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VISION OF FUTURE DEVELOPMENTS

By

DAVID SARNOFF
President, Radio Corporation of America

Excerpted from a recent book* by Gleason L. Archer,
President, Suffolk University

which will follow even during the next few years, to say nothing

of the developments which will materialize during the coming
decade or so. However, the signs of the times indicate that we are
moving rapidly towards perfecting and adopting instantaneous meth-
ods of communication which should enable transmission of intelligence
of unlimited volume, and over any desired distance, at much higher
speeds than have heretofore been possible. These new agencies of
communication will serve the eye as well as the ear and thus add
enormously to the individual’s power to interpret and comprehend the
intelligence transmitted.

]:[T IS impossible to forecast with any degree of precision the events

The fields in which I believe we may reasonably expect to see
important future developments are, (a) Telephony, (b) Telegraphy,
(¢) Radio and Television, (d) The Entertainment Field and (e) Appl-
cation of the Discoveries of Radio Scientists to Other Fields.

(a) TELEPHONY

The telephone system of communication as it exists today has been
based upon the use of a number of conductors which carry electrical
impulses. Great ingenuity has been exercised in making it possible to
transmit over a minimum number of such conductors, several tele-
phone conversations, telegraph messages, printer telegraph services
and facsimile service. Demands of the future will require new methods
for such services. The greater future of telephony lies, I believe, in
developments which will make it possible to carry all these and many
other services over or through a new kind of cable called coaxial cable.
This consists of a hollow tube or pipe of relatively small dimensions,
with a single conductor along its central axis.

* Big Business and Radio, American Historical Company, Inc., New
York, 1939.
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Much has already been accomplished by scientists to develop such a
cable, but the tremendous possibilities which lie in this and kindred
fields are now becoming apparent. That scientists will continue to per-
fect cables of this kind I have no doubt, Think of the amazing prospect
of being able to send over a single cable at the same instant of time,
telephone messages, telegraph messages, facsimile service, printer
telegraph service and most remarkable of all, television service! To be
sure, such a cable is expensive—at present very expensive—yet if we
can feed into it all of these types of communications and then provide
suitable devices for the recapture at a distance of each, then we may
forget its cost. Probably more than a hundred such channels are even
now possible, and undoubtedly this number will be greatly increased.

I look forward with confidence to the time when the cost of long
distance telephony will be so greatly reduced that a talk between New
York and San Francisco will be no more expensive than between New
York and Boston. It is even conceivable that the time may come when
people will pick up a telephone and speak with a person in any part
of the United States for a nickel or a dime.

I have spoken of this new type of cable as a land-line system.
While it is possible that ocean cables also may utilize this same
medium, yet in this field the cost may be almost prohibitive. This is
due to the fact that in ocean space there are no customers—and only
by large customer demand may the cost of such a cable system be
warranted,

In international communications I believe that radio has great
advantages over any kind of cables now on the technical horizon, sinc2
radio furnishes direct telephone or telegraph communication with any
desired nation. A cable terminates at the shore-end and this requires
additional land wires or cable circuits to complete the task. Radio is
now used exclusively for trans-oceanic telephone communications.

(b) TELEGRAPHY

Obviously such a development of telephone communications as is
predicted above will require the telegraph systems to keep pace or else
they will lose out technically, which means finally losing out financially.
It would seem that a final chapter is also being written to the Morse
Code. While there is always a residue from yesterday that remains
useful today and even tomorrow, yet the residue of usefulness of the
Morse Code is rapidly diminishing. The world is moving on and speed
is its watchword. The ingenuity of man has devised a system of instan-
taneous communication known as facsimile that so far outmodes the
electric telegraph that the latter must eventually take its niche in the
corridors of history.
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Let me give you a crude illustration of the difference between the
electric telegraph system and this latest miracle—facsimile. Suppose
one wishes to transport a crate of freight from New York to San Fran-
cisco. What would you think of a process which would do the job in
the following manner? It first broke up the freight into small frag-
ments, then enclosed it in the crate, then hauled it to the train, then
carried it across the country, at which point the crate would be taken
from the train, the fragments reassembled and the product put
together for delivery to the addressee in the form it originally left the
factory. One would think that a pretty cumbersome method! Well,
that is the present method of telegraphy by the Morse Code. A man
writes a telegram and the messenger boy calls for it. It is taken to the
telegraph office. There the paragraphs are broken down into sen-
tences; the sentences into words; the words into letters; the letters into
dots and dashes. In the form of dots and dashes it is transmitted by
wire from New York to San Francisco. At that point the receiving
operator reverses the process. He puts the dots and dashes into letters;
the letters into words! the words into sentences; the sentences into
paragraphs and then a messenger boy delivers the message to the
addressee.

However much of sentiment we may have for the Morse Code or
the Continental Code—and I confess to that sentiment myself, having
been a wireless operator in my youth—we cannot permit sentiment to
delay human progress. Obviously the ideal system of communication
would be to take the message in its original form, hold it up to some-
thing or other, throw a lever, or press a button, and have an exact fac-
simile of it made instantaneously at the other end of the circuit. To
be sure, facsimile has not yet reached this stage of development, but
when it comes—and it will come—we will have a new method of
telegraph communication.

Facsimile has already been in use over the Atlantic Ocean by radio
for a number of years. The pictures in the newspapers one sees today
coming from abroad are carried by radio. Pictures are also carried
within the United States over telegraph wires by the telephone and
telegraph companies, But the methods employed are still subject to
much further improvement. The instantaneous system that I refer to
will not only replace the dot and dash system of Morse telegraphy but
it will also make the present teletype system which still deals piece-
meal with letters, words and sentences, a less important method in the
future. Here again we shall see human progress on the march. Every
step of that march is necessary yet steps become but ‘footprints on the
sands of time',

Radio will play an important part in this march of human prog-
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ress. The discoveries of radio scientists and engineers are now begin-
ning to produce methods and systems which will utilize wave-lengths
measured in feet and in inches rather than in hundreds, or thousands
of feet. These very short waves will be used in radio circuits for
interconnecting cities and for short distance communications. This
will be accomplished by a system of automatic or unattended relay
stations spaced along the route and so arranged that impulses intro-
duced at one point of the radio circuit will be transmitted automati-
cally through each relay point intermediate to its destination. These
new wave-lengths will make it possible to use relay stations of small
power to carry simultaneously many channels of communication.
Such radio relay circuits will open the way for widespread distribution
of television, for flashing facsimile messages between cities, and for
many other services of communication.

When finally developed, the new system of facsimile communica-
tion should be cheaper than present-day methods. It should be able
effectively to compete with voice communication and perhaps offer
competition to the mail-bag. It is conceivable that a letter from New
York to San Francisco can one day be carried either over coaxial
cables, or through the air, at no greater cost than is now involved in
sending it by air mail. And it will surely get there more quickly.

A newspaper in the home, by radio facsimile, has already been
hinted at, and this too, will be advanced through the further develop-
ment of new communication channels in the air.

(c) RADIO AND TELEVISION

It must be borne in mind that the principal difference between
radio and other means of communication is in the medium. The tele-
graph and the telephone use wires or cables while radio uses the air,
but there is much similarity in the terminal equipment used by each.
What has been said about the possible new applications to wires and
cables equally applies to radio. Here, too, a last chapter is now being
written and a new one beginning.

The reason for this statement is that the new types of services we
are discussing take up room in the air, and present-day wave lengths
are insufficient to provide the necessary room for the new services.
Despite the phrase ‘As wide as all outdoors’, there is already traffic
congestion in the ether. What the scientist must do is not only to
learn how to increase traffic upon present lanes but also to carve out
new lanes in the ether. This he began to do with what were once
called ‘short waves’ of 100 meters or so. Today, they are already .
regarded as ‘long waves’. The scientist of the air did not stop with
100 meters. He has been exploring the air and has found useful lanes
in the wave lengths substantially below 100 meters. Thus present-day
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international services by radio are conducted on wave lengths vary-
ing between 14 and 50 meters.

The new service of television is being commenced on a wavelength
of about 6.5 meters. Television requires transmitting channels about
600 times wider than those used in existing sound broadcasting serv-
ices. For this reason, ultra short waves are used as they provide space
for a television service which otherwise could not be accomplished.

The scientists of the world are now only beginning to probe the
mysteries of that vast new region of the radio frequency spectrum
called ultra short waves. These are waves from about 10 meters in
length to waves of less than 1 centimeter (1/100 meter) in length.
That portion of this new spectrum between 10 meters and 1 meter pro-
vides 9 times as much room as is now occupied by all existing radio
services regardless of the wavelengths they use; between 1 meter and
1 decimeter (1/10 meter), 90 times as much space is provided and
between 1 decimeter and 1 centimeter this space is 900 times greater.
Thus between wave lengths of 10 meters and 1 centimeter we find
nearly 1,000 times more space in the frequency spectrum than is now
occupied by all of the radio services in existence today. The scientists
of the world are merely at the threshold of new possibilities in radio.
They are just beginning to learn how to use effectively the many wave-
lengths of this vast domain of the spectrum.

Ultra short waves open entirely new fields for radio communica-
tion. They can provide services especially useful to police and fire
departments for the protection of life and property. They will extend
the uses of radio in aircraft communication and navigation; in the
prevention of collisions in the air and sea transport when obstructions
are not visible; in guiding aircraft to land safely, and so on.

In mobile communication, the use of ultra short waves should
make it possible for vehicles on land, in the air and on the water, to
establish and maintain contacts with anyone, anywhere. Automobiles
may be equipped with simple transmitting, as well as receiving gear,
enabling the occupants to talk, as well as to listen, while the cars are
in motion. It is also possible to extend the uses of radio so that indi-
viduals may carry ‘pocket radios’ and be able to receive messages and
programs wherever they may be. Portable radio transmitting devices
of small size, using very little power and operating on centimeter or
millimeter waves, may enable individuals to establish instant com-
munication with the main wire or radio systems of the country and
thus to obtain a ‘connection’ with any person in any part of the
world. All these are in addition to the services of commercial teieg-
rdphy, telephony, high speed facsimile, broadcasting and television,
already discussed.
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(d) ENTERTAINMENT

Let us turn for a moment to what has been accomplished in the
amusement field. The addition of sight to sound was certainly the
beginning of a new chapter of progress. It may reasonably be expected
that when television has reached a substantially commercial stage,
radio listeners will not be satisfied unless they can also be viewers.
Viewers will not be satisfied unless they can also be listeners. This
is the case with talking movies at the present time. People once were
satisfied to watch a silent actor on the screen, but when the labora-
tory gave him an electric tongue he no long'er was interesting only to
look at. The audience also wanted to listen to what the actor had to
say. The same may be expected ultimately with sight and sound by
radio.

In discussing the field of entertainment and the effects wrought
upon that field through the creation of these new instrumentalities of
mass communication, it is interesting to observe that here we find the
problem to be ‘production’, whereas in practically all other fields of
industry the problem is ‘consumption’. Let a really good picture be
made in a studio and distributed to the theatres of the country.
People in great numbers come to the theatres to see that picture. The
cry is ‘Let us have more such pictures’. A company may manufacture
the best radio set, or the best electric refrigerator, or the best electric
vacuum cleaner, but it still has to sell the idea and induce the public
to purchase the article. Creative advertising must blaze the trail.
Partial payments must be permitted. Ticklers for the trade must be
resorted to. Not so with real art! From the humblest to the richest
they are willing to deposit their 25¢ or $1.00 at the cashier’s window
at any theatre that runs a real picture or gives a real show.

What has happened in the entertainment field is that the agencies
of distribution have outstripped the agencies of production. It may
take six months to a year and a million to two millions of dollars to
produce a first-class moving picture, yet it can be shown in the lead-
ing theatres of the United States in less than one week. If given on a
television network, when such becomes available, it can be shown in
30,000,000 homes in the United States within one hour. ‘What comes
next?’ will be the cry. These agencies of distribution through the
new wire mediums and through the air can distribute art instan-
taneously. The whole nation can consume art instantaneously. But
art cannot be created or produced instantaneously. There is the bottle
neck of the future. To say this, however, is no to infer that the prob-
lem is unsolvable. Indeed it is solvable; but new solutions will have
to be created.
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Here opportunity beckons to the young and rising generations. It
will require all the creative brains the world can supply to feed th
growing demand of the masses, as well as the classes, for more and
better art. To meet this need it will require the same degree of imag-
ination and invention on the part of the creative writer, artist and
performer that is required from the scientist and engineer in the
laboratory. To recognize the need for such material may in itself prove
to be the first element of invention. And so the theatre of the future
may not only show motion pictures as now, but it may be fed from a
central point with the greatest variety show that man has thus far
produced. Hundreds or thousands of theatres can make that show
available simultaneously to audiences.

Methods may also be found whereby the show given to the theatre
by television will be received only in theatres. The television intended
for the home may be a different show, transmitted and received with
different kinds of apparatus and on different wavelengths. Not only
may the method of transmission and reception Le different but the
type of show may also be different. The person in the home may be
part of the audience looking in upon the city in which he lives; upon
the nation, and perhaps upon the world. People always wish to
gratify their primal instinet to see what is going on—to listen and to
behold. To be able to sit in one’s home, at ease, and by means of tele-
vision to see and to hear events of the world at the very moment those
events are taking place will gratify a human desire.

On the other hand there is the gregarious instinet of humanity to
consider—the desire to mingle with the crowd. This, too, is a primal
instinect. Where the crowd goes, where ladies wear pretty dresses so
that others may see them and use perfume to enhance their charms
with the opposite sex—there men also will go and the ancient cycle of
life will continue. New amusements will take the place of the old but
the concert, the stage and the screen will continue to satisfy that
gregarious instinet of humanity. In all these things the wonders of
science that I have described and a thousand more yet undreamed of
will minister to the life of society in which we live and breathe and
have our being.

(e) APPLICATIONS OF THE DISCOVERIES OF RADIO SCIENTISTS
To OTHER FIELDS

As this new chapter in the future development of radio unfolds, it
will reveal abundance of contributions to other arts, to sciences and
to industries.

The principles of electron optics, for example, which find applica-
tion in television, will mark advances of great scientific significance in
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other fields. When applied in electronic microscopy, they will make it
possible to develop magnification from 10 to 20 times greater than can
now be obtained by any known method. The electron microscope will
then become an instrument that will permit observation and study of
the most minute cell structures in a detail heretofore impossible. It
will provide new eyes to search and to behold the unseen. Through
this medium it promises to add greatly to our store of knowledge of
biology.

Electron microscopy will make important contributions also in
many other fields. An increase of 10 to 20 times in magnification when
applied to the science of metallurgy will open up new avenues for the
study of alloys. It will greatly increase our knowledge in the field of
crystallography. It will facilitate obtaining solutions to problems of
industry in the production of both organic and inorganic fibrous
material and in other fields of industrial chemistry.

Think also what it will mean in the science of astronomy! Elec-
tron optics may go far in reducing the barriers between man and his
knowledge of the planets imposed by limitations of even the most
highly perfected optical methods of today. Through electron optics
and other instrumentalities applied in the art of communication, the
planets of the heavens may be brought thousands of light years nearer
to the earth for observation and study. Thus may be revealed to man-
kind in greater measure the secrets of the universe.

In the field of medicine, the discoveries of radio scientists are rich
in promise of instrumentalities for facilitating diagnosis, and for com-
bating and curing diseases.

When applied to geophysics, these discoveries will aid man in chart-
ing underground geological formations. Mines and oil deposits hith-
erto unknown will yield to this new X-ray of science. Thus man may
find and draw from the earth those things which he seeks in the
advancement of our social and economic well being.

The devices originated by radio scientists and engineers should
find widespread application in many other industries. Photoelectric
cells, vacuum tubes and electronic devices of all kinds will be utilized
for operating machinery; for calipering; for color analysis; for control
and timing devices; for grading and sorting and for numerous other
purposes. Radio frequency current may be used in preserving food by
destroying microscopic agencies of food decay. It will free grains from
noxious germs and substances. It will make war on insects that prey
upon plant life.

One of the significant developments in the industrial application
of radio frequency current is seen in the metal producing and refining
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industry. The older processes were largely guesswork, dependent upon
human judgment and uncertain methods in the control of tempera-
ture and harmful contaminations. Now, however, the exact methods
of control of these essentials provided by radio frequency currents in
the electric furnace make possible the production of new alloys and
metals of a new order of purity which will enable new industries to
be founded.

These new devices will contribute also to the perfection of exist-
ing products, and will serve as tools for scientists and engineers to
extend their explorations and resolve the unknown of today into the
known of tomorrow.

Science recognizes no impassable barriers in its quest for truth.
The radio scientist and the technical specialist in the art forever press
on to new horizons. They will not limit their researches to the
atmosphere in which we live. They will explore the heavens above and
the depths of the earth beneath. The limits of human imagination
will be the only possible circumseribing frontier of scientific research.

But we cannot place upon the scientist alone the responsibility of
translating the products of the human imagination into tangible prod-
ucts and services that are of every-day usefulness to mankind. The
scientist is only the first link in the chain. Statesmen and administra-
tors in government are guiding forces; as are also leaders in such fields
as education and labor. And the scientist must be supported by finan-
cial resources, by the imagination and courage of management, and
by man-power intelligently directed—in a word, by industry.

The inventor, as we must appreciate, is a great originator of
change in our complex civilization. But great inventions must prove
themselves—must run the gauntlet, so to speak, before they emerge as
real forces in society. There is natural resistance to change until there
is definite evidence of a need for the new idea.

The statesman in government is the guardian of social progress.
Yesearch and invention furnish the raw materials of progress, while
industry translates these materials into social and economic benetfits.
As guardian of our social progress, the statesman in government is
vested with the power and duty to regulate, but he can also stimulate
progress. He can accomplish this by encouraging invention to develop
the arts and sciences and by providing for industry freedom of oppor-
tunity for effectively transiating inventions into social and economic
benefits.

Progress is the life-blood of industry. Nevertheless, those who risk
their financial resources must be convinced of the soundness of the
invention which promotes change. They must envision the nature and

WwwWwW americanradiohistory com


www.americanradiohistory.com

268 RCA REVIEW

extent of the change and the preparedness of the public to accept the
innovation; and be given opportunity for reward reasonably com-
mensurate with the risks involved.

To emerge as constructive social forces, great inventions require
imagination, skill, courage, faith and finance. Science, industry and
government, in cooperation, can follow the road that leads to real
progress and provides benefits for all society.
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FLUCTUATIONS IN SPACE-CHARGE-LIMITED
CURRENTS AT MODERATELY HIGH
FREQUENCIES

By

B. J. THoMPsON, D. O. NorTH AND W. A. HARRIS

RCA Manufacturing Company, Inc., Harrison, New Jersey

PART I — GENERAL SURVEY
By B. J. Thompson

Summary—This paper is presented in five parts of which this is the
first, serving as an introduction to the others which present detailed analyses
of fluctuations in space-charge-limited currents in diodes and negative-grid
triodes, in multi-collector tubes, and in tubes with appreciable collision
ionization, and of the fluctuations in vacuum-tube amplifiers under operating
conditions. The purpose of this part is to present the theoretical and his-
torical backgrounds for the other parts.

Previous work led to a recognition of the fact that fluctuations in space-
charge-limited currents are less than in temperature-limited currents. At-
tempts were made to explain the actual magnitude of such residual fluctua-
tions in terms of thermal agitations in the internal resistance of the tube at
cathode temperature. Agreement between such explanation and experi-
mental results was not observed, the observed mean-square value of fluctua-
tions being only about six-tenths of the predicted value.

It is clear that the thermodynamic reasoning on which the thermal
agitations argument is based cannot properly be applied to a case such as a
vacuum tube in which the drift velocities of the electrons greatly exceed
the thermal velocities. A microscopic examination of the mechanism of
space-charge reduction of shot effect is required, therefore.

The number of emitted electrons having wvelocities greater than any
fized value fluctuates at random. If the retarding potential ( virtual cathode)
established mear the cathode by the space charge were fixed in magnitude,
the current passing to the anode would show fluctuations identical with
those observed in temperature-limited currenmts of the same value. Since
this is mot the case, it is apparent that the retarding potential fluctuates
with fluctuations im emission in such a way as to oppose the changes in
anode current.

The method of analysis is to determine the effect on the potential mini-
mum of a small pulse of electrons of each velocity group from zero to mfinite
velocity, and from this effect the change in anode current. The average
rate of emission of electrons of each velocity group is known for a given
cathode temperature. The mean-square fluctuations in number emitted 1is
proportional to the average number. From this and from the effect of elec-
trons of different velocities on the anode current, the total current fluctua-
tions may be determined by integration.

269
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It has been observed that fluctuations in positive-grid tubes exceed
those in triodes. This difference must be due to fluctuations in division
of current between positive grid and anode. Such fluctuations in division
can be accounted for by the fuet that, for each pulse of excess emission con-
fined to a small area of the cathode, there must be « compensating reduc-
tion of anode current cxtending over a considerable area. The initial excess
pulse will flow chiefly to the grid or to the anode, while the compensating
pulse awill divide between the two.

Fluctuations in anode current caused by collision lonization have been
observed, but are of little importance under practical conditions. Ballan-
tine’s analysis is incomplete because of difficultics arising from the study
of tie effect of « single ion. It is more convenient to treat the ion flow as
@ continwons stream as is done in the case of electron currents.

The application of the methods of approach outlined in this part will
be given in the later parts of this paper.

A—INTRODUCTION

EW technical problems have been the subject of so much dis-

cussion over such a long period without general agreement as

that of the random fluctuations in plate current of a space-
charge-limited vacuum tube. Until recently this lack of agreement
embraced experimental fact as well as theory. In this situation, it was
natural that the theories should be nearly as numerous and as dis-
similar as the authors thereof. Now, however, it appears that there
is something approaching general agreement on the observed facts.
The time seems ripe, therefore, for agreement on theory. It is the
hope of the present writer and his collaborators to present in this
series of papers a reasonably complete theoretical analysis of fluctua-
tions in vacuum-tube amplifiers under operating conditions, and experi-
mental confirmation thereof.

The work on which these papers are based extends over a period
of more than ten years. While we have found ourselves in disagree-
ment with many of the papers which have appeared on this subject,
we have delayed presenting our work in published form until repeated
experimental verification and continued analytical refinement, together
with the acceptance of our conclusions by others, have convinced us of
the soundness of our results. In the course of preparation of these
papers, we have received further assurance from the publication by
distinguished German workers of results closely similar in part to
ours.

The extensive literature on the subject of current fluctuations is, to
some extent, an indication of its importance. Vacuum-tube amplifiers
enable us to perceive extremely minute electrical impulses, the minute-
ness being limited only by the magnitude of the inevitable extraneous
background of “noise”. This application of amplifiers is of major
importance and “noise” is the only serious technical limitation at
present.
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The desired signal which is introduced into an amplifier is not, in
itself, free from noise. The amplifier, however, introduces additional
noise which often is greatly in excess of the inherent noise of the sig-
nal. It is recognized that both the circuits and the vacuum tubes of
the amplifier contribute to the amplifier noise. In many circumstances,
circuit noise predominates; in other cases—notably of late, television
amplifiers—tube noise is the limiting factor.

The extraneous background noise produced by a vacuum tube may
be divided into three general classifications:

1. Disturbances caused by wall charges, vibration of electrodes,
faulty contacts, etc. These are largely confined to the lower frequencies
and may be reduced without theoretical limit by more careful tube
design and construction.

2. Flicker effect, caused by random changes in surface conditions
of the emitter. This disturbance is confined chiefly to frequencies
below 500 cycles per second, and may be reduced by choice and treat-
ment of the emitter.

3. Fluctuations in space-charge-limited currents associated with
the random emission of electrons. These disturbances are distributed
uniformly over the whole frequency spectrum from zero to frequencies
such that the electron transit time is comparable with the period.
They are of a fundamental nature.

Because the first two effects are largely confined to the lowest
frequencies and because they may be controlled by well-known means,
this part and subsequent parts of the paper will deal solely with the
third elass of fluctuations.

In an attempt to present our work in the form most convenient to
possible readers, whose interests may vary from the purely theoretical
to the intensely practical, we shall divide the material into several
parts, of which this is Part I. These parts will, in effect, be inde-
pendent papers which may be read separately, though, of course, each

part will use without repetition of proof the pertinent conclusions of
other parts. These parts are as follows:

Part I. General Survey, by B. J. Thompson.

Part II. Fluctuations in Diodes and Triodes, by D. O. North.

Part III. Fluctuations in Multi-Collector Tubes, by D. O.
North.

Part IV. Fluctuations Caused by Collision Ionization, by B. J.
Thompson and D. O. North.

Part V. Fluctuations in Vacuum-Tube Amplifiers, by W. A.
Harris.
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The titles of Parts II, 111, and 1V list the major sources of noise
which will be treated separately.

It is the purpose of this general survey to present the historical
and theoretical backgrounds for the individual analyses. Those who
are concerned solely with the application of the results will be inter-
ested chiefly in Part V, since the rest of this part and Parts II, III,
and IV describe how the results are obtained.

B-—FLUCTUATIONS IN SPACE-CHARGE-LIMITED DIODES AND TRIODES
1. HISTORICAL SURVEY

Historically, the first publication concerning current fluctuations
was the classic paper by Schottky! in 1918 in which he predicted that
there would be fluctuations in the plate current of a temperature-
limited diode, the mean-square value of which is proportional to the
plate current, the electron charge, and the frequency interval over
which the measurement is made. Subsequently this prediction was
verified experimentally.

In 1928, Nyquist! and Johnson?® published their important papers
showing that there are fluctuations in voltage across the terminals
of an open-circuited resistor, the mean-square value of which is pro-
portional to the resistance, the absolute temperature, and the frequency
interval over which the measurement is made.

It was recognized that these two types of fluctuations set a mini-
mum limit to the magnitude of signal which may be perceived by
means of a vacuum-tube amplifier. As early as 1925, however, it was
recognized that the shot-effect formula of Schottky does not apply
directly to space-charge-limited currents, the careful measurements
of Hull and Williams' having shown a reduction to as low as 16 per
cent of the root-mean-square temperature-limited shot effect. The
question then arose as to the lowest magnitude of fluctuations to be
expected under operating conditions.

One view, attractive in its simplicity, was that in the presence of
“complete space charge” the fluctuations would be zero. The fact that
they were not found to be zero was taken to be an indication of the
lack of complete space charge.

The first attempt at a complete analysis of the problem was that
of Llewellyn® in 1930. The fluctuations were divided into two com-
ponent parts: that resulting from the lack of complete space charge
(measured by the rate of change of plate current with emission cur-
rent) and appearing as a fraction of the temperature-limited shot
effect, and that produced by thermal agitations in the plate resistance
of the tube, demonstrated by thermodynamic considerations to be
effectively at the cathode temperature.
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This analysis was widely accepted, but came to be recognized as
suffering from the grave defect that the predicted values of shot effect
or of thermal agitations taken alone often considerably exceeded the
total measured fluctuations. The published measurements of Pearson’
and of F. C. Williams’ and unpublished work of others established
this fact clearly and led to an attempt to obtain agreement between
theory and measurement by dropping the shot-effect component and
making the quite reasonable substitution of cathode resistance for
plate resistance in computing the thermal agitations of a triode.® This
still left an excess of “theoretical” over measured fluctuations.

F. C. Williams’ appears to have been the first to point out in a
published paper the fallacy of viewing the anode current fluctuations
as thermal agitations in the internal anode resistance. It seems clear
that thermodynamic reasoning cannot be applied to a situation where
the drift velocities of the electrons are greatly in excess of their
thermal velocities.

In November, 1936, Dr. North and I presented at the Rochester
Fall Meeting of the I. R. E. a brief summary of our theoretical and
experimental work which will form a considerable part of the present
contribution.? As relates to diodes and triodes, it was shown by a
microscopic study of the actual mechanism of reduction of shot effect
by space charge that the magnitude of mean-square current fluctua-
tions should be approximately six-tenths of the thermal agitations in
a resistor equal in magnitude to the cathode resistance at the cathode
temperature. This result was stated to be in agreement with expeari-
mental observations.

At about the same time Schottky published the first'® of a pro-
jected series of papers;!' this constituted the first published attempt
to analyze the actual mechanism of space-charge reduction of shot
effect. Unfortunately, the different effects of different velocity class:s
of electrons were ignored, leading to an erroneous result.

A subsequent paper by Schottky and Spenke'? has corrected the
errors and omissions of the earlier papers. So far as relates to fluctua-
tions in space-charge-limited diodes and triodes, these writers are now
in substantial agreement with the results presented by us in 1936 and
now published in detail.

Rothe and Engbert'® have published a large number of measure-
ments on a variety of tubes which establish more firmly the experi-
mental facts.

2. NATURE OF THE PROBLEM

The analysis of fluctuations in temperature-limited currents (to
be called true shot effect) is based on the assumptions that the emis-
sion of any one electron is an independent event determined solely by
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chance and uninfluenced by the emission of other electrons at that or
any other time, and that all emitted electrons instantaneously pass
to the anode. Under such conditions, it is shown that the number of
electrons emitted in successive equal time intervals varies according
to the laws of probability and that this variation in number constitutes
a spectrum of alternating-current components having constant ampli-
tude independent of frequency. A tuned circuit through which the
anode current flows will develop a voltage the mean-square value of
which is proportional to the plate current, the square of the resonant
impedance, and the band width over which the circuit responds. To
give a numerical example, a circuit of 50,000 ohms impedance having
an effective band pass of 10,000 cycles per second through which a
temperature-limited current of one milliampere flows will develop a
voltage of 89 microvolts across its terminals, independent of the
resonant frequency. This prediction has been accurately verified.

The assumption of complete randomness of electron emission
applies equally well to the space-charge-limited case, of course. It is
obvious that the second assumption of instantaneous passage of all
electrons to the anode is not justified, however. The mechanism of
space-charge limitation of anode current is such that part of the
emitted electrons are turned back to the cathode. As the total emission
is arbitrarily increased—by increasing cathode temperature, for
example—a larger fraction of the electrons is turned back. This results
from the mutual repulsion between electrons, the presence of one
clectron tending to turn back following electrons. It is to be expected,
then, that when an instantaneous excess of electrons over the average
number happens to be emitted, a greater fraction of the total number
of electrons will be returned to the cathode. It follows that the anode
current fluctuations will be reduced by the action of the space charge
to a value less than the true shot effect. We shall call this value the
reduced shot effect, i

It seems clear that it will be necessary to examine minutely the
mechanism of space-charge limitation of anode current in order to
determine the effect of space charge on shot effect.

Before proceeding with a discussion of the problem, it may be well
to pause here and clear up several points which have tended to becloud
the technical issues in the past, both by leading to experimental error
and by confusing theoretical discussion.

It has been erroneously stated that, since shot effect is produced
by the arrival of individual discrete electrons at the anode, nothing
may be expected to reduce its magnitude for a given current. Shot
effect is not a matter of the discreteness of the electron, directly. A
current of 1.0 milliampere corresponds to a flow of nearly 106 elec-
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trons per second. If they were to arrive at the anode at a uniform
rate, there would be no frequency component below 10' cycles per
second.

It has been erroneously stated that shot-effect currents are the
same in the presence of space charge as with temperature limitation
of emission and that the reduction in shot-effect voltage results only
from the shunting effect of the lower anode resistance in the case of
space-charge limitation.

On the other hand, experimental results have frequently been pub-

lished in which the varying shunting effect of the anode resistance
was ignored.

‘_EO

Fig. 1

Shot effect is essentially the varying rate of flow of electrons
between cathode and anode brought about by the random rate of emis-
sion of electrons. The study or discussion of current flow in a vacuum
tube is expedited by assuming no external impedance in any electrode
circuit. We shall, therefore, make this assumption, unless otherwise
stated. The fluctuation voltage in the anode circuit for any fluctuation
current may be obtained in the same manner as for varying currents
of other origin: by multiplying the alternating component of current
by the effective anode impedance, including the internal anode resis-
tance in parallel with the external circuit. The internal anode
resistance has no unique influence on shot effect. Of course, measure-
ments of shot effect require an impedance in the circuit. The experi-
mental results presented in these papers represent either the current
which would flow in the electrode circuit without impedance, or the
voltage developed across a stated impedance, including the internal
electrode resistance.
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3. GENERAL THEORETICAL CONSIDERATIONS

In a temperature-limited diode, there is an accelerating field at
the cathode and all emitted electrons pass over to the anode. According
to the well-known formula for true shot effect, the mean-square fluctua-
tion current * produced by an anode current [ is i — 2¢l Af where e
is the electron charge and Af is the frequency band over which the
measurement is made. If the total temperature-limited currvent I is
divided tn any arbitrary fixed manner, the mean-square fluctuation
current of any part of the current is in proportion to that part, thus
corresponding to true shot effect. This is stated axiomatically, and
will be called the principle of fixed division. It applies to divided

CATHODE ANODE

Ep

—Em

{l\lo+

Fig. 2

cathodes, divided anodes, selected velocity groups, or any other fixed
division,

Let us consider the velocity distribution of the emitted electrons,
shown in Figure 1. This is really a plot of the current which would
flow to a negative electrode closely surrounding the cathode, the
potential of the electrode being E, and the current flowing to it, I.
As the electrode is made more negative, fewer electrons have sufficient
velocity of emission to reach the electrode against the retarding field.
If the potential be set at —E,, a current I, will flow to the electrode,
electrons having lower velocity being turned back. Since we are
fixing the division of the total current by the retarding potential
—E,, there will be true shot-effect fluctuations in current I,.

The potential distribution in the space between cathode and anode
in a parallel-plane diode with space-charge-limited current is repre-
sented in Figure 2. Near the cathode there is a potential minimum of
magnitude E,, (negative) at a distance x,, from the cathode. Between
this potential minimum and the cathode, all electrons having an initial
velocity of emission E, normal to the cathode less than £, (expressed
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2E.e \ 3

in electron volts, the actual velocity being given by v -
m

where v is the velocity, e is the electron charge, and m is the mass

of the electron) are turned back to the cathode. All electrons with
greater initial velocity pass to the anode. The values of z,, F,, and
plate current /,, may be determined for given cathode temperature,
electron emission, electrode spacing, and anode potential from well-
known analyses.!*

From our discussion of the fluctuations in current flowing to a
retarding electrode, we must conclude that, if E,, remains constant, the
fuctuations in plate current of the space-charge-limited diode must be

al

Em
Eo —=

Fig. 3

equal to the true shot-effect value. The study of the effect of space
charge on shot effect is then the study of the behavior of the potential
minimum with fluctuations in emission.

Qualitative considerations show that E, does not remain fixed,
however. Its value is determined at any instant by the instantaneous
space-charge distribution between cathode and anode. When the
number of electrons having velocities of emission in excess of the
mean value of E,, is momentarily in excess of the average, the number
of electrons passing across the cathode-anode space increases and, as
a result of their space-charge effect, E,, becomes more negative, thus
turning back a certain number of electrons which would otherwise
have passed to the anode. When the number of high-velocity electrons
is less than the average, E/,, becomes less negative than the mean value
and some of the lower-velocity electrons are permitted to pass over to
the anode.

To determine the magnitude of the reduced shot effect it is neces-
sary to analyze the quantitative relations between instantaneous
velocity distribution and instantaneous value of potential minimum.
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Let us consider again the velocity distribution of emitted electrons.
Figure 3 shows the current corresponding to the average number of
electrons in each velocity group (E, + AE), where velocity of emission
E, is expressed in volts as before. The total area under the curve (on
to infinity) is equal to the total average emission from the cathode.
The area under the curve to the right of £, (the potential minimum)
is equal to the average anode current. The area to the left of E,,
represents the current turned back to the cathode by the potential
minimum. This curve represents average conditions, only. From our
previously stated principle of fixed division, we know that the current
corresponding to each velocity group of electrons fluctuates at random.
If the velocity increment is made small enough, all electrons in a given

CATHODE ANODE

Fig. 4

velocity group have the same space-charge effect on the potential
distribution and, hence, on the potential E,. Knowing as we do the
fluctuations in number of electrons in each group and being able to
calculate the effect of each group on the potential E,, we are in a
position to determine the over-all net fluctuations.

To simplify the physical viewpoint in this analysis, let us consider
a vacuum tube in cross-section, Figure 4. We may say that, since the
fluctuations in current are small compared to the average current, the
fluctuations in E,, are small compared to the average value of E,. We
may then apply the principle of superposition. Let us say that the
emission 1s constant outside of the differential strip dy. Within dy
it fluctuates at random. E,, is, of course, constant except for infinitesi-
mal changes produced by fluctuations in emission within dy. An excess
number of electrons of any velocity group emitted within dy will pass
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to the anode if their initial velocity E, is greater than E,, or will be
returned to the cathode if it is less than E,,. Whichever course they
take, their effect on E,, (an infinitesimal effect) may be calculated.
Suppose a group of electrons having a velocity greater than E,, be
emitted. These electrons pass on to the anode and, on their way, add
to the space charge and depress the potential E,, over a considerable
area. This lowering of E,, turns back some of the lower velocity elec-
trons in the region adjacent to dy, so that, in effect, there is a com-
pensating current flowing in the opposite direction which reduces the
effect of the original group of electrons.

If the velocity of this group of electrons is less than E,,, none of
the electrons reach the anode hut E,, is depressed by the additional
space charge, with the result that there is a reduction in anode cur-
rent.

For each velocity group of electrons in dy which reaches the anode
there is, then, a compensating current in the opposite direction the
magnitude of which depends on the velocity of the electrons. The net
current pulse due to this group of electrons is the difference between
the current flow corresponding to the electrons and the compensating
current.

For each velocity group of electrons which fails to reach the anode,
there is a negative pulse of anode current, the magnitude of which
depends on the velocity of the electrons.

By integrating in the proper way the effect of each velocity group
of electrons in dy on the resulting anode current we may find the net
fluctuations produced by the random emission of all the current in dy.
Integrating over the entire cathode area will then give us the total
fluctuations in current.

Simple considerations show that it is really unnecessary to inte-
grate over the whole cathode surface, however. The effect of a given
velocity group of electrons emitted in one place is the same as that of a
similar group distributed over the entire cathode surface, so long as
the group is infinitesimal in size. We may, then, for analytical pur-
poses equally well consider the velocity groups distributed over the
entire cathode surface. The actual mathematical process to be fol-
lowed will then be the dividing of the total cathode emission into an
infinite number of velocity groups, the multiplying of the mean-square
fluctuation current corresponding to each velocity group by a factor
indicating the relative effect of electrons of each velocity on the anode
current, and the integrating of the product for the entire range of
velocities. The result is the total mean-square fluctuation in anode
current.
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In the above discussion it is implicitly assumed that a fluctuation
involving a given velocity group of electrons persists long enough for
a new equilibrium to be established. This simplifies the analysis, but
renders it inapplicable to frequencies such that the transit time of an
electron is comparable with the period—frequencies of several hundred
megacycles per second in usual tubes.

The application of the diode analysis to triodes is obvious. We see
that the addition of a negative grid between cathode and anode has
little effect on the fluctuation current for a given anode current, but
chiefly serves to alter the internal anode resistance of the tube.

It has been customary to view reduced shot effect and thermal
agitation as identical, or at least closely related. The above discussion
had laid the background for an analysis without mention of thermal
agitations nor has any mechanism for establishing thermal equilibrium
between the electron stream and the cathode been found or assumed.
Does this mean that the thermal-agitations viewpoint is considered
faise?

The answer is yes to the extent that that viewpoint is used as a
means of predicting the reduced shot effect without detailed micro-
scopic analysis. Reduced shot effect is essentially shot effect in the
presence of space charge and should be approached from the shot-
effect and space-charge viewpoints. The thermal-agitations viewpoint
is useful only in the interpretation and application of the results.

Part II continues the above analysis and presents an experimental
verification of the results.

C—FLUCTUATIONS IN PoOSITIVE-GRID TUBES.
1. HISTORICAL INTRODUCTION.

Comparatively little attention has been accorded to the question
of current fluctuations in screen-grid tubes, it being generally im-
plicitly assumed that, where the cathode current divides between two
electrodes such as the screen and the anode, the fluctuations would
divide in the same manner. (Here I ignore the question of thermal
agitations in the plate resistance, for so far as I know this concept
has never been seriously applied to screen-grid tubes.) It was fairly
generally recognized, however, that triodes were “quieter” than
tetrodes and pentodes, though a very great deal of confusion was
introduced by a general failure to take into proper consideration the
greater shunting effect of the lower plate resistance of triodes.

About 1933, Mr. Stuart Ballantine very courteously told me of his
experimental results which showed greater fluctuations in the anode
current of screen-grid tetrodes than in that of triodes. He was able
to account for this by the fluctuations in emission of secondary elec-
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trons from the screen grid. Measurements which I undertook as a
result of this with suppressor-grid pentodes seemed to show that this
explanation, while undoubtedly based on an existing phenomenon, was
incomplete, since no important difference in fluctuations appeared to
exist between tetrodes and pentodes although it was known that the
suppressor grid effectively prevented secondary emission.

In 1935, Messrs. S. W. Seeley and W. S. Barden called to the atten-
tion of Dr. North and me their ingenious measurements'® with sup-
pressor-grid pentodes in which a resistance in the cathode circuit
(see Figure 5) should ‘“degenerate” practically all cathode-current
fluctuations, and, therefore, should eliminate the component of anode-
current fluctuations resulting therefrom. Nevertheless, they observed
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large fluctuations in the anode current. These could not be accounted
for by thermal agitations in the cathode resistor. The conclusion was,
therefore, that there was a fluctuation in division of current between
sereen and anode. That this was so they verified by direct meas-
urement.

On the explanation of the Seeley and Barden effect is based the
analysis presented in Part IIl by North. This analysis was made
immediately after the discussion with Messrs. Seeley and Barden. It
was presented in brief at the Rochester Fall Meeting of I. R. E. in
November, 1936.°

In December 1937, Rothe and Engbert'® published a qualitative
theory which explains the fluctuations in division of current between
screen and anode as resulting from the chance determination of the
destination of the electrons which either strike close to edges of the
screen wires or pass on to the anode after narrowly missing the wire.
The measurements which they report are in agreement with those
reported by us.
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2. THEORETICAL CONSIDERATIONS

The explanation of the fluctuation in division of the current be-
tween screen and anode which was offered (and later developed in
detail by Dr. North) is as follows:

Consider a vacuum tube as shown in cross section in Figure 6.
Suppose that an excess number of electrons of high velocity is emitted
over some short period of time at point (a). These electrons will pass
through the region of potential minimum and will pass on to the posi-
tive screen-grid wire directly before them (the negative control grid
is omitted for simplicity). On their way, they increase the space
charge of the space through which they pass to greater than the
normal value. This increase in space charge depresses the potential
of the potential minimum, thus bringing about a reduction in current
below the normal value in the area surrounding the closely confined
initial impulse in the manner discussed under (C). This reduction in
current is in effect a compensating current flowing in the opposite
direction to the initial impulse. The difference between the two cur-
rents is the net fluctuation which would exist in a diode.

In the case of the positive-grid tube, however, the initial impulse
Just considered went entirely to the screen grid. The compensating
current, being distributed over a considerable area, divides between
screen and anode almost as the average current divides. If the screen-
grid current is a small fraction of the anode current, the screen-current
fluctuations will be almost uncompensated and it would, therefore, be
expected that the magnitude of these fluctuations would be given by
the formula for true shot effect. If the net cathode-current fluctuations
are small, the plate-current fluctuations must be approximately the
same as the screen fluctuations.

Of course, this explanation ignores the effect of the cathode resistor
in the Seeley and Barden experiment. The degenerative fluctuation
voltage fed back to the grid through the action of this resistor merely
makes more certain that the compensating current is distributed over
a large cathode area.

Rothe and Engbert'® have assumed that the arrival of a certain
class of electrons at the screen is entirely fortuitous. That is, electrons
emitted directly under the edge of the screen wire have the same
chance of reaching the screen wire as of reaching the anode. This
leads to the conclusion that some fraction of the current in the screen
should fluctuate at random.

This last analysis should lead to correct results for extremely
minute grid wires, such that the motions of electrons in directions
parallel to the cathode as the result of random velocities of emission

would be large compared to the grid wire diameter, It appears, how-
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ever, that it would be difficult to apply quantitatively in the practical
case. The analysis presented by North should give quantitatively cor-
rect results in the case of infinitesimal as well as of finite collectors.

In the event that an intermediate collector of current intercepts
a large continuous area, the conclusions arrived at by North would be
invalid. This is because the fluctuation in distribution of current could
occur only at the boundaries of the large area.

D—FLUCTUATIONS CAUSED BY COLLISION IONIZATION

No vacuum tube is perfectly evacuated. The residual gas molecules
will occasionally be struck by an electron on its way from cathode to
anode. If the velocity of the electron is suflicient, the molecule may
lose an electron, thus becoming a positive ion. The effect of the positive
ion is well known to be that of increasing the electron current which
may flow across the space. Inasmuch as the formation of positive ions
is a random event, the current produced by them must fluctuate at
random, and thus be a source of noise.

The existence of such an effect has long been recognized. Ballan-
tine'® in 1933 analyzed the effect of a single ion and from that arrived
at the nature of the qualitative relationship between ion current and
plate-current fluctuations. He found experimentally that this relation-
ship was correct. It was not possible, however, to determine analyt-
ically the magnitude of fluctuations to be expected.

In Part IV of this paper, I present an analysis which was carried
out in 1933. This treats the flow of positive ions toward the cathode
as the movement of a positively charged continuous stream through
the negatively charged electron stream, in the same manner as is con-
ventionally done in treatments of electron-space-charge effects. This
is a great simplification as compared with Ballantine’s analysis of the
effects of a single ion. It is justified because it may readily be shown
that the average distance between ions is extremely small as compared
with electrode spacings, even under conditions most unfavorable to
the assumption.

E—OTHER SOURCES OF FLUCTUATIONS

We have already considered the fluctuations caused by random
emission of electrons from the cathode, by inconstant division of cur-
rent between positive electrodes, and by varying production of positive
ions. There are other sources of fluctuations.

It is well known that positive ions may be emitted from a hot
cathode or may be formed at its surface and that these ions cause
fluctuations in cathode current.'” Experimentally, we have detected
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the effects of such ions only in special cases. Under normal conditions
this source of fluctuations need not be considered.

Flicker effect, wall charges, microphonics, etc., have been mentioned
and dismissed from our present consideration.

Secondary emission from the screen grid plays a small part in
determining the fluctuations in current of screen-grid tetrodes. The
prevailing use of suppressor-grid pentodes makes it unnecessary to
concern ourselves with this.

Grid current produced by gas ionization will develop a fluctuation
voltage in an impedance in the grid circuit according to the shot-effect
formula. With usual values of grid current this fluctuation voltage
may be ignored, though it may readily be taken account of if necessary.

The analyses which have been made do not apply at the highest
frequencies. Further, at ultra-high frequencies there are other sources
of noise. These matters we hope to discuss in another paper.

F—CoONCLUSION

This introductory part of our paper has, by its nature, been devoid
of results. The succeeding parts, of which the next is Part II, Fluctua-
tions in Diodes and Triodes, by D. O. North, will continue the analyses
by more rigorous methods and will present the results.
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TELEVISION RECEPTION IN AN AIRPLANE

By
R. S. HOLMES

Television Receiver Research, RCA Manufacturing Company, Inc.,
Camden. N. J.

N THE occasion of the twentieth anniversary, October 117,
@ 1939, of the formation of the Radio Corporation of America,
a demonstration of television reception in an airplane was
given for the press in cooperation with United Airlines. The principal
feature of the demonstration was the reception of television images in
the plane while flying at about 21,000 feet over Washington, D. C., an
airline distance of about 200 miles from the transmitter on top of the
Empire State Building in New York City.

As part of this demonstration a two-way conversation was carried
on between the television studio and the airplane. Mr. David Sarnoff,
President of the Radio Corporation of America, and Mr. W. A. Patter-
son, President of the United Airlines, conversed with several members
of the group in the plane, who were watching them on the television
receiver. This conversation was broadcast over the Blue Network of
the National Broadcasting Company and both the studio picture and
the conversation were broadcast over television station W2XBES.

A further interesting feature of the demonstration occurred when
a landing of the plane at North Beach Airport was televised by the
NBC Telemobile Units, relayed to Empire State, and observed on the
screen of the receiver inside the plane. Thus the people in the plane
saw themselves land as viewed from the ground.

The receiver used for this demonstration was a standard television
broadcast receiver, Model TRK-12, which is equipped with a 12-inch
kinescope. It was operated on a 50-cycle power supply provided by a
rotary converter driven by storage batteries. Close speed regulation
of the rotary converter was not necessary, since the normal variations
in power supply frequency with respect to the vertical scanning fre-
quency had no effect upon the operation of the receiver. A radio-
frequency amplifier was added to the receiver to increase its sensitivity.
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The receiving antenna was a half-wave dipoic mounted crosswise
under the belly of the ship as shown in Figure 1. A transmission line
about 15 feet long connected it to the receiver, which was mounted in
the forward end of the passenger compartment as shown in Figure 2.

The airplane was a Douglas DC3 21-passenger United “Mainliner.”
Two seats were removed to make room for the recciver and power
equipment.

During the test flights preparatory to the demonstration and

Fig. 1—Illustrating the half-wave dipole antenna mounted
crosswise under the ship.

during the demonstration itself several observations of a technical
nature were made. Flights were made on four different days. The
first flight, on October 2, was a short hop around New York. As to be
expected in an airplane, reflections from ground and buildings pro-
duced multiple images that were observed when the plane was close
to the transmitter. There were innumerable multiple images, both
positive and negative, spread almost completely across the picture,
some moving rapidly and others nearly stationary. All of these mul-
tiple images decreased in intensity as distance increased from the
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transmitter and theyv disappeared completely, leaving a clean picture,
at about 25 miles from the transmitter. For the most part the multiple
images were much lower in intensity than the main signal, but at
infrequent intervals they would rise in amplitude to equal, or even
exceed, that of the main image.

On the other test flights the plane was flown from New York to
Washington and back. In general the picture was very good so long
as the plane was within line of sight from the top of the Empire State
Building.

I

Fig. 2—The television receiver installed in the forward part
of the passenger compartment. .

During the second flight, on October 4, there was a heavy overcast
about 300 or 400 feet thick at 4500 feet. Below the overcast it was
hazy, and above, it was entirely clear. On this day no signal was
received directly over Washington at 17,500 feet, which is approxi-
mately line of sight for this 200-mile path. The signal was picked
up about 20 miles northeast of Washington at this elevation, and was
satisfactory most of the way back to New York.

On the third test flight, October 16, the weather was clear, with

wWWW americanradiohistorv com



www.americanradiohistory.com

TELEVISION RECEPTION IN AN AIRPLANE 289

no clouds at all. The signal was received all the way to Washington
so long as the plane was in line of sight. In fact the signal was reason-
ably good at 16,000 feet over Washington and improved with elevation
up to 21,600 feet, the highest altitude attained.

On the day of the demonstration, October 17, there were scattered
clouds. The signal on this day appeared to be maximum over Wash-
ington at about 18,000 feet, was somewhat less at 21,000 feet, and
disappeared at 15,000 or 16,000 feet.

Sufficient data were not obtained to determine why the signal
distribution varied with elevation on the different days. Exact field
strength measurements were not made. Information on the weather
has been included to indicate a difference in conditions during the sev-
eral days of tests. Some interference in the picture was experienced
from electrical equipment and motor ignition systems in the airplane.
This was corrected by adjustment of the ground and shield connections.
Other interference, also created in the airplane and probably due to
intermittent bonding connections or vibrating control wires actuated
by motor vibration, was not entirely eliminated. Severe diathermy
interference was experienced at times. No difficulty was experienced
with the receiving equipment from vibration of the plane or from
operation at high elevations. The plane carried oxygen equipment for
use of the passengers and crew at the unusual elevations where most
of the tests were made.

These tests were carried out as a joint project of RCA and United
Airlines. The writer wishes to acknowledge the cooperation given by
Mr. Stangby of United Airlines, Mr. W. A. R. Brown of NBC, the
UAL staff at the Newark Airport, and the NBC television staff.
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RCA TELEVISION FIELD PICKUP EQUIPMENT
By

T. A. SMITH

RCA Manutacturing Company, Inc.. Camden, N. J.

onstrated its recently developed television field pickup appara-

tus in the first showing which has been made of the equipment
outside of the Camden laboratorics. The apparatus was set up at
Washington, D. C., and dcmonstrated to the Federal Communications
Commission to illustrate the progress which has been made in pro-
viding field equipment which approaches the compactness of apparatus
used for present-day remote sound broadcasting.

@N December 1, 1939, the RCA Manufacturing Company dem-

From observations made in New York and in London, it has been
apparent that television programs showing sports, news events,
parades, etc., have met with great public interest. Unfortunaiely,
however, the apparatus which has been required to broadcast such
programs by television, has been costly, complicated, and inconvenient
to move about from one location to another. The first attempt which
was made in this country to provide apparatus which could be used
regularly for field transmissions resulted in the RCA-NBC mobile
units which are now in service in New York. The camera and video
equipment is located in one of these units; the apparatus employed is
standard rack and panel equipment and includes a full-sized electronic
synchronizing generator. The truck contains two camera channels and
while the cameras may be taken out of the truck and extended for a
distance of approximately 500 feet, the remainder of the apparatus
is permanently mounted in the van. The second of the mobile units
contains the radio picture transmitter and the video terminal equip-
ment. The associated transmitter apparatus includes the power supply
units and a water-cooling system. The radio transmitter is provided
with an antenna mounted on the roof of the transmitter truck. This
antenna may be raised or lowered. The radio transmitter operates on
a frequency of (approximately) 159 megacycles. These mobile units
have proved exceedingly useful in picking up interesting and current
programs taking place in the New York area and have been employed
for the transmission of boxing matches, wrestling, basebal]] and foot-
ball games, events at the New York World’s Fair, parades, etc. They
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have contributed greatly to the interesting program material which
has been transmitted over the NBC television station W2XBS. Unfor-
tunately, however, since the vans are large and heavy and since the
extension of the cameras from the trucks is limited, it has been impos-
sible to transmit some programs because conditions were such that the
trucks could not be taken to the scene of action.

During the early summer of this year the RCA Manufacturing
Company began the development of a new type of television pickup
apparatus which would be considerably more flexible in application

Fig. 1-—FCC members see new RCA television field equipment, (left

to right) James Lawrence Fly, Chairman of the FCC, handling the

television camera; Commissioners Thad H. Brown, Norman S. Case,

and T. A. M. Craven. The complete unit is not only more efficient

than, but also approximately one-tenth the weight and one-sixth the

cost of the only other unit ever designed in this country for the same
purpose.

and which would incorporate the improvements which had been found
desirable through experience on the NBC mobile units. This apparatus
was to be constructed in such form that it could be mounted in light
trucks or could be taken out of the trucks and carried to a location
when required. The equipment was to be suitable for use with one,
two or three cameras and was to be provided with another auxiliary
input as, for example, the output of a television receiver which might
be used for picking up another television program. In addition, it
was considered desirable to employ a lower powered radio transmitter
for relaying the signals back to the main station, this transmitter
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eing portable so that it might be taken to the top of a building and
used with a directive antenna system in order to extend its range.
It was also considered desirable to utilize a higher frequency so that
a relatively small directional antenna system could be employed and
also so that the use of channels which might be needed at some later
date for television broadcasting service to homes could be avoided.
Consequently, the carrier-frequency range of the transmitter was
specified as being from 288 to 346 megacycles.
The first apparatus was to be designed for use with either regular-
sized, or with 4” Iconoscopes. However, provision was to be made in the

Fig. 2-—Illustrating a single camera video equipment setup.

design of the equipment so that it might be modified for use with
“Orthicon” apparatus at a later date.

Consequently two sets of equipment were manufactured. The first
employs standard Iconoscope cameras and was delivered to the Don
Lee Broadcasting System for use in Los Angeles. This apparatus
employs two Iconoscope cameras although one of these will be replaced
by an “Orthicon” camera chain and a second “Orthicon” chain will be
added at a later date to provide for a total of three cameras. The
second equipment has been constructed for the National Broadcasting
Company in New York and employs two of the small-sized Iconoscope
cameras with provision for adding a third camera chain at a later
date. The small Iconoscope cameras were specially constructed and
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are designed to provide for maximum portability and minimum
obstruction of view. It was the equipment built for NBC that was used
in Washington for the television demonstration to the Federal Com-
munications Commission.

At the FCC demonstration, one of the television cameras was set
up at the corner of Pennslyvania Avenue and Thirteenth Street at
ground level and the other was located on the top of the Post Office
Building where it could be used to present a panorama of the city
of Washington. The video equipment was located near the first camera
in the open and the transmitter, which operated at 288 megacycles,

Fig. 3—Watching the results of the demonstration as shown on an

RCA receiver in the office of Commissioner T. A. M. Craven are, left

to right, Ralph Beal, RCA Director of Research; James Lawrence Fly,

chairman of the FCC, and Dr. Charles B. Jolliffe, head of the RCA
Frequency Bureau.

was set up on the ground nearby. The master receiver was located in
the office of Mr. A. D. Ring, Assistant Chief Engineer of the Com-
mission. This installation simulated the receiver installation which
would normally be made at the main transmitter installation of a
television broadcasting station. Viewing receivers were connected by
cable to this master receiver, two of these being located in the office
of Commissioner T. A. M. Craven and one additional receiver in
Mr. Ring’s office. These additional receivers might be compared to
home receivers of a television broadcasting system, and were RCA
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TRK-12 instruments. A standard RCA broadcast field amplifier and
broadecast pack transmitter were emploved for the sound channels and
a separate sound receiver was also located in Mr. Ring’s office. The
powelr to operate television apparatus was obtained from a 110-volt,
60-cycle source in the Post Office Building. The camera equipment
was set up and tested prior to the demonstration which required ap-
proximately thirty minutes’ time to have it in proper operating condi-
tion. It naturally required additional time to set up and operate the

Fig. 4 — The portable television camera
erected on its portable tripod mounting.

transmitter together with its directive antenna. The receiver installa-
tion was a more lengthy job, but since this receiver would be perma-
nently located at the main studio in a regularly established service,
the time required for this installation may be overlooked.

The television picture antenna employed a horizontal dipole with
a reflector consisting of a number of elements located in the shape of
a wedge, and placed about five feet above the ground. The receiving
antenna was a directive array similar in general design to the one

wwWw americanradiohictory com



www.americanradiohistory.com

TELEVISION FIELD PICKUP EQUIPMENT 295

employed on the top of the RCA tower in the New York World’s Fair.
The receiving and transmitting antennas were approximately one city
block apart. They were not, however, line-of-sight and it was found
that best results were obtained by directing the transmitting antenna
toward another building approximately two blocks away and permit-
ting the reflected signal to strike the receiving antenna. No difficulty
was experienced with multiple reflections in the received picture.

At the time of the Commission demonstration, the Secretary, Mr.
Slowie, wag interviewed before the camera and the television camera
was used to show a pictire of the apparatus being employed for the
demonstration. A switch was then made to the roof camera and scenes
of the city were shown. The ground camera was then used to show

Fig. 5—Side view of delay unit, with cover removed. Controls are
calibrated directly in feet of camera cable.

street scenes and the Commissioners were then invited to inspect the
apparatus 4t the street level. Dr. C. B. Jolliffe and Mr. R. R. Beal
conducted the showing in Commissioner Craven’s office. The demon-
stration was directed by Mr. Harry Sadenwater, Television Project
Engineer. The equipment was kept operating for several hours after-
ward in order to permit members of the Commission’s personnel to
see the demonstration. The field equipment consists of the following
units:

TELEVISION CAMERA

The cameras employed are either of the standard Iconoscope type
or the small Iconoscope type, the latter-type camera having been
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designed to be as small and compact as possible. Focusing is accom-
plished by means of a Selsyn motor remotely controlled by the operator
who views the picture in a monitor on the camera control unit. The
camera employs a single amplifier stage and the additional video
amplifiers and deflection amplifiers are located in the camera auxiliary
unit.

This unit is approximately suitcase size and connects with the
camera by an eight-foot cable. It contains its own a-c power supply.
It is connected with the camera control unit and may be separated by

Fig. 6—Side view of camera control unit with cover removed. The
center web mounting makes all parts unusually accessible.

a distance of approximately 500 feet. The camera control unit contains
shading, gain, and contrast controls, and a 7-inch Kinescope for picture
monitoring as well as a 2-inch oscilloscope for purposes of setting
levels. If only one camera is employed, the output of the line amplifier
contained in this unit may be fed directly into the radio transmitter.
However, if more than one camera is used, the output is fed into the
master control unit.

This unit is employed for switching between cameras and is pro-
vided with four push-button controls. These are employed for select-
ing any one of three cameras, or an auxiliary video input position.
This unit also contains a 7-inch picture monitor and a 2-inch oscillo-
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scope for viewing the signal which is fed to the transmitter. The
picture which is seen on the monitor of this unit changes when cameras
are switched whereas the picture seen on the individual camera control
units remains fixed for each individual camera. The master control
unit also contains a line amplifier for feeding the signal to the trans-
mitter.

Fig. 7—Rear view of master control unit, showing cable
connections and typical case construction.

SYNCHRONIZING GENERATOR

The synchronizing generator is comprised of three units. The first
contains the pulse generator, which employs a rotating disc driven by
a synchronous motor. A capacity pickup is used to produce the im-
pulses. The shaping unit contains the vacuum tubes required to shape
the impulses into a signal form of the character recommended by the
RMA for standardization. The third unit, the delay unit, provides
compensation for the various lengths of camera cables which may be
employed. This latter unit is not required if all camera cables are the
same length or if only one camera is used. A power-supply unit enables
all of the cases to be connected into one box and a common power-supply
lead to be run to a convenient point. All of the apparatus operates
from a 110-volt, single-phase supply.
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The radio transmitter has a peak output power of approximately
25 watts. It is crystal-controlled and has a frequency-response char-
acteristic which is substantially flat up to nearly 7 megacycles. It is
arranged to provide for d-c¢ transmission and is equipped with a small
2-inch monitoring oscilloscope for checking the output. The station-
type receiver is a superheterodyne circuit fixed-tuned to frequency
and a-c operated. It is designed for rack mounting and may be used
in conjunction with a standard picture-monitor unit. Interconnecting
cables are supplied between all of the camera units and the trans-
mitter.

The apparatus has been developed by the Research and Transmitter
Engineering groups of the RCA Manufacturing Company of Camden,
N. J. Several of the ideas which were originally incorporated in appar-
atus developed by the RCA Radiotron Division have been employed in
this commercial apparatus. During the design and construction of the
apparatus, representatives of the National Broadcasting Company
were present and assisted from their knowledge of the operating prob-
lems which have been encountered with the mobile units.

It is believed that apparatus of this type will assist greatly in the
production of television programs, and that since the cost of the
equipment is but a small fraction of the cost of the former apparatus,
it will be of material aid to television stations in the establishment
of service.
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SIMPLIFIED TELEVISION I-F SYSTEMS
By

GARRARD MOUNTJOY

License Division Laboratory, Radio Corporation of America

Summary—Two examples of television picture i-f amplifiers are described
in this article, one for receivers requiring a relatively narrow band, and the
other for wide band receivers. These show the simplicity which results from
the choice of mutual inductance coupling and capacitance tuning, and demon-
strate that this simplification may be secured together with good perform-
ance. Several practical types of transformers and trap circuits are discussed,
and choice among these may be made on the basis of design and performance
requirements of a particular amplifier. Consideration of the principles and
illustrative examples discussed will enable the engineer to design a television
i-f amplifier to meet desired requirements and to predict the performance
thereof with a useful degree of accuracy.

MuUTUAL INDUCTANCE COUPLING

‘ UTUAL inductance coupling, where the windings are in

[ \ proximity to each other, greatly simplifies amplifier design
A and construction. It not only makes unnecessary any physical
coupling elements, but also permits winding all inductances per stage
on a common form. The d-c¢ isolation of grid and plate circuits is
inherent so that no filter components are required for this purpose.

Capacitance tuning is indicated with mutual inductance coupling
in order that alignment and adjustment may be accomplished without
disturbance of coupling magnitude. In order to maintain good stage
gain the capacitors should have low minimum capacitance and be set,
for the average case, at a mean value which will just permit the com-
pensation of expected production variations. For stability of adjust-
ment, air-dielectric trimmer capacitors have been found desirable.
Such capacitors are available with a range of 2 to 8 puf, and if the
circuits are designed for a setting of 5 puf, adjustment range is pro-
vided to compensate for usual manufacturing tolerances.

In high-gain amplifiers, it may be necessary to shield one stage,
usually the last transformer, to reduce tendency to regeneration. If
the transformers are mounted below the chassis and single-ended tubes
and chassis bottom plate used, direct i-f signal pickup may be reduced
to a satisfactory low level. Shielding the other transformers for elec-
trical reasons is not necessary.

299
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SELF-TUNED PRIMARY

If the resonant circuit components are held to sufficiently close
limits alignment adjustment means may be eliminated on at least
one circuit of the stage. Flat frequency response may still be secured
through the compensating effect of adjustment on other circuits, the
effect of small variations in a reactance being to shift the entire
response curve to one side or other of the normal frequency.

The use of trimmer capacitors involves some small loss in gain
and the circuit to be self-tuned should be the one with least value of
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fixed capacitance, as the trimmer would have most effect in reducing
gain on that circuit. The primary circuit is therefore logically the
one to be self tuned when tubes such as the 6AC7/1852 or 6AB7/1853
are used, because the plate capacitance is approximately half the grid
capacitance.

Measurements on a somewhat limited number of samples of
6ACT7/1852 type tubes have indicated that the output capacitance
varies from approximately 4.9 uuf to 5.4 uuf, or a variation of =+0.25
ppf about a center value of 5.15 uuf. It would appear from these meas-
urements that there is a possibility of omitting the plate circuit trim-
mer if manufacturing tolerances on circuit components are held to close
tolerances and careful attention is paid to layout and wiring. A pro-
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duction of tubes may show a wider variation. The receiver manufac-
turer may, if he considers it necessary, test and use only close tolerance
tubes, placing those rejected for capacitance in the adjusted stages
and other portions of the receiver.

Inductor values may easily be held to adequately low tolerances,
and the method of transformer mounting be made uniform in stray
capacitance. Soldering the plate lug of the transformer to the plate
prong of the tube socket, will eliminate a lead and attending variations
in capacitance. The chief source of variation will under these condi-
tions be tube capacitance. If the total circuit capacitance in the pri-
mary is say 8 puf and a variation of +0.25 ppf capacitance occurs,
the shift in the center frequency of the stage, after the adjustments
of other circuits have produced flat response, will be 0.15 Me. If
the stage is made inherently 0.15 Mc broader on each side of center
frequency, the variations may occur without loss in overall fidelity.

RESPONSE

FREQUENCY
Fig. 2

The stage or stages which produce the carrier side slope may be com-
pletely adjustable to provide uniformity in tuning shapes.

3 vs. 2 RESONANT CIRCUIT TRANSFORMERS

Three-resonant-circuit transformers have inherently more gain
than the two-circuit type, but are more complex. However, the use of
capacitance tuning and proximity coupling simplifies the three-circuit
type to a point where its construction and adjustment are relatively
easy. The use of a self-tuned primary further reduces the adjustment
difficulties of this type. Transformer coupling tolerances must be held
somewhat closer than in the case of the two-circuit type. One variety
of three-circuit transformer and its application is shown in Figure 1.
The stage gain is 26 db for 4 Mc band width and a degenerative
cathode resistor of 45 ohms. The stage gain for two resonant circuits
of similar construction would be approximately 23 db, and the response
would not be as flat out to the edge frequencies. This extra gain is
very desirable, particularly in the multi-stage amplifiers of sensitive
receivers. The construction is, however, somewhat more complex, and
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this fact should be weighed against the advantages of gain. Three-
circuit transformer design may be assisted by an inspection of Figure
2 which illustrates the difliculties commonly encountered. M,, Figure
1(a) largely dictates the band width, and M, and R dictate flatness of
response. Curve (b), Figure 2, is a case of too small an M,. Curve (a)
is a case of correct value for M,. Curve (c) is a case of too large an
M, ; this is approaching the results of two tuned circuits. Curve (a) is
then determined by the increase of M, to a point where the three
peaks just disappear. R is changed to produce best average flatness
for each case in turn.

[f, after determining curve (a), the band width is not satisfactory,
M, is readjusted in a direction indicated and (a) redetermined. Unfor-
tunately for the experimenter, damping also has some effect on band
width.
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SOUND CARRIER ATTENUATION

Suflicient attenuation must be provided for the accompanying sound
channel so that it will not cause interference in the picture. When
the desired signal is on the second, fifth or seventh television channel
and there is a transmitter in the same locality on the first, fourth, or
sixth channel respectively, attenuation must be provided for the
adjacent sound frequency. When the picture i-f has the usual value
of 12.75 Mc for the picture carrier, the attenuation frequencies become
8.25 Mc and 14.25 Mec.

8.25-McC TRAPS

8.256 Mec traps serve the double function of reducing interference
in the picture from the simultaneous sound broadcast carrier and of
providing a point of pickup for the i-f amplifier.
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The problem of adequate attenuation of 8.25 Mc in wide-band
amplifiers is complex, since the traps are prone to have an effect on
the edge of the desired frequency band. In general, a multiplicity of
traps, each with limited 8.25 Mc reducing propensity will have less
effect on, say, 8.75 Mc (edge of 4 Mc band) than one trap of overall
equivalent 8.25 Mc rejection. Likewise, all traps should have approxi-
mately identical 8.25 Mc rejection to provide least attenuation of the
desired band.

A proximity-coupled trap is quite effective and simple in construc-
tion, since it may be wound on the same form as the stage-tuning
inductors. It is also a very excellent means of coupling to the sound
i-f amplifier.
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Fig. 4

Another type trap which may be equally effective is the use of
cathode degeneration produced by a tuned-cathode circuit. One physi-
cal form of this type which has given good results, may be made by
shunting a 0.005 uf capacitor with an inductor of two or three turns
of flexible multi-strand wire wound on a form fastened to the capacitor
body. The trap may be pre-adjusted and cement applied to fix the
adjusted spacing between turns. Then the trap may be assembled in
the receiver without the necessity of readjustment.

Cathode degeneration is most effective at normal bias on the tube
to which it is applied. The trap ceases to function near plate-current
cut-off which is quite detrimental, since the sound and picture-signal
strengths are comparable. Hence, such an 8.25-Mc trap must be applied
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to a tube which is not gain controlled. Usually the last i-f amplifier
(diode driver) is not on control, and in such cases the trap may be
located in that stage.

The necessary minimum-response ratio of the flat portion of the
picture transmission to the 8.25-Mc sound has not been fixed by com-
mercial experience. In general, a ratio of 40 db is the smallest ratio
to give satisfaction in experimental tests, and some receivers have
required as much as 60 db for complete freedom from sound inter-
ference.

In narrow-band amplifiers, such as the 2.3-Mc type described
below, the picture i-f stages are very selective to 8.25 Mc and traps
are not always essential. Since some sound-pickup source is neces-

TRIMMERS

sary it was found in this amplifier that a trap coupled to the plate
winding of the second transformer gave an overall gain of 45 db for
the sound i-f carrier. Coupling to the grid winding is not recom-
mended because of the increased rejection of the extra cascaded circuit
to the (in this case) desired 8.25-Mc signal.

14.25-Mc TRAPS

The sound carrier in the channel below the desired channel will
heterodyne to produce a 14.25-Mc i-f. Since this carrier may under
certain conditions be many times the intensity of the desired picture
signal a greater degree of selectivity is necessary than is needed at
8.25 Mc. Again, no conclusive minimum figures have been determined,
but 60 db is a selectivity ratio which many engineers are adopting as.
a first assumption.

Traps for this interference should be placed in the first part of
the amplifier to reduce possibility of crosstalk. The same rules dis-
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cussed for 8.25-Mc traps apply here except in the use of cathode
degenerative traps. These may be used for tubes subjected to control
bias since the traps are most needed when the desired signal is low,
i.e., the traps functioning.

Some appreciable ratio should be maintained without cathode traps
to take care of the situation of reception near two powerful signals on
adjacent channels. In this case. the cathode traps would not function.
but some selectivity would still be required.
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Proximity traps are effective, and pre-set traps may be inserted in
grid leads, etc. as a still further variety. The pre-set trap may take
the physical form of the trap used for degeneration, i.e, a few turns
of wire shunting a large fixed capacitor.

2.3-Mc WIDE AMPLIFIER

The 2.3-Mc amplifier shown schematically in Figure 3 has two
stages of i.f. and a stage which may be operated as a converter by
application of an oscillator voltage and use of suitable bias on the
first tube. Measurements taken were with the first tube operating as
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an i-f amplifier. Gain at r.f. would be about 10 db less than measured
i-f gain under proper conditions of converter operation.

The transformers used are all double tuned. The first one has a
14.25-Me proximity-coupled trap; the second has an 8.25-Me pickup
coil coupled to the plate winding. The third is without a trap.

These coils are shown in constructional detail in Figure 4. The
method of stage assembly is shown in Figure 5. Leads from plate and
grid inductors are held as short as possible and the general compact-
ness of the stage reduces any tendency for regeneration. One coil
shield is necessary, and the third transformer is covered with a 2" x 2"
square can.

2.3 Mc AMPLIFIER TIME DELAY

~

5

(a)
§5
S |
51,4: 1
g’ '
gz
L4
0
Ky 7 L5 2 25
Me
Fig. 7

Transmission shapes taken with inputs at the first, second, and
third grids are shown in Figure 6.

Time delay is shown in Figure 7. A maximum variation of 0.1
microsecond is indicated. The amplifier was adjusted for flat amplitude
characteristics. No subsequent adjustment was made to correct for
variation in time delay.

Other performance characteristics are:

GENN (L)l mwmwsn sn smwsians 4 dmass 76 db
Expected gain (v£.) ............ 66 db
Individual stage gains (i.f.)

(a) first tube ... .. ... ... 25 db

(b) second tube ............ 253 db

(c) third tube ............ 25.7db
Attenuation at 825 Mc.......... 58 db
Effect of trap alone........ ..... 6.5 db
Attenuation at 14.25 Mc......... 47 db
Effect of trap alone............. 21 db

A second 14.25-Mc trap may be used if considered necessary.
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The 8.25-Mc trap is not essential in rejecting the sound from the
picture as the normal selectivity of the tuned circuits is adequate. It
serves the purpose of ‘“take off” point for the sound i-f amplifier.
A gain of 45 db for sound is thus obtained in the picture amplifier,
which considering the first tube as a converter would give a sound
carrier gain of about 35 db. One i-f stage in the sound i-f amplifier
would, therefore, produce a sensitivity comparable to picture sensi-

tivity.

The selectivity at the 8.25-Mc transmission is 200 ke band width
for 6 db down. All other frequencies are attenuated more than 6 db.
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Self-tuned primaries will produce considerably more gain (about
2.5 db per stage) but small commercial variation in primary tuned
frequency should be assured before their use is recommended. Such
variations are more detrimental to narrow-band amplifiers than to
wide. Likewise, 3-resonant-circuit transformers will add gain (and
some complexity) to the amplifier.

4-Mc WIDE AMPLIFIER

The 4-Mc wide amplifier shown schematically in Figure 8 has 3
i-f stages and a converter stage which was, as in the case of the

1
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Fig. 10

2.3-Mc amplifier, operated as an i-f amplifier. Gains with r-f inputs
and the first tube biased and properly supplied with oscillator voltage
should be approximately 10 db less than the i-f gains.

Two traps are used to reject 14.25 Mec. Both are in the first cir-
cuits to prevent overload of succeeding grids by a strong adjacent-
channel sound signal. One trap is proximity coupled and the other is
in series with the second grid lead. It consists of a 250-uuf capacitor
shunted by a small tuning inductor. This type may be pre-set before
wiring into the main chassis.

The second and third transformers are of the three-resonant-circuit
type. Self-resonant primaries are used and the adjustments are thus
reduced to two per transformer. Construction data on all transformers
and traps used is given in Figure 9.

Two 8.25 Mc traps are placed near the output of the amplifier.
These provide 40 db attenuation, which in several amplifiers built from
these specifications gave freedom from sound-in-picture interference.
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It is generally desired, and certainly safer, to have about 50 db attenu-
ation at 825 Mec. A third trap coupled to the primary of the second
transformer will provide the additional 10 db attenuation. This trap
may be used as the take off for the sound i-f amplifier instead of the
tertiary winding of the second transformer as indicated in Figure 8.
The gain at this first tertiary for 8.25 Mc is 28 db. One sound i-f stage
following this circuit will provide an overall sound receiver sensitivity
in the order of 100 pv. The use of the extra trap will materially
improve this sensitivity.

The transmission shapes depicting the selectivity from succeeding
grids are shown in Figure 10. Other performance characteristics are:

Gain (If) ..overinnirinvicecennnenns 88 db
oxpected gain (r.f) ... ... L 78 db
Individual stage gains (i.f.)
(a) fitst tube wuics sesivi sama 21.4db
(b) second tube ................ 25.7db
(¢) third tiube ..weows oo cwmmiocns 25.7 db
(d) fourth tube ................ 15.2 db
Attenuation at 825 Me......... ... .. 40 db
Attenuation at 1425 Me............. 73 db
Attenuation of grid trap alone........ 24 db
Attenuation of proximity trap alone... 22 db

4 Mc AMPLIFIER TIME DELAY
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Overall time delay characteristics are shown in Figure 11. A
maximum variation of 0.09 microsecond is indicated. The amplifier
was aligned for flat amplitude characteristics and then tested for
time delay, no subsequent adjustment being made to correct for time
delay.
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RECENT ADVANCES IN BARIUM
GETTER TECHNIQUE

By

Dkr. E. A. LEDERER

Research and Engineering Dept., RCA Manufacturing Co., Ine., Harrison N. J.

Summary—DBarium metal of high purity and without undesirable by-
products can be obtained by chemically reducing barium berylliate. Barium
berylliate, the barium salt of the hypothetical dibasic beryllic acid, has been
discovered only recently. It is stable in air, but can be easily reduced by
tantalum or similar reducing agents at about 1300°C with approximately 60
per cent efficiency. The resulting barium metal is of silvery appearance and
is very active in the clean-up of gas. The preparation of barium berylliate
and methods for testing it are briefly outlined. The design, manufacture, and
use of a simple, inexpensive, but highly efficient getter for the controlled pro-
duction of barium metal from barium berylliate are deseribed.

1. INTRODUCTION

getter”) was described. It consists of a core of tantalum, prefer-

ably in form of a wire or coil, coated with the carbonates of
strontium and barium. After the carbonates are decomposed in vacuum
by heating the core electrically to 1000°C approximately, free alkaline-
earth metal is produced when the temperature is raised to about
1300°C. While this form of batalum getter has been used with satis-
factory results in the manufacture of millions of tubes, it has been
replaced by a new form employing a coating of barium berylliate which
gives a yield of pure useful barium at a lower cost.

I[N a previous paper' a simple reaction-type getter (termed “batalum

To digress for a moment, let us consider the preferred coating for
a batalum getter. If it were possible to use it, the coating would be
pure barium oxide since no decomposition of the coating would be
required. It is well known, however, that barium oxide is unstable
under atmospheric conditions and combines rapidly with the moisture
and carbon dioxide of the air. Attempts to “dead burn” barium or
strontium oxide have failed even at temperatures of the electric arc
between iron electrodes.” Many barium compounds like barium zirco-

1“Batalum”, a Barium Getter for Metal Tubes, by E. A. Lederer and
D. H. Wamsley, RCA REvIEW, July, 1937 (U. S. Patent No. 2,130,190).

2 This investigation was carried out by Mr. D. H. Wamsley, RCA Mfg.
Co., Inc., Harrison, N. J.
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nate, barium titanate, barium tungstate, barium tantalate and others
have been tested for production of barium by reduction with tantalum
and zirconium, but if barium was evolved at all the yield was so small
as to be worthless for the desired purpose.

2. BARIUM BERYLLIATE

It occurred to the writer that barium oxide, being strongly alkaline,
should form a chemical compound with beryllium oxide which is known
to have amphoteric properties. The resultant compound should be the
barium salt of the very weak hypothetical dibasic beryllic acid, re-
ducible by tantalum, zirconium, or their equivalents. Tests were made
and it was found that the compound can be produced by dissolving
beryllium oxide in molten barium hydroxide at about 600°C. The
veaction was barely discernible and the mass solidified. The resulting
compound was termed barium berylliate. Insofar as the writer is
aware, it is a new compound®* and has not been described in the
literature prior to its discovery by him. It is stable in dry air, dis-
solves slowly in concentrated nitri¢ acid, and hydrolyzes slowly in
contact with water, forming barium and beryllium hydroxides. Barium
berylliate is reduced by tantalum metal in vacuum at about 1300°C.
Owing to its high vapor pressure at this temperature, the barium
metal evaporates from the zone of reaction and deposits as a mirror
on the cool walls of the envelope. Titanium, zirconium, columbium,
aluminum, tungsten, molybdenum, and the rare-earth metals also
reduce barium berylliate. It is interesting that the beryllium oxide is
not perceptibly reduced by the tantalum below 2000°C, but this reac-
tion proceeds rapidly as the temperature approaches the melting point
of the tantalum.

Evidently beryllium oxide and barium berylliate form solid solu-
tions and some of the properties of the resulting product are a function
of the beryllium oxide content. If barium hydroxide and beryllium
oxide react in the proportion to satisfy the equation

Ba(OH)2 —|— BeO — Ba3302+ H2O
the product melts at about 1450°C. It has a density of 4.5 and when

* [ts preparation and use are described in U. S. patents No. 2,173,258
and No. 2,173,259.

4 The writer is indebted to Dr. J. M. Cage of the General Electric Com-
pany, Schenectady, N.Y., who identified barium berylliate as a compound
by means of X-ray spectrograms. The writer also wishes to thank Dr.
M. Benjamin of the British General Electric Company in Wembly, England,
and Dr. H. Bienfait of the Philips Company in Holland for X-ray spectro-
grams and other valuable observations.
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cast into a chilled mold solidifies to an opaque mass. When pulverized
it is easily attacked by moisture. If, however, the amount of beryllium
oxide is increased beyond the ratio given in the formula, the melting
point and the stability toward moisture are increased.

A convenient method of producing barium berylliate consists in
mixing barium carbonate and beryllium oxide in the desired propor-
tions and in firing the mixture in hyvdrogen at about 1065°C. In order
to increase the density and stability of the product, refiring in air at
1250 to 1275°C is advisable. The same method is applicable to the
preparation of calcium or strontium berylliate. The tests reported
in this paper were made with barium berylliate prepared from barium
carbonate and with a ratio of BaO:BeO — 1:2.4.

To determine its stability in air, about one gram of freshly pre-
pared barium berylliate was evenly spread on a watch glass and
exposed to air in the laboratory. The sample was protected from dust
and was weighed at intervals as shown in Table 1.

Table 1
Weight of Average Average  Exposure Weight
Sample in Room Relative Time Change
Grams Temperature Humidity Hours 0
0.9134 85°F 589, 0
0.9142 82 54 24 0.087
0.9141 82 46 48 0.001
0.9142 83 49 72 0.001
0.9146 85 65 96 [ 0.004
0.9150 82 71 168 - 0.004
0.9145 After two hours in desiccator 0.004

As seen from the table, the largest increase in weight occurred in
the first 24 hours, and is probably due to physical adsorption of
moisture. This assumption is supported by the decrease in weight
observed at 48 hours, when the relative humidity dropped below 50
per cent, and after insertion of the sample in the desiccator.

It was next in order to determine the gas content and barium yield
of barium berylliate to find out if it would be suitable for use as a
practical getter.

3. DETERMINATION OF GAS CONTENT AND OF BARIUM YIELD

In a good getter the initial gas content should be low, the occluded
gas should be released far below the flashing temperature, no gas
should be evolved during the evolution of the barium metal, and the
ratio of usable amount of barium metal (yield) to actual amount of
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barium in the coating should be high. For the study of gas content and
barium yield, it is convenient to coat a tantalum wire with a suspen-
sion of barium berylliate in a nitrocellulose binder and to mount a
section of such coated filament between lead-in wires in a glass bulb.
The bulb is sealed onto a vacuum system together with a pressure
gauge. The coated filament can be heated to the desired temperature
by an electric current. The envelope is degassed in the conventional
manner by baking in an oven. When the filament is heated slowly, the
peak of gas evolution occurs at about 900°C. The gas evolved is made
up of that occluded in the porous coating, contained in the tantalum

1o v.
RMS
I——/VV"\/‘

Fig. 1—Vacuum apparatus for measuring gas content and alkaline-earth
metal yield.

core, and resulting from the decomposition of the residue from the
nitrocellulose binder. In this manner many coated filaments and getter
assemblies were studied. The ratio of weight of coating to weight of
tantalum usually ranged from 0.5 to 0.3. The average gas content
was quite uniform and varied between 2 and 6 liter-microns (lp) per
milligram of coating, or abeut 4 per cent of that of a barium-strontium
carbonate coating of equal weight. This fact is important since the
getter when flashed is capable of cleaning up its own occluded gas.
The low gas content of the coating has the further advantage that
the reducing material is not attacked prematurely by gas.
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Increasing the temperature of the assembly to about 1300°C, one
observes the evolution of barium metal which manifests itself by a
mirror-like deposit on the cool glass walls of the vessel. The barium
deposit is almost as white and silvery as a magnesium deposit. The
color ot the deposit is believed to be an indication of its purity and
the absence of gas during the tlash.

Besides the purity of the barium metal, the next important ques-
tion is that of barium vield. Measurements were carried out using
the water vapor-hydrogen pressure method first proposed by T. P.
Beredenikowa.® This method which makes use of the reaction

Ba 2H20 ’Ba(OH)g 'H-_)

permits measurement of free alkaline-earth metal by means of the
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AND DIFFUSION PUMP {
/

———/ |

. J

i

3
/el D=1

16

]

Fig. 2—Diagram showing arrangement of apparatus for making
“water pills.”

pressure of the liberated hydrogen in a known volume. Its accuracy
far surpasses’ measurements by titration or by gravimetric means.
The apparatus modified for convenient and rapid gas and vield deter-
minations is shown schematically in Figure 1 and may deserve
description.

T is the tube containing the barium source, the yield of which we
wish to determine. P is a Pirani gauge, R is a reservoir (to adjust
volume of system to pressure range of McLeod gauge), LA, and LA,
are liquid-air traps, McL is a McLeod gauge, PU leads to a mercury
diffusion pump, and V is the device for introducing the water vapor

> Pure barium metal produced in this manner has been used b i
M. Benjamin (Phil. Mag. 26, 1049-62, 1938) in a study of the rl:]igrat%nD;f'
barium on nickel and tungsten. )
¢ T. P. Beredenikowa, Phys. Z. Sowjet. 2, 77, 1932
" The writer used the method in 1936 to determine the amount of free
barium on vapor-process cathodes and found it well in agreement with the
monomolecular layer as suggested by theory.
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into the system. Using device V reduces the number of stop cocks on
the vacuum system and has been so useful that a short deseription is
justified. It consists of a vertical tube V with an appendix A slanting
downward into the lower end of tube V. Tube V contains a glass-
enclosed iron plunger, PL, and A contains a “water pill”, WP.

Water pills are made using an apparatus constructed with heavy-
wall Nonex glass, as shown in Figure 2. This apparatus is connected
through a liquid air trap to a mercury diffusion pump. With @ open,
approximately 1 cc. of double distilled, boiling water is poured into B,
then Q is tipped off, and connection to the pump is established. Soon
the water in B becomes so cold that “boiling” stops. B is now immersed
in liquid air up to level L and while the vacuum is maintained, the

Fig. 3—Portion of getter unit formed in shape of a trough from tantalum
ribbon and filled with barium berylliate. Arrows indicate direction
of barium-metal evaporation.

entire system is torched out for about 10 minutes. After cooling to
room temperature, B is warmed up and about 15 of the amount of
water is allowed to evaporate. The assembly is now sealed off at D.
Holding B in the left hand, thereby warming up the water, C is now
immersed in liquid air. After about 30 seconds enough water has
condensed in C. The amount of water is checked by defrosting. When
the height of the water column in C is approximately 34", a water
pill of about 1” length is sealed off and the process is repeated for
the next water pill.

The gas-content and barium-yield determination is carried out as
follows: In Figure 1, the tube T, containing a getter or filament (G)
of known coating weight, is baked in the conventional manner while
the part of the McLeod gauge as shown is baked in a separate oven
and the remainder of the system is torched out well. The gas content
determination is done with ST, closed and by slowly degassing the
filament up to a maximum temperature of about 900°C. Knowing the
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volume of the entire system and the pressure as read either with the
Pirani gauge or preferably with the MclLeod gauge, it is easy to com-
pute the gas content in litermicrons per milligram of coating weight.

Next, the system is re-exhausted and after attaining a “sticking
vacuum’ with the Mcl.eod gauge, ST, is closed and the barium is
flashed in tube T. With ST, and S7. closed, the water pill is broken
by means of the magnetic plunger. After the reaction, the system
contains hydrogen and an excess of water vapor. Immersing LA, in
liguid air soon removes the excess of water vapor and after cooling
LA, in liquid air, ST, can be opened; the pressure is then read on the
McLeod gauge and is recorded after constancy is attained. A test for
hyvdrogen only consists of removing the gas from the system by heat-
ing the palladium tube Pd with heater /. After constancy is attained,
the residual pressure is recorded: the difference in pressure readings
1s due to pure hyvdrogen as produced by the reaction between barium
and water vapor. It is then possible to compute the amount of barium
which produced the measured amount of hydrogen.

In order to test for the amount of free barium getter in a finished
metal tube, a container T, with a ground-glass stopper is used. The
base is removed from the metal tube which is then washed with
methanol and inserted in a holder located in the container T,. After
the container is exhausted at room temperature for a few hours, the
glass tip of the metal tube is broken off with a plunger and the meas-
urement is carried out as described above. Some typical gas-content
and barium-yield measurements are recorded in Table 2.

Table 2
Residue
H: Pressure After
Coating Total Gas After Ditfusing Barium
Weight Content Reaction Out H- H. Yield
Sample my m o m M %

A 1.26 - 61.5 1.77 59.73 58.0
B 1.38 71.3 1.58 71.3 62.3
C 4.1 9.05 75.0 0.81 208.0 57.0

The average yield obtained with barium berylliate coated on tanta-
lum is approximately 60 per cent of the barium metal contained in
the coating. Compared with a barium-strontium carbonate coating as
described previously,' the increase in yield is about 50 per cent. Since
barium berylliate is a better and more efficient coating and its density

! Loe. Cit.
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is higher than that of the presintered double carbonates, it is particu-
larly suited as a coating for the batalum-ribbon type of getter which
is described in the next section.

4. USE IN COMMERCIAL TUBES

If a tantalum ribbon is formed into a trough with semicircular
cross-section as shown in Figure 3, and if the trough is filled with
barium berylliate, a self-shielding, barium-getter source is obtained.
The tantalum carrier, the middle section of which is formed to a
trough or channel, has flat ends to facilitate welding to leads. It can

Fig. 4—Showing barium-metal de- Fig. 5—Mount of metal tube with
posit as affected by self-shielding getter which can be distinguished
property of ribbon getter for dif- within dotted area.

ferent positions of the trough.

be heated electrically. The energy required for flashing the barium
metal is only a few watts. The barium metal evaporating from the
coating in the trough is confined to the hemispherical region identi-
fied by A B C D) E above the trough. The tantalum trough acts as a
shield to prevent the deposition of any barium metal below the trough.
This self-shielding property is further shown by the photograph in
Figure 4. The getter of the tube on the right was flashed by heating
it conductively through external leads while the getter in the tube on
the left was flashed by heating it inductively. The directional effect
can be judged from the extent of the barium deposit in each case.

Since the barium deposit can be directed and controlled with
this form of getter, leakage resulting from getter deposits between
the tube electrodes can be eliminated. The residue in the channel,
after the flash is completed, adheres well to the tantalum and does
not cause loose particles in the tube.
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Figure 5 shows the ribbon getter and its position in a metal tube.
For this particular application, the getter is formed from a 0.040” x
0.001” tantalum ribbon, and holds approximately 2.5 mg of barium

erylliate. The total weight of the assembly is approximately 7.5 mg
and its length is 3,".
The ribbon getter is welded between the shell pin lead (ground)
the shell. The getter can be heated conveniently on the exhaust
achine, or it can be flashed on the aging rack after the tube is

Fig. 6—Automatic “batalum getter machine.”

based. Because of the simplicity of this getter, forming, filling of the
channels, and cutting can be accomplished automatically on a machine
with a minimum loss of material. Figure 6 shows an automatic
“batalum getter machine” which is capable of producing 2500 getter
units per hour.

Batalum ribbon getter has been used for over a year in the manu-
facture of millions of metal tubes with entirely satisfactory results.
In a modified form, adapted for flashing by induection heating, it is
also used for other high-vacuum devices.

The writer gratefully acknowledges helpful advice and assistance
received from Dr. G. R. Shaw, D. H. Wamsley, F. Roth, and his
other colleagues.
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I-.F SELECTIVITY IN RECEIVERS FOR
COMMERCIAL RADIO SERVICES

By

J. B. MoORE AND H. A. MOORE
Engineering Department, R.C.A. Communications, Inc., Riverhead, L. I., N. Y.

Summary—A composite band-pass filter, containing both “M-derived”
and “tuned-transformer” sections, is described. Frequency characteristics
of commercial-communications type radio receiving equipment employing
such 1-f filters are given.

diversity receiving equipment of previous years, have been pub-
lished in a former paper.! More recent design and developmant
work on the problem has resulted in a considerable improvemaznt in

{j:}{.r} [Cr} ﬁ.
EIE KR &

SF.LECTIVITY characteristics of i-f units, employed in the RCA

I
£3EH

i

Fig. 1—Designed filter circuit.

the selectivity and flexibility obtainable in a given volume of space.
It is the purpose of this present article to describe the chief contribu-
tion to this improvement, and the overall i-f selectivity actually
obtained.

Past practice has been to use a number of tuned-transformer-coupled
stages in cascade to provide the desired selectivity in the last i-f
system. As the number of such stages—utilizing a single, tuned trans-
former each-—is increased, the relative improvement per stage is not
very great. While the use of five such stages is reasonable, from gen-
eral considerations, the use of ten would hardly be justified. Further-
more, the use of so great a number of tuned transformers would
provide far more attenuation than is required at frequencies remote

1 Recent Developments in Diversity Receiving Equipment. RCA REVIEW
for July 1937. J. B. Moore.
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Fig. 2—Combined “M” derived and tuned transformer sections.
from the pass band. The problem is, then, to design a system which
will give the maximum steepness of cut-off, and the desired attenua-
tion at all frequencies outside the pass band, with a minimum require-
ment of circuit elements and physical volume.
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Fig. 3—Typical overall frequency characteristic
10-ke band width.
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The problem is obviously best solved by the use of some type of
composite band-pass filter. The filter circuit chosen for this application
is shown in Figure 1. This is built up by combining two ‘“M-derived”
six-element sections with three “tuned-transformer” sections. Figure
2 shows the manner in which these two tvpes of section are combined,
in order to reduce the total number of circuit elements (coils and
condensers) required.

= -3-§-r-,a— + 6 &
| #c ger VL. OMRICE FROM 450 KC S/IGNAL

Fig. 4—Overall frequency characteristic 1-ke band width.

Design data for the six-element sections can be found in the litera-
ture on the subject. Using standard nomenclature, the design equations
for the tuned transformers are:—

(fo—f)R fr )2 :|
-t 1+ —— Henrys
4rf,* |: < f2

1
O . Farads

 2r(fa—f)R
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J 1 R rl i
M 1 ( ) J Henrys
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f Coeflicient
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Fig. 5—The completed filter unit.

In the final mechanical assembly, each pair of coupled tuned circuits
of Figure 1 is housed in a separate shielding can, rectangular in shape;
and the two tuned circuits in each series leg are similarly housed in a
single shielding can. The total volume of the five cans, for a filter
having a mid-band frequency of 50 ke, is approximately 243 cubic
inches. A photograph of a completed filter unit is shown in Figure 5.

Filter band widths in use at the present time are 1 ke, 2 ke, 4 ke,
6 ke, and 10 ke. Typical overall frequency characteristics of the entire
i-f unit—ircluding selectivity, the 450-ke first i-f system, the 50-ke
band-pass filter in question, and the 50-ke i-f amplifier—are given in
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Figures 3 and 4. The band-pass filter is what provides the steep cut-off,
and the major part of the selectivity. Only in the case of the 10-ke
band width does the selectivity of the first i-f svstem and of the 50-ke
amplifier contribute appreciably to the overall seleetivity. Comparison
of these characteristics with ones of previous equipment show a decided
improvement in steepness of cut-off; and retention of ample protection
at frequencies remote from the pass band. Attainment and mainte-
nance of such frequency characteristics requires that coils and con-
densers have low losses, and that they do not change appreciably with
either atmospheric conditions or time. Low coil losses are realized by
the use of “universal” wound coils of litz wire, provided with suitable
cores of magnetite. Fixed capacitances are a mica dielectric type which
have a low temperature coefficient of capacitance and which are not
affected by high humidity of the ambient air.

It is believed that this design of filter provides the maximum
efficiency of space, for given performance, that can be obtained by the
use of commercially producible coils and condensers now generally
available. The use of quartz crystals or resistance-compensated coils
(requiring associated vacuum tubes and circuits) will give considerably
steeper cut-off than that obtainable from the filter described. It is
believed, however, that the composite filter described provides per-
formance satisfactory for the great majority of present-day applica-
tions; and that it provides such performance in a space, and at a cost,
that are entirely justifiable.
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SUPERHETERODYNE CONVERTER SYSTEM
CONSIDERATIONS IN TELEVISION
RECEIVERS*

By
E. W. HEroLD

Researceh and Engineering Departmment. RCA Manufacturing Co.. Ine.. Harrison, N. J.

Summary—There are three methods of operation of tubes for use in the
converter siage of superheterodyne receivers. [n the first, signal and oscil-
lator voltages are impressed on the same electrode of the tube, while in the
other two, signal and oscillator voltages are placed on different electrodes.
The latter two methods are differentiated by whether the oscillutor electrode
precedes or follows the signual electrode along the direction of electron flow.
By the use of four fictitious tubes, a triode and a pentode using the first
method of operation, a hexode for outer-grid oscillator injection, and a
hexode for inner-grid oscillator injection, the three methods are compared.

For all converters or mixers, the conversion transconductance is

2

17 g, sin et d (wt)
27 Jo

.

where y.. 1s the signal-electrode to output-electrode transconductance and
w is the angular frequency of the oscillator. The mean-squared plate noise
current is

27

- 1 —
if=— | Td (ot
27 0

where 1,.° is the mean-squared plate noise current of the same tube under

amplifier conditions. By using the formulas for 1,.% developed by Thompson
and North and applicable to the first three of the fictitious tubes and an
empurical relation for the noise of the fourth, quantitative relations for the
conversion transconductance and equivalent grid noise resistance are devel-
oped.

By assuming a similar cathode and first grid structure, the triode,
pentode, and outer-grid-oscillator-injection hexode may be compared quan-
titatively for use in a television converter stage. It is found that the triode
with oscillator and signal voltages on the control grid has greatest gain and
lowest moise while the pentode is only slightly poorer in this respect. How-
ever, the triode has the disadvantage that feedback must be taken into
account. The hexode with oscillator on an outer grid is at a disadvantage
with respect to both gain and noise and does not appear to be suitable as a
first tube in a high-sensitivity television receiver. The hexode with oscillutor
on an inner grid, although it can be compared only qualitatively, is judged
to be mot much superior in gain or noise to the other hexode. It is advan-
tageous chiefly in the ease with which a local oscillator may be combined
in the same mount.

In tubes such as the triode and pentode in which oscillator and signal
are applied to the sume grid, the use of automatic bias such as obtained by

* This paper was presented at the N. Y. Convention of the Institute of
Radio Engineers on Sept. 23, 1939 under the title, “Superheterodyne First
Detector Considerations in Television Receivers”.
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a high-resistance gridleak minimizes variations of gain with oscillator volt-
age. Practical operating data at television frequencies are given for some
commercially available tubes including two pentagrids designed for broad-
cast use. The latter are very poor in conversion transconductance and noise
as compared with the high-transconductance type 6AC7/1852 pentode. The
equivalent noise resistance of the type 6AC7/1852 used in the converter or
first-detector stage is ahout as low as that of the other high-transconductance
type, the 6AB7/1853, used as amplifier. No marked improvement in signal-
to-noise ratio can be expected, therefore, by adding a type 6AB?7/1853 »-f
stage ahead of an 6AC7/1852 first detector in a television receiver.

INTRODUCTION

URING recent years the communication field has seen consid-
D erable improvement in the design and performance of fre-

quency converters for superheterodyne receivers. In many
ways, however, these improvements have only followed those of ampli-
fier tubes. The reason for this is that, basically, the principle of fre-
quency conversion has remained unchanged: by taking an amplifier
and varying its amplification periodically at the oscillator frequency
we obtain the converter. Thus the better the amplifier, the better the
converter, and this has been the story throughout the years. Unfor-
tunately, the converter always appears to be behind the amplifier,
because, as is indicated by simple theory, the gain of a tube used as a
converter cannot exceed about one-third the gain of the same tube
used as amplifier. As regards fluctuation noise, some converters are
at a still greater disadvantage over amplifier tubes because they include
a large number of current-drawing electrodes.

With the introduction of commercial television, many tube problems
arose and, among them, not the least important was that of the con-
verter, or first detector stage. Although an r-f stage may be used in
some designs, many receivers omit this stage. It is with the latter
type of receiver that the converter problem is most acute. Fluctuation
noise, for example, sets a limit to the sensitivity of a receiver and,
when the noise is expressed in terms of an equivalent single-frequency
voltage, is very high in the wide-band picture channel. It will be seen,
however, that high-transconductance amplifier tubes used in the con-
verter stage provide a reasonably satisfactory solution to the noise
problem.

The converter stage of a superheterodyne receiver comprises two
parts: the modulator which produces the intermediate frequency, and
the local oscillator. In a television receiver, the oscillator must operate
stably and with little frequency shift up to 120 Mec. Such qualities
are most readily obtained when a separate tube is used for the oscil-
lator. This paper will be mainly concerned, therefore, with the modu-
lator section of the converter stage, the oscillator section being treated
only when it bears directly on the modulator problem.
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GENERAL CHARACTERISTICS OF CONVERTER OPERATION

The process of frequency conversion is essentially one of low-
percentage moedulation of the local oscillator frequency by the signal
frequency. One of the sidebands of the modulation process is utilized
as the intermediate frequency. Such low-percentage modulation may
be carried out in any one of three ways. In the first, signal and oscil-
lator are impressed on the same electrode of the tube and modulation
occurs by virtue of curvature of the tube characteristic. In the second,
the signal is placed on a grid adjacent to the cathode and the oscillator
is placed on a following electrode. The third way connects the oscilla-
tor to the grid adjacent the cathode and the signal to a later electrode.
The conversion operation of all three is readily analyzed from the
signal-electrode-to-plate transconductance, ¢,, vs. oscillator-electrode
voltage curve. It should be noted that this is true even when a local
oscillator is included in the same tube structure.

By a Fourier analysis of the signal-grid transconductance vs. oscil-
lator-electrode voltage curve, the conversion transconductance is found
in the same way that the fundamental component of plate current in
an amplifier is found by analysis of the plate-current vs, control-grid
voltage curve. This has already been brought out in other papers' 2.
Mathematically, letting ¢t — 0 to be the time at which the fundamental
component of oscillator-electrode alternating voltage crosses zero, the
conversion transconductance, g, is given by

27

1 .
o= / Om sin ot d (mt)
27 Jo

where o is the angular frequency of the oscillator. Roughly, a close
estimate of the maximum conversion transconductance of practical
tubes is given by 28 per cent of the maximum signal-grid transcon-
ductance attained over the oscillator cycle. By making use of such an
analysis together with the results of recent studies of tube fluctuation
noise, an interesting comparison may be made among modulators of
the three basic types.

Let us consider four fictitious modulators or mixers, all made with
similar cathode and first grid structures, the first a triode, the second
a pentode, and the third and fourth hexodes*. These are shown sche-

' A New Tube for Use in Superheterodyne Frequency Conversion Sys-
tems: Nesslage, Herold, and Harris; Proc. I.R.E., Vol. 24, pg. 207, Feb.
(1936).

? The Operation of Frequency Converters and Modulators; E. W. Herold;
to be published.

* The considerations also apply to heptodes.
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matically in Figure 1. The triode and the pentode are to be operated
with both oscillator and signal on the control grid, while the hexodes
are operated, in the one case, with the oscillator on an outer electrode
and, in the other, with the oscillator on an inner electrode. The signal-
grid characteristics of each of these types is shown at the right, in
every case as a function of the oscillator-electrode voltage. In the first
two, the latter electrode is identical with the signal electrode so that
the curves show simply the transconductance, g,, and plate current,
I,, vs. control-grid voltage. In the other two the transconductance of
one grid (the signal grid) is plotted against the voltage on another,
namely the oscillator grid. In each case, the shape of the curve is
tvpical of practicable tubes. In any event, the conclusions to be drawn
are not altered by minor variations in curve shape. It should be
remembered that, when the signal is placed on the same electrode as
the oscillator, this electrode is not permitted to draw excessive grid
current. Thus, the curves need not be extended into the positive grid
region in the first two cases.

To the right of Figure 1 is given a tabular summary of conversion
transconductance and noise for the four fictitious tubes. A brief dis-
cussion of the derivation of the values will be in order. If the trans-
conductance of the triode at zero bias be called g, and an oscillator is
applied to the grid at approximately the optimum point, a Fourier
analysis of the transconductance vs. bias curve gives a conversion
transconductance of about 0.28 g,. Going to the pentode, it is assumed
that the screen current is 20 per cent of the total current so that the
pentode curves are lowered by this amount. The conversion transcon-
ductance is correspondingly reduced. It should be noted that g, is the
cathode transconductance not the plate transconductance (in the
triode the two are the same). In the hexode first detector with signal
applied to the first grid, experience indicates that the plate current
is not greatly in excess of 50 per cent of the total current when the
oscillator grid is at its maximum positive excursion. The curves shown
on Figure 1 are plotted against No. 3 grid voltage and are typical of
the shape usually obtained. In such a tube, the oscillator-electrode
control is by current division so that the transconductance and plate-
current curves are similarly shaped. Analysis indicates a conversion
transconductance of 0.14 ¢,.

The lower hexode of Figure 1 cannot be compared directly with
the other tubes because there is no direct dependence of the signal-grid
(No. 3 grid) characteristics on the cathode and first grid structure.
In general, the maximum No. 3 grid transconductance depends on the
uniformity of the structure and on the No. 3 grid area. In most prac-
tical tubes a partial virtual cathode is formed between No. 2 and
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No. 3 grids. The curve shapes drawn are typical of such tubes. It is
difficult to attain a maximum transconductance (g, in the figure)
which exceeds the g, of the other tubes without the tube being ex-
tremely critical to voltage variations. It is not likely that the hexode
with signal on the outer grid offers much more possibility as regards
conversion transconductance than the previous hexode. It will be ob-
served that the conversion transconductance is approximately 28 per
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Fig. 1—Comparison of four fictitious modulators presumed to have similar
cathode and first-grid structures.

cent of the maximum transconductance attained over the oscillator

cycle in all the four illustrations of Figure 1, even though the curve

shapes are markedly different.

The mean-squared noise of the modulator part of the converter
stage may be shown to be the time-average value of the mean-squared
noise over an oscillator cycle. Thus, if ¢,,* be the mean-squared noise
current in the plate of a tube at a fixed bias, the application of an
oscillator voltage will vary this noise current periodically. The re-
sultant noise at an intermediate frequency remote from that of the
oscillator will be the average over the oscillator cycle, or

27
3 l ) ——
1.'_/2 = — l‘l‘,"2 d ((Dt)
211’ 0
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If an expression for ,,,— is known for a tube, therefore, it becomes
possible to estimate the noise such a tube will produce when used as
converter or mixer. Expressions for i,,? in the triode and in the
pentode have been derived-.

The noise fluctuations of a tube are conveniently expressed in terms
of an equivalent noise resistance, R, at the grid. This resistance is
independent of band width and gives a direct indication of the mean-
squared noise voltage per unit band-width of the grid. For these
reasons it is a convenient means for comparing the noise-to-signal
ratio for various tubes. The value of the resistance is obtained by
equating the thermal noise of a resistor at room temperature to the
equivalent grid-noise voltage of the tube. Thus, for a converter or
mixer,

R 1 i s
cq
4kT, g2 Af
where T, is the temperature of the room, usually taken as 293°K.
The values of equivalent noise resistance in Figure 1 were found in
this way.

For the triode, the plate noise is approximately given by

iy’ = 0.64 (4kT ) g, Af
where k is Boltzman’s constant, T, is the absolute temperature of
the cathode (= 1000°K) and Af is the band-width. Under converter
conditions, therefore, the triode will have

27
1

fip =— T d (ot) =0.64 (4kT ) g¢,, A
27!' 0

where ¢, is the average transconductance over the oscillator cycle.
Computation of g, for the triode shows:

gm =047 g,

Using the value for ¢, in terms of ¢, permits the equivalent noise
resistance of Figure 1 to be found; namely

13
R,
9o
The equivalent noise resistance for the triode, and for the other tubes

as well, as computed in this way should be considered as a lower limit

*Shot Effect in Space-Charge Limited Tubes: B. J. Thompson and

D. Q. North; Paper given at Rochester Fall Convention, the Inst. of Radio

t};‘:h']gl!‘eel'S, Nov. (1936) ; ef. also paper by Thompson, North, and Harris in
is issue.
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rather than as a norm. Noise within the tube other than that exhib-
ited in the plate circuit has been neglected and will, in general, increase
practical equivalent noise resistances.

In the pentode, fluctuations in the current distribution between
screen and plate are also present. In the usual tube with nearly uni-
form screen grid, an approximate expression for the noise? is

o I, beads
= 0.64 (4kT,) g, , + 2e Af
I.+1,)a Eo+ 0y

where e is the charge on the electron, /., is the screen current, and
o is the ratio of total transconductance to the conductance of an equiva-
I,
lent diode. The factor is very closely unity when the
l 2 l a
screen current is around i4 of the plate current as in the usual tube
and will be so taken here. Since the ratio of screen to plate currents
in a pentode is approximately constant, we may find the noise under
converter conditions by the approximate expression,
: ( 1,
if = 10.64 (4kT,) g,,., + 2e Af

where [, is the average value of the plate current over the oscillator
cycle (i.e., the actual operating plate current). Analysis of the typical
curves of Figure 1 with the oscillator voltage applied at about the
optimum point shows ¢,, =0.37 g, and I, =0.28 I, where I, is the
maximum value of the total current. Since it has been assumed that
I.5/1,=0.25, the mean-squared noise can be determined in terms of

I, and g,. The equivalent noise resistance will be found to have the
value

15+21 1,/g,
R -

[/

The plate noise, m of a hexode or heptode is not so easily deter-
mined on theoretical grounds because of the possibility of a partial
virtual cathode in the tube and the presence of secondary emission.
For this analysis, however, secondary emission may be considered as
negligibly small (it can be made so by a suppressor grid, for example)
and virtual cathode formation may be neglected, at least for the type

3ibid.
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of tube in which the signal is placed on an inner grid and the oscillator
voltage on an outer grid. Under these assumptions, the heptode or
hexode plate noise should be primarily current-distribution noise which
is approximately equal to

1& 102
o = 2€ Af
I, + 1.,
Under converter conditions, then,
2
— -lf g Ib ]c'.’
it =2 — - -d (ot)

2'”‘() ]b' 102

Since 1, + I, =1,, which is approximately a constant, it may easily
be shown that the integral becomes

1
S S AL

where 7,7 is the average of the square of the plate current over the
oscillator cycle while I, is, of course, the average plate current. It is
found that 7, = 0.20 /, and 7,2 = 0.09 /.2 for the typical curve of Fig-
ure 1. Expressing the results in terms of /, indicates i,/ — 0.55
(2e) T,,_ which approximately checks measured values.* Use of this
formula gives an equivalent noise resistance for the heptode with
outer-grid oscillator injection which is

1201,/¢g

R, = - -
9o

The hexode or heptode with the signal on an outer grid cannot be

considered as free from virtual-cathode formation and so is not ame-

nable to similar treatment. Experimental data, however, indicate that
such a tube will have a noise (with oscillator appliad) of

i/ =2eI, F? Af

where F? is often from 0.5 to 0.6 when secondary electrons from the
screen are suppressed, and somewhat higher otherwise. The mean
plate current for the typical curve of Figure 1 is

T, =0.411,

*i.e., in tubes with negligible secondary emission from the screen grid.
In tubes having secondary emission, the noise-per-unit plate current is usu-
ally greater.
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where [/, i1s the maximum plate current over the oscillator cycle. The
equivalent noise resistance for this tube was computed assuming
F*—0.55 and becomes
571,./¢g
R,
g

The last column of Figure 1 was computed by assuming ¢, = 15 X
10-* mhos, and / 30 X 10—* amps., values which are typical of a
high-transconductance tube design. The column shows the grid voltage
which is equivalent to the square root of the mean-squared noise
voltage over a 4-Mc band. This voltage may be considered as limiting
the useful sensitivity of the receiver.

It is now possible to compare the four fictitious tubes of Figure 1
for use in the television converter stage.” As to noise, the figure is
self-explanatory and, in receivers with no r-f stage, there is little
choice except between the first two. The conversion gains of the four
tyvpes working into loads typical of television-receiver practice is also
in favor of the first two. The triode, however, has a practical disad-
vantage over the pentode in that feedback must be taken into account.
Since the i-f circuit is capacitive at signal frequency, an input re-
sistance at signal frequency is obtained which is excessively low unless
neutralization is used or the grid-plate capacitance is very low in
comparison with the i-f tuning capacitance. The feedback may also
increase the noise appreciably. Thus, although it would be possible to
use the triode, the pentode is probably a safer choice.

Regarding input loading at high frequencies, the first three types
will have only minor differences because the cathode and signal-grid
structures were assumed to be similar. It should be remembered,
however, that cathode injection of the oscillator is not permissible
because of the additional input loading due to the added cathode induc-
tance. The last type with an outer grid used for the signal will be
substantially free of positive input loading (the input resistance of
such a tube is usually negative).

Interaction of oscillator and signal circuits is greatest when their
voltages are placed on the same grid, especially since cathode injection
is contra-indicated. Least interaction may be obtained in the third
type, the hexode with oscillator on an outer grid, which may be made
substantially free of interaction. Among the undesirable effects which
may be attributed to interaction are radiation and alignment diffi-
culties. Radiation may be reduced to some extent by selective circuits

* More detailed information on the operation of the different types of
modulator will be found in Reference 2.
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between antenna and grid while alignment difticulties can be minimized
by coupling the signal circuit loosely to a non-critical portion of the
oscillator circuit. The latter procedure is permitted in a high-trans-
conductance tube because of the small oscillator voltage required.

It appears to be difficult to combine the function of local oscillator
in the same mount with a modulator when operation is to extend to
such high frequencies. There is some advantage in this respect in the
last of the tvpes, the hexode with oscillator applied to an inner grid.
This statement has been borne out by the relatively larger number
of types and greater popularity of such converters in the broadcast
field. Because of noise and interaction due to ‘“space-charge coupling”,
this last type is not too well suited for television use.

It may be concluded that, although none of the four fictitious tubes
meets all of the television receiver requirements, the triode or pentode
with oscillator and signal on the same grid will give highest gain and

2000
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Fig. 2—Conversion transconductance of a typical variable-mu pentode. Sig-

nal and oscillator voltages applied to the control grid. Curve A, fixed-bias

operation; curve B, cathode-resistor bias; curve C, grid-leak bias. Curves
A and B have been drawn only up to the grid-current point.

lowest noise, and these types are, therefore, highly advantageous, par-
ticularly when no r-f stage is used.

PRACTICAL DATA ON TELEVISION CONVERTER STAGE

In a practical circuit using a pentode first detector, the methods of
applying the oscillator and of obtaining bias are of considerable im-
portance. It is highly desirable that variations of effective oscillator
voltage, which are unavoidable when channels are switched, have a
minimum effect on gain. It is also desirable that the oscillator voltage
never swing the control grid so far positive as to draw large amounts
of grid current. A means of achieving both ends consists in the use
of automatic bias. This may be obtained either by a cathode self-bias
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resistor or a high-resistance gridleak and condenser or both. An illus-
tration of the improvement which may be made in this way is shown
in Figure 2 which is taken from another paper*. For the curve labelled
(A) a fixed bias was used at approximately an optimum point. The
curve is stopped at the grid-current point. Curve (B) shows cathode-
resistance bias and curve (C) a high-resistance gridleak used for bias.
It is evident that least critical operation is obtained with gridleak bias.
With such operation, the bias is obtained by rectification of the effec-
tive oscillator voltage. The gridleak may be made part of an ave filter,
but it should be made considerably higher than the resistance common
to other tubes in order to avoid biasing them excessively.

The cathode current of a high-transconductance tube used with
gridleak bias reaches excessive values when the oscillator voltage is

.
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Fig. 3—Circuit of a typical converter stage using a high-transconductance
pentode with a separate oscillator.

accidentally removed. This may be avoided by the use of series-screen
resistor operation. Series-screen operation makes the gain even less
dependent on oscillator voltage than the best of the curves of Figure 2.

Figure 3 shows a practical circuit using a pentode with gridleak
bias and a series-screen resistance. The oscillator is applied across
the signal circuit through a small condenser which is tapped down on
the oscillator tank circuit. By this means the reaction of the signal
circuit on the oscillator circuit may be kept small. The type of oscil-
lator circuit used is not of great importance. For the sake of com-
pleteness, however, a Hartley oscillator circuit is drawn in dotted lines.

Table I shows data pertinent to television converter operation,
which have been taken on a number of commercially available tube
types. Two types of pentagrid tubes commonly used in broadecast re-
celvers are included for comparison. It is evident that they are

* See Reference 2.
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TABLE 1
- 60 de
Conv. ) Gq:'tl:i’ b('}”,,::'ll
Transcon Equir. Noise Res, Voise 60 Me Input  Current
ductance Ohims Miero Resistance diero
Tube Type Micromhos  Measwred  Calenlated rolis Ohm amperes
6SA7 450 210,000 220,000 116 10,000 5
Pentagrid
Converter
6L7 400 210,000 230,000 116 2,300 10
Pentagrid
Mixer
6J5 1,000 5,800 3,700 20 (t) 2
Triode
1853 1,900 13,000 18,000 29 8,000 1
Pentode
1852 3,600 3,000 3,400 14 2,500 1
Pentode
*Af=4Mc i Depends on feedback.

unsuited for television use because of their high noise and low gain.
The use of ave is not practical for these because of the high signal-grid
current which is caused by a transit-time effect. The other types in
the table had osecillator and signal applied to the control grid and were
used with gridleak bias as in the circuit of Figure 3. It will be noted
that the chief disadvantage of the pentode 6AC7 1852 is its low input
resistance. This low resistance is mainly due to cathode-lead induc-
tance and may be neutralized, at least partially, by several circuit
arrangements.

The measured equivalent-noise resistances of the table were taken
with an oscillator operating at 60 Mc and an i-f amplifier operating
at 10 Mc. The measurements were made with a saturated diode con-
nected in the plate circuit and conventional procedure. The data were
referred to the grid circuit by separate measurement of conversion
transconductance. The calculated equivalent noise resistances were
obtained from the equations given in Figure 1, using the appropriate
formula for each type of operation. The application of the equations
was made by computing the values of g,, I, etc., from the conversion
transconductance and operating plate current, using the relations
found for the typical curve shapes of Figure 1. Rough agreement with
measured values is seen in every case except the triode. It is believed
that small, but unavoidable feedback in the triode increased the meas-
ured noise; the data are evidence that it is difficult to realize the low
value of triode first-detector noise predicted by theory.
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Fig. 4 Typical first-detector characteristics of the type 6AB7/1853.

It should be mentioned that the noise data of Table I were taken
with a low impedance in the signal-grid circuit. The noise values must,
therefore, be considered as minimum values because they neglect noise
currents which are induced in the signal-grid itself by the passage of
electrons,’ and which may be appreciable at television frequencies.

More detailed data on the conversion performance of types
6AB7/1853 and 6AC7 1852 are shown by the curves of Figures 4
and 5. The data were measured using a 4-megohm gridleak and are
shown for both fixed and series-screen supply. In neither case is the
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1 S. Ballantine:
Frank. Inst., Vol. 206, pp. 159-167, Aug. (1928).
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required oscillator voltage critical as to value. The conversion-trans-
conductance curves for series-screen supply are somewhat flatter than
those for fixed supply. Series-resistor-screen supply has the additional
advantages that the plate current is held to reasonable values at low
oscillator excitation and that variations between tubes are somewhat
minimized.

The 3000-ohm equivalent-noise resistance of the 6AC7 /1852 used
as first detector is remarkably low and compares favorably with that
of most amplifier tubes. The type 6AB7 1853, for example, when used
as an amplifier, has an equivalent noise resistance of about the same
magnitude. It is interesting to compare the potential signal-to-noise
ratios of two receivers, each with a 6AC7 /1852 in the converter stage
followed by a 6AB7/1853 i-f amplifier, but the second having a
6AB7/1853 r-f stage added. If the i-f stage gain is assumed to be
sufficiently high (e.g., > 5), the noise of further i-f stages may be
considered negligible. Calling the gain of the first detector stage A,
and the gain of the r-f stage A,; and assuming each tube as having
an equivalent-noise resistance of R,, ohms it is found that

R, — Noise equivalent resistance of receiver without

1
r-f stage = R,, (1
Ay

R, — Noise equivalent resistance of receiver with
1 1

r-f stage = R, (1- - — -
AI(‘J ‘AIH"2 Ang
It is evident that if A, is infinite, the noise resistance of the receiver
with an r-f stage is at a minimum. Even with this ideal and impossible
condition, the improvement in signal-to-noise ratio over the receiver
without an r-f stage will be only / 1 ' or less than 6 per cent
for A, > 3. It is impractical, therefore, in a television receiver, to
obtain marked improvement in signal-to-noise ratio by adding an
6AB7/1853 r-f stage to a receiver with an 6AC7/1852 first detector,
no matter what the r-f stage gain may be. An improved signal-to-noise
ratio can only be obtained by using a 6AC7/1852 for the r-f stage.
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A NEW METHOD FOR DETERMINING
SWEEP LINEARITY

By

S. W. SEELEY ANb C. N. KiMBALL

License l.aboratory, Radio Corporation of America

Summary—This paper contains the description of a mew wmethod for
determining sweep linearity in magnetic deflection systems. Basically, the
method consists in observing, on an oscilloscope screen, the voltage wave
developed across a small pickup coil positioned within the deflection yoke.
This wave is the differential of the yoke flux wave, and is, therefore, a
measure of the slope of the sawtooth flux wave, and also of the spot velocity.

The latter part of the paper includes a description of an instrument,
which embodies the principles discussed in the first section.

junction with a Kinescope, Iconoscope orr Monoscope, it is essential

that the distribution or positioning of the multiplicity of elements
in the received picture be the same as in the originally televised scene.
This condition can best be attained by employing certain prescribed
wave shapes in both the horizontal and vertical sweeps. In the case of
receivers, wherein all points on the Kinescope screen are nearly equi-
distant from the center of deflection, the sweep voltages or currents
should vary linearly with time, to produce constant spot velocity
during the scanning intervals. In Monoscopes and Iconoscopes slightly
different conditions exist, because the beam is caused to scan a flat
plate, with the result that the angular velocity of the beam must vary
somewhat during the scanning cycle, to produce constant spot velocity.

Regardless, however, of the type of scanning waveforms required,
it is essential that there be available some easily applied method for
ascertaining the departure of the actual scanning waves from their
prescribed optimum shapes. In this connection, it is pertinent to note
that the majority of cases in which one wishes to determine sweep
wave forms is associated with receivers, in which constant sweep
velocity is desired. Therefore, the discussion to follow will be con-
cerned principally with measurements of sweep linearity, although it
should be understood that the method to be described is also applicable
to non-linear sweep studies.

I[I\' ANY television deflection svstem, whether it be used in con-

METHODS Now IN USE FOR DETERMINING SWEEP LINEARITY

One method, useful in conjunction with Kinescope deflection cir-
cuits, has for its basis the application of harmonics of the sweep

338
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irequencies to the Kinescope grid, while the sweeps are operating.
The source of these harmonic signals generally consists of a chain of
frequency multipliers, excited initially by voltages at the line or field
base frequencies.

The result of applying these waves to the Kinescope grid is a
pattern on the Kinescope screen, composed of a series of vertical or
horizontal bars. The positioning (whether the bars are vertical or
horizontal) and the number of bars are determined by the frequency
of the applied grid voltage. Vertical bars will appear if the waves
applied to the grid have frequencies that are harmonics of 13,230
cycles. Horizontal bars are the result of the application of frequencies
harmonically related to 60 cycles, but less than 13,230 cycles.

Thus, if the 100th harmonic of the line frequency were applied to
the Kinescope grid, the screen pattern would consist of 100 vertical
bars (some of these, say 10 per cent, would occur during the sweep
return time). The horizontal distribution is determined by observation
of the horizontal spacing of the bars.

There are several defects inherent in this method, which make it
difficult to apply when accurate results are desired. One of these is
the inaccuracy associated with visual determination of the bar dis-
tribution. It is quite difficult, practically, to note crowding of the
bars unless the effect is considerably marked. In addition there is no
direct way of denoting the departure from sweep linearity, unless it
is expressed in terms of the number of bars per inch over different
portions of the scanned area. Secondly, the method involves consider-
able equipment, for a bar generator, locked in with the synchronizing
signals, is required. Thirdly, the limited number of bars appearing
during the return trace makes accurate determination of the fly-back
time somewhat difficult.

It is important to note that the bar method of determining sweep
linearity is useful only in conjunction with a Kinescope. It might be
thought, at first, that the method could be applied to Iconoscopes
and Monoscopes by impressing harmonics of the sweep frequencies on
their grids. It should be noted, however, that to realize the advan-
tages of this arrangement it would be necessary to have available, as
a visual indicating device, a monitor Kinescope whose sweeps were
precisely linear, or one in which the departures from linearity were
accurately known.

A second, and less involved, method for determining distribution,
useful in magnetic deflection systems, involves the direct observation
of the wave shape of the deflecting coil current on an oscilloscope
screen. This may be done by inserting a small resistor in the low-
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potential end of the yoke winding, and by applying the resultant volt-
age drop to the vertical amplifier of the oscilloscope.

Inaccuracies associated with this method may be due to one or
more of several factors. Among these are non-linearity of the oscil-
loscope amplifier or time base, difficulty in observing small variations
in sawtooth slope, possibility of the inserted resistor (even though
small) altering the wave shape of the yoke current, and the fact
that distributed capacitances across the yoke windings cause currents
which play no part in the formation of the flux wave to flow through

the resistor.
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DESCRIPTION OF THE NEW METHOD

The limitations to accuracy inherent in the previously described
systems are not present in this method because it depends, basically,
upon a determination of the slope of the actual flux wave which exists
within the magnetic deflection yoke. The validity of the method is
predicated upon the fact that the open-circuit voltage developed across
a small pickup coil, placed in the magnetic field of the yoke, is

dé
e.==* K
dt
where ¢ is the instantaneous value of yoke flux. K is a factor which
is dependent upon the number of turns in the pickup coil and its
proximity to the deflection coil.

The wave form of the voltage developed across the pickup coil is,
therefore, the true differential or slope of the sawtooth flux wave. The
pickup coil voltage wave is also an indication of the manner of varia-

tion of spot velocity on the Kinescope screen, for the spot displace-
d¢

ment is directly proportional to the yoke flux, and therefore, — may
dt

be interpreted as being equivalent to the time derivative of spot dis-

placement, which is, of course, the spot velocity.
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Let Figure la represent the flux wave existing within a deflection
voke; in this case, assume that it is linear during both scanning and
flv-back intervals. The voltage developed across the pick-up coil is
shown in Figure 1b.

The slope of the sawtooth is constant and positive during the
scanning interval, consequently the pickup voltage developed (which

do

is proportional to is also constant and positive.
dt
FiG 2a A //A
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During the return time the slope is negative and much greater than
its scanning interval value. Therefore, negative voltage peaks exist
in the wave of Figure 1b. The relative values of slope (or spot
velocity) are determined by reference to a line drawn in Figure 1b
which represents the average value of the voltage wave. The slope
of the sawtooth at any instant is proportional to the instantaneous
voltage developed with respect to the average value of the voltage
wave. Thus, at the points of slope reversal in Figure la the slope and
spot velocity are zero. In Figure 1b, these same points are found at
the intersection of the voltage wave with the line indicating the aver-
age value of the wave in Figure 1b.

It follows, therefore, that the average value of the voltage wave
is also the reference level for all flux wave slopes; i.e, it represents
zero slope in the sawtooth, or zero spot velocity.

Actually, in practice, the flux and voltage waves are not as geo-
metrically precise as are shown in Figures la and 1b. Small varia-
tions in slope are likely to exist, even in the best attainable sawtooth
waves. Figures 2a and 2b show the conditions existing when the flux
wave contains some overall curvature.

Although the voltage wave of Figure 2b contains all the informa-
tion required for determination of the departure of the flux wave
shape from linearity, it cannot be used directly for an accurate
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measurement of spot velocity, because the large negative voltage
pulses generated during the retrace time comprise some 90 per cent
of the total voltage swing, whereas the voltage variations developed
during the scanning interval, in which we are particularly interested,
occupy only about 10 per cent of the total developed voltage. Conse-
quently, if the wave of Figure 2b were applied to an oscilloscope for
observation, the major portion of the screen would be occupied by the
retrace pulses, and the scanning voltage variations would not be
accurately discernible.
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Since it is with these latter variations that we are most concerned,
it becomes necessary to clip off the retrace pulses from the pick-up
voltage wave before applying it to an oscilloscope. In this way, if the
wave is clipped at a point close to its average value or zero slope level,
the entire oscilloscope screen may be used for studying the velocity
variations during the scanning interval. Note that a certain degree of
clipping action could be obtained by overloading the oscilloscope ampli-
fier, but this would not be practicable, because it would introduce an
indeterminacy as to the location of the zero slope level in the clipped
voltage wave. This level may be discerned quite readily, if the wave
is clipped externally to the oscilloscope. A knowledge of its location
on the clipped wave is essential to the determination of the relative
slope variations in the flux wave.
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In the instrument which embodies the principles discussed previ-
ously (for which a complete circuit diagram is shown in Figure 3)
a small pickup coil (10 ph for the horizontal sweep and 2 mh for the
vertical) is positioned within the deflection yoke (the vertical output
tube in the deflection system is removed if the horizontal distribution
is to be studied, and vice versa). The yoke flux linking the pick-up
coil induces a voltage of the general type shown in Figure 2b, wherein
the polarity and amplitude may be adjusted by rotating the yoke
about the pickup coil. A peak-to-peak voltage of about 0.5 volt is
obtained, and this is applied, with the retrace pulses acting in a
positive direction, to the grid of an amplifier tube, the 1852 shown
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ZERO SLOPE
eVl POINVT
| =
Fig. 4

in Figure 3. The amplifier output, which appears in rcversed phase,
has an amplitude of about 6-8 p-p volts. It is essential that this ampli-
fication be effected with no resultant clipping or rectification, so that
the true position of the average value of the wave may be maintained
for subsequent calibrating purposes.

To check the presence of rectification a 0-1 ma meter is provided
in the instrument; this meter, in conjunction with a switch and a
shunt to reduce the meter sensitivity by a factor of 10, may be placed
in the 1852 amplifier plate circuit. There should be no change in plate
current due to the application of the signal, for proper operation.
Figure 4 represents the voltage wave appearing across the plate load
of the 1852 for a typical sweep condition, i.e., sweep velocity decreas-
ing during the scanning interval.

This wave is applied to the grid of the following tuke in the unit,
a 6SJ7, which acts as a clipper to remove the negative retrace peaks.
The clipper tube is biased at a point which causes the retrace peaks
existing below the line A-A in Figure 4 to extend beyond plate-current
cut-off, with the result that they do not appear in the plate circuit of
the clipper tube. This action is shown in Figure 5.
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Since the wave of Figure 4 is applied to the clipper tube’s grid
through a conventional RC coupling network, the average value of
the grid voltage assumes a position in Figure 5 which is coincident
with the steady bias of the clipper tube, i.e., the d-¢c component of the
output of the amplifier tube is lost in transmission through the coupling
condenser.

The plate-current wave of Figure 5 flows through the load resistor

in the clipper tube’s plate circuit to create an output voltage wave
as shown in Figure 6.
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The position on the clipped voltage wave of Figure 6 of the level
corresponding to zero-sweep velocity is determined from Figure 5 by
noting that the zero-signal plate current of the clipper tube represents
the difference between the clipping point (zero current) and the steady
bias point, which, in turn, coincides with the average value of the
original voltage wave. Consequently, on the clipped voltage wave, the
zero-velocity point may be located by measuring down from the clip-
ping point an amount equal to /, R, the zero-signal drop in the clipper’s
plate circuit.
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It will be noted, in examining Figure 5, that there is some distortion
of the clipped output voltage wave due to curvature of the 1,-€, char-
acteristic of the clipper tube. This effect tends to magnify the voltage
variations representing changes in sweep velocity during the scanning
interval, and, in effect, makes the device more eritical of departures
from linearity in the sweep. The curvature effect may be taken into
account, however, by transferring, to the oscilloscope screen, a non-
linear scale which is proportional to the departure from linearity of
the 1,-e, characteristic of the clipper.

There are certain pertinent points about the unit, as exemplified
in the diagram of Figure 3, which merit some comment. First, the
0-1 ma meter is used for two purposes; one of these is to read the 1852
plate current both with and without applied signal, to detect the
presence of undesired rectification. The second is to measure the zero-
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¥ N

ZERO SLOPE-
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Fig. 6

signal clipper plate current as a means for determining the position
of the zero-velocity level on the clipped output wave. The power sup-
ply of the unit is self-contained and is regulated at 150 volts with a
VR-150. This is done to minimize interstage coupling and, at the same
time, to provide a low d-¢c impedance source for the screen of the clipper
tube, to preclude changes in its i,-¢, characteristic due to rectification
in the screen grid. A source of negative voltage is also available.
This provides a means of controlling the bias on the two tubes; in
the 1852 this control affords a means of regulating the gain and, in
the clipper, the variable bias provides control of the clipping point.

The frequency and phase response of the amplifier and clipper
must be sufficiently good to permit the accurate reproduction of
square waves at both the line and field frequencies. Failure to fulfill
this requirement will introduce misleading effects, in the form of
tilt in the clipped wave at the field frequency, and overshoot at the
discontinuous points at the line frequency. These effects could be
erroneously interpreted as being due to velocity variations in the
sweeps under observation. In the experimental unit, the desired
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transient response has been attained by using low values of plate
load resistors (to extend the high-frequency range to about 500 kc),
and by employing adequate values of RC time constants in the grid
coupling circuits for proper operation at the field frequency.

Figures 7 and 8 are two photographic views of the experimental
model of the instrument. The two pick-up coils are mounted indi-
vidually in 13g” diameter plug-in coil forms. The axes of the coils
are positioned at right angles to the axis of the yoke, which is slipped
over the assemblv. Rotation of the voke then provides control of the
coupling between yoke and pick-up coil. Care was taken to minimize
the shunt capacitance in the pick-up coil used at the line frequency
to prevent resonance effects. This coil is a single layer solenoid of

Fig. 7

10 xh wound on a '5” form. The field frequency coil is bank wound.
Its self-inductance is 2 millihenrys.

The technique of operating the instrument is straightforward.
To evaluate the velocity variations in a given horizontal deflection
circuit the sweep amplitude is adjusted to the desired level. The yoka
is removed from the neck of the Kinescope and is placed over the
pick-up coil assembly (with the 10 ph coil in place). The vertical
sweep is turned off to prevent the introduction of a field frequency
component into the pick-up coil voltage. Before the pick-up coil
voltage is applied to the unit the bias of the 1852 is adjusted so that
the d-c plate current is about 7 ma. Then the clipper tube bias is
adjusted to produce a d-c plate current of 0.2-0.4 ma. The coil voltage
is then applied to the input terminals of the unit, and by rotation of
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the yoke, the amplitude of the input voltage is adjusted to a level
which just fails to cause a change in the 1852 plate current. The
retrace interval peaks are positive in the input wave.

With the oscilloscope connected across the instrument’s output
terminals, the voltage wave will have the general appearance as shown
in Figure 6. To locate the zero-velocity level on the oscilloscope
screen it is necessary only to measure down from the clipping point
an amount corresponding to /R, the zero-signal drop in the plate
resistor of the clipper. A horizontal line drawn through this point
defines the reference level for all relative slope or velocity measure-
ments. The variations in sweep velocity are represented by the irregu-
larities in the bottom portion of the clipped voltage wave.

Fig. 8

As stated previously, the non-linear 7,-e, characteristic of the
clipper tube causes the voltage variations in its output load to be
exaggerated somewhat during the scanning interval. This is of little
significance and may actually aid in making velocity variations more
apparent. If, however, accurate evaluation is necessary, it may be
obtained by the use of a properly weighted, non-uniform scale laid
against the oscilloscope screen.

In working with the device it will be found that changes in the
deflection circuit which will produce almost unnoticeable changes in
the coil-current wave form will appear in greatly magnified form on
the differentiated wave. This is a useful feature, for, although the
distribution may appear close to perfect on a current wave-form basis,
or by inspection of a fixed pattern on the Kinescope screen, it is well
to remember that the velocity variations are important in the event
that moving scenes are reproduced, particularly if there is much
localized horizontal motion. Furthermore, inspection of a fixed pat-
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tern may lead to erroneous conclusions, since the applied pattern may
not have good distribution.

In adjusting the sweep linearity, either horizontally or vertically,
one should strive for a purely rectangular differentiated wave. If the
bottom of the wave is tilted it means a gradual overall departure
from linearity, i.e., curvature in the sawtooth. Localized linearity
variations will appear as localized ripples in the output of the linearity
measuring unit.

Measurement of return time is made by determining the hori-
zontal distance occupied on the oscilloscope screen by one period of
the differentiated wave, and by taking the inverse ratio of this dis-
tance to the distance occupied by the return time, measured at the
line corresponding to zero-sweep velocity. Under some conditions a
certain amount of facility in measurement is afforded by using a
sine wave for horizontal sweep in the oscilloscope.

The oscilloscope used in conjunction with this instrument must
be capable of amplifying, without phase or frequency distortion,
square waves at the line and field frequency. It is also necessary to
have some means for calibrating the vertical deflection in terms of
applied voltage, to permit the accurate determination of the zero-
sweep velocity point.

One question which might arise involves the possibility of tapping
across the deflection transformer secondary to obtain a differentiated
voltage for linearity measurements, instead of using the mutual induc-
tance method suggested here. If this is done, the voltage developed is

di di
not merely L , but, rather, L tR, where L and R are respec-

dt dt
tively the effective inductance and resistance seen across the secondary

of the output transformer, and 7 is the instantaneous yoke current.
Consequently, even though the effective distribution is precisely uni-
form, the output voltage wave will not be purely rectangular, but will
have a certain amount of slope during the scanning time. This is due
to the passage of the sawtooth current through the effective resistance
of the voke and transformer circuit, as indicated by the iR term in the
expression.
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THE SERVICE RANGE OF FREQUENCY
MODULATION

By

MURRAY G. CROSBY

Engineering Department., R.C.A. Communications, Inc.

Summary—An empirical ultra-high-frequency propagation formula 1s
correlated with experimentally confirmed frequency modulation improve-
ment factors to develop a formula for the determination of the relation
between signal-noise ratio and distance in a frequency-modulation system.
Formulas for the distance between the transmitter and the point of occur-
rence of the threshold of frequency-modulation improvement, as well as
formulas for the signol-noise ratio occurring at this distance, are also
developed.

Results of calculations and listening tests are described which evaluate
the signal-noise ratio gain obtained by applying pre-emphasis to the higher
modulation frequencies of both amplitude and frequency modulation systems.

Examples using « typical set of conditions are given and discussed.

quency modulation are such as to confine the use of this type of

modulation insofar as telephony is concerned to the ultra-high fre-
quencies which do not use the ionosphere as a transmission medium.’
Consequently, for most purposes, calculations of service range of a
frequency modulation transmitter may be based totally on the propaga-
tion characteristics of ultra-high-frequency waves and in this paper
that base will be used. Formulas and empirical data now available
make it possible to calculate the field strength at the receiver if trans-
mitter power, antenna heights, and distance are known. Consequently,
the signal-noise ratio for amplitude modulation may be determined if
the field strength of the noise is known. From this known amplitude-
modulation signal-noise ratio, the signal-noise ratio obtainable with a
given frequency-modulation system may be determined by multiplying
the corresponding amplitude-modulation signal-noise ratios by the fre-
quency-modulation improvement factors as given in the author’s pre-
viously published paper? on frequency-modulation noise characteristics.
It is the purpose of this paper to perform this correlation of these
propagation and frequency-modulation improvement formulas and
develop formulas so that from the known constants of the frequency-
modulation system, the signal-noise ratio at a given distance may be
directly calculated.

I[T HAS BEEN shown that the propagation characteristics of fre-
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AMPLITUDE-MODULATION SIGNAL-NOISE RATIO VS. DISTANCE

The following empirical formula has been given by H. H. Beverage®
for calculating the field strength when the receiver is within the optical
distance of the transmitter:

83/ Wah
E (r-m-s volts per meter) (1)
A2

where IV — effective watts radiated — power in antenna times antenna
power gain over a one-half wave dipole,
a — the receiving antenna height in meters,
h = the transmitter antenna height in meters,
D) — the distance in meters,
A = the wavelength in meters.

This formula is to be used for calculating the field strength for dis-
tances within the horizon only. For distances bayond the horizon,
Beverage used a graphical method of plotting the curve of field
strength versus distance. In this graphical method the field strength
versus distance curve according to equation (1) was plotted for dis-
tances out to the horizon and then the curve was continued for dis-
tances beyond the horizon, but with a slope of 1/D" instead of 1/D2
The exponent “n’” was determined empirically and varies with fre-
quency in the manner shown in Figure 1 which is reproduced from
Beverage’s paper.

In place of the graphical construction of the curve for distances
beyond the horizon, the formula given by (1) may be revised to be
applicable to all distances, whether they be within or outside of the
horizon, as follows:

88 VW ah D,

E (r-m-s volts per meter -
ADn

(2)

in which the exponent “n” is equal to two for distances within the
horizon and is chosen from the ¢urve of Figure 1 for distances beyond
the horizon. D), is the distance to the horizon in meters and is equal
to 2.21 VI + 2.21 Va where a and h are the receiving and transmit-
ting heights in meters. Thus, where D < D, n =2, and where D > D,,
n is taken from Figure 1.

When the units of the formula given by (2) are converted to feet,
microvolts, miles, and megacycles, the formula becomes:

0.01052 \/W ahf D,»*

E (r-m-s microvolts per meter) — ————— - (3)
Drl
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where W — effective watts radiated — power in antenna times antenna
power gain over a one-half wave dipole,

a — receiving antenna height in feet,

h = transmitting antenna height in feet,

D) — distance in miles,

D, = distance to the horizon in miles =122 /& + 1.22 /aq,
f = frequency in megacycles.

In comparing the calculated curves with the experimental data,
Beverage states that ‘“scattering and absorption, even in open country,
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Fig. 1—Variation of exponent
“n” in propagation formula when
transmission is beyond the horizon.

tend to reduce the average intensity to something in the order of thirty
to sixty per cent of the calculated value.” In the following derivations
an average experimental factor of forty-five per cent will be included to
take into account this absorption and scattering.

It will be noted that this formula gives the average field intensity
and does not take into account fading. More recent work by MacLean
and Wickizer* shows the range of fading which may be expected for
one set of transmission conditions. Thus, for transmission conditions
reasonably close to the case treated by MacLean and Wickizer, the
signal intensities at the fading minimums may be determined by ap-
plying a correction obtained from Figure 12 of the MacLean and
Wickizer paper which is reproduced herewith as Figure 2. In the
present paper, the formulas will be derived for the case of the average
signal intensity and the fading correction will be applied to the ex-
amples given.
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The peak carrier-noise ratio® obtained at a given distance may be
determined by converting the voltage given by (3) into peak values
multiply by 1.414) and dividing by the peak noise voltage, N. N is
the noise field strength as determined by means of a field-strength
meter having a pass band characteristic equal to twice the band width
of the audio spectrum which it is desired to receive. The experimental
scattering and absorption factor may be taken into account by multi-

>
=2

2
D

(s
Y

S

(€3 b
€ S

A

MAXIMUM VARIATION OF FIELD STERENGTH.IN 1 DAY ~DB

{:,

2040 e B0 o
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Fig. 2—Fading range of 50-mega-
cycle transmission, transmitter an-
tenna height — 1300 feet.

plyving by 0.45. Thus, the amplitude-modulation peak carrier-noise
ratio, which is approximately equal to the amplitude-modulation peak
signal-noise ratio at the receiver output, for the case of one hundred
per cent modulation, is given by:

* Throughout this paper carrier-noise ratio will refer to the ratio
between the carrier and noise voltages as measured at the output of the
intermediate-frequency channel of the receiver. Signal-noise ratio will refer
to the ratio between the signal and noise voltages at the output terminals
of the receiver. In an amplitude-modulation receiver the signal-noise ratio
is usually substantially equal to the carrier-noise ratio, but in a frequency-
modulation receiver the two quantities may differ greatly.
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0.0067 /W ahf D,
C/N S /N, (4)
N D»

where C = peak carrier-field strength,
N = peak noise-field strength as above defined,
S, = peak audio-signal voltage, amplitude-modulation receiver,
N, = peak audio-noise voltage, amplitude-modulation receiver.

FREQUENCY-MODULATION SIGNAL-NOISE RATIO VS. DISTANCE

The author’s previously cited paper? on frequency-modulation noise
characteristics gives the improvement factors effected by a frequency-
modulation system over an amplitude-modulation system. For the case
of fluctuation noise the factor is \/3 times the deviation ratio u. (The
deviation ratio, p, is equal to F,/F, where F, is the peak-frequency
deviation due to modulation and F, is the width of the audio channel
of the system.) This factor holds for equal carriers fed to the two
receivers and for the condition of a peak carrier at least 4 decibels
above the peak noise in the frequency-modulation receiver intermedi-
ate-frequency channel. Thus, the signal-noise ratio at the output of
the frequency-modulation receiver may be found by multiplying the
signal-noise ratio given by (4) by the improvement factor or:

0.0067 /W ahf D, ?
SN =3 N D

0.0116 u /W ahf D,"
— (fluctuation noise) (5)

N Dr‘

where S, = peak audio-signal voltage, frequency-modulation receiver,
N, = peak audio-noise voltage, frequency-modulation receiver.

When the received noise is impulse noise the improvement factor
is equal to twice the deviation ratio or 2 u. The corresponding signal-
noise ratio is then:

0.0134 u VW ahf D,
S,/N, (impulse noise) (6)
N D

It will be noted that in deriving the signal-noise ratio formulas of
(5) and (6), the power gain normally effected by frequency modulation
at the transmitter is automatically taken care of by the fact that W
appears in both the amplitude- and frequency-modulation formulas.
In the case of amplitude modulation the value of W used would nor-
mally be less than the corresponding value used in the frequency-
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modulation formulas by a factor equal to the frequency-modulation
power gain at the transmitter.

EFFECT OF THE IMPROVEMENT THRESHOLD

The presence of the phenomena called the “improvement threshold”
places a rather definite maximum service range on a frequency-modu-
lation system. The improvement threshold occurs at the point where
the peak voltages of the noise and carrier in the intermediate-fre-
quency channel of the frequency-modulation receiver are equal. The
experiniental work of the author’s previously cited paper? shows that
the full frequency-modulation improvement for fluctuation noise is not
obtained until the carrier is at least four decibels above the improve-
ment threshold or where the carrier-noise ratio is about four deci-
bels. The nature of the improvement threshold is such that the
signal-noise ratio drops rapidly as the carrier falls below the four
decibel carrier-noise ratio. For the case of fluctuation noise, which
is of a continuous nature, the noise smothers the signal in a manner
which has been described in detail before” Consequently the dis-
tance at which the improvement threshold occurs for fluctuation
noise may be taken as the maximum service range of the frequency-
modulation system. However, for impulse noise of the tvpe which
consists of sharp impulses having a low rate of recurrence, the sit-
uation is somewhat different. It has been pointed out to the author
by V. D. Landon of RCA Manufacturing Company, that for the
condition of no modulation present, if the receiver is carefully tuned
so that the incoming carrier is approximately synchronized with
the oscillation frequency of the impulse, the frequency-modulation
improvement is maintained for impulse noise which is stronger
than the carrier. This effect is shown in the experimentally deter-
mined curve of Figure 3 which also shows the effect of a slight detun-
ing from the point of synchronism. For these curves, the peak carrier-
noise ratio and the peak signal-noise ratios were measured by means
of an oscilloscope coupled to the intermediate-frequency channel output
and the audio output of the receiver, respectively. Curve B was taken
with the receiver carefully tuned to the impulse noise minimum. Curve
A was taken with the carrier detuned about 20 per cent of the maxi-
mum frequency deviation of the receiver used. It will be noted that
the improvement threshold manifests itself sharply when the receiver
is detuned. Hence, for all except the very low passages of modulation
the threshold would be present since application of frequency modula-
tion corresponds to a momentary detuning, However, the reduction
of the noise during the idle periods of the modulation is undoubtedly
very helpful.
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The curves of FFigure 3 also show the value of carrier-noise ratio
required to obtain the full frequency-modulation improvement for im-
pulse noise. It can be seen that for all practical purposes it can be
assumed that the full improvement is obtained at a peak carrier-noise
ratio of unity.

44
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Fig. 3—DMeasured signal-noise ratio

versus carrier-noise ratio charac-

teristics with impulse noise. Re:
ceiver deviation ratio—2.8.

Curve A — receiver detuned by an
amount equal to 20 per cent of
the maximum frequency deviation.

Curve B — receiver tuned for im-
pulse noise minimum.

A further characteristic of the effect of impulse noise when it is
stronger than the frequency-modulation carrier is the noise-silencing
action which is present. This produces a sort of a minimum signal-
noise ratio for carrier strengths below the improvement threshold
when the carrier and pulse frequency are not synchronized. It has been
shown? that this minimum signal-noise ratio is equal to the deviation
ratio of the system. Thus, it may be seen that although the signal-noise
ratio will become poorer below the improvement threshold, the signal
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may still be serviceable. On the other hand, if the impulse noise is of
a continuous nature like f(luctuation noise, the noise discriminates
against the signal below the improvement threshold and, therefore,
smothers the signal in the same manner that fluctuation noise does.
The formula for the distance at which the improvement threshold
occurs may be obtained by developing a formula for the distance from
the transmitter at which carrier-noise ratios of four and zero decibels
are obtained in the intermediate-frequency channel of the frequency-
modulation receiver for fluctuation and impulse noises respectively.
First—the equation for the carrier-noise ratio in the frequency-modu-
lation intermediate-frequency channel must be determined. This may
be derived from (4) which gives the peak carrier-noise ratio as defined
for an amplitude-modulation system. For a given radiated carrier, the
carrier-noise ratio in the frequency-modulation receiver is less than
that defined by (4) by a factor which depends upon the ratio of the
effective band widths of the two receivers and upon the type of noise.
For the case of tluctuation noise,

1
C,/N,=C'N X (fluctuation noise) (M)
F/2F )12

where C, = carrier level in i-f amplifier of the frequency-modulation
receiver,

N noise level in i-f amplifier of the frequency-modulation
receiver,

F i-f band width of frequency-modulation receiver,

F Land width of audio spectrum it is desired to receive.

For convenience let Z, — F,;, 2F, for fluctuation noise. Substituting
in (7), we obtain:

C C 1
(fluctuation noise) (8)

N N VZ

The equation corresponding to (8) for impulse noise, which varies
directly with the band width instead of as the square-root of the band
width, will be:

C C 1
= — — (impulse noise) (9
N, N2z

where Z, = F,,/2F, for impulse noise.

The factors \/Z, and Z, which are the ratios between one-half the
intermediate-frequency channel width and the audio channel width
of the frequency-modulation receiver for the two types of noise, are
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noise-determining ratios and, therefore, must be expressed in terms ol
equivalent channel widths. The equivalent channel widths are different
for the two types of noise; hence, a separate factor is used for each
type of noise. For fluctuation noise, the equivalent channel width is
determined by dividing the area under the energy response curve (the
selectivity curve plotted with the ordinates squared) by the height of
the curve at resonance. This gives the width of the rectangular chan-
nel which would be equivalent to the actual round-topped channel. For
impulse noise, the equivalent channel width is determined by dividing
the area under the amplitude response curve by the height of th= curve
at resonance.

A further simplification of the ratios, Z, and Z,, may be effected by
expressing them in terms of the deviation ratio, u. Thus,

Z, = K, n (fluctuation noise) (10)

Z,— K, p (impulse noise) (11)

where K, = F, '2F, (fluctuation noise) (10a)
and K, = F,, '2F, (impulse noise) (11a)

in which F, = maximum applied frequency deviation.

The factors K, and K, express the ratio between the equivalent band
widths of the intermediate-frequency channel and the total plus and
minus peak frequency deviation of the frequency-modulation system.
In other words they specify how far out on the intermediate-frequency
selectivity curve the frequency deviation may be carried.

In order to determine the formula for the carrier-noise ratio in
the frequency-modulation intermediate-frequency channel for the case
of fluctuation noise, (4) and (10) may be substituted in (8) which
gives:

(g 0.0067 /W ahf D,"*
=_=— (fluctuation noise, peak values) (12)

‘VO N D’I A R,‘u

Likewise, for impulse noise (4) and (11) may be substituted in (9)
which gives:

C, 0.0067 /W ahf D, *
= - - (impulse noise, peak values) (13)
N, K, uD" N

(12) and (13) give the carrier-noise ratio in the intermediate-
frequency channel of the frequency-modulation receiver for the two
types of noise. Since it is known that the improvement threshold
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occurs when these carrier-noise ratios are equal to four and zero
decibels, respectively, the distance at which the improvement threshold
will occur for a given set of transmission conditions may be determined
by equating (12) to 1.585 (four decibels) and (13) to unity (zero
decibels), and solving for the distance. Thus,

0.0042 \/Wahf I)h" 2 1/n
D > (fluctuation noise) (14)

\  NVEg

< 0.0067 /W ahf D2 \V"
D

(impulse noise) (15)
N K )

in which D); indicates the distance at which the improvement threshold
occurs.

A study of (14) and (15) shows the effect of a variation of the
transmission conditions. For both types of noise the distance to the
improvement threshold is directly proportional to the 1,/2n power of
the watts radiated. Hence, for the higher radiation frequencies, where
the exponent “n” is large, the improvement threshold distance in-
creases more slowly with increase in power. For fluctuation noise,
the improvement threshold distance is inversely proportional to the
1/2n power of the product of the factor K, and the deviation ratio.
Thus, as the deviation ratio is increased, the improvement threshold
distance decreases and decreases at a less rapid rate when it is beyond
the horizon and for the higher radiation frequencies where the ex-
ponent “n” is larger. The importance of making the factor K, as small
as possible, by carrying the frequenecy deviation out on the selectivity
curve as far as possible, is also indicated. When the noise is impulse
noise (formula 15) the improvement threshold distance is inversely
proportional to the “n”th root of the product of the factor K; and the
deviation ratio. Consequently, with this type of noise, the improve-
ment threshold distance decreases more rapidly as these factors are
increased.

The distances given by (14) and (15) may be substituted in (5)
and (6) to find the frequency-modulation signal-noise ratio existing
at the improvement threshold as follows:

S;/N; (at D;) = 1.585 V3 p VK u = 2.74 VK, p¥/* (fluctuation
noise) (16)

S;/N;(atD;) =2pu K, p=2K, p* (impulse noise) (17)
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EFFECT oF PRE-EMPI11ASIZING THE HIGHER MODULATION FREQUENCIES

As has been pointed out for the case of amplitude modulation’, the
use of pre-emphasis circuit at the transmitter and a de-emphasis cir-
cuit at the receiver produces an overall gain in signal-noise ratio.
This gain depends upon the fact that the higher modulation frequen-
cies of voice and program material are of such a small amplitude that
their accentuation does not increase the peak voltage of the applied
modulating wave as much as the restoring circuit at the receiver
reduces the noise. Thus, when the pre-emphasis circuit is inserted at
the transmitter, the peak voltage of the modulating wave may increase
somewhat so that the modulation level must be lowered, but this loss
at the transmitter is overshadowed by the gain at the receiver. Con-
sequently there are two quantities which must be evaluated—the loss
at the transmitter and the gain at the receiver.

In order to determine the loss introduced by the pre-emphasis cir-
cuit at the transmitter, the following experimental observations were
made: The equivalent of a two-string oscillograph was arranged by
using two electronically switched amplifiers to feed the vertical plates
of an oscilloscope. The outputs of the amplifiers were common, with
one of the separate inputs being fed by program material through a
pre-emphasis circuit. The gain of the two amplifiers was equalized
at a low modulation frequeney where the pre-emphasis circuit was not
effective. The two amplifiers were alternately switched on by means
of a 60-cvcle square-wave form and the oscilloscope sweep circuit
synchronized with the 60 cycles. The resulting pattern on the oscillo-
scope screen consisted of two segments of sweep one of which was
actuated directly from the program material and the other through
the pre-emphasis circuit. Hence, an accurate method of comparing the
peak voltages of the two waves could be provided by inserting an
attenuator in the pre-emphasized circuit and setting for equal peak
voltages indicated by the two traces on the oscilloscope.

The observations made with the electronic-switch oscillograph cov-
ered all types of program material and were made for two audio-band
widths of 5 and 12 kilocycles. The results of the observations indicated
that in general the insertion of the pre-emphasis circuit increases th
peak voltage of the level about 2.5 decibels for both the 5 and 12-kilo-
cycle band widths. On certain material such as guitar, harmonica, and
piano solos, the level is raised about 4.5 decibels total, but the occasion
of such rises is rather infrequent and their duration very short. Hence,
a permanent attenuation of 2.5 decibels might be inserted and the
volume-limiting equipment rslied upon to take care of the occasional
higher peaks.
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The action ot the de-emphasis circuit in reducing the noise at the
receiver is somewhat greater for the case of frequency modulation
than it is for amplitude modulation. The reason for this is shown in
Figures 1 and 5 which show the noise spectrums obtained in the output
of the amplitude and frequencv-modulation receivers, respectively,
with and without the use of a de-emphasis circuit such as would be
used with a pre-emphasizing circuit in accordance with R.M.A. Tele-
vision Transmission Standard M9-218 at the transmitter. In the case
of amplitude modulation, the normally evenly distributed noise is con-
centrated at the lower modulation frequencies. In the case of frequency
modulation, the triangular noise spectrum is changed to a spectrum
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AUDIO FREQUENCY IN KILDCYCLES
Fig. 4—Amplitude-modulation audio noise spectrums.
Curve A — no de-emphasis used.

Curve B — de-emphasis in accordance with R.M.A. Tele-
vision Transmission Standard M9-218.

which is practically flat except for the falling off at the lower modula-
tion frequencies.

In determining the relative figures of merit for the noise spectrums
of Figures 4 and 5, or, in other words, the noise gains produced by the
de-emphasis circuit, there are two determinations which are of impor-
tance. The first is the objective comparison which has to do with the
relative strengths of the noise as would be measured on a meter. The
second is the subjective comparison which takes into consideration the
manner of utilizing the signal in the presence of the noise. For pro-
gram or voice reception, the subjective comparison would be deter-
mined by a listening test.

The objective comparison of the noise spectrums of Figures 4 and
5 may be calculated for fluctuation noise by comparing the squared-
ordinates areas of the spectrums. Such a comparison gives the ratio
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f the energies passed by the two spectrums; thz root-mean-square
voltage ratio is the square-root of this area ratio. The corresponding
comparison for impulse noise may be calculated by comparing the
areas of the spectrums. The ratio of the areas of the spectrums gives
the peak voltage ratio directly for impulse noise. These areas may be
obtained by integration or they may be plotted and a planimeter used.
The curves of Figure 6 show the results of such a determination by
the use of integration. These curves give the signal-noise ratio gain
effected by the de-emphasis circuit alone. To obtain the overall gain
due to pre-emphasis, the transmitter loss of 2.5 decibels must be sub-
tracted from the values indicated by the curves.

§
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AUDID FREQUENCY IN KILOCYCLES |

Fig. 5~ Frequency-modulation audio noise spectrums.
Curve A — no de-emphasis used.

Curve B — de-emphasis in accordance with R.M.A. Tele-
vision Transmission Standard M9-218.

In order to obtain the subjective gain effected by the de-emphasis
circuit, listening tests were conducted in which the de-emphasis circuit
was switched in and out and the annoyance effect of different types
of noise compared. Both fluctuation noise and impulse noise were
obtained from amplitude- and frequency-modulation receivers to mix
with program to produce a signal-noise ratio. The de-emphasis circuit
was then switched in and out of the noise while an attenuator was
varied to balance the annoyance effect. Audio band widths of 5 and 12
kilocycles were used. The averaged observations of two observers
indicated the rather unexpected result that for program and music
reception, the subjective effect is practically the same as the objective
effect. That is to say that the objective gains as portrayed by Figure
6 may also be taken as the subjective gains that would be realized in a
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listening test and the overall gain is obtained by subtracting the trans-
mitter loss of 2.5 decibels from the values obtained from Figure 6.

FFor speech reception, where the noises were balanced for equal
intelligibility, it was found that there was little or no gain effected
by the de-emphasis circuit. For the case of amplitude-modulation
noise, the use of pre-emphasis would apparently entail a slight loss in
intelligibility when the 2.5 decibel transmitter loss was subtracted.
With frequency-modulation noise, an intelligibility gain of a few deci-
bels would be realized.

In connection with the listening tests another interesting observa-
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Fig. 6—Calculated noise gains effected
by the de-emphasis circuit.

Curves F — fluctuation noise.
Curves I — impulse noise.

tion was made regarding the relative annoying effects of the triangular
frequency-modulation noise spectrum and the rectangular amplitude-
modulation noise spectrum using tube hiss as a noise source. In this
test the noises were first balanced with a meter and then they were
mixed with speech and the relative levels readjusted until they im-
paired the intelligibility of the speech the same amount. The averaged
observations of three observers showed that about 8 decibels more
noise could be tolerated with the triangular frequency-modulation noise
than with the rectangular amplitude-modulation noise.
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EXAMPLE

The curves of Figures 7, 8 9, and 10 have been calculated for the
following assumed transmission conditions for a high-fidelity broad-
cast system:

Transmitting antenna height 800 feet.

Receiving antenna height 30 feet.
Audio channel 15 kiloeycles.
Frequency 42 megacycles.

Maximum frequency deviations = 20 and 75 kilocycles.
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Fig. 7—R-M-S signal-noise ratio versus distance. Flue-
tuation noise — 1 peak microvolt per meter.

Curve I — amplitude modulation, 500 watts radiated.

Curve II —frequency modulation, 1000 watts radiated,
maximum frequenecy deviation — 20 kilocycles.

Curve III = frequency modulation, 1000 watts radiated,
maximum frequeney deviation = 75 Kkilocycles.

Powers of one and 100 kilowatts radiated were used for frequency
modulation and these powers were halved for the corresponding ampli-
tude-modulation calculations. This two-to-one power gain effected at
the frequency-modulation transmitter was taken instead of the usual
four-to-one factor since it represents the gain that would be effected by
a frequency-modulation system over the most efficient amplitude-
modulation system which is the high-level type of modulation system.
If the modulator tubes were paralleled with the final amplifier tubes
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in such a system, the increase in power would be two-to-one. The usual
factor of four-to-one assumes the more inefficient types of low-level
modulation.

The values of signal-noise ratio obtained for all of the curves were
corrected by subtracting one-half the maximum fading range as por-
traved by Figure 2. Formula (4) was used to calculate the average
signal-noise ratio for amplitude modulation and the fading correction
was applied to obtain the minimum signal-noise ratio. It was assumed
that the transmission conditions of the fading correction curve were
near enough to the conditions of this example to allow this direct
correction without interpolation.

Where the propagation curves of the corresponding amplitude-mod-
ulation system were to be determined as well as those of the frequency-
modulation systems, which was the case in this example, the simplest
procedure was to draw the amplitude-modulation curves and then con-
struct the frequency-modulation curves which follow lines parallel to
the amplitude-modulation curve, but at higher signal-noise ratio levels
for distances within the improvement threshold distances. To do this
the average amplitude-modulation signal-noise ratios for fluctuation
noise were calculated from (4). These were corrected for fading and
the pre-emphasis gain of 5.6 decibels was added. For the low-deviation
frequency-modulation system, the fluctuation noise gain is equal to 1.73
times the deviation ratio, x (x—20/15—=1.833) or 7.2 decibels. The
use of pre-emphasis adds another 7.4 decibels to the frequency-modu-
lation gain as compared to the amplitude-modulation system with pre-
emphasis since the total gain due to pre-emphasis on the frequency-
modulation system is 13 decibels. The transmitter power gain adds
another 3 decibels. Hence the curve for frequency modulation with a
deviation of 20 kilocycles is 7.2 + 7.4 + 3 — 17.6 decibels higher than
the corresponding amplitude-modulation curve for the region within
the threshold of improvement distance of the frequency-modulation
svstem. The frequency-modulation system with a 75-kilocycle devia-
tion has a larger deviation ratio (= 75/15 = 5) so that its total gain
over the amplitude-modulation system with pre-emphasis is 18.7 + 7.4
-3 =29.1 decibels.

For the case of impulse noise, the frequency-modulation gains are
equal to twice the deviation ratio and the pre-emphasis gains are also
different. For amplitude modulation, the pre-emphasis gain is 7.5 deci-
bels and for frequency modulation it is 4.5 decibels more or a total of
12 decibels. Hence, the gain of the frequency-modulation system using
a 20-kilocycle deviation is 8.5 + 4.5 + 3 = 16 decibels. The correspond-
ing gain for the system using a deviation of 75 kilocycles is 20 + 4.5
+ 3 = 27.5 decibels.
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In order to dctermine the signal-noise ratios at the improvement
threshold distances, the gains due to pre-emphasis must be added to
the signal-noise ratios calculated from (16) and (17). The pre-
emphasis gains to be added in this case are the total gains of 13 and
12 decibels for fluctuation and impulse noise respectively. Before
formulas( 16) and (17) can be applied, the factors K, and K; must be
evaluated. These factors are the ratios between the equivalent band
widths of the frequency-modulation receiver intermediate-frequency
channel and the total plus and minus frequency deviation. It is obvi-
ous that, in order to obtain the greatest distance to the improvement
threshold, the equivalent band width must be made as small as the
frequency deviation of the system will allow. The limitations encoun-
tered are the introduction of harmonic distortion and the introduction
of amplitude modulation due to the frequency variation exceeding the
flat-topped portion of the selectivity characteristic. In practice the
limiter tends to take care of this departure from a flat-topped selec-
tivity characteristic. Some rather preliminary measurements have
indicated that the deviation may extend out to about 2.5 decibels down
(down to 75 per cent) on the sides of the selectivity curve without pro-
ducing harmonics which are too high for high-fidelity reception.

A study of typical intermediate-frequency equivalent band widths
has shown that the band width 2.5 decibels down is about 90 per cent
of the equivalent band width for fluctuation noise and about 78 per
cent of that for impulse noise. The factors K, and K, are equal to the
reciprocals of these percentages or 1.1 and 1.3, respectively.

The above evaluations of K, and K, are based on somewhat incom
plete distortion measurements and assume no guard band to take care
of tuning drift in the case of the frequency-modulation systems. Fur
ther work is undoubtedly necessary in these respects, but it is believed
that this evaluation will serve the purposes of this paper.

With these evaluations of K, and K, formulas (16) and (17) sim-
plify to:

S,/N, (at D;) = 2.9 p*? (fluctuation 16a)

S;/N; (at D;) = 2.6 p' (impulse) (17a)

Applying (16a) to the system with a deviation of 20 kilocycles and
adding the gain due to pre-emphasis of 13 decibels gives 25.9 decibels
for the peak signal-noise ratio at the improvement threshold distance.
The sama calculation for the case of a 75-kilocycle deviation gives 43.2
decibels. For impulse noise (17a) is used and a pre-emphasis gain of
12 decibels is added to give ratios of 25.2 and 48.3 decibels for the two
values of frequency deviation.
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The curves of Figures 7 and 8 for fluctuation noise assume a
thermionic agitation and tube-hiss noise level equivalent to one peak
microvolt per meter (0.224 r-m-s microvolts per meter). This corre-
sponds to an r-m-s noise voltage of 0.52 microvolts in series with a
dummy antenna at the input terminals of the amplitude-modulation
receiver. Such a noise voltage is about that which would be obtained
with good design using an 1852 radio-frequency amplifier tube. All
of the ratios for these curves were converted from peak to r-m-s ratios
to correspond to the general practice in considering this type of noise.
This was done by adding 10 decibels to the ratios. The figure of 10
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Fig. 8—Same as Fig. 7, but with amplitude modulation

radiated power — 50 kilowatts, frequency-modulation radi-
ated power — 100 kilowatts.

decibels is obtained from the data of the author’s previous paper?. In
that paper the crest factor of fluctuation noise is evaluated at 13
decibels. Subtracting the 3 decikel crest factor of the signal gives
what might be termed the crest factor of the signal-noise ratio as 10
decibels.

The curves of IMigures 9 and 10 for impulse noise assume a noisz
field intensity of 100 peak microvolts per meter for an effective band
width of 30 kilocycles (audio band width = 15 kilocycles). This inten-
sity is about that which would be received with horizontal polarization
from the ignition system of the average automobile at a location about
125 feet from the road over which the automobile travels. The curves
for this tyvpe of noise have been plotted with peak signal-noise ratios
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since root-mean-square values have little significance due to the very
high and variable crest factor.

At distances bevond the improvement threshold for impulse noise,
the curves are plotted for the condition of full modulation in which
the improvement threshold manifests itself. Under this condition, the
signal-noise ratio is limited to a value which is equal to the deviation
ratio when pre-emphasis is not being used. It will be remembered that
this ratio is what might be termed the “silencing” signal-noise ratio
since the noise tends to punch holes in the signal, but when the noise
pulses have a relatively slow rate of recurrence, this condition is quite
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Fig. 9—Peak signal-noise ratio versus distance. Impulse
noise — 100 peak microvolts per meter.

Curve I — amplitude modulation, 500 watts radiated.

Curve II — frequency modulation, 1000 watts radiated,
maximum frequency deviation — 20 kilocycles.

Curve III — frequency modulation, 1000 watts radiated,
maximum frequency deviation — 75 kilocycles.

tolerable. On the other hand, if the pulses have a high rate of recur-
rence, the noise tends to smother the signal and service is limited to
the improvement threshold distance as in the case of fluctuation noise.
When pre-emphasis is being used, a gain is added to this limited signal-
noise ratio which is equal to the pre-emphasis gain of 7.5 decibels for
amplitude-modulation noise. The pre-emphasis gain for amplitude
modulation noise is used in this case since the noise in the silencing
condition has lost its triangular spectrum characteristic of the fre-
quency-modulation noise received above the improvement threshold.
Thus, for the system with a 20-kilocycle deviation, the signal-noise
ratio in the silencing condition beyond the improvement threshold dis-
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tance is 2.5 + 7.5 = 10 decibels. For the system with a 75-kilocycle
deviation it is 14 + 7.5 = 21.5 decibels.

At distances beyvond the improvement threshold for impulse noise
when the modulation is in the idle condition, the signal-noise ratios
are somewhat higher than those shown by the curves due to the syn-
chronization effect pointed out by V. D. Landon. This results in a
considerable reduction of the annoyvance effect of the noise. Hence, the
curves may be taken as somewhat pessimistie, but satisfactory for
comparison purposes.

DISCUSSION

It is apparent from the curves that the maximum distance is
served if the maximum frequency deviation is such that the minimum
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Fig. 10-—Same as Figure 9, but with amplitude-modulation

radiated power — 50 kilowatts, frequency-modulation radi-
ated power — 100 kilowatts.

tolerable signal-noise ratio exists at the improvement threshold dis-
tance. Hence, the choice of the optimum deviation hinges on the defini-
tion of the minimum tolerable signal-noise ratio. If the figure of 30
decibels root-mean-square for fluctuation noise is taken as acceptable
this figure has appeared in the literature®? as a commercially satis-
factory signal-noise ratio), it is seen from Figures 7 and 8 that a
maximum deviation of 20 kilocycles is more than adequate for all
distances out to the improvement threshold distance since the lowest
signal-noise ratio, which occurs at the improvement threshold dis-
tance for this type of noise, is 36 decibels. A deviation of less than
20 kilocycles is probably inadvisable since this would prevent the pos-
sible future transmission of an audio fidelity of zero to 20 kilocycles.
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It is seen from Figures 7 and 8 for fluctuation noise that at the
distance corresponding to the improvement threshold for a deviation
of 75 kilocycles, a broadcasting service using a deviation of 20 kilo-
cycles yields a signal-noise ratio of 42 decibels. For the same distance,
a service using a 75-kilocycle deviation yields a signal-noise ratio of
53 decibels. At this point it is apparent that a 20-kilocycle deviation
produces a signal-noise ratio which is comfortably above what would
be considered commercially satisfactory, with an attendant conserva-
tion of band width in the available portion of the frequency spectrum.
However, if it were assumed that a signal-noise ratio of 53 decibels
is necessary, this ratio may be obtained with a deviation of 20 kilo-
cycles at a somewhat shorter distance from the transmitter. For th:
conditions of the curves of Figures 7 and 8 this distance would be 20
per cent shorter. On the other hand, a 20-kilocycle deviation is capable
of furnishing what would be considered better than acceptable service
out to a distance which is about 10 per cent greater than the maximum
service range for a 75-kilocycle deviation.

When the noise is impulse noise as portrayed by Figures 9 and 10,
it can be seen that the general shape of the curves are similar to those
for fluctuation noise. If the frequency of recurrence happens to be
high so that the noise is continuous, the silencing properties of the
frequency modulation cannot be taken advantage of. Instead, the
noise, if stronger than the carrier, will depress the signal so as to
smother it. For this type of noise a low-deviation service will have a
greater range than a high-deviation service by an amount that is con-
siderably larger than the corresponding case for fluctuation noise.
This is especially true where the transmitter power is low enough to
cause the improvement threshold to occur within the horizon as is
the case with the conditions of Figure 9.

If the impulse noise happens to be automobile ignition where the
rate of recurrence of the pulses iz rather infrequent and the time dura-
tion of the impulses short, the noise-silencing properties of the fre-
guency-modulation syvstem may be taken advantage of when the noise
is stronger than the carrier. With this type of noise, the effectiveness
of the silencing action inereases as the deviation is increased. How-
ever, for this type of noise, even a system with a low deviation produces
a noise output which has a rather low annoyance value.

It is apparent that the service obtainable where fluctuation noise
predominates, may be predicted with a fair degree of accuracy. How-
ever, owing to the highly variable character and distribution of impulse
noise, predictions are difficult regarding this type of noise. Hence, it
is felt that it is highly desirable to conduct field tests to further
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compare the results of different deviations under actual service con-
ditions.

CONCLUSIONS

From the above considerations, it seems apparent that if fluctua-
tion noise is the primary limitation, a frequeney-modulation broad-
casting system using a deviation of 20 kilocycles will produce a signal-
noise ratio greater than the values normally considered acceptable,
for all distances out to the distance at which the improvement threshold
occurs. If the limitation is impulse noise a similar relationship exists,
but it is felt that further field work is desirable to study the results
under actual service conditions.

The effect of increasing the deviation of the system is to reduce the
distance at which the threshold effect is realized, but at the same time
the signal-noise ratio at distances equal to or less than that distance
1s improved.

The interests of band width conservation are, of course, best served
by a choice of the lowest value of deviation that will yield an acecept-
able signal-noise ratio out to the threshold distance. It would also
seem that the same choice will yield the desired service at the lowest
cost.

In order to evaluate carefully these effects under a large number
of actual service conditions, a series of field tests are being undertaken,
using receivers designed for optimum performance at each of the
different values of deviation under consideration.
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APPLICATION OF ABELIAN FINITE GROUP
THEORY TO ELECTROMAGNETIC
REFRACTION

By

R. A, WHITEMAN
Instructor in Physics, R.C.A. Institutes. Inc.

Summary—This paper presents the direct relationship hetween the
group theory and indices of refruction encountered in the solution of optical
problems. The properties and advantages of the group theory are made
available by using the double-subscript notation when designating the indices
of refraction. The notation is developed from fundamental concepts of
refraction at a plane surface and applied to two specific vefraction problems
n the following order:

a. refraction in the Kennelly-Heavside layer (radio waves)
h. electronic refraction (electron optics)

The criterion to be used in determining the applicability of the method
d-veloped in this paper to any refraction problem is reduced to a simple
ejuation.

I. INTRODUCTION

those encountered in film recording, television and the refraction

of radio waves, it is necessary to consider several indices of
refraction lving in the path of propagation. Generally, the indices of
refraction are different for adjacent media thereby requiring extreme
care when the notation used in current literature is employed. By modi-
fying the system of notation for the index of refraction, the inherent
mathematical properties of the quantities involved become available
to facilitate the required calculations. These mathematical properties
follow immediately from the theory of Abelian finite groups.! The
modified notation referred to is that which involves double subscripts
and will be introduced by considering monochromatic light passing
through different media. Several refraction problems will be analysed
to illustrate the advantages of this notation.

1[1\' THE solution of electromagnetic refraction problems, such as

A brief summary of the definition of an Abelian finite group is
appropriate in this portion of the paper. Such a group is defined in
the following manner:

Let G be a system of elements and R a rule of combination for
uniting any pair of the elements in a given order. If a and b are two

! Finite Groups—H. Hilton—Oxford University, Clarendon Press.
372
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ciements of G, the combination or product is denoted by ab. The
elements in the svstem G are said to form a group and the system is
said to be a group if the following conditions are satisfied:

If @ and b are elements of G, then ab is also an element of G.
If a, b, ¢, are elements of G, then (ab)c = a(bc)

@ o =

If a is an element of G, there is an element a' of G, called the
inverse of a such that aa! — 1

4. For an Abelian group adb = ba

In the discussion which follows, a correlation between the indices
of refraction and the elements of a group will be made in detail.

II. REFRACTION AT A PLANE SURFACE

Assume that there are two different media in contact and in order
to distinguish one from the other designate the first as medium 1 and
the second as medium 2. It is known from experience that, as light
passes from medium 1 to medium 2 the direction of propagation is
altered and the results of investigation show that the ratio of the
sine of the angle of incidence to the sine of the angle of refraction is a
constant for all angles of incidence. The constant is designated as th
index of refraction of medium 2 with respect to medium 1. This
experimental phenomenon is explained on a theoretical basis by assum-
ing the velocity of light changes abruptly as light passes from medium
1 to medium 2. The quantitative relationship between these velocities
states that the ratio of the velocity of light in medium 1 to the
velocity of light in medium 2, is equal to the index of refraction of
medium 2 with respect to medium 1. In order to indicate that two
media are involved in the specification of the index of refraction,
write

Vi
M2 - (1)
Vs
where, V, = velocity of light in medium 1.

V., = velocity of light in medium 2.

pye is read as, “the index of refraction of medium 2 with respect
to medium 1,” meaning at the same time that light is passing from
medium 1 to medium 2. The latter fact is indicated by the order in
which the subscripts appear.
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Now, reverse the direction of propagation of light and allow the
light to pass fiom medium 2 to medium 1, and in accordance with
the above notation.

Py = 7 (2)
Vi

From equation (1) and (2) the imvortant relation becomes:

Pz, = (3)

also Mo pay =1 (4)

Equation (3) stated in words is:

the index of refraction of medium 2 with respect to medium 1
is equal to the reciprocal of the index of refraction of madium 1
with respect to medium 2.

The relation as expressed by equation (3) indicates that a quantity
may be shifted to the denominator from the numerator or vice versa
bv merely interchanging the subscripts.

From equation (4), notice the following algebraic simplification
which is one of the important features of the double-subscript notation.
This simplification will be discussed in more detail when considering
three different media.

“.l
M2 p21 = B —=1 (5)
|
or
Vs
B21 © P2 = pop = — 1 (6)
Vs

Equation (5) may be interpreted geometrically by referring to Fig-
ure 1 where medium 2 has parallel plane surfaces.

The product of the two indices of refraction indicate the light is
traveling from medium 1 to medium 2 and then from medium 2 to
medium 1, the over-all index of refraction reducing to unity. This
means there is no resultant deviation of the light ray or in other words
the final ray is parallel to the original ray.
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Now consider the more general problem of determining the index
of refraction at a surface separating medium 2 and medium 3 with
the individual indices of refraction given with respect to medium 1.
First permit the light ray to pass from medium 2 to medium 3 as
shown in Figure 2.

NNORMAL ,, / ORIGINAL RAY

S AIED N 1

MEOIUNM 2
v

MEOrINY 2
-
F C—y
LINAL RAY <« MORMAL
/ FIGURE 1

Using the double-subscript notation, the index of refraction becomes:

Vo
Moy = (7)
v,
When numerator and denominator are divided by V,,
V,
Vy M1 M3
Pozg=—""T—"= = = Ha c Mas
Vs M31 P2
vy
13 sin 1
Moz = — = (8)
M2 sin r
also Kz © P23 = 13 (9

From equation (9) a very important rule of multiplication 1s
obtained. Designating 1 and 3 as outer subscripts and 2 and 2 as
inner subscripts, the rule is:

When multiplying one index of refraction by another, arrange .the
subscripts in such a manner that two inner subscripts are alike,

WwwWwW americanradiohistory com


www.americanradiohistory.com

376 RCA REVIEW

thereby permitting the product to be substituted by a single index
of refraction with its subscripts equal to and in the same order as the

outer subseripts of the product.

Th:on Hya o floy o My 1

For a total of » media, the expression is:

My » Mozt fagg 0y 1 (10)
NORNMAL
ArOrers 2
»
Q\‘ /
e AIELIT 5
FIGURE 2
‘/
NORMAL >
[ i
o
o MEOIUNT 2
< r
/
/
/ v mEOILAT 3

FIGURE 3

Equations (3) and (10) exemplify a unique property of Abelian

finite groups.
As a second part of this problem, reverse the direction of propaga-
tion as shown in Figure 3 and compute the new index of refraction

using the double-subscript notation.
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The desired index of refraction is:

Mo = —— (11)

From equation (8),

1 P2

Rgo = —— =

Koy Mg

(12)

Therefore, equations (8) and (12) are the solutions to the proposed
problems involving media 2 and 3. If the product of the index of
refraction ps, and sin 7 is greater than unity, total reflection results.

I1II. REFRACTION IN THE KENNELLY-HEAVISIDE LAYER

Refraction of radio waves in an ionized medium satisfies equation
(10) and therefore is expressible in terms of this notation. The
approximate formula for the index of refraction of radio waves in an
ionized medium as given by P. O. Pederson! is:

81N
p=4/ 1——— (13)
f'.'

where, N = electron density in electrons per cubic centimeter

f = frequency in kilocycles

Consider a vacuum as medium 1 and two adjacent regions within
the Kennelly-Heaviside Layer as medium 2 and 3 respectively, located
such that the direction of propagation is from medium 2 to medium 3.
Then in terms of the double-subscript notation, equation (13) is

expressed as:
~ 81N,
Hio = ] —— (14)
f?

- 81N,
#13=/‘/1———— (15)
f‘_’

where, N, = electron density in medium 2

N, =electron density in medium 3

14The Propagation of Radio Waves,” P. O. Pederson, G. E. C. Gad,
Copenhagen, Denmark.
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From equation (R),
sini " fF—8IN

My A/ (16)
sin » ‘ [ —8I N,

which indicates total retlection within the Kennelly-Heaviside Layer
occurs when,

sin ¢
tys 8ing > 1 (17)
Hay
or when, ‘ / - sint > 1 (18)
f 81N

and not necessarily at the region of maximum electron density.

V. ELECTRONIC REFRACTION

Refraction of electrons when passing from one electro-static field
to another also satisfies equation (10) and may be expressed in terms
of the notation developed in this paper. This fact can be shown by
considering a number of thin surfaces separating regions having
electro-static potentials V,, V,, V., V, respectively and determining
the relation between the electron velocities and the corresponding
potentials. When an electron is moving with a speed v, in region (2)
before passing through a surface and a speed v, in region (38) after
passing through the surface, then*

vy (Vy—Vy)e
/1 (19)
’2 ' -."m’l):_."'
where e — electronic charge
m = electronic mass
v, — electron velocity corresponding to the potential V., in-
fluencing the electron
Then dmu,® = Ve (20)

* Electron Optics in Television—Maloff and Epstein (McGraw-Hill
Book Co. Inc.).
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Substituting equation (20) into (19),

ta Vs
= (21)
'v-_v ‘ "-v

The index of refraction as defined by equation (7) becomes:

vy g
Porg = 1/ : (B2)
Vy Vi

By a similar process of reasoning concerning regions (3) and (4),

/ Vs
M3y — I (23)
‘/74
Therefore, if p., were desired, it is only necessary to perform the
product

Pz M3y = Moy (24)

V.
Moy = o (25)
Vi

If the regions (1) and (2) are reasonably short, the two separating
surfaces may be considered as a ‘“thin” electro-static lens with a
focal length of

which gives,

4V,
f=- (26)
Vo Vv,
d. d,
where d, = distance from zero potential surface to first separating

surface
d., = distance between the two separating surfaces

Equation (26) may now be expressed in convenient form by dividing
numerator and denominator by V, thus giving:

415>
P H12 - (27)
1 [
d, dy
or

1 1 1 of

! =__<___—’“—> (28)

f 4py° d» d,
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The corresponding formula for the focal length of a “thin” glass lens
In air is:

1 1 1
(py2 1 ( (29)
f R, R.
Where R, radius of curvature of the first surface

I, — radius of curvature of the second surface

Thus, with the aid of equations (28) and (29) it is possible to compare
the performance of “thin” electro-static lenses with “thin” glass
lenses.

The foregoing analysis illustrates how the application of the group
property clarifies the relations involved in refraction problems. It can
be applied to any refraction problem which satisfies equation (10).
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OUR CONTRIBUTORS

MURRAY G. CROSBY joined the branch of the Radio Cor-
poration of America which is now R.C.A. Communica-
tions, Inc., in 1925. He was engaged in the operating and
design departments of that branch until 1926, when he
took a leave of absence and returned to the University
of Wisconsin for one semester and received his degree of
B.S. in Electrical Engineering. Since that time he has
yemained in the research and development division of
R.C.A. Communications, Inc. His work has been mainly
on the subject of frequency modulation and he is one of
the early workers in that field. Mr. Crosby is a member
of the Institute of Radio Engineers.

EpwaArD W. HEROLD received a B.Sc. degree at the Uni-
versity of Virginia in 1930. He was employed in the
research section of the Bell Telephone Laboratories from
1924 to 1927. During 1927 and the summers of 1928 and
1929, he worked in the engineering department of E. T.
Cunningham, Ine. Since 1930, Mr. Herold has been in
the Research and Engineering Department of the RCA
Manufacturing Company at Harrison, N. J. He is a mem:-
ber of the Institute of Radio Engineers.

RALPH S. HOLMES received his B.S. degree in electrical
engineering from the University of Nebraska in 1923.
From 1923 until 1930 he was in the Radio Engineering
Department of the General Electric Company in the re-
ceiver development section. Since 1930 he has been in
; charge of television receiver research for the RCA Manu-
~ facturing Company. Mr. Holmes is active on several
technical committees of the Radio Manufacturers Asso
ciation and the Institute of Radio Engineers.

CHARLES N. KiMBALL reccived a B.E.E. degree from
Northeastern University in 1931. From Harvard Uni.
versity he received his M.S. degree in 1932 and his
Se. D. degree in 1934. He spent two years with the Na-
tional Union Radio Corporation and since 1936 has been
connected with the RCA License Laboratory. Dr. Kim-
ball 1s an associate member of the Institute of Radio
Engineers.

ERNEST A. LEDERER received his Ph.D. degree from the
University of Vienna in 1920 and was appointed assistant
in the Department of Physics at that University. Later
in the year Dr. Lederer joined the Westinghouse Lamp
Company in Vienna, and in 1923 became research engi-
neer for Westinghouse in New Jersey. Seven years later
he became Chief Engineer of the National Union Radio
Corporation and since 1934 has been an RCA engineer
engaged in research work in the Radiotron Division of
the RCA Manufacturing Company. In his several con-
nections Dr. Lederer has engaged in tungsten filament
preparation, gaseous rectifiers, phonofilm and thermionic
vacuum tube research. He is a member of I.R.E.
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JOHN B. MOORE is an alumnus of Carnegie Institute of

RCA REVIEW

HAROLD A. MOORE, a native of Michigan, received his
B.S. degree in electrical engineering from Michigan State
College in 1929. The same year he Joined the research
and advanced development division of R.C.A. Communi-
cations, Inc., and has since been associated with them.

Technology from where he received his degree of B.S. in
E.E. in 1922, Since his graduation he has been connected
with the Engineering Department of the Radio ( orpora-
tion of America and R.C.A. Communications, Inc., for the
first four years in the operating division, and since then

”

&
Nwr’

{

in the design of receiving methods and equipment. Mr.
Moore is a member of the Institute of Radio Engineers. ‘

GarrARD MOUNTJOY, following his graduation with a
B.S. degree from Washington University in 1929, joined
the Sparks-Withington Company as a development engi-
neer. Ior that company he spent some time in Europe
designing radio sets for local conditions. He later became
Chief Engineer of the Sparks-Withington Radio Develop-
ment Department which position he held until 1935,
Prior to entering college he spent a year with the West-
inghouse Company. Since 1935, Mr. Mountjoy has been
on the staff of the RCA License Laboratory.

DAVID SARNOFF, President of the Radio Corporation of
America, has been continuouslyv identified with radio since
1906. He received his early education in New York public
schools and later was graduated from Pratt Institute,
where he took the electrical engineering course. He is a
fellow, Institute of Radio Engineers, and served as sec-
retary and director of LLR.E. for three years. Mr. Sar-
noff is a member, Council of New York University:
member, Academy of Political Science and member,
American Institute of Electrical Engineers. He holds the
honorary degrees of Doctor of Science from St. Lawrence
University, Marietta College, and Suffolk University;

Doctor of Literature from Norwich University; and Doctor of Commercial
Science from Oglethorpe University. He is an honorary member of Beta
Gamma Sigma and an honorary member of Tau Delta Phi. He is a colonel

SC—Res., U. S. Army.
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THEODORE A. SMITH, a native of New York City, re-
ceived his M.E. degree from Stevens Institute of Tech-
nology in 1925. In the same year he joined the RCA
Technical and Test Laboratory, where he engaged in
development work on receiver test methods, field intensity
measurement and fading investigations. In 1928 he as-
sumed charge of the RCA television development group
and of station W2XBS, then located on Fifth Avenue,
New York. In 1930 he became transmitter sales engineer
connected with RCA Victor’s New York sales office of
broadcast station equipment. Since 1936 Mr. Smith has
been engaged in sales engineering work on television
broadcasting apparatus and laboratory equipment at the Camden plant of
RCA Manufacturing Company.

Stuarr W. SEELEY received his B.Sc. Degree in Elec- mf}'
trical Engineering from Michigan State College in 1925. =
[He was an amateur experimenter and commerciai radio
operator from 1915 to 1924. Following this he joined the
experimental research department of the General Elec-
tric Company, and a year later became Chief Radio
[neineer for the Sparks Withington Company. Since
1935 he has been Section Engineer in the RCA License
Laboratory.

Browper J. THOMPSON reccived a B.S. degree in
electrical engineering from the University of Wash-
ington in 1925. From 1926 to 1931 he was engaged n
vacuum tube research and development for the Gen-
eral Klectric Company at Schenectady. From 1931 to
the present he has been in charge of the Research
Division, Research and Engineering Department,
RCA Manufacturing Company, Inc., Harrison, N. J.,
engaged in television, ultra-short-wave, and other
tube research problems. In 1936 Mr. Thompson
was awarded the Morris Liebmann Memprial Prize
by the Institute of Radio Engineers for important contributions to the
ultra-short-wave field of radio. He is a Fellow of the Institute of Radio
Engineers and a member of the American Physical Society.

RUSSELL A. WHITEMAN received his B.S. degree 1n
1933 and E.E. degree in 1934 and is now working for a
doctor’s degree at Columbia University. He was awarded
the Trowbridge Fellowship to continue graduate work
at Columbia. and was simultaneously employed by Amer-
ican Machine and Metals, Inc., as research engineer on
noise reduction methods applied to fan design, in which
he continued until 1936. Prior to that he was engaged in
the Bell Telephone Laboratories from 1927 to 1929, on the
development of permalloy and perminvar dust cores ap-
plied to lumped loading. In 1936 he went with the Carrier
Corporation as development engineer on noise reduction
in ventilating and air conditioning equipment. Since 1937 he has been an
instructor in the physics department of RCA Institutes, New York. Mr.
Whiteman is a member of Epsilon Chi and of Sigma Xi fraternities.
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TECHNICAL ARTICLES BY RCA ENGINEERS
Published Fourth Quarter, 1939

Braney, A. C. see Dinaick and BLaney.
Buckiix, K. G.—Miniature Battery Tubes—Electronics, November.
CarLsox, W. L. --see HarvEY and CarLSON
CarteER, P. S.—Simple Television Antennas-—RCA Rewicwr. October.

Dimsmrck. G. L.—Optical Control of Wave-Shape and Amplitude Characteristics in Variable
Density Recording—Jourual Socicty of Motion Picture Engineers, December.

Drvamrck. G L. and A. C. BLaNey—A Direct Positive System of Sound Recording—/ournal
Socicty of Motion Picture Engincers, Novemher.

DoxLev, H. L.-—see Epstein and DoxLey

Epstein. D. W.. and H. L. DoNLEv— The Application of the Tensor Concept to the Complete
Analysis of Lumped, Active, Linear Networks (Continued)-—RCA Review, October.

Gopbparp, D). R. - Transatlantic Reception of London Television Signals—Proceedings [nstitute
of Radio Engineers, November.

GorpsmiTi, Dr. ALFRED N.—The American Standards Association and Its Radio Standardiza-
tion Activities—R.M . 4. Engineer, November.

Television Economics, Part IX -Communications, October.

Television Economics, Part \ -Communications, Nevember.
——Television Economies, Part X1 Communications, December.

Guy, Ravmonp F.—Rules and Standards for Broadcast Stations—Radio Technical Digest,
November-December (Reprinted from Electronics, August, 1939.)

HAR\'EY,(}){. L., and W. L. CarLson Polystrene Applied to Radio Apparatus- -RCA Review
ctober.

Hatiaway, J. 1. The Effect of Microphone Polarity on Percentage Modulation—Electronics,
October.
High Frequency Pre-Emphasis- Electronies, November.
Hurcuinson, Tiiomas H. Programming the Television Mobile Unit. ‘RCA Review, October.
Iass, HAKRLEY-—see Rose and Iaws.

Kartzin, .\Lb Ultra-High Frequency Propagation-—Proceedings Radio Club of America, Sep-
tember,

Kkevzer, B., (and C. I.. looTens of Republic Productions, Inc.) A New Mobile Film-
Recording System—/Journal Society of Motion Picture Engineers, October.

LINDER, ERNEST G.—The Anode-Tank-Circnit  Magnetron- Proceedings Institute of Radio
Engineers, November.

Massa, Frank ‘Microphone Efficiency: A Discussion and Proposed Definition— Journag! Acous-
tical Society of America, October.

MaTiEs, R. E.. and J. N. Wuiraxker—Radio Facsimile by Sub-Carrier Frequency Modulation—
RCA Review, October.

MorkicaL, Keron €. -Sound Insulation Characteristics for Ideal Partitions Journal Acoustical
Society of America. October, reprinted in RCA Review, October.

MowrToN, G. l.;\ and E. G. RanmBErG—Point Projector Electron Microscope—Physical Revicw.
October.

MouxTjov. lGARMRD- -Television Signal-Frequency Cireuit Considerations—RC A Revierw,
October.

NERGAARD, Leon S.—A Tlleorelica[ Analysis of Single-Sideband Operation of Television Trans-
mitters—-Proceedings Institute of Radio Enginecrs, October.

PeTERsoN, H. O. ~Ultra-High-Frequency Propagation Formulas RCA Review, October.

PHELPS, Wicciam ., ‘A Source for Investigating Microphone Distortion
Socicty of America, October.

PREISMAN, ALBERT - Impedance Matching—Commusiications (Dec.), 1939,
RamBERG, E. G.—see Mortoxn and RapEgg,
RETTINGER, M.—Acoustic Condition Factors—Journal Society of Motion

Journal Acoustical

Picture Engin eers,

October.
RosE, AISERTI'; and HarLEY Iams—The Orthicon, A Television Pick-Up Tube—RCA Review
ctober. »
EMiTy, J. ErRNEST—Book, “Simplified Filter Design”- -RCA Institutes Techwical Press, Sep-
tember. 2 3

Tuska, C. D.-—Radio in Navigation—Journal of Franklin

}VE[NBERGER._ JuLius—Basic Economic Trends in the Radio
Radio Engineers, November,

WHITAKER, J. N.—see MATHES and Wi ITAKER.

WinG, A. K.—A Push-Pull Ultra-High-Frequency Beam Tetrode o ] 3 ;
November-December (Reprinted from RCA Revicrw ﬁ,;;:lelg‘;l;f';im Technical Digest,
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Institute-—-Qctoher and November,
Industry-—-Pract'cdingx Institute of
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