Commercial Single Sideband
Radiotelephone Systems

Tne wkiksm TWTEREST fhal s been
shown recently both in professional
aml anmteor circles in the single-side-
lamel method of radio tromsmission has
fucused attention on the eaely develop-
meits in this fell clading the chace
of menns for penevating wml receiving
the sigmals, The preseat interest mo
dopht stems from the splendid service
whitli these systews puve doring the
wir  and B the sepors of the
numerous Ment who ecine equointsd
with them, voupled with o lsetier ap-
pveciation, sinee the [947 Tnterpatiomal
Radie Conference m Adantee iy, of
the possilalities of single sdeband in
werensing  the pntential pumber  of
chanmels which can be crowded o
thie =pectigm.

New Developments

Comsideradle impetus to the wide-
spreacl nae of single-sibelmnd svysrems

Fifzra I
Carrier medulated by speeth waves; =l botbam,

|espigaband patcers. | Tohem [ ]
e et Blackwedl A1 6402,

by F. A. POLKINGHORN

Engimssr, Transmistion Development Dapt,
Ball Telephana Laboralaries; o

catl feasonably be expected o result
from the development of such complete
leow-power, single-sideband  radiotele:
phone  systems a2 the LE  system.
This apparatus was specially esigoerd
by Bell Telephone Ealcratories for
pint-to-point medium-distance  npph
catioms.

Carsan’s Ploneeriag Wark

The zingle-sideband  methad  of
trapsmission wak borw by the mind of
Johin B. Carson by pure amalyshs os 2
resule of his numthematical investiga-
lions of the operation of vacuom tubes.'
Alenost sinmiflaneously Ho D Arnold
discovered the pessibility n connection
with tests of the Arlmgton Transmitter
in M5 For a considernhle pecuod
therealter the physenl reahity of side-
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bands was vigorously argued by some
cOgineers,

Exporiments of Thirty Fears dge

The single-sideband methad  of
transmission has been standard in Bell
System carcier delephone equipment
for nearly three decades” The first
published mention of the use of single
siclehandg (or radictelephony, however,
seems to have besn made by Espen-
schied in 1972" About 1922 an ex-
perimentil =ingle-sideband radio sys-
tem was sst up with a transmitter oper-
ating at about &0 lc Jocated st Rocky
Point, Long Island,! and publicly dem-
onstrated oo Jan, 5, 1923, This sy:-
tert was put into commercial service
between WNew York and London i
F27 and i3 still in operation, being,
a3 far as 5 known, the frst single
gideband rardio syatens to be used com-
mercially. The large zize of the an-
terma structsre required for efficient
radiation at such a low [requency
made it difficult w0 obtan 2 hroad

Fujurr 1

I'"arvion 4l one of John H. Ceresa's ariginal pubanisz shewing
applicmiiun of the tomhinazian af Ealanced modolmion dar wug-
preswing the sarrier, and oulyst Skler Bod etripph af aaz sidebani,
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enough band for a good telephone
channel and the use of single sideband
made the problem much simpler by
permitting the required band to be
halved. Efficient operation of the sys-
tem was imperative since a power of
150 kw or more was nvolved.

The early Bell System work on high
frequencies (it was short waves in
those days) wash done in the 1920’s on
double sideband but it was not long
before the theoretical advantages of
single sideband resulted in experiments
with the same arrangement of sup-
pressed carrier and hand-synchronized
receiver which has recently been taken
up by the amateurs. This work was
done by Raymond A. Heising, who, in
1915, worked on the Arlington trans-
mitter, the forerunner of all modern
radiotelephony, and who invented the
constant current system of modulation
now so widely used.

The hand adjustment of the hetero-
dyne frequency was not very practical
however, and a few years elapsed be-
fore active work on the commercial-
ization of single-sideband radioteleph-
ony was taken up in earnest. In those
years, the high-frequency double-side-
band circuits were put in operation to
many parts of the world and ship-to-
shore telephony became a permanent
commercial service.

In the late 1920°s an anusual ve-
ceiver was constructed at the Bell
Laboratories with which to investigate
the characteristics of single-sideband
reception. This receiver occupied
seven bays and used the first crystal
filters to go in equipment of this kind.
It was capable of receiving double-
sideband transmissions and separating
the sidebands and carrier for experi-
mental purposes. Reconditioned and
local carrier and automatic frequency
comtrol were provided so that it was
possible to simutate almost any kind
of reception. The results obtained
with this receiver were in accordance
with expectations and consequently de-
signs for a single-sideband transmitter
and a receiver for a transoceanic trial
were . initiated. Upon the completion
of the transmitter it was taken to
England and, in cooperation with the
British Post Office, set up in their
transoceanic transmitting station at
Rugby. There followed extensive
tests which confirmed that the theo-
retical advantages coufd be achieved
in practice.*

Comparisons with double-sideband
transmissions were made on a basis
of signal-to-noise ratio, articulation,
and judgment tests. The articulation
tests consisted of transmitting imean-
ingless svllables and determining the
errors in interpretation by a number

Single Sideband Systems, Which Have Had an Unusually
Interesting Developmental History Since 1915, When the
Method Was Used in a Transmitter at Arlington by H. D.
Arnold, Now Being Applied To Solve Many Current

Transmission Problems.

One Procedure, Designed for

Point-To-Point Work in the 3.4 to 25 and 2.7 to 14 mc
Bands, Provides 200 Watts Peak Envelope Power, With

Ranges of 200 to 2500 Miles.

of observers. After making correc-
tions for differences in bandwidth, the
signal-to-noise improvement checked
the theoretical 9 db very closely. The
number of articulation errors obtained
also showed that the field strength of
a double-sideband signal had to be 8
or 9 db stronger than a single-side-
band signal in order to get equivalent
results.  Finally, judgment, or so-
called circuit merit, tests gave approx-
imately the same results.

The original equipment was put into
commercial operation and in '36 rede-
signs were started for commercial pro-
duction.” 8910 Tn the following dec-
ade over 50 single-sideband circuits
were set up in all parts of the world
using this eguipment.

During World War II the single-
sideband equzpment did partlcularly
valuable service in connecting conti-

nental United States with the armed
forces all over the globe. Multi-
channel teletype using two-tone opera-
tion with frequency diversity (4 tones
total) was ased in most cases with
speech channels for special purposes.

The first commercial single-side-
band equipment provided only a single
speech channel, but it was soon deter-
mined that two channels could be ob-
tained almost as easily as one by using
two low-power modulators to place
one channel on one side of the carrier
and another on ‘the other side of the
carrier.  Somewhat better perform-
ance was obtained by spreading one
channel from the carrier so that modu-
lation products generated by one chan-
nel would put fess noise or crosstalk
into the other. During the war years
and shortly thereafter the need for
more radiotelephone circuits caused

Figuce 3
Berly _illustention of single.sideband trmasmission applied to radio, showind decivation ol
siodle band, and at receiver ths reintroduction of the carrier?d

RADIO TRANSMISSION WITH CARRIER AND SIDE BAND SUPPRESSION
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both channels to be spread from the
carrier and & third divided the twao
sidebands ; thus permitting three sepa-
rate simoltatecas conversations over
the zame equipment.

The P-db wranemizsion advantage of
single sideband as compared with doa-
ble sideband is explained entirsly on
the basis of amplitudes. It 35 assormsd
that the same v/ power amplifier is
tsed and the peak dmrmg voltage is
the same. This results in approxi-
eeately the same distortion, Since the
carrier represents half the peak ampli-
tude of a fully modulated double-side-
band transmission, reducing this to =
nepligible value permits doubling the
amplitede of the sideband, an improve-
ment of 6 db, The other 3 db comes
from the reduction in modse at the pe-
ceiver by reducing the received bamd
to one-haif, permitted by the elimins-
thom of one sideband ar the transmitter,

In the commercial operation of
single-sideband circnits the carrier is
normally tronsmitted 26 db below the
envelope peak amplitude. This per-
otits the automatic toning of the re-
ceiver, o that the receiver may remain
in service hour after hoor with littls
or mp attention {rom the tecelving-
station operator, who may have a
dozen or more receivers under his
care. The reduced carrier is separated
from the sldebands by a crystal filter
which is only about 40 eyeles wide,
This filter reduces the noize to a point
where antomatic freguency contrel
and apiomatic wolume cootrol can be
abtaiied &t s low zigne]l strengths as
the speech circuit remains commercial.

The ofc device of the W, E. recebver®
is frequency operated, ie. it is oper-
ated by & beat note between the car-
rier at the final intermedite frequency
and a local erystal oscillatoe,  This
beat frequency drives & motor con-
nected to the beating oscillator fre-
quency adjustment, either forsard or
backward, depemvding upon whether the
carrier is too high or too low in fre-
quency, until frequency of the beat
note is redweed to gero. This system
hae the advantages that it i3 accurate,
not sensitive to amplituée, and the ab-
senice of A& earrier for & short period
need not cause the osciflator frequency
to move [ one direstion or the other,

Commersial single-sideband receiv-
ers nre genesally arranged so that
either a carcher from a local ascillator
ar the transmitted carrier may be used
for the final demodulation. Tlsing the
tramemitted enrrier has the advantage
of insuring the proper frequency re-
fatiomship between carrler amd side-
hond, but requires an effective rapid-
acting volume control or limiter ta
Insure a constant Amplitude of carrier.
Using a local carrler insures anm ade-

quate amplitnde ar oll times but re-
quires & good afc system. Receivers
ean he built v which no difference can
e detected between the two methods
of demodulation.

& single-sideband signal is genet.
ated] by modulating a carrier with a
sideband to produce & double-sideband
signal and then either shaving off ane
srfeband by a sharp Glier or balancing
out one sideband in a double modola-
tof arrangement in which the carrier
and sideband to one modulator are
both shifted by 90°.

The basic idea of the balancing
acheme was invented by R. V. L, Hart-
ley** ip 192B." To this B. K. Potter®*
added the idea of obeaining separate
speech channels on the twe sides of the
carrier™ and E, [ Gresn®® suggested
the wse for separating the two side-
bands at the receiver. Recently sev-
eral companies have either used these
methods or indicated their intention of
doing 30, The svatem is well suited
for certain purposes, The suppression
of the unwanted sidelmnd depends
upon phase and amplitude balances
aiid muy not be uwdequate for all por-
posed.

The telephope transmitters and re-
ceivers have osed erystal filters for
the purpese of eliminating the unde-
sired sideband snd interfering signals
to & high degree. Crystal filters per-
mit obtuining the desired selectivity

Figurs 4,
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at frequencies as high as 100 o 125 ke
or more. With crystal flters opecat-
ing at thess frequencies only one in-
termedinte  modulation BB veguired,
generally operating arowmd 2 B0 ke
Crystal filters have the sape acdvan-
tage when uysed i single.sideband re-
ceivers. Even at 100 ke the flters
may give 8 or 90 b attenoation at the
end of the first 1000 eyeles ontside the
transmitted baned.

The Bell System was not alone i
recognieing the merits of single-side-
band radiotelephony. The British
Post (Mfice worked hand-in-hand in
estahlishing the North Atlantic cir-
caits. Among those who made impor-
tant contributions, A. H. Reeves of
International Standard Electric did
E0me major pioneer work'.  The
Dutch were pioneer workers in the
feld and established a circuit hetwesn
Holland and the Duteh East Indies at
an early date® The Japanese and
Germans also constructed equipments.

At the present time a barge prupor-
tion of the overseas telephone sevvices
operating from the United States use
single-sideband eqoipment and  the
ramber of circuits is increasing yeariy,
With the production of simpler and
cheaper equipment, it i5 expected that
many of the services still using double-
sideband transmission will be cone
verted {0 single-sidehand.

Typacal of the modern trend o sim-
plor, less expenszive equipment is the
LE system previonsty mentioned. This
systern was specifically designed to
make available the important advan-
tages of single-sideband techmigues in
an economical form for uwse m point-
to-point radiotelephone zervices. Tt
provides complete radin transmitting
and receiving facilities, including the
new synchro-seiiched spesch privicy
equipment which s built direetly into
the circuits of the radio units,

In nddition to the transmitter and-
recedver, & versatile manually-operated
telephone-control terminal b5 avalable
a8 a part of the LE system. This con-
trol termimal mclodes all necessary
coptred  apparatus for connecting  the
transntitter amd recebver to o comven-
tional telephone syatem. Where a
semi-automatic control termanal s de-
pired to refieve the operator of rcon-
stant monitoring during calls, s suit-
ahle contred terminal mav be substis
tuved,

The LE systemn rransmurer delivers
200 watts peak-snvelop power and i3
ideally suited to the followng apgpli-
CREPmS

(1} Satellite fesder circurs from

remote points ta higher powe
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cred fransocean: radioteleplione
=tafinns,

(& Radin erewit extension of tele-

photie Jamk lines, and

(3) Imiercicy or point-to-point ra-

diotelephane circuits,

The ranges winch can be covered
by the L5 Svetem depend, a5 with all
b rodio systems, on @ number of fac-
tors which affect Lhe sigmol-to-zeise
ratin.. Armespharo stabe yaries with
[requency, peographical location, sem-
zom, and bime of day. The rodio fiells
received i sky-wave Lrapsmission de-
jrend upin power, antenna character-
ishics, Treqoency, dislance, geographi-
<l regiown, direction of path, asd 1ono-
sphere conditions,

Represemdntive Dgures for the Lf
serwice tahges, with sdiable antennas
and appropriate irequencies, are esti-
mated to be: In the tropics, mght
ranges up (o 200-600 miles, day ranges
bp o FH2000 miles; s temperate
latitucles, might ranges up to 41,000
miles, day ramges ap ta 1500
miles.

The transmatter and recewver of the
sesterm can be furnished for operation
in either the frequency range from 3.4
to 25 me oe from 2.7 to 14 me

The trorsmitter and receiver are de-
signed Lo permt I!h_e selection of any
ate of ten  erystal-comtrolled  prese.
lecied Frequencies

In making a change from one o an-
other frequency, the opecator s guided
by s control-pesificy indicarer wiich
provubes information for setting  all
controls for any of the on preselected
frequencies. The indicator s located
Et eve level on the tront panel of both
transmitter and eeckiver.  When To-
tated to the chosen frequency, the nec-
pssary cobirol settings pertaining only
to that frequency are shown on a dial.
A change in operoting frequency is
then sccompluhed by use of selector
swatches and dwtmg contrgls readily
nccessihie on the fromt panel of each
cabiper.  The time required to make
a frequency change s aboot three
minntes.

The rf enission consists of (2] Iwo
pilot  freguencies wlich are  spaced
3825 cycles apart, and (5} signal fre-
quencies riadiated between these two
plot Trequencies in & bamd 5000 cycles
wige.  The signal freqecncies eorre-
spond to vokce freguencies m the band
250-5 250 cycles,

The systern provides an slecirome
priviccy  eguipment of the  spmchra-
mevtched type which will prevent a
cisial listener from savesdropping. I
& obiined by alternately transmifting
npe or the other of the wwo pilot fre-
guencies in inverted relacion 9 the
signal, and iz direcily incorporated in
the cipeuils of the ransmiter and Te-
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Figure 5
E!i‘l‘lih:] "Ill.-f"" Hinstraging ansther method ol deriving single=iideband, which wma inveated by

artley ja I
addl B 1. Gregn

ceiver, This awitching feature cun be
turped odff for testing purposes or to
peemit teansmission of a normal or i
verted sidebond,

Special attention has been given to
prowviding omeasatly complete festing
amd medering  fzcililies, which  hawe
been Tanlt directly into both the trans-
mitter and receiver, providing obssr-
wition of operabing conditions in the
vacuum tube circgits,  An olarm eir-
cuil is alse provided in the receiver to
indicate jozs of sigual, and celay con-
tacts dre available o permit extension
of this alarm to remote pokitions,

The recciver 1= a triple detecibon Te-
cerver having @ crystal-controlled Ges
beatmg escillator and avtomatic fre-
quency contral acting om the second
beating oocillator, The Brae f oper-
ntes &b abeot 280 ke, and the second
if at aboutl 100 ke, A crystal filter at
the secomdl of is used to obtain high
selectivity amd high fdelity in the
baard,  Bioth ate and afe aperate from
both pilnts, thuz taking advanage of
the frequency doversity o obtaln im-
proved  performance.  The wltecnate
transnession of the pilots s oied o
sytichrostize the privacy switching.,

The centrol terminal bas been spe-
cilicinlly desigmnel o achieve the full
transmissinn capahilivies of the radio-
teleplsone links, in addion e the
effective handling of telephone rafic,
The bdjnstment obf receresd  walome
which, umntil the new modet*® bas
heen the most difficull of manoal ad-
justineits, 18 mow effected by nechan-
ical couphing o the other concrals so

L This meched dogble mudul :
videbend fnetoad ol chiminatiog St by Elter. This method s e Torihes Bowchemad i o " s

| Fidure [ram Hardley parse) Ve | 584,204, |

ke W, K, Trices

that it does not require any attention.
Built-in  frapsmission  lesting EUIp-
ment essential o main@ining the ter-
minal al pesk effeciency i3 provided,

For masimun frandmission results,
the highly directionnl rhombic-type
amterina can be wsed {or longer brams-
mission patis.  Odher rypes of anten-
mis prssesiing desicable transmiggion
and directionnl characterislics may be
wsed ever shorler circuits,

References

IR, Carsan, Patengs | 339332 | 543,30&
wnd 0,440,508

¥E. FI, Colpues and Q. B Bleckwsil, {arrisr
Corrgrid Tefefhomy aud Tahrgrapiy, ALE. .

Anril [NFE,

iy Esvtrscksed, A pplicalian Kadip
¥ ire  Tremniirion EII fm,l\.lln'.?_ E-‘m 1E:E.|:‘F.I
Clzb. 1522, amd DET), Mow, [0ZE

AR A Helpng. Prodechsd of Single 5ide-

d fic Trassabldmdic Radic Telapheny, Prac
IEE; June 1o
R, Falkinghoon and M, F. Schlask, A
Kingie- -#dﬁlﬂd Aot Fawe Syrlem far Tranr-
alfdndic Telephomy, BETT; Jolv 1933 ard Prac
IRFE: July 1833 :

G Rodwis, Liacle Sidebeiid Shaet B ave Re-
idtper. Hell Laliorabzcees Rescrd) Aug 1956

A, A, Boeckan, 4 Single Sudetieed Secaiver
for St W anie Teiephstis Seteice, Paac. 1EE;
Diee. (915

"h, Crawaldd, A Short-Fave Single-Side
E-wm“t R_F',!'i.:l;rlfllllﬂll-r Fuopa. Prec IB:EI:;" Dhee.

e L el Seuphe Sddebang 5 kere-EFace
Eegwwer, 1B2ll Labeealuries  Hezord; Nor 19319,

PR L. Himnp. A TVeaw-Channedl Sple Sidy-
fgnd Badio Treasmiltcd, Fell Lasorpiomes Ree-
erd; March 1541,

WPakent § &6k, 000,

EPakent 1,571 0 16,

"Pacene 203405

M, H, Hefved, The Sowwle-Frdrboud Syvidam
Apptivd de Shor-Farr Tolrphany Linkr AJLE;
Lam, 1910,

=8 Ronsmma,  SogleSdidend  Telrphiea
Appiiad dp dhi Badivc Link drtuwan the Wptkar-
i ol the Metherfonde Eant Tudige. Proa.
IRE; Feh, L9

COMMUNICATIONS FOR DECEMBER 1948 = 32T



	Communications 1948 12-26
	Communications 1948 12-27
	Communications 1948 12-28
	Communications 1948 12-29

