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Introductioﬁ

Commercial aviation was given its initial impetus in
the year 1924 through the efforts of the United States
Army and the Post Office Department which resulted inthe
establishment of airmail service between New York and
San Francisco. This service was consigned to commercial
companies during 1926, and some two years later air-
transport passenger service was launched onacommercial
basis. These early services consisted entirely of con-
tact flying during fair weather and only during daylight
hours.

In 1925 beacon lights were first established between
Chicago and Cheyenne. Similar beacons were established
during 1928 between Chicago and New York,and additional
installations took place rapidly from that time on so
that night flying became a practical reality.

During the past few years,air traffic at some of the
busiest terminals, such as New York,Chicago and Burbank,
has grown sorapidly that air-traffic control has become
a problem of considerable magnitude. For example, dur-
ing busy periods departures and arrivalsat the New York
Municipal Airport may be at the rate of one every one
and one-half minutes.

To support present-day traffic,the Civil Aeronautics
Board maintains some 350 radio-range stations and some
30,000 miles of tele-typewriter service. These provide
for the dissemination of weather and other information.

In addition, each of the air lines must maintain a
considerable array of ground-station and aircraft radio
equipment for both navigation and communication. It,
therefore, appears that a bibliography listing some of
the pertinent references toaircraft radio equipment might
be of general interest to the industry.

This bibliography makes no pretense to completeness.
Particularly, with regard to time, it includes few ref-
erences prior to 1937 or 1938. |t does, however, present
a number of recent references which may be useful to the
reader. The arrangement is more or less chronological
under each subject.

It shouldbe ment ioned that the term "aircraft®” as an
ad ject ive has a signif}cance indicat ing use aboard air-
craft as opposed to use on the ground. This applies to
the headings "Aircraft Transmitters and Receivers" and
"Aircraft Direction Finders®" in this bibliography.

Aircraft Navigation - General

Burgin Range Projector, Aid in Solving Problems of
Radio Navigation Either in Flying the Radio Ranges or
in Direction Finding, dero Digest, Jan. 1938, p. 56.

"Through the Overcast"”, A. JORDANOFF, Funk and Wag-—
nalls, 1938.

Practical Air Navigation, Special Publication No. 197,
Coast and Geodet ic Survey, Washington, D. C.

Northerly Turning Error of the Magnetic Compass for
Aircraft, C.S. DRAPER, W.H. COOK and W. McKAY, Jour. of
Aderonaut. Sci., July 1938, p. 315,

The Fairchild-Maxon Line-of-Position Computer, J.D.
PEACE, dero Digest, Aug. 1938, p. 67.

Huges Flight Navigators and Navigation Procedure,
dero Digest, Aug. 1938, p. 63.

Orientation and Landfall by Means of Precomputed
Curves, W.C. BENTLEY, dero Digest, Aug. 1938, p. 92.

"Navigation of Aircraft", L.C. RAMSEY, Ronald Press.

Problems of Time in Navigation, T.P. CONLON, dero

Digests June 1940, Pp. 48-49.

Aircraft Radio - General

Current developments reported monthly by D.G. FINK
in dviation, and by H.W. ROBERTS in dero Digest.

Some Problems of Aviation Radio, F.X. RETTENMEYER,
RCA Review, April 1937, pp. 113-118.

Developments in Aircraft Radio Area,
Feb. 1938, pp. 20-23, and 52,

Design Trends in Mobile Receivers in America, L. M.
CLEMENT and F.X. RETTENMEYER, RCA Review, April 1938,
pp. ¥59-182,

"Radio and Instrument Flying", K.S. DAY, Air Associ-
ates, Inc., 1938.

Aircraft Radio, 1939, Flectronics, Jan. 1939, pp. 10-
14 and u3.

RCA Aircraft System for Two-Way Communication, Direc—-
tion Finding and Interphone Communication on Board the
Airplane, Aero Digest, May 1939, p. 131.

Automatic Threshold Control for Radio Telegraph and
Telephone Receivers, L. HOLLINGSWORTH, Communications,
June 1939, p. 10.

AC for Aircraft,P.C. SANDRETTO, Aviation, June 1939,
p. 30.

"Aeronautic Radio", M.F. EDDY, Ronald Press, 1939.

"Aircraft Radioand Electrical Equipment”, H.K.MORGAN,
Pitman Publishing Corporation, 1939.

Radio Procedure on American Export Airlines, H.W.
ROBERTS, dero Digest, July 1939, pp. 28-30.

Radio in Aviation:
Reference to the Royal Air Force, N.F.S. HECHT, Jour. of
I.E.E. (London), Aug. 1939, pp. 215-2u1. ‘

Flectronics,

A General Survey, with Special.
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Aircraft Radio, H.W. ROBERTS, dero Digest, Sept. 1939,
pp. #u4-59,

Electrical Insulation for Aircraft, G.L. MOSES, Advia-
tiom, Sept. 1939, p. 38. '

Bendix Round=Up, D.G. FINK, Aviatiom, Oct. 1939, pp.
32-33 and 45-47.

United Air Lines Radio Laboratory,H.W. ROBERTS, 4ero
Digest, Nov. 1939, pp. 60 and 62.

CAA Radio Developments for 1940, H.W. ROBERTS, 4ero
Digest, Dec. 1939, pp. 40-41 and 74.

The Impetus Which Aviation Has Given to the Applica— ‘

tionof Ultra-High Frequencies,W.E. JACKSON, Proc.I.R.E.,
Feb. 1940, pp. u49-51. .

Bonding and Shielding of Aircraft, N.J. CLARK, 4ero
Digest, April 1940, pp. 42-43 and 123-124,

UHF, W.E. JACKSON, Aviation, April 1940, p. i,

Aircraft Radio Vibration: The Mechanical Insulation
of Radio Equipment Against Aircraft Vibration, L.B.
HALLMAN, Jr., Communications, May 1940, pp. 5-7 and 24,

Radio inThe European War, H.W. ROBERTS, dero Digest,
June 1940, p. 51. '

FM: What It |s and What It May Mean in Aviation Radio,
D.G. FINK, Aviation, June 1940, pp. 46-47 and 124, con-
cluded in July issue, pp. 48-149 and 120. :

Electric Power for Airplanes, W.J. CLARDY, Flectrical
Engineering: Transactions Sectiom,July 1540, pp. 385-388.

Radio Controls (describing an assembly of United Air
lines), Aviation, July 1940, p. 63.

Radio~Controlled Seadrome Lights, dero Digest, July
1940, pps 180 and 183; also in Communications, July 1940,
p. 12,

New Trends in Airline Radio, H.W. ROBERTS, 4ero Di-
gest, Nov. 1940, pp. 50, 53 and 134,

Learadio System, dero Digest, Nov. 1940, p. 90.

Precipitation Static

Rain Static, H.K. MORGAN, Proc. I.R.E., July 1936,
pp. 959-963.

Some Problems of Aviation Radio (including brief dis-
cussion of rain static), F.X. RETTENMEYER, RCA Review,
April 1937, pp. 113-118,

Progress of Experiments on Eliminat ionof Rain Static,
Air Commerce Bulletin, May 15, 1937, p. 251,

Snow-Static Effects on Aircraft, H.M. HUCKE, Commun-
ication and Broadcast Engineering, July 1937, p. 7.

Some Notes on Rain Static in Japan, Tomozo Nakai,
Proc. I.R.E., Nov. 1937, pp. 1375-1380.

Snow Static Detector, Communications, Jan. 1938, p.
28, . .

Some Notes on Snow Static, B.J. ANDREW, Communications,
March 1938, pp. 25 and 39-10.

Fighting Snow Static, T.C. McCLARY, Radio News, March

1938, p. 519,

Precipitation-Static Interference on Aircraft and at
Ground Stations, H.M. HUCKE,” Proc. I.R.E., May 1939,
pp. 301-316. :

High-Voltage D-C Point Discharges, E.C. STARR, paper
presented before A.l.E.E., June 1940.

Aircraft Precipitation-Static Radio Interference,
E.C. STARR, paper presented before A.1.E.E., June 1910,

Radio Meteorological Services

U.S. Patent 2027,367 to Blair, issued in 1936.

The Galcit Radio Meteorograph, 0.C. MAIER and L.E.
W00D, Jour. of Aeronaut. Sci., Aug. 1937,

Radiometric Measurements of Ultraviolet Solar inten-
sities in the Stratosphere, R. STAIR and W.W. COBLENTZ,
Jour. of Research of Natl. Bur. of Stds., 20, p. 185,
1938,

Navy Radio-Meteorograph System, Natl. Bur. of Stds.
Tech, News Bulletin,No. 250, Feb. 1938, p. 13; Franklin
Inst. Jour,, March 1938, p. 351.

A Method for the Investigation of Upper Air Phenomena
and its Application to Radio Meteorography, H. DIAMOND,
W.S. HINMAN, Jr., and F.W. DUNMORE, Jour. of Research of
Natl. Bur, of Stds., March 1938, pp. 369-392; also in
Proc. I.R.E., Oct. 1938, pp. 1235-1265.

An Electric Hygrometer and its Application to Radio
Meteorography, F.W. DUNMORE, Jour. of Research of Natl.
Bur, of Stds., June 1938, p. 723.

"Instrument and Radio Flying", K.S. DAY, Air Associ-
ates, Inc., 1938; see p. 177.

"Through the Overcast", A. JORDANOFF, Funk and Wag-
nalls, 1938; see p. 62.

The Weather Bureau's Radio Meteorograph Program, L.T.
SAMUELS, Jour. of Aeronaut. Sci., Aug. 1938, p. 410.

Analyzing Air Mass Analysis, C.H. PIERCE, The Sporis-
man Pilot, Aug. 1938, p. 8.

Weather Forecasting onthe Hughes Flight, dero Digest,
Aug. 1938, p. 55.

The Radiotelemeter and its Importance to Aviation,
R.W. KNIGHT, Planning and Development Div., Civil Aero-
nautics Authority, Report No. 1, Sept. 1938.

" Symposium of Weather Prediction, Science and Culture
(calcutta), Sept. 1938.

Performance Test of Navy Radio-Meteorograph System,
H. DIAMOND, W.S. HINMAN and E.G. LAPHAM, Jour. of dero-
naut. Sci., Oct. 1938, p. 484,

Progress in Weather Forecasting,W.R. GREGG, Electri-
cal Engineering, Oct. 1938, p. 405,

The Application of the Harvard Radio Meteorograph to
a Study of Icing Conditions, K.0. LANGE, Jour. of dero-
naut., Sci., Dec. 1938, p. 59. :

A Precision Radio Instrument for Transmitting Measure-
ments of Ultraviolet Intensities from Unmanned Balloons
toaGround Station, R. STAIR, Jour. of Research of Natl.
Bur. of Stds., March 1939, p. 295.

-3 -
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An Improved Electric Hygrometer, F.W. DUNMORE, Jour.
of Research of Natl. Bur. of Stds., Dec. 1939, pp. 701~
714,

Comparison of the 011and and the Diamond-Hinman Types
of Radiosonde as Regards Quantity Production and Service
Performance, R. CHAPPELL, paper before Institute of the
Aeronaut ical Sciences, Jan. 1940,

Comparisonof the 011and and the Diamond-Hinman Types
of Radiosonde as Regards Quantity Production and Service
Performance, K.E. WHITNEY, paper before Institute of the
Aeronautical Sciences, Jan. 1940,

Upper-Aiir Weather Soundings by Radio, H. DIAMOND,
W.S. HINMAN, Jr., F.W. DUNMORE, and E.G. LAPHAM, Flec-
trical Engineering: Transactions Sectionm,June 1940, pp.
321-328.

An Ultre-High—-Frequency Superheterodyne Receiver for
Direction Finding (on radiosondes), L.C.L. YUAN and C.E.
MILLER, Rev. Scientific Instruments, Sept. 1940, pp.
273-276; abstracted in#&lectronics,Oct. 1940, pp. 75 and
76.

Radio Communications - General

Telecommunication Services for Civil Aviation, R.M.
BADENACH, Inst. Eng. dustralia Jour., Oct. 1937, pp.
413-421, '

The Development of an Airways Ultra-High-Frequency
Communications Circuit, J.C. HROMADA and P.D. McKEEL,
Bureau of Air Commerce, Safety and Planning Division,
Report No. 6, Feb. 1938.

Radio Emergency Procedure, H.W. ROBERTS, Adero Digest,
March 1938, p. 32.

U.S. Airline Radio Frequencies, Radio News, April
1938, p. 50.

Airline Radiomen, G. DAYHOFF, Radio News, May 1938,
p. 35.

Strengthening Aviation's Wings: Aids to Safety in
Operation of Eastern Air Lines, T.F. COLLISON, National
Safety News, June 1938, p. 21.

Tests with Ultra~-High-Frequency Radio Transmitting
and Receiving Equipment for Itinerant Aircraft Communi-
cation, CAA Technical Report No. 7, July 1938.

Recent Developments in Radio Transmitters,J.B. COLE-
MAN and V.E. TRONANT, RC4 Review, Jan. 1939, pp. 316-
334, .

Some Principles in Aeronautical-Ground-Radio-Station

Design, P.C. SANDRETTO, Proc. I.R.E., Jan. 1939, pp. 5-

11,

How the Atlantic will be Flown:
LEUTERITZ, Aviation, March 1939, p. 10,

Radio Facilities at New York Municipal Airport, 4ero
Digest, Nov. 1939, pp. 52 and 55.

North Beach Nerve Center: Radio Facilities of the N.Y.
Municipal Airport, D.G. FINK, Aviation, Nov. 1939, pp.
24-25,

The Radio, H.C.

Narrow-Band Telephone Transmission, J.A.
Electronics, March 1940, p. 14,

New Radio Procedure for Transatlantic Air Trafflc,
H.W. ROBERTS, dero Digest, April 1940, p. 27,

UHF: Part 111 (dealing with ground-to-plane and ground-
to-ground phone and Teletype communicat ion), W.E. JACKSON,
Aviation, June 1940, p. 63.

UAL 5-kw Transmitter, D.G. FINK, Aviation, Sept. 1940,
p. 64,

Civil Air Transport Communication, A.D. HODGSON, Jour,
of I.E.E. (London), Sept..1940, pp.. 317-350.

CSEPELY,

Aircraft Communication with Traffic-Control Tower

Air Traffic Regulations as Applied to Private Avia-
tion, DR. [RVING LANGMUIR, Sportsman Pilot, Sept. 1937,
p. 8.

125-Megacycle Airport-Traffic-Control Tests at In-
dianapolis, W.E. JACKSON and J.C. HROMADA, Bureau of Air
Commerce, Safety and Planning Division, Report No. 2,
January 1938.

Any Ice Today Lady, R.H. WILDE,
1938, p. 44, }

Control (an editorial), Sportsman Pilot, April 1938.

Air Traffic Rules: Civil Air Regulations, Bureau of
Air Commerce, Part 60, p. 233 - Amended to May 31, 1938.

Air Traffic Control, H.W. ROBERTS, 4dero Digest, Aug.
1939, pp. 129-130 and 146.

U-H-F Equipment (of Radio Receptor), Awation, Sept.
1940, p. 64.

Sportsman Pilot, Jan.

Aircraft Transmitters and Receivers

Numerous descriptionsandcircuits of aircraft trans—
mitters and receivers are giveninthe texts by EDDY and
MORGAN, which are listed above under "Aircraft Radio -
General".

An Ultra-High-Frequency Aircraft Receiver, CAA Techni-
cal Report No. 2, Sept. 1938.

U-H-Fand the CAA: Digests of Two Reports on Fan-Type
Marker and Aircraft Receiver, Aviation, Dec. 1938, pp.
43414,

Radio for Private Aircraft Communicat ions: Maintenance,
H.T. SAGERT, dero Digest, Dec. 1939, pp. 42-u3.

RCA Receiver, H.T. SAGERT, dero Digest, Jan. 1940,
p. 164,

Western Electric Radio, H.T.” SAGERT, 4dero Digest,
Jan. 1940, p. 16X,

Battery Units, D.G. FINK, duiation, March 1940, p. 66.

Motorola Aeronant, Adero Digest, May 1940, p. 171.

Two New Portables, dero Digest, May 19u0, p. 172.

Mult i-Channel AviationRadioEquipment, Pick-Ups, Aug.
1940, pp. 19-20.
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Waller Transceiver, dero Digest, Sept. 1940, p. 176,

RCA Transmitters, Adero Digest, Sept. 1940, pp. 175-
176.

Transmitter-Receiver (of Taylor Airphone), Aviation,
Sept. 1940, p. 64.

Bendix Transmitter, Aero Digest, Oct. 1940, p. 201,

Communications Unit, A4ero Digest, Nov. 1940, p. 89,

Aircraft Antennas

Constants of Fixed Antennae on Aircraft,G.L. HALLER,
Proc. I.R.E., April 1938,

lcing of Aircraft Antenna Wires, G.L. HALLER, Jour.
of Aeronaut. Sci., Nov. 1938, p. 27,

Model Measurements on Aircraft Fixed Aerials toObtain
Polar Diagrams in the Short-wWave Region, E. HARMENING,
Hochfrequenztechnik und Elektroakustik, Feb. 1939.

Free-Space Propagation Measurements at 75 Megacycles,
G.L. HALLER, Jour. Pranklin Inst., Feb. 1940, pp. 165—
180. :

Development of Aircraft Radio Antennas, R. McGUIRE
and J. DELMONTE, Communications, March 19140, pp. 5-8 and
28, :
Ultra-High-Frequency Loop Antennae, A. ALFORD and
A.G. KANDOIAN, Electrical Communication, April 1940, pp.
255-265,

Lear Antenna Reel, 4dviation, July 1940, p. 63,

Radio Navigation, Including Direction Finding

Direction=Finding Antenna System, H.G.
U.S. Patent 2062,441, issued in 1936.

Application of Radio Technique to Aerial Naviation,
Jour. of Telecommunications, Nov. 1937, pp. 301-307.

Airport Orientator Under Test by Safety and Planning,
Air Commerce Bulletin, Nov. 1937.

Direction-Finding Arrangements for Safety of Aviation,
0. HEER, Verein Deut. Ing., Jan. 15, 1938.

Installation of Antennas for Direction Finding, J.C.
FRANKLIN, Air Commerce Bulletin, April 1938.

Radio Transmitter for Direction-Finding Device, BROWN
and LUCK, U.S. Patent 2,112,824, issued Apr. 5, 1938.

Coast Guard Radio (describing direction finders),
D.G. FINK, 4viation, May 1938, pp. 48-49 and 70.

Radio Direction Finding onWave Lengths Between 6 and
10 Metres (Frequencies 50-30 Mc/sec.), R.L. SMITH-ROSE
and H.G. HOPKINS, Jour. of I.E.E. (London), July 1938,
pp. 87-97; also inProc of Int. Sci. Radio Union ("U.R. -
S.!1."), vol. 5, no. 1, 1938.

Measurement of the Lateral Deviation of Radio Waves
by Means of a Spaced-Loop Direction Finder, R.H. BARFIELD

~and W. ROSS, Jour. of I.E.E. (London), July 1938, p. 98.
Antenna Systems: Direction Finding, FElectrician,
Sept. 1938, pp. 9-16.

BUSIGNIES,

Elevated Transmitter 'for_ Testing Direction Finders,
R.H. BARFIELD, Wireless Engineer, Sept. 1938.

Direction Finding of Very Short Radio Waves of 20-50
Mc/sec, K. MAEDA, Radio Research of Japan, Report No. 8,
Oct. 1938, pp. 77-90.

A Loop Direction Finder for Ultra~Short Waves, H.G.
HOPKINS, Wireless Engineer, Dec. 1938, pp. 651-657.

Development and Use of the Airport Orientator, CAA
Technical Report No. 5, Dec. 1938.

"Wireless Direction Finding" (800-page treatise),
R. KEEN, I1iffe and Sons, Ltd., London, Third Edition,
1939,

Automat ic Radiogoniometers, J. MARIQUE, Wireless En-
gineer, March 1939, pp. 121-124,

Direction Finder, D. NUJIYAMA, Tokyo Univ. Aeronaut.
Resch. Inst., Report No. 176, May 1939, pp. 151~-191.

Study of the Effects of Mountains in Radiogoniometry
and of the Combined Use of Radio Beacons and Radio Com—
passes for Aerial Navigation, A. BUSIGNIES, Proc. I.R.E.,
June 1939, p. 410, (summary only).

Recent Developments inAerial Navigation, H.H. WILLIS,
Proc. I.R.E., June 1939, p. 416, (summary only).

Errors inClosed-Loop Direction Finders Caused by Ab-
normal Polarization,R.I. COLE, Proc. I.R.E.,Sept. 1939,
p. 609, (summary only).

Radio in Navigation, C.D. TUSKA, Jour. of Franklin
Inst., Oct. and Nov. 1939, pp. 433-443 and 581-603, (has
bibliography of 91 references including numerous patents).

UHF: Present and Future of Short-Wave Communication
and Navigation, W.E. JACKSON, dviatiom, Jan. 1940, pp.
42-43 and 94.

Flightray, a Multiple-Instrument Indicator, P.R. BAS-
SETT and J. LYMAN, Jour. of Aderomaut. Sci., March 1940,
p. 39.

Navigation by Radio, C.H. MCINTOSH, The Sportman
Pilot, April 1940, p. 16.

Panoramic Reception (work of Marcel Wallace), Flec-
tronics, June 1940, pp. 14-15, 84, and 86-88.

Airline Navigation Was Different in Europe, L.M.
GRAVIS, Aviation, Nov. 1940, pp. 40-41 and 118.

Ground-Station Direction Finders

Improved Medium-Wave Adcock Direction Finder, R.H.
BARFIELD and R.A. FEREDAY, Jour. of I.E.E. (London),
Nov. 1937. )

Improvements in the Marconi-Adcock Radiogoniometer,
Assoc, Suisse Flect. Bull., Jan. 12, 1938.

Standard Adcock Direction-Finding Equipment at Aero-
dromes Reduces Night Error, H. BUSIGNIES, Flectronics,
(abstract), March 1938, p. 60.

Reduct ion of Night Error by Adcock Aerial, H. BUSIG-
NIES, Onde Flec., March and April 1938.
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Installation of Antennas for Direction Finding, J.C.
FRANKLIN, Air Commerce Bulletin, April 1938, p. 256.

Some DesignConsiderations inAdcock DirectionFinders,
H.W. ROBERTS, dero Digest, May 1938, p. 52.

Aircraft Direction Finding, Communications, Oct. 1938,
p. 33.

A Cathode-Ray Goniometer-Type Direction Finder,
T. TUKADA, Radio Research of Japan, Dec. 1938.

Sense-Finding Device for Use with Spaced-Aerial Dir-
ection Finders, R.A. FEREDAY, Jour. of I.E.E., (London),
Jan. 1939.

U. und H. Adcock Funkpeilanlagen fur den Luftverkehr,
0. HEER, Verein Deut. Ing., July 29, 1939,

The Calibrat ionof Four~Aerial Adcock DirectionFinder,
W. ROSS, Jour. of I.E.E. (London), Aug. 1939.

Aircraft Direct{on Finders

Automatic Position Finder for Airplanes, Science,
Nov. 1937.

Fairchild Direction Finder with Streamlined Loop,
‘dviation, Jan. 1938, p. U5,

Bendix Type MN-12A Radio Campass, 4ero Digest, Feb.
1938, p. 78. .

Aircraft Radio Compass, H. COLBERG, Zeits. F., Fern-
meldetechnik, March 1938.

Rad io-Compass Navigation, R.G. .NICHOLS, 4ir Commerce
Bulletin, March 1938, p. 203.

Simon Radioguide: Double-Loop Direction Finder, 4vi-
ation, April 1938, p. 63.

Installation of Antennas for Direction Finding, 4ir
Commerce Bulletin, April 1938, p. 256.

"Through the Overcast", A. JORDANOFF, Funk. & Wagnalls,
1938; see p. 264. ‘

An Automatic Radio Direction Finder, Communications,
Oct. 1938, p..10. ’

Learadio Automatic Direction Finder, Adero Digest,
Nov. 1938; also in Modern Plastics, Nov. 1938.

Index Fingers, D.G. FINK, Aviation, Nov. 1938, p. 19.

Sperry-RCA Index-Finger Direction Finder, 4viation,
Nov. 1938; also in dero Digest, Nov. 1938.

Coast Guard Planes are Never Lost! Use of Radio Loop
Device for Direction Finding, C.S. VANDRESSER, Radio
News, Jan. 1939.

Aircraft Compasses with Luminous Indication, G. GUIL—
ETTI, Elettrotechnia, Jan. 1939.

Automat ic Navigator, J.A. MACGILLIVRAY, Wireless World,
Jan. 1939,

Sperry Automat ic Direct ion Finder, Scientific American,
Feb. 1939. '

Lear-Davis Gyromatic Direction Finder, dviation, April
1939,

Fairchild Direction Finder, dero Digest, April 1939,
and Aug. 1939, p. 145,

Aero Compass Company Differential Direction Finder,
dero Digest, April 1939,

"Instrument and Radio Flying", K.S. DAY, Air Associ-
ates, Inc.; see p. 194,

Description of Fairchild compass, dero Digest, Aug.
1939, p. 145,

Direction Finding: Improvement in the Quality of Ob-
servations by the Use of Non-Linear Amplifiers, W. ROSS
and R.E. BURGESS, Wireless Engineer, Aug. 1939, pp. 399-
401,

Aircraft Radio Compasses: Principles and Testing,
R.J. FRAMME, Proc. I.R.E., Sept. 1939, p. 610, (summary
only).

Screened Loop Aerial Used in Direction Finding and
Field=Strength Measurement, R.E. BURGESS, Wireless En-
gineer, Oct. 1939, pp. 492-499.

Lear Direction Finder Model ADF-7, Adero Digest, Feb.
1940,

Lear D~F, Aero Digest, June 1940, p. 149,

Gyromatic Navigator, dero Digest, Aug. 1540, p. 153,

Bendix Automatic DF, dero Digest, Sept. 1940, p. 175;
see also ad on p. 66.

Two New Year Releases, D.G. FINK, dviation, Nov. 1940,
p. 50.

Beacons and Markers

Report on the Development of Fan-Type Ultra-High Fre-
quency Radio Markers as a Traffic Control and Let-Down
Aid, H.I. METZ Bureau of Air Commerce, Safety and Plan-
ning Division, Report No. 5, Jan. 1938.

Marker Beacons for Symmetrical Radiation, A.L. GREEN,
AW Ao Technical Review, Jan. 1938.

Cone-of-Silence Tests at Knoxville, Tennessee, D.M.
STUART, Bureau of Air Commerce, Safety and Planning Div-
ision, Report No. 8, April 1938.

Fan Markers to Have Characteristic Signals, 4ir Com-
merce Bulletin, June 1938, p. 304,

The Development of an Improved Ultra-High-Frequency
Radio Fan Marker, P.D. McKEEL, J.M. LEE and H.l. METZ,
Bureau of Air Commerce, Report No. 1i, July 1938.

The Development, Adjustment, and Application of the
Z Marker, W.E. JACKSON and H.l. METZ, Bureau of Air Com-
merce, Safety and Planning Division, Report No. 16,
July 1938. :

Tests of the First Manufactured Fan Marker, W.E. JACK-
SON, P.D. McKEEL and H.l. METZ; Bureau of Air Commerce,
Safety and Planning Division, Report No. 17, July 1938.

U-H-F and the CAA: Digests of Two Reports on Fan-
Type Marker and Aircraft Receiver, Aviationm, Dec. %938,
pp. 43-u4,

Omnidirectional Beacon, dero Digest, Nov. 1940, pp.
89-90; see also Communications, July 1940, p. 1.
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Radio-Range Systems

Method and Apparatus for a Multiple-Course Radio-
beacon, U.S. Patent 1992,197, issued to H. DIAMOND.

Ultra-Short-Wave Guide-Ray Beaconand its Application,
E. KRAMAR and W. HAHNEMANN, Proc.I.R.E.,Jan. 1938, p. 17.

Preliminary Report on a Four—Course Ultra—High—Fre-
quency Radio Range, J.C. HROMADA, Bureau of Air Commerce,
Safety and Planning Division, Report No. 3, Jan. 1938.

Rotary Radio Beacons, E. KRAMAR, dero Digest, April
1938, p. 38.

Ultra-High-Frequency Range Beacon, dero Digest, April
.1938, p. 70.

Radio Transmitter for Direction Finding Device, BROWN
and LUCK, U.S. Patent 2112,824, issued April 5, 1938.

Multiple Courses of the Aeronautical Radio Range Bea—
con, S. YONEZAWA, Radio Research of Japan, Oct. 1938;
also in ¥ippon Elec. Comm. Eng., Dec. 1938.

125-Megacycle Portable Radio Range Developed by Wash—
ington Institute of Technology, dviation, June 1939.

U-H-F for Federal Airways, H.W. ROBERTS, 4ero Digest,
June 1939, pp. 69-70.

The Use of the Airway Radio Range and Other Radio
Aids, Publication 18,660 of Civil Aeronautics Authority,
Washington, 0.C., 1939.

Circuit Design for Low-Frequency Radio Ranges, D.M.
STUART, Report No. 8 of Technical Development Division,
Civil Aeronautics Authority, Nov, 1939,

Some Theoretical Considerationsonthe Philips Ultra-
Short-Wave Radio Beacon, Philips Transmitting News, Dec.
1939,

Radio Beacon System (with "N-A-D-U" beacons), FRANCIS
POPE, U.S. Patent 2187,079, issued Jan. 16, 1940.

Preliminary Investigation of the Effects of Wave Po-
larization and Site Determination with the Portable Ul-
tra-High-Frequency Visual Radio Range, J.M. LEE and
C.H. JACKSON, Civil Aeronautics Authority, Technical
Development Division,' Report No. 9, Feb. 1940,

The N-A-D-U Radio Range, F. POPE, dero Digest, May
1940, pp. 92 and 182,

Iinstrument Landing Systems

Ultra-Short-Wave Radio Landing Beam, R. ELSNER and
E,. KRAMAR, Communication & Broadcast Engineering, March
1937, p. 12.

Lorenz Instrument-lLanding System as Demonstrated at
Indianapolis, Communication & Broadcast BEngineering,
June 1937, p. 12,

Radio Landing Beacons for Aerodromes, P.- ZIJISTRA,
Prilips Tech. Review, Dec. 1937.

Experiments with Underground Ultra-High-Frequency
Antenna for Airplane Landing Beam, H. DIAMOND and F.W.
DUNMORE, Proc. I.R.E., Dec. 1937; also in Jour. of Re-
search of Natl. Bur, of Stds. July 1937.

Ultra-Short—-Wave Guide~Ray Beaconand its Application,
E. KRAMAR and W. HAHNEMANN, Proc. I.R.E., Jan. 1938, pp.
17-44,

American Aircraft Safety Technique, F,W. PETZEL, Elec.
Pech. Zeit., Feb, 1938, pp. 168-172. '

The Present State of Development of Radio~!nstrument
Airplane Landing Systems in this Country and Abroad,
E.N. WENDELL, Proc. Radio Club of America, March 1938,
p. 22,

Automatically Controlled Blind Landing, G.V. HOLLOMAN,
Jour. Soc. Automotive Ergineers, June 1938, p. 13.

An Instrument Landing System, E.N. DINGLEY, Communi-
cations, June 1938, p. 7.

Practical Use of Radio asaDirect Aid to the Landing
Approach in Conditions of Low Visibility, R.S. BLUCKE,
Jour. Royal Aeromaut. Soc., June 1938, p. 483,

Status of Instrument tanding Systems, W.E. JACKSON,
Proc. I.R.E., June 1938, pp. 681-699.

Instrument Landing — Today and Tomorrow, H.W. ROBERTS,
Adero Digest, June 1938, p. 79.

Landing Blind: System in Use at Pittsburgh Airport,
C.S. VAN DRESSER, Radio News, July 1938, p. 16.

Air Track has New Position Finder on the Market, Advi-
ation, July 1938, p. uil.

Blind-Landing Instrument and Photographic Log Undergo
Tests,dir Commerce Bulletin, Sept. 1938.

Simultaneous Localizer: Combined Airport Traffic
Control and Localizer Beacon, dero Digest, Oct. 1938,

Radio Navimeter, dero Digest, Oct. 1938.

Flightray, Communications, Oct. 1938, p. 22.

Bendix Landing System, Aviation, April 1939.

The LMT System of Blind Landing, G. M. PERROUX, Onde
Flec., April 1939. .

Technical Progress in the Art of Instrument Landing,
H. W. ROBERTS, 4dero Digest, May 1939,

U. S. Patents 1999,047 and 2006,918 to W. H. HAHNE-
MANN on System for Landing Aircraft.

500-Cycle Blind-Landing System, E. N. DINGLEY, 4via-
tion, July 1939, p. 60.

Radio Ranges, Markers, Instrument Landing Systems,
dero Digest, Sept. 1939.

Instrument Landing, H. W. ROBERTS, Aero Digest, Oct.
1939, pp. 74 and 77. '

CAA Demonstrates Blind Landings, D. G. FINK, 4via-
tion, Oct. 1939, pp. 30-31 and 76.

Instrument-Landing System, Communications, Nov. 1939,
pps 9, 25-26 and 29.

Toward Safer Flight; CAA Technical Development Pro-
gram; Instrument Landing System, 4ir Commerce Bulletin,
Dec. 1939.

Plans Cleared for Ten Landing Beams, Civil deronau-
tics Journal, Feb., 1, 1940, p. 37.

CAA Proceeds with Instrument Landing Systems, 4dero
Digest, Feb. ‘1940, p. 133.
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Sperry Flightray, Aero Digest, March 1S40, pp. 254
and 256; see also photo on p. 216.

CAA Instrument Landing System, H. |. METZ, Aviation,
March 1940.

Indianapolis tanding Aids Demonstrated, Civil dero-
nautics Jour., April 1940.

. The Development of the Civil Aeronautics Authority
Instrument Landing System at Indianapolis, W.E. JACK—
SON, A. ALFORD, P. F, BYRNE, and H. B. FISCHER, Flec—
trical Communication, April 1940, pp. 285-302.

Instrument Landing Problems in 1940, H. W. ROBERTS,
dero Digest, May 1940, pp. 80 and 83.

Instrument Landing Systems - Above 300 Megacycles

"Instrument and Radio Flying" K.S. DAY, Air Associates,
Inc., ~1938; see p. 237.

Progress Reported on NewBlind-Landing System, METCALF,
Aviation, July 1938, p. 40.

Three Spots and a Horn, D. G. FINK, dviation, Sept.
1938, p. 28.

Metal Horn Focuses Ultra-Short Waves, Radio & Tele-
vision, Oct. 1938, p. 332.

High-Efficiency Sentron, S. UDA, M. I[SIDA, and S,
SHOJI, Electrotech. Jour. (Tokyo), Dec. 1938, p. 291.

Electric Resonance Chambers,G. REBER, Communications,
Dec. 1938, p. 5.

Theoretical Relationships of Dielectric Guides, A. G.
CLAVIER, Flec. Comm,, Jan. 1939, p. 276-290.

On the Resonant Frequency of Closed Concentric Lines,
W. W. HANSEN, Jour. of 4pp. Physics, Jan. 1939, pp. 38—
45,

Theory of the Electromagnetic Horn, W. L. BARROW and
L. J. CHU, Proc. I.R.E., Jan. 1939, pp. 51-6u4,

Sectoral Electromagnetic Horn: Application to a
Straight-Line Blind-Landing System for Airplanes, W. L.
BARROW and F, D. LEWIS, Proc. I. R. E., Jan. 1939, pp.
41~50.

Velocity-Modulated Tubes, W. C. HAHN and G. F. MET-
CALF, Proc. I. R. E., Feb. 1939, pp. 106-116.

Metal Horns as Directive Receivers of Ultra-Short
Waves, G. C. SQUTHWORTH and A. P. KING, Proc. I.R.E.,
Feb. 1939, p. 95-102.

Electromagnetic Horns,G. REBER, Communications, Feb.
1939, p. 13.

On Resonators Suitable for Klystron Oscillators, W.
W. HANSEN and R. D. RICHTMYER, Jour. of 4pp. Physics,
Mar, 1939, pp. 189-199.

Metcalf Blind~Landing System for Airplanes, Science,
Mar. 1939.

Production of Ultra-High-Frequency Oscillations by
Means of Diodes, F. B. LLEWELLYN and A. E. BOWEN, Bell
Sys. Tech. Jour., April 1939, pp. 280-291,

Cathode-Ray Amplifier Tubes, Zlectronics, April 1939,
pp. 9-11 and 76. .

A High-Frequency Oscillator. and Amplifier, -R. H.
VARIANand S. F. VARIAN, Jour. of App. Physics, May 1939,
pp. 321-327.

Aircraft Instrument Landing Research at the Massa-
chusetts Institute of Technology, E. L. BOWLES, Proc.
I.R.E., June 1939, p. 409, (summary only).

Dielectric Resonators,R. D. RICHTMYER, Jau/r. of App.
Physics, June 1939, pp. 391-398.

Small-Signal Theory of Velocity-Modulated E]ectron
Beams, W. C. HAHN, Gemeral FElectric Review, June 1939,
pp. 258-270.

Electromagnetic Natural Vibrations of Dielectric
Spaces, F. BORGNIS, Annalen Der Physik, June 11, 1939,
pp. 359-3814.

On the Natural Electromagnetic Oscillations of a
Cavity, M. JOUGUET, Comptes Rendus, July 24, 1939, pp.
203-204,

Influence and Control of the variable Density of
Electron Currents inTubes and the Use of this Phenomenon
for Generating Short-Wave Oscillations by the Impulse
Method, G. JOBST, Te lefunken Hmmitteilungen, July 1939,
pp. 84-96.

Cathode~Ray Bunching, D. L. WEBSTER,
Physics, July 1939, pp. 501-508.

Space Charge and Field Waves .in an Electron Beam,
SIMON RAMO, Physical Review, Aug. 1, 1939, pp. 276-283.

Limiting Current Densities in Electron Beams, J. R.
PIERCE, Jour. 4pp. Physics, Oct. 1939, pp. 715-724.

Wave Energy and Transconductance of Velocity-Modulated
Electron Beams, W. C. HAHN, Gemeral Electric Review,
Nov. 1939, pp. 497-502.

The Anode-Tank-Circuit Magnetron,E. G. LINDER, Proc.
I.R.E., Nov. 1939, pp. 732-738.

40-Cent imeter waves for Aviation, Flectroniés, Nov.
1939, pp. 12-15.

Instrument Landing onu40-Cent imeter waves, D. G. FINK,
Aviation, Nov. 1939, pp. 26-27 and 78,

Theory of Klystron Oscillators, D. L. WEBSTER, Jour.
App. Physics, Dec., 1939, pp. 86u-872.

The Electronic-Wave Theory of Velocity=-Modulation
Tubes, SIMON RAMO, Proc, I.R.E., Dec. 1939, pp. 757-763.

Biconical Electromagnetic Horns, W. L. BARROW, L. J.
CHU and J. J. JANSEN, Proc. I.R.E., Dec. 1939, pp. 769~
779.

The CAA-MIT Microwave Instrument=Llanding System, E.
L. BOWLES, W. L. BARROW, W. M. HALL, F. D. LEWIS and D.
E. KERR, paper before A. I|. E. E., Jan. 1940.

Electrons Dance the Rumba: Klystron, Generator of
Powerful U-H-F Radio Waves: Useful in Blind-Landing
System for Planes A. R. BOONE, Scientific
Jan. 1940.

Jour. of App.

American,
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Klystrons (3 photographs),
p. 25.

The Velocity of Propagation of Electrical Distrib-
ances, SIMON RAMO, Communications, March 19140, pp. 9-12.

Multiunit Electromagnetic Horns, W. L. BARROW and
CARL SHULMAN, Proc, I.R.E., March 1940, pp. 130-136.

Calculation of the Radiation Properties of Hollow
Pipes and Horns, L. J. CHU, Jour. of App. Physics, Sept.
1940, pp. 603-610.

Flectronics, Jan. 1940,

Altimeters and Obstruction Indicators

Airplane=Altitude=indicating System, J, 0. BENTLEY,
U. S. Patent 2011,392, issued August 13, 1935.

Marine Obstacle Detector, Communication & Broadcast
Engineering, June 1936, p. 26.

Method and Means for Measuring Altitude of Aircraft,
LLOYD ESPENSCHIED, U.S. Patent 2045,071, issued June
23, 1936.

Method and Means for Measuring Altitude of Aircraft,
LLOYD ESPENSCHIED, U. S. Patent 2045,072, issued June
23, 1936. '

Preventing Collision
1936, p. 177.

The Simon System of Instrument Landing and Collision
warning, H. W. ROBERTS, Communication & Brdcst. Engrg.,
Oct. 1936, p. 1.

Radio Device to Warn Plane Pilots of Mountain Peaks,
The Air Line Pilot, Vol. 7, No. 7, 1938, p. 8.

A Direct—Reading Radio-Wave Reflect ion-Type Absolute
Altimeter for Aeronaut ics, Sadahir Matsuo, Proc. I.R.E.,
July 1938, p. 8us.

Radio Altimeter, Communications, Oct. 1938, p. 34.

A Terrain-Clearance Indicator, L. ESPENSCHIED and
R. C. NEWHOUSE, Jour. of deronaut. Sci., Feb, 1939, p.
139; also in Bell System Tech. Jour., Jan. 1939, pp.
222-23M4,

Correlation of Aircraft and Ground-Stat ion Altimeters,
R. D. KELLY and H. F. SALSBURY, Jour, of deronaut. Sci.,
April 1939, p. 2u0,

A Compilation of Now Commonly Used Methods for the
Determination of Altitude, K. DZIEWIOR, Luftfahrtfor-
~ schung, June 20, 1939, pp. 326-338.

Ad on D-156,5u8 tube used in Western Electric Alti-
meter, Flectronics, Jan. 1940, p. 61,

in the Air, deroplane, Aug. 5,

Facsimile

Two-Way Facsimile Unit Developed for Aviation, R. D.
POTTER, Science News Letters, Nov. 25, 1939, p. 341.

Finch Radio Facsimile, Adero Digest, Jan. 1910, p.
163; see also ad on p. 43,

You Can Take It Wlth You, CARROLL MUNRO, Collzer’s
Weekly, Jan. ‘13, 1940, pp. 28-29; shortened under title
"New Eyes for Mars" in Reader’s Digest, Mar. 1940, pp.
107-108.

Finch Radiofacsimile, H. W, ROBERTS, dero Digest,
July 1940, p. 180; see also ad on p. 82.

Finch Demonstrat ion, Communications, Oct.
28-29; see also ad on p. 32.

Finch Facsimile Demonstrated, D. G.
Nov. 1940, pp. 48 and 132.

1940, pp.

FINK, Aviation,

Television

U.S. Patents 2027,527 and 2027,530 on Navigational
Guide System issued to John Hays Hammond, Jr,

Television Reception in an Airplane, R. S.
RC4 Review, Jan, 1940, p. 286.

Television Equipment in Transport Plane Relays Pict-
ures to NBC Audience, Electromics, April 190, pp. 70
and 72,

HOLMES,

Trends in Aircraft Industry

Present=Day and Probable Future Electrical Applica-
tions in Aircraft, W. V. BOUGHTON, Flectrical Engineer-
ing, Aug. 1937, p. 959,

The Case for Big Ships, C. A. ZIMMERMAN, The Pilot,
July 1938, p. 9. :

The Big Douglas, F, M|LLER, Western Flying, July 1938,
p. 16.

The Big Boeing,
1938, p. 18.

Short Waves are Coming, R. H. WILDE, Sportsman Pilot,
Aug. 1938, p. 18,

Big Fellow, B. LAY, JR., Sportsman Pilot, Sept. 1938,
p. 8.

UHF, W. E. JACKSON, 4viation, Jan. 1940, p. u2.

An Engineer's Closeup of the Curtiss-Wright Trans-
port, G. PAGE, Aviation, March 1940, p, u6.

Trends inAir Transportation, T. P. WRIGHT, dviation,
March 1940, pp. 36-37, 115 and 117.

H. MANSFIELD, Western Flying, July

Presenting the Curtiss-Wright Transport, Avigtionm,
March 1940, pp. 45-51 and 53.
Into the Sub-Stratosphere, R. J. MINSHALL, 4viation,

May 1940, pp. 46-u49, 116 and 119-120.
Details of the Sikorsky Helicopter,
June 1940, p. 56, a
Engineering for Higher Altitudes, W. E. BEALL, dero
Digest, Oct. 1940, p. 52.
Design Possibilities of Long-Range Civil Aircraft,
H. R. COX, British Air Ministry, dero Digest, Nov. 1940,
pp. 149-150, '153-164, and 157-158.

dero Digest,
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Annual Banduet

The Annual Banquet of the Club took place on November
1st at the Engineers Club in New York. The usual spirit
of gaiety and reminiscence prevailed, and there were nu-—
merous amusing anecdotes and personal references.

Following the dinner, President Henney presented the
Armstrong Medal toGreenleaf Whittier Pickard of Seabrook
Beach, New Hampshire. Mr. Henney, and also other speakers
later, referred to Pickard's long professional career
startingwithwork onthe Perikon detector, signal genera-
tors, field=strength measurements, and other subjects;
also mentioned was hisdistinguished family connection as
great nephew of the poet, John Greenleaf whittier. In
his acceptance remarks Pickard included a tribute to the
Armstrong name, adding humorously that the Armstrong coin
has heads on both sides, so that you can't lose.

President Henney then introduced Major Armstrong, who
acted as toastmaster. The Major said a few words in-
cluding the ‘mention of a publication on the use of the
wave meter, which was written in the early days — he had
found this very interesting at the time. He then intro-
duced the author, our speaker of the evening, now Major
General J.0. Mauborgne, Chief Signal officer of the Army.

Inhisaddress, General Mauborgne described conditions
in the Signal Corps at our entry into the last war, and
compared them with the much better situation prevailing
at the present time. At that period, we had practically
no apparatus, practically no designs, and practically no
knowledge of desired types of equipment; about all we
could do was torush into production of Chinese copies of
French and British apparatus. In-all these respects of
. equipment, manufacture, design, and plans, our situation
at the present time is far better.

General Mauborgne pointed out particularly that the
Signal Corps isready toconsider operable apparatus which
is in shape for further development to adapt it to the
needs of the service. |In distinction to this classifi-

~

cation, personswith ideas requiring research, should con—
tact a research group, the National Defense Research Com-
mittee, which has been formed under the leadership of
vannever Bush. An additional group under the head of
C.F. Kettering, the National inventors Council, has been
formed to consider inventions submitted from any source.
These research and invention groups are ready to consider
all ideas submitted, and inaddition will endeavor to have
research projects undertaken, and inventions made, in
compliance with specific requests from the military ser—
vices.

In connection with developments made in the Signal
Corps, General Mauborgne mentioned the necessity of ter-
minating the work at possibly 8o or 85 percent of the
desired extent, in order to get manufacture of apparatus
started. Even under these circumstances, development
work generally takes a year, and the inauguration of manu-
facture an additional nine months, so that it is almost
two years before equipment is received in volume. The
situation is more difficult on account of the fact that
during quiescent times, little money isavailable for de—
velopment work, andduring critical periods, there is in-
sufficient time. Sufficient money is available now for
considerable development and purchase of signal apparatus,
the total appropriation amounting toalmost $200,000,000.

In discussing facsimile, General Mauborgne reported
that encouraging results are being obtained. With regard
to television, hestated that the requirements are severe,
it being desired to see an object the size of an auto-
mobile onadull day by means of atelevision camera in an
airplane at a height of 12,000 feet or more.

Dues Waived for Members Entering Service

The Board of Directors at ameeting on September 16th,
adopted a provision that the dues of all members who join
any branch of the defense services willbe waived through-
out their term of duty if they notify the Treasurer of
their service connection. '
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Results of Postal-Card Survey

The survey of members®' opinions and suggestions,which
was conducted by postal card during the summer, resulted
in the return of 53 cards and three letters, containing
numerous valuable items relating to the future activi-
tiesofthe Club. Almost all those living inthe neighbor=
hood of New York City indicated their willingness toserve
on Committees and the Board. Numerous prospective members,
and suggestions of suitable subjects and speakers, were
received. Efforts will be made to use all of these re-
sults for the advancement of the Club.

It may be recalled that a space was provided to indi-
cate whether the club should give more emphasis to ama-
teur topics, and similarly whether more emphasis should
be given to servicing topics. The results of the postals
indicated asubstantial majority in favor of more material
of interest toamateurs, while the response for more ser—
vicing material amounted to about one-third of those re-
plying. Other suggestions relating to the technical ac-
tivities of the Club were to distribute the diagrams and
equations at each meeting, and to hold a one-day con-
vention.

Several suggestions relating tothe meeting noticesand
the proceedings were received. These included asuggestion
to get the meeting notices out earlier, to have sooner
and more regular publication of presented papers in the
proceedings, to publish contributed papers, and to print
the titles of papers onthe front cover of the Proceedings.
Efforts will be made to put all of these suggestions re-
lating to meeting notices and Proceedings into effect.

The social activities of the Club should be expanded,
according to the desires of a majority. in particular,
a majority favored an additional get-together during the
year to supplement the annual banquet, and the Board of
Directors are giving thought to a suitable inexpensive
event along this line. In general, a desire for more so-
cial activity was manifest, and the Directors will en-
deavor to meet this need.

Contribution of Material to Proceedings

The Publications Committee of the Club will be pleased
to consider any papers, technical reports, or other items,
submitted by members for publication in the Proceedings.
These may be short items, or extended treatments requiring
a complete issue.

FREQUENCY MODULATION MEETING AT W2XOR

on September 26th theClub met at transmitting station
W2X0R located at yyy Madison Avenue, New York City. At
this point a 1-kilowatt frequency-modulated transmitter
is located on an upper floor of a high building, and an
antenna mounted on top of the building. The program at
the meeting consisted of several short papers on fre-
quency modulation, high fidelity, and the apparatus used by
W2XOR; descriptions were given of the equipment located
at both the transmitter and at a special high-fidelity
studio situated with other studios of the Mutual Broad-
casting System at 1440 Broadway. One event of the pro-
gram was a transmission of various special sounds to
demonstrate the realism of the reproduction. The trans-—
mitter was then inspected by the menbers and guests of the
Club.

The present issue of the Proceedings gives the general
material presented by the various speakers of the even—
ing. \

FM and Its Economic Advantages
By J.R. Poppele*

practically all progress in the world of radio has
come about by having faith ina notion and then sticking

*Chief Engineer, Station WOR, New York City

with the notion until iteither succeeded or failed. The
people who backed the right notions because they were
farsighted and understanding have usually been the ones
who came to the top of the radio industry.

Frequency modulation, inmyopinion, is the most prom-
ising development ina whole decade of radio broadcasting.
It is promising not only because it has many technical
and economic advantages, but also because we now see it
in an advanced state, ready to take its place commer-—
cially on Jan. 1, 19u1 besideregular standard hroadcast-
ingasa new and distinct service tothe American public.

one year ago practically no one except a few well in-
formed engineers knew what FM was. As a laboratory cu-
riosity, it received the plaudits of several technical
societies — yet only a handful of men were farsighted
enough to realize that FM had the ability and properties
necessary to change the entire landscape of radio.

Within the space of one year a host of converts have
flocked to the ranks of FM boosters. Nearly 50 applica-
tions for large, commercial FM stations have been filed
at washington. The Federal communications Commission,
convinced that FM isready to operate as a bona fide ser-
vice, hasassigned a new FM band of 40 channels, sanctioned
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commercial operation, and in general administered a cor-
dial pat on the back to frequency modulation.

The future is still ahead, but stemming from such a
rosy preseht, it seems inevitable that FM will have an
illustrious career of steady growth. FM is the radio of
tomorrow. By a process of evolution, it may well super-—
sede most of our existing systemof radio before ten years
or less. The new FMstations, contrary topopular opinion,
have wide coverage areas inwhich they can deliver strong
signals, unbothered by natural or man-made noises, carry-
ing programs which are clearer and more realistic than
anything the average listener has ever heard before. It
is interesting to note that the applications for FM sta—
tions now awaiting action inWashington, if granted, will
supply FM reception to more than 75,000,000 potential
Tisteners.

Within the space of a year or two we will unquestion—

ably see the formation of large national networks, dis—

seminating high—-quality programs from Atlantic toPacific.
Two such networks are under consideration at the present
time. The many new stations will open up employment for
thousands more engineers, announcers, singers, musicians
and station staff members. Increased competition may do
much to raise the calibre of programs.

In the sphere of the manufacturer, we will undoubtedly
see extra employment for many thousands who will be needed

President Keith Henney (left) presenting the Arm-
strong Medal to Greenleaf Whittier Pickard at the
Annual Banquet. Dr. Pickard's record in radio re-
search, from the earliest days to the present,
justifies the title,"Radio's Most Active Pioneer™.

Major General J.0. Mauborgne, Chief Signal Officer
of the U.S. Army, Major E.H. Armstrong, and Briga-
dier General Dawson Olmstead, head of the Fort
Monmouth Signal Corps Laboratories at the Annual
Banquet of the Club.

to design and build new FM combination receivers that can
receiver either FM or ordinary broadcasts. Building of
new stations also means greater investment of capital and
increased employment.

The ability of FM to reproduce sound with startling
realism opens the way for new efforts in the dramatic
field, placing agreater premiumonartistry and strength-
ening the value of good music as program material.

In other words, FM gives radio an unparalleled oppor—
tunity to put its house in order, to rectify many ills,
and to create on the sound foundation of an already pre-
cocious industry an even greater, brighter and more use-
ful one.

New Transmitter Circuit for
Frequency Modulation

By J.F. Morrison*

Important new developments in communication, as in
sciences, are often retarded in their commercial applica-
tion by the lack of apparatus and techniques that are

*Bell Telephone Laboratories, Whippany, New Jersey
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suitable for actual use in the field, where exacting
standards of performance have to be met over long periods
of time with complete reliability. wide-band frequency
modulation presents itsshare of these practical problems,
but through the coordination of a number of new and dis-
tinct laboratory developments, the approaching expansion
in FM broadcasting finds equipment ready for use that
meets the most rigorous requirements. These new develop-
ments are embodied in Synchronized Frequency Modulation,
which makes its appearance for the first time in the
1000-watt western Electric 503A-1 Radio Transmitting
Equipment.

Probably foremost among the practical problems is that
of frequency stability—a term which inFM must of course
have a new meaning, since it can refer only to the average
frequency. In amplitude-modulat.ion systems the crystal
oscillator has provided all that could be desired in the
way of frequency stability; but in a mode of transmission
employing deliberate variation of frequency over a wide
range, the direct use of the crystal as the source of
“oscillations would ‘necessa'riTy give rise to a conflict
between the factors which stabilize the frequency and
those which are to produce the desired variation. Yet
the mean frequency in FM transmission is subject to the
same strict regulation prevailing for the carrier fre-
quency in amplitude modulation, requiring that in some
* manner thevirtues of the crystal oscillator be utilized.

Now the mean frequency in a frequency-modulated sig-
nal may be defined as the total number of cycles occur-
ing in a second, whatever their distribution in time
over this interval may be; so that a Tlogical and direct
procedure in maintaining the mean frequency at the as-
signed carrier value, would be to count continuously the
number of cycles per second, comparing this with the
number generated by a precise fixed-frequency standard,
and adjusting the source of the oscillations to keep the
two always exactly the same. This is in effect what is
accomplished in Synchronized Frequency Modulation. The
- procedure has a close parallel in electric—power-system
practice, where cycle counting by means of synchronous—
motor clocks permits accurate control of the average
frequency.

It is not necessary, however, to count millions of
cycles each second, for the frequency may be reduced to
any desired degree through the new technique of fre-
quency division, whereby a low frequency is obtained
which is an exact submultiple derived directly from the
original frequency and having its variations reduced in
proportion. The frequency divider, a tool of consider—
able promise in the communication field, consists basi-
cally of amodulator (shown as M in'Fig. 1) and a vacuum-
tube amplifier. The frequency f2 appearing in the out—

put of the modulator is the difference between the fre—
quency fed back from the output, which is f;, itself, and
the frequency f; applied to the device; that is, f, =
fy — f,. This requires that f,=f;/2, so that we have
an exact halving of the frequency; and the output wave,
although produced by a regenerative action, is under
complete control of the input by virtue of the modula-
tion process through which it originates.

~)i}

Fig. | - Schematic of a 2-to-| frequency divider.

Using a modulator of the copper-oxide type, which re-
cent refinements have rendered suitable for use at fre—
quencies of several megacycles, the frequency divider
becomes a very compact and simple device. By cascading

- a series of such dividers, we. obtain for synchronizing

purposes a frequency as low as desired, in exact submul—
tiple relationship to the carrier frequency. In Syn—
chronized frequency modulation the dividing process ends
up withafrequency of about 5000 cycles, or about 1/8000
of the carrier frequency.

Referring nowto theblock diagramof the system, Fig. 2,
the role of the frequency divider becomes apparent. The
divider is energized from the output of a frequency-mod—
ulated oscillator operating at about five megacycles, and
its function as a part of the synchronizing system is to
insure the constancy of the mean frequency of this oscil- ,
lator, and hence of the final output frequency (u2 to 50
megacycles) to be obtained by doublers following the os—
cillator.

There has been in use for some years a method of syn—
chronizing two frequencies wherein the frequencies are
combined in a modulator to produce a rotating magnetic
field whose speed and direction of rotation correspond to
the amount and sense of the frequency difference. As a
small armature, geared tothe tuning condenser of one os-
cillating source, brings the frequency back toward syn—
chronism, the speed of rotation of the field decreases
and the armature slows down, coming to rest when exact
synchronism is attained.

At first thought, one would not expect such a device
tobeapplicable inan ultra-high-frequency system because
the departures in frequency are so great as to be beyond
the capacity of a mechanical system to follow; but when
the frequency is reduced by our dividing process to the

_13.-
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Fig. 2

Block diagram of the frequency-modulation transmitter.

order of 5000 cycles, or 1/8000th of the output frequency,
we find that variations of hundreds of kilocycles in the
output frequency are represented by variations of only
tens of cycles, so that with a low-frequency crystal os-
cillator as the comparison standard we obtain a rotating
magnet ic field readily followed by the armature. So ef-
fective and immediate is the control that if the output
frequency through some cause were to depart suddenly by
as much as four hundred kilocycles from its assigned val-
ue, it would be returned to exact synchronism in two to
three seconds; while gradual changes in frequency of as
much as several megacycles will also be corrected because
the change is followed continuously.

It is well known in frequency-modulation theory that
the phase deviations aredirectly proportional tothe fre-
quency swing and inversely proportional tothe audio rate
at which the swing is produced. The frequency swings em-—
ployed in wide-band frequency modulation are so great as
to entail phase deviations of thousands of degrees; that
is, the frequency-modulated wave is alternatelyadvanced
and retarded by many comp]eté cycles with respect to an
unmodulated comparisen wave. When a high order of fre-
quency division is introduced, however, the frequency
swing becomes small while the audio rate is unchanged,
so that the phase departures due to modulation are then
only a few degrees.

The magnetic field in the control device therefére
oscillates only slightly at audio frequencies about its
mean position, andthe oscillation is not followed by the
motor because of its inertia; the slightest change inmean
frequency, however, produces acontinuous rotation of the
field and is corrected at once. The frequency divider,
then, serves two important purposes: to reduce the whole
phenomenon to a time scale suited to electromechanical
operations, and to obscure the effects of modulation so
that only changes in the mean frequency, or total number

of cycles persecond, can influence the frequency-control
mechanism.

Not long ago 50 kilocyclies was regarded as an extremely
Jow frequency for quartz crystals. The appearance -of a
5~kilocycle crystal oscillator in the block diagram of
Fig. 2 isa reminder that advances in the frequency range
of radio equipment are not being confined to the high-
frequency end of the spectrum. This is a low-temperature-
coefficient crystal oscillator giving the same percent
stability as obtained in the best broadcast crystals. The
stability is well under one part in a million per degree
centigrade, making temperature control entirely unnec-
essary. ‘

This system of frequency control isso unique in a num-
ber of important characteristics as to bring to light im-
mediately certain limitations of other methods that might
not otherwise be obvious. For one thing, the stability
is identically that of a single crystal oscillator, un-
affected by any beating process with other oscillators,
or by changes ingain or frequency characteristics of as-
sociated circuits. There are no temperature—controlled
networks for converting frequency changes into amplitude
changes, opening the door to errors due to gain fluctua-
tions; everything in the control system is kept in terms
of frequency. In the second place, the actual control
exercised onthe oscillator to maintain its mean frequen—
cy is mechanical, involving a variable condenser; and
being mechanical, when the oscillator is brought to the
correct frequency it is left there, without the necessity
of any sustaining voltage such as must be supplied when
slope~circuit control is used, and therefore without the
danger of asudden wide departure in the frequency should
the control voltage fail.

Mechanical control, moreover, completely relieves the
frequency-modulat ing elements of any connection with the
stabilization of the mean frequency, so that these ele-
ments. may always be operated at the optimum point for
linear modulation and the frequency swing obtainable is
not limited by the necessity for correcting frequency
drifts in the oscillator. Finally, the entire synchron-
izing system, including the crystal oscillator, is com-
pletely external to the programcarrying part of the trans—
mitter, and no failure or misadjustment within it can have
any influence on either the quality or the continuity of
the transmission. )

Frequency modulation holds such promise as a vehicle
for high-quality noise-free broadcast service that no
pains have been spared in producing atransmitting—circuit
design of extremely lYow distortion and background noise
level. By modulating at a carrier frequency of five or
six megacycles, where the phase deviations are large, the
difficulty encountered at low initial frequencies from
phase modulationdue to power—supply hum and microphonics
is removed. |n synchronized frequency modulation, more-
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over, the complete separation of the two functions of mod—
ulation and frequency stabilization permits the use of
push-pull reactance control tubes for modulating the os-
cillator, so that ripples in bias or plate supplies do
not modulate the frequency. The balanced circuit (Fig.
3) employed for these tubes and for the oscillator, together

with other refinements in design, permit a frequency ex— -

cursion of hundreds of kilocycles oneither side with very
low distortion.

REACTANCE ouTPUT OSCILLATOR
CONTROL TUBES

- 1%
= M;L
G

Fig. 3 - Schematic of the frequency-modulation circuit..
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Following the modulated oscillator inthe 503—A—-1 equip-
ment are four pentode stages, three of thembeing doublers,
and all extremely simple in design. At the final output
frequency two triode stages increase the power to 1000
‘watts for transmissiontothe antenna. These triode stages
use the 356A and 357A, stemless and baseless ultra-high-
frequency tubes inthe molded-hard—glass type of envelope.
The 357A is rated at 350 watts plate dissipation, with
full voltage rating up to 100 megacycles. Two of these
in the range from 40 to 50 megacycles deliver 1000 watts
for FM with great ease.

The 1-kilowatt broadcast transmitter, in which the 357A
tube made its debut a year ago, introduced a new mechan-
ical construction and an exceptionally attractive modern
 cabinet design. These features have been received so fa-
vorably for broadcasting and high—quality police service
that the same lines have been followed inthis first com
mercial westernglectric frequency-modulation transmitter.
A1l apparatus is mounted independently of the cabinet;
every part is immediately accessible for inspection or
maintenance; all controls are protected by narrow side
doors flanking the main door. The apparatus has been de-
signed to give long and trouble-free life.

The new techniques and apparatus refinements that are
made use of in synchronized frequency modulatien have been
contributed by various departments of the Bell Labora—
tories, andacknowledgement is made of these indispensable
foundations. '

Audio Facilities for Frequency Modulation
By Edward J. Content*

In considering audio facilities for a frequency-modu-
lation station, we must give attention to the standards
of good engineering practice which have been set up for
these stations by the Federal Communications Commission.
These standards include the following provisions:

"(2) The equipment is capable of satisfactory op-
eration at the authorized operating power or the
proposed operating power with frequency swing plus
and minus 75 kilocycles. At any frequency between
50 and 15,000 cycles at a swing of 75 kilocycles,
the combined audio frequency harmonics generated
by the transmitting system shall not be in excess
of 2 per cent (root-mean-square value).

"(3) The transmitter and associated studio equip~
ment shall be capable of transmitting a band of
frequencies from 50 to 15,000 cycles within 2 de-
cibels of the level at 1000 cycles. In addition
provision shall be made for pre—emphasis of the
higher frequencies inaccordance withthe impedance-
frequency characteristics of a series inductance—
resistance network having a time constant of 100
microseconds. ,

"(y) The noise in the output of the transmitter in
the band from 50 to 15,000 cycles shall beat least
60 decibels below the audio-frequency level repre—
sented by a frequency swing of 75 kilocycles (100%
modulation).®

Very few people realize how rigid these requirements
are in considering the audio-frequency response charac—
teristics. The complete audio system, from microphone to
transmitter, includes fifteen audio $ransformers and fif—
teen vacuum tubes operating in tandem. The characteris—
tics of all of these individual units naturally witl add
to provide the overall frequency characteristic, provid-
ing the impedances of all the circuits are properly
matched. Also included is the telephone line for linking
the studio to the transmitter. In considering the sig-
nal-to-noise ratio, we must keep in mind that the output
level of a microphone is approximately minus 60 VU. (The
VU, or volume unit, is the number of decibels from one
milliwatt when observed onavolume indicator of standard
characteristics.) The thermal noise produced by the most
quiet types of tubes in practice is approximately minus
130 to minus 125 vU. Therefore, the best signal-to-noise
ratio possible with the present microphones and tubes is
plus 65 to plus 70 db. This is really the bottle-neck
of the systemas far assignal-to-noise ratio isconcerned,
as in systems properly designed the signal level in the
audio circuits is never again allowed to approach this
Tow level.

*Assistant Chief Engineer, Station WOR, New York City
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The studio audio facilities for w2xor, which have been
installed in the WoR No. 1 Studio at 1440 Broadway, con—
sist of the following equipment:

7 Premixing Western Electric Type 120-A amplifiers

8 Mixing controls

1 Regular and 1 emergency Western Electric Type
120—-A booster amplifier

1 Regular and 1 emergency Western glectric Type
121~A line amplifier

1 Western Electric Type 12u4-A monitor amplifier and
the necessary keys, jacks, relays, etc., to pro-
vide the complicated switching operations in the
most simple manner possible.

These audiofacilities provide for the simultaneous op-
eration of six microphones, one transcription reproducer,
and one incoming program line.

The telephone-line circuits, between the studio and
the transmitter, have been furnished bythe New York Tel—
ephone Company, and are flat to within 1 decibel from
30 to 20,000 cycles. :

The audio facilities at the transmitter include athree-
channel mixer; this links the output of the regular and
“the emergency lines from the studio as well as the out-
put of the local announcing microphone at the transmitter.
This mixer feeds awestern Electric Type 121-A amplifier,
from which the'signa1 goes to a high-frequency pre-em-—
phasis circuit, thence thruawestern Electric Type 126-A
limiting amplifier to the frequency-modulation transmitter.

Measurements made of the complete system have shown
that all of the Commission's requirements have been met,
and in most ‘respects surpassed.

Studio Acoustics for High Fidelity
By J. P. Maxfield*

For good acoustics a studio must be satisfactory in
a1l of the following respects:

1. The amount of reverberation (which is commonly

expressed as the time required for the original
" sound to die away, after sudden interruption,
to a value 60 db lower);

2. The ’‘requency characteristic of the reverbera-
tion of the room, that is, the curve showing
the reverberation timeat various frequencies;and

3. The "bumpiness of the die-awaycurve® —the larger
bumps inthis curve are causedby the large-order
standing waves in a room.

The reverberation time of a room can be controlled by
the use of sound-absorbing material distributed on the
walls, ceiling and floor, and by shaping the walls insuch

*Director of Commercial Engineering, Electrical
Research Products, Inc., New York City.

a manner that the sound hits the absorbing material more
often. In the early days of broadcasting the tendency
was to use only acoustic material and to distribute this
over large areas, paying very little attentiontothe re-
sulting frequency characteristic of the reverberation.
Under these conditions a great deal too much acoustic
treatment was necessary to eliminate serious standing-
wave patterns in the studio. In later years, however,
it has been found that studios can be designed with the
opt imum reverberation period, provided sound-absorb ing
treatment of proper frequency characteristic isdistribut—
ed properly over the wall areas, and also provided that
the walls are broken up by slightly angled sections to
avoid large'reflecting areas insuch positions asto cause
bad standing-wave patterns. In other words, Items 2 and
3 above are now taken into considerationtothe benefit of
acoustic design.

Studios with too short a period of reverberation are
very unnatural, and the musicians and artists cannot per-
form at their best because they do not hear the mu-
sical and vocal tones in the normal manner. The tendency
of performers in such a studio is to force the volume at
the expense of tonal quality. |t has been observed that
when studio acoustics are ideal for the performer, the
conditions are also best for the broadcast program.

To provide good acoustics, it is also necessary that
the large-order modes of sound reflection be practically
eliminated by breaking them up into a large number of
smaller reflections. These large-order modes of vibra-
tion, or resonances, are caused by large, flat, untreated
portions of walls, ceiling, or floor which, when opposing
each other, cause asound to be reflected and re-reflected
many times. Such reverberation causes a peak in the re—
verberat ion-frequency curve for the room. Therefore, it
is necessary either to distribute the acoustic material
inalarge number of small areas rather than a small num-
ber of large areas, or to provide angled reflecting sur—
faces on the various walls for a more uniform distribu-
tion of the sound reflection throughout the room. It is
in this manner that the third requirement is met. |nac—
tual practice both of these methods are combined. There
is still considerable uncertainty as to the exact shape
of the ideal curve of reverberation asafunction of fre—
quency. Practical experience, however, has shown that
in small studios the curve which is nearly flat with fre-
quency gives the best general results; however, as the
studios get larger andapproach theatre proportions it is
desirable to have the reverberation time at the lower fre-
quencies greater than that in the treble region. By the
time the studio has reached the size 500,000 cubic feet
or greater, the reverberation time at 128 <cycles
should be about one and one-half times that at 512
cycles.
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