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THE AMERICAN SYSTEM OF BROADCASTING
AND ITS FUNCTION
IN THE PRESERVATION OF DEMOCRACY*

By

DAVID SARNOFF
President, Radio Corporation of America

Hall for a talk on “The American System of Broadcasting.”

Your distinguished 44-year history as a molder of public opinion
has upheld the finest traditions of our democracy. Your own radio
forum—*“America’s Town Meeting of the Air”—has grown, out of an
adventurous experimeiit, to become one of the most popular and
important of radio prosrams.

THERE could be no more fitting auspices than those of the Town

GROWNTH OF RaDpI1O

It has been my privilege to be associated with radio for more than
thirty years. At an age when the average boy is still wearing a football
headguard or a catcher’s mask, I was proud to wear a radio telegra-
pher’s headset. The radio telephone was nothing but a dream, and
radio broadcasting was not even that.

There were only a handful of us in those days, but during the
intervening years thousands of able men and women have joined our
ranks. A vast radio industry has grown up. No other industry ever
grew so fast. The years and days and hours have been crowded with
a never-ending procession of new discoveries, new developments, new
services.

The pagan conception of Mercury serving the gods on Mount Olym-
pus never approached the present-day reality of radio, the modern
messenger that travels with the speed of light, encircling the globe
seven times in a single second. Radio carries messages between all
nations. Oceans, mountain ranges, and man-made boundaries alike
are powerless to hold it back. It safeguards the passage of ships at
sea and in the air. It has given mankind the greatest means of mass
communication ever devised. It brings the voice and the music of civ-
ilization—and some day will also bring its living image—into the most
isolated home.

Nature yields her secrets slowly and reluctantly. It has been a
hard, exciting struggle to take these ether waves, that have filled the

* Presented at the Town Hall Luncheon, Hotel Astor, New York, N. Y,
April 28, 1938, on the occasion of the 44th Anniversary of Town Hall.
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atmosphere since the beginning of time, and in a single generation
harness them to serve mankind.

Although my subject concerns broadcasting, I have not come here
today as a broadecaster. I am speaking as one of the pioneers of a new
art, of which broadcasting, however significant, is only a part. I
speak as one who has watched that art develop from the beginning.
I am concerned with the opposition to which all new arts are exposed,
and with the forces which tend to shackle their freedom and curtail
their development. I speak to preserve broadcasting as one of the free
institutions of our democracy.

WHAT Is BROADCASTING ?

Broadcasting consists of more than wavelengths, more than towers
outside and equipment inside a radio station. It is a service of enter-
tainment, culture, and information. The greatest significance of broad-
casting is in the directness of its appeal, not merely in the speed and
spread of its message. Many of its programs originate in a single
local station, and are heard only in a single listening area. Here radio
performs an important community service.

The national services of the American system of broadcasting,
however, depend upon more ambitious programs, nationally distributed.
In the broadcasting systems of other countries there is nothing com-
parable to the great transcontinental networks across the United
States. These are voluntary associations of independent stations, each
an important economic and social factor in its own community. During
a portion of the time, each staticn broadeasts national instead of local
programs. During the remaining time, stations associated with the
National Broadcasting Company, for example, may choose whether
they will broadcast national or local programs.

Without this linking of broadcasting facilities there would be no
national service of broadcasting. Without networks the vast majority
of the American people would never have the opportunity to hear the
voice of their President, or the music of Toscanini, or the debates of
the Town Meeting of the Air. Tapping the talent sources of the
world, American network broadcasters have made a radio receiving
set infinitely more valuable in the United States than it is anywhere
else in the world.

BROADCASTING A YOUNG ART

When we talk about the American System of Broadcasting we are
talking about something barely eleven years old. The first nation-wide
broadcasting network was created by the National Broadcasting Com-

www americanradiohistorv com
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pany in November, 1926. And because it is young, the American
system is still developing, subject to constant experiment and change.

In its present state, there is only one certainty about the technical
development of radio, and that is the certainty of change. Its greatest
achievements still lie in the future. The public services of radio sight
will soon be added to those of sound. Radio facsimile, which makes it
possible to deliver a radio newspaper into the home, may supplement
the regular services of the press. Television will bring us the faces
and gestures of speakers and artists, as well as their voices, and will
enable us actually to see news in the making. As new inventions create
new channels in the ether, not only in short waves but in waves
measured in centimeters and millimeters, the day will come when there
will be more wavelengths than broadcasting stations to use them.

Whatever controls over broadcasting are necessary at the present
time, it is important that they should be kept as flexible, as free from
rigidity, as the art itself. Otherwise there is danger of tying up the
future usefulness of radio in a strait-jacket. We should not try to
regulate something as yet unborn; and we should not freeze an expand-
ing art in any rigid code.

RELATION OF RADIO TO GOVERNMENT

If wavelengths were now available for an unlimited number of
broadcasters, there would be no more need for special government
regulation over broadcasting than over the printing of newspapers.

It is the allocation of station frequencies, which for the moment are
limited in number, that creates a difficult task for the Federal Com-
munications Commission. The Commission deserves great credit for
having helped broadcasters to make the present American System of
Broadcasting what its name says it is: something that is both
systematic and American.

The law empowers the Commission to license broadcasting stations
for periods not exceeding three years. In practice, however, the Com-
mission grants licenses for only six months, on the theory that it is
easier to reject an application for renewal than, for any reason, to
cancel an unexpired license. When its license comes up for renewal,
if the station has operated with technical efficiency, and if, in the
opinion of the Commission, it has served “the public interest, con-
venience, and necessity,” it gets another six months’ lease of life.
Twice a year, therefore, the substantial investment which the licensee
has made in his business is placed in jeopardy.
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CENSORSHIP

The broadcasting controls established by law are intended primarily
to regulate physical facilities, not programs. The law specifically with-
holds from the Commission the power of program censorship. Section
326 of the Radio Law of 1934 states:

“Nothing in this Act shall be understood or construed to give
the Commission the power of censorship over the radio communica-
tions or signals transmitted by any radio station, and no regulation
or condition shall be promulgated or fixed by the Commission which
shall interfere with the right of free speech by means of radio
communication.”

While direct Government censorship over radio programs is thus
forbidden by law, the terms of the Government licenses leave the door
open for an indirect—and more insidious—censorship. Any attempt
to impose the ordinary “blue-pencil”’ censorship is little to be feared,
because, being a conspicuous violation of the right of free speech, it
would arouse a storm of public protest. But what is not conspicuous—
and is therefore dangerous—is the effect on the mind of the broad-
caster, resulting from attitudes that may be taken by the government
toward stations, on matters outside the regulation of facilities.

Fear of disapproval can blue-pencil a dozen programs for every one
that an official censor might object to. While practically nobody advo-
cates a pre-program blue-pencil in the hands of government, few
realize that post-program discipline by the government can be a form
of censorship that is all the more severe because it is undefined.

Another aspect of government supervision over broadcasting, which
is in effect a form of censorship, is the attitude in some quarters of
the government toward the profits carned by broadcasters.

The grant of broadcasting licenses is only one of the many respon-
sibilities of the Federal Communications Commission. It has super-
vision over all forms of wire and radio communication. In the field
of two-way telephone and telegraph communication, control over rates
is one of its most important functions. Here questions of investment
value and profits are material.

But broadcasting is a one-way, not a two-way, medium. It is not a
common carrier which the public hires to perform a fixed service. It
is a medium of artistic and intellectual expression, free to the listening
public. Its financial structure does not impinge upon the public inter-
est, convenience or necessity.

While stations and networks represent substantial investments,
broadcasting is essentially a personal service business. The earnings
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of stations cannot be judged on the basis of their investment, any more
than those of a lawyer, doctor, theatrical producer or publisher.
Income results, not from studios and transmitters, but from programs.

It is a strange assumption that the less money a broadcasting com-
pany makes, the better the public will be served. This attitude is con-
trary to all sound business principles and experience. In what way is
it conceivable that the public will be given better programs if the
broadecaster is deprived of both the incentive and the means to improve
his facilities and service?

Adequate profits mean the continuance of private investment, and
increased enterprise. Losses mean poorer programs, and, when private
resources fail, government ownership. If government regulation of
the economics of broadcasting results in a no-profit industry, investors
may prefer to exchange their broadcasting equities for government
securities. Then we shall have government ownership and 100 per
cent control of broadcasting. Any further discussion of censorship
would then be purely academic. We would have broadcasting of the
¢overnment, by the government, and for the government.

We have but to look to the autocracies of Europe to see what such
governmental control of broadecasting may mean.

BROADCASTING IN EUROPEAN AUTOCRACIES

Broadeasting in those autocracies serves the interest, convenience
and necessity, not of the public, but of totalitarian government. It is
allowed to present only one side of public issues. Its so-called news
services are services of propaganda. When the dictator stands before
the microphone, the citizens are regimented before the loudspeaker.
At the same time, the public may be forbidden, under penalty of
imprisonment, to listen to programs presenting any point of view
contrary to that of the party in power.

It is no coincidence that in an autocracy where freedom of broad-
casting does not exist, neither is there a free economy to which it
might look for support. It is no coincidence that where freedom of
thought and of speech are denied on the air, they are equally denied
on the platform, in the university, and in the church. It is no coinci-
dence that where you find broadcasting enslaved, you also find a
slavish press.

BROADCASTING UNDER THE AMERICAN SYSTEM

Our American system of broadcasting is what it is because it
operates in the American democracy. It is a free system because this
is a free country. It is privately owned because private ownership
is one of our national doctrines. It is privately supported, through
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commercial sponsorship of a portion of its program hours, and at no
cost to the listener, because ours is a free economic system. No
special laws had to be passed to bring these things about. They were
already implicit in the American system, ready and waiting for broad-
casting when it came.

Broadcasting did not take on the American system. The American
system took on broadcasting.

In recent years we have witnessed a steady enlargement of the
economic power of federai government. That very enlargement has
put upon the defenders of democracy the need for greater vigilance.
That is where radio and the press assume a new importance. In the
European countries that have been lost to democracy, the dictators
who accomplisked that revolution did so through their control of radio
and the press. Nor were they satisfied with that. Their next step
was to use the same governmental power to destroy the freedom of
religion and of education.

Every increase in the economic power of a government makes
more precious and more important the vigilant maintenance of the
freedom of thought, and the courageous, unflinching defense of the
freedom of all forms of its expression.

RADIO AND THE PRESS

In its functions, its freedoms, and its responsibilities, broadcasting
is essentially analogous to the press. It provides a forum for the
spoken word, just as the press provides a forum for the written word.

The broadcasting networks perform for their affiliated stations
the same service that the great press associations perform for their
member newspapers. They assemble news and talent from the four
corners of the earth, and deliver it swiftly and economically to local
stations. And just as a press association franchise is a coveted asset
for a local newspaper, so a major network connection is a principal
factor in determining the importance and quality of service of a local
broadcasting station.

The broadcasting station and the newspaper both have editorial
functions, one in the selection of programs, and the other, of reading
matter. Both also have commercial functions. Both are supported
by advertising revenue. The income and influence of both depend upon
circulation figures; of listeners in one case, readers in the other. Both
have a legitimate investment asset of goodwill in the circulation they
have built up.
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The broadcaster decides upon the relative interest to his audience
of each program, and proportions his broadecasting hours accordingly.
In so doing, he performs an editorial function similar to that of the
newspaper in making up its pages or selecting its features. The care
exercised by the broadcaster to present all sides of controversial public
issues is in itself an editorial function of great importance.

There may be occasional abuses both on the air and in the press, but
in a democracy it is the power of public opinion, rather than a gov-
ernment tribunal, which enforces standards of public expression.

This public censorship is in keeping with democratic principles.
And it is a very real power, because it is exercised by direct control
over the profits of the broadcaster. Broadcasters are competing every
moment of the day for the listeners’ interest. Program approval by
listeners spells circulation and profits; disapproval spells losses and
disaster.

If freedom means anything it means freedom to make mistakes
as well as to do the right thing. Broadcasters have made mistakes,
plenty of them. That is the way they learned to be broadcasters. 1
want them left free to make more mistakes. That is the way they
will learn to be better broadcasters.

SUMMARY

Let me summarize the four beliefs about broadcasting concerning
which I have tried this afternoon to give you the groundwork of my
thinking:

First, The extent and value of the services of American broadcast-
ing depend upon its freedom to develop and to operate with a minimum
of regulation by the Government. Until and unless the radio art can
provide as many wavelengths as there are broadcasters to use them,
centralized regulation of technical facilities is essential. But the spirit
of such regulation and its enforcement should differentiate clearly
between technical operations and program services.

Second, While broadcasting should remain subject to all the laws
that apply to other industries serving the public, it should be made
morally as well as legally certain of its freedom from program cen-
sorship, other than the legitimate censorship of public opinion. There
should be no censorship by intimidation or economic pressure. The
station license should carry a longer term than six months. It should
be revocable only for cause, and these causes should be clearly defined
in advance.

Third, The progress of the American system of broadcasting, and
the improvement of its program services, depend upon continued net-
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work development. Only by such development can we provide a finer
national service, free to the public.

Fourth, and finally, Freedom of the air is inseparable from the
freedom of thought, of speech, of worship, of education and of the
press. These are the cornerstones of our American democracy. What
helps one helps all; what injures one is an encroachment upon all;
what destroys one destroys all, and thereby destroys democracy itself.

A free system of broadcasting can survive only under a democratic
form of government, but it is no less true that democratic government
itself will survive only if broadcasting is kept free.

American broadcasting asks no special privileges. It deserves
none. It needs none. All it asks is the preservation of the American
spirit of freedom.
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THE INTERNATIONAL TELECOMMUNICATION
CONFERENCES OF CAIRO, 1938

By
C. B. JOLLIFFE

Engineer-in-Charge, RCA Frequency Bureau

Convention of Madrid, 1932, two conferences were held at
Cairo, Egypt, beginning February 1, 1938,

(1) the International Radio Conference to revise the General Radio
Regulatiens and associated documents,

(2) the International Telegraph and Telephone Conference to revise

the Telegraph and Telephone Regulations.

The International Telecommunications Convention of Madrid, which
is the basic document providing for the various regulations, was not
subject to revision at these conferences and remains unchanged.

The two conferences were run simultaneously and many of the gov-
ernment delegates were representatives to both conferences. The
organization of each, however, was independent and, except for a
relatively few joint plenary sessions, the conferences were completely
separate. All the meetings were held at the Heliopolis Palace Hotel,
near Cairo.

Three agreements which are subject to ratification resulted from
the work of the two conferences:

UNDER the procedure of the International Telecommunications

(1) General Radio Regulations

(2) Telegraph Regulations

(3) Telephone Regulations

The Telegraph and Telephone Regulations were signed April 4,

1938, the General Radio Regulations April 8, 1938. The effective date
of all these documents is January 1, 1939 except Article 7 of the
General Radio Regulations concerning allocation of frequencies, which
becomes effective September 1, 1939. The United States signed the
General Radio Regulations, but, as at past conferences of this kind,
did not sign the other two sets of regulations.

RADIO CONFERENCE
ALLOCATION OF FREQUENCIES

The most important article of the Radio Regulations is Article 17,
dealing with allocation of frequencies to services, since it provides the
principal basis for many of the provisions which make up the rest

11
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of the regulations. In general, the allocation of frequencies to services
made at Cairo follows those of Washington 1927 and Madrid 1932.
The principal changes have to do with the arrangement of high fre-
quencies assigned to mobile services to provide more adequately for
aviation, additional frequency space for broadcasting, and the alloca-
tion of frequencies above 25,000 kilocycles.

AVIATION

The principal intra-European air routes have used for many years
frequencies below 500 ke for communications between ground and air-
planes, for direction finding and for communication between airports.
Frequencies about 1500 ke, which are used principally in the United
States, have only recently been used on European airlines and the
service has not yet been fully organized on these frequencies. Conse-
quently, with the growth of air transportation the frequencies for
aviation below 500 ke have become very congested. Since the fre-
quencies used are interspersed with frequencies used by marine services
and long-wave broadcasting stations, there is a large amount of inter-
ference and much difficulty in providing safety communications. This
has been remedied to some extent in the new convention by providing
more exclusive frequencies for European aviation. To do this the band
of frequencies 385-515 ke allocated to marine services was reduced to
415-515 ke in the European region. The allocation in other regions re-
mains the same.

Two general calling frequencies were provided for aviation to be
used on a voluntary basis: 3833 ke for short distance operation where
it is desired to use direction finders on the ground, and 6210 ke for use
over the greater distances usually involved in intercontinental opera-
tion.

Practically all the major nations of the world have in operation or
are contemplating long-distance intercontinental aviation routes.
Communication over such routes is practical only by means of fre-
quencies above 5000 ke. The nations of the world, during the past few
years, have made assignments to aviation throughout the high-fre-
quency bands assigned to mobile services, and consequently there has
been considerable interference to the communication of those lines
which are established. Also, on the routes on which test flights have
been made across the North Atlantic, serious interference has been
encountered. To provide communication on these intercontinental
routes, frequencies were selected in each of the mobile bands above
6000 ke to be used on each of the projected intercontinental routes.
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The frequencies so provided for aviation are to be used for safety
and navigation purposes and are not intended to be used to carry com-
munication services for the public. While not specifically stated in the
regulations, it is the intention that public service communications
shall be carried on with airplanes flying over the seas in the same
manner and by the same stations that provide this service for surface
ships.

The frequencies provided are, in general, adjacent frequencies.
They constitute one or more bands of frequencies in each mobile service
band and are set up primarily for use on the intercontinental routes.
As a secondary use Europe, Africa and South America will use these
frequencies for communication on intracontinental airlines, provided
no interference is caused to their use on intercontinental routes to
which the frequencies are assigned. In that respect these bands con-
stitute exclusive aviation bands within the mobile service bands. How-
ever, in order to protect the service of some existing stations, certain
of these assignments were made with the provision that the priority
of use by existing stations operating on these frequencies was recog-
nized and these existing stations are thereby protected from inter-
ference.

BROADCASTING

The differences between the frequencies used for European broad-
casting and for broadcasting in North America were continued. The
band 160-265 ke was allocated for European broadcasting as under the
Madrid Regulations. However, under the new regulations a European
regional conference may allow one or several broadcasting stations in
Europe in the band 150-160 ke in derogation of the general allocation
to mobile services provided interference is not caused to the mobile
services. The regulations also provide for the use of the frequency
band 160-265 ke for broadcasting in South Africa, British India, New
Zealand, and Australia, on condition that the stations which use these
frequencies for broadcasting be placed in such a manner as to avoid
interference with the service of countries which do not use these fre-
quencies for broadcasting.

With respect to the frequency band 415-460, the European adminis-
trations are authorized to arrange among themselves for the operation
of broadcasting stations which, by reason of their limited power and
geographical position, will not interfere with the maritime mobile
services. Under similar conditions European administrations are au-
thorized to continue existing broadcasting stations in the band 515-
550 ke.
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The standard broadcast band 550-1500 ke was extended to 1560 ke
for broadeasting in Europe and provision was made for the use of 550-
1600 ke for broadcasting in other regions, the portion of the band 1500-
1600 ke being allocated on a shared basis with fixed and mobile services.
The entire band is set up as an exclusive broadcasting band under the
Inter-American Regional Arrangement.

The assignment of specific frequencies to broadcasting stations was
not a subject for this conference. However, the conference did provide
for a conference of European nations to assign specific frequencies in
the broadcast bands below 1560 ke to European broadcasting stations.
This conference will revise the allocation made by a similar conference
of Buropean nations held in Lucerne, Switzerland in 1933 following the
Madrid conference. It is expected that the conference will convene in
Switzerland in February 1939 and that a new allocation to European
broadcasting stations will be agreed to and become effective September
1, 1939, the effective date of Article 7 of the convention. This confer-
ence will have many serious problems to consider, not the least of
which is the resolution passed by the Cairo Conference that each nation
is entitled to at least one frequency in order to carry out an effective
national broadecasting service. The International Broadcasting Union
is charged with the preparation of the tentative plan of allocation
prior to the meeting of the conference.

One of the most difficult problems in allocation was the selection
of frequencies for tropical broadcasting between 1500 and 6000 ke.
This portion of the spectrum is at present allocated to other services,
and full use of it is made by stations in the United States and Europe.
The bands of frequencies allocated to tropical broadcasting appear in
the Table of Allocation for the bands 2300-2500 ke, 3300-3500 ke,
4770-4965 ke. In each case broadcasting shares portions of these
bands with other services. In the Americas only the bands 2300-2500
and 4770-4900 ke are permitted for tropical broadcasting and then only
in accordance with the limitations set aside for specified American
regions.

In brief, the countries of Central America, including the Canal
Zone, may utilize frequencies between 2300 and 2400 ke provided inter-
ference is not caused to existing stations using this band. The nations
of South America north of 5° south latitude are permitted to use
the band 4770-4900 ke. The power of these stations is limited to 5 kw
and their use is contingent upon not causing interference to existing
stations. It is expected that allocation of these bands will provide for
stations now operating outside and adjacent to the broadecast bands
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in 6000-6150 ke which cause much interference to international com-
munications.
Above 6000 ke the following international broadcasting bands were
increased as follows:
6,000- 6,150 increased to 6,000- 6,200
(50 ke from mobile service)
9,500- 9,600 increased to 9,500- 9,700
(100 ke from fixed service)
17,750-17,800 increased to 17,750-17,850
(50 ke from fixed service)
21,450-21,550 increased to 21,450-21,750
(200 ke from mobhile service)
The other broadcasting bands, 11,700-11,900 and 15,100-15,350 ke,
were approved for continued use without change. Provision is made
for existing stations of other services to remain in the new portions
of the bands, but the nations are obligated to move them to other
parts of the spectrum as soon as possible. It is likewise provided that
broadecasting stations operating in derogation of the general allocation
table shall be moved to frequencies within the broadcast band. In
addition the band 7200-7300 kc was allocated for shared use between
amateur and broadcasting services in regions outside the Americas,
their territories and possessions. In the Americas the band is allocated
for the continued and exclusive use of the amateur service.

FREQUENCIES ABOVE 25,000 KC

The assignment of frequencies above 25,000 ke is, in general, dif-
ferent as between Europe and other regions of the world. Above
30,000 ke regions other than Europe maintain complete liberty to make
assignments as the particular regions may desire; between 25,000 and
30,000 ke the allocation of the Havana Agreement is maintained with
slight changes for the Americas. Above 30,000 kc the allocation of
the Havana Agreement is reproduced in the new regulations as an
appendix headed “Table Indicating an Allocation of Frequencies in
Order to Serve as a Basis for Research and Experimentation on the
American Continent”. The purpose of this appendix is informative
and is not a regulation.

In the European regions four bands are recognized for television,
40.5-58.5 Mec, 64-70.5 Mc, 85-94 Mec, 170-200 Mc. The remainder of the
frequencies allocated is divided between aeronautics and stations of
low power (less than 1 kw) with provision for assignment of 56-60 Mece
and 112-120 Mc to amateurs should any administrations desire to
utilize the band for such purpose.
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Because of the development of intercontinental air routes and the
need for coordinating air navigational aids along these routes, the
various administrations agree to protect from interference the follow-
ing frequencies for aerial navigation on international air routes:

33,300 75,000 110,300 ke
38,000 94,300

The United States had no desire to allocate the frequencies 33,300
and 38,000 kc for this purpose, but the differences in development
between Europe and the United States made a compromise necessary
in order that aircraft of nations of either hemisphere might utilize
the frequencies for which their respective aircraft might be equipped,
regardless of their location along a given intercontinental route.

FREQUENCY TOLERANCES

Closely related to the allocation of frequencies is the tolerance re-
quired for stations operating in various services. In general, all trans-
mitters are required to meet immediately the tolerances set up in the
Tolerance Table of Madrid and by January 1, 1944 to meet the toler-
ances set up in the table of Cairo, which are more severe than those of
Madrid. New transmitters installed after January 1, 1940 are required
to meet the new tolerances at the time of installation.

With respect to frequencies above 1500 ke, in order to meet the
requirements of all services for additional frequency space the toler-
ances for fixed and land stations are made more severe and the tolerance
table is made mandatory for all nations rather than being appended
to the regulations as a guide indicating good engineering practice.

With respect to ship stations which operate within the specific com-
mercial ship bands of frequencies, the only requirement is that the
ships shall maintain for a period of ten minutes the frequency on
which they begin operation. This does not require that the ships oper-
ating in this band be assigned specific frequencies and in that respect
recognizes the practice which has been in use in Europe for a number
of years.

MARINE SERVICE

In the marine service particular attention was paid to improving
the regulations having to do with general procedure within the mobile
service and operations concerning calling and distress. The following
paragraphs give some of the important results, but do not include
many minor changes. The principal results regarding the marine serv-
ices is the general clarification of all the articles relating to the service.
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The United States had proposed the elimination of traffic on 500 ke
other than for calling, distress, urgent, and safety messages. This was
supported by a few nations, but strongly opposed by most of the large
maritime nations other than the United States. Under the new regu-
lations in regions of heavy traffic ships may transmit only a single
short message on 500 kc and coast stations are forbidden to use the
frequency for traffic.

Since 1927 the United States has been endeavoring to eliminate
spark transmitters. Under the provisions of the Madrid Treaty, spark
transmitters with power greater than 300 watts are not permitted to
operate after January 1, 1940. The exemption for these low-power
spark transmitters was continued. However, their use was restricted
to three frequencies, 375 kc for direction finding, 425 for traffic and
500 ke for distress calling. This restricts the interference which can
be caused by this type of transmitter.

Two waves 425 and 480 ke were set up for use by Type A-2 trans-
mitters to be used only by ships in regions of heavy traffic in Europe.
No European coast stations may use these frequencies.

A coast station in a region of heavy traffic may be assigned a calling
wave which is separated from the general calling wave of 500 ke by
not more than 5 ke. This is common practice in various parts of the
world for the purpose of eliminating interference, but has not been
in strict accord with regulations.

The band in which no transmission is permitted during the silent
period was decreased from the old band 460-560 ke to 480-520 ke.

The frequency 1650 ke was set up as a distress wave for low-power
radiotelephone stations in the Kuropean region, in addition to its use
in that region as a calling frequency.

The provision that all ship stations compulsorily equipped with
radio apparatus be able to transmit and receive on two frequencies
besides 500 ke was required in the band 365-485.

The provision of the Madrid Regulations concerning the frequency
meter on board a ship which has caused considerable confusion was
clarcified so as not to require a frequency meter if the circuits of the
transmitter are such as to permit the maintenance of the frequency
within the accuracy of one part in 5000.

INTERNATIONAL CONSULTING COMMITTEE ON RADIO

The rules governing the operation of the International Consulting
Committee on Radio (CCIR) were changed in more or less minor
particulars. The scope of the CCIR was limited to technical questions
and operating questions, the solution of which depend on considerations
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of a technical nature. This is, in effect, an extension of the scope of
the CCIR, but will probably result in excluding automatically many
questions now referred to the Committee.

Administrations and private operating agencies not adhering to
the Radio Regulations are admitted to the meetings of the CCIR as a
matter of right, but without the right of vote. The internal regula-
tions for the CCIR meetings were changed to conform to actual prac-
tice in past meetings. The time of meetings was reduced from every
five years to every three years. The actual functioning of the CCIR
will not be materially different than in the past except that the Inter-
national Bureau of the Union (Berne Bureau) will take over the
administrative duties connected with the work of the Committee. This
will probably result in more active coordination of the work between
meetings and probably more constructive conclusions.

TELEGRAPH CONFERENCE

The principal problems before the Telegraph Conference were (1)
unified rate for code and plain language messages, and (2).use of the
international gold franc for fixing of international rateg- and settle-
ment of telegraph accounts. One committee, and severalﬁubcommittees
thereof, spent practically the entire time of the conference discussing
these two questions, and considering proposals whic}‘i’had been made
and studied for several years, and many new proposals which were
made during the course of the conference. While the majority of the
representatives were in favor of unification of code and plain language
rates, no formula for such unification could be agreed to for the extra-
European regime and the present differential was retained. For the
European region, however, unification was adopted on a basis of 92
per cent of the present plain language rate. The existing ratios be-
tween the various classifications of messages were retained.

International telegraph rates and settlement of telegraph accounts
contemplate the use of the international gold franc set up by the Con-
vention as a monetary base. With the changes that have taken place
in monetary systems throughout the world, this basis had been de-
parted from by several administrations and considerable differences
had developed resulting in more or less general confusion. It was
expected that this conference would clear the confusion, but it was
unable to reach any conclusion on the subject. Consequently the old
regulations stand, with reservations by many nations and notice by
some that they intend to make private arrangements with other oper-
ating agencies.
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The Telegraph Regulations with respect to the operation of inter-
national telegraph communications have been amended in many re-
spects, some of which are major changes and other, minor changes
in wording, etc. The major changes are included in the following:

1. Changes in rules regarding counting of words.

2. Obligatory transit handling of reduced rate classifications.

3. Tightening of restrictions against reforwarding agencies.

4. Admitting broadcasting news to the press classification.

A large number of minor changes were made in the Regulations
which will result in better and more efficient handling of the inter-
national telegraph circuits.

LANGUAGE oF THE CONFERENCES

An outstanding accomplishment of the conferences was the advance
made in the use of the English language. As provided in the Conven-
tion, French was the official language of the conferences and English
translations by official interpreters were made of all speeches made
in French. This is very satisfactory for the actual work on the floor
of the conferences, but documents were issued in French only. For
several years the Government of the United States has assumed the
burden of translating all documents. The present conferences agreed
that in the future all translations into English would be made by the
Bureau of the Union, the expense being shared by the administrations
and companies requesting copies. This will make the translations of
all documents, including the books of proposals, generally available
to all and at approximately the same time as the French documents.
This should assist materially in facilitating the preparations for future
conferences.

The next International Telegraph and Radio Conferences are to
be held in Rome, Italy, in the fall of 1942.

ADDENDUM

The Hansell and Usselman paper entitled “A 200-Kilowatt Radio-
telegraph Transmitter,” in the April issue of RCA REVIEW, was pre-
pared for and delivered before the Communications Group of the New
York Section of the American Institute of Electrical Engineers in
New York on November 9, 1937.
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AN INTERNATIONAL BROADCASTING SYSTEM

By
RaymonDp F. Guy

Radio Facilities Engineer, National Broadeasting Company, Inc.

that time, a “superpower” 40,000-watt transmitter, for WJZ. It

was the natural sequel to the conviction of RCA, that the budding
broadcasting industry offered great opportunities for a service to the
American public which could be duplicated by no other medium. It
was a notable step further to envision also an international service
utilizing the new ‘“‘short waves” which were beginning to show promise
of reliable communication over very long distances. Accordingly, the
Bound Brook plant was provided with two powerful transmitters, one
dedicated to domestic programs and the other to international service.

By the standards of today, the 1925 stations were crude in many
respects but the short-wave broadcasting stations of that period
blazed trails which have been followed all over the civilized world.

International broadcasting is conducted under far different circum-
stances today. Its value in promoting good will and a better under-
standing beyond national borders has prompted all of the leading
nations of the world to provide comprehensive foreign language service
over elaborate and costly facilities. The American method is to promote
international friendship, not by a barrage of propaganda, but by pro-
viding the instrument by which peoples become better acquainted.
Knowing your neighbor may well lead to establishing bonds of peace,
trade, and international prosperity.

For many years the National Broadcasting Company, the General
Electric Company, and the Westinghouse Electric and Manufacturing
Company short-wave stations operated independently of each other
with the exception of the exchange of special program features from
time to time and the transmission of suitable NBC Red or Blue net-
work programs.

In May, 1938, the three companies, prompted by the desire to
take a part in properly representing the United States in international
broadcasting, developed a generally cooperative operation of their
facilities. The stations included in this American service are:

I[N 1925 there was installed at Bound Brook, N. J., what was, at
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1

Fig. 2—Bound Brook, N. J..

transmitter building which houses NBC

Stations W3XAL, WJZ, WMFL, and W2XDG. The “International Wing”
is at the far end.

Licensee

Nat, Broadcasting Co.
Nat. Broadeasting Co.

WI9XF  Nat. Broadcasting Co.
WI1XK  Westinghouse E. M. Co.
Westinghouse E. M. Co.

W3XAL {

W8XK

W2XAF

*General Electrie Co.

W2XAD {General Electric Co.

* Under construction.

Westinghouse E. M. Co.

Location

Bound Brook, N. J.
Bound Brook, N. J.

Chicago, Il
Millis, Mass.
Pittsburgh, Pa.

Pittsburgh, Pa.
Schenectady, N. Y.

Belmont, Cal.

Frequency Power

6100 ke 25 kw
17780 ke 25 kw

6100 ke 12kw
9570 ke 6 kw

6140 ke {25 kw
21540ke | 5kw
11870 ke j20 kw
15210 ke |25 kw

9530 ke 30 kw
15330 ke 20 kw

9530 ke {20 kw

15330 ke |20 kw

jDenotes common
| transmitter.

These facilities are now linked to Radio City in New York by 700
miles of special telephone circuits carrying international programs
exclusively, and these lines are at times supplemented by Red and

Blue network program circuits.

The cooperative operation of the international broadcasting facili-
ties listed above makes possible a better service for several reasons:
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1. The program building facilities of the NBC, which it is believed
are the most complete and comprehensive in the world, have taken
over the task of building a large portion of the programs.

2. The combined technical facilities have enabled a wider and
movre effective distribution of these programs than could be obtained
by the present facilities of any individual company. It has now
become possible to transmit simultaneous services to Europe, South
America, Central America, South Africa, Australia, New Zealand,
and the Orient.

Fig. 3—Section of basement housing W3XAL apparatus.

3. Cooperative program construction results in more comprehen-
sive program distribution without wasteful duplication of service.

EXAMPLES OF SERVICE PROVIDED

As an example of the service provided, when President Ortiz of
Argentina spoke in Spanish in Buenos Aires in April, short-wave radio
brought his message to the United States, together with a translation
into English, which NBC carried over both Red and Blue Networks
to the people of the United States and Canada. A Portuguese trans-
lation was immediately made and the message was transmitted in all
three languages to the countries of Latin America. A recording of
the speech and its English translation was then made and transmitted
the same night by short wave to Australia, New Zealand, and Asia.
The following morning another transcription of the speech was trans-
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mitted to Europe with translations in French, Italian, and German.
Thus, by short wave radio this important address was made available
in six languages and, at a convenient time in each case, to all parts
of the world.

Only a few days later, Senor Aranha, former Brazilian Ambassador
to the United States, made his first international address as Minister

Fig. 4—One of the duplicate W3XAL 10-ampere,
12,000-volt rectifiers.

of Foreign Affairs of Brazil, in a speech transmitted to the United
States. The speech, delivered in English, was translated into Spanish
and Portuguese and transmitted in both languages to Latin America.
It was then transmitted in English to Asia, Australia, and New Zea-
land. Again, the following morning, the speech was transmitted in
the languages of Europe to listeners across the sea.

A few weeks later an important speech by our own Secretary of
State Hull was carried to the same audiences.
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President Roosevelt’s 1938 Pan-American address was transmitted
to an NBC world-wide audience which was probably equalled in size
only by the group of listeners to the abdication speech of King
Edward a year and a half ago. The President’s address was carried
throughout the United States over the combined NBC Red and Blue
Networks of over 130 American stations. It was also broadcast to
foreign listeners in Latin America, South America, and Europe
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WJZ 760KC SHORT WAVE SHORT WAVE SHORT WAVE
AUXILIARY 25 Kw 25KwW 25Kw
RF SYSTEM P.A. PA. P.A.
EXCITER EXCITER EXCITER EXCITER
22 KW CLASS B 22KW CLASS B
MODULATOR MODULATOR
10 AMP 12000 V 10 AMP 12000 V
RECTIFIER RECTIF IER

"INTERNATIONAL CONTROL ROOM"
AT BOUND BROOK. N.J.

Fig. 5—Diagram illustrating the flexibility of the two 25-kw
international transmitters.

through stations W3XAL, W8XK, W2XAD, and WI1XK. It was
relayed to foreign stations in Buenos Aires, Rio de Janeiro, Havana,
Bogota, Caracas, Montevideo, the Orient, Hawaii, Australia, England,
Germany, France, South Africa, and Mexico City via the facilities of
R.C.A. Communications and the American Telephone and Telegraph
Company. The address in English was followed by Spanish, Portu-
guese, and Italian translations.

FOREIGN PrROGRAMS RELAYED TO AMERICA

Foreign programs play an increasingly important part in providing
programs for American consumption. The comprehensive scope of
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NBC endeavor in this field is indicated in the following table which
tabulates only those programs brought to its networks by point-to-point
international relaying through R.C.A. Communications or American
Telephone and Telegraph Company facilities.

o

Fig. 6—One of the duplicate W3XAL 25-kw amplifier

assemblies.

Year No.of Programs  No. Program Hours Countries of Origin
1930 95 48

1931 142 73

1932 149 51

1933 143 52

1934 278 113 36

1935 319 97 47

1936 514 146 53

1937 516 169 44

These programs bring to Americans, direct from the scene, the
rise and fall of empires, events from distant battlefields, the voices of
monarchs and dictators. They bring the celebration of Christmas
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from the Holyland and from the lands of the Eskimo, events from the
world of sports, religion, and the arts and sciences.

The interconnected facilities required, to bring such a comprehen-
sive service to American listeners, are indeed extensive. Point-to-point
relay service is required for each program. For the simplest events,
the foreign facilities consist of program pickup equipment, wireline
connections through repeater stations, and powerful transmitters with

Fig. 7—25-kw amplifier assembly.

highly directive antenna systems. The domestic facilities consist of
complex diversity receiving systems, wireline connections to the broad-
cast control point, and thousands of miles of program line connections
to networks of broadcasting stations. To bring a program from Lon-
don to the living room of a listener in San Francisco requires an
accumulative power magnification, with minor distortion and fre-
quency discrimination, of 400 million billiony billion billion billion billion
times! This amazing amplification has now become a commonplace
procedure! If a grain of sand were increased in weight that many
times it would weigh 20 thousand billion billion times as much as the
earth.

International program relaying service is provided through the
facilities of R.C.A. Communications and the American Telephone and
Telegraph Company. Upon request a program relay channel can be

wWwWw.americanradiohistorv.com


www.americanradiohistory.com

28 RCA REVIEW

Fig. 8—0One of W3XAL 25-kw high-frequency power amplifiers
being assembled.

made available between the United States and any of the following
countries:

Alaska France Newfoundland
Albania Germany Norway
Argentina Greenland Palestine
Australia Guatemala Peru
Austria Hawaii Philippines
Belgium Hongkong Poland
Brazil Hungary Russia
British Guiana Iceland Scotland
Chile Ireland Spain
China Italy Sweden
Colombia Japan Switzerland
Cuba Java South Africa
Czechoslavakia Lithuania Tripoli
Denmark Mexico Uruguay
England Netherlands Vatican City
Venezuela

The NBC has made use of this two-way relay service in trans-
mitting to or receiving from every one of the countries referred to.
Programs may be, and have been, relayed to nearly every country in
Europe, Asia, and South America, by linking local stations and relay
terminal points by long wireline connections.
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Fifteen years ago a New York theatre manager announced from
the stage, with more enthusiasm than accuracy, that the next per-
formance was to be broadcast to the world by radio. That over-
optimistic announcement was prophetic. World-wide broadcasting is
now a frequent occurrence and an excellent outcome of the American
system of broadcasting. Astonishingly enough, even the matter-of-
fact engineer, living by, and working with radio day by day, is no less
awed by what he has wrought than the layman.

It is interesting to compare 1938 international broadcasting with
the first American network rebroadcast of a foreign program. It took
place in 1925 and was accomplished by stations WJZ and WRC with
the assistance of the point to point facilities of RCA. Station 5XX,
London, England, transmitting on 1600 meters, was received at Bel-
fast, Maine, and relayed on 60 meters (approx. 5,000 ke.) to the
writer at the RCA Research Laboratory near Van Cortlandt Park,
New York City. From there it was transmitted to WJZ and WRC by
wirelines. The transmissions were accompanied by so much static
and interference that during an entire 20-minute broadcast there was
less than one minute of intelligible music and speech—just enough to
convince skeptics that for the first time the miracle of radio had
brought them music from across the seas!

PROGRAMMING AN INTERNATIONAL SERVICE

The proper and thorough programming of international facilities
involves certain complications encountered in only a minor degree in
providing service within the borders of the United States. Europe,
so to speak, goes to bed at approximately 6 P.M. New York time.
Listeners in Russia turn off their radios even earlier. In addition to
time differences, and of even greater importance, are language differ-
ences. A useful service to Latin America, South America, and Europe
requires daily transmissions in six different languages, namely Span-
ish, Portuguese, English, German, French, and Italian. Transmissions
in each of these languages require separate staffs of translators and
announcers, each supervised by a section chief. In addition there is
required a director of talks, a director of music, a director of pro-
duction, and a traffic supervisor.

Matters concerning all of these groups are coordinated and super-
vised by a staff desk, consisting of senior staff members on relay
duty sixteen hours per day. Supplementing the activities of the New
York headquarters staff are foreign representatives and contacts
through whom arrangements are made for transmission and recep-
tion of events of international interest.
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Early in 1938, coincidental with the inauguration of the coopera-
tive operation of the international broadcasting facilities, a new NBC
department was organized, known as the International Division.
Transferred to this group were those specialists who had formerly
functioned in international activities as members of various domestic
departments. The international division consists of 38 persons directed
by a vice-president in charge.

Fig. 9—Section of W3XAL European beam antenna
photographed from b50-foot level of 250-foot short-
wave antenna tower.

The engineering and operating functions, the construction and
operation of facilities used by NBC in international broadcasting,
are directed by the vice-president and chief engineer.

Figure 1 shows the organization chart of the departments which
are directly engaged in international broadcasting in NBC.
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The complexity and scope of the service provided is illustrated by
the following schedule which covers the programs during one repre-
sentative day transmitted through station W3XAL at Bound
Brook, N. J.

TUESDAY, MAY 24th — STATION W3XAL

Service on European Beam 17,780 ke, 16.8 meters. 9:00 A.M. to 5:00 P.M.

9:00- 9:
9:556-10:
10:00-10:
10:45-11:
11:00-11:
11:15-11:
11:30-11:
11:45-12:
12:00-12:
12:15-12:
1:
1:
1:

12:30-
1:00-
1:156-

—

:30-

:00-
:15-
:30-
:45-
:00-
:15-
:30-
:45-
:00-
:15-
:45-
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:20-
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:00-
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LN

:30-
:45-
:00-
:15-
:30-
:45-

00 00 0000 -1 ]

Do

Tl W wWwWwwWwM DN

55

Breakfast Club. Announced in English.

Press Radio News. Announced in English.

Musical Interlude. Announced in English.

Women in the News. Announced in English.

News. Announced in Italian.

Viennese Ensemble. Announced in English and Italian.

Woman’s Page. Announced in Italian.

Melody Matinee. Announced in Italian.

News. Announced in English.

Bailey Axton, tenor. Announced in English.

Carnation Program. Announced in English.

News. Announced in German.

Escorts and Betty, popular songs. Announced in English
and German.

Jerry Sears Orchestra, popular music. Announced in
German.

News. Announced in French.

Book of Songs. Announced in English and French.

Woman’s Page. Announced in French.

Armchair Quartet. Announced in English and French.

News. Announced in German.

Dance Music. Announced in German.

Arts in America. Announced in German.

U. S. Army Band. Announced in English and German.

News. Announced in French.

Dansante. Announced in French.

Organ Concert. Announced in French.

Service on Latin American Beam 17,780 ke, 16.8 meters.

[ar Wi RV

b [ er i erier)

€© 00000000 =]

5:20 P.M. to 9:00 P.M.

News. Announced in English.

Concert. Announced in Spanish.

News. Announced in Spanish.

Jimmy Richards Orchestra. Announced in English and
Spanish.

Top Hatters Orchestra. Announced in English and Spanish.

Press Radio News. Announced in English.

Base Ball Scores. Announced in English.

Ray Kinney and His Royal Hawaiian Orchestra. Announced
in English and Spanish.

News. Announced in Spanish.

Carol Deis, soprano and John Guerney, baritone. An-
nounced in English and Spanish.

Musical Revue. Announced in Spanish.

Smooth and Sweet. Announced in English and Spanish.

News. Announced in Portugese.

Dance Orchestra. Announced in English and Portugese.

Woman’s Page. Priscilla Watson. Announced in Portugese.

Concert Orchestra. Announced in Portugese.

wwWw.americanradiohistorv.com


www.americanradiohistory.com

32 RCA REVIEW

Service on Latin American Beam 6100 ke, 49.1 meters.
9:25 P.M. to 1:00 A.M.

9:25- 9:30 Program Résumé. Announced in Spanish.

9:30-10:00 Rosario Broudon Concert. Announced in Spanish.
10:00-10:30 Man About Town, popular program. Announced in Spanish.
10:30-10:45 News. Announced in Spanish.

10:45-11:30 The Composer’s Library. Announced in Spanish.

11:30- 1:00 Dance Music. Announced in English and Spanish.

Fig. 10—W3XAL “International” control room.

A day’s facilities schedule for W3XAL, W2XAD, and W8XK is
shown below.

W3XAL:
8:55 A M.- 5:056 P.M. EDST. European Beam, 17,780 ke, 16.8 meters.
5:15 P.M.- 9:05 P.M. EDST. Latin American Beam, 17,780 ke, 16.8 m.
9:20 P.M.- 1:00 A.M. EDST. Latin American Beam, 6100 ke, 49.1 m.

W2XAD:
8:00 AM.-12:00 NOON EDST. Latin American Beam, 21,500 ke.
12:30 P.M.- 6:00 P.M. EDST. European Beam, 15,330 ke.
6:00 P.M.- 7:00 P.M. EDST. Latin American Beam, 15,330 ke.
7:15 P.M.-11:00 P.M. EDST. Latin American Beam, 9550 ke.
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W8XK
7:0 - 9:00 AM. EDST. European Beam, 21,540 ke.
9:0 - 7:00 P.M. EDST. European and Latin American Beams,
15,210 ke.
T: M.-11:00 P.M. EDST. Latin American Beam, 11,870 ke.
11: - 1:00 A.M. EDST. Non-Directional, 6,140 ke.

A summary of transmissions during one representative week is
shown below:

Station: W3XAL

Date: SUMMARY—WEEK OF MAY 8, 1938

Total number of programs Hrs. Min.
broadcast on 17780 ke.. ... 273 Total number of hours.... 81-45
Total number of programs
broadcast on 6100 ke..... H5 Total number of hours.... 25-00
Total number of programs
broadcast ............... 328 Total number of hours.... 106-45
Number of
Programs Hrs. Min.
(1) Total RED network programs.................. 54 16-40
(2) Total BLUE network programs ................ 101 38-15
(3) Total Commercial Programs from INetworks...... 14 5-45
(4) Total Special Programs carried by Int’l. Div. only 157 46-05
(a) Talks
Total News .. ..o .. 62 14-50
Total Other Talks ......... ... ... ... 34 7-30
(b) Total Music ........ ..ot 59 22-43
(¢) Total Special Events ...................... 2 1-02
Breakdown of Programs Carried by International
Division Only
(1) Talks:
(a) News:
English ... ... .. .o 18 3-50
Spanish ......... ... .. .. . i 14 3-30
Portuguese ...... .. i 5 1-15
GeIrMAN .« ettt et e 10 2-30
French ....... .. i 10 2-30
Ttalian ..o e 5 1-15
Total News . ...t 62 14-50
(b) Other Talks:
English ... . B0 BEREG
Spanish ......... ... ... . 11 1-45
Portuguese ....... .. .. . .. oL 4 1-00
GEIMAN « vt ittt it e it e 8 2-00
French ...t 6 1-30
Ttallan ... . 5 1-15
Total Other Talks .............. 34 7-30
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(2) Music:

Programs Hrs. Min.

(a) Live Talent ........ ... 12 4-00

(b) Records ...t 22 10-28

() TheSaurus . ......ceouoeoanannanneenenannns 24 7-45
(d) Acetate Recordings ....................... 1 -30
Total Live Talent ............... 12 4-00

Total Recordings ............... 47 18-43

Total Music ......... i onn. 59 22-43

(3) Special Events:
() Studio ......oii e e

(b) Outside Pick-Ups ...... ... ..ot 1 1-00
(c) Acetate Recordings ................ ... ... 1 -02
Total Special Events ............ 2 1-02

NOTE: Above totals do not include time for Station
Sign-On and Sign-Off which amounts to...... 44 3-40

Total time on the air including Sign-Ons and
Sign-Offs ... . 110-25

NEw FACILITIES AT W3XAL

Simultaneously with the inauguration of cooperative operation of
the previously tabulated short-wave stations, NBC placed in service
at W3XAL the first of two new and thoroughly modern 25,000 watt
duplicate transmitters which had been under construction for eight
months. These new facilities are located in the “International Wing”
of the Bound Brook, N. J., Transmitter Building.

Figure 2 shows the transmitter building which contains the WJZ
50-kw Blue Network domestic broadcast transmitter, its 25-kw auxil-
iary transmitter, two 25-kw international transmitters, and also two
lower-power domestic transmitters.

Figures 3 and 4 show views of the transmitting equipment in the
“International Wing” of this building.

Figure 5 shows, by block diagram, the flexibility of the two 25-kw
international transmitters.

Figures 6 and 7 show the simple and highly efficient 25-kw power
amplifier construction. The white cones adjacent to the tubes are com-
pressed-air neutralizing condensers.

Figure 8 shows one of the 25-kw amplifiers being assembled.

Figure 9 shows a section of W3XAL, European beam antenna,
photographed from 50-foot level of 250-foot short-wave antenna tower.
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FIGURE OF MERIT FOR TELEVISION
PERFORMANCE

By A. V. BEDFORD
RCA Manufacturing Company, Inc., Victor Division, Camden, N. J.

number could evaluate a television system in every respect. This

is not to be expected. However, of all the properties of a tele-
vision picture, i.e., resolution, geometric accuracy, brightness, size,
steadiness, etc., resolution is probably the most indicative of quality.
Hence a method will be described for measuring resolution, not only
for a certain area, but for the picture as a whole.

The best known resolution test chart is probably that used by optom-
etrists in testing eyes and fitting spectacles. It consists of several
horizontal rows of random letters of the alphabet, each row being of
smaller type than that immediately above. Arbitrary numerical rating
can be given to the picture transmitting system, which in this case is
the patient’s eyes and spectacles, by observing the height of the smallest
row of letters which may be read accurately at a specified distance.

Such charts have been used to test television systems, but have
been discarded due to the following reasons:

THE ambitious title of this paper might imply that a single

(1) Some letters of a given height are easier to discern than others,
causing inconsistent readings.

(2) The reading gives no indication of relative horizontal and verti-
cal resolution of the picture since legibility depends upon both
vertical and horizontal resolution.

(3) Sequence of letters are indeliberately memorized resulting in
erroneous readings.

(4) No accurate evidence is available to indicate the primary limit-
ing factor, i.e.,, whether it is defocusing, imperfect interlacing,
inadequate frequency response, or inadequate number of
scanning lines.

At a very early date it was found that a pattern consisting of uni-
formly-spaced parallel black and white vertical bars could be used at
variable distance from the pick-up device to determine limitation of
horizontal resolution due to frequency response. When such a pattern
is transmitted by a system using horizontal scanning, each pair of black
and white bars causes the generation of a single cycle. Hence, by count-
ing or calculating the number of bars required to equal a certain dimen-
sion in the transmitted picture at the greatest distance from the camera
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at which the bars can be distinguished, the frequency limit of amplifiers,
etc., may be readily calculated.

If the same pattern is then rotated so that the bars are horizontal
and the distance for resolving is adjusted again, the number of bars re-
quired to fill a similar distance in the transmitted picture indicates in
similar units the vertical resolution of the picture.

The use of this chart obviously required considerable manipulation
and checking in order to obtain accurate readings.

THE TAPERED WEDGE CHART

A change in the pattern design to one which employed converging
bars forming a wedge made these tests much easier. IFigure 1 shows
a recent form of this pattern, which was designed by the Nalional

O

300"..

Fig. 1
Broadcasting Company. It differs from a much earlier design by en-
gineers of the RCA Manufacturing Company mostly in that three con-
centric circular areas of half tone shadings between black and white
are provided in the center. It was made for a picture having a 4/3 aspect
ratio in conformance with presently proposed United States television
standards. In order to facilitate the adjustment of the pattern at the
proper distance from the camera to fill completely the picture screen, two
large circles are provided, one having a diameter equal to the height
of the screen and the other having a diameter four-thirds as great or
equal to the width of the picture screen. Two sets of test bars at right
angles are provided. The vertical set is used for measuring horizontal
resolution and the horizontal set is for vertical resolution. The vertical
set consists of 23 alternate similar black and white bars which are
spaced relatively far apart at the top and gradually less distance apart
at the bottom, thus making a wedge shaped figure. Along the side of
the figure are calibration numerals 150, 200, 300 and 400 which are in-
tended to be legible when seen through any television system it is
desired to test. The calibration numerals are read in units which may
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well be called “resolution bars” and indicate the number of bars (both
black and white) having the width indicated which would be required
to fill a distance equal to the height of the entire picture screen.

Similarly, the horizontal set of bars forms a wedge which extends
across the screen with the bars converging to a point at the right hand
side. The wedges are broken at the center of the pattern, to accom-
modate four concentric circles of different half-tone values, but no por-
tion of the wedges is lost. The calibration of both wedges is identical
so that equal readings on the two wedges indicate equal picture resolu-
tion per unit distance along the screen surface without regard to the
aspect ratio. This chart has been used extensively in the RCA Television
Field Tests due to its great ease of reading ; but for rigorous measuring,
the more complicated pattern described below is used.

SECTIONALIZED RESOLUTION CHART

The test chart which is now considered most useful for over-all
resolution check is shown in Figure 2. It consists of 12 substantially
identical major squares arranged in three horizontal rows to form a
rectangle having a 4/3 aspect ratio. The squares have been assigned
identifying numbers, 1 to 12, proceeding from the upper left hand
corner, left to right. Each major square consists of four minor squares
of equal size, but different patterns. Each major square contains a
complete vertical wedge of thirteen tapered bars (black and white)
which start in the upper right hand minor square with a resolution
calibration of 100 “resolution bars,” graduates to 150 at the middle and
200 at the bottom of that minor square. The wedge continues in the
lower left hand minor square with 200 at the top, 250 in the middle and
300 at the bottom. The bars of the wedge are slightly curved so that a
linear relation between distance along the wedge and resolution is
obtained, facilitating intermediate readings. The horizontal wedge is
similar, beginning with 100 at the left-hand side of the upper left
minor square and finishing with 300 in the lower right-hand square.
Numerals 1, 2, and 3, standing for 100, 200, and 300 are located on
sample major square No. 6 to indicate the calibration in “resolution
bars”. On both vertical and horizontal bars the calibration indicates
the number of bars of the indicated width that would be required to fill
the screen vertically.

The area surrounding the “wedge” in the two lower minor squares
of each major square is divided into four smaller areas which have been
cross-hatched to produce the effect of different half tones from black to
white. The value of these shades are marked in the sample major
square No. 3, as fractions which indicate the shading as a portion of
complete black.
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USE OF THE SECTIONALIZED CHART

The sectionalized resolution chart as shown in Figure 2 can be used
to determine facts covering the quality of a television system in the
following respects:

(a) Vertical Resolution in any or all of the 12 portions of the

screen.

(b) Horizontal Resolution in any or all of the 12 portions of the

screen.

(¢) Upper-frequency cut-off.

(d) Character of high-frequency ‘“hang over.”

(e) Focus of pick-up lens, and size and sharpness of Iconoscope and

Kinescope scanning spots.
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Fig. 2

(f) Over-all Resolution Figure of Merit.
(g) Half-tone transmission and saturation.
(h) Shading.
(i) Interlacing.
(j) Aspect ratio of transmitted picture.
(k) Deformation due to poor trapezium correction or other defects.
(1) Vertical-deflection linearity.
(m) Horizontal-deflection linearity.

In making any resolution test the apparatus should be adjusted
so that black, white, and at least two intermediate shades between can
be distinguished in the test chart, and preferably in the particular
major square being read. The object of this requirement is to be sure
that a false illusion of good frequency response is not being obtained
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by excessive amplification at certain frequencies being suppressed by
saturation in the system.

The ultimate vertical resolution (a) may be read in any one of
the twelve major squares by observing the point along the horizontal
wedge at which the bars become substantially indistinguishable.
However, a technique of reading to obtain a value which is more rep-
resentative of the effective resolution is given below. In general,
vertical resolution is independent of frequency characteristic, but is
limited by optical focus, interlacing (i) and size of Iconoscope and
Kinescope scanning spots (e). If these factors are not limiting, the
ultimate limit is reached due to the scanning lines being random in
location with respect to the converging resolution bars in the wedge,
producing beating effects.

Horizontal resolution (b) in any one of the twelve squares may
be read in the vertical-resolution wedge. This reading is definitely
limited by the high-frequency response (c¢) of the transmission system
since scanning across the vertical wedge produces a high frequency.
Since only the fundamental frequency generated is required for ade-
quate identification of the bars, a cycle is generated by each two bars
(black and white). The generated frequency is:

HanR 1
f=

2 (1—B)

where H is the reading on the resolution wedge, ¢ is total number of
scanning lines, » is frame-repetition frequency, R is aspect ratio and
B is the percent of the time (expressed as a fraction) at the end of
each horizontal line to accommodate return of the scanning spot to
the start of the next line. (The equation assumes uniform speed of
seanning along the line.)

In certain improperly adjusted systems a high-frequency ‘“hang
over” (d) will be produced in the received picture immediately follow-
ing in time, i.e., to the right hand side of a certain section of the
resolution wedge. Such a “hang over” (d) which may be visible for
one to six or more cycles is generally due to a sharp peak in the fre-
quency response at the frequency corresponding to that portion of
the wedge.

When vertical and horizontal resolution measurements are made,
certain tricks may be employed to separate the several factors which
limit the resolutions reading. For example one way to test for size of
scanning spot in the Iconoscope (e) and optical focus on the Iconoscope
plate is temporarily to reduce the amplitude of scanning in the
Iconoscope so that only a small section of the Iconoscope plate and test
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pattern is scanned. This results in an enlarged view of a portion of
the test pattern being reproduced on the receiving screen and generally
permits the observer properly to discount response and excessive size
of Kinescope scanning spot.

The Over-all Resolution Figure of Merit (f) is intended to be a
numerical value which indicates on a relative basis, the total ability
of the picture to convey information. It may be given as the total
number of black and white dots which could be put in a scene to be
transmitted with random location relative to the position of the scan-
ping lines, and which could all be separately identified and located in
the received picture. If this should be measured directly it would
require transmitting a pattern consisting only of black and white dots.
The dots might be arranged alternately in staggered rows somewhat
like a checker board. However due to all areas of the picture not
having identical resolution the dots should have different size and
spacing in different areas in order to be just distinguishable in all
areas.

The sectionalized resolution chart as shown in Figure 2 can be
used to measure the Over-all Resolution Figure of Merit (f) with
reasonable accuracy. It is assumed that the vertical and horizontal
resolution readings obtained in each major square may be considered
to be substantially the effective average values throughout the square.
Then the product of the vertical and horizontal readings divided by
3 x 3 or 9 would represent the number of resolvable dots for that
particular square since the resolution chart is calibrated in each
direction in terms of the number of bars required to fill a distance
equal to three times the height of one square. Then the Over-all Reso-
lution Figure of Merit is:

HV
m= 9

for 12 squares

where H and V are the horizontal- and vertical-resolution readings
respectively. For example, if the vertical and horizontal-resolution
readings are 200 for each of the twelve squares, the Figure of Merit
is 53,500, and for uniform readings of 300 it is 120,000. A figure of
merit obtained in this manner may serve as a specification of perform-
ance or it may serve as a means of measuring progress in development
of an experimental or commercial television system.

Since each major square of the chart has two different sets of
calibrated shaded areas between black and white, the chart is helpful
in judging the fidelity of half-tone (g) transmission. Also the cali-
brated half-tone areas may be useful as a comparative standard for
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evaluating the spurious output signal of the Iconoscope, which is known
as ‘“‘shading” or “dark spot” (h). However, no scheduled procedure
for these tests has been established.

The test chart has a well defined 4,/3 aspect ratio which is useful
in checking picture aspect ratio (j). It also has abundant vertical
and horizontal equally spaced straight lines which often is helpful in
making either a quick rough check or a careful measurement of any
deformation of the received picture due to stray magnetism, poor
deflecting yokes, improper Iconoscope mounting, inaccurate compensa-
tion for the tilt of the Iconoscope plate (k) poor vertical (1) or hori-
zontal deflecting (m) saw-tooth wave, or other causes.

TECHNIQUE OF READING THE CHART

It has been found that observers who desire to make honest and
accurate readings of resolution, render readings on the chart when
transmitted by an actual television system, which differ appreciably.
This is due mostly to the observers’ disagreement as to how clearly
the individual bars should be defined in order to be read properly as
“resolvable”.

Without the use of some agreement as to the criterion of reading,
the results will be inconsistent. Also, with the use of an improper
agreement, the results may be consistent, but very erroneous and of
no value as a measure of effective or useful resolution. For example,
assume a television system in which horizontal resolution is limited
by an amplifier response which very gradually approaches zero as the
frequency increases. Then the theoretical ultimate limit of resolution
must occur at the point along the vertical wedge at which the generated
frequency is just below that at which the amplifier response becomes
zero. Of course, due to the observer’s eye requiring appreciable dif-
ference in brightness of black and white bars for identification, he
could not read quite as high as to the point of zero amplifier response.
Nevertheless he could read to a point at which the generated frequency,
f1, is down in amplitude to a very low value, say 10 percent of ideal.
If the complete apparent fade-out of the bars is to be the criterion, the
observer would be compelled to render this high reading. Now assume
a gecond system in which the amplifier response is uniform up to a
definite cut-off frequency which is the same frequency as the f1 in the
first case, beyond which the response is substantially zero. The
observer would render the same reading as for the first system, that
is, at the point where frequency f1 is generated. The bars would be
revealed in full contrast ahead of the reading point and entirely
indistinguishable beyond. The readings for the two systems would be
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definite and different observers would give consistent readings, but
the readings would be rather meaningless as a measure of useful reso-
lution, since a picture transmitted by the first system certainly would
be much inferior to the same picture transmitted by the second system.

Hence, it is apparent that the chart should not be read to the point
of complete diffusion of the bars in every case, but rather it should
be read to some sort of mean point between ideal maximum contrast
between bars and complete optical diffusion of the bars. The writer
believes that the most accurate and significant readings are obtained
by adhering to the following rule: “For obtaining EFFECTIVE RESO-
LUTION read a point along the wedge at which you estimate that the
vahie of eny resolution beyond this point to be offset or cancelled by
less than maximum contrast of bars preceding this point.” The choice
of a reading point by this convention requires a fairly delicate weighing

A A A A

45 50 70 {00
Fig. 3

and balancing of values in the mind. Nevertheless, the correct value
must inherently be the result of balancing of optical and psycho-
logical values and it is believed that deliberate and conscious estima-
tion of the effective mean by an intelligent person will give a fair
value. A person of engineering or scientific experience, who is accus-
tomed to reading instruments and making engineering estimates,
would probably give a more accurate reading than a layman. In order
to prevent personal eccentricities from causing great error it is advis-
able to use the average values of readings given by several persons
when high impersonal accuracy is important, as for example in deter-
mining specifications for apparatus. It is tmportant that all observers
be instructed in the convention for estimating the effective resolution.
If any other convention is to be used the observers should be carefully
instructed in its method of execution.

In observing vertical resolution by means of the horizontal bars
in a system, where limitation of resolution is due to the number of
bars being comparable to the number of scanning lines involved in
scanning the bars, a very confusing extraneous beat pattern is noticed.
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The beat pattern is entirely a psycho-optical effect produced by the
several bars falling at different and varying positions with respect
to the scanning lines. Fig. 8 illustrates the general effect in a quali-
tative manner only. This diagram was graphically constructed to
represent the received image in a hypothetical facsimile or television
system in which the scanning spot in both the transmitter and
receiver had zero width and a vertical length equal to the line pitch.
The system transmitted no half-tone values, as any value which would
normally be reproduced as a grey was reproduced as either black or
white respectively depending upon the value being below or above
the 50-per cent white value. The pattern transmitted was a group of
straight alternate black and white bars which converge uniformly
toward the right. In the figure the scanning lines are parallel and
have a spacing the same as the bars at the extreme right hand side
which is indicated by the “100” mark. The other numerals, 40 to 100,
indicate in percent the ratio of the number of bars to the number of
scanning lines at that point. If the pattern is viewed at a considerable
distance and/or if the eyes are squinted the beat pattern can easily be
seen as a diamond-shaped figure in the region between 60 and 80.

In making readings of vertical resolution with the charts of Figures
1 and 2 and an actual television system, observers acting under the
convention for reading effective resolution given above, have generally
read to a point where the ratio of bars to lines involved is 0.65 to 0.75.%
In this region the extraneous figure appears to dominate the view at
the expense of the legitimate bars. Since the bars can actually be
distinguished by careful scrutiny well beyond the point at which the
beat figure appears to dominate, it is more significant to read “effec-
tive” resolution according to the convention given.

No doubt the test charts and methods here pbresented have certain
faults of inaccuracy and incompleteness, but their use has been of
definite value in giving numerical evaluation to television progress.

Though the Sectionalized Chart was designed by the writer it ean
really only be considered an evolved by-product of the efforts of many
engaged in the television art. The special influence of Mr., R. D. Kell
and Mr. M. A. Trainer of the R.C.A. Manufacturing Company, Inc.
should be noted.

*“An Experimental Television System,” by R. D. Kell, A. V. Bedford
and M. A. Trainer—Proc. of IRE, Vol. 22, No. 11, Nov. 1934.
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which has engaged the attention of many capable workers.

Beginning in 1842, Alexander Bain, an English physicist, con-
ceived and solved the problem in its broadest aspects so accurately
that practically every system since devised, has employed principles
first used by him.

Essentially, there is provided at the transmitting end means to
scan each elemental area of the picture to be transmitted, to convert
the light of each of the scanned areas into an electron signal propor-
tional in intensity to the strength of the light received from the
scanned element. At the receiving end the electrical impulse is recon-
verted into light, the value of which bears direct relation to the
signalling energy. There are, however, additional considerations.
Each of the reconverted elements of the picture must occupy the same
relative position with respect to the reproduced picture as the scanned
element occupied in relation to the original picture. At the receiver
the reproducer must travel with respect to the picture surface at a
speed identical with that of the transmitter; it must also start out
in the same relative position as the transmitter in order that the
picture received be undistorted.

The necessity of this maintenance of identical speeds and position
relation, known as “synchronism” and “phasing” respectively, arises
from the fact that in transmitting a picture wave three variables must
be considered, namely, the two dimensions of the picture, the width
and height, and the density of each elemental area. We have, however,
only one dimension available in our transmitting channels, the instan-
taneous magnitude of the electric current. We must, therefore, rely
upon some other factor to provide the two linear dimensions of the
picture, which is time.

By selecting predetermined time intervals to transmit each of the
elements, and knowing the position which each element is to have for

THE transmission of pictures by means of electricity is a subject

1Based on a paper delivered before the Photographic Society of
America, at Rochester, N. Y., April 26, 1937, and published in the Journal
of that Society, December, 1937.
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a given instant, we can reassemble the picture by sending the proper
amplitude of current at the correct instant. For example, we may
describe a ludicrous system, but one which may nevertheless be effec-
tive in reducing the problem to its simplest terms of explanation.
Two men are at opposite ends of a telephone circuit. The man at the
transmitting position says “I will now send you picture element num-
ber one, for the upper lefthand corner. The value of this element is
Four.” By prearranged code, the receiving man knows that “Four”
is one of say ten steps of value between white and black. Accordingly,
he makes a mark upon a paper of the proper shade, and in the proper
place, as directed. By some such cumbersome method, the receiving
man may, after duly recording 12,000 separate messages of instruction,
look upon one square inch of the complete picture being sent him.
We return now to a consideration of more practical means of picture
transmission by radio.

In practice, the task described is merely relegated to mechanical
and electrical devices, which scan the picture to be transmitted in a
predetermined fashion and at a predetermined speed. If we follow at
the receiving point the same scanning trace with respect to the scan-
ning pattern, in exactly similar speed, we automatically indicate for
each instant of transmission the proper coordinate position of the
elemental area, as well as its value in electric current.

This is the problem and its solution in its broadest aspects. Years
have been spent by the many workers to perfect means of following
a predetermined scanning pattern in precisée time relation and in pro-
ducing electrical impulses which are strictly proportional to the density
of the elemental areas, and in reproducing those electrical impulses
into elemental areas the density of which is strictly proportional to
the electric impulses. Historically the simplest scanning means was a
pendulum swinging back and forth across type faces in which a small
light contactor rode over the faces to make electrical contacts. The
closing of the contact transmitted a signalling impulse. At the receiv-
ing end a similar pendulum traced a similar path on paper. By elec-
trolytic action the electrical impulse received from the transmitter
would discolor that part of the paper in contact with the recording
stylus in accordance with the contact of the original. After each swing
of the pendulum the type face at the transmitter and the paper at
the receiver would be advanced an appropriate distance. The surface
of adjacent areas of the type-face contact therefore were in rough
correspondence to similar areas contacted by the pendulum of the
receiver. Such a system of scanning, because it depends upon hack
and forth action for its operation, is known as “reciprocating sean-
ning”.
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Following this ingenious device other systems were subsequently
proposed. The next was one in which the picture to be transmitted
was mounted on a drum. The scanning element was mounted on a
serew advance parallel to the axis of the drum; and suitable gearing
provided between the shaft of the drum and the lead screw caused
the carriage to move longitudinally with respect to the drum as the
drum was rotated by a motor. The gearing and the pitch of the screw
determine the rate at which the scanning device so mounted travels.
For present practice this is fixed to be about 1/100th of an inch for
each revolution of the drum.

It will thus be apparent that the scanning path was that of a
helix and, since the pitch is small, substantially parallel line scanning
results. This is a so-called “rotary scanning system”. Practically all
other scanning systems are derived from these two either singly or
as a combination of both rotary and reciprocal scanning. Either system
provides a means for scanning each elemental area of the picture to
be transmitted and the final choice is generally dependent upon other
considerations. In general, the rotary system is preferred, since such
systems may be maintained in synchronism more easily and do not
suffer from back-lash and other mechanical imperfections as much as
reciprocal scanning systems.

Transmitting heads, which constitute part of the scanning system,
fall into two general classes—those representative of the earliest work
in the field which make use of electrical contact and resistance varia-
tions, and those which make use of electrical light translating methods.

The first type of system is represented by the class in which the
message to be transmitted is written or printed in special electrically
conducting ink upon the message blank. A scanning stylus rides over
the message blank and, in accordance with the changing electrical
resistance it encounters, a varying electrical current is produced. Such
systems have the disadvantage of being operative at only relatively
low speeds, and because they do not compensate for varying thicknesses
of the ink, spurious variations in resistance take place. These produce
distortions in the transmitted signals. In the same category belong
those systems in which an embossed image of the picture on thin metal
foil is used or, alternatively, a half-tone plate is used in conjunction
with a fine stylus. In either of these forms, the stylus making contact
with the raised portions of the metal closes the electrical circuit to
transmit pulses representative of the raised areas of the picture
surface.

In the second class, light-translating elements, such as selenium
cells of the variable resistance or bridge type, photoelectric, photo-
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voltaic and barricr layer celis, are represented. Either transparencies
of the picture or the picture itself may be used in systems of this
class. In the case of transparency, light is transmitted through a
negative of the picture by means of a suitable optical system focused
on the light translating element. In accordance with the variation of
densities, corresponding variations in electrical currents are produced
for actuation of the radio transmitter. Such a system has the disad-
vantage of requiring the preparation of a film for transmitting, and
of not permitting the direct use of picture or message blank. The
direct picture method employs a source of light to illuminate a small
area of the picture. The reflection of this light is focused upon the
light translating element to produce corresponding variations in elec-
trical currents. In direct picture transmission systems of this class,
a large source of light covering an appreciable area may be used, if a
suitably apertured optical system, restricting to a small area the light
falling on the light translating element, is also employed. Alternatively,
the light may be focused through an aperture to the picture, the
aperture being so dimensioned as to have the size of the smallest
elemental area to be scanned. The reflected light is picked up and
focused on the photoelectric cell. This latter method is preferred since
it affords generally greater efficiency.

In the receiver, substantially the same arrangement for scanning
the picture area is provided. That is to say, that if a reciprocating
scanning system is used at the transmitter a similar reciprocating
scanning system is used at the receiver, or if a rotary scanning system
is used at the transmitter the same general type is provided at the
receiver. Occasionally, however, and depending on the whim of the
apparatus designer or operating conditions, a combination of a recipro-
cating scanning system at the transmitter and rotary scanning system
at the receiver or the converse is used. Such systems, however, are
inherently more difficult to synchronize and consequently, have not
received much consideration from technical investigators.

Suitable means of synchronizing the receiving-driving mechanism
must be provided, and here the methods and apparatus for maintaining
the receiver in synchronism are as ingenious and variegated as the
designers themselves. Some of the more important systems of syn-
chronizing are the start-stop systems in which the receiver is running
at a speed slightly higher than the transmitter, and is stopped at the
end of each revolution. A synchronizing impulse, transmitted once
during each revolution at the transmitter, actuates a clutch arrange-
ment at the receiver. This engages the receiver mechanism with the
driving means for one stroke after which the clutech is automatically
disengaged, to be re-engaged by the next synchronizing impulse.
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Another method makes use of synchronous motors at the receiver
and a synchronous generator at the transmitter. The alternating cur-
rent generated by the synchronous generator is transmitted to the
receiver and drives the receiver through a synchronous motor. Varia-
tions of speed occurring at the transmitter produce variations in the
frequency of the current received, since the synchronous motor at the
receiver follows faithfully the speed of that at the transmitter. This,
of course, requires the transmission of relatively large amounts of
synchronizing energy. Of course we cannot conveniently operate motors
on both sides of an ocean from a single, and therefore, automatically
synchronizing, source of power. To overcome this handicap at the
receiver, another system makes use of a direct current motor of poor
speed regulation. Mounted on the same shaft is a synchronous motor
which is supplied by synchronizing energy from the transmitter. In
this case, the d-¢ motor supplies the bulk of the power and the syn-
chronizing energy can be reduced, accordingly, since it is only neces-
sary in this system to supply enough energy to take care of the varia-
tions. At the present time, and since we have perfected means for
generating alternating currents the precision of which can be main-
tained within one part in a million, independent driving sources at
the transmitter and receiver are utilized. At the receiver the fre-
quency of the driving energy is adjusted to that of the transmitter
by means of phasing or synchronizing signals transmitted prior to
the transmission of the picture, and once adjusted, requires no further
attention. This is because the frequency is maintained to such a high
order of precision, and the system has the advantage of eliminating
the necessity for transmitting during the picture transmission any
synchronizing signals.

We turn now to the actual recording of the signals. One is con-
fronted with the difficulty of choosing from a large number of
methods. Each method has its own peculiar advantages and disad-
vantages and the final choice is, therefore, governed by the factors
which are peculiar to the particular installation.

In the early days, a simple ink recorder was used. This recorder,
mounted upon a carriage similar to the transmitting scanning head,
used a modified fountain pen with its point just clear of the paper.
The incoming signal actuated an electromagnet which placed the pen
point in contact with the paper. In accordance with the signals, a
fine line was drawn each time the pen contacted the paper. Such a
system, of course, is limited to relatively low speeds due to the inher-
ent difficulties, due to mechanical inertia, of accurately and quickly
actuating the pen. Difficulties were also encountered in the drying
qualities of the ink; blurring and the like. To overcome this, a method
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of wax recording was used in which an ordinary drafting pen was
fed with molten wax from a receiver through a capillary wick. By
properly adjusting the temperature of the reservoir containing the
wax, it could be made to congeal on the surface of the paper almost
instantaneously upon contact with the paper. This eliminated many
of the “blurring” difficulties which were encountered with the ink pen
recorders. However, the temperature adjustment was critical and
merely a draft was often sufficient to cause the wax to crystallize in
the pen, resulting in failure of the recording process.

Other methods have been used along these lines in which the ink,
in a fine stream or in the form of vapor, is projected toward the
recording surface and either electrostatic or electromagnetic means
used for diverting the stream of fluid from striking the paper. Such
methods are capable of being used in fairly high speeds of recording,
but have the disadvantage of being rather wasteful since the stream
must be projected continuously and only permitted to strike the paper
during the recording intervals. These methods, however, do have a
very important advantage in that they do not require a paper which
is specially prepared.

Still another class of recording method makes use of specially pre-
pared paper. That is, a paper which has a sensitized surface. Paper
of this class includes material used for electrolytic and pyro-recording.
In the electrolytic system, the paper is coated with some chemical which
is capable of being decomposed by electric current. Decomposition is
effected by a light stylus in contact with the surface of the paper. In
accordance with the received current from the transmitter, this occur-
rence of decomposition is generally accompanied by a change in color.
The method is quite simple, but has a serious drawback in requiring
a specially prepared surface. The fact that moisture must be present,
in order that the electrical decomposition take place, requires the
surface of the paper to be moistened before placing it upon the picture-
support surface which is an added disadvantage. The wear at the
stylus point is quite high and this requires constant replacement of
the recording point. Furthermore, strong electrical currents have a
tendency to produce a widening of the recorded line, which introduces
serious distortions. The pyro-recording systems are typified by the
chemically prepared surface and the wax prepared surface types of
papers. In the chemically treated papers, a coating of salts, generally
containing nickel, is placed on the paper. A jet of air, heated to a
fairly high temperature, is directed upon the surface of the paper.
Under the influence of heat, the salts on the surface of the paper decom-
pose, leaving a black residue, and produce, accordingly, a picture the
intensity of which is a function of the temperature of the air. For-
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tunately, this type of chemical reaction is non-linear and exhibits
variations in intensity only over a very small range. Consequently, by
running the temperature of the air above the saturation value of the
decomposition effect, constant density recordings can be obtained.

In another variation of the same ‘“heat” system, a layer of wax is
deposited on the paper in the form of exceedingly fine crystals. Hot
air similar to that described above is permitted to strike the surface,
causing melting of the wax, which is absorbed by the paper. When
the picture is finished, water ink is run over the surface of the picture,
and because of the difference in properties of ink affinity between the
areas of the crystalline and melted wax, copies in ink can be made.
The ink is deposited only where the hot air has struck the prepared
surface.

One rather important system of facsimile reproduction makes use
of carbon paper facing a sheet of ordinary white paper. The two shects
of paper run between a straight edge and a cylinder upon which is
raised a single spiral. The straight edge is actuated by transmitted
currents through means of an electromagnet so as to press the carbon
and white paper against the raised spiral of the drum. The point at
which the pressure is exerted at any instant is between one point of
the straight edge and one point of the spiral. As the drum rotates,
the effect is, of course, to produce single line scanning across the
width of the paper. By moving the paper in the same direction as the
drum, line by line, scanning is accomplished, and the completed picture
recorded.

In this same class of prepared papers (in the last instance, carbon
paper was a necessary accessory) belongs the method of photographic
recording. Here again there are available many ways of using the
photographic properties of paper for recording. One system utilizes
a fine stylus to scan the surface of the paper. The fine stylus is
excited by high frequency electrical currents the intensity of which
is varied in accordance with the received signals. Adjustment of the
intensity of these high frequency currents to a point just below where
ionization takes place, so that the transmitted signals may raise this
level, results in the production of a corona discharge under the needle
point of the stylus. This corona discharge is sufficient to produce the
latent image, and following the recording of the picture the paper
may be developed. A relatively insensitive emulsion may be used in
this system, and recording may take place in a room having ordinary
illumination without sensitizing the paper, thus obviating the neces-
sity of dark-room recording.

Another method utilizes a light valve, similar to that used in the
motion picture industry, for recording sound. It uses the incoming
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Of this system, there are two general types. The first system sends
dots of constant duration, but spaces the dots in proportion to the
amount of reflected light. If the portion of the picture being scanned
is quite dark, the dots are spaced very closely together. Conversely,
if the picture area is light, the dots are spaced quite far apart.
Accordingly, when the received picture is looked at, the eye, seeing
a number of dots very closely together, gives the impression of looking
at a dark area, while that area in which the dots are spaced far
apart appears to be a very light grey. Such a system, however, cannot
provide very good detail and so the “Constant-Frequency Variable-
Width” recording method has been developed to overcome this diffi-
culty. In this latter system the number of dots sent per unit time is
constant and, in present practice, may be as high as 100 dots per
second. The width of the dot, however, may vary all the way from
10 per cent to 90 per cent of the interval between dots, and the varia-
tion of the width and the dot, that is, the time duration of the dot
itself, is made proportional to the density of the elemental area being
scanned. If, in addition to this, the alternate lines of dots are shifted
with respect to one another, the resultant picture is a surprisingly
light-true, half-tone picture, produced by conventional screening and
printing methods. This is the system which is at present used com-
mercially between the United States and Great Britain, Germany, and
Buenos Aires. It is also used between New York and San Francisco.

It will be appreciated, of courss, that at the receiver it is necessary
cnly to record the duration of the dots faithfully to reproduce the
picture. The amplitude no longer is of any consequence, and accord-
ingly, therefore, limiting or saturating means of recording can be
used. Along these lines, diversity reception is the practice.

The diversity system of receiving utilizes three separate antennas
spaced from each other, generally about 1,000 feet apart, all of which
receive signals from the same transmitter. Each antenna is connected
to its individual receiver and the outputs of the three receivers are
combined. Due to the fact that fading is not simultaneous at all
geographically spaced locations, diversity reception utilizes the proba-
bility that the signals will not fade simultaneously at three separate
points. Since the output of any one receiver is sufficient to actuate
the recording mechanism, so long as there is not simultaneous fading
at all three points, the recording is always a faithful reproduction of
the transmitted signals. In practice, it has been found that, in a
twenty-four hour day, such a system seldom gives more than a total
of ten to fifteen seconds of fading. Suitable means are provided at
the point where the signals are combined in order that the output
may be independent of the actual sum of the three receiver outputs.
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That is to say, no output is produced unless one receiver is feed-
ing energy to the output circuit, whereupon that output is fixed in
amplitude and unchanged whether or not one or both of the other two
receivers contribute to the output. These receivers are standard equip-
ment for practically all point-to-point radio telegraph use in the United
States, and so the transmitter, being used under identical conditions
of ordinary radiotelegraph conditions, needs no special provisions for
transmitting pictures by radio.

Having described picture transmission by radio, in general, it is
of interest to consider a complete system in detail. For this purpose

Fig. 1—Photoradio transmitter.

the present photo-radio system of RCA Communications, Inc. will
be described, since it is typical of a commercial system used today.
The photo-radio machine is arranged to serve either as a transmit-
ting scanner or a recorder and makes use of a rotating drum and a
lead screw upon which is affixed, in appropriate guides, a carriage.
The carriage transports the unit which determines the function to be
performed. An aluminum base carries the driving mechanism, the
subject drum, gear box, and the line-advance lead screw with the car-
riage track assembly as illustrated by FFigure 1; the machine being
arranged in this case for visual recording. The gear box assembly
serves to furnish four speeds of 20 to 60 revolutions per minute for
the subject drum. The line advance may, similarly, in twelve steps
between 40 and 300 lines per inch, be provided by simple gear shift.
Thus, as the driving motor turns over, the drum rotates, and the lead
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screw drives the carriage longitudinally along the drum to trace out
an electrical path. By making the line advance fine enough, the pitch
of the helix is so small as to give substantially parallel line scanning.

To the rear of the drum, and tangential with it, is a loading plat-
form upon which the subject is placed. A portion of the periphery of
the subject drum is cut away and in the space thus provided, a series of
gripper fingers similar to those used in the printing arts are provided
to engage the leading and trailing edges of the subject surface. To
load, the subject picture is pushed toward the drum surface along the
loading platform, and a set of rollers normally held clear of the drum
are let down upon it. Letting down the rollers automatically operates
the grippers to place them in open position and when the gripper por-
tion of the drum lines up with the leading edge of the paper, the grip-
pers are tripped, seizing the paper and dragging it around the surface
of the drum and off the loading platform. When the trailing edge of
the paper is in line with the trailing edge grippers, these grippers
are similarly triggered to seize and hold taut the paper firmly around
the drum and the feed rollers are then lifted clear. Operation is then
commenced with the carriage at the extreme left. For the transmitter,
the scanning head shown in Figure 1 is mounted on the carriage. The
indirect, that is, reflected light scanning system is used. A standard
75-watt automobile headlight lamp is used to provide the source of
illumination for scanning. This is mounted at an angle with the
scanner housing. Appropriate louvers in the sides and bottom are pro-
vided to afford ventilation. Horizontal and vertical adjustment of the
lamp base is furnished properly to center the lamp with respect to its
optical system, which comprises two lenses and an adjustable dia-
phragm. Positioned between the two lenses, the first of which is a
condensing lens, is the variable diaphragm to provide a rectangular
image. Calibrated adjustments are provided for regulating the height
of the diaphragm in thousandths of an inch and the length in lines
per inch, to correspond to the line advance. The second lens focuses
the image of the diaphragm upon the subject drum and normal to
this focused image is a pick-up lens for projecting the reflected light
upon the photo-cell mounted within the scanner housing. The photo-
cell current serves to modulate carrier wave energy. This is appropri-
ately amplified and passed on to the constant-frequency variable-dot
converting unit. The motor which drives the subject drum and lead
screw operates at a speed of 1,800 revolutions per minute and is main-
tained at this speed with a maximum deviation of one part in 100,000.

This is accomplished by using a d-c motor of poor regulation, which
normally runs at a speed above 1,800 r.p.m. Mounted on the motor
shaft is an alternator, generating a frequency of 810 cycles. The
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output of the alternator is fed to a pair of vacuum tubes, also excited
by a frequency of 810 cycles from the frequency standard, which in
this instance is a tuning fork, electrically driven by a special thermionic
tube circuit and maintained at constant temperature. The amount of
energy which the tube alternator supplies to the vacuum tubes is
dependent upon the difference between the frequency of the fork and
the frequency of the alternator-generated currents. The more this
frequency differs, the more energy is supplied to the vacuum tubes,
and as more and more energy is supplied to the vacuum tubes, the motor
speed is reduced. By suitable adjustment the alternator output is
fixed to be approximately 50 per cent of its rated delivery when the
speed is exactly 1,800 revolutions per minute. Consequently, any devia-
tion in speed—as for example, a momentary drop—will decrease the
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¥io, 2—Scinematic block diagram of the consiant-
frequency variable-dot transmitting system.

load of the alternator and the motor speed will increase until the
speed is again exactly 1,800 rpm.

As was pointed out above, the requirements of long distance trans-
mission make it desirable to use constant-frequency variable-dot trans-
mission but, as the output of the transmitting scanner is an amplitude-
modulated carrier wave, it is necessary to convert these variations in
amplitude to variations in dot-time duration. This is provided by an
ingenious electrical circuit.

Figure 2 is a block diagram which shows the component parts
of the electrical circuit and the shapes of the currents of the various
steps in transforming the amplitude-modulated signal out of this
scanner into constant-frequency variable-dot signals. The subject is
indicated as one which shows progressively increasing densities and
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as the scanner passes over each elemental area, there is provided an
amplitude-modulated wave as shown in the lower left-hand corner the
amplitude of which decreases with increasing density. The amplitude-
modulated carrier wave is rectified by the rectifier and is fed into the
mixing tube along with electrical wave energy of constant amplitude
and frequency, and its wave shape is that of a symmetrical saw-tooth.
The frequency of this symmetrical saw-tooth wave-shape energy, known
as the screen frequency, is controlled by the same frequency standard
which controls the motor speed. The screen frequency is, therefore,
synchronized with the motor speed. The rectified voltage serves to
bias a triode tube so that the screen energy cannot pass but, as the
amplitude of the rectified voltage decreases, more and more of the
screen frequency energy is permitted to pass through the tube and
the width of the base of the pulses which are permitted to pass is
directly proportional to the amplitude of the recfified current. These
pulses are then passed through a wave-shaping circuit known as a
“square-wave amplifier’”’, which converts the triangular impulses of
varying heights into rectangular-shaped impulses of constant height,
with bases which are equal to the base of the triangular impulses.
Accordingly, the resultant rectangular pulses have a length which is
proportional to the density of the elemental areas of the subject to
be transmitted. These rectangular pulses are then used to key-line
carrier energy for transmitting the impulses to the transmit#ing sta-
tion, which is generally located at considerable distance from the
photo-radio equipment. The line carrier energy serves to key the
transmitter on and off in the conventional “dot-dash” fashion.

At the receiving point the radio signals are detected and trans-
mitted to the receiving photo-radio equipment. The recording arrange-
ment employs a universal machine identical to the transmitter, except
that the lead screw carriage carries either a visual recording gun or
a photographic recording gun. Generally, two receiving machines are
employed; one having the visual gun for monitoring purposes, and
the other a photographic recording gun for producing the final recorded
picture. The visual recording gun is generally mounted beside the
control rack, while the photographic recording machine is in a suitable
dark room. The visual recorder comprises a very fine nozzle through
which ink vapor produced from an air supply and atomizer is pro-
Jected toward the picture surface through a very fine nozzle. In front
of the nozzle is a small shutter actuated by an electro-dynamic unit,
similar to those provided in modern dynamic loud speakers for broad-
cast purposes. Normally, when the shutter is in register with the
nozzle, the ink vapor strikes the shutter and runs off of it into a little
well. The incoming signal, after being appropriately amplified, actu-
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ates a keying unit which rectifies the signal and shapes the wave to
provide quick acceleration to the shutter. Thus, an incoming signal
pulls the shutter down clear of the nozzle and the ink vapor strikes
the paper depositing a black dye, thereby building up the picture, ele-
ment by element. Figure 3 is a photograph of the visual recording
gun. For photographic recording the apparatus layout is essentially
the same, except that a recording neon tube with an appropriate lens
system is provided in the place of the visual gun unit. The tube is
mounted on a base actuated by three cams, so that the tube may be
rotated, as well as moved from side-to-side, and up-and-down. Longi-
tudinal movement of the tube is provided by a sliding barrel and the

Fig. 3—Photoradio visual recorder.

optical system comprises a microscope objective lens for focusing light
from the crater of the neon tube to the surface of the photographic
film or paper. Mounted from the barrel of the tube on an angle of
about 45 degrees is a simple magnifying glass focused upon the film
at the point where light from the recording lamp is also focused. The
operator can thus determine the correct adjustment of the lamp as
the recording lamp is manipulated. An appropriate diaphragm is
provided in this system, suitably calibrated, to insure that the result-
ant light will produce an image of an elemental area substantially
the same as that transmitted.

The photographic recording system is shown in Figure 4. Film is
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usually employed in preference to paper, to make possible multiple
printing. The film used is of the Printon type and has a spectral
response comparable to that of a C5 (“tri-color blue”) sunlight
Wratten Panchromatic plate. This type is used in order that the
relatively high levels of illumination in the dark room may not result
in unwanted film exposure. The levels of illumination used in the
dark room are necessary from an operating standpoint in order that
the operator may read values on various control instruments necessary

Fig. 4—Photoradio photographic recorder.

to the reception of pictures. The developer used for the film is one
of quick-contrast, and permits considerable over-development without
creation of “fog”. However, it should be borne in mind that, since the
recordings are at constant illumination out of the lamp, high contrast
aids in the finished picture, because the picture is really made up of
alternate rectangles of white and black components of uniform density,
but variable area.

In printing, a bromide paper of extra contrast is used, and a cor-
responding developer provided for developing. An gcid hypo-bath is
used for a fixer. It will be appreciated that, under the circumstances,
close control of bath temperatures and developing and fixing are obvi-
ated. The service of high skilled operators is, therefore, unnecessary.
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To produce the half-tone effect in the pictures, it is necessary to
shift the screen frequency on alternate strokes, in order that alternate
lines may have spaces lining up with dots and, conversely, dots lining
up with a space. This shifting in phase is provided at the transmitter
simply by reversing the terminals from the screen frequency source
as it is fed into the constant-frequency variable-dot converter. It is
accomplished automatically by providing a cam mounted on a shaft
which rotates once for two revolutions of the drum. The cam is cut
so as to affect a contactor for one-half the revolution. The cam arrange-
ment can be seen in Figure 1 attached to the rear gear box on the
left-hand side of the machine. When the contactor is closed, a double-
pole, double-throw relay, cross-connected to provide terminal reversal,
is actuated so that during one-half revolution of the cam, energy is fed
to the constant-frequency dot through the closed position of the relay.
The next half revolution feeds the energy in the open position of the
relay with an attendant reversal of phase of the screen frequency. The
result of this step of operation can be seen in Figure 5 showing a pic-
ture transmitted and received by radio. When the line advance is
very fine, the dot pattern produced is that of elongated rectangles. It
does not provide as pleasing a pattern as when the height of the dot
is substantially equal to the width of the dot. To overcome this, a
second cam may be used which provides reversal of phase for every
two lines instead of every other line.

The actual technique in transmitting a picture requires a deter-
mination of the condition of the transmitting medium. This is done
by first transmitting what is called a “density wedge”. Such a “wedge”
is a standardized chart of densities of ten steps, varying from white
to black. The entire range provides for 10 per cent increases in the
duration of the dot transmissions. The operator at the transmitting
point places this “wedge” on his transmitter and adjusts the control
so that 10 per cent dots will be transmitted on the first step and 100
per cent or solid black signals will be transmitted on the tenth step.
The subject drum is then started, and transmits a series of dots at
constant frequency with a marking weight which depends on the step
of the wedge. During each revolution, dots of 10 per cent, 20 per cent
and 30 per cent, etc., are transmitted for equal intervals. At the
receiving station a preliminary recording is made of the wedge. Due
to circuit conditions, it is sometimes found that the dots are elongated
to the extent that dots which are transmitted at 80 per cent of the
marking interval actually fill-in to give 100 per cent marking. Like-
wise 10 per cent dots may be elongated sufficiently to show 30 per cent
recorded dots. This has the effect of decreasing the contrast ratio
of the transmitted subject. However, the receiving operator transmits
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back this information. Controls are provided at the transmitter, so
that, by changing the amplification gain of the scanning head and the
amplitude of the screen frequency, the weights of the dots can be
changed to produce at the receiving station dots which cover uniformly
the entire range from 10 to 100 per cent marking intervals. This
pre-distortion of the transmitted impulses is, in effect, an electric
means of changing contrast ratios in pictures and has made it possible
to transmit improved pictures under adverse conditions of transmis-
sion, which formerly would have been so severe as to preclude the
reception of pictures.

Fig. 5—Picture transmitted and received by radio.

With regard to the details which can be transmitted, some idea
can be obtained from the fact that subject-matter is accepted where
the type is no smaller than twelve-point and the area of interest is
not less than % inch square. The screen frequencies used in present-
day practice, together with the line width, provide pictures which are
about the same as 65-screen half-tones. When the conditions of radio
transmission are particularly good, that is, in the absence of magnetic
storms and static, the details can be increased to almost twice this
value. It is apparent that, since the received picture is in the form of a
half-tone, line cuts can be prepared directly from the picture without
the necessity of producing half-tones, with consequent further saving
in time where the pictures received are for newspaper reproduction.
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EQUIPMENT
By
H. B. MARTIN

Engineering Department, Radiomarine Corporation of America

express liners to converse by telephone with those on shore.

Coastal stations for this service are maintained by telephone
companies, either private or government owned, in the major coun-
tries of the world. Ship equipment for such service is large in size,
expensive and of sufficient complication to require experienced radio
personnel for its operation.

FOR several years it has been possible for passengers on many

Coastal-harbor radiotelephone stations, operated by the local tele-
phone companies are now in use at Boston, New York, Miami, Los
Angeles, San Francisco, and Seattle. An additional station is now
under construction at Norfolk, Virginia. Each station connects by
land lines to its local telephone office through which calls may be
routed to and from any telephone subscriber.

Since communication with these stations is strictly of the harbor
or short-distance coastal type, the frequencies allocated for such
service are relatively low compared to those used for radio communi-
cation with trans-oceanic vessels. In order to eliminate interference
when more than one ship-and-shore station are working simultane-
ously, the receiving and transmitting channels are different for each
locality. Shore stations transmit on frequencies between 2500 and
2600 ke and ship stations transmit on frequencies between 2100 and
29200 ke. For example, in order to carry on conversations with the
New York telephone station, the ship would transmit on 2198 ke, and
would receive on 2590 ke, which is the transmitting frequency of the
New York shore station. Since the propagation characteristics of
2- to 3-megacycle frequencies confine the communication and inter-
ference range to a few hundred miles, identical frequencies may be
used on the Atlantic and Pacific Coasts if desired.

Small low-powered and relatively inexpensive equipment (com-
pared to apparatus for ocean-going ships) has recently been made
available to the small-boat owner. The equipment has been designed
particularly to serve the needs of the sportsmen who make use of
craft 40 to 50 feet in length as well as tugboat and other harbor-craft
operators. A photograph of the equipment herein described is shown
in Figure 1. The transmitter and receiver cabinet is relatively small
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in size, occupying approximately three and one-half cubic feet. The
controls necessary for the operation of the equipment have been made
as simple as is believed possible and practical, consistent with good
design, in order that the yacht owner or any of the crew, who are not
necessarily radio technicians, may qualify and be licensed as third-
class telephone operators by the Federal Communications Commission.
The equipment operated by the holder of a third-class telephone license

Fig. 1

must be so arranged that the operation of controls will not affect the
transmission frequency. For this reason, practically all of the trans-
mitters designed for this type of service are crystal controlled. The
transmitter illustrated in Figure 1 may utilize as many as six quartz
crystals. The frequency-controlling circuits are pre-tuned, the proper
frequency being selected according to the location of the boat. For
example, the operator, if in the vicinity of Boston, would select the
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proper transmitting frequency merely by setting the master switch on
the transmitter front panel to the position marked “Boston”. The
master-switch pointer also indicates the frequency to which the receiver
must be tuned for the channel selected. If the boat moves to other
waters, served by another harbor station, it is only necessary to reset
the master switch corresponding to the locality of the shore station. A
schematic circuit of the transmitter is shown in Figure 2. The power
required for the operation of the equipment may be obtained from a
source supplying 12, 32, 110 volts d.c., or 110 volts, 60 cycles a.c.
When the ship’s lighting supply is d.c., a small rotary converter is
used to convert the power to 110 volts a.c. This is considered the
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Fig. 2
most practical arrangement since it allows operation of a standard
transmitter-receiver unit from a variety of power sources.

Referring to Figure 2, it will be seen that the radio-frequency por-
tion of the transmitter consists of two stages. The oscillator stage util-
izes one RCA Type 807 beam tube, whose frequency is controlled by any
one of six quartz crystals of the “V-cut” type giving good frequency
stability over a large range of temperatures and obviating the necessity
for maintaining the crystal at a constant temperature. The power-
amplifier stage uses a tube of the same type and delivers 15 watts
to the antenna. The plate circuit of the power amplifier is coupled
to the antenna by means of common capacitance. This provides ap-
proximately uniform coupling over a band of frequencies and assists
in the reduction of harmonic radiation. Since the equipment is de-
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signed for use on small boats having limited antennas, provision has
been made so that any small antenna may be tuned by means of the
tapped antenna loading coil and the antenna tuning condenser. This
is shown more clearly in the schematic circuit, Figure 2. The trans-
mitter may use antennas varying in capacity and resistance from
0.0001 to 0.0005 microfarad and 4 to 20 ochms, respectively. The plate
and screen elements of the power-amplifier tube are modulated by
the output of two 6L6 beam tubes operating as Class AB amplifiers.
The modulator grids are driven by a 6F6 transformer-coupled ampli-
fier which is, in turn, excited by a 6F5 microphone amplifier. The
microphone used is of the standard single-button carbon type.

The receiver which forms a part of this equipment covers the fre-
quency range of 540 to 1740, 2300 to 7000, and 7000 to 22000 ke, and
includes a built-in loudspeaker. The equipment may, therefore, be used
for entertainment purposes if desired. A Magic-eye tuning indicator
is provided to facilitate the adjustment of the receiver to the shore-
station’s transmitting frequency. The receiver utilizes seven tubes in
all and employs the familiar superheterodyne circuit. When the
receiver is used for “Standing-by”’ (awaiting short-station calls) or
for broadcast entertainment, a small tumbler switch on the front
panel is thrown to “Receive Only” which turns off the transmitter
filaments and conserves the power drain on the boat’s battery system.
Another switch allows the selection of either the loudspeaker or the
receiver in the microphone handset. The handset receiver would nor-
mally be used for communication with the shore station or other ships
and the loudspeaker for “Stand-by” or entertainment. A small snap
switch on the front panel operates a relay which is used for trans-
ferring from send to receive. The position of the transfer switeh is
shown by the small pilot lights behind the panel which indicate,
through an opaque screen, the words “Talk” or “Listen” so that no
confusion arises during the conversation.

When communication occurs between ships, the same frequency
(2738 ke) is used by both parties. In order to avoid overloading the
receiver-input circuits the transfer relay, when in the transmit posi-
tion, applies cut-off bias to all receiving tubes.

The U. S. Coast Guard maintains radio service at many of its prin-
cipal stations. A constant watch is kept on the Coast Guard frequency
of 2670 ke. Boat operators are cautioned not to communicate with
the Coast Guard on routine matters, but are urged to make full use
of their radio equipment in case of an emergency. The Coast Guard
Stations, in addition to standing ready to serve boats in distress,
broadcast frequent weather reports, storm warnings, ete. Thus radio
is now giving the small-boat owner the convenience of a telephone as
well as aiding safety of life at sea.
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A NEW CONVERTER TUBE FOR
ALL-WAVE RECEIVERS

By
E. W. HErROLD, W. A. HARRIS AND T. J. HENRY
RCA Manufacturing Company, RCA Radiotron Division, Harrison, N. J.

INTRODUCTION

designed almost entirely around special frequency mixers. In

the American market there have been two forms of these
mixers. The first, introduced in 1932, was the so-called pentagrid con-
verter which performed the functions of both oscillator and mixer.
The second, announced in 1935, was the type 6L7 which acted as mixer
only, and required a separate tube for use as oscillator. These two
forms, with minor modifications, have been manufactured in Europe; in
the first form, a suppressor grid was added and the result called the
octode; in the second, a small triode oscillator was combined in the
same envelope with a mixer and the tube was called a triode-hexode
or a triode-heptode, depending on the number of grids in the mixer.

The difficulties which have been encountered with the pentagrid
converter by set designers have dated from the day when the all-wave
receiver became an essential part of every manufacturer’s line. Many
of the difficulties can be attributed to the use of a sharply selective
intermediate-frequency amplifier operating at the same frequency for
all bands. In the high-frequency bands this practise results in a com-
paratively small separation between signal frequency and oscillator
frequency and also requires very good oscillator frequency stability.
The three chief faults of the American pentagrid converter types in
an all-wave receiver are: (1) Too low a value of transconductance
for the oscillator section; (2) change of oscillator frequency with
a-v-c voltage; and (3) “space-charge coupling” between oscillator and
signal circuits.

It was believed, and subsequently found to be the case, that the
“space-charge coupling” of the pentagrid converter could largely be
overcome by placing the oscillator voltage on an outer grid, and the
signal on the first grid. This method of operation effectively prevented
a tube design which could combine the functions of oscillator and
mixer in the same section of the tube. The tubes made for such use,
the 6L7 in this country and the triode-hexode in Europe, therefore
required essentially a separate tube or a separate unit in the same

DURING the past few years, superheterodyne receivers have been
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envelope to effect frequency conversion. The use of separated oscillator
and mixing units fortunately also eliminated the second major diffi-
culty of the pentagrid converter, i.e., change of oscillator frequency
with a-v-¢ voltage.

The first major difficulty of the pentagrid tube, namely low oscil-
lator transconductance, could also be overcome when separate tubes
were used for oscillator and mixer. Most set manufacturers, however,
used the two-tube mixing combination only in the more expensive sets
and a demand arose for a single-tube converter of improved per-
formance. Many combinations of a triode with an outer-grid injection
mixer were investigated, but it was not found possible to obtain high
oscillator transconductance simultaneously with high conversion effi-
ciency without considerable increase in heater power and high manu-
facturing cost.

One combination of oscillator and mixer, however, appeared to be
highly advantageous without being inherently complicated or costly.
This combination required inner-grid injection of the oscillator voltage,
as with the pentagrid converter, and hence would not be free of “space-
charge coupling”, but utilized essentially separated oscillator and mixer
sections so that the frequency shift was much reduced. At the same
time it appeared possible to obtain a high oscillator transconductance.

This combination was used in a tube having a mixer section on one
side of the cathode and an oscillator on the other side. It permitted
separation of oscillator and mixer sections and provided ample cathode
area for good performance in both with the normal heating power of
6.3 volts, 0.3-ampere. Before the new tube is described in more detail,
it will be well to analyze operation of the pentagrid converter briefly
in order to point out more clearly the differences between the two
arrangements.

THE PENTAGRID CONVERTER

A cross-sectional view of the pentagrid converter tube is shown in
Figure 1a. In the operation of the tube, the electrons which pass
through the No. 1 grid (oscillator grid) are accelerated by the No. 3
grid (screen) and pass through it to form a dense space-charge in
front of the negatively operated No. 4 grid (signal grid). Some of
these electrons reverse their paths and return from this region; many
receive a side component of velocity and, as shown in path A of the
figure, are collected by the oscillator-anode rods. In a special tube
with a solid No. 8 grid as in Figure 1b, it is found that the osecillator-
anode rods receive almost no current. It is evident, therefore, that
practically all the oscillator-anode current in the pentagrid converter
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tube results from electrons returning from the region directly in front
of the No. 4 grid. From this fact, it follows that the value of the bias
voltage on the No. 4 grid (signal grid) greatly affects the oscillator-
anode current and, therefore, the oscillator frequency. It is also clear
that the oscillator-anode voltage must be considerably higher than the
screen voltage in order to provide the side component of electric field
needed to pull a sufficient number of electrons from the region between
the No. 3 and No. 4 grids.

It should be noted that the pentagrid construction is highly advan-
tageous in that practically the full cathode current, including the
oscillator-anode current, is available just in front of the signal grid
to create a dense space-charge. The signal-grid transconductance and
consequently the conversion transconductance are, therefore, very high.

0SC. GRID
(Ne | GRID)

SOLID
ELECTRODE

0OSC. ANODE

Ne 4 GRID
(SIGNAL)

N2 3 GRID
(SCREEN)

PENTAGRID CONVERTER SPECIAL TUuBE
(o) (b)

Fig. 1—Cross-sectional view of the pentagrid converter and of a special
tube made to check the theory of operation of the oscillator section.

The electrons which eventually reach the oscillator-anode are, so to
speak, used twice; first, to aid in increasing the space-charge density
ahead of the No. 4 grid, and second, to set up a current by their return
to the No. 2 grid (oscillator-anode) and thus cause the oscillator section
to function. Any construction of the pentagrid which causes the oscil-
lator-anode current to be drawn directly from the cathode electron
stream (as, for example, the positioning of the No. 2 grid rods at right
angles to their present position) is subject to two disadvantages; the
current available at the signal grid is reduced and the electron stream
is partially demodulated since the variations of oscillator-anode poten-
tial are about 180 degrees out of phase with the oscillator control-grid
potential.

There seems to be no way to retain the advantage of double use
of the oscillator current and still prevent variations of signal-grid
bias from changing the oscillator current. Thus, in any effort to reduce
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the chief faults of the pentagrid converter, it appears that a price
must be paid in the way of either increased cathode current or some-
what reduced conversion transconductance.

THE NEw TUBE—TYPE 6K8

A cross-sectional view of the new converter tube is shown in Fig-
ure 2. The cathode is surrounded by a grid which acts as the oscil-
lator grid on the lower side of the figure and as the modulator grid
on the upper (mixer) side. The anode of the oscillator section is placed
adjacent to one side only of the cathode and grid. On the opposite side
of the cathode, a single grid serves the function of both inner and outer
screen grids; the signal grid is placed inside the enclosure formed by
the screen. The output anode is positioned as shown in the upper part
of the figure.

OUTPUT ANODE
/ PHx
/SHIELD

SCREEN GRID
G2px & Gapx

SIGNAL GRID~__ ||  jemm—mm—m e

\,\4/
G3px A\— ________ \
o d
\\ ///

e

¢juuje
/"‘_—’\osc. GRID
GT & G'Hx
\osc. ANODE
eT

Fig. 2—Cross-sectional view of the Type 6K8 converter tube.

CATHODE

A rectangular cathode was used in order to realize the maximum
effective cathode area. By this means, it was possible to design the
tube with a very high oscillator transconductance without too great a
sacrifice in conversion transconductance, even though only half of the
tube was available for mixing.

It was realized that a highly desirable feature of a converter tube
is a sufficiently high plate resistance to permit the use of high-
impedance, i-f circuits. At the same time, in order to separate the
mixer section of the tube from the oscillator section, it was desirable
to use some form of separating shields. By arranging the shields in
the shape of the channel members shown in Figure 2, it was found
possible to combine the function of suppressor grid with that of the
separating shields. Because of the inherent beam action of the electron
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stream on each side of the cathode, the shield channels do not interfere
with the normal electron paths. The slit between which the electrons
must pass on their way from screen grid to output anode does, however,
lower the space potential sufficiently to suppress secondary emission
and raise the anode resistance. To this end, the shields are connected
internally to the metal shell of the tube.

Among the advantages to be expected from the construction shown
are the inherently low capacitances due to the small physical size of
the signal grid, output anode, and oscillator anode. Variations of sig-
nal-grid bias have negligible effect on the oscillator transconductance,
and tube design is simplified because of the separation of oscillator
and signal sections.

In many respects the construction represents a new departure in
tube design. In the usual construction, a centrally located cathode is
surrounded symmetrically by the other electrodes. Changes in tube
characteristics caused by a small change in the position of the cathode
toward one side or the other are approximately balanced out. In the
new tube, however, this is no longer the case. For this reason, careful
attention has been given to the structural strength of both the cathode
and the surrounding grid. The final design has proven itself to be
as capable of giving uniform characteristics as the more conventional
structures for converter operation. It is not, however, expected that
the tube will lend itself to special applications in which triode and
hexode sections are used in fairly critical amplifier circuits.

CHARACTERISTICS OF THE G6K8

The new tube was designed to have the usual 6.3-volt, 0.3-ampere
heater and 100-volt screen operation. The oscillator section was
designed to have ample transconductance (about 3000 micromhos) at
an oscillator-anode voltage of only 100. This is in marked contrast to
the pentagrid tube which always required the oscillator-anode voltage
to be appreciably higher than the screen voltage. The output-anode
voltage may be either 100 volts or 250 volts. At 100 volts, there is a
slight sacrifice in gain because of reduced output-anode resistance and
conversion transconductance, as will be seen in the following tabula-

tion.
Output-anode voltage ......... 100 volts 250 volts
Oscillator grid leak............ 50,000 ohms 50,000 ohms
Recommended oscillator grid cur-

rent ... .o 0.15 ma. 0.15 ma.
Conversion transconductance . .. 325 micromhos 350 micromhos
Output-anode resistance ....... 0.3 megohms 0.6 megohms
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The operating characteristics of the tube are somewhat better
illustrated by the curves of Figures 3 and 4. In Figure 3, the conver-
sion transconductance, output-anode resistance, and cathode current
are plotted against current to the oscillator grid (and No. 1 grid of the
hexode section) using the normal bias of —3 volts on the signal grid
of the hexode section of the tube. It is seen that operation below the
recommended value for grid current of 0.15 ma. is not desirable
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Fig. 3—Operation characteristics of the Type 6K8 converter tube.

because of the sharp rise in cathode current and reduction in output-
anode resistance. Thus, although an apparent maximum in conversion
transconductance occurs at a lower value of grid current, the conversion
gain into reasonable i-f loads is a maximum at about the recommended
grid current. The recommended maximum value of cathode current
is 16 ma.

Figure 4 gives the control characteristics of the signal grid (hexode
grid No. 3). It is seen that the conversion transconductance is
reduced to 1 per cent of its normal value when the signal-grid bias is
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increased to approximately —27 volts. The curve was taken with
the recommended value of oscillator grid current. Other curves with
grid currents ranging from 0.12 to 0.5 ma. are very similar to the one
shown. When values of grid current below 0.10 ma. are used, however,
that part of the curve below a conversion-transconductance value of
80 micromhos is considerably altered in shape and the tube gives rise
to somewhat greater distortion of the r-f envelope for large signals
than with the higher grid currents. This behavior indicates the
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Fig. 4—Curve showing conversion transconductance of 6K8 as a function
of signal-grid bias voltage.

desirability of operation above rather than below the recommended
grid current.

The most important direct inter-electrode capacitances of the 6K8
are:—

Hexode grid No. 3 to all other electrodes = Signal input.. 6.6 puf

Hexode anode to all other electrodes = Mixer output..... 3.5 upf
Oscillator grid and hexode grid No. 1 to all other electrodes

(except oscillator anode) = Oscillator input.......... 6.0 uuf
Oscillator anode to all other electrodes (except oscillator

grid and hexode grid No. 1) = Oscillator output...... 3.2 uuf

Oscillator grid and hexode grid No. 1 to oscillator anode.. 1.1 puf
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CIRCUIT CONSIDERATIONS

Circuits to be used with the 6K8 are essentially the same as those
used with the pentagrid converter. If the 6K8 is plugged into a
6A8 socket in a receiver, the receiver will be operative, but some
modifications in the circuit components are necessary in order to
obtain optimum performance from the 6K8.

The high oscillator transconductance of the 6K8 and the relatively
low excitation required (measured by the oscillator grid current) result
in a reduction in the amount of feedback required in the oscillator
circuit. The reduction of feedback is generally accomplished by a
reduction in the number of turns on the oscillator-anode coil (tickler).
In one receiver, this coil for the broadcast band originally had 25
turns; when adjusted for optimum performance with the 6K38, only 4
turns were used. The circuit employed used the series tracking capaci-
tor to supply part of the feedback. In the same receiver, the tickler
coil for the medium-frequency band was changed from 10 to 6 turns,
and the tickler for the short-wave band, from 4 to 2 turns. The higher
oscillator transconductance of the 6K8 often makes economies in design
possible and permits the use of circuits or components which do not
provide a sufficient margin of safety as regards oscillation for a tube
having lower oscillator transconductance.

The tuned-anode type of oscillator circuit may be used with the
6K8; it offers the advantage of minimum coupling between tank circuit
and oscillator grid. With this circuit, maximum oscillator-frequency
voltage occurs at the oscillator anode, and coupling due to capacitance
between the circuit elements connected to this electrode and those
connected to the signal grid adds to the effect of the space-charge
coupling in the tube. The induced oscillator-frequency voltage at the
signal grid will consequently be greater than in the case of the tuned-
grid circuit; it may be necessary partially to neutralize this voltage
by adding a small capacitance between signal grid and oscillator grid.
Such neutralization is also effective with the tuned-grid type of circuit,
but the increase in sensitivity thus obtained is often accompanied by
some loss of frequency stability. With the tuned-anode arrangement,
the reduced coupling between the oscillator tuned circuit and the
oscillator grid minimizes this difficulty.

In low-voltage receivers (particularly those of the ‘“ac-dc¢” variety),
other advantages of the new tube become apparent. Oscillator anode,
screen, and hexode anode can all be operated at the same potential,
the only differences in performance between 100-volt and 250-volt
operation being the reduction in output-anode resistance resulting from
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the lower output-anode voltage and a small drop in conversion trans-
conductance. Oscillator transconductance and consequently coil design
requirements are no different from the case of higher-voltage opera-
tion; this feature permits the use of the same coils for both types of
receivers. When the stability of the receiver against flutter is ade-
quate, operation of screen and oscillator anode at the output-anode
potential permits the elimination of some of the circuit components
required with the pentagrid converter.

The reduction of the effect of signal-grid (ave) bias on oscillator
frequency which has been made in the 6K8 results in a substantial
improvement in the performance of the tube over that of the pentagrid
converter. This improvement contributes particularly to the ease of
tuning near the high-frequency end of the high-frequency band. In
receivers using the pentagrid converter types, it is sometimes found
that a strong signal in this frequency range cannot be tuned in to
maximum intensity when approached from one direction. When the
signal is approached from the other direction, if the receiver is tuned
slightly beyond the point giving maximum output the signal suddenly
disappears, and it becomes necessary to tune back past the point of
maximum response to bring it in again. This cycle may be repeated
several times by the operator before a satisfactory adjustment is
found; then, if the signal fades, the output of