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APPENDIX A .

The tadio Medium as a World Resource

wqarldvuide Resource.

The radio medium is a world-wide naturel resource.

The radic medlum (§% used to be popularly nown as the “ethar")
is a harmesssble means of transport for the conveyance of ideas, information,
and remote control signals. Its speed of conveyance i3 that of light--
186,000 milee per second.

With suitable investment of eguipment, manpaower, and technology,
the radio medium s capzble of use by all nadiens of the world for the pro
vision of a varisty of economlc and other services, dom¥stic and foraign
Decanse it exists everywhere, it ia not sublect to world menopoly Ly one
country as are some physical rsscurces. I3 is expoloited to create thought,
wglune in time and place. Coe

I

The Radio dpechrum-

The radie madium $s measurable in numerous wayso The commonest
dimension is expressed in the popular numerical wnit celled "froquency®
{ formerly in wave-length). The numerical range of frequencies capeble of
cenveying usable snergy in the form of radio-frequency weves in the radio
medinm mzy be called the “redioc speetrum®.

The range, or width, of the usable radio spectrun in uwse hes been
jneroasing over the years. A% sbout the turn of the twsntieth century,
when practical radio wes first realiszed, only a smzll bend of freguencies
wus uped. Swbsequent resesarch and dovelopment grestly enlarged the range
of Iresuencies in use,. #e well as the variety of wses-. By 19h7, for the
ourposes of regulation and srganisation, interneticnal agreement had es-
tablished the practical range of tha radio spsctrum ag 10 kilecycles to
10,500,000 kilooycles. i/ At the same tine, however, the sgreenent re
gognised sciantifie evidence that the redio spectrum extends %o the order
af 3,000,000,000 kilgeycles. 2/ Sines 1947 research and devalopment effort
tas besn pushing the nracticel renge well beyond he 10,900,000 kilecycles
mark .

For sconomis purposes it is the worksbla radioc spectrum which
rauresents the world "supply” of the redie mediwm as & nmatural resscurce.
It is from this single, free, supply thet the various users of the wordd
select frequencies and, with the employment of s, .opriste apparatus;
nrasts radic feclilitiss tc .meet their needs for communication, redar, radie
navigation, missile guidance, wad wahan peiFviess.

fﬁ“_g{r_;:;?mcal«ggi@ﬂ Requirements.

Besides frequencies, efficient and ewpsnding smployncnt of redic
seday ealls for the application of a thoroagh-going fund of teshnologleal
voor-now. Useful radio freguencies do not exist in nature. Apparatus must
s provided to generate and to receive them. Know=how is indispensable for

‘_.{t/ "Radio Regulations”, Final Acts of the International Telecommunication

= and Redic Conferencos, Atlawiic City, N- ¥, Incermational T8lercmamire
Vishs Ganaai 1VU7, P S8 B-

2/ Inid., p. 1E.
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the development, production, operation, and maintenance of radio apparatus.
Likewise indispenseble is a sound techniesl knowledge of the behavior of
the radio medium itself and of the radic-Irequency waves sent through it.
Thiz lnow=how meane trained manpower. Paradoxisally such trained manpower
ia a potential source for the dlgcovery of techniques to conserve manpower
,L' through the replacement of manual radio functions by avtomatic functions.

Though aceumulated with great labor and cost for over fifty years.
the present massive, world fund of radio knowledge, as in any field ons
would eare %o name. continues incomplete. Today great economic and politi-
enl oressures are gt work to increase that fund. New discoveries in radis
are slways » potantial attraction for capital and labor invesiment. Further,
vorid tension has set off an international race in scientific research and
development for discoveries which might well give far reaching economiz and
atrategic advantages to those nations making them-

Tachnology 1s the key to new devslopments in radio.

Characteristics of the Medium.

The major characteristic of the redio medium is v riability. It
does not troat all freguencics in the ssms way. It is not of wniform
.quality at all pleces nor a% &ll times at any given place. It is susceptible
fo uneontrolilable influences.

A brief, non-teghnical explanation of these variables will help te
dafine the capabilities of the medium.

Az %o the unequal treatment of the varfous frequencies by the radio
" medium, three major, somewhat arbitrary divisions ¢f the radio spectrum may
be fdentified. In gensral the radic waves {ground waves) of fr:rusncies
balow about 3.000 kilogycles tend to travel along the surface ¢ the eurth
and thus, i stromg enough, to follow its curwvaturs- They mey D9 umed for
long-distance purposes, especially where coverage ia the inteyrv-ning ares
is vequired For theae, distance is a direct fuuction of power put iato the
waves- Redio waves of frequencies batween about 3,000 kilosycles amd about
30,000 kilouyelas do not iravel very far elomg the sarth's aurflace, bub
instesd gemerally reach out to longer distamwes by angular reflection from
ionized layers in the upper atmosphere, oftem skipoing over the intervening
areas. For such operations, choice of frequsnsy as well aa powsr are im-
portant factors in distance coverage. Teodey they comprise the group of
fraquencies in groatest demand for direct, long-distance purposes sspecislly
whers coverage of the intervening areas {s wnnesasssry. Radio waves of
freguencies abows 30,000 kilocycles act somewhat as do iight rays, that 1s,
they tend to tvavel in s straight iine a~d for relatively short distances.
Of the three arbitrarp divisioms, the highast frequency group furnishes by
far the largest supply of frequenciss, becsuse their rumber is largest and
beceuse their short-distence characlteristic pyrmits reuse within small areas.

As %5 the non-vniform qualfty of the radio medium, its transmis-
arbility by grovnd wvave on the lower order of fegquenciss varies through
differing kinds of =msil and differing soil conditions, through waterz of
differing selinity, through differing stmospheric sonditions, among others.

.. Mg to the gensitiveness of the rudio medium to uncontrollable
infisancss, there are a number of phencwsns which alter the carrying
’L’ eopacity of the medium for batler or for worse. Some of thess are
atmospheric noise {statie), sun-spot activity, seasonal changes, day-
night eonditions. magnetic and other atorms, snd feding.

These variants of the radio medium cemplicate the em loymert of
radio. Employment is further compliceted by the behavior of the radie-
frequency waves propageted ina 4%,
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Radio-frequency waves are subject to influyence and partial humen
controls, They may be strengthensd or waskened in several ways. They may
be directed, somsuwhat as a beam &f light, And as a beam of 1ight, they
mey be reflectsd, deflectod, sand diffused. They may be shielded by metallic
materdals, obstructed by terrain, by snow, rain, and other phyuical matter
in the atmosphere, Peculliarly, radlo-frequency weves do not interfere
with each other in traversing the medium even though the waves may be of
b the sae frequency. Two or more such waves entering the sane receivers
would, however, producs raception imterference. Channelization by
apparatus is the key to eontrol,

The Radlo Chamnel

The establishment of a radlo facility involves the provision of

suitable radio-wave generating (transmitting) equipment and of recelving

. equipment capable of bsing tunsd to the frequemcies of the waves transmitted

. fxom the other end of the circult or channel. The transmission comsists of
complex waves comprising a cluster of radio frequensies. The wldth of this
cluster varies with the nature of the desired signals. It nay ¥ary from a
few hundred cycles for the old-fashioned, manudl Morse telegraph, to 10
leiloeycles for ordinary broadcasting, to 6,000 kiloeycles for television
and to 40,000 kilocycles or more for the nsw mrltiplexed micrc-wave and
other systems. These clusters are known as redic channels or circults and
when placed in a spacific place in the radio aspectrum, they bescome frequency
agsignments, The radio channel mey be szald to be an exploited plece of the
spsctrun,

The Inefficiency of the Chsnmel.

The genaration of radio waves and their reception in most ceses
regulres slectricity as a source of power. The eguipment used to propagata
&nd to receive radioc waves does not handle this power very afficiently.
Besidea, such of the energy tramnsforred to the waves, in most applications,
is wagted. Unless the waves ars concentrated and focused as a beam in the
wented directlon, the enargy radlated in the osther direetions serves no
other purpose than Lo create potential interferences ito other stations. Even
the emergy that passzes by the wanted recolving point im in the same categoiy,
On the other hand, in non-directionsl services, such as broasdcasting and
mobile, some energy is pecessarily radisted in all directions. For praétical
purposes, recsivers do not consune any measurable amunt of the radiated
energy, s that en unlimited mznber of scattered receivers may pick up a
glven wave without affecting the smount of wave energy available to other
receivers. ' _

From tha preceding descriptions of the mors sslient festures of
the radio medium as annatural resoures smd of the waves of frequencles of
the radio spectrua which peas in it, some notion may be gotten of the in-
vestment in technology, material, and mempower needed to employ radio in a
prograsgive, modern nation,

The Progent State of the Art.

But the problems inherent in the development and use of radio,
though fraught with ecomomic, politicsl, and soocisl invelvements, as well
as technical complexities, have by no means seriously impeded the progrese
wado in meny countries in this field, particularly since the beginning of
the First World War. Radlo hes sccelerated ecomomic activity wherevar it

is employed:; It serves as a msans of repld communications and as & means
'\L to provids special services which cannot be made awallsble in my other
way., Radio has become an industry om the cne hend and a utility service on
the othar, Radic and radar have become tocls of war and have profoundly
influsnced the conduct of war. It offsrs the only sfficlent means of

«3e
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communication for moving vehicles- Radio broadcasting has become the great
masg informer, the cunning mass propagandist, and the enlightenad mass
educutor . Television appears destined to ashieve these onds through the eye
28 well as through the ear

A few svailable worid figures will give some ides of the exient
L te which radio haa been exploited in a few fields. As of Qctober, 145i,
/ thers were over 214,000,000 broadeasting and television sets 1/ and over
10, 000 breadeasting stations were listed in July, 1950. 2/ Tt the end
of 199¢, h3,000.000 U.S. public telephones could be potentially connested
tc almost all of the 32,000,000 publie telephones in the rest of the world,
prineipally bty radic link. 3/ Listed in Seotember, 1951, wers over
110,000 ships equipped with Tadio and served b over 3,000 listed coast
stations. L4/ 1In Degember, 1950, there were over 2,%0 larger; sen-wmilitary
and principally commereisl, listed radie- eqv.upped aireraft served by over
5,500 iisted aeronautieal {ground) stations 54 though nearly all atreraft
"are radie-equipped for safety, if for no other purpeose. As of March, 195%,
the 1list of frequencies for which radio service has been notified by the
worid amounts te almost 100,000 entries for the bend of freguensies between
1l kilocyeles and 27.500 kilocycles alone, though many frequencies show
mimercus entries. 4/ Theas figures by no means complate the picture of the
dapth or szope of the military, governmental, or commercial utilization of
the radio medium.

hadic has siterad the demend for raw and processed waterisis-
Pole lines of wood and copper wires are beginning to give way in some soun
tries to concrete and steel towsrs: submarine cables are beginning to give
way to somplex apparatus for high-capacity radio circuits: The vacuum
tube. first introdused in radio, hes opened up the more recent, fast growing
Pleia of electirenios. Vacuum tubes sre at the hearh of teshniques for
miltipiying the channel cswacity of wire linee sithout the need for
additionsl pole or underground lines or the addition of wires to existing
lines. Vacuwm tubes make possible the insertion of gubmerged booster
repeaters in long: deepwater submarine csbles to inereass thelr capacity.
thus avoiding the expense otherwise enteiled in making and laying addmionsl
cables .

Rudito hae :ens a long way, bub seenme to bave a long way yet to go

}rg@muonal Interference

in this discussion the radio medium is viewed ns a world wids
matural resoures. Bub, in the strictest senass, §% cannot be vieawed zs &
national resocurce in which individual natiens enjoy full and sovereign
soatrol over the whele or & divisible part of it. It is eagentially &
Horld sommunity resource. As has been seen, radio-frequency waves are
N6 reppectars “of political boundaries This is esperially trues of weves
of frequenciss below 30,000 kilogycles which can traval long distenses
It 43 2290 true of those above 30,000 kilosyeles whiszh, though generally
Uimiged to Lins-of-sight ranges, do propagate al ¢imss o much greater
distancey where recoption or interference to reception can take plase.

1/ The World Aimerar and Logk of Pacts, New York, New York World-Telegras

- md tehﬂ Em;, a95n‘.g pu ﬁig‘

2f List of Broedcasting Shations. Geneve, The General Secratarist of the

Tnternational Telecormurications Union, 1950.

'4' 3/ Telephone Statistics of the Worid, New York, American Telephone angd
Telegraph Company, 1955, P. 1.

b/ List of Coast and Ship Stations, Geneva, The General Secretariat of
Iniernationa. Teleconmunicabions Union, L9514

5 Li reronanticss and Afreraft Stations, Genewvs, 'Ehu Gensral Seera

SR T rntemationa L Teletomnany e tions Undon, 1955

& Lim\, of Freogusneies, Geneva, The Qenersl Sscretartat of the Internstional
Telecormnications Unlon, 1951
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Even on & line-of-sight basis, when they are used close to political borders,
they can, if not otherwise directed, pass scrose those borders where they may
produce interference to existing radio services there-

There can be no world meonopoly by any given country of the radio re-
sourcs either by poseession or sontrel. Its use cannot be reserved to one
nation in one ares and dented to cther nations in other areas. Pre-empllve
oceupancy of a channel by one nation tends to preclude cccupan:y of the sama
\L ghannel by ancther nation only within interference range, although where

long-distance sky waves are tavolved, this rdnge mey be thousands of miles.
Jamming, or interference intentionally created to demy the wee of a channel,
i3 effective a® the veceiver only where the jamming sighale can over-ride the
desired signal. This may be a limited area, near the jamming transmitter, if
ground-waves are depended cn for propagation, or it may be a very axtensive
area where the receivers are receiving sky-waves from both the desired and the
Jamming station.

This inherent “across the border" featurs of radio is at onge a
help and a hindrance. I% 43 & help in that it permits inter-communicaticn
within 2nd between all nations of the worid, though some nations consider this
2 hindrance because they neither stop nor censor all forsign radio signals at
their borders., 1I% is z hindrance in that effort must be put forth to avoid
interferencs from unwanted signals. These reslities gave early rise teo
gomplex proulems.

Supply end Demand

The economics of supply and demand wpplies to radic. In some
portions of the spectrum supply has not kept up with world demand- The cur
rent shortage of chermels, especially belew 30,000 kilocyclas, where long-
distance propagation is cbtained, nersists in spite of repid technological
and operationsl advancements whizh bave contributed greatly to effect econony
in sp:ctrum occupaney. On the demsnd aide, the commercial needs of expanding
aviation and maritime services for communication and navigatiom, the politisal
neads Tor broadeasting services, tne commercial and politisal needs for over
seas communication servicas, growing military needs, are tending to "saturate®
that portion of the spactrum. On the supply side, relustsnce to writs-off
older equipment for the new and the poor pest war escnomic sonditions pre-
vailing in many countriss have retarded investment in apparatus for the
employnent of modern spectrum-saving technigques. The unwillingnesa of soms
gountries to provide wire lines or short range radio systems for their
domestic communications detract from the available supply of frequencles
for servises whish cannot be performed by amy other means.

Tha forces of supoly and demand are fnevitably exarted in a truly
world market whers they give rise to world problems.

Need for International Regulation.

The essential nature of the préoblams inherent in the explojtaticn
of the radic medium was recognized in Lhe early days of radie. It was sesn
that, if the world was to obtain the fullest benelift from the radie spectrum,
the nations of the world must agree upon a sei of internstional regulations
for the avoldanse of interference between staticns of ths varicus countries
operating on the seme freguencies and to serve as a base for national regu -
lstion. Sueh intermational regulations were te cover technical standards and
operating procedures. It was also seen that the then uselul frequencies must
be systematised and organized im such a way that universally sommon frequencies
would be used for commen services. This mskes it posaible, for exsmple, for &
| radio -equipped ship or eireraft of one gountry to veyage to the ares of
o another country and experience no difficulty whatever in establishing and
meintaining communication with stations of thet country. Again, it was seen
that a need exlated for the sstablishment of minimum conditions which
transmitting and receiving a?paratua should meef, in order thst transmitted
tntellfgence could be inhellipgihly received. G111 =mzain, a nesd was sesn
for a mechanism to facilitate the intarnational exchange of new ideas on
radio and for the compilation of date on the radic facllities of the world.

5__
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A world comminity rescurce needs world community management. ‘Where
world management is agreed, nations relinguish some national rights in the
overail interest of a1l nations. Those rights which nations retain acerue o
the governmanta of those nations. Some governments exercise those rights
themselves as an internal monopoly, while others permit individuale and other
legal entities to emercise those rights through grant of license.

The international management of radio as an economic rcsource has
been ¢ited as an ovtetanding cxample of effective world cooperation.

The Regulsrory Mechanism.

Over the yeurs numerous international and regiocnal organs and
confarenccs coped with all those problems as they arose end prepared inter
national sgreementa on their solution. Ultimately the gxisting, permanent.
Intemnational Telezommunications Union wes established, with its present
headquarters at Geneva, Switzerimd. Over eighty nations are ewrrently
Menbars.

Uader the suspices of the Union, the most recent full international
confersnces were held at Atlentie City, N- J . in 1947, for the purposes of
rovamping the Union mechanisme and of bringing up to date the Convention
and the Radio Regulations then in force, among cther things. spproximately
1,000 delegatas, aidas, and othems were engaged in this process at Atlantie
City for 2 period of ovaer five months. These confersnces enlarged the sscope

of the Union, tightenad regulations governing the use of the radio spectrusm,
ravamped the table of frequency allocstions to the varicus radic services,
und laid the foundation of a mechanism for establishing & more orderly and
efficiant management and use of the radio speetrum and for requiring a more
equitsble essignment of priority or other rights to the various countries
for use of apecific frequensies.

The 1947 conference had anticipeted that within two or three
years Lhe Member nations, through mechanlsme created for the purpose, would
have aompleted arrangements for the full implementation of the eonference
degisions, with particular regard to the assigoment and use of frequencies
telow 30,000 kilocycles. At this time (early 1952) arrangements have been
anly pardly ceompleted and only oa:tly brought imte force. International
difficulties in implementatlon ereate national difficulties in progremming
internal implementation, at least, among those nations whith honor thedr
international zommitments. This contemporary five-year struggle glves
some idea of the magnitude of the problem confronting the werld and its
nations in the orderly, efficient, manugement and use of the radio resources.

The Internstionzl Situwation Tedey.

Several reasons are advanced for this inordinats delay in athieving
world agreement fn the formulstion and implementation of a new internations)
fraquency list. The deteriorating world political situstion focusad sharp
afitention upom security considerations snd through them upon the strategis
inportance of certain radic facilitiss. Some nztions did not wish to ba
caught in a wap in the middls of a major frequensy assignment reerganizatien.
Further, to protect themselves againet enticipsted future ghortages of
frequencies, many nations allegedly submitted requirements for frequency
assignments far du exvess of current needa. Theze, when added to the World's
nasds for eurrewi radio serviees, sould not be fitted -ab least on pRpEE -
into the availsble spectrum spase on a workabls, enginsered basis. This
applied particularly to the go-called point-to-point telegraph and tele
phone gervice and to the broadcasting sarvice.

In tha present state of the World, the sslution to World radie

- problems in the lower portion of the spectrum lies sasentielly fin the areas
 of economics and technology, unhompered by supercharged ooliticul pressures.

The alternative to solution is potential spactrum chaos and posafble
uitinmete radin wer.

_ &
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The Soviet Union.

In the post World War II epe, worid effort toward specirum manage~
ment has been conditioned by the behaviour of ithe Soviet Bloc. A% the in-
ternational conference in 1947, the Soviet Bloc was thought o be CumpaIs -
$ively remsonable end cooperative, but a change for the worse eccurred soon
after. At subsequent conferences, which constdered ways and means for

1 {mplementing the 1947 dgsieions, the political split between the East and
the West entered the radio sreas, dnd crept deeper as time went on. On the
ons hand, the Soviet Uniom, which invariably assumed the Jeadership of the
Bloe, employed delaying, obstructive, and propsgandlstiec tactics in confer-
ence negotiations under the guise of obscure technical objections to sub-
gtantive matters. Few specific technical contributions or proposals were
made by it. On the other hand, the solidarity of the Soviet Bloe tended to
induse solidarity in the West, as the Western nations reslized that the Blec
wouid otherwise attempt to create and exploit a Western split to the advan-
tage of the Bloe. ‘

Perhaps the most far-reaching proposal persistently made by the
Ssviet Union for over threc ysars was, in effect, an atiempt to press for
edoption of the 1939 International List of Fregquencies as notified by the
nations to the Union as & base for the construction of 8 new list in con-
Pormity with the new Table of Frequency Allcecations sdopted in 1947 This
proposal wes in direct opposition to the directives adoptad in 1947 for the
preparation of a new [requancy 143t on @ basis of revised requiremente to
be enginsered into the new 1ist. This propossl was of course not adopted
because it was kpown gemerslly tha® the Soviet Union had by 1939 submitded
freguengy entriea every few kilocycles almost throughout the spectrum
below about 20,000 kilocyclss, allegedly whether the frequencics wers used
by them or not. The adoption of such & proposal would obviously have given
the Soviet Union @ legaliszed lien‘s share of frequency usage priority rights,
to the disadvantage of the rest of the World, in particular the "have-not”
svuniries-
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