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Yes...we are proud of our submer-
sion type units. They are now avail-
able in a wide range of sizes to cover
practically every requirement in de-
fense and non-defense applications.

These units are designed to take the
most extreme of Navy tests, which
consist of five complete submersion
cycles under salt water over a very
wide range of temperatures.
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The same engineering development which
perfected these units can be applied to the ‘ '

solution of your transformer problem.

MAY WE HAVE AN OPPORTUNITY
TO COOPERATE?
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Radio Progress During 1941

ual shift in national interest from a defense to

a full war basis. The adjustment of the radio
industry from a status in which both personnel and
materials were plentiful to one in which both were
scarce exercised the creative abilities of design and
manufacturing engincers to the utmost. Despite the
difficultics placed in the way of production and despite
the heavy demands placed upon radio manufacturers
by the military services, a greater number of broad-
cast receivers was built during 1941 than in any
previous year. An estimate made on the basis of the
first ninc months showed that the annual production
in the United States would amount to approximately
14,000,000 units. Of these, 44 per cent were small re-
ceivers listing at a low average price of $17.70.

Automobile receivers accounted for 3,000,000 of the
total production; and portable receivers were made in
numbers totalling over 1,500,000 units.

At the advent of war, amateur radio stations were
shut down; communication with ships at seca was dis-
continued except on a “broadcast” basis, communica-
tion by radio or wire with enemy countries was stopped,
and censorship of international communications be-
came general.

There was constant demand by military services for
trained radio men, to serve as operators of the many
kinds of radio cquipment in military use, and to act as
officers and maintenance men in charge of aircraft loca-
ters.,

@UTSTANI)IN(‘. during the year was the grad-

Technical Progress

Much of the technical progress made during the year
cannot be revealed until after the war. This is particu-
larly true of ultra-high-frequency and microwave tech-
niques, in which research has been extremely active.
\'ery impressive advances were made in the generation
of large amounts of power at very high frequencies and
in its utilization for communication and control pur-
poses. New tubes for the generation of ultra-high fre-
quencies were developed; and the practical use of wave
guides was accelerated.

Frequencies of the order of 100 megacycles and
higher came into moderately general use for various
purposes, notably for airport-traffic control, and as car-
riers for multichannel communication purposes.

A marine radio transmitter and receiver was de-
veloped as a single compact unit which very appreci-
ably reduced the time required to put communication
equipment aboard ship.

One of the most notable contributions of electronics
to science, the electron microscope, was improved tech-
nically so that higher voltages (300,000) could be used,
making it possible to study thicker specimens. The ap-
plications of the instrument to scientific research in-
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creased ; and definite contributions to knowledge in the
fields of biology, chemistry, and metallurgy were made
during the year by its means.

In the general field of acoustics, several advances
were made. A new series of loudspeaker horns having
improved throat-resistance characteristics compared
to the exponential horn was produced. These charac-
teristics are adjustable in a manner analogous to an
m-derived wave filter. An automatic record changer
was introduced commercially which play s both sides of
a disk record without turning the record over. A perma-
nent-magnet alloy of the aluminum-nickel-cobalt-iron
family, having an energy product of about three times
the value of alloys now in general use is being produced
on a small scale.

By an improved optical system, and use of higher
voltages, television projection tubes were built which
produced sufficient light for a 15- by 20-foot high-defi-
nition picture to be thrown upon the screen of a
motion-picture theater.

The similarity between ficld patterns encountered in
acoustic and radio-radiation propagation problems was
utilized in an experimental method for predicting the
behavior of antenna arrays by the use of acoustic
models. A paper, largely mathematical in nature, de-
veloped the similarity between loudspeaker horns and
directional antennas and contributed an attractive
physical picture to antenna operation.

Broadcasting

During the year the trend toward higher power con-
tinued, although 50 kilowatts was still the maximum
power permitted in the standard broadcast band. A
greater use of directional antennas gave effective power
increases in preferred directions to many stations. The
shift in frequencies of all stations above 740 kilocycles
was accomplished on March 29 in accordance with the
agreement of the Havana Conference of 1937. Aside
from learning new positions on his tuning dials for
favorite stations, the average listener was not aware
of the shift. The additional number of stations, and the
step-up in power, has increased the heterodyne prob-
lem; production continued of vast numbers of radio
receivers of mediocre tone fidelity, a situation con-
tributed to by the heterodyne problem and by the de-
sire for low-priced receivers.

In the realm of international broadcasting, con-
tinued advance in the power of this country's trans-
mitters took place.

An automatic calling system utilizing a so-called
“alert” receiver and subaudible modulation at the
broadcast transmitters was demonstrated during the
year. By its means the alert receiver on a stand-by
basis could automatically turn on at a signal sent out
from the transmitter.

Proceedings of the I.R.E. 57
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The greatest developments in broadcasting during
the year was the rapid growth of frequency modula-
tion. Although the difficulties of getting raw materials
and components for constructing transmitters retarded
the growth so far as sending stations were concerned,
many thousands of receivers went into service during
the year and at year-end were selling at an accelerating
rate. It was reported that by the end of November, as
many as 180,000 units had been sold. On November 17,
1941, there were approximately 115 frequency modula-
tion broadcast station licenses, construction permits,
and applications for construction permits recorded
with the Federal Communications Commission. More
than 20 stations were maintaining regular transmitting
schedules. More applications were on file for the New
York area than there are channels available.

Despite the fact that high-fidelity transmissions
were taking place it seemed doubtful at the end of the
year that the average frequency-modulation receiver
would have much better audio response than the aver-
age amplitude-modulation receiver.

Frequency modulation was being adopted by police-
radio systems and military services.

The television standards proposed by the National
Television Systems Committee were adopted by the
Federal Communications Commission during the year,
and the acceptance of paid programs to be transmitted
by television stations was authorized. The war, how-
ever, made it virtually impossible to continue the man-
ufacture and sale of television receivers.

General

In its annual report for the fiscal year ended June 30,
1941, the Federal Communications Commission stated
that during that year the citizenship of more than
150,000 radio operators and communications em-
ployees had been checked. On November 1, 1941,
there were 915 standard broadcast stations in opera-
tion or under construction; and it was estimated that
the number of receivers in use was more than
50,000,000. As of June 30, 1941, commercial radio-
operator licenses were held by some 89,000 individuals
of which about 60,000 were of the class designated as
“restricted radiotelephone permit.” It was reported
that on that date there were about 60,000 amateur
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licenses (several times that of all the rest of the world
combined), and that more than 12,600 station licenses
for nonprogram services were extant (5214 ship sta-
tions; 2961 emergency, such as police; 2888 aviation;
600 Alaskan; 448 experimental; 128 coastal; 78 point-
to-point telegraph; 15 point-to-point telephone; and 29
miscellaneous). During the fiscal year covered by its
report the Federal Communications Commission made
18,500 routine inspections of radio transmitting sta-
tions, more than 35,000 frequency measurements, and
examined some 47,000 applicants for radio-operator
licenses. ’

This summary of progress during 1941 covers, in
general, the period up to the first of November. It is
based on material prepared by members of the 1941
Annual Review Committee of the Institute of Radio
Engineers. The final editing and co-ordinating of the
material and the preparation of the introductory sec-
tion in behalf of the Annual Review Committee was
carried out by Laurens E. \Whittemore, chairman;
Harold A. Whecler, Arthur F. Van Dyck, and Keith
Henney, with John D. Crawford acting as secretary.

The individual reports on the special fields were pre-
pared by the following chairmen of the Institute’s 1941
technical committees.

P. T. Weeks, Technical Committee on Electronics

E. G. Ports, Technical Committee on Transmitters
and Antennas 5

Garrard Mountjoy (acting for D. E. Foster), Tech-
nical Committee on Radio Receivers

D. E. Noble, Technical Committee on Frequency
Modulation

I. J. Kaar, Technical Committee on Television

J. L. Callahan, Technical Committee on Facsimile

J. H. Dellinger, Technical Committee on Radio
Wave Propagation

W. G. Cady (acting for K. S. V'an Dyke), Technical
Committee on Piezoelectric Crystals

H. S. Knowles, Technical Committee on Electro-
acoustics

The chairmen of the above committees wish to ac-
knowledge the assistance given them by the individual
members of the committees.
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PART I—ELECTRONICS*

Cathode-Ray and Television Tubes—Gas-Filled Tubes—Small High- Vacuum Tubes—
Photoelectric Devices—Ultra-High-Frequency Tubes

CATHODE-RAY aND TELEVISION TUBES

As in other technical fields, many of the develop-
ments in cathode-ray tubes during 1941 related to
military applications and so have not been discussed
in the published literature. Progress along commercial
lines is reported below. ,

The use of the electron microscope in research work
became more common and, as a result, contributions
were made to such fields as biology, metallurgy, and
chemistry. Improvements in the microscope itself
made the instrument better suited to commercial use.
Higher-voltage models (up to 300,000 volts) to enable
the electrons to penetrate thicker specimens were
completed.

Apparatus suitable for the irradiation of biological
and chemical materials with beams of high-velocity
electrons was developed.

The method of reducing the deflecting voltage re-
quired for cathode-ray tubes, by deflecting the beam
in a region of low potential and then accelerating the
electrons to a high-potential screen, has been given
further consideration. By this method, deflection sensi-
bility can be increased in the case of electrostatic de-
flection but not in the case of magnetic deflection.

A study of the possibility of improving the sensitiv-
ity of television pickup tubes showed that the threshold
scene brightness required depends upon the amount of
detail required in the transmitted picture. For images
of equal detail, the human eye is about 10? times sen-
sitive as present-day tubes. An improvement in tube
sensitivity of 105 times is theoretically possible.

The advent of color television raised new problems
in the design of pickup and reproduction tubes. Con-
siderable progress was made toward obtaining suitable
time-lag and color characteristics.

Television projection tubes were improved so that
(with the aid of a greatly improved optical system)
there is sufficient light for the projection of a 441-line
high-definition picture on the screen of a motion-pic-
ture theater. With tubes operated with 60 to 70 kilo-
volts on the anode, demonstrations were given with a
screen 15 feet by 20 feet.

(1) G. A. Morton, “A survey of research accomplishments with
the RCA electron microscope,” RCA Rev., vol. 6, pp. 131-166;
October, 1941.

(2) J. Hillier and A. W. Vance, “Recent developments in the elec-
tquc‘)ﬂ'n1 microscope,” Proc. L.LR.E., vol. 29, pp. 167-176; April,

(3) V. K. Zworykin, ]. Hillier, and A. W. Vance, “A preliminary
report on the development of a 300-kilovolt magnetic electron
rlnql:;oscope,” Jour. Appl. Phys., vol. 12, pp. 738-742; October,

(4) O. Morningstar, R. O. Evans, and C. P. Haskins, “Electrical
bombardment of biological materials—II. Electron tube for
production of homogeneous beams of cathode rays from ten to

* Decimal classification: R330X621.375.1.

one hundred kilovolts,” Rev. Sci. Instr., vol. 12, pp. 358-362;
July, 1941.

(5) J. R. Pierce, “After-acceleration and deflection,” Proc. I.R.E,,
vol. 29, Pp: 28-31; January, 1941.

(6) A. Rose, “The relative sensitivities of television pickup tubes,
photographic film, and the human eye,” Proc. I.R.E, vol. 29,
p. 227; April, 1941. (Abstract only.)

(7) “Color television demonstrated by CBS engineers,” Electron-
ics, vol. 13, pp. 32-35, 73-74; October, 1940.

(8) I. G. Maloff and W. A. Tolson, “A résumé of the technical
aspects of RCA theatre-television,” RCA Rev., vol. 6, pp. 5-11;
July, 1941. <

Gas-FiLLED TUBES

Small rare-gas-filled thyratrons of improved design
and sufficiently sensitive for direct operation from a
phototube have been made available. Studies of the
sputtering process at the cathode of cold-cathode tubes
have led to a method of rating these devices in which
a curve of life expectancy as a function of current
drawn is given rather than a definite peak or average
current rating. Advances have been made in the
understanding of the current-voltage characteristic of
ignitors in mercury-pool rectifiers. A substantial con-
tribution to the theory of arc-back has been made. It
has been shown that two ignitrons placed in series are
capable of operating with a much lower frequency of
arc-back on the given voltage than one tube alone on
half the applied inverse potential.

(9) W. E. Bahls and C. H. Thomas, “New sensitive and inexpen-
sive gas control tubes,” Electronics, vol. 14, pp. 33-37, 94;
September, 1941.

(10) G. H. Rockwood, “Current rating and life of cold-cathode
tubes,” Trans. A.I.LE.E. (Elec. Eng., September, 1941) vol.

60, pp. 901-903; September, 1941.

(11) E. (E: F. Arnott, “Ignitor characteristics,” Jour. Appl. Phys.,
vol. 12, pp. 660-669; September, 1941.

(12) J. Slepian and W. E. Pakala, “Arc backs in ignitrons in series,”
Trans. A.1.E.E. (Elec. Eng., June, 1941), vol. 60, pp. 292-294;
June, 1941,

SMaLL Higu-Vacuum TUBEs

During the year 1941, very few new receiving-tube
types were introduced. All of these utilized previous
design principles and, in general, were refinements of
existing types. The fact that only a few types were
released is not necessarily an indication of lack of ac-
tivity in this field, since many research men and en-
gineers have been cengaged in military projects which
cannot now be reported.

The year witnessed a record number of tubes sold
with the demand concentrated on fewer types. Part
of the increase resulted from government activities,
but the demand was high in almost all fields. Tube
manufacturers were unable to take care of require-
ments for many tube types. In the interest of stand-
ardization, many G types (ST bulbs and medium octal
bases) were discontinued and replaced by GT types
(short tubular bulbs with intermediate octal bases).

Studies of fluctuation noise in grid-controlled tubes
were continued. A theory, checked by experiments,
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describes the fluctuation currents induced in the input
circuit with a negative control grid adjacent to the
cathode. The induced fluctuations are shown equiva-
lent to the thermal noise currents generated by a
passive network at a temperature somewhat higher
than that of the cathode and having a conductance
equal to the eléctronic input conductance. The effect
is, therefore, another important transit-time phenome-
non. For grids not adjacent to the cathode, the
analysis is more difiicult, but has resulted in a solution
which gave satisfactory results for a particular example.

Amplifier tubes utilizing secondary-emission multi-
plication have been considered from the point of view
of general theory, construction, and performance at
high frequencies.

(13) H. Schwarz, “The mechanism of the electrical dissipation
(“clean-up”) of gas at pressures below 10~ mm. hg.,” Zeil.
fir Phys., vol. 117, no. 1/2, pp. 23—40; December 26, 1940.
Reviewed in Wireless Eng., p. 252; June, 1941.

(14) S. B. Ingram and W. C. White, “A decade of progress in the
use of electronic tubes,” Elec. Eng., vol. 59, pp. 643-648;
December, 1940. Contains bibliography.

(15) D. A. Bell, “Diode as a rectifier and frequency changer,”
Wireless Eng., vol. 18, pp. 395404 ; October, 1941.

(16) L. B. Curtis, “New small ultra-high-frequency receiving
tul])es)," Proc. I.LR.E., vol. 29, p. 222; April, 1941. (Abstract
only.

(17) B. J. Thompson, D. O. North, and W. A. Harris, “Fluctua-
tions in space-charge-limited currents at moderately high fre-
quencies,” RCA Rev., Part 4, vol. 5, pp. 371-388; January,
1941; Part 5, pp. 505-524; April and‘Pp. 114-124; July, 1941,

(18) Dwight O. North and W. R. Ferris, “Fluctuations induced in
vacuum-tube grids at high frequencies,” Proc. I.R.E., vol.
29, pp. 49-50; February, 1941.

(19) C. ]J. Bakker, “Fluctuations and electron inertia,” Physica,
vol. 8, pp. 23-43; January, 1941.

(20) M. J. O. Strutt and A. van der Ziel, “Methoden zur kompen-
sierung der wirkungen vernerchiedes Arten von Schroteffekt
in elektronenrohren und augeschlossenn Stromkreisen (Meth-
ods of compensating for various types of Schrot effect in elec-
tron tubes and closed circuits),” Physica, vol. 8, pp. 1-22;
January, 1941,

(21) D. A. Bell, “Measurement of shot and thermal noise,” Wireless
Eng., vol. 18, pp. 95-98; March, 1941.

(22) J. Grober, “Methods of reducing the (shot effect) noise of
valves,” Hochfrequenz. und Elekiroakustik, vol. 56, pp. 174-
181; December 1940. Review in I}ireless Eng., vol. 18, p. 251;
June, 1941.

(23) B. J. Thompson, “Voltage-controlled electron multipliers,”
Proc. I.R.E., vol. 29, pp. 583-587; November, 1941.

(24) H. M. Wagner and W. R. Ferris, “The orbital-beam second-
ary-electron multiplier for ultra-high-frcquency amplifica-
tion,” Proc. I.LR.E., vol. 29, pp. 598-602; November, 1941.

(25) M. Sandhagen, “Amplifiers with secondary emission multipli-
cation,” Elek. Tech. Zeil., vol. 62, p. 413; April 24, 1941,

(26) L. Malter, “Behavior of electron multipliers as a function of
frequency,” Proc. I.R.E., vol. 29, pp. 587-598; November,
1941.

PHOTOELECTRIC DEVICES

As in recent years, there has been a continued expan-
sion of practical applications of phototubes for a wide
variety of purposes. A general program directed to-
ward standardized types of phototubes is being fos-
tered to counteract the tendency toward a large num-
ber of new types.

The manufacture of barrier-layer photocells has
progressed to the point where cells can be adapted to
specific requirements. The troublesome fatigue of this
type has received further study.

Electron-multiplier phototubes, as well as photo-
tubes, for the visual spectral range, have continued
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to receive considerable attention. The electrostati-
cally focused electron multiplier has emerged as a com-
mercial product.

(27) J. T. Tykociner, J. Kunz, and L. P. Garner, “Photoelectric
sensitization of alkali surfaces by electric discharges in water
vapour,” Bull. Ill. Eng. Exp. Sta., no. 325, (34 pp.) Novem-
ber 26, 1940.

(28) P. Gorlich, “Measurements on composite photocathodes 11,”
Zeit. fir. Phys., vol. 116, pp. 704-715; December, 1940.

(29) R. B. Janes and A. M. Slover, “Recent developments in
phototubes,” RCA Rev., vol. 6, pp. 43-54; July, 1941.

(30) A. M. Glover, “A review of the development of sensitive
phototubes,” Proc. I.R.E., vol. 29, pp. 413—423; August, 1941.

(31) P. Garlich, “Photoelectric cells for the visible spectral range,”
Jour. Opt. Soc. Amer., vol. 31, pp. 504-505; July, 1941.

(32) G. Windred, “Review of progress in electronics—V. Photo-
electricity,” Electronic Eng., vol. 14, pp. 345-347; August,
1941.

(33) R. A. Houston, “The drift of the selenium barrier-layer photo-
cell,” Phil. Mag., vol. 31, pp. 498-506; June, 1941,

(34) Z. Bay, “Electron multiplier as an electron counting device,”
Rev. Sci. Instr., vol. 12, pp. 127-133; March, 1941.

(35) R. C. Winans and J. R. Pierce, “Operation of electrostatic
photo-multipliers,” Rev. Sci. Instr., vol. 12, pp. 269-277; May,
1941.

ULtrA-HIGH-FREQUENCY TUBES

The year 1941 has been one of intense activity in
the ultra-high-frequency range. Published reports,
however, contain very few descriptions of new devices.

Developments have been made in space-charge con-
trol tubes which include refinements both in the more
conventional tube and in tubes where the output is
drawn from a cavity resonator through which an elec-
tron beam is caused to flow. A new tube containing
an orbital beam in connection with secondary multipli-
cation has made its appearance. The theory of magne-
trons has been extended by several workers, and a
more extensive use of wave guides and cavities in all
applications is apparent.

The situation is covered in outline form by the bib-
liography which is grouped broadly under headings
representing the major lines of activity in the field.

Space-Charge Control Tubes (Negative Grid)

(36) K. C. Dewalt, “Three new ultra-high-frequency triodes,”
Proc. I.LR.E,, vol. 29, pp. 475-480; Scptember, 1941.

(37) O. E. Dow, “Applications of the inductive-output tube,”
Proc. Radio Club Amer., vol. 18, pp. 56-61; August, 1941.

(38) W. R. Ferris and H. M. Wagner, “Orbital-beam multiplier
tube for 500-megacycle amplification,” Proc. Radio Club
Amer., vol. 18, pp. 53-56; August, 1941.

(39) “Inductive-output amplifier,” Rev. Sci. Instr., vol. 12, p. 107;
February, 1941.

(40) C. E. Lockhart, “Generation and amplification of micro-
waves,” Electronic Eng., vol. 14, pp. 384-387, 414; September,
1941; vol. 14, pp. 432-434; October, 1941.

(41) “Midget amplifiers,” Rev. Sci. Instr., vol. 12, pp. 514-515;
October, 1941.

(42) M. J. O. Strutt and A. van der Ziel, “New push-pull amplifier
valve for decimeter waves,” Philips Tech. Rev., vol. 5, pp. 172-
181; June, 1940.

(43) ‘l‘gﬁmsmining triode,” Rev. Sci. Instr., vol. 12, p. 233; April,

Positive-Grid T ubes

(44) S. Asai, “Tentative proposition on the mechanism of electronic
oscillations,” Electroteck. Jour. (Tokyo), vol. 5, pp. 59-60;
March, 1941, '

(45) S. S. Banerjee and A. S. Rao, “Production of ultra-high-fre-
quency radio waves by electronic oscillations,” Indian Jour.
Phys., vol. 14, pp. 93-100; April, 1940.

(46) H. Khnger, “Uber die Erzeugung von Decimeterwellen mit
Doppelgitterrohren nach der Bremsfeldmethode (On the
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generation of decimeter waves with double-grid tubes by the
retarded field method),” Funk. Tech. Monatshefte, no. 8, pp.
121-124; August, 1940.

(47) W. A. Leyshon, “On ultra-high-frequency oscillations gener-
ated by means of a demountable thermionic tube having elec-
trodes of plane form,” Proc. Phys. Soc. (London), vol. 53,
pp. 141-156; March 1, 1941; vol. 53, pp. 490-491; July 1,
1941.

(48) A. Pinciroli, “Oscillatori a transconduttanza negativa a campo
frenate nella conversione di frequenza (Frequency conversion
by means of negative-transconductance brake-field-type os-
cillators),” Alta Frequenza, vol. 9, pp. 581-593; October, 1940.

Magnetrons

(49) S. Aoi, “On the characteristics of the magnetron of a sym-
metrical type,” Nippon Elec. Commun. Eng., no. 21, pp. 62—
63; July, 1940.

(50) L. Brillouin, “Theory of the magnetron,” Phys. Rev., vol. 60,
pp. 385-396; September 1, 1941.

(51) H. Chang and E. L. Chaffee, “Characteristics of the negative-
resistance magnetron oscillator,” Proc. I.LR.E., vol. 28, pp.
519-523; November, 1940.

(52) K. Fritz and W. Engbert, “Schwingungsformer und Ord-
nungszahlen der Magnetfeldrohre (Forms of oscillations and
‘orders’ of magnetrons),” Telefunken Mitteilungen, vol. 21,
pp. 41-43; September, 1940,

(53) F. Hoffmann, “Bremsfeldrohren mit Magnetfeld; statische
Kennlinie und Kurzwellenerzeugung (Retarded field tubes
with magnetic fields; static characteristics and generation of
short waves),” Hochfrequens. und Elektroakustik, vol. 56, pp.
137-148; November, 1940.

(54) F. B. Pidduck, “Theory of short-wave oscillations with the
magnetron,” Wireless Eng., vol. 18, pp. 404-405; October,
1941.

Velocity- Variation Devices

(55) W. E. Benham, “Phasec-focusing in velocity modulated
beams,” Wireless Eng., vol. 17, pp. 514-516; December, 1940.

(56) V. Guljaev, “Theory of the klystron,” Jour. Phys. (U.S.S.R.),
vol. 4, no. 1-2, pp. 143-146; 1941.

(57) H. E. Hollmann and A. Thoma, “Zur Theorie der Triftrohren
(On the theory of drift tubes),” Hochfrequenz. und Elektroakus-
tik, vol. 56, pp. 181-186; December, 1940.

(58) B. Kockel, “Geschwindigkeitsgesteuerte Laufzeitrohren. Bei-
trag zur Theorie (Velocity-controlled transit-time tubes.
Contribution to their theory),” Zeit. fiir Tech. Phys., vol. 22,
no. 2, pp. 77-85; 1941.

(59) R. Kompfner, “Velocity modulation. Results of further con-
si;le(l)'ations," Wireless Eng., vol. 17, pp. 478-488; November,
1940.

(60) F. Ludi, “Uber einen neuartigen Ultrakurzwellengenerator
mit Phasenfocussierung (On a new type of ultra-short-wave
generator with phase focusing),” Helv. Phys. Acta, vol. 13,
no. 6, pp. 498-522; 1940.

(61) J. J. Muller and E. Rostas, “A transit time generator using
a single thumbatron,” Helv. Phys. Acta, vol. 13, no. 6, pp. 435—
450; 1940.

(62) “Velocity-modulated valves. Modern trends in tubes for ultra-
high-frequency operation,” Wireless World, vol. 47, pp. 248-
251; October, 1941.

Guides and Cavities

(63) W. L. Barrow and H. Schaevitz, “Hollow pipes of relatively
small dimensions,” Trans. A.I.E.E. (Elec. Eng., March,
1941), vol., 60, pp. 119-122; 1941,

(64) T. G. O. Berg, “Teorien for den sfiriska resonatorn (The
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theory of spherical resonators),” Teknisk Tidskrift, vol. 49,
pp- 200-204 ; December 7, 1940,

(65) E. U. Condon, “Forced oscillations in cavity resonators,”
Jour. Appl. Phys., vol. 12, pp. 129-132; February, 1941.

(66) W. C. Hahn, “New method for the calculation of cavity
resonators,” Jour. Appl. Phys., vol. 12, pp. 62-68; January,
1941,

(67) H. E. Hollmann, “Spherical tank (oscillator) circuits,” Elec-
tronics, vol. 14, p. 111; September, 1941.

(68) J. E. Houldin, “Wave guides,” Jour. Gen. Elec. Co., vol. 11,
pp. 172-181; February, 1941. g

(69) H. Iwakata, “On the relation between the inherent value (of
the electromagnetic field) of hollow metal tubes and their
miscellaneous constants,” Electrotech. Jour. (Tokyo), vol. §,
pp. 58-59; March, 1941.

(70) N. N. Malow, “Elektromagnetische Wellen in einem Hohl-
leiter mit veranderlichem gchnitte (Elektromagnetic waves
in a hollow conductor of variable.cross section),” Jour Phys.
(U.S.S.R.), vol. 4, no. 5, pp. 473-478; 1941.

(71) K. Morita, “Theory of ﬁ'equency stabilizer for decimeter
waves using metallic ellipsoid,” Electrotech. Jour. (Tokyo), vol.
4, pp. 229-230; October, 1940.

(72) M. Watanabe, “On the Eigenschwingung of the electromag-
netische Hohlraum (A note on resonators ar.d wave guides),”
Electrotech. Jour. (Tokyo), vol. S, pp. 7-10; January, 1941,

Electron Beams

(73) F. Borgnis and E. Ledinegg, “Zur Phasenfokussierung ferad-
linig bewegter Elektroenstrahlen (On the phase focusing of
electron rays moving in a straight line),” Zeit. fiir. Tech.
Phys., vol. 21, no. 11, pp. 256-261; 1940.

(74) H. E. Hollmann, “Theoretical and experimental investiga-
tions of electron motions in alternating fields with the aid of
ballistic models,” Proc. 1.R.E., vol. 29, pp. 70-79; February,
1941.

(75) S. Ramo, “Traveling waves in electron beams,” Communica-
tions, vol. 20, pp. 5-8, 24-25; November, 1940.

Miscellaneous

(76) L. Bergmann, “Elektromagnetische Felder und Schwingungen
(Electromagnetic fields and oscillations),” Physica, vol. 9, no.
1, pp. 1-13; 1941.

(77) H. Born, “Indirekte Modulation von Zentimeterwellen (In-
direct modulation of centimeter waves),” Hochfrequens. und
Elektroakustik, vol. 56, pp. 112-118; October, 1940.

(78) L. Brillouin, “Hyperfrequency waves and their practical use,”
Elec. Commun., vol. 19, no. 4, pp. 118-130; 1941.

(79) K. Fritz and A. Lerbs, ‘‘Fremdsteuerung mit Magnetfeldrsh-
ren (Separate control in magnetrons),” Telefunken Mitteil-
ungen, vol. 21, pp. 44-48; September, 1940.

(80) F. W. Gundlach, “Dezimeterwellen-messtechnik (Measuring
technique for the decimeter-wave range),” Elek. Tech. Zeit.,
vol. 61, pp. 853-858; September 12, 1940.

(81) C. K. Jen, “On the induced current and energy balance in
electronics,” Proc. I.LR.E., vol. 29, pp. 345-349; June, 1941.

(82) C. K. Jen, “On the energy equation in electronics at ultra-
h'i)gh frequencies,” Proc. I.R.E., vol. 29, pp. 464-466; August,
1941

(83) W. Kleen, “Entwicklungsstand der UKW-Ré&hrentechnik
(Present status of ultra short wave tube technique),” Telefun-
ken Milteilungen, vol. 21, pp. 17-35; September, 1940.

(84) W. Kleen, “Stand der UK '-Riihrentecﬁnik (State of ultra-
short-wave tube technics),” Zeil. fiir Tech. Phys., vol. 21, no.
12, pp. 357-367; 1940.

(85) C. E. Lockhart, “Generation and amplification of micro-
waves,” Electronic -Eng., vol. 14, pp. 336-338, 347; August,
1941.
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PART II—RADIO TRANSMITTERS AND
TRANSMITTING ANTENNAS*

Standard-Band and International Broadcasting—Aids to Aerial Navigation—Frequency- Modulation
Broadcasting, Marine and Airplane Transmitters— Circuits—Antennas

GENERAL

Last year saw the advent, on a commercial basis,
of frequency-modulation broadcasting and, to a limited
extent, television broadcasting, and a corresponding
acceleration in the development of equipment to meet
the requirements of these types of transmissions. The
development of international broadcasting on a major
scale has been greatly accelerated. New developments
in portable, semiportable, and mobile equipments have
been made. There has been reported, without technical
details, a great deal of activity in the development of
portable and mobile equipment for military use, as
well as of aircraft “radio locaters” and other direction-
finding equipment.

STANDARD-BAND BROADCASTING

The trend toward higher power in broadcast stations
has continued during the year. Interference has been
minimized by the use of directional antenna systems.
As the available channels become more congestedt it
has been necessary to provide protection in many dif-
ferent directions and this has necessitated the use of
four- and five-element directional antenna arrays.

There have been several installations of 50-kilowatt
transmitters utilizing air-cooled tubes.

The agreement of the Havana Conference of 1937
was consummated on March 29, 1941, when the fre-
quency allocations in the broadcast band were revised.
Some 800 stations, all operating on frequencies above
740 kilocycles, were affected, the shift being slight in
most instances. The reallocation provides certain ex-
clusive channels for Canada, Mexico, Cuba, and the
United States.

(1) James Stokley, “Radio frequencies,” Science, vol. 93, no. 2413,
(supp.) pp. 8-9; March 28, 1941.

INTERNATIONAL BROADCASTING

Major broadcasting systems in the United States
published information on current and proposed inter-
national broadcasting operations.} In one case a net-
work comprising 64 stations in 18 of the 20 Latin-
American republics was arranged, the plan being for
these stations to rebroadcast, free of charge, Latin-
American programs created by a special program de-
partment of the broadcaster in this country; they in

* Decimal classification: R350 X R320.

t On January 1, 1942, the number of licensed standard broadcast
stations in the United States was 887; construction permits had
been issued by the Federal Communications Commission for 36
additional stations. .

t The Federal Communications Commission had granted
licenses as of January 1, 1942, to 11 international broadcast stations

operating on high frequencies. Construction permits for three addi-
tional stations were outstanding.

turn to build up programs for retransmission through
the United States. This program is being implemented
with the new facilities for transmission now being in-
stalled in the United States. These facilities feature
three 50-kilowatt radio-frequency units and two modu-
lator units arranged for quick and easy preselection of
any one of eight predetermined frequencies; thirteen
directional antennas with associated transmission
lines, line-type isolation and matching filters, and a
complex switching arrangement for associating quickly
any one of the three radio-frequency units with any
one of the thirteen antennas.

In another case the international facilities are de-
scribed as providing effective service in six different
languages to the Portuguese- and Spanish-speaking
countries of South and Central America and to
Europe. Recent increases in power to 50 kilowatts and
the development and construction of new directive
transmitting antennas add to the scope and effective-
ness of these international broadcast activities. At
times, transmission to Latin America is accomplished
with a total power of 100 kilowatts on a frequency in
the vicinity of 10 megacycles through the use of dual
transmitters and antennas.

In other cases, several stations were modified to
provide increased outputs ranging from 50 to 100 kilo-
watts.

(2) A. B. Chamberlain, “International short wave facilities, of
CBS,” Electronics, vol. 14, pp. 30-33, pp. 70-71; July, 1941.

(3) W.S. Paley, “Radio turns south,” Fortune, vol. 23, pp. 77-79,
108, 111-112; April, 1941. ~

(4) R. F. Guy, “NBC's international broadcasting system,” RCA
Rev., vol. 6, pp. 12-35; July, 1941.

AIDS TO AERIAL NAVIGATION

Studies have been made by the Civil Aeronautics
Administration of the United States government on
the effects of wave polarization and site determination
with the ultra-high-frequency visual radio range. It
was found that site requirements are much less severe
with horizontal polarization than with vertically polar-
ized transmissions.

The use of ultra-high frequencies (130 megacycles)
for airport traffic control was demonstrated using
transmitters located at La Guardia, Floyd Bennett,
and Philadelphia airports. The equipments at La
Guardia and Philadelphia have been in continuous
operation for the past year, establishing the practica-
bility of transmitting equipment to provide a ground-
to-aircraft circuit for airport traffic-control communi-
cation.

The airway between New York and Chicago was
equipped with an ultra-high-frequency - radio range
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system of the four-course aural type. Continuous op-
eration of the range equipment and the instrument
landing equipment at Indianapolis have made it pos-
sible to establish certain minimum requirements for
vacuum tubes and other equipment components to
insure 24-hour continuous service at the ultra-high
frequencies.

One paper described an omnidirectional radio range
system. The advantage of such a system is that it
eliminates the course ambiguity that exists in the usual
four-course systems.

(5) J. M. Leeand C. H. Jackson, “Preliminary investigation of the
effects of wave polarization and site determination with the
portable ultra high frequency visual radio range,” Civil
Acronautics Authority Technical Development Report No.
24, February, 1940.

(6) D. G. C. Luck, “An omnidirectional radio-range system,”
RCA Rev., vol. 6, pp. 55-81; July, 1941.

TRANSMITTERS, GENERAL

It was announced that a twin-channel single-side-
band transmitter was in use on transatlantic telephone
service, transmitting two telephone channels on a
single carrier.

A push-button-tuned 50-kilowatt broadcast trans-
mitter was described. Automatic push-button tuning
on short-wave broadcast transmitters is used to change
from one frequency to another with the least possible
interruption to programs.

(7) K. L. King, “Twin-channel single-sideband transmitter, Bell
Lab. Rec., vol. 19, pp. 202-205; March, 1941.

(8) R. J. Rockwell and H. Lepple, “A push-button tuned 50 kw
broadcast transmitter,” Trans. A.I.LE.E., (Elec. Eng., Janu-
ary, 1941) vol. 60, pp. 1-3; January, 1941.

FREQUENCY-MODULATION BROADCASTING

A number of stations have gone into operation in the
42- to 50-megacycle band using frequency modulation.
Excellent coverage has been reported in the areas
served by these stations, particularly in those regions
of high absorption, such as New England. In view of
the scarcity of materials and engineering services, the
development of frequency modulation has been re-
tarded. Nevertheless, by the end of 1941 approxi-
mately 115 applications had been filed with the Fed-
eral Communications Commission for construction
permits for commercial frequency-modulation stations,
of which approximately more than half had been
granted.*

Frequency-modulation broadcast transmitters of
10-kilowatt and 50-kilowatt output ratings became
available. A new low-power frequency-modulation

* Construction permits issued by the Federal Communications
Commission for 60 commercial ultra-high-frequency (frequency-
modulation) broadcast stations were outstanding on January 1,
1042. One license had been issued by the Commission to a broad-
casting station of this class and one station was operating under spe-
cial authority. In addition, licenses or special authorizations were
outstanding to 16 experimental ultra-hlgh-fre(}uency (frequency-
modulation) broadcast stations. The total of these frequency-
modulation and broadcast authorizations was 78.

Noncommercial educational broadcast stations operating on
ultra-high frequencies were the subject of three licenses and five
construction permits.

It was reported that 180,000 frequency-modulation receivers
were in use by the general public by the end of November.
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transmitter was introduced, intended primarily for
point-to-point transmission of high-fidelity frequency-
modulation broadcast and television aural programs.
One new 10-kilowatt frequency-modulation transmit-
ter uses a single power tube with forced-air cooling in
the output stage.

The use of an amplifier with grounded anode in
radio transmitters for frequency-modulation service
has been commercialized during the year. In this ar-
rangement the anode of the vacuum tube is connected
to ground through a condenser having low reactance
at the frequency involved. The output power is ob-
tained from the cathode which is at high radio-fre-
quency potential. The grid-drive and filament power
are supplied through a concentric transmission-line
arrangement, which is also the cathode-anode tuning
inductance. Neutralization is accomplished by means
of an inductance between the grid and ground. Most
of the troublesome stray capacitance which has de-
creased the effectiveness of high-power vacuum tubes
at high frequencies is made harmless in this new ar-
rangement.

(9) H. P. Thomas and R. H. Williamson, “A commercial 50-kilo-
watt frequency-modulation broadcast transmitting station,”
Proc. I.R.E., vol. 29, pp. 537-546; October, 1941.

(10) “180,000 FM Sets in Nation Claimed,” Broadcasting, vol. 21,
p. 16; December 8, 1941.

MARINE

A new type of commercial marine radio equipment
which can be installed on board ship in one fifth the
time usually required has been deveioped in connec-
tion with the emergency shipbuilding program. The
new unit combines in a single cabinet, radio equipment
which ordinarily requires as many as twelve separate
units and eliminates the intricate system of intercon-
necting wiring in the radio room. It includes all of the
radio apparatus necessary for safety and communica-
tion purposes.

Also announced during the year was a new marine
radiotelcphone transmitter featuring quick selection
of any one of ten pretuned frequencies and quartz-
crystal control of both transmission and reception.
(11) :m?rinc radio telephone,” Electronics, vol. 14, p. 88; July,

(12) “Sim.pliﬁcd and standardized radio equipment for EC-2's,”
Southern Marine Rev., vol. 16, p. 18; October, 1941.

AIRPLANE TRANSMITTERS

A transmitter for airplanes, designed to provide ten
preselected frequencies in the ranges from 300 to 500
kilocycles and from 2 to 15 megacycles, was announced.

' (13) Ten-frequency airplane radio equipment,” Bell Lab. Rec., vol.

19, pp. 302-309; June, 1941.

CIRCUITS

The design of large water-cooled resistors suitable
for use as high-frequency loads up to 10 kilowatts dis-
sipation was disclosed. The basic material is thinly
metallized ceramic tubing bearing a protective coat of
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varnish. In particular the units find application as

loads on terminated antennas, as terminations for

vestigial-sideband filters, as dummy loads for testing
transmitters, and the like.

A crystal-oscillator multiplier circuit of high stabil-
ity and output power was described, and the factors
affecting the stability, crystal current, and output
power of the oscillator were discussed in a report issued
by the Civil Aeronautics Administration.

The Civil Aeronautics Administration also published
a report describing a study of direct-current corona in
the presence of high-frequency disturbances. The dif-
ferences between corona under such interfering condi-
tions and without interference were observed. It was
demonstrated that the radio-frequency interference
arising from a point in direct-current corona can be
suppressed entirely by introducing a comparatively
small high-frequency field at the point of corona. This
work is of importance in substantiating thcories con-
cerning the cause of interference in airplane reception.

A considerable amount of work has been done along
the lines of eliminating parasitic oscillations in ultra-
high-frequency transmitting equipment. Tests of sen-
eral transmitting equipments have established that
much can be accomplished in reducing the tendency
for parasitic oscillations in the power-amplifier stage
by tuning out the inductance of the grid-coupling
leads. A set of specifications covering the methods of
observing parasitics and the conditions under which a
transmitter shall be operated to determine that it is
free from parasitic oscillations has been prepared by
the Civil Acronautics Administration.

Formulas for calculating the impedance of a cavity
resonator when excited by a coupling loop or by a
capacitive coupling were developed. Methods for im-
proving the performance of linear and grid-modulated
amplifiers were described.

(14) G. H. Brown and J. W. Conklin, “Water cooled resistors for
ultra high frequencies,” Electronics, vol. 14, pp. 24~28, 104—
105, 108; April, 1941,

(18) C. H. Jackson, “Development of an improved crystal exciter
unit,” Civil Aeronautics Authority Technical Development
Report No. 26, July; 1940.

(16) M. O’Day, “The effect of a high frequency disturbance on the
direct-current corona from a sharp point,” Civil Aeronautics
i\gtf;gority Technical Development Report No. 27; August,

(17) E. U. Condon, “Forced oscillations in cavity resonators,”
Jour. Appl. Phys., vol. 12, pp. 129-140; February, 1941.
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Government contracts took a substantial part of the
total receiver industry output. At the same time, a
keen demand for civilian receivers was created by the
interest in news reports and the expanding purchasing
" power of the public during 1941. Engineering talent
was directed toward the development of substitutes
for materials required for military needs, discovery of

* Decimal classification: R360.

February

(18) F.E. Terman and R. R. Buss, “Some notes on linear and grid-
modulated radio-frequency amplifiers,” Proc. I.R.E., vol. 29,
pp. 104-107; March, 1941.

ANTENNAS

A new type of ultra-high-frequency antenna employ-
ing stacked tuned loops and an improved turnstile
antenna were described. Another paper gave data for
the optimum current distribution on a vertical antenna
for maximum signal on the horizon.

A new 75-megacycle zone-marker transmitting an-
tenna system was developed. The new antenna extends
the useful height of the marker to 20,000 feet as com-
pared to 10,000 feet with the old antenna, and, at the
same time, the marker signal “light-on” period at 1000
feet is only one half that of the old system.

The large number of independent variables in an-
tenna arrays makes it advisable to develop means for
rapidly surveying the ficld patterns which may be ob-
tained. The use of acoustic models for this purpose was
described. The advantages of the acoustic model were
demonstrated in the study of nonsinusoidal current
distribution and the effect of such distributions on the
field pattern. The measurement of mutual impedance
between antennas may also be carried out conveniently
with one of the models.

(19) G. . Brown and J. Epstein, “A turnstile antenna for ultra-
high-frequency broadcasting, Proc. I.R.E., vol. 29, p. 221;
April, 1941, (Abstract only.)

(20) E. C. Jordan and W. L. Everitt, “Acoustic Models of Radio
Antennas,” Proc. I.R.E., vol. 29, pp- 186-195; April, 1941.

Other papers of interest presented during the past
vear were: '

(21) W. L. Barrow and H. Schaevitz, “I{ollow pipes of relatively
small dimensions,” Trans. A.I.E.E. (Elec. Eng., March, 1941),
vol. 60, pp. 119-122; March, 1941.

(22) A. Alford, “Coupled networks in radio-frequency circuits,”
Proc. I.R.E., vol. 29, pp- 55-70; February, 1941,

(23) J.A. Strattonand L. J. Chu, “Steady-state solutions of electro-
magnetic field problems—I. Forced oscillations of a cylindrical
conductor; 1. Of a conducting sphere; I11. Of a proiatée sphe-

ll'%ifl,” Jour. Appl. Phys., vol. 12, no. 3, PP+ 230-235; March,

(24) R. F. Guy, “Engineering factors involved in re-locating
WEAF,” RCA Rev., vol. 5, no. 4, pp. 435-467; April, 1941.

(25) G. Builder and J. E. Benson, “Contour-mode vibrations in
quartz-crystal plates,” Proc. I.LR.E., vol. 29, p. 182-186;
April, 1941,

(26) R. King, “The approximate representation of the distant field
of linear radiators,” Proc. I.LR.E., vol. 29, pp. 458-464;
August, 1941,

(27) S. A. Schelkunoff, “Theory of antennas of arbitrary size and
shape,” Proc. I.R.E., vol. 29, pp. 493-521: September, 1941.

(28) A. E. Harper, “Rhombic antenna design,” D. Van Nostrand
Company, Inc., New York, N. Y., 1941,

RADIO RECEIVERS*

new uses for materials, and development of manufac-
turing methods which would spread the decreased
supplies of construction materials over as many re-
ceivers as possible.

More broadcast receivers were built during 1941
than in any preceding year, the total amounting to
about 13,800,000 units. Analysis of this figure is given
in the following table:

B —
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STATISTICS ON BROADCAST RECEIVERS FOR 1941
Estimated from First Nine Months of Year

|

. | Average | Per Per
T Number Sg{?a"l, l' List l Cent ofICent of
S of Units Volume Price | Unit | Dollar

of Units | Volume| Volume

Radio Receivers, |
6,100,000 ($108,000,000 $ 17.70

table models 44.3 24.65
Radio Receivers, |
consoles 640,000 46,500,000 72.70 4.64 | 10.60
Portable Sets 1,660,000 42 800,000 25.70 | 12.05 9.76
Automobile Sets 3,040,000 | 111,000,000 | 36.50 | 22.10 | 25.30
Farm Battery Sets 90,000 20,900,000 | 26.40 | 5.74 | 4.77
Radio-Phonograph | |
Combinations, | l
table models 548,000 21,600,000 [ 39.40 | 3.98 | 4.93
console models 416,000 61,800,000 | 148.00 3.02 | 14.10
Radio-Phonograph Re- | |
corders 53,000 7,100,000 | 134.00 0.38 1.62
Record Players 186,000 4,750,000 25.50 | 1.35 1.08
Chassis without Cabi-
nets | 330,000 13,700,000 41.50 | 2.39 3.13
Frequency-Modulation |
Adapters 9,000 360,000 | 40.00 | 0.06 0.08
ToTAL 100.00

113,772,000 $438,510,000 |§ 31.80 [100.00

Comparison of 1941 output with that of previous
years is given in the following table.

Year Number of Receivers

1941 13,800,000

1940 11,831,000

1939 10,760,000

1938 7,142,000

1937 8,065,000

= 1936 8,248,000
1935 6,026,000

1934 4,556,000

1933 4,157,000

1932 2,444,000

1931 3,594,000

1930 3,838,000

Prior to 1930 15,000,000

Phonograph recording disks were constructed with a
material of glass base, with a great saving in alumi-
num. Phonograph developments included a double
tone arm, with the second arm operating on the under-
side of the record. Pickups which reduce surface noise
and prolong record life were marketed generally. These
were chiefly of the light-pressure type. One develop-
ment utilized a needle of larger-than-usual diameter
which plays from the sides of the record groove, and
is intended to improve record life and noise level.

PART IV

Approximately 115 frequency-modulation broad-
cast-station licenses, construction permits, and appli-
cations for construction permits had been recorded by
the Federal Communications Commission up to De-
cember 31, 1941. Twenty or more of these ultra-high-
frequency broadcasting stations now maintain a regular
program schedule. f

While priorities and military needs may have had a
retarding eflect upon the general spread of service to
the broadcast listener, the application of frequency
modulation to communication services has been ac-
celerated. Many states and municipalities have in-
stalled frequency-modulation police equipment. The

* Decimal classification: R414.

1 See report on “Frequency-Modulation Broadcasting” in Part
Il of this review: “Radio Transmitters and Transmitting An-
tennas,” p. 63.
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Increased use of the permanent stylus in preference to
replaceable needles was noted.

The loop antenna continued as the most common
form of built-in signal collector although the increasing
use of the metal-plate form has been noted.

Regeneration found increased application in inter-
mediate-frequency circuits and preselector systems.
Its use in audio-frequency circuits to produce increased
bass response was adopted in several designs.

Communication receivers included noise-limiting
circuits in a majority of designs. Crystal-filter systems
of wide selectivity range were developed.

An important development in the communication
field is an omnidirectional radio range system of par-
ticular use in aircraft service.

There was proposed and demonstrated an automatic
calling system whereby receivers can stand by con-
tinuously but silently and yet can be put into operation
at any time by a signal from the transmitter, using
subaudible modulation (20 to 50 cycles). This was
initially proposed for use in connection with civilian
defense to call organized workers to duty, but other
commercial applications have been suggested.

(1) J. H. Little and F. X. Rettenmeyer, “A five-band receiver
for automobile service,” Proc. I.R.E., vol. 29, pp. 151-166;
April, 1941,

(2) E. B. Passow, “Pre-selection in inexpensive receivers,” Elec-
tronics, vol. 14, pp. 50, 95; September, 1941.

(3) H. B. Deal, “Receiver control by transmitted signal alert
receiver,” RCA Rev., vol. 6, pp. 167-182; October, 1941.

(4) H. Howard, “The personal receiver,” Communications, vol.
21, pp. 5-9, 26-28; April, 1941.

(5) B. R. Carson, “A two-side non-turnover automatic record
changer,” RCA Rev., vol. 6, pp. 183-189, October, 1941.

(6) J. J. Adams, “Undercoupling in tuned circuits to realize opti-
mum gain and selectivity,” Proc, I.R.E., vol. 29, pp. 277-279;
May, 1941.

(7) B.V.K.French, “Inductive tuning for ultra high frequencies,”
Electronics, vol. 14, pp, 32-35, 117-120; April, 1941.

(8) D. Bacon, “Improved crystal filter performance,” QST, vol.
24, pp. 58-60; 86; December, 1940.

(9) W. O. Swinyard, “Measurement of loop-antenna receivers,”
Proc. [.R.E., vol. 29, pp. 382-387; July, 1941.

(10) D. G. C. Luck, “An omnidirectional radio-range system,”
RCA Rev., vol. 6, pp. 55-81; July, 1941,

FREQUENCY MODULATION®

armed forces have also found uses for it, but the story
on military applications must wait until the war ends.

The action of the National Television System Com-
mittee in adopting frequency modulation as the stand-
ard means of transmitting the sound signal is thought
to be of considerable significance in connection with
the future broadcast services.

No new and startling advances in the frequency-
modulation art have been reported during 1941 but
the application of the known principles to the develop-
ment of reccivers and transmitters has produced reli-
able and noteworthy equipment in both the broadcast
and communications fields. In the latter field, more
than a thousand stations in all have been authorized
to operate in the municipal police, state police, and
special emergency services.
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(1) “Seventh Annual Report of the Federal Communications
Commission (Fiscal year Ended June 30, 1941),” United States
Government Printing Office, Washington, D. C., 1941, p. 49,

(2) J. G. Aceves, “Antennas for FM reception,” Electronics, vol.
14, pp. 42-45; September, 1941,

(3) E. H. Armstrong, “Evolution of frequency modulation,” Elec.
Eng., vol. 59, pp. 485-493; December, 1940.

(4) M. Artzl and D. E. Foster, “DuPlex transmission of frequency
modulated sound and facsimile,” RCA Rev., vol. 6, pp. 88-101;
July, 1941,

(5) A. W. Barber, C. J. Franks, and A. G. Richardson, “A fre-
quency modulated low signal generator,” Electronics, vol. 14,
pp. 36-38, 92-95; April, 1941,

(6) J.R Carson, “Amplitude, frequency, and phase angle modula-
tion,” Wireless Eng., vol. 17, p. 477; November, 1940.

(7) M. G. Crosby, “Observations of frequency-modulated propa-
gation on 26 megacycles,” Proc. I.R.E., vol. 29, pp. 398-403;
July, 1941.

(8) M. G. Crosby, “Band width and readability in FM,” QST,
vol. 25, pp. 26-28, 86; March, 1941,

(9) M. G. Crosby, “Band width and readability in FM,” RCA
Rev., vol. 5, pp. 363-370; January, 1941.

(10) M. G. Crosby, “Tuned filter for frequency modulation detec-
tion,” Electronics and Telev. and Short Wave World, vol. 13,
pp. 486—487; November, 1940.

(11) A. V. Eastman and J. R. Woodward, “Binaural transmission
on a single channel,” Electronics, vol. 14, pp. 34-36; February,
1941,

(12) D. E. Foster and J. A. Rankin, “Intermediate-frequency
values for frequency-modulated-wave receivers,” PRroc.
I.R.E., vol. 29, pp. 546-551; October, 1941.

(13) S. Goldman, “Noise and interference in frequency modula-
tion,” Electronics, vol. 14, pp. 37-42; August, 1941,

(14) R. F. Guy and R. M. Morris, “NBC frequency modulation
field test,” Radio, no. 255, pp. 12-31, 136; January, 1941,

(15) E. Hudeo, “The transmission of pictures by frequency modu-
lation,” Elek. Nach. Tech., vol. 18, pp. 12-27; January—Febru-
ary, 1941.

(16) G. W. O. Howe, “Frequency versus amplitude modulation,”
Wireless Eng., vol. 18, pp. 1-2; January, 1941,

(17) O. E. Keall, “Interference in relation to amplitude, phase and
frequency modulated systems,” Wireless Eng., vol. 18, pp.
6—1q7, and 56-63; January-February, 1941.

(18) V. D. Landon, “Impulse noise in FM reception,” Electronics,
vol. 14, pp. 26-30, 73-76; February, 1941.

(19) G. G. Langdon, “Emergency radio communication for an elec-
tric power system,” Electronics, vol. 14, pp. 4043, and 83-87;
March, 1941.

(20) V. D. Landon, “Noise in frequency modulation receivers,”
Wireless World, vol. 47, pp. 156-158; June, 1941,

(21) M. L. Levy, “Frequency modulation receivers,” Communica-
tions, vol. 21, pp. 5-7; March, 1941,

(22) R. Muniz, D. Oestreicher, and W. Oestreicher, “A pull-swing
frequency modulation system for the amateur,” Radio and

PART V

During the year, the Federal Communications Com-
mission adopted the television standards proposed by
the National Television System Committee and au-
thorized the transmission of commercial television pro-
grams. Several commercial television broadcasting
licenses were issued and regular programs were started
in New York City, Philadelphia, and Schencctady
about midyear and continued during the rest of the
year. Additional transmitters were planned for \Wash-
ington, Chicago, Los Angeles, Cincinnati, San Fran-
cisco, and Milwaukee.t Several manufacturers modi-
fied, at their own expense, the 4000 television receivers
alrcady sold. A considerable quantity of receivers
remained unsold from the previous manufacture and

* Decimal classification: R583.

t As of January 1, 1942, the Federal Communications Commis-
sion had issued licenses and construction permits to television
broadcast stations as follows: Licenses—1 commercial and 20 experi-
mental; construction permits—7 commercial and 23 experimental;
making a total of 51 television broadcast station authorizations.

February

Telev., vol. 11, pp. 598-601; February 1941; vol. 12, p. 96;
June, 1941,

(23) D. E. Noble, “A state police FM network,” Part 11, Electron-
ics, vol. 13, pp. 28-31, 66; December, 1940.

(24) L. Norton, “Why not narrow band FM for general amateur
use?” Radio, no. 255, pp. 88~92, 152-153, 159; January, 1941.

(25) H. E. Rice, “Factory alignment equipment for frequency-
modulation receivers,” Proc. I.R.E., vol. 29, pp. 551-554;
October, 1941.

(26) “Electronics reference issue: section 3, FM,” Electronics, vol.
14, pp. 4649; June, 1941,

(27) S. Sabaroff, “New system of frequency modulation,” Communi-
cations, vol. 21, pp. 8-9; September, 1941,

(28) S. W. Sceley, “Frequency modulation,” RCA Rev., vol. 5, pp.
468-478; April, 1941,

(29) R. F. Shea, “Frequency modulation receiver design,” Com-
munications, vol. 20, pp. 17-23; June, 1940.

(30) F. L. Sprayberry, “Frequency modulation receivers,” Radio
and Telev. vol. 12, pp. 294-297; September, 1941.

(31) F. L. Sprayberry, “Principles of frequency-modulation,”
Part 11, Radio and Telev., vol. 11, pp. 744-748; April, 1941,

(32) F. L. Sprayberry, “Principles of frequency modulation,”
Radio and Telev., vol. 11, pp. 616-619; February, 1941.

(33) S. G. Taylor, “AM-FM broadcast tuner,” Communications,
vol. 21, pp. 10-11, 24-26; March, 1941.

(34) H. P. Thomas and R. H. Williamson, “A commercial 50-kilo-
watt frequency-modulation broadcast transmitting station,”
Proc. I.R.E., vol. 29, pp. 537-546; October, 1941,

(35) H. P. Thomas, “F\ transmitter measurements,” Electronics.
Part I, vol. 14, pp. 23-27: May, 1941; Part II, vol. 14, pp.
36-39; July, 1941.

(36) R. T. Thompson, “An 8 tube converter for F\I reception,”
Radio, no. 257, pp. 9-13, 70, 72, 74; March, 1941,

(37) H. E. Thomas, “The development of a FM police receiver for
ultra high frequency use,” RCA Rer., vol. 6, pp. 222-233;
October, 1941.

(38) A. Toombs, “The radio battle of 1941 FM vs. AM,” Radio
News, vol. 24, pp. 7, 43-46; March, 1941.

(39) I. R. Weir, “Operating problems in frequency modulation
transmitters,” Communications, Part I, vol. 21, pp. 5-8, 33-35;
May, 1941; Part I1. vol. 21, pp. 7-11; June, 1941.

(40) W. Weiss, “Detection in frequency modulation receivers,”
Communications, vol. 21, pp. 16, 18; March, 1941.

(1) “Amplitude, frequency and phase modulation,” Letter to Edi-
tor, Wireless Engineer, vol. 17, pp. 441—3442; October, 1940,

(42) H. A. Wheeler, “Two-signal cross modulation in a frequency-
modulation receiver,” Proc. I.LR.E., vol. 28, pp- 537-540;
December, 1940.

(43) A. K. Wing and J. E. Young, “A transmitter for FM broad-
cast service,” RCA Rer.. vol. 5, pp. 327-336; January, 1941.

(44) E. S. Winlund, “Drift analysis of Crosby frequency-modu-
!Iatlcd t1|'9214nlsmittcr circuit,” Proc. I.R.E., vol. 29, pp. 390-398;
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TELEVISION*®

no new models were offered for sale. Television devel-
opment work was largely curtailed during the year
except for tests of a large television theater-projector
and tests of color-television systems.

Improvements in studio and control-room tech-
niques were made and a new television floodlight and
film scanner were developed. Filters for vestigial-side-
band type of transmission were described and their
transient responses studied. A system was proposed for
transmitting both audio and video signals on a single
carrier. Further advances were made in the test trans-
mission of television signals over a coaxial cable, a
total distance of 800 miles, by connecting the four
coaxial units between Minneapolis and Stevens Point
in series.

New circuit designs for television receivers included
special preselector circuits, improved video-output
syste.rs, and radio-frequency high-voltage supplies for
picture tubes. Increased signal strength over a wide
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pass band was provided by the use of a double fan-type
antenna. Special oscilloscope tests were devised for
studying television waveforms as well as for measuring
linearity of scanning. An investigation was also made
of brightness distortion in the over-all television
system.

Further advances in the field of color television
included simplified recciver designs, studio pickup of
color programs, and a projected color picture.

(1) M. E. Strieby and J. F. Wentz, “Television transmission over
wire lines,” Bell Sys. Tech. Jour., vol. 20, pp. 62-81; January,
1941.

(2) B.F.Tyson, “A preselector circuit for television,” Electronics,
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(3) “Groundwork laid for commercial television,” Electronics, vol.
14, pp. 18-19; 70; April, 1941.
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the ultrahigh frequencies,” Electronics, vol. 14, pp. 24-28, 104~
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and Short Wave World, vol. 14, p. 228; May, 1941.

(14) “Television in colour,” Electronics and Telev. and Short Wave
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1
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FACSIMILE®

Broadcast Facsimile—Point-to-Point Facsimile Operation by Wire, Ocean Cable, and Radio

BROADCAST FACSIMILE

Although it has been possible to devote compar-
atively little attention to this field during 1941,
premoistened and wet electrochemical recording de-
velopments, even with the limited time available, show
progress. Speeds at present range from 32 to 144 square
inches per minute at 100 lincs per inch definition.f

* Decimal classification: R583.
t As of January 1, 1942, the Federal Communications Commis-

sion had z_luthorized four broadcast stations to engage in facsimile
transmission.

(1) M. Artzt and D. Foster, “Duplex transmission of frequency
modulated sound and facsimile,” RCA Rev., vol. 6, pp. 88-101;

]ul&, 1941.
(2) J. V. L. Hogan, “Facsimile and its future uses,” Ann. Amer,
“Acad. Pol. and Soc. Sci., vol. 213, pp. 162-169; January, 1941.

L]
POINT-TO-POINT FACSIMILE
Wire
Newsphoto services have continued to improve their
facsimile plant and have expanded facilities to serve
new subscribers.
Expansion of facsimile installations which scrve as
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pickup and delivery facilities for telegraph business in
large metropolitan areas has proceeded at an increas-
ingly rapid rate with important improvements, which
have been dictated by the experience acquired in serv-
ice. Since the provision of such facilities in the Atlanta
and San Francisco areas, the demand for this type of
service has exceeded the supply of equipment avail-
able. Further expansion in this field is now in progress.

An increased volume of telegraph business between
branch and central offices is being handled by facsimile
methods, and a new type of recorder has been designed
which is particularly adapted to this type of service.
This recorder utilizes cut blanks which are automati-
cally fed into the machine and ejected when the mes-
sage has been recorded. In addition to requiring less
attention than most previous recorders, this machine
provides an increased reproduction speed where circuit
conditions permit.

A small push-button telegraph facsimile concentra-
tor for use in connection with patron-to-patron trans-
mitter—recorders has been developed and placed in
service. This concentrator provides facilities whereby
the “home-office” transmitter—recorder may bt
readily connected to any one of a number of outlying
offices at will.

Trunk-circuit telegraph facsimile facilities have been
improved, and an increasing volume of business is
being handled, particularly between New York and
Chicago.

February

Ocean Cables

During the past year, conditions in England neces-
sitated a change in the method of handling the cable-
photo pictures transmitted from London to New York.
The system normally intended for noncarrier opera-
tion with line frequencies between 0 and 150 cycles,
was revised to provide modulation of a carrier for
transmission over commercial telephone lines between
London and Penzance. At Penzance, the signals are
reconverted to the low frequencies required for trans-
mission over the long high-speed ocean cable. The
number of scanning lines per inch was also increased
with resulting improved quality of transmission.

(1) J. W. Milnor, “Picture transmission by submarine cable,”
Trans. A.I.E.E. (Elec. Eng., March, 1941), vol. 60, pp. 105-

108; 1941; discussion, Trans. A.I.E.E. (Trans. Suppl.), vol.
60, p. 756; 1941,

Radio

Radiophoto service employing the subcarrier fre-
quency-modulation method was inaugurated on the
Moscow-New York circuit in July. Taking into con-
sideration the multipath radio-transmission conditions
experienced on this particular circuit, highly accept-
able newsphotos have been received in New York and
published in the newspapers. Companies active in the
radiophoto field have continued to improve their ap-
paratus and have increased their knowledge of the
space-circuit propagation problem.

PART VII—RADIO WAVE PROPAGATION*

Radio wave propagation was put on a more nearly
quantitative basis by the development and publica-
tion of methods, formulas, and curves for the calcula-
tion of field intensities in terms of antenna heights,
ground conductivity, etc. Transmission curves are
given in the first two references cited below.

There was substantial progress in the understanding
of sky-wave propagation. By use of a musa (multiple-
unit-steerable-antenna) system it was determined that
scattered reflections at the earth’s surface may give
radio reception on paths other than the great-circle
path of transmission. As a result of a five-year co-oper-
ative study an explanation was found for markedly
higher received intensities and less variability in high-
frequency transmission between North America and
South America than between North America and
Europe. The predictions of radio transmission condji-
tions published by the National Bureau of Standards
monthly in the PROCEEDINGs oF TiE I.R.E. and quar-
terly in QST were extended in scope and found increas-
ingly useful in the choice of transmission frequencies.
Portable ionospheric observation equipment was de-
signed and a description was published.

There was substantial progress in knowledge of prop-

* Decimal classification: R. 113.7.

agation at ultra-high frequencies (above 30 mega-
cycles). Besides general data on received intensities
and fading characteristics, the results of a number of
special studies became available. One wasa comparison
of experimental with calculated diffraction over moun-
tains. Another was correlation of intensity variations
with cold fronts and other meteorological conditions,
locating refraction levels at heights of a few kilome-
ters. Data became available on the special transmission
conditions met in the use of frequency modulation at
frequencies between 40 and 50 megacycles.

Studies were made in the measurement of noise
from “static” in the frequency range of 250 to 1500
kilocycles by the warbler method; a definite maximum
of field intensity of the noise was indicated at or im-
mediately after local sunset. Standards were developed
for the technique of measuring noise and new equip-
ment was under development to meet these standards.
Further progress was made in the study of fluctuation
noise; formulas were devecloped for calculating the
magnitude of fluctuation noise.

(1) “Standards of Good Enginecring Practice Concerning High-
Frequency Broadcast Stations (43,000-50,000 Kilocycles)”
and “Standards of Good Engineering Practice Concerning

Broa.dca_st Stations (550-1600 Kilocycles).” Federal Com-
munications Commission, Washington, 1941,
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(2) C. R. Burrows and M. C. Gray, “The effect of the earth’s
curvature on ground-wave propagation,” Proc. L.LR.E., vol.
29, pp. 16-24; January, 1941.

(3) G.F.Edwardsand K. G. Jansky, “Measurements of the delay
and direction of arrival of echoes from near-by short-wave
transmitters,” Proc. I.R.E. vol. 29, pp. 322-330; June, 1941,

(4) J. H. Dellinger and A. T. Cosentino, “A radio transmission
anomaly; co-operative observations between the United States
and Argentina,” Proc. L.LR.E., vol. 28, pp. 431-438; October,
1940.

(5) N. Smith, “Oblique-incidence radio transmission and the
Lorentz polarization term.” Nat. Bur. Stand. Jour. Res., vol.
26, pp. 105-115; February, 1941,

(6) T. R. Gilliland and A. S. Taylor, “Field equipment for iono-
sphere measurements,” Nal. Bur. Stand. Jour. Res., vol. 26,
pp. 377-384; May, 1941.

(7) A. H. Waywick, “Experiments on_the propagation of ultra-
short radio waves,” Proc. I.R.E., vol. 28, pp. 468-47S5;
October, 1940.

(8) H. Selvidge, “Diffraction measurements at ultra-high fre-
quencies,” Proc. L.R.E., vol. 29, pp. 10-16; January, 1941.

(9) A. W. Friend, “Further comparisons of meteorological sound-
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ings by radio waves and radiosonde data,” Bull. Amer. Met.
Soc., vol. 22, p. 53; February, 1941.

(10) S. R. Khastgir and M. Kameswar Rao, “Some studies in
high-frequency atmospheric noise at Dacca by the warbler
method,” Proc. I.R.E., vol. 28, pp. 511-513; November, 1940.

(11) C. N. Burrill, “Progress .. che development of instruments
for measuring radio noise,” Proc. .R.E., vol. 29, pp. 433-442;
August, 1941,

(12) V. D. Landon, “The distribution of amplitude with time in
fllgc:uation noise,” Proc. I.R.E., vol. 29, pp. 50-55; February,

41.

(13) D. O. North and W. R. Ferris, “Fluctuations induced in
vacuum-tube grids at high frequencies,” Proc. I.LR.E., vol.
29, pp. 49-50; February, 1941.

(14) V. D. Landon, “Impulse noise in FM reception,” Electronics,
vol. 14, pp. 26-30, 73-76; February, 1941.

(15) S. Goldman, “FM noise and interference,” Electronics, vol. 14,
pp. 37-42; August, 1941.

(16) O. E. Keall, “Interference in relation to amplitude, phase, and
frequency modulated systems,” Wireless Eng., vol. 19, pp. 6-17;
January, 1941; vol. 19, pp. 56-62; February, 1941. :

(17) J. A. Stratton, “Electromagnetic theory,” McGraw-Hill Book
Company, New York, N. Y., 1941,

PART VIII—PIEZOELECTRICITY*

The present report covers, generally, the progress
made in the field of piczoelectricity during the years
1940 and 1941.

Progress has had mainly to do with the properties
of Rochelle salt and quartz. A study has been made of
hysteresis phenomena in vibrating Rochelle-salt crys-
tals, and the constants of heavy-water Rochelle-salt
crystals have been determined. Several papers having
to do with the theory of the physical properties of
Rochelle salt have also appeared in which it is claimed
that the abnormal dielectric properties of this crystal,
which are closely analogous to the ferromagnetic prop-
erties of iron, find an explanation in the fundamental
properties of the crystal when it is so clamped that no
deformations can take place in the electric field.

A considerable amount of work, both theoretical
and experimental, has been done on the properties and
uses of quartz crystals. For many years the only avail-
able data on the elastic constants of quartz were those
obtained by Voight. These constants have now been
redetermined by a dynamical method over a wide
range of temperatures including the high temperatures
in which ordinary quartz becomes converted into Beta
quartz. Vibrational modes of a number of different
cuts were studied in the course of this work. Several
papers have also appeared having to do with thickness
vibrations, contour-mode vibrations (shear and flexure
in Y-cut plates and the coupling between these modes),
and torsional vibrations. By means of an oscilloscope
the earlier work of Van Dyke on the measurement of
Q for vibrating quartz plates has been extended.

Progress has been made in the development of
quartz plates of special cuts and dimensions in order
to obtain low-temperature coefficients of frequency,
the outstanding example being the GT cut. In connec-
tion with the orientations of various cuts attention
should be called to a careful study that has been made
of the distinction between right and left quartz.

* Decimal classification: R214 X537.65.

Crystal filters continue to be an object of research.
Progress has been made in the design of filters of vari-
able bandwidth and in the arrangement of electrodes.
Flexural vibrations of quartz plates have been sug-
gested in the case of filters in the frequency range from
1 to 60 kilocycles.

The most recent progress in the construction of
quartz clocks involves the use of a series of multivi-
brators giving a final 1000-cycle frequency, consisting
of extremely sharp pulses whereby high precision in
timing is made possible.

Some experimental work has been done on two dif-
ferent techniques for making use of the etch patterns
on the surface of quartz for a reasonably precise deter-
mination of the directions of the crystal axes. One of
these methods consists in the examination of large-
scale patterns on the entire surface of a quartz sphere.
According to the other method a narrow beam of
light, after passing through a plate cut from a quartz
crystal, emerges at the etched surface, producing by
means of a lens a sharply defined image which can be
examined visually or photographed. From the form
of the image the directions of the axes can be ascer-
tained.

(1) J. V. Atanasoff and P. J. Hart, “Dynamical determination
of the elastic constants and their temperature coefficients for
quartz,” Phys. Rev., vol. 59, pp. 85-96; January 1, 1941,

(2) J. V. Atanasoff and E. Kammer, “A determination of the cy

elastic constant for Beta-quartz,” Phys. Rev., vol. 59, pp. 97—
99; January, 1, 1941.

(3) R. Bechmann, “Thickness vibrations in quartz plates,” Hoch-
frequenz. und Elektroakustik, vol. 56, pp. 14-21; July, 1940.

(4) H. A. Brown, “Oscilloscope patterns of damped vibrations of
guartz plates and Q measurements with damped vibrations,”

roc, I.R.E., vol. 29, pp. 195-199; April, 1941.

(5) G. Builder, “A note on the determination of the equivalent
electrical constants of a quartz-crystal resonator,” 4. W. 4
Tech. Rev., vol. 5, no. 1, pp. 41-45; 1941,

(6) G. Builder and J. E. Benson, “Simple quartz-crystal filters of

\ variable band-width,” A. W. A. Tech. Rev., vol. 5, no. 3, pp.
93-103; 1941,

(7) G. Builder and J. E. Benson, “Contour-mode vibrations in
Y-cut quartz-crystal plates” Proc. I.R.E., vol. 29, pp. 182-
:gg, Il\;;rlil, 1941; A. W. A. Tech. Rev., vol. 5, no. 5, pp. 181~

; 1941,
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(8) G. K. Burns, “Manufacture of quartz crystal filters,” Bell
Sys. Tech. Jour., vol. 19, pp. 516-532; October, 1940.

(9) E. Giebe and E. Blechschmidt, “On torsional vibrations of
quartz rods and their use as standards of frequency,” Hoch-
flrgeggenz. und Elektroakustik, vol. 56, pp. 65-87; September,

(10) A. N. Holden and W. P. Mason, “Constants of heavy-water
Rochelle salt,” Phys. Rev., vol. 57, pp. 54~56; January, 1940.

(11) H. H. Hubbell, “Images projected from etched surfaces of

uartz crystals,” Phys. Rev., vol. 59, p. 473; March 1, 1941.
?Abstract only.)

(12) A. W. Lawson, “A determination of the elastic modulus e; of
Beta-quartz,” Phys. Rev., vol. 59, pp. 608-612; April 1, 1941.

(13) W. P. Mason, “The location of hysteresis phenomena in
Rochelle salt crystals,” Phys. Rev., vol. 58, pp. 744-756;
October, 15, 1940,

(14) W. P. Mason, “A new quartz-crystal plate, designated the
GT, which produces a very constant frequency over a wide
tl%r‘%)erature range,” Proc. I.R.E,, vol. 28, pp. 220-223; May,

(15) W. P. Mason, “Low temperature coefficient quartz crystals,”
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Bell Sys. Tech. Jour., vol. 19, pp. 74-93; January, 1940.

(16) W.P. Mason and R. A. Sykes, “Electrical wave ﬁlt(;rs employ-
ing crystals with normal and divided electrodes,” Bell Sys.
Tech. Jour., vol. 19, pp. 221-248; April, 1940. 3

(17) Hans Mueller, “Properties of Rochelle salt, I1,” Phys. Rev.,
vol. 57, pp. 829-839; May 1, 1940. .,

(18) Hans Mueller, “Properties of Rochelle salt, I11,” Pkys. Rev.,
vol. 58, pp. 565-573; September, 15, 1940.

(19) Hans Mueller, “Properties of Rochelle salt, IV,” Phys. Rev.,
vol. 58, pp. 805-811; November 1, 1940.

(20) L. Rohde and H. Handrek, “The properties of quartz reso-
nators at audio and intermediate frequencies,” Zeil. Tech.
Phys., vol. 21, pp. 401405; 1940.

(21) K. S. Van Dyke, “On the right- and left-handedness of quartz
and its relation to elastic and other properties,” Proc. I.R.E.
vol. 28, pp. 399-406; September, 1940. .

(22) K. S. Van Dyke, “The use of an etched sphere of quartz in
identifying the orientation of quartz plates,” Proc. I.R.E.,
vol. 28, p. 144; March, 1940. (Abstract only.) .

(23) P. Vigoureux and H. E. Stoakes, “An all-electric clock,” Proc.
Phys. Soc., vol. 52, Part 3, pp. 353-358; May, 1940,

ELECTROACOUSTICS*

Loudspeakers— Microphones— Room Acoustics— Measuring Apparatus and Techniques—
Electromechanical De.ices

Nonmilitary development work in electroacoustics
and publication of work already done has been greatly
retarded by the heavy diversion of workers from this
field into military work.

A number of reported developments have applica-
tions in several branches of the field.

Acoustic models of antenna arrays with nonsinu-
soidal current distributions were used to study the
effect of this distribution on the radiation pattern.
Experimental determination of the mutual antenna
impedance is also facilitated. Renewed attention was
given to the use of nonlincar distortion to increase the
apparent or subjective bass response of systems trans-
mitting a limited low-frequency range.

Commercial production was initiated on a perma-
nent-magnet material of the aluminum-nickel-cobalt-
iron family, having an energy product of about three
times the value of that of alloys now in general use.
This material is cooled from a high temperature in a
strong magnetic field which must be in the direction
in which the material ultimately is to be magnetized.
Substantially reduced weight and corresponding econ-
omies result from its use.

Progress in the general field of piezoelectricity ap-
pears clsewhere in this review. The driving-point ad-
mittance of crystals, which is of special interest in the
field of electroacoustics, received further attention.
Lattice-type acoustic filters were investigated, broad-
ening the acoustic-filter field which, largely because of
the lack of commercial need, continues much narrower
than the electric-wave-filter field.

(1) B. Jonas and H. J. Meerkam;) van Embden, “New kinds of
steel of high magnetic power,” Philips Tech. Rev., vol. 6, pp.
8-11; January, 1941,

(2) W. E. Ruder, “New magnetic materials,” Presented Roches-
ter Fall Meeting, Rochester, N. Y., November 11, 1941.

(3) S. F. Kayser, “Permanent magnets,” Engineering (London),
vol. 170, p. 183; September 20, 1940.

(4) E. C. Jordan and W. L. Everitt, “Acoustic models of radio
antennas,” Proc. I.R.E., vol. 29, pp. 186-194; April, 1941,

* Decimal Classification: 621.385.97.

(5) K. S. Van Dyke and M. C. Waltz, “Measured admittances of
a Rochelle-salt resonator,” Phys. Rev., vol. 59, p. 686; April 15,
1941. (Abstract only.)

(6) H. K. Schilling, “A lattice-type acoustic filter,” Phys. Rev.,
vol. 59, p. 111; January, 1941. (Abstract only.)

LLOUDSPEAKERS

Much attention has recently been given to the prob-
lem of enhancing the dramatic value of reproduced
sound by improving its spatial distribution and dy-
namic range. Some of the many complex system factors
which enter have been investigated. Much work re-
mains to be done on the involved problem of the
behavior of multiple microphone-pickup and multiple-
speaker reproducing systems although progress is re-
ported. Various combinations of speaker and sound
channels and control tracks have been proposed for
motion-picture use as desirable compromises between
results and cost. While substantially all'of the reported
work has been in the motion-picture field one receiver
was announced that employed adouble-cabinet system
in which the auxiliary cabinet is fed by a carrier cur-
rent from the main cabinet.

Curtailed supplies of materials for permanent mag-
nets has led to renewed interest in piezoelectric loud-
speakers. Experimental models employing a small
directly driven diaphragm and a compact folded horn
to provide the necessary high load impedance were de-
veloped. o

Higher throat resistance near the low-frequency cut-
off and better reactance annulling may be obtained in
a new family of horns. These characteristics permit im-
proved over-all low-frequency efficiency when these
horns are used with conventional driving units. This
horn family is related to the exponential horn in the
manner ‘that m-derived filters are related to the con-
stant-K type. '

An experimental moving-coil sound generator hav-
ing high efficiency in a narrow supersonic frequency
range was reported. The sound is radiated from one end

i —
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of a solid duralumin rod, the other end of which is
driven by the moving coil. The rod, which also acts as
a mechanical transmission line, is supported at a veloc-
ity node.

High-efficiency telephone receivers directly con-
nected to microphones, both of the Rochelle-salt type,
were introduced primarily for use on ships. Similar sys-
tems of this type using magnetic-armature units were
previously reported. A high-fidelity telephone receiver
intended primarily for monitor work was introduced.

(7) H. Fletcher, “The stereophonic sound-film system—general

{)heory," Jour. Soc. Mot. Pic. Eng., vol. 37, pp. 331-352; QOcto-
er, 1941.

(8) E. C. Wente, R, Biddulph, L. A: Elmer, and A. B. Anderson,
“Mechanical and optical equipment for the stereophonic
sound-film system,” Jour. Soc. Mot. Pic. Eng., vol. 37, pp.
353-365; October, 1941,

(9) J. C. Steinberg, “The stereophonic sound-film system-pre- and
post-equalization of compandor systems,” Jour. Soc. Mot. Pic.
Eng., vol. 37, pp. 366-379; October, 1941.

(10) W. B. Snow and A. R. Soffel, “Electrical equipment for the
stereophonic sound-film system,” Jour. Soc. Mot. Pic. Eng.,
vol. 37, pp. 380-396; October, 1941,

(11) N. Levinson and L. T. Goldsmith, “Vitasound,” Jour. Soc.
Mot. Pic. Eng., vol. 37, pp. 147-153; August, 1941.

(12) W. E. Garity and J. N. A. Hawkins, “Fantasound,” Jour. Soc.
Mot. Pic. Eng., vol. 37, pp. 127-146; August, 1941.

(13) V. Salmon, “Hypex horns,” Electronics, vol. 14, pp. 34-35;
July, 1941,

(14) H. W. St.Clair, “An electromagnetic sound generator for pro-
ducing intense high frequency sound,” Rev. Sci. Instr., vol. 12,
pp- 250-256; May, 1941.

(15) L. Sengewitz, “The Rochelle-salt crystal and its application
in the field of telephony,” Elek Tech. Zeit., vol. 62, pp. 463-
465; May 15, 1941,

(16) L. J. Anderson, “High fidelity headphones,” Jour. Soc. Mot.
Pic. Eng., vol. 17, pp. 319-323; September, 1941.

MICROPHONES

Application of the principles of reciprocity and of
similarity have permitted more precise microphope
calibrations. An unexplained difference between ther-
mophone and reciprocity calibration was reported. A
method of minimizing the leakage difficulties in micro-
phones having very high internal electrical impedance
by the use of negative feedback has also been developed.

(17) H. F. Olson, “Calibration of microphones by the principles of
similarity and reciprocity,” RCA Rev., vol. 6, pp. 36-42;
July, 1941,

(18) R. K. Cook, “Absolute pressure calibrations of microphones,”
A;a;(.) Bur. Stand. Jour. Res., vol. 25, pp. 489-505; November,
1 b

(19) A. L. Williams and H. G. Baerwald, “General and design con-
siderations of low-noise microphones,” Jour. Soc. Mot. Pic.
Eng., vol. 36, pp. 649-665; June, 1941.

RooM ACOUSTICS

Much of the work in this field has been directed
toward an effort to apply the boundary impedance con-
cept, previously reported, to the practical problem of
designing rooms which are good acoustically. While
much progress has becen made in this direction the
acoustical engincer must still draw heavily on the
empirical reverberation data accumulated in the last
four decades in designing rooms. Experiments were
conducted to determine the effect of the width and
location of sound-absorbing strips on the reverberation
time of a test chamber. The Research Council of the
Academy of Motion Picture Arts and Sciences has is-
sued recommendations for the guidance of those de-
signing new theatres.
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(20) P. E. Sabine, “Specific normal impedances and sound absorp-
tion coefficients of materials,” Jour. Acous. Soc. Amer., vol. 12,
pp. 317-322; January, 1941,

(21) L. G. Ramer, “The absorption of strips, effects of width and
location,” Jour. Acous. Soc. Amer., vol. 12, pp. 323-326; Janu-
ary, 1941.

(22) “Research Council of the Academy of Motiort Picture Arts
and Sciences, Theatre Standardization Committee,” Jour. Soc.
Mot. Pic. Eng., vol. 36, pp. 267-282; March, 1941.

MEASURING APPARATUS AND TECHNIQUES

A vibration meter covering the frequency range of 2
to 2000 cycles was offered. This has built-in equalizers
to give direct-reading root-mean-square values of dis-
placement, velocity, and acceleration. Two sound-
measuring rooms were reported. One of these adopted
the live-end—dead-end principle to a room used to
measure the total sound radiation of a device. The
other was a free-field room using 32,000 slender, rock-
wool, pyramidal-shaped members, each a meter long
with their bases contiguous and covering the entire
boundary. The inverse pressure-distance curve is pre-
served within less than 2 decibels over the audio-fre-
quency range above 60 cycles per second up to a
distance of 9 meters from the source.

(23) H. H. Scott, “A general-purpose_ vibration meter,” Jour.
Acous. Soc. Amer., vol. 13, pp. 46-50; July, 1941.

(24) M. D. Stahl and W. C. Louden, “A sound measuring room
utilizing the live-end-dead-end studio principles,” Jour.
Acous. Soc. Amer., vol. 13, pp. 9-15; July, 1941.

(25) E. Meyer, G. Buchmann and A. Schéch, “A novel highly-effec-
tive sound-absorbing arrangement and the construction of a
dead room,” Akus. Zeit., vol. 5, pp. 352-364; 1940. Summary
in English, Jour. Acous. Soc. Amer., vol. 13, pp. 191-193;
October, 1941.

ELECTROMECHANICAL DEVICES

The marked trend toward the use of low-pressure
pickups and “permanent” styli of both the fixed and
removable types continued. Nonlinear distortion re-
sulting from tracking error in lateral recordings was
investigated analytically and the objective and nui-
sance effects found to be greater than generally sup-
posed. A novel record changer which plays both sides
of a record without turning it over was introduced. A
U-shaped tone arm with two pickups is used. The dis-
carded record is dropped gently into a compartment by
a mechanism which automatically tilts the turntable
and spindle.

Improved stability of the efficiency and frequency
response of a crystal cutter was obtained in a tempera-
ture-controlled cutter. Experiments on the use of
pickup styli with approximately double the normal
radius were reported which indicated that reduced rec-
ord wear and noise result from their use.

(26) B. R. Carson, “A two-side non-turnover automatic record
changer,” RCA Rev., vol. 6, pp. 183-189; October, 1941.

(27) H. G. Baerwald, “Analytic treatment of tracking error and
notes on optimal pickup design,” Jour. Soc. Mot. Pic. Eng.,
vol. 37, pp. 591-622; December, 1941.

(28) S. J. Begun, “Temperature controlled disc recording cutter,”
Jour. Soc. Mot. Pic. Eng., vol. 36, pp. 666-674; June, 1941,

A development reported in last year's review had its
first publication in 1941.

(29) B. B. Bauer, “Uniphase uni-directional microphones,” Jour.
Acous. Soc. Amer., vol. 13, pp. 41-45; July, 1941.




A New Air-Cooled 5-Kilowatt Broadcast Transmitter’

F. W. FISCHERY, ASSOCIATE, I.R.E.

Summary—This papers gives delails in design and construction
of a new 5-kilowalt transmitter for use in the broadcast band of 550 to
1600 kilocycles. By the use of illustrations the arrangement of compo-
nents in each cubicle is shown and the text refers to the various major
details. One method of adapting a single blower to the cooling needs of
an entire transmilter is described. The supervisory, sequence inler-
locked, control system is outlined and the placement of indicator lights,
swilches, and relays used in conjunction with this control system are
outlined. .

With the use of a simplified schematic several specialized adapta-
tions of new audio circuils are shown and discussed. These circuils
reduce distortion o very low values and a flat frequency response is
obtained over wide limils. Distortion values at various percentages of
modulation are plotted in a response curve of a typical 5-kilowalt trans-
maller.

A means of reducing radio-frequency outpu! power with split-sec-
ond push-button control of a magnetic switch s also touched upon.

The summary at the close of the paper outlines various performance
characteristics such as power consumption at several modulation levels,
audio response, radio-frequency stability, and power output.

VHE 5-kilowatt transmitter considered herewith
is designed for use in the standard broadcast
band of 550 to 1600 kilocycles. Design emphasis

has been placed on the incorporation of a low-audio-
distortion characteristic and a flat frequency response.
For dependability, high-efficiency rectox units have

Fig. 1—Front view of transmitter.

been used to replace all low-voltage tube rectifiers.
All tubes run well below their maximum ratings. The
entire transmitter is fully air-cooled by a single blower.
Adequate metering is provided in all circuits.

‘The equipment is designed to be reasonably compact
and still maintain good accessibility to components.

The transmitter proper is composed of three cubicles
which, from left to right, contain the exciter, power-
amplifier, and modulator circuits. All three cubicles are
mounted on a single subbase which serves as an inter-
unit wiring trough and air duct. The air from a single

* Decimal classification: R355.21. Original manuscript received
by the Institute, June 26, 1941. Presented, Summer Convention,
Detroit, Michigan, June 23, 1941,

Westinghouse Electric and Manufacturing Company, Balti-
more, Maryland
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blower is fed into this transmitter subbase from which
it is distributed to all cubicles.

Fig. 3—Front view of power amplifier.

February, 1942
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Fischer: Air-Cooled 5-Kw Broadcast Transmitter

On the exciter and modulator are located groups of
nine lights. These lights are used in conjunction with
the overload supervisory control circuits. The over-
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load supervisory control consists of overcurrent and
under- and overvoltage relays in all circuits. When one
of these relays operates, an indication is given in the re-
spective circuit by a pilot light which remains lighted
until released manually.

The exciter is divided into two sections. The audio
stages, consisting of two 1603 tubes, two 807 tubes,
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Fig. 6—Fundamental schematic of audio circuits.

and four 828 tubes, are arranged from bottom to top
in the left half. In the right half are located the two
Westinghouse Type HH crystal oscillators, the 807
radio-frequency buffer stage, and in the upper com-
partment the 805 radio-frequency driver stage.
Behind the center door are located the exciter OFF-
ON switches, the low-power stage indicating instru-
ments, and all bias-voltage and tuning controls. All
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Fig. 5—Fundamental schematic.
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circuits are interlocked so that proper sequence start-
ing is fully realized.

February

transmitter. It consists first of two loops; one from
plate circuits of the 828 driver stage to cathode of the

807 stage; and one from the plate circuit of the 891-R
modulator tube to the cathode of the 1603 tube. The
use of the internal 828 to 807 loop approaches the
desired condition of making the four stages of ampli-
fication appear like two stages from the standpoint of
phase shift over the frequency bands covered.

Behind the lower door in the power amplifier are
located the control relays associated with the power
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Fig. 7—Distortion curves,

amplifier and the modulator. On the power-amplifier
panel the main-rectifier control switches and the recti-
fier regulator control buttons are located. The grid-
and plate-tuning controls are brought out on this

5
H
'L
2
[

Fig. 8—Rear of exciter.

panel and push buttons for reducing transmitter out-
put power from 5 to 1 kilowattsare located here also.
Power reduction is accomplished by reducing final
amplifier plate voltage through interlocked contactors,

In the lower front portion of the modulator, the six
872-A rectifier tubes are located. The modulator panel
has the bias-rectifier switch and individual bias con-
trols for the 891- R tubes.

A new type of inverse audio feedback is used in this

L —

Fig. 9—Recar of power amplifier.

Second, the feedback circuit is brought to a practical
application by treating the audio stages as two sepa-
rate amplifier channels in parallel from the input of
the 1603's to the plates of the modulators. This is
accomplished by eliminating all common grid, cathode,
and plate impedances. Treating the audio circuits in
this fashion makes possible the use of feedback loops
which have even-order harmonic components as well as
odd harmonic components. A conventional push-pull
amplifier prevents to a great extent the proper feed-
back of even-order harmonic distortion.

Third, the inverse-feedback circuit of the inner loop
is designed to have a time constant of infinity at the
lower frequencies by the elimination of any capacitive
reactanee in series with the feedback circuit. This has
the feature of actually giving “feedback’ at the lower
frequencies rather than a dropping off of the feedback
voltage and a consequent increase of gain through the
amplifier.

Fourth, a capacitor, reactor, and resitor combination

-
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with values selected to give a falling gain charac-
teristic at both the very high and very low ends of
the audio band covered are included. The function of
this combination has the effect of eliminating motor-
boating and oscillating caused by a phase displacement
due to design limitations of the modulation trans-
former and reactor.

The modulation transformer and audio reactor are

Fig. 10—Rear of modulator.

made to appear as a constant impedance load to the
plates of the modulator. This is done by utilizing their
capacitances in combination with an inductance to
simulate a “low-pass” w-section filter.

By using the circuits as described above, audio dis-
tortion from 50 to 7500 cycles per second is reduced to
less than 3 per cent and the frequency response is
within +1 decibel from 30 to 10,000 cycles at all per-
centages of modulation up to 100 per cent. As a mat-
ter of fact, in factory setups over-all distortion is
without difficulty reduced to considerably less than
2 per cent from 50 to 7500 cycles per second. Hum and
extraneous noise level are at least 60 decibels below 100
per cent sine-wave modulation, unweighted.

Inside of the exciter cubicle are located the radio-
frequency circuits for the first three stages, the exciter
starting contactors, and the air-cooled metal rectifiers.
The radio-frequency lead to the power amplifier and
the audio leads to the 891-R modulator grids leave the
cubicle through the top.
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The power-amplifier cubicle houses all radio-fre-
quency circuits associated with the 892-R radio-fre-
quency power amplifier. The plate tank capacitor for
the 892-R is of the compressed-gas type. The inductive
neutralizing coil for the 892-R tube is located cen-
trally in the cubicle and suspended from the grid-coil
shield can.

The modulator cubicle, as the name implies, houses
the 891-R modulator tubes. The air-cooled metal bias
rectifier for these tubes is located on the floor of the
cubicle. The over-all loop feedback resistors are sus-
pended from the ceiling of this cubicle.

The power and filter frame houses, in addition to
various control contactors, the audio coupling ca-

Fig. 11—Power and filter frame.

pacitor, the voltage regulator for the main-rectifier
alternating-current plate input, and the filter capac-
itors and reactor for the main rectifier.

In summarizing the performance of this air-cooled
s-kilowatt transmitter, the following are given:

(a) 5 kilowatts of radio-frequency power are de-
livered into a 70- to 300-ohm load.

(b) 16.5 kilowatts from a 3-phase, 60-cycle, 230-volt
line are required at 0 percentage modulation.

(c) 18 kilowatts are required during average modu-
lation.

(d) Audio response is flat within +1 decibel from

30 to 10,000 cycles at all percentages up to 100

per cent.

Audio distortion from 50 to 7500 cycles is less

than 3 per cent root-mean-squarc at 95 per cent

modulation. ‘

Rapid reduction from an output power of 5 kilo-

watts to 1 kilowatt is obtained without retuning

or other adjustments.

(g) Frequency stability is maintained well within
+ 10 cycles.

(h) The entire transmitter is fully air-cooled.

(e)

(6



A Stabilized Frequency-Modulation System’

ROGER J. PIERACCI?, ASSOCIATE, LR.E.

Summary—A wide-band Jrequency-modulation system in which
the center frequency is directly controlied by a single crystal is de-
scribed. The stability oblainable is that of a single quariz-crystal
oscillator.

Further, a system of distortion correction in a phase modulator is
described in which the maximum angle of phase shift may be 60
degrees or more with low attendant distortion. This is accomplished
by modulation of both the carrier and sidebands.

INTRODUCTION

T ISimportant in a system of frequency modulation
J:[ designed for wide-band high-frequency broad-

casting that the center frequency stability be of a
high order. Direct crystal control of the center fre-
quency is an ideal solution of this problem, if frequency-
modulated signals can be generated without extreme
complexity of equipment or difficulty in attaining ac-
ceptable fidelity. The use of direct crystal control
necessitates the use of a phase modulator in the genera-
tion of frequency-modulated signals. A desirable phasc
modulator would be one which has a relatively high
phase-multiplication factor from crystal to operating
frequency and at the same time a low frequency-
multiplication factor from crystal to operating fre-
quency. \While the phase-multiplication factor must
be considerably higher than the frequency-multiplica-
tion factor, it is desirable to keep both these factors as
low as possible from the standpoint of good perform-
ance and simplification of apparatus. The minimum
value of the phase-multiplication factor is determined
by the maximum undistorted phase-modulation capa-
bility and the minimum value of audio frequency it is
desired to transmit.

The phase-multiplication factor P,, is given by

P, = — (1)

where

frequency deviation
e audio frequency
(frequency deviation and audio frequency are
expressed in the same units.)
0 = phase shift at oscillator frequency in radians.
In previously described phase modulators, @ has been
of the order 0.5 radian and m, about 1500 (frequency
deviation of 75,000 cycles and audio frequency of 50
cycles).
Thus

m = ——— = 3000

The system to be described permits wider angles of

* Decimal classification: R 414. Original manuscript received by
the Institute, July 15, 1941, .
t Collins Radio Company, Cedar Rapids, lowa.
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phase shift than 0.5 radian with low attendant distor-
tion and thereby reduces the phase-multiplication
factor required. If the phase-shift angle is increased
from 30 to 60 degrees, the multiplication is halved or
in the condition stated above the multiplication is re-
duced from 3000 to 1500.

The frequency-stabilizing system and the distortion-
correction arrangement will be considered scparately
in the following discussion.

FREQUENCY-STABILIZATION SysTEM

A block diagram illustrating the basic operation of
the circuit is shown in Fig. 1. Vyis a crystal-controlled

& MULTIPLIER COMVERTER MULTIPUCR

~
CRYSTAL OSCILLATOR V, \A
\\‘ Feno /e w0

MULTIPLICR
—— /.fy’ )_l”.ol)l
N -
Fig. 1—Stabilized frequency-modulation system
using one converter.

CRYSTAL

oscillator of a conventional type. The radio-frequency
energy from oscillator V, is divided into two channels.
The energy in channel 1 is modulated by means of the
phase modulator (PAf).

The phase modulator may be of conventional.type
and incorporate an integrating network in the audio
input circuits to convert phase modulation into fre-
quency modulation. This method of generating fre-
quency-modulated waves has been described in past
literature on this subject.! The output voltage of the
phase modulator may be expressed by

e = A sin (wt + 6 sin pt) (2)

where

w
e is the oscillator frequency
. 5

p
- Is the audio frequency
2

8 is the maximum phase-shift angle at the peak

of the audio cycle.
Equation (2) is the expression for a phase-modulated
wave. However, when considering a single tone with
fixed modulating conditions, there is no difference
} Edwin H. Armstrong, “A method of reducing disturbances in

radio signaling by a system of frequency modulation,” Proc.1.R. E.,
vol. 24, pp. 689-740; May, 1936.
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between a phase-modulated and a frequency-modulated
signal. It might be pointed out here that in a phase-
modulation system the value of § remains constant for
all audio frequencies; while in a frequency-modulation
system 6 varies inversely as the audio frequency, thus

af
fa
the frequency deviation at the output of
the modulator and
fa = the audio frequency. ~

In the following discussion it will be more convenient
to speak of the multiplication of phase-shift angle 6
than multiplication of the frequency deviation Af. If
the frequency of oscillator V; is referred to as f, then
in an abbreviated notation the output of the phase
modulator may be referred to as f+86, where f is the
center frequency and @ is the maximum excursion of
phase angle during the positive and negative halves of
the audio cycle. The notation f+6 does not imply ad-
dition of f and 0 but a simplified expression of frequency
and phase in the system of Fig. 1. The output of the
modulator is applied to the multipliers at V; where the
center frequency and phase shift are multiplied # times
to nf +n.

The energy of the second channel from the crystal
oscillator Vi is unmodulated and carried to the fre-
quency multipliers at V; where the frequency is multi-
plied (n+ 1) times to (n+1)f.

The frequencies of the modulated channel V; and
the unmodulated channel V; are subtracted in the con-
verter V, and yield the original oscillator frequency f
but with » times the amount of phase shift at the
modulator. The output frequency and phase of the
converter V, is then f+n8. This is obvious from

(n+ 1)f — nf £ n0 = f L nb.

©)

Af =

(4)

The output'of the converter V is then carried to a
third frequency multiplier at Vs which may also have
a multiplication factor of #. The output frequency of
Vs is then nf+nf. n is the frequency-multiplication
factor from crystal to operating frequency, while »?
is the total phase-multiplication factor. The multiplica-
tion factor of the multiplier Vs may be some other
value than = if desired.

The stability of the output frequency of converter
V.is that of the original crystal oscillator. A numerical
example will serve to illustrate this. Suppose the crys-
tal oscillator drifts 10 cycles and that n =350 where n
is the multiplication factor of modulated channel V..
The change in frequency at the output of the modu-
lated multiplier V; is the product of the drift and the
multiplication factor or n(10) =(50)(10) =500 cycles.
The change in frequency at the output of the un-
modulated multiplier V3 is (n+1)10=(51)(10) =510
cycles. Since the frequency of V;and V;are subtracted
in the converter Vy, the net drift at V4is 510—500=10

cycles. This is the same as the original.drift at the
crystal oscillator. Hence it is seen that the multiplica-
tion employed in V;and V3 is not a factor in the stabil-
ity at the operating frequency. As far as center-fre-
quency stability is concerned, the system acts as if
the crystal were located directly at the converter V. In
an actual case 7 and (n+1) would have to be numbers
which could be factored to a feasible arrangement of
individual frequency-multiplier stages.

If it is desired to reduce the center-frequency
multiplication factor and at the same time increase the
phase-multiplication factor, more than one frequency
conversion may be employed. Fig. 2 shows the plan
of a system with a low frequency-multiplication factor
and a phase-multiplication factor of high order. How-
ever, in practice there is an upper limit to the amount
of phase multiplication that may be successfully em-
ployed. The operation is the same as described for

i I

Fig. 2—Stabilized frequency-modulation system
using several converters.

Fig. 1 except that the multiplication and conversion
process is repeated. After each conversion the crystal-
oscillator frequency and stability are restored with a
phase-multiplication factor of n? where 7 is the multi-
plication between converters and p is the number of
converters. If the multiplication factor from the last
converter to the operating frequency is also 7, then
the total phase multiplication of the system is n?*.
Thus it is seen that the output of various elements of
the system are as follows:

Converter V4, = f + né
Converter Vg = f + n%

Converter Vg = f £+ n?0
Multiplier Vy = f £ nP+!8

Here again the stability is the same as if the crystal
were directly at the input of the multiplier V. 'n a
numerical case, f the crystal oscillator frequency - ght
be 5 megacycles and nf the operating frequen.y, 50
megacycles. Thus #» would be 10. If the number of
converters p is 3, then the total phase multiplication
of the system is 107! =10* or 10,000.

The values of » and p are entirely arbitrary and may
be selected to yield the simplest arrangement to fit
the requirements. The only limitation to the selection
of the oscillator frequency f is that it be a submultiple
of the operating frequency. The value of n for the
various multipliers need not be the same. Identical
values were chosen for simplicity of exposition.

Fig. 3 shows a photograph of an experimental model
using this system, and which is capable of high-fidelity
wide-band transmission. This unit uses the stabilizing
circuit described above and the system of distortion
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correction to be described. It can be seen that the
amount of apparatus indicates a reasonable circuit
complexity. The performance data on frequency stabil-
ity are those of a low-temperature-coefficient crystal
which are well known and need not be reproduced here.

PrECAUTIONS

Care must be exercised in the mechanical arrange-
ment and in the electrical design of the multiplier
circuits. This is necessary to prevent unwanted har-
monics of the oscillator frequency from appearing at
the input circuits of the converter. The presence of

Fig. 3—Experimental unit.

adjacent harmonics along with the desired frequencies
will produce voltages in the converter of the same fre-
quency but with differing degrees of phase modulation.
Analysis will show that combination of two voltages of
the same frequency but with different degrees of phase
modulation produces a resultant which contains phase
distortion and amplitude variation.? The amount of
distortion produced is dependent upon the ratio of the
magnitudes of the desired and undesired frequencices.
Hence undesired harmonics should be kept as low as
possible. The distortion manifests itself as an irregu-
larity in the phase characteristic which is repetitive
each time the desired-voltage vector completes one
revolution about the undcsired-voltage vector. The
word “cogging” has been applied to this effect. This is
applied descriptively, since slight irregularities re-
sembling cogs appear on the demodulated audio-
frequency wave. A cog appears for cach complete
revolution of phase between the desired and un-
desired voltages at the converter. This effect can be
greatly reduced to allow high-fidelity operation by
proper design of the multiplier circuits.

DisTORTION-CORRECTION SYSTEM

The operation of phase modulators in the production
of frequency-modulated signals is well known to the
art.! This system of distortion correction applies par-
ticularly to phase modulators in which the sidebands
are added to the carrier in phase quadrature. Present
systems use a maximum phase shift of the order of 30
degrees at low audio frequencies.

1 H. J. Reich, “Theory and Application of Electron Tubes,”
McGraw-Hill Book Company, New York, N. Y., 1939, pp. 140-143.
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Using 30 degrees maximum phase shift, analysis of
the demodulated frequency-modulation signal shows
that distortions of the order of 7 or 8 per cent are
present.?* At 60 degrees phase shift the distortion is
of the order of 28 to 30 per cent. This is due to the
nonlinear relation of the phase-shift angle and the
amplitude of the sideband voltage. It is the function of
the system to be described to provide an approximately
linear relation between phase-shift angle and sideband
amplitude for maximum phase shifts as high as 60 de-
grees or more.

PRINCIPLE OF OPERATION

Fig. 4 illustrates the mechanics of the system by
vector representation of the carrier and sidebands. The
sidebands are added at an angle of 90 degrees as shown
in the figure and their amplitude varied in accordance
with the audio frequency. However, the carrier is also
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Fig. 4—Vector diagram of distortion-correction system.

amplitude-modulated simultancously at twice the
audio frequency in such a manner that\approximately
a linear relation obtains between sideband amplitude
and angle of phase shift.

In Fig. 4, the sideband amplitude BC is given by

BC = sin pt (5)
where

is the audio modulating frequency
™

and the carrier amplitude OB by
OB = K, + K, cos 2pt (6)

where K and K, are arbitrary constants of operation.
The reasons for the sclection of (6) and the double-fre-

quency modulation of the carrier will be taken up
later.

3 D. L. Jaffe, “Armstrong’s frequenc modulator,” Proc. I.R.E.,
vol. 26, pp. 475-481; April, 1938. Y

‘ Sampel _Sabarot’f. “System of phase and frequency modulation,”
Communications, vol. 20, pp. 11-12; October, 1940.
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The angle of phase shift 6 is expressed by
BC
0B
sin pt
K, + K, cos 2pt '

()

# = arc tan

6 = arc tan (8)
If K, and K, are properly chosen, it can be shown that
an approixmate linear relation between the phase-shift
angle 6 and sideband amplitude sin p! exists. Since (8)
is a transcendental equation, the solution is not a
simple matter. In this case, point-by-point solution
is the best means of establisliing operating condi-
tions. In an actual case, the maximum value of @ (the
limiting value approaches 90 degrees) is selected and
K.+ K cos 2pt considered as a function of time Kf(t).
g is then assumed to be linear with sin pt and Kf(¢) com-
puted at intervals of the audio-frequency cycle, so that

sinpl
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Fig. 5—Theoretical correction characteristics.

this linearity obtains. From the resultant plotting of
Kf(t) the constants K; and K> may be evaluated. Ac-
tual plots show that the required modulation of the
carrier very closely approximates a double-audio-fre-
quency cosine wave and is the reason for the selection
of the expression K1+ K, cos 2pt to represent the car-
rier.

Table I shows the comparison between the com-
puted value of Kf(t) and the synthesized carrier
0.765+40.188 cos 2pt. The maximum phase-shift angle

TABLE 1

Sin pt 0 assumed K1(1) 0'723'4'20,',‘“ 0
Degrees Degrees
0.1 6 0.952 0.949 ‘ 6.03
0.2 12 0.940 0.938 12.0
0.3 1% 0.922 0.919 18.0
0.4 24 0.899 0.892 l 24.1
0.5 30 0,866 0.859 30.2
0.6 36 0.825 0,822 | 36.0
0.7 42 0.778 0.770 42.2
0.8 4% 0.720 0.713 48.2
0.9 54 0.652 0.649 54.2
1.0 60 0.877 0.577 60,0
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was chosen as 60 degrees. It will be noticed that there
is very little difference between the assumed value of 8
and the value of 8 actually obtained by modulating the
carrier in accordance with (6).

The solid line of Fig. 5 shows the computed relation
of phase-shift angle 6 and sideband amplitude sin p?
for the case described in Table 1. The carrier modula-
tion was assumed to be a double-frequency cosine
wave. The points approximate a straight line very
closely and negligible distortion should result. In com-
parison, the dotted curve shows the relation between 6

ﬂ@;“l Pk

BALANCLD
MODULATOR
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Fig. 6—Circuit diagram frequency modulator and
distortion-correction system.

and sin pt when the carrier is unmodulated, which is
the case in the conventional type of phase modulator.

CircuIlT OPERATION

The schematic diagram of Fig. 6 shows a phase-
modulator circuit incorporating this system of distor-
tion correction. The speech amplifier V; and Vs;
balanced modulator Viand Vs; oscillator Vi; 90-degree
phase-shifting network Rs, Cs, Rs, Ca; and carrier tube
Vs provide frequency-modulated signals in a manner
which is well known to the art and it is unnccessary to
consider the operation of these circuit elements here.

The novel feature of the circuit is obtaining ampli-
tude modulation of the carrier at twice the audio
modulating frequency. V7 is a full-wave rectifier and
provides the double-frequency audio voltage. V; is
supplied from the same source which drives the bal-
anced modulator. The waveform of the voltage de-
livered by V5 has high harmonic content and must be
passed through Vs which corrects the waveform to
within 5 per cent of true double audio frequency. Vs
is a supercontrol remote-cutoff tube which shapes the
half-wave pulses from V; to the desired form. The
operation of ‘this circuit is described in Fig. 7. The
supercontrol tube Vj is biased to cutoff and the grid
voltage limited to the threshold of grid current on
audio peaks. (A) shows the voltage output of V;which
is applied to the grid of Vs. The characteristics of the
supercontrol tube when operated in the manner de-
scribed above are such that the waveform of the plate
voltage and grid voltage are not alike but follow the
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general contour shown in (B) of Fig. 7. It can be seen
that the plate voltage (solid curve) approximates a
true double-frequency cosine wave. Slight discon-
tinuities at the points ABCD may be minimized by
reducing the operating angle of the diode full-wave
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Fig. 7—Input and output voltages of carrier modulator.

rectifier. This is done by applying a small positive bias
at the diode cathodes by means of resistors Rs and R,
operating from the plate supply voltage.

The plate voltage of the carrier tube Vi is carried
through the output resistor Ry of Vs and is amplitude-
modulated in accordance with the voltage appearing
across this resistor. Thus the radio-frequency output
of tube Vs is modulated at double audio frequency in
accordance with the plate voltage. The resistance Ry,
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Fig. 8—Distortion characteristics—Maximum angle of phase
shift = 54 degrees.

controls the magnitude of the carrier or parameter
K, while Ry, controls the depth of modulation of the
carrier or the parameter K, of (8).

PERFORMANCE

The distortion characteristics for two experimental
units using this system are shown in Figs. 8 and 9, One
is where maximum phase-shift angle is 54 degrees and
the second 32 degrees. The maximum phase-shift angle

is arbitrarily chosen at the modulation condition of
75 kilocycles frequency deviation and 50 cycles audio
frequency.

The curves of Fig. 8 show the measured distortion
when 0., =54 degrees at the modulation condition de-
scribed above. Curve (A) shows the distortion pro-
duced when the correction system is in use, while (B)
shows the rise in distortion due to removal of the cor-
rection system from the circuit. In this case the distor-
tion at 50 cycles is reduced from 21 to 3 per cent. This
figure could possibly be improved by more accurate
synthesis of the theoretical modulation of the carrier.
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Fig. 9—Distortion characteristics—Maximum angle of phase
shift =32 degrees.

The curves of Fig. 9 show the same relations as Fig. 8
except the maximum phase-shift angle has been re-
duced to 32 degrees.

Optimum adjustment is made at the lowest audio
frequency. This is the point of maximum phase shift
for a given frequency deviation and hence requires the
greatest correction. The operating constants K; and K,
of (6) change as the audio frequency is varied since the
amplitude of the audio-frequency voltage is inversely
proportional to frequency. However, the change in
operating constants is not sufficient to affect the cor-
rection seriously. At the higher audio frequencies the
modulation of the carrier is very slight and is effec-
tively out of the circuit.

CoxcLUsIONS

A frequency-modulation system has been described
in which the center frequency is directly controlled by
a singlequartz crystalwith the attendant high stability.
The complexity of apparatus is not appreciably greater
than other systems of generating frequency modula-
tion. .

The system of distortion correction permits large
angles of phase shift at the phase modulator with low
distortion. This decreases the amount of phase multi-
plication necessary for wide-band frequency modula-
tion and results in simpler apparatus and reduction of
noise due to random disturbances in the phase modu-
lator and initial multipliers. If the maximum phase
angle is increased from 30 to 60 degrees, the phase
multiplication may be cut in half, thus requiring the
use of fewer multipliers and effecting a 6-decibel im-
provement in random noise.




A Note on the Sources of Spurious Radiations 1n
the Field of Two Strong Signals*

A. JAMES EBELT, ASSOCIATE, LR.E.

Summary—An investigation is made into the source of combina-
tion signals in the fields of two strong signals. It is shown that these
signals are the resulls of nonlinearities in conductors which serve as
antennas. The nonlinearities are found to be primarily at the junction
between the conductor and the ground although other sources of poor
contact may also be responsible. Suggestions jgor reducing the interfer-
ence due to this phenomenon are given.

ECENTLY, material has been published on the
R generation of combination signals in the pres-

ence of strong fields of two or more broadcast
stations.! This report is a study of this effect in the
arca of Champaign and Urbana, Illinois. Impetus has
been given to this study due to the fact that the sum
signal generated by the stations in question falls in
the 1.8-megacycle amateur band and gives rise to ob-
jectionable interference. The fact the strength of the
signal seemed to vary from day to day also added to
the interest of the study.

The stations combining to form the interfering sig-
nal operate on 580 kilocycles and 1370 kilocycles.?
Station WILL operates on 580 kilocycles with a power
of 5000 watts and station WDWS operates on 1370
kilocycles with a power of 250 watts. The separation
between the stations, geographically, is 1.28 miles as
may be seen from the map in Fig. 1. The field-strength
contours of the two stations are superimposed on the
map. The difference signal, 790 kilocycles, was selected
for study because equipment for that frequency was
available and because the possibility of error was some-
what less. Fortunately, that channel was occuped by
WGY, Schenectady, whose daytime signal was less than
25 microvolts in the studied area.

The measurements were made with a portable loop
battery receiver with the automatic volume control
removed and an output meter attached. The receiver
selected exhibited no tendency to generate combina-
tion signals of itself within the range of field strengths
measured. The receiver associated with the field-
strength meter was so poor in this respect that it could
not be used to measure the combination signal directly.
Therefore, it was necessary to calibrate the battery
receiver against a standard-signal generator. Since
only relative signal strengths were desired, no attempt
was made to calibrate the receiver in microvolts per
meter. Because of the type of receiver being used, the

. * Decimal classification: R270 X R430. Original manuscript re-
ceived by the Institute, May 12, 1941,

t Chief Engineer, WILL., University of Illinois, Urbana, Illinois.

. VA.V.Eastmanand L.. C. F. Ilorle, “The generation of spurious

signals by nonlinearity of the transmission path,” Proc. I.LR.E.,
vol. 22, pp. 438-443; October, 1940.

* This was prior to the frequency shifts ordered under the North
American Regional Broadcasting Agreement. WDWS now ogerates

on }400 kilocycles and the difference frequency appears at 820 kilo-
cycles.
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method of calibration, and a number of other minor
factors which could not accurately be controlled, the
accuracy of the measurements is estimated at 10 per
cent. A greater accuracy is not necessary, however, for
the purpose of this study.

Originally an attempt was made to locate the direc-
tion from which the signal seemed to come. At a broad-
cast receiver installation where the signal was very
prevalent, an attempt was made to pick up the signal
on the loop receiver. This led to the towers supporting
the antenna system used for reception at this installa-
tion. These towers were located at Point 1 on the map.
Considering this to be a primary source for the com-
bination signal, a field-strength survey was started to
determine the effective radius of the interference from
this source. Strangely enough, it turned out to be only
about 50 feet. At a distance greater than 50 feet the
signal dropped below the level of the WGY signal
strength. Obviously, this was not the source of the
interference, except for receivers in the immediate
vicinity.

Other tall metal structures were checked and each
exhibited a trace of the combination signal. Lightning-
rod cables showed the presence of the signal in varying
amounts. For further study, five representative loca-
tions were selected from more than fifty at which the
signal was detected. These were selected so as to give
a cross section of the conditions encountered in the
preliminary checks. The locations may be described as
follows: (Point numbers refer to location on the map).

Point 1. A 140-foot galvanized windmill tower
grounded to a buried grid of wires. The tower is
15 years old and has had very little maintenance.

Point 2. A lightning-rod cable on the Huff gym-
nasium approximately 55 feet high. The installa-
tion is 15 years old.

Point 3. A lightning-rod cable on the round cattle
barn approximately 48 feet high. The installation
is 18 years old.

Point 4. A lightning-rod cable on the power plant
smoke stack approximately 204 fect high, less
than a year old.

Point 5. A doublet receiving antenna with a 50-foot
flat top coupled in the center to twisted-pair
feeders by a matching transformer. Feeder length
is approximately 30 feet. Water-pipe ground was
used, age unknown.

(Note: All lightning-rod grounds were made by ex-
tending the cable for a distance of 8 feet, 2 feet
below grade level, at the end of which a 6-foot rod
was driven.)
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At these locations the relative magnitudes of the
two carriers and the combination signal was measured.
The measurements were made by coupling the loop to
the radiator. The set was mounted rigidly with the
short side of the loop parallel to and at a distance of
1 inch from the conductor, several feet above the

ference of the three signals.

February

grounded conductors is the result of rectification in
the nonlinear components of their impedance. Con-
sider for the moment a voltage e applied to a nonlinear
impedance. The current may be expressed in a power
series as

ground. This eliminated most of the capacitance ef- ! = %1€+ 02€” + ase® - - - a,en. (1)
fects. Corrections were made in the indicated readings ¢ , i< defined by
for the variation of coupling due to the frequency dif-
e = E, cos wi! + E; cos wyt (2)
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Fig. 1—WILL contours measured. WDWS contours calculated from Mmeasured efficiency. Figur, s

on contours are field strength in microvolts per meter.

TABLE 1
Location 1370 (1) 580 (14) 790 (1) ak/Z,
Point 1 1.2 X108 2.0 X108 1.3 X10? 5.4 X10°*
Point 2 9.8 X104 2.6 X108 2.0X10 7.9 X1071e
Point 3 7.1 X104 1.4 X10¢ 6.0X10 6.1 X10"*
Point 4 1.1 X108 1.9 X108 5 2.4 X107
Point § J.oX104 1.1 X108 1.3X10 3.9X107*

Table I shows the results of these measurements.
These data were all obtained within four hours. Dur-
ing that time the carrier power of the two stations was
maintained constant. The number of possibilities for
error was thereby reduced.

The presence of combination signals in these

the first two terms of the series become

i = a)(E, cos wyt + E; cos wal)

+ a2(E, cos wit + E; cos waf)?, 3)
Expanding,
i = a1F, cos wt + a,F; cos wyt
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The measurements in Table I are proportional to the
magnitude of the current in the vertical conductor at
a point 2 feet above the ground. They may be related
to E by

E1 = klll (5)

where I, is the magnitude of the current indicated at
the point of measurement, Ei is the voltage developed
across the nonlinear impedance, and % is a constant
relating the developed voltage to the current indicated
on the measuring set. This constant has dimensions
of an impedance but may also include a current-dis-
tribution factor if the point of measurement is not
close to the nonlinear impedance. Also

E, = ko, (6)

Since the nonlinear clement must be considered as
a driving source for each new frequency generated by
rectification, the current measured at these frequencies
will be a function of k and the impedance of the
vertical conductor at that frequency, as well as a func-
tion of the developed voltage at the frequency. If the
measured value of the difference-frequency component
be I' then

I,Z)ka = agklkzlllz (7)
or
I kb,
A (®)
1L Zrks

where Z, is the impedance of the vertical conductor
under study at the frequency (wi—ws2)/2m. Inasmuch
as a correction was made in the measurements for the
variation of coupling with respect to frequency it can
be assumed that

b=k =k==F

which is independent of frequency. This assumption
is valid if the range of frequencies is limited and if
the point of measurcment is close to the nonlinear
clement. Then (8) becomes

I ak

LI, Zy

I', I,, and I, were measured so the factor axk/Z can
be determined. Its value for the various observation
points is given in column four of Table I. It may be
seen from these figures that the extent of the non-
linearity is very small. The fact that this effect is so
small might indicate that a truly linear resistance is
the exception rather than the rule. This is especially
true of antenna impedances where the ground system
involves loose contact with dissimiliar conducting
materials.

The above development considers only the first two
terms of the power series for a nonlinear impedance.
Expanding the third term of the series the quantity
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(3a3E\E;/4) cos (2wy—w;) appears. An attempt was
made to measure this signal at Point 2 but the receiver
was not sensitive enough to give an indication on the
output meter. From this it is apparent that the series
converges rather rapidly and that the above solution
embracing the first two terms is sufficiently accurate
to determine the extent of nonlinearity in grounded
antennas.

If the current I, in a vertical conductor is related to
the field strength E’ at frequency w/27 by the factor
p1, and if the current I, is related to the field strength
E" at the frequency ws/27 by the factor p, then the
magnitude of the difference frequency will be

’

_ akpmE'E’
Z

This indicates that the magnitude of the difference-fre-
quency term of any combination frequency depends
not only on' the field product E’'E", but also on the
amount of nonlinearity, the effective height of the two
combining frequencies, and the impedance at the dif-
ference frequency, all characteristics of the vertical
conductor being considered.

The term (a:E?/2) cos 2w appearing in (4) indi-
cates that a second-harmonic signal is also generated
in the nonlinear impedance. Measurement of this com-
ponent was impossible because of the masking effect
of the radiated harmonic from the transmitter. It was
possible to note a difference in the ratio between
fundamental and harmonic signals as the receiver was
moved from free space into coupling with the grounded
conductor. In free space only the transmitter-radiated
harmonic was received, while in the field of the
grounded conductor the radiated harmonic plus the
harmonic generated by rectification was present. This
points to harmonic generation within the radiating
system of a transmitter installation.

It is of significance to note that the measurements
made at some of the locations could not be duplicated
after several weeks had elapsed. This was first noted
when an attempt was made to measure the difference
frequency at a location which exhibited great rectifica-
tion during the preliminary survey. The signal, which
at the time of survey was so intense as to make listen-
ing on headphones uncomfortable, could barely be
measured several weeks later. During these two wecks
the ground had thawed and taken on much moisture
from the spring rains. This location had to be dis-
carded in favor of Point 3. Periodical checks on Points
2 and 3 have shown from 15 to 20 per cent variation in
the value of a; over a period of 30 days. There appears
to be no particular correlation between a; and wet or
dry weather. There may be a correlation between a;
and the total amount of moisture in the soil.

Table I and numerous observations made show a re-
lationship between the age of the conductor installa-
tion and as, the value of a; increasing with age. On the

@



new installation at Point 4 the difference signal was so
weak a definite beat with WGY was heard, yet the two
combining signals were greater than at any other place
except Point 1. At Point 3, a considerably older instal-
lation, the situation was just reversed.

The signal was heard at Point 5 when the measuring
receiver was coupled to the twisted-pair feeders in ac-
cordance with the measuring procedure outlined
above. Under this condition the two wires of the feeder
system were acting together as the vertical lead of a
Marconi antenna working against ground. The broad-
cast receiver at the receiving end of this feed line did
not give any of the signal although it should have been
much more sensitive than the measuring set. Evidently
since the feeders were essentially balanced to ground,
there was no difference signal generated because there
was no current flow in the ground circuit.

-At another receiver location where the sum signal
was very prominent (R4 on the carrier-level indicator
of a communications receiver), a loop antenna was
substituted for the regular antenna and balanced to
ground. While this materially reduced the sensitivity
of the receiving system (three R strength units), yef no
sum signal whatsoever could be detected. This obser-
vation is further borne out by the fact that at no place,
except in the immediate vicinity of a nonlinear source,
has the difference signal ever been heard on the meas-
uring set.

CONCLUSIONS

1. Most “spurious radiations” in the field of two
strong signals are generated in the receiving antenna
system. H an alternating-current receiver is not
grounded the situation is even worse, since the elec-
trical-distribution-system grounds arc notorious for
rectification. The solution to the problem seems to be
an antenna system balanced against ground either us-
ing a loop or a matched transmission line.

2. Itis possible to pick up a re-radiated combination
signal from near-by nonlinear elements but the nui-
sance freld of such radiations is very limited.

3. The possibility of a receiving antenna generating
combination signals or of a nonlinear element acting as
a secondary source of these signals depends on the ex-
tent of the nonlinearity of the impedance, the effective
heights of the conductors, and the impedance of the
conductor at the combination frequency as well as
upon the field product. Therefore, the field product
cannot always be used as a criterion for the incidence
of objectional interference from this source.
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The Operation of Frequency Converters and Mixers
for Superheterodyne Reception’
E. W. HEROLDt, MEMBER, LR.E.

Summary—This paper presents a general picture of superhelero-
dyne frequency conversion followed by a detailed discussion of the
behavior of tubes used with different types of oscillator injection. The
general picture shows that the different methods of frequency conversion
are basically similar for small signals. A strong local-osciilator voltage
(which may be a pure sine wave) causes a periodic variation (which
is usually nonsinusoidal) of the signal-electrode transconductance.
The coefficient of each Fourier component of the transconductance-
versus-lime relationship is just twice the conversion transconductance
at the corresponding harmonic of the local-oscillator frequency. For
most tubes the conversion lransconductance g. al the oscillator funda-
mental is approximately 28 per cent of the maximum transconductance.
At the second harmonic, g. is about 14 per cent, and al the third har-
monic it is about 9 per cent of the maximum transconductance. Fluctua-
tion noise and input resislance at high frequencies of the different
methods of conversion may be found from the time average over the
oscillator cycle.

Using these general concepls, we discuss the detailed behavior of
three conversion methods. In the first method, signal and local-oscillator
voltages are impressed on the same electrodes. This method gives best
signal-to-noise ratio, but has the disadvantage of bad interaction be-
tween signal and local-oscillator circuits. In the second method, the
local-oscillator voltage is impressed on an electrode which precedes the
signal electrode along the direction of electron flow. In this case, inter-
action of signal and oscillator circuits is somewhat reduced but is still
bad at the higher frequencies because of space-charge coupling. The

* Decimal classification: R361.2X R262.9. Original manuscript
received by the Institute, June 20, 1941. Presented, New York
Meeting, October 1, 1941.

t Research Laboratories, RCA Manufacturing Company, Inc.,
Harrison, N. J.
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third method is that in which the local-oscillator electrode Sollows the
signal electrode along the direction of electron flow. Most of the disad-
vantages of the third method may be overcome by special tube construc-
tions, some of which are described.

I. INTRODUCTION

HE BETTER modern radio receivers are al-
T most universally designed to use the superhetero-

dyne circuit. In such a circuit, the received sig-
nal frequency is heterodyned with the frequency of a
local oscillator to produce a difference frequency known
as the intermegdiate frequency. The resultant signal is
amplified by a selective, fixed-tuned amplifier before
detection. Since the heterodyne action is usually ac-
complished by means of a suitable vacuum tube, it is
the purpose of this paper to discuss the chief similari-
ties and differences among the tubes which might be
used, as well as to explain their behavior.

The eombination of signal and local-oscillator fre-
quencies to produce an intermediate frequency is a
process of modulation in which one of the applied fre-
quencies causes the amplitude of the other to vary.
Although this process was originally called heterodyne
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detection and, later, first detection, it is now called
frequency conversion. The portion of the radio receiver
which produces conversion may, therefore, be identi-
fied as the converter. If conversion is accomplished
in a single vacuum tube which combines the functions
of oscillator and modulator, this tube may logically
be termed a converter tube. When separate tubes are
used for the oscillator and the modulator portions of
the converter, respectively, the tube for the latter
purpose is conveniently called a modulator or mixer
tube. This terminology will be used in this paper.

Although in some of the earliest superheterodyneg,
frequency conversion was accomplished by a triode
oscillator and a triode modulator,! other circuits used
a single triode which served as both modulator and
oscillator.? A triode used in the latter way could,
therefore, be called a converter tube. The introduction
of two-grid tubes (i.e., tetrodes) permitted a wide vari-
ety of modulator and converter arrangements which
frequently gave superior performance to that possible
with triodes.*7

When indirectly heated cathodes became more com-
mon, conversion circuits in which the oscillator voltage
was injected in the cathode circuit were used. These
circuits reduced considerably the interaction between
oscillator and signal circuits which would otherwise be
present.®. When tetrodes and pentodes became avail-
able, the use of the triode was dropped except as the
local oscillator. It was not long, however, before the
desirability of more complete separation of oscillator
and signal circuits became evident. Multigrid con-

verter tubes were, therefore, devised to permit this’

separation in a satisfactory manner, at least for the
frequencies then in common use.*~"* In some of these
it was also possible to control the conversion gain by
an automatic-volume-control voltage, a decided ad-
vantage. The most satisfactory of the earlier multigrid
tubes was known as the pentagrid converter, a type
still widely used. A similar tube having an additional

1 E. H. Armstrong, “A new system of short-wave amplification,”
Proc. L.R.E., vol. 9, pp. 3-27; February, 1921.

? German Patent No. 324,514, 1918,

3 J. Scott-Taggart, German Patent No. 383,449, 1919,

4}. deMare, R. Barthelemy, H. deBellescize, and L. Levy,
“Use of double-grid valves in frequency-changing circuits,” L'Onde
Elec., vol. §, pp. 150-180; 1926.

¢ “A four-electrode valve supersonic circuit,” Exp. Wireless,
vol. 3, p. 650; October, 1926.

¢ R. Barthelemy, “Valve frequency changers,” Gen. Elec. Rev.,
vol. 19, pp. 663-670; 1926.

7 See also: M. Gausner, French Patent No. 639,028; G. The-
bault, French Patent No. 655,738; and H. J. J. M. deRegnauld de
Bellescize, United States Patent No. 1,872,634.

s V. E. Whitman, United States Patent No. 1,893,813; 1.
A. Wheeler, United States Patent No. 1,931,338.

% F. B. Llewellyn, United States Patent No. 1,896,780.

10 H, A. Wheeler, “The hexode vacuum tube,” Radio Eng., vol.
13, pp. 12-14; April, 1933,
© “1'W, Hasenberg, “The hexode,” Funk. Tech. Monatshefte, pp.
165-172; May, 1933.

1 Application Note No. 3, RCA Radiotron Co., Inc.

13 E. Y. Robinson, British Patent No. 408,256.

4 J. C. Smith, Discussion on H. A. Wheeler paper, “Image sup-
gression and oscillator-modulators in superheterodyne receivers,”

roc. I.R.E., vol. 23, pp. 5§76-577; June, 1935.

suppressor grid is used in Europe and is known as the
octode.

When it became desirable to add high-frequency
bands to superheterodyne receivers which also had to
cover the low broadcast frequencies, the converter
problem became more difficult. The highest practicable
intermediate frequency appeared to be about 450 to
460 kilocycles, a value which was only about 2 per cent
of the highest frequency to be received. Its use meant
that the oscillator frequency was separated from the
signal frequency by only 2 per cent and the signal cir-
cuit, therefore, offered appreciable impedance at the
oscillator frequency. A phenomenon known as “space-
charge coupling,” found in the pentagrid converter,
indicated that signal and oscillator circuits were not
separated as completely as would be desirable.’ In
addition, the permissible frequency variations of the
oscillator had to be held to less than the intermediate-
frequency bandwidth, namely, 5 to 10 kilocycles; at
the highest frequency to be received, the oscillator
frequency was required therefore to remain stable
within 0.05 per cent. In the pentagrid converter, the
most serious change in oscillator frequency occurred
when the automatic-volume-control voltage was
changed, and was sometimes as much as 50 kilo-
cycles. Economic considerations have led to the use
of at least a three-to-one frequency coverage for each
band in the receiver. With capacitance tuning, the cir-
cuit impedance is very low at the low