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FOREWORD

The following Report on common frequency
broadeasting has recently come tc the attention
of the Us S. NARBEC Member. It is believed that
the paper will be of interest to the countries of
the North American Region and is submitted herewith
as an information releasa.
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of Washington, D.C.
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I. INTRODUCTION:

Synchroneus or common frequency broadcasting
consists of the operation of many stations on the same frequency
in such a msnner as to minimize their mutual interference;

The term synchronous is taken to include all at-
tempts at and methods of common frequency breadeasting in which
the diffareﬁce in carrier frequencies ig held to-a_ﬁgﬁll ?%Eya
and.the same program is transmitted. The ideal common frequency
broadeasting system, and by ideal is meant the elii:ination of
eny distortion éffecﬁa to the listenser, must provide not only
‘identical carrier frequency, but also must reduce the audie

delay, relative audio phase shift and audio distortion values

within limits that will satisfy the most critical listener.

IT, HISTORY;

The history of synchronous broadecasting, which
dates back to 1925, has shown continual progress'téwafdé oh-
taining the ideal system. In the Unitéed States $§nchfonous oper=-
ation has been employed for varying periods.since this date by

the following stationsg:

WBZ-WBZA . WDC and Boester
WHO-WOC WEBT and Booster
KFAE-W3BM : “WSAI and Booster
WLLH-WLLE WINX and two Boosters

In Germany and Sweden common frequeney broad-

casting has been used commercially since 1929, In England coma on



carrier operation, in use since 1929, reached its height during
World War IIv Nine groups of stations were in operation; each

group transmitting on a separate frequency. The largest of these

groups hed 61 stations on a single frequency.

ITI, ADVANTAGES:
Seme of the principal adventages which syn-

chronous operation offers are as followsg

(1) The most important is that considerably
fower radio channels are required to provide a single
radio program service to a largs area or pupula%ionr I

(2) Synchronous or common frequency operation

“provides a simple and flexible methed of_msstiné the de~-
mands of future expansion without the serious allocation
problems end & disruption of frequency assiggmentsm

(3) It permits optimum use of the ‘bes‘t available
'frequencies. This means that not just one station, but
many stations can benefit by the udv&n‘taéeﬂ of the most
desirable frequencies. For instance, a low frequency
channel with its resultant excellent grouﬁdwave COVarage
or a channel having low interference levels can be put to
ﬁuch ﬁore effective use.

(4) ‘Synchronous operation provides a better
secondary nighttime sky wave Service with the signal

relatively free from quality distortion end deep fade

outs.



IV. " BASIC COVERAGE PRINCIPLES:

Y The basic problem of synchronous broedeasting is
that of making the radio frequency differences between the stations
very small. . Experience and reports -show that the carrier fre-
quency difference should be less than 0.l and prefarably 0£9§

cycles per socond in order to obtain the full rpotential benefits

of synchronization.

The first detailed mathematical study of the percentage
of. time that the sum of a group of various numbers of: radio .
signels would exceed eny given values was given .in the papsr of
Glenn D. Gillett on "Developments in Common Frequency Broadcasting",

Procoedings of the IRE, Volume 19, Pages 1347-1369, August, 1931,

This paper also ineluded & brief study of the distortion that will
result in the area where ths signals from the two stationms approach
the: same order of megnitude for varying degroes of modulation and
audie phase differences, as well as experimental verifiecation of
these theorotieal studies. ' This work was further expanded by

Mre Ce Be Alken in his own paper, "A Study of Rocaption from

Synchronous Broadcast Stations", Proceedings of the IRE, Volume

21, Pages 1265-1301, 1933. This study indientes that o ratio of

carrier field intensitics of 6 db (2:1) would mot result in

objectionable interfcrence even for relatively laerge audio delays,
ekXeopt where the phase of tho two RF signals is nearly -180° (the

most oritieal condition). This is to be compared to the aceeptad

standard lroadcast co-channel desired to undesired ratio of 204l.

The carrier field ratio cen approach 1l:1 ss the audio delay becomss

0. With a'carrier field intensity ratio of 2:1,. the effect of
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sufficiently large to produce noticeable "echo e’fects".

It should be noted that when the audio delay is suf-
ficient to provide a noticeable "ache", there is a marked
difference in the amount that the average listoner will tolerste
betwesn the tase whére the weaker signal or "echo" arrives cfter
the dominant signal-and where the weaker signal or "echo" orrives
before the .deminsdnt signal. Experimental tests have indicated-
that-the tolersnce for the "echo" arriving after tho dominant
"gignal is some 20 to 25 db's'higher tHan when the "echo" arrives
before the dominant signel. This probably is due to the faet
that we have no experience in nature with a situation where the
"ocho" arrives first. Hence, it is disturbing becauss it is to
us unnetural.

©« Mr. Alken reports that when there is no phase differsmnce
in .the audio.signal, that for the worst condition, that.is when
the carrier phase angle is equal to 180° plus or minus 1°, a:
"ohange of 0.5 decibels in one carrior amplitude resulted in a
very great improvement in quality and 1.0 db redueed the distortion
to a mers trace.” A chenge of 1.0 db represents o fisld intensity
ratio of ebout 1 %o l.l. These figurcs are likewise substantiated
by the reports of WSAI Booster operation, wherein the conditions
of synchronization were equally..cod and the distortion almost:
ngnnexistant‘j.__u

A car:’*ieir- ratio of 2:1 as indicated Yy the Aiken article
has been substentidted by numerous operational tests, and, therefore,
is generally accepted as & conssrvetive figure to indicate limits

~of o distortion zone.



The distortion zones as computed using the 2:1 ratio
oft field intensities and within which the two signals ‘are
very nearly equal do not by any means reﬁresent a total loss in
serviee within- this boundary. Within this zone, distortion occurs
in narrow bands. These bands take the form -of spherical hyperbelas
which at 1000 ke will be spaced appfnximétaly'every 500 faect or morao,
.These zones represent locations wherein the RF phase of the two
signals is very nearly 180° and equal in magnitudé resulting in almost
complete cancellstion of the earrier. ' The width of these bands is
.reduced a8 the audio delay and distortior is roduded =nd as the field
intensity ratio departs from 1l:l. With redgseonably good "synchroniza=
tion" (of fregquency and sudio delay) the total area of these
distortion bands is only a few percent of the area of the possible
distortion zone.

B abdEd oles e Aotes Dot any listener located within

the so-called distortion zone can recover either one or the other
gignal without objectionable disécttion by the Qés of o rocelving
aﬁténné with a directivitf of not moralthan 6 dg! Henee, the
theoretical distortion zones.aro in faot of liétla si%nificunce
or practicéi importance. |
fhua, tﬂe abéve s%udias show.that it is possible Fo
reduce thé distortion in the wnrstlspots to substantially O if
the phaéa angle of thé audio programs is maintaingd identicnl in
reference to the carriers at each of the tra;smigting stqtinns,
Thi# can be done only hy-tfansmitting-tha mﬁdulgted radio fre-
.quenéy carfier, by sither high frequsncy relay or s;mc other

means, for amplification without de-modulation at each of the

satellite or subsidiary transmitting stations in the synchronous

--5-'
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‘network. However, the ideal condition can bé-Subétaﬁtially ap=

© ~proached if adequate steps are taken to r%dﬁce ta.ﬁ minimum
the audio dolays at tho various transm£t£qrs:aﬁa:to kﬁep the phase
and other distertion in seach transmitter at A minhnmﬁ;

At night beyond the limit of groundwave service where

' the secondary sky wave service b;cqmas the cont;olling factor, .
the signal from & synchrenized netwnrk.iz much steadihr than
that from an individual station. Thus the time lost through
doep fades or drop-outs 1s markedly reduced &nd §h$ raau1ting
distortion largely eliminated when & group ﬁf atations are op=-
eraoted synchronously. This result has not only-beanlprodictsd
‘frem theoretical probability studie; but has elso been confipmed

by field tests and listener reports.

. Ve PRACTICAL SYNCHRONOUS SYSTEM i

. Synéhronﬁus broadcnating involves two distinet probloms;
(a) the Rf sfncﬁroniz&tién, and (b) the minimization or elimination
of the audio delay, reletive’phass shift and distortion. It is now
fonsible to secure the necedsary RF aynchrbﬁizntion by the use of
-vcry highly stable, free-running oscillators-which are perlodiecally
checkod and correceted, The mainteincnce of synchronization by
lme;ns of a control frequency transmitted by wire lines over leng
distgﬁces is subjectuto soms ﬁifficulty on account of transient
ph%sa shifts, In such cases a lafge-dograe of filtering or storage
of frequenﬁy'&oﬁtrol is required. As & result of World War II,
eoscillators 6f suffiéiently high stability tolprovide satisfactory
synchronizgtiﬁn without cﬁrrcction ovar long'pariods have been
made available commereinlly. -

l-G-



Where it is feansible the preferred meﬁhqd flor providing
- earrier synchronization is the transmission of the modulated
r.:a.rriler by high frequency relay with its amplifieation and
fa-rﬁdiation without de-modulation at thé‘seéondary stations.
'This prov1dss a perfectly synchronlzed carrier w1th side bands
corractly phased in reference to tha carrlar w1th negligible dis-
" tortion at any point in the area aarved.
snother method fnripfovidiﬁg carr£or synchronization
is by the transmission of tho carrior or o suhmultlpla thersof by
high frequency radio relay, low frequancy relay (England) or as a
: difference frequency, by w1rs-11ne carrier.
Ths audio delay, relative phase ahlft and distortion

mey hﬂcama &t problem if the program to be broadcaat is. carried
Ifrom station to stotion by telephone facilities - particularly if
cable is used. Mr. Plotts, reporting on the oparation of WBEM=-
KFAB (Bib. ref. 11), stntes thet audio delays of 0,005 seconds

(6 milliseconds) were noticeable, that sliphtly longer dolays -
affected the quality of the transmiasioﬁ, and still greater periods
of delay appearsd as uchos. With regard to tolerable relative
phase distortion, tests indicate that hlgh frequanc1ea inithe.

range of EQ@U to BOOO cycles should not suffer delays mors than

5 to 10 milliseconds greater than the delay suffercd ‘by. frequenclaa
of nbout 1000 cyclos., However, low frequencles,.fﬁr:gxamplo 50"
cyclas, may be delayed as much as 75 mili&saconds mere. than those
Iin the neiéhbarhood of 1000 cycles without noticeubls deteriorstion

in quality.



The RF propagotion method for mﬂintgining the RF

3¢ ayndhrdnihéﬂiéﬁ'disdﬁéééd ﬁbdvé, ﬁ;ing.éitﬁar.th; éommon.frcquenuy
or high or low frsqueﬁcies; gliminates the.audis agluy problem, and
can be made ﬁé'minimiia”the relativé phﬁsé.sﬁift #ﬁd distortion
‘problem by virtue of the very higﬁ velocitﬁ-éf é%ﬁpaggtipn,lnamely
1 186,000 miles per'éecdnd. % .

Another métﬁhd for reducing the audio p}oﬁlems is by the
use of carrier tolﬂphonc; The use of cafrier télaphcne mini-
mizes the audio del&y'ﬂnd phésa-éhift equﬂlizatiﬁn froblam.Qua
S b fuigt hsk the. waloel v of Sropeentlen g telophone linss
approaches that of light ‘at ﬁurrief frequaﬁcies. fﬁe delay
sgnslisetion peoblen 43 5ot as severs. dus. torthe Pust thab dufle
modulation on the earrier represents ohly a Bmall.pe;centagq
frequency difference and the relative phaselshift characteristic
is small and is linear. | l

These audio problems econ be Eompensa£éd EErlﬁy the use
of the propesr audio c¢ircuits or networks locatea a8 ;aquired
in the system. :

Practical receiving antennas tend to éliminatc the
distortion for two reasons: (n) Thef can be used to disoriminate
against one station over tho other because of.direptional properties,
hence changing the carrier ratio of 1:1; and (b) they will physieally
extond outsido of the narrow distortion band sufficiently to greatly

raduce carrior cancellation.



VI. CONCLUSIONS ;

Synchronous or common btroadeasting hes been

Proven-to bé a simple and practical means of providing = single
mogram to large areas by the use of one froquency channsl. It,
,.thereforoe, provides great econcmics in tho use of the radio spac:

trum.  The -distortion zones can be reduced to o negligible amount

by employing existing technigues and cémmercially available

-

gquipment.
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