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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. 

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? 

150  VA RI CK  ST REET  NE W  Y O R K,  N.  Y. 
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Radio Progress During 1941 

OUTSTANDING during the year was the grad-
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 engineers to the utmost. Despite the 
difficulties 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 nine 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 sea 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 equipment in military use, and to act as 
officers and maintenance men in charge of aircraft loca-
ters. 

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. 
Very 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-

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 plays 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 field 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. 

February, 1942 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 

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. Wheeler, 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 

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. Van 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. 



1942  Radio Progress During 1941  59 

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. Imprcr'4tements 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 103 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-
tron microscope," PROC. I.R.E., vol. 29, pp. 167-176; April, 
1941. 

(3) V. K. Zworykin, J. Hillier, and A. W. Vance, "A preliminary 
report on the development of a 300-kilovolt magnetic electron 
microscope," Jour. Appi. Phys., vol. 12, pp. 738-742; October, 
1941. 

(4) 0. Morningstar, R. 0. 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: R330 X621.375.1. 

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. BahIs 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.LE.E. (Elec. Eng., September, 1941) vol. 

60, pp. 901-903; September, 1941.  (11) E. G. F. Arnott, "Ignitor characteristics," Jour. Appt. Phys., 
vol. 12, pp. 660-669; September, 1941. 

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

SMALL HIGH-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 engaged 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 electronic input conductance. The effect 
is, therefore, another important transit-time phenome-
non. For grids not adjacent to the cathode, the 
analysis is more.difficult, 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 10-4 mm. hg.," Zeit. 
far 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. 395-404; October, 1941. 

(16) L. B. Curtis, "New small ultra-high-frequency receiving 
tubes," PROC. I.R.E., vol. 29, p. 222; April, 1941. (Abstract 
only.) 

(17) B. J. Thompson, D. 0. 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 0. 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 elelctronenrohren 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. 95:08; March, 1941. 

(22) J. Grober, "Methods of reducing the (shot effect) noise of 
valves," Hochfrequenz. und Elektroakustik, vol. 56, pp. 174-
181; December 1940. Review in Wireless 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-freirency amplifica-
tion," PROC. I.R.E., vol. 29, pp. 598-602; November, 1941. 

(25) M. Sandhagen, "Amplifiers with secondary emission multipli-
cation," Elek. Tech. Zeit., 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 

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 II," 
Zeit. fur. Phys., vol. 116, pp. 704-715; December, 1940. 

(29) R. B. Janes and A. M. Glover, "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. Gorlich, "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. Meg., 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.R.E., vol. 29, pp. 475-480; September, 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 
A mer ., 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. 0. 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) "Transmitting triode," Rev. Sci. Instr., vol. 12, p. 233; April, 
1941. 

Positive-Grid Tubes 

(44) S. Asai, "Tentative proposition on the mechanism of electronic 
oscillations," Electrotech. 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. Klinger, "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 mainetron," 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.R.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)," Tekfunken 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)," Hochfrequenz. 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, "Phase-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 Elekt; oakus-
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. As Tech. Phys., vol. 22, 
no. 2, pp. 77-85; 1941. 

(59) R. Kompfner, "Velocity modulation. Results of further con-
siderations," 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)," Hely. Phys. Ada, vol. 13, 
no. 6, pp. 498-522; 1940. 

(61) J. J. Muller and E. Rostas, "A transit time generator using 
a single rhumbatron," Hell). Phys. Ada, 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. 0. Berg, "Teorien for den sfarislca resonatorn (The 

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. 

(69) H. lwakata, "On the relation between the inherent value (of 
the electromagnetic field) of hollow metal tubes and their 
miscellaneous constants," Electrotech. Jour. (Tokyo), vol. 5, 
pp. 58-59; March, 1941. 

(70) N. N. Malow, "Elektromagnetische Wellen in einem Hohl-
leiter mit veranderlichem Schnitte (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 frequency stabilizer for decimeter 
waves using metallic ellipsoid," Elect rotech. Jour. (Tokyo), vol. 
4, pp. 229-230; October, 1940. 

(72) M. Watanabe, "On the Eigenschwingung of the electromag; 
netische Hohlraum (A note on resonators ard wave guides), 
Electroteds Jour. (Tokyo), vol. 5, 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. far. 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. I.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)," Hochfrequenz. und 
Ekktroakustik, 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 Magnetfeldroh-
ren (Separate control in magnetrons)," Telefunken 
ungen, vol. 21, pp. 44-48; September, 1940. 

(80) F. W. Gundlach, "Dezimeterwellen-messtechnik (Measuring 
technique for the decimeter-wave range)," Ekk. 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.R.E., vol. 29, pp. 345-349; June, 1941. 

(82) C. K. Jen, "On the energy equation in electronics at ultra-
high frequencies," PROC. I.R.E., vol. 29, pp. 464-466; August, 
1941. 

(83) W. Kleen, "Entwicklungsstand der UKW-Rohrentechnik 
(Present status of ultra short wave tube technique)," Telefun-
ken Mitteilungen, vol. 21, pp. 17-35; September, 1940. 

(84) W. Kleen, "Stand der UKW-Rohrentechnik (State of ultra-
short-wave tube technics)," Zeit. far 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 beaters" 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 I, 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. 

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, 1,941. 

(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. Lee and C. H. Jackson, "Preliminary investigation of the 

effects of wave polarization and site determination with the 
portable ultra high frequency visual radio range," Civil 
Aeronautics 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.E.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 I, 
1942. 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-high-frequency (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. 

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 developed 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 

radiotelephone transmitter featuring quick selection 
of any one of ten pretuned frequencies and quartz-
crystal control of both transmission and reception. 
(11) "Marine radio telephone," Electronics, vol. 14, p. 88; July, 

1941. 
(12) "Simplified 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 theories 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 sev-
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 Aeronautics 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. 

(15) 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 
Authority Technical Development Report No. 27; August, 
1940. 

(17) E. U. Condon, "Forced oscillations in cavity resonators," 
Jour. App. Phys., vol. 12, pp. 129-140; February, 1941. 

(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 field 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. H. 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 
year were: 

(21) 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; 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. Stratton and L. J. Chu, "Steady-state solutions of electro-
magnetic field problems—I. Forced oscillations of a cylindrical 
conductor; II. Of a conducting sphere; III. Of a prolate sphe-
roid," Jour. App!. Phys., vol. 12, no. 3, pp.„230-235; March, 
1941. 

(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.R.E., vol. 29, p. 182-186; 
April, 1941. 

(26) R. King, "The approximate representation of the distant field 
of linear radiators," PROC. I.R.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. 

PART III  RADIO RECEIVERS* 

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. 

new uses for materials, and development of manufac-
turing methods which would spread the decreased 
supplies of construction materials over as many re-
ceivers a.s 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: 
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STATISTICS ON BROADCAST RECEIVERS FOR 1941 
Estimated from First Nine Months of Year 

Type 
Number 
of Units 

Retail Average 
Dollar 
Volume 

List 
Price 
of Units 

Per 
CentofCent 
Unit 
Volume 

Per 
of 

Dollar 
Volume 

Radio Receivers, 
mble models 6,100,000 $108,000,000 $ 17.70 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 

AutomobileSets 3,040,000 111,000,000 36.50 22.10 25.30 
Farm Battery Sets 790,000 20,900,000 26.40 5.74 4.77 

Radio-Phonograph 
Combinations, 
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 13,7.00,000 41.50 2.39 3.13 

Frequency-Modulation 
Adapters 9,000 360,000 40.00 0.06 0.08 

TOTAL 13,772,000 $438,510,000 $ 31.80 100.00 100.00 

Comparison 
years is given in the following table. 

of 1941 output with that of previous 

Year  Number of Receivers 

1941 
1940 
1939 
1938 
1937 
1936 
1935 
1934 
1933 
1932 
1931 
1930 

Prior to 1930 

13,800,000 
11,831,000 
10,760,000 
7,142,000 
8,065,000 
8,248,000 
6,026,000 
4,556,000 
4,157,000 
2,444,000 
3,594,000 
3,838,000 
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. 

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. 0. Swinyard, "Measurement of loop-antenna receivers," 
PROC. I.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. 

PART IV  FRE QUENCY MODULATION* 

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. t 
While priorities and military needs may have had a 

retarding effect 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. 
t See report on "Frequency-Modulation Broadcasting" in Part 

II of this review: "Radio Transmitters and Transmitting An-
tennas," p. 63. 

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 receivers 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," Wireks,s 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 Mkt,. 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,"  PROC. 
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," Ekk. Nock Tech., vol. 18, pp. 12-27; January-Febru-
ary, 1941. 

(16) G. W. 0. Howe, "Frequency versus amplitude modulation," 
Wireless Eng.' vol. 18, pp. 1-2; January, 1941. 

(17) 0. E. Keall, "Interference in relation to amplitude, phase and 
frequency modulated systems," Wireless Eng., vol. 18, pp. 
6-17, 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. 40-43, 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 

Proceedings of the I.R.E.  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 II, 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. 46-49; June, 1941. 

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

(28) S. W. Seeley, "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 II, 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, "FM 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 FM 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 Rev., 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) 1. R. Weir, "Operating problems in frequency modulation 
transmitters,' Communications, Part I, vol. 21, pp. 5-8, 33-35; 
May, 1941; Part II. vol. 21, pp. 7-11; June, 1941. 

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

(41) "Amplitude, frequency and phase modulation," Letter to Edi-
tor, Wireless Engineer, vol. 17, pp. 441-442; October, 1940. 

(42) H. A. Wheeler, "Two-signal cross modulation in a frequency-
modulation receiver," PROC. I.R.E., vol. 28, pp. 537-540: 
December, 1940. 

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

(44) E. S. Winlund, "Drift analysis of Crosby frequency-modu-
lated transmitter circuit," PROC. I.R.E., vol. 29, pp. 390-395: 
July, 1941. 

PART V- TELEVISION* 

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 Schenectady 
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 
already sold. A considerable quantity of receivers 
remained unsold from the previous manufacture and 

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

sion had issued licenses and construction permits to telev ision  
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. 

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 pver 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 receiver 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, 
vol. 13, pp. 23-25; November, 1940. 

(3) "Groundwork laid for commercial television," Electronics, vol. 
14, pp. 18-19; 70; April, 1941. 

(4) R. Muniz and A. Tait, "A simple television preamplifier," 
Electronics, vol. 14, pp. 39-41; April, 1941. 

(5) H. E. Kallmann, "Audio and video signals on a single carrier," 
Electronics, vol. 14, pp. 39-42; May, 1941. 

(6) "NTSC proposes television standards," Electronics, vol. 14, 
pp. 17-21,60-66; February, 1941. 

(7) G. H. Brown and J. W. Conklin, "Water-cooled resistors for 
the ultrahigh frequencies," Electronics, vol. 14, pp. 24-28,104-
105,108; April, 1941. 

(8) "Electronic view-finder for television camera," Electronics, 
vol. 14, pp. 58-59; July, 1941. 

(9) "Electronics reference issue, section 4—Television," Elec-
tronics, vol. 14, pp. 49-53; June, 1941. 

(10) D. G. Fink, "Photographic analysis of television images," 
Electronics, vol. 14, pp. 24-29, August, 1941. 

(11) A. H. Rosenthal, "Storage principle in television," Electronics, 
vol. 14, pp. 46-49; October, 1941. 

(12) L. H. Stauffer, "Characteristics of fluorescent materials," 
Electronics, vol. 14, pp. 32-34,117-118; October, 1941. 

(13) "A brief history of colour television," Electronics and Telev. 
and Short Wave World, vol. 14, p. 228; May, 1941. 

(14) "Television in colour," Electronics and Telev. and Short Wave 
World, vol. 14, insert between pp. 152 and 153; April, 1941. 

(15) P. Nagy, "Some observations relating to reports cf colour 
television in America," Electronics and Telev. and Short Wave 
World, vol. 14, pp. 60-62,95; February, 1941. 

(16) "J. L. Baird's new colour television system," Electronics and 
Telev. and Short Wave World, vol. 14, pp. 69-70; February, 
1941. 

(17) "A fan-type aerial for ultra-short wave lengths," Electronics 
and Telev. and Short Wave World, vol. 13, pp. 538-572; Decem-
ber, 1940. 

(18) "Columbia colour television," Electronics and Telev. and Short 
Wave World, vol. 13, pp. 488-490; November, 1940 . 

(19) "Television floodlight," Gen. Elec. Rev., vol. 44, p. 352, June, 
1941. 

(20) J. Hillier and A. W. Vance, "Recent developments in the elec-
tron microscope," PROC. I.R.E., vol. 29, pp. 167-177; April, 
1941. 

(21) A. V. Loughren and W. F. Bailey, "Special oscilloscope tests 
for television wave forms," PROC. I.R.E., vol. 28, p. 332; 
November, 1940. (Abstract only.) 

(22) 0. H. Schade, "Radio-frequency-operated high-voltage sup-
plies for cathode-ray tubes," PROC. I.R.E., vol. 28, p. 533; 
November, 1940. (Abstract only.) 

(23) H. E. Kal!mann and R. E. Spencer, "Transient response of 
single-sideband systems," PROC. I.R.E., vol. 28, pp. 557-561; 
December, 1940. 

(24) C. P. Singer, "A mathematical appendix to transient response 
of single-sideband systems," PROC. I.R.E., vol. 28, pp. 561-
563; December, 1940. 

(25) B. D. Loughlin, "A phase curve tracer for television," PROC. 
I.R.E., vol. 29, pp. 107-115; March, 1941. 

(26) H. Salinger, "A coaxial filter for vestigial-sideband transmis-
sion in television," PROC. I.R.E., vol. 29, pp. 115-120; March, 
1941. 

(27) A. G. Jensen, "Film scanner for use in television transmission 
tests," PROC. I.R.E., vol. 29, pp. 243-249; May, 1941. 

(28) D. E. Norgaard and J. L. Jones, "Versatile multichannel tele-
vision control equipment," PROC. I.R.E., vol. 29, pp. 250-265; 
May, 1941. 

(29) J. D. Schantz, "New designs of television control-room equip-
ment," PROC. 1.R.E., vol. 29, pp. 303-309; June, 1941. 

(30) D. G. Fink, "Brightness distortion in television," PROC. 
I.R.E., vol. 29, pp. 310-321; June, 1941. 

(31) M. E. Strieby and C. L. Weis, "Television transmission," 
PROC. I.R.E., vol. 29, pp. 371-381; July, 1941. 

(32) H. A. Wheeler, "The solution of unsymmetrical-sideband 
problems with the aid of the zero-frequency carrier," PROC. 
I.R.E., vol. 29, pp. 446-458; August, 1941. 

(33) P. Mertz, "Television—The scanning process," PROC. I.R.E., 
vol. 29, pp. 529-537; October, 1941. 

(34) 0. B. Hanson, "RCA-NBC television presents a political con-
vention as first long distance pick-up," RCA Rev., vol. 5, pp. 
267-282B; January, 1941. 

(35) A. W. Vance, "Stable power supplies for electron microscopes," 
RCA Rev., vol. 5, pp. 293-300; January, 1941. 

(36) G. H. Brown, a Vestigial side-band filter for use with a tele-
vision transmitter," RCA Rev., vol. 5, pp. 301-326; JanuarY, 
1941. 

(37) D. E. Foster and J. A. Rankin, "Video output systems," RCA 
Rev., vol. 5, pp. 409-438; April, 1941. 

(38) D. Sarnoff, "A new era in television," RCA Rev., vol. 6, pp. 
3-4; July, 1941. 

(39) 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. 

(40) V. J. Duke, "A method and equipment for checking television 
scanning linearity," RCA Rev., vol. 6, pp. 190-201, October, 
1941. 

(41) L. C. Waller and P. A. Richards, "A simplified television sys-
tem for the radio amateur and experimenter," RCA Rev., vol. 
6, pp. 245-252; October, 1941. 

(42) H. R. Lubcke, "The photographic aspects of television opera-
tions," Soc. Mot. Pic. Eng., vol. 36, pp. 185-190; February, 
1941. 

(43) S. Sabaroff, "Scanning theory," Soc. Mot. Pic. Eng., vol. 36, 
pp. 497-513; May, 1941. 

(44) "Television committee report," Soc. Mot. Pic. Eng., vol. 35, 
pp. 569-583; December, 1940. 

(45) C. F. Wolcott, "Problems in television image resolution," Soc. 
Mot. Pic. Eng., vol. 36, pp. 65-81; January, 1941. 

(46) "Television experiments on coaxial cable," Bell Lab. Rec., vol. 
19, p. 315; June, 1941. 

PART VI  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 lines per inch definition. t 

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

sion had authorized 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; 
July, 1941. 

(2) J. V. L. Hogan, "Facsimile and its future uses," Ann. Amer. 
Acad. Pol. and Soc. Sc., vol. 213, pp. 162-169; January, 1941. 

• 

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 serve 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. 

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. Manor, "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 condi-
tions published by the National Bureau of Standards 
monthly in the PROCEEDINGS OF THE 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 was,a 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 developed for calculating the 
magnitude of fluctuation noise. 

(1) "Standards of Good Engineering Practice Concerning High. 
Frequency Broadcast Stations (43,000-50,000 Kilocycles)" 
and "Standards of Good Engineering Practice Concerning 
Broadcast 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. I.R.E., vol. 
29, pp. 16-24; January, 1941. 

(3) G. F. Edwards and 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. I.R.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," Nat. 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.  vol. 28, pp. 468-475; 
October, 1940. 

(8) H. Selvidge, 'Diffraction measurements at ultra-high fre-
quencies," PROC. I.R.E., vol. 29, pp. 10-16; January, 1941. 

(9) A. W. Friend, "Further comparisons of meteorological sound-

PART VIII 

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 1.. he development of instruments 
for measuring radio noise," PROC. I.R.E., vol. 29, pp. 433-442; 
August, 1941. 

(12) V. D. Landon, "The distribution of amplitude with time in 
fluctuation noise," PROC. I.R.E., vol. 29, pp. 50-55; February, 
1941. 

(13) D. 0. 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. 

(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) 0. E. Kea11, "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. 

PIEZOELECTRICITY* 

The present report covers, generally, the progress 
made in the field of piezoelectricity 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 co 
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 
quartz plates and Q measurements with damped vibrations," 
Puoc. 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," A. W. A. 
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-
185; April, 1941; A. W. A. Tech. Rev., vol. 5, no. 5, pp. 181-
189; 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-
frequens. und Elektroakuseik, vol. 56, pp. 65-87; September, 
1940. 

(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 
quartz crystals," Phys. Rev., vol. 59, p. 473; March 1, 1941. 
(Abstract only.) 

(12) A. W. Lawson, "A determination of the elastic modulus EIS 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, 1040. 

(14) W. P. Mason, "A new quartz-crystal plate, designated the 
GT, which produces a very constant frequency over a wide 
temperature range," PROC. I.R.E., vol. 28, pp. 220-223; May, 
1940. 

(15) W. P. Mason, "Low temperature coefficient quartz crystals," 

Bell Sys. Tech. Jour., vol. 19, pp. 74-93; January, 1940. 
(16) W. P. Mason and R. A. Sykes, "Electrical wave filters employ-

ing crystals with normal and divided electrodes," Bell Sys. 
Tech. Jour., vol. 19, pp. 221-248; April, 1940. 

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

(18) Hans Mueller, "Properties of Rochelle salt, III," Phys. 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," Zeit. Tech. 
Phys., vol. 21, pp. 401-405; 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 Dykc, "The use of an etched sphere of quartz in 
identifying the orientation of quartz plates," Paoc. 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. 

PART IX  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 nonlinear 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 elsewhere 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 coinmercial need, continues much narrower 
than the electric-wave-filter field. 

(1) B. Jonas and H. J. Meerkamp van Embden, "New kinds of 
steel of high magnetic power, Philips Tech. Rev., vol. 6, pp. 
87,11; 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. ‘Valtz, "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.) 

LOUDSPEAKERS 

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 allbf the reported 
work has been in the motion-picture field one receiver 
was announced that employed a double-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. 

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-
stan t-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 
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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 

theory," Jour. Soc. Mot. Pic. Eng., vol. 37, pp. 331-352; Octo-
ber, 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," Ekk 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 microphone 
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," 
Na:. Bur. Stand. Jour. Res., vol. 25, pp. 489-505; November, 
1940. 

(19) A. L. Williams and H. G. Baerwald, "General and design con-
siderations of low-noise microphones," Jour. Soc. Mot. Pie. 
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 been made in this direction the 
acoustical engineer 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. 

(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 Motion t Picture Arts 
and Sciences, Theatre Standardization Committee," Jour. Soc. 
Mot. Pie. 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. Schoch, "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. FISCHER-I., ASSOCIATE, I.R.E. 

Summary—This papers gives details in design and construction 
of a new 5-kilowatt 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 transmitter is described. The supervisory, sequence inter-
locked, control system is outlined and the placement of indicator lights, 
switches, 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 circuits are shown and discussed. These circuits 
reduce distortion to very low values and a fiat frequency response is 
obtained over wide limits. Distortion values at various percentages of 
modulation are plotted in a response curve of a typical 5-kilowatt trans-
mitter. 
A means of reducing radio-frequency output power with split-sec-

ond push-button control of a magnetic switch is 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. 

THE 5-kilowatt transmitter considere d herew ith 
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 

- - • • • • •1 111 111 11 M IN  a 
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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. 
t Westinghouse Electric and Manufacturing Company, Balti-

more, Maryland. 

blower is fed into this transmitter subbase from which 
it is distributed to all cubicles. 

1111.4.0 I 00000 0 ••••,•...•••  9 

Fig. 2—Front view of exciter. 
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Fig. 3—Front view of power amplifier. 
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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-

Fig. 4—Front view of modulator. 

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, 

AUDIO  SYSTEM 
5 HV TRANSMITTER 

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 

Fig. 5—Fundamental schematic. 
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circuits are interlocked so 
ing is fully realized. 
Behind the lower door 

located the control re ays 
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Fig. 7—Distortion curves. 
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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 

Fig. 8—Rear of exciter. 

panel and push buttons for reducing transmitter out-
put power from 5 to 1 kilowatts are 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-  tubes. 
A new type of inverse audio feedback is used in this 

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. 

Fig. 9—Rear 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 
reactance 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 

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. 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" r-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. 

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 

5-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. 
(e) Audio distortion from 50 to 7500 cycles is less 

than 3 per cent root-mean-square 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. 

(f) 



A Stabilized Frequency-Modulation System* 
ROGER J. PIERACCIt, ASSOCIATE, I.R.E. 

Summary—A wide-hand frequency-modulation system in which 
the center frequency is directly controlled by a single crystal is de-
scribed. The stability obtainable is that of a single quartz-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 T IS important in a system of frequency modulation 
designed for wide-band high-frequency broad-
casting that the center frequency stability be of a 

h'gh 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 phase 
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 

where 

m, 
=  (1) 

frequency deviation 
M p =   

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, 0 has been 
of the order 0.5 radian and tn, about 1500 (frequency 
deviation of 75,000 cycles and audio frequency of 50 
cycles). 
Thus 

1500 
Pm =  = 3000. 

0.5 

The system to be described permits wider angles of 

Decimal classification: R414. Original manuscript received by 
the Institute, July 15, 1941. 

Collins Radio Company, Cedar Rapids, Iowa. 
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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 separately 
in the following discussion. 

FREQUENCY-STABILIZATION SYSTEM 

A block diagram illustrating the basic operation of 
the circuit is shown in Fig. 1. V1 is a crystal-controlled 

Fig. 1—Stabilized frequency-modulation system 
using one converter. 

oscillator of a conventional type. The radio-frequency 
energy from oscillator V1 is divided into two channels. 
The energy in channel 1 is modulated by means of the 
phase modulator (PM). 
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 (cot + 0 sin p1)  (2) 

where 

co 
— is the oscillator frequency 
27r 

P 
— is the audio frequency 
2r 

o 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. I. 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 0 remains constant for 
all audio frequencies; while in a frequency-modulation 
system 0 varies inversely as the audio frequency, thus 

Jo 

0 - 

= 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 0 
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±0, where f is the 
center frequency and 0 is the maximum excursion of 
phase angle during the positive and negative halves of 
the audio cycle. The notation f±0 does not imply ad-
dition off 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 V2 where the 
center frequency and phase shift are multiplied n times 

to nf +nO. 
The energy of the second channel from the crystal 

oscillator V, is unmodulated and carried to the fre-
quency multipliers at V3 where the frequency is multi-
plied (n+1) times to (n+ Of. 
The frequencies of the modulated channel V2 and 

the unmodulated channel V3 are subtracted in the con-
verter V4 and yield the original oscillator frequency f 
but with n times the amount of phase shift at the 
modulator. The output frequency and phase of the 
converter V4 is then f +nO. This is obvious from 

(n +  — nf ± nO = f ± 710.  (4) 

The output' of the converter V4 is then carried to a 
third frequency multiplier at V6 which may also have 
a multiplication factor of n. The output frequency of 
V6 is then nf+nO. n is the frequency-multiplication 
factor from crystal to operating frequency, while n2 
is the total phase-multiplication factor. The multiplica-
tion factor of the multiplier V6 may be some other 
value than n if desired. 
The stability of the output frequency of converter 

V4 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=50 where n 
is the multiplication factor of modulated channel V2. 

The change in frequency at the output of the modu-
lated multiplier V2 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 V2 and V3 are subtracted 
in the converter V4, the net drift at V4 is 510-500 =10 

(3) 

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 n 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 

w/s.e0 

go')  l-.11 

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 sand stability are restored with a 
phase-multiplication factor of tt" where n 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 n, then 
the total phase multiplication of the system is nP4-2. 
Thus it is seen that the output of various elements of 
the system are as follows: 

Converter V4 = f + nO  Converter V9 = f ± n90 

Converter V6 = f + n20  Multiplier V9 = f + 

Here again the stability is the same as if the crystal 
were directly at the input of the multiplier V2.  n a 
numerical case, f the crystal oscillator frequency• ght 
be 5 megacycles and nf the operating frequent.y, 50 
megacycles. Thus n would be 10. If the number of 
converters p is 3, then the total phase multiplication 
of the system is 10P÷' = 104 or 10,000. 
The values of n 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 va!ue 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.2 The amount of 
distortion produced is dependent upon the ratio of the 
magnitudes of the desired and undesired frequencies. 
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 undesired-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 each 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. 

'H. J. Reich, "Theory and Application of Electron Tubes," 
McGraw-Hill Book Company, New York, N. Y., 1939, pp. 140-143. 

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 
presents.' 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 

ls 
OD 

400 la 

!MC Sa..0•Sc.s.• /Fr 

Co.10 801•011.04,• % COS aft,  

S. AMC ... e V ARC W A —.1211 1-
.V .YI6  2e r 

Fig. 4—Vector diagram of distortion-correction system. 

amplitude-modulated simultaneously ,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 

P 
— is the audio modulating frequency 
21r 

and the carrier amplitude OB by 

OB = K1 + K2 cos 2p1 (6) 

where K1 and K2 are arbitrary constants of operation. 
The reasons for the selection of (6) and the double-fre-
quency modulation of the carrier will be taken up 
later. 

3 D. L. Jaffe, "Armstrong's frequency modulator," PROC. I.R.E., 
vol. 26, pp. 475-481; April, 1938. 

Samuel Sabaroff, "System of phase and frequency modulation," 
Communications, vol. 20, pp. 11-12; October, 1940.. 
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The angle of phase shift 0 is expressed by 

BC 
0 = arc tan 

OB 
(7) 

sin pl 
= arc tan   (8) 

+ K2 cos 2p1 

If Ki and K2 are properly chosen, it can be shown that 
an approixmate linear relation between the phase-shift 
angle 0 and sideband amplitude sin pt 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 establishing operating condi-
tions. In an actual case, the maximum value of 0 (the 
limiting value approaches 90 degrees) is selected and 
K1+K2 cos 2pt considered as a function of time Kf(t). 
0 is then assumed to be linear with sin pt and Kf(t) com-
puted at intervals of the audio-frequency cycle, so that 
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Fig. 5—Theoretical correction characteristics. 

this linearity obtains. From the resultant plotting of 
Kf(t) the constants K1 and K2 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+K2 cos 2p1 to represent the car-
rier. 
Table I shows the comparison between the com-

puted value of Kf(t) and the synthesized carrier 
0.765+0.188 cos 2p1. The maximum phase-shift angle 

TABLE I 

Sin pi 0 assumed Ki(0 
0.765 +0.188 
«n u 8 

Degrees Degrees 
0.1 6 0.952 0.949 6.03 
0.2 12 0.940 0.938 12.0 
0.3 18 0.922 0.919 18.0 
0.4 24 0.899 0.892 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 48 0.720 0.713 48.2 
0.9 54 0.652 0.649 54.2 

1.0 60 0.577 0.577 60.0 

was chosen as 60 degrees. It will be noticed that there 
is very little difference between the assumed value of 0 
and the value of 0 actually obtained by modulating the 
carrier in accordance with (6). 
The solid line of Fig. 5 shows the computed relation 

of phase-shift angle 0 and sideband amplitude sin pt 
for the case described in Table I. 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 0 
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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. 

CIRCUIT OPERATION 

The schematic diagram of Fig. 6 shows a phase-
modulator circuit incorporating this system of distor-
tion correction. The speech amplifier V2  and Vs; 
balanced modulator Viand V5; oscillator VI; 90-degree 

phase-shifting network R2, CE, RS, C4; and carrier tube 
Vg provide frequency-modulated signals in a manner 
which is well known to the art and it is unnecessary 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. Vi is a full-wave rectifier and 
provides the double-frequency audio voltage. V7 is 
supplied from the same source which drives the bal-
anced modulator. The waveform of the voltage de-
livered by V7 has high harmonic content and must be 
passed through Vg which corrects the waveform to 
within 5 per cent of true double audio frequency. Vg 
is a supercontrol remote-cutoff tube which shapes the 
half-wave pulses from V7 to the desired form. The 
operation of this circuit is described in Fig. 7. The 
supercontrol tube Vg is biased to cutoff and the grid 
voltage limited to the threshold of grid current on 
audio peaks. (A) shows the voltage output of V7 which 
is applied to the grid of Vg. 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 

•P• 

1 V V  
01.,, I,J•  0, V, REC ,,, C• 

(A 

OUTPUT  0/ V.  VO,01/0•••• 

COIIIKCIOM 

(B) 

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 R. and R 
operating from the plate supply voltage. 
The plate voltage of the carrier tube V. is carried 

through the output resistor Rn of V. and is amplitude-
modulated in accordance with the voltage appearing 
across this resistor. Thus the radio-frequency output 
of tube V. is modulated at double audio frequency in 
accordance with the plate voltage. The resistance R12 

so 
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Fig. 8—Distortion characteristics—Maximum angle of phase 
shift =54 degrees. 

controls the magnitude of the carrier or parameter 
while R11 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 K1 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 audioIrequencies the 
modulation of the carrier is very slight and is effec-
tively out of the circuit. 

CONCLUSIONS 

A frequency-modulation syitem has been described 
in which the center frequency is directly controlled by 
a singlequartz crystal with 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 in 
the Field of Two Strong Signals* 

A. JAMES EBELt, ASSOCIATE, I.R.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 results of nonlinearittes 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 for reducing the interfer-
ence due to this phenomenon are given. 

ECENTLY, material has been published on the 
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 
area 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.2 
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 XR430. Original manuscript re-
ceived by the Institute, May 12, 1941. 
t Chief Engineer, WILL, University of Illinois, Urbana, Illinois. 
A. V. Eastman and L. C. F. Hone, "The generation of spurious 

signals by nonlinearity of the transmission path," PROC. I.R.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 operates 
on 1400 kilocycles and the difference frequency appears at 820 kilo-
cycles. 

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 feet high, less 
than a year old. 

Point 5. A doublet receiving antenna with a 50-foot 
fiat 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 
ground. This eliminated most of the capacitance ef-
fects. Corrections were made in the indicated readings 
for the variation of coupling due to the frequency dif-
ference of the three signals. 

Soli.u ae 

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 

i = ale + (he'  a3e3 • • • a„e". 

If e is defined by 

e = El cos colt ± E2 cos Wyi 

• 
• Mau 

Fig. I—WILL contours measured. WDWS contours calculated from measured efficiency. Figur, s 
• on contours are field strength in microvolts per meter. 

TABLE 1 

Location  1370 (II)  580 (1.)  790 (I')  asit/Zi 

Point 1  1.2 X104 2.0X104 1.3 X10'  5.4X10' 
Point 2  9.8 X104 2.6X101 2.0X10  7.9X10-" 
Point 3  7.1 X104 1.4 X104 6.0 X10  6.1 X10-4  
Point 4  1.1 X104 1.9 X104 5.0  2.4X10-" 
Point 5  3.0 X104 1.1 X104 1.3 X10  3.9X10' 

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 = ai(Ei cos wit + Ey cos cog) 

a2(E3 cos w1t ± Ey cos CJyt) 2. 

Expanding, 

= al& cos wit -I- al& cos (021 
02E12 atEix 

2   —  cos 2w1t • • • -I- a2E1.E2 cos (col  coi)t 2 

(3) 

a2E22  a2E22 
-}-chEIE2 cos (w1— co2)t+  • +  cos 2colt. (4) 

2  2 
• 
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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 

k111 

where /1 is the magnitude of the current indicated at 
the point of measurement, El is the voltage developed 
across the nonlinear impedance, and lel 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 

F,,2 = k212. 

(5) 

(6) 

Since the nonlinear element 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 les 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 

or 

I'Ziks = ask1k2III2 

a2k,k2 

/1/2  Wes 

where Z1 is the impedance of the vertical conductor 
under study at the frequency (col --(42)/27r. Inasmuch 
as a correction was made in the measurements for the 
variation of coupling with respect to frequency it can 

be assumed that 

= k2 = k2 = k 

which is independent of frequency. 
is valid if the range of frequencies 
the point of measurement is close 
element. Then (8) becomes 

a2k 

1,12 

I', II, and /2 were measured so the factor a2k/Zi 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 

This assumption 
is limited and if 
to the nonlinear 

(3(4E1E2/4) cos (2c, 1—co2) 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 /1 in a vertical conductor is related to 

the field strength E' at frequency (41/27 by the factor 
Pi, and if the current /2 is related to the field strength 
E" at the frequency w2/21r by the factor 132, then the 
magnitude of the difference frequency will be 

a2kpip2E'E" 

zI 

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 (a2E12/2) cos lett 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 weeks 
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 as over a period of 30 days. There appears 
to be no particular correlation between as and wet or 
dry weather. There may be a correlation between as 
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 as 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), ye l 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. If an alternating-current receiver is not 
grounded the situation is even worse, since the elec-
trical-distribution-system grounds are 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. It is 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. 

ACKNOWLEDGMENT 

The Author takes this opportunity to express his 
sincere appreciation to Professor H. A. Brown and to 
Professor H. J. Reich for their suggestions in the prepa-
ration of this paper. 

The Operation of Frequency Converters and Mixers 
for Superheterodyne Reception* 

E. W. HEROLDt, MEMBER, I.R.E. 

Summary—This paper presents a general picture of superhetero-
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-oscillator 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-time relationship is just twice the conversion transconductance 
at the corresponding harmonic of the local-oscillator frequency. For 
most tubes the conversion transconductance g, at the oscillator funda-
mental is approximately 28 per cent of the maximum transconductance. 
At the second harmonic, g, is about 14 per cent, and at the third har-
monic it is about 9 per cent of the maximum transconductance. Fluctua-
tion noise and input resistance at high frequencies of the different 
methods of conversion may be found from the time average over the 
oscillator cycle. 

Using these general concepts, 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: R36I.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 follows 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 

THE BETTER modern  ra dio rece ivers  are  al-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 intermeaiate 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 combination 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 superheterodynes, 

frequency conversion was accoinplished 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. " 
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.8 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.8— '4 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 

I E. H. Armstrong, "A new system of short-wave amplification," 
PROC. I.R.E., vol. 9, pp. 3-27; February, 1921. 

2 German Patent No. 324,514, 1918. 
3 J. Scott-Taggart, German Patent No. 383,449, 1919. 
J. deMare, R. Barthelemy, H. deBellescize, and L. Levy, 

"Use of double-grid valves in frequency-changing circuits," L'Onek 
Elec., vol. 5, pp. 150-180; 1926. 

6 "A four-electrode valve supersonic circuit," Exp. Wireless, 
vol. 3, p. 650; October, 1926. 

6 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. 
'V. E. Whitman, United States Patent No. 1,893,813; H. 

A. Wheeler, United States Patent No. 1,931,338. 
• F. B. Llewellyn, United States Patent No. 1,896,780. 
'6 H. A. Wheeler, "The hexode vacuum tube," Radio Eng., vol. 

13, pp. 12-14; April, 1933. 
" W. Hasenberg, "The hexode," Funk. Tech. Monaishefk, pp. 

la-172; May, 1933. 
"Application Note No. 3, RCA Radiotron Co., Inc. 
"E. Y. Robinson, British Patent No. 408,256. 
14  J. C. Smith, Discussion on H. A. Wheeler paper, "Image sup-

pression and oscillator-modulators in superheterodyne receivers," 
PROC. I.R.E., vol. 23, pp. 576-577; 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.'8 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-frequency end of 
the high-frequency band so that failure to oscillate was 
occasionally observed in the pentagrid converter. 
In Europe, where converter problems were similar, 

a tube known as the triode-hexode3 was developed to 
overcome some of the disadvantages of the pentagrid 
converter. In the pentagrid tube, the oscillator volt-
age is generated by, and therefore applied to, the 
electrodes of the assembly closest to the cathode (i.e., 
the inner electrodes). In the European form of triode-
hexode, the oscillator voltage is generated by a sepa-
rate small triode section mounted on a cathode com-
mon to a hexode-modulator section. The triode grid is 
connected internally to the third grid of the hexode 
section. In this way, by the application of the oscil-
lator voltage to an outer grid and the signal to the 
inner grid of the modulator, space-charge coupling 
was greatly reduced and automatic-volume-control 
voltage could be applied to the modulator section of 
the tube without seriously changing the oscillator fre-
quency. In some European types, a suppressor grid 
has been added so that such tubes should be called 
triode-heptodes. 
The first American commercial development to pro-

vide improved performance over that of the pentagrid 
converter also utilized oscillator voltage injection on 

13  W. A. Harris, "The application of superheterodyne frequency 
conversion systems to multirange receivers," PROC. I.R.E., vol. 23, 
pp. 279-294; April, 1935. 
" E. E. Shelton, "A new frequency changer," Wireless World, 

vol. 35, pp. 283-284; October 5, 1934. 
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an outer grid but required a separate tube for oscil-
lator." This development, therefore, resulted in a 
modulator or mixer tube rather than a converter. 
There were many advantages accompanying the use 
of a separate oscillator tube so that such a solution of 
the problem appeared to be reasonably satisfactory. 
The demand arose shortly, however, for a one-tube 

converter system with better performance than the 
original pentagrid type for use in the standard all-
wave receiver. A tube, the 6K8, in which one side of 
a rectangular cathode was used for the oscillator and 
the other side was used for the mixer section, was de-
veloped and made available.18 This tube used inner-
grid oscillator injection, as with the pentagrid con-
verter, but had greatly improved oscillator stability. 
Another solution, also introduced in the United States, 
was a triode-heptode which is an adaptation of the 
European triode-hexode. This type used outer-grid in-
jection of the oscillator voltage generated by a small 
auxiliary triode oscillator section. A recent converter 
(the SA7 type) for broadcast use is designed to operate 
with oscillator voltage on both cathode and first-grid 
electrodes." This tube, in addition to having excellent 
performance, requires one less connecting terminal 
than previous converter tubes. 
This paper will present an integrated picture of the 

operation of converter and modulator tubes. It will 
be shown that the general principles of modulating or 
mixing by placing the signal on one grid and the oscil-
lator voltage on another, or by placing both voltages 
on the same grid, are the same for all types of tubes. 
The differences in performance among the various 
types particularly at high frequencies are due to a 
number of important secondary effects. In this paper, 
some of the effects such as signal-grid current at high 
frequencies, input impedance, space-charge coupling, 
feedback through interelectrode capacitances, and 
oscillator-frequency shift will be discussed. 

II. GENERAL ANALYSIS OF OPERATION 
COMMON TO ALL TYPES 

A. Conversion Transconductance of Modulator or Mixer 
Tubes 

The basic characteristic of the converter stage is its 
conversion transconductance, i.e., the quotient of the 
intermediate-frequency output current to the signal 
input voltage. The conversion transconductance is 
easily obtained by considering the modulation of the 
local-oscillator frequency by the signal in the tube and, 
as shown in another paper," is determined by the 

17 C. F. Nesslage, E. W. Herold, and W. A. Harris, "A new tube 
for use in superheterodyne frequency conversion systems," PROC. 
I.R.E., vol. 24, pp. 207-218; February, 1936. 
"E. W. Herold, W. A. Harris, and T. J. Henry, "A new con-

verter tube for all-wave receivers," RCA Rev., vol. 3, pp. 67-77; 
July, 1938. 
"W. A. Harris, "A single-ended pentagrid converter." Pre-

sented, Rochester Fall Meeting, Rochester, N. Y., November 15, 
1938. See Application Note No. 100, RCA Manufacturing Co., Inc., 
Radiotron Division, Harrison, N. J. 

transconductance of the signal electrode to the output 
electrode. The general analysis of, a modulator, or 
mixer tube, is applicable to all mixers no matter how 
or on what electrodes the oscillator and signal volt-
ages are introduced. 
Under the assumption that the signal voltage is 

very small and the local oscillator voltage large, the 
signal-electrode transconductance may be considered 
as a function of the oscillator voltage only. The 
signal-electrode-to-plate transconductance g„, may, 
therefore, be considered as periodically varying at the 
oscillator frequency. Such a periodic variation may be 
written as a Fourier series 

= ao al cos coot a2 cos 2coot  • • • 

where coo is the angular frequency of the local oscillator. 
Use of the cosine series implies that the transconduc-
tance is a single-valued function of the oscillator elec-
trode voltage which varies as cos coot. When a small 
signal, e, sin oht, is applied to the tube, the resulting 
alternating plate current to the first order in e, may 
be written 

i„ = ge, sin co41 

= aoe, sin coat e, E an sin cost cos moot 

= aoe„ sin (.4)81  le. E a. sin (co,  moo)/ 
na.1 

lesE a„ sin (co, — nwo)/. 

If a circuit tuned to the frequency (co.— ncoo) is inserted 
in the plate, the modulator tube converts the incom-
ing signal frequency co, to a useful output at an angular 
frequency (co,— moo) which is called the intermediate 
frequency. Since n is an integer, it is evident that the 
intermediate frequency, in general, may be chosen to 
be the difference between the signal frequency and 
any integral multiple of the local-oscillator frequency; 
this is true even though a pure sine-wave local oscil-
lation is applied to the tube. The harmonics of the 
local-oscillator frequency need only be present in the 
time variation of the signal-electrode transconduc-
tance. The ordinary conversion transconductance is 
simply a special case when n = 1. The conversion trans-
conductance at the nth harmonic of the local oscillator 
is given by  ' 

= 
iws—nwo  an 
 = —  • 

2 

Substituting the value of the Fourier coefficient a„ it 
is found that 

1 f  2r 

gcm = — 
2r  I) 

gn, cos ncoold(wot). 

When n is set equal to unity, this expression becomes 
identical with the one previously derived." 
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Thus, the conversion transconductance is obtained 
by a simple Fourier analysis of the signal-electrode-to-
output-electrode transconductance as a function of 
time. Such an analysis is readily made from the tube 
characteristics directly by examination of the curve 
of signal-electrode transconductance versus oscillator-
electrode voltage. The calculation of the conversion 
transconductance at the nth harmonic of the oscillator 
is made from this curve by assuming an applied oscil-
lator voltage and making a Fourier analysis of the 
resulting curve of transconductance versus time for 
its nth harmonic component. The analysis is exactly 
similar to the one made of power output tubes, except 
that, in the latter case, the plate-current-versus-con-
trol-electrode-voltage curve is used. Fig. 1 shows a 

t 

OSCILLATOR ELECTRODE VOLTS 

A 

a 

Fig. 1—Signal-electrode transconductance versus oscillator-elec-
trode voltage for a typical mixer tube. The applied oscillator 
voltage is shown at A and B is the resulting time variation of 
transconductance. 

curve of signal-grid transconductance versus oscillator-
electrode voltage for a typical modulator or mixer 
tube. In the usual case, the oscillator voltage is ap-
plied from a tuned circuit and so is closely sinusoidal 
in shape as at A in the figure. The resulting curve of 
transconductance versus time is shown at B. Any of 
the usual Fourier analysis methods may be used to 
determine the desired component of curve B. Half of 
this value is the conversion transconductance at the 
harmonic considered. Convenient formulas of suf-
ficient accuracy for many purposes follow. Referring 
to Fig. 2a, a sine-wave oscillator voltage is assumed 
and a seven-point analysis is made (i.e., 30-degree 
intervals). The conversion transconductances g„, are 

g„ = -61[(g7 — gi)  (go — ga)  1.73(ge — g2)] 

= T2f[2g4 + i(g3 + g6— go — g2) — (g7 + gi)] 

g„ = 1.11[(g7 — gi) — 2(ge — g3) I. 

The values gi, ge, etc., are chosen from the transcon-
ductance characteristic as indicated in Fig. 2a. The 
values computed from the above formulas are, of 

course, most accurate for gc, and of less accuracy for 
ge2 while a value computed from the formula for gee is 
a very rough approximation. 
Simple inspection of the formula for g„, the conver-

sion transconductance used for conversion at the fun-
damental, is somewhat instructive. It is evident that 
highest conversion transconductance, barring nega-
tive values, as given by this formula, occurs when 
g2, and ge are all equal to zero, and ge, ge, and gi are 
high. These requirements mean that sufficient oscil-
lator voltage should be applied at the proper point 
to cut off the transconductance over slightly less than 
half the cycle as pictured in Fig. 2b. For small oscil-

a 
OSCILLATOR GRID VOLTS 

0.5E0.1 

re- 0 . 866 Ec)-1 •1 

r 0 . E 0 

1, 
"1-0.866 Eo -- .1 

Eo 

OSCILLATOR GRID VOLTS 

Fig. 2—a. Points used for 30-degree analysis of conversion 
transconductance; b. Oscillator amplitude and bias adjusted 
for high conversion transconductance at oscillator fundamental, 
i.e., gi 

lator voltages optimum operation requires the dif-
ferences (g7—gi), (go—g,), and (ge— go) to be as large 
as possible; this is equivalent to operation at the point 
of maximum slope. It should be noted that the mini-
mum peak oscillator voltage required for good opera-
tion is approximately equal to one half the difference 
between the oscillator-electrode voltage needed for 
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maximum signal-grid transconductance and that 
needed to cut off this transconductance. Thus, inspec-
tion of the curve of transconductance versus oscillator-
electrode voltage gives both a measure of the funda-
mental conversion transconductance which will be 
obtained and the amount of oscillator excitation re-
quired. Conversion at a harmonic, in general, requires 
considerably greater oscillator excitation for maximum 
conversion transconductance. 
In practical cases using grid-controlled tubes of the 

usual kind, the maximum fundamental conversion 
transconductance which a given 'tube will give can 
quickly be determined within 10 per cent or so by 
simply taking 28 per cent of the maximum signal-grid-
to-plate transconductance which can be attained. For 
conversion at second harmonic, optimum oscillator 

I -F OUTPUT 

SIGNAL 
INPUT 

+  + 
Fig. 3—Converter circuit with oscillator voltage on both grid 

No. 1 and cathode. 

excitation gives a conversion transconductance of half 
this value, while for third-harmonic conversion the 
value is divided by three. 
Although the same characteristic of all modulator 

or mixer tubes is used to determine the conversion 
transconductance, the shape of this characteristic 
varies between different types of mixers. This varia-
tion will be more clearly brought out in the later 
sections of the paper. 

B. Conversion Transconductance of Converter Tubes 

In converter tubes with oscillator sections of the 
usual kind, the oscillator voltage is usually present on 
more than one electrode. Furthermore, the phase of 
the oscillator-control-grid voltage is opposite to that 
of the oscillator-anode alternating voltage, so that the 
two would be expected partially to demodulate each 
other. The transconductance curve which should be 
used in this case is the one in which the oscillator elec-
trode voltages are simultaneously varied in opposite 
directions. 
Fortunately, with most of the commonly used con-

verter tubes such as the pentagrid, octode, triode-
hexode, etc., the effect of small variations of oscillator-
anode voltage on the electrode currents is so small that 
usually it may be neglected. Thus, the conversion 
transconductance of these converter tubes may be 
found exactly as if the tube were a modulator or mixer, 
only. 

With the circuit of Fig. 3,19-21  a Hartley oscillator 
arrangement is used and oscillator-frequency voltage 
is present on the cathode. The effect of such a voltage 
is also to demodulate the electron stream through the 
action of the alternating cathode potential on the 
screen-to-cathode and signal-grid-to-cathode voltages. 
When a relatively high-transconductance signal grid 
is present, as in the figure, this demodulation is con-
siderably greater than in the normal cathode-at-
ground circuit. In order to determine the conversion 
transconductance of a tube to be used in this circuit, 
a signal-grid transconductance curve is needed. Such 
a curve, however, must be taken with cathode and 
oscillator-grid potential varied simultaneously and in 
their correct ratio as determined by the ratio of 
cathode turns to total turns of the coil which is to be 
used. However, because the conversion transcon-
ductance is approximately proportional to the peak 
value of signal-grid transconductance, it is often suf-
ficiently accurate to disregard the alternating-current 
variation of cathode potential and simply shift the 
signal-grid bias in the negative direction by the peak 
value of the alternating cathode voltage. If the result-
ing  signal -grid - transconductance - versus -oscillator-
grid-voltage curve is used for an analysis of conversion 
transconductance, the data obtained will not be far 
different from the actual values obtained in the circuit 
of Fig. 3 where normal (unshifted) signal-grid bias 
values are used. 

C. Fluctuation Noise 

The fluctuation noise of a converter stage is fre-
quently of considerable importance in determining the 
over-all noise. The magnitude of the fluctuation noise 
in the output of a converter or mixer tube may be 
found either by direct measurement using a known 
substitution noise source such as a saturated diode or 
by making use of the noise of the same tube used as 
an amplifier and finding  the average  mean -square d 
noise over an osc illator  cyc le.22,23  Since these methods 
give values which are substantially in accord and, since 
the noise of many of the usual tube types under am-
plifier conditions is readily derived from theory," the 
latter procedure is convenient. Thus, if i„„2 is the mean-
squared noise current in the output of the converter 
or mixer tube considered as an amplifier (i.e., steady 

to P. W. Klipsch, "Suppression of interlocking in first detector 
circuits," PROC. I.R.E., vol. 22, pp. 699-708; June, 1934. 

21 Radio World, p. 13; December 24,1932. 
22 E. Lukacs, F. Preisach,and Z. Szepcsi, "Noise in frequency 

changer valves," (Letter to Editor), Wireless Eng., vol. 15, 1313. 
611-612; November, 1938. 

23 E. W. Herold, "Superheterodyne converter system considera-
tions in television receivers," RCA Rev., vol. 4, pp. 324-337; 
January; 1940. 

24 B. J. Thompson, D. 0. North, and W. A. Harris, "Fluctua-
tions in space-charge-limited currents at moderately high frequen-
cies," RCA Rev., vol. 4, pp. 269-285; January, 1940; vol. 4, pp. 
441-472; April, 1940; vol. 5, pp. 106-124; July, 1940; vol. 5, pp. 
244-260; October, 1940; vol. 5, pp. 371-388; January, 1941; vol. 
5, pp. 505-524; April, 1941; vol. 6, pp. 114-124•July, 1941. 
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(4k TR1f)g,2 

where k= 1.37 X10-23 , TR is room temperature in 
degrees Kelvin, and if is the effective over-all band-
width for noise purposes. Since Af is invariably as-
sociated with  the bandwidth cancels in the deter-
mination of R., which is one of the advantages of the 
equivalent-resistance concept. For T R =20 degrees 
centigrade, 

1  12 

Re, = 0.625 X 1020 

direct voltages applied) the mean-squared intermedi-
ate-frequency noise is 

1 f  2r 

=  ip. 2 Awl) 
27 0 

or the average of i 2 over an oscillator cycle. The 
values of ip„2 obtained from theory require a knowl-
edge of the currents and transconductance of the tube 
and are usually proportional to these quantities. Thus, 
the converter-stage output noise, which is the average 
of i 2 over the oscillator cycle is usually proportional 
to the average electrode currents and average trans-
conductance when the oscillatdr is applied. Specific 
examples will be given in following sections of this 
paper treating typical modes of converter operation. 
Tube noise is conveniently treated by use of an 

equivalent grid-noise-resistance concept whereby the 
tube noise is referred to the signal grid. The equivalent 
noise resistance of a converter or mixer tube is 

R„ = 

gc. 2 

A summary of values of R., for common types of con-
verter will be found in a preceding paper." 
The equivalent noise resistance R„ alone does not 

tell the entire story as regards signal-to-noise ratio, 
particularly at high frequencies. For example, if the 
converter stage is the first stage of a receiver, and 
bandwidth is not a consideration, the signal energy 
which must be supplied by the antenna to drive it will 
be inversely proportional to the converter-stage input 
resistance. On the other hand, the noise energy of the 
converter or mixer tube is proportional to its equiva-
lent noise resistance. The signal-to-noise ratio there-
fore, will vary with the ratio of input resistance to 
equivalent noise resistance, and this quantity should 
be as high as possible. When bandwidth is important, 
the input resistance should be replaced by the recipro-
cal of the input capacitance if it is desired to compare 
various converter systems for signal-to-noise ratio. 

III. THE OSCILLATOR SECTION OF 
CONVERTER TUBES 

The oscillator section of converters is often required 
to maintain oscillation over frequency ranges greater 
than three to one for circuits using capacitance tuning. 
Although this requirement is easily met at the lower 

broadcast frequencies, the effect of lower circuit im-
pedances, transit-time phenomena in the tube, and 
high lead reactances combine to make the short-wave 
band a difficult oscillator problem. Ability to oscillate 
has, in the past, been measured by the oscillator trans-
conductance at normal oscillator-anode voltage and 
zero bias on the oscillator grid. Recent data have 
shown that, in the case of pentagrid and some octode 
converters, an additional factor which must be con-
sidered is the phase shift of oscillator transconductance 
(i.e., transadmittance) due to transit-time effects.25,26 

The ability of a converter to operate satisfactorily 
at high frequencies depends largely on the undesirable 
oscillator frequency variations produced when elec-
trode voltages are altered. The frequency changes are 
mainly caused by the dependence on electrode volt-
ages of oscillator-electrode capacitances, oscillator 
transconductance, and transit-time effects. There are 
many other causes of somewhat lesser importance. 
Because of the complex nature of the problem no 
satisfactory quantitative analysis is possible. In the 
case of the pentagrid and the earlier forms of octode 
converters there are indications that the larger part of 
the observed frequency shift is due to a transit-time 
effect. It is found that the phase of the oscillator trans-
admittance and, therefore, the magnitude of the sus-
ceptive part of this transadmittance varies markedly 
with screen and signal-grid-bias voltages. Since the 
susceptive part of the transadmittance contributes to 
the total susceptance, the oscillation frequency is 
directly affected by any changes. 

IV. THE DETAILED OPERATION OF THE 
MODULATOR OR MIXER SECTION OF 

THE CONVERTER STAGE 

This section will be devoted to a consideration of 
the modulator or mixer portion of the converter stage. 
This portion may be either a separate mixer tube or 
the modulator portion of a converter tube. Since with 
most of the widely used converter tubes in the more 
conventional circuits the alternating oscillator-anode 
voltage has a negligible effect on the operation of the 
modulator portion, only the effect of oscillator control 
grid need be considered. Thus the analysis of the 
operation of most converter tubes is substantially the 
same as the analysis of the same tubes used as a mixer 
or modulator only, just as in the treatment of conver-
sion transconductance. 
There are three methods of operation of mixer or 

modulator tubes. The oscillator voltage may be put 
on the same grid as the signal voltage, it may be put 
on the inner grid (the signal applied to an outer grid), 
or it may be impressed on an outer grid (with the 

" M. J. a Strutt" has published data on this phase shift in 
octodes. It was measured to be as high as 60 degrees at 33 mega-
cycles. 

24  M. J. 0. Strutt, "Electron transit-time effects in multigrid 
valves," Wireless Eng., vol. 15, pp. 315-321; June, 1938. 
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signal on the inner grid). Each of these modes of 
operation has characteristics which depend on the 
mode rather than on the tube used in it. Tubes which 
may be used in any one mode differ from one another 
mainly in the degree in which they affect these char-
acteristics. The treatment to follow, therefore, will not 
necessarily deal with specific tube types: instead, the 
phenomenon encountered will be illustrated by the 
use of data taken on one or more typical tubes for 
each of the modes of operation. 

A. Tubes with Oscillator and Signal Voltages Applied 
to Same Grid 

Typical tubes used for this type of operation are 
triodes and pentodes. The oscillator voltage may be in-
troduced in series with the signal voltage, coupled to the 
signal input circuit inductively, capacitively, and/or 
conductively, or it may be coupled into the cathode 
circuit. In all but the last case, by operating below 
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Fig. 4—Transconductance characteristic of a typical variable-p, 
radio-frequency pentode. 

the grid-current point, the oscillator circuit is not 
loaded directly by the mixer tube. When cathode in-
jection is used, however, an effective load equal to the 
mean cathode conductance (slightly greater than the 
mean transconductance) is imposed on the oscillator 
circuit. The cathode injection circuit has the ad-
vantage that oscillator-frequency voltage between the 
signal input circuit and ground is minimized, thus re-
ducing radiation when the converter stage is also the 
first stage of the receiver. 
A typical transconductance-versus-bias curve for a 

variable-it radio-frequency pentode is shown in Fig. 4. 
The use of the Fourier analysis for conversion trans-
conductance at oscillator fundamental indicates that 
a value of approximately a quarter of the peak trans-
conductance can be attained. Because of the tailing off 
of the lower end of the curve, highest conversion trans-
conductance requires a large oscillator swing. Very 
nearly the maximum value is obtained, however, at an 
operating bias shown by the dotted line, with an oscil-
lator peak amplitude approximately equal to the bias. 
With lower oscillator amplitudes, and the same fixed 
bias, the fundamental conversion transconductance 

drops in approximate proportion to the oscillator 
amplitude. 
Strictly speaking, when the cathode injection type 

of operation is used the effect of the oscillator voltage 
which is impressed between screen and cathode, and 
plate and cathode should be considered. Practically, 
however, there is little difference over the simpler cir-
cuit in which the oscillator voltage is impressed on the 
signal grid only. It is for this reason that the cathode-
injection circuit is placed in the same category as 
those in which the oscillator voltage is actually im-
pressea on the same electrode as the signal. 
In a practical circuit the effective oscillator voltage 

is, of course, the oscillator voltage actually existent 
between grid and cathode of the tube. When the oscil-
lator voltage is impressed in series with the signal cir-
cuit or on the cathode, this effective voltage is dif-
ferent from the applied oscillator voltage by the drop 
across the signal circuit. In the usual case, with the 
oscillator frequency higher than the signal frequency, 
the signal circuit appears capacitive at oscillator fre-
quency. This capacitance and the grid-to-cathode 
capacitance, being in series, form a capacitance divider 
and reduce the effective oscillator voltage. The reduc-
tion would not be a serious matter if it remained a 
constant quantity; but in receivers which must be 
tuned over an appreciable frequency range this is not 
the case. The result is a variation in conversion gain 
over the band. A number of neutralizing circuits have 
been described in the patent literature which are de-
signed to reduce the oscillator-frequency voltage 
across the signal circuit and thus minimize the varia-
tions.27,28  

Coupling of the oscillator voltage into, or across, 
the signal circuit is also accompanied by changes in 
effective oscillator voltage when the tuning is varied. 
These changes are not so great with pure inductive 
coupling as with pure capacitance coupling. In many 
practical cases, both couplings are present. 
A method of reducing the variation of conversion 

gain with effective oscillator voltage in tubes in which 
oscillator voltage and signal are placed on the same 
grid, employs automatic bias. Automatic bias may be 
obtained either by a cathode self-bias resistor (by-
passed to radio frequency) or by a high-resistance 
grid leak, or both. An illustration of the improvement 
which may be obtained in this way is shown in Fig. 5. 
Three curves of conversion transconductance, at oscil-
lator fundamental, against effective peak oscillator 
volts are shown for the typical variable-µ pentode of 
Fig. 4 used as a mixer. For the curve a, a fixed bias 
was used at approximately an optimum point. The 
curve is stopped at the grid-current point because 
operation beyond this point is not practicable in a 
receiver. Curve b shows the same tube operated with a 

27  H. J. J. M. deRegnauld de Bellescize, United States Patent 
No. 1,872,634; M. Gausner, French Patent No. 6,39,028. 

22  V. E. Whitman, United States Patent No. 1,893,813. 
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cathode self-bias resistor. This curve is also stopped at 
the grid-current point. Curve c shows operation with a 
high-resistance grid leak. It is evident that, above an 
oscillator voltage of about 3, curve b is somewhat 
flatter, and c is considerably flatter than the fixed-bias 
curve a. The high-resistance grid leak used for c may be 
made a part of the automatic-volume-control filter 
but care must be taken that its value is considerably 
higher than the resistance in the automatic-volume-
control circuit which is common to other tubes in the 
receiver. If this is not done, all the tubes will be 
biased down with large oscillator swings. When a 
high-resistance leak is used, the automatic-volume-
control action does not begin in the mixer tube until 
the automatic-volume-control bias has exceeded the 
peak oscillator voltage. Because of the high resistance 
of the leak, the signal circuit is not loaded appreciably 
by the mixer tube. In a practical case, precautions 
must be taken that a pentode in the converter stage is 
not operated at . excessive currents when accidental 
failure of the oscillator reduces the bias. A series drop-
ping resistor in the screen-grid supply will prevent such 
overload. When a series screen resistor is used, the 
curve of conv&sion transconductance versus oscillator 
voltage is even flatter than the best of the curves shown 
in Fig. 5. Series screen operation, therefore, is highly 
desirable." 
One of the effects of feedback through interelectrode 

capacitance in vacuum tubes is a severe loading of the 
input circuit when an inductance is present in the 
cathode circuit. Thus, in mixers using cathode injec-
tion, the signal circuit is frequently heavily damped. 
since the oscillator circuit is inductive at signal fre-
quency in the usual case. The feedback occurs through 
the grid-to-cathode capacitance and can be neutralized 
to some extent by a split cathode coil with a neutraliz-
ing capacitance.28 Such neutralization also minimizes 
the voltage drop of oscillator frequency across the 
signal circuit. 
Loading of the signal circuit by feedback from the 

plate circuit of modulators or mixers may also be seri-
ous when the signal-grid-to-plate capacitance is ap-
preciable. This is especially true when a low-capaci-
tance intermediate-frequency circuit, which presents a 
comparatively high capacitive reactance at signal fre-
quency, is used, as in wide-band intermediate-fre-
quency circuits. The grid-plate capacitance of radio-
frequency pentodes is usually small enough so that the 
effect is negligible in these tubes. In triodes, however, 
feedback from the intermediate-frequency circuit may 
be serious and the grid-plate capacitance should be 
minimized in tube and circuit design. Although neu-
tralization is a possible solution to the plate feedback, 
a more promising solution is the use of a specially de-
signed intermediate-frequency circuit which offers a 
low impedance at signal frequency by the equivalent of 
series tuning and yet causes little or no sacrifice in 
intermediate-frequency performance. 

At high frequencies, the converter stage exhibits 
phenomena not usually observable at low frequencies. 
One group of phenomena is caused not by the high 
operating frequency, per se, but rather by a high ratio 
of operating frequency to intermediate frequency (i.e., 
a small separation between signal and oscillator fre-
quencies). Among these phenomena may be listed 
pull-in and interlocking between oscillator and signal 
circuits and poor image response. In mixers in which 
oscillator and signal are •impressed on the same grid, 
the first of these effects is usually pronounced because 
of the close coupling between the oscillator and signal 
circuits. It can be reduced by special coupling from 
the local oscillator at an increase in the complexity of 

the circuit. 
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Fig. 5—Conversion transconductance of a typical variable-A, radio. 
frequency pentode. Oscillator and signal voltages both applied 
to grid No. 1. a, fixed-bias operation; b, cathode resistor used 
to obtain bias; c, bias obtained by means of a high-resistance 
grid leak. 

Other phenomena, which are due to the high operat-
ing frequency, occur in mixers irrespective of the inter-
mediate-frequency. The most important of these are 
those caused by transit-time effects in the tube and by 
finite inductances and mutual inductances in the leads 
to the tube. When the oscillator and signal are im-
pressed on the same grid of a mixer, the effects are not 
dissimilar to those in the same tube used as an ampli-
fier. So far as the signal is concerned, the operation is 
similar to that of an amplifier whose plate current and 
transconductance are periodically varied at another 
frequency (that of the oscillator). The effects at signal 
frequency must, therefore, be integrated or averaged 
over the oscillator cycle. The input conductance at 60 
megacycles of the typical radio-frequency pentode 
used for Figs. 4 and 5 as a function of control-grid bias 
is shown in Fig. 6. The integrated or net loading as a 
function of oscillator amplitude, when the tube is 
used as a mixer at this frequency, is given in Fig. 7, 
both with fixed-bias operation and with the bias ob-
tained by a grid leak and condenser. The conductance 
for all other frequencies may be calculated by remem-
bering that the input conductance increases with the 
square of the frequency. The data given do not hold 
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for cathode injection because of the loading added by 
feedback, as previously discussed. 
When automatic volume control is used on the 

modulator tube, an important effect in some circuits is 
the change in input capacitance and input loading with 
bias. This is especially true when low-capacitance cir-
cuits are in use, as with a wide-band amplifier. With 
tubes having oscillator and signal voltages on the 
same grid, because of the integrating action of the 
oscillator voltage, the changes are not so pronounced 
as with the same tube used as amplifier. A small, un-
by-passed cathode resistor may be used with an ampli-
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Fig. 6—Input conductance of a typical variable-A, radio-frequency 
pentode, at 60 megacycles. 

fier tube"." to reduce the variations; it should give a 
similar improvement with the modulator. 
The question of tube noise (i.e., shot-effect fluctua-

tions) is important in a mixer, or modulator, especially 
when this tube is the first tube in a receiver. There is 
little doubt that triode or pentode mixers, in which 
signal and oscillator voltages are impressed on the 
control grid, give the highest signal-to-noise ratio of 
any of the commonly used types of mixers. The reason 
for this has been made clear by recent studies of tube 
noise." It is now well established that tube noise is 
the combined result of shot noise in the cathode current 
which is damped by space charge to a low value and 
additional fluctuations in the plate current caused by 
random variations in primary current distribution be-
tween the various positive electrodes. Thus, in general, 
tubes with the smallest current to positive electrodes 
other than the plate have the lowest noise. It is seen 
that the tetrode or pentode modulator, with a primary 
screen current of 25 per cent or less of the total current, 
is inherently lower in noise than the more complex 
modulators in which the current to positive electrodes 
other than the plate usually exceeds 60 per cent of the 
total current. The triode, of course, has the lowest noise 
assuming an equivalent tube structure. The conver-
sion transconductance of triode, tetrode, or pentode 
mixers is usually higher than that of multielectrode 

29  M. J. 0. Strutt and A. van der Ziel, "Simple circuit means for 
improving short-wave performance of amplifier tubes," Elek. Nach. 
Tech., vol. 13, pp. 260-268; August, 1936. 
" R. L. Freeman, "Use of feedback to compensate for vacuum-

tube input-capacitance variations with grid bias," PROC. I.R.E., 
vol. 26, pp. 1360-1366; November, 1938. 

tubes using a similar cathode and first-grid structure. 
That this is so is again largely due to the lower value of 
wasted current to other electrodes. 
The noise of triodes and pentodes used as mixers in 

the converter stage is conveniently expressed in terms 
of an equivalent noise resistance Re, as mentioned in 
Section II C. The noise as a mixer, of both the triode 
and the pentode, may be expressed in one formula 
based on the now well-understood amplifier noise rela-
tions." The equivalent noise resistance of the triode is 
obtained simply by equating the screen current to zero. 
An approximate formula for equivalent noise resistance 
of oxide-coated-cathode tubes is 

2.2 g,,s+ 20 /„  1 
R„ (of triode and pentode mixers) —   

gc2 1+a 

where g is the average control-grid-to-plate trans-
conductance (averaged over an oscillator cycle), 7„ is 
the average screen current, gc is the conversion trans-
conductance, and a is the ratio of the screen current 
to plate current. Valuable additions to the above rela-
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Fig. 7—Input conductance of a typical pentode when used as a 
mixer at 60 megacycles. a, fixed-bias operation; c, bias obtained 
by means of a high-resistance grid leak. 

, 
tion are given by formulas which enable a simple 
calculation of noise resistance from amplifier data 
found in any tube handbook. These additional rela-
tions are approximations derived from typical curve 
shapes and are based on the maximum peak cathode 
current /0 and the maximum peak cathode transcon-
ductance go. The data are given in Table I. It has been 
assumed that oscillator excitation is approximately 
optimum. In this table, Eco is the control-grid voltage 

TABLE I • 
MIXER NOISE OF TRIODES AND PENTODES 

(Oscillator and Signal both Applied to Control Grid) 

Operation 
Approxi- 
mate l 
Oscillator 
Peak Volts 

TAravnetsca og en . 
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gm 

Lvteimaxe 
Current 
1} 

Conversion 
Tdraucetancee. 
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0.25 
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needed to cut off the plate current of the tube with the 
plate and screen voltages applied, and a is the ratio of 
screen to plate current. 
As an example of the use of the table, suppose it is 

desired to find the equivalent noise resistance of a par-
ticular triode operated as a converter at the oscillator 
second harmonic. The local oscillator can be permitted 
to swing the triode mixer grid to zero bias. With a plate 
voltage of 180 volts and zero bias, the tube data sheet 
shows a transconductance, go = 2.6 X10-3 mho. Thus 
the equivalent noise resistance is 31/go or 12,000 ohms 
and the conversion transconductance at second har-
monic is 0.13 go, or 340 micromhos. Since, with this 
plate voltage the tube cuts off at about 8 volts, a peak 
oscillator voltage of around 12 volts will be required. 
The above table may also be used to obtain a rough 

estimate of the input loading of pentode or triode 
mixers, since the high-frequency input conductance is 
roughly proportional to the average transconductance 
gni and to the square of the frequency. Thus, if the 
loading at any transconductance and frequency is 

N21 GRID BIAS VOLTS 

Fig. 8—Signal-grid-(rid No. 4) to-plate transconductance versus 
oscillator-grid (grid No. 1) voltage curve of a typical mixer 
designed for inner-grid injection. Signal-grid bias = —3 volts. 

known, the loading as a mixer under the conditions of 
the table may quickly be computed. 

B. Tubes with Oscillator Voltage on an Inner Grid, 
Signal Voltage on an Outer Grid 

When the oscillator voltage is impressed on the grid 
nearest the cathode of a mixer or converter, the 
cathode current is varied at oscillator frequency. The 
signal grid, on the other hand, may be placed later in 
the electron stream to serve only to change the dis-
tribution of the current between the output anode and 
the other positive electrodes. When the two control 
grids are separated by a screen grid, the undesirable 
coupling between oscillator and signal circuits is re-
duced much below the value which otherwise would be 
found. 
The signal-grid-to-plate transconductance of the 

inner-grid injection mixer is a function of the total 
current reaching the signal grid; this current, and 
hence the signal-grid transconductance, will vary at 

oscillator frequency so that mixing becomes possible. 
The signal-grid transconductance as a function of 
oscillator-grid potential of a typical modulator of this 
kind is shown in Fig. 8. It will be observed that this 
characteristic is different in shape from the correspond-
ing curve of Fig. 4 for the tube with oscillator and 
signal voltages on the same grid. The chief point of 
difference is that a definite peak in transconductance is 
found. The plate current of the tube shows a saturation 
at approximately the same bias as that at which the 
peak in transconductance occurs, indicating the forma-
tion of a partial virtual cathode. The signal grid, over 
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Fig. 9—Conversion transconductance of a typical mixer designed 
for inner-rid injection of oscillator. Signal-grid bias= —3 volts. 
a, fixed-bias operation of oscillator grid; b, oscillator-grid bias 
obtained through high-resistance grid leak; c, oscillator-grid bias 
obtained through a 50,000-ohm grid leak. 

the whole of these curves, is biased negatively and so 
draws no current. The oscillator inner grid (No. 1 
grid), however, draws current at positive values of 
bias. This separation of signal and oscillator grids is 
advantageous, inasmuch as the signal circuit is not 
loaded even though the oscillator amplitude is suffi-
cient to draw grid current. In fact, in the usual circuit, 
the oscillator grid is self-biased with a low-resistance 
leak and condenser and swings sufficiently far positive 
to attain the peak signal-grid transconductance. 
The conversion transconductance of such a tube has 

a maximum with an oscillator swing which exceeds the 
point of maximum signal-grid transconductance in the 
one direction and which cuts off this transconductance 
over slightly less than half the cycle, in the other. 
Curves of conversion transconductance against peak 
oscillator voltage are shown in Fig. 9. Curve a is for 
fixed-bias operation of the oscillator grid, curve b is 
with a high-resistance (i.e., several megohms) grid 
leak and condenser for bias, and curve c is with the 
recommended value of grid leak (50,000 ohms) for this 
type of tube. It is seen that best operation is obtained 
with the lower resistance value of grid leak. With this 
value, the negative bias produced by rectification in 
the grid circuit is reduced enough to allow the oscil-
lator grid to swing appreciably positive over part of 
the cycle. An incidental advantage to the use of the 
low-resistance leak when the tube is self-oscillating 
(i.e., a converter) is that undesirable relaxation oscil-
lations are minimized. 
In mixers or converters in which the oscillator voltage 
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is present on both the cathode and the oscillator 
grid in the same phase (e.g., Fig. 3) it is usually neces-
sary to utilize a relatively sharp cutoff in the design 
of the oscillator grid so as to cut off the cathode cur-
rent when the signal grid is positive." By this means, 
the signal grid is prevented from drawing current. At 
the same time, however, the high currents needed for 
a high peak value of signal-grid transconductance can-
not be obtainqd without a greater positive swing of the 
oscillator grid than with a more open oscillator grid 
structure. Thus, it is clear that it is desirable to have a 
negative bias on the oscillator electrode which is con-
siderably smaller than the peak oscillator voltage. For 
this reason, optimum results are obtained on these 
tubes with very low values of oscillator grid leak (e.g., 
10,000 to 20,000 ohms). 
The effects of feedback through the interelectrode 

capacitance are small in well-designed multigrid mixers 
and converters of the kind covered in this section. The 
signal-grid-to-plate capacitance is usually small enough 
to play no part in the operation; even with a high 
L-to-C ratio in the intermediate-frequency trlans-
former, the capacitive reactance of the intermediate-
frequency circuit at signal frequency is only a very 
small fraction of the feedback reactance. The other 
interelectrode capacitance which plays some part in 
determining circuit performance (excluding, of course, 
the input and output capacitances) is the capacitance 
from the oscillator electrode or electrodes to the signal 
grid. This capacitance is a source of coupling between 
these two circuits. In well-designed converter or modu-
lator tubes of the type discussed in this section, how-
ever, the coupling through the capacitance may be 
made small compared with another form of internal 
coupling known as "space-charge coupling," which will 
be treated later in this discussion. 
Coupling between oscillator and signal circuits is of 

no great consequence except when an appreciable 
voltage of oscillator frequency is built up across the 
signal-grid circuit. This is not usually possible unless 
the signal circuit is nearly in tune with the oscillator 
as it is when a low ratio of intermediate frequency to 
signal frequency is used. The effect of oscillator-fre-
quency voltage induced across the signal circuit de-
pends on its phase; the effect is usually either to in-
crease or to decrease the relative modulation of the 
plate current at oscillator frequency and so to change 
the conversion transconductance. This action is a dis-
advantage, particularly when the amount of induced 
voltage changes when the tuning is varied, as usually 
occurs. In some cases, another effect is a flow of grid 
current to the signal grid; this may happen when the 
oscillator-frequency voltage across the signal-grid cir-
cuit exceeds the bias. Grid current caused by this effect 
can usually be distinguished from grid current due to 
other causes. By-passing or short-circuiting the signal-
grid circuit reduces the oscillator-frequency voltage 
across the signal-grid circuit to zero. Any remaining 

grid current must, therefore, be due to other causes. 
Current to a negative signal grid of a tube operated 

with inner-grid oscillator injection is sometimes ob-
served at high frequencies (e.g., over 20 megacycles) 
even when no impedance is present in the signal-grid 
circuit. This current is caused by electrons whose effec-
tive initial velocity has been increased by their finite 
transit time in the high-frequency alternating field 
around the oscillator grid. These electrons are then 
able to strike a signal grid which is several volts nega-
tive. The magnitude of the signal-grid current is not 
usually as great as with tubes applying the oscillator 
voltage to an outer grid" although it may prevent the 
use of an automatic-volume-control voltage on the tube. 
An investigation of coupling effects in the pentagrid 

converter showed that the coupling was much larger 
than could be explained by interelectrode capacitance. 
It was furthermore discovered that the apparent cou-
pling induced a voltage on the signal circuit in opposite 
phase to that induced by a capacitance from oscillator 
to signal grid." The coupling which occurred was due 
to variations in space charge in front of the signal grid 
at oscillator frequency. A qualitative explanation for 
the observed behavior is that, when the oscillator-grid 
voltage is increased, the electron charge density ad-
jacent to the signal grid is increased and electrons are 
repelled from the signal grid. A capacitance between 
the oscillator grid and the signal grid would have the 
opposite effect. The coupling, therefore, may be said 
to be approximately equivalent to a negative capaci-
tance from the oscillator grid to the signal grid. The 
effect is not reversible because an increase of potential 
on the signal grid does not increase the electron charge 
density around the oscillator grid. If anything, it de-
creases the charge density. The equivalence to'a nega-
tive capacitance must be restricted to a one-way neg-
ative capacitance and, as will be shown later, is 
restricted also to low-frequency operation. 
In general, the use of an equivalent impedance from 

oscillator grid to signal grid to explain the behavior of 
"space-charge coupling" is somewhat artificial. A 
better point of view is simply that a current is induced 
in the signal grid which depends on the oscillator-
grid voltage. Thus, a transadmittance exists between 
the two electrodes analogous to the transconductance 
of an ordinar,y amplifier tube. Indeed, the effect has 
been used for amplification in a very similar manner to 

the use of the transconductance of the conventional 
tube."," 

It is found that the transadmittance from the oscil-
lator to the signal electrode Y„,, is of the form 

= k1w2 jk2co. 

Si The next part of this section contains a more detailed discus-
sion of signal-grid current in outer-grid oscillator injection tubes. 
n C. J. Bakker and G. de Vries, "Amplification of small alter-

nating tensions by an inductive action of the electrons in a radio 
valve," Physica, vol. 1, pp. 1045-1054, October—November, 1934. 
U A. M. Nicolson, United States Patent No. 1,235,211 (applied for 

in 1915). 
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At low frequencies (i.e., k1co2<<k2o.)) the transad-
mittance is mainly a transusceptance but, as the fre-
quency rises, the transconductance component 140 
becomes of more and more importance, eventually 
exceeding the transusceptance in magnitude. The early 
work on "space-charge coupling" indicated that the 
effect was opposite to that of a capacitance connected 
from oscillator to signal grid and could be canceled by 
the connection of such a capacitance of the correct 
value.'5.34 The effect of such cancellation could be 
only partial, however, since only the transusceptance 
was balanced out by this arrangement. For complete 
cancellation it is also necessary to connect a con-
ductance, the required value of which increases as the 
square of the frequency, between the oscillator grid 
and the signal grid so that the transconductance term 
is also balanced out.35.38 
The cancellation of "space-charge coupling" may be 

viewed in another way. A well-known method of meas-
uring the transadmittance of a vacuum tube is to 
connect an admittance from control grid to output 
electrode and to vary this admittance until no alternat-
ing-current output is found with a signal applied to the 
control grid." The external admittance is then equal 
to the transadmittance. In exactly the same way, the 
transadmittance which results from the space-charge 
coupling may be measured. As a step further, if an 
admittance can be found which substantially equals 
the transadmittance at all frequencies or over the band 
of frequencies to be used, this admittance may be 
permanently connected so as to cancel the effects of 
space-charge coupling. As has been previously stated, 
the admittance which is required is a capacitance and 
a conductance whose value varies as the square of the 
frequency. Such an admittance is given to a first 
approximation by the series connection of a capaci-
tance C and a resistance R. Up to an angular frequency 
w=0.3/CR the admittance of this combination is 
substantially as desired. At higher values of frequency, 

the conductance and susceptance fail to rise rapidly 
enough and the cancellation is less complete. Other 
circuits are a better approximation to the desired ad-
mittance. For example, the connection of a small in-
ductance, having the value L=1/2CR2, gives a good 
approximation up to an angular frequency co = 0.6/CR. 
The latter circuit is, therefore, effective to a frequency 
twice as high as the simple series arrangement of 
capacitance and resistance. Inasmuch as in some cases 
the value of inductance needed is only a fraction of a 
microhenry, the inductance may conveniently be de-

34  M. J. 0. Strutt, "Frequency changers in all-wave receivers," 
Wireless Eng., vol. 14, pp. 184-192; April, 1937. 
" E. W. Herold, "Frequency changers in all-wave receivers,* 

(Letter to Editor), Wireless Eng., vol. 14, pp. 488-489; September, 
1937. 
" E. W. Herold, United States Patent No. 2,141,750. 
37 F. 13. Llewellyn, "Phase angle of vacuum tube transconduc-

tance at very high frequencies," PROC. I.R.E., vol. 22, pp. 947-956; 
August, 1934. 

rived from proper proportioning and configuration of 
the circuit leads. 
It is of interest to note the order of magnitude of the 

transadmittance which is measured in the usual con-
verter and mixer tubes.26.35,3 ." In the formula for 
Y„,o_1 given above, k1 is in the neighborhood of 10-2 ' 
and k2 is around 10-12 . Cancellation is effected by a 
capacitance of the order of one or two micromicro-
farads and a series resistance of 500 to 1000 ohms: 
The correct value of the canceling admittance may 

be found experimentally by adjustment so that no 
oscillator voltage is present across the signal-grid cir-
cuit when the latter is tuned to the oscillator frequency. 
Another method which may be used is to observe either 
the mixer or converter plate current or the oscillator 
grid current as the tuning of the signal circuit is varied 
through the oscillator frequency. With proper adjust-
ment of the canceling admittance there will be no 
reaction of the signal-circuit tuning on either of these 
currents. 
There are two disadvantages which accompany the 

cancellation of space-charge coupling as outlined. In 
the first place, the signal-grid input admittance is in-
creased by the canceling admittance. This point will 
be brought up again after discussing the input admit-
tance. The second disadvantage is that the oscillator 
frequency shift with voltage changes in converter 
tubes may be somewhat increased by the use of this 
cancellating admittance. When separate oscillator and 
mixer tubes are used, the latter effect may be made 
less serious. 
The next point to be considered is the input admit-

tance of the signal grid. Signal-grid admittance curves 
of a typical modulator designed for use with the 
oscillator voltage impressed on the first grid are shown 
under direct-current conditions (i.e., as a function of 
oscillator-grid bias for several values of signal-grid 
bias) in Fig. 10. The admittance is separated into 
conductive and susceptive components, the latter be-
ing plotted in terms of equivalent capacitance. The 
admittance components of the "cold" tube (no elec-
trons present) have been subtracted from the meas-
ured value so that the plotted results represent the 
admittance due to the presence of electrons only. The 
data shown were taken at 31.5 megacycles with a 
measuring signal which did not exceed 1.0 volt peak 
at any time. A modified Boonton Q meter was used to 
take the data. It should be noted that the presence of 
a marked conductive component of admittance is to be 
expected at frequencies as high as those used. 
The most striking feature of the data of Fig. 10 is 

that both susceptive and conductive components are 
negative over a large portion of the characteristic. The 
Appendix discusses this feature in somewhat more de-
tail. The measurements show that the susceptive com-
ponent is analogous to a capacitance. The capacitance 

Se  M. J. 0. Strutt, "Frequency changers in all-wave receivers," 
(Letter to Editor), Wireless Eng., vol. 14, p. 606; November, 1937. 
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curves given are independent of frequency up to the 
highest frequency used (approximately 50 megacycles). 
The conductive component, on the other hand, in-
creases as the square of the frequency also up to this 
frequency. The conductance is, therefore, negative 

Fig. 10—Signal-grid (grid No. 4) admittance of a typical mixer de-
signed for inner-grid injection of oscillator at 31.5 megacycles. 
Curves taken with no oscillator voltage applied. Data represents 
electronic admittance only (i.e., "cold" values were subtracted 
from measured values before plotting). 

even at very low frequencies although its magnitude 
is then very small. Thus, the conductance curves of 
Fig. 11 are valid for any frequency by multiplication of 
the conductance axis by the square of the ratio of the 
frequency considered, to the frequency used for the 
data (i.e., 31.5 megacycles). Data taken at various fre-
quencies for two particular values of grid bias voltage 
E„ are plotted in Fig. 11. The square-law relation is 
shown to check very closely. 
Fig. 10 should be considered remembering that the 

oscillator voltage is applied along the axis of abscissas. 
Considering an applied oscillator voltage, the admit-
tance curves must be integrated over the oscillator 
cycle to find the admittance to the signal frequency. 
The operation is just as if the tube were an amplifier 
whose input admittance is periodically varied over the 
curve of Fig. 10 which corresponds to the signal-grid 
bias which is used. Curves of the modulator input con-
ductance at 31.5 megacycles for various applied oscil-
lator voltages are shown in Fig. 12. The oscillator-grid 

bias is obtained by means of the recommended value 
of grid leak for the tube (50,000 ohms). Curves are 
shown for two values of signal-grid bias voltage Ec,. 
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Fig. 11—Signal-grid (grid No. 4) conductance of a typical mixer 
designed for inner-grid injection of oscillator. Lines are drawn 
with slope of 2. Curve a taken with E, =0, E,= —3 volts. 
Curve b taken with E,,= - 6, E,4= —6 wilts. 

As before, data for other frequencies are obtained by 
multiplying the conductance by the square of the fre-
quency ratio. 

The practical effect of the negative input admit-
tance in a circuit is due to the conductive portidn only, 
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Fig. 12—Signal-grid (grid No. 4) conductance of a typical mixer 
designed for inner-grid injection of oscillator, at 31.5 mega-
cycles. Oscillator voltage applied. Oscillator-grid bias obtained 
through 50,000-ohm grid leak. Electronic portion of con-
ductance, only, plotted. 

inasmuch as the total input capacitance remains posi-
tive in general." An improved image ratio, and some-
what greater gain to the converter signal grid over 

32  It should not be forgotten that the data given do not include 
the "cold" susceptance and conductance of the tube. The latter is a 
relatively small quantity, however. 
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other types of modulator is to be expected when this 
type of oscillator injection is used. At high frequencies, 
when a comparatively low intermediate frequency is 
used, it is usually desirable to cancel the space-charge 
coupling of the tube in the manner previously dis-
cussed. When this cancellation is made reasonably 
complete by the use of a condenser and resistor com-
bination connected from the oscillator grid to the 
signal grid, the losses in this admittance at signal fre-
quency are usually sufficient to wipe out the negative 
input admittance. The net positive input conductance 
however is often less than that found with other types 

of mixer. 
The change in signal-grid input capacitance with 

automatic-volume-control voltage is small in this type 
of modulator, particularly with the larger values of 
oscillator swing because of the integrating action of the 
oscillator voltage. 
The fluctuation noise which is found in the output of 

inner-grid oscillator-injection mixers and converters is 
not readily evaluated quantitatively. The fluctuation 
noise is primarily due to current-distribution fluctua-
tions but is complicated by the possibility of a virtual 

cathode ahead of the signal grid. Data have been 
taken, however, which indicate some degree of pro-
portionality between the mean-squared noise current 
and the plate current. The signal-to-noise ratio for this 
type of modulator is, therefore, approximately propor-
tional to the ratio of conversion transconductance to 
the square root of the plate current. It is considerably 
less than for the pentode modulator with both signal 
and oscillator voltages on the control grid. 
The noise of the converter or mixer with oscillator 

on an inner grid may be expressed in terms of an 
equivalent grid resistance as 

207-e 
R„ = — F2 

ge2 

where 4  is the operating plate current, g, is the con-
version transconductance, and P is a factor which is 
about 0.5 for tubes with suppressor grids and at full 
gain. For tubes without suppressor or for tubes whose 
gain is reduced by signal-grid bias, P is somewhat 
larger and approaches unity as a maximum. With this 
mode of operation there is not so much value in expres-
sions for R,„ based on maximum transconductance and 
maximum plate current because these quantities are 
neither available nor are they easily measured. For 
operation at second or third harmonics of the oscillator 
(assuming optimum oscillator excitation) the plate 
current 4  and the conversion transconductance g, are 
roughly 4 or 4, respectively, of their values with 
fundamental operation so that the equivalent noise 
resistance for second-harmonic and third-harmonic 
operation is around two and three times, respectively, 
of its value for fundamental operation. 

C. Mixers with Oscillator Voltage on an Outer Grid, 
Signal Voltage on Inner Grid 

With this type of mixer, the cathode current is 
modulated by the relatively small signal voltage which 
is impressed on the control grid adjacent to the 
cathode. The oscillator voltage, on the other hand, is 
impressed on a later control grid so that it periodically 
alters the current distribution between anode and 
screen grid. The connections of signal and oscillator 
voltages to this type of modulator are just the reverse, 
therefore, of the mixer treated in the preceding sec-
tion. The behaviors of the two types are also quite 
different although they both include internal separa-
tion of signal and oscillator electrodes through a 
shielding screen grid. 
The signal-grid transconductance curve as a func-

tion of oscillator-grid voltage of a typical mixer de-
signed for use with the oscillator on an outer grid is 
shown in Fig. 13. It differs in shape from similar curves 
for the other two classes of modulator in that an ap-
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Fig. 13—Signal-grid (grid No. 1) transconductance versus oscil-
lator-grid (grid No. 3) voltage of a typical mixer designed for 
use with outer-grid injection of oscillator. Signal-grid bias= —3 
volts. 

proximate saturation is reached around zero bias on 
the oscillator grid. The conversion transconductance 
for such a tube is, therefore, more accurately predicted 
front normal amplifier transconductance. In fact, in the 
manufacture of this type of mixer, a test of signal-
grid transconductance at somewhere near the satura-
tion point (e.g., zero bias) on the oscillator grid has 
been found to correlate almost exactly with the con-
version transconductance. The cutoff point of the curve 
must remain approximately fixed, of course, since this 
point affects the oscillator amplitude which is neces-

sary. 
The conversion transconductance of the typical 

outer-grid injection mixer tube which was used for 
Fig. 13 is shown in Fig. 14. Curve a which is for fixed 
bias on the oscillator grid is seen to be higher than 
curve b for which bias is obtained by a 50,000-ohm 
grid leak and condenser. The latter connection is most 
widely used, however, because of its convenience. A 
compromise using fixed bias together with a grid leak 
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is most satisfactory of all." When this combination is 
used, the curve of conversion transconductance follows 
curve a of Fig. 14 to the intersection with curve b and 
then follows along the flat top of curve b. 
In a well-designed mixer with the signal voltage on 

the grid adjacent to the cathode and the oscillator 
voltage on an outer grid, effects due to feedback 
throt.gh the interelectrode capacitance may usually be 
neglected. The only effect which might be of impor-
tance is some cases is coupling of the oscillator to the 
signal circuit through the signal-grid-to-oscillator-grid 
capacitance. In many tubes a small amount of space-
charge coupling between these grids is also present and 
adds to the capacitance coupling (contrary to the 
space-charge coupling discussed in Section B which 
opposes the capacitance coupling in that case). Meas-
urements of the magnitude of the space-charge cou-
pling for this type of modulator show that it is of the 
order of 1/5 to 1/10 of that present in inner-grid-injec-
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Fig. 14—Conversion transconductance of a typical mixer designed 
for outer-grid injection of oscillator. Signal-grid bias, Eq= —3 
volts. Curve a corresponds to fixed No. 3 grid bias, E„= —8 
volts. Curve b corresponds to bias obtained through a 50,000-ohm 
grid leak. 

tion modulators. Coupling between oscillator and 
signal circuits causes a voltage of oscillator frequency 
to be built up across the signal input circuit. This 
oscillator-frequency voltage, depending on its phase, 
aids or opposes the effect of the normal oscillator-grid 
alternating voltage. The action is additive when the 
signal circuit has capacitative reactance to the oscil-
lator frequency, as in the usual case. When the oscil-
lator-frequency voltage across the signal input circuit 
exceeds the bias, grid current is drawn to the signal 
grid, an undesirable occurrence. This grid current may 
be distinguished from signal-grid current due to other 
causes by short-circuiting the signal-input circuit and 
noting the change in grid current. With the majority 
of tubes, another cause of signal-grid current far ex-
ceeds this one in importance. This other cause will 
now be discussed. 
The most prominent high-frequency effect which 

was observed in mixers of the kind under discussion, 
was a direct current to the negative signal grid even 
when no impedance was present in this grid circuit. 
This effect was investigated and found to be due to 
the finite time of transit of the electrons which pass 

40 E. W. Herold, United States Patent No. 2,066,038. 

through the signal grid and are repelled at the oscil-
lator grid, returning to pass near the signal grid 
again. 17,41,42 When the oscillator frequency is high, the 
oscillator-grid potential varies an appreciable amount 
during the time that such electrons are in the space 
between screen grid and oscillator grid. These elec-
trons may, therefore, be accelerated in their return 
path more than they were decelerated in their forward 
path. Thus, they may arrive at the signal grid with an 
additional velocity sufficient to allow them to strike a 
slightly negative electrode. Some electrons may make 
many.such trips before being collected; moreover, in 
each trip their velocity is increased so that they may 
receive a total increase in velocity equivalent to several 
volts. A rough estimate of the grid current to be ex-
pected from a given tube is given by the semiempirical 
equation 

la = AI kE..0.,r2_3eBEd. 

Where A and B depend on electrode voltages and 
configuration, /c1 is the signal-grid current, Ea is the 
signal-grid bias, /k is the cathode current, E.„c is the 
impressed oscillator voltage on the oscillator grid, w 
is the angular frequency of the oscillator, and 72_3 is 
the electron transit time in the space between screen 
grid and oscillator grid. 

Data on the signal-grid current of a typical mixer at 
20 megacycles are shown in Fig. 15 where a semi-
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Fig. 15—Signal-grid (grid No. 1) current in a typical mixer with a 
20-megacycle oscillator voltage applied to grid No. 3. E,,= —10 
volts, Ed, .nd 4=100 volts, Eb = 250 volts. 

logarithmic plot is used to indicate the origin of the 
above equation. 

The reduction of signal-grid current by operation at 
more negative signal-grid bias values is an obvious 
remedy. When this is done, in order to prevent a re-
duction in conversion transconductance, the screen 

41 K. Steimel, "The influence of inertia and transit time of elec-
trons in broadcast receiving tubes," Telefunken-Rohre, no. 5, pp. 
213-218; November, 1935. 
a K. S. Knol, M. J. 0. Strutt, and A. van der Ziel. "On the 

motion of electrons in an alternating electric field," Physica, vol. 5, 
pp. 325-334; May, 1938. 
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voltage must be raised. A better method of reducing 
the undesired grid current lies in a change of tube 
design. It will be shown in a later part of this discus-
sions that the constant A and/or the transit time 
r5_3 of the above formula may be reduced considerably 
by proper electrode configuration. 
Another high-frequency phenomenon which is par-

ticularly noticed in outer-grid-injection mixers is the 
high input conductance due to transit-time effects. 
The cause for this was first made evident when the 
change of signal-grid admittance with oscillator-grid 
potential was observed. Fig. 16 gives data on the 
susceptive and conductive components of the signal-
grid admittance of this type of modulator as a function 
of oscillator-grid bias (no oscillator voltage applied). 
The data were taken at 31.5 megacycles and, as in the 
other input admittance curves, show the admittance 
components due to the presence of electrons only. It is 
seen that when the No. 3 grid is made sufficiently 
negative the input admittance is greatly increased. 
This behavior coincides, of course, with plate-current 
cutoff. It seems clear that the electrons which are 
turned back at the No. 3 grid and which again reach 
the signal-grid are the cause of the increased ad-
mittance. Calculations based on this explanation have 
been published by M. J. 0. Strutt" and show reason-
able quantitative agreement with experiment. As in 
the other cases above, the upper curve of Fig. 16 is 
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net input admittance is then the average value over 
the oscillator cycle. Such net values of the conductance 
component are shown in Fig. 17. The frequency for 
these curves is 31.5 megacycles. Values for other fre-
quencies are obtained by multiplying the ordinates by 
the square of the frequency ratio. Curve a coincides 
with the fixed bias condition of curve a of Fig. 14 
while curve b corresponds to the grid-leak-and-con-
denser bias as in b of Fig. 14. The conductance is ap-
proximately twice as high when the tube is used as a 
mixer as when it is used as an amplifier. This is a 
serious disadvantage, particularly at very high fre-
quencies. 
It is thus seen that two serious disadvantages of the 

outer-grid-injection mixer are both due to the electrons 
returned by the oscillator grid which pass again to the 
signal-grid region. It was found possible to prevent 
this in a practical tube structure by causing the re-
turning electrons to traverse a different path from the 

Fig. 16—Signal-grid (grid No. 1) admittance of typical mixer de-
signed for outer-grid injection of oscillator. Data taken at 31.5 
megacycles with no oscillator voltage applied. Ec1= —3 volts, 
E., ...I 4=100 volts, Et,=250 volts. 

approximately independent of frequency while the 
lower one may be converted to any other frequency by 
multiplying the ordinates by the square of the fre-
quency ratio. 
When an oscillator voltage is applied, the No. 3 grid 

bias is periodically varied at oscillator frequency. The 

48 M. J. 0. Strutt, and A. van der Ziel, "Dynamic measurements 
of electron motion in multigrid tubes," Lick. Nach. Tech., vol. 15, 
pp. 277-283; September, 1938. 
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Fig. 17—Signal-grid (grid No. 1) conductance of typical mixer de-
signed for outer-grid injection of oscillator. Frequency, 31.5 
megacycles, signal-grid bias, Ec,= —3 volts. Curve a corre-
sponds to fixed No. 3 grid bias, E‘1= —8 volts. Curve b corre-
sponds to bias through a 50,000-ohm grid leak. 

one which they traveled in the forward direction.' " 
The progressive steps towards an improvement of this 
kind are illustrated in Fig. 18 where cross-sectional 
views of the portion inside the oscillator grid of various 
developmental modulators are shown. The drawing (a) 
shows the original design, data on which have been 
given in Figs. 15, 16, and 17. Drawing (b) of Fig. 18 
shows a tube in which two side electrodes operated at a 
high positive potential were added. In a tube of this 
kind many of the electrons returned by the No. 3 grid 
(oscillator grid) travel paths similar to the dotted one 
shown; they are then collected by the auxiliary elec-
trodes and thus do not re-enter the signal grid space. 
Tubes constructed similarly to (b) showed a consider-
able improvement in the signal-grid admittance incre-
ment due to returned electrons. Construction (c) shows 
the next step in which the side electrodes are increased 
in size and operated at somewhat lower potential. Be-
cause of the undesirability of an additional electrode 
and lead in the tube, the construction shown at (d) was 
tried. In this case the auxiliary electrodes are bent 
over.and connected electrically and mechanically to the 
screen grid. Curves showing the progressive reduction 

a The same principles have now been applied to inner-grid-
injection mixers and converters. See references 19 and 45. 

4.  A. J. W. M. van Overbeck and J. L. H. Jonker, "A new con-
verter valve," Wireless Eng., vol. 15, pp. 423-431; August, 1938. 
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in the signal-grid conductance increment due to re-
turned electrons are shown in Fig. 19. The curves are 
labeled to correspond with the drawings of Fig. 18. It 
should be noted that the use of the oscillator-grid 
support rods in the center of the electron streams as 
shown in Fig. 18 (d) was found to improve the per-
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Fig. 18—Cross-sectional views of mixer designed for outer-grid in-
jection of oscillator. The views show only the portions of the 
tube inside of and including the oscillator injection grid. 

formance. No change in signal-grid conductance with 
oscillator-grid potential could be observed with this 
construction." The conductance of the tube as a 
modulator, therefore, was reduced to less than hdlf of 
that of construction (a). At the same time, a check of 
signal-grid current with a high-frequency oscillator 
applied to the No. 3 grid showed that this current was 
reduced to 1/20 of that of the original construction (a). 
The change in construction may be looked upon as 
dividing the constant A in the grid-current formula 
previously given, by a factor of more than 20. 
Another method of reducing the effect of electrons 

returned by the oscillator grid is to reduce the effect 
of electron transit time in the tube. This may be done 
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Fig. 19—Signal-grid (grid No. 1) conductance of the outer-grid-
injection mixers shown in Fig. 18. Data taken at 31.5 mega-
cycles with no oscillator voltage applied. 

by reducing the spacings, particularly the screen-grid-
to-oscillator-grid spacing. This method of improving 
modulator performance has two disadvantages com-
pared with the one discussed in connection with Fig. 
18. The reduction in spacing is accompanied by a more 
sloping (i.e., less steep) signal-grid transconductance 
versus oscillator-grid voltage curve. This change in 

44 It should be mentioned that it is also possible to construct 
tubes in which the signal-grid conductance decreases somewhat with 
increasingly negative No. 3 grid bias. This effect is caused by the 
inductance of the inner screen-grid lead which causes a negative 
conductance in the input circuit when the inner screen current is 
high, as at negative No. 3 grid bias values. This negative con-
ductance cancels part of the positive conductance of the signal 
grid. 

construction requires an increase in applied oscillator 
voltage to attain the same conversion transconduc-
tance. The second disadvantage is that such a method 
reduces the transit time and hence, the undesirable 
high-frequency effects only by an amount bearing 
some relation to the reduction in spacing. Since this 
reduction is limited in a given size of tube, the method 
whereby electron paths are changed is much more 
effective. The method of reducing spacing, on the 
other hand, is extremely simple to adopt. A combina-
tion of both methods may be most desirable from the 
point of view of best performance with least complexity 
in the tube structure. 
In a mixer which must operate at high frequencies, 

it is not usually sufficient to eliminate the effects of 
returned electrons in order to assure adequate per-
formance. For this reason the development of the 
principles shown in Fig. 18 was carried on simultane-

ously with a general program of improving the tube. 
To this end, tubes were made with somewhat reduced 

LT-8-3.1% 
(e) 

1:E_  FLacl 
0- -' 
(41 

FOUR  SIDEROD  LARGE N21 GRID 
N51 GRID  SI DE RODS 

--a--S , 

P P 0 F.3..9 q , ..k..1- - - , 
., , •  , 

' - _D- - ' 

(I) 

FINS ON N22 
GRID CHANNELS 

( h ) 

CLOSE-SPACED 
GR ID 

Fig. 20—Cross-sectional views of improved mixers designed for 
outer-grid injection of oscillator. The views show only the 
portions of the tube inside of and including the oscillator injec-
tion grid. 

spacings and with a rectangular cathode and a beam-
forming signal grid (i.e., one with comparatively large 
supports). A number of developmental constructions 
are shown in Fig. 20. Construction (g), it will be noted, 
has finlike projections on the screen-grid channel mem-
bers." In construction (h) a reductiOn of spacing be-
tween screen and oscillator grids was combined with 
the channel construction. The relative performance of 
these constructions, so far as signal-grid current is 
concerned is shown in Fig. 21. The frequency used was 
20 megacycles. The curve for the original design (taken 
from Fig. 15) is included and is drawn as a. All four of 
the constructions of Fig. 20 were satisfactory as re-
gards signal-grid conductance; in every case the change 
in conductance as the oscillator grid was made nega-
tive was a negligible factor. Construction (h) required 
approximately 20 per cent more oscillator voltage than 
(e), (f), or (g) because of the reduction in slope of the 
transconductance versus No. 3 grid voltage curve 
which accompanied the reduced spacing between the 
screen and the No. 3 grid. 

Outer-grid-injection mixers have the same or slightly 
greater signal-grid capacitance changes with auto-
matic volume control as are found in amplifier tubes. 

47 This construction was devised by Miss Ruth J. Erichsen who 
was associated with the writer during part of the development 
work herein described. 
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In this respect they are inferior to inner-grid-injection 
converters or mixers. The use of a small un-by-passed 
cathode resistance29." is a help, however. 
In closing this section, the subject of fluctuation 

noise will be considered. Experimental evidence indi-
cates that the major portion of the noise in mixers 
with oscillator voltage on an outer grid is due to cur-
rent-distribution fluctuations.24 The oscillator voltage 
changes the current distribution from plate to screen 
so that the mixer noise is given by the average of the 
distribution fluctuations over the oscillator cycle. In 
terms of the equivalent noise resistance the average 
has been found to ben 

R„ = 

20 Pb — 

gc 2 

where lb is the average (i.e., the operating) plate cur-
rent and 42 is the average of the square of the plate 
current over an oscillator cycle. I„ is the cathode cur-
rent of the mixer section and is substantially constant 
over the oscillator cycle. This relation is not very use-
ful in the form given. It is usually sufficiently accurate 
for most purposes to use an expression identical with 
that which applies to tubes with inner-grid oscillator 
injection, namely, 

20 lb 
R„ =  F21 

ge 2 

where P is about 0.5 for tubes with suppressor grids 
and somewhat higher for others. By assuming a 
typical tube characteristic, the noise resistance may be 
expressed in terms of the cathode current I. of the 
mixer section and the maximum signal-grid-to-plate 
transconductance gma . as 

In 
R„ = 120   

(g...) 2 

for operation at oscillator fundamental. For operation 
at second or third harmonic of the oscillator, the noise 
resistance will be approximately doubled, or tripled, 

L  respectively. 

V. CONCLUSION 

It has been shown that the principle of frequency 
conversion in all types of tubes and with all methods of 
operation may be considered as the same (i.e., as a 
small-percentage amplitude modulation). The differ-
ences in other characteristics between various tubes 
and methods of operation are so marked, however, 
that each application must be considered as a separate 
problem. The type of tube and method of operation 
must be intelligently chosen to meet the most im-
portant needs of the application. In making such a 
choice, it is frequently of assistance to prepare a table 
comparing types of tubes and methods of operation on 
the basis of performance data. An attempt has been 

made to draw such a comparison in a qualitative way 
for general cases and for a few of the important char-
acteristics. Table II is the result. It must be under-
stood, of course, that the appraisals are largely a 
matter of opinion based on experience and the present 
state of knowledge. Furthermore, in particular circuits 
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Fig. 21—Signal-grid (grid No. 1) current of the outer-grid injec-
tion mixers shown in Fig. 20. Curve a corresponds to the original 
design (a) of Fig. 18 and is shown for comparison. Data taken with 
a 20-megacycle oscillator voltage of 12 volts peak amplitude 
applied to the oscillator-grid. Ee3 =  10 volts, L,  4=100 
volts, El, = 250 volts. 
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and with particular tubes, the relative standings may 
sometimes be quite different. A study of the funda-
mentals brought out in the previous sections of this 
paper should help in evaluating such exceptions. 

TABLE II 

APPROXIMATE COMPARATIVE APPRAISALS OF METHODS OF 
FREQUENCY CONVERSION 

Desirable 
Characteristic 

Oscillator and 
Signal. 

Voltages on 
No. 1 Grid 

Oscillator Voltage 
on No. 3 Grid, 
Signal on 
No. 1 Grid 

Oscillator Voltage 
on No. 1 Grid, 
Signal on 
No. 3 Grid 

Triode Pen- 
tode 

Pentode 
Hexode 
or 

Heptode 

Hexode 
or 

Heptode 

High conversion trans-
conductance 

High plate resistance 
High signal-to-noise ratio 
Low oscillator-signal cir-
cuit interaction and 
radiction 

Low input conductance 
at high frequencies 

Low signal-grid current 
at high frequencies 

Low cost of complete 
converter system 

Good 
Poor 
Good 

Poor 

Poor, 

Good 

Good 

Good 
Good 
Good 

Poor 

Fair 

Good 

Fair 

Fair 
Poor 
Poor 

Good 

Poor 

Poor 

Fair 

Fair 
Good 
Poor 

Good 

Poor' 

Poor' 

Poor 

Fair 
Good 
Poor 

Fair 

Good 

Fair 

Good 

Due to feedback; may be increased to Fair by proper circuit design. 
May be increased to Fair by special constructions as described in text. 

APPENDIX 

Discussion of Negative Admittance of Current-Limited 

Grids 

In Figs. 10, 11, and 12 it was seen that the elec-
tronic signal-grid (i.e., input) admittance components 
(i.e., the admittance due to the presence of electrons) 
of a mixer designed for No. 1 grid injection of the oscil-
lator are negative over a considerable portion of the 
normal operating range. Figs. 10 and 11, however, were 
taken with static voltages applied and so indicate that 
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the phenomenon is not caused by an alternating oscil-
lator voltage but is associated with the characteristics 
of the tube itself. 

The input admittance of negative grids in vacuum 
tubes is the sum of three factors: (1) the "cold" ad-
mittance, or the admittance of the tube with the elec-
tron current cutoff; (2) the admittance due to feedback 
from other electrodes through tube and external ca-
pacitance, etc.; and (3) the admittance due to the 
presence of The electrons in the tube. The first two 
factors have been well known for many years although 
certain aspects of the second have only recently re-
ceived attention."."." The third factor, however, is 
not so well understood although the excellent work 
done during the last ten years has paved the way for 
a complete understanding of the subject." The present 
discussion is concerned only with this last point, 
namely the admittance of negative grids due to the 
presence of electrons in the tube. 
Early work on transit-time effects in diodes and 

negative-grid triodes had indicated that, at very high 
frequencies, the conductance became negative RI cer-
tain discrete bands (i.e., at large transit angles). It was 
not, at first, appreciated that conditions were possible 
with negative-grid triodes in which the input conduct-
ance could become negative even at low frequencies 
(i.e., at small transit angles). Data taken on the input 
(No. 4 grid) conductance of pentagrid converters by 
W. R. Ferris of this laboratory during 1934 showed 
that these tubes had a negative input conductance 
which varied as the square of the frequency and which 
remained negative at low frequencies. The conductance 
appeared, therefore, to behave in the same way as the 
positive input conductance of ordinary negative-grid 
tubes, except for a reversal in sign. The data on the 
pentagrid were taken with an external oscillator voltage 
applied to the No. 1 grid. The work of Bakker and de 
Vries" disclosed the possibility of a negative input con-
ductance at small transit angles in a triode operated 
under current-limited conditions. They gave an experi-
mental confirmation for a triode operated at reduced 
filament temperature. Data taken by the writer during 
1936 on a pentagrid converter showed that the nega-
tive conductance was present in this tube even when 
direct voltages, only, were applied and that it was 
accompanied by a reduction in capacitance. A fairly 
complete theory of the effect was developed in un-
published work by Bernard Salzberg, formerly of this 
laboratory, who extended the theory of Bakker and 
de Vries to the more general case of multigrid tubes 
with negative control grids in a current-limited region. 

49  M . J. 0. Strutt and A. van der Ziel, "The causes for the 
increase of admittances of modern high-frequency amplifier tubes 
on short waves," PROC. I.R.E., vol. 26, pp. 1011-1032; August, 
1938. 

49  An excellent historical summary of this work is found in W. 
E. Benham, "A contribution to tube and amplifier theory," PROC. 
I.R.E., vol. 26, pp. 1093-1170; September, 1938. 

6° C. H. Bakker and C. de Vries, "On vacuum tube electronics," 
Physica, vol. 2, pp. 683-697; July, 1935. 

Other experimental work was done on the effect during 
1936 by J. M. Miller and during the first half of 1937 by 
the writer. In the meantime, the papers of H. Rothe,51 
I. Runge,52, " and L. C. Peterson" showed that inde-
pendent experimental and theoretical work had been 
done on the negative-admittance effect in other labora-
tories. 
In a rough way, the negative admittance found 

under current-limited conditions may be explained as 
follows: The electron current in a tube is equal to the 
product of the charge density and the electron velocity. 
If this current is held constant, a rise in effective 
potential of the control electrode raises the velocity 
and so lowers the charge density. A reduction in 
charge density with increase in potential, however, 
results in a reduction in capacitance, provided no 
electrons are caught by the grid. Thus, the susceptive 
component of the part of the admittance due to the 
current through the grid, is negative. Because of the 
time lag due to the finite time of transit of the elec-
trons, there is an additional component of admittance 
lagging the negative susceptance by 90 degrees, i.e., a 
negative conductance. The value of the negative con-
ductance will be proportional to both the transit angle 
and to the value of the susceptance. Since both of these 
quantities are proportional to frequency, the negative 
conductance is proportional to the square of the fre-
quency. 

The general shape of the curves of Fig. 10 may be 
explained as follows: At a No. 1 grid bias of about 
—20 volts, the cathode current is cut off and the elec-
tronic admittance is zero. At slightly less negative 
values of No. 1 grid bias, the electron current is too 
small to build up an appreciable space charge ahead 
of the signal grid (No. 4 grid). The latter grid, although 
it exhibits some control of the plate.current does not 
control the major portion of the current reaching it and 
is thus in a substantially current-limited region. Its 
susceptance and conductance are, therefore, negative. 
Higher currents increase the negative admittante until, 
at some value of No. 1 grid bias, the electron current 
is increased to the point at which a virtual cathode is 
formed in front of some parts of the signal grid. At 
these parts, the current which reaches the grid is no 
longer independent of this grid potential and, as a 
result, a positive susceptance and conductance begin 
to counteract the negative admittance of other por-
tions of the grid. The admittance curves reach a mini-
mum .and for still higher currents approach and attain 
a positive value. The current necessary to attain the 
minimum admittance point is less when the signal-grid 

" H. Rothe, "The operation of electron tubes at high frequen-. 
cies," Telefunken-Rohre, no. 9, pp. 33-65; April, 1937; PROC. I.R.E., 
vol. 28, pp. 325-332; July, 1940. 

62  I. Runge, "Transit-time effects in electron tubes," Zeit. fur 
Tech. Phys., vol. 18, pp. 438-441; 1937. 
" I. Runge, "Multigrid tubes at high frequencies," Telefunken-

Rohre, no. 10, pp. 128-142; August, 1937. 
" L. C. Peterson, "Impedance properties of electron streams," 

Bell. Sys. Tech. Jour., vol. 18, pp. 465-481; July, 1939. 



bias is made more negative so that the minima for 
increasingly negative No. 4 grid-bias values occur at in-
creasingly negative No. 1 grid-bias values. 
It may be noted that the signal-grid-to-plate trans-

conductance is at a maximum in the region just to the 

right of the admittance minima of Fig. 10 (compare 
Fig. 8). The admittance of such a tube used as an 
amplifier remains negative, therefore, at the maximum 
amplification point. 

Factors Governing Performance of Electron Guns 
in Television Cathode-Ray Tubes* 

R. R. LAWt, MEMBER, I.R.E. 

Summary—On the basis of Langmuir's' limiting-current-density 
relationship, it is shown that the useful beam current in a conventional 
television cathode-ray tube has an upper limit defined by 

e A' 

= 1.13 io.E2-- — tan24, 
where  kT 

I. = the beam current; 
io = the cathode-current density; 
E2  =  the second-anode voltage relative to the cathode; 
e = the electron charge; 
k = Boltzmann's constant; 
T = the absolute temperature of the cathode; 
A = the aperture of the final focusing system; 
N = the number of scanning lines; and, 
4, = the equivalent deflection angle. 

This result is derived for the case of an ideal electron gun with no defin-
ing apertures. In practice this upper limit of beam current is not at-
tained because of aberrations and space-charge mutual repulsion 
effects. 

INTRODUCTION 

i
N DISCUSSIONS of the performance of electron 
guns in television cathode-ray tubes, questions 
frequently arise as to what will be the effect of 

changing this or that parameter. For example, such 
questions are asked as: how does the brightness of the 
picture depend upon the resolution?; does wide-angle 
deflection offer other advantages than reduction in 
tube length?; or, what will be the effect of increasing 
the operating voltage? Although the answers to these 
and many other questions may be derived from the 
fundamental principles of electron optics,'-4 there is 
need for a simple, easily interpreted relationship cor-
relating the various factors governing electron-gun per-
formance. It is the purpose of this paper to present 
such a relationship. 

THEORETICAL ANALYSIS 

To formulate the problem, consider a conventional' 
electron gun of the form illustrated schematically in 

• Decimal classification: R388 X R583. Original manuscript re-
ceived by the Institute, July 7,1941. 
f Research Laboratories, RCA Manufacturing Company, Inc., 

Harrison, N. J. 
1 D. B. Langmuir, "Theoretical limitations of cathode-ray 

tubes," PROC. I.R.E., vol. 25, pp. 977-991; August, 1937. 
2 L. Jacob, "Electron distribution in electron-optically-focused 

electron beams," Phil. Mug., vol. 28, pp. 81-98; July, 1939. 
E. G. Ramberg and G. A. Morton, "Electron optics," Jour. 

Appt. Phys., vol. 10, pp. 465-478; July, 1939. 
J. R. Pierce, "Limiting current densities in electron beams," 

Jour. Appl. Phys., vol. 10, pp. 715-724, October, 1939. 
'V. K. Zworykin, "Description of an experimental television 

system and kinescope," PROC. I.R.E., vol. 21, pp. 1655-1673; 
December, 1933. 

Fig. 1. This device operates in the following manner. 
First, the cathode-region or first:crossover-forming lens 
LI concentrates the electron beam into a small di-
ameter at a first crossover. Second, the electrons emerg-
ing from this first crossover are refocused to a small 
spot on the fluorescent screen by the final focusing 

SEC ONO ANOOE 

L 
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CONTROL , E , 
ACC El E RAT INC 
EL EC T RODE 

Fig. 1—Schematic representation of a conventional electron gun. 

lens A . The electron beam so formed is deflected by 
electrostatic or electromagnetic means to trace out the 
picture raster. 
What factors determine the performance of this de-

vice? The analysis will be facilitated by the use of 
suitable nomenclature and symbols. Let 
H= picture height 
s =scanning-spot diameter 
N= number of scanning lines to be resolved 
4, = equivalent deflection angle 
A =aperture of final focusing lens 
=half angle of beam spread 
a = first-crossover to final-focusing-lens distance 
b= final-focusing-lens to screen distance 
d= first-crossover diameter 
D = cathode diameter 
10= cathode-current density 
4= first-crossover current density 
El= first-anode potential 
E2 = second-anode potential 
e= electronic charge 
k = Boltzmann's constant 
T= absolute temperature of the cathode 

The definitions of symbols having to do with the 
geometric configuration of the structure are further 
clarified in the schematic drawing of Fig. 2. 
Consider the performance of this device. By defini-

tion, if the picture height is H and the number of 
scanning lines to be resolved is N (the meaning of 
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resolution will be amplified later on when the question of 
light distribution across a beam trace is examined), the 
effective diameter of the scanning spot may be stated 
as 

=- 11/N  (1) 

This scanning spot will be an image of the first 
croEsover. If space charge is neglected, and the familiar' 
electron-optical magnification formula is applied, an 
ideal electron gun would produce such a scanning 
spot from a first crossover which had an effective di-
ameter of 

I/  d = — i/ E2 a • 
NV E1 b 

(2) 

The distances between gun and screen and between 
first crossover and final focusing lens may be expressed 

Fig. 2—Schematic representation of geometric factors determ'n-
ing performance of the electron gun in television cathode-ray 
tubes. 

in terms of the equivalent deflection angle, the aper-
ture of the final focusing lens, and the spread of the 
beam as it enters the final focusing lens. If rfi is the 
equivalent deflection angle, 

b -   (3) 
2 tan 

If 0 is the half angle of beam spread and A is the aper-
ture of the final focusing lens, 

A 
a =   

2 tan 0 

Equation (2) may then be written 

A  d = — V E2 tan a) 

N  El tan 0 

(4) 

(5) 

How much beam current may be concentrated into 
a crossover of given size? What will be the light distri-
bution across a beam trace when the scanning spot is 
an image of this first crossover? In terms of the present 
nomenclature, Langmuir' has shown that the current 
density in a crossover in an ideal electron optical 
system is  di , 

— 
e 

—E 

= iosin20 1+E — 
kT 

d2 
— sin' 0 
D2 

1 +   

(12 

1  sin' 0 
D2 

kr  ds 
1- - sins e 
D2 

(6) 

In general 1<<E(e/kT), and (d'/D') sin20<<1. If 
the value of d given by (5) is substituted in this ex-
pression and it is remembered that sin Oft, tan 0 for the 
angles commonly encountered, integration between the 
limits 0 and d/2 gives 

irD2  As _/? f-  tan' 
I =  ju(1 -  kT N'D' (7) 

4 

where / is the current within a spot of effective size 
11/N. But rD2i0/4 =1„, where I. is the total beam cur-
rent if the system contains no limiting apertures. 
Equaiion (7) may, therefore, be written 

_ E _.e._  As  tans 0 
— = 1 —  kT AnDs 

This result warrants further examination. ///. is the 
ratio of the beam current within a particular zone to 
the total beam current. This zone is to be of such width 
as to give the resolution N. But how shall resolution be 
defined? In the absence of definining apertures, the 
spot has no definite boundary, and irrespective of the 
spacing, the scanning lines must overlap to a certain 
extent. For a given resolution, how much may they 
overlap? To answer these questions, it is necessary to 
know the brightness distribution across a beam trace. 

I6 

(8) 
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Fig. 3—Fidelity of reproduction as a function of degree of overlap. 

The author' has shown that (6) may be expressed in 
the form 

—B e-
4 

• 
(9) 

To determine the brightness distribution across an in-
dividual beam trace, let x be the co-ordinate expressing 
distance from the center of the spot perpendicular to 
the direction of scanning, and let y be the co-ordinate 
expressing distance from the center of the spot in the 
direction of scanning. The excitation occasioned by a 
single-beam trace will be 

fexcitation = C2e-8 z'  e-Rody = Caca".  (10) 

R. R. Law, "High current electron gun for projection kine-
scopes," PROC. I.R.E., vol. 25, pp. 954-976; August, 1937. 
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If the light output of the phosphor is directly propor-
tional to the excitation, this equation represents the 
brightness distribution also. In terms of a given resolu-
tion, how much may these traces overlap? Can the 
degree of overlap be expressed in terms of the ratio 

///,? 
Fig. 3 shows the resultant brightness distribution in 

a reproduction of a portion of a scene containing rela-
tively large adjacent white and dark areas. The bright-
ness distribution is shown for three values of the ratio 
///,. When ///,= 0.5, the reproduction is substantially 
equivalent to that which would be obtained from a 
cosine-squared distribution having the same maximum 
value and a total width equal to twice the spacing be-
tween adjacent lines. Under these conditions the co-
sine-squared distribution would give a flat field.7.8 Al-
though the present exponential function does not give 
a flat field, the practical limiting resolution may be 
said to occur when the spot size is such that the bright-
ness of the beam trace drops to one half its maximum 
value in one half the distance between the centers of 
adjacent scanning lines. As may be seen from Fig. 3, 
this condition is satisfied when 1/11=0.5. But if the 
degree of overlap at which N lines may just be resolved 
is defined by the condition ///,= 0.5, (8) gives 

e A' 
I, = 1.134E2 — — tan2 4). 

kT N2 

I., therefore, represents an upper limit to the useful 
beam current that may be obtained with an ideal elec-
tron gun having no defining apertures. With suitable 
defining apertures the useful beam current may be 
increased. This comes about because the peak current 
density may be maintained over the entire spot. For 

7 P. Mertz and F. Gray, "A theory of scanning," Bell Sys. Tech. 
Jour., vol. 13, pp. 464-515; July, 1934. 

8 H. A. Wheeler and A. V. Loughren, "The fine structure of 
television images," PROC. I.R.E., vol. 26, pp. 540-575; May, 1938. 

(11) 

example, with a circular spot of uniform intensity over-
lapping to such an extent as to give a flat field as 
before, the beam current may be increased by the fac-
tor 7/1.13. Inasmuch as aberrations and space-charge 
mutual repulsion effects operate to increase spot size, 
these values will not be realized in practice. For any 
given structure, the ratio of the measured beam cur-
rent to the computed limiting value affords a figure of 
merit describing the performance of the gun. This ratio 
is ordinarily about one tenth,2 but by minimizing the 
effects of space charge in the first-crossover-forming 
region, Pierce* has obtained current densities of over 
one half the limiting value. 

DISCUSSION 

By virtue of this simple relationship, describing the 
performance of an ideal electron gun in a television 
cathode-ray tube, it is now possible to answer the 
original questions as to what will be the effect of chang-
ing this or that parameter. Thus, if a linear relation-
ship between picture brightness and the product of 
beam current is assumed, the picture brightness will 
vary inversely as the square of the number of lines, 
and directly with the square of the voltage. Wide-
angle deflection does offer other advantages than 
reduction in tube length provided deflection intro-
duces no defocusing; this analysis indicates that the 
picture brightness should vary directly with the square 
of the tangent of 'the equivalent deflection angle. In 
addition to correlating the various factors governing 
electron-gun performance, this relationship may prove 
useful in evaluating the performance of developmental 
models of electron guns by affording a direct means of 
computing the ideal performance of the particular 

structure. 

j. R. Pierce, "Rectilinear electron flow in beams," Jour. Appi. 
Phys., vol. 11, pp. 548-554; August, 1940. 

Correction 

Mr. E. Fubini of the Columbia Broadcasting System 
has just called the authors' attention to an error in 
their paper, "The Effect of the Earth's Curvature on 
Ground-Wave Propagation."* The definition of the 
distance parameter for horizontally polarized waves 
(equation 4) should read 

• Proc. I.R.E., vol. 29, pp. 16-24; January, 1941. 

= 
2rd  

ern, 

and the caption of Fig. 1 should be changed corre-

spondingly to 

11-m I = 27rxd v(e  1)2  (60002. 
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Board of Directors 
The annual meeting of the Board of 

Directors was held on January 7, 1942, 
and those present were: A. F. Van Dyck, 
president; Austin Bailey, W. L. Everitt, 
H. T. Friis, Alfred N. Goldsmith, editor; 
0. B. Hanson, L. C. F. Horle, F. E. Ter-
man, B. J. Thomp-
son, H. M. Turner, 
L. P. Wheeler, and 
H. P. Westman, sec-
retary. 
Haraden  Pratt 

was appointed treas-
urer, Alfred N. Gold-
smith was named edi-
tor, and H. P. West-
man was designated 
to serve as secretary 
during 1942. 
Five directors to 

serve during  1942 
were appointed and 
are C. C. Chambers, 
I.  S.  Coggeshall, 
C. M. Jansky, Jr., 
J. K. Johnson, and 
F. B. Llewellyn. 
The personnel of 

the numerous com-
mittees which serve 
the Institute during 
the year was named. 
A budget for 1942 

was adopted. 
In the case of 

former members who 
desire to rejoin the 
Institute during 1942, 
the payment of a new 
entrance  fee  was 
waived. 
Section 8 of the 

Institute Bylaws was 
revised to read as fol-
lows: 
"A notice of his 

election shall be sent 
to each newly admit-
ted member together 
with a bill for his entrance fee and dues, if 
not previously paid, dues being computed 
for the remainder of the calendar year be-
ginning with the quarter next succeeding 
the date of his election. His entrance fee or 
dues remaining unpaid, additional bills 
shall be sent the newly elected member 
sixty days and one hundred and twenty 
days after notification of his election, in 
the last instance accompanied by a warn-
ing that his election will be considered void 
if his admission fee and dues are not re-
ceived within six months of his notifica-
tion of election. 
"The names of all individuals elected 

to membership who fail to pay admission 
fees or dues within the six months of 
notification of election shall be turned over 
to the Membership Committee." 
At a previous meeting, the decision to 

award the Institute Medal of Honor to 

Dr. Taylor was reached. A citation for this 
presentation was approved and is as fol-
lows: 
"To Albert Hoyt Taylor for contribu-

tions to radio communication as an engi-
neer and organizer, including pioneering 
work in the practical application of piezo-
electric control to radio transmitters, early 

service to the government of the United 
States as an engineering executive of out-
standing ability in directing the Radio Di-
vision of the Naval Research Laboratory." 
Citations for the nine Fellow awards 

which were decided on at a previous meet-
ing were also approved and are given be-
low. 

PRESENTATION OF MEDAL OF HONOR TO DR. TAYLOR 
BY PRESIDENT VAN DYCK 

At our Thirtieth Anniversary Banquet the Institute's Medal of Honor was presented 

by President Van Dyck to Albert Hoyt Taylor for contributions to radio com munication 

as an engineer and organizer, including pioneering work in the practical application 
of piezoelectric control to radio transmitters, early recognition and investigation of skip 

distances and other high-frequency wave-propagation problems, and many years of 
service to the govern ment of the United States as an engineering executive of outstanding 

ability in directing the Radio Division of the Naval Research Laboratory. Doctor Taylor 

is the only person to have received all of the three highest honors that are conferred by the 

Institute; the Presidency, the Medal of Honor, and the Morris Liebmann Memorial 

Prize. 

recognition and investigation of skip dis-
tances and other high-frequency wave-
propagation problems, and many years of 

FORTHCO MING 

MEETINGS 

Broadcast Engineering Con-

ference 

Columbus, Ohio 

February 23 to 27 0942 

Summer Convention 

Cleveland, Ohio 

June 29, 30, and July 1, 1942 

Wilmer L. Barrow 
for pioneering inves-
tigation of ultra-high-
frequency wave prop-
agation and many of 
its practical applica-
tions. 
George H. Brown 

for studies and pub-
lications in the field 
of radio antennas. 
Geoffrey Builder 

for contributions as 
an engineer, execu-
tive, and organizer 
and for his work in 
behalf of the radio en-
gineering profession, 
notably in Australia. 
Adolph B. Cham-

berlain for engineer-
ing  leadership  in 
broadcast transmis-
sion and operation. 
Ellsworth D. Cook 

for contributions to a 
wide range of impor-
tant radio engineer-
ing projects. 
Warren P. Mason 

for investigations of 
piezoelectric crystals 
and their application 
to quartz-crystal fil-
ters. 
Hugh S. Knowles 

for engineering lead-
ership in the field of 
acoustics and its ra-
dio applications. 
Harold 0. Peter-

son for engineering 
leadership in radio 

communications and contributions to the 
ultra-high-frequency field. 
George C. Southworth for pioneering 

investigations in ultra-high-frequency com-
munication and transmission. 

Broadcast Engineer-
ing Conference 
The fifth annual Broatleaht Engineer-

ing Conference will be held on February 
23 to 27, 1942, at Ohio State University, 
Columbus, Ohio. The conference this year 
will be devoted almost entirely to prob-
lems with which the broadcast engineer' 
will be confronted as a result of the war. 
The ordinary problems have been aug-

mented by many new ones introduced by 
the emergency. Procedures and plans 
must be made for any eventuality and it 
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is particularly important for broadcast 
engineers to meet in discussions led by 
those who have been making an exacting 
study of the situation. 
E. K. Jett, chief engineer of the Fed-

eral Communications Commission and 
chairman of the important Co-ordinating 
Committee of the Defense Communica-
tions Board, will open the session with a 
discussion of the many problems confront-
ing communication engineers under the 
present situation. 
The panel on "Broadcast-Station Oper-

ation during Wartime," which has been 
organized by L. C. Smeby of the National 
Association of Broadcasters, will discuss 
subjects such as priorities and procure-
ment, fire fighting and property protection, 
telephone lines, battery-operated equip-
ment for emergency use, radio broadcast 
silencing systems, temporary and auxiliary 
antennas, and emergency equipment. 
Members of the panel will be F. A. Cowan, 
American Telephone and Telegraph Com-
pany; J. D'Agostino and R. F. Guy, Na-
tional Broadcasting Company, R. V. 
Howard, KSFO; W. B. Lodge, Columbia 
Broadcasting System; and A. D. Ring, 
consulting engineer. With the exception of 
Mr. Howard, all have participated in the 
work of various committees of the Defense 
Communications Board and have given 
extensive consideration to the subject mat-
ter. Mr. Howard has had experience with 
the precautions taken on the Pacific coast 
since the declaration of war. Mr. Cowan 
has been instrumental in installing Inter-
ceptor Command information centers and 
special defense communication networks. 
Mr. Ring is secretary of the Domestic 
Broadcasting Committee of the Defense 
Communications Board. 
One of the outstanding applications of 

broadcast facilities in time of emergency, 
which has taken place in this country, was 
the work done at WH AS during the Ohio 

River flood which engulfed a large portion 
of Louisville. The experience which this 
emergency taught contains many lessons 
applicable to the problems of national de-
fense and will be discussed by 0. W. 
Towner, chief engineer of that station. 
G. C. Gross, assistant chief engineer of 

the Federal Communications Commission, 
recently made a trip to England to study 
the operation of broadcast stations there. 
The report which he gives will be both in-
teresting and instructive. 
Karl Troeglen of WIBW will lead a dis-

cussion on engine-driven emergency power 
plants. The installation of such emergency 
equipment has just been made in both the 
studio and transmitter at that station. 
In times of emergency the use of radio 

links for various purposes becomes impor-
tant. D. E. Noble, who has done important 
work in the development of frequency-
modulation police systems, will discuss the 
operation of mobile frequency-modulation 
equipment and J. H. De Witt, Jr., of WSM 
will cover the subject of studio-transmitter 
links and high-frequency antennas. 
A. F. Van Dyck, president of the Insti-

tute of Radio Engineers, will discuss the 
application of the alert calling system in 
wartime. 
Increasing difficulty in obtaining repair 

materials and changing of personnel be-
cause of induction into the armed forces, 
aggravate the problem of proper transmit-
ter maintenance under wartime conditions. 
Charles Singer of WOR prominent ex-
ponent of organized transmitter mainte-
nance, will lead a round-table discussion on 
this subject. 
The Recording and Reproducing Stand-

ards Committee co-ordinated by the Na-
tional Association Of Broadcasters, was 
formed last June. Although its work has 
not been entirely finished, nevertheless 
enough important items have been stand-
ardized so that engineers can begin to 

PRESIDENTIAL GAVEL CHANGES HANDS 

Al the opening session of the 1942 Win-
ter Convention, the address of the retiring 
president was presented by Dr. Terman. 
Symbolic of the completion of his year of 
service as president, Dr. Terman handed 
over the presidential gavel to his successor, 
Arthur F. Van Dyck. The above photo-
graph shows this ceremony with President 
Van Dyck holding the gavel. 

make their equipment conform to the 
standards. H. A. Chinn, in charge of audio 
facilities for the Columbia Broadcasting 
System and a member of the committee, 
will discuss the standards and point out 
the modifications that must be made in 
existing equipment. 
The problem of educating new engi-

neers and technicians for replacement and 
the assistance which broadcast-station 
engineers can give in the training of tech-
nicians for the military services will be 
covered in the round-table discussion led 
by W. L. Everitt. The other members of 
the group will be C. M. Jansky, Jr., con-
sulting engineer; Carl E. Smith, WHK; 
and G. F. Leydorf, WLW. 
Phillips Thomas, of the Westinghouse 

Electric and Manufacturing Company, will 
give an interesting demonstration-lecture 
on the evening of February 24. Dr. Thomas 
is well known for his presentation in an 
entertaining manner of scientific material 
and the products of research. 
The conference again will serve as the 

engineering convention of the National 
Association of Broadcasters. The complete 
program has been arranged with the ad-
vice and assistance of L. C. Smeby, its 
director of engineering. This year the In-
stitute of Radio Engineers also will act as 
a co-operating organization. 
The scope of the subjects offered by the 

conference is such that the engineers in 
many activities, such as airway and police 
communication, general receiver and labo-
ratory development, and the military serv-
ices, will find it of interest. All are welcome. 
Correspondence regarding the conference 
should be addressed to the Director, Dr. 
W. L. Everitt, Ohio State University, 
Columbus, Ohio. 
A list of the subjects to be considered 

in the order in which they are introduced 
during the conference follows. The "Trans-
mitter Maintenance Round Table" will be 

CONVENTION GUESTS FROM BUENOS AIRES 
Four members of our Buenos Aires Section attended the Winter Convention. 

In the above photograph are (left to right) LeRoy Simpson, Archie M. Stevens, 
Adolpho T. Cosentino, and Luis Guarafia. Mr. Cosentino is the retiring vice-
president of the Institute, a past chairman of the Buenos Aires section, and 
chief of radio communications of Argentina. Mr. Stevens, also a past chairman 
of the Buenos Aires section, is manager of the Compania Internacional de Radio 
Argentina. Mr. Simpson, secretary of the section, and Mr. Guarafla are on the 
engineering staff of the RCA of Argentine. 
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continued on February 25 and the round 
table on "Broadcast Station Operation 
during Wartime" will carry over to Febru-
ary 26 and 27. 

Monday, February 23 

"Communications in Nation Defense," 
E. K. Jett. 

"Emergency  Operation  of  Broadcast 
Transmitters," 0. W. Towner. 

Tuesday, February 24 

"Engine-Driven  Emergency  Power 
Plants," Karl Trocglen. 

"Mobile Frequency Modulation," D. E. 
Noble. 
Transmitter Maintenance Round Table," 
Charles Singer, chairman. 

Wednesday, February 25 

"Broadcast-Station  Operation  during 
Wartime," L. C. Smeby, chairman of 
the round table, and F. A. Cowan, J. 
D'Agostino, R. F. Guy, H. V. Howard, 
and A. D. Ring. 

"Round Table on Training of Engineers 
and Technicians," W. L. Everitt, chair-
man, and C. M. Jansky, Jr., G. F. Ley-
dorf, and Carl E. Smith. 

Thursday, February 26 

"Wartime Broadcast Experiences in Eng-
land," G. C. Gross. 

"Recording Standards," H. A. Chinn. 

Friday, February 27 

"Studio-Transmitter Links and  High-
Frequency Antennas," J. H. DeWitt, Jr. 

"Alert Calling System," A. F. Van Dyck. 

On Tuesday evening, February 24, a 
popular scientific lecture will be given by 
Dr. Thomas. The banquet will be held on 
Thursday, February 26. 

Winter Convention  
The winter convention was held in New 

York City on January 12, 13, and 14, 1942. 
Headquarters was at the Hotel Commo-
dore. There were 1753 men and 37 women 
registered during the three days. This at-
tendance is within a dozen or so of the 
previous peak registration which occurred 
in 1938. A list of the papers presented at 
the convention follows. 

Monday, January 12 

"The Mobilization of Science with Special 
Reference to Communication," by F. B. 
Jewett, President, National Academy of 
Sciences; Member, National Defense 
Research Committee of the Office of 
Scientific Research and Development. 

"Half a Year in Commercial Television," 
by Noran E. Kersta, National Broad-
casting Company, Inc., New York, N.Y. 

"Automatic Radio Relay Systems for Fre-
quencies Above 500 Megacycles," by J. 
Ernest Smith, R. C. A. Communica-
tions, Inc., New York, N. Y. 

"Loop Antennas for Aircraft," by George 
F. Levy, United Air Lines Transport 
Corporation, Chicago, Ill. 

"Simultaneous Aural and Panoramic Re-
ception," by Marcel Wallace, Panoramic 

Radio Corporation, New York, N. Y. 
(Demonstration.) 

"Color Television," by P. C. Goldmark, 
J. N. Dyer, E. R. Piore and J. M. Holly-
wood, Columbia Broadcasting System, 
New York, N. Y. (Demonstration.) 

Tuesday, January 13 

"How to Prepare Technical Papers for 
Publication," by B. Dudley, Managing 
Editor, Electronics, McGraw-Hill Pub-
lishing Company, New York, N. Y. 

"The Use of Vacuum Tubes as Variable 
Impedence Elements," by H. J. Reich, 
University of Illinois, Urbana, Ill. 

"A Wide-Range, Linear, Uhambiguous, 
Electronic  Phasemeter,"  by  J. E. 
Shepherd, formerly Harvard Univer-
sity, Cambridge, Mass. 

"Variable-Frequency Bridge-Stabilized Os-
cillators," by W. G. Shepherd and R. 0. 
Wise, Bell Telephone Laboratories, Inc., 
New York, N. Y. 

"Space-Charge Relations in the Magnetron 
with Plane Electrodes," by E. U. Con-
don, Westinghouse Electric and Mfg. 
Co., East Pittsburgh, Pa. 

"Bioelectric Research Apparatus," by 
Harold Goldberg, formerly University 
of Wisconsin, Madison, Wis.; now, 
Stromberg-Carlson Telephone Manu-
facturing Company, Rochester, N. Y. 

"The Dynetric Balancing Machine," by 
H. P. Vore, Westinghouse Electric and 
Manufacturing Company, Baltimore, 
Md. 

"Ionospheric Investigations at Huancayo 
Magnetic Observatory (Peru) with Ap-
plications to Wave-Transmission Con-
ditions," by H. W. Wells, Carnegie In-
stitution of Washington, Washington, 
D. C. 

Wednesday, January 14 

"Modern Techniques in Broadcasting," by 
J. V. L. Hogan, Interstate Broadcasting 
Company, Inc., New York, N. Y. 

"Modern Developments in Electronics," 
by B. J. Thompson, RCA Manufactur-
ing Company, Harrison, N. J. 

"Demonstration of Facsimile Equipment," 
by J. H. Hackenberg, Western Union 
Telegraph Company, New York, N. Y. 

"The Fort Monmouth Laboratory of the 
Signal Corps," by Lieutenant Colonel 
Rex V. D. Corput, Jr., United States 
Pp-my, Fort Monmouth, N. J. 

"Note on the Sources of Spurious Radia-
tions in the Field of Two Strong Sig-
nals," by A. J. Ebel, WILL, University 
of Illinois, Urbana, Ill. 

"RCA 10-Kilowatt Frequency-Modulated 
Transmitter," by E. S. Winlund and 
C. S. Perry, RCA Manufacturing Com-
pany, Inc., Camden, N. J. 

"A Stabilized Frequency-Modulation Sys-
tem," by R. J. Pieracci, Collins Radio 
Company, Cedar Rapids, Iowa. 

"The Absolute Sensitivity of Radio Re-
ceivers," by D. 0. North, RCA Manu-
facturing Company, Inc., Harrison, N. J. 

"An Analysis of The Signal-to:Noise Ratio 
of Ultra-High-Frequency Receivers," by 
E. W. Herold, RCA Manufacturing 
Company, Inc., Harrison, N. J. 

"A New Direct Crystal-Controlled Oscil-
lator  for  Ultra-Short-Wave  Fre-
quencies," by W. P. Mason and I. E. 

Fair, Bell Telephone Laboratories, Inc., 
New York, N. Y. 

"An Ultra-High-Frequency Two-Course 
Radio Range with Sector Identifica-
tion," by Andrew Alford and A. G. 
Kandoian, International Telephone and 
Radio Laboratories, New York, N. Y. 

It should be noted that preprint copies 
of these papers are not available from the 
Institute. It is hoped that most of them 
will appear in the PROCEEDINGS during 
the next several months but there is no as-
surance that this will occur. 
As a result of conditions beyond Insti-

tute control, both of the inspection trips 
which had been arranged for the men were 
cancelled. 
The banquet, which was attended by 

250 members and guests, commemorated 
the thirtieth anniversary of the founding 
of the Institute in 1912. A roll call of past 
presidents was well answered. 
The Institute Medal of Honor was pre-

sented to Dr. A. Hoyt Taylor by President 
Van Dyck. 
Diplomas were presented to the follow-

ing newly elected Fellows: Wilmer L. Bar-
row, George H. Brown, Geoffrey Builder, 
Adolph B. Chamberlain, Ellsworth D. 
Cook, Hugh S. Knowles, Warren P. 
Mason, Harold 0. Peterson, and George C. 
Southworth. 
Retiring  Vice-President  Adolfo T. 

Cosentino devoted his remarks chiefly to 
the problems of establishing intercon-
nected broadcast networks throughout the 
Americas. 
An address on "Radio's Expanding 

Role in International Affairs" was given 
by Donald Francisco, Director of Com-
munications of the Office of the Co-ordina-
tor of Inter-American Affairs. 
President Van Dyck read the following 

message which was forwarded by Pedro 
Noizeux, chairman of the Buenos Aires 
section: 
"The Buenos Aires Section of the Insti-

tute of Radio Engineers, appreciating the 
vital task that the Institute, and in par-
ticular the members of the home section 
are being called upon to perform in the 
present emergency, wishes to express its 
sympathy with the ideals and sentiments 
of all fellow members assembled at this 
convention and its good will for the con-
tinuance of a widespread collaboration 
towards our common ideals." 

Committee and Section 
Reports 

In the answers to the recent 
questionnaire sent to the member-
ship of the Institute, the members 
indicated their preference for more 
space devoted to papers. The member-
ship approved reduction in space de-
voted to other matters, including 
information on section and commit-
tee meetings. 
Accordingly, the new policy de-

sired by the membership has been 
put into immediate force. 
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Section Meetings 
BALTIMORE 

"Development of Radio Range Beacons," 
by W. G. McConnell, Bendix Radio 
Corporation, December 19, 1941. 

"Fluorescent and Phosphorescent Ma-
terials," by B. S. Ellefson, Hygrade 
Sylvania Corporation, January 16, 1942. 

BUFFALO- NIAGARA 

"Frequency Modulation," by Lee Mc-
Canne, Stromberg-Carlson Telephone & 
Manufacturing Company, January 21, 
1942. 

CHICAGO 

"A Practical Analysis of Noise Suppression 
in Frequency-Modulation Systems," by 
H. J. Reich, University of Illinois, No-
vember 21, 1941. 

"Zenith Radio's New 50-Kilowatt Fre-
quency-Modulation Transmitter," by 
J. E. Brown, Zenith Radio Corporation, 
November 21, 1941. 

"Impedance Measurements From 1 to 100 
Megacycles," by R. F. Field, General 
Radio Company, December 5, 1941. 

"Radio in Illinois State Police," by A. 
Dodman, Illinois State Police, Decem-
ber 12, 1941.  - 

"Fundamental Considerations in Wave-
Filter Design," by W. L. Everitt, Ohio 
State University, December 12, 1941. 

CINCINNATI 

"Application of Permeability-Tuned Cir-
cuits," by J. R. Gelzer, Crosley Corpora-
tion, December 16, 1941. 

CLEVELAND 

"The Recording of Transients," by S. J. 
Begun, Brush Development Company, 
December 19, 1941. 

CONNECTICUT VALLEY 

"The Simplified Design of Resistance-
Coupled Amplifiers," by F. E. Terman, 
Stanford University, November 6, 1941. 

"The Design of Inverse Feedback Sys-
tems With Particular Reference to the 
Problem of Avoiding Oscillations with 
Large Amounts of Feedback," by F. E. 
Terman, Stanford University, Novem-
ber 6, 1941. 

"Recent Advances in Recording Systems," 
by S. K. Wolf, Acoustic Consultants, 
Inc., December 18, 1941. 

DALLAS-FORT W ORTH 

"Modern Conception of Acoustical De-
sign," by C. P. Boner, University of 
Texas, December 30, 1941. 

DETROIT 

"Frequency Modulation as Applied to 
Mobile Communication Systems," by 
D. E. Noble, Galvin Manufacturing 
Company, November 21, 1941. 

"Radio Aids in Aerial Navigation," by 
F. F. Preston, Avigation Instrument 
Corporation, December 19, 1941. 

EMPORIUM 

"Some Studies of Chemical Reactions in 
Vacuum," by L. A. Wooten, Bell Tele-
phone Laboratories, December 4, 1941. 

"Industrial Standardization Activities in 
Wartime," by P. G. Agnew, American 
Standards Association," December 18, 
1941. 

Los ANGELES 

"Frequency-Modulation Station Coverage 
with Particular Reference to K45LA," 
by F. M. Kennedy, Don Lee Broadcast-
ing System, November 18, 1941. 

"Experience With the Tuning of a Western 
Electric Frequency-Modulation Trans-
mitter; Transmission Line and Matching 
Sections Feeding a Four-Bay Turnstile 
Antenna," by R. C. Moody, Don Lee 
Broadcasting System, November 18, 
1941. 

"Design and Construction of Dividing 
Networks for Loudspeaker Systems," by 
C. Campbell, Altec-Lansing Corpora-
tion, December 16, 1941. 

"Design of Audio-Frequency Transform-
ers," by E. 0. Woodward, Hollywood 
Transformer Company, December 16, 
1941. 

M ONTREAL 

"CBS International Broadcast Facilities," 
by A. B. Chamberlain, Columbia Broad-
casting System, November 28, 1941. 

"Improved  Insulators  for  Broadcast, 
Radio Range, and High-Power Low-
Frequency Stations," by A. 0. Austin, 
December 3, 1941. 

"Ultra-High-Frequency Antennas," by G. 
H. Brown, RCA Manufacturing Com-
pany (Camden), January 21, 1942. 

NE W ORLEANS 

"Fundamentals of Acoustics," by G. C. 
Kerr, Taylor-Seidenbach, Inc., Novem-
ber 14, 1941. 

PHILADELPHIA 

"Human Engineering," by F. J. Chester-
man, Bell Telephone Company of Penn-
sylvania, January 12, 1942. 

PITTSBURGH 

"Wire Transmission of Radio Programs" 
by R. T. Griffith, Bell Telephone Com-
pany, December 8, 1941. 

PORTLAND 

"The KGW Directional Antenna," by 
H. C. Singleton, KGW-KEX, December 
10, 1941. 

SAN FRANCISCO 

"KWID—A New 100-Kilowatt Interna-
tional Broadcasting Station," by F. R. 
Brace and A. Towne, KSFO, December 
10, 1941. 

TORONTO 

"The Manufacture of Phonograph Rec-
ords," by B. Graham, Sparton of 
Canada, Ltd., January 12, 1942. 

W ASHINGTON 

"Selenium-Rectifier Applications in Vital 
Industries," by J. E. Yarmack, Inter-
national Telephone and Radio Manu-
facturing Corporation, January 12, 1942. 
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FRANK CONRAD 1874-1941 

Frank Conrad, assistant chief engi-
neer of the Westinghouse Electric and 
Manufacturing Company, died on De-
cember 10, 1941, in Miami, Florida. 
Born in Pittsburgh, Pennsylvania, 

in 1874, his formal education termi-
nated with the completion of the seventh 
grade in grammar school. 
He entered the employ of the West-

inghouse Electric and Manufacturing 
Company in Pittsburgh in 1890 as an 
assistant in the shops manufacturing 
ampere-hour meters. Seven years after 
leaving school, he developed the round-
type electric meter which is now in gen-
eral use. 
His attention was directed to radio 

as a means of obtaining accurate time 
signals. Full amateur activities then en-
sued and 8XK was built. 
His interest in radiotelephony re-

sulted in the establishment of KDKA 
to provide a broadcast service to the gen-
eral public. Its initial broadcast on 
November 2, 1920, featured returns on 
the presidential election. 
During fifty-one years of activity 

with the Westinghouse Company, there 
were granted to Dr. Conrad over two 
hundred patents. Many of his inven-
tions were unrelated to radio and in-
clude lightning arresters, circuit break-
ers, electric clocks, arc lamps, automobile 
electric systems, and electric-trolley ap-
paratus. In 1921 he was made assistant 
chief engineer of the company. 
In 1928, an honorary doctorate in 

science was conferred on him by the 
University of Pittsburgh. The American 
Institute of Electrical Engineers pre-
sented to him its Edison Medal in 1931 
and its Lamme Medal in 1936. The 
John Scott Medal of the City of Phila-
delphia was given to him in 1933 and 
the Gold Medal of the American Insti-
tute of the City of New York in 1940. 
Dr. Conrad joined the Institute of 

Radio Engineers as a Member in 1917, 
transferring to Fellow ten years later. 
He received the Morris Liebmann Me-
morial Prize in 1925 for his early work 
in connection with high-frequency radio 
transmission. Ile served as vice-presi-
dent during 1927. 
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Membership 
The following indicated admissions and 

transfers of memberships have been ap-
proved by the Admissions Committee. Ob-
jections to any of these should reach the 
Institute office by not later than February 
28, 1942. 

Transfer to Member 
Aiya, S. V. C., Poona No. 4, India 
Canon, H. B., 1523 Woodbine Ct., Deer-

field, 
Davis, G. C., 501-507 Munsey Bldg., 

Washington, D. C. 
Gebhard, L. A., Naval Research Labora-

tory, Anacostia Station, Wash-
ington, D. C. 

Herrick, R. H., 1033 W. Van Buren St., 
Chicago, Ill. 

Hoffman, R. B., 36 S. Munn Avenue, East 
Orange, N. J. 

Hood, J. T., 4816 N. Ill. Street, Indianapo-
lis, Ind. 

Labin, E., 25 Fifth Avenue, New York, 
N.Y. 

Sykes, R. A., 180 Varick St., N. Y. C. 
Wesser, C. H., 3441 21st St., Wyandotte, 

Michigan 

Admission to Member 
Aboussleman, W., 122 Woodlawn Ave., 

Collingswood, N. J. 
Anderson, H. V., Radio Station WJBO, 

444 Florida St., Baton Rouge, La. 
Boswau, H. P., 2447 E. Erie Ave., Lorain, 

Ohio 
Chesnut, R. W., 463 West St., N. Y. C. 
Condon, E. U., Westinghouse Research 

Labs., East Pittsburgh, Pa. 
Davis, R. J., Towson and Morris Ave., 

Lutherville, Md. 
Ferguson, J. G., 463 West St., N. Y. C. 
Kendall, Burton W., 463 West St., N. Y. C 
Licuanan, F. H., Jr., 28 Alfonso XIII, San 

Juan, Rizal, Philippines 
Mathes, R. C., 463 West St., N. Y. C. 
Sherman, J. M., 5033 Portland Ave., S. 

Minneapolis, Minn. 
Sweeney, C. P., 16 Jackson Ave., Chat-

ham, N. J. 
Wagner, W. J., Box 1040, Anchorage, 

Alaska 
Whitney, M. E., 308 Corinthian Ave., 

Willow Grove, Pa. 
Young, M. G., University of Delaware, 

Evans Hall, Newark, Del. 

The following indicated admissions and 
transfers of memberships were approved 
by the Board of Directors. 

Transfer to Fellow 
Barrow, W. L., Massachusetts Institute of 

Technology, Cambridge, Mass. 
Brown, G. H., RCA Mfg. Co., Camden, N. J. 
Builder, G., Amalgamated Wireless Aus-

tralasia, Ltd., 47 York St., Syd-
ney, N. S. W., Australia 

Chamberlain, A. B., Columbia Broadcast-
ing System, Inc., 485 Madison 
Ave., N. Y. C. 

Cook, E. D., General Electric Co., 1 River 
Rd., Schenectady, N. Y. 

Knowles, H. S., Jensen Radio Mfg. Co., 
6601 S. Laramie Ave., Chicago, 

Mason, W. P., Bell Tel. Labs., 463 West 
St., N. Y. C. 

Peterson, H. 0., R. C. A. Communica-
tions, Inc., 66 Broad St., N.Y. C. 

Southworth, G. C., Bell Telephone Labs., 
463 West St., N. Y. C. 

Transfer to Member 
Pox, R. A., 1311 Terminal Tower, Cleve-

land, Ohio 
Leonard, S. E., 2651 Kerwick Rd., Uni-

versity Heights, Cleveland, Ohio 
Pierce, R. M., 1080 Sylvan Ave., Cleve-

land, Ohio 
Scott, H. J., Dept. of E E, University of 

California, Berkeley, Calif. 
Sear, A. W., 1285 Boston Ave., Bridgeport, 

Conn. 
Smeby, L. C., 4801 Conn. Ave., Washing-

ton, D. C. 
Troeglen, K., 646 Grandview, Topeka, 

Kans. 

Admission to Member 
Busignies, H.. G., 742 Burns St., Forest 

Hills, L. I., N. Y. 
Dumeresque, J. S., 19 E. 98th St., New 

York, N. Y. 
Hoover, P. L., Case School of Applied Sci-

ence, Cleveland, Ohio 
Loughridge, D. H., University of Washing-

ton, Seattle, Wash. 
Quarles, L. R., Proffit, Va. 
Quale, J. C., Grassendale, Manley, Helsby, 

via Warrington, Lancs, England 
Smith, F. W., 5 Sullivan Rd., Easton, Pa. 
Van Atta, L. C., 79 Wildwood St., Win-

chester, Mass. 

Admission to Associate 
Adair, G. P., 101 Allegheny Ave., Takoma 

Park, Md. 
Adams, H. E., 4500 Sutherland Ave., In-

dianapolis, Ind. 
Alagna, G. I., 179 S. Oxford St., Brooklyn, 

N. Y. 
Amatneek, K., 17 Union Square West, 

N.Y. C. 
Anderson, N. J., Fayson Lakes, Butler, 

N. J. 
Atwater, C. K., 340 N. Fullerton Ave., 

Upper Montclair, N. J. 
Bady, I., Myrtle Ave., Eatontown, N. J. 
Baird, G. H., Box 676, Clarendon, Tex. 
Barnes, R. R., 1365 Cass Ave., Room 1512, 

Detroit, Mich. 
Beauchemin, A. K., State Police Barracks, 

Station K, Colchester, Conn. 
Bender, J. H., 200 Franklin St., Bloom-

field, N. J. 
Benham, M. J., RCA Institutes, Inc., 1154 

Mdse. Mart, Chicago, Ill. 
Berkoff, S., 1920 Harrison Ave., Bronx, 

N.Y. C. 
Best, N. R., 3925 Pennsylvania Ave., S. E., 

Washington, D. C.  - 
Bonner, A. L., Room 1026, 180 Varick St., 

N.Y. C. 
Bradford, R. C., 26 Carew Rd., Hamden, 

Conn. 
Bressler, J. J., 25 Dongan Pl., N. Y. C. 

Brooks, P. J., 934 Chew St., Allentown, Pa. 
Broomfield, J. L., 496 Milton Rd., Rye, 

N.Y. 
Browne, J. H. B., P.O. Box 1515, Kelowna, 

B. C. 
Brubaker, G. P., Jr., 533i Kelton Ave., 

West Los Angeles, Calif. 
Burbage, G. H., 1320 Fairmont St., N. W., 

Washington, D. C. 
Burkert, J. W., 5414 N. Fairhill St., Phila-

delphia, Pa. 
Burnight, T. R., 144 Forrester St., S. W., 

Washington, D. C. 
Carpenter, F. H., 317 E. Dixon Ave., Day-

ton, Ohio 
Carter, G. E., Jr., c/o Hygrade Sylvania 

Corp., Loring Ave., Salem, Mass. 
Chalmers, E. D., Radio Dev. Lab., Strom-

berg-Carlson, Rochester, N. Y. 
Cheeks, J. A., 2300 Fairdale Ave., Cleve-

land, Ohio 
Chromak, L. P., 611 W. 148th St., N. Y. C. 
Coffman, B. C., 25 Park St., Montclair, 

N. J. 
Colosi, A., 420 Fayette St., Washington, 

Pa. 
Comber, C. T. T., Oficina 630, Plaza Con-

stitucion F.C.S., Buenos Aires, 
Argentina 

Copp, W. C., P.O. Box 252, Closter, N. J. 
Crosby, C., 16 Chauncy St., Cambridge, 

Mass. 
Cosmas, A., 56 Beechknoll Rd., Forester 

Hills, N. Y. 
Courtad, R. V., 14522 Superior Rd., Cleve-

land Heights, Ohio 
Craig, LeRoy, H., Little Silver Pt. Rd., 

Little Silver, N. J. 
Cramer, K. H., 239 Alameda St., Klamath 

. Falls, Ore. 
Crawford, J. D., U. S. S. Idaho, c/o Post-

master, New York, N. Y. 
Curl, G. H., 6622 Broad St., Brookmont, 

Station A, Washington, D. C. 
Cushing, P., Fayson Lakes, Butler, N. J. 
D'Acre, F. G., 4410 Van Buren St., Hyatts-

ville, Md. 
Daspit, J. I., Loyola University, 6363 St. 

Charles Ave., .New Orleans, La. 
Davis, D. W., U. S. Naval Academy, An-

napolis, Md. 
Davis, J. C., 910 N. Jefferson St., Albany, 

Ga. 
Davis, M. F., 3972 Nichols Ave., S. W., 

Washington, D. C. 
Della'Rocco, M., U. S. Naval Research 

Laboratory, Anacostia Station, 
D. C. 

del Valle, A. P., P.O. Box 857, San Juan, 
P. R. 

Dezettel, L. M., 6329 N. Magnolia Ave., 
Chicago, Ill. 

Donoghue, J. J., 1411 Monroe St., N. E., 
Washington, D. C. 

Duff, J. E., R.D. 7, N. Canton, Ohio 
DuVal, M. V., Hampton House, 219-46 

93rd Ave., Queens Village, N. Y. 
Engelmann, H. F., Naval Research Labo-

ratory, Washington, D. C. 
Engels, V. A., 2347 S. St., S. E., Washing-

ton, D. C. 
Fairweather, B. A., 180 Varick St., Room 

1125, N.Y. C.  • 
Fott, L. D., 225 E. 31st St., N. Y. C. 
Friedman, M., 6030 Christian St., Phila-

delphia, Pa. 
French, H. E., River Rd., Carlisle, Mass. 
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Fry, W. J., Naval Research Laboratory, 
Washington, D. C. 

Garrett, E. T., 808 Union Ave., Belleville, 

Gleason, C. H., 807 Maryland, Columbia, 
Mo. 

Grandmont, P. E., 141 Berkeley Ave., 
Bloomfield, N. J. 

Gray, C. M., 308 Customhouse, New 
Orleans, La. 

Gregory, L. W., 2519 Wilkens Ave., Balti-
more, Md. 

Hafely, C. H., 8083 88th Ave., Wood-
haven, N. Y. 

Hamilton, G. E., 602 S. Vine St., Urbana, 

Hanley, T. E., 4029 1st SW, Washington, 
D. C. 

Hanson, C. F., 463 West St., N. Y. C. 
Harris, F., Naval Research Laboratory, 

Washington, D. C. 
Hickman, D. H., 16 S. Clayton St., Wil-

mington, Del. 
Holi, F., Bell Telephone Laboratories, 180 

Varick St., N. Y. C. 
Hollweck, F. J., 3424 B St., S. E., Washing-

ton, D. C. 
Hopkins, G. C., 116 Tuthill St., Port 

Jefferson, N. Y. 
Hornickel, H. C., c/o Frost, Broad St., 

Shrewsbury, N. J. 
Hewitt, C. D., 60 Harmon St., Hamden 

Conn. 
Houston, C. E., 1811 McDuffie, Houston, 

Texas 
Hubbard, L. 0., 3005 N. Washtenaw, Chi-

cago, Ill. 
Huetten, C., 3 Woodland Dr., Indianapo-

lis, Ind. 
Huffman, E. B., R.F.D. 4 Box 659-D, 

Akron, Ohio 
Humphreys, T. I., 3937 Nichols Ave., 

S. E., Washington, D. C. 
Hunter, H., Canadian Westinghouse Co., 

Ltd., Hamilton, Ontario 
Ingham, R. M., Jr., 4929 Graceland Ave. 

Indianapolis, Ind. 
Ittelson, R. W., 1845 Emerson Ave., Day-

ton, Ohio 
Jacobson, T. E., 1 Kircher Pl., Belleville, 

Jensen, L. J., 7049 The Paseo, Kansas City, 
Mo. 

Johnson, H. R., 200f Stevenson St., Mont-
gomery, Ala. 

Johnson, R. Y., 840 S. Canal St., Chicago, 

Johnston, H. M., 1309 W. Elizabeth St., 
Brownsville, Tex. 

Jones, M. C., 421  3rd Ave., Haddon 
Heights, N. J. 

Jorgenson, T. 0., WEAU Transmitter 
R R 1, Eau Claire, Wis. 

Jucius, S. W., 1904 S. 50th Ave., Cicero, 
I11. 

Judkins, L. G., 4625 Terrace St., Kansas 
City, Mo. 

Kaye, P., 1025 Linwood Ave., St. Paul, 
Minn. 

Kezer, C. F., 1426 21st St., N. W., Wash-
ington, D. C. (Transfer) 

Klentz, L. M., 1043 Pennfield Rd., Cleve-
land Heights, Ohio 

Kilpatrick, E. L., 5225 1 1 th Rd. North, 
Arlington, Va. 

Koch, J. S., 129 Lehigh Ave., Newark, 
N. J. 

Koether, G. H., Jr., Severna Pk., P. 0. 
Round Bay, Md. 

Krause, E. H., Naval Research Labora-
tory, Anacostia, D. C. 

Kyle, J. W., 2707 Kenwood Ave., Rich-
mond, Va. 

Kusack, W. P., 1640 Chase Ave., Chicago, 

Labin, E., Herrera, 527, Buenos Aires, Ar-
gentina 

I.ee, P. H., 252 Genesee Park Dr., Syra-
cuse, N. Y. 

Lemmo, T. J., 23 Carew Terr., Springfield, 
Mass. 

Lippert, H. B., 164 Alpine Ave., Bridge-
port, Conn. 

Lerch, Q. A., 415 W. Broadway, Port 
Jefferson, L. I., N. Y. 

Lind, P. C., 720 33rd Ave. S., Seattle, 
Wash. 

Logan, G. R., 254 St. James St., St. John 
New Brunswick, Canada (Trans-
fer) 

Lovering, C. B., Jr., U. S. Naval Radio 
Station, Winter Harbor, Me. 

Lowe, P. E., 511 Clinton Ave., Bridgeport, 
Conn. 

Lyons, E. F., 2115 Dorchester Dr., Okla-
homa City, Okla. 

MacConnell, C. W., 55 Columbus Ave., 
Southbridge, Mass. 

MacLean, W., 256 Henry St., Brooklyn, 
N.Y. 

Maguire, J. C., 4400 Alice Ave., Austin, 
Tex. 

Magnusson, P. C., 1852 Mintwood Pl., 
Washington, D. C. 

Mansfield, E. E., Jr., 125 Main St., Ni-
agara Falls, N. Y. 

Martin, N. F., 1014 E. Rudisill Blvd., Fort 
Wayne, Ind. 

McBrair, H. C., 150 E. Pierrepont Ave., 
Rutherford, N. J. 

McComb, C. T., 2059 38th St., S. E., 
Washington, D. C. 

McCurdy, G. E., 1338 Quellette Ave., 
Windsor, Ontario, Canada 

McDonough, D. M., 4116 N. 19th St., 
Tacoma, Wash. 

McFarren, L. E., 73 N. Ewing St., Indian-
apolis, Ind. 

McKee, L. H., 58-25 Little Neck Pkwy., 
Little Neck, N. Y. 

McKnight, G. P., 214 Columbus, St. 
Marys, Pa. 

Merkle, W. W., 103 E. Coulter Ave., Col-
lingswood, N. J. 

Mercer, W. R., 135 White Horse Pike, 
West Collingswood, N. J. 

Meth, I., 612 Marcy Ave., Brooklyn, N. Y. 
Meyer, M. A., 280 Delaware Ave., Day-

ton, Ohio (Transfer) 
Miles, J. M., 142 Chesapeake St., S. W., 

Washington, D. C. 
Monfon, L., 1455 W. 63rd St., Chicago, Ill. 
Moon, R. B., Brooklandville, Md. 
Mostrom, R. A., 23 Trask St., Denvers, 

Mass. 
Motta, N., 45 Belvidere St., Nazareth, Pa. 
Moyer, G. W., R.R. 10 Box 60 Indianapolis, 

Ind. 
Murphy, 0. R., 1200 Belleforte Ave., Oak 

Park, Ill. 
Newson, J. V., #260, A.M.E.S., R.A.F., 

M.E. Forces 
Noble, J. C., Rt. 8, Box 492-A, Dayton, 

Ohio 

O'Connor, A. P., 151 W. 32nd St., Los 
Angeles, Calif. 

Ogas, M. J., University of New Mexico, 
Box 91, Albuquerque, N. M. 

Ostheimer, E. J., 43-28 55th St., Woodside, 
L. I., N. Y. 

Packard, G. N., 463 West St., N. Y. C. 
Packmann, E. N., Cangallo 2550, Buenos 

Aires, Argentine 
Palmquist, J. F., 3807 Somerset Dr., Los 

Angeles, Calif. 
Paulsen, J. F., 1263 Sussex Rd., West 

Englewood, N. J. 
Paulson, C. N., 334 King St., E., Kingston, 

Ontario 
Perry, H. G., 720 8th St., Hermosa 

Beach, Calif. 
Pensak, L., RCA Mfg. Co., Harrison, N. J. 
Peterman, R. S., 313 Reed St., Clearfield, 

Pa. 
Peters, T. A., Radio Station KTRI, Sioux 

City, Iowa 
Pitzer, J. H., 4385 West 212 St., Cleve-

land, Ohio 
Phelps, F. P., National Bureau of Stand-

ards, Washington, D. C. 
Pilling, J., Radio Station CHWK, Chilli-

wack, B. C., Canada 
Popkin-Clurman, C. R., 26 Marlborough 

St., Rockville Center, L. I., N. Y. 
(Transfer) 

Rackle, E. E., 2059 Springhill Ave., Mo-
bile, Ala. 

Rawlings, H. L., 1403 Maple Row, Elk-
hart, Ind. 

Reinsmith, G. M., 1757 Easter Pkwy, 
Schenectady, N. Y. 

Rhodes, H. E., 4828 N. Illinois, Indianapo-
lis, Ind. 

Roberts, F. F., P.O. Radio Laboratories, 
Palace of Engineer, Wembley, 
Mddx, England 

Robinson, K. H., LTRN Broadcasting Co., 
Houston, Tex. (Transfer) 

Rogers, G. F., Box 65, Coral Gables, Fla. 
Van Rosenbergh, W., 187-50-115th Rd., 

St. Albans, N. Y. 
Ruplenas, R. J., c/o General Radio Co., 

36 State St., Cambridge, Mass. 
Sabaroff, S., 5003 C St., Philadelphia, Pa. 
Sampson, R. T., 863 Cocton Ave., San 

Bernardino, Calif. 
Sanders, R. W., 1302 W. 3rd St., Marion, 

Ind. 
Schwarz, C. J., 3907 N. 25th St., St. Louis, 

Mo. 
Seifert, F. F., PR 7, Box 339, Dayton, Ohio 
Shattuck, J. C., 321 Alesio Ave., Coral 

Gables, Florida 
Shepperd, I. J., 711 N. Carolina Ave., S. E. 

Washington, D. C. (Transfer) 
Shepherd, W. G., 14 W. End Ave., Sum-

mit, N. J. 
Simonis, F. J., N. Y. State Troopers, Troop 

"K," Hawthorne, N. Y. 
Skrivseth, A. G., 176 W. Utica St., Buffalo, 

N.Y. 
Smaha, N. F., c/o Mackay Radio & Tel. 

Co., 22 Battery St., San Fran-
cisco, Calif. 

Smith, C. H., Jr., 1722 19th St., N. W., 
Washington, D. C. 

Sorenson, E., 141-22 73 Terrace, Flushing, 
L. I. 

Spector, S., 165 Park Ave., E. Orange, N. J. 
Stafford, H., 5526 E. Michigan St., Indian-

apolis, Ind. 



Stair, R., 5068 Sherrier Pl., N. W., Wash-
ington, D. C. 

Stenzel, E. R., 71 College Ave., Flourtown, 
Pa. 

Stephenson, H. B., 102 Byron Ave., Ken-
more, N. Y. 

Strahlman, R. H., 109 Linden Ave., Irv-
ington, N. J. 

Sturdy, E. W., 1471 Crest Dr., Los Ange-
les, Calif. 

Thoman, C. A., Jasamine St., West Co-
lumbia, S. C. 

Thomason, J. F., 3411 A. St., S. E., Wash-
ington, D. C. 

Thompson, E. 0., 412 Wischman Ave., 
Oreland, Pa. 

Thompson, T., R.F.D. 5, Box 85, K S. 
Perkins Rd., Memphis, Tenn. 

Torsch, C. E., 6925 Collins Ave., Mer-
chantville, N. J. 

Tourshou, S., 1716 Spring Garden St., 
Philadelphia, Pa. 

Contributors 

Triman, E. L., 6 North Hamlin, Chicago, 

Trowbridge, F., 5755 N. Maplewood Ave., 
Chicago, Ill. 

Turner, J. S., c/o CAA Box 1699 Forth 
Worth, Tex. 

Urlovic, W. C., 1358 E. 28th St., Oakland, 
Calif. (Transfer) 

Vacca, R. H., 45 Waverley St., Brighton, 
Mass. 

Varone, R. A., 256 White Horse Pike, 
Audubon, N. J. 

Veilleux, T. A., 1453 Fairmont St., NW., 
Washington, D. C. 

Walker, J. R., 12757 Terry, Detroit, Mich. 
Wallace, E. B., 122 Orchard St., Rocky 

Hill, Conn. 
Welch, A. M., Trenton, Western Ave., 

Cardiff, S. Wales, Great Britain 
West, H. E., 1306 N. Rural St., Indianapo-

lis, Ind. 

Whittier, L. G., 103 Aycrigg Ave., Passaic, 
N. J. 

Williams, M. A., 1504 E. Broadway, Long 
Beach, Calif. 

Williams, W. D., P.O. Box 473, Miami 
Springs, Fla. 

Willson, J. E., 605 N. Linwood, Indianapo-
lis, Ind. 

Wilson, Roger T., 154 Chesapeake St., 
S. W., Washington, D. C. 

Winter, H. F., Bell Tel. Labs., 180 Varick 
St., N. Y. C. 

Wolfe, H., 10415 McCormick St., N. 
Hollywood, Calif. 

Wolff, H. R., 3 Woodland Dr., Indianapo-
lis, Ind. 

Wylie, T. C., R.R. 1, Glencoe, Ontario, 
Canada 

Young, L. L., Rocky Point, N. Y. 
Yung, C. F., Box 302, Westport, Conn. 
Zuschlag, T., 1108 Magnolia Rd., West 

Englewood, N. J. 

A. James Ebel (J'33-A'35) was born on 
May 30, 1913, at Waterloo, Iowa. He re-
ceived his A.B. degree in 1937 from the 
University of Iowa, and has continued 
graduate study from 1937 to date at the 
University of Illinois. He was an engineer 
at radio station KFJB, Marshalltown, 
Iowa, in 1930; KJDE, Fergus Falls, Min-
nesota in 1931; and at WMT, Cedar 
Rapids, Iowa from 1932 to 1937. Since 
March, 1937, he has been employed as 
chief engineer of the University of Illinois 
Radio Service, WILL, in Champaign, Illi-
nois. Mr. Ebel is a member of Sigma Xi. 

E. W. Herold (A'30-M'38) was born 
on October 15, 1907, in New York City. 
He received the B.Sc. degree from the 
University of Virginia in 1930. From 1924 to 
1925 Mr. Herold was in the engineering de-
partment of the Western Electric Com-
pany; from 1925-1926, Bell Telephone 
Laboratories; and 1926-1929, E. T. Cun-
ningham, Inc. In 1930 he entered the re-
search and engineering department of the 
RCA Manufacturing Company (Harrison) 

A. JAMES EBEL 

E. W. HEROLD 

and is now a member of the research labo-
ratories of that organization. 

Russell R. Law (A'35-M'40) was born 
on January 11, 1907, at Hampton, Iowa. 
He received the B.S. degree in electrical 

romr-

R. R. LAW 

engineering in 1929 and the M.S. degree 
in 1931 from Iowa State College; in 1933 
he received the D.S. degree from the Har-
vard Engineering School. From 1933 to 
1934 he was a research associate in geo-
physics at Harvard University. Since 1934 
Mr. Law has been in the research and 
engineering department of the  RCA 
Manufacturing Company. He is a member 
of Sigma Xi and the American Physical 
Society. 

Roger J. Pieracci (S'40-A'40) was born 
at Yoder, Iowa, on March 19, 1911. He 
received the B.S. degree in electrical en-
gineering from Iowa State College in 1932. 
From 1934 to 1939 he was a member of the 
engineering staff of the Collins Radio Com-
pany, and during 1939-1940 he took a 
year's leave of absence to resume study in 
communication engineering at Ohio State 
University, serving as Graduate Assistant 
to Dr. W. L. Everitt during this period. 
At the present time he is on the engineer-
ing staff of Collins Radio Company, where 
he is carrying on research in the field of 
frequency modulation. Mr. Pieracci is an 
associate member of Sigma Xi. 

ROGER J. PIER,ACCI 
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the SECO 
auto matic 

VOLTAGE  REGULATOR 

THE MODERN A-C LINE VOLTAGE CONTROL 

THIS improved type regulator consists of a thyratron 
tube circuit controlling a motor-driven variable voltage 
transformer. It maintains a constant output voltage with 
variations in input voltage or load current. 

• CORRECTS FOR WIDE RANGE OF INPUT 
VOLTAGES —standard 115 volt units, for example, cor-
rect for input voltage variations of plus and minus 17.5% 
of output voltage. 

• HIGH EFFICIENCY —has the high efficiency 
characteristic of the variable voltage auto-transformer. 

• NO INTERNAL MECHANICAL ADJUSTMENTS 
—does not use a contact-making voltmeter—no critical 
relay adjustments. 

• OUTPUT VOLTAGE AND SENSITIVITY AD-
JUSTABLE over a wide range by means of knobs on front 
panel. 

• NEGLIGIBLE WAVE-FORM DISTORTION —low 
exciting current. 

• LOW COST PER KVA. 

• QUICK RESPONSE—time for full range travel 
is six seconds. 

• OPERATION  NOT  AFFECTED  BY  LOAD 
POWER FACTOR. 

APPLICATIONS 
Maintains correct constant voltage for— 

• Electronic Equipment 
• Electrical Testing 
• Manufacturing Equipment 

• Fluorescent Lighting 

SEND FOR BULLETIN 163 ER 

Available for 115, 230, or 440-volt circuits in capacities up to 75 KVA—single or three phase. 

SUPERIOR ELECTRIC CO. 
170 HARRISON ST. BRISTOL, CONN. 
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Radio  all out for Victory 
Research and invention have placed radio in the first line of battle 

C OMMUNICATION—rapid comniuni-
L, cation—is a vital necessity, on land, at 
sea and in the air. RCA research and engi-
neering developments in both radio and 
electronics are strengthening—and will fur-
ther fortify—the bulwarks of our communi-
cations system. At Princeton, New Jersey, 
the new RCA Laboratories—the foremost 
center of radio research in the world—are 
under construction. 

* * * 
International circuits, operating on short 
and long waves, have made the United 
States the communication center of the 
world. Today, R.C.A. Communications, 
Inc., conducts direct radiotelegraph service 
with 49 countries. 

* * * 
Production of radio equipment is essential 
for news and timely information, for mili-
tary and naval communications, for dis-
semination of news among foreign coun-
tries. The "arsenal of democracy" has a 
radio voice unsurpassed in range and effi-
ciency. In the RCA Manufacturing Com-
pany's plants, workers have pledged them-
selves to "beat the promise," in production 
and delivery dates of radio equipment needed 
for war and civilian defense. 

* * * 
American life and property at sea are being 
safeguarded by ship-and-shore stations. 

The Radiomarine Corporation of America 
has equipped more than 1500 American 
vessels with radio apparatus and is com-
pletely engaged in an all-out war effort. 

* * * 
Radio broadcasting is keeping the Ameri-
can people informed accurately and up-to-
the-minute. It is a life-line of communica-
tion reaching 55,000,000-radio sets in homes 
and automobiles. It stands as the very sym-
bol of democracy and is one of the essential 
freedoms for which America fights. The 
National Broadcasting Company—a service 
of RCA—and its associated stations, are 
fully organized for the coordination of war-
time broadcasting. 

* * * 
New radio operators and technicians must 
be trained for wartime posts. RCA Insti-
tutes, the pioneer radio school of its kind 
in the United States, has more than 1,200 
students enrolled and studying in its New 
York and Chicago classrooms. 

* * * 
When war came and America took its place 
on the widespread fighting front, radio was 
At the Ready. . . with radio men and radio 
facilities prepared to answer the call to duty 
"in the most tremendous undertaking of our 
national history." 

It I. sl DENT 

Radio Corporation oi America 
RADIO CITY, NEW 1 ORK 

The Services of RCA: RCA Manufacturing Co.. Inc. • RCA Laboratories . R.C.A. Communications. Inc. 
National Broadcasting Company. Inc. • Radiomarine Corporation of America • RCA Institutes, Inc. 
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"TO PROVIDE FOR THE CO MMON DEFENSE, TO PRO MOTE THE GENERAL WELFARE" 

Reykjavik off the port bow! 

TONIGHT, somewhere at sea, a man 

i stands on the bridge of a freighter with 

the life line of a nation in his hands. 

He is straining his eyes for sight of 

one of those islands which are our coun-
try's first line of defense. To these islands 
must be transported huge quantities of 
munitions and food. And the only an-
swer is ships, ships, and more ships. 

How is America meeting this tre-
mendous responsibility? You'll get a 
fair idea at such great factories as the 

Westinghouse plant where the machinery 
to drive many of those supply ships is 
being built, or at the huge Westing-
house-operated Maritime Commission 

plant which is now being erected along-

side it. 

The "know how" that works 
24 hours a day 

There, in these factories is a dramatic 

example of how Westinghouse "know 
how" is doing a job for National Defense 

What is this "know how"? It is the 

ability to get things done in the best 
possible way—learned in building prod-

ucts for the general welfare and now 

used in building materials for the com-

mon defense. 

The same skill and ingenuity that 

are building those turbines for the mer-

chant fleet, not long ago built more effi-
cient electric refrigerators and washing 

machines. Again, the research skill that 

developed intricate new radio equip-
ment has found ways of utilizing that 
equipment in important defense work. 

At 17 Westinghouse Divisions, and in 
the plants of more than 300 sub-contrac-
tors, our energies are almost exclusively 

turned to the creation of $400,000,000 
worth of defense materials. It's our way 
of speeding the day when our "know 
how" will be serving you again—in the 

home, the farm, and the factory. 

Westinghouse 
For the Common Defense 

Armor-piercing shot  Bomb fu-
Seadrome lighting equipment  Navy ship t iirbines and 
for planes  gears 

For the General Welfare 
Generators  Motors and Controls 
Electric Refrigerators  Stokers 

only some of the many thousands of Westinghouse products. 
C & MANUFACTURING  CO.,  PITTSBURGH, PENNSYLVANIA 

Cop, 1942. Westinghouse Electric • Manufacturing Co. 

Street Lighting 
Electric Irons 

These lists mention 
WESTINGHOUSE  ELECTRI 

Naval Ordnance 
Airplane generators 
Lighting equipment 

Proceedinys of the I. R. E.  February. 2942 
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TRANSMITTING 
CAPACITORS . . . 

• Yesterday, special or made to order; today, stand-
ard, in regular production, lowered prices, available 
for prompt delivery. That's the story of Aerovox 
transmitting capacitors for transmitting, electronic and 
other extra-heavy-duty services. 

In loose-leaf form, the Aerovox Transmitting Cata-
log is kept right up to date with new pages issued 
from time to time. This handy catalog lists these 
communications-type capacitors in great detail, for 
your convenience. 

Therefore, before you go to the trouble, time and 
expense of ordering s p e ci al  capacitors, be sure you 
check over the Aerovox line. 

Submit Your Problem . . . 
Write on business letterhead for latest catalog. Submit that 
capacitance problem for engineering collaboration, recom-
mendations, specs., quotations. 
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In Canada 
AEROVOX CANADA LTD. 

Hamilton, Ont. 
EXPORT: 100 Varick St., N. Y. 
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THEY CAN HANDLE THE TOUGH JOBS 

The men and women in the Bell System are 
used to meeting emergencies and they are 

trained and equipped to carry on in times of 

special need. For years they have known the 

test of fire, flood and storm. That experience 

stands in good stead in this greatest emergency 

of our time. The Nation is counting on tele-

phone workers to prove faithful to the task and 

they will not fail. Always before them is the 

tradition that the message must go through. 

BELL TELEPHONE SYSTEM . . . SERVICE TO THE NATION IN PEACE AND WAR 
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The ability to design and produce so many specialized 

types in a short time is important. It is, however, only 

a secondary consideration in the selection of Sprague 

Condensers for Defense applications. Far more important 

is the assurance of utmost dependability for each and 

every unit given by Sprague's long record of perform-

ance as a leading supplier to the Radi, Tracl 

Although new condenser mechanical arrangements are some-

times  made  overnight,  basic 

condenser section design and 

resulting dependability are not. 

SPRAGUE 
CONDENSERS —K OOLOH M  RESISTORS 
Quality Components • Expertly Engineered • Co mpetently Produced 

SPRA GUE SPECIALTIES CO MPA NY, N ORTH ADA MS, MASS. 
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A LTIS:  L RHEOSTATS 

nURABILITY to withstand the concus-

sions of big bombs and gunfire, 

dependability under conditions of high 

humidity and other temperature 

extremes, lighter weight construction, 

and faster heat dissipation—these, in 

brief, are the advantages of all-metal 
construction, that have brought IRC 

Rheostats to the fore for War-purpose 

applications. Ask for the IRC Rheostat 

Catalogs Nos. VI and VI-a. 

WRITE FOR THESE 

DATA BULLETINS! Lk  
... . 

INTE R NATIO NAL 

Shatter-proof 
Mechanically 
rugged... 

0,1 

Lighter in weight... 
50% lower temperature rise for 
equal size in other types... 

Available for 200-hour salt-
spray test requirement... 

Designs available for special 
aircraft and ordnance use... 

Made for high- and low-temper-
ature operation... 

25- and 50-watt sizes 

RESIST ANCE CO MPA N Y 
431North Broad Street, Philadelphia, Penna.  fMakers of Resistance Units in More  Types,  Sh apes  and  Sizes,  and  

or More Applications Than Any Other Manufacturer in the World. 
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THE MOST WATCHED-FOR SHIP IN THE WORLD 
depends upon AlSiMag insulation in its communications  equipment - 

4' • 

st CUPP°  
stie "e en aoes %.0•40 

ASIONGTON CALLING 

"Who was on yesterday's 
Clipperi" 

\ T THIS VERY MINUTE in half 
a hundred far-flung countries, 

an American Clippers are help-
ig to shape history. They carry 
le hopes of democracy every-
Ihere that war permits. 

Jpon their prompt arrival hinge 
ecisions and events of world im-
ortance.  Flying Clippers speed 
heir vital cargo of men, mail, 
iaterials and merchandise along 
6,893 miles of scheduled routes. 
Jnder wartime conditions, speed 
nil certainty of communications 
;, more than ever, vital to this 

BUENOS AIRES CALUNG 

"Reserve four seats on 
the first Clipper" 

far-flung network. Only the best 
in insulation will suffice. Every con-
ceivable climatic condition is faced 
in Pan American Clippers linking 
the United States and Europe— 
binding Alaska, North and South 
America together — bringing the 
distant Orient and Australasia 
within days of our shores. 

American Lava Corporation is 
proud that the performance of 
ALSIMAG has led it to be the pre-
ferred insulation in all communi-
cations equipment throughout the 
Pan American Airways System. 

CHICAGO    NE W YORK - ST. LOUIS - LOS ANGELES 

SAN FRANCISCO - BOSTON - PHILADELPHIA - W ASHINGTON. O. C. 

America's Merchant Marine of the Air 
is a DAILY PROVING GROUND for 
ALSIMAG INSULATION 

AMERICAN LAVA CORPORATION • CHATTANOOGA • TENNESSE ) 



FOR TRIPLETT CUSTOMERS ONLY 
Long before the state of emergency 

was proclaimed, the Triplett Company 
was getting ready to do its part in 
building our national security. We knew 
that we must meet important new re-
sponsibilities. At the same time, we felt 
keenly our continuing obligations to our 
customers—old friends with whom we 
have had happy business relations 
through many years. 

We doubled—then tripled—our out-
put to fill the nzeds of our old accounts. 
We added to our production facilities 
... hired many more men ... are work-
ing extra shifts at time-and-a-half. 

All this has not been enough. We 
have been called on to produce more 
and more for national defense. We are 
proud of the job we are doing to help 
meet the emergency, but it is difficult 
not to be able to serve our old friends 
equally as well. In the face of these 
conditions, the Triplett Company has 
adopted these policies "for the dura-
tion." 

FIRST: We will continue to serve you by 
our service to our mutual responsibility 
—the national emergency. 

SECOND: We will continue to do every-
thing we can to fill orders from our regu-
lar customers, even though some deliver-
ies may be temporarily delayed. No busi-
ness from new accounts has been nor 
will be accepted until after our old 
friends have been served, except where 
priorities make it impossible to do so. 

THIRD: Our engineering and research de-
partments will continue to work on the 
development of superior equipment and 
improved methods to serve you still bet-
ter when we can resume normal opera-
tions. 

The present emergency is incidental 
and as we work towards the future, we 
will do our best to continue to merit 
your confidence and loyalty. 

President 
The Triplett Electrical Instrument Company 

Manufacturers of Precision Electrical 
Instruments 

MkkkItlk.‘MaMIlkk. 

OUR NO. 1 JOB 
NATIONAL DEFENSE 

Day and night, 
with ever increasing 
rate, Bliley Crystal 
Units are being pro-
duced for National 
Defense in all its 
phases. Essential 
needs must come first 
—immediate atten-
tion can be given only 
when the preference 
rating is A-10 or 
better. To avoid de-
lays, secure your 
highest applicable 
ratings in advance. 

BLILEY 
CRYSTAL UNITS 
PRECISION-BUILT . . . For 
Reliable Frequency Control 

rrHE present-day emergency de-
.1 mands longer operating hours 
—an unusual strain on equipment 
and personnel. More than ever be-
fore, breakdowns and subsequent 
interruptions of service must be 
avoided. Now is the time that 
Bliley built-in dependability and 
precision really pays dividends. 

Bliley Crystal Units for all 
applications and for all frequen-
cies from 20kc. to 30mc. are de-
scribed in Catalog G-12. Consult 
your Bliley Distributor or write 
for your copy. 

BLILEY ELECTRIC CO., ERIE, PA. 

For DEVELOPMENT ENGINEERS 
Who Want PROMPT DELIVERY 

of TRANSFORMERS 
The transformers you buy from us meet your three 
chief requirements. I—Highest quality in materials 
and workmanship; 2—Proved Designs that give de-
pendable performance; 3—Promptness of delivery, 
to enable you to beat your own time limitations. 

Our wide experience with a variety of designs, serv-
ing the most exacting buyers in both the audio and 
power field gears us to this type of service. The com-
panies we serve testify to the top quality of our 
product. Our engineers will be glad to help you solve 
your particular transformer problems. 

W RITE THE HEA D QUARTE RS FO R 

AMERICA'S TRANSFOR MER PROBLE MS 

Suppliers to manufacturers demanding highest quality 

NEW YORK TRANSFORMER CO. 
Sales Department 

51 West Third St.  New York, N.Y. 
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INSULATION 
HIGHLIGHTS 

PROGRESSIVE ENGINEERING characterizes the design of Colum-
bia Broadcasting System's new 50 KW shortwave stations, WCBX 
and WCRC, at Brentwood, L. I., soon to be placed in operation. Facil-
ities of the stations are planned for efficient shortwave transmission 
of programs to Latin America and Europe. Because of present-day 
conditions, improved reception in these parts of the world of pro-
grams from the United States is considered essential. 

(Above) 13 DIRECTIONAL ANTENNAS are provided at the new 
stations, and several of them are of the four-section type shown here. 
Isolantites strain insulators are extensively used in the construction of 
these antennas. These insulators find wide application in the radio 
and communications fields, because of their high mechanical strength 
and electrical efficiency. 

*Registered trade-same for the products of Isolontite Inc. 

ISOLANTITE 
CERA MIC INSULATORS 
IS OLANTITE  INC.  FACT ORY:  BELLEVILLE, NE W  JERSEY 

SALES  OFFI CE:  233  BR OA D WAY, NE W YORK,  N. Y. 

(Above) CONSTRUCTION DETAILS of the antennas are 
shown here. Horizontal wires at left near base of pole provide 
means for tuning the antennas through the medium of variable 
line shunts. 

(Below) ISOLANTITE STRAIN INSULATORS are used also 
on lead-in wires from antennas to the building which houses the 
transmitting equipment built by Federal Telegraph Company. 
Transmitters can be quickly switched from one antenna to an-
other, to maintain most efficient transmission at different times 
of day. 

(Below) SPECIAL FITTINGS used on Lsolantite strain and 
other types of Isolantite insulators at the new stations were de-
signed and tested by engineers of Mackay Radio and Telegraph 
Company and the Columbia Broadcasting System. These fittings 
were manufactured by Burndy Engineering Company. 
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To Serve Well The 
Professional Radioman 

A Self-Defense 
Program 

that began in 1927 
For 15 years CREI has helped 
equip engineers with the technical 
ability to advance to better posi-
tions 

Important to ambitious men, before, dur-
ing and long after any temporary emer-
gency, is a planned program of study that 
enables them to step ahead into better po-
sitions with increased pay. This is a "self-
defense" program for advancement that 
provides a secure future and lasting career. 

CREI was founded for that purpose . . . 
to enable alert professional radiomen to 
acquire the necessary ability through mod-
ern technical training, which enables them 
to go after the better engineering positions 
—and get them. 

Since 1927, CREI has been training radio-
men and providing them with such a 
planned "Self-defense" program. Our suc-
cessful record during these 15 years is 
created by the accomplishments of our 
graduates. Hundreds of unsolicited letters 
in our files testify to the fact that CREI 
training has been helpful in gaining better 
positions at higher pay in minimum time. 
Few other educational institutions have so 
fully gained the respect and confidence of 
the men of the radio industry. CREI 
courses have PROVEN their worth—they 
are recognized by employees and employ-
ers alike as the finest possible instructions 
at the lowest possible cost. 

Alert engineers are encouraging CREI 
training for  their employees.  Your 
recommendation of our home study 
courses to your associates will increase 
the efficiency of your engineering staff. 
We will be glad to send our free booklet 
and complete details to you, or to any 
man whom you think would be inter-
ested. 

"Since 1927" 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. Rsetzke. President 

Dept. PR-2, 3224-16th St. N.W. 
Washington, D.C. 

POSITIONS 
OPEN 

• 

The following positions of interest 

to I.R.E. members have been re-

ported as open on February 1. Make 

your application in writing and ad-

dress to the company mentioned or to 

Bo. No. 

PROCEEDINGS of the I.R.E. 

330 West 42nd Street, New York, N.Y. 

ELECTRONICS ENGINEER 

Prominent midwestern manufacturer of 
electronic tubes has substantial opening 
for electronic tube engineer who is thor• 
oughly grounded in his theory and who, 
at the same time, has had sufficient prac-
tical experience to develop samples and 
test tubes from drawings and blueprints. 
Position is permanent and offers an un-
usually fine opportunity with one of the 
outstanding companies in this field. In re-
plying, please give complete information 
concerning yourself, and also if possible 
include a small photo. Box 261. 

CRYSTAL ENGINEER 

A midwestern manufacturer with gov-
ernment contract wants precision engineer 
capable of assuming full charge of crystal 
laboratory.  The  man  we  want  must 
possess intimate knowledge of the business 
from raw quartz to finished units and be 
capable of  assuming  responsibility  for 
quantity production of quality product that 
will pass government inspection. Please 
write full particulars which will be held 
confidential. Box 262. 

JUNIOR & SENIOR TRANSMITTER 
ENGINEERS 

A well established manufacturer in the 
East needs senior and junior engineers 
for production and installation work on 
a new industrial device employing a high• 
power,  high-frequency oscillator.  Appli-
cants should have had manufacturing and 
field-service experience on installations at 
broadcast or higher frequencies. Box 251. 

OPERATORS 

The United States Civil Service Com-
mission has just announced examinations 
for two types of positions for persons 
with operating experience in communica-
tions work. The first is for telegraph op-
erator, $1800 a year, and the second for 
communications machine operator (multi-
plex, simplex, or teletype), $1620 a year. 
All the appointments will be made in 
Washington, D.C., and vicinity. 
Applications must be on file with the 

(Continued on page xvi) 

Playing a Leading 

Role in America's 

Preparedness... 

ANTENNAS 
On sea, on land, at airports— 

maintaining communications under 

most critical conditions—serving de-

fense needs. 

In this national emergency, Pre-

max has enlisted its entire person-

nel and experience in the manufac-

ture of monel, aluminum and steel 

antennas. All are demonstrating 

their ability to meet critical require-

ments while maintaining the high 

standards of Premax service. 

Send for catalog of Antennas and 

Mountings, or submit your specifica-

tions if special designs in fully tele-

scoping, adjustable equipment are 

needed. 

remcxBohch 
0,r,"s;on of Ci,isholm•R wder Co., Inc. 

4215  Highland  Ave.  Niagara  Falls,  N Y 
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W51C JUMPS TO 50,000 WATTS 

......... •••• 

/A010  

..° °‘.... ...... 
C Etcwo0.11 S.A. 

October 77, 194.1 

'with GL-880's 

Ili, Earl Abbott 
General Electric Company 

ao South G ail Street 

Chicago, Illinois 

We  hew. been opersting V51: Zenith's Prequency 4todulated flactio 

Early" Stetion 

in Chicago and its predeceseor 5197all for almost two yeers•   

i 

Deer Itr• Abbott: 

October we reised the power of this station to  fifty thousand Foxiest. 

wetts LA 

accordisnce with the terms of our Constructiothe origina l installation vas planned more than a year ago on  trio basis 

of ultimately W.Ing v.. GL-aays in the final stage•  These plans were 

based on the fact that the 330's appeared to us to be  
tient transmitting tubes for high power operation on trreirc_rs„. 7 45e4r-q. 

71Yrflit the best circuit des1.5%  hould, therefore, be most practical 

in e high-power fregaency-modalation transaitter•  Even though these 

tu  not seen any 

bes had  com.ercial field service at the tine of our 

original plannint, we believed their use vas lfrgical end would repre-

Ills are gla d tO sey that we have 0600 X al l NAPPY with their perfor Wemance, 
and feel that we have without doubt made the correct choice•  have 

sent s forwerd step• 

foand them c,ire. rtni 4id,ri gre.; :s.sy " :51;.175:4rie orxt.hat,v,,nettosaziordi no cooling 

pr obl ems •  .  vic0rtr5i- --

Eltlefr---  Yours very truly. 

ZE•frfli RADIO CORP0EXt100 

Gi..E.eG.us ts•so  est  

@Vall e , DEPSferi 

() M OD 

.....  L•eStSs  ••0•0  tiic,oev O• o•t oi.o•• 

t FOR  r 
FM Broadcast Transmitters  ST Transmitters 
250 to 50,000 Watts 

(LO) G. E. Gustafson, 
Asst. Vice President in 
Charge of Engineering; 
(nor) J. E Brown, Exec• 
uuve Engine w 

This tube, although 
developed for FM and tele-
vision, has unusual effi-
ciency at international and 
standard  broadcast  fre-
quencies. A pair will give a 
50-kw plate-modulated car-
rier at 25 mcl 

ALL  YOUR -11 FM 

"the most efficient tubes .. for 
high frequencies" 
The GL-880's ingenious "fold. 
ed" anode reduces internal 
lead lengths by 10 inches with-
out sacrificing cooling surface. 

"easy to drive" 
Two GL-8811s with only 1500 
watts driving power will deliver 
an easy 50 kw of FM at 50 mc. 

"easy to neutralize" 
Dual grid leads for separation 
of excitation and neutralization 
minimize neutralizing problems. 

-no cooling problems" 

The GL-880 is just one tube 
in General Electric's com-
plete line of top performers. 
Specify "G-E" on your next 
tube order, and measure the 
difference yourself. General 
Electric Co., Schenectady, 
New York, 

NEEDS 

Measuring and Testing  Receivers for Homo FM Police and Emergency 
Equipment  and S•T Service  Transmitters and Receivers 

GENERAL C3 ELECTRIC 

Tubes 

Proetedinas of the I. R. C. February, 1942 
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The Liberty Fleet... 
standardized for fast production 
. adopts standard Radio Unit by 

I T a 



New Idea in Marine Radio Design 

Speeds Installation. . . Saves Space 

Off the ways ...and on the way, 
go America's Liberty Ships ... 
mile after mile of new cargo 
vessels, stretching off endlessly 
down the ocean roadway toward 
America's allies and united vic-
tory. And this vast Armada of 
Liberty's Arsenal is a credit to 
the shipbuilders' craft. 

Every cubic foot has been made 
to account for itself against the 
grim demand for precious cargo 
space. For example, in the radio 
room, not eight or ten, but one 

compact marine radio telegraph 
unit supplies all needed com-
munications facilities. 

This all-in-one radio unit makes 
it possible to do at the factory 
practically all wiring and other 
work usually done aboard ship. 
Installed in one-fifth the time 
normally required — practically 
ready to tune in and plug in—it 
was designed and manufactured 
for the first 312 Liberty Ships 
by I.T. & T.'s subsidiary, The 
Federal Telegraph Company. 

• 

The compact, all-in-one radio unit derigned 
and manufactured for the Maritime Coin-
minion by 1.T. & T. 't tukidiary,The Federal 
Telegraph Company. 

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
67 Broad Street, New York, N. Y. 



ATR 
VIBRATORS 
"for DEFENSE" 

PROVEN UNITS 
of the 

HIGHEST QUALITY 

Engineered to perfection. ATR Vibrators set 
high standards of performance and construc-
tion. Available for any operating input volt-
age from 6 volts DC to 220 volts IOC in a 
wide variety of designs for practically any ap-
plication. 

In addition to the most complete 
line of vibrator., ATR offers • very 
extensive line of Inverters and other 
Vibrator-Operated Power Supplies 
for changing one DC voltage to an-
other DC voltage or to invert DC 
to AC. 

•  •  • 

ATR vibrators, the heart of vibrator-
operated  power supplies, are  proven 
units of the highest quality, engineered 
to  perfection.  They  are  backed  by 
more than ten years of vibrator design 
and research, development and menu-
facturing —ATR  pioneered  in  the 
vibrator field. American Television  & 
Radio Co. has consistently devoted its 
efforts and energies to the perfection 
and production of vibrators and asso-
ciated  equipment,  and  today,  after 
ten years of painstaking, persistent and 
diligent work resulting in steady de-
velopment and progress, is considered 
the World's leader in its field. All ATR 
Products  incorporate  only  the  best 
materials  and  workmanship  and  are 
carefully  manufactured  under  rigid 
engineering  inspections  and  tests, 
making them the finest that can be 
built. 

•  •  • 

For Additional Intorniation 
Addresi ATR Vibrator Dirioion ot 

AMERICAN TELEVISION & RADIO CO. 
ST. PAUL, MINN., U.S.A. 

POSITIONS 
OPEN 

(Continued from page xii) 

• 

Civil Service Commission, Washington, 
D.C., not later than March 3, 1942. Copies 
of the examination announcement giving 
full instructions for filing, and applies. 
tion forms, may be obtained at first- and 
second-class post offices, or from the Com-
mission's central office in Washington. 

ELECTRICAL ENGINEER 
Electrical engineer with good physics 

background  for  developmental  work 
wanted by an established eastern manu-
facturer. Experience with the development 
of transmitting and measuring equipment 
desirable. State qualifications and salary 
desired. Box 255. 

RECORDING ENGINEER 

A well rates!, well-known independent 
recording and production studio requires 
the services of a design, maintenance and 
recording engineer to assume charge of 
their New York studio. Salary commen-
surate with calibre and standing of that 
engineer's ability and reputation. This 
change is made necessary by the loss of 
some of our present staff to the armed 
forces. Box 263. 

ELECTRONICS ENGINEER 

Competent electronics engineer wanted 
to build experimental electronic test equip-
ment. Must be capable of complete lay-
out, construction and test from a schematic 
diagram. Engineering background desir-
able but not essential. Applications not 
solicited from persons now employed in 
aircraft  manufacturing industry.  Apply 
by letter to Installation Department, Pratt 
& Whitney Aircraft, East Hartford, Conn, 

Attention Employers . . . 

Announcements for"Positions Open" 

are accepted without charge from 

employers offering salaried employ- . 

ment of engineering grade to I.R.E. 

members. Please supply complete in-

formation and indicate which details 

should be treated as confidential. Ad-

dress: "POSITIONS OPEN," In-

stitute of Radio Engineers, 330 West 

42nd Street, New York, N.Y. 

The Institute reserves the right to refuse any 
announcement without giving • reason for 

the refusal. 

TIME 
STANDARD 
TUNING FORK CONTROLLED 

ACOMPLETE, self-contained sta ble fixed frequency power oscil 
lator for: 
1. Driving galvanometers for oscil-

lographs, oscillograph cameras, etc. 
2. A source of constant frequency 

sine-wave voltage for all types of a-c. 
bridge circuits. 
3. Driving synchro-chronographs. 
4. A time standard for adjusting 

motors, generators, etc. 
5. A source of modulating current 

for signal generators and radio bea-
cons. 
Also for many other uses where an 

alternating current of constant and 
known frequency is desired. 

*This instrument consists essentially 
of an electronically driven 500-cycle 
tuning fork and an electrically isolated 
pickup and power amplifier as the 
source of the output power. The fork 
is free of all mechaiiical connections. 
* OUTPUT-254  watts maximum undis-
torted sine-wave stepless power (continu-
ously variable), controlled by a knob on the 
panel from 0 to 254 watts. 

* TUNING FORK—Frequency, SCO cycles 
per second ±0.2% at 25  C. (calibrated to 
tolerances as close as 0.001 % at extra cost). 
Temperature  coefficient  of  frequency, 

minus 0.012% per degree Centigrade. 
The self-starting tuning fork is completely 

protected and shielded by a heavy metal box. 
and its temperature is unaffected by its op-
eration, i.e., no heat is generated by the fork. 
A thermometer on the front panel (pro-

tected by a metal trough) indicates the tem-
perature of the air in the fork compartment. 
It has a range of 10' to 50' C. and can be 
read to 0.1' C. 

Available also with constant 
temperature oven. 

Time Standards  for frequencies 
other than 500 cycles per second 

are available. 

Fully Described in 
BULLETIN IRE2089 

AMERICAN 
INSTRUMENT CO. 
8010-8020 Georgia Ave. 

Silver Spring, Maryland 
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LOW INSTALLATION COSTS 

LOW OPERATING COSTS 

with this 

50 KILOWATT BROADCAST TRANSMITTER 

RCA TYPE 50-E 

 g 

meg 4.1 ar m 

' I grTio't 

HIGH-FIDELITY q UAllt  output. that 
pleases advertisers and audiences 

alike, as he t (maimed vs ith impressise 
Sas mg% in a SI) kw transmitter' Here s 
how ads an. etIR( A engs neering does it 

HIGH-LEVEL CLASS ..11 — MODULATION 
in the SOT gises you the double etim 
orny of low power-tonsumption and 
extremely long tube life At average 
modulation, the transmitter draw Sap-
proximately I I s kw from sour power 
line—less than 12 So an hour at New 
York ( it current rates And high lesel 
modulation means better audio qua lit',, 
too . . . the So-i is sirtually free from 
cross-modulation distortion, fiat with-
in • I db. from SO to I 0,000 cst les 

AIR-COOLED TUBES THROUGHOUT tut 
down both installation and operating 

•  .,Nu water. 

tanks' Atid no monthly water-hills . 

BUILT-IN WIRE-DUCT still further re-
fill( C5 sour instal-Litton costs hyelinsin 
ing ti111,r trent hits hetw 
// /) / RON /  \ 
presents  pit' ASi n 

« Jr1111111eil  it h  c leaner mechani 
design and mounting of equipment. 
VI R I l( Al  (  ( ()NSTRIJ 
I !UN.  ithout horiront•I shels 
m a k e', all parts easily all eSil ble. 

(  214 I square feet of floor space 
ample for the Si). I (less external blo 
and transformer equipment) ( om 
‘ated ud utubersutuc .cgc4.barl4 4i 

Wier and exciter stages— adjustme 
are made by push-buttons on the fr 
panel .. Ask your nearest district 

Wes re • reaentauve to ttil you 

se RCA Radio Tubes in your station for finer performance 

meg 
w aft PERFORMANc. 

G0  Rq ui ma yi m pippALl.  

MlerepA-;n••  — 
Sp••<11 Input fy.torm. 
Arkoci., “ lauipme•I 

IrdwornItters 

• Manufacturing Co., Inc., Camden, N. J. • A Service of Radio Corporation of America • In Canada, RCA Victor Co., Ltd., Montr 



s 

WIRE and 
RIBBON 
For Direct -Heated 

ELECTRON EMITTERS 
in 

VACUUM TUBES 

In a complete range 
of sizes and alloys for 

• TRANSMITTING 

• RECEIVING 

• BATTERY and 

• HEARING AID 
TUBES 

Melted and worked under 

close supervision to assure 

maxi mu m emissivity, uni-

for mity  and  the  highest 

tensile  strength . . . 

• WIRES 
drawn to .0005" diam. 

• RIBBON 
rolled to .0001" thick 

• SPECIAL ALLOYS 
made to meet your individ-
ual specifications 

Write for list of stock alloys 

SIGMUND COHN 
44 GOLD ST.  NEW YORK 

SINCE tfl, 1901 

• 

Commurtivtiion 
est 4:0311s 

but  not It tra  • ns( rnaers* depend • bl ilansformerst 

Iti9RDARSON 
THORDARSON ELECTRIC MFG. CO., CHICAGO, ILL. ii 

Transformer Specialists Since 1895 

Positions Open 

INDEX 

DISPLAY ADVERTISERS 

A 
Aerovox Corporation   
American Instrument Company 
American Lava Corporation   
American Telephone & Telegraph Co. 
American Television & Radio Co.   

Bliley Electric Company   

Capitol Radio Engineering Institute   ii 
Cohn, Sigmund 
Cornell-Dubilier Electric Corporation Cover III 

Daven Company   

General Electric Company   
General Radio Company 

Hygrade Sylvania Corporation   

International Resistance Company   

  xviii 

International Telephone & Telegraph 
Corp. 

lsolantite Inc.   
  xiv, xv 

xi 

New York Transformer Company   

Premax Products   

Radio Corporation of America  ii 
RCA Manufacturing Company, Inc.  xvii, xx 

Sprague Specialties Company ..  .. vii 
Superior Electric Company   

Thordarson Electric Mfg. Company  xviii 
Triplett Electrical Instrument Co. . 

xii 

United Transformer Company  Cover II 

Westinghouse Electric & Manufacturing 
Co. 
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DELICATE though the job a radio 
tube must perform, upon its rug-

gedness depends the infallibility of the 

set it serves. 

And how importantly such ruggedness 
counts today — in the many wartime 
applications of radio. 

But fortunately there is a tube that has 
what it takes to withstand the devastat-
ing shocks and concussions of battle— 
a tube especially engineered to stouten 
the heart of sure reception. 

That's the Sylvania Lock-In Tube—with 
its connections welded, not soldered 
— with its fewer joints, its all-glass 
header, and its vastly improved mount 
support — each as important as 
the exclusive lock-in lug SYLVAN IA 

RADI O TUBE DIVISI ON 

from which it derives its name. 

Here alert, progressive Sylvania engi-
neering has scored again—and at a time 

of vital import in the history of 
radio's service to America. 

HYGRADE SYLVANIA CORPORATION 
New York City  EMPORIU M, PA.  Salem, Mass. 

Also makers of HYGRADE Incandescent Lamps, Fluorescent Lamps and Fixtures. 
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USE THESE RCA TRANSMITTING TUBE 
INSTRUCTION SHEETS AS YOUR GUIDE 
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INSURE LONGER LIFE 
FOR TUBES THAT MAY BE DIFFICULT TO REPLACE! 

FOR LONGER TUBE LIFE — 

For types using pure tungsten 
filaments, a reduction in filament 

voltage greatly lengthens tube life. 

For types using thoriated-tung-

sten filaments, maintaining filament 
at rated voltage results in longer life. 

Operation either under or over nor-

mal voltage may result in shorter life. 

For types using oxide-coated 

cathodes, maintain filaments at rated 

voltage. 

For all types, reduce dissipation 

in grids and plates to a minimum 

to avoid overloading and to obtain 
materially longer life. 

Many new Transmitting Tubes for 
commercial and civilian uses may be-
come even harder to obtain because 
of the tremendous War-purpose de-
mand. It is, therefore, not only a pa-
triotic duty, but sound business policy 
as well, for tube users to conserve 
tube life by observing special care 
and operating practices which may 
add thousands of hours of life to 
tubes now in operation. 
It is an old story that RCA Trans-

mitting Tubes are built to withstand 
plenty of abuse — so much so that 
abnormal operating conditions are 
frequently accepted as"normal.- Even 
though tube life has been entirely 
satisfactory under such conditions, it 
is by no means as long as might be 

obtained, simply by careful, conserva-
tive use of the tubes as outlined in 
the Instruction Booklet packed with 
each one. 
In short, these are days when it is 

essential to give tubes all the care 
you can give them. Maximum life now 
becomes far more important than 
optimum performance. RCA wel-
comes the opportunity to cooperate 
in helping RCA Transmitting Tube 
users extend tube life to its fullest! 
If you do not have Instruction 

Booklets on the RCA Tube types in 
your transmitter, write Commercial 
Engineering Section, RCA Manu-
facturing Co., Inc., Harrison, N. J., 
for free copies. Be sure to mention 
type number. 

RCA MANUFACTURINO CO., Inc., Camden, N.J. • A Service et The ladle Corpeoollen of Alliefile 

In Cenede, RCA Victor Centpaay Limited, Montreal 
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What it takes to 

keep 'em flying 
Back of the safety record of America's 

leading airlines is the world's most 

• dependable radio equipment. Signifi-

cantly, Cornell-Dubilier capacitors are 

used by all these major airlines both 

in ground station and aircraft commu-

nicitions. Here is convincing proof 

that C-Ds have what it takes  extra 

dependability not only to "keep 'em 

flying", but to meet your most exacting 

capacitor requirements. 

CAPACITORS MAY LOOK ALIKE BUT... 

There is extra long life, extra uniformity 

and dependability built into C-Ds. Next 

time you specify capacitors, look for the 

Cornell-Dubilier seal of experienced en-

gineering. And get the hidden extras at 

no extra cost. Send for catalog. Cornell-

Dubilier Electric Corporation, 1012 Ham-

ilton Blvd., South Plainfield, New Jersey. 

New England Div., New Bedford, Mass. 

Cornell 

Ui P M E NI 

POCIPOPm v 

EA DSC T S 

&WILIA M, RA' 

LOOP 

LOOP A MPLI 

LOOP DAIL 

AZI MUT 

c•-• 
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[ ELYING the popular conception of a craftsman . . . B a long-bearded gent whose great-grandfather also 
made fine watches . . . is the modern shop worker 
whose mechanical skill equals, and often exceeds, 

that of the Old World mechanic. Even in this modern age of 
mass production there is more fine craftsmanship shown than the 
Old World ever dreamed possible. 
General Radio, in the manufacture of precision electrical meas-

uring apparatus, has its share of craftsmen whose fine mechanical 
skill is of the highest order. Take P. A. Sharpe, for example. He 
came to General Radio in 1924 to assemble intermediate-fre-
quency transformers. Then in 1926 he graduated to the assembly 
of broadcast-receiver variable condensers. After a brief session 
with hot-wire meters, thermo-couples and string oscillographs ... 
all with enough delicate parts to try the patience of a saint. . . 
Sharpe returned to condenser manufacture. 
Since 1930 Sharpe has devoted his entire time to the manu-

facture of precision condensers, both the stock laboratory type 
and the more precise "bath-tub" models used in commercial and 
governmental frequency meters and similar precision equipment. 

If there is doubt that true craftsmanship is required to assemble 
one of these precision condenser;, you shoul4 drop in on Sharpe 
late some afternoon and watch him struggle with a row of con-
densers in the making, particularly on one of those days when 
nothing will seem to go together properly. The mechanical tol-
erances allowed for the numerous parts of a G-R precision con-
denser are so small that many times it is a feat even to assemble 
a group of these condensers! 

Percy Sharpe is typical of the large majority of General Radio 
men, most of whom have been working for some years on only a 
few instruments. In the interest of quality G-R has limited its 
production to small lots so that each man will concentrate on one 
or two instruments at a time. As a result G-R workmen know how 
to assemble G-R equipment rapidly and accurately no matter how 
complex the job is. In the assembly department G-R has never 
employed inexperienced and unskilled workmen. 
All G-R apparatus is put together by men like Percy Sharpe, 

men who have been with the company for years and who will 
continue to show expert craftsmanship on G-R equipment for 
years to come. 

GE N E R AL  RA DI O  CO M P A N Y 
C A M B RI D G E,  M A S S A C H U S E T T S 

Branches  in  Ne w  York  and  Los  Angeles 


