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The Institute of Radio Engineers

GENERAL INFORMATION

InsTrTuTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Engineers and the
Wireless Institute. Its headquarters were established in New York City
and the membership has grown from less than fifty members at the start
to several thousand.

Amms anp OBsects. The Institute functions solely to advance the theory and
practice of radio and allied branches of engineering and of the related arts
and sciences, their application to human needs, and the maintenance of a
high professional standing among its members. Among the methods of ac-
complishing this need is the publication of papers, discussions, and com-
munications of interest to the membership.

ProcEEDINGS. The PROCEEDINGS is the official publication of the Institute and
in it are published all of the papers, discussions, and communications re-
ceived from the membership which are accepted for publication by the
Board of Editors. Copies are sent without additional charge to all members
of the Institute. The subscription price to nonmembers is $10.00 per year,
with an additional charge for postage where such is necessary.

R EspoNSIBILITY. It is understood that the statements and opinions given in the
PrRoCEEDINGS are views of the individual members to whom they are
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Papers submitted to the Institute for publication shall be regarded as no
longer confidential.

REPRINTING PROCEEDINGS MATERIAL. The right to reprint portions or abstracts
of the papers, discussions, or editorial notes in the PROCEEDINGS is granted
on the express condition that specific reference shall be made to the source
of such material. Diagrams and photographs published in the PROCEEDINGS
may not be reproduced without making specific arrangements with the
Institute through the Secretary.

ManvUscripTs. All manuscripts should be addressed to the Institute of Radio
Engineers, 33 West 39th Street, New York City. They will be examined by
the Papers Committee and the Board of Editors to determine their suita-
bility for publication in the PROCEEDINGS. Authors are advised as promptly
as possible of the action taken, usually within two or three months. Manu-
scripts and illustrations will be destroyed immediately after publication of
the paper unless the author requests their return. Information on the
mechsanical form in which manuscripts should be prepared may be obtained
by addressing the secretary.

MatLing. Entered as second-class matter at the post office at Menasha, Wis-
consin. Acceptance for mailing at special rate of postage is provided for in
the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L.
and R., and authorization was granted on October 26, 1927.
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THE INSTITUTE OF RADIO ENGINEERS, INC.
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BusiNEsS, EDITORIAL, AND ADVERTISING OFFICES
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or election to the various grades of membership
have been received from the persons listed below, and have been approved by
the Committee on Admissions. Members objecting to transfer or election of any
of these applicants should communicate with the Secretary on or before Novem-
ber 30, 1933. These applications will be considered by the Board of Directors at

its meeting on December 6, 1933.
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For Election to the Junior Grade
California Sacramento, 1315-41st St.. .. Jeffers, L. M., Jr.
Towa Waterloo, 422 Randall St. Ebel, A. J.
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New York City, 5§ W. 63rd St. Ryan, E. G
For Election to the Student Grade
New York Yonkers, 40 Caryl Ave. Lieb, J. 8.

For Election to the Associate Grade
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INSTITUTE NEWS AND RADIO NOTES

October Meeting of the Board of Directors

In the absence of Dr. Hull, Dr. Goldsmith was requested to take
the chair at the October 4 meeting of the Board of Directors which was
attended by Melville Eastham, treasurer; O. H. Caldwell, R. A. Heis-
ing, J. V. L. Hogan, F. A. Kolster, E. L. Nelson, E. R. Shute, H. M.
Turner, A. F. Van Dyck, William Wilson, and H. P. Westman, secre-
tary.

G. W. Kenrick and J. C. Warner were transferred to the grade of
Fellow; F. W. Norris, J. G. Ogg, and E. G. Ports were transferred to
the grade of Member; and Ludwig Arnson, Charles Baxter, and A J.
Eaves were admitted directly to the grade of Member. Twenty-four
Associates, two Juniors, and three Students were elected to member-
ship.

Approximately fifteen Institute members have been placed in
positions during each of the last four months by the Emergency Employ-
ment Service which continues in operation. :

Because of his candidacy, A. F. Van Dyck resigned as a member
of the Tellers Committee.

The Constitution and Laws Committee presented a number of
recommended changes in the Institute Constitution. These were given
detailed consideration and the secretary was instructed to submit the
proposed revisions to the membership for letter hallot.

Rochester Fall Meeting

For the past several years special district meetings have been held
in Rochester and have become known as the Rochester Fall Meetings.
They have always been held in November and this year the dates are
13, 14, and 15. The Hotel Sagamore will be the headquarters for the
meeting and the three days will be devoted to the presentation of
papers on technical problems of particular interest to the broadcast
receiver engineer.

All papers will be presented in the informal manner which has
characterized these meetings in the past and while attempts will Le
made to secure the manuseripts for publication, it is highly probable
that extremely few will have been prepared and released for that pur-
pose. Consequently, there is no assurance that these papers will appear
in the PROCEEDINGS at a later date. A tentative list of the papers fol-
lows:

«“Development of Cathode Ray Tubes for Oscillograph Purposes, o

1513

& i el LSS i ,



1514 Institute News and Radio Noles

by H. B. Headrick, R. T. Orth, and C. W. Taylor, RCA Radiotron
Company.

“Dynamic Detection,” by K. W. Jarvis, Zenith Radio Corpora-
tion.

“Some Television Problems and Their Solutions,” by 1. G. Maloff,
RCA Victor Company.

“Superregeneration as Applied to Ultra-Iigh-Frequency Recep-
tion,” by David Grimes and W. 8. Barden, RCA License Laboratory.

“Losses in Electrolytic Capacitors,” by P. Robinson, Sprague
Specialties Company.

“Speaker Problems in High Fidelity Reccivers,” by Iugh S.
Knowles, Jensen Radio Manufacturing Company.

“Conditions Necessary for an Increase in Usable Receiver Iidelity,”
by Alfred N. Goldsmith, Consulting Engineer.

“Problems in Ignition Interference Suppression,” by L. F. Curtis,
United American Bosch Corporation.

“New Tube Design Problems,” by Roger M. Wise, Hygrade-
Sylvania Corporation.

“Vibrating Rectifiers for 3 Power Supplies,” by C. T. Wallis,
Delco Appliance Corporation.

A technical exhibition will be held and will offer the engineer an
opportunity of examining and discussing with the producer an ex-
tensive array of components for broadcast receivers, measuring equip-
ment, and manufacturing aids.

Reservations should be made in advance for hotel accommodations
as during past meetings it has been impossible for all to obtain accom-
modations at the Sagamore. Consequently, those placing early reserva-
tions will find it to their advantage.

Committee Work
ConNsTITUTION AND LAaws COMMITTEE

A meeting of the Constitution and Laws Committee was held on
October 3 at the Institute office. Those in attendance were J. V. L.
Hogan, chairman; Austin Baily, Arthur Batcheller, R. A. Heising,
A.F. Van Dyck and H. P. Westman, secretary.

The committee completed its examination of the Institute consti-
tution and prepared for submission to the Board of Directors its recom-
mendations on proposed changes in that document.
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American Standards Association

The American Standards Association has announced a recently
adopted standard for Inch-Millimeter Conversion for Industrial Uses.
The standard is based upon 1 inch = 25.4 millimeters and gives several
conversion tables which will prove of convenience to those making
such computations. Copies of the standard may be obtained at 20
cents each from the American Standards Association, 29 West 39th
Street, New York City.

Proceedings Binders

Binders for the PROCEEDINGS, which may be used as permanent
covers or for temporary transfer purposes, are available from the
Institu*e office. These binders are of handsome Spanish grain fabrikoid,
in blue and gold. Wire fasteners hold each copy in place, and permit
removal of any issue from the binder in a few seconds. All issues lie
flat when the binder is open. Each binder will accommodate a full
year’s supply of the ProceEDINGS, and they are available at one
dollar and seventy five cents (%1.75) each. Your name, or PROCEED-
iNgs volume number, will be stamped in gold for fifty cents (50c)
additional.

Institute Meetings
ATLANTA SECTION

A meeting of the Atlanta Section was held on May 11 at the At-
lanta Athletic Club. Henry Reid, vice chairman, presided in the
absence of Chairman Wills.

A discussion on “Carrier Current Telephony” was the subject
of a paper by E. Y. Webb, an engineer for the American Telephone and
Telegraph Company. His treatment of the subject was interesting
and instructive and was illustrated by means of various graphs and
circuit diagrams.

The paper was discussed by Messrs. Bangs, Daugherty, Gardberg,
Gerks, and Wills. Seven were present at the informal dinner which
preceded the meeting, and sixteen attended the meeting.

The July meeting of the section was held on the 20th at the At-
lanta Athletic Club and was attended by eighteen. Eight were present
at the informal dinner which preceded it.

H. L. Wills, chairman, presided and presented J. W. Spratlin of
the Radio Department of Fastern Air Transport who presented a paper
on “Aircraft Radio.” The speaker described the various transmitting
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and receiving equipment used in the communication system of Eastern
Air Transport, and illustrated his paper with various pieces of equip-
ment which were available for inspection at the meeting.

A general discussion followed which was entered into by Messrs.
Bangs, Daugherty, Gardberg, Smith, and Wills.

The August 10 meeting was held at the Atlantan Hotel. Chairman
H. L. Wills presided and the attendance totaled thirteen of whom
seven were present at the informal dinner held before the meeting.

“High Fidelity Theater Sound Equipment” was the subject of a
paper by Harry Leighley, sales representative of the RCA Vietor
Company. The speaker presented a detailed discussion of the methods
and equipment used for theater projection of sound films.

The paper was discussed by Messrs. Bangs, Gardberg, Gearhart,
Holliday, and Wills. At the conclusion of the discussion, the meeting
adjourned to the home of J. B. Dumestre where a demonstration was
given of the equipment.

CHICAGO SECTION

The Chicago Section held its September 22 meeting in the audi-
torium of the Western Society of Engineers. R. M. Arnold, chairman,
presided and the attendance totaled 100.

A paper on “Performance of Various Coils and Types of Wirein
Superheterodyne Receivers” was the subject of a paper by David
Grimes and W. S. Barden of the Radio Corporation of America License
Laboratory. Mr. Barden presented the paper.

Several sizes of Litzendraht wire were tested in various coil forma-
tions typical of present-day broadecast receiver design to determine
their merits and effects on both selectivity and gain in intermediate-
frequency amplifiers for superheterodyne receivers. It was not found
to be important to make an extensive study at 175 kiloeycles as Litz
wire becomes definitely worth while only at the higher intermediate
frequencies. Measurements may indicate the desirability of standardiz-
ing on 3/40, 7/41, and 10/41 Litz for broadecast receiver work. These
sizes are, respectively, desirable for very small, medium, and large
intermediate-frequency transformer coils. The effect of a broken
strand is unimportant in the two larger sizes and not serious in the
smallest size specified. A broken strand is not the equivalent of its
removal and despite the break, the strand will assist in the process of
conduction.

While some improvement over solid wire is shown in the larger
sizes at 550 kilocycles, none tested at 1500 kilocycles showed a worth-
while advantage.
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The paper was discussed by Messrs. Arnold, Jacobs, Jarvis,
Knowles, Marco, Million, and Wunderlich.

DETROIT SECTION

The September 15 meeting of the Detroit Section was held in the
Detroit News Conference Room. G. W. Carter, chairman, presided
and thirty-eight members and guests were in attendance.

W. R. Hoffman, chief engineer of WWJ, Detroit News Broadcast-
ing Station, presented a “Discussion of Present-Day Broadcast
Methods.” In it, he presented a general description of the equipment
used at WWJ including the frequency control and monitoring equip-
ment, transmitter proper, and studio designs. He then discussed in
detail the audio input system used and the switching arrangements
provided to insure flexibility and continuity of operation. The paper
was concluded with a report of the arrangements made for broadcast-
ing the Harmsworth races including some incidents which had not
been included in the original schedule and which threatened ineffec-
tively to interfere with the successful broadcast of the event.

A number of those present participated in the general discussion
which followed the paper. In closing the meeting some new extension
radio courses offered by the University of Michigan and the Detroit
City College were discussed.

NEw York MEETING

A meeting of the Institute was held in New York on October 4 in
the Engineering Societies Building. Donald MeNicol presided in
the ahsence of Dr. Hull.

The paper of the evening “Vacuum Tubes of Small Dimensions
for Use at Extremely High Frequencies” by B. J. Thompson and G. M.
Rose, Jr., of the RCA Radiotron Company was presented by Mr.
Thompson. This paper was previously presented in Chicago during the
Eighth Annual Convention of the Institute and is summarized in the
June, 1933, issue of the PRoCEEDINGs. A demonstration of these tubes
was given by Mr. Rose.

An interesting discussion was participated in by a number of the
500 members and guests in attendance. :

SAN FRANCISCO SECTION

A meeting of the San Francisco Section was held on September
20 at the Bellevue Hotel. G. T. Royden, chairman, presided and the
attendance totaled fifty-eight. Sixteen were present at the dinner
which preceded the meeting.
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A paper on “Ilectrical Recording” was presented by S. A. Sollie
of McGregor and Sollie. The author presented a description of the
methods used in electrically recording sound on disks and discussed
various important factors which must be given careful consideration
in order to obtain high fidelity reproduction.

At the conclusion of the paper, the meeting adjourned to visit
the laboratories of Me(Gregor and Sollie to witness the complete cycle
of recording and processing records.

WASHINGTON SECTION

A meeting of the Washington Section was held on September 14
at the Kennedy-Warren Apartments with H. G. Dorsey, chairman,
presiding.

“Compact Direction Finders for Atmospheric Disturbances” wags
the subject of a paper by W. B. Burgess of the U. S. Naval Research
Laboratories. The author presented first a summary of methods previ-
ously used in the directional study of atmospheries emphasizing that
when multiple sources are involved, integrating devices are less satis-
factory than taking bearings on the individual static crashes.

A compact direction finder was described. It employs a cathode
ray tube and a receiver unit having fixed loops of small dimensions.
It is operated on a fixed frequency of twelve kilocyeles and requires a
field intensity of eight microvolts per meter per centimeter of deflec-
tion of the cathode ray at maximum intensity. By comparison with
the output of a local calibrated oscillator and attenuator, field strengths
are readily computable up to about one volt per meter. Bearings un-
calibrated with respect to intensity may be taken on atmospherics of
much greater field strength. Tests indicate an inherent instrumental
accuracy of direction of two degrees.

The problems of shielding of circuits and the substantial elimina-
tion of regenerative effects were discussed. Iron shields were found
necessary and the voltage gain of the amplifier was approximately
nine million. The apparatus is being used by the U. S. Navy in the
study of atmospheries and meteorological conditions.

A number of the forty-five members and guests present partici-
pated in the discussion of the paper. Seventeen attended the informal
dinner which preceded the meeting.

o D) > @ . ..



Proceedings of the Institute of Radio Engineers
Volume 21, Number 11 November, 1933

TECHNICAL PAPERS

A NEW FIELD OF APPLICATION FOR
ULTRA-SHORT WAVES*

By

ErnsT KRAMAR
(Laboratories of C. Lorenz Aktiengesellschaft, Berlin-Tempelhof, Germany)

Summary—In a previous issue of the PROCEEDINGS! A. Esau and W. M.
Hahnemann referred to the applications of ultra-short waves and to their being suit-
able for a precise bundling of radiation. In the meantime, other authors have dis-
cussed the same subject. The present paper describes the use of this kind of waves in
connection with radio beacons. A new method of forming a guide ray by keying the
reflectors is stated. The dependence of the guide ray upon size, spacing, and number
of reflectors is measured. There is no distortion due to reflections. A description 1s
given of the use of the radio range beacon for blind landing of airplanes in thick
weather. Simultaneous visual and aural reception in the airplane is possible without
changing the method of keying the transmitter.

corresponding to wavelengths below ten meters in their very

nature are similar to the oscillations of the visible light spectrum.
Exactly as in the case of these their range is limited to the straight
visibility between transmitter and receiver when the influence of
diffraction, etc., is disregarded. Their penetration qualities, however,
are considerably stronger than those of the visible rays, for they pene-
trate fogs or clouds unweakened. Due to their limited range, these
waves can be used for telegraph communication only in exceptional
cases. They may be used, however, to great advantage wherever the
known optical signaling means, such as lighthouses and normal bea-
cons, fail due to poor visibility.

One requirement is imposed on all such optical signals, viz., to
cover only a strictly limited angle of the compass card, for example, in
order to indicate habor entrances or to warn of dangerous zones. This
necessity, so easily to be complied with in the case of optical lights with
the help of reflectors and lens systems, can he met with difficulty only

at least as far as waves longer than one meter are concerned—be-
cause of the large dimensions of the required mirrors or reflectors. Not

r I VHE extremely rapid oscillations (10% cycles per second and over)

* Decimal classification: R526.1. Original manuscript received by the Insti-
tute, July 26, 1933.

1 Numbers refer to bibliography.
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A paper on “Lilectrical Recording” was presented by S. A. Sollie
of McGregor and Sollie. The author presented a deseription of the
methods used in electrically recording sound on disks and discussed
various important factors which must be given careful consideration
in order to obtain high fidelity reproduction.

At the conclusion of the paper, the meeting adjourned to visit
the laboratories of McGregor and Sollie to witness the complete cycle
of recording and processing records.

WASHINGTON SECTION

A meeting of the Washington Section was held on September 14
at the Kennedy-Warren Apartments with H. G. Dorsey, chairman,
presiding.

“Compact Direction Finders for Atmospheric Disturbances” was
the subject of a paper by W. B. Burgess of the U. S. Naval Research
Laboratories. The author presented first a summary of methods previ-
ously used in the directional study of atmospherics emphasizing that
when multiple sources are involved, integrating devices are less satis-
factory than taking bearings on the individual static crashes.

A compact direction finder was described. It employs a cathode
ray tube and a receiver unit having fixed loops of small dimensions.
It is operated on a fixed frequency of twelve kilocycles and requires a
field intensity of eight microvolts per meter per centimeter of deflec-
tion of the cathode ray at maximum intensi ty. By comparison with
the output of a local calibrated oscillator and attenuator, field strengths
are readily computable up to about one volt per meter. Bearings un-
calibrated with respect to intensity may be taken on atmospherics of
much greater field strength. Tests indicate an inherent instrumental
accuracy of direction of two degrees.

The problems of shielding of circuits and the substantial elimina-
tion of regenerative effects were discussed. Iron shields were found
necessary and the voltage gain of the amplifier was approximately
nine million. The apparatus is being used by the U. S. Navy in the
study of atmospheries and meteorological conditions.

A number of the forty-five members and guests present partici-
pated in the discussion of the paper. Seventeen attended the informal
dinner which preceded the meeting.
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TECHNICAL PAPERS

A NEW FIELD OF APPLICATION FOR
ULTRA-SHORT WAVES*

By

I'RNST KRAMAR
(Laboratories of C. Lorenz Alktiengesellschaft, Berlin-Tempelhof, Germany)

Summary—In a previous issue of the PROCEEDINGS' A. Esau and W. M-
Hahnemann referred to the applications of ultra-short waves and to their being suit-
able for a precise bundling of radiation. In the meantime, other authors have dis-
cussed the same subject. The present paper describes the use of this kind of waves in
connection with radio beacons. A new method of forming a guide ray by keying the
reflectors is stated. The dependence of the guide ray upon size, spacing, and number
of reflectors is measured. There is no distortion due to reflections. A description is
given of the use of the radio range beacon for blind landing of airplanes in thick
weather. Simultaneous visual and aural reception in the airplane is possible without
changing the method of keying the transmitter.

corresponding to wavelengths below ten meters in their very

nature are similar to the oscillations of the visible light spectrum.
[-xactly as in the case of these their range is limited to the straight
visibility between transmitter and receiver when the influence of
diffraction, etc., is disregarded. Their penetration qualities, however,
are considerably stronger than those of the visible rays, for they pene-
trate fogs or clouds unweakened. Due to their limited range, these
waves can be used for telegraph communication only in exceptional
cases. They may be used, however, to great advantage wherever the
known optical signaling means, such as lighthouses and normal bea-
cons, fail due to poor visibility.

One requirement is imposed on all such optical signals, viz., to
cover only a strictly limited angle of the compass card, for example, in
order to indicate habor entrances or to warn of dangerous zones. This
necessity, so easily to be complied with in the case of optical lights with
the help of reflectors and lens systems, can be met with difficulty only

at least as far as waves longer than one meter are concerned—be-
cause of the large dimensions of the required mirrors or reflectors. Not

r l JHE extremely rapid oscillations (10® cycles per second and over)

* Decimal classification: 11526.1. Original manuseript received by the Insti-
tute, July 26, 1933

1 Numbers refer to bibliography.
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until the advent of the so-called radio beacons has it been possible to
transmit sufficiently concentrated beams of electric wave energy
especially in times of bad visibility—to make possible a welcome
supplement to purely optical signaling systems. 1t is the object of this
paper to show that these radio beacons for short and ultra-short waves
can be very simply and efficiently designed, so that an extensive use of
this approved system can be foreseen.

The idea of using a comparison of field strengths for the indication
of a guiding line was first expressed by Scheller in 1907, and a patent
was granted.? It is probably due to the stage then arrived at in the
radio art that this new method of direction finding was not adopted for
general use. Only individual trials, carried out with more or less suec-
cess, showed that engineers became interested now and then in this
sort of equipment.® The experiments of Kiebitz are especially worth
mentioning. It was not until aviation with its long straight routes
became a common means of traffic that the simplicity and usefulness
of the guide ray system was again recognized, and credit is due to the
U. S. Department of Commerce, the U. S. Army, and the Bureau of
Standards that the radio beacon for long waves has been developed to
its present state in the art.*

Although this system is well known, a short description will be given
here. If two directional radiators are arranged in vertical direction with
respect to each other and transmit complementary signals (for in-
stance a=-— and n= — ) in such a way that these signals are com-
bined into a uniform permanent signal, they will produce the so-called
guide ray or equal-signal zone defined by the line connecting the places
where both signals are received with equal intensity. An airplane or
boat moving on such a line will receive a permanent signal in its radio
receiver, but when deviating from that line, it will receive the signal
(either a or n) with the greater intensity which is assigned to that side
by the directional ray system. A variation of this idea is the modula-
tion of the two directional transmitters with different tone fre-
quencies, and the comparison of the intensities of these two sounds by
means of a reed frequency meter or of a rectifier with milliammeter, re-
spectively.?

At first sight, it seems natural to use crossed horizontal dipoles as
directive antennas when applying this idea to the short-wave field.
Such an arrangement will, however, be liable to cause considerable
misdirections because then a horizontal dipole is also necessary for the
receiving station, and because such a receiving antenna will have its
own directional characteristics. Consequently, and in conformity with
the relative position of the receiving with respect to the transmitting
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aerial one or the other of the two complementary signals will be
preferred in the equal-signal zone.

It results therefore that only vertical polarization is admissible.
On this basis it has been found possible to develop a simple method of
keying antenna reflectors which is especially adapted to the principle
of radio beacons.

~
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(a) (b)

Fig. 1—(a) Propagation of transmitting dipole S and reflector R.
(b) Propagation diagram of transmitting dipole S with two re-
flectors.

With the help of a reflector dipole coupled by radiation and ar-
ranged in parallel with the vertical transmitter dipole, it is possible to
establish a great variety of field distortions depending on the lengths
of the reflectors and their distance from each other. Length and spac-
ing of the reflectors may be chosen in such a manner that the propaga-
tion diagram given in Fig. 1 (a) will result. If a second reflector of equal
characteristics is mounted on the other side of the transmitting dipole,

s\

—a

13 ]

Fig. 2—Circuit of keying equipment for ultra-short-wave beacon.
S =transmitter dipole.
R; and R, =reflector dipoles.

alternating in operation with the first reflector, as shown in Fig. 1 (b),
the pilot ray is formed along the line connecting the points of equal
field strength. The keying is simply effected by relays interrupting the
reflector wires in their current antinodes (centers). This can be done
with advantage by designing one of the relays with make contacts and
the other with break contacts, so that only one kind of signal has to be
keyed. The load on the transmitter itself remains uniform. Fig. 2 shows
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the fundamental circuit of this equipment. The transmitter feeds the
center dipole uniformly. Merely by keying the reflectors the radiation
is directed once to the one side and again to the other side. Fig. 3
shows the construction of the antenna equipment for an 8-meter wave-
length which has been in use since last year. Fig. 4 is a view of the 4-
stage tourmaline controlled experimental transmitter for 70 watts
modulated output, and of the keying motor for the relays.®

Fig. 3—Ultra-short-wave beacon, Berlin-Tempelhof airport.

In conformity with the nature of the method of its production the
pilot ray is independent of interference due to undesired reflections
except very close to the beacon. In the case of short waves, simple
direction finding by means of a loop antenna is disturbed by any in-
cidentally existing reflector, even if this reflector may be tuned only
approximately to the proper wavelength of the beacon. This leads to
great deviations in practice. On the contrary, the pilot ray of this short-
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wave radio beacon is absolutely rectilinear, as may be seen from Fig. 5.
Here are shown measurements made on a beacon (2 watts output, 7
meters wavelength) over unsuitable ground. Neither the telephone line
on the main road (see point 1 in Fig. 5), nor the railway line (point 3),
nor the canal (points I and II), nor the forest (points IIT and IV) cause
the least deviations.”

An undesired reflector fed from the field of the beacon has no great
influence at places far distant from the transmitter or from the zone
of equal intensity. It cannot cause a disturbance unless its lateral dis-

Fig. 4—Experimental transmitter for ultra-short-wave beacon, tourmaline con-
trolled. Keying motor on the left.

tance from the pilot ray amounts to only a few wavelengths and is
located in a place where the two field strengths are essentially different.
This, however, is the case only in the close vicinity of the beacon. At all
the other places the undesired reflector changes only the field strength
in the equal-signal zone, but causes no distortion because it reflects
only the desired signal and cannot reflect the signal from the other
side of the course. The measurements given in the following table con-
firm these considerations.

For a discussion of the possibilities of using ultra-short-wave
heacons, especially for harbor entrances and for similar safeguarding by
means of pilot rays, it is necessary to know the precision of the guide
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TABLE 1
X =7 meters
Distance of Reflector from the
Zone of Permanent Dash ‘ A2 l >‘ 3/25 l 2x r/2 4 2x
Percentage of Energy Alteration {
by Reflector | +53 | -85 —23 | +4s0 ~32| -20
= sl | == —ax| |
Prevailing Signal | n | a n l a n a a
Corresponding Deviation of | ‘
Guide Line (by degrees) | 1.5 4 1 2 0.5 0.75 1
Distance from the Transmitter 80 meters \ 200 meters

line actually obtainable. Assuming that a difference of 5 per cent be-
tween the two field strengths will suffice for securing distinctly per-
ceptible indication, the width of the guiding beam will be about +1
degree in the case of a long-wave four-ray beacon which originates two
lemniscate diagrams normal to each other.® If the directional diagrams
are produced by reflectors coupled by radiation, as described above, the
sectional angle of the curves of equal field strengths is subject to the
influence of both the distance of the reflectors from each other and to

W

10

a7 02 03 04 a5 7
x

Fig. 6—Width of equal-signal zone, (field strengths differing 5 per cent or less),
ag a function of reflector distance and reflector length.

the length of the reflectors. The separation controls the phase of the
exciting field relative to the oscillator itself; the length of the reflectors
controls phase and amplitude of the counteracting field. Fig. 6 shows
two curves which have been found experimentally for the field strength
ratio (5 per cent) mentioned above using the 7-meter wave. The
diagrams, however, can be essentially altered according to the method
by which they are produced. It is possible to obtain different character-
istics all having the same sectional angles. Fig. 7 shows a variety of
curves for constant distance between the reflectors and variable lengths
of reflectors. Fig. 8 illustrates the influence of reflector distance for
constant length of the reflectors.
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The latter two figures show that there exist a great variety of pos-
sibilities. By adding a third reflector for example the reverse part of the
guide beam can be nearly completely eliminated so that only one pilot
ray (Fig. 9) results. With this arrangement a certain section can be
marked also simply by simultaneously connecting and disconnecting

I d=const= 0291
0 a p=04X
———b lp-05A
¢ g =057TA
Fig. 7—Different field characteristics for constant distance and varied length

of the reflector. The dash-dotted line indicates the course when a second
reflector is mounted symmetrically to R.

| {R=const=05A

——a d=048A
1 ———0b d=029A
....... ¢ d=024A

Fig. 8—Different field characteristics for constant lengths and varied distance
of the reflector. The dash-dotted line indicates the course when a second
reflector is mounted symmetrically to R.

two of the three reflectors (see R, and R, in Fig. 10). The desired com-
bination may be chosen in accordance with the special conditions to be
met with.

In the following an especially important application of the radio
range beacon principle is described, viz., its use in connection with
thick weather flying and blind landing of airplanes. Experience has
shown that, when clouds are about 10-50 meters above ground, it is
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sufficient if the pilot receives the direction of the airport approaches
and a signal at the spot where he can safely penetrate the clouds in
order to arrange for his landing (“thick weather landing”). The ar-
rangement described before is especially suited for this purpose. The
direction is indicated by the beacon; the signal for penetrating the

lp=lp =lp =054
d=d, = 02 A
d,= 04 A

Fig. 9—Pilot ray in one direction obtained with three reflectors. B, and R, are
keyed alternately. lr refers to reflector length, d to reector distance.

Fig. 10—Same beacon as in Fig. 9. Reflectors R, and R keyed simultaneously
for marking a sector.

clouds is given when the plane is just vertically above the beacon by
an interruption of the reception, since in the case of vertical polariza-
tion no radiation takes place within a cone of a certain angle above the
transmitting dipole.? It is therefore useful to erect the beacon a few
hundred meters before the airport’s boundary in the direction of the
approach.

A wavelength below 10 meters proves to be extremely useful for this
particular purpose. The range of these waves being limited, all airports
can work with the same landing wave, without causing any mutual
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interference. This simplifies further the apparatus necessary in the air-
plane as well as its maintenance. Inasmuch as radiation into the open
atmosphere is concerned, the range, on the other hand, is so large as to
allow a sufficient field strength for reliable reception at 23-30 kilo-
meters if the airplanes are flying at a height of 300-400 meters. More-
over, as experience shows, these waves are not subject to fading and the
receivers operate uninfluenced by atmospheric noises. I'inally, the
antennas have rather small dimensions even with a most favorable
radiation efficiency and, therefore, the whole transmitter including the
antenna can be established as a truck station, in order to be located in
accordance with the actual wind conditions.

Last winter such an equipment was tested at the instigation of the
Deutsches Reichsamt fiir Flugsicherung (German Board for the Pro-
tection of Aireraft) and in close cooperation with the Deutsche Luft-
hansa and the Deutsche Versuchsanstalt fiur Luftfahrt (German Re-
search Institute for Aviation) at the airport of Berlin-Tempelhof. The
apparatus was supplied by C. Lorenz Aktiengesellschaft (see T'igs. 3
and 4). The receiver used was a 4-valve audion detector set, and the
receiving antenna in the airplane was a vertical rod about 60 centime-
ters in length.

The flight tests proved that the equipment complied with the re-
quirements set forth. The direction transmitted by the beacon was dis-
tinctly noticeable when approaching the airport. It was found ad-
vantageous to work with a relatively great width of the course in-
dicating ray (3 degrees). Smaller width can be easily established as
shown in Fig. 6. The increasing volume of sound, when approaching,
permits rough estimation of the distance from the airport. The cone
within which no reception above the transmitter is possible, had an
angle of about 60 degree; i.e., when passing the transmitter equipment
at a height of about 200 meters there is no reception for a duration of
about 4-5 seconds. This zero zone is also perceptible when the airplane
passes the transmitter laterally outside of the pilot ray, and it is of such
a characteristic nature that it is easily distinguished from temporary
or casual failure of the receiver.

The question of where to install the radio beacon on the line of ap-
proach is determined by the size of the landing field and by the angle
in which the airplane glides when landing. This is due to the fact that
the nonreception of the guide signal indicates to the pilot that he is to
start landing. The use of the radio beacon for blind landing solely with
the aid of measuring instruments will be dealt with in a special paper
as soon as certain experiments undertaken in cogperation with the
Deutsche Versuchsanstalt fir Luftfahrt have been completed.
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According to experience gathered by numerous flight tests, it can
be assumed that in certain cases visual indication is an advantage for
the control of the course deviation and of the guide signal. While a
number of pilots were of the opinion that the eye of the pilot, especially
at blind flight, is already overloaded by the number of instruments to
be watched, and that an audible signal should indicate the direction,
there were others who expressed the idea that it is impossible to see

R

r2

E 9

Fig. 11—Circuit of simultaneous acoustic and visual indication.

and hear, to watch and listen with full attention because the ear ought
to be free for controlling the motor. Therefore, a method has been
developed which with the same keying of the transmitter allowed si-
multaneous visual and aural operation.

The keying signals employed for this simultaneous indication are
short dots and long dashes, respectively, transmitted in the time ratio
of 1:8 or 1:10. This method of signaling has been found especially clear

i1 mAmp

Fig.12—Sensitivity of indicating instrument (a) for a normal direct-current am-
meter, (b) for new type of decreasing sensitivity.

also from the acoustic and physiological point of view, because these
signals can be distinguished more easily than a or n even by an un-
experienced ear. The simultaneous visual indication is obtained by the
deflection of an instrument pointer in accordance with the course
deviation. In order to have the two kinds of gsignals cause a deflection
of the pointer to two different sides, the following solution was arrived
at: If the rectified signals are transmitted via a transformer (Tr2 in
Fig. 11), only the beginning and the end of the signals will become effec-
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tive at the secondary side of the transformer. Therefore, the impulse
starting a dot, for instance, will deflect the pointer of a direct-current
instrument to the left and at the end of the dot will deflect it to the
right, whereas at the end of a dash the pointer is deflected in the re-
verse, i.e., first to the right and then to the left. If the instrument is of
a suitable slow-acting type and provided with means to minimize its
sensitivity with increasing deflection (see Fig. 12), the pointer will re-
spond only to the first impulse deflecting it from the zero position. The
instrument will, however, not be sensitive enough to react on the im-
mediately succeeding reverse impulse as this impulse finds the instru-
ment still in a position of reduced sensitivity. The pointer then reaches
the zero position in the long interval between the dots or in the interval

R T

Fig. 13—Method of visual indication.
I =signal in dot zone. IT =signal in dash zone. )
(a) =low-frequency currents in headphones at receiver output for acoustic
indication.
(b) =anode current of rectifier.
(c) =seccndary voltage of transformer Tr 2.
(d) =movement of instrument pointer.

indicated by the dashes. Fig. 13 (a-d) explains this method by which the
pointer of the instrument is deflected in one direction by any dot radi-
ated from the transmitter, and after having slowly returned to zero
is deflected in the opposite sense by any dash. The required sensitivity
characteristic of the instrument can easily be attained by suitably
shaping the pole pieces of the magnet.

By biasing the rectifier (Fig. 11) and increasing the transformation
ratio (of Trl) it is possible to obtain a considerable sensitivity so that
the width of the ray found by comparison of the acoustic signals may
forthwith also be measured by visual signals.

A second instrument which is connected to a copper-oxide rectifier
and to the output terminals of the receiving set indicates the distance
from the transmitter of the beacon and the cessation of reception above
the beacon. In the case of an approach on the proper course the pointer
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of the direction finding instrument will maintain its center position,
while the deflection of the instrument measuring the intensity will in-
crease more and more as the airplane approaches the beacon.

Tests with a radio beacon of a similar type were made last summer
on the beach of the Baltic near Swinemiinde for harbor approaches.
Also in this case the results obtained are very satisfactory although
the precision of the ray has to be increased for some purposes. These
tests will be continued this summer.

Summarizing, one can conclude that for ranges of about 30 kilo-
meterst ultra-short-wave beacons form a simple and consequently safe
means for securing guide lines by pilot rays. Their special advantages
are their limited range, their freedom from atmospheric interference,
the absence of fading phenomena, and the small dimensions of the
necessary antennas.

1 H. A. Chinn observed ranges greatly in excess of this distance. The author
regrets very much that his report in these PRoCEEDINGS, June, (1933), was not
published before the present paper was completed.

Bibliography*

1 A. Esau and W. M. Hahnemann, “Report on experiments with electric
waves of about 3 meters: Their propagation and use,” Proc. I.R.E., vol. 18,
no. 3, p. 471; March, (1930).

W. Hahnemann, “Die Wellengruppen der Radiotechnik,” Radiowelt
(Vienna), February, (1929).
2 Lorenz-Scheller, D.R.P., 201496, 1907.
3 Lorenz-Scheller, D.R.P., 299753, 1916 (Goniometer).
F. Kiebitz, Jahr. der Draht. Teleg., vol. 15, p. 299, (1919).
F. Kiebitz, Telegraphen- und Fernsprechtechnik, vol. 9, p.46, (1920).

¢+ F. H. Engel and F. W. Dunmore, Bureau of Standards Scientific Paper No.
480, (1923).

W. H. Murphy and L. M. Wolfe, Jour. Soc. Automative Eng., vol. 19, p.
209; September, (1926).
( )J. H. Dellinger, Engineers and Engineering, vol. 43, p. 301; November,
1926).

5 J. 1. Dellinger and H. Pratt, Proc. I.R.E,, vol. 16, p. 890; July, (1928).

¢ E. Kramer, Hochfrequenz. und Elektroakustik, vol. 40, no. 3, p. 88, (1932).

7 E. Kramer, Elel:. Nach., vol. 9, no. 12, p. 469, (1932)

8 P. Besson, L’Onde Eléctrique, vol. 10, p. 369; September, (1931).

9 H. Jacobshagen and E. Kramar, Funkbastler, vol. 19, p. 298, (1933).

* Further literature references may be found in the papers mentioned and in an essay of H. Fass-
bender, Hochfrequenztechnik in der Luftfahrt, page 492, (1932).

o el S (B - 4 -+




Proceedings of the Institute of Radio Engineers
Volume 21, Number 11 November, 1933

VACUUM TUBE ELECTRONICS AT ULTRA-HIGH
FREQUENCIES*

By

. B. LLEWELLYN
(Bell Telephone Laboratories, Inc., New York City)

Summary—Vacuum tube electronics are analyzed when the time of flight of
' the electrons is taken into account. The analysts starts with a known current, which
in general consists of direct-current value plus a number of alternating-current com-
ponents. The velocities of the electrons are associated with corresponding current
components, and from these velocities the potential differences are computed, so that
the final result may be expressed in the form of an tmpedance.

Applications of the general analysis are made to diodes, triodes with negative
grid, and to triodes with positive grid and either negative or positive plate which con-
stitute the Barkhausen type of ultra-high-frequency oscillator. A wavelength range
extending from infinity down to only a few centimeters ts considered, and it is shown
that even in the low-frequency range certain slight modifications should be made in

our usual analysis of the negative grid triode.
Oscillation conditions for positive grid triodes are indicated, and a brief dis-
cussion of the general assumptions made in the theory is appended.

I. FOREWORD

SHE art of producing, detecting, and modulating ultra-high-fre-
quency electric oscillations has reached the same state of de-
velopment which was attained in early work on lower frequency

oscillations when experiment had outstripped theory. The experi-
menters were able to produce oscillations by using vacuum tubes, but
were not able to explain why. They were able to make improvements
by the long and tedious process of cut and try, but did not have the
powerful tools of theoretical analysis at their command. In particular,
the advantage of the theoretical attack may be illustrated by the rapid
advance in technique which followed the theoretical concept of the
internal cathode-plate impedance of three-element vacuum tubes. The
work of van der Bijl and Nichols showed that for purposes of circuit
analysis this path could be replaced by a fictitious generator of volt-
age, ue,, having an internal impedance whose magnitude is given by
the reciprocal of the slope of the static V,— I, characteristic. Develop-
ment of commercially reliable vacuum tube circuits began forthwith.
In a similar, yet less complicated manner, the internal network of two-
element tubes may be replaced by an equivalent resistance when rela-
tively low frequencies only are considered.

In these concepts where the vacuum tube is replaced by its equiva-

* Decimal classification: R130. Original manuscript received by the Insti-
tute, August 2, 1933. Presented in brief summary before U.R.S.1., Washington,
D.C., April, 1932. B

1532

T T e R T T 4 N




Llewellyn: Vacuum Tube Electronics 1533

lent network impedance, one outstanding feature is exemplified;
namely, the separation of the alternating- and direct-current com-
ponents. The equivalent networks are applicable to the alternating-
current fundamental component of the current and differ widely from
the direct-current characteristics. A complete realization of the impor-
tance of this separation will be of advantage in the later steps where
extension of the classical theory to the case of ultra-high-frequency
currents is described.

For a short time after the original introduction of the equivalent
network of the tube, affairs progressed smoothly. Soon, however, fre-
quencies were increased and a new complication arose. The-difficulty
was attributable to the interelectrode capacities existing between the
various elements of the vacuum tube. The original attempts to take
this into account were based on the viewpoint that the tube network
should be complete in itself and separate from the external circuit net-
work to which it was attached. Correct results, of course, were ob-
tained by this method but later developments showed the advantage
of considering the equivalent network of the complete circuit, includ-
ing both tube and external impedances in a single network. For in-
stance, by grouping the combination of grid-cathode capacity with
whatever external impedance was connected between these two elec-
trodes, a great simplification occurred. This step also has its analogy
in the development of ultra-high-frequency relations.

As time went on, higher and higher frequencies were desired, and
they were produced by the same kind of vacuum tubes operating in
the same kind of circuits, although refinements in circuit and tube de-
sign allowed the technique to be improved to the point where oscilla-
tions of the order of 70 to 80 megacycles were obtainable with fair
efficiency. When the frequency was increased still further, it was found
that extension of the same kind of refinements was unavailing in main-
taining the efficiency and mode of operation of the higher frequency
oscillations at the level which had previously been secured. Ultimately,
the three-electrode tube regenerative oscillator ceases to function as
a power generator in the neighborhood of 100 megacycles for the more
usual types of transmitting tubes. When this point was reached, the
external circuit had not yet shrunk up to zero proportions and neither
had its losses become sufficiently high to account altogether for the
failure of the tube to produce oscillations. From this point on, the
old-time cut-and-try methods were employed and marked improve-
ments were secured. In fact, low power tubes have been made which
operate at wavelengths of the order of 50 to 100 centimeters with fair
stability, although quite low efficiency.
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In the meantime, the production of ultra-high-frequency oscilla-
tions had been progressing in o somewhat different direction. T'he dis-
covery, about 1920, by Barkhausen that osecillations of less than 100
centimeters wavelength could be secured in a tube having a sym-
metrical structure, when the grid was operated at a fairly high positive
potential, while the plate was approximately at the cathode potential,
started experiments on what was thought to be an altogether different
mode of oscillation. Workers by the score have extended both the ex-
perimental technique and the theory of production of this newer type
of oscillation. However, one of the results which an analysis of ultra-
high-frequency electronics illustrates is that the electron type of oscilla-
tor is merely another example of the same kind of oscillation which was
produced in the old-time so-called regenerative circuits.

'or the purpose of extending the theory of electronics within vac-
uum tubes to frequencies where the time of transit of the electrons
hecomes comparable with the oscillation period, it is important at the
outset to select an idealized picture which is simple enough to allow
exact mathematical relations to be written. At the same time, the pic-
ture must be capable of adaptation to practical circuits without undue
violence to the mathematics. An example of this kind of adaptation
is illustrated by the classical calculation of the amplification factor
u, which was accomplished by consideration of the force of the electro-
static field existing near the cathode in the absence of space charge even
though tubes were never operated under this condition. In a like man-
ner, such violations of the ideal must, of necessity, be made in ultra-
high-frequency analysis but their practical validity lies in so choosing
them that the quantitative error introduced is less than the expected
precision of measurement. It becomes, therefore, of the utmost im-
portance to state clearly the transitions which occur between results
obtained for the idealized case to which the mathematics is strictly
applicable and the practical circuits where the assumptions and ap-
proximations are made to conform with operating conditions.

A start has already been made on the problem of developing such
a generally valid system of electronies. This was done by Benham!
who considers a special case comprising two parallel-plane electrodes,
one of which is an emitter and the other a collector, when conditions
at the emitter are restricted by the assumption that the electrons are
emitted with neither initial velocity nor acceleration. This work of
Benham’s has the utmost importance in a general electronic theory

LW, E. Benham, “Th(_aory of the internal action of thermionic systems at
moderately high frequencies,” Part 1, Phil. Mag., p. 641; March, (1928);
Part 11, Phil. Mag., vol. 11, p. 457; February, (1931).
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and, in fact, the means of extending his theory exists primarily in the
selection of much more general boundary conditions than were as-
sumed by him. It will, therefore, result that some repetition of Ben-
ham’s work will appear in the following pages. However, in view of
the new state of the theory and the importance of accurate foundations
for it, this repetition is advantageous rather than otherwise.

With these preliminary remarks in mind, the next step is the selec-
tion of the idealized starting point for a mathematical analysis. Ex-
actly as was done by Benham we take two parallel planes of infinite
extent, one of which is held at a positive potential V with respect to
the other, and between the two electrons are free to move under the
influence of the existing fields. The next step in the idealization con-
stitutes the separation of alternating- and direct-current components,
not only of current and potential, but also of electron velocity, charge
density, and electric intensity. With this separation, the restriction
that the direct-current component of the electron velocity and acceler-
ation is zero at the negative plane may be made while leaving us free
to select much more general boundary conditions for the alternating-
current component. It is true that the more general conditions now
proposed will not fit the original physical picture where the negative
plane consists of a thermionic emitter. Nevertheless the extension is of
importance since it allows application to be made to the wide number of
physical cases where “virtual cathodes” are formed. One such example
is the convergence of electrons toward a plate maintained at cathode
potential while a grid operating at a high positive potential with respect
to both is interposed between them. In a stricter mathematical sense,
the broader boundary conditions come about because of the fact that
the general equations containing all components are separable into a
system of equations, one for each component, and that the boundary
conditions for the different equations of the system are independent
of each other.

The concept of an alternating-current velocity component requires
a few words of explanation. In the absence of all alternating-current
components, electrons leave the ecathode with zero velocity and acceler-
ation and move across to the anode with constantly increasing velocity
under the well-known classical laws. This velocity constitutes the di-
rect-current velocity component. When the alternating-current com-
ponents are introduced, there will be a fluctuation in velocity super-
posed on the direct-current value, and the alternating-current com-
ponent need not be zero at a virtual ecathode. This separation of com-
ponents will come about naturally in the course of the mathematical
analysis which follows, but since the interpretation of the equations is
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of paramount importance, a few words of explanation and repetition
will be necessary.
II. FuUNDAMENTAL RELATIONS
For the development of the fundamental relations existing between

the two parallel planes, we have the classical equations of the electro-
magnetic theory which may be set down in the following form:

2%
a Jz
oF
— = 47P ¢ (l)
X

1 OF
J=PU+— —
47 Ot J
where E is the electric intensity, 1" the potential, P the charge density,
J the total current density consisting of conduction and displacement
components, and U is the charge velocity. These equations apply to
frequencies such that the time which would be taken by an electromag-
netic wave in traveling between the two planes is inappreciable when
compared with the period of any alternating-current frequency con-
sidered. Ordinarily this limitation will become of importance only at
frequencies higher even than those in the centimeter wavelength range
where the time of electron transit is of great importance, although the
time of passage of an electromagnetic wave is still negligibly small.
An electron situated between the two parallel plates will be acted
upon by a force which determines its acceleration. The resulting veloe-
ity is a function both of the distance, z, from the cathode and the
time, ¢, so that in terms of partial derivatives, the equation expressing
the relation between the force and acceleration is,
oU oU e

+ U =—F. 2
ot ox m )

From (1) and (2) may readily be obtained

(6 + U d >2U 1 J 3)
— = T — J.
ot ox m (

In this equation we have a relation between the velocity and the total
current density. The advantage of this form of equation for a starting
point lies in the fact that the total current density J is not a function
of z. This comes about because of the plane shape and parallel dis-
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position of the electrodes, and the fact that current always flows in
closed paths. Thus, while the current between the two planes may be a
function of time, it is not a function of x.

The separation of alternating- and direct-current components may
now be made. We write,

J=Jo+ 1 +J2 + (4)
with corresponding

U=U+Ui+ U+ - 1 (5)
V=Vet Vit Vet -

where the quantities with the zero subscript are independent of time,
those with subscript 1 are dependent to first order upon time, those
with subscript 2 are dependent to second order, and so forth. As a
result of this separation in accord with the order of dependence upon
time, (3) may be split up into a system of equations, the first of which
expresses the relation between U, Jo, and z and does not involve time.
This is the relation governing the direct-current components. The sec-
ond equation of the system involves the relation between U,, J,, z,
and time, and contains U, which was determined by the first equation.
Likewise, the third equation contains Us,, U,, Js, , and ¢. Since the
series given by (4) and (5) are convergent so that, in general, the terms
with higher order subscripts are smaller than those with lower sub-
seripts, we may consider that, at least for small values of alternating-
current components, the total fundamental frequency component is
given by the terms with unity subscript.
The first two equations of the system are as follows:

(9 aUn e
U[a <U — '> = 47!' - J() (6)
ox Jor m
<6 LU 6><8U1+ U 8U1+ U 8U0>
ot “oz/) \ at " oz ' oz
J aU, e
+ U[ <UL > = 47r > Jl. (7)
dJdx ox m

In the solution of (6), the boundary conditions are restricted so
that when z is zero, the velocity and acceleration both are zero. These
restrictions mean that initial velocities are neglected, and that com-
plete space charge is assumed. Thus the solution for Uy is

Uy, = ar?!3 (8)
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e 1/3
o = <181r —-J0> . (9)

m

where,

The solution of (7) is more complicated. We assign a particular
value to J1, namely, J1=A4 sin pt and find the corresponding value of
/.. To do this, it is convenient to change the variable x to a new vari-
able £ which will be called the transit angle. This new variable is equal
to the product of the angular frequency p and the time 7 which it would
take an electron moving with velocity U, to reach the point x and

is given as follows:
3p
£ =pr =—zl3 (10)
a

Upon changing the dependent variable from U, to w, where Ui=w/§,
we find from (7)

(a + 6)2 — £ sin pt (11)
5 pag w = £Bsin p

where,

6] =~17r-f— A.

m

This has the solution

2
U, = — B [sin pt + ? cos pt + F1(&£ — pt) —i—% Fo(E — pi):l. (12)
P

This equation contains two arbitrary functions of (§—pt) which must
be evaluated by the boundary conditions selected for U;. Thus the
boundary conditions for the alternating-current component make their
first appearance.

From the form of (7) which is linear in U,, it is evident that U,
must be a sinusoidal function of time having an angular frequency p
in order to correspond with the form of J,. It follows, then, that the
most general form which can be assumed for the steady state functions
Fiand Fqis as follows:

Fi(¢ — pt) = asin (£ — pt) + b cos (&£ — pt) \ (13)
Fo(§ — pt) = csin (§ — pt) + d cos (£ — pt) f ,
Now for the boundary conditions. As pointed out, there is no

mathematical necessity for the boundary conditions imposed upon U,
to correspond with those which were imposed upon U,. At an actual
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cathode consisting of an electron emitting surface it would be appro-
priate to assume that the initial velocities are in no way dependent upon
the current, but we shall have to deal not only with actual cathodes,
but also with virtual? cathodes where the assumption of zero alternat-
ing-current velocity and accleration is unwarranted. Such a virtual
cathode might occur, for instance, between a grid operated at a posi-
tive direct-current potential and a plate nearly at cathode potential.
If enough electrons came through the mesh of the grid to depress the
potential until it became practically zero at some point in the space
between grid and plate, the direct-current boundary conditions of zero
velocity and acceleration of electrons would be fulfilled at that point.
The general equations for the alternating current will therefore apply
when the origin is taken at the point of direct-current potential mini-
mum which forms the virtual cathode, and when all of the electrons
which are emitted by the actual cathode pass by the virtual cathode
and reach the plate. In the event that some of the electrons are turned
back at the virtual cathode and move again toward the grid, as indeed
they all do when the plate is at a negative potential, a change in the
form of the general equation is necessary, and will be described in the
sections dealing particularly with positive grid triodes. This change,
however, affects merely the form of the equations and not the physical
arguments underlying the selection of boundary conditions, which are
the same whether all the electrons reach the plate or whether some or
all of them turn back toward the grid.

If the alternating-current velocity is determined by small varia-
tions in grid potential, let us say, it is evident that no additional as-
sumptions save the requirement that the velocity must not become
infinite, may be made concerning its value at the virtual cathode. Con-
sequently, a quite general set of boundary conditions will suffice to
determine the quantities, a, b, ¢, d, which appear in (13) and thus com-
pletely determine U,.

Since there are two arbitrary functions in (12), two boundary con-
ditions will be needed. Further inspection shows that the stipulation
that the alternating-current velocity be finite at the origin is sufficient
to furnish one of these boundary conditions. For the other, a knowledge
of the value of the alternating-current velocity at any point between
the two reference planes is sufficient. Thus, if at a particular value of £,
say &, we know that U, is equal to M sin pt+ N cos pt, we have enough
information to calculate its value at all other points between the two
planes. For example, the two reference planes might be the grid and
plate of a positive grid triode. In this event, the alternating-current

* E. W. B. Gill, “A space-charge effect,” Phil. Mag., vol. 49, p. 933, (1925).
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velocity at the grid could be calculated at the grid plane by means of
conditions between there and the cathode.

In mathematical form the two boundary conditions may be set
forth as follows:

when,
£ =0, U, must be finite (14)
Gl U, = M sin pt + N cos pt. (15)
From (12) and (13) these result in the values:
c=0 d= —2
p’ . 2
a = E (M cosé, — Nsin&y) + cosé, — E— sin £, (16)
1

2 p’ .

b = E— (1 — cos&) — siné — B (M sin &, + N cos &).  (17)
1

Thence from (12) we have for the alternating-current velocity, in gen-

eral

U, = (M + iN)(cos & + 7 sin &) (cos £ — ¢ sin §)

+ "[’( PR z) '(2 2 o = s)x‘
A1 CO0S & — —S8SIN& ] — 12l — — —C08S&y — SInég
p2L | £ & (
(cos& — isinf) —<1 - 2- sinE)—"—%- (1 —cosg)il (18)
£ £ ‘

where, in accord with engineering practice, complex notation is em-
ployed, so that sin pt has been replaced by e?* and cos pt has been re-
placed by ze?!, where 1=+/—1.

The first step in the derivation of fundamental relations has now
been achieved. The alternating-current velocity at any point between
the two planes has been expressed in terms of the alternating-current
velocity, M +1N, existing at a definite value of z, say r,, corresponding
to the transit angle £,.

The next step is a determination of the potentials corresponding
to the velocities Uy and U, respectively. Thus from (1) and (2)

e 9V aU oU
. T

— - - + = 19
m dx ot ox 2
and then with the separation of components as given by (5)
e dV, 0 U(,
= — = U, — (20)

m 8.{: ox
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e dVy 8U1+ d U 1)
m o 9 dp
The solution of (20) is |
m m '
Vo= ——Us? = — — a3 (22
2e 2e

which is the well-known classical relation between the potential, the
current, and the position between two parallel planes where complete
space charge exists. The complete space-charge condition is postulated
by the boundary conditions selected for U, and the implications in-
volved are discussed by I. Langmuir and Karl T. Compton.?

The alternating-current component of the potential is obtained by
integration of (21) as follows:

€

J
~ 2w = [ voe + U+ 50 (23)
m ot

whence, from (18), and in complex notation

2 o’
V, = — m 9p2. (M + iN)(cos & + isin &) [(Esin & + cos §)

+ #(£ cos £ — sin §)]

2ma3'8[j<cos ¢ 2 sinE) i<2 - £ i g)‘
- . 51— 1) — i 18I )¢
o \ ‘. L n €os si ‘

[(£ sin £ + cos £) + (¢ cos £ — sin §)]
— cosE — i(§ + §£% — sin E)] + constant. (24)

With the attainment of (24), the fundamental relation between the
alternating-current component J; and the alternating-current poten-
tial V, in the idealized parallel plate diode has been secured. In a more
general sense the equation is applicable between any two fictitious
parallel planes where one is located at an origin where the boundary
conditions for U, are satisfied; namely, that the direct-current com-
ponents of the velocity and acceleration are zero, and the value of the
alternating-current velocity at a point, z,, corresponding to the transit
angle, £,, is given by M sin pt+N cos pt, or by M +iN in complex
notation.

3 1. Langmuir and Karl T. Compton, “Electrical discharges in gases—
Part I1,” Rev. Mod. Phys., vol. 3, p. 191; April, (1931).

L—-———-—————
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Fquation (24) contains an additive constant which always appears
in potential calculations. This constant disappears when the potential
difference is computed. For instance, suppose the potential difference
between planes where £ has the values § and £', respectively, is desired.
We have

V, = f(¢) + constant
V' = f(¢') + constant

Vi—= Vi = f&) — f(&). (24-a)

Since the potential difference is always required rather than the ab-
solute potential, (24-a) gives the means for applying (24) to actual
problems.

so that,

III. ArrricaTiON TO DIODES

In the application of the fundamental relations to diodes where the
thermionic emitter forms the plane located at the origin and the anode
coincides with the other plane, the boundary condition is that U, shall
be zero at the cathode. This means that both M and N are zero and
that £, is also zero. The resulting forms taken by (18) and (24-a), re-
spectively, are as follows:

U1=—5 [(1+cos$—: sin.f)-{—z'(z—sin E—z cos E)] (25)

2map
V.-V, = o [(2cosé+EsinE—2)+i(E+2E5—2sinf+Ecosd)]. (26)

These two equations are identical with those obtained by Benham,!
and graphs are given in Figs. 1 and 2 showing their variation as a
function of the transit angle &. In particular, the equivalent impedance
between unit areas of the two parallel planes may be found from (26).
It must be remembered that the current, A, was assumed positive
when directed away from the origin. Hence, we may write

o

Moreover, the coefficient outside the square brackets in the equation
may be expressed more simply when it is realized that the low-fre-
quency internal resistance of a diode is given by the expression

o 28
r b~ —
PY? (28)
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Fig. 1-—Plate impedance of diodes or of negative grid triodes as a
function of electron transit angle.
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the minus sign again appearing because of the assumed current direc-
tion. Consequently, under the condition of complete space charge, we
have from (22)

27’)20(3,3 127"0A

- (29)

39p4 £4
In addition to the graphs in Figs. 1 and 2 showing the real and

imaginary components of impedance and velocity, the graphs shown
in Figs. 3 and 4 give their respective magnitudes and phase angles.
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Fig. 3—Magnitude and phase angle of plate impedance of diodes or of
negative grid triodes versus transit angle.

The impedance charts show a negative resistance for diodes in the
neighborhood of a transit angle, £, of 7 radians. The possibility of secur-
ing oscillations in this region has been discussed by Benham, so that
only a few additional remarks will be made here.

The magnitude of the ratio of reactance to resistance is about 15
when the transit angle is 7 radians. This means that oscillation con-
ditions require an external circuit having a larger ratio of reactance to
resistance. On account of the high value of reactance required, a tuned
circuit or Lecher-wire system is needed, which would have to operate
near an antiresonance point in order to supply the high reactance value.
But the resistance component of the external circuit impedance is
large at frequencies in the neighborhood of the tuning point, so that
the ratio of reactance to resistance is small. Calculations show that
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the possibility of securing-external circuits having low enough losses
to meet the oscillation requirements of most of the diodes which are
at present available is not very favorable. The large radio-frequency
loss in the filamentary cathodes with which many tubes are supplied
is an additional obstacle to be overcome before satisfactory ultra-high-
frequency operation of diodes can be expected.
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Fig. 4—Magnitude and phase angle of electron velocity fluctuation
in diodes versus transit angle.

1V. TriopEs WiTH NEGATIVE GRID AND PoSITIVE PLATE

In the application of the fundamental relations to triodes operating
with the grid at a negative potential, the problem becomes more com-
plicated because of the several current paths which exist within the
tube. Moreover, the direct-current potential distribution is disturbed
in a radical way by the presence of the negative grid. In fact, the nega-
tive grid triode in some respects offers greater theoretical difficulty
than does the positive grid tricde, which is treated in the next section.
However, because of the greater ease in the interpretation of the re-
sults in terms which have become familiar through years of use, the
negative grid triode is treated first.
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In the analysis recourse must be had to-approximations and ideali-
zations which allow the theory to fit the practical conditions. In the
selection of these, the first thing to notice is that no electrons reach
the grid, so that most of the electrostatic force from the grid acts on
electrons quite near the cathode, where the charge density is very great.
The most prominent effect of a change in grid potential will thus be a
change in the velocity of electrons at a point quite near the cathode.
It will thus be appropriate to assume as a starting point that the al-
ternating-current velocity at a point x,, located quite near the cathode
is directly proportional to the alternating-current grid potential, V,,
so that we may write

E = gl)
U, = (M +iN) = kV,. (30)

In any event, this relation may be justified if the factor of proportion-
ality, k, be allowed to assume complex values, and &, is not taken too
near the origin. Actually, the electron-free space surrounding the grid
wires, and the fact that the electric intensity at a point midway be-
tween any two of the wires is directed perpendicularly to the plane of
the grid, gives us more confidence in extending the approximation, so
that k& will be regarded as real, and £, will be taken very small.

Equation (24) may, therefore, be applied under the conditions that
£,—0, and gives the following for the potential difference between plate
and cathode:

when

12r A
V,=—- ;: [(E sin £+2cos £ —2)F1(E+ 362 —2sin £+ £ cos §)
- (JI—H’N)% [(£sin §4+cosE—1) —i(sin&—£&cos ) ]:l . (31)
This equation may be written in condensed form with the aid of (30)
Vo, = Ji(r + ix) — V,(u + iv) (32)
where,
12r
= — 7 (Esiné+ 2cos & — 2)
127'0
r = — o (& + 68 — 2sin £+ £ cos §)
5 - (33)
<Mo
po= (sin& 4+ cosE — 1)

2uo
v=;(£cos£—sin.§) |
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The significance of (32) is at once apparent when it is compared
with the classical form of the equation representing the alternating-
current plate voltage, namely,

Vp = Ipro — /.LVg.

The plate resistance 7o has now become complex as likewise has the am-
plification factor u. Values of the plate impedance

2p =T+ i

are the same as those obtained for the diode and are plotted in Figs. 1
and 3. Values of the amplification factor

o=pu+ ]

are shown in Figs. 5 and 6.
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Fig. 5—Real and imaginary components of complex amplification
factor of negative grid triodes versus transit angle.

It is evident that radical changes in the phase angles existing be-
tween the grid voltage and plate current are present when the transit
time becomes appreciable in comparison with the period of the applied
electromotive force. The plate impedance decreases in magnitude as
also does the magnitude of the amplification factor. However, the
ratio of the two, namely, ¢/z, maintains a fairly constant magnitude
as shown in Fig. 7, whose phase angle nevertheless rotates continually
in a negative direction becoming equal to 3 radians when £ is 2.
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The interelectrode capacity between cathode and plate is included
in the fundamental relations here employed. This inclusion exhibits
one important difference between (29) and the classical case. At low
frequencies, the equivalent circuit represented by (32) degenerates into
that shown on Fig. 8. The capacity branch exists in parallel with the
resistive branch and they are both in series with the effective generator
se,, whereas in the classical picture the capacity branch shunts the effec-
tive generator and plate resistance which are in series with each other.
Practically the difference between the two equivalent circuits is neg-
ligible except at extremely high frequencies. The following physical
viewpoint supports the newer picture.

As pointed out, the action of the grid is exerted mostly on the re-
gion of dense space charge existing very near the cathode and varia-
tions in the grid potential act on the velocities of the emerging elec-
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Fig. 8—Equivalent network of plate-cathode path of negative grid

triodes for transit angles less than 0.3 radian.

trons, thus producing the equivalent generator of the plate circuit. The
plate current consists of conduction and displacement components
whose sum is the same at all points in the cathode-plate path. Near
the cathode, the conduction component comprises the whole current
because of the high charge density and the effective generator acts in
series with this current and hence in series with the path of the dis-
placement current into which the character of the total current gradu-
ally changes as the plate is approached.

Strictly speaking, the equivalent circuit corresponding to (32) ex-
ists, not between the plate and cathode, but between the plate and
the potential minimum near the cathode which is caused by the finite
velocities with which electrons are emitted from the cathode. Prac-
tically, the difference is negligible except at extremely high frequencies.
Since the impedance between the cathode and potential minimum is
small compared to the plate impedance, its effect is merely to add a
loss to the system which increases with frequency since the plate im-
pedance approaches a capacity as the frequency approaches infinity.
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The grid cathode path presents less difficulty, although a somewhat,
less rigorous treatment is given here. As pointed out, the foree from the
grid acts on the high charge density region existing near the potential
minimum. The impedance between ceathode and grid, therefore, con-
sists ol two parts in series; namely, capacity bet ween grid and potential
minimum and impedance between potential minimum and cathode,
the latter part of this impedance being common both to plate- and
grid-current paths.

If we were to connect the grid and cathode terminals of such a
triode to a capacity bridge and measure the capacity existing there
when the tube was cold and when the cathode was heated, we should
find that the capacity would exhibit a slight increase in the latter case.
‘The reason for this increase may best be explained by noting that in
the cold condition the electrostatic force from the grid is exerted on the
cathode itself, whereas in the heated state, the force acts on the elec-
trons near the potential minimum, thus resulting in an increased capac-
ity in series with a resistive component.

In some measurements of the losses in coils which were made at a
frequency of 18 megacycles, J. G. Chaffee of these Laboratories has
found that a loss existed between grid and cathode of vacuum tubes
which was much greater than can be accounted for by any of the di-
electries used and which was present only when the tube filament was
hot. This loss increased with frequency in the manner characteristic
of that of the capacity-resistance combination between cathode and
grid which was described above. Present indications are that, at least
in part, the loss may be ascribed to the resistance existing between the
cathode and the region of potential minimum.

Of the three current paths through the tube, one more still re-
mains to be considered. This is the grid-plate path. The relations in-
volved here are more readily seen by considering first a low-frequency
example. Here the electron stream passes through the spaces between
grid wires, afterward diverging as the plate is approached. Llectro-
static force from the grid acts not only on the plate but also on the
electrons in the space between. It is evident, then, that the path which,
when the cathode was cold, constituted a pure capacity changes into
an effective capacity different from the original in combination with a
resistive component. The losses would be expected to increase with
frequency just as they did in the grid-cathode type. The change in
grid-plate impedance is particularly noticeable when it is attempted to
adjust balanced or neutralized amplifier circuits with the filament cold,
in which case the balance is disturbed when the cathode is heated.

As yet, no accurate expression for this grid-plate impedance has
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been obtained, either at the low frequencies where transit times are
negligible or at the higher frequencies now particularly under investi-
gation. The reason for this lies in the repelling force on the electron
stream of the negative grid so that the assumption of current flow in
straight parallel lines is not valid in so far as current from the grid to
the plate is involved.

It has been shown that both the cathode-grid path and the grid-
plate path contain resistive components with corresponding losses
which increase with increase of frequency. This loss may be cited as a
reason why triodes with negative grids cease to oscillate at the higher
frequencies. If it were not for these losses, external circuits could be
attached to the tube having such phase relations as to satisfy oscilla-
tion conditions, so that the negative grid triode could be utilized in
the range which is now covered by the triode with positive grid.

V. TriopES WITH PosITIVE GRID AND QLIGHTLY POSITIVE PLATE

When the grid of a three-element tube is operated at a high positive
potential with respect both to cathode and plate, electrons are at-
tracted toward the grid, and the majority of them are captured on their
first transit. Those which pass through the mesh and journey toward
the plate will be captured by the plate if its potential is sufficiently
positive with respect to the cathode.

In general, space-charge conditions existing between grid and plate
are quite complicated. An analysis has been made by Tonks* which
indicates several distinct classes of space-charge distribution which are
possible. In the first place so few electrons may pass the grid mesh that
no appreciable space charge is set up hetween there and the plate. In
this instance a positive plate will trap them all, whereas a negative
plate will return them all toward the grid. Second, with a fixed positive
plate potential an increase in the number of electrons which pass the
grid mesh will result in a depression of the potential distribution as
illustrated at (¢) by the curves in Fig. 9. This depression will continue
to increase until a potential minimum is formed. When this potential
minimum becomes nearly the same as that of the cathode, either of
several things may occur. If the minimum is8 just above the cathode
potential, all electrons will pass that point and eventually reach the
plate. However, an extremely small increase in the number of elec-
trons will cause the potential minimum to become equal to the cathode
potential. When this happens some of the electrons will be turned back
and travel again toward the grid. These will increase the charge den-

$ L. Tonks, “Space charge as a cause of negative resistance in a triode and its
bearing on short-wave generation,” Phys. Rev., vol. 30, p. 501; October, (1927).
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sity existing and, therefore, cause a further depression in the potential
resulting in a mathematical discontinuity so that the curve of the po-
tential suddenly changes its shape with a resulting change in plate cur-
rent. Again, the plate may be operated at a negative potential. In this
case, none of the electrons will reach it and the potential distribution
curves have the character illustrated at (c) and (d) in Fig. 9.

In attempting to apply the fundamental relations to this grid-plate
region, we must choose our origin at a point where the potential dis-
tribution curve touches the zero axis and is tangent to it. Whenever
such a point exists, the relations may be applied as described below.
Iiven when this condition does not exist inside the vacuum tube, there
may be a virtual cathode existing outside of the plate.
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Fig. 9—Potential distributions in positive grid triodes.

Whenever all of the electrons passing the grid reach the plate the
general equations may be applied in a straightforward manner with
the origin taken at the virtual cathode. Whenever some of the electrons
are turned back toward the grid, slightly different equations are re-
quired, although they may be applied in the same manner. These modi-
fied equations will be derived and discussed after the application of
the equations already derived has been made to the case where all of
the electrons reach the plate.

Choosing the origin for this latter case at the point of zero potential
or virtual cathode, we can compute the impedance between the grid-
plane and the virtual cathode when we know the alternating-current
velocities with which the electrons pass through the grid-plane. This
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has been found for the condition of complete space charge between
cathode and grid and was given by (25). Likewise, it can be found on
the supposition that no space charge exists in the cathode-grid region
and the result will be calculated later. Thus, two limiting cases are
available for numerical application.

In order to prevent confusion for the grid—virtual-cathode region
where the electron flow is toward the origin rather than away from it,
as was assumed in the derivation of the fundamental relations, it will
be convenient to change the symbol for transit angle from £ to . This
will automatically take care of all algebraic signs, currents and veloci-
ties now being considered positive when directed towards the origin.

Since we are computing the impedance between an origin at the
virtual cathode and the grid plane we may apply (24) to find the po-
tential difference, getting

2m o?
Vi—V) = (—— ——-) (M 4 iN)[(1 — cos¢) + i(( — sin 9]
e 9p?
.<2m o6 (1' 4 (1 g‘) 4 2si g‘) 34)
—1 - S — — ¢o sin
. 9p4> ¢ ¢ cos 1 (

where V' is the potential at the virtual cathode.
This relation is of the form

2m o?
Vo Vo= @) (T ) (A —eos D HiG—sin D142 39)

where J, is the plate current, and Z, is the effective impedance:

iy = == '<2m- el (1 s _ 2 + 25 (36)
g = = 1 . 9p4A> 1% ; cos {) sm§‘>.

In terms of the cold capacity C; between plate and grid plane this
becomes
i 6 4
Z,= — — '[ég“‘——,—(l—cos()—{-2sin§'il
pC1 & ¢
which is plotted in Fig. 10.

The form of (35) shows that the equivalent network between the
plane of the grid and the plate may bhe represented by an equivalent
generator acting in series with the impedance, Z,. This is evidenced
by the fact that the velocity M-+iN with which the electrons pass
the grid, may be expressed in terms of the grid potential V, by means
of conditions between the grid and cathode. When complete space
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charge exists near the cathode, these conditions are expressed by (25)
and (26). On the other hand, tubes with positive grid are sometimes
operated with inappreciable space charge between grid and cathode.
In this event, a similar analysis leads to values for the alternating-
current velocity and potential at the grid as follows:

U= M+ iN= -2 [(7’— -S'f-") + z< Y J (37)
p? U] n

Vy=i—A=— (38)
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Fig. 10—Plate impedance of positive grid triodes with slightly positive plate.

where 7 is the transit angle in the absence of space charge, and C is
the electrostatic capacity between unit area of cathode and of grid
plane. The right-hand side of (38) does not contain & minus sign be-
cause of the assumed current direction which is away from the cathode,
as is also the convention employed in (25) and (26) where the electron
charge e is a positive number.

The relations given by (35) allow the potential difference between
grid and plate to be determined in terms of the total current flowing
to the plate, and the total current flowing from the cathode, which ap-
pears in the velocity factor M +:N. In the usual case some of the alter-




Llewellyn: Vacuum Tube Electronics 1555

nating current flows to the grid wires and is returned through an ex-
ternal circuit connected to the grid. If the impedance between grid
and plate is desired it is necessary to find the relation which this grid
current bears to the total cathode and plate currents and to the alter-
nating-current potentials. The calculations involved are extremely
complicated because the assumption of current flow in straight lines
between parallel planes is far from representing the actual conditions
in the immediate neighborhood of the grid wires. Rather than attempt-
ing an analysis of these conditions at the present time, we shall con-
tent ourselves with results already obtained, since they are applicable
to the special case, which can be realized approximately in experiment,
where the grid is connected to a radio-frequency choke coil of suffi-
ciently good characteristics to prevent it from carrying away any alter-
nating current. For this special case the current J, is the same both
in the cathode region and in the plate region, and all encumbering
assumptions involving different paths for the conduction and displace-
ment components of the current in the neighborhood of the grid wires
have been done away with.

The application of the equations to this special case is dealt with
in the section of this paper devoted to positive grid oscillators. Be-
fore these oscillators can be treated comprehensively, a further exten-
sion of fundamental theory is necessary. This extension comes about
because positive grid oscillators are often operated with a slightly
negative potential applied to the plate.

VI. TriopES WITH PosITIVE GRID AND NEGATIVE PLATE

When consideration is directed to tubes operating with positive
grid but negative plate, the fundamental underlying theory must again
be investigated. The reason for this lies in the fact that all electrons
which penetrate through the meshes of the grid are turned back be-
fore they reach the plate, so that in the grid-plate space there are two
streams of electrons moving in opposite directions. The effect of this
double value for the velocity may readily be calculated in so far as
direct-current components, only, are concerned. We have merely to
note that the charge density is double the value which it would have
in the presence of those electrons which are moving in one direction,
only, so that the correct relations are obtained from the equations al-
ready derived by taking twice the value of direct current in one direc-
tion.

When alternating-current components are considered, however,
matters are more complicated, but not difficult. To see what the actual
relations are, let there be two possible values at any point for the in-
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stantaneous velocity, and call these two values U, and U, respec-
tively. Then the relation between force and acceleration becomes

eE dUa dUb
m dt dt

(39)

Hence, at a given value of x we have by integration

U, = U, + constant.

But, when both values of velocity are separated into their components
according to (5) we have from (39)

(—ao + Ual + - = Ubo + Ubl + - - -+ constant.
By equating corresponding terms, we find

U,y = Uy + constant )

Ua = Un . (40)
(.‘az, = lvbz, etc. s
The first of these equations is trivial when the boundary conditions
are inserted, for then it appears that U.o= — U and the equation
merely states that at a given value of z the direct-current velocity
component is not a function of time.

The second equation is much more enlightening and tells us that
although two values of the direct-current velocity may be present,
nevertheless there is only a single value for the alternating-current com-
ponent. The same conclusion holds for the higher order velocity com-
ponents. This conclusion supplies the key for the solution of the gen-
eral equations when applied to the stream of electrons moving in both
directions between the grid and plate of the tube.

In general, the total current may be written

J—PU+PU+10E (41)
o v ir It

If X is the total area of each of the electrode planes and
S=a+5b

where a and b are constants to be defined later, (41) may be written
as follows

JV—<PU E+1 oE +<PU Z 1 aEb 42)
a0 L GUS S =

In this expression, the two streams of current are clearly separated if
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a and b are taken so that®

Pl
P,— = P and P, % =P (43)

o |4

where P is the total charge density, equal to the sum of P, and Ps.
The total current may now be expressed in terms of velocities,
only, giving similarly to the transition from (1) to (3),

dr g (U 9 . a>2U +b<U ¢ a>2U (44)
7rm - " oz ot ‘ bax ol ’

When U, and U, are each separated into their components accord-
ing to (5), so that (44) may be resolved into a system of equations,
we have for the first two equations, analogous to (6) and (7),

€ d an
4 — JoZ = (a — b) \:UO —-(U) - >:\ (45)
m ox ox
and,
- ’ oz ’ ox lax ot? lax ; ox
+( b)[U g (8U1>+a<!' aUI+U6U"')] (46)
¢ “9z\ ot ) o\ 9z | oz

where the components of U, have been expressed in terms of those of
U. by means of (40) and the relation that Uyo= — Uao.
The solution of (45) is, as before,

= azx?/3 (47)

e Z\1!/3
o = (1871’ - J()a > 0
m a
Before attempting to solve (46) we make a change of variable as in
(10), writing

where,

3p w
£ = z3 and U, = -
o £
This gives from (46)
83 — [pZ 0w " 1 a?w:| s 1 b) <2p d%w T
A £ osat> S

% A more rigorous analysis, involving mean values of the motions of in-
dividual electrons, leads to the same result.
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In finding a solution for this, we shall restrict ourselves to the case
where all of the electrons turn back at the virtual cathode, so that
a=>b and therefore the last term of (48) vanishes. The solution of the

remaining equation is then,
<2 Lo r .
(.'1 = — —2[8111 pt + _E—FI(ZE + pt) + —E—Fz(?,f — pf)] (49)
p

which is analogous to (12).
Again, assuming the two arbitrary functions to have the form,

F1(i€ + pt) = asin (i€ + pt) + b cos (¢ + pt)
Fa(if — pt) = csin (i€ — pt) + d cos (it —pt) |

and inserting the boundary conditions, (14) and (15), we have, in com-
plex form,

(50)

(51)

sinh B sinh
e g SRE (6 ey

& sinh & p? ¢ sinh §&
which is a simpler equation than its analogue (18). The potential is
obtained as in (24) giving,

Vy= — < a"m'> (M + iN) s‘ig [£ sinh £ + #(£ cosh £ — sinh £)]

9p2e in ! 1—

ao’mf , &£ sinh §>
- Ipie |:<‘E sinh &,

+ i(-g — — " (£ cosh £ — sinh E))] + constant. (52)
3 sinh &

The alternating-current potential difference between the grid and
the virtual cathode where all of the electrons are turned back may be
obtained immediately from (52). As before, the variable { will be sub-
stituted for £ to show that the grid-plate region is considered, and
currents and velocities will be considered positive when directed to-
wards the origin at the virtual cathode. Thus, from (52)

3

a“m
V, -V, = — o + V) [ + <% coth § — §)]

9p?
a‘r'md . g_? )
+ 923487[3 = cothf—l—f] (53)

The velocity, (M +7N) may be expressed in terms of the alternating-
current grid potential, V,, so that the path between grid plane and
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virtual cathode may be represented by an effective generator in series
with an impedance, as was done in (34), (35), and (36).

VII. OsCILLATION PROPERTIES OF PosITIVE GRID TRIODES

The oscillation properties of the positive grid triode are next to
be investigated. In the usual experimental procedure, an external high-
frequency circuit is connected between the grid and the plate of the
tube. It is unfortunate that this particular arrangement greatly com-
plicates the theoretical relations. Accordingly, a slightly modified ex-
perimental set-up will be considered. This modification consists in con-
necting the external circuit between the cathode and plate of the tube,
rather than between grid and plate. Iixperimental tests have shown
that the modified circuit exhibits the same general phenomena as the
more usual one, the difference being mainly one of mechanical con-
venience in securing low-loss leads between the tube and the external
circuit.

The modified circuit, then, will be employed for analysis, and the
assumption will be made that the necessary direct-current connections
are made through chokes which are sufficiently good so that it may be
considered that no external high-frequency impedance is connected
between either the grid and the plate, or between the cathode and the
grid.

It is easy to see that under these conditions there can be no high-
frequency current carried away by the grid. It follows that for plane-
parallel structures, the alternating-current density , Ji, will be the same
both in the cathode-grid region and in the grid-plate region. The ar-
rangement thus reduces the problem to the consideration of the single
current, .J1, and the resulting potential difference between cathode and
plate.

There are several possible combinations of direct-current biasing
potentials. For the first of these, the plate will be supposed to be biased
at a potential sufficiently positive to collect all electrons which are not
captured by the grid on their first transit. Complete space charge will
be assumed both in the cathode region and in the plate region.

Under these conditions, we have the grid-cathode potential differ-
ence given by (26) and the grid-plate potential difference given by (35),
where the velocity, M +1N, is given by (25). We can write,

Vo —V =(VF_V0)+(V0_VC)
= — [Eq. 35] + [Eq. 26].

It will be remembered that the current was assumed to be positive in
(26) when directed away from the origin, and positive in (35) when

(55)
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directed toward the origin. Therefore, since the same current exists in
both regions, and they are joined together at the grid, the sign of the
current J; remains the same in both (35) and (26), its direction being
from cathode to plate. The impedance looking into the cathode-plate
terminals may be obtained from (55) by dividing by the amplitude A
of J; and reversing the sign of the result to correspond to a current
from plate to cathode. Letting

Zr = Ro + ’LXO (56)

represent the impedance looking into the cathode-plate terminals, we
can write the result as follows

12r “
Ry = — |:<1—|-cosn—-~sinn>(1—cos§’)
¢ U
2 )
—<~—sinn—— -cosn>(§'—sin§')
n n
+ (2cosn + nsiny — 2):| (57)

127‘ ’
§-4 >l

2
(1 4+ cos 7 — — sin n> (¢ — sin ¢)
0

2 2
+< — siny — cOSn)(l—COS@
n n

4
+ [é('3 - ¢ (1 —cos¢) +2sin§’:|

+ [n+%;n‘"’—2sinn+ncosn]1 (58)
f

where 7 is the transit angle from cathode to grid, ¢ is the transit angle
from grid to virtual ecathode at the plate, and r, is the zero-frequency
resistance which would be present in a diode having the grid-plate
dimensions, and the same operating direct-current voltages and current
densities which occur in the grid-plate region of the triode under con-
sideration.

Fig. 11 shows graphically the relation between R, and X, for a
wide frequency range, in terms of the reference resistance, ro. Curve A
is drawn for the hypothetical condition that 7 ={, so that the tube is
exactly symmetrical about the grid. Actually such a condition could
not be attained, since the grid captures some of the electrons, leaving
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fewer for producing space charge near the plate. The grid-plate dimen-
sion would aceordingly have to be increased in order to secure the space
charge, but this would cause the transit angle { to become larger than
n. However, despite the fact that it does not correspond to a physically
realizable condition, curve A is nevertheless of use in indicating the

limit which is approached as the grid capture fraction is made smaller
and smaller.
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Fig. 11—R,— X, diagram for positive grid, slightly positive plate triode with
cathode space charge.

Curve A, n=¢
Curve B, n=1/2¢
Curve C, n=1/3¢

Curves B and C correspond to values of grid-plate transit angle
equal respectively to two and three times the cathode-grid transit
angle. Both these curves represent conditions which may readily be
obtained experimentally, and indeed, curves lying much closer to A
than does the curve B may be secured. For example, the general rela-
tion for the ratio of the transit angles in terms of the direct currents
J. and J, in the cathode and in the plate region, respectively, when
complete space charge exists in both regions, is,

¢ 1/./a
n a gy .
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Suppose that the grid captured half of the electrons. Then the ratio of
transit angles would be 1.41. This would result in a curve lying be-
tween 4 and B in Fig. 11.

The numbers, 7/2, 7, and so forth, which are attached to the curves
in Fig. 11 show the values of the grid-plate transit angle, {, which cor-
respond to the points indicated.
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Fig. 12—Curve A of Fig. 11 together with the image corresponding
to negative frequencies.

We now come to the problem of obtaining information about the
oscillation properties of a tube from a set of curves such as those shown
in Fig. 11. In a very loose way, and without proof we may state the
results of an extension of Nyquist’s® rule as follows:

If an R—X diagram, which in general may include negative as
well as positive frequencies, encircles the origin in a clockwise direc-
tion, then the system represented by the diagram will oscillate when
the terminals between which the impedance was measured are con-
nected together.

¢ H. Nyquist, “Regeneration theory,” Bell Sys. Tech. Jour., vol. 11, p. 126;
January, (1932). )
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Verification of this rule, together with further extension to more
general cases are expected to be discussed in a subsequent paper. For
the present, its validity will have to be accepted on faith, but with
the assurance that the applications employed in this discussion are
readily capable of demonstration.

Returning to consideration of the positive grid triode with complete
space charge on both sides of the grid, and a slightly positive plate,
whose R — X diagram is given in Fig. 11, we see at once that the dia-
gram does not encircle the origin as it stands. Of course only positive

R
Fig. 13—Maodification of Fig. 12 produced by added inductance.

values of frequency are included in the curves as they are shown. The
inclusion of negative frequencies (never mind their physical meaning)
would produce a curve which would be the image of the curve shown,
a reflecting mirror being regarded as a plane perpendicular to the
paper, and containing the R-axis. The curve A, for instance, would
have its part corresponding to negative frequencies lying above the
I-axis and forming an image of the part lying below. This is shown by
the dotted curve in Fig. 12.

It is obvious that the curve of Fig. 12 will encircle the origin or
not depending on what happens at infinite frequencies. However, the
slightest amount of resistance in the leads to the tube will be sufficient
to move the curve to the right and thus exclude the origin. This means




1564 Liewellyn: Vacuum Tube Electronics

that no oscillations would be obtained if an alternating-current short
were placed between plate and cathode. The result, although in ac-
cord with experiment, is not particularly useful. The important thing
is to find whether the curve can be modified by the addition of a simple
electrical circuit in such a way that the origin of the resulting £ — X
diagram for the combination of tube and circuit is encircled in a clock-
wise direction.

Suppose that a simple inductance is connected in series with the
plate lead, and the impedance diagram of the series combination of
tube and inductance is plotted. For this arrangement, the & — X dia-
gram of Fig. 12 would be modified as shown in Fig. 13. Here the part
of the curve corresponding to negative values of resistance has been
pushed upward until the origin is enclosed within a loop which en-
circles it in a clockwise direction. It is therefore to be expected that
oscillations will result. As to their frequency, we can say that the grid-
plate transit angle must be at least as great as 2r for this particular
example. This follows by supposing a certain amount of resistance to
be added in series with the circuit. The effect of this resistance will
be to move the curves on Fig. 13 bodily to the right. The lowest fre-
quency which will just allow the origin to be included within the loop
when the series resistance is reduced to zero and the inductance is ad-
Justed, corresponds to a grid-plate transit angle of 2r.

It must be remembered that the foregoing details apply only to
curve A of Fig. 11, and it has already been pointed out that curve A
represents a limit which can be approached in practice, only as the
grid capture fraction is made smaller and smaller. Curve B can well
be duplicated in experiment. For this case, the lowest frequency at
which oscillations may be expected is much higher than before, since
the transit angle must be equal to 47 before the resistance becomes
negative. Actually, conditions intermediate between the two curves
may be realized, so that from a practical standpoint the transit angle
must be in the neighborhood of 37 before we may expect to secure
oscillations.

This would correspond to a frequency somewhat higher than is
often associated with this type of oscillation. It must be remembered
however, that the particular case considered was that of a tube with
its plate at a slightly positive potential, whereas the majority of the
experimental frequency observations were made with the plate either
slightly negative, or, if positive, adjusted so that a virtual cathode was
formed inside the tube, and many of the electrons were turned back
before they reached the plate. The curves of Fig. 11 do not apply to
these cases.
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Therefore, let us see what happens when the plate is operated at a
negative potential so that all of the electrons are turned back before
they reach it. At the outset, it should be remarked that this condition
does not prohibit the presence of direct-current plate current after
the oscillations have built up to a finite amplitude. The analysis applies
to the requirements for the starting of the oscillations, only, so that
if the plate fluctuates in potential by a very small amount, as it does
for incipient oscillations, and hence does not become positive during
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Fig. 14—R,— X, diagram for positive grid, slightly negative plate triode with
cathode space charge.
Curve A, n=¢
Curve B, n=1/2¢
Curve C, n=1/3¢

the alternating-current alternation, then no direct-current plate cur-
rent can occur when the plate is biased negatively. After oscillations
have built up to an appreciable amplitude, the presence of plate cur-
rent is not only possible, but is in fact to be expected.

We have at hand the mathematical tools with which to compute
our i — X diagram for the negative plate triode with complete space
charge near the cathode. Thus, instead of substituting (35) in (55) we
must substitute (53). Since complete space charge is still postulated
near the cathode, (26) and (25) are still applicable. The result is:
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12 2
Ry = — r0|:<1 + cosn — — sin n>§'2
¢t n
2 2
- <_ — sin gy — — cos n>(§'2 coth § — {)
n 1
+ (2cosn + gsing — 2)} (59)
127/ 2 2
Xo = — _[<— — sinn — — €os 77>§'2
¢ n

2
+<1 + cosn — — sin 77)(3'2 coth { —¢)
n

+ G —¢tcoth¢ + ) 4 (n + &9 — 2sin 9 + 7 cos 77)} (60)

and the corresponding diagram is shown in Fig. 14. Here the curve 4
shows oscillation possibilities for transit angles as small as 3/2r, while
a much greater amount of resistance would have to be added to the
circuit in order to eliminate the negative resistance and so stop the
oscillations. In all, then, this method appears to be a better way of
operating the system than with the positive plate, and this conclusion
is substantiated by experimental observations.

As before, an increase in the grid capture fraction moves the osilla-
tion region up to higher frequencies.

In both of the examples cited above,and represented by Figs. 11 and
14, respectively, complete space charge was assumed near the cathode.
The effect of decreasing the cathode heating current so that this charge
becomes negligible may be computed by employing (37) in place of
(25), and (38) in place of (26).

The resulting equations for a slightly positive plate are,

Ro= lsir”[( _zm ")(1—cos 0 — ( —nosn)@ i ;):l 61)

12r ’< n—sin D7)

) ——cosn
o) )(s“ sin {) ( i cos ) (62)

4
H - a—eos 42 g ] 1.

The corresponding R — X diagram is given in Fig. 15.

e
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Again, the equations for a negative plate and no cathode space
charge are,

Ro = == () - e IR G

n n
12ro[ /1 — cos 7y n — sin 7
Xy = = (P2 e 4 (T ) oth g — 0
& U U
Q6 - feoth £ +9) + 1i? | (64)
and the R — X diagram is shown in Fig. 16.
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Fig. 15—Ro— X, diagram  Fig. 16—Ro— X, diagram
for positive grid, slightly  for positive grid, slightly
positive plate triode, with- negativeplatetriode, with-
out cathode space charge. out cathode space charge.

Curve 4, n=¢ Curve A, n=¢
Curve B, n=1/2¢ Curve B, n=1/2¢
Curve C, n=1/3¢ Curve C, 3=1/3¢

Inspection of Figs. 15 and 16 shows that the negative plate condi-
tion is greatly to be preferred when there is no cathode space charge.
In fact, when account is taken of the difference in the scales for which
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Fig. 16 and the other three figures, 11, 14, and 15, are plotted, it is
evident that the negative plate without space charge offers the great-
est latitude in the adjustment of circuit conditions. As in all of the
cases, except g, 15, a small grid capture fraction is to be desired. 1f
curve A in lig. 16 could be attained practically, it would be possible to
secure oscillations even at low frequencies by connecting an inductance
between the plate and cathode terminals. Curve B8 shows a low-fre-
quency limit of a little less than 3/4(w) for the grid-plate transit angle.

One of the more important observations to be drawn from the
curves of Iligs. 11, 14, 15, and 16 is that if the inductance between plate
and cathode is obtained by means of a tuned antiresonant circuit, then
the circuit must be tuned to a frequency somewhat higher than the
oscillation frequency. This is in order that it may effectively present
an inductive impedance to the oscillating tube, so that the extended
curves in the figures may encircle the origin in a clockwise direction.

Another conclusion is that there are so many different permutations
and combinations of the operating conditions that it is small wonder
that there have been a great many different “theories” and empirical
frequency formulas advocated. For instance, operation under condi-
tions giving an R — X diagram which shows negative resistance over a
small frequency range, only, such as 4 in Fig. 11, or B in Fig. 15,
would give oscillations whose frequency would be much more nearly
independent of the tuning of the external circuit than would conditions
which resulted in a negative resistance over a wide frequency range,
as at A in Fig. 16. In this latter case the external circuit exerts a large
influence upon the frequency.

The data from which Figs. 11 to 16 were plotted are given in the
appended tables. The final step in the calculation of these data was a
multiplication by 12 which was performed on a slide rule. For all previ-
ous steps seven-place tables were employed because of the frequent
occurrence of differences of numbers of comparable magnitude.

The effect on the frequency. of a change in the operating voltages
can be deduced inferentially from the curves. Thus, in general, the
formulas for the transit angle have the form,

Kz

= Wz (65)

where,
x is the grid-origin distance
A is the wavelength
Vo is the grid potential
K is a constant which depends on the mode of operation.
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When the plate potential is changed by a relatively large amount
the operation undergoes a transition from a limiting mode illustrated
by one of the figures to another limiting mode shown on some other
one of the figures.

On the other hand, a change in grid potential will act to change the
transit angles on the two sides of the grid in the same proportion. A
modification of this generality occurs because the value of z in (65)
will shift as the effective position of the virtual cathode moves about.
Also, the complete space-charge condition near the plate becomes
modified, and so the general relations become extremely variable. The
partial space charge that exists with very negative values of plate po-
tential, or with very high values of grid potential does not lend itself
readily to mathematical treatment, so that intermediate conditions be-
tween complete and negligible space charge can be treated only by in-
ference as to what happens between the two limiting conditions.

With inappreciable space charge on both the plate and the cathode
sides of the grid, there can be no oscillations at all, since all impedances
then approach pure capacities, with no negative resistance components.

A word concerning the so-called “dwarf” waves is in order before
this general theoretical discussion is completed. In the curves, Fig. 14
distinetly shows this possibility in curve 4, since the resistance reaches
a large negative value at 27 and again at 47. Likewise Fig. 11 shows
the same possibility. On account of the resulting confusion in the figures,
the higher frequency portions have not been drawn in the figures, but
from (57), (59), (61), and (63) we can see what happens. Thus, for very
high frequencies, 7 is large compared with unity, so that the formulas
may be written,

127"0 .

Rog= — -{4 (n + ¢) sinn (57-a)
12r )

Ry = — §2 (1 + cos n + sin 7)
12r T

= — ; [1 4+ 4/2 sin <n + 4>] (59-a)

12

Ry = — ! [1 — ; cos £ + -S cos n] (61-a)
& U n
12r

Ry = 7 : (63-a)

It is noteworthy that all of these exhibit the possibility of “dwarf”
waves separated by discrete frequency intervals except (63-a). On the
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other hand, (63-a) gives possible conditions for operation at all high
frequencies provided that the proper external circuit may be secured.

VIII. PosTtscriprr

The extension of the electronics of vacuum tubes which was de-
scribed in the preceding pages must be regarded in the light of a tenta-
tive starting point rather than as a completed structure. Of the funda-
mental correctness of the method of attack there can be little doubt.
The various simplifying assumptions, however, require careful scru-
tiny and doubtless some of them will be revised as time goes on and
additional experience is acquired. Experimental guidance will be in-
valuable, and indeed certain data already have been obtained which
are helpful in analysis of the assumptions. Although these data are in
general qualitative agreement with the theory as outlined, the ex-
perimental technique must be refined before quantitative comparison
can be made. It is hoped that the results can be made available at an
early date.

Among the various assumptions which were made in the develop-
ment of the theory, there are three which lead particularly to far-
reaching consequences. These three may be enumerated as follows:

1. Plane-parallel tube structures
2. Current flow in straight lines
3. Small alternating-current amplitudes.

There are grounds for the belief that the assumption of plane-
parallel tube structures does not exclude the application of the alternat-
ing-current results to cylindrical structures as completely as might be
supposed. In the first place, the approximation of cylindrical arrange-
ments to the plane-parallel structure becomes better as the cathode
diameter is made large. Many tubes contain special cathode structures
where this is the case. I'urthermore, Benham' has obtained an ap-
proximate solution for the alternating-current velocity in cylindrical
diodes where the cathode diameter is vanishingly small, and the transit
angle is less than 5 radians. The resulting curves of alternating-current
velocity versus transit angle have the same shape as the curves for the
planar structures, and when the cylindrical transit angle is arbitrarily
increased by about 20 per cent, the quantitative agreement is fair for
transit angles less than 4 radians. 1t follows that until accurate solu-
tions for cylindrical triodes can be obtained, the planar solutions may
be expected to give correct qualitative results, and fair quantitative
results when appropriate modifications of the transit angle are made.
In fact, good agreement is obtained if calculations of the cylindrical
transit angle are made as though the structure were planar.
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The assumption of current flow in straight lines is open to some
question when a grid mesh is interposed in the current path. For the
positive grid triode, the objection to the assumption has been over-
come by postulating a special case where an ideal choke coil prevents
the grid from carrying away any of the alternating current. Benham!
has suggested an alternative which seems to work fairly well when the
grid-cathode path of a negative grid tube is considered, but which offers
grave difficulties when the grid-plate path is included. A still different
alternative was employed in the present paper in connection with
negative grid triodes, and successfully indicates phase angles for the
mutual conductance of the tube which are qualitatively logical. The
grid-plate path is still without adequate treatment, however.

As to the third general assumption; that of relatively small alternat-
ing-current amplitudes, there can be no objection from a strictly math-
ematical point of view, and for a very large proportion of the physical
applications the assumption is thoroughly justified. Indeed, it is the
only one which is successful in giving starting conditions for oscillators.
However, when questions as to the power efficiency of oscillators or
amplifiers arise, then the “small signal” theory is inadequate, and
should be supplanted by an approximate theory. The form which this
approximate theory should take is indicated by the standard methods
of dealing with the efficiencies of low-frequency power amplifiers and
oscillators where the wave shape of the plate current is assumed to
be given. The application of the same kind of approximation to ultra-
high-frequency circuits may eventually prove to be a simpler matter
than the “small signal” theory set forth in these pages.

Besides the three main assumptions discussed above, there was a
fourth assumption which, although of lesser importance, deserves some
comment. This fourth assumption involves the neglect of initial veloc-
ities at a hot cathode. If all electrons were emitted with the same veloc-
ity, the theory is adequate, and may be applied as indicated by Lang-
muir and Compton.? When the distribution of velocities according to
Maxwellian, or Fermi-Dirae, laws is considered, some modifications
may be necessary. In general, a kind of blurring of the clear-cut results
of the univelocity theory may be expected, which will be expected
to result in an increase in the resistive components of the various im-
pedances at the expense of the reactive components. Again, lack of
symmetry in the geometry of the tube structure may be expected to
do the same thing, since the transit angles are then different in the
different directions.

Finally, however, and with all its encumbering assumptions, it is
hoped that the excursion back to fundamentals which was made in
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this paper, has resulted in a method of visualizing the motions of the
condensations and rarefactions of the electron densities inside of
vacuum tubes operating at high frequencies and has shown their rela-
tion to the conduction and displacement components of the total cur-

rent.

DATA FOR FIG. 11

¢ n={ n=3¢ n=14 n=1f
Ro XO RO XO RO XO Ro Xo
1.0 1.87 —0.577 | 0.302 —0.119 0.0633
1.4 1.75 —0.777 | 0.292 —0.164 0.0604 | —0.160
1.57 1.69 —0.855 | 0.288 —0.182 | 0.112 ~0.172
1.8 1.60 —0.949 | 0.280 —0.204 | 0.108 —0.193 | 0.0568 | —0.200
2.356| 1.36 —~1.13 0.260 —0.241 | 0.0987 | —0.240
2.8 1.15 —1.23 0.241 —0.289 0.0458 | —0.278
3.14| 0.986 —~1.27 0.226 —0.311 | 0.0838 | —0.289 | 0.0418 | —0.297
3.6 0.769 ~1.29 | 0.204 —0.335| 0.0748 | —0.308 | 0.0364 | —0.316
4.0 0.593 —1.27 ¢.186 —0.350 | 0.0673 | —0.320 | 0.0320 | —0.327
4.71 0.326 -1.18 0.153 —0.366 | 0.0457 | —0.329
5.2 0.186 —1.08 0.132 —0.368 0.0216 | —0.330
5.6 0.0972 | —0.987 | 0.116 —0.368 0.0193 | —0.324
6.28 —0.830 | 0.0923 | —0.358 | 0.0365 | —0.309 | 0.0165 | —0.306
6.8 | —0.0348 | —0.719 | 0.0767 | —0.346 0.0153 | —0.291
7’5 | —0.0440 | —0.644 | 0.0662 | —0.337 | 0.0308 | —0.284 | 0.0148 | —0.278
785 | —0.0369 | -—0.546 | 0.0515 | —0.318 | 0.028¢ | —0.264
84 | —00199 | —0.487 | 0.0414 | —0.302 | 0.0268 | —0.248 | 0.0144 | —0.238
9.0 | +0.000414] —0.444 | 0.0320 | —0.284 | 0.0254 | —0.233 | 0.0144 | —0.222
942 | 0.0125 | —0.424 | 0.0262 | —0.272 | 0.0244 | —0.222 | 0.0143 | —0.235
10.0 0.0218 | —0.407 | 0.0194 | —0.256 0.0138 | —0.198
10099 | 0.0213 | —0.385 | 0.0101 | —0.232 | 0.0192 | —0.193
1257 0 —0.342 (| 0 —0.197 | 0.0128 | —0.172 | 0.00962 | —0.162
DATA FOR FIG. 14
¢ n=¢ n =3¢ n=1 n=3f
RO XO Ro XO RO XO Ro XO
1.0 2.94 —0.932 0.581 | —0.225 : =
1.4 2.84 ~1.33 0.595 | —0.304 8.%32 —82%‘3(15
1.57 | 2.78 —1.49 0.601 | —0.336 | 0.252 —0.302
1.8 2.67 -1.71 0.606 | —0.377 | 0.255 —0.330 | 0.139 —0.336
2.356| 2.30 -2.19 0.618 | —0.465 | 0.264 —0.381
2.8 1.90 -2.48 0.619 | —0.528 0.147 —0.401
3.14 1.56 —2.63 0.613 | —0.571 | 0.272 —0.424 | 0.150 —0.410
3.6 1.06 -2.71 0.598 | —0.625 | 0.276 —0.438 | 0.153 —0.416
4.0 0.645 ~2.67 0.577 | —0.665 | 0.277 —0.448 | 0.155 —0.417
4.71 | 0.00015 | —2.38 0.525 | —0.728 | 0.275 —0.460 | 0.157 —0.412
5.2 | —0.319 —2.08 0.479 | —0.762 0.15% —0.407
5.6 | —0.494 ~1.80 0.436 | —0.784 0.158 —0.404
6.28 | —0.608 —1.31 0.356 | —0.807 | 0.253 —0.476 | 0.156 —0.396
6.8 | —0.565 —0.990 0.292 | —0.814 0.154 —0.390
7.2 | —0.480 —0.796 | 0.241 | —0.803 | 0.232 —0.483 | 0.152 —0.386
7.85 | —0.290 —0.594 0.160 | —0.797 | 0.213 —0.485 ’ '
8.4 | —0.111 —0.528 | 0.0957 | —0.773 | 0.196 —0.4%6 | 0.144 ~0.376
9.0 | +0.00226 | —0.536 | 0.0308 | —0.735 | 0.175 —0.485 | 0.138 —0.372
9.42 0.0574 | —0.574 | —0.0102 | —0.705 | 0.160 —0.484 | 0.133 —0.369
10.0 0.077 ~0.634 | —0.0581 | —0.666 ' 0.127 —0.365
10.99 —0.690 | —0.118 | —0.564 | 0.101 ~0.436 ) ’
12.57 | —0.152 —0.560 | —0.152 | —0.414 | 0.0445 | —0.383 | 0.0938 | —0.348
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DATA FOR FIG, 15
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n={ n=4% n=14¢ n=14¢
Ro X R Xo R, X R, Xo
0.239 —3.06 0.179 —1.58
0.228 —2.22 0.172 —1.19
0.223 —2.00 0.199 —1.39
0.215 —1.76 0.192 —1.24 0.162 —0.979
0.193 —1.39 0.173 ~-1.01
0.173 —1.21 0.131 —0.737
0.157 —1.10 0.130 —0.825 0.120 —0.693
0.135 —0.983 0.123 —0.756 0.104 —0.645
0.116 —0.903 0.0902 —0.610
0.0837 —0.788 0.0796 —-0.633
0.0643 —0.724 0.0540 —0.524
0.0503 —0.677
0.0308 —0.605 0.0346 —0.506 0.0308 —0.455
0.0197 —0.558 0.0232 —0.425
0.0131 —0.525 0.0194 —0.444 0.0187 —0.402
0.00568 —0.477 0.0126 —0.406
0.00203 —0.442 0.00939 | —0.378 0.109 —0.343
—0.0000284| —0.409 0.00710 | —0.351 0.00908 —0.318
—0.000646 | —0.388 0.00608 | —0.333 0.00826 | —0.290
—0.000817 | —0.363 0.00744 | —0.284
—0.000402 —0.327 0.00408 | —0.282
0 —0.285 0.00216 | —0.246 0.00385 —0.227

DATA FOR FIG. 16
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R Xo R Xo Ro Xo R, Xo
—0.176 —9.35 0.426 —4.84 0.342 —2.52
—0.306 —6.84 0.366 —3.64 0.316 —1.96
—0.363 —6.15 0.338 —3.33 0.345 —2.32
—0.436 —~5.41 0.299 —3.00 0.321 —-2.11 0.287 —1.67
—0.584 —-4.15 0.206 —2.46 0.263 —-1.77
—0.658 —3.44 0.137 —-2.17 0.212 —1.29
—0.685 —3.00 0.0888 | —1.99 0.188 —1.48 0.190 -1.21
—0.685 —2.52 0.0318 | —1.80 0.149 —1.36 0.162 =SIT1'2
—0.661 —-2.17 —0.0104 | —1.65 0.120 —1.27 0.140 —1.06
—0.565 —-1.69 —0.0698 | —1.43 0.0747 | —1.13 0.108 —0.957
—0.482 —1.45 —0.0998 | ~1.30 0.0871 | —0.898
—0.413 —1.30 —0.119 —1.21 0.0730 | —0.853
—0.304 -1.11 —0.141 —1.07 0.0478 | —0.907 0.0523 | —0.787
—0.236 -~1.02 —0.151 -0.975 0.0389 | —0.742
—0.195 —0.963 | —0.155 —0.910 | —0.0220 | —0.805 0.0296 | —0.709
—0.148 —0.894 | —0.156 —0.815 | —0.0364 | —0.743
—0.126 —0.848 | —0.152 —0.747 | - —0.0458 | —0.695 | 4+0.0072 | —0.625
—0.113 —0.803 | —0.145 —0.680 | —0.0538 | —0.647 | —0.00162| —0.589
—0.109 —0.771 | —0.138 —0.638 | —0.0582 | —0.615 | —0.00706| —0.565
—0.107 —-0.727 | —0.128 —0.588 —0.0135 | —0.535
—0.101 —0.653 | —0.107 —-0.518 | —0.0668 | —0.517
—0.0760 | —0.556 | —0.0760 | —0.439 | —0.0667 | —0.439 | —0.0314 | —0.426
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SOME ASPECTS OF RADIO LAW*

By

J. WARREN WRIGHT
(Radio Division, Navy Department, Washington, D. C.)

Summary—The Radio Act of 1927 provides a basis for the regulation of in-
terstate radio communication and of transmission of electrical energy without wires.
The scope of the Act has been clarified by decisions which have been rendered by the
courts in cases which have arisen from time to time since its enactment.

This paper describes a number of the cases which have arisen and discusses the
theory that radio transmaission 1is interstate commerce within the meaning of the
Constitution. Comparison is made from a legal standpoint between radio broad-
casting and advertising by billboard.

The present tendency to regard the public reception of material broadcast by radio
as coming within the terms of the copyright act is discussed.

The power of the several states to regulate certain phases of radio under regula-
tions pursuant to their police powers is brought out.

It is also shown that the courts do not regard a license to broadcast as granting
immunily to a broadcast station from liability for damages for libel published over
the station.

Few new legal principles seem to be involved bul engineers and lawyers should
codperate so that radio law may develop in accordance with fact situations.

YHE Radio Act of 1927, entitled “An Act for the Regulation of
Vﬂ: Radio Communications and for Other Purposes” was “intended
to regulate all forms of interstate and foreign radio transmissions

and communications”® therein defined as “any intelligence, message,
signal, power, pictures, or communications of any nature transferred
by electrical energy from one point to another without the aid of any
wire connecting the points from and at which the electrical energy is
sent or received and any system by means of which such transfer of
energy is effected.”? It further specifically prohibits any “person, firm,
company, or corporation” from using or operating “any apparatus for
the transmission of energy or communications or signal by radio—?"
when the effects thereof extend beyond the borders of any state or

* Decimal classification: R007. Original manuscript received by the Insti-
tute, April 14, 1933. Revised manusecript received July 14, 1933.

Author’s Note—Opinions and assertions contained herein are the private

ones of the writer and are not to be construed as official or reflecting the views of
the Navy Department.

Editorial Note—Readers of this paper may be interested also in papers which
have appeared in Air Law Review, published by American Academy of Air Law,
Washington Square East, New York, N. Y., and in Journal of Radio Law, pub-

llilslhed by Northwestern University Press, 357 East Chicago Avenue, Chicago,

! Figures refer to Annotations at end of paper.
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interfere with interstate or international transmissions or the recep-
tion of such transmissions, unless the operator and apparatus are
licensed under the provision of this Act.

The broad language of this statute has been extended even further
by the case of Whitehurst v. Grimes,® which case was heard on motion
to dismiss for want of equity and involved the question of the right of
a municipality to require the payment of a license tax for the privilege
of engaging in the “business” of amateur or commercial radio. It did
not raise the problem of taxing the tangible property of such individual,
company, or corporation; but in deciding the case the Court proceeded
on the theory that all radio communications are interstate in char-
acter. In effect the Court considered that all radio transmissions are
interstate commerce, within the meaning of the Constitution,* and
that as Congress had sole power to regulate such matters, the munic-
ipal ordinance was void.

The term electrical energy used in the above definition of radio
communication must refer to the transfer of intelligence by means of
electromagnetic waves® since this is the only known means of effect-
ing such transmission without the use of wires. The difficulty with this
definition for our purpose lies in its application to the actual facts un-
less electromagnetic waves in only the radio portion of the spectrum,
and used only for communication purposes, are considered. The reason
for considering the purpose of transmission is to distinguish radio emis-
sions from disturbances caused by automobile ignition systems,’
medical equipment, ete.” Such obviously was the intent of the Con-
gress.

While all electromagnetic waves exhibit certain characteristics in
common,? their behavior is different. For example the extreme short-
ness of X-rays makes penetration possible,®since the spaces in most ma-
‘terials are comparable with the wavelength, while waves of somewhat
longer length are more subject to reflection. Similarly in the band 10
to 500,000 kilocycles, which composes the present radio spectrum,'?
the range of transmission at frequencies from 10 to 550 kiloeycles is
considered to depend largely on ground wave propagation although the
effect of the sky wave is noticeable at night and the same is true for
frequencies in the broadcast band, although here the effect of the sky
wave is more pronounced.'* As the frequency of transmission is in-
creased the absorption of the ground wave also increases so that for
frequencies above about 3000 kilocycles greater ranges are obtainable
than would be expected from an inspection of empirical transmission
formulas'? adapted for use at the lower frequencies. Above about 6000
kilocycles skips'® are noticeable and long range transmission using the
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sky wave is possible with only moderate power in comparison with that
required at the low frequencies. As the transmitting frequency is still
further increased the skip distance also increases up to about 1800
miles at 40,000 kilocycles but this appears to be about the highest fre-
quency at which the sky wave will be refracted back to earth by the
Heaviside layer. The transmitting range for frequencies above this
value approaches the optical path as the upper limit of the radio spec-
trum is reached.’ Actually this path will only be reached for waves of
4 % 10" kilocycles (red light).

Thus X-ray photographs are made possible by using one type of
electromagnetic wave while the colors of a painting or an advertise-
ment on a billboard become evident and appreciable because of the
selective absorption and reflection of somewhat longer waves and the
effect of such waves on the human eye.'® There are similar differences
in the behavior of the longer waves which form a part of the radio
spectrum. Thus waves in the neighborhood of 500,000 kilocycles can
be reflected by means of metallic reflectors and refracted by paraffine
prisms, lenses, etc., and behave in general more like light waves than
do the commonly used electromagnetic waves of the radio spectrum.!®

It becomes apparent that if wavesin a portion of the radio spectrum
behave more like light than radio, it is possible in point of fact to have
purely intrastate transmission. Such may be possible from a practical
viewpoint also at frequencies below the point where skip distance
effects are noticeable, particularly below 3000 kilocycles, if very low
powers are employed. However, the doctrine of Whitehurst v. Grimes
can be applied practically to extend judicially the operation of the
Radio Act on the basis of a presumption of law that all radio trans-
mission is per se interstate commerce or a burden thereon, so that the
desirable end is attained wherein the Federal Government has the sole
right to regulate all radio transmission. Such an extension follows the
principle enunciated by the Supreme Court in an analogous situation
involving the authority of the Interstate Commerce Commission to
regulate railroad rates wherein the Court said:!’ “. . . Wherever the
interstate and intrastate transactions of carriers are so related that
the government of one involves the control of the other, it is Congress,
and not the State, that is entitled to prescribe the final and dominant
rule, for otherwise Congress would be denied the exercise of its con-
stitutional authority, and the State, and not the Nation would be
supreme within the national field. . . .”

As previously indicated the right of Federal regulation probably
does not extend to the regulation of the use of medical equipment,
automobiles, street cars, elevators, X-rays, and electrical equipment

T = !-l“
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not used for communication purposes simply because the operation of
such equipment causes interference to radio signals.!® In such situa-
tions the general doctrine pertaining to the abatement of nuisances is
deemed applicable but should be applied with caution to assure equity
to all.!? It is possible that Federal regulation might be extended to
limit the use of radiating receivers under the present Radio Act as ex-
tended by judicial decisions.

It is evident that the use of the ether is a question involving public
policy?® and except where treaties, statutes, or regulations have inter-
vened every individual has a right to the free use of the ether for trans-
mitting and receiving. Such appears to have been the case in the early
days of radio prior to the enactment of a statute in 1913 designed to
carry the 1912 International Radiotelegraph Convention into effect.?
Under this statute the issuance of a station license was not a discre-
tionary act except as to choice of frequency.”? Such a situation could
not continue, and the Act of 1927 was passed to remedy a situation
which was rapidly becoming chaotic and the subject of international
agreements; so that at the present time there does not appear to be
any right to engage in radio transmission unless pursuant to a license
and even then there does not seem to be any assurance that the license
will be continued unless it is shown to be in the interest of the public.?

The discussion so far assumes that Congress has the sole power
to regulate radio transmission based on its Constitutional power over
interstate commerce.?* So far the radio cases indicate that this is the
correct view on the theory that an analogy exists between the radio and
the wire telephone and telegraph cases? but the Supreme Court has
not passed on the question. It is considered important to discuss the
commerce or “business” phase of the subject in order to determine
what if any valid legislation can be enacted by the several states with
regard to radio stations and their operation. In order to do so it is de-
sirable to classify radio communications roughly as follows:

(1) Commercial point-to-point, shore-to-ship, and ship-to-ship.

(2) Amateur.

(3) Broadcast.

In the first class there is no question but that all such communica-
tions are commerce, within the meaning of Article I, Sections 8-3 and
818 of the Constitution of the United States, regardless of whether
the transmission crosses state lines, since the nature of the transaction
rather than the means employed is the determining factor. The tele-
phone and telegraph cases? are therefore directly in point as is the
1902 opinion of the Attorney General which applies to this class of
communications.?”
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Amateur communications raise the question as to whether non-
commercial intercourse is commerce within the meaning of the Con-
stitution?® although unregulated communications of this character
would unquestionably impose a serious burden on interstate traffic
regardless of the actual transmission range.?® State regulations over
such transmission would probably be held to be unconstitutional.

Most of the legal problems arising in connection with the above two
situations occur and are more troublesome in connection with broad-
casting. Hence they will be discussed in that connection, although the
application to other services will be evident from the context.

One difficulty in considering broadcasting to be commerce within
the meaning of the Constitution is that it is difficult to see the neces-
sary relation between broadcaster and listener required for strict com-
pliance with even such a modern definition of interstate commerce as
cited by Chief Justice Hughes in the recent case of Furst v. Brewster?®
wherein it was quoted that:

All interstate commerce is not sales of goods. Importation into one state
from another is the indispensible element, the test of interstate commerce;
and every negotiation,® contract,’? trade, and dealing between citizens of
different states, which contemplates and causes such importation, whether
it be of goods,® persons,* or information, is a transaction of interstate com-
merce.

In broadcasting the importer is absent in the same degree as if a large
billboard were placed adjacent to a state line and read in another
state by chance observers. The message placed on the billboard is con-
veyed by means of the effect of electromagnetic waves, in the fre-
quency band 4 X 10" to 7.5X 10" kiloeycles,* upon the eyes of the ob-
servers whereas radio broadcasts must be selected by the observer
using a suitable receiver and accessories to make the aural, visual, or
combination broadcast utilizing modulated electromagnetic waves of
much lower frequency, evident.

The courts have indicated that a billboard may be in interstate
commerce during physical transit but after erection the interstate com-
merce feature has ended and the state where it is placed has the power
to regulate it.* In both the radio and billboard situations that which
is transmitted across state lines is in the form of minute amounts of
electromagnetic wave energy which obeys natural laws and may be
received by any one properly equipped and located. It is thus difficult
to see any element of property in the waves after transmission and
prior to chance reception.®” Furthermore, the usual communication
system wherein a message is transmitted via the system to a named
addressee does not exist unless it be inferred from very remote circum-
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stances. Certainly the listeners are unknown and in no sense in direct
contractural relation with the broadcaster under the system in use in
the United States; so that there is a marked difference in this respect
with the factual background of the cases involving the transfer of
electrical energy or communications over wire circuits.

The radio situation seems to be one where electrical energy is
transmitted in such manner that title to the emission is lost on trans-
mission, except in so far as copyrights may be involved ; and as natural
laws make it probable that any radio transmission may cause inter-
national difficulties or burdens on prima facie interstate and foreign
communications unless all radio emissions are properly controlled,
Congress unquestionably should have sole power to regulate such
transmissions. Such Congressional authority can be found in the
ancillary powers to carry valid treaties into effect even if it were to be
held that such transmissions are not interstate commerce. Under both
theories the States would seem to lack authority to regulate directly
such transmissions.®®

The broadcasting of copyrighted material raises the problem as to
whether the reception of such a program constitutes a performance
within the meaning of the copyright laws.?® This has been answered in
the affirmative by the case of Buck v. Jewell-La Salle Co.** where the
Court held that the reception of copyrighted material by a hotel
proprietor and the furnishing of such a program to guests constituted
an infringement of the copyright on the theory that it was a public
performance for profit. The noncommercial reception of the same pro-
gram in a private home would not violate this law. Such a decision is
hard to justify, since in reception the field laid down by the trans-
mitter is used to control the receiver output, and if damage to the copy-
right owner results the proximate cause of such injury is the unau-
thorized use of the copyrighted material by the broadcaster. This view
is supported by the definition of broadcasting as emissions intended
for public reception.* The result should be the same regardless of
whether the broadcaster was licensed under the copyright or not.

It is probable that certain types of state regulations and taxes will
be held valid under the doctrine of Utah Power and Light Co. v. Pfost*
which case involved the right of a state to tax electrical power gener-
ated within the state and transmitted in interstate commerce. The
court held that the conversion of mechanical into electrical energy
during the process of generation was a sufficient manufacture to sus-
tain the validity of the particular tax since manufacture comes before
the transmission in interstate commerce. By analogy it would appear
that the conversion of electrical or mechanical and sound energy to
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modulated radio-frequency energy would likewise be such a manu-
facture as would justify certain forms of taxes, and regulations under
the police powers of the several states, particularly in case of broad-
casting. T'he idea of manufacture as applied to radio transmission dis-
tinguishes it from the billboard cases except where news flashers are
involved. The latter can be distinguished from radio only on the basis
of the use of different frequency waves which necessitates the employ-
ment of different means for transmission and reception.

State regulation of broadecasting under the police power will likely
prove troublesome as such regulations will doubtless tend toward pro-
hibiting certain forms of advertising in addition to the usual regula-
tions governing manufacturing. Yet if the billboard or manufacturing
analogies are applied to radio and the limited service areas of modern
broadcasting supports the former, a state could doubtless pass cer-
tain laws, valid under its police powers, and proceed against station
and operators in the event of violations. Similar situations arose prior
to the passage of the 18th Amendment in connection with the manu-
facture of liquor in dry states and the Supreme Court in Mugler v.
Kansas® held that the State of KKansas having authority to prohibit
the manufacture and sale of intoxicating liquor had the power to de-
clare any place maintained for such purpose a public nuisance and to
proceed in abatement against the property as well as punish the of-
fenders.

Of course a state could not prevent undesired transmission, origi-
nating in other states, from entering its borders.4 The state could and
probably would in the hypothetical case proceed against anyone within
its jurisdiction who “tuned in” on an obnoxious program and thereby
created a nuisance. State courts have already taken the stand that the
manner of operating a radio receiver determines whether it is a nui-
sance or not.4

The Constitutional right of free speech would probably not in-
validate a proper State statute because of the right of every State to
pass laws regulating safety, health, morals, and public welfare under
the guise of police powers and practice has shown that such laws are
generally sustained by the courts.

The Nebraska case of Sorenson v. Wood*’ indicates that a Federal
license to broadcast does not relieve a broadcaster from liability in the
event that a libel is published over his station. The Court considered
that broadcasters are engaged in commercial advertising for pay and
may be compared with newspapers and magazines rather than with
common carriers.

Since it is probable that State regulation as indicated above would




Wright: Some Aspects of Radio Law 1581

be held valid regardless of whether the commerce idea was retained
or not, it is interesting to examine the doctrine of Federal regulation
under ancillary powers. If the latter theory is adopted the possible
objection that State taxes®® or regulations?® are invalid as affecting
instrumentalities of interstate commerce would be avoided. Further-
more, property rights in radio transmission as such, do not exist any
more than property rights in uncaptured migratory birds so that simi-
larly permission from the Federal Government to transmit may be
revoked at will on the theory that the right is that of a mere licensee.
The power to regulate is justified because of the necessity for inter-
national and national regulation if any one is to utilize radio success-
fully as a means for long-distance communication or broadcasting.

Anyone engaging in any business affected by public interest must
expect the imposition of reasonable regulations, and having accepted
licenses under such regulations it appears that there is no longer any
question as to the right of the regulating power to revoke a license
without liability on the theory of confiscation of property.5® However,
some decisions indicate that the regulating power may be estopped
to deny a license under certain conditions where a station has been
erected in good faith under a construction permit and no new facts
have been found to justify the refusal of a station license.”

If the manufacturing doctrine of interstate commerce and the
theory of regulations passed pursuant to ancillary powers do not ex-
empt stations and operators from the operation of certain state laws,
it is submitted that neither should bar civil suits even in cases when the
licensed transmission is itself the cause of damage as where adjacent
property is set on fire.

It is clear from the foregoing that while the introduction of radio
into everyday use has added problems peculiar to the new means; that
few new legal theories are involved. It is simply a question of the
engineers and lawyers coordinating their efforts to the end that legal
principles will follow and be correctly applied to the fact situations of
radio.

Annotations

1. Title 47 U.S.C.A. Chapter 4. For complete statement of intent of Act see
47 U.S.C.A. 81.

2. 47 US.C.A. 111.

3. Reported in 21 Fed. (2d) 787. From the 1927 Government Amateur Call
Book it is noted that the power of the defendant’s amateur station was listed
as 15 watts and it is probable that the transmitting frequency was in the
neighborhood of 8000 kilocycles.

4. Article 1. Sections 8-3 and 8-18 of Constitution of the United States.
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5.

10.
11.

12.

13.

14.

The waves were predicted by Maxwell from theoretical considerations but it
remained for Hertz actually to generate them and demonstrate that they
were a part of the electromagnetic spectrum. It appears that Hertz actually
made his discovery while giving a lecture demonstration by noting that a
coil of insulated wire energized by a spark coil through a gap induced
similar though weaker currents in another like coil. Investigation of this phe-
nomena in the light of Maxwell’s theory resulted in Hertz’ laying the founda-
dation of present-day wireless telegraphy and telephony although we are
indebted to Marconi for utilizing the new discovery for practical communica-
tion purposes. See for example Fahie “History of Wireless Telegraphy,”
Blackwood and Sons, London, 2nd edition, (1901), or Fleming “Principles
of Electric Wave Telegraphy and Telephony” Longmans and Co., 4th edi-
tion, (1919), particularly chapter V.

Curtis “Electrical interference in motor car receivers,” Proc. I.R.E. vol.
20, p. 674; April, (1932), states that the radio disturbances from Model T
Fords is a maximum at about 60,000 kilocycles.

Such equipment is used for various purposes as in diathermy, to produce
artificial fevers and to energize the radio knife. Diathermy and electric knife
equipments usually use frequencies between 300 and 2000 kilocycles, but
avoiding frequencies in the broadecast band which is from 550 to 1500 kilo-
cycles. Fever equipments use frequencies of about 50,000 kilocycles. Underhill
“The radio knife,” Electronics, October, (1930), discusses the subject equip-
ment and cites references to medical literature. Carpenter and Page “Pro-
ducing artificial fevers by short radio waves,” Electronics, May, (1930),
and Page “Very short radio waves,” Electronics, July, (1930), discuss some
of the uses of high-frequency radio waves for other than communication pur-
poses. The equipment described uses the same types of vacuum tubes as
used for communication purposes and closely follows radio practice.

. For example see Palmer “Wireless Principles and Practice,” chapter 1, Long-

mans Green, London, (1928); page 272 Reese “Light,” Missouri Book Co.,
(1921).

. Chapter 1 Bragg and Bragg “X-Rays and Crystal Structure,” G. Bell and

Sons, 5th edition, (1925).

Federal Radio Commission Regulation No. 185.

The absorption of the ground wave appears to increase with frequency
whereas the absorption of the sky wave seems to reach a maximum in the
present broadcast band. See Electronics, May, (1932), for certain transmit-
ting range data compiled by the United States Bureau of Standards.
Calculations of the field laid down at a distance by a given transmission by
the various available formulas do not agree very well as will be noted by re-
ferring to pages 37, 38, and 39 of the “Fifth Annual Report of the Federal
Radio Commission” where results obtained using eleven such formulas are
plotted for a frequency of 1000 kilocycles and a radiated power of 1000 watts
and compared with actual measurements made by the Radio Inspection
Service.

The article by Taylor and Hulburt, Physical Review, February, (1926), is one
of the first on this subject and discusses the theory of the propagation of high-
frequency radio waves.

Beverage, Peterson, and Hansell, “Application of frequencies above 30,000
kilocycles to communication problems,” Proc. I.R.E,_vol. 19, p. 1313;
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21.
22.
23.
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August, (1931), states that frequencies as high as 43,000 kilocycles have
been observed at infrequent intervals beyond the ground wave range while
frequencies of 300,000 kilocycles and above hehave essentially like light.
This article also discusses the Hawaiian Island high-frequency radio-
telephone system. Also see Proc. I.R.E., vol. 21, no. 3; March, (1933). En-
tire number is devoted to ultra-high-frequency problem.

Page 21 Reese “Light,” Missouri Book Co., (1921).

Fleming “Principles of Electric Wave Telegraphy and Telephony,” 4th
edition, (1919), Longmans and Co. Chapter V describes experiments show-
ing that very short radio waves behave similarly to light as regardsreflection
and refraction.

Houston & Texas Ry. v. United States, 234 U. S. 342.

Public interest would seem to demand that reasonable precautions and
efforts be made to eliminate such radiations and to place the burden of due
care upon the power companies or users of interfering equipment. For
analogous situations see Clark “Principles of Equity” published by Johnson
and Hardin, (1919), particularly sections 205 and 223.

Analogous situations appear in the oft-cited cases of Fletcher v. Rylands,
L.R.3H.L. 330, Wilson’s “Cases on Torts” page 659 and Hoare & Co. v. Mec-
Alpin & Sons, (1923), 1 Ch. 167, Wilson’s “Cases on Torts” page 699
The first dealt with the escape of water from a reservoir constructed on the
defendant’s land and the court held that as this was an unnatural use of the
land that the defendant was liable. In the second case the driving of piles
set up vibrations in the earth which shook the plantiff’s building so as to
cause great damage and the court held the defendant liable citing Fletcher v.
Rylands. In Hoare v. McAlpin the vibrations were set up in the earth and
transmitted by earth waves to a near-by building setting up destructive dis-
turbances therein. The ether vibrations set up by near-by radio or elec-
trical equipment may cause damage. The case of Fletcher v. Rylands was
decided in 1868 by the House of Lords, and the situations now encountered
in modern cities and in radio transmission were not contemplated. It is not
helieved to be applicable to cases of mechanical vibrations or to radio. It is
submitted that reasonableness should be the test and if unreasonable vibra-
tions of earth or ether are set up those responsible for their generation should
be held accountable. This view is in accord with Hennesay v. Carmony, 50
N.J. Reports, Equity, Ames, “Cases in Equity Jurisdiction,” (vol. 1, p. 578)
where injunctive relief was granted against the generation of unreasonable
vibrations by laundry dryers which vibrations constituted a private nuisance.
Note 1, p. 585 of Ames Cases is also significant in this connection as indicat- .
ing that actual damage is not a condition precedent to obtaining relief.

The purpose of radio legislation is to prevent chaos by properly regulating
the use of the ether, Journal Co. v. Federal Radio Commission 48 Fed. (2d)
461.

Historical Note 47 U.S.C.A. 51.

Hoover v. Intercity Radio Co. 286 Fed. 1003.

But facts known at time of granting a construction permit should not be
urged against granting a license if the applicant has acted bona fide and
erected his station. Richmond Development Co. v. Federal Radio Com-
mission 35 Fed. (2d) 883. However, the Federal Radio Commission appears

to have the right to refuse to grant or continue a license for cause. 47 U.S.
C.A. 91,
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24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.
38.
39.
40.

41.
42.

43.

44.

45.

46.
47.

Brown V. Houston, 114 U.S. 622.

For example see Duncan v. U.S. 48 Fed. (2d) 128, Whitehurst v. Grimes loc.
cit., and Mich. Law Rev., note 26, p. 919, remembering that sound and
electromagnetic waves are different.

For example see Pensacola Tel. Co. v. Western Union, 96 U.S. 1; Western
Union Tel. Co. v. Speight, 245 U.S. 17; Western Union Tel. Co. v. Missouri,
190 U.S. 412, and Western Union Tel. Co. v. Pendleton, 122 U.S. 347.

24 Op. Atty. Gen’l. 100.

For an old though oft-repeated definition of interstate commerce see Gib-
bons v. Ogden, 9 Wheaton 1.

Certainly a more direct burden than where diseased cattle strayed across
a state line which was held to be a burden on interstate commerce in Thorn-
ton v. U.S. 271 U.S. 414.

282 U.S. 493 quoting from Butler Bros. Shoe Co. v. U.S. Rubber Co. 156
Fed. 17.

The sale of negotiable paper has been held not to be interstate commerce.
See note 67, p. 741, Willoughby “Constitutional Law,” 3-volume edition.
Insurance contracts are not interstate commerce. N.Y. Life Ins. Co. v. Deer
Lodge Co., 231 U.S. 495.

See Hammer v. Dagenhart, 247 U'.S. 251. Case involved question of Federal
authority to prevent shipment of produects of child labor in interstate com-
merce.

White slave cases are generally argued on basis that women are being used
as subjects of barter and gain. See Hope v. U.S., 227 U.S. 308.

The visual spectrum.

See Packer Corp. v. Utah 285 U.S. 105 which held State law prohibiting
advertising on billboards valid and not a burden on interstate commerce.
Am. Bond and Mortgage Co. v. U.S,, 52 Fed. (2d) 318 held right to use ether
permissive not vested.

The case of Missouri v. Holland, 252 U.S. 416 held Congress had ancillary
power for execution of treaties affecting migratory birds.

See Title 17 U.S. C.A.

283. U.S. 191.

Regulation 71 of Federal Radio Commission.

286 U.S. 165 (1932 case). Also consider the striking analogy to the “Original
Package Cases.” See for example Austin v. Tennessee, 179 U.S. 343. The
transmission of a broadcast program over an interstate wire circuit can be
likened to shipment in an original package while the broadecasting of the
program by the station is similar to breaking the package and retailing its
contents. The program after broadcasting is again interstate in character but
at some point, say the input to the transmitter, the “original package” may
be considered to be broken.

123 U.S. 623.

The power to regulate such emission is in the Congress. Compare with
Brooks v. U.S,, 267, U.S. 432, which case upheld National Motor Vehicle
Theft Act on theory of federal police power in field of interstate commerce.
Weber v. Mann, 42 S'W. (2d) 492. Similar reasoning appears applicable to
auto radio cases.

Adairv. U.S., 208 U.S. 161.

243 N.W. 82, Nebraska Supreme Court, 1932,
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49.

50.
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A state property tax is not invalid if it taxes property used in interstate
commerce as it taxes other similar property and is not levied against the
commerce, C. & C. Bridge Co. v. Kentucky, 154 U.S. 204.

Champlin Refining Co. v. Corp. Commission 286 U.S. 210 held a state could
regulate production of petroleum when same is immediately shipped in
interstate commerce.

See for example G. E. Co. v. Fed. Radio Commission, 31 Fed. (2d) 630;
Technical Radio Lab. v. F.R.C., 36 Fed. (2d) 112; City of New York v.
F.R.C., 36 Fed. (2d) 115; and Munn v. Illinois- 94 U.S. 113.

See Note 23 supra and F.R.C. v. Nelson Bros. Bond & Mortgage Co. de-
cided May 8, 1933, by U.S. Supreme Court (Cases Nos. 657, 658, 639, and
660).
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Proceedings of the Institute of Radio Engineers
Volume 21, Number 11 November, 1933

RADIATION AND INDUCTION*

By
R. R. Ramsey

(Department of Physics, Indiana University, Bloomington, Indiana)

N A paper entitled “Radiation and Induction”! by the author and

Robert Driesback in 1928, the fields about coils and aerials were

developed. The development of the radiation field was the same
as that given by Dellinger.? On pages 1122 and 1123 of the first paper
it is pointed out that the vector potential (i) &/z, used by Dellinger, _
has the same form as the scalar potential of a magnet. Although it is
pointed out that the field due to an aerial is perpendicular to the direc-
tion z the similarity of the two equations seems to have led to confu-
sion. Since some of the late textbooks have pointed out the similarity?
without calling attention to the difference, and others have referred to
the paper in the ProcEEDINGS for an elementary explanation,* the
author thinks that perhaps a more detailed development might be
advantageous. It might be said that the similarity is more apparent
than real, and perhaps the confusion would be less if there had been
less similarity.

We can produce a magnetic field in two ways: first, by means of a
magnet or magnetic pole; second, by means of a current of electricity.
The field due to a magnetic pole is H =m /r,% due to the pole of strength,
m. The field at any point, P, is the vector sum of all such expressions.
It is much more convenient to obtain H from the space derivative of a

m
scalar potential or H =6( ) dS, where m/r can be understood to be

the algebraic sum or the scalar sum of all expressions, m/r. This has
been illustrated in several cases in the original paper.

In the case of the magnetic field due to a current we have the funda-
mental equation H = (Idl/r?) cos § where Idl is an element of current, r
is the distance of the point P from the element, I dl, and 6 is the angle
made between r and the perpendicular drawn to the element, Idl. We
can assume that the element of current Idl at the origin, Fig. 1, has the
components, [ dX, I dY, I dZ. 1t will be apparent that a current

* Decimal classification: R111. Original manuscript received by the Insti-
tute, May 8, 1933.

1 Proc. I.R.E., vol. 16, p. 1118, (1928).

2 Scientific Papers of the Bureau of Standards, No. 354.

¢ Everitt, “Communication Engineering,” p. 506.

* Terman, “Radio Engineering,” p. 494
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flowing in any direction will produce no magnetic field in that direc-
tion, since the lines of force are circles about the current.

Let us determine the field in the Z direction at the point P in the
figure. The field due to I dZ will be zero. The field due to I dY, accord-
ing to the equation is

— (IdY /) (Va? + 2/r) (&/v/2* + 2%)
where,
cos 0 = A/x2 + 2%/r
and where,
o/ F 2
is the cosine of the angle between the direction of the field at ° and the

7 direction. This when simplified is Hy= — (I dY)(x/r*). The minus sign
is given since the field is perpendicular and into the plane of the paper.

Fig. 1

This is seen to be the derivative of I dY /r with respect to z.
d
H, = s (IdY)(z? + y? + 22"V = (1dY)(— 1/2)(z* + y? + 2%)*%(2x)
x

= — (IdY)z/r*.

This is the field in the Z direction due to the component of current
[ dY. There also will be a component field in the Z direction due to the
current I dX. This will be seen to be

J
I, = (IdX)(y/r®) = — 3 (IdX/r).
Yy
Thus the total field in the Z direction is

0 J
H,=— {IdY/r) — - (IdX/r).
oz Jdy
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This will be recognized as the Z component of a curl equation. The
complete equation is

d 0
H,=— (dZ/r) — — (1dY/r)
dy dz

0 0
H,=— (IdX/r) — — (IdZ/r) } = curl (Idl/r).
0z ox

H. = —i (IdY/r) — g (IdX/r)
or dy

In the case of an aerial the current is all in the Y direction and we
can assume (I dY/r)=1Ih/r where h is the equivalent height of the
aerial and r is great compared to /. Since there is no current in the X
and Z directions our fields simplify to

B, = —a— (Ih/r) = (Ih)(2/r?)
0z
I,=0

0
H,=— (Ih/7).
or

Since the point, P, is usually assumed to be on the surface of the
earth in the XY plane, we have z=0 and H,=0, and since r=z our
field becomes

0
H, = — (Ih/2).
ox

The field due to a current is the curl of a vector potential, I dl/r.
This when simplified becomes the derivative with respect to z of the
vector potential Ih/z which is Dellinger’s equation.

The complete equation for the magnetic field is,

5}
H= — = (m/7) + curl (Idl/r).

The field is the negative derivative with respect to space of a scalar
potential, m/r, due to magnets, plus the curl of a vector potential due
to currents. To quote A. G. Webster,® “The vector potential belonging
to the magnetic force is the vector potential of the current density.”

8 Webster, “The Theory of Electricity and Magnetism,” p. 436.
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In radiation from an aerial we are interested in the fields produced
by the current. This field in any direction, Z, is the derivative with
respect to space in a second direction, X, say, of a vector potential,
I dY /r in the third or Y direction. When dealing with fields produced
by magnets it is often convenient to use the negative space derivative
of a scalar potential, m/r. Likewise when dealing with fields produced
by a current it is at times convenient to use the curl of a vector poten-
tial, I dl/r.
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SUPERREGENERATIVE WAVE METER
FOR ULTRA-SHORT WAVES*

By
H. Ataka

(Meidi College of Technology, Tobata, Japan)

Summary—In order to determine the wavelength of ultra-short-wave oscilla-
tors with insufficient output, a simple generating wavemeter based on superregenera-
tion is developed, and some descriplions are given of its construction, manipulalion,
and accuracy.

VHE Lecher-wire system is widely used for wavelength determi-
nation of ultra-short waves. Asit is a kind of absorption method,
it is very troublesome for calibrating the wavelength of an oscil-

lator with insufficient output, one of the chief examples of which is the
receiver for use on ultra-short waves. I'or such a purpose, one might
naturally turn to a wave meter based on the heterodyne principle. The
beat notes, however, are usually very unstable for these waves, and the

Fig. 1-—Circuit of superregenerative wave meter.
C, =0.0001 microfarad, I, =1 megohm.

wave meter on this principle will not be so useful as for longer waves.
To overcome these difficulties we have constructed a wave meter em-
ploying superregeneration.

Fig. 1 represents a circuit of the superregenerative wave meter di-
agrammatically. The resonant circuit consists of a single-turn circular
coil L and a variable condenser C. € is a midget condenser of 13 plates
and L a set of coils of the following dimensions:

Coil 4, diameter 14 cm,
Coil B, diameter 7 cm,
Coil C, diameter 3.2 e¢m,

* Decimal classification: R384 X R211.1. Original manuscript received by
the Institute, June 26, 1933.
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each coil being made of copper wire B & 8 No.6. The frequency of
quenching oscillator V' is 77.8 kilocyecles.

In the first place, the wavelength of the oscillator V is carefully
calibrated by means of a Lecher-wire system. The calibration curves
are shown in Fig. 2. The range of wavelength from 4 to 10 meters is
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Fig. 2—Calibration curve of wave meter.

covered with these coils. In order to extend this range to shorter wave-
lengths, it would be necessary to decrease the capacity of the condenser.
The variations of wavelength with the operating plate voltage and
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Fig. 3—Resonance curve of wave meter.

filament current have been found to be within an error of one per cent
or less.

If the wave meter is put into operation, a characteristic noise will
be caused by the quenching action of superregeneration and a reading
will be observed on the milliammeter A. When a wave is incident upon
the wave meter and the resonant circuit is tuned to the wave, both the
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noise in the telephone receiver T and the reading on the ammeter A
will show sudden decreases simultaneously, and the more perfect the
resonance is, the more they decrease. By observing these variations and
referring to the calibration curves, we can find the unknown wave-
length of incoming wave. It is preferable to take plate current as the
indicator of resonance, owing to its sharp variation.

Now let us illustrate by an example: It is required to determine the
wavelength of a receiver. The wave meter is placed near the receiver at
a distance two meters or so. Using a suitable coil (B, in this case), the
tuning capacity is, as usual, varied gradually. Then for plate current
as a function of capacity, we obtain curve I, as shown in Fig. 3, on
which curve II is for the case without incoming wave. From these
curves it is easily found that resonance occurs at the point 6 =33.0.
Hence from Fig. 2 the wavelength of the receiver is found to be 5.12
meters. A direct determination by means of the Lecher-wire system
gives a wavelength of 5.10 meters. In practice it is not necessary to plot
a resonance curve as the value of 6 corresponding to minimum reading
of the meter A can be used without any loss in accuracy.
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ON THE PRODUCTION OF ULTRA-SHORT-WAVE OSCIL-
LATIONS WITH COLD-CATHODE DISCHARGE
TUBES*

By

Kinjiro OKABE
(Nagoya Higher Technical College, Nagoya, Japan)

Summary—In this paper it is pointed out thal the ultra-short-wave oscilla-
tion whose wavelength depends on the external circuit can be successfully produced
with a cold-cathode discharge tube of special consiruction by applying a strong mag-
netic field. The oscillation whose wavelength is below one meter could be obtarned
by this method.

Theoretical discussion of the present osctllation is also given in connection with
one of the magnetron oscillations.

INTRODUCTION

N A previous communication' the author pointed out that he
I[ could produce high-frequency oscillations of two different types

with a cold-cathode discharge tube of special construction (Fig. 1)
by applying a strong magnetic field. These two types are: (A) the oscil-
lation in which its frequency is approximately independent of proper-
ties of external circuit, and (I3) the oscillation in which its frequency
is determined by the external circuit.

The oscillation of type (A) is similar in its characteristics to those
obtained by Fox,? Pardue and Webb,? and others.

The oscillation of type (B) seems to oceur by the same cause as the
magnetron oscillation of type (B),* and it appears to the author that
a negative resistance of special type which differs from those shown
by Habann® and others must be taken into consideration in the ex-
planatior of the oscillation of this type. In this paper experimental re-
sults and theoretical considerations of this oscillation will be dealt with.

EXPERIMENTAL RESULTS

Fig. 1 shows the construetion of the discharge tube (residual gas:
nitrogen) used in the present experiment. The terminal lead T; was
utilized in the course of evacuation, but it was not used during the
experiment.

* Decimal classification: R133. Original manuseript received by the Insti-
tute, July 5, 1923.

1 K. Okabe, Reports of the Institute of Science in Japan, vol. 8, (1932).

2 (4. W. Fox, Phys. Rev., vol. 35, p. 1066 (1930); vol. 37, p. 821, (1931).

s L. A. Pardue and J. 8. Webb, Phys. Rev., vol. 32, p. 946, (1928).

+ K. Okabe, Proc. I.R.E., vol. 18, p. 1748, (1930).

s E. Habann, Zeit. fir Hochfrequenz, vol. 24, p. 115 and p. 135, (1924).
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1594 Okabe: Ultra-Short-Wave Oscillations

It has been found that the most necessary requirement for the
production of the oscillation of type (B) is to keep the proper degree
of vacuum. The author has obtained satisfactory results in the case
where a gaseous discharge begins to occur under a strong magnetic
field, a high voltage being applied to the anode.

Fig. 2 shows the circuit used in the present experiment. The wave-
lengths, etc., were measured by a Lecher-wire system placed near this
circuit.

Fig. 1

One of the experimental results, which was obtained with a
properly evacuated discharge tube (the diameter of the anode: 3
millimeters, the diameter of the cathode: 0.09 millimeter) is shown in
Fig. 3. In the figure A and /I represent the measured wavelength and
the intensity of the applied magnetic field, respectively. The other sym-
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bols correspond with those of Fig. 2. In this case the author could detect
the ultra-short-wave oscillation down to 76 centimeters in wavelength.

Fig. 4 shows the change of anode current and detector current when
the intensity of magnetic field was varied. The detector current is
represented by I, in the figure, and it becomes the measure of the in-
tensity of oscillation. This result was obtained with the same tube as
the above, when the length of I was so adjusted as to produce the most
intense oscillation under the given values of V and .

In general the oscillation was strongest at a proper value of [, and a
falling static characteristic in either of the anode circuits of a tube was
not a necessary factor for the production of the present oscillation.
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TaeorETICAL CONSIDERATION IN CONNECTION WITH
MaGNETRON OsciLLATION oF TypE (B)

It seems to the author that the present oscillation may be caused
in the same way as that of the magnetron oscillation of type (B), as
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the degree of vacuum had to be kept comparatively high and the oscil-
lations were too short in wavelength to be caused by some ionic phe-
nomenon. Furthermore, the fact that the characteristics are very closely
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similar in both cases may support the above hypothesis, so the cause
of the magnetron oscillation of type (B) will be discussed in the fol-
lowing.

The author could successfully produce the magnetron oscillation of
type (B) with the unsplit-anode magnetron and the split-anode magne-
tron whose two anode segments were connected together at the anode
side, connecting the oscillation circuit between the terminals of the
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anode and the cathode.® Also the author could produce it with a split-
anode magnetron which showed no prominent falling characteristic in
each anode circuit.®

Figs. 5 and 6 illustrate the above-mentioned results. In both figures
A and N’ represent the wavelengths of the magnetron oscillations of
types (A) and (B), respectively, and I, represents the detector current
which becomes the measure of the intensity of oscillation. Other sym-
bols are diagramatically illustrated in the figures. The diameter and
length of the anode of the tube used in the present experiments are 1.8

¢ K. Okabe, M. Ishida, and M. Hishida, Jour. I.E.E. (Japan), vol. 152,
p. 478, (1932). )
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centimeters and 2.5 centimeters, respectively. In Fig. 6 the curve 11
was obtained when the various quantities had been so adjusted as to
make the oscillation start at a proper value of V1— V5, and the curve I
was obtained under the same condition except that the short-circuit
condenser C, (0.1 microfarad) had been removed in order to stop the
oscillation.

MecArthur and Spitzer,” Megaw?® and others reported valuable re-
sults regarding the magnetron oscillation which seems to belong to the

—
Mag.Field Coll
___8plit-Anode Magnetron

(O —3
W= lz;'}_/ Dl

fo L lhe— at

lj ‘vvl -

1, andly (mA)

Ia (Arbitrary Unit)

V, =482 v
=80 cm.
. X =360cm. L | |
H=290g. IRIRERF
;=076 A, f e — T s
CURVE ] : C3=0
CWRVEIl: Cs=0.l,hf'_: ;

—

4+ 1
L

°

!
I

¢f'f | -
i

4L
0 10 20 30 40 50 60 70 8(?
——= V=V, (v.)

Fig. 6

magnetron oscillation of type (B), and tried to explain this oscillation
by a negative resistance of the dynatron type (which appears only by
the change of electron path) just in the same way as the case of Habann
oscillation. The author, however, thinks that in the explanation of this
oscillation it may be necessary to take the experimental results shown
in Figs. 5 and 6 into consideration, and also thinks that in this case the
negative resistance, which probably exists in consequence of the ab-
normal accumulation of electronic space charge near the anode,®'°

1 E. D. Me Arthur and E. E. Spitzer, Proc. I.R.E., vol. 19, no. 11, p. 1971-
1982; November, (1931)

8 1. C. S. Megaw, Jour. I.E.E., vol. 72, p. 326, (1933).

¢ L. Tonks, Phys. Rev., vol. 30, p. 501, (1927).

10 K. Okabe, Tech. Rep. Tohoku Imp. Univ., vol. 7, p. 241, (1928).
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or some other similar distribution is to be taken into consideration,
the effect of the external circuit also being taken into account.

In short the author is of opinion that the oscillation of type (B) ob-
tained with cold-cathode discharge tube may be the same as the
magnetron oscillation of type (B), and most of the oscillation of this
type may not be due to the same cause as those of the Habann type.

11 K. Kohl, Ergebnisse der exakten Naturwissenschaften, vol. 9, p. 275, (1930).
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A PROJECTOR TYPE LIGHT FLUX GENERATOR FOR
TESTING LIGHT SENSITIVE DEVICES*

By
E. B. KurTz

(Professor and Head Electrical Engineering Department, University of Iowa, Iowa City, Iowa)

AND

J. L. POTTER

(Instructor in Electrical Communication, University of Iowa, Iowa City, Iowa)

Summary—A novel light fluz generator is described which is capable of giving
a sinusoidal light flux for frequencies up to 100,000 cycles or higher per second, for
use in the testing of lelevision equipment or other equipment using photo-electric
cells.

An experimental and calculated curve is shown to verify the accuracy of the
apparatus.

cells and neon lamps such as are used in television, it is necessary

to employ some type of light flux generator which will give a
variable light flux, comparatively free from harmonics. Various types
of light flux generators have been developed, but the one in most gen-
eral use seems to be a disk with holes arranged in a circle around the
circumference, which are so masked as to give a sine wave of light
flux.! This scheme works fairly well up to frequencies as high as 15,000
cycles per second or possibly higher. If the disk contained 100 holes
and could be rotated 6000 revolutions per minute, a maximum fre-
quency of 10,000 cycles would be generated. If higher frequencies are
to be obtained, either the disk speed must be raised or the number of
holes in the disk must be increased. Both of these expedients have
limitations.

It is the purpose here to describe briefly a new sinusoidal light flux
generator capable of generating a light flux frequency of 100,000 cycles
or higher. A frequency of 100,000 cycles is high enough for most of the
television equipment in use at the present time.

The light flux generator itself consists of a variable area recorded
frequency film placed on a rotating drum with the edge containing the
frequency recording projecting over the edge of the drum. In order to
obtain the proper light source, the same lamp and optical system as is

:]:[N THE study of the frequency characteristics of photo-electric

* Decimal classification: R583 X 535.3. Original manuscript received by the
Institute, June 21, 1933.

1 Zworykin and Wilson, “Photocells and Their Applications,” 2nd edition,
page 208; Yean Book, L.R.1., pp. 174-175, (1931).
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found in the standard movie sound head is used. This consists of an
81-volt, 4-ampere exciter lamp, and a Bausch and Lomb lens tube as-
sembly, which contains the slit and the proper lens system for focusing.
The beam of light leaving the film is given a right-angle turn and pro-
jected on to the photo-electric cell. A photograph of the light flux
generator is shown in Fig. 1.

In placing the film around the drum it is necessary to splice the
film so that it contains an integral number of waves. This reduces the
effect of the splice in the film.

Fig. 1

These frequency film bands are eighteen inches in length, and if a
1000-cycle recording is used, 1000 waves will be generated for each
revolution of the drum. If the maximum speed of the drum is 3000
revolutions per minute or 50 revolutions per second, a frequency of
50,000 cycles will be generated. This is not the limit of the generator
as more waves can be recorded per inch of film length and the speed of
the drum can be increased.

After the light flux generator was constructed it was used to test
photocells up to frequencies of sixty thousand cycles per second.

In order to test the accuracy of the equipment, a vacuum photocell
was used with a good resistance-capacitance coupled amplifier, and the
output was put into an oscillograph and adjustments made on the light
source until a sinusoidal wave form was obtained. Fig. 2 shows the

wave obtained (a) and a section of the variable area recorded frequency
film (b).




Kurtz and Potter: Projector Type Light Flux Generator 1601

The load resistance on the photocell was 30,000 ohms and the
amplifier response curve was practically flat up to 50,000 cycles. This
combination of both photocell and amplifier also produced a practically
flat response curve up to 50,000 cycles. (See Fig. 3, curve 1.) A 274-
micromicrofarad fixed capacitance was then placed across the 30,000-

VVVVVVVVVVVVYVVYVYVYVVY WV V]

(a) . (b)
Fig. 2
ohm load resistance of the photocell. Curve 2 shows the calculated
relative input impedance for this combination, and the points marked
(z) are the points obtained experimentally with the apparatus. The
coincidence is sufficient to bring out the accuracy of the equipment.
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Fig. 3—1. Vacuum photocell and amplifier. )
2. Calculated relative input impedance when total shunt capacitance

is 274 micromicrofarads. )
x. Experimental check, same capacitance.

The light flux generator with photocell and amplifier may also be
used as an audio-frequency generator for making frequency runs on
various types of radio and television equipment. The frequency can
be varied smoothly and quickly, thereby fulfilling the requirements of
a beat frequency oscillator and at the same time having a wider range
of frequency.

This apparatus, therefore, provides an excellent method for ob-
taining dynamic characteristics of photocells at the higher frequencies
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and should also prove valuable from a research standpoint for other

applications.
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