the lines and the repeater arti- 4§
ficial lines in consequence of weather changes produce distortlions
in the repeated signals but these distortions are transmitted
faithfully in order that they may be partially compensated at the
next attended repeater station. In this repeater,-to avoid the
usual problems of amplification of d.c. polar signals, the in-
coming signal reversals produce 180° phase reversals in a local
carrier. After amplification, the carrier phase reversals are
converted back to d.c. signal reversals ywhieh are then applied
to the grids of a pair of transmitting tubes.
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iThe switching gystems, the Varioplext+l and the Reper-
@ewitching System™~, are using an increasing number of
_ﬁgéariﬂus specialized purposes such as timing, signal
fend for voltage sampling in monitoring and super-
:mﬂliéatiﬂﬂs where the power avallable would not permlt
e current operated devices. In many of these applica-

1le o
ents:
gnet

® : Bbas tubes are particularly serviceable. These funetions
hdﬂ th WS +ional to the basic ones of amplifying, rectifying, ete.,
.dizig' tibes are used as a matter of course.
and et
r- 8 POWER SUPPLIES
d sers G -
ifiers Belegraph offices are commonly supplied with d.c. poten-
'_ B 90 and 160, both positive and negative. In large of-
fhese potentials are usually supplied by motor-generator
re-~ M dn small offices, rectifiers of different types, in-
inher: Beroury arc, have long been used. However, with the ad-
city fhe hot-cathode mercury tubes and with the lmprovement
na- | 811 circuit design, power supply rectifier sets in the
urall Mlbes have come into very wide use. Rectifiers for fur-
repeal Bain-1ine battery supply to two or more circults must
derab} ® ] ow internal impedance in order to avold intermodula-
XCcepl SWeen the circuits. This requirement is ordinarily met

7 1 £he choice of tubes and by proper design of the filter
raé B Tn the larger sizes, three and six-phase designs may
1 Ped to in order to elevate the ripple frequency and
aga- QMplify the filtering and common lmpedance problems. Many
ment | Arger plants embody voltage regulating means.

rave g

1d
olari

) copnsiderable number of specialized rectifier designs
dfiideveloped for particular purposes. Among them are the
@fcheap units which accompany customers' teleprinter

glons, and the units which furnish ungrounded potentlals

” itelegraph circuits.

dis=- 8

naed 3ince the regular and emergency power supplles in
Vb i B ffices are always at 110 and 160 volt potentials,
rti- BSary to design thermionic apparatus to operate on
yrtiomng 48ROr both of these two potentials. In consequence,

4 With 25-35 volt cathode heaters are preferred and

1t the jeonnected two or three in series where possible. Oc-
the g this limitation has been somewhat of a handicap. It
e ‘that eventually the practice will be adopted of
:Ic-al ‘.l:l 8 Equip]ﬂﬁni..- b(—:.}fs with l':lw vgltﬂgﬂ- = N diﬂtribu—
\Ta g8ms for cathode heating.

ad




';I:f:Fig.lﬁ - Pneumatic Tube Carrier

ﬁ%ﬂ&&tbanﬂ cause operation of the gate to
;. deflect them into branch 2.)

.._:._I.

(Non-magnetic carriers enter branch

e

MISCELLANEQUS

The applications previocusly outlined account for the
bulk of the vacuum tube consumption in the telegraph field. How
ever, since all communications engineers, whatever their parti-
cular specialty, are electronics consclous, vacuum tubes are put
to work. wvherever they will dco the desired job better than the
alterndtives. Some of these jobs are:

Back voltage rectifiers to prevent
cable electrolysis.

Meon tubes as tell-tales, voltage in
dicators and regulators.

Gaseous tube .lightning protectors.

;p Lineman's communicating sets.

Cable ship test and indicating in-

struments.
i@
- %7

i

celector System.

1, Carriers provided with a magnetic

cubmarine cable transmission measur-
ing and testing equipment.

In carrier selectors in pneumatic
tube systems.

Power interference neutralization.

Standard frequency forks.

Fig.l6é - Specilal Oscillost
for Submarine Cal
Investigations.
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LABORATORY AND TEST EQUIPMENT

1, the laboratories of the Telegraph Company, there is
Mhrress a continuous process of developing new communications
Meiend of improving the current ones. Like any other up=

fE% communications laboratory, these laboratories are well

- @

a 9 H'D
parti-

iTre .
thepu “‘Ed with the baslec items of test apparatus, but they include
;ﬁixinn a variety of equipment designed to perform speciali-
fmotions peculiar to the Jjob at hand.
vent e .
, - For field use in circuit testing, oselillators and ampli-
; 8 of appropriate frequency ranges are, of course, indispensable.
age in- apparatus is both fixed and portable in type, occasionally it
‘ | 8¢ commercial design but more often these items must be special-
f@signed to meet the service conditions and power supply. Lines
TS facial sets have been designed for such purposes as testing the
v of telegraph transmission, the level and character of in-
rence, the checking and adjusting of relays and many others.
SUMMARY

1T]= i e
" Under the limitations of a brlef paper it has been neces-
?1 omit detail, but it will be clear that in this fourth era
f8legraph progress electronic apparatus has reached an order
Sportance perhaps second only to the line conductors themselves.
fimber of tubes in service has been growing at what might be
Bd'a logarithmic rate to a sort of momentary climax in the
BR81947 period. In this period, there will be consummated a
@rsion and expansion program involving the ‘mechanization of many
' offices, the installation of a considerable mileage of new
Bler systems and the inauguration of a radio relay system link-
the cities of New York, Philadelphia, Washington and Pittsburgh.
ghis program electronics will have a most important part. In

9y Western Unlon purchases included 30,000 tubes of one of the

-w?ﬁs.typas, and smaller purchases of 60 or more other types.

g8 Bubstantially all of the tubes in telegrash service are
e standard types as deseribed in the familiar recelving tube
i8l8, chosen primarily on the basis of function and adaptability
g6 avallable supply potentials. Since most tubes perform a
eservice 24 hours daily under a wide range of conditicns such
@r8 as life, ruggedness, overload capacity and power consump-
@re very important. Continued availability and insurance
BT obsolescence are also important considerations. Tubes de-
880 for service in home broadcast receivers do not always meet

B 8ll-around exacting requirements, and consideration has been
@i to the design of a special line of tubes in what the radio
”'zFT characterizes as the "recelving" tube class. "Industrial®
@e8re of course employed wherever they can be made to serve.
ey The mechanical operating equirment of telegraph offices
38 brecision built, and in service requires considerable
ggaance by speclally skilled mechanies. These costly features

¥ M
5
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will encourage. telegraph engineers to develop substitute
equipment operating along electronic lines. New systems may
be entirely electronic in nature with but a minimum of mechani-'
cal €lements. Progress in this direction is being accelerated
by additional factors such as the electronic mindedness of the
new generation of telegraph operating and malntenance person-
nel, and the redesign of the power supply and distribution sys-
tems of telegraph offices to better accommodate tube requirement

— e o o mey o Ems s
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PR SUPPRESSED CARRIER MODULATOR
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37, 4ﬂ:_-lassical explanations of the phenomenon of mod-

B robebly wholly satisfying to one trained to think
':%T:s the mathemzticisn does. ©Still there are many

81d like to see in simple words a gatisfying explana-
Suency translation without resort to mathematical

esk is undertaken in a playful mood but yet not

Perhaps it can be done. If it can, amy reasonable
fed is justified. The current communication litera=-
Sy NMtacitly" assumes an understanding of the basic
8¥ modulation saying, Ma signal of 1000 cycles mod-
aerier of 8000 eyeles and produces some nseful 7000 and
#8%1le 9000". Many readers of these vords are tempted
BBt the author misused the word "tacitly", and surmise
BEtully" dodged the issue. A thorough appreciation of
p@athﬁ phenomenon, however it be nresented, does get
jeeply into the woods of mental concentration. Before
80 deep vie can't see the forest for the trees, letls
REL the reason for our interest in modulation &s a
Msplanting frequencies.

raph :

8873
E!

amhalll

‘@

L EN-4§

raphy s
. 397.
RCA

Jir primery interest is, let us say, telegraph commu-
gephone modulation we shall learn later takes care of
gepuite as simple. Striving for economy in the use of
PE, we want to stack a great nany communication chan-
fie another =nd transmit them all over & single pair of
PEOUS gonsiderstions lead to the same ambition if the
fedium be a cosxisl cable, & radio circuit, or a wave
¥ou may say, don't we generate them in the proper
jhe ripgt plece? One good reason 1s the extreme and
Eaiiculty and exvense of building narrow channelizing
flgher gnd higher freouencies. Another is the con-
godlexibility; groups of channels of the size required
Werage coumunity make for ease and simplicity in ecir-
Bnd hgndling. Economy in constructing channelizing
"ﬁiéiﬁﬁults by limiting the number of different types
8" the number of units of each. In telephony, of
Bt can't generate the speech currents in a high band.
gan't reccive them directly on a high band either -
gibe translated at both ends.

by J.H

1lder,)




e Oy

_Fig. 1 - The Fact Ve
. Propose to Explain
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Fig. 2 - Contents of
Black Box - Modulator

Now because hindsight is
usually better than foresight,
let us attack this translation
from the back end. Without
worrying about the why and the
wherefore, let us look at the
result of a strange technique
and explain it later. .We are
told in the "tacitly" written
literature that if we pour a
signal frequency (let's call it
1000 cyecles) into the side hole
of the black box marked "M" (for
modulator), and push another
frequency up in the bottom hole
of the box Esay 8000 cycles)
out of the exlit hole comes 7000
cycles and 9000 eycles.

Let's open the box and see
what makes it perform this seem-
ing miracle. We find an innocent
looking arrangement of trans-
formers and rectifiers.

Transformers we'll presume
to behave as transformers were
taught to behave. Therefore,
let us assume that no explana- °
tion of these is necessary. One
hundred words about the rectifier
If a huge positive potential is
applied to the arrows they become
negligible resistances, and will
conduct tiny ‘a-c¢ currents, induc
by a second source of potential,’
freely in either direction. If

to the arrows, they flatly refus
to conduct anything; thev become
extremely high resistances.

Does that concept offend your
intelligence and contradict your
preconcelved notion of how a
well brought up rectifier ought
to behave? Well let's say it
differently with Figure 3.
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Let I; be the current
produced by the huge positive
potential E. No law against
having that current go up and
down & trifle in response to a
sécond small potential so long
as it remains a current from
arrow to plate, always flowing
through the rectifier in the
same direction. 8o I; can be
the small current flowing in
response to the second poten-
tial, wholly unresisted. All
rightl If E is moved to the
other side of 0-0 (opposite
pole) no current flows from
any cause. We allowed that in
the first place.

OKI Now let's push a
relatively large potential of
8000 into the bottom (carrier)
entrance to the modulator. Let
it be a nice sine wave like
Figure 4, and look at time t)
very early on the rise of this
first positive half cycle., A
plus voltage of considerable
magnitude appears on Terminal
5 with respect to Terminal 6.

S0 by our token rectifiers

A" and "B" are now conductors
and will pass currents. We have
the condition of Figure 5-A, where
rectifiers "A" and "B" are sub-
stantially perfect ccnductors and
"Ch and "D" are as good as open.
What happens? Well our 1000-
cycle signal wave of relatlvely
small amplitude impressed across
terminals 1 and 2 sees its chance
to rush right through both trans-
formers and come out on terminals
3 and 4. The small arrows in
Figure 5-A show the direction of
the 1000-cycle current at time

ut after it has climbed only a trifle the rectifier
on terminals 5 and 6 (8000 cycles) has passed its
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first positive half cycle and started on the negative half;
the potential reverses on terminals 5-and & rendering recti-
fiers "AM" and "B" nonconducting. But that's all right because

: et time to positive shows up
on the arrows of "C" and "D"
and these two become conductive
as shown in Figure 5-B. The
I T2 3 1000-cycle signal still has a
1 = path to terminals 3 and 4, but]

the connection of the secondary

* of transformer T1 to the primaf

Béy

2 : of transformer To has suddenly
al 8 become reversed. Belng not
4 + dismayed, the 1000-cycle signal
decides to make the best of the
Fig. 5-B - Condition When situation and go through in

Terminal 5 is Negative spite of the sudden change in |
S | direction. The new path is
again shown by .the small arrows
: The continual shifting of paths makes the 1000 cycles
come out a bit shredded. We'll draw it out in Figure 6, one full
gycle.

No two ways about it, X is what did come out but what
is X? Vie'll persist in our original intent if possible, and
insist we don't know any mathematics beyond &rd grade, and see
what we can make of X.

: The first impression is that there must be some 8000
cycles because whatever it 1s 1t goes through zero at the same
time the 8000 does. True it is a peculiar wave shape; looks like
- 8quare topped 8000 changing in amplitude from zero to maximum, !

~ We presume, however, from
| A IET A 2 | 3 looking at the circuit of the
siDE g%_ :ibéi:i r%% i modulator that anything which
- el o i oes into it at the bottom
-, = . : " terminals 5 snd 6) can never
5 . come out of either end because
BOTTOM of the evident differential, or

balanced nature of the arrangemne
- Terminals & and 6 connect to the
mid-points of both transformers so whatever the currents that flo
from 5 to 6, they split equally at these mid-points; and flow on
from there in opposite directions through the transformer windingd
This says they produce no magnetie flux in the transformer and cafl
therefore, induce no potential in the other winding. This is the
fact. We look a little closer, and we notice that the two

succeeding bursts (cigars) of 8000 are 100% out of phase - 180°
1f you must be rigorous.
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Figure 7 shows how No. 2 burst would look if it weren't wrong
side up. If we try to drive an 8000-cycle resonator with X of
Figure 6, we find it won't go because no sooner does it start
to get in motlion under the influence of cigar No. 1 than it is
 completely discouraged by cigar No. 2 so we are forced to admit
there is no detectable or measurable 8000.

The other frequency.that went into the modulator to
make up X was 1000. Isn't there any of that here either? We
-~ can't say offhand.
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HOW CIGAR *2 WOULD LOOK IF IT
WERE NOT I180° OUT OF PHASE
WITH CIGAR™{

Filg. 7 - Were the Phase of Succeeding
Envelopes Not Reversed.

One test is will it keep!
] & 1000-cycle rescnator golng.

Is there anything in cigar
No. 1 to push up, and anything
in eigar No. 2 to push down
with a periodicity 1000 cyclef
per second? Integrate all the
energy above and below the 1if
on cigar No. 1. Oh, nol Ve {
can't integrate. Well better,
b = still, cross off equal bits
above and below and see what!$
left, Figure 8.

= (AREA () =(AREA I')° OR = +m =0
T S EE;E_'{: After we cross off equall
AND portions this way, there is
I #1'+24+2'+343'+ 4+ 4’ = NOTHING LEFT nothing left either in cigar |
" [NOTHING WITH PERIOD OF 1000) No. 1 or cigar No. 2. Rigorod
: test, there's no 1000 cycles
Fig. 8 - Will Not Drive a either. We're very fortunate
1ﬂﬂﬂjﬁrﬁ%erﬂasunatur. up to now - we surely would

have been in a bad way if we'(
found elther.
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@ﬁn Just what 1is X anyhow? Well, we hope there's some
imgo0 and some 9000. Let's be highly unscientifical and take
Lsome 7000 and some 9000 and add them up. If the answer looks
Qike X, we can live happlly ever after, maybe. We know the
t enswer anyhow; thanks to the mathematiclans; we only want to
lexplain it. In Figure 9, we draw a sinusoidal 9000 - (upper
feideband) and 7000 (lower sideband), then just gquietly add
fhem point by point. The result is X'. It bears a funda-
pental resemblance to X. And I use the word "fundamental"
Bdvisedly. We might call it a sinusoldal edlition of X (not
B0 rigorous, but qualitatively. correct). Now, let'!s lnquire
shat 1s the difference, or more precisely, what does the
8ifference represent? Well qualified authors tell us in terms
Bf nFourlers Serles® that a square topplng of a periodic wave
mtroduces frequencies which are odd-number multliples of the
Pundamental frequency. For all practical purposes, the only
*ference between X and X' 1s the square topping of the
former. Now odd multliples of 8000 are as follows:

3 x 8000 = 24,000
5 x 8000 = 40,000

7 x 8000
N x 8000

56,000
M, thousand
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Flg. 9 - Simple Synthesis of Modulated Output Wave
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Now we examine in a crude manner the wave shape to see
1f we can reasonably expect to find one of these frequencies,
Say the first, 3 x 8000. We deliberately draw & third harmonic
On a wave somewhat like X', Figure 10. We examine, compare,
and cross out elements of what we presume to be a =4,000-cycle
ripple., It looks very much like all 3 x 8000 bucks itself out
for the same reason that the 8000 itself cancelled out. Now
let us retire to the solitude of a laboratory equipped with
measuring apparatus. We promise to report the results in truth,
give the whole truth and no befuddling embellishments. We con-
duct an experiment and try to find some 24,000 by measuring what
part of this wave will actually come through a 24,000-cycle filter,
We find none! But while hunting for 24,000, we do discover some
25,000 and some 25,000. Working now on a hunch, we look for
89,000 and 41,000 and find them both but no 40,000. Bo we jump
at the conclusion that those things which make X have its
Squared appearance are removed from their true harmonic
gnsitians by a frequency which is actually the signal frequency,

000 ecycles. 1In other words, the first pair of unwanted products
of modulation are (3 x 8000)+ 1000 and (3 x 8000) - 1000,

Y
ﬂ Py ~

W i I

Fig. 10 - Synthesis of Improved Fidelity

All the frequencies present in X to produce the
Square topping are well out of range of the thing we were intereste
in. 1In other words, we set about to translate 1000 into 7000, let
us say. We follow our modulator "M" by a filter "Fm® whiech rejects
things above a certain Number. It is only required to reject
frequencies which are odgd multiples of the carrier plus and minus
the signal frequency. This seems a reasonable enough requirement
and with only a 1ittle forethought in band layout, it is easily met.

Oh, so you've heard of the double pole, double throw
reversing switch analogy for modulators! Exactly, except for
certain simply stated but difficult to accomplish requirements,
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;:gmar replace the four rectifiiers wlth a double pole, double
hrow switch. All it need do 1s reverse the connections between
be two transformers. The requirements are that we throw the

' gwitch 8000 times per second, and that the time when the blades
1t tve in mid-air be zero. This is & bit difficult to imagine, but
tamember vacuum tubes were used in modulators of this type many

.1: SHilLw=

leaTs ago. Remember, too, that modulators take many other forms.

11

1th
.n:’ i Summing up now, we showed that the output of a balanced
hat hdulator contained no signal frequency and that 1t contained no
{lter, farrier frequency. It did consist of two sidebands, the fre-
ome Mancies of which are the sum and the difference of the carrier
84 the signal frequencles. These we call first order sidebands.
mp je spurious odd-multiple frequencies are generally called higher
dder sidebands. Specifically, they are sometimes identified
% the numbers by which we multiply the carrier to locate them,
ey, § for instance, 3rd order, 5th order, etc. Make no mistake,
ucts sere are other unwanted products of themodulation, but perhaps

8 need not explore them here as they will also be pretty well
it of the range of useful frequencies and so disposable 1if good
lters are used after our modulators.

- Up to this point, 1t has been presumed thst both the
jarrier and the signal are at steady state amplitudes, or more
dmply perhaps both have been going on wilthout alteration since
16 beginning of time. With the signal continuously at steady
gete of course, we send to the receiving station no intellil-
lénce, only a knowledge of its frequeney. To send intelligence
“represented by the teleprinter or other code, the signsl
fequency 1s in some manner in its turn modulated. Either 1t

B Btarted and stopped conforming to the printing impulses, or
e 1ts frequency is moved up and down by these lmpulses. Let's
ppose it's to be started and stopped. Very well, then this

3t of starting and stopping the 1000 cycles (the original

fignal frequency) is as legitimately called modulation as is

48 translation of the 1000 to 7000. But you say, yes, you knew
-;t. It is proposed to pursue the subject only far enough to
Q0W that the original modulation, starting and stopping, of the

zrfsgen g0 will show up on the 7000. Let us choose to look at that
iecgs ﬁ_ignﬂra the 9000 because both will behave 1in the same manner.

Looking at Figure 11, we use a square topped 100-cycle

JEE: glay signal S1 to start and stop our 1000-cycle channel
" tBquency which we will call C3 Kfur first carrier). We will
-y met. 38ume we are able to start it.and stop it instantaneously,

4ﬁﬂh will give us our signal in new form Sg,
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But our nice square topped bursts of 1000 cycles will
not go through a filter. They get rounded corners - let's say
they come out like So!, The matter of square wave envelopes
going through tuners is quite beyond the intended scope of this
story. . Perhaps a few simple facts about the phenomenon will not

be out of place, however. It turns out

just sufficient width to pass the first order sidebands, the

that if the tuner has

I,f”””;””““‘h'””"'\“nﬁ "
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Filg. 11 - Square Topped Amplitude Modulation

Through Band Filter
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‘tfut wave resulting from a square topped input wave such as

say ‘pf Figure 11 has a sinusoidal envelope. More simply

35 teﬂ for the case at hand, 1f the telegraph channel tuner
this = only enough width to pass frequencies between 900 and 1100,
1 not | a envelope will be that of Sg'. 900 and 1100 are, respec-
\as b , 1000 - 100 and 1000 + 100. This cigar Sg' can be snown

= uﬂﬂtaiﬂ 1000 cycles at amplitude "A" plus 900 and 1100 cycles,

oh at amplitude nl/2-A", 1In Figure Y2 we simply add these

hree frequencies in these relative amplitudes and we get 5p!
pra?e our point.

VUV VUV

ll:iﬂﬂ CYCLES

:uancwmes

s | =

| 1100 CYCLES | .
| :

Flg. 12 - Synthesis of Figure 1l Result
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All rightl Let's go on with the business of transls
a4 wave of wyarying amplitude. Let's take the first few cycles
one of the cigars in S¢' and enlarge them in Flgure 12 so we
can have a big enough plcture to admit of real close inspectio
Ve then draw our 8000-cycle carrier, Cg, to the same frequency

scale - B cycles of C2 in shme length of time as one cycle of

R

ENVELOPE E’

1000 CYCLE SIGMAL

_-=____...-___'___
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Fig. 13 - Modulating a Wave
With A Wave Which Is Already

" 8000 CYCLES
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¥ From the previous more simple exampla, we Xnow we
1’ gt the strange looking signal Sz of Figure 13 that
s t the same time as the 8000-cycle carrier, and

fggses zero &
B nstantaneous amplitude the same as the instantaneous

fiitude of the modulating signal Sg!.

rallslat
YElES-
0 we
vectiof
Juency
le of § i Now using our hindsight, we don't have to guess too
f%to find out what is in 5z. We know it contains 8000 + Sg!
BO00 - 521, plus a lot of higher order sidebands. DBut this
Y the signals are contimuaily varying in amplitude, so let'!s
Bdding 8000 + Sg' and 8000 - 5g', both of which vary in
ftude in accordance with envelope E'. We have already shown
880! 1s 1000 cycles varying in amplitude. Therefore,

%+ Sg' equals 2000, the upper sideband U of Figure 14, and
8- 5o equals 7000, the lower sideband L, both varying in

g Mtude. Count the cycles and see if we are right.

EMLAR

-

g

ENVELOPE E;\,Tw-\' ) = =

LE-

ENVELOPE E| n]
o |

!
-
i

Fig. 14 - Synthesis of Figure 13 Result
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Now if we add U and L, we shall again get a signal like Sz with-
out the square topping. Actually drawing it out is a lot of work,
and I am sure you can agree that the last statement is going to
be true. 8So if we throw away U and keep L, we have a signal with
the same amplitude rise or envelope as S's only it is 7000-cycle
instead of 1000.

Decrease the scale of L and redraw it, and we get 54,
Figure 15, our final useful signal that goes up and down in accord
ance with our original envelope E, but now each burst is filled
with 7000 instead of 1000. All we have sald is that the process
of translation goes on faithfully and reproduces any amplitude
changes of the signal wave.

ENVELOPE E

Fig. 15 - 1000-Cycle Telegraph Signal
of Filg. 1l Translated with Faithful
Envelope Shape to 7000 Cycles

The envelope of 54 we note is the same as the envelope
of 8b. We know that this wave contains still something besides
7000 cycles. We suspect strongly from analogy that it takes the
same things to give it this appearance that it took to make Sg!
have this shape envelope. The fact is it 1s made up of one part
7000, one-half part 6900 and one-half part 7100. In other words,
the sidebands are in the same places and have the same relative
amplitudes as before we translated it from 1000 to 7000. Marvelou
and delightful; no more spectrum space is required to transmit the
intelligence contained in the 100-cyele telegraph signal than had |
we left it in its original position at 1000 cycles and we are now |

iﬂfa position to pile one telegraph channel top another ad
um.

Without much stretching of the imagination, we should
be able to make one further step or deductlon without bothering
to draw it all out. If our signal varied in frequency instead of
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B ing and stopping our resulting signal should vary in
Hﬂ:ﬁc? instead of in amplitude. G&See Flgure 16. Usling a
At ovele mid-frequency channel, let us say our signal is
flency modulated to give'a 50-cycle deviation, resulting in
cycle | & 1000 eyeles durlng a mark and
1100 eyeles during a space,
always constant amplitude.
Sd, - We kmow the 1l000-cycle mark-
accordg . lng signal will give an upper
1lled Bl * : sideband of 9000 and a lower
OCess - N sideband of 7000 when we use
ude { an 8000-cycle carrier. It

f?i l l Ill ll l is not hard to picture an
AR

III upper sideband of 9100 and

R
i

a lower sideband of 6300 when
we have a 1100-cycle spacing
signal.

: Prestol - - Qur original
8 - Obviously Susceptible signal varied 50 ecycles elther
Blagous Translation side of 1050 giving 1000 for
: mark and 1100 for space. If we
e lower sideband of our final signal, we still find it
Mg the same 50 cycles above and below 6950 and we get 7000
mark and 6900 for a space.

i 50 we find the modulator is really a pretty convenient

8 for translating frequencles. It cares not what the fre-

gy or the amplitude of the signal, it translates everything

g8 new position in the spectrum. Speech currents we know

N both frequency and amplitude. The modulator as a frequency
Btor quite obviously may be used to stack telephone conversa-
elope Pne above another.
1des k.
s the
Sal

' From quite analagous reasoning and diagrams we may
gdate the simplicity of translating in the oppssite direction.

part | !;T'hEtE?Er that we have stepped up can be stepped back to
sords, iBinal position by employing the same carrier frequency to
tive | thﬂﬂk as we employed to get it up in the first place.

arvelo 3 =

mit thé ¢ From what has been said, it should be obvious also that
an had #ive (tandem) stages of modulation may be employed if desired.

re now & day techniques keep wave form distortion to an unbelievably
Nel. Speech we know can be translated up and down many tlmes
lose none of its identifying characteristies. The

8T characterizes that oroperty of the modulator which permits

ould ‘{‘rat& in a distortionless manner as "linearity". Today's
ring g2ON Systeus are as linear as are the best amplifiers.
pad of 3

¢ Our avowed interest in the modulator as a frequency trans-
B8ults from its ability to effect efficiency in the use of

¥ Spectrum. Perhaps another type of diagram, another mental
£ point of view, will be heloful in bringing us to a

80N of the great advantage of single sideband operation.
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In Figure 17 we draw the familiar line diagrams of sideband
relations. Adhering to the symbols and specific frequency
locations of the amplitude modulated telegraph problem used
as an example, we find Cyp, with its two sidebands at 1000 cycles.
In translating these three essentlal frequencies to a new
position on the spectrum, had we not suppressed the carrier and
discarded one sideband, we would have found it necessary to
assign all the space from 6900 to 9100 to this lone telegraph
channel. By obviating the necessity for transmitting all those
frequenclies shown dotted on Figure 17, we conserve nearly 2000

sl
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Fig. 17 - Efficiency of Spectrum Utilization

cycles of space which may be used for other similar telegraph
channels. The price we pay for the privilege of throwing away
the image of S4 is only the cost of a little extra galn in an
amplifier. We must double the power transmitted on the sideband
we do retailn because the energy was divided equally between the t
The price we pay for the privilege of throwing away the carrier Cg-
is the cost of maintaining frequency accuracy of the translating
carrier relative to the detranslating carrier. Obviously if one
changes with respect to the other, C, comes back to us at the
receiving terminal displaced from the original 1000 by the amount
of the difference between them. No other disastrous results ensue
as a result of a lack of matching but we cannot let C; come back
so far ¢lsplaced as not to fall within the narrow channel filter
for which it is destined. If the modulation be speech or music,
we do not want 1ts pltch materially altered. If the telegraph be
FM, an even more rigorous control must be maintained over differenc

between translating and detranslating carriers.
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