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PROGRESS in every industry is rep- 
resented by the ability of leaders to 
make new use of materials that have 
always existed. SVEA METAL is a 
new product made by new methods 
from material known for centuries. 
IT is an outstanding achievement in 
progress already recognized by 
leading tube makers throughout the 
world. It typifies the modern spirit 
of a new deal. 

Swedish Iron & 
17 Battery Place 

ENGINEERING talent has tested 
and approved and engineering abil- 
ity is utilizing and benefiting from 
the advantages of this up -to -date 
metal. Quality, efficiency, de- 
creased shrinkage and fewer field 
troubles tell the story. New prod- 
ucts of research are usually more 
costly, but executives and engineers 
alike welcome the substantial savings 
made by SVEA METAL. 

A 

4zt .. Steel Corporation 
New York City 

' 1uá r For more than a quarter of a century suppliers of high grade metals to the foremost electrical equipment manufacturers. 
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The 

MODERN 
RCA VICTOR 

One K. W. 

TRANSMITTER 
Type "1 D" 

RADIO HEADQUARTERS takes pride in 

introducing this advanced -design one -k.w. 

broadcast transmitter, in anticipation of the 

great improvements being made in broadcast 

receiving sets, and the general trend towards 

extended audio frequency range of micro- 

phones and remote pickup telephone lines. 

NOTE THESE OUTSTANDING FEATURES: 

ECONOMICAL -EFFICIENT 
Uses Efficient High Level Class B Modulation, 
Low Installation Cost. Lowest Operating Cost 
of Any Standard Transmitter, Air -Cooled 
Radiotrons Only. 

COMPLETELY EQUIPPED 

Built -in Cathode Ray Modulation Indicator, 
High Fidelity Speaker, Dummy Antenna, 
Radio Harmonic Suppressors. 

HIGHEST FIDELITY 

Uniform Frequency Response, Minimum Audio 
Harmonic Content, Even at 100% Modula- 
tion. 

SIMPLE TO INSTALL and OPERATE 

No Generators or Water Cooling Equipment, 
Entirely Self- Contained and AC Operated, 

Unitary Line Voltage Control, Complete 

Metering, Automatic Starting. 

ADVANCED MECHANICAL DESIGN 

Complete Shielding, Plug -in Crystal Units 

with Heater Chamber, Relay and Oscillator in 

Duplicate, Centralized Controls. 

MODERN APPEARANCE 
Designed According to Dynamic Symmetry, 
Finished in White Metal and Tones of Gray. 

A Deluxe Transmitter at Low Initial Cost and Low Operating Cost 

RCA VICTOR CO., INC. 
Camden, N. J., U. S. A., "Radio Headquarters" 

New York: 153 E. 24th St. Chicago: I I I N. Canal St. San Francisco: 235 Montgomery St. 

Dallas: Santa Fe Bldg. Atlanta: 144 Walton St. N. W. 

BRANCH OFFICES IN: Rio de Janeiro -Yokohama- Shanghai - Buenos Aires - Santiago (Chile) 
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P 
N B C MOVES TO 

ROCKEFELLER PLAZA 
THE above headline announces a change of 

address, but the subject will not likely be 
thus lightly dismissed. The transfer of the 
great institution, NBC, to the new RCA Build- 
ing at 30 Rockefeller Plaza, New York, car- 
ries a significance to the radio industry and to 
radio engineers that will be analyzed and dis- 
seminated in every language and in no end of 
public prints the world over during the next 
half year. 

The tribe of Fessendens, De Forests, Log - 
woods, Gowens, Weagants, Crafts, and others 
who bore the veiled ridicule of doubters two 
decades ago, and who knew a radiophone trans- 
mitter as a temperamental assembly of impro- 
vised gadgets, would be those most likely to 
comprehend, to envisage the present NBC plant 
in terms of technical progress and service 
achievement. 

Modernity in a broadcast station studio im- 
plies the replacement of a ganglia of open wires 
by cabled conductors in concealed floor ducts; 
the replacement of Brobdingnagian knife - 
switches by hidden, silenced automatic circuit - 
breakers controlled by tiny push-buttons ; re- 
placement of clanging bells and the shouted 
orders of attendants by a polychromatic land- 
scape of blinking miniature lights. It implies 
the employment of every electrical and me- 
chanical device known to the arts which con- 
duces to silent,, swift and efficient operation of 
a multitude of local and remote studios in asso- 
dation with broadcast channels and national 
chain hookups. 

NBC's New York studio operating plant is 
the last word in radio broadcast installation. It 
establishes standards which will serve as a 
guide for some time to come. 

-4- 
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THE MICROSCOPE 
SHOWS 

See tight engagement 
of Self tapping Screw 

in metal. 

Noie loose ft 
of Machine Screw 

in tappet! hole. 

Assemblies made with Sell-tapping Screws 
safeguard auto radio circuits against vibration 
because the proper functioning of 
auto radio circuits depends to such a 

large extent upon the mechanical 
supports in the receiver, leading en- 
gineers are favoring assemblies made 
with Parker -Kalon Hardened Self - 
tapping Sheet Metal Screws. Vibration 
won't loosen fastenings made with 
these unique Screws. Under the most 
severe shaking, radio parts will stay 

N.Y. U. Vibration Test 
Duration -51 hours on 2 
specimens. Result -5 of 
8 machine screws loose. 
All 8 Self -tapping Screws 
SECURE. 

secure ... safeguarding the electrical 
operation of the receiver. 
It's easy to see why these Screws make 
stronger fastenings. Just look at the 
microphotographs above. The threads 
of the Self- tapping Screw are firmly 
embedded in the metal, while the 
threads of the machine screw actually 
are loosely engaged. Tests -one is 

pictured here -made by unbiased 
laboratories prove that Self- tapping 
Screws hold better under vibration, and 
also under tension and shear stresses. 

In making assemblies with these 
Screws, radio manufacturers are able 
to reduce costs, as well as strengthen 
fastenings. For no other device offers 
such ease, speed and economy. Prac 

PARKER-KALON 
HARDEN E D 

Self- tapping Screws 
PAT IN U.S. AND FOREIGN COUNTRIES 

tically all prominent makers of receiv- 
ers for home use long ago adopted 
Self- tapping Screws, and most of them 
have saved from 30 per cent to 50 per 
cent of assembly costs. 

Write for free samples of these fa- 
mous Screws. Try them...see how much 
better they are for most fastenings. 

PARKER -KALON CORPORATION 
Dept. L, 190 -198 Varick Street, New York, N. Y. 

Where and How to use them 
Parker - Kalon Hardened Self -tapping Screws 

For making fastenings to sheet metal up 
to 6 ga., aluminum, die castings, Bakelite, 
etc. Turn Screw into drilled, pierced or 
molded hole. It forms a thread in the 
material as it turns in. Can be removed 
and replaced. Available in a full range 
of diameters and lengths, and 5 styles 
of heads as shown below. 
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FACSIMILE T HE upward struggle of 
BROADCASTING cinema entertainment 
AND TELEVISION was long retarded because 

of theatre show estab- 
lished standards which it was said would 
have to be equaled or closely approached 
before the screen could compete with the 
stage. Then in 1920 along came commercial 
radio broadcasting of sound, which caught 
up with and passed screen entertainment with 
sound, capturing public acceptance of the 
transmission of sound effects. 

The immediate universal acceptance of 
radioed entertainment in two respects 
cleared the way for mechanized entertain- 
ment in the theatre; through radio the pub- 
lic became accustomed to loudspeaker re- 
produced voice and music, and accruing 
technical advances in radio reproduction 
made practicable the incorporation of rea- 
sonably satisfactory sound effects in visual 
screen showings. 

A parallel to this situation may exist in 
the case of television. For ten years past 
there has been continuous attack upon the 
development of television systems. But, the 
public has become accustomed to the grade 
of visual -sound productions presented in 
picture houses. The exploiters of television 
are confronted with a situation wherein the 
grade of what they are expected to produce 
has been established by talking pictures. 

From the viewpoint of the inventors it is 
not reasonable to require them to send into 
a million homes, simultaneously, a tele- 
vision- plus -sound product measuring up to 
the grade of like entertainment presented 
from a projection room to a few hundred 
persons seated within sound of the purring 
film. 

With television at a standstill because of 
this impasse it is possible that facsimile 
broadcasting may run around television to 
pave the way for the latter's acceptance as, 
ten years ago, radio broadcast ran around 
the early movie -talker efforts, modifying the 
public's notions of what to be satisfied with. 

The Hogan System of facsimile broad- 
casting has various useful applications on 
its own account, but it would not be sur- 
prising should its extension and use nurse 
television out of the cradle. 

I N the I. R. E. paper 
RADIO RECEPTION presented in New York 

on November 8 by Stuart 
Ballantine there was an in- 

formative analysis of frequency and ampli- 
tude distortion in the successive links be- 
tween the broadcast microphone and the 
output sound field. It is indicative of the 
present trend of radio engineering thought 
that the term "high fidelity" has become 
current in receiver terminology. The term 
was employed a year or two ago in the talk- 
ing picture field in connection with the per- 
formance of microphones, audio amplifiers 
and loudspeakers. Also, in the paper pre- 
sented at the Rochester meeting of the I. 
R. E. by Dr. A. N. Goldsmith the subject of 
receiver fidelity was treated constructively. 

In these timely papers the situation at 
the transmitter is not overlooked in the 
overall analysis. Dr. Goldsmith lists the re- 
duction of harmonic distortion of broadcast 
transmitters as an early step to be taken as 
a contributing element in improving the 
quality of reception. 

BETTERMENT 

AT the annual conven- 
WIDENING THE tion of the National 

Association of Broadcast- 
ers, held at White Sulphur 

Springs, October 8 -11, there was discussion 
of the future development of television and 
facsimile broadcasting. A special commit- 
tee was appointed to study these subjcts 
and report. 

At this meeting the chairman of the Fed- 
eral Radio Commission, Eugene O. Sykes, 
called attention to the availability of a wid- 
ened broadcast band under the recent agree- 
ment reached at the Mexico City Radio Con- 
ference. This makes possible the early ex- 
tension of the broadcast band from 1500 to 
1600 kilocycles after removal of a few facili- 
ties temporarily using frequencies between 
1500 and 1600 k.c. 

BROADCAST BAND 

t rnM.00t; 
Editar 
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A chronological history of electrical communication 
-telegraph, telephone and radio 

This history began with the January I, 1932, 
issue of RADIO ENGINEERING. The items are 
numbered chronologically, beginning at 2000 
B.C., and will be continued down to modern 
times. The history records important dates, dis- 
coveries, inventions, necrology and statistics, 
with numerous contemporary chronological tie - 
in references to events in associated scientific 
development. The material was compiled by 
Donald McNicol. 

Part XXIII 

1895 (Continued) 

(900) Union College, Schenectady, N. Y., establishes a 
course in Electrical Engineering. 

(901) Common battery telephone exchanges are introduced, 
replacing earlier systems where talking battery was 
installed at each subscribers' station. 

(902) Roentgen, in Germany, discovers X -rays. 
(903) The first electric power is delivered from plants oper- 

ated by Niagara Falls. The current is 25- cycle, alter- 
nating. 

(904) The Edison Pearl Street station, New York, is aban- 
doned. 

(905) Louis Duncan is elected president of the A.I.E.E. 
(906) Guglielmo Marconi, in Italy, experiments with Hertz' 

oscillator and Branleÿ s filings tube. 
(907) The Baltimore and Ohio Railroad inaugurates elec- 

tric haulage of trains through tunnels. 
1896 (908) The electron is identified and determinations made rel- 

ative to its physical characteristics. 
(909) The International Telegraph Convention is held in 

Budapesth, Hungary. 
(910) The replacement of electrolytic meters by mechanical 

meters is begun by the Edison Electric Light Com- 
pany. 

(911) Dr. W. W. Jacques, in Boston, invents a primary bat- 
tery. 

(912) Nikola Tesla and D. MacFarlane Moore, exhibit va- 
cuum tube electric lights without continuous filaments. 

(913) E. Y. Young and C. D. Warner, at the University of 
Nebraska commence experiments in electric heating. 

(914) William Robert Grove dies. (Born in England 1811.) 
(915) German government lays a submarine telegraph cable 

from Germany to Vigo, Spain. 
(916) William F. Bossert, New York, invents a type of 

"knockout" box for electric wiring. 
(917) Marconi arrives in England, from Italy, to exhibit his 

experimental wireless telegraph system (February) 
and files a provisional patent (No. 12,039) June 2. 

(918) Westinghouse Electric and Mfg. Co., and General 
Electric Co., enter into an agreement, to continue 
until 1911, whereby overlapping patents owned by 
them may be used by either company. 

1897 (919) Marconi gives a demonstration of his wireless system 
on Salisbury Plain, near London, (March) and files 
a complete patent specification. 

(920) Oliver Lodge, in England, on May 10, files a pro- 
visional patent application covering inventions in wire- 
less signaling. 

(921) F. B. Crocker is elected president of the A.I.E.E. 

(922) In May, trials of Marconi's system are made over 
water, between Lavernock and Flatholm, a distance 
of three miles. On the 13th, communication is estab- 
lished between Lavernock Point and Brean Down, a 
distance of eight miles. Professor Slaby, a German 
scientist, was present at these demonstrations. 

(923) The Wireless Telegraph and Signal Company, Lim- 
ited, is organized, in England, with a capital of 
£1,000,000, to acquire Marconi's patents in all coun- 
tries except Italy and her dependencies. 

(924) Professor Slaby gives a lecture (August 27) at Pots- 
dam, before the German Emperor and Empress, on 
the subject of wireless telegraphy. 

(925) The first Marconi station is erected at the Needles, 
Isle of Wight. A distance of fourteen and one -half 
miles is bridged by wireless telegraphy. 

(926) In December the Marconi station at the Needles com- 
municates with á ship eighteen miles at sea. 

(927) The Synchronograph, by means of which high speed 
alternating- current telegraphy is possible is invented 
by Albert C. Crehore and George O. Squier. 

(928) The National Electrical Code is first issued, govern- 
ing the installation of wiring systems in buildings. 

1898 (929) The Leeds and Northrup Company, Philadelphia, 
manufacturers of electric measuring instruments, or- 
ganized. 

(930) Simon, in Germany, develops the speaking arc. 
(931) The Curies, in France, announce the discovery of ra- 

dium. 
(932) 4,600 -volt generators are built in the United States. 
(933) An additional French Atlantic cable is laid from 

Brest to Cape Cod. 
(934) Latimer Clark dies. (Born in England 1822.) 
(935) W. D. Dudell in a technical paper describes the 

oscillagraph. 
(936) A telegraphers' tournament is held, May 14, in 

Madison Square Garden, New York. 
(937) B. G. Lamme is granted (June 21) U. S. Patent 

606,015 covering means for satisfactory operation of 
the inverted rotary converter -d. -c. to a. -c. 

(938) A. E. Kennelly is elected president of the A.I.E.E., 
continuing in this office throughout the years 1899 
and 1900. 

(939) Oliver Lodge, in England, files a complete specifica- 
tion covering inventions in wireless telegraphy. 

(940) Moore tube electric lights are exhibited at the 
Electric Show in Madison Square Garden, New 
York. 

(941) Aluminum as an electrical conductor is commercially 
introduced. 

(942) At Purdue University a 150,000 -volt transformer is 
built. 

(943) The Provo Canyon, Utah, power plant is built. 
Hydro -electric service is supplied at 40,000 volts. 

(944) Jagadis Chunder Bose, of Calcutta, India, at a 
British Association meeting at Liverpool, exhibits 
and gives an account of "A Complete Apparatus for 
Studying the Properties of Electric Waves." 

(945) The steamer Flying Huntress, equipped with Mar- 
coni apparatus, follows the yachts at the Kingstown 
Regatta, Dublin, July 20 -22, and reports results of 
the race. 

(946) Wireless telegraph apparatus is installed on the 
East Goodwin Lightship and at the South Foreland 
Lighthouse, England, December. 

(947) City of Chicago organizes a Department of 
Electricity. 

1899 (948) M. I. Pupin reads an important paper before the 
A.I.E.E., New York, March 22, dealing with the 
mathematical theory of wave propagation over 
metallic conductors. 

(To he continued) 
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Our engineers again take the initiative by developing 

a vastly superior mix that improves the voltage 
characteristics of Erie Resistors 50% and more. 

In the above graph of the No. 3, 1/2 watt, Erie 

Resistor the improvement between the former and present 

types is indicated by the area between the two voltage 

coefficient lines. For example, on the 1.0 megohm 

resistor the voltage coefficient at 350 volts has been 

reduced from 6.25% to 2.55% --a gain of over 59% . 

On higher resistance values the improvement is 

correspondingly greater. 

Find out for yourself how much better these new Erie 

Resistors really are. A letter to us will bring you a 

complete set of samples to test in your own laboratory. 

ERIE RESISTOR CORPORATION 
9 ERIE, PA.0 

Factories in ERIE, PA.- TORONTO, CANADA - LONDON, ENG. 
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New Standards of audio quality are being established by the 
latest RACON REPRODUCERS, designed to cover the 

broad audio spectrum from 30 to 12,000 cycles. 

Illustrated: Dynamic High -Frequency Loudspeaker. An efficient and 
precision -built unit. Will reproduce faithfully all components present 
in the source from 3000 to 12,000 cycles, uniformly, without peakiness, 
shrillness or over -accentuation. This unit is not a modification of a 
low- frequency unit nor is it intended to introduce "psychological highs" 
that are not present in the source. It is a true high- frequency loud- 
speaker. 

Supplied with horn, in one assembly, as shown. May be used in con- 
junction with a suitable low- frequency speaker of either the horn or 
cone type and the RACON Filter Network, which divides transmission 
at 3000 cycles for wide -range, high fidelity reproduction. Six volt or 110 
volt field. 15 ohm voice coil impedance. Weight 3 lbs. Also available 
special tube rectifier field exciter for one or two units. 

Low -Frequency Reproducers -Where dynamic cone -speakers 
are used for low- frequency reproduction the type of baffle 
and mounting is important. RACON Flared Baffles are the 
highest development in sound projectors for use with cone 
speakers. They are free from boominess, sturdy in construc- 
tion and simple to mount. 

A Flared Baffle of the type illustrated (1) increases the sound 
output efficiency of the speaker unit, (2) gives uniform and 
broad sound distribution without "squashing" of the wave- 
form at low- frequencies, (3) aids in acoustic balance by estab- 
lishing a definite cutoff. 

Flared Baffles are available in a wide variety of sizes from 
18" x 30" to 8 feet x 10 feet, in single, two and four unit types. 
Openings accurately molded to fit cones from 8" to 15" 
diameter. Back enclosures furnished on order. 

Write for catalog RE -11. 

KAVÄN ELECTRIC Co. INs 52 EAST 19th STREET, NEW YORK CITY 
LONDON, ENGLAND TORONTO, CANADA 

Sales Offices in Principal Cities 
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1 

No. 125 ACTUAL SIZE 

Friction drive. Knob travels in opposite direction 
to condenser, bu+ pointer travels with the con- 
denser. Drive is through a pyralin disc actuating 
the pointer and is driven with the friction discs 
of No. 25 or No. 97. 

No. III 

CROWE 
AIRPLANE TYPE of 

TUNING CONTROLS 

Made in several sizes and styles 

and in different speed ratios. 

See also our 101 -102 Remote Controls 

for Automobile Radios 

EUROPEAN 

TYPE 

OF 

AIRPLANE 

DIALS 

FOR 

COMPACTS 

Send for New 

Catalog No. 50 

No. 113 

These dials may be used in pairs -volume and selector if desired, or singly if preferred. They may be used 

with the drive mechanism of No. 97 friction drive, with shadow lighting of the scale. 

Many variations in their installation may be used. Finishes recommended -oxidized silver, chromium - 
two -tone, and chromium and black enamel, or bronze. 

CROWE NAME PLATE & MANUFACTURING CO. 
1759 GRACE STREET CHICAGO, ILL., U.S. A. 
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Western Electric 12A Radio Transmitter, 71 A Amplifier and 1 A Frequency Monitoring Unit 
n Station WIS (1000 watts) at Columbia, S. C. At right: 9 Type Speech Input Equipment. 

"Super-Station" Quality 
...for stations of 100 -1000 Watts! 

The Western Electric 12A Radio Telephone Broad - 
casting Transmitter puts highest quality transmission 
within reach of stations ranging in power from 100 
watts to 1000 watts. Rated at 100 watts, the 12A- 
used with the 71A Amplifier- delivers 250 or 500 
or 1000 watts. 

Unusual compactness is a notable feature of this 
equipment -each cabinet requiring only 25"x 36" 
floor space. Installation is easy- connections are 
made directly to power supply mains. Push button 
control simplifies operation. 

Other features: No rotating machinery-all trans- 

GRAYBAR ELECTRIC CO. RE- 11.331 
Graybar Building, New York, N. Y. 

Gentlemen: Please send me full information on the 
Western Electric 12 Radio Transmitter. 71A Amplifier, 
and 9 type Speech input Equipment. 

SAME 

ADDRESS 

STATE 

formers, rectifiers and control apparatus built in- 
apparatus fully enclosed, all high voltages elim- 
inated when any door is open -all tubes radiation 
cooled -unusual frequency stability -100% grid 
bias modulation. 

The 9 Type AC- operated single rack Speech 
Input Equipment, including the Moving Coil Micro- 
phone, when associated with this Western Electric 
transmitter, represents the most modern installa- 
tion. The transmitter is recognized as the standard 
of excellence among those of small rated output. 
Send the coupon for full information. 

Western Electrw 
R.t,DlO TELEPHONE BROADCASTING EQUIPMENT 

Distributed by GRAYBAR Electric Company 
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WI PO OM NAT 

Of interest to all in the industry 
RADIO PROGRESS WEEK 

THE widespread success of Radio Progress Week, in 
October, appears to have been such that already 

there is demand for further promotional activities of a 
similar character, to be participated in by the RMA, 
broadcasting interests, and the trade. Let it not be a 
belated discovery that still there are gratifying results to 
he obtained by sales promotion. 

EXPORT 

NOTWITHSTANDING high import duties, it ap- 
pears that European buyers still prefer American 

radio receivers and tubes. When American products are 
not available the next preferred equipment is that which 
most closely resembles this merchandise. This attitude 
reflects a recognition of superior performance. 

It develops that in France and Italy, for instance, 
domestic receivers have been redesigned for American 
type tubes. American tube bases are accepted as standard. 

Various American receiver manufacturers are well 
represented in Europe. Taxes, fees, permits and duties 
so add to retail costs that the extension of radio is limited 
compared to coverage in America. In time, it is believed 
that the European market will expand, cultivating 
additional sales both for domestic and American radio 
products. 

TELEVISION 

T HE renewal of NBC's experimental visual broadcast 
license at 2750 -2850 kc., 5 kw., from New York; 

of Sparks -Withington's visual service license 2000 -2100, 
42,000 -56,000 and 60,000- 86,000 kc. from Jackson, 
Michigan, and Western Television Research Corpora- 
tion's renewal, by the Federal Radio Commission, on 
October 31, presages continued experimentation in tele- 
vision. 

On November 1, W6SX, the Don Lee station on the 
Pacific Coast, changed from 2150 kc. to 2800 kc. in order 
to lessen side band cutting heretofore experienced. 

In practically all radio manufacturing laboratories tele- 
vision is a live subject. The continuous attack being 
directed toward the correction of television's shortcom- 
ings will in time bear fruit. 

II 

RECEIVER SALES FEATURES 

THE slight sacrifice in sensitivity in receivers employ - 
ing automatic volume control will not lessen the 

demand for the latter convenience. In new models on 
the way through the laboratories improved gain in the 
audio stages will no doubt compensate for the loss. Also, 
the inclusion of resonance indicating neon type lamps 
in a larger spread of the forthcoming models will con- 
stitute a sales feature attractive to the public interested 
in the medium price receivers. 

END OF ISOLATION 

W ITH radio communication maintained between 
\V2XAF and Admiral Byrd's base on the Bay of 

Whales during the coming months, there will be a con- 
stant reminder before all who contact the transmission 
from Schenectady that radio has actually rendered un- 
necessary the isolation of human beings, no matter where 
they may be situated on the earth's surface or in prox- 
imity thereto. 

ZONE QUOTAS 
SECTION 9 of the Federal Radio Act of 1927 has 

come to the rescue of Philadelphia in the 1020 kc. 
allocation case. In granting the Westinghouse Company 
a permit to locate a new 10 kw. transmitter near Phila- 
delphia, Penn., the Federal Radio Commission says : "Of 
the metropolitan areas of the four cities from which 
come the applications for 1020 kc.- Detroit, Pittsburgh, 
Chicago and Philadelphia -the latter has fewer trans- 
mission facilities in proportion to population and the 
number of receiving sets than any of the others." 

CODE FOR RADIO INDUSTRY 

WITH NEMA the general code authority covering 
the radio industry, initial operation as directed by 

Arthur T. Murray, E. T. Cunningham, B. G. Erskine, 
H. W. Harper and Leslie F. Muter, of the RMA, is pro- 
gressing with a minimum of difficulty. Questionnaires 
are in circulation among radio manufacturers. Industry 
betterment is predicted when the code is in full opera- 
tion. 
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THERE are 88 notes on the usual piano, and 84 
characters on the standard typewriter. The piano 
has a separate key for each of its 88 notes, and 
they are of just the right size to permit striking 

several of them at the same time, the octave being just 
about long enough, on the keys, so that it may be struck 
by the thumb and little finger of one hand. On the 
typewriter there is no requirement to strike two keys 
at once, but they must be struck in rapid sequence, so 
they are large enough to permit one finger to strike 
while another is preparing to strike. Both the piano 
and the typewriter are the result of considerable experi- 
ment, and much practical experience in actual use. They 
both seem to work out very well. 

There are 96 channels on a broadcast receiver. They 
are listened to one at a time, and there is no requirement 
for very rapid sequence. In order to find a particular 
station, one turns a small knob. There is no uniform 
method of designating the stations or the channels on 
the instrument itself, the usual device being an arbitrary 
scale reading from zero to 100 for 180 degrees of mo- 
tion. One has to know the reading of the desired station 
in order to adjust the instrument to it without first 
passing through several other stations. If the instrument 
has automatic volume control, as many modern sets do, 
all the undesired stations will come in just as loud, as 
the instrument is tuned through them, as the desired 
station, when it is finally found. If there is no automatic 
volume control, some of the stations will be very faint, 
which is a blessing, but others will be uncomfortably loud. 
The snatches of speech or music which are heard during 
this process of tuning can hardly be otherwise than un- 
pleasant, if not to the one who is doing the tuning, cer- 
tainly to the others who may be listening. 

The dial readings on the arbitrary scale are only very 
roughly in agreement between one radio set and another. 
I may have a headful of dial readings for my own in- 
strument, but this does not mean that I will be able to 
tune my neighbor's radio easily and successfully. It is 
as though everybody's telephone number was different 
in a neighbor's house from that at home. 

The usual 100 division scale on the radio set can not 
possibly match, except by accident for a very small num- 
ber of stations, with the actual positions at which the 
stations are heard best. The correct reading for each 
station on these dials would probably include a decimal 
fraction with several figures after the decimal point. 
And even if this exact reading were known, it would be 
quite impossible to set the instrument to it, because the 
dial divisions themselves are too small. 

o 

In this article Mr. Langley draws atten- 
tion to opportunities for betterment in 
the design of receivers to meet mar- 
kets now developing. 

TRENDS IN RADIO 

You can readily imagine how impossible the situation 
would be if the best information you could get about 
your friend's telephone number was that it was some- 
where around 2,000. As things are, you can read this 
number, exactly, in the telephone book, or get it with 
equal precision from the information operator. And you 
can get the exact frequency of the broadcasting station 
whose program you wish to hear from the daily news- 
paper, or from numerous lists. The frequencies are just 
as exact, and are changed just as infrequently as the 
telephone numbers, but, unfortunately, they do not do 
you nearly so much good. 

There used to be a number of very good reasons for 
this obvious imperfection in broadcast receivers, and 
perhaps some of them still have a measure of validity. 
Nevertheless, one might be pardoned for a feeling that 
after twelve years of hard work in the laboratories and 
on the drafting tables, the engineers who have produced 
over seventy -five hundred different models of broadcast 
receivers might have done a little better with this par- 
ticular problem. 

Transmitted Frequencies 
The first reason that stood in the way of any really 

convenient control arrangement was the fact that the 
broadcasting stations did not adhere to any particular 
frequency, but varied up and down the scale. This was 
partly at the whim of the operator, and partly because 
no one, at that time, knew how to make them stay put, 
no matter how carefully they were adjusted. The radio 
spectrum at that time was very much like a piano with 
every string changing its pitch up and down, quite with- 
out regard to what the other strings were doing. It was 
just about as hopeless and impossible as that. But no 
longer can the engineers take refuge behind that situa- 
tion; it ceased to exist soon after the Federal Radio 
Commission came into being, and today the frequencies 
of the broadcasting stations are just as definite and just 
as exactly tuned as the strings on a good piano. And 
the operators, under penalty of a revoked license, see 
to it that they are kept in tune. 

You might reasonably have expected that, after the 
broadcasting stations got straightened out, along would 
come some real improvements in the tuning arrange- 
ments on the radio set. Such, unfortunately, was not 
the case. There were other hurdles to jump, and the 
fact is that the dials and knobs of today find their coun- 
terpart way back in the days when all the broadcasting 
stations were working on one or two frequencies, or 
pretending to, long before they got the bright idea of 
looking all over the spectrum for a comfortable f re. 
quency of their own. 

Tuning and Dials 
The variable condensers which are commonly used 

to perform the actual tuning, have the bad habit of 
crowding the stations at one end of the dial and spread- 
ing them out far too wide at the other. In order to give 
one a chance to actually read the frequency on the dial, 
with condensers of this type, the length of the dial itself 
would have to be 15 to 20 inches. This was a pretty good 
reason, so far as most of the engineers and executives 
could see, but there was the further fact that such a long 
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dial, with the frequencies actually marked would have 
been an open admission that something inside was queer, 
and really ought to be better. Today there are better 
devices to put inside, that really do spread the stations 
evenly over the dial, just as nicely as the notes on the 
piano. 

There remained, however, another and possibly more 
important difficulty. The tuned circuits of receivers have 
had the unfortunate property of being much more 
selective at the lower frequencies. A station at the high - 
frequency end of the dial covered many more channels 
than one at the low- frequency end. This defect was 
pretty well masked by the fact that the tuning device in 
the circuits crowded the high- frequency stations close 
together, so that the selectivity of the receiver seemed 
to be about the same all the way across. One difficulty 
very conveniently covered up another, but to remove only 
one of them would have left the other much too apparent. 
So the good tuning device never came into general use, 
because the circuit difficulty seemed to be inherent and 
incurable. All sorts of compromise tuning devices were 
proposed and many of them are in use today. 

Superheterodyne Revival 

The difficulty in the circuits themselves was swept 
away when the superheterodyne system of reception 
came into general use. In this system the selectivity is 
practically uniform over the tuning range, and the last 
reason for sticking to the old uneven spacing of the 
stations on the dial disappears. Several of the better 
grade receivers take advantage of this fact, and provide 
a dial that does show the actual frequencies, or so-called 
"channel numbers," which are nothing but the f re- 
quencies with the last zero left off. Even on these 
receivers, however, the dials are still far too small, and 
the channels far too close together for easy reading. 

Beyond these electrical difficulties there has been a 
group of mechanical problems. It took some time to find 
out just how to arrange all the tuned circuits in a receiver 
SC, that they could be adjusted simultaneously with a 
single handle. In the early days of three and four -dial 
receivers, it really didn't make much difference whether 
all the condensers and all the coils were precisely alike 
or not. With the advancement of the single control idea, 
it was found a difficult matter to make them exactly alike, 
and still more difficult to make them so accurately that 
all receivers of a certain type would tune to the same 
frequencies and broadcasting stations at exactly the same 
points on the dial. This was necessary, of course, if the 
receivers were to have dials reading accurately in f re- 
quency and therefore easy to set to a desired station. If 
each receiver were separately calibrated before it left the 
factory, there would be a considerable increase in cost. 
And so only a few manufacturers have attempted any 
such procedure and then only on the higher priced models. 

Electrical Versus Mechanical 

Radio engineers, in general, are more skillful in elec- 
trical than in mechanical matters. In many cases, a 
problem that might easily have been solved by a clever 
mechanical device, has been solved electrically. As a 
simple illustration of this tendency of the engineers, it 
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By 

R. H. Langley 
Consulting Engineer 

is more usual to run wires to a volume control on the 
front of the receiver, where the knob can be attached 
directly to it, than it is to run a shaft back to the same 
volume control located where it would be electrically 
convenient to have it. The most striking result of this 
deficiency in mechanical finesse, however, has been the 
relatively crude and inadequate arrangements for tuning. 

It has been the attitude of a good many executives and 
sales departments that the public really did not want 
anything better in the way of tuning devices. The accept- 
ance of those improvements that have been offered has 
been such as to discourage any increase in cost for such 
a purpose, they say. Any one family, in their view, only 
listens to a few nearby stations, anyway, and some one 
in the family soon learns how to tune these stations in, 
so that a real calibration in frequencies or channel num- 
bers would not be worth the cost. 

Accurate Tuning 

Well, perhaps that is true, but I doubt it. The engi- 
neers have always stressed the importance of tuning the 
receiver exactly to the station, and they still insist that 
that is the only way to get the best quality the receiver 
is capable of, and there can be no dispute that this is 
the case. The better the receiver is, the more necessary 
accurate tuning becomes. The best program ever broadcast 
could be completely ruined by not being properly tuned. 
And the sad fact is that in a great many cases it probably 
was. Not that these people didn't want to hear it as 
well as they could, but the tuning means provided made 
it all too easy to mistune. 

The manufacturers have a greater responsibility than 
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they realize, perhaps, not only to the public and to the 
industry, but to the future of their own individual busi- 
nesses. The American family buys a radio with small 
chance of comparison, and no knowledge of just how 
the instrument they buy might be made better and more 
satisfactory. They accept it as being wonderful anyway, 
and the results they get are the sum total of the meaning 
of the word "Radio" as far as they are concerned. The 
defects and imperfections that have been built into the 
receiver through a lack of skillful design, or the ever 
present desire to cut the cost, are accepted as the best 
that can be done. The blame, if there is any, is lodged 
against the whole radio industry, and not against the 
particular receiver or the manufacturer who built it. 
Thus the art and the industry suffer. 

There are those who will say that criticism of modern 
receivers is not well founded, that they really do have 
adequate tuning devices. These will be those who see 
only a part of the national picture, and who do not 
realize, for example, that what the public was asked to 
buy in 1932 was the product of 135 manufacturers who 
offered a total of over a thousand different models. Nor 
have these conditions changed materially in 1933. If 
anything, they are worse. 

The Midgets 
The whole story, I'll admit, would have less validity. 

were it not for the fact that the great bulk of the sales 
today is in the so- called "cigar -box" type. These little 
receivers are admittedly attractive, not only for the 
beauty of their cases, and the convenience of easy.porta- 

bility, but also for the marvel that so much can be put 
in so small a space, and can be sold for so little. But 
they represent a complete reversion to the types of years 
long past, so far as tuning arrangements are concerned. 
In many cases the dials and the knobs are so small that 
even a watchmaker would have trouble in adjusting 
them. Even the arbitrary scale has disappeared on most 
of them, so that they are cruder, in this respect, than the 
clumsy three -dial models of a decade ago. With those 
it was at least possible to make a record of where each 
station had been heard. 

The entire industry is anxiously looking for improve- 
ments that will mean more sales. In 1932, in an effort 
in this direction, over 50 different types of vacuum tubes 
were used, without, in my opinion, making any particular 
impression on the buying public. The manufacturers 
have staged a veritable stampede of price cutting. They 
have thrown performance, convenience, wages, profits, 
dividends, to the winds, to find out who could sell the 
most radios for the lowest price. They haven't found 
out, but the sales, individually and collectively, in units 
sold, and in dollars volume, have continued to fall. 

Let them give some thought to the piano and the type- 
writer. Even a violin has to have room for the per- 
former's fingers. And the dials on an automobile panel 
are large enough so they can be comfortably read from 
the driver's seat. When you turn the wheel on your car 
you can judge pretty accurately just what is going to 
happen. Nor do you have to chase up half a dozen wrong 
roads before you can get on to the one you want. Why 
should it have to be so hard to steer a radio receiver? 

The Technique of Transcriptions 
for Broadcast Use 

By James E. Dickert UNTIL the advent of the new 
noiseless recording system no 
record could be reproduced 
without the constant audible 

hissing background, or needle scratch, 
characteristic of the lateral method of 
cutting the wax master. Since in long - 
playing records it is necessary for ad- 
jacent grooves to be very close together 
and since in lateral cutting the side -to- 
side variation of the groove during 
modulation tends to reduce the thick- 
ness of the side walls, it is necessary, in 
order to minimize the danger of the 
reproducing needle cutting through the 
walls altogether, to reduce the record- 
ing level at the low frequency end of 
the sound spectrum. At the same time 
in order to minimize the needle scratch 
it is necessary to filter out the high fre- 
quencies by special design of the pickup 
unit. This leaves a lateral reproduction 
much restricted in frequency range and 
tone quality. 

According to reports as applied 
to telephone communication practice 
ninety-five per cent of the intelligibility 
of the human voice lies in the band of 
higher frequencies and harmonics. 
Whereas the same percentage of the 
actual power of the voice is included in 
the band of low, or fundamental, fre- 

quencies. It is due to good reproduction 
in the higher bands that one is enabled 
to tell the difference between the spoken 
letters "f" and "s," or "d" and "g," or 
"th" and "sh." 

It is agreed that most recording sys- 
tems will successfully reproduce a very 
"high" piano which is of the order of 
four thousand cycles or less. However, 
the reason that the difference in quality 
between a high note from a violin and 
the same note from a flute can be recog- 
nized is that the harmonic content, over- 
tones, or "timbre" of each is different. 
These harmonics may extend the actual 
frequency range of the instrument many, 
many times, so that in order to retain 
the original timbre of the sound, it is 
necessary to both record and reproduce 
these ultra -audio frequencies. By the 
same token, one human voice is distin- 
guished from another by the harmonic 
timbre contained in each. 

The new noiseless recording system, 
or vertical recording, eliminates difficul- 
ties in attaining faithful reproduction by 
correcting the fundamental method upon 

which to base a complete system of 
sound reproduction. 

Groove Cut 

In order to eliminate the possibility of 
one groove cutting over into the next one, 
or the breaking down of the side wall, 
vertical modulation is cut up and down 
instead of from side to side. This means 
that on the final pressing, a series of 
essentially straight grooves vary only 
in depth. In this way, since the danger 
of side wall wear has been eliminated. 
grooves may be spaced closer together 
allowing a greater length of time to be 
recorded than on a similar size disc of 
lateral recording. There has been no 
need for attenuating the low frequencies, 
and because of the extraordinary char- 
acteristic of the recorder system ampli- 
fiers and the cutting machines, the all- 
important high frequency range is ex- 
tended several times beyond the highest 
note of the piano. 

For coating the soft wax master in 
preparation for plating, so as to have 
"negative" copper masters and stampers, 
pure gold is "sputtered" on the surface, 
making an almost perfectly homogene- 
ous base. This gold, substituted for the 
less expensive, but comparatively granu- 

(Concluded on page 26) 
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NORTH AMERICAN 

BROADCASTING 

ALLOCATION 

By Dr. Alfred N. Goldsmith* 

THE international radio conference 
recently held at Mexico City has 
disbanded after agreeing to dis- 
agree. The meeting was sus- 

pended when it appeared evident that 
any generally acceptable allocation of 
frequencies for broadcasting on the 
North American continent was unlikely. 
The conference had been called in part 
to adjust the conflicting claims of Can- 
ada, Mexico, the United States, and 
other countries to specific frequencies 
in the present broadcasting band or in 
possible extensions of this 550 -1500 
cycle band. The conference reached 
some minor agreements of a helpful 
nature, but left practically untouched 
the fundamental problem of assigning 
broadcasting frequencies equitably and 
rationally to the various countries in- 
volved. 

It must be conceded that the prob- 
lem is indeed a difficult one. On the 
one hand, the number of channels is 
limited by physical laws. On the other 
hand, nations insist upon their sov- 
ereignty, which, translated into terms 
of radio engineering, means the right to 
utilize the available frequency domains 
in the space over their territory entirely 
according to their own needs and de- 
sires. The problem is further compli- 
cated by the fact that no nation has as 
yet been able to erect along its border 
a wave screen against which foreign 

'Consnitino Ennineer. New York. 
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radiation shall impinge and collapse, 
unable to enter the forbidden territory. 
In other words, the nations are alike 
insistent upon the absolute nature of 
their rights and equally unable physic- 
ally to enforce such rights. Under such 
conditions there seems little hope for 
any solution save one based exclusively 
on sound engineering principles, a fair 
consideration of the rights of all per- 
sons wherever located and substantially 
regardless of nationality, and a willing- 
ness to forego political advantage or 
niere grandiloquent gestures. 

Factors Which Have a Bearing 

From the technical viewpoint, the 
problem of North American allocation 
can be attacked with some hope of fair 
success provided the necessary consid- 
erable volume of statistics is assembled 
and systematically analyzed as a prelude 
to the drawing of conclusions and the 
formulation of recommendations. It is 
useless to depend entirely upon general 
principles for the solution. We can gain 
many useful hints by considering the 
electrical disturbance conditions on vari- 
ous frequencies and in various geo- 
graphical regions. Further hints come 
from the transmission characteristics of 

In this review, Dr. Goldsmith, Past President of 
the Institute of Radio Engineers, presents con- 
structive ideas bearing on the widely discussed 
problem of broadcast frequency allocations in 
North America. 

DR. ALFRED N. GOLDSMI'- 

the message waves of various fre- 
quencies. The terrain in various parts 
of North America gives further clues. 
The population density and the number 
of local stations in each vicinity add to 
the available data. 

If a group of technicians under the 
leadership of a competent engineer of 
broad vision and wide experience were 
to attack the problem, it is believed that 
their recommendations would be prac- 
tical and constructive. Given informa- 
tion on the geographical conditions, the 
distribution of population, the reception 
conditions, and other pertinent circum- 
stances over the North American con- 
tinent (perhaps in the form of specially 
prepared maps and tables), and given 
the complementary data on wave propa- 
gation, and the local intensity of nat- 
ural and man -made disturbances, to- 
gether with other relevant information. 
it should be possible to formulate a 
series of general recommendations and 
specific allocations which, with a mini- 
mum disturbance of the existing broad- 
cast structure, would nevertheless give 
equitable service to the listeners over 
the entire continent. 

A Problem for Those Properly Informed 

It is necessary again to emphasize 
several points. The purely political 
method of handling these problems is 
unlikely to be successful in view of the 
complexity of the technical matters in- 
volved and the conflicting claims of 
various nations. The establishment of 
a suitable technical group under capa- 
ble leadership should be carried forward 
at an early date, preferably by the lead- 
ing engineering and commercial organ- 
izations interested in the orderly solu- 

(Concluded on page 26) 
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RECEIVER DESIGN AND DEVELOPMENT 

As Affecting Broadcast Allocation 

BROADCAST receiver design is directly related to 
the service available to the listener at any particu- 
lar location. In order to arrive at a satisfactory 
solution of interference problems arising before the 

Federal Radio Commission in connection with applica- 
tions and hearings, a thorough study has been made of 
the selectivity characteristics of receivers, with proper 
weighing of the different types of receivers purchased 
in order to determine a selectivity curve representing 
what is believed to be an approximate average receiving 
set. Upon such basis a dividing line between objection- 
able and unobjectionable interference was determined 
upon. 

Fig. 1 indicates the necessary ratio between the de- 
sired and undesired signals for all frequency separa- 
tions between 0 to 40 kilocycles. These curves are not 
extended beyond the 40 kilocycle limit due to the fact 
that a study of receivers and other factors, substantiated 
in practice, has proven that a frequency separation of 50 
kilocycles is the maximum necessary to avoid objection- 
able interference to receivers of average selectivity 
characteristics provided the transmitters of the stations 
involved are suitably located ; that is, in an area not too 
heavily populated within a few miles of high power 
transmitters. (The so- called "blanket area. ") This 50- 
kilocycle separation between local stations has been 
applied and found to permit of satisfactory service in 
many cities particularly those large cities such as New 
York and Chicago, where many stations operate simul- 
taneously with other stations the frequencies of which 
differ by but 50 kilocycles. 

Stations operating on frequencies differing by 40 kilo- 
cycles or less must have ample geographical separation to 
prevent unnecessary interference and permit each station 
to serve satisfactorily its normal service area. The ratios 
required are shown as ordinates and the frequency differ- 
ence as abscissae. This curve indicates a number of ratios 
necessary for certain types of operation for stations 
operating on the same or the approximate frequency. 
However, the scope of this article does not include a 
discussion of interference between stations assigned to 
the same frequency. Attention is therefore directed to 
the curves lying between 10 kilocycles and 40 kilocycles. 
It will be noted that four curves are shown. The dotted 
curve D B indicates the selectivity characteristics of the 
average receiver used as a reference. Curves A E B 
and D F B indicate the limits to which this average curve 
is modified as applied to particular allocation problems, 
further discussion of which will be made later. Curve 

As clearly disclosed in this timely paper 
the allocation of broadcast facilities 
must be based on existing receivers in 

use and not on the most modern equip- 
ment available. 
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Fig. I. Interference spectrum between broadcast stations. 

I B indicates a highly selective 1931 receiver of the 
superheterodyne type. Upon inspection, it will be seen 
that this receiver is considerably more selective than the 
average receiver. 

Allocation Factor Adopted 
In order to obtain a workable set of figures, it was 

found necessary to adopt an allocation factor to be 
applied as a modification to the receiver selectivity curve 
when applied to a specific problem. Fig. 2, Curve 2, shows 
this allocation factor plotted against what is termed 
the "nuisance radius" of the station in miles. Curve 1 

is an allocation factor applicable to allocation problems 
involving stations operating on the same frequency 
which, as before mentioned, is not considered herein. 
The "nuisance radius" means the distance at which an 
arbitrary amount of interference is to be expected. 

This allocation factor was necessary because of the 
numerous factors involved in the tuning and design of 
radio receivers, some of which are as follows : 
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1. The average field intensity over any limited area or 
territory is considerably less than the maximum in the 
same area and as interference is determined by maximum 
signals allowances must be made so as to protect all re- 
ceiving sets throughout the area. 

2. The average broadcast listener does not tune his 
receiving set so as to obtain the maximum selectivity of 
the set ; therefore, due allowance must be made for this. 

3. The average antenna of a broadcast receiver has 
certain undetermined directivity characteristics for which 
allowance must be made. 

4. The average selectivity of receiving sets is greater 
on weak signals than on strong signals and therefore 
compensation must be made for this. 

5. The average broadcast listener tuning a weak sig- 
nal uses more care than when tuning a strong signal 
and therefore obtains nearer the maximum selectivity 
capabilities of the receiver on weak signals. 

6. The general noise level is higher when listening to 
weak signals than strong signals and therefore the stand- 
ard of reception is lower on distant reception. 

7. The fading and inconsistency of signals as the dis- 
tance becomes greater make it possible to materially 
reduce the ratio with distance and still make an engineer- 
ingly or eonomically sound allocation. 

8. As the distance becomes greater between stations 
the principle of the number of listeners receiving im- 
proved service by adding more stations to the number of 
listeners deprived of service must be considered in any 
sound plan of allocation. 

All of these factors are combined to produce the alloca- 
tion factor shown in Fig. 2. 

Referring again to Fig. 1, for purposes of broadcast 
allocation, it is required that the ordinate be plotted in 
the ratio of desired to undesired signals for convenience 
and rapid reference, rather than the usual type of re- 
ceiver selectivity curve wherein the input at resonance is 
compared with the input to the setting off resonance 
required to produce the same loudspeaker output. The 
figures obtained from the curve in Fig. 1 may be con- 
verted to this system by dividing 20 by the signal strength 
ratio obtained from the curve, 20 to 1 being the ratio 
adopted for avoiding interference between stations 
operating on the same frequency. It will be seen that 
Curve I B representing the highly selective superhetero- 
dyne shows that this receiver is many more times selec- 
tive than the average receiver and has a greater 
selectivity at 10 kilocycles separation than the average 
receiver has at 40 kilocycles. If all receiving sets had 
this approximate selectivity, there would be a great re- 
duction in the crosstalk interference noted. However, 

FIG. 2. 

ALLOCATION FACTOR 
FOR BROADCAST 

STATIONS 

Multiply the average re- 
ceiver selectivity ratio 
(see Fig. I) by these 
factors to obtain the 
average field intensity 
ratio that must exist be- 
tween the desired and 

undesired stations. 
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the Federal Radio Commission has no jurisdiction over 
radio receivers and therefore cannot require the usage 
of more selective apparatus. It must base its findings 
of interference upon an assumed average receiver. 

Performance of Average Receiver 

It is therefore apparent that the average receiver 
selected is not capable of separating stations which are 
operating on adjacent frequencies and which are received 
with the approximate same signal intensity. The fact 
that the Commission receives many letters from the 
public complaining of this type of interference indicates 
that there are many receivers in use which do not have 
such selectivity, and therefore deserve consideration. 

The trend of receiver design in the past year has ap- 
parently been towards the development of receivers capa- 
ble of high quality audio output combined with greatly 
improved automatic volume control which will smooth 
out the most extreme fading in 90 per cent or more of 
the areas wherein listeners must depend entirely upon 
such service. As far as the selectivity characteristic 
goes it appears that a satisfactory limit has been reached 
beyond which it is not necessary to proceed. Many of 
the medium priced receivers on the market today will 
tune out a powerful station, the transmitter of which is 
located within a few miles, and receive satisfactory weak 
signals from stations operating on the next channel. 

Some receivers have been designed which in fact are 
unnecessarily selective, resulting in non -uniform ,repro- 
duction of the audio band, resulting in a loss of the high 
frequencies contained in music and voice which are so 
necessary to obtain good fidelity. On the other hand, 
the past year has seen many receivers placed on the 
market, large numbers of which were sold at an ex- 
tremely low price, which do not have a selectivity 
characteristic as good as the average receiver determined 
upon. The use of such receivers has, in many cases, 
been disappointing to the purchaser, requiring that their 
use be confined to the reception of local stations and in 
some cases these receivers are not even capable of sat- 
isfactorily separating such stations. 

Some criticism has been expressed that the average 
receiver characteristics selected are much too mediocre, 
but an analysis of the mail received by the Commission 
and reports received from the field personnel indicate 
that there are still large numbers of receivers in opera- 
tion which are less selective than the assumed average. 
The allocation of broadcast facilities must be based on 
existing receivers in use and not on the most modern 
equipment available. 
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J. V. L. Hogan Talks About 

At the eleventh annual convention of the National Asso- 
ciation of Broadcasters held at White Sulphur Springs, 
Va., recently, J. V. L. Hogan, well -known consulting en- 
gineer of New York, discussed the now important subject 
of visual broadcasting, as developed in his laboratories. 

In his address Mr. Hogan said, in part: 

E should begin by considering what 
visual broadcasting comprises. Broadly, 
it simply means the distribution, by radio, 
of entertainment and information that 

reaches the brain and the emotions through the eye of 
the distant observer rather than through his ear. There 
are at least four types of visual broadcasting. First we 
may take television, which presents transient images 
that are capable of motion, as in the moving picture. I 
emphasize the transient nature of the pictures, for tele- 
vision requires the attention of the observer if he is to 
get anything appreciable from it. When the television 
transmission is ended, the pictures van- 
ish. Nothing is left for the observer ex- 
cept his recollection of what he has seen. 

"Second, let us consider facsimile, or 
still picture transmission. It cannot give 
the illusion of motion or living sight, as 
does television, and what it produces 
are pictures or text that are obvious 
copies of some original picture or text. 
On the other hand, this form of visual 
broadcasting has a number of highly 
advantageous characteristics. One is 
that its use in the home or school does 
not require the constant attention or 
even the presence of the observer, for 
the text that the receiver writes out or 
the pictures that it draws may be al- 
lowed to accumulate and looked over 
at any convenient time. Again, it leaves 
with each observer a permanent record 
of what has been received, and these re- 
corded pictures or messages may be kept 
for any future reference or use. Fur- 
ther, and in common with television, 
facsimile is not limited in the scope of 

RADIO ENGINEERING 

VISUAL 

its material. Pictures of all sorts may be reproduced ; 

display text, handwriting, types of various sizes and 
forms may be used. 

"Let me say a few words as to the possibilities of 
competition between the new arts of practical visual 
broadcasting and the now -well -established art of aural 
or sound broadcasting. The basis for such competition 
does exist, both as to television and as to facsimile. If 
television should develop independently of sound broad- 
casting, it could stand on its own feet by relying upon 
"titles" for explanations much as did the old silent 
movies. If facsimile broadcasting should be developed 
independently of sound, it would have an even better 
chance than television to work out its own salvation 
in its own way. That is because facsimile provides text 
and pictures which may be entertaining or instructive 
in themselves and without the aid of any sound accom- 
paniments. Illustrated books, magazines and newspapers 
do not require sound in order to serve their purposes, 
and in somewhat the same way it is possible for facsimile 

to make its way alone. 
"There is, however, an important rea- 

son why broadcasters should themselves 
foster the growth of visual broadcasting 
rather than allow the services to grow up 
without their interest and guidance. 
This is because the visual and sound 
services are in fact complementary, one 
to the other, and both are of maximum 
service and value when they are coor- 
dinated. 

"Present -day sound broadcasting 
needs an accompanying facsimile serv- 
ice for at least the following items: 

"(a) To illustrate various talks 
which can thus be made shorter and 
more emphatic. 

"(b) To record recipes and save the 
listener from hunting a pencil and 
writing laboriously from the speaker's 
dictation. 

"(c) To supply written quotations, 
weather reports, etc., which are easily 
confused when received by sound alone. 

"(d) To provide a definitely meas- 
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BROADCASTING 

urable index of station coverage and programme popu- 
larity. 

"Similarly, I should point out that the facsimile ser- 
vice needs a coordinated sound service. This is largely 
because simple home facsimile apparatus will handle 
only from thirty to sixty words per minute, and it takes 
too long to tell more than the high spots of a story in 
recorded text. Thus the sound programme can carry 
four or more times as much information in the same 
time, but the facsimile recorder can keep up with it by 
running essential topical notes, memoranda and illustra- 
tions. As with sound and television, though for differ- 
ent reasons, the combination of sound and facsimile gives 
a service of far greater value than either alone. 

"For a good many years, facsimile broadcasting has 
been possible, and point -to -point picture transmission 
services have been available. However, the terminal ap- 
paratus has been complicated and costly, and its opera- 
tion has required considerable attention and skill. From 
Qther angles also, the systems would be expected to have 
little public appeal. 

"Several years ago I set down a series of require- 
ments which I felt should be niet by any facsimile re- 
producer that would be satisfactory for the home end 
of a broadcasting system. These requirements are: 

"1. Simplicity of design permitting sale at a price level 
approximating that of broadcast receivers. 

"2. Simplicity of operation permitting unskilled users 
to handle the device, and allowing it to 
run for long periods without attention. 

"3. Recorded pictures and text on 
plain paper, avoiding the nuisance and 
expense of photographic processes. 

"4. Visible recording, so that the user 
can be sure at all times that his receiv- 
ing conditions are correct. 

"5. Continuous paper feed, so that 
it is not necessary to reload the machine 
for each picture. 

"6. Inked recording, for permanence 
and ease of handling of the resulting 
pictures. 

"7. High speed of operation, so that 
long waits for finished pictures are not 
necessary. 

Specimen sugges- 
five of diagram and 
sketch transmission. 

"8. Adequate detail of reproduction to carry text at 
telegraphic speeds. 

"We set to work on the solution of these problems, 
and, I am glad to report, have succeeded in meeting each 
of the eight requirements. As in everything else, further 
improvement is possible. Nevertheless, we believe that 
we have today the transmitting and receiving apparatus 
that will support an acceptable facsimile broadcasting 
service. 

"We have chosen a balance between speed and refine- 
ment of detail which seems to meet most situations, 
namely, a paper speed of about ten square inches per 
minute with a resolution that reproduces clearly from 
five to eight letters per linear inch. This gives a text 
speed from thirty to sixty words per minute, the lower 
speed having of course the maximum legibility. Any 
other balance between these factors might be selected, 
and it may be desirable to provide for normal operation 
at either of two speeds, one for fast, sketchy repro- 
duction and the other for subjects in which higher de- 
tail is useful. 

"Our paper is fed from a continuous roll and is about 
3% inches wide, the picture or text line itself covering 
a 3 -inch width. There are some advantages in using a 
six -inch or even a nine -inch width, but the approxima- 
tion of a single newspaper column, provided by the three - 
inch paper has met with a good deal of favor. 

"The recorder is operated from an ordinary radio 
receiver working through a simple 
coupling unit. The modulation -band re- 
quirements are substantially less than 
for the transmission of sound, and the 
home user may switch his receiver back 
and forth between the loudspeaker for 
sound reception and the "Radio -pen" 
for pictures. Better yet, for he thus gets 
a more nearly complete service, he may 
supplement his every day broadcast re- 
ceiver with a somewhat simpler second 
receiver for simultaneous operation of 
his facsimile recorder. 

"There are no wave channels assigned 
exclusively to facsimile services today, 
so far as I know. Point -to -point fac- 

(Concluded on page 30) 
Specimen of facsimile 

broadcast rece ptio n. 
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Notes on 

PROPAGATION OF ULTRA -SHORT WAVES 

By L. C. Sigmon* 

UL'I'RA -HIGH frequency radio equipment was 
installed recently atop the United Shoe Ma- 
chinery Building located at High and Federal 
Streets, Boston, Mass. (second highest building 

in Boston at that time, 340 feet above sea level). 
The purpose of the 56 megacycles tests was to study 

the usefulness and characteristics of ultra -high fre- 
quencies in a metropolitan area. These tests were car- 
ried on over a period of months and under varied con- 
ditions. 

The equipment consisted of an ultra -high frequency 
transmitter capable of a high percentage of modulation, 
and so constructed as to vary the carrier power output 
from approximately five to twenty -five watts. The audio 
amplifier feeding the modulator tube was of the re- 
sistance- coupled type. A one -thousand cycle oscillator 
was used to modulate the transmitter. This was to give 
a steady tone for the purpose of determining variation 
in signal level. Fig. I is a picture of the ultra -high f re- 
quency transmitter. Fig. 2 shows the audio amplifier 
and one of the receivers used on top of the building. 

The antenna consisted of two half -wave copper rods 
fed at the center as shown in Fig. 3. The antenna it- 
self was constructed on a 2" x 4" support in order that 
it might be tried in various positions. The vertical posi- 
tion of the antenna was found in the first week of the 
tests to give much better results, an increase of several 
decibels over the horizontal position. 

The transmitting equipment was located in a room at 

*Signaon Laboratories. 

At left: Fig. I. 
Makeup of ultra- 
high frequency 

transmitter. 

Mr. Sigmon reports on the results ob- 
tained in 56 mc. tests in the metropoli- 
tan district of Boston. Stationary, au- 
tomobile and airplane reception was 
experimented with. 

the top of the building, and the antenna was supported 
partly by the flagpole as shown in Figs. 1 and 5. This 
gave unobstructed radiation in all directions. 

Fixed and Mobile Reception 

An ultra -short wave receiver was installed in an auto- 
mobile with an output meter to determine radiation char- 
acteristics. This setup was used most in determining 
signal strength at various locations. Other receivers 
were installed at fixed points away from the transmitter 
to check the signal. The receivers used in the tests 
were of the superheterodyne and super- regenerative 
types. 

Reception of amateur signals was almost impossible 
during the week days because of a very high noise level. 
The noise was caused by electrical devices within the 
shoe building. When this interference was not en- 
countered receiving conditions were ideal, and checked 
very closely with transmission results. 

Fig. 4 shows the variation in ground elevation above 
sea level. This was plotted in three directions on a 
straight line from the transmitter as indicated by the 
three projecting lines in Fig. 5 (a), (b), and (c). The 
formula to determine visibility was also checked against 
results. The formula being 

X = 1.32Vh 
X = distance in miles, h = height in feet. Accord- 

ing to the formula, and if ultra -high frequencies follow 
optical ranges, the limit of transmission should be ap- 
proximately twenty -five miles at sea level. The greatest 
distance actually checked was twenty and three -quarter 
miles, air line from the transmitter. A very strong 
signal was received at that point. 

At right: Fig. 2. 

Audio amplifier and 
one of the receivers 
used on top of the 

building. 
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From these results it would indicate the signal checked 
fairly close to the above formula. The shaded lines 
in Fig. 4 (c) and (b) show a decrease in signal strength, 
and at some points within the shaded lines it was im- 
possible to detect the signal at all. This would lead one 
to believe the wave is diffused in a manner very similar 
to light striking an object. 

Effect of Fog and Mist 

In varying the transmitter's carrier power output 
from a few watts to approximately twenty -five watts no 
noticeable difference in signal strength was found on a 
clear day. However, a peculiar thing noticed was the 
variation in signal strength in a heavy fog and on a 
misty day. The signal strength dropped several decibels 
under such conditions, and an increase in carrier power 
was then very effective. The effect noticed varied con- 
siderably with the density of the atmosphere, and the 
distance the receiver was from the transmitter. This 
particular effect proved most interesting during the tests. 

Several flight tests were made with an airplane. The 
plane was equipped with a small transmitter and receiver 
for the tests. It was found that the reception of the 
signal from the plane's transmitter decreased rapidly 
as the plane descended below 1,000 feet. The reception 
being from the penthouse of the shoe building. 

Other tests were made to determine the effect of build- 
ings on reception. These tests were made in an auto- 
mobile. The signal strength varied considerably as the 
car was driven in the congested streets of Boston, but 
very few places were found where the signal was en- 
tirely lost. 

This is remarkable, but in keeping with tests made in 
other areas where there appeared to be absorption 
factors likely to seriously limit reception. Actually, 
when a spot is encountered where reception is not prac- 
ticable a shift of the car in almost any direction, even if 
but a few yards, results in reestablishing operating 
conditions. 

As might have been anticipated, the reception of sig- 
nals from amateur station sources was not practicable 

At right: Fig. 5. 
Map of area cov- 
ered and directions 
in which tests were 

made. 

Below: Fig. 4. Chart 
showing range and 

signal strength. 
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Fig. 3. Antenna 
and its support. Two 
half -wave copper 
rods fed at the 

center. 

during hours when household, store and factory electrical 
services were in operation. The noise level incident to 
these devices prohibits reception except in the early 
morning and on Sunday. 

Although the greatest distance at which reception was 
actually checked was twenty and three -quarters miles, 
obviously there are points beyond this at which the 
signals would be found to be commercial, as the signal 
at the outer limit of the tests was quite strong. 

The author wishes to express his appreciation for 
the coöperation of the United Shoe Machinery Co., In- 
corporated, W. B. Gagnebin, and the Short Wave and 
Television Company. 
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Dr. A. N. Goldsmith Discusses 

RADIO ENGINEERING 

CONDITIONS NECESSARY FOR AN 

NN N his laudable attempts to improve the fidelity 
of broadcast receivers, the experimenter has 
occasionally concentrated on the thought that 
the best possible receiver was that having the 

highest overall fidelity. On this theory the wider the 
band of audio frequencies accurately reproduced, the 
better the receiver and, as a result, the more pleased 
would be the listener. It is taken for granted in this 
discussion that what may be crudely termed the "good- 
ness" of a receiver is measured by the satisfaction which 
it will give to the listener, acceptable programs being 
assumed. In the strictly scientific sense the best receiver 
is, of course, that approaching the scientific ideal of 
perfect fidelity ; but under existing conditions the good- 
ness of a receiver must be judged by the engineer as 
being a measure of the adaptation of the receiver to 
the conditions encountered, using as a criterion the pro- 
duction of the greatest possible listener satisfaction. 
More specifically, the engineer cannot accept in advance 
the viewpoint that the best receiver under all conditions 
is the receiver having maximum fidelity. 

Conditions for High Fidelity 

"To cover the question definitely, there will be out- 
lined in the following a number of conditions precedent 
to the successful utilization of receivers of high fidelity. 
As a result of this discussion it will become evident that 
nothing less than an orderly and progressive campaign, 
over a considerable period of time, would enable the 
conditions in question to be met. To simplify the prob- 
lem, let us assume that we desire to reproduce in the 
home, or rather in the mind of the listener, precisely 
the impression which would be created were the listener 
actually present in the studio or concert hall. In other 
words, there is sought the "illusion of reality." Among 
the necessary conditions for the attainment of this illu- 
sion are the following: 

"(1) It is assumed that the transmitter will be free 
from obviously objectionable and eliminable results of 
incorrect design and unsatisfactory operation. For 
example, there must not be present in the modulation of 
the transmitting station hum of an amount either audible 
at the receiving station or capable of modifying injuri- 
ously the quality of the received music. Noise modula- 
tion, resulting from circuit conditions or from studio 
noise and the like should be avoided, particularly since 
high -fidelity reception discloses the existence of cor- 
responding defects in an obvious fashion. 

"(2) The overall audio -frequency characteristic of 
the transmitting station should be flat over the entire 
range of audible frequencies to within the minimum 
noticeable deviation (say, 1 db.). That is, the envelope 
of the modulated carrier wave should be identical, so 
far as frequency response is concerned, with the wave- 
form of the sound impinging on the studio microphone. 
Parenthetically it may be stated that the type of micro- 
phone required, the placing of the microphone or micro- 
phones in the studio, and the audio characteristics of 
the studio itself cannot at this time be quantitatively 
and exactly defined for maximum fidelity of pickup and 

In a timely paper presented at the Rochester, 
N. Y., meeting (Oct. 13 -15) of the Institute of Radio 
Engineers, Dr. A. N. Goldsmith, consulting engineer, 
New York, discussed various requirements for what 
might be termed ideal radio reception. It is Dr. 
Goldsmith's view that any plan for the progressive 
improvement in the quality of reception should be 
an undertaking of a co- ordinating committee made 
up of representatives of all groups concerned. 

Among the factors discussed by Dr. Goldsmith are 
those set forth herewith. 

the best "illusion of reality" to the listener in the home. 
The microphone response, the audio -frequency amplifier 
response, the impartiality of the modulation method 
toward modulation of all audio frequencies, and the 
capability of the antenna system of radiating the carrier 
and the full sidebands without noticeable attenuation of 
the edges of the latter are all involved in meeting accur- 
ately the condition referred to herein. 

"(3) The transmitter must not introduce objection- 
able amounts of harmonic components into the audio - 
frequency modulation. That is, if a fundamentally pure 
tone excites the microphone, the envelope of the radiated 
wave should contain only this tone or, at worst, har- 
monic components of only negligible amplitude. As a 
general rule, in terms of good current practice, harmonic 
distortion (expressed in terms of the total harmonics 
spuriously produced) should be limited to a few per 
cent. 

Circuit Elements 

"(4) It should also be remembered that a transmitter 
may initially meet the preceding requirements and yet. 
after a period of time, no longer deliver an identically 
high fidelity output. Various circuit elements, such as 
transformer cores, grid leak resistors, vacuum tubes and 
the like are not permanent and invariable devices. Ac- 
cordingly, transmitters must be not only adjusted to 
high fidelity initially but, if high fidelity receivers are 
to be advantageously used, transmitters must also be 
systematically and rigidly maintained in their optimum 
operating condition. 

"(5) In view of the inevitable presence of receiver 
noise arising from such causes as irregular leakage 
currents, and the "shot effect" or the discontinuous 
nature of an electric current (which, strictly speaking. 
is, of course, an electron current), it is found that the 
field strength of the signal, the antenna dimensions, the 
coupling of the antenna to the receiver, and the amount 
of radio -frequency amplification must all be so related 
that no audible background noise exists when the un- 
modulated carrier is radiated and received (assuming, 
of course, the absence of any audible amount of static). 
Quantitatively this requirement does not necessitate as 
high field strengths as are required in view of the next 
considerations to be mentioned. 

"(6) Natural and man -made disturbances of recep- 
tion should be absent. The greater the fidelity of the 
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INCREASE IN USABLE RECEIVER FIDELITY 

receiving set, the more rigorously must this requirement 
be fulfilled. It is well known that the acoustic spectrum 
of music or speech shows relatively little energy radi- 
ated in the higher audio frequencies. On the other 
hand, the abrupt disturbances corresponding to static 
of most types have a relatively high percentage of their 
energy in the upper regions of the audio spectrum. Ac- 
cordingly it is quite possible in the presence of static to 
receive a more pleasurable if not more accurate signal 
from weak or distant stations if the receiver is naturally 
or artificially arranged to be relatively insensitive to 
the higher audio frequencies. Conversely a high- fidelity 
receiver tuned to such stations under the mentioned con- 
ditions produces a more accurate but relatively unpleas- 
ant effect. We thus encounter a natural limitation to the 
utility of a high -fidelity receiver based on the ratio of 
the field strength of the receiver signal to the field 
strength of the random atmospheric disturbances and 
dependent upon the acoustic quality of each of these. 

"This apparent anomaly produces confusing effects 
in connection with tests of high -fidelity receivers. Unless 
the fidelity of the transmitter is known, as well as the 
ratio of the signal field strength to the disturbance field 
strength, no valid analysis can be made of the reason for 
the apparent quality of the signal nor can any convincing 
explanation be offered for the utility or lack of useful- 
ness of a given type of high -fidelity receiver under the 
specific receiving conditions in question. 

Channel Separation 

"(7) It is common practice to space telephone broad- 
casting stations on channels separated by 10,000 cycles. 
This separation is obviously inconsistent with the re- 
quirements of high- fidelity transmission and reception. 
Assuming the radiation of 15- kilocycle sidebands from 
a high -fidelity transmitter and the provision of a 5 -kilo- 
cycle guard band between the outer edge of each side 
band of a given station and the outer edge of each side 
band of the nearest adjacent stations on higher and lower 
frequencies, a channel separation of 35 kilocycles or 
even more is required. Unless the listener is so situated 
that a given and desired station has a field strength far 
greater than the field strength of the stations on the 
adjacent channels, there is little possibility of successful 
reception of frequencies above 4,500 cycles approxi- 
mately, on the basis of the present 10- kilocycle channel 
separation. As a practical conclusion, if stations become 
capable of modulating their carriers accurately up to 
10,000 or 15,000 cycles, with all that this implies in 
the way of improvement of equipment and methods of 
operation (and with the assumption that the Govern- 
mental authorities will permit such high- fidelity radia- 
tion on the present broadcasting wave lengths), it would 
even then be necessary to confine the use of high- fidelity 
receivers to a region in the immediate vicinity of the 
station wherein the field strength of the desired station 
signal would far over -ride that of the stations on adja- 
cent channels. Otherwise stated, universal high- fidelity 

reception is incompatible with 10- kilocycle channel sepa- 
ration. "Side band collision" cannot co -exist with the 
satisfying use of high fidelity in a receiver. 

"(8) The requirement of overall high fidelity in the 
receiver is of course necessary for accurate audio-f re- 
quency reproduction. This implies either that every 
element in the receiver shall leave unchanged the en- 
velope form of the received wave or alternatively that 
mutually compensatory effects shall be introduced in the 
receiver system so that any excessive response toward 
certain audio frequencies in one part of the receiver 
shall be balanced by a correspondingly deficient response 
to the same audio frequencies in another part of the 
receiver. The term "receiver" in this connection includes 
the loudspeaker system. 

Harmonic Distortion 

"(9) The receiver should similarly be free from 
harmonic distortion due to overloading and non -linear 
characteristics of the tube circuits. It is to be noted in 
this connection that the harmonic distortion introduced 
in the receiver is, roughly speaking, additive to that 
produced in the transmitter, thus adding to the unde- 
sired effect. 

"(10) When we enter the realm of sound reproduc- 
tion through the use of loudspeakers, it is found that 
a number of outstanding problems remain unsolved. If 
a single loudspeaker is used in a receiving set, and if the 
directional characteristics of the loudspeaker for various 
audio frequencies are not identical, the quality of the 
reproduction heard by the listener (in the open air) will 
depend upon his position. In a room the results will be 
complicated by wall reflections which, in turn, may be 
selectively favorable toward certain ranges of audio 
frequencies. A person listening to a loudspeaker which 
has an exaggeratedly narrow or concentrate directional 
characteristic for the higher audio frequencies will ex- 
perience an unpleasantly sharp effect when he sits in the 
"beam" of the speaker, particularly in a room which 
has hard walls capable of reflecting to advantage the 
high frequencies in question. It has been mentioned by 
numerous listeners that they cannot enjoy radio music 
of the same loudness as that which they would cheer- 
fully accept from a symphony orchestra in a concert 
hall. One of the reasons for this discrimination is the 
nature of loudspeaker radiation into a living room of 
average acoustic characteristics. 

Receivers. of high fidelity should be periodically 
checked to make sure that their fidelity has not been 
reduced by change in the circuit elements and tubes. 

"(11) We are thus led to a consideration of the 
acoustics of the room in which the broadcast listener 
receives his programs. In the absence of published data 
covering exhaustively the optimum living room condi- 
tions for most natural reproduction of sound, there is 
little that can be done beyond pointing out the existence 
of a problem and the desirability of the systematic 
investigation aimed at its solution." 
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Broadcast Transmitter Location 
By Lawrence C. F. Horte 

IN these days of "new deals" with the appraisal of our 
institutions and customs on every hand, a critical 
examination of the pattern of our national radio 
broadcasting system is in keeping with the spirit of 

the times. Such an examination, however, reveals com- 
paratively little that justifies any extended criticism or 
forceful effort for its modification. 

There is, however, one anomaly in the organization of 
our national system of radio broadcasting stations that 
shouts for notice and for correction. This will be evident 
to any one who will examine a large scale map of the 
nation noting the location of the broadcast transmitters 
with respect to the densely populated areas which they 
are provided to serve. In all too many cases it will be 
noted that the transmitting equipment is located so re- 
motely from the nearby audience -area and that the 
irrational distribution of that most costly form of elec- 
trical power -the radiation from the broadcasting trans- 
mitter antenna -is to the extent of fifty to seventy -five 
per cent wasted on areas in which the population density 
is so low as to justify little consideration in the economic 
scheme of things. In addition, this power is delivered 
in such attenuated form to populous areas in which it 
must compete for attention with many forms of acci- 
dental radiation, unavoidable accompaniment of modern 
electrical adjuncts to community life, as to most seri- 
ously reduce the usefulness of the intentional forms of 
radiated power. 

It is probably not important to trace the causes of this 
absurd arrangement, but it is of interest to note that the 
broadcaster on the one hand, ambitious for greater power 
as the obvious means of expanding the area and use- 
fulness of his transmitter and, on the other hand, the 
listener bent on retaining the serviceability of his rela- 
tively nonselective receiving equipment, brought this 
condition into being. The anomalous removal of the 
transmitting station from the area it was to serve appears 
to have been the only tenable position for the governing 
body to have assumed in the solution of an obviously 
impossible problem. 

Conditions Changing 

The justification, if any, for this detail of regulation 
has long since disappeared in that the broadcaster now 
knows that it is the medium in which this planet rolls 
along that is coordinated with the power of his trans- 
mitter in determining the range of its operation. The 
listener has learned that, in the main, the remote trans- 
mitter can give him little that his local station cannot 
supply -unless it be a continuous demonstration of the 
vagaries of radio transmission -and that, in fact,, mod- 
ern receiving equipment, even that of modest cost, is 
capable of such selection as to give him the opportunity 
of hearing all stations that are available to him above the 
local noise level. 

In this review of the coverage geog- 
raphy of broadcast stations a well - 
known radio engineer gives views based 
on his experience in the radio broad- 
cast field. 

But the wasteful pattern of broadcast station locations 
appears frozen into immobility through a combination 
of economic and psychological paralysis and it is now 
high time that consideration be given to the rationaliza- 
tion of this fallacious arrangement. It will, of course, be 
argued that even the most selective of the modern re- 
ceivers is not proof against the irregularities of the 
modern transmitter when operated at its highest levels. 
It need only be pointed out that the location of the 
transmitter at the center of the area which it is to serve 
and its operation at conservative levels would not only 
provide far better service in the congested areas that 
are now only indifferently served, but would also elim- 
inate the transmitter irregularities that are offered as the 
reasons for the impracticability of this rational arrange- 
ment. 

Equality for All 
Those of legalistic tendencies will, of course, point 

out that such an arrangement might well violate that 
fundamental tenet of the radio law which purports to 
ssure equality of opportunity for radio listening to all 

the people of our land, often alleged as the outstanding 
characteristic of the present layout of broadcasting sta- 
tions. While, as a matter of fact, the location of the 
radio transmitter at the point of highest noise level in 
a congested community along with the natural and highly 
desirable continuous attenuation of the signal radially 
outward from the transmitter, thus paralleling the 
progressively lower noise level in this direction, is obvi- 
ously the only sound arrangement to approximate the 
desired equality of signal effectiveness to such degree as 
is economically possible. 

It must, of course, be admitted that the use of highly 
directionalized radiators have in the writer's experience 
been found to be useful in offsetting to a considerable 
degree the irrational distribution of radiated broadcast- 
ing power with respect to the population distribution. 
But such expedients are merely that, and leave the 
fundamental unsoundness, both technical and economic, 
undisturbed. 

The complete solution lies in the replacement of many 
of our broadcasting transmitters to the very hearts of 
the cities which they now purport to serve ; their opera- 
tion at conservative power levels, with the primary 
motivation in their operation the desire for highest 
quality of transmission with the magnitude of the trans- 
mitted power of not more than secondary importance. 
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A Two -Way 

POLICE 

RADIO 

SYSTEM 
By John Dunsheath 

IF the engineers who designed the 
two -way mobile radio system here 
described desired to learn at the be- 
ginning how the system would per- 

form under difficult conditions, they 
could not have selected a more trying 
location than Bayonne, New Jersey. 

In this city, four miles long by two 
miles wide, are located the maze of 
mammoth steel tanks used for storage 
by the large oil producing companies. 
The city has its share of steel overhead 
and underpass bridges, and of high steel 
buildings. Police patrol cars travel on 
roadways which wind in and out among 
steel tanks, high iron guard fences, 
through underpass bridges and short 
tunnels and through the business section 
of the city. 

The installation at Bayonne consists 
of a central headquarters sending and 
receiving station and ten radio patrol 
cars equipped for two -way communica- 
tion with headquarters and with each 
other. All transmitters and receivers 
are locked at a frequency of 34,600 k.c. 
(8.6 meters). 

The headquarters transmitter operates 
at 25 watts output, the patrol car trans- 
mitters at 4.5 watts. 

The transmitting and receiving equip- 
ment at police headquarters are mounted 

on a five -panel rack. A double button 
microphone is located on the radio ser- 
geant's desk. A thumb switch provides 
for instantaneous transfer from "send" 
to "receive." Incoming transmission 
from patrol cars is reproduced by a 
loudspeaker mounted on the wall of the 
room. 

Patrol cars are equipped with small 
size short wave transmitters, receivers 
and power supply systems, each housed 
in separate units. The power supply 
unit is of the motor -generator type, 
operating from the regular car 6 -volt 
battery. The control unit and the loud- 
speaker are mounted on the steering 
column. No batteries other than the 
single 6 -volt car battery are used. The 
transmitting antenna on cars is a short 
steel mast. Receiving antennas in 
sedans are mounted in the roofs, while 
in touring cars antennas are under the 
chassis. 

Each car is equipped with a hand 
mike, each mike fitted with a special 
rubber mouth -guard to insure satisfac- 
tory use even when cars are moving at 
high speeds. 

At left: Fig. 2. Close - 
up of one of the police 
cruisers in operation. 
The antenna for trans- 
mission is shown at the 
rear, right of the car. 
The officer at the wheel 
is talking into the 

microphone. 
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Fig. I. Five -panel control board 
at police headquarters for 
both transmitter and receiver. 

The Bayonne installation has been 
in service for several weeks and there 
is no difficulty in communication at all 
times between headquarters and the 
cars, and vice versa, and also between 
any one car and all the others. 

Obviously this police radio system 
experiences no interference from police 
radio systems operating on 2,400 k.c. 
(125 meters). Being in the quasi -opti- 
cal region, the 8.6 meter wavelength 
employed does not spread far beyond the 
actual horizon range from the trans- 
mitter antennas. 

In the occasional instances when a 
patrol car is shielded in a pocket sur- 
rounded by steel tanks, it is practicable 
for another of the cars to relay to this 

Fig. 3. Steer lrg post con- 
trol unit mounted in posi- 
tion. Contains main power 
switch, volume c ontrol, send - 

receive switch, microphone 
jack and loudspeaker. 
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car information transmitted from head- 
quarters, and in the reverse direction. 

At headquarters a forty-foot wooden 
mast, erected on the top of the head- 
quarters building, supports a simple 

THE TECHNIQUE OF TRAN- 
SCRIPTIONS FOR BROAD- 

CAST USE 
(Concluded from page 14) 

lar, graphite used in lateral processing, 
partly accounts for the almost entire 
absence of surface noise in the repro- 
ductions, and insures complete transfer 
of the highest frequencies recorded on 
the wax, invisible even through a micro- 
scope. 

Expensive cellulose acetate has been 
found to be ideal as material for com- 
mercial disc pressings. It, too, is prac- 
tically homogeneous and adds its share 
toward noiseless recording. Originally, 
acetate was used in thin sheets only for 
the surface, and laminated with paper 
pulp, shellac, and other materials to add 
bulk. Although this construction was 
superior to the ordinary shellac press- 
ings, and the pressings showed the 
qualities desired, there were still serious 
disadvantages and objections to their 
use. They blistered and warped perma- 
nently soon after manufacture, and 
sometimes actually wore out after only 
one or two playings. Practically, the 
laminated laterals merely substituted dif- 
ficulty with wearing quality and warp- 
ing for the high noise level of the 
original shellac. 

The World Broadcasting System took 
advantage of the good qualities of ace- 
tate but eliminated the objections by 
using, for all pressings, solid acetate; 
pliable, durable, unbreakable, light 
weight, and possessing all the properties 

Fig. 4. General view of 
patrol car radio equipment. 
The steering post control 
unit is shown in the upper 
right. The radio -frequency 
portion of the transmitter 
with the antenna is shown in 
the upper left. The modu- 
lator and receiver is shown 
in the center, and the power 
supply unit is shown at the 
bottom. This entire equip- 
ment operates from the pres- 
ent car storage battery. The 
current drain is about 21/4 

amperes in the receive posi- 
tion and about 7 amperes 

in the transmit position. 

transmitting antenna, which is a brass 
rod about eight feet long. In the cars 
the antenna is a similar rod sticking 
out of the rumble seat in the case of the 
two- seater patrol cars, and just above 
the left fender in the case of the five - 
passenger squad cars. 

Transmitting and receiving radio 
equipment for police car use must be 
designed for the purpose. The equip- 
ment here described is rugged, and be- 
fore final design of the various elements 
was determined upon all possible weak- 
ness was eliminated. The result is that 

desired from both the engineering and 
practical standpoints. 

The extra cost of gold sputtering and 
the use of solid acetate is found to be 
entirely offset by the saving in produc- 
tion cost because of the positive opera- 
tion of the recording equipment. 

The finely balanced vertical pickup 
stylus pressure on the disc is approxi- 
mately one -third that of the normal 
pressure of the lateral reproduction 
needle. Uncertainty as to whether discs 
will outwear test playings previous to 
broadcast has been eliminated, and en- 
tirely satisfactory pressings are avail- 
able which have been played well over 
a thousand times. It is not necessary to 
change needles, as permanent jewel 
styluses are employed. 

The equipment is simple and easy to 
operate, and the characteristics of the 
reproducing apparatus are matched with 
the complete system. 

NORTH AMERICAN BROAD- 
CAST STATION ALLOCATION 

(Concluded front page 15) 
tion of the problems which have been 
encountered. 

The calling of a further conference to 
consider frequency allocation in North 
America is inadvisable until such a tech- 
nical group shall have prepared its defi- 
nite plan and such a plan shall have 
received a good measure of sanction 
from those directly involved. 

And, finally, it should again be 
stressed that no permanently satisfac- 
tory plan is to be expected unless na- 

RADIO ENGINEERING 

the installations in the ten cars so far 
equipped are, in operation, found to be 
free from interruptions such as other- 
wise would be experienced with me- 
chanical and electrical assemblies 
bounced around over all sorts of road 
surfaces, at high speeds, and where 
frequent sudden stoppages are the rule. 

With the regular six -volt ignition 
battery serving as the primary source 
of power for both transmitter and re- 
ceiver, economy and low maintenance 
cost is evident. 

Usually police departments are averse 
to being burdened with facilities which 
impose possible additional work and 
responsibilities upon policemen. In the 
case of this two -way radio police service 
every member of the force at Bayonne, 
from the chief dowtt to the probationary 
patrolmen are enthusiastic about the 
use of the new facility. 

This interesting installation was en- 
gineered and installed by the Radio 
Engineering Laboratories, Long Island 
City, New York. At the present time 
the company is engaged in installing 
similar police radio equipment at East - 
chester, N. Y., and at Union City, N. J. 

tional boundaries, as such, are subor- 
dinated to the principle that the men 
and women residing in every country 
are entitled to their quota of radio ser- 
vice in accordance with their needs and 
the physical and commercial possibili- 
ties of the situation, and on the basis of 
an impartial but sympathetic consider- 
ation of their needs regardless of their 
national affiliation. The attempted sub- 
ordination of physical facts to political 
theory cannot but be injurious to Ameri- 
can broadcasting. 

TALK ON RADIO HISTORY 
On the evening of December 6, an ad- 

dress will be delivered to a group of two 
hundred professional and business men 
in the auditorium of William Sloane 
House, 356 West 34th St., New York, 
on the subject, "The Evolution of 
Radio." The talk will be delivered by 
Donald McNicol, past president of the 
Institute of Radio Engineers, and edi- 
tor Of RADIO ENGINEERING. 

CORRECTION 
In the September, 1933, issue of 

RADIO ENGINEERING, page 23, next to 
the last paragraph the sentence should 
read : 

"In the case of the y cut crystal the 
frequency change will be approximately 
100 parts in a million per degree Centi- 
grade temperature change and the 
frequency will increase with an increase 
of temperature." 

This is in the article on crystals by 
E. H. Rietzke. 
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A voltage doubling 
power supply 
for the 
cathode ray 
oscillograph 
By C. Bradner Brown* 

TFIE problem of high voltage supply for a cathode 
ray oscillograph is one that calls for considerable 
thought on the part of the radio engineer. Most 
of the newer model tubes such as the Dumont type 

34, utilize from 800 to 1,000 volts on the accelerating 
electrodes with some 200 volts of focusing bias on the 
Wehnelt cylinder. This necessitates a maximum of 
1,200 volts for the operation of the cathode ray tube 
which forms the basis of the oscillograph. 

The percentage of variation in the power supply al- 
lowable is quite small as any change in accelerating volt- 
age causes a modulation of the beam with resultant de- 
flections on the screen. This effect is caused by the 
nature of the accelerating electrode structure which con- 
sists of a pair of plates. Thus, the faster the electronic 
stream travels, the shorter the length of time any one 
electron is traveling between the deflecting plates and 
the less the total deflection. Care must be taken there- 
fore that the electron stream travels at practically a 
constant velocity which in turn demands a constant ac- 
celerating voltage. If the focusing voltage to the Weh- 
nelt cylinder changes, the size of the spot on the screen 
will vary which makes for blurred images and unsatis- 
factory operation of the tube as an oscillograph. 

'Chief Engineer, Experimental Division, First National 
Television Corporation. 
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C1,C2 - 1 MFO., 750 V. CONO. 
C3 - 1 MFO., 500 V. CONO. 
R1- 500.000 OHM POT. 

(CLAROSTAT VOLUME CONTROL) 
R2- 2 WATT, 500,000 OHM 

IRC RESISTOR. 
R3- 100,000 OHM VARIABLE RES. 

(CI..AROSTAT VOLUME CONTROL) 

Fig. I. 
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Fig. 2. The experimental set- 
up of the rectifier- doubler. 

Fig. 3. The complete power supply housed 
in a wooden cabinet. The a -c. ammeter 
reads filament current. This equipment is 

being used by the author to make side - 
band measurements at W9XAL, the tele- 
vision transmitter of the First National 

Television Corporation. 

Since one of the major advantages of the cathode 
ray oscillograph is its flexibility and portability, the 
power supply must be of small size and light weight so 
as not to interfere with these desirable characteristics. 

The power necessary for operation of the tube itself 
is almost negligible, as the accelerating electrode draws 
only .2 milliampere which represents a power consump- 
tion of .2 watt. The rectifier system must be designed 
therefore to supply a steady high voltage at a very 
low current. Full -wave rectification is almost neces- 
sary if the filter system is to be limited in size, and the 
economic aspect of the filter condenser situation prac- 
tically demands this type of rectification. 

A preliminary survey of the conditions which must 
be satisfied showed that voltage doubling would prove 
valuable. This is especially true in any case where 
low current -high voltage supply is necessary. The cir- 
cuit used is shown in Fig. 1. A low voltage supply 
transformer feeds a pair of 27's in a doubling circuit. 
These tubes were chosen because of their small size 
and low gas content. Furthermore, the cathode could 
be isolated from the filaments discouraging any local 
action to the emitting surface during the reverse or 
back -up cycle. The action of the circuit is as follows: 

During one half cycle, current flows through VT -2 to 
charge condenser C2. During the other half cycle, cur- 
rent flows from the transformer through VT -1 to charge 
CI. The output is taken across the series condensers 
CI and C_ and is therefore twice the voltage of one. It 
will be noticed that separate filament supply is necessary 
for each tube as the cathode of VT -2 is operated at 
transformer potential. The action of the circuit is quite 
simple and so long as the current drain is low, the 
regulation will be excellent. The output will be full wave 
and twice the voltage of a single half wave supply. The 
transformer must be fairly well insulated and con- 
densers C1 and C. must withstand the peak voltage of 
a half wave, at the transformer potential. 

(Concluded on page 30) 
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PROBABLY no other technical 
term in talking motion picture 
work is so frequently used and 
so little understood by the non- 

technical man as is the unit by which 
sound intensity is measured -the deci- 
bel. To the technical man accustomed 
to electrical units and mathematics, it 
presents little difficulty, but to others 
it is apt to be confusing, not because 
it is complicated but because little has 
been written concerning it for the non- 
technical man. 

The word "decibel" (abbreviated 
"db. ") was formed by combining "deci," 
meaning one -tenth, with "bel," the fun- 
damental unit named in honor of Dr. 
Alexander Bell, the inventor of the 
telephone. It is the direct outgrowth 
of communication engineering practices 
and meets the need for a unit by means 
of which one amount of energy, which 
may be either in the form of electricity 
or sound, can be compared to another. 
In making such a comparison, we could 
say, for instance, that one energy is 
twice as great, ten times, a thousand 
times, or a hundred million times as 
great as another. Such large numbers 
are obviously inconvenient to use. For 
instance, the energy of the loudest sound 
the human ear can tolerate is greater 
than the energy of the faintest sound 
the ear can detect by several million 
million times. A more simple system 
of working with these large numbers is 
therefore desirable. The decibel fur- 
nishes such a system. 

The Ear's Response 

Before discussing the matter further, 
it will be helpful to consider briefly how 
the ear responds to sounds of different 
intensities. That the human ear is a 
remarkable mechanism is apparent from 
the figures given above. The reason 
for the peculiar ability of the ear to 
handle such wide ranges of sound en- 
ergy is that the impression of intensity 

*Instruction Manager, Electrical Research 
Products, Inc. 

O 

The decibel 
and its uses 

By D. C. MCCiALLIARD* 

is, fortunately, not directly proportional 
to the amount of sound energy reaching 
the ear. What is meant by this can 
perhaps best be illustrated by consider- 
ing two glass water tumblers of about 
the same capacity, one the conventional 
cylindrical tumbler, and the other 
shaped like a funnel or an inverted cone. 
If we now fill these tumblers with water 
a spoonful at a time, the level of the 
water in the cylindrical one will rise 
by the same amount each time a spoon- 
ful is added. The level of the water in 
the funnel- shaped tumbler, however, will 
rise very rapidly at first, but as it be- 
comes more nearly filled the increase in 
level resulting from the addition of a 
spoonful can scarcely be noticed. 

The human ear responds to sound in 
much the same way as the water level 
in the funnel- shaped tumbler does to 
water. As the sound energy is in- 
creased in equal amounts, the added 
sensation of intensity (loudness) re- 
sulting from these increases becomes 
less and less. If, however, each time 
the sound energy is changed it is in- 
creased by the same percentage of its 
previous value, the result will be equal 
increases in the sensation, that is, it 
will appear to get louder in equal steps. 
This is indeed a wise provision of na- 
ture since it makes the ear sensitive to 
weak sounds and at the same time pro- 
tects it from the loud sounds. It is 
important that this principle be con- 
stantly kept in mind, as it will be of 
considerable aid in obtaining a clear 
understanding of the subject. 

Without going into the mathematics 
of the subject, let us examine the follow- 
ing table of numbers: 

In this directly useful article Mr. McGalliard explains 
the working of the decibel in language understandable 
to projectionists and public- address technicians. 

Column A 
(Ratios) 

Column B Column C 
(Bels) (Decibels) 

1 0 0 
10 1 10 

100 2 20 
1,000 3 30 

10,000 4 40 
100,000 5 50 

1,000,000 6 60 
A brief consideration of these figures 

makes it evident that there is a definite 
relation between the figures in these 
three columns. The figures in Column 
B obviously represent the number of 
times the number 10 must be multiplied 
by itself to give the larger figures 
shown in Column A. The figures in 
Column C are ten times the correspond- 
ing figures in Column B. Since there 
is this definite relation between Col- 
umns B or C and Column A, evidently 
we can make unnecessary the handling 
of the large numbers shown in Column 
A if we work with the figures in Col- 
umns B or C instead. 

If now we consider Columns A, B 
and C, not as simple figures but as 
power ratios, bels and decibels, respect- 
ively, the relationship involved is appar- 
ent. By "power ratio" we mean the 
number of times the larger of the two 
powers being compared is greater than 
the smaller. Thus, if we are comparing 
a power of 2 watts with one of 20 watts, 
the power ratio is 

20 - = 10. 
2 

Aside from avoiding the handling of 
large numbers, there is another advan- 
tage, perhaps even more important, in 
using bels or decibels in Columns B or 
C instead of the power ratios in Column 
A. In combining two power ratios, we 
must multiply or divide them, whereas 
the corresponding bels or decibels need 
only be added or subtracted. For ex- 
ample, if one amplifier increases the 
sound energy 100 times and a second 
amplifier takes the output from the first 
one and increases it 10,000 times, the 
total increase has been 100 x 10,000 = 
1,000,000 times. From the table we see 
that power ratios of 100, 10,000 and 
1,000,000 correspond respectively to 20, 
40 and 60 decibels. It is evident there- 
fore that the total increase could have 
been figured much easier by simply add- 
ing the decibels corresponding to 100 
and 10,000 (20 -I- 40 = 60) and then 
referring to Column A for the answer. 
Unfortunately in actual practice power 
ratios do not often come out round fig- 
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ures such as 100 or 10,000 as used in 
the example given; they are much more 
likely to be uneven figures, such as 96 
or 9,585. The advantages of using deci- 
bels are usually much greater, therefore, 
than would appear from the example 
given, and by their use we are enabled 
to greatly simplify many calculations 
which would otherwise be very tedious. 

There are two principal uses of the 
decibel: 

1. To compare one sound intensity 
to another. For instance, if the energy 
of one sound is one hundred times as 
great as another, we say that the first 
sound is 2 bels, or 20 decibels, greater 
than the second. Thus, if the output 
of an amplifier is 6 watts, while the in- 

6 
put is .06 watt, a power ratio of - or 

.06 
100 to 1, we say that the amplification, 
or "gain" of the amplifier, is 20 decibels. 

2. To measure the absolute value of 
sound energy by comparing it to some 
generally accepted standard energy 
value, either implied or expressed. 

Fox comparison purposes, acoustic 
experts usually refer sound intensities 
to "minimum audibility." "Minimum 
audibility," or "threshold of hearing," 
as it is sometimes called, may be de- 
fined as the weakest sound which can 
be heard under absolutely quiet condi- 
tions. The power of such a weak sound 
is inconceivably small, being only of the 
order of one ten thousand millionth of a 
microwatt (a microwatt is a millionth 
of a watt)- another indication of the 
sensitivity of the ear. 

Thus, when the acoustic engineer 
refers to a sound as having an inten- 
sity of 50 decibels, the statement is 
actually incomplete; it should be said 
that the intensity is "50 db. above min- 
imum audibility," or "50 db. above the 
threshold of hearing," or, simply, "50 
db. above threshold." 

"Minimum audibility" is much too 
small to be used as a reference inten- 
sity for relatively loud sounds, such 
as those coming from the ordinary 
loudspeaker. Another reference inten- 

C. M. JANSKY ELECTED 
PRESIDENT OF I. R. E. 

At the November meeting in New 
York, of the Institute of Radio Engi- 
neers, President L. M. Hull, announced 
the result of the recently conducted elec- 
tion of officers for the year 1934. 

These are : For President, C. M. Jan - 
sky, Jr.; Vice President, B. Van Der 
Pol, Jr., and to fill vacancies for direc- 
tors, A. N. Goldsmith, Arthur Bachelier 
and William Wilson. 

sity generally known as "zero level" 
has, therefore, been generally adopted 
by communication and sound engineers. 
An idea of the intensity of sound at 
"zero level" may be had if it is re- 
membered that speech from a telephone 
receiver held tightly against the ear 
is about zero level when it is just too 
loud to be comfortable. 

Engineers have agreed that, ex- 
pressed in electrical power, this "zero 
level" should be taken as .006 watt. 
Thus, compared to "zero level" of .006 
watt, the 6 watt output of the amplifier 
mentioned under (1) above would cor- 

6 
respond to a power ratio of - or a 

.006 
ratio of 1,000 to one. From the table 
it is seen that this ratio represents 30 
decibels. Hence it is said that the out- 
put level of the amplifier is 30 deci- 
bels above zero level or, simply, 30 deci- 
bels. Just as room temperature is 
commonly expressed as, say, 70 degrees 
without specifying that it is 70 degrees 
above zero, sound engineers commonly 
refer to the output of an amplifier as 
being, say, 30 decibels without speci- 
fying that they mean 30 decibels above 
zero level. 

Care should be taken not to confuse 
the output level of the amplifier with 
the gain of the amplifier referred to 
under (1). Each is commonly ex- 
pressed in decibels, although as ex- 
plained the output level should, strictly 
speaking, be expressed as decibels 
above zero level. Thus, while the out- 
put level of this amplifier is 30 decibels 
(above zero level), its gain is only 20 
decibels, as figured above. This will 
be more readily understood when it is 
considered that the input (.06 watt) 
is already 10 decibels above zero level. 
This is figured from the power ratio 

.06 watt .06 
of or - or 10 to 1, which, 

zero level .006 
from the table, corresponds to 10 deci- 
bels. If the input of 10 decibels above 
zero level is increased by the 20 deci- 
bel gain of the amplifier, the output 

BOOK REVIEW 
Shots 1Vave Wireless Communication, 

by A. W. Ladner and C. R. Stoner, 
348 pp. Cloth. John Wiley & Sons, 
Inc., publishers, New York. Price, 
$3.50. 

Here is a timely book that will be 
of real value to professional communi- 
cation engineers in all radio services, 
as well as to the amateur short -wave 
enthusiast. The book contains a his- 
tory of short -wave radio development; 
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level will, of course, be 30 decibels above 
zero level. This is also in accordance 
with what we said earlier about the 
addition and subtraction of decibels. 

The table given shows the approxi- 
mate power ratios corresponding to 
from 1 to 30 decibels. There are two 
convenient relations to remember in 
dealing with decibels. The first of these 
is that ten decibels correspond exactly 
to a tenfold change in power. The 
second relation to be remembered is 
that in order to make a sound louder 
by 3 decibels it is necessary to approxi- 
mately double its power. What this 
means can be more easily pictured 
when you consider that if the Niagara 
Falls power plant output were in the 
form of sound energy, it would be nec- 
essary to construct another power plant 
of the same capacity in order to in- 
crease the sound output by 3 decibels. 
In the same way for 6 decibels increase, 
the power would have to be about four 
times as great, for 9 decibels about 
eight times as great, and so on. 

Power Ratios Decibels 
1.25 1 

1.6 2 
2.0 3 
2.5 4 
3.2 5 

4.0 6 
5.0 7 
6.3 8 
8. 9 

10 10 
100. 20 

1,000. 30 
One cannot learn to drive an automo- 

bile by reading the instruction book. 
The same is true in studying the use of 
the decibel ; it is necessary to actually 
apply the principles outlined to specific 
problems before they will be thorough- 
ly understood. It is suggested, there- 
fore, that the reader take advantage of 
any opportunities which may arise to 
to make practical applications of the 
tables and explanations given. A little 
practice along these lines will convince 
him that the decibel is an extremely 
simple and useful unit. 

theoretical engineering and technical 
material, and twelve chapters dealing 
with the practical problems of short - 
wave: signaling, both telephone and tele- 
graph. There is a chapter on ultra -short 
waves which contains useful informa- 
tion on this subject of present impor- 
tance. 

Although the book is technical in na- 
ture, it is so well and clearly written 
and so well illustrated with diagrams 
that it will be a valuable addition to 
any engineer's or experimenter's library. 
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Important Advances in 

AIRCRAFT PLANE -GROUND COMMUNICATION 
THE influence of aviation on radio 

is emphasized in three important 
inventions and developments in re- 
cent months, including a device to 

enable the ground operator to talk with 
a plane by dialing the right wavelength, 
and an installation to change the 
ground station from one wavelength to 
another instantaneously, eliminating a 
twenty minute delay previously re- 
quired for a manual changeover, and 
the latest development, a device which 
results in the airport transmitter send- 
ing out words of uniform volume, 
whether they are whispered or shouted 
into the microphone, thus insuring a 
proper reception by the pilot aloft. 

United Air Lines, which announced 
the above improvements, tells an inter- 
esting story of the importance of radio 
to aviation. 

Space and weight are precious com- 
modities in aviation, and air transport 
operators jealously guard against any 
undue encroachment on the payload of 
the airplane. This factor blocked the 
use of wireless telegraphy which re- 
quired a special radio operator aboard 
the plane to transmit and receive the 
code signals. Further, code wasn't 
speedy enough for aviation's purposes. 

Communications engineers of United 
Air Lines, operator of the New York - 
Chicago- Pacific Coast and other mail - 
passenger airways, pioneered the field 
of two -way plane -ground radio tele- 
phony in 1927 when they began the 
development of an experimental appa- 
ratus that proved successful. In coop- 
eration with the government and equip- 
ment manufacturers, this was perfected 
and installed on planes more than four 

A VOLTAGE DOUBLING 
POWER SUPPLY FOR CA- 
THODE OSCILLOGRAPH 

(Concluded from page 27) 

In the experimental setup, a small 
radio receiver transformer having two 
2.5 volt windings was used. Two turns 
of heavy wire were taken around the 
core and used to supply the necessary 
voltage for the filament of the cathode 
ray tube used which was a Dumont type 
34. A pair of 750 volt condensers were 
used in the doubling circuit, while one 
1,500 volt or a pair of 750 volt test in 

series were used as the output capacity. 
The transformer delivered about 450 to 
500 volts and when rectified and doubled 
the power supply put out about 1,200 
volts of pure d -c, without any apprecia- 

years ago. The original installations 
have subsequently given way to highly 
improved apparatus. 

One problem concerned the elimina- 
tion of delays occasioned by changes 
from one frequency to another. Planee 
flying from Chicago to New York 
operate on a certain day frequency and 
another frequency for night use. Planes 
west of Chicago on the same mid -con- 
tinent airway employ different wave 
lengths. As ground stations communi- 
cate with planes on both divisions, it 
is necessary frequently to shift from 
one wave length to another, a manual 
process that involved costly delay. 

Changing Frequencies 

The United Air Lines laboratory 
staff developed a device, known as the 
"Rube Goldberg" because of its com- 
plexity, to enable a radio operator to 
change his transmitter from one fre- 
quency to another instantaneously by 
turning a dial. This eliminated the 
manual change that took nearly 20 min- 
utes, during which the station was off 
the air. 

As receivers at airports are located 
from three to twenty miles from the 
field stations because of static interfer- 
ence, a dial system was perfected 
whereby the radio operator changes his 
receiver from one wavelength to that 
of another plane merely by dialing the 
proper number. The dial system, simi- 
lar to the ordinary telephone dialing 
mechanism, automatically causes the 
set to be properly tuned and the volume 
to be adjusted correctly. 

Devices of similar nature have been 
developed and installed on the planes 

hle ripple. The eqipment was arranged 
so as to be easily shielded with an iron 
case to prevent the electrostatic and 
magnetic fields from affecting the ca- 
thode ray tube. 

The type 27's withstood the 1,200 volt 
back -up potential without any trouble 
and have been operated several months 
without a sign of failure. This power 
supply far exceeds the former design 
which it replaced using an 80 and a high 
voltage transformer both in percentage 
of ripple in the output and in weight. 
From the author's experience, it seems 
entirely possible to construct the entire 
power supply and sweep circuit in a 
space no larger than that generally used 
for the power supply alone. This would 
greatly improve the portability of the 
oscillograph without interfering with its 
efficiency. 

so that at dusk, when a pilot must 
change from day to night frequency, 
and at dawn, when it is necessary to 
shift back to the day frequency, the 
operation is accomplished automatic- 
ally by the turn of a switch. Previous- 
ly pilots either had to remain on one 
frequency until landing, or come down 
to an airport where a radio technician 
could make the change. 

Uniform Voice Volume 

Another difficulty was encountered 
when a variance, was discovered in 
voice strength among radio operators. 
Some had overly strong voices, others 
were weaker. Strong voices distorted 
the signals, and the weaker voices were 
inaudible in the planes. Now, whether 
the operators shout or whisper into the 
microphones, their conversations are 
equally audible to pilots in flight. The 
United Air Lines radio laboratory de- 
veloped a device that automatically 
controls the volume of the operators' 
voices, amplifying weaker voices and 
reducing the volume of the louder 
voices so that all signals are broadcast 
at a uniform volume. 

Landing Planes in Fog 

United Air Lines engineers are at 
present engaged in several projects 
utilizing radio beam signals to bring 
planes to safe landings on fog- obscured 
airports, and tests are now being con- 
ducted with the localizing radio beams. 

It is predicted by air transport offi- 
cials that radio will serve as the potent 
weapon to defeat unfavorable weather 
conditions, and constant progress is be- 
ing achieved in this direction. 

VISUAL BROADCASTING 
(Concluded from page 19) 

simile services are carried on normal 
communication channels, I am informed, 
but there is no present provision for 
facsimile broadcasting. Obviously, a 
facsimile service should not be carried 
on the sound broadcasting -channel from 
550 to 1500 kc, except possibly in the 
hours between 2 and 6 a. m. Equally it 
should not be carried in the television 
channels, for since its signal is of a dif- 
ferent type and it uses a different design 
of receiver, interference would be likely 
to result. The proposed clearing of the 
1500 -1600 kc band, however, offers the 
opportunity of setting aside a block 
group of channels totalling from twenty 
to forty kilocycles, exclusively for fac- 
simile broadcasting. 
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PUBLIC BROADCASTERS' SALES GAIN 
Public Broadcasters, Inc., owners of 

broadcasting station WJJD, in a statement 
issued October 25, by John F. Ditzell, 
president, stated that business has increased 
each month for the past three months. 
This represented a fifty per cent increase 
in net revenue over any corresponding 
period in the past two years. Mr. Ditzell 
further stated that a continued increase in 
revenue is expected throughout the fall 
and winter months. 

GATES ISSUES THREE NEW BULLETINS 

The Gates Radio & Supply Company of 
Quincy, Illinois, have released three new 
bulletins for the broadcast station, theatre 
and recording laboratory, which will gladly 
be sent by requesting them on your own 
letterhead. Bulletin 11A describes a new 
twin speed transcription unit for broad- 
cast stations with many improvements. 
Bulletin 5C describes a new low- priced re- 
mote control unit using dry cell tubes and 
being all self -contained, and bulletin 19B 
describes a new rectifier to take the place 
of all storage batteries in every existing 
manufactured talking picture system. 

CASES FOR RADIO RECEIVERS 

The Gotham Case Creators, Inc., 111 

West 20th Street, New York, makers of 
cases and boxes for radio receivers and 
amplifiers, have leased enlarged quarters 
at the above address. The company was 
formerly the Gotham Trading Syndicate, 
located in the Flatiron Building. The 
company has in production amplifier cases 
in fabrikoids and leathers as well as carry- 
ing cases for Universal radio receivers and 
cases for portable phonographs. 

DU MONT REPRESENTATIVES 

Allen B. Du Mont Laboratories, 9 Brad- 
ford Way, Upper Montclair, N. J., have 
appointed the following companies as their 
representatives : Paul W. Koch and Com- 
pany, 20 N. Wacker Drive, Chicago, 
Illinois ; General Engineers, Inc., 2201 
Laws Street, Dallas, Texas; R. C. James 
Company, 2319 Second Ave., Portland, 
Ore. ; Burkholder and Kelley, Ltd., Jarvis 
and Richmond Streets, Toronto 2, Canada. 

AVIATION COMMUNICATION 
EQUIPMENT 

A highly developed radio telephone 
communication system for airplane service 
with ground stations and between planes 
in flight, is described in a new bulletin 
published by the Western Electric Com- 
pany, Inc., New York. The types of 
equipment described are the 208A and 
208B. 

The weight of the 208A equipment is 
approximately 140 pounds, the 208B, 158 
pounds. The latter outfit may be employed 
in operation while the plane is on the 
ground in case of forced landing. 

Copies of the bulletin may be procured 
by writing to the company. 

TELEVISION DEVELOPMENT 

The Ray -O- Television Mfg. Corp., in 
Long Island City, has completed its initial 
production and development plans. 

As chief engineer, Ivan Bloch, formerly 
chief engineer of the General Television 
Manufacturing Corp., directs the research, 
development and production activities of 
the organization. It is his aim to continu- 
ally investigate, develop and to hasten that 
"date" of home television. 

A. C. Matthews, well known in radio 
circles for his work on automatic volume 
control, superheterodyne design, formerly 
chief engineer of Electronic Radio, Inc.. 
Freed Television and Radio Corp., United 
Research, etc., is assistant chief engineer 
in charge of radio and electronics. 

Roy -O -Tel is particularly pleased to an- 
nounce as the Head of its Research Di- 
vision, Dr. P. C. Goldmark, formerly head 
of the television laboratories of Pye Radio, 
Ltd., Cambridge, England. 

BRUSH BERYLLIUM OXIDE 

Beryllium Oxide is becoming recognized 
as one of the satisfactory available single 
refractory substances for the manufacture 
of extruded insulators for radio tubes. It 
will also have many applications in special 
incandescent lights, etc. Some of its out- 
standing characteristics are: 

Ability to operate indefinitely in contact 
with a tungsten filament at 2,000° C.; 
melting point of 2,570° C. ; lowest electrical 
conductance at high temperatures of any of 
the refractory substances ; low specific 
gravity (3.0) ; low heat capacity (0.261 per 
grain at 50° C.) ; low coefficient of linear 
expansion (7.5 x 10-6) ; resistance to 
thermal shock of the same order as that of 
fused silica. 

This material can be extruded without 
the aid of clays or other plastics, by using 
a solution of Beryllium Chloride or Beryl- 
lium Nitrate. In order to develop its ulti- 
mate properties, Beryllium Oxide should 
he used pure, but when mixed with other 
refractory substances even in small amounts 
it confers good qualities upon the whole 
mass. 

Beryllium Oxide 99.9 tier cent pure is 
manufactured by The Brush Beryllium 
Company, 3715 Euclid Avenue, Cleveland, 
Ohio. 

CROSLEY REPORTS GAINS 

.A production in radio receiving sets dur- 
ing the six months ending September 30 
greater than that of any similar period in 
preceding years and an increase in employ- 
ment payroll of approximately 100 per 
cent during the two -month period ending 
September 30, has been announced for the 
Crosley Radio Corporation by Powel Cros- 
ley, Jr., president, following a final analysis 
of production and employment records dur- 
ing this period. 

These figures show, according to Mr. 
Crosley, that during the month of Sep- 
tember the number of radio sets built and 
shipped exceeded by more than 25 per cent 

that of the highest September production 
in the history of this Cincinnati manufac- 
turing concern. 

Since August 1, when the Crosley com- 
pany began operation under NRA codes, 
1,310 persons have been added to its pay- 
roll, bringing the total, as of September 
30, to 2,737. Further additions are being 
made daily. 

ELECTRICAL INSULATING MATERIALS 

The A.S.T.M. has issued a booklet, 
Electrical Insulating Materials, containing 
all of the 32 A.S.T.M. specifications and 
test methods covering electrical insulating 
materials. The 1933 report of Committee 
D -9 on Electrical Insulating Materials is 
also included. There are four standard 
methods, fifteen tentative methods of test 
and two specifications prepared by Com- 
mittee D -9, and in addition, ten specifica- 
tions are given covering certain rubber and 
textile materials and a method of testing 
slate which are of direct interest. 

Several of the test methods and specifi- 
cations are new ones issued since last June 
as tentative standards. They cover flex- 
ible varnished tubing, black bias -cut var- 
nished cloth tape, asbestos roving and 
thickness tests for sheet and tape. 

Standards which were adopted this year 
and which are given in their latest form 
cover molded materials, insulating oils, as- 
bestos yarns and tape, tests for resistivity 
and tolerances and tests for electrical cot- 
ton yarns. 

Test methods given in the book in which 
revisions were made this year cover sheet 
and tape insulating materials (dielectric 
strength and thickness), compounds used 
for splicing cables and filling potheads, un- 
treated paper, varnished cloths and cloth 
tapes and grading natural mica (size, com- 
mercial quality and thickness). 

Other widely used A.S.T.M. standards 
are given relating to electrical porcelain, 
varnishes, tests for power factor and dielec- 
tric constant, laminated sheet materials, 
pasted mica, friction tape, rubber insulating 
tape, rubber gloves and matting, etc. 

The 1933 report of Committee D -9 ex- 
plains the changes in the standards under 
its jurisdiction, points out the need for the 
new tentative specifications and methods. 
and details the many research activities 
sponsored by the several sub- committees. 

Copies of this publication, in heavy paper 
cover, aggregating 242 pages, can be ob- 
tained from the A.S.T.M., 1315 Spruce 
Street, Philadelphia, Pa., at $125 per copy. 

MAJESTIC CONTINUES TO SHOW GAIN 

October will represent the fifth consecu- 
tive monthly increase for Majestic radios 
and the best month since 1931, according to 
John F. Ditzell, assistant vice -president and 
general sales manager of the Grigsby - 
Grunow Company. 

Mr. Ditzell states that daily orders re- 
ceived at the Majestic factories are now 
better than 50 per cent of the total daily 
production, which is running between 4,000 
and 5,000 sets per day. 
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OF THE MONT 
KING SOLDERERS 

The Electric Heat Control Co., 9123 
Inman Ave., Cleveland, Ohio, are manu- 
facturing the new King solderers, which 
may be used for nearly every kind of jig 
soldering, sweating terminal lugs, motor 
leads, commutator bars, instruments and 
other radio uses. Size 5M "x4% "x5 ". 
Weight 9% lbs. 

NEW TYPE G -M PHOTOELECTRIC RELAY 
A new photoelectric relay using the 

Visitron F2 photoelectric cell which oper- 
ates without external source of voltage 
and without amplification is announced by 
G -M Laboratories, Inc., 1735 Belmont 
Ave., Chicago. The complete unit, desig- 
nated as the FSE photoelectric relay, in- 
corporates a Visitron F2 cell a sensitive 
relay and an auxiliary electromagnetic 
relay housed in a small, compact cast 
aluminum case 6% x 5 5/16 x 4 inches. 
The cell can be mounted behind a glass 
window in the front of the case or exter- 
nally at any point within hundreds of feet 
of the sensitive relay. The FSE unit can 
be completely weatherproofed. 

Because the Visitron F2 photoelectric 

cell requires no external voltage and no 
amplification, the FSE unit can be used 
in locations not served by electric power 
lines, and since there are no tubes to nec- 
essitate replacements it will operate for 
long periods without attention. 

The F2 cells, the auxiliary relays, or 
the two relays in combination, can be sup- 
plied either assembled or individually as 
required for various electrical or photo- 
electric applications. 

UNIVERSAL TWO LAPEL MICROPHONES 
The Universal Microphone Co., Ingle- 

wood, Cal., now furnishes two lapel micro- 
phones corded together with a special line. 
One of the tiny, delicate instruments goes 
on each lapel. 

No matter how the speaker or announcer 
turns his head or twists around, the new 
lapel arrangements make it possible to 
maintain a constant volume. 

LOW RESISTANCE CONTACT AND 
CONVENIENT DESIGN OF 

SUPPRESSORS 

Solid, one -piece construction to with- 
stand severe vibration is a feature of IRC 
motor radio suppressors made by the in- 
ternational Resistance Company, of Phila- 
delphia. Recent refinements in manufactur- 
ing and design have also resulted in un- 
usually low resistance contact between ter- 
minal and resistor element, thus avoiding 
sparking under high ignition voltages and 
eliminating one of the most common causes 
of suppressor failure. 

Another important development is that 

electrical contact is made direct from the 
one -piece terminal to the resistor element. 
There are no springs, steel wool or other 
intermediate elements. 

There are no parts that can be mechani- 
cally changed by moisture and no cement 
to be softened by high humidity. Resistor 
elements are embedded in a high -grade 
ceramic which is non -combustible and 
which is not affected by heat. A special 
moisture -proofing compound serves as a 
further safeguard against this unfavorable 
element of motor car operation. Exceed- 
ingly low temperature coefficient makes 
IRC suppressors practically unaffected by 
high temperatures while their low capac- 
ity -less than % micro -microfarad -is as- 
surance of absolute noise suppression. 

A feature of the IRC line is that units 
have been designed to fit practically all 
makes of cars. 

STUDIO TYPE CONDENSER MICROPHONE 
The Shure Model 40C condenser micro- 

phone, a product of Shure Brothers Com- 
pany, 215 West Huron St., Chicago, has 
been especially designed for broadcast 
studio service, where a finished modern 
appearance is desired along with excellent 
performance and rugged mechanical con- 
struction. 

The chromium plated transmitter head 
is of the air -damped, stretched diaphragm 
type and each unit is thoroughly aged be- 
fore shipment. The frequency characteris- 
tic, according to the manufacturer, is ex- 
cellent from 40 to 10,000 cycles and the 
noise level is so low as to be negligible. 
The case, which houses the integral two - 
stage preamplifier, is made of cast alumi- 
num, finished in baked rubber -black enamel, 
and is compact in size and pleasing in ap- 
pearance. 

RADIO ENGINEERING 

CODE PRINTER RECEIVER FOR 
MOBILE RADIO 

A patent, 1,932,579, was, on October 31, 
issued to W. G. H. Finch of New York, 
covering the invention of a novel and sim- 
ple telegraph printer for mobile radio uses 
particularly. There is a plurality of disc - 
shaped type wheels secured on a shaft, 
each disc carrying a number of individual 
embossed characters. The type wheel is 
directly selectively operated by a two -unit 
code, each unit consisting of a combination 
of long and short impulses. The long 
impulses of one unit selectively shift the 
type wheel shaft to select a type wheel 
disc and the long impulses of the second 
unit selectively rotate the type wheel shaft 
to select a character of the selected type 
wheel disc. 

The mechanical assembly of the printer 
is designed to meet the needs of recorded 
communication in automobiles, trucks, air- 
planes and moving vessels. 

A proposed use of the system is for a 
central commercial transmitting station to 
engage in the business of forwarding mes- 
sages to moving vehicles equipped with 
recording receivers. 

NEW BATTERY CHARGER FOR 
AUTO RADIO 

General Electric has just announced a 
new simplified Tungar battery charger, 
which makes it practically as easy to 
charge an automobile battery as plugging 
in an ordinary floor lamp in the home. 

With this new charger, no switches, no 
adjustments, no lifting of dirty floorboards 
are required. With the charger there 
comes a receptacle which is permanently 
attached to the terminals of the battery 
with a convenience outlet to the floor- 
board of the car. Once installed, it is 
necessary only to plug in to this receptacle 
with one lead from the charger and into 
a light socket with the other lead. 

This new Tungar charges at the rate of 
five amperes but tapers off when the bat- 
tery is full charged, thus eliminating the 
danger of an overcharge. 

HEAVY DUTY TRANSMITTING CHOKES 
These chokes manufactured by the Ham - 

marlund Mfg. Co., 424 W. 33rd Street, 
New York City, are ideal for use in the 
plate circuits of high -power transmitting 
tubes where the continuous plate current 
does not exceed 500 milliamperes. For 
intermittent operation this value may be ex- 
ceeded. The self -inductance of this choke 
is 5.3 millihenries. Its distributed capacity 
has been held to the extremely low value 
of 1.5 micromicrofarads. Thus it is suit- 
able for use in transmitters operating in 
any of the short wave bands. 

Overall size (without brackets) I 5-16" 
diameter by 2h" long. D. C. resistance, 12 
ohms. 
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Read what this Signal Generator 
does and judge for yourself. 

Believe it or not - it's true 

The Model 310 Signal Generator incorporates every 
possible need necessary in set testing work. It attenu- 
ates down to / of 1 microvolt, it is entirely A.C. 
operated, has a frequency range of 100 to 1500 k.c. Has 
measured modulation up to 100% with 6% distortion, 
at 80% modulation distortion is 2.5 %. Also it has pro- 
vision for external modulation, supplies a pure 1000 
cycle note for bridge measurements and a variable 
measured 1000 cycle note with measured attenuation and 
ideally suitable as a source for checking the gain of 
audio amplifiers. All of this is inclosed in a small 
shielded container measuring 10" x 12" x 51/2" deep. 
Write for complete data describing this new instrument. 

Price $95 00 

MODEL 305 

BEAT FREQUENCY OSCILLATOR' 

The Model 305 Beat Frequency Oscillator has found 
its way into the largest radio organizations in the coun- 
try. Compact, neat, a handsome instrument for show 
in the laboratory -it can quickly be converted into a 
most handy and rugged unit for portable work. This 
of course due to its being supplied with a waterproof 
canvas covered carry case. Can be supplied for battery 
or for complete A.C. 60 v. operation. Is entirely self - 
contained, has a straight line logarithmic frequency 
curve, has a check point at 60 cycles visible in the out- 
put meter. 
Price A.C. operated $155 00 

NOTE 
Our instrumenta are flexible in many ways. if 

our exact specifications do not suit, write us what 
your exact problems are. Frequency and attenuation 
ranges can be changed with ease. 

WIRELESS EGERT ENGINEERING 

179 VARICK ST. 
INC. 

NEW YORK CITY 

Here's a smart performer, 
the new Automatic Toni 
Thumb, Jr., an AC -DC, 
25 -60 cycle set, using 5 
new -type tubes. 
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Planning a new midget? Tired of the over- 
worked shapes and styles necessary with 
older cabinet materials? Then mold it of 
Durez, the newer, smoother molding com- 
pound. Scores of new designs are possible - 
designs that give your set identity and sales 
appeal, plus production advantages. 

Molded Durez cabinets are richer, glossier, 
smoother, free from waviness. They come 
from the mold completely finished, uniform, 
ready for assembly. They're heat and 
moisture proof, walls and corners are thinner, 
inserts automatically imbedded, and they're 
warp -proof, chip -proof, seamless. Smart con- 
trasts, like black and chromium, brown and 
coppers, or metal or wood inlays, as well as 
smooth solid colors, are possible. And the 
more you make, the more economical they are. 

We'll gladly arrange contacts with experi- 
enced designers and molders. For further 
details, samples, etc., write General Plastics, 
Inc., 1213 Walck Road, N. Tonawanda, N. Y. 

D U R E Z 

Smooan.04 
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NEW ADJUSTABLE MOUNTING BRACKET 
Macy Engineering Company, of 1451 

39th St., Brooklyn, N. Y., announces a 
new mounting bracket adaptable for all 
horns of their manufacture. 

The bracket permits a horn to be swung 
in a complete circle and tilted up or down. 
After adjustment it may be locked in po- 
sition by means of hand screws. 

This bracket terminates in a 14 inch 

flange which may be substituted with 
standard pipe of any length, permitting a 
wide range of uses such as ceiling suspen- 
sion or a mast type installation. 

NEW CATHODE -RAY OSCILLOGRAPH 
The newly announced General Electric 

Type HC -10 -B1 cathode -ray oscillograph 
is a low- priced, high quality instrument 
for the study of recurring waves from 
power frequencies to several million cycles 
per second. A high degree of portability 
has been attained, and the design is such 
that the instrument is readily adapted to 
switchboard mounting or general class- 
room demonstration. The complete oscil- 
lograph requires only 200 watts, and can 
be operated from any 110 -volt, 50- or 60- 
cycle source. 

The G -E Type FP -53 cathode -ray tube, 
used in this oscillograph, is of the hot - 
cathode type, highly evacuated and per- 
manently sealed. As the tube is operated 
at a cathode -beam voltage of 3,000, a bril- 
liant image is produced on a large screen. 
Demonstrations can therefore be made be- 
fore large audiences without darkening 
the room, and permanent photographic 
records of the image can be made with 
standard cameras. 

The complete oscillograph equipment con- 
sists of two units, the cathode -ray oscillo- 
graph and the time -axis oscillator. 

In the cathode -ray oscillograph unit the 
cathode tube is fastened horizontally on the 
top of the power -supply housing by means 
of an adjustable bracket. The tube is 
within a sheet -iron holder, in a socket 
mounting fastened to one of the brass end 
covers. This sheet -iron holder provides 
electrostatic as well as magnetic shielding. 
Within the power supply housing are 
mounted the necessary filament trans- 
formers, a high -voltage transformer, and 
the rectifier tube and capacitors for oper- 
ation of the cathode tube at 3,000 volts. 

The unit is a complete cathode -ray os- 
cillograph, with a high beam- voltage, a 
sharp clear spot on the fluorescent screen, 
and two sets of deflecting plates at right 
angles to each other for deflection voltages. 
Measurements of voltage and current am- 
plitude and reentrant patterns, known as 
cyclograms or Lissagous' figures, can be 
obtained with this unit. These figures have 
been found valuable in studies of relative 
wave shapes and phase relations. For ex- 

ample, particularly good use of them has 
been made in frequency power factor, and 
corona -loss measurements. 

In many cases where wave shapes are 
being studied, a time axis is necessary. 
Such a time -axis voltage is provided by 
the time -axis oscillator unit. Suitable cir- 
cuit adjustments are provided to give a 
range of time -axis oscillation from 30 to 
20,000 cycles, and by means of a special 
interlocking connection the time -axis fre- 
quency and the unknown wave frequency 
are held at a fixed ratio. 

CELLOPHANE SOLVES BROADCASTING 
PROBLEM 

Cellophane has now come to the aid of 
the broadcasters. It has always been diffi- 
cult to get a really good reproduction of a 
coloratura soprano voice on the radio. 
Strange things happened to such voices on 
the air. Then the idea to mute the voice 
came to Phil Boutelje, chief music adviser 
of the Paramount theatres. A hood of the 
transparent material was made into which 
a singer can stand and sing her highest 
notes without fear of microphone vibra- 
tions. The hood does for the human voice 
what the mute does for a cornet or violin. 
It was first used in the broadcast feature 
"Back Stage with Boris Morros." 

NEW CONDENSER MICROPHONE 
A new condenser microphone is an- 

nounced by the Shure Brothers Company, 
215 West Huron Street, Chicago, and is 
designated as their Model 40A. The trans- 
mitter head is a precision product in every 
respect and has an excellent response char- 
acteristic from 40 to 10,000 cycles per 
second. The head amplifier uses two spe- 
cial dome -top, non -microphonic type '30 
tubes, requiring .06 amp. at 6 volts and 3 
ma. at 180 volts which may be obtained 
from dry cell "A" and "B" batteries or 
the Shure Model 41A power supply unit. 
A removable back provides easy access to 
the case for inspection of tubes. A special 
output transformer, with terminals appear- 
ing in the tube chamber, makes it possible 
to change output impedance from 200 to 50 
ohms according to circuit requirements. 
The output level is minus 30 decibels 

which is considerably higher than that of 
the average two -button microphone. 

The Shure model 40A condenser micro- 
phone is furnished complete with a 12 -foot, 
shielded color -coded cable. The head is 
chromium plated and the case is finished 
in attractive crystalline black. 

RADIO ENGINEERING 

PYRANOL IMPREGNATED HIGH -VOLTAGE 
CONDENSERS 

Because of a reduction in cubic volume 
and weight by more than 50 per cent as 
compared with previous types, with fur- 
ther advantages by way of lowered cost 
without sacrificing life, a non -inflammable 
impregnator permitting use in hazardous 
locations, operation at high ambient tern - 
peratures destructive to former ordinary 
types, and a leakage resistance and power 
factor change for less at high tempera- 
tures than with type currently employed, 
the pyranol impregnated high -voltage filter 
condensers now introduced by the Cornell- 
Dubilier Corporation, New York City, are 
of exceptional interest. 

The Cornell- Dubilier pyranol impreg- 
nated condensers are available in three 
standard d -c. working voltages and the 
following range of capacities : 1,000 -volt, 1 

mfd. to 10 mfd. ; 1,500 -volt, 1 mfd. to 6 
mfd.; and 2,000 -volt, 1 and 2 mfd. These 
units can be operated continuously at volt- 
ages up to 10 per cent above rating. Each 
unit is in a sturdy, substantial steel con- 
tainer, hermetically sealed. Thoroughly in- 
sulated high -voltage terminals are mounted 
on top of the container, while lugs or feet 
at the bottom facilitate mounting. The 
standardized container sizes permit of 
ready multiple assemblies. The enormous 
reduction in volume and weight, together 
with a marked reduction in cost, is made 
possible by the high dielectric strength and 
the high dielectric constant of pyranol a 
newly patented impregnator used in these 
units. The reduced volume and weight 
make these condensers especially desirable 
ror use in portable equipment. 

CATHODE RAY TUBES 

The RCA Radiotron Company, Inc., 
Harrison, N. J., announces four new ca- 
thode ray tubes, the 906, 3 inch ; 905, 5 
inch; 904, 5 inch, and 903, 9 inch. These 
are of the hot cathode, high vacuum type. 
Complete information may be procured by 
writing to the company. 

ACKNOWLEDGMENT TO RCA -VICTOR 

In the October issue of RADIO ENGINEER- 
ING, page 15, appeared an illustration of the 
velocity microphone, in a technical article 
on this subject written by A. Barbieri. The 
illustration should have carried a courtesy 
line to the RCA Victor Company, Cam- 
den, N. J. The velocity microphone is a 
product of that company. 

NEW TELEVISION SERVICE INAUGURATED 

Television has taken a new and signiti- 
can step forward, it is revealed in the an- 
nouncement of a "full -length feature" 
broadcast of movie film by the Don Lee 
television transmitters W6XS and W6XAO, 
Los Angeles. 

By virtue of the new schedule, full - 
length motion picture features, and pre- 
view trailers, now become part of the regu- 
lar transmission schedules of the television 
stations, in addition to the newsreels and 
-lose -ups heretofore comprising the tele- 
vision fare of W6XS and W6XAO. 

In the past year some interesting experi- 
mental demonstrations were made by this 
television service in carrying on transmis- 
sion of pictures from the ground station to 
a moving airplane. In these tests consider- 
able success was attained. 
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YN1iIAN E 
Laminated Bakelite 

Dependable Uniformity in Electrical 
and Mechanical Properties 

DIELECTRIC STRENGTH LOW WATER ABSORPTION 

STRUCTURAL STRENGTH LOW SURFACE LEAKAGE 

CLEAN PUNCHING MACH INEABILITY 
IMPACT STRENGTH APPEARANCE 

Sheets, 
Silent, Stabilized Gear Material 

SYN1HAN EJ 
CORPORATION I,, OAKS PENNA 

OFFICES IN PRINCIPAL CITIES 

Tubes, Rods, Fabricated Parts 

AMI NATI ON S 

for 

Audio and Power Transformers 

SPECIALIZED METHODS - 
YEARS OF EXPERIENCE 

Wide Variety of 

Stock Standard Sizes 

Dimension and Price Sheets on request 

We Also Make 

PERMANENT MAGNETS -DIES -TOOLS 

METAL STAMPINGS 

Facilities for prompt service 

Thomas & Skinner //00 to 1120 
E. Twenty -Third St. 

Steel Products Co. INDIANAPOLIS, INO. 

HAMINARLIIND 
.,,\ CONDENSERS 

\\ \\\`\\\\`\li \\,a 

Hamm arIund's incorpor- 
ate in their design every 
requirement of a hi ph 
quality small size e 

denser. Their rigidity. 
low losses and careful 
construction provide for 
the greatest electrical and 
mechanical efficiency in 
all types of short wave 
receivers where single and 
two gang con- 
densers a 

for 

INOBILE 
\,ADIO 

Despite the price difference engineers with 
leading police departments are continually 
specifying that Hammarlund variable con- 
densers be built into their police call trans- 
mitters and receivers. 

For absolute dependability, ruggedness and 
accuracy even under severe operating con- 
ditions you, too, should specify Hammarlund 
Products. 

For further particulars send for our new 
10 -page catalog. 

tuning W t aortivt. tract. 
re employed. Ia m m a rl u n d 

PRECIS/ON 
PRODUCTS 

HAMMARLUND MFG. COMPANY 
424 -438 WEST 33rd STREET, NEW YORK CITY 
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PIEZO ELECTRIC CRYSTALS 
New Low Prices Effective Sept. 1st, 1933 

BROADCAST BAND 
Broadcast Bend Crystals accurately ground to BETTER than .03% fully mounted for $35.00 each. These crystals may be adjusted to exact frequency by changing temperature slightly. Prompt shipments 
and fully guaranteed. 

COMMERCIAL SHORT -WAVE BANDS 
Crystals in these bands also reduced in price. Write for prices. 
Same high degree of accuracy. 

AMATEUR BANDS 
Crystals in either 80 or 160 meter bands unmounted ground to within 5 ke. of your desired frequency with calibration accurate to .037, for $10.00 each. $5.00 additional mounted in our Standard Holder. 

SCIENTIFIC RADIO SERVICE 
The Crystal Specialists" 

124 Jackson Ave., University Park, Hyattsville, Maryland 

Send 
for 

information. 

Roof and 
Underear 

Types 

For Automobiles 
Eight Years of Proven Superiority 

FISHWICK RADIO CO., Cincinnati, O. 

NEW - RECONDITIONED -AND AS IS" 

ELECTRON TUBE EQUIPMENT 
DESIGNERS AND MANUFACTURERS OF MACHINERY FOR THE PRODUCTION OF ELECTRON TUBES. NEON SIGN AND INCANDESCENT LAMP EQUIPMENT TO MEET ANY REQUIREMENT 

EISLER ELECTRIC CORPORATION 
USED EQUIPMENT ALSO AVAILABLE. ADVISE US OF YOUR NEEDS 
756 So. 13th Street NEWARK, N. J. 

"Your Course Is Vital 
in the Training of My 

Men ... tt 
-recently said a prominent 
radio 

x 
cutive. He knows 

that his organization gets best 
results from men who can 
qualify to handle any type of \ radio job. That's why progres- 
sive executives are suggesting 
this additional, advanced tech- 
nical training to their em- 

ployees. It's a wise investment for every radio man, 
that pays dividends in cash and knowledge. 

A Course for Men of Experience and 
Ambition. 3 Convenient Plans of Study: 

HOME STUDY 
For the experienced radioman: a com- 
plete, systematic hume training covering 
,,ery phase of radio engineering. 

RESIDENCE 
In our Washington laboratories you get 
all the theory and facts of extension 
course PLUS actual training on equip- 
ment under trained instructors. 

* COMBINATION * 
The Ideal course! Student first com- 
pletes home study work, and then at- 
tends 10 -week Residence Course: the 
moil thorough radio course available. 

J 
FREE 
Write today 
for 36 -page 
illustrated 
booklet. 

r 

Capitol Radio Engineering 
Institute 

14th and Park Rd., N.W. 
Washington, D. C. 

Dept. RE -II 

RADIO ENGINEERING 

AVE offer to nianufacw 
turers interested in 

EXPORT 
the services of a dependable organization, 
well established in the entire foreign field 

AD. AURIENIA9 
Manufacturers' Export Managers 

116 Broad Street, New York, N.Y. 

A NEW LOUD SPEAKER GOOD TO 
10,000 Cycles 

Thru new design, this new SYLVAN unit is capable 
of producing wide range and 25% increase in efficiency. 
List price $25.00. 

Mfgd. by C. F. & M. Co., 388 Dorr St., Toledo, O. 

When You Renew Your Subscription to 
RADIO ENGINEERING 

Remember the Group Rate -$1.00 a year for 
four or more subscriptions. 

Regular Rate -$2.00 a year in U. S. A. -$3.00 in foreign countries 

ON MY WAY TO 
NEW FORK AND 
THE PICCADILLY 

.. best hotel I know! 
Near everything, just 
200 feet from Broad- 
way. Modern, hospit- 
able, and comfortable. 
Like the Manager, 
like the rates -52.50 
single, $3.50 double, 
for a room with bath! 

THE HOTEL 

PICCADILLY 
45th St. W. of Broadway New York 

WILLIAM MADLUNG, Mng. Dir. 
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ELMET MOLY GRID WIRE is available in Extra Long 
Lengths - (any length, up to 1600 meters) - in the 
exact diameter and other specifications you require. 
This ELMET Feature eliminates the frequent changing 
of spools or bands, speeds up production and saves 
you time and money. 

Besides these obvious production advantages Elmet 
Long Lengths are proof of the superior quality oF our 
wire. To produce 1ó0o meter lengths requires a 

metal oF exceptional purity. 

Use EU4ET. Writ. Today For Prices. Box R -11. 

American Electro Metal Corporation 
LEWISTON MAINE 

U N I T E D 
TRANSFORMER CORP. 

The NEW `Cl BULLETIN is ready. 

Send for your free copy today!! 
UTC engineers take pleasure in announcing a new 
Linear series of high power class B audio trans- 

formers for use with 46, 53, 
59, 210, 211, 203A, 204A, 
and 849 tubes. 

All UTC audio, filter 
and power units are 
housed in high per- 
meability cast iron 

shields. 

Standard designs are now 
available on these units hav- 
ing a frequency response of 

2 DB from 30 to 15,000 
cycles. 

For recording and sound 
laboratories special coupling 
and interstage transformers 
have been developed covering 
a range of nine octaves 
(linear + 2 DB, 20 to 20,000 
cycles) . 

Broadcast engineers interested in circuit data requirements 
for Class A, 245, 59, 2A3, 250, 845, Class B 53, 59, 79, 
210, 203A amplifying systems should write for Bulletin 
U1000 -A. which contains schematic layouts of all these 
amplifiers in complete detail. Free for the asking. 

UNITED TRANSFORMER CORP. 
264 -266 CANAL STREET NEW YORK, N. Y. 

WAXES 
COMPOITNDS 

VARNISHES 
For Insulation of Condensers 

Transformers, coils, power packs, pot heads, sockets, 
wiring devices, wet and dry batteries, etc. Also 
WAX SATURATORS for braided wire and tape. 
WAXES for radio parts. Compounds made to 
your own specifications if you prefer. 

ZOPRAR MILLS, INC. 
FOUNDED 1846 MEMBERS OF N.R.A. 

Court, Lorraine and Creamer Sts., Brooklyn, N. Y. 
Agents: Ralph B. Clark, 2007 Calumet Ave.. Toledo, Ohl* 
N. A. B. Snow Co.. San Francisco, Seattle, New Orleans 

America's Outstanding Microphone Values! 
THE LIFETIME CORPORATION introduces 
model No. 77 Condenser Microphone and 
Amplifier -a product of expert radio laboratory 
specialists giving the public, for the first time, 
a high quality instrument at a nominal price. 

Lifetime Condenser Head Is of special design using 
e special heat- treated duralumin diaphragm .001" 
thick, and is sealed after proper adjustment, thus 
assuring a long life and a dependable instrument. 

The Head amplifier is housed in a black crystal 
cylinder and Is especially designed for use with the 
Lifetime No. 77 Head. Each microphone head is 
Perfectly adjusted and synchronized tvith the amplifier 
and tubes with which it is to be shipped no that It 
works perfectly as a unit. 

The frequency range Is practically fiat thruought 
entire audible spectrum useful to modem broadcast 
and sound equipment. Output either 200 ohm or 
900 ohm -200 ohm output is standard. 

Special introductory offer to the trade. Model 
No. 77 Condenser Mike and amplifier, com- 
plete with 2 No. 864 tubes 

. 50 and 10 feet of rayon covered 3 cable only $37.50 
List price, $95.00 

Another outstanding value is the Life- 
time Model No. 99, Double button 
Carbon Microphone listing at $50.00 
and offered to the trade $14.95 
at only V 

Lifetime Model No. 99 Is a custom built 
microphone at a production price. Each micro- 
phone performs with perfect fidelity thruought 
entire voice and music range. Each unit is 
Individually adjusted to conform to the highest 
standards of performance. 

Precision machined of solid brass model No. 
99 is 3 -1 /16" In diameter -2" thick overall 
and weighs lye lbs. It has a gold spotted 
duralumin diaphragm .001" thick -gold con- 
tact buttons 200 ohms each, and Is sufficiently 
damped to give outstanding performance. 
A desk stand to match only $2.25, 
and a matching transformer at 1.95 

Write for our descriptive literature of our complete line of 
microphones and Electro. Dynamic Sound Equipment. 

Model Ms. 08 

We have an attractive sales proposition 
for several good men to handle our line. 

THE LIFETIME CORP., 1304 Dorr St., Toledo O. 

For Your Experimental Department 
A tube of 500 as- 

sorted lugs and 
terminals - h o t 

tinned for easy 
soldering. 

Price $1.00 

hr 
I ` ¡1 i/- 

We are also pre- 
pared to handle 
production stamp- 
ings. 

Write Us for 
Quotation 

. 
F. R. ZIERICK MFG. COMPANY 

7e E. 131st ST.. NEW YORK CITY 
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IMPREGNATED 

INSIDE and 

OUTSIDE 

Since 1920 
the Finest 

in Spaghetti 

Turbo* Oil Tubing 
impregnated Inside and out-the finest 
spaghetti obtainable. The safest con- 
ductor for motor and transformer leads, 
etc. Make your own tests from free 
sample card: 30 sises available. 

OTHER BRAND 
PRODUCTS ARE 

Mica Plate in Sheet. 
and Cut to Size and 

Shape 

Super -Grade conden- 
ser Films 

Mica Cut to Slue and 
Shape 

i 
Turbo* Saturated Sleeving 
Quality U Saturated sleeving has ex- 
tremely high voltage breakdown re- 
sistance. Smaller diameters in 300 ft. 
rolls for easy handling. For sub -panel 
radio assemblies, small instrument, 
leads, etc. 

Turbo* Varnished Cloth 
In rolls, Tapes and 
Cut to Size. Also 
Varnished Paper, 
SI Ik. 

'Trade Mark 
Registered 

Write for Catalog 10 

WILLIAM BRAND & CO. 
268 Fourth Ave., New York, N. Y. 

® Microphone Stands 
Now available -3 types of high grade 
floor stands in a wide price range. 

CABLE CLAMPS available to 
hold heavy rubber covered 
"mike" wire alongside of stand. 

ALSO -OUR POPULAR 

QUARTZ CRYSTAL HOLDERS 
Circular Upon Request 

EASTERN COIL CO. 
56 Christopher Ave., Brooklyn, N. Y. 

RADIO ENGINEERING 

CALCITE 
a dependable source 
of supply! 

KULGRID "C" 

Engineers! 
It will pay you to 
communicate with 
our engineering de- 
partment NOW. 
Learn about the new 
Callite developments 
( Kulgrid Series, etc.) 
that are helping to 
solve many radio 
tube manufacturing 
problems. 

FOR LATERAL GRID SUPPORTS 
Also Kulgrid "C" STRANDED FLEXIBLE 
CABLE - Superb with Tungsten Welds 

TUNGSTEN 
For FILAMENTS, HEATER WIRE, 
HOOKS, WELDS AND SUPPORTS 

MOLYBDENUM 
For GRIDS, SUPPORTS AND 

SPECIAL PURPOSES 

Special Radio Tube Parts 
CATHODES, COILS AND 

SPECIAL SHAPES 

CALLITE PRODUCTS CO. 
UNION CITY NEW JERSEY 

., 

LANDOHMS 
ARMOURED WIRE WOUND RESISTORS 

WILL LOWER YOUR COSTS 
OVER SEVEN MILLION IN USE 

MAY WE SAMPLE AND QUOTE 

THE MUTER COMPANY 
1255 So. Michigan Ave. Chicago, III. 

,,,,,, ,,,,,,,,,,,,,,11,,,,,,, :,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,.,.,,1,,,,,,,,a,,,,,,,:,,,,, 
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THE Group Subscription Plan for 
RADIO ENGINEERING enables a group 
of engineers or department heads to 
subscribe at one -half the usual yearly 
rate. 

The regular individual rate is $2.00 a 

year. In groups of 4 or more, the 
subscription rate is $1.00 a year. (In 
Canada and foreign countries, $2.00.) 

The engineering departments of hun- 
dreds of manufacturers in the radio 
and allied industries have used this 
Group Plan for years, in renewing 
their subscriptions to RADIO ENGI- 

NEERING. 

Each subscriber should print his name 
and address clearly and state his oc- 
cupation- whether an executive, engi- 
neer, department head, plant super- 
intendent, or foreman, etc. 

Remember this Group 
Plan when Your 
Subscription Expires 

(Radio Engineering) 

Bryan Davis Publishing Co., Inc. 
19 East 47th Street 

New York, N. Y. 
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\\\New Fleco- Terminal 
Spark Plug Suppressor 
fits all cars and elimi- 
nates the need for 

numerous separate types. 
Continental Suppressors are 

available in all standard types 
and may be quickly supplied to 
meet any special specification. 

Isolantite housings, which 
have proven superior to any 
other substance underthe severe 
heat, moisture and vibration of 
automobile installations, are 
used exclusively. 

V Continental has special- 
ized in the manufacture 
of molded resistor; since 
the beginning of broad- 

casting. Today Continental 
design,manufacturing processes 
and automatic machine y are 
leaders in the industry. 

Thus Continental resistors are 
maintained at a standard of 
quality which would otherwise 
be prohibitive at their moderate 
cost. This superior quality costs 
you nothing extra -yet it has cut 
production costs for many well - 

known radio manufacturers. 

Prove these facts yourself. 
Get a supply of Conrinentals 
for test today! 

Complete kits including 
spark plug and distributor sup- 
pressors and filter condensers 
are supplied for 4, 6, 8 and 12 MALES 
cylinder cars. 

nt FAR 
SP 

Use MOTOR DRIVEN 
WIRE STRIPPERS for 

Faster, Better Work 
Our machines ere especially adapted 
for Radio Coil and Wire Stripping. 
BRUSH TYPE STRIPPERS remove 
insulation from coil leads as close 

to coil as desired. 

KNIFE TYPE STRIPPERS remove 
insulation from all wire ends. 

Write today for Bulletin on these 
and other Insulated Wire Strippers. 

THE WIRE STRIPPER CO. 
1725 Eastham Ave. E. Cleveland, Ohio 

UNIVERSAL 
Phonograph Recording 

4k.. - Lead Screw 
For simultaneous grooving and recording -Cuts 80 lines per inch- - 
Quick, easy installation -Machine cut gears -Accurate -Drives from 
center of turntable -Now offered at the extremely low price of 
510.00 List. 

UNIVERSAL BATTERY CONVERTERS 
Maximum efficiency for amplifier and public address work or most 
any device requiring 110 A.C. (ex. radio IN-Volt Alternating Cur - 
rec'r's). Send for descriptive Circular. rent from 6 -Volt Storage 
60 -watt battery drain 6 v. at 15 amps. 
List $36.00. 150 -watt battery drain 12 v. 
at 18 amps. List $60.00. 

Sold by dealers and jobbers everywhere. 
(Standard Discounts) 

Universal Microphone Co., Ltd. 
424 Warren Lane, Inglewood, Calif., U.S.A. 
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SHAKEPROOF'S 

NEW METHOD FOR 

ceivogcow 

4 
BUILD THE 

SHAKEPROOF 
toc my Ainciple 

INTO YOUR 
STANDARD PARTS 

NOW you can improve the per- 
formance of your product and 

save money, too! Shakeproof will 
show you how to eliminate the need 
for lock washers by building the 
Shakeproof locking principle right 
into your standard parts. You can 
bave the twisted teeth of Shakeproof 
protecting every vital connection 
Just as if you had used a Shakeproof 
Lock Washer separately. Because 
each twisted tooth bites into both 
nut and work surfaces, you can 
rest assured there will be no move- 

ment of the part re- 
gardless of how great 
the vibration. It will pay you to discuss 
this idea with a Shakeproof Engineer - 
hear how easy it will be for you to cut 
costs and improve your product by this 
new method. No ob igation -write today 

"It's the 
Twisted 
Teeth that 
LOCK': 

Send today for your free 
copy of this complete 
Shakeproof Catalog. Ex- 
plains thoroughly the 
many advantages that 
Shakeproof offers -also 
shows new patented 
Shakeproof products. 

SHAKEPROOF 
Loc1¿,Washer Company 

['Division of Illinois Tool Works) 
2509 N. Keeler Ave. Chicago, Ill. 

Type 12. 
Internal 

Type 11. 
External 

Type 15. Type 20. Locking 
Countersunk Terminals 

U. S. Pat. 1,719,5íp- 1,651,122 -1.697.954- 1.752.2$7 -Other Pat. Pending -Foreign Pat. 

RADIO ENGINEERING 

I 

Tan taice it 
Lefts and rights in the 

shape of heat, vibration, 
excess voltage .. mean nothing 

to a Centralab Fixed Resistor . . 

Baked at 2700 degrees it takes 

every abuse "on the chin" and 

comes up smiling. 

That's why we say ... 

insist on 
Centralabs 

CENTRAL RADIO LABORATORIES 
MILWAUKEE, WIS. 

Centralab 
FIXED RESISTORS 
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Only 1 Problem -But 4 Results 
Add ( +) A GATES FILAMENT RECTIFIER 

Substract ( -) ALL STORAGE BATTERIES 

RESULTS (1) Improved Service 
(3) No Maintenance 

THESE results, together with added 

economy and convenience, in the elim- 

ination of all storage batteries in Broad- 

cast Stations, Recording Laboratories 

and Theatres, with Gates Filament 

Rectifiers have proven an exception- 

ally profitable investment. 

Extensive research and rigid construc- 
tion in the designing and building guar- 

antee a direct current output with less 

than .2 5 % ripple content. 

With the present low prices at which 

Gates Rectifiers can be purchased, you 

cannot afford to continue with the in- 

convenience and high cost of upkeep 

of storage batteries. 

Bulletin 19, with full technical de- 

scription of Gates Rectifiers, will be 

sent on request. No obligation. 

(2) Cleanliness 
(4) Compactness 

Model A9 -2 
12 volt, 8 ampere Gates Filament Rectifier 
for Broadcast and Talking Picture Service. 

GATES RADIO & SUPPLY COMPANY 

N RA 

M{ W OUR PANT 

Manufacturing Engineers 

QUINCY, ILLINOIS, U. S. A. 

GATES IR TRIED ' TESTE ll 

PROVEN THE WORLD OVER SINCE 192 

Cable Address: 
"Gatesradio" 
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Simplified Assembly 
through using Bakelite Molded 
for this remote control housing 

COMPLETELY FORMED to close 
dimensions in one press op- 

eration, so that each part slips 
into place with ease, this Bakelite 
Molded housing for the Falck Re- 
mote Control makes the assembly 
operation simple, quick, and inex- 
pensive. In addition to these prac- 
tical advantages the use of Bakelite 
Molded provides lasting beauty of 

color and finish, light weight com- 
bined with strength to resist the 
vibrations and shocks of automo- 
bile service. 
This is but one of the manifold 
uses of Bakelite Molded for radio. 
Others include cases for midget 
receivers and various types of in- 
struments, dialing knobs, terminals, 
tube bases, condensers, and dozens 

of other parts. Bakelite Molded 
possesses a combination of prop- 
erties which make it especially valu- 
able in the construction of radio 
receivers and parts. It has high 
insulation value, is unaffected by 
temperature and atmospheric varia- 
tions, is resistant to most chemicals 
and to mild alkalies, and retains 
its molded form, dimensions, and 
finish indefinitely. 
We invite radio engineers and manu- 
facturers to enlist our cooperation 
in the economical solution of pro- 
duction problems involving the use 
of Bakelite Materials. We also would 
be glad to mail on request a copy 
of illustrated descriptive booklet 
12M, `Bakelite Molded ". 

Photos show Faick Remote Control 
with Bakelite Molded housing and 
knobs. Product of ddrance Electric 
Company; Inc., Los .I ngeles, Cal. 

BAKELITE CORPORATION, 247 Park Avenue, \ w York, N.Y 43 East Ohio Street, Chicago, III. BAKELITE CORPORATION OF CANADA. LIMITED. 158 Dufferiu Street. Toronto. Ontario, Canada 

BAK LITE 
ed nee. von Come 

. THE M A T E R I A L OF A THOUSAND U S E S 
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